
.... 
- - ' -.. 

• 

• .. 
.-



THE GEOLOGY OF 
EGYPT 

Edited by 

RUSHDISAID 
Consulting Geologist, Ph.D (Harvard), Dr. rer. nat. h. c. (Technical University, Berlin), 
Membre Institut d 'Egypte, Honorary Fellow Geological Society of America, Honorary 

Member Geological Society of Africa 

Published for the Egyptian General Petroleum Corporation, Conoco Hurghada Inc. 
and Repsol Exploracion, S.A. by 

A.A.BALKEMA I ROTTERDAM I BROOKFIELD I 1990 



Dedicated to 
Coy H. Squyres 

who initiated this work 

Authorization to photocopy items for internal or personal use, or the internal or personal use of specific clients, is 
granted by A.A.Balkema, Rotterdam, provided that the base fee of US$1.00 per copy, plus US$0.1 0 per page is paid 
directly to Copyright Clearance Center, 27 Congress Stree~ Salem, MA 01970. For those organizations that have 
been granted a photocopy license by CCC, a separate system of payment has been arranged. The fee code for users of 

the Transactional Reporting Service is: 90 6191 856 1/90 US$1.00 + US$0.10. 

Published by 
A.A.Balkema, P.O.Box 1675,3000 BR Rotterdam, Netherlands 

A.A.Balkema Publishers, Old Post Road, Brookfield, VT 05036, USA 

ISBN 90 6191 856 1 
© 1990 A.A.Balkema, Rotterdam 

Printed in the Netherlands 

-----------------·--· 



Contents 

Introduction IX 

PART 1: GENERAL 

1 History of geological research 3 
RushdiSaid 

2 Geomorphology 9 
Rushdi Said 

3 Application of remote sensing and satellite cartography in preparing new geologic map 1:500,000 27 
Franz K. List, Bernd Meissner & Gerhard Pohlmann 

4 Gravity map 45 
Hussein Kamel 

5 Seismicity 51 
Rashad M. Kebeasy 

6 Some aspects of the geophysical regime of Egypt in relation to heat flow, groundwater and 61 
microearthquakes 
F ouad K. Boulos 

7 Egypt in the framework of global tectortics 91 
Paul Morgan 

8 Tectonic framework 113 
Wafik M. Meshref 

9 Vulcarticity 157 
Mohamed Yousri Meneisy 

PART 2: BASEMENT COMPLEX 

10 The basement complex of the Eastern Desert and Sinai 175 
Samir El Gaby, Franz K. List & Resa Tehrani 

11 Precambrian basement inliers of Western Desert geology, petrology and structural evolution 185 
Axel Richter & Heinz Schandelmeier 

12 Precambrian of Egypt 201 
Mamdouh A Hassan & Ahmed H. Has had 

v 



VI Contents 

PART 3: GEOLOGY OF SELECTED AREAS 

13 South Western Desert 
E. Klitzsch & Heinz Schandelmeier 

14 The surroundings of Kharga, Dakhla and Farafra oases 
Maurice Hermina 

15 North We stem Desert 
Gama/ Hantar 

16 Wadi Qena: Paleozoic and pre-Campanian Cretaceous strata 
E Klitzsch, M Groeschke & W Herrmann-Degen 

17 Nile Delta 
JC. Harms & JL. Wray 

18 Red Sea coastal plain 
Rushdi Said 

19 North and Central Sinai 
David A Jenkins 

20 Structural characteristics and tectonic evolution of north Sinai fold belts 
Adel R. Moustafa & Mosbah H. Khalil 

PART 4: DISCUSSION 

21 Paleozoic 
E. Klitzsch 

22 Mesozoic 
M.T. Kerdany & O.H. Cheri[ 

23 Cretaceous paleogeographic maps 
RushdiSaid 

24 Cenozoic 
Rushdi Said 

25 Quaternary 
RushdiSaid 

PART 5: ECONOMIC MINERAL DEPOSITS 

26 Mineral deposits 
AbdelAziz A Hussein & M.A. El Sharkawi (Sections 2.5 and 2.6) 

27 Petroleum geology 
Mostqfa K El Ayouty 

28 Nubian Aquifer system 
Uif Thorweihe 

249 

259 

293 

321 

329 

345 

361 

381 

393 

407 

439 

451 

487 

511 

567 

601 



Conte/Us 

PART 6: PALEONTOLOGICAL NOTES 

29 Fossil flora 
Annie Lejal-Nico/ 

30 Vertebrate paleontology of Fayum: History of research, faunal review and future prospects 
Elwyn L. Sirrums & D. Tab Rasmussen 

31 Tables of foraminiferal biozones 
Samir F. Andrawis 

32 Paleozoic trace fossils 
A Seilacher 

PART7: ANNEXES 

References 

Index of subjects 

Index of formations 

Index of oilfields, gasfields and oil wells 

List of contributors 

VII 

615 

627 

639 

649 

673 

723 

725 

729 

733 



futroduction 

This book is an attempt to review and synthesize the 
large amount of data which has accumulated since 
the publication of my book The Geology of Egypt 
(Elsevier, 1%2). It consists of 32 chapters organised 
in six parts and appended by a list of references and 
the indexes. The chapters are written by scholars 
whose names and addresses appear in the list of 
contributors p. 739. The past twenty-five years have 
been active years of geological research in Egypt 
during which time the desert became more easily 
accessible and the application of new methods to 
probe the earth and its constituents and to store and 
retrieve data became commonplace. 

A book written by various authors will include 
varying views regarding the same subject. A recon
cilliation of the different inte1pretations advanced by 
the authors has been attempted. However, where such 
reconciliation was not possible, the differences have 
been allowed to remain in preference to forcing the 
varying inte1pretations into a single overview. 

Part 1 gives a broad outline of the geomo1phology 
and tectonics of Egypt. It also includes chapters on 
the application of remote sensing in the preparation 
of the 1 :500,000 new geological map, an explanatory 
note on the new gravity map and notes on the 
seismicity and geophysical regime of Egypt. The 
tectonic evolution is treated in chapters dealing with 
tectonic framewotk, vulcanicity and the position of 
Egypt in the frame of global tectonics. A plate 
tectonic model is developed where the evolution of 
Egypt is tied to global events. 

Part 2 deals with the basement complex and 
includes Chapters 10 to 12. Chapters 10 and II deal 
with the Precambrian rocks of the Eastern Desert and 
Sinai and with the little-known basement outcrops of 
the south Western Desert respectively. Chapter 12 
reviews the literature and describes in detail the rock 
units of the Precambrian of Egypt. 

Part 3 deals with the geology of selected areas 
chosen because they had been the subject of intensive 
studies during the past years. Part 4 reconstructs the 
geological history of Egypt during the Paleozoic, 

IX 

Mesozoic, Cenozoic and Quaternary. A series of 
paleogeographic maps illustrates this part. 

Part 5 examines the economic mineral deposits, oil 
potential and the groundwater reservoir of the West
em Desert. Part 6 concludes the book with paleonto
logical notes on fossil groups some of which had not 
received attention in previous studies. References 
used in the different chapters are assembled in one list 
in Part 7. 

I owe special thanks to a large number of people 
who helped bring about the completion of this book. 
Foremost among these is my colleague Coy H. 
Squyres, Conoco, who initiated this project and 
maintained a keen interest in it throughout. To him 
this book is fondly dedicated. I am also grateful to 
Bob Handley and P. Close, Conoco, for the support 
they have given to this project. To E. Klitzsch, I owe a 
special debt for his generous cooperation and willing
ness to share the results of his work and the work of 
his teams in Egypt. To my colleague Maurice 
Hermina, I am indebted for his tireless effort in 
overseeing the seemingly endless work needed to 
prepare this book for the printer. Finally I am grateful 
to all the authors who have contributed to the book. 

Acknowledgement is due to the following publishers 
and organisations for permission to reprint some of 
the figures appearing in this book: Allen and Unwin, 
London for Figures 2/5 & 2/6, The American 
Association of Petroleum Geologists for Figure 7/17, 
Blackwell Scientific Publishers for Figure 7/13, 
Editios Technip, Paris for Figures 2/8, 2/9 & 19/13, 
Journal Geodynamics for Figures 6/12, 6/13, 6/21 & 
6fl2, The Geological Society of America for Figures 
8/12 & 22/3 and The Geological Survey of Israel for 
Figure 19/4. Acknowledgement is also due to AGIP. 
Conoco and Marathon Oil Companies for permission 
to use some of the material and figures included in 
Chapter 17 and to the Egyptian General Petroleum 
C01p0ration for allowing the use of some of the 
materials and figures included in the report Petro
leum Potential Evaluation, Western Desert, The Arab 
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Republic of Egypt (1982) prepared for it by Robert
son Research Limited in association with Associated 
Resources Limited and ERC Energy Resource Con
sultants Limited in Chapter 15. 

Rushdi Said 
Washington, DC and Cairo, Egypt 
January 1989 
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General 



CHAPTER! 

History of geological research 

RUSHDISAID 
Consultant, Annandale, Virginia, USA and Cairo, Egypt 

The published and unpublished literature on the geo
logy of Egypt is extensive (for a bibliography, see 
Keldani 1939, Said & EI-Shazly 1957, Said et al. 
1975, Glenn & Denman 1980 and El-Baz 1984). 

The history of geological research in Egypt may be 
divided into three episodes. 

FIRST EPISODE 

The first episode, extending from the French Expedi
tion (1798-1801) to the establishment of the Geolog
ical Survey of Egypt in 18%, was characterized by 
sporadic research conducted by individual naturalists 
and travellers, by commissioned scientists and, in 
rare instances, by expeditions organised by institutes 
of learning in Europe. Lured by the mineral wealth of 
the country or its ancient civilization, these authors 
collected a great variety of information on the natural 
history of the country, and wrote several travel books 
which recorded theit findings. 

In this episode Napoleon's and Rholf's expedi
tions are of special importance. The first was respon
sible for bringing Egypt to the attention of the scient
ists of Europe by the publication of the memorable 
Description de/' Egypte. This work includes in many 
of its volumes, and especially the second volume 
(published in 1813 ), several chapters that are of inter
est to geologists and mineralogists and contains the 
first reliable map of the Eastern Desert of Egypt. The 
collections of the expedition, which are housed in 
Paris, were the subject of further study up to the end 
of the last century. Savigny's collection of Recent 
shells formed the basis of the magnificent work of 
Issei (1870) which still remains valid in its essence 
particularly in its discussion on the differentiation of 
the faunas of the Mediterranean and the Gulf of 
Suez. 

Rholf's expedition (1874-1875) must be singled 
out for its significant contribution to the geology of 
Egypt. Led by Rholf and joined by such able men as 
Jordon and Zittel and accompanied on occasions by 
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Ascherson, this expedition laid down the foundation 
of modem Egyptian geology, in fact, the modem 
scientific survey of the country. Ascherson published 
the results of his botanical observations; Jordon 
wrote on the geography and meteorology of the West
em Desert; and Zittel wrote his notable geological 
contributions which were published in 1883 together 
with paleontological studies by such authorities as 
Schenck, Fuchs, Mayer-Eymr, Schwager, de Ia Har
pe, Quaas, Wanner, de Lorio!, Pratz and others. This 
expedition also published the first reliable geological 
map of the extensive deserts of Egypt to the south of 
the latitude of Fayum (scale I :300,000). In his work 
Zittel benefitted from earlier literature, particularly 
from the results of Schweinfurth' s studies which 
were used to complete the mapping of large tracts of 
the desert not surveyed by the expedition. This map 
remained the standard geological map of the country 
up to the publication of the Survey map of 1910. The 
divisions which Zittel made for the upper Cretaceous 
and lower Tertiary rocks of the Western Desert 
influenced subsequent authors. His conclusions on 
the distribution of Cenomanian strata in the northern 
part of the Eastern desert, which he had based on 
Schweinfurth' s studies, were accepted for a long time 
and, in fact, formed the basis of the Survey geological 
map of 1910 and that of 1928. 

The most prominent scientist of this episode was 
Georg Schweinfurth (1836-1925) who started his 
brilliant career in Egypt with the publication of the 
work describing his visit to the remote Gebel Elba 
region (1864) and who continued until the outbreak 
of World War I to produce excellent papers on the 
geology, geography, archeology, cartography and bo
tany of Egypt. He became the central figure in natural 
history research in Egypt for more than fifty years. He 
supplied European scholars with large collections of 
rocks and fossils and kept up a fruitful correspon
dence with many outstanding scientists such as Bey
rich, Martens, Heer and Eck. He wrote the section on 
the geography of Egypt in Baedecker' s Aegypten. He 
was responsible for the discovery of the Wadi Araba 
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Carboniferous (1885), the Sad El-Kafara dam in the 
desert of Helwan (1885), the Cretaceous region of 
Abu Roash (1889) and the fossil vertebrates of 
Fayum (1886). His pioneer visit to Gebel Elba result
ed in the monograph on the geography and botany of 
this remote region. Schweinfurth's wanderings off 
the beaten tracks of the Eastern Desert resulted in the 
publication of a detailed account of the central East
em Desert with a map which was publishued in ten 
sheets between 1899 and 1910. Schweinfurth's capa
cities as organiser were notable; he founded the 
Societe geographique d'Egypte and was the president 
of the lnstitut d'Egypte for many years. 

Among the scientists whose interest was aroused 
by Schweinfurth was Walther, the famous Gennan 
geologist. Walther's description of the Wadi Araba 
region (1890), the coral reefs of the Red Sea (1888), 
and the geom01phology of desert lands embodied in 
his classic Das Gesetz der Wuestenbildung (1900) are 
among the notable works of this episode. 

During this episode practically every eminent 
European scientist of the age contributed to the stud
ies of Egyptian geology in some fonn or another. 
Fraas crossed the desert between Qift and Quseir 
(1867) and published a map and a 'geognostic' 
profile of this area. Ehrenberg, who acc010panied 
Minutoli' s expedition to the oasis Jupiter Ammon in 
the twenties of the last century, reported in his classic 
Mikrogeologie on some rock collections he had 
made. D'Orbigny reported in his Paleontologie 
franpise upon Lefebvre's collections in Paris. D' Ar
chiac found Lefebvre's, Gaillardot's and Delanoue's 
collections in Paris of value when he wrote his 
famous Histoire de Geologie and his and Haime's 
Description des Animauxfossiles du Group Nummu
litique de I' /nde (1853). Greco and Stefanini studied 
in detail the collections of Figari which were housed 
in the museum of Florence. 

SECOND EPISODE 

The episode which extends from the establishment of 
the Geological Survey of Egypt in 1896 until the 
revolution of 1952 firmly laid down the foundations 
of the regional geology of Egypt. This episode cuhni
nated in the publication of the geological map of 
Egypt in 1928 and Hume's Geology of Egypt (1925-
1937). 

me Geological Survey of Egypt was founded by 
H.G. Lyons and was staffed by competent men 
whose published memoirs still remain among the 
best and most authentic records on the geology of the 
surveyed regions. The history of the Geological Sur
vey of Egypt from the date of its foundation until 
1925 is given in Hume 's Geology of Egypt and from 

that date until1971 in Said (1971). Among the early 
members of the Survey were Beadnell, Barron, Ball, 
Hume and Blanckenhom. Ferrar and Stewart joined 
the Survey in its early days. Fourtau, who had been 
active in Egyptian paleontology for years, finally 
joined the Survey as a paleontologist in 1911 and 
remained on its staff until his untimely death in 1920. 
Sadek joined the Survey in 1917 and gave his efforts 
mainly to the newly established Petroleum Research 
Board which was strengthened by the appointment of 
Madgwick and Moon in the same year. Sadek did not 
only distinguish himself as a brilliant scientist but 
was also instrumental in promoting geological stud
ies in his executive capacities as Director of the 
Mines and Quarries department and later as a Cabinet 
Minister. Although primarily a geographer and sur
veyor, G. W. Murray's numerous publications attest to 
his thorough familiarity with the physical and human 
aspects of the Egyptian deserts. 

Several workers outside the survey contributed to 
the geological study of Egypt during this period. 
Among these mention must be made of Barthoux, the 
geologist of the Suez Canal Company. He discovered 
the Jurassic exposures at Maghara, north Sinai, and 
sent fossil material to Paris where it was studied by 
Douville (1916). Barthoux's work on the Roches 
ignees du Desert arabique (1922) is a classic. 

During this episode several eminent geologists 
visited the country. Of these mention must be made of 
Osborn, the famous vertebrate paleontologist, who 
collected with the assistance of the American Mu
seum of Natural History, a large amount of the Fayum 
fossil vertebrates. Sandford and Arkell, aided by 
funds from the Oriental Institute, Chicago University, 
made their valuable study on the Egyptian Pleisto
cene. Stromer von Reichenbach's expeditions to the 
fossil vertebrate localities in the Western Desert and 
the upper Nile Valley resulted in a large number of 
classical publications on the subject. 

From time to time the Geological Survey sent 
materials to be examined abroad. These made the 
subject of valuable papers. Andrews gave the 
descriptions of the Fayum fossil vertebrates; Bullen 
Newton identified many of the fossil invertebrates. 
Seward examined numerous fossil plants, and Chap
man identified many foraminiferal species. 

Although this episode of geological research re
sulted in the discovery of a large number of econOID
ically viable mineral deposits, there occurred a lull in 
geological activity in the latter part of this episode. 
The Geological Survey was relegated to a subsidiary 
position. Most of the contributions of these later 
years came from the universities which had been 
established during these years. Other contributions 
came from the oil sector which had seen an expansion 
in the thirties as a result of the promulgation of a new 
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mining law encouraging oil exploration work. Al
most the whole of the sedimentary area to the north of 
latitude 28°N was mapped to scales varying from 
1:500,000 to 1:25,000 and occasionally to smaller 
scales. The area was completely covered by gravity 
survey and large parts were covered by magnetic and 
seismic surveys. A total footage of about 540,000 
was drilled during this period. Although much of the 
information gathered by these oil companies was 
never synthesized in one major work, as had hap
pened with the material of the earlier episode by 
Bowman (1925, 1926 and 1931), a great deal of the 
information filtered through the literature either in the 
form of papers or was abridged and included in 
relevant contributions. 

THIRD EPISODE 

The episode which extends from 1952 to the present 
was one of great expansion. Nineteen sixty two saw 
the publication of Said's treatise on The Geology of 
Egypt (1962) in which an attempt was made to find 
some order in the large amount of information that 
had accumulated over the previous years by fitting it 
into a conceptual frameworl<. 

Between 1954 and 1976, the Geological Survey of 
Egypt conducted an aggressive program of explora
tion for economic mineral deposits which were 
sought for the fulfillment of the five-year industriali
zation plan of the country. The survey underwent 
great changes during this period. The scale and ur
gency of the operation forced an enormous expan
sion. The number of scientists engaged was unpre
cedented, and new methods were introduced includ
ing geophysical and geochemical surveying as well 
as drilling and mining techniques. After the period of 
expansion, the Survey was reorganised in 1968 to 
become the central institute for applied geological 
research. The library was enlarged to file and keep all 
documents related to the applied earth sciences in 
Egypt 

The program of mineral research comprised three 
successive phases. The first was the re-examination 
of older mineral records. The second was the system
atic study of the mineral deposits which could be 
used as raw materials for the industries that were to 
make use of the hydro-electric power expected to be 
generated from the Aswan High Dam which was then 
being built. The third was the carrying out of a 
detailed program to study the potential of part of the 
basement complex of the Eastern Desert of Egypt. 
The three phases spanned the years from 1954 to 
1974. 

The first phase resulted in the development of the 
Aswan iron ores which were to be used by a small 

iron and steel plant that was built in Helwan to the 
south of Cairo. Further wotl< brought to light the 
potential of the Bahariya iron ores. These and the 
then recently discovered coal deposits at Gebel Ma
ghara in Sinai were thoroughly studied during the 
second phase. The Bahariya ore was then developed 
and became the main source for the expanded iron 
and steel industry in Helwan. 

The second phase comprised a survey of the raw 
materials which were to be used in the various metal
lurgical industries planned: the nepheline syenites of 
the ring complexes of the south Eastern Desert as a 
possible raw material for the aluminum industry 
which was later built in Naga Hammadi along the 
Nile in upper Egypt but which did not tuake use of 
this source, the phosphate deposits of the Nile Valley 
in south Egypt as a raw material for the phosphorous 
complex which never materialized, and the 
limestones along the Nile Valley as a tl.ux material. 
The results of these and other studies are embodied in 
a report (Moharram et al. 1970). The phosphate pro
ject resulted also in the preparation of a geological 
map of the Idfu-Qena region (scale I :200,000, 
1968). 

During the third phase, systematic wotl< on the 
basement complex of the central Eastern Desert be
tween latitudes 24° 30' and 25° 30' N was carried out. 
The area was mapped to scale 1:40,000 and close to 
56,000 geochemical and panning samples were ana
lysed. The wotl< led to the discovery of the niobium
tantalum deposit of Nuweibi and Abu Dabbab and 
brought to light the great potential of the Batramiya 
gold field. A summary of the results of this phase is 
published in the Annals of the Geological Survey of 
Egypt (1976). 

The period between 1974 and present was charac
terized by the diversification and increase of activity 
of foreign scientists and institutions and by an upsur
ge of oil exploration work by international compa
nies. The oil sector, following its long established 
tradition, conducted more than 100 agreements with 
more than forty companies. Exploration drilling 
reached about five million feet, almost double the 
footage drilled in all of the previous episodes. In I 982 
alone ninety wells were drilled totalling about 
300,000 m. Gravity and magnetic surveys continued 
vigorously during this period. In 1974 alone a total of 
I 7,000 km gravity survey in the Mediterranean, Gulf 
of Suez and Red Sea areas was carried out. Marine 
and aeromagnetic surveys covered large areas of the 
land of Egypt and its offshore areas (see Meshref, 
Chapter 10, this book). Seismic reflection methods 
were used extensively during this period. More than 
fifty oil and gas discoveries were made in the Gulf of 
Suez, Nile delta and the Western Desert. Reserves 
increased to 2.5 billion barrels of oil and a tremen-
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dous amount of gas. For a review of the history and 
activities of oil exploration work in Egypt, the reader 
is referred to the two books published by the Egyp
tian General Petroleum Corporation (1986) on the 
occasion of the hundredth anniversary of the drilling 
of the first oil well in Gemsa in 1886. 

The mining and geological research sectors had 
been, since 1952, a domain reserved for national 
companies and institutions which sought outside help 
only within the framework of national policies and 
upon the initiative of these institutions. However, 
since 1976, many academic and applied institutions 
seeking joint or independent work in Egypt have 
overwhelmed the two sectors, and although it is too 
early to evaluate the results of these endeavours, it is 
clear that a great deal has been published. Of the 
foreign programs of this period Special Project Arid 
Areas conducted by various German institutes may 
be singled out for the systematic work it has carried 
out in the south Western Desert of Egypt resulting in 
the mapping of large tracts of this desert and the 
subdivision of the seemingly monotonous 'Nubian 
Sandstone' into mappable units (Klitzsch et al. 
1979). Part of the results of this work are published in 
the Berliner Geowissenschaftliche Abhandlungen 
(1984, 1987) and numerous other publications. With 
the support of Conoco Oil Company and its partners, 
the German team published a series of eleven maps 
(scale 1:500,000) for the south Western Desert 
(Klitzsch & List 1980) and fifteen sheets of the Gulf 
of Suez at the scale of 1:10,000 (Klitzsch & Linke 
1983). These were later revised and used in the 
raising of a new geological map covering the entirety 
of Egypt (see Listet al., Chapter 3, this book). 

Also worthy of mention is the joint expedition of 
the Geological Survey of Egypt, Southern Methodist 
University and Polish Academy of Science which 
pioneered in Quaternary and prehistoric research. 
Part of the results of this expedition is published in 
Wendorf & Schild (1976, 1980) and Said (1981). 
Scattered and occasionally meaningful papers, 
touching on various aspects of Egyptian geology, 
were published as a result of the work of many other 
expeditions. Interest in reclamation projects and 
mineral development brought into Egypt a flow of 
experts whose reports and feasibility studies touched 
upon the geology of certain areas. In most cases the 
material drew upon previous information and usually 
lacked substance. 

The Geological Survey continued its efforts to 
publish the geological map of Egypt, a preliminary 
edition of which appeared in 1971 (scale 
1 :2,000,000) using no colors but lines and symbols 
only (Said 1971). This was followed by the publica
tion of the basement complex (scale 1:1 00,000) of the 
Eastern and Western Deserts (El Ramly 1972). Both 

maps followed a period of an active mapping pro
gram of which the following works are singled out 
for their significant contribution: Abdallah & Adin
dany (1963) on the west coast of the Gulf of Suez and 
Issawi (1969, 1971) on the Lybian Plateau of the 
south Western Desert. A greatly improved, updated 
and colored version of the 1971 I :2,000,000 map was 
published in 1981. Geological maps of the Aswan 
and Qena quadrangles (scale 1 :500,000) were publ
ished in 1978. Three sheets of the 1:250,000 series, 
the Dakhla, Wadi Qena and Gebel El 'Urf qua
drangles were issued in 1983. 

From 1967 until 1984, Sinai fell under Israeli 
occupation and made the subject of numerous studies 
by Israeli scientists especially after the 1973 war. 
Close to 100 publications were made during the 
period of occupation (a collection of the reprints 
concerning Sinai was published by the Geological 
Survey of Israel, 1980-1984). A photo-geological 
interpretation map to the scale of 1:500,000 was 
published(Eyaletal. 1980)andclose to sixteen wells 
were drilled after the search for oil in north Sinai. 
Most of the works endeavoured to integrate the geo
logy of Sinai with that of Israel; the formational 
names of Israel were liberally used to designate the 
Sinai rocks. 

The seas around Egypt have been the subject of 
intensive studies during recent years. Although the 
history of the investigation of the Red Sea and the 
East Mediterranean goes back to the late 19th cen
tury, the mid-sixties of this century witnessed the true 
systematic exploration work in both seas. The dis
covery of the basaltic nature of the axial rift of the 
Red Sea led to the conclusion that the sea opened by a 
process of oceanic accretion. The equally important 
discovery of metalliferous sediments covered by hot 
brines at the bottom of depressions or deeps usually 
situated along the rift axis of the sea aroused great 
interest and led to active oceanographic work by the 
Saudi-Sudanese Red Sea Commission (six expedi
tions between 1965 and 1971). International interest 
in the sea led to the launching of numerous expedi
tions: the USSR (two expeditions in 1976 and 1980), 
the USA (six expeditions between 1962 and 1972), 
Gennany (two expeditions in 1965 and 1971), En
gland (four expeditions between 1963 and 1967) and 
France (two expeditions in 1979 and 1981). A short 
summary of the results of these expeditions is found 
inDegens & Ross (1969), Stoffers & Ross (1974)and 
Thisse et al. (1983). Intensive oceanographic work in 
the East Mediterranean led to many interesting re
sults. The discovery of a salt layer beneath the bottom 
of the sea led to the conclusion that this sea must have 
dried up during the Messinian. Geophysical work 
indicated that the African continent was being sub
dueled underneath Europe. The results of the Deep 
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Sea Drilling Project in the Eastern Mediterranean are 
given in Ryan & Hsu (eds) (1973) and Hsu & Monta
dert (eds) (1977). The results of these oceanographic 

studies have had a great impact on our understanding 
of the evolution of Egypt's landscape and the devel
opment of the Nile. 



CHAPTER 2 

Geomorphology 

RUSHDISAID 
Consultaru, Annandale, Virginia, USA and Cairo, Egypt 

Egypt fonns the northeast comer of Africa and occu
pies nearly one-thirtieth of the total area of that 
continent. Bounded to the north by the Mediterranean 
Sea, to the south by the Republic of the Sudan, to the 
west by the Republic of Libya and to the east by 
Palestine, Israel, the Gulf of Aqaba and the Red Sea, 
it measures 1,073 km in greatest length from north to 
south, 1,226 km in greatest breadth from west to east 
and embraces a total area of almost one million 
square kilometers. 

Situated between latitudes 22° and 32° N, Egypt 
lies for the most part in the temperate zone, with less 
than a quarter of its area south of the tropic of Cancer. 
The whole country forms part of the great desert belt 
that stretches eastward from the Atlantic across the 
whole of north Africa onward through Arabia; and 
like all other lands lying within this belt, it is charac
terized by a warm and almost rainless climate. The air 
temperature in Egypt frequently rises to over 40°C in 
the daytime during the summer and seldom falls as 
low as 0°C even during the coldest nights of winter. 
The average rainfall over the country as a whole is 
only about 1 em a year. Even along the Mediterranean 
littoral, where most of the rain occurs, the average 
yearly precipitation is less than 20 em and the amount 
decreases very rapidly as one proceeds inland. · 

The scanty rainfall of Egypt accounts for the fact 
that the greater part of Egypt consists of barren and 
desolate desert. It is only through the River Nile that a 
regular and voluminous supply of water, coming 
from the highlands lying far to the south, is secured. 
This water is channelled by artificial canals over the 
narrow strip of alluvial land on both sides of the river, 
the Fayum depression and the delta expanse. These 
tracts offertile land, covering less than 3% of the total 
area of Egypt, support a dense population. The aver
age density of population in the habitable part of 
Egypt is more than 1 ,500 persons/km2 while there is 
only one inhabitant/6 km2 in the vast desert areas. 

The River Nile, therefore, representS a salient 
geographical feature that has shaped not only the 
physical traits of the country but also its history and 
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the nature of its human settlements. The River Nile 
has given Egypt a strip of fertile land which has made 
possible not only the development of its famed an
cient agricultural civilizatrion but also the growth of 
this civilization in peace and stability. Flowing mid
way through the couney, the Nile so divides the land 
that there is no place in Egypt that is further than 300 
km from the river. This natural occurrence made it 
possible for a sedentary society and a central author
ity to develop along the banks of that river. 

The Nile, a perennial stream which makes its way 
over thousands of kilometers of desert, divides Egypt 
into two distinct morphological regions. The region 
to the east consists of a dissected plateau draining to 
the river, while the region to the west consists of a 
series of unconnected depressions. Different condi
tions affected the land on either side of the Nile, 
though the river is not everywhere the boundary 
between the two regions. The table-land between 
Kharga Oasis and the Nile is in continuation with the 
Maaza plateau of the Eastern Desert, and Wadi Gab
gaba usurped the function of the Nile by intercepting 
the wadis draining westward from the Red Sea hills. 
Although the land to the east of the Nile fonns one 
geomorphological region, it is divided geogra
phically into the Eastern Desert and the Peninsula of 
Sinai separated by the Gulf of Suez. From the earliest 
of times, these geographical divisions were rec
ognized not ottly because of the physical differences 
of the two areas but also because they were inhabited 
by different races. Herodotus may have intended to 
make this racial distinction when he named the de
serts east and westoftheNile 'Arabian' and 'Libyan' 
respectively. 

It has been the custom, therefore, to deal with 
Egypt as divisible geographically into the following 
major provinces: 

1. Nile Valley and the Delta 
2. Western Desert 
3. Eastern Desert 
4. Sinai Peninsula. 

In addition to these geographical provinces of the 



10 RushdiSaid 

land of Egypt, the bordering Mediterranean and Red 
Seas are of special importance io understandiog the 
geomorphological development of Egypt. 

In the followiog paragraphs, some of the maio 
geographical features of these provioces and the seas 
are given. 

NILE VALLEY AND DELTA 

The Nile Valley and the Delta occupy the alluvial 
tract along the tennioal 1,350 km of the River Nile. 
These lie withio the borders of Egypt Along this 
course no tributary joios the Nile. After entering 
Egypt at Wadi Haifa it passes for more than 300 km 
through a narrow valley surrounded by cliffs of 
sandstone and granite on both its east and west sides 
until it reaches the First Cataract which commences 
about 7 km south of Aswan. The construction of the 
Aswan Dam at the begimting of this century ioun
dated the strips of cultivable land along this stretch, 
while the construction of the Aswan High Dam ren
dered large tracts of the Nubian desert ioto a vast 
reservoir of water. This reservoir fonns one of the 
greatest man-made lakes. It extends (at its 180m as!) 
for almost 4\.2° of latitude from Aswan to the Dal 
Cataract io the Sudan. The total reservoir at this level 
has a surface area of 6,2!6 km2, a mean width of 12.5 
km and the length of its dendritic shorelioes is 9,250 
km. The volume of water held by this reservoir is !57 
km'. 

The natural gradient of the river io Nubia (I m/11 
km) only slightly exceeds the slope of the river io the 
remaioiog l,lOOkm of its course to the sea. North of 
Aswan, the Nile Valley broadens and the flat strips of 
cultivable land, extendiog between the river and the 
cliffs that bound its valley on either side, gradually 
iocrease io width northward. Near Esna, about 160 
km north of Aswan, the sandstone of the boundiog 
cliffs gives place to limestones; and at Qena, about 
120 km north of Esna, the river makes a great bend 
bounded by limestone cliffs risiog to heights of more 
than 300 m. Near Assiut, about 260 km north of 
Qena, the cliffs of the western side of the valley 
become much lower than those on the eastern side 
and contioue so for more than 400 km to Cairo where 
the valley opens out to the delta. The average width of 
the alluvial floor of the Nile valley between Aswan 
and Cairo is about 10 km and that of the river itself 
about three-quarters of a kilometer. Throughout its 
entire course, the Nile tends to occupy the eastern 
side of its valley so that the cultivable lands to the 
west of the river are generally much wider than those 
to the east. In fact, io some places, the stream almost 
washes the eastern boundary cliffs. 

After passiog Cairo, the Nile pursues a northwest-

------------·------

erly direction for about 20 km and then divides ioto 
two branches, each of which meanders separately 
through the delta to the sea. The western branch (239 
km io length) debouches ioto the Mediterranean at 
Rosetta, and the eastern branch, which is about 6 km 
longer, at Damietta. 

Closely connected with the River Nile is the 
Fayum depression which lies at a little distance to the 
west of the Nile Valley and with which it is connected 
by a narrow channel through the desert hills. The 
lowest part of the depression is occupied by a shallow 
brackish lake (Birl<et Qarun) which is about 45 m 
below sea level and about 200 km2 io area. The 
depression has a total area of about !, 700 km2• Its 
floor slopes downward to the lake io a northwesterly 
direction from a level of about 32 m asl. The depres
sion is a rich alluvial land irrigated by a canal that 
enters it from the Nile by way of the above
mentioned channel. 

WESTERN DESERT 

The Western Desert stretches westward from the Nile 
Valley to the borders of Libya and embraces an area, 
exclusive of Fayum, of about 681,000 km2, that is, 
more than two-thirds of the whole area of Egypt. The 
Western Desert (Fig.2,11) is essentially a plateau de
sert with vast expanses of rocky ground and numer
ous extensive and closed-io depressions. It attaios its 
greatest altitude io the extreme southwestern comer 
of the country where its general plateau character is 
disturbed by the great mountaio mass of Gebel Uwei
nat lyiog just outside Egypt; but the northeastern 
flanks of the mountaio are withio the borders of 
Egypt. 

Three subprovioces can be distioguished io this 
vast desert: 

l Southern subprovince (Arba'in Desert) 

This subprovioce lies io the shadow of the northern 
embayed escarpment which borders the Dakbla and 
Kharga depressions and extends southward ioto 
northern Sudan. This subprovioce is named the Arba
'io desert by Haynes (1982) after the well-known 
Darb EI-Arba'in caravan route which traverses this 
subprovioce io its middle. Raiofall over this subpro
vioce is negligible and iodividual storms at any parti
cularplace may be decades apart (Baguold 1954). In 
the areas of Dakhla and Kharga oases, daily average 
wiod velocities range between 4.3 and 18.5 km,lh 
throughout the year, and the daily average relative 
humidity is between 28 and 56% (Ezzat 1974). In 
addition to haviog unique climatic conditions, it is 
siogled out from other Egyptian geomorphic prov-
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inces because of its Quaternary history and the evi
dence it gives for the dramatic changes of its past 
climates. 

This subprovince is covered almost exclusively by 
sandstones which belong to the 'Nubia Formation'. 
These sandstones extend for several degrees of lati
tude and longitude beyond the borders of Egypt into 
Libya and the Sudan. They are interrupted by several 
basement outcrops. Although these 'Nubia' 
sandstones have a great age range, various environ
ments of deposition and marked lateral variations 
(Chapter 12, this book), the sandstones form one 
geomorphological unit of great consistency and form 
an open system with regard to ground water move
ment 

The most important topographical feature in this 
subprovince is the Gilf Kebir plateau, a 12,000 km2 

erosional remnant assuming heights of more than 
1,000 mas!. The plateau is dissected by wadis that are 
broad and open in places and in others constricted. 

0;._ ____ .;;2;0 km. 

They are bounded by high steep walls and do not 
have the usual swings of a normal river valley of the 
humid regions (Peel1941 ). McCauley, Breed & Gro
lier (1982) theorize that the peculiar geomorphic 
characteristics of the Gilf region are the result of an 
eolian and mass-wasting overprint on a landscape 
where the basic patterns were established by running 
water. There are myriads of small sandstone inset
bergs which are clustered on the wadi floors and on 
the pecliplain immediately adjacent to the plateau. 
Peel (1941) recognises these as relict features left out
standing by the lowering of the desert surface around 
and between them. McCauley et al. (1982) interpret 
the inselbergs as remnants of the intedluves of much
degraded, relict drainage basins. Using landsat im
ages, these authors are able to delineate several 
defunct drainage networl<s extending well beyond 
the present plateau margin. Figure 2/2 (ibid, p. 209) 
depicts the restored netwmk patterns of this region 
according to these authors, while Figure 2/3 (ibid, p. 

Figure 2.2 Restored drainage patterns of Gilf 
Kebir (after McCauey et al. 1982). 
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216) is a block diagram prepared by these authors to 
illustrate the main stages in a suggested sequence of 
development of the sou them Gilf landscape. 

The Kharga Oasis represents the largest depres
sion of the Arba'in Desert. It extends from north to 
south for a distance of 220 km along the western edge 
of the limestone plateau and is up to 40 km wide. A 
fault runs along the depression (Beadnelll909}, and 
artesian springs are known to have occurred there as 

Figure 2.3 Block diagrams illus
trating main stages in a suggested 
sequence of development of the 
southern Gilf Kebir landscape, 
view from southern margin of 
Eight Bells drainage system (after 
McCauley et al. 1982). 

far back as Acheulean times (Caton-Thompson 
1952): As with all other depressions of the Arba'in 
Desert, the Kharga had playa lakes in Neolithic times. 
Another topographically depressed area is that which 
lies between the Kiseiba and the Sin El-Kaddab 
scarps which form the southern edge of the limestone 
plateau. The area asswnes importance because it 
contains nwnerous subdepressions, many of which 
are filled with playa deposits carrying terminal Paleo-
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lithic to Neolithic artifacts. Extensive archaeological 
excavations in many of these playas and especially in 
Nabtahave pennitted precise dating of the prehistoric 
events of this period (Wendorf eta!. (1977), Wendorf 
& Schild 1980). Situated along the edge of the Sin 
El-Kaddab scarp are the uninhabited oases ofDwtgul 
and Kurkur (Ball1902, Said & Issawi 1964, Butzer 
1964, Said 1969). 

A remarlcable feature of the Arba'in Desert is the 
presence of large fiat stretches made up of medium to 
coarse-grained sand with a top that is veneered by a 
thin layer of lag, coarse sand or small pebbles equidi
stantly distributed over the surface. 1he sand sheets 
form remarl<ably fiat plains with hard compact sur
faces that make car travel easy and fast. The center of 
the Arba'in Desert has a sand sheet area which 
stretches for about 400 km from north to south and 
300 km from east to west. Haynes (1982) names this 
sheet the Selima sand sheet. 

2 Middle limestone plateau subprovince 

1he limestone plateau of the middle latitudes of 
Egypt extends along both sides of the Nile. It forms a 
rough-going, nearly level upland desert surface 
thinly veneered by an erosion pavement made up of 
alluvium and gravel. It is a virtual rock desert or 
Hamada. The pavement is the result of the chipping 
of the hard limestone bed that makes the wtdersur
face. Rill stones, dreikaoters and other edged stones 
are common on these surfaces. 

1he great oases of Dakhla and Kharga lie in the 
shadow of the southern edge of this limestone pla
teau. To the north lie the depressions of Farafra and 
Bahariya oases. The Farafra has an irregularly 
triangular shape with the apex to the north; its breadth 
increases as one goes south. It is bowtded by steep 
cliffs on three sides. 1he east and west cliffs are bold 
and of great height; the north cliff, although less in 
height, is conspicuous owing to the dazzling white
ness of its precipitous face. To the south the floor of 
the depression rises imperceptibly for some 150 km 
until the Dakhla escarpment is reached. 

1he Bahariya is a natural excavation, about 1,800 
1an2 in area. It differs from other oases, which are 
open on one or more sides, in being entirely sur
rowtded by escarpments and in having a large 
number of hills within the depression. It is highly 
irregular in outline, more particularly on its western 
side, but the general shape of the depression is. oval 
with its major axis rwtning northeast and wtth a 
narrow blwtt-pointed extension at each end. 

3 Northern Marmarica and Qattara subprovince 

The northern subprovince lies to the north of the 
immense limestone plateau of the middle latitudes of 
Egypt. The Qattara depression, one of the largest and 
deepest of the wtdrained natural depressions of the 
Sahara, lies in the midst of this subprovince. 1he 
depression is bowtded by cliffy slopes along its 
northern and western sides. To the south the floor 
rises and merges imperceptibly with the surface of 
the Middle (Libyan) Limestone Plateau. The bowtd
ary of the depression is usually taken at the sea level 
contour; and by that definition the area of the depres
sion is estimated to be 19,500 km2• Its maximum 
length is approximately 300 km and its maximum 
breadth 145 km. The lowest point, 134m below sea 
level, is near the western end about 35 km southeast 
of Qara, the only permanently occupied oasis in the 
area. Geographically the depression is divisible into 
two parts by a line rwtning west northwest from 
along the southwestern escarpment of Cecily Hill 
(Fig. 2/4) across the floor to a point 35 km northeast 
of Qara. 1he segment to the west of this line shows no 
clearly defined axis and is roughly quadrangular in 
plan. By contrast, the segment to the east is an axial 
valley which follows a broadly arcuate course ex
tending through Moghra Lake and thence curving
west southwestward along a line roughly parallel to 
the base of the bordering cliffs. 

1he floor of the segment to the west is covered by 
gravels and sands of early Miocene age as well as by 
Sabkha deposits, a mixture of sand, silt and salt, 
which may be permanently or seasonally wet. Thiele 
(1970) gives a description and analysis of these de
posits. 1he floor of the western segment is covered 
with limestone, clay and halite. 1he limestones 
cropping out in the south of the depression are of late 
Eocene age, while those cropping out to the north and 
east are of middle Miocene age. The halite, first 
described by Ball (1933), forms a bed which caps a 
mesa-like plateau which extends in an east-west 
direction for about 35 km with an average breadth of 
6 km. It stands up at an elevation of 30 m above the 
surrowtding plain which lies below the-100m con
tour. The halite is massive and translucent and is 
wtderlain by a bed of dark brown clay. Said (1979) 
relates this mass of halite to the Messinian crisis and 
concludes that it was probably deposited in a satellite 
basin of the receding Mediterranean. 

In addition to the great Qattara depression, there 
are many other depressions extending from Jaghbub 
on the Libyan-Egyptian frontier to Faiyum and Wadi 
Rayan to the east. The greatest of these small depres
sions is that of Siwa Oasis. Other depressions include 
Bahrein, Wattiya, Areg, Numeisa and Sitra which 
fringe the southern margin of the Qattara depression. 
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Figure 2.4 Surficial deposits of Qattara depression (after Said 1919). 

To the east lies the Wadi Natrun depression. 
The plateau to the north of Qattara slopes gently to 

the Meditemmean Sea and forms a rolling tableland 
covered with gravel and indented by shallow basins 
of sand swface material. The larger part of this pla
teau is made up of the white limestones of the middle 
Miocene Marmarica Formation. The plateau is 
named Diffa on the topographic maps and forms part 
of the Marmarica plateau, the desert country of North 
Mrica along the Mediterranean Sea between ancient 
Cyrenaica and Egypt. 

The coastline to the west of Alexandria is made up 
of a large number of open bays the most pronounced 
of which are the Gulf of Arabs in the east and the Gulf 
of Saloum in the west In between these two gulfs 
there are a number of smaller bays separated by 
protruding points which seem to have been struc
turally controlled. 

EASTERN DESERT 

Extending from the Nile Valley eastward to the Gulf 
of Suez and the Red Sea, the Eastern Desert consists 
essentially of a backbone of high rugged mountains 

running parallel to and at a relatively short distance 
from the coast. These mountains are flanked to the 
north and west by intensively dissected sedimentary 
plateaux. 

The igneous mountains commence in the neigh
borhood of Gebel Urn Tenassib (lat. 28° 30' N) and 
extend southeastward beyond the Sudan border. The 
Red Sea hills do not form a continuous range, but 
rather a series of mountain groups, more or less 
coherently disposed in linear direction approximat
ing to that of the coast, with some detached masses 
and peaks. The highest peak of Gebel Shayeb (near 
lat. 27° N) attains a height of 2,184 m asl, and 
hundreds of other peaks of considerable height occur 
throughout this range. 

Northwest of Gebel Shayeb lie the red granite 
towers of Gebel Gattar separated by a gap from the 
dark rounded crags of Gebel Do khan (Fig. 2/5). High 
on the mountain side of Gebel Dokhan lie the quar
ries of Imperial pmphyry cherished by three centuries 
of Roman Emperors. A ruined fortress, three lifeless 
villages, temples and shrines, dry wells and other 
fossil whims of these Emperors lie at the footslopes 
of the mountain closed in by the hills from all sides. 
The quarried blocks of the Imperial porphyry were 

... ~---~---------
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slid or lowered from the mountainside down a care
fully prepared causeway or chute for more than a 
kilometer to the wadi underneath, where they were 
worked out and then shipped along a road to Qena. 
Remains of six watering stations built along this road 
at 25 km intervals can still be seen. 

To the south of Gebel Shayeb lies the dead town of 
Urn El-Omeiyd (in Arabic, mother of pillars) which 
the Romans knew as Mons Claudianus. This was the 
site of a granite quarry and a garrison town. Mons 
Claudianus granite is a sugary white variety spangled 
with tawdry mica. The entire town is made up of 
granite and is perllaps the best preserved of all Roman 
remains in the desert. 

Murray (1933) gives a pictoresque description of a 
bird' s eye view of the Eastern Desert: a few glances 

Figure 2.5 Map of central Eastern 
Desert showing Roman roads 
(after Murray 1967). 

from these high pinnacles cover all that is worth 
seeing in the Eastern Desert and Sinai. From the 
highest pinnacle of wooded Elba (1,437 m) at the 
extreme southeastern comer of Egypt, the eye travels 
over the desert north of the audacious peaks of Bere
nice's Bodkin and the Mons Pentadactylus, now 
Gebel Faraid (1,234 m) on the tropic of Cancer. On 
their northern horizon lies the rose-red whaleback of 
Gebel Hamata (1,978 m) which stares in tum at the 
fin on the back of his brother leviathan Nugrus (1,505 
m), only 80 km away. Nugrus sees the small jagged 
peak of Abu Tiyur (1,099 m) near Quseir, once the 
only town between Suez and Suakin. Little Abu 
Tiyur looks humbly toward the vast Shayeb (2,187 
rn), the highest hill in mainland Egypt, whose glance 
ranges over 320 km from the Nile at Qena to the 
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chapel crowned Katherina (2,641 m) above the con
vent of Mount Sinai, across the Gulf of Suez. Kathe
rina sees the flat-topped Gebel Egma (1 ,620 m). 
Egma looks north to Halal (890 m) which stares over 
the frontier to the green hills of Hebron. 

To the west of the northern portion of the Red Sea 
hills and partially separated from them by a wide 
valley (Wadi Qena) is an extensive limestone plateau, 
at places attaining a height of more than 500 m asl 
and extending southward to near Qena. This is the 
Maaza plateau which is in continuation with the 
Middle Limestone Plateau subprovince of the West
em Desert across the Nile. Further south the moun
tains are flanked by a lower ever-broadening 
sandstone plateau extending further south beyond the 
Sudan border. 

The Eastern Desert differs markedly from the 
Western Desert in that it is intensely dissected and all 
its drainage is external. While the eastward drainage 
to the Red Sea is by numerous independent wadis, the 
westward drainage to the Nile Valley mostly coa
lesces into a relatively small number of great trunk 
channels such as wadi Tarfa, Assiuti, Qena, Abad, 
Shait, Kharit and Allaqi. Wadi Qena is remarlcable; 
its main channel, about 200 Ion in length, follows a 
direction almost exactly opposite to that of the Nile 
into which it debouches. 

Belonging to the same geogrpahic province of the 
Eastern Desert are some islands in the Red Sea of 
which the principal are Ashrati, Jubal, Gaysum, Ta
wila, Gefatin, Shadwan, Safaga, the Brothers, Dae
dalus and StJohn's (Zabargad). Most of the islands 
are situated in the Strait of Jubal at the entrance of the 
Gulf of Suez. The largest is the hilly Shadwan. A few 
islands are characterized by central peaks while 
many are flat and low and consist of sedimentaries; of 
these latter some may be only elevated portions of 
coral reefs. 

SINAI PENINSULA 

The Sinai Peninsula covers an area of 61,000 IonZ. It 
is triangular in shape and is separated from mainland 
Egypt by the Suez Canal and the Gulf of Suez. It is 
continuous with the Asiatic continent for a distance 
of over 200 Ion between Rafa on the Mediterranean 
and Taba at the head of the Gulf of Aqaba. The core 
of the peninsula, situated near its southern end, cons
ists of an intricate complex of high and very rugged 
igueous and metamorphic mountains. These rise to 
greater heigbts than any in the Mrican part of Egypt. 
The highest peak, Gebel Katherina, attains an altitude 
of 2,641 m as!. Many other peaks and crests rise 
above the 2,000 m contour conspicuous among 
which are Gebel Urn Shorner (2,586 m) and Gebel 

Serbal (2,070 m). The core of the peninsula has a 
pseudo-Appalachian relief and shows all the signs of 
youthful physiography. It is dissected by numerous 
incised wadis that are everywhere showing signs of 
dowcutting. Drainage in the horst block of southern 
Sinai is toward the Gulfs of Suez and Aqaba. The 
water courses issuing from the mountains excavate 
deep ravines with deep sides and steep gradients. 
Their floors consist of bare rock, and their path is 
frequently obstructed by falls or cataracts. The main 
drainage channels of Wadi Feiran and EI-Sheikh 
(Fig. 2/6), however, are filled with a series of yellow
ish silts and clays interbedded with minor sands and 
gravels (Barron 1907, A wad 1953). The beds seem to 
have originated in lakes which were formed as a 
result of the damming of these water courses by 
resistant porphyry dikes. The dikes acted as barriers 
to the groundwater flow and helped form the ground
water body of the famous oasis of Feiran. The lacus
trine sediments were probably formed during early 
Neogene time and later intennittently disrupted by 
violent floods (Issar & Eckstein 1969). 

Overlapping the nucleus of basement complex are 
the sedimentaries which form the tableland of Badiet 
El-Tih (Desert of the Wanderings) and the still higher 
plateau known as Gebel Egma. These two immense 
plateaux consist of almost horizontal strata which 
constitute a distinct geomorphological unit to which 
Hassan A wad gave the term 'Sinai tabulaire'. The 
Tih plateau is bounded on its east, south and west 
sides by vertical scarps whose descent can be made 
by certain routes or Naqbs. On the east, the scarp 
overlooks the depression of Wadi Araba of which the 
Gulf of Aqaba graben forms part. On the west the 
scarps are also fault-determined and tenninate the 
Gulf of Suez depression. 

In contraSt to these extensive plateaux, northern 
Sinai is characterized by a large number of northeast
southwest trending elliptical anticlines and interven
ing synclinal depressions. These anticlines and 
synclines are breached by erosion and are fractured 
along lines that are more or less parallel to the axes of 
the anticlines. Geomorphologically this part of Sinai 
forms what Hassan Awad termed 'Ia region des do
mes'. The principal anticlinal mountains of northern 
Sinai (Fig. 2/7) are Gebels Yelleg (1 ,090 m), Halal 
(890 m) and Magbara (735 m). Beyond these and 
extending to the Mediterranean coast is a broad tract 
of sand dunes, some of which attain heigbts of over 
100m as!. 

The greater part of Sinai is drained by Wadi El
Arish, a 310 Ion-long system which reaches the 
Mediterranean at the town of EI-Arish. The wadi is 
the largest ephemeral stream in Sinai with a catch
ment area covering almost one-third of the entire area 
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Figure 2.6 Basin of Wadi Feiran, Sinai (after Murray 1967). 

of Sinai. Along its way, Wadi El-Arish crosses a 
number of mountain blocks cutting deep narrow 
passages called daika; otherwise it cuts its channel 
through Pleistocene sediments which are of fluviatile 
origin. According to Sneh (1982) the sedimentary 
features indicate a long history of aridity extending 
into the Pleistocene. 

MEDITERRANEAN SEA 

Located between the Eurasian and Mrican blocks, 
the present-day Mediterranean covers an area of 
about 2,510,000 km2• It has a length three rimes its 
width. Its maximum length is 3,540 km between the 
Strait of Gibraltar and Iskenderun, Thrkey. The wi
dest part, between Libya and Yugoslavia, is about 

970 km. An underwater sill between Sicily and Thni
sia divides the Mediterranean into two basins. The 
eastern basin is deeper than the western one. The sea 
has an average depth of 1,500 m. It reaches its 
greatest depth (5,093 m) in the Hellenic trough. The 
bathymetry of the eastern Mediterranean has recently 
been compiled by Hall (1980) to the scale of 
1:625,000. 

The Mediterranean is all that remains of a great 
ocean which, in early geological rimes, encircled half 
the globe along a line of latitude. The modem sea is 
made up of several small oceanic basins with broad 
continental margins and numerous small dislocated 
continental blocks inserted among the basins (Fig. 
2/8). The oceanic basins are the remnants of a large 
crust which disappeared by subduction as Europe and 
Mrica collided. 
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Figure 2.8 Structural map of the Meditemlnean Sea (after Biju-Duval et al. 1977~ 

The western Mediterranean, extending from 
Gibraltar to Malta and Sicily, is enclosed by the 
Apennines, the Atlas mountains and the Betic cordil
lera. Its core is made up of the Tyrrhenian and Balea
ric basins. The eastern Mediterranean's core consists 
of three basins: the Levantine, Herodotus and Ionian. 
They lie along the southern edge of the major arc of 
oceanic subduction of this sea. The great continental 
margin which lies to the north of this arc forms the 
Aegean basin. It is surrounded by fragments of the 
Dinarc-Taurus complex and is interrupted by numer
ous islands, the most important of which are Cyprus 
and Crete. The Aegean is noted for its seismic and 
volcanic activity. Present day as well as historic rec
ords attest to the intensity and frequency of land and 
submarine earthquakes. Many islands of the Mediter
ranean owe their origin to volcanic activity. A few 
volcanos still erupt to this day. They include Mount 
Etna, Stromboli and Vesuvius. The Adriatic is an 
epicontinental sea which occupies the space between 
the Apennines and the Dinarides. The three basins are 
fringed by a narrower continental margin on their 
southern side. The present-day African coast of the 
eastern Mediterranean is greatly influenced by the 

developmental histoty of the Sirte basin and the 
Nile. 

Most of the water of the Mediterranean comes 
from the Atlantic Ocean via the Gibraltar Strait. 
There are a few rivers which debouch into the Medi
terranean, the principal of which are the Nile from 
Africa, and the Po, Rhone and Ebro from Europe. The 
warm dry climate gives the sea a high rate of evapora
tion which causes the more saline and oxygen
bearing sutface waters to sink and areate the bottom. 
The sediments of the sea are white in color and poor 
in organic content. In the straits joining it with the 
Atlantic and Black Sea, the fresher surface waters of 
these seas flow inward to compensate for the loss by 
evaporation at the surface of the Mediterranean. This 
hydrographic setup changed drastically in the past in 
response to the great climatic fluctuations and the 
global changes of the sea level. Eustatic lowering of 
the sea level would certainly sever the Mediterra
nean's connection with the world oceanic system and 
convert it into a basin with a stagnant aenorobic 
bottom such as occurred many times during the Pleis
tocene (Thunnel et al. 1977), or even into a dry basin 
such as occurred during the late Miocene (Ryan et al. 
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1973). The Deep Sea Drilling Project (Leg 13) re
vealed the widespread occurrence of an evaporitic 
suite beneath the bottom of the sea which proved to 
be of late Miocene (Messinian) age. The evaporitic 
suite comprises halite, gypsum, anhydrite and do
lomite. It assumes a great thickness and has a strong 
reflecting surface on seismic profiles thus hindering 
the unravelling of the nature of the older sediments 
and the earlier history of the sea. 

The sediments of the beaches, coastline and the 
continental shelf off the coast of Egypt are the subject 
of an intensive study by an Egyptian-UNESCO joint 
project team (Nielsen 1974) and by a large number of 
authors (for a review, see Nir 1982, Said 1981 and El 
Ashry 1985). The Nile delta coastline evolved from 
arcuate to bird' s foot as many of the distributaries of 
the Nile delta silted up in historic time, and as the 
sediments debouched by the river into the sea were 
reduced due to recent Nile control projects (Said 
1958). The longshore currents which transport the 
Nile sedimems along the shores of the Mediterranean 
to the east as far as Gaza seem to have been in effect 
since the late Pleistocene. 

The evolution of the Mediterranean Sea has at
tracted the attention of a large number of authors. The 
land areas surrounding this sea, including the Alpine 
belt, are the subject of extensive and classical studies. 
Their folded belts have inspired some of the funda
mental concepts in geology such as geosynclines and 
subduction. The idea that the modem Mediterranean 
is a remnant of a central ocean which separated 
Laurasia and Gondwana continents dates back to the 
last century. The evolution of this central ocean has 
recently been deciphered; and it has been shown that 
the Paleozoic marine sediments of the Himalaya
Alphs region were deposited in an ancestral ocean, 
the Paleotethys, which occupied a central but a more 
northerly position (Fig. 2/9). This Paleozoic ocean 
was consumed and a central but more southerly 
ocean, the Neotethys, developed. The concensus is 
that these two seas which succeeded one another 
formed vast expanses of ocean between Europe and 
Asia on one side and Mro-Arabia and India on the 
other. 

During the Paleozoic, a Pleotethys covered west 
central Europe and extended to the Pamirs. It was 
separated from the lands to the south by a suture 
(Sengor 1985) and a ridge of minor uplift traceable, at 
least since the Ordovician, from northwest Mgha
nistan through northern Iran, southeast Thrlrey and 
eatward to possibly northern Italy (Sonnenfeld 
1981 ). Numerous transgressions of this Sea covered 
northern Mrica, the Levant, Arabia and the lands to 
the east during the Paleozoic. The sediments are 
mostly clastic and are of deltaic, tidal and/or marginal 
marine origin. They interfinger marine carbonates in 

the north. During many stages, evaporites were de
posited in large basins along the southern edge of 
these marginal seas. During the Cambrian, for 
example, an evaporitic basin extended from the Salt 
Range of Pakistan to 01IU'!I, Hadramout and Arabia. 

Several interpretations have been proposed to de
pict the evolution of the Neotethys and the modem 
Mediterranean (for a review of these and other 
aspects of the Eastern Mediterranean, see Dixon & 
Robertson 1984 ). The precursor of this sea seems to 
have come into existence during the late Triassic. It 
succeeded the Paleotethys which was consumed dur
ing the Mesozoic by a left lateral motion of Mrica 
with respect to Europe. This motion was induced by 
the spreading of the Atlantic Ocean. It caused the 
rifting and breaking away of the Apulian and Anato
lian plates and their accretion to Europe. The motion 
seems also to have been responsible for the attentua
tion of the crust of the Eastern Mediterranean and the 
formation of the Mrican continental passive margin. 
The fact that the middle Triassic faunas of Egypt, like 
their predecessors in the late Paleozoic, are different 
from the Alpine or Germanic faunas and are related 
to those of Greece and Thrkey is taken as evidence 
that the Anatolian and Apulian plates formed part of 
the southern Tethys until that time. 

Figure 2,110 shows the relative position of Mrica 
with respect to Europe (arbitrarily kept fixed in its 
present position) since the beginning of the opening 
of the Atlantic Ocean. From that time and until the 
late Cretaceous, Mrica was moving left laterally at a 
relatively high rate (2-4 em/year). During the late 
Cretaceous the motion slowed most probably 
because of the first major intracontinental collision 
between Arabia, Anatolia and Eurasia. A relatively 
modest right lateral motion of Mrica followed be
tween the late Cretaceous and early Eocene ( 49 my) 
in relation to the initiation of the spreading between 
Europe and North America. From then on, a state of 
intracontinental collision prevailed in which Mrica 
was rotated around a pole situated in the vicinity of 
Morocco. This rotation was felt mostly in the east 
where it was essentially north-south. 

RED SEA 

The Red Sea occupies an elongate escarpment
bounded depression which extends in a south
southeast direction from Suez to the Strait of Bab-El 
Mandeb in a nearly straight line, separating the coasts 
of Arabia from those of Egypt, the Sudan and Ethio
pia. Its total length is about 2,000 km, and its breadth 
varies from about 400 km in the southern half to 210 
km at latitude 27° 45' N where it divides into two 
parts, the Gulf of Suez and the Gulf of Aqaba, sepa-
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Figure 2.9 Paleotethys and Neotethys in: A Late Permian time: geometry showing a gaping Paleotethys fringed to the south 
by the Thrlrish (T), Iranian (IR), Afghani (AF) and Thai-Malaysian peninsula (TMPB) blocks; B. Latest Triassic time: 
geometry showing the Neotethys replacing the closing Paleotethys (after Sengor 1985 with minor modiiications). 

rated from each other by the peninsula of Sinai. 

Gulf of Suez 

The Gulf of Suez is different from the Gulf of Aqaba 
and the Red Sea proper with regard to bottom 
topography, chemistry of water and type of sediment. 
The Gulf of Suez is flat-bottomed with a depth of 
55-75 m. At its mouth, the Gulf descends to a depth 
five times its own and is thus a shallow shelf filled 

with the surface water of the Red Sea. The exchange 
of water between the Gulf of Suez and the Mediterra
nean, which takes place through the Suez Canal, is of 
no importance to the water and salt budget of the Red 
Sea. The current regime of the Suez Canal and the 
changes it has undergone since the building of the 
Aswan High Dam are dealt with by Marcos & Mes
sieh (1973), Hassan & El Sabh (1974) and Meshal 
(1975). Little water seems to be exchanged between 
the Mediterranean and the Red Sea via the Canal. 

Figure 2.10 Plate lrinematics of 
the Africa-Europe plate system 
(after Biju-Duval et al. 1977 with 
minor modifications). 
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This may explain the almost complete absence of any 
intenningling of faunas of the two seas since the 
cutting of the Canal in 1869 (Said 1950). The sed
iments of the Canal are examined by Stanley et a!. 
(1982) while those of the Gulf of Suez by Shukri & 
Higazy (1944) and M.M. Mohamed (1979). The 
sediments of the Gulf of Suez are, like the sediments 
of the Red Sea, rich in carbonates although they 
include a larger precentage of detrital materials. 

The exchange of water between the Gulf of Suez 
and the Red Sea is investigated by A. Mohamed 
(1940). Temperature and salinity variations in the 
Gulf suggest the inflow of a wann, less saline surface 
current from the Red Sea proper into the Gulf of Suez 
and the outflow of a bottom current, more saline and 
less wann. The latter mixes at the edge of the Gulf 
with the water in the upper strata of the Red Sea 
proper, the resulting admixture going down and con
tributing to the formation of the Red Sea bottom 
water. 

Gulf of Aqaba 

The Gulf of Aqaba is different from the Gulf of Suez. 
It has an irregular bottom topography of an average 
depth of I ,250 m. It is separated from the Red Sea 
proper by the sill of Tiran, about 250-260 m deep, 
outside of which the bottom is at a depth of more than 
1 ,000 m. Near the eastern side of the Gulf troughs as 
deep as I ,850 m occur; and the contrast is great when 
we compare these depths with the heights of the 
mountains bordering the eastern side of the Gulf. The 
depth of the Gulf of Aqaba is nearly equal to the 
depth of the Red Sea which is about ten times as 
broad, although the Red Sea itself is remarkable for 
its great depth in proportion to its breadth. Along the 
beaches of the Gulf of Aqaba the mountains rise 
abruptly. The continental shelf which characterizes 
the Red Sea does not occur in the Gulf of Aqaba 
except in the south. A new bathymetric map of the 
Gulf to the scale of I :250,000 is compiled by Hall & 
Ben-Avraham (1978). The map shows that the center 
of the Gulf is occupied by three deep and elongated 
basins separated by low sills (Fig. 2/11). 

The mode of exchange of the water masses be
tween the Gulf of Aqaba and the Red Sea proper 
across the shallow sill of Tiran is dealt with by 
Mohamed (1940). During the winter a surface cur
rent from the Red Sea to the Gulf is observed, while a 
bottom current moves from the Gulf to the Red Sea 
proper and contributes to the bottom waters of the 
Red Sea. This pattern is similar to the water exchange 
between the Red Sea and the Gulf of Aden in the 
same season. 

The Gulf forms the southern segment of the Dead 
Sea rift. The structure is dominated by an-echelon 

faults which delimit three elongated basins that strike 
northeast (Ben Avraham et a!. 1979). Seismic 
profiling indicates a composite thickness of 2-3 km 
which seems to belong to the late Neogene and the 
Quaternary. The sediment fill is made up of turbidites 
and pelagic segments. 

Red Sea proper 

The Red Sea possesses an irregular bottom. It has a 
characteristic continental shelf about 30 km in 
breadth. The center of the sea is made up of a wide 
'main trough' extending from about !5° to 24° N, 
usually less than 50 km wide and characterized by 
steep walls and irregular bottom topography 
(Cochran 1983). South of 18° N, the continental 
shelves broaden considerably and are underlain by 
carbonate banks and reefs which effectively fill the 
main trough. 

The Red Sea (Fig. 2/12) is located in a region 
which is characterized by such an arid climate that 
evaporation from the water surface greatly exceeds 
the small precipitation. The adjacent lands have no 
runoff and no rivers enter the Red Sea. Therefore, the 
surface salinity of the water of the Red Sea is high and 
reaches values between 40 and 41 o/oo. Along the 
entire length the prevailing winds blow consistently 
from the north-northwest during the summer season; 
during the winter the north-northwest winds reach as 
far south as 21° ro 22° N, but south of this the wind 
direction is reversed and south-southeast winds pre
dominate. 

The climatic conditions and the prevailing winds 
detennine the character of the exchange of waters of 
the Red Sea and the Gulf of Aden across the shallow 
sill which separates them. The exchange is subject to 
annual variation which is related to the change in the 
direction of the winds in winter and summer. In 
winter when south-southeast winds blow in through 
the strait of Bah El Mandeb, the surface layers are 
carried from the Gulf of Aden to the Red Sea, and at 
greater depths highly saline waters of the Red Sea 
flow across the sill. In summer when north-northwest 
winds prevail, the surface flow is directed out of the 
Red Sea by the wind. At shallower depths water from 
the Gulf of Aden flows in, having a lower salinity and 
lower temperature than the outflowing surface water. 
At still greater depths, highly saline Red Sea water 
appears to flow out over the sill but it is probable that 
this outflow is smaller than in winter. 

The sediments of the northern Red Sea are studied 
by Shukri & Higazy (1944). They are richer in cal
cium carbonate than the sediments of the Gulf of 
Aqaba or the Gulf of Suez. 

The origin of the Red Sea has attracted the atten
tion of workers for a long time. For a review and 
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Figure 2.11 Bathymetric map of the Gulf of Aqaba 
simplified after Hall & Avrabam (1978). 

outline of the most recent results, the reader is re
ferred to Degens & Ross (1969), Stoffers & Ross 
(1974), Cochran (1983), Thisseetal. (1983), Morgan 
Chapter 7 and Meshref Chapter 8 (this book). The 
fact that the axial trough is associated with large
amplitude magnetic anomalies and is filled with tho
leiitic basalt has led to a concensus that the axial 
trough was generated by sea floor spreading. The 
magnetic lineation seems to indicate that the spread
ing occurred between five and six million years ago 
in the southern part and seems to be advancing from 
the south to the north. This must have followed a 
pre-rifting phase during the Oligocene and the forma
tion of the main trough during the early if not the 
middle Miocene. The substratum underlying the 
main trough and shelves is difficult to ascertain 
because it is covered by a thick Miocene evapointe 
series which measures 3,000 min thickness and even 
more in places. The top of this formation is marked 
by a strong seismic reflector (reflectorS). The axial 
wne of the Red Sea has small (14 x 5 km) deeps 
which are characterized by high salinities and are 
thennally charged. Atlantis II deep (21 ° N) has two 
layers of brine each nearly 200 m thick covering the 
bottom sediments and screening them from the 
waters of the Red Sea. Under these brines, the sed
iments are metalliferous and seem to be hydro
thennally generated. 
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Figure 2.12 Generalized geolog
ical map of the northern portion of 
the Red Sea (after Said 1969). 



CHAPTER 3 

Application of remote sensing and satellite cartography 
in preparing new geologic map 1:500,000 

FRANZ K. LIST, BERND MEISSNER & GERHARD POHLMANN 
Free University of Berlin and College of Engineering (TFH), Berlin, Germany 

1 CONCEPT AND DEVELOPMENT OF REMOTE SENSING 

The tenn 'remote sensing' has become increasingly 
familiar to the international scientific community 
during the last decade. It was coined in the early 
sixties by scientists of the Willow Run Laboratories 
in Ann Arbor, Michigan, that later became the Envi
ronmental Research Institute of Michigan (BRIM). 
However, even if the tenn itself is new, the methodo
logy of remote sensing has been in use for a much 
longer time, if under different names. 

Remote sensing - which means collecting infor
mation about an object without the use of physical 
contact - can be said to have started with the inven
tion of photography more than 100 years ago. During 
1814-1838, Joseph Nicephore Niepce and Luis 
Jaques Mande Daguerre in France developed the 
so-called 'daguerreotype', a photographic process 
using a polished silver plate as light-sensitive ma
terial. Despite the widespread acclaim and public 
acceptance of the daguerreotypes, the process used 
proved to be a dead end since it produced only 
positive unictes. The actual breakthrough in the de
velopment of photography was accomplished by the 
British physicist William Henry Fox Talbot who in 
1831 used a silver halogenide coating on paper for 
the production of photographic images. Somewhat 
later, he produced the first negatives from which any 
number of positive copies could be made. So, for the 
first time, geometrically accurate and detailed images 
of natural objects became available for documenta
tion, evaluation and, soon, also for measurements. 

While the potential use of the photographic pro
cess for the production of maps and for the precise 
measurement of objects in the photographic image 
itself was realized and put to practical use almost 
instantly, it took about ninety years until geologists 
became aware and made use of the new tool. Shortly 
after the advent of the aiiplane, the first observation 
of geologic features from the air was described and 
discussed by Johnson (1921), Willis (1921), and Lee 
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(1922). Soon it was realized that instead of the short
lived direct observations by a human observer in an 
aircraft, the study of aerial photographs, especially of 
pairs of photographs taken stereoscopically, provided 
a much higher degree of infonnation on the earth's 
surface. 

1n 1938, a paper was published in the joutual 
World Petroleum (Anonymous 1938) that described 
the operational use of aerial photographs for oil 
exploration in the nearly inaccessible rain forests of 
New Guinea by the 'Nederlandse Nieuw Guinea 
Petroleum Maatschappij'. 'This publication is gen
erally regarded as marking the birth of geologic 
photo inteipretation, or 'photogeology'. At the same 
time, an article was published in Switzerland by 
Helbling (1938) describing in great detail the applica
tion of photogrammetry (a science already well
established at that time) for geologic mapping. 1n 
contrast to the oil exploration project in New Guinea 
in which small-scale aerial photographs were used 
and a large area had to be surveyed looking mainly 
for structural anomalies, Helbling (1938) mostly 
made use of large-scale terrestrial photographs for 
detailed studies of the highly complicated alpine 
geology. 1n addition, he applied precision measure
ment and data transfer techniques as available to 
photogrammetrists. 

These early and somewhat divergent trends conti
nued after World War II. 1n the United states, photo
geology was employed predominantly for small
scale regional mapping, often in connection with 
petroleum or mineral exploration. 1n Europe, on the 
other hand, the tendency toward large-scale mapping 
by means of aerial photography and toward the steps 
'from inteipretation to measurement' (Volger 1953) 
continued. 1n this context, emphasis was laid upon 
quantitative detennination of structural data, like 
strike and dip, and of tectonic and moiphometric 
data. 

At that time, new developments in the United 
States were taking advantage of the progress made in 

--:-------------------- - -- --------
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the fields of semi-conductors, data processing and 
space teclmology; remote sensing, as it is understood 
now, came into being. Using these technological 
accomplishments, the 'classic' concept of aerial 
photographic interpretation was expanded in several 
ways, especially by: 
- the development of new sensors that allow data 

acquisition in regions of the electromagnetic spec
trum far outside the range of the visible light, like 
the near and far infrared, or the microwave region 

- the development of poweiful computer systems for 
electronic data processing, especially for digital 
image processing 

- the development of new carrier platforms in addi
tion to the airplane, like manned and wunanned 
spacecraft, e.g. Skylab, Spacelab, Landsat, Seasat, 
and Meteosat. 

This enormous expansion of the potential of data 
acquisition and data interpretation required the devel
opment of a new concept of remote sensing that was 
termed 'multi' -concept by Colwell (1975). It is based 
on the idea that in order to get as complete informa
tion as possible on any given part of the earth's 
surface - which is the main objective of remote 
sensing - a single one-time image taken in one 
limited spectral region will normally not be 
sufficient. There is need for: 
- multistationary imagery like stereoscopic aerial 

photography allowing spatial representation and 
measurement of the earth's surface 

- multispectral imagery providing data recorded in 
different wave lengths like radar or thermal 
infrared 

- multiternporal imagery monitoring changes of the 
earth's surface as necessary for the analysis of 
land-use patterns or hydrogeologic phenomena 

- multiscale imagery, e.g. a combination of satellite 
and aerial photographic imagery, permitting the 
interpretation of otherwise unclassifiable features 

- multiprocessing of image data like the creation of 
color composites for geologic and structural in
terpretation, the use of digital classification for 
land-use mapping, and the construction of digital 
mosaics for image maps and map bases 

- multidisciplinary analysis of image data by scient
ists from different disciplines, and finally 

- multithernatic representation of different informa-
tion levels for the user. 

It is obvious that the potential of remote sensing 
methods exceeds that of a mere 'technique'. What is 
so aptly said by Estes, Jensen & Simonett (1980: 72) 
on remote sensing in the field of geography is equally 
valid for the realm of geologic mapping: 'Remote 
sensing is a reality within geography whose time has 
come. It is too powerful a tool to be ignored in terms 
of both its information potential and the logic implicit 

in the reasoning process employed to analyze data. 
When allied with the traditional cornerstone of 
geography, i.e. cartography, in its new digital raiment, 
the two techniques can go far beyond being mere 
technologies'. 

1.1 Applications to geologic mapping 

Due to the large area covered by a single Landsat 
frame (roughly 34,000 km2), the use of Landsat im
agery for regional geologic studies is an obvious 
choice. If one considers that Egypt is covered by 
about 60 Landsat frames, and that one Landsat frame 
shows about the same area as 1,300 aerial photo
graphs at a scale of 1:40,000, there can be little doubt 
that to map all of Egypt with the use of aerial photo
graphs would be an extremely difficult undertaking at 
best. Of course, the aerial photographs would show 
much more detail than the Landsat-MSS imagery; on 
the other hand, this detail cannot be represented on a 
map at a scale of 1 :500,000 anyway. Thus, for a 
regional mapping project like the one we are dealing 
with here, Landsat-MSS imagery is the logical 
choice, with aerial photography used sparingly as a 
source of ancillary information wheneverneeded. 

The prime requirements for a geologic map are the 
representation of the lithology and stratigraphy of a 
given area, together with the relevant structural ele
ments. The delimitation of the boundaries between 
the separate geologic units should be as precise as 
possible for the scale given, and enough topographic 
detail should be included to allow easy and reliable 
determination of one's location in the field. In more 
specialized geologic maps, information on the 
mineral or hydrocarbon potential may also be re
quired. 
It is a well-known fact and the basis for many decades 
of successful photogeologic work that lithology can 
be interpreted with high accuracy on conventional 
black-and-white aerial photographs. Interpretation, 
that is visual interpretation, of lithology from 
Landsat-MSS imagery is not too different from in
terpretation of small-scale aerial photography 
(Abrams & Siegal 1980, Baker 1975, Siegal & Gil
lespie 1980, Tator 1960). What is lost in information 
by the lower spatial resolution of the satellite images 
is gained by the higher spectral information con
tained in the four spectral bands of Landsat-MSS. 
Unfortunately, the spectral bands ofl.andsat-MSS are 
not optimally selected for discrimination oflithology 
but rather for classifiction of vegetation. This has 
changed with the introduction of the new Landsat
™ system which has seven spectral bands that are 
better suited for rock disctimination. At the start of 
the project, this type of data was not yet available, so 
only MSS data was utilized. 
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Today, visual interpretation of optimized color 
composite imagery (see 3.5.2) is still the best way for 
the extraction of geologic information from mul
tispectral satellite imagery. Even though some pro
mising results in digital classification for lithologic 
mapping have been reported from a mapping project 
in Saudi Arabia (Blodget & Brown 1982) or of a part 
of the Eastern Desert of Egypt (Jacobberger et a!. 
1983), this approach works only within limited areas 
with reasonably different lithologic units when using 
Landsat-MSS data. The introduction of algorithms 
for texture analysis and expert systems into the 
classification process may bring about a change in 
this situation sometime in the future. Until then, 
geologists will have to stick to visual interpretation 
for best results. 

Where sedimentary rocks are concerned, litholo
gic information will only be meaningful when 
coupled with stratigraphy. Now it seems absurd at 
first glance to expect stratigraphic information from 
satellite imagery or from any remote sensing data, for 
that matter. No biostratigraphic age can be extracted 
from Landsat-MSS data; but relative stratigraphic 
information, e.g. the subdivision of seemingly uni
form units in badly exposed or inaccessible areas, is 
another matter. 

Calcareous sequences in particular show marked 
differences on the MSS image. Grootenboer et a!. 
(1973) reported on a subdivision of the well
fieldmapped Transvaal dolomite in South Africa by 
means of Landsat-MSS data interpretation, a thing 
that would have been impossible otherwise. In Egypt, 
the vast carbonate exposures of the Western Desert 
are also a good example of the transfer of known 
stratigraphy into less known areas by means of 
Landsat-MSS interpretation, as used for the purpose 
of the present geologic map. 

Structural geology has always found photogeo
logy to be a valuable tool. 1his is equally true for the 
interpretation of Landsat-MSS imagery. Among the 
first meaningful results of Landsat-MSS interpreta
tion were papers on structural problems, where the 
'delineation of hundreds of hitherto unknown linear 
features' was found to be of great advantage (Isach
sen et a!. 1973: 603); also for the first time the 
structural pattern of large fracture systems like the 
African rift valley was revealed as a whole (Mohr 
1973). This last point, the synoptic overview, was 
also important for the production of the present 
1:500,000 map of Egypt, because it made it possible 
to map the fracture pattern of the entire country in a 
uniform and consistent way that would have been 
impossible otherwise. 

The mapping and analysis of fracture patterns is 
closely related to the search for mineral or hydrocar
bon potenlial by means of Landsat imagery (Bentz & 

Gutman 1977, Collins et al. 1973, Halbouty 1976, 
1980, Rowan & Lathram 1980, Smith 1977). The 
present geologic map originated from a petroleum 
exploration project, and it is also meant to serve as a 
base for future activities in that field. 

In a treatise on geological remote sensing in the 
1980s, Goetz (1980: 679) stated that 'the next decade 
will see remote sensing take its logical place in the 
roster of tools and techniques that the geologist will 
use in his everyday work'. While this is true, it is still 
interesting to note that while the scientific literature is 
prolific in papers on the practical application of 
remote sensing in geology, so far most of this has 
been of a local nature in spite of the fact that Landsat
MSS, by its very nature, should lend itself most 
successfully to regional projects. It seems that up to 
now nobody has used Landsat data for the geologic 
mapping of an entire country the size of Egypt. 

1.2 Applications to cartography 

Data collected by remote sensing methods and rec
orded, generally, on magnetic tape or photographic
ally, can always be transformed into images on paper 
or film. These images, either in the form of color 
composites or of color-coded thematic classifications 
produced by digital computers, are similar to maps 
and often confused with maps. However, they are 
images and the 'often long and arduous' process of 
converting such images into maps has still to be 
performed (Doyle 1975: 1077). Long and arduous as 
this process may be, in many instances it is the only 
possible way to obtain a map base at all. 

At present, if one speaks of remotely sensed data 
for cartographic applications, one generally means 
satellite images recorded by one of the satellites of 
the Landsat family. The use of space-borne imagery 
for mapping is only a continuation of a development 
that started in the 1920s with the growing importance 
of aerial photography and photogrammetry. 

In photogrammetry, the main objective was to 
substitute time-consuming terrestrial methods, like 
plane-table mapping, with airborne techniques. This 
change in data acquisition did not result in a change 
in the subsequent steps of cartographic processing, 
because the elements of the cartographic content did 
not change. The fact that aerial photographs con
tained additional information apart from what was 
used for topographic purposes led to the development 
of topographic image maps and thus to new cartogra
phic solutions. However, thematic maps were still 
based on classical topographic maps, not on image 
maps. 

The increase in natural resources exploration acti
vities in practically unmapped remote areas during 
the 1950s resulted in an increased use of aerial photo-
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graphs as map substitutes. This led to an increased 
use of photogeologic me1hods since 1he basic data, 
1he aerial photographs, were already available and 
commonly used for field orientation. Large areas 
were geologically mapped in 1his way, but 1he car
tographic transformation of 1hese interpretations was 
difficult due to 1he absence of adequate base maps. 

When 1he transformation of 1he interpreted data is 
done by means of even a simple photogrammetric 
plotting instrument, sceletal topography can be 
plotted at 1he same time, allowing some orientation 
on 1he 1hematic map for 1he user. In maps of this kind, 
there is normally a gross imbalance between 1he 
detailed representation of geologic features and 1he 
scattered topographic information. Using a semi
controlled mosaic of aerial photographs as a base for 
a geologic map allows 1he spatial correlation of geo
logic data to image elements but 1he overall accuracy 
will be ra1her low. Areas wi1h pronounced relief 
demand 1he production of expensive or1ho-photo 
maps because of 1he relief-induced radial distortions 
in 1he aerial photographs. 

The launch of 1he Landsat satellites opened a new 
dimension for mapping 1he ear1h' s surface especially 
at small scales. Available maps of many third world 
countries are rarely suitable as base maps for 1hema
tic maps because of their low information content and 
1heir partial inaccuracy in 1he representation of 
topographic features. By classical photogrammetric 
me1hods, not even 1he demand in medium-scale maps 
(1:25,000-1:100,000) can be satisfied. Thus new 
ways of map production had to be found. A geome
trically controlled digital mosaic of Landsat-MSS 
imagery provides an acceptable solution for a small
scale map base since relief-induced image distortions 
are minimal due to 1he high orbital altitude of 1he 
satellite. In a satellite image map, 1he mosaic is 
supplemented by additional topographic information 
like settlements, roads, names and so on. 

For 1he present geologic map of Egypt, a satellite 
image mosaic served as a base for 1he accurate posi
tioning of 1he geologic information and, in a differ
ently processed fonn, as a means for topographic 
orientation wi1hin 1he 1hematic map. The Landsat 
data were first used in 1he form of conventional 
photomosaics ('Working sheet' series; see 3.3). In 
addition to 1he considerable manual labor involved in 
1he preparation of 1hese mosaics, 1he positioning 
errors inherent in 1he only system-corrected Landsat
MSS frames were too high to be tolerated. For 1he 
actual map, all frames were digitally corrected, 
mosaicked, and radiometrically matched in 1he full 
format of 1he 1:500,000 map (3.5.3). 

Apart from 1he geologic interpretation of 1he Land
sat scenes, topographic features were also interpreted 
in 1he imagery. First of all it was necessary to corre-

late known map elements wi1h image elements since, 
as already mentioned, 1he positional accuracy of 1he 
available maps was, in part, ra1her low. Settlements, 
roads, wells, drainage networks, and o1her terrain 
features had to be allocated. Recent natural changes, 
e.g. of 1he coastline, or an1hropogenic changes, like 
newly constructed roads, could be seen in 1he images 
and were used for updating 1he available topographic 
information. 

Even 1hough 1he production of 1he present map 
would not have been possible wi1hout 1he massive 
use of remotely sensed data, one still has to partly 
agree, for 1he time being, wi1h 1he remark of Doyle 
(1975: 1103)tltat 'accurate topographic and planime
tric mapping is not a truly operational procedure for 
any remote sensor'. In 1he present project, too, a good 
deal of experimentation was necessary to reach 1he 
goals set, and often operating procedures had to be 
modified to overcome unforeseen problems. 

2 PREVIOUS GEOLOGIC MAPPING ACTIVITIES 

In 1he preface to 1he second volume ofHume's Geo
logy of Egypt (Hume 1934), H.H. Thomas stated in 
1931 1hat '1he literature dealing wi1h 1he geology of 
Egypt is most extensive'. The tru1h of tltat statement 
which includes 1he geologic mapping activities, is 
reflected in 1he first bibliography on 1he geologic 
literature of Egypt which appeared in 1910 and alrea
dy comprised 155 pages (Sherborn 1910). It is not 
surprising 1ht 1he latest annotated bibliography on 1he 
geology of Egypt (El-Baz 1984) has grown to an 
impressive 778 pages. 

Great strides have been made in 1he field of geo
logic mapping since 1he publication of 1he first map 
by Russegger (1842), following a report on 1he re
sults of an expedition to Egypt (Russegger 1837). For 
a review of 1he history of geologic research and 
geologic mapping activities in Egypt, see Chapter 1. 

Beginning wi1h 1he establishment of 1he Geologic
al Survey of Egypt in 1896, systematic mapping 
programs produced many maps at different scales of 
many parts of Egypt. However, up to 1he publication 
of 1he present geologic map at 1:500,000, 1he only 
map covering 1he entire countcy was 1he 1:2,000,000 
geologic map of 1981 which succeeded 1hose of 1971 
and 1928. 

In preparing 1he new geologic map use was made 
of all existing maps. Due acknowledgement is made 
to 1hese in 1he legends of1he different sheets. 

2.1 Use of remote sensing methods for geologic 
mapping in Egypt 

As outlined above, 1he geological interpretation of 
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aerial photographs, photogeology, is the oldest of 
remote sensing methods that have been used since the 
mid-thirties. Since a main application of photogeo
logy is geological mapping of remote and 
inaccessible areas, it is not sutprising that geologic 
fieldwork in Egypt has been supplemented for many 
years by aerial photographic worlc. 

The wide-spread use of photogeologic methods in 
Egypt is documented by most of the geologic publi
cations that deal with mapping: practically all geo
logic sketch maps that are published are based on the 
intetpretation of aerial photographs. This is helped by 
the fact that the major part of Egypt - with the 
exception of the far southwest - is covered by aerial 
photographs of good quality. Due to the lack of 
vegetation cover in practically 97% of the country's 
surface, outcrops are generally well exposed and not 
too difficult to intetpret. 

On the other hand, desert varnish, iron crusts, sand 
and gravel sheets mask or obliterate a lot of geologic 
information (Greenwood 1962). In the basement 
complex, the effects of metamotphism mask the li· 
thologic differences, making photographic intetpre· 
tation difficult to impossible in some cases. Satellite 
image intetpretation offers even more pitfalls; a lot of 
fieldwork is always needed to provide a reliable 
frameworlc for the intetpretation process. 

One of the obvious applications of remote sensing 
methods in Egypt is the study of sand dunes, their 
motphology, their movement, and their cartographic 
representation. Many studies used aerial photogra
phy and satellite imagery for this kind of research, 
like Ashri (1973), Breed & Grow (1979), El-Baz et 
a!. (1979), McKee (1979), Steffan (1983a, b) and 
others. Photogeologic methods were also used for 
medium-scale mapping, especially of basement 
rocks in the Eastern Desert (Sabet 1962, 1969). 
Structural geology has always been a domain of 
photointetpretation; the publications of Barakat & 
Ashri (1972), El Etr (1971), El Etret a!. (1973, 1974, 
1979), Embabi & El:Kayali (1979), and El Khawaga 
( 1979) are examples of the application of photogeo· 
logy to fracture analysis. Moussa (1979) used aerial 
photographic intetpretation for mineral exploration. 
Satellite imagery, especially Landsat data intetpreta· 
lion, was also applied in the description of more local 
features like craters (El-Baz 1981), or in studies of 
desert features in general (El-Baz 1978, 1980) or of 
regional geology (El Shazly et al. 1976, 1977). 

2.2 Existing topographic maps 

The 'Egyptian General Survey Authority' is respon
sible today for the execution of land surveying in 
Egypt, and for the production of topographic maps in 
general. This organization was established in 1898 as 

----~------

'Survey of Egypt' which, at that time, was in charge 
of topographic as well as of geologic mapping. 
Today, the Geological Survey and the General Survey 
Authority are two separate entities. Since 1954, the 
'Military Survey Department' has taken over part of 
the topographic surveying tasks. 

Until 1950, a geodetic network was established 
throughout the entire Nile valley from Cairo to As
wan, and along the coast of the Mediterranean Sea to 
the eastern and western borders of the country. 

The cultivated areas of Egypt have been surveyed 
at a scale of 1:25,000and 1:100,000. A small part of 
the desert area, especially of the Eastern Desert, has 
been mapped at 1:100,000. The largest map scale at 
which the entire country is covered at the moment is 
1:500,000. During the Second World War, and also 
for some time afterwards, some of the Survey of 
Egypt topographic maps were updated and reprinted 
by the 'British Survey Directorate, General Head
quarters, Middle East Forces'. Many of the topogra
phic maps now in use as the most recent issues come 
from that production. The newer US maps (AMS) at 
1:250,000,1:100,000and 1:50,000arenotpublically 
available. For the early history of topographic map· 
ping in Egypt, see Said (1971: 8-10). 

For the preparation of the new geological map at 
1:500,000, sheets of the following map series were 
used as sources of topographic information: 
-Egypt 1:100,000, normal series 
- Egypt 1:25,000 for cultivated areas, desert areas 

appended at 1:100,000, Survey of Egypt, since 
1927 

-Egypt 1:100,000, topographical map, Survey of 
Egypt. The edition of this new series has been in 
progress since 1949; it is supposed to replace the 
existing maps by a consistent and uniform series. 
Sheets of the following old series were used: West· 
em Desert, 1932 ff; North Coast, 1937; Northern 
Sinai, 1935; Southern Sinai, 1935; Eastern Desert, 
1935. 

The 1:500,000 map of Egypt, published by the Sur· 
vey of Egypt from 1941 onward is not strictly a 
topographic map but a classic geographic map of the 
chorographic type. It does not provide sufficient de
tail to accurately locate geologic features. Of special 
value for the editing of the topographic base used for 
the preparation of the geologic map was the 
1 :250,000 Military Survey Map covering a large part 
of the country. 

Recently the triangulation network in the Eastern 
Desert and along the Red Sea coast has been enlarged 
by the Egyptian authorities. It is planned to publish a 
new edition of the 1 :500,000 topographic map fol
lowing the international format and to extend the first 
order geodetic network of the entire Western Desert, 
and to supplement it by a second order network. 



32 Franz K List, Bernd Meissner & Gerhard Pohlmann 

Along the 3,000km long newly built roads elevations 
will be recorded. 

For the southern part of the Western Desert super
wide angle aerial photography was acquired in 1982 
for the production of I :250,000 topograpltic maps. At 
the same time, I :60,000 aerial photographs were 
obtained for I :50,000 scale maps. 

The lack of a uniform and up-to-date topograpltic 
map for the entirety of Egypt at present was taken into 
consideration when the program for the preparation 
of the new geologic map was planned (see 3.2). 

3 NEW GEOLOGIC MAP I :500,000 

Normally, the publication of a geologic map of an 
entire country at a scale of I :500,000 follows a long 
process of large-scale mapping of at least a large part 
of the country. If, as in the present project, the large 
scale mapping has not been completed, the process of 
producing the map has to be reversed. This calls for a 
'top-down' approach, meaning that basically small
scale data have to be used and the research (field and 
laboratory work) that goes into the map has to be just 
as detailed as is required by the scale used. 

Still, a map produced using the top-down approach 
is a most useful tool for the geologist confronted with 
any kind of practical work: the map documents the 
present level of knowledge, especially as far as re
gional geologic and stratigrapltic problems are con
cerned and it can serve as a base and stepping-stone 
for further research. In former times, such an 
approach to small-scale mapping would have been 
problematic. With the development of remote sens
ing techniques, especially with the availability of a 
regional coverage of Egypt by Landsat-MSS inlage 
data, this method of mapping has become feasible. 

3.1 'Preliminary Edition' series of the 1:500,000 
map 

In 1977, a cooperation program was initiated be
tween the Academy of Scientific Reserach in Cairo 
and the German Research Foundation (DFG) under 
wltich geologic field work was conducted by both the 
Technical and the Free Universities of Berlin in 
southwestern Egypt As a result of that work, the 
formerly undifferentiated 'Nubia' sandstone strata 
were subdivided into five mappable units (Kiitzsch 
1978, Klitzsch et al. 1979). Oil companies engaged in 
exploration work in the Western Desert of Egypt at 
that time, namely Conoco in partnersltip with Mara
thon and Pecten, became interested in this work. 
Consequently, Conoco supported additional field 
work and the production and printing of four sheets 

of a preliminary geological inteipretation map of 
southwestern Egypt at a scale of I :500,000. 

Since these sheets were principally intended as a 
basis for petroleum exploration activities in the West
em Desert, the format and grid of the maps were 
chosen in such a way as to cover Conoco's conces
sion acreage as economically as possible. At that 
time, no further extension of this map series was 
intended. However, since these first four map sheets-
2523 Gilf Kebir, 2525 Ammonite Hills, 2823 Baris, 
2825 El Kharga (Klitzsch & List 1978)-proved to be 
helpful for exploration work as well as for orientation 
in the field (Beall & Squyres 1980), it was decided to 
map additional areas of Egypt in the same manner to 
keep up with the increasing exploration activities of 
Conoco and Marathon. 

Thus four additional sheets were produced extend
ing to the north and the south of the original area 
(2521 Gebel Uweinat, 2527 Farafra, 2821 Selima, 
2827 El Minya), and finally three more covering the 
Nile basin in the east (3123 Aswan, 3125 Luxor, 3127 
Asyut). The entire project, including the printing of 
the map was finished in 1980 (Klitzsch & List 1978, 
1979, 1980). 

The methods used in the preparation of this preli
minary map relied heavily on the experiences ga
thered during a first satellite map project in the 
Tibesti Mountains following the launch of the first 
Landsat satellite (at that time still named ERTS-1) in 
1972 (List 1976, List eta!. 1977, 1978, List, Helmcke 
& Roland 1975, List & Pohlmann 1976, List, Roland 
& Helmcke 1974). 

At the time of the launch of Landsat-!, several 
studies had been conducted on the use of satellite 
inlagery for geological mapping, mostly referring to 
Gentini or Apollo photographs (Lowman 1969, Low
man, McDivitt & Wltite 1%6, Lowman & Tiede
mann 1971) or to simulated ERTS inlagery (Short & 
McLeod 1972). But, not suiprisingly, practical expe
rience with space photography or satellite scanner 
imagery was still limited. In addition, few scientists 
had access to early versions of analog or even digital 
image processing systems. 

Thus, at that early stage, only film products pro
duced by NASA from the digital satellite data of the 
Tibesti Mountains were available for inteipretation. 
These photograpltic products were treated very much 
like any other small scale aerial photographs, en
larged optically, and inteipreted visually. From the 
same system-corrected film transparencies as pro
vided by NASA a photographic mosaic was cons
tructed and used as an inlage base for the satellite 
map. In the case of the Tibesti map, second order 
equidensities were produced by photographic means 
using Agfacontour film (Ranz & Schneider 1970, 
1972), and printed over the original inlage mosaic for 
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enhancement of structural detail (List & Pohlmann 
1976). 

As mentioned, the production of the preliminary 
geological interpretation map of Egypt basically fol
lowed these lines. Avoiding some of the problems 
that were encountered during the Tibesti map project, 
the following stepwise procedure was set up: 
- 'quick-look' field trips before the actual interpreta

tion to be able to conduct a 'pre-controlled' in
terpretation (Gerards & Ladmirant 1962) 

- visual interpretation of black-and-white Landsat
MSS band 6 film transparencies photographically 
enlarged to 1:500,000 from the system-corrected 
film products as available from EROS Data Center 
in Sioux Falls 

- production and printing of a conventional semi
controlled image mosaic base map from the same 
MSS data at the final map scale of 1:500,000, using 
all available topographic information from existing 
maps 

- compilation of the pre-controlled interpretation on 
the printed base maps, making use, in addition, of 
other sources of information like published reports, 
maps, etc. 

- field check and correction of this first stage in
terpretation map, including field work and samp
ling for further laboratory investigations 

- re-evaluation and re-interpretation of the first stage 
map, taking into account the field data and subse
quent laboratory results; corrections and additions 

- cartographic processing of the geologic 'thematic 
overlay'; production of the printing plates for the 
three base colors used to generate all the colors 
needed for the rendition of the lithologic units (List 
& Pohlmann 1976). 

- printing of the thematic overlay on top of the 
satellite image base maps 

- depending on the geologic situation and the infor
mation available, in some cases the steps of image 
interpretation, field verification and re-evaluation 
of the map had to be repeated several times until a 
satisfactory result had been achieved. 

By 1980, eleven sheets of the prelimiary Geological 
Interpretation Mop of Southwest Egypt had been 
published, covering about 60% of the national terri
tory of Egypt. 

3.2 New I :500,000 mop 

While the preliminary map had served the purpose 
for which it was meant well, that is to provide a first 
and provisional overview of the geology of an area 
widely unknown and unmapped until then, it had 
never been intended as a final product conforming to 
international map standards. Also, enormous pro
gress had been made in the field of digital processing 

of Landsat data between the years 1977 and 1980 
when the preliminary map was being prepared. Thus 
it was decided that a new mapping project would be 
undertaken which would take advantage of this pro
gress in satellite image processing and of the results 
of additional geologic field and laboratory worlc. 

Consequently, steps were taken in 1981 to start the 
production of the map covering the entire area of 
Egypt in twenty sheets at a scale of 1:500,000. This 
map was to meet the internationally accepted car
tographic standards and to comply with the following 
demands: 
- while the preliminary map had been produced in an 

arbitrary format selected for purely practical rea
sons, the new map would conform to the format 
and the grid of the international 1:500,000 World 
Map series (see Fig.3/1) 

- the preliminary map had used a semi-controlled 
image mosaic base constructed from system
corrected Landsat frames, containing therefore all 
the positional errors inherent in that type of imag
ery (up to several kilometers in the worst cases). 
Additional errors had been introduced by conven
tional mosaicking of the photographic products. 
The new map, on the other hand, would be based 
on a geometrically corrected image mosaic con
forming to the topographic accuracy required for 
the corresponding map scale 

- the imagery used for this mosaic would be pre
processed for superior image quality, applying 
digital filtering and contrast-enhancement techni
ques 

- in order to avoid tonal changes in the mosaic from 
one Landsat frame to the other, radiometric correc
tions would be applied to all Landsat scenes 

- in all cases where the geologic information given 
on the preliminary map had been based on in
sufficient field data or on interpretation only, addi
tional field and laboratory wmi< would be carried 
out to verify the geologic information content of 
thenewmap 

- in this context, special attention would be given to a 
proper correlation of the many geologic formations 
existing in Egyptian geology that had never been 
represented and tied together in one single map 

- since the new map, in view of the absence of 
reliable topographic maps for a major part of 
Egypt, would certainly be used for orientation in 
the field as well as for purely geologic information, 
the topography shown on the map would be up
dated to include all major new roads, settlements, 
etc. 

These stringent demands on both the geologic con
tent and the geometric accuracy of the new map could 
be met, given the short time of about six years for the 
execution of the entire project, only by proceeding 
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Figure 3.1 Names of map sheets and distribution of ground control points used for preparation of the I :500,000 geological 
map. Circles = control points taken from existing maps; triangles = control points measured in Ule held 

along several parallel lines of worl<, making use of 
state of the art equipment and methodology together 
with a highly flexible and economic approach. 
Basically, two conflicting demands had to be 
satisfied: 

On the one hand, the geologists needed an 
appropriate base map from the very beginning of the 
project on which all relevant geologic infonnation as 
it became available from field and laboratory worl<, 
image interpretation, and literature reviews could be 
entered and compiled. On the other hand, in view of 

the requirements on the positional accuracy of the 
map, it was obvious that only a geometrically and 
radiometrically corrected digital mosaic produced 
from the Landsat-MSS data could provide the kind of 
quality in the image base map that was called for. 
This meant, of course, that reliable control points 
identifiable in the satellite images had to be used for 
the geometric correction. Such control points were 
not available at that time. It followed that an interme
diary stage had to be used in the mapping process to 
reconcile these conflicting objectives. 

------------- ----------
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1bis situation led to the development of the Work
ing Sheet series at a scale of 1:250,000 (see 3.3). By 
proceeding in this way, the base map needed innne
diately for the beginning of the geologic part of the 
project became available on time; the first years of 
the project could also be used for the required field 
determination of control points (see 3.4). fu addition, 
by careful planning of the logistically very demand
ing field trips, geologic field work and control point 
determination could be integrated, saving time and 

expenses. Precise scheduling was a major concern in 
order to be able to fit together the different and 
divergent phases of the project at the right time, as 
shown in Figure 3/2. 

3.3 Working Sheet series 1:250,000 

An indispensable requirement for any geologic 
mapping activity is the availability of an appropriate 
mapping base. Normally, existing topographic maps 
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are used for that pwpose. For the delimitation of 
geologic units, aerial photographs or satellite images 
can also be used; but a priori they are not map bases. 
Consequently, if no mapping base is available, it has 
to be produced, since spatial relationships cannot be 
represented without a proper spatial reference 
system, meaning a mapping base. 

Topographic base maps are prepared, at the pres
ent level of technology, either by classic topographic 
surveying methods or by the use of photogramrnetry 
which also requires a considerable amount of field 
work. When the present geologic mapping project of 
Egypt was started in 1981, it was not clear how base 
maps of large areas could be derived from satellite 
imagery quickly, reliably, and with a minimum of 
field worlc. 

For the major part of the area to be mapped, only 
the 1:500,000 map series going back to the 1940s 
existed as the map with the largest scale available. As 
was discussed in 2.2, this geographic map is an 
excellent piece of work in view of the fact that it had 
to be produced without the existence of proper sur
veying data. But it is devoid of information over large 
areas so that no reference points can be found to 
allow the necessary identification of terrain features 
or of image interpretation results. Consequently, it 
was necessary to look for new, untested methods of 
producing an appropriate topographic base if the new 
geologic map was to possess a higher amount of 
accuracy than would have been possibly by simply 
relying on the existing 1 :500,000 map (Pohlmann & 
Meissner 1984). 

For the preparation of this new mapping base it 
was first planned to enlarge the 1:500,000 topogra
phic base map to 1:250,000, and to perform the entire 
process of map development on that base. In this way, 
the final map could have been derived quickly and 
very economically from that base, using simple 
reprographic methods. This way of map derivation 
had been tried successfully in several previous map 
studies; the entire set of signatures had already been 
developed. However, this simple way could not be 
followed because it would have required geome
trically corrected satellite image mosaics to be avail
able from the very beginning of the project As will 
be discussed in 3.4 and 3.5, the process of determin
ing the needed field control points and of performing 
the geometric corrections in the computer took quite 
some time so that independent parallel routes had to 
be chosen for the execution of the project. The 
1:250,000 scale Working Sheet Series (Pohlmann, 
Meissner & List 1981, 1982, 1983, 1984) originated 
as one of these parallel routes. 

Based on a grid construction calculated by G. 
Kramer (TFH Berlin), the individual worlcing sheets 
were constructed using a semi-controlled mosaic of 

ouly system-corrected Landsat-1/3 MSS images for 
terrain representation. The widely differing quality of 
the satellite images was rendered more uniform and 
improved by photographic means, as far as possible. 
Any geometric errors and inconsistencies inherent in 
the uncorrected satellite images were pushed to the 
sheet margins. The sheet names were chosen in 
accordance with the terminology of the Egyptian 
General Survey Authority, and topographic informa
tion available from existing maps was transferred to 
the working sheets. Where such information was 
obsolete, field observations were used to update the 
map information, whenever possible. In the areas for 
which no usable larger-scale maps existed, topogra
phic features were put on the map in part by means of 
geometric construction, and in part by using the 
image content. Field observations made by the 
scientists worlcing in the Conoco mapping project or 
in the Special Research Project were also incorpo
rated in the map and contributed heavily to its actuali
zation. 

3.4 Geometric ground control 

In the preparation of the Preliminary Geological In
terpretation Map of Southwestern Egypt (List et a!. 
1978, 1982, 1984) it had become evident that the 
positional accuracy of landmarks in typical system
corrected MSS images was not in the theoretically 
expected range of 150-200 m (Bahr & Schubr 1974, 
Bernstein 1983, Colvocoresses 1972, Zobrist et al. 
1983) but amounted to about 500 m, with occasional 
positional errors of up to several kilometers. These 
errors in images obtained by Landsat-! to 3 are 
maiuly caused by slight tumbling motions of the 
satellite. Therefore, they are random errors (uulike, 
for instance, systematic variation in the speed of the 
scanning mirror) that require an individual geometric 
correction of each scene on the base of known control 
points ('scene correction'). The errors inherent in 
only 'system-corrected' images are too large to be 
acceptable for the new map that was to conform to 
international map standards. 

The theoretical positional accuracy of any map 
depends on the maximum drawing accuracy during 
production, that is 0.1 mm. At a map scale of 
I :500,000 this value corresponds to ±50 rn. In prac
tical worlc, however, 0.2 mm is normally accepted as 
drawing accuracy which means ±100 rn at our map 
scale. A precision of 0.1% in the representation of 
elevations as called for by Fritze et a!. (1985) for 
orthophotos is not required in this case since relief
induced distortions in the Landsat images are 
minimal at the scale of I :500,000, and since a reliable 
elevation network for the whole of Egypt is not 
available anyway. 
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A main objective was the production of Landsat 
image mosaics in the grid and format of the Interna
tional World Map I :500,000. The minimwn nwnber 
of 35 control points per Landsat scene (Kraus 1975, 
Bawngart & Quiel 1985) as deemed necessary for 
geometric corrections of Landsat-MSS data for 
middle Europe and the USA, or 135 control points for 
mediwn-scale map applications (Davison 1984) was 
out of the question for this project for practical rea
sons. 

The usual way of obtaining ground control points 
from existing topographic maps at scales of 1:25,000 
or 1:50,000 could not be followed with few excep
tions since maps at these scales are only available for 
a few areas, e.g. the densely populated Nile delta. 
Generally, only topographic maps at 1:100,000 from 
different, partly obsolete, series could be used for 
point determinations. The areas covered by these 
maps, Nile valley, Mediterranean and Red Sea coasts, 
and Sinai amount to only 20% of the Egyptian terri
tory. Consequently, for four-fifths of the country 
another solution had to be sought, that is control point 
determination in the field by means of satellite 
Doppler receivers. 

Under the circumstances, the generation of a con
trol point network according to European standards 
was out of the question. Only the absolute minimwn 
of four control points per Landsat frame was aimed 
at. These control points had to be situated in the 
comers of the individual frames and thus in the 
overlapping parts of the images so that, ideally, one 
control point could be used in four adjoining image 
frames. The positioning and nwnbering of the point 
netwOik was devised in such a way as to allow a 
possible later expansion of the networl< from four to 
nine points per scene. This would be of interest for 
further work, for instance for the production of se
lected sheets at a scale of 1:250,000 requiring more 
stringent geometric control. Whenever possible, 
more than four ground control points per frame were 
determined. 

Orbital variations in the paths of the Landsat satel
lites make it impossible in most cases to find suitable 
overlap areas of four scenes that contain prominent 
landmarks that can be used for control points iden
tifiable in several Landsat images. Normally, at least 
two out of four comer points have to be divided into 
two substituting points; sometimes, even three sub
stitute points have to be selected. This procedure can 
only be followed if in the close neighborhood of the 
area selected for a control 'point' there are enough 
well-defined image features making it possible to 
pinpoint one 80 x 80 m sized picture element ('pixel') 
in the image as well as in the field. An additional 
prerequisite for the utilization of a theoretically suit
able control point is accessibility by car. Since this 

can often be judged only on the spot, the point 
selection has to be handled in a highly flexible way, 
and often substitute points have to be found in the 
field. This requires field interpretation of the satellite 
images, preferably with the help of aerial photo
graphs. 

A special problem is posed by those Landsat 
frames that extend beyond the borders of Egypt whe
re control point determination in the field is not 
possible. If no reliable maps are available for the 
areas in question, the distribution of control points 
will not be ideal, and 'floating' control points have to 
be used. In this procedure, image elements situated in 
the overlap areas of scenes with enough 'true' control 
points are selected and treated as auxiliary points. 

The classic method for field determination of 
points in inaccessible areas by astronomic measure
ments has been substituted almost totally during the 
last decade by the development of Doppler satellite 
receivers for geodetic purposes. These receivers 
make use of the 'Transit' navigational satellite net
worl< that consists offour to six satellites operated by 
the US Navy. The polar-orbiting satellites transmit 
!50 and 400-MHz phase modulated signals that are 
received and processed by a portable antenna/ 
receiver field unit. The Magnavox model MX-1502 
used in the project records the phase-modulated data 
and Doppler frequency shift in both signals as a 
function of time. From the Doppler shift and digital 
data, it calculates the position of the reference marks 
on the antenna. 

The calculations give the antenna position in terms 
oflatitude and longitude, or of latitude, longitude and 
elevation above the reference ellipsoid and the geoid 
WGS 72. Each satellite pass within certain limits of 
orbital data and transmitting quality is used for im
proving the calculated values. As the theoretical posi
tioning accuracy of better than 1 m is unnecessary for 
locating picture elements with a size of 80 x 80 m, 
and a drawing accuracy of 100 m in the map, a few 
good satellite passes are sufficient to give results with 
an accuracy of better than 10 m in horizontal posi
tion. 

In practice this means that in many cases the 
determination of control points can take place during 
or together with the geologic field work, since gen
erally flying camps are used (see 3.6) the position of 
which can often be adapted to the needs of control 
point measuring. This combination of geologic field 
work, control point determination, and survey of new 
topographic elements requires some compromises 
but results in a much increased efficiency of the field 
operations. 
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Figure 3.3 Simplified flow diagram of the different steps used for the preparation of the new I :500,000 geological map. 
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3.5 Digital image processing 

When the first satellite of the Landsat family, 
Landsat-! (at that time still called ERTS-1), was 
successfully launched in 1972, digital image process
ing was a highly sophisticated and expensive field of 
research accessible only to a handful of selected 
scientists working in the very few research institutes 
arollll:d the world that had the necessary know-how 
and massive funding required at that time. Conse
quently, the first applications of Landsat imagery had 
to make use of whatever photographic products were 
obtainable from NASA and EROS Data Center that 
could be treated and interpreted like conventional 
photographic products, though they were of 
markedly lower image quality. With the rapid devel
opment of digital computers, computer memories, 
and mass storage devices, digital image processing is 
now within the reach of well equipped university 
institutes or private companies. As a result, the last 
few years have seen a dramatic increase in digital 
image processing capability and a marked improve
ment in the image quality obtainable and, as a direct 
<:onsequence, an equally impressive rise in applica
lions of remotely sensed image data. Today the suc
cess of any remote sensing project is directly linked 
to the digital image processing capability that can be 
brought to bear on the project. In this context, a good 
part of the improvement of the new geologic map 
over the preceding Preliminary Map (Klitzsch & List 
1978, 1979, 1980) was possible only by the applica
lion of the full range of improved digital image
processing techniques (Fig.3/3). 

All image processing activities necessary for the 
preparation of the new geologic map were perfonned 
on the Geoscientific Multi-image Processing and 
Analyzing System, GEOMAPS, at the Free Universi
ty of Berlin, Institute of Applied Geology. Remote 
Sensing Group. This system is built around an lSI/ 
LogEtronics Earthview-IV image analyzer that is 
used for interactive image manipulation to determine 
the parameters necessary for the image transfonna
tion operations required. The Earthview-IV system 
can only handle screen-sized subimages of 512 by 
512 pixels, so the actual image processing, mosaick
ing, and film plol!ing has to be done on a DEC 11/44 
minicomputer, for which the necessary software had 
to be developed. Since the amount of data to be 
handled was rather large for that type of machine, a 
VAX computer was added to the system to improve 
the data throughput. A detailed description of the 
system used for this project is given by Schoele 
(1983), List, Meissner & Pohlmann (1986), and List, 
Richter & Schoele (1978). 

3.5.1 Preprocessing 
The majority of the more than sixty Landsat frames 

required for a complete coverage of Egypt were 
purchased as computer-compatible tapes (CCT) from 
EROS Data Center, Sioux Falls. Most of these CCTs 
contain data recorded by Landsat-!, a few also by 
Landsat-2. Astonishingly enough, it is rather difficult 
to get cloud-free Landsat coverage over Egypt, 
especially over the Mediterranean coast. Therefore, 
an additional fifteen CCTs of Landsat-3 and Landsat-
4 data were obtained from the European Landsat 
station ESRIN at Frascati, Italy. All these data are 
delivered in different digital formats and with a vary
ing amount of corrections applied to the raw data. 

Digital image preprocessing has to be applied to 
the raw data for the sake of image quality improve
ments that facilitate interpretation by the human in
terpreter and to provide a higher image quality where 
the data are used for corrected mosaics for the map 
base. Generally, there are three fields to which pre
processing has to be applied: 
-contrast and edge enltancement, to produce a 'shar

per' and 'clearer' picture 
- removal of periodic noise, e.g. of the scan lines in 

the image 
- removal of random noise that tends to 'blur' the 

picture. 
The importance of preprocessing of digital Landsat 
data as a prerequisite for visual interpretation of 
geologic features is discussed by many authors. Since 
this is not the place to go into the details of image 
processing, it should suffice to point out that further 
information on this subject is to be found elsewhere. 

3.5.2 Computer-enhanced color composites 
The Landsat multispectral scanner, MSS, that is used 
on board Landsat-! to 5, records the spectral 
reflectance of the earth's surface from a wavelength 
of0.5 to 1.1 j.Ull in four spectral bands. These spectral 
bands or 'channels' are numbered 4 to 7, denoting the 
green, red and two infrared sections of the electro
magnetic spectrum. This multispectral subdivision of 
the electromagnetic radiation provides more infor
mation on a given surface than a 'pan-chromatic' 
recording in which the different wavelengths are 
lumped together. 

Unfortunately, for rock surfaces this is true only to 
a limited degree. The infonnation contained in the 
separate Landsat-MSS bands is highly redundant, the 
correlation coefficient between all four bands is al
ways higher than 0.95 for different lithologic units 
under arid climatic conditions (Burger 1981). For 
vegetation, on the other hand, the situation is very 
different; the spectral differences allow digital 
classifications that are impossible to perfonn in the 
case of rock surfaces. 

Still, the few percentage points of differing infor
mation recorded by the four spectral bands of 
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Landsat-MSS can provide quite valuable geologic 
infonnation when properly enhanced and processed. 
The classic and still most widely used way of making 
the hidden spectral information in the four bands of 
Landsat visible to the human interpreter is the crea
tion of so-called color composite images. To that end, 
the images recorded in the spectral bands 4, 5 and 7 
(sometimes band 6 is used instead of 7) are color
coded and combined in such a way that a 'false color' 
image is generated which resembles a photograph 
taken with infrared color film. The main difference 
from the usual 'true color' image is that vegetation is 
shown in shades of red instead of green, due to the 
high and varying reflection of live vegetation in the 
near infrared. Since natural rock surfaces are charac
terized by highly similar spectral reflectance proper
ties in the visible and the near infrared parts of the 
spectrum, for the purpose of geologic interpretation 
there is actually very little difference between true 
color and false color renditions of barren rock. 

For the purpose of the map, color composites of the 
Landsat-MSS frames were generated on the GEO
MAPS system in such a way that the interpreter, who 
would normally have a good knowledge of the terrain 
shown on the image, participates in the process of the 
color composite generation on the screen. Thus by 
using the know ledge of the interpreter the image is 
manipulated interactively until the interpreter feels 
that the details important for geologic interpretation 
are emphasized in the best way possible. Subse
quently the color composite is plotted on color film 
using the image transformation parameters that have 
been found to produce the best result for this given 
image and interpretation problem. 

In the course of the present mapping project, new 
and better ways to create color images containing 
more useful infonnation for the interpreter were 
tested. For instance, if a color composite is generated 
from band ratios instead of the bands themselves and 
then combined with a black-and-white 'intensity' 
image, the results were found to be clearly superior to 
a simple color composite (Salahchourian 1986). 
However, there are newer developments that also 
require a considerably higher amount of computer 
and operator time; for the interpretation requirements 
of the mapping project, 'normal' interactively opti
mized color composites were employed. 

3.5.3 Geometric correction and digital mosaic king 
As set forth in 3.4, the ground control points used for 
geometric correction had to be determined mostly in 
the field by means of satellite Doppler receivers, a 
rather time-consuming and expensive method. In 
order to keep within the time schedule set for the 
mapping project, the number of ground control points 
used for the correction of the more than 60 Landsat 

frames needed for a complete coverage of Egypt was 
reduced to the barest minimum of around 200 points. 
However, a controlled mosaic base relying on com
paratively few ground control points is still quite an 
advance over what was available up to now, for 
instance, for the Western Desert of Egypt. 

Because of the few control points available per 
frame for the geometric correction procedure, a linear 
interpolation algorithm was used. Cubic convolution 
would have given a better fit at the ground control 
points themselves but lower accuracy in between. 

At the beginning of the project, the plan was to use 
individual geometrically corrected Landsat frames 
and to assemble these into a classic image mosaic. 
When during the course of the map project the need 
for a topographic base with the best accuracy obtain
able became obvious, the decision was taken to also 
produce digitally matched mosaics for higher overall 
geometric accuracy and better tonal uniformity 
(Carle 1982, Zobrist et al. 1983). This meant a con
siderably higher deployment of computer time that 
was partly offset by savings in the cartographic pro
cess. 

The assembling of the Landsat-MSS frames for 
digital mosaics was done in the following way: 

Subscenes of 512 x 512 pixels of the areas contain
ing the landmarks used for ground control points 
were read from the computer tape and displayed on 
the image processing system. Since the ground con
trol points were selected in such a way as to be mostly 
situated in areas where ideally four Landsat frames 
overlap, this generally meant that this process had to 
be repeated up to four times with different Landsat
MSS tapes. Using the data collected during the field 
determination of the control points, including photo
graphs of the landmarks, relevant notes, and com
puter screen enlargements (up to 16 times), the pixels 
containing the measured ground control points were 
electronically marked in the image and stored. 

This procedure is clearly the most critical part of 
the whole process for it is very easy to conunit errors 
by misidentification of image elements. This is 
especially true when the same control point has to be 
identified in several satellite images taken under 
varying sensor angles, atmospheric conditions and 
during different seasons. In addition, the pixel raster 
of 80 x 80 m superimposed on the ground features is 
by its very nature different in the four images, making 
clean point identification even more problematic. 
The entire process is very time-consuming, and 
requires a great deal of experience. Preferably the 
point identification on the screen should be made by 
or together with the person who had selected and 
identified in the field the landrnarl<s used for control 
points. 

The input format of the ground control points is in 
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Universal Transverse Mercator (UTM) coordinates. 
Using the image coordinates of the marked pixels and 
the corresponding UTM values, the entire pre
processed Landsat frame is then recalculated to the 
UTM grid on the GEOMAPS system using, as men
tioned earlier, a linear interpolation algorithm. In this 
process, the image is rotated so that the scanlines as 
they appear on the digital film plotter are oriented in 
an east-west direction. In addition, a remap of the 
Landsat-MSS image is performed that reformats the 
individual pixels (originally 79 x 56 m) to a size of 50 
x 50 m, corresponding to the quadratic aperture of the 
raster plotter light-source. The result is a 'geocoded', 
geometrically correct image. 

The residual errors in the variance/covariance ma
trix for each fraroe are then calculated, showing the 
accuracy of fit of the geometric correction, thereby 
immediately pointing out possible misidentifications 
of control points or input errors in one or more image 
subscenes by gross deviations in the variance of the 
calculated values. If the residual errors are consi
dered satisfactory (typically 1 to 3 pixels), the actual 
geometric correction process is performed on a mini
computer (DEC PDP 11/44, with a 300 MByte hard 
disk storage capacity). Then the corrected scene is 
plotted on film by a raster plotter. 

After all the frames needed for a single 1:500,000 
map sheet (typically nine Landsat-MSS scenes) are 
corrected and plotted, they are manually assembled 
to determine the areas of overlap. Staying as close as 
possible to the ground control points, the comer 
points of the cuts for the mosaicking are determined, 
and input into the computer. The corrected Landsat 
fraroes are then digitally cut and joined together 
along the pre-determined lines, thus assuring a pixel
accurate assembly of the mosaic. This done, the 
mosiac is plotted on film, photographically enlarged 
to a scale of exactly 1 :250,000, and checked for 
accuracy against the control points plotted in the 
UTMgrid. 

3.5.4 Radiometric and contrast control 
An important feature of any good image mosaic is 
that it does not look like a mosaic composed of 
several individual images but rather like a single, 
uniform image. With respect to image geometry, this 
is achieved by the digital mosaicking process just 
described: terrain features continue uninterrupted -
ornearly so-across the cut edge from one image into 
the next. Still, since in an east-west direction all, and 
in a north-south direction many satellite images are 
exposed on different days, and often in different 
seasons, under widely varying atmospheric condi
tions, the overall contrast and the range of gray levels 
in the individual images is generally rather dissimi- · 
lar. 

To produce the desired uniform appearance of the 
image mosaic that is essential when the mosaic is to 
be used as an image base for a map, the frequency 
distribution of gray levels in the image (representing 
the radiometric properties of the ground) and the 
overall range of gray levels (the contrast) have to be 
equalized from one image to the next. In this way the 
cuts between adjacent image frames become invi
sible to the eye. 

In image processing theory, this is a fairly easy 
task: one has to select appropriate areas in the over
lapping region of two images, and to calculate the 
frequency distribution in these areas with the help of 
the computer. Subsequently. the gray-value distribu
tion of the second image frame is adjusted to that of 
the first one by 'histograro equalization', until a per
fect radiometric match is achieved. In practice, unfor
tunately, there are several problems. 

When two images that were taken at different 
seasons are combined, the sun elevations are differ
ent. If the spectral reflectance properties of the areas 
selected for radiometric adjusttnent vary with differ
ent illuntination and sensor angles - and practically 
all natural surfaces show such a 'non-Lambertian' 
behavior to a certain degree - identical surfaces will 
produce different reflectance values, that is gray 
levels, in two neighboring images. That means that 
for purely physical reasons, no perfect fit can be 
achieved by this method. The problem becomes 
worse if the 'identical' areas used for radiometric 
adjusttnent are really different in their reflective 
properties. This happens whenever vegetation is 
present, and when the images used were exposed at 
different times. Then the same area may show lush 
green in one image and bare soil in another. In the 
desert, blown sand may significantly change the 
reflectivity of the land surface and make radiometric 
adjustment very difficult. 

These examples show that the process of radiome
tric adjustment cannot be totally automated, and that 
the human operator is still needed to strike a compro
mise, when necessary. In some cases, like strong 
differences in vegetation, a complete adjusttnentmay 
be impossible. Of course, a smoothing algorithm can 
be applied to such cuts but the basic problem still 
remains. 

After the radiometric matching of the different 
image frames - which, as explained above, may 
sometimes not be quite perfect - the overall contrast 
of the mosaic has to be normalized. This standardiza
tion depends on the requirements of the reprographer 
and the printer, and is performed digitally. Since the 
contrast must not be too high for the ensuing printing 
process and the image, therefore, has a tendency to 
look 'flat', a mild edge enhancement algorithm is run 
over the final mosaic to give it a 'crisper' appear
ance. 
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3.5.5 Plotting and phatographic processing 
For the optimized color composites to be used for 
visual interpretation as well as for the digital mosaics 
to serve as image bases for the 1 :500,000 map sheets, 
film outputs meeting the required accuracy staodards 
had to be produced as the final stage in the image 
processing chain. For both products, an Optronics 
Colorwrite 4300 digital raster plotter was employed. 
The color composites were plotted on color reversal 
film at a scale of 1:1.18 million. This produced a 
color transparency with a format of 156.8 x 156.8 
mm (skewed) when plotted with a pixel size of 50 
microns. 

There are basically two ways of producing a color 
composite image: in the first method, three black
and-white film plots are produced corresponding to 
the three spectral bands of the Landsat image used for 
the color rendition (generally bands 4, 5 and 7). 
These three images are carefully superimposed, 
matched, and perforated at the edge with a precision 
punch. In a photographic enlarger equipped with 
fitting studs the three images are consecutively pro
jected onto color material, using yellow, cyan and 
magenta filters. 

In the second method, the plotting is done directly 
on color film, resulting in a superior match of the 
three color images which are plotted with the inhe
rent high precision of the instrument. The plots are 
repeated three times using appropriate color filters. 
The OPTRONICS instrument provides for both 
possibilities. For the map project, the second method 
of direct color plotting was used since it produced 
superior results for the requirements of the interpreta
tion. 

The mosaics were plotted on the same digital raster 
plotter employing the black-and-white mode. One 
1:500,000 map sheet covers an area of 3 x 2°, cor
responding to roughly 330 x 220 km. Since with 
regard to the accuracy of the map it was essential that 
the base mosaics were plotted in one piece each, the 
mosaics were recorded on film at a scale of 1 :2 
million. Using a pixel size of 25 microns, one map 
sheet covered an area of about 166 x Ill mm. With 
the use of fine-grained high-resolution film, the eight
times respectively four-times photographic enlarge
ment of the master plot needed for the production of 
the 1:250,000 and the 1:500,000 image bases did not 
constitute a problem. 

The color films as well as the black-and-white 
films were developed in an automatic COLENTA 
developing machine to guarantee the required quality 
and uniformity of the film products (Munier 1983). 
The fact that the plotting and film processing were 
performed by the same personnel helped considera
bly in making the necessary adjustments in the digital 
and photographic parts of the imaging process. 

3.6 Image interpretation and geologic data 
collection 

With the launch of the first earth observation satellite, 
ERTS/Landsat-1, several misconceptions about the 
potential of satellite data for geologic research arose; 
for example, that geologic field work, and with it 
geologic laboratory work, would shortly become 
close to obsolete because most of it would soon be 
taken over by automated computer classification of 
satellite data. Today these exaggerated hopes have 
come up against reality; and the reality is that remote 
sensing, while it cannot be expected to work 
miracles, has become an indispensible and extremely 
useful tool for geologic research (Baker 1975, Estes 
& Simonett 1975, Gold et a!. 1973, Siegal & Gil
lespie 1980, Viljoen et a!. 1975, Williams 1983). 
Without remote sensing, specifically without access 
to satellite image data and advanced image process
ing facilities, the present map could not have been 
produced within the existing constraints in timing 
and funding of the project. There is, however, no way 
to make sense out of remotely sensed data without 
considerable ground-based research. 

The interpretation of the Landsat-MSS data for the 
map project was done visually by experienced in
terpreters, preferably the same scientists that also 
took part in the corresponding field work. Transpa
rencies of optimized color-composite images (see 
3.5.2) enlarged to the working sheet scale of 
I :250,000 were used. For the actual image interpreta
tion, the color composite film transparencies were put 
on a light table, and all pertinent data were annotated 
on clear transparent overlays with special ink. 

A multt-scale approach is needed to obtain reliable 
geologic results (Sander 1948, 1950, Colwell1975); 
satellite interpretation is but one source of informa
tion that has to be combined with field and laboratory 
work. Between 150 and 200 man-months of field 
work went into the preparation of the new map. An 
equal number of man-months was devoted to labora
tory work involving biostratigraphic, sedimentologic 
and petrographic research. 

The field work was planned and executed accord
ing to the progress of the satellite image interpreta
tion. Typically, a preliminary, 'pre-controlled' image 
interpretation (Gerards & Ladmirant 1962) was per
formed first, based on whatever knowledge of the 
area was available from previous short field trips as 
well as from existing publications and maps. The 
results of this first-level interpretation were then 
transferred to the corresponding working sheets. 
Most important, all uncertainties and problem areas 
were marked on these maps for subsequent field 
checks. These maps, together with the interpreted 
original satellite images, were then verified in the 
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field against the field evidence and corrected wher
ever necessary. If the need arose, an on-the-spot 
interpretation of the satellite imagery was also per
formed that could serve as a base for the following 
proper and careful re-interpretation of the images in 
the laboratory. 

In this context, aerial photography was also used in 
order to clear up details not identifiable on the 
smaller-scale satellite images. However, the sheer 
nwnber of aerial photographs covering the entire area 
of Egypt forbade a more extensive use of the classical 
photogeologic methods. Where necessary, the pro
cess of interpretation - field check, laboratory re
search, re-interpretation of the satellite imagery -
was repeated iteratively until the results were consi
dered satisfactory. 

4 MAP PRODUCTION 

The production of the present geologic map followed 
closely the methods of the 'Modular Map Production 
(MMP)' system as described by Pohlmann & 
Meissner (1984). The basic idea of the MMP 
approach is to break up the cartographic processing 
into functional units, called modules (compilation, 
construction, reproduction, and printing) that can be 
individually and flexibly fitted to the exact require
ments of the final product. In general, the sequence of 
operations is as follows: 

0. Planning of the map production 
I. Construction of the geometric base 
2. Construction of the topographic base 
3. Definition of thematic lines and symbols 
4. Lettering 
5. Coloring and screening 
6. Image combination 
7. Color proofing 
8. Production of the printing plates 
9. Printing. 

The adaptability of the system was substantiated 
during the many changes and modifications that be
carne necessary in the course of the project. 

The geodetic calculations for the grid system were 
performed on the TFH computer in Berlin using 
programs developed by G. Kramer. The plots were 
output on a coordinatograph of the Survey Depart
ment of the Senate of Berlin. For the grid construc
tion, the Universal Transverse Meracator (UTM) and 
the traditional Egyptian grid system were used. The 
accuracy of the calculation and the construction of 
the grid base are better than the drafting accuracy and 
the stability of the drafting base. 

The coordinates of the topographic control points 
taken from field measurements and reliable maps 
were transformed in the same way. They were calcu-

lated with the same precision as the grid but their 
inherent accuracy is, of course, not as good since the 
basic data is of lower and varying reliability. 

For the editorial preparation of the map, control 
points and, therefore, geometrically controlled mo
saics were not yet available. For that reason, all 
preparatory worl< had to be done on the 'Working 
Sheet' series (see 3.3) with an inherently lesser accu
racy. The definitive map content was defined and 
constructed on the base of the geometrically con
trolled image mosaic at the final map scale of 
1:500,000. 

An exception was made for the boundaries of the 
geologic units: their construction would not have 
been accurate enough had it been based on the geo
logic compilation on the (uncorrected) Worl<ing 
Sheets. In order to obtain the highest precision 
possible for these most important map elements, 
quarters of the final corrected image mosaics were 
eularged to a scale of I :250,000, the scale at which 
the interpretation of the Landsat images was per
formed. The geologic boundaries were then trans
ferred from the original interpretations on the Land
sat color composite transparencies to the corrected 
image base and transformed accordingly. The boun
daries were then reduced to the final I :500,000 map 
scale. After fitting together and mounting, a colored 
Cromaline copy would show the geologic informa
tion in its final form and position. 

For field orientation and localization of the map 
content in relation to landscape and landmarl<s, a 
facsimile reproduction of the entire content of the 
image mosaic is, in principle, the best way. However, 
the presence of large rather dark-colored areas would 
result in a severe color shift of the hues used for the 
representation of the lithologic units. In order to 
avoid this color shift, as far as possible, and to still 
represent the major land structures, a pictoline pro
cess was used to get the desired results. 

The lettering in the map set in type according to the 
preceding map design was then placed on the map 
taking special care not to interfere with geologic 
boundaries or structural lines like fractures or faults. 
Where necessary the lettering was set free. The geo
logic symbols, indispensable for unambiguous iden
tification of the geologic units, were mounted into the 
remaining space. 

The palette of colors for the geologic units was 
combined from the three base colors yellow, cyan and 
magenta. The portions of base colors for each unit 
was determined within a frame valid for the entire 
map, and photographic masks for each unit were 
prepared. Using these masks, the different levels of 
saturation for each color hue were then produced by 
screening. In some cases, especially within the Qua
ternary units, additional line patterns had to be intro-

-- ---------~-------------
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duced to make further differentiation possible. 
The intermediate products that only existed as 

black-and-white screen masks up to this point were 
then combined in a first color proof copy to allow an 
evaluation of the effect of the color combinations 
used. After checking the color proof copies and mak
ing eventualy corrections, the maps were ready to go 
to the printer. 

The map frame showing all ancillary information, 
geologlc and otherwise, necessary for the proper use 

of the maps was defined in a separate layout. For 
reasons of economy of production, only in the very 
last phase was the transition from the smaller format 
of the colored map itself to the full format of the 
combined map and frame made. The maps were 
printed without a preceding proof at the facilities of 
the German Federal Institute of Applied Geodesy 
(Ifag), Berlin, using an eight-color offset printing 
process. 



CHAPTER 4 

Gravity map 

HUSSEIN KAMEL 
General Petroleum Company, Nasr City, Cairo, Egypt 

The new Bouguer Gravity Anomaly Map of Egypt 
described in this chapter is compiled from available 
gravity surveys which were conducted by oil compa
nies and from new measurements which were carried 
out for the unsurveyed parts of Egypt. In compiling 
this map, a National Gravity Standard Base Net 
(NGSBN,77) was established and tied to the Interna
tional Base Net (IGSBN,71). The standard deviation 
of the observed gravity values of the national net 
ranges from -+{).02 to 0.1 mgal. All previous gravity 
measurements were tied to this new net. 

NATIONAL GRAVITY STANDARD BASE NET 

The earliest absolute gravity measurements made in 
Egypt were carried out by the Anglo-Egyptian 
Oilfields Company using Holweck-Lejay pendulum 
in the years 1937-1940. The measurements covered a 
few stations (about 41 points) along a small area on 
both the eastern and western coasts of the Gulf of 
Suez. 

In 1950-1951,ProfessorG. Woolardmade21 gra
vimetric measurements in Egypt as part of the world
wide gravity base net. This net was referred to the 
Potsdam absolute value which was then considered 
the world gravity datum. In 1974, a new world-wide 
gravity net was established (IGSBN,71) which intro
duced a new gravity reference datum replacing the 
Potsdam system. The enclosed gravity map of Egypt 
is based on a new National Gravity Standard Base 
Net (NGSBN,77) which was established on the basis 
of the IGSBN,7l. 

From January 1975 until June 1978, the General 
Petroleum Company carried out 624 gravity measu
rements throughout Egypt. These measurements 
were combined with the IGSBN,71 values to form 65 
gravity base points of the NGSBN,77. 

The gravity measurements were condUcted using 
two Worden gravimeters. These instmments are tem
perature compensated and have a sensitivity of -Hl.O 1 
scale units. The loop method was adopted andre-
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peated observations were carried out at each point. 
Calibration runs to check the scale factor of each 
instmment were carried out occasionally. Instmment 
drift was recorded daily. Discrepancies in the perfor
mance of the two gravimeters used were checked by 
the repeated readings of the two instmments of one 
and the same station. The readings showed a correla
tion coefficient of about -+{).02, which indicated that 
the recording of the two instmments throughout the 
whole net were consistent. 

Gravity readings at stations located in the delta, the 
Nile Valley and along roads were made using suitable 
types of vehicles, while stations located in the remote 
areas of the south Western Desert were made using 
aircraft. 

Measurements started mostly from IGSBN, 71 
base points and the computed gravity differences for 
each point were obtained from repeated back and 
forth measurements between consecutive stations. 
The mean square error for the obervations at the 
NGSBN,77 varies between -+{).04 and -+{).47. 

Surveying and positioning of net 

Geographic coordinates of the NGSBN, 77 and their 
elevations above sea level were determined mainly 
by tacheometry. Most of the stations were tied to the 
available triangulation net. Stations located in the 
northern part of the Western Desert, the delta and the 
Nile Valley were tied to the second order triangula
tion net. 

Points in the Gulf of Suez and the southern parts of 
the Eastern and Western Deserts were tied to the third 
and fourth order nets. The geographic coordinates of 
about twenty stations in the remote parts of the south 
Western Desert and in Sinai were interpolated from 
the available topographic maps of these areas. 

Each station in the base net (except those located in 
airports) was monumented with a concrete in
complete cone about 80 em high and 60 x 60 em at 
the base. The notation of the station was engraved on 
an aluminum plate fixed on one side of the cone. 
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The location and distribution of the stations of the 
base net were governed by the extent of the measur
ing range and drift behaviour of the gravimeters used 
in the operation. 

Adjustment of the NGSBN,77 

The reduced gravity values, partially adjusted for 
drift, were analysed for final adjustments using a 
mathematical model based on U. V. Popov's method 
of successive iteration. 1\vo sets of equations were 
formulated for both the polygons observed using 
vehicles and those observed using aircraft as the 
means of transportation. These equations were 
solved by the mathematical model through a pre
pared computer program. It is worth mentioning that 
the stations which were observed by both vehicles 
and aircraft were found to have consistent adjusted 
values after distributing the correction of the loops of 
observations measured by the vehicle or aircraft. 

The adjustment is supposed to reduce the total 
gravity differences in all polygons of the net to zero, 
i.e. it would lead to sufficient accuracy relative to the 
IGSBN,71. The standard deviation of the NGSBN,77 
varies between +0.02 and +0.1 compared to the IG
SBN,71 which ranges from +0.01 to O.o3 in Egypt. 
The final results of computations are to be found in 
the General Petroleum Company files. 

Compilation of gravity measurements 

Until the early forties, several gravity surveys were 
carried out in Egypt by the Anglo-Egyptian Oilfields, 
the Standard Oil, the South Mediterranean and the 
Socony Vacuum Oil companies. Instruments used 
were Thyssen, Carter and Mott-Smith gravimeters 
which have a sensitivity range between +0.5 and 1.0 
mgal. 

Gravity surveys using sensitive instruments such 
as Worden gravimeters were conducted by the Sahara 
Petroleum Company (SAPETCO) between 1954 and 
1958. This company surveyed about 87,000 km2 of 
the Western Desert to the north of latitude 28° N. 
Since 1964, several surveys have been conducted by 
Philips Petroleum, General Petroleum, AMOCO and 
GEOFISICA using sensitive instruments (Worden, 
North American and Lacoste). These surveys 
covered a large area of the Gulf of Suez and the 
Western Desert. All the data of the previous surveys 
were compiled, classified and ranked according to 
instrument sensitivity and measurement density 
(Table 1). The obervations amount to about 118,900, 
60% of which was made by sensitive instruments. 
Tie-lines interconnecting these observations and the 
newly conducted survey were designed to take re
peated observations along the interlocking nets of 

these surveys. Table 2 gives the statistics of these 
retied surveys, while Table 3 gives the statistics of the 
new surveys conducted in many areas chosen to 
complement the available data, and totalling about 
100,000 km2• 

INTERPRETATION OF GRAVITY MAP OF EGYPT 

The enclosed map is a Bougner Gravity Map raised 
on the same scale (I :2,000,000) of the current Geo
logical Map of Egypt ( 1981 ). It aims at depicting the 
main regional structural trends of Egypt. The data 
base of this map exceeds that required by interna
tional standards for maps of this scale. 

Table I. Previous gravity surveys (1922-1964 ). 

Instrument 

North American 
Worden 
Mott-Smith 
Askania 
GAK-3M 
Thyssen 
Humble 

Sensitivity 
mgal 

-Hl.OJ-0.05 
-Hl.01 
+{).01 
+{).01 
+{).01 
+{).05 
+{).05 

No. of 
stations 

20,700 
61,500 
15,500 
1,600 
5,300 
2,100 

12,200 

Area 

ED,S,WD 
WD,D,NY,ED 
ED,S 
s 
S.WD 
ED 
ED 

ED= Eastern Desert; WD =Western Desert; S =Sinai; NV 
=Nile Valley; D =Nile Delta. 

Table 2. Retied gravity surveys. 

Area No. of Area Retie 
stations (km2) 

Fayum 6,500 12,200 15 base stations 
ED 2,244 3,740 311 km + 2 base 

stations 
NV 10,000 40,000 6 base stations 
West Cairo 2,141 3,500 40km 
D 6,402 20,900 197km 
Sahara 26,000 100,000 89km 
SouthSiwa 1,259 6,250 89km 

ED= Eastern Desert; NV= Nile Valley; D = Nile Delta. 

Table 3. Recent gravity surveys (1975-1978). 

Area Period No. of Area 
mo/year stations (km2) 

WadiRayan 2ns-Bns 2,460 15,000 
E. Qattara 8n5-3!76 3,733 16,000 
NV 4/76-2/77 4,808 29,725 
Wadi Natrun and N. 3/77-1/78 4,449 17,750 
coast 
Gemsa and Hurgada 8/77-4/78 7,122 
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The area to the north of latitude 28° N, which 
represents about 40% of the total area of Egypt, has a 
large density of gravity measurements ( 4-10 km2/ 

station of survey) allowing for the construction of a 
gravity map on the scale of 1:100,000 with a contour 
interval of 1 mgal. One hundred and four sheets were 
prepared for this part of Egypt. 

The area to the south of latitude 28° N has a smaller 
density (25-40 km2/station of survey) allowing for 
the construction of a gravity map on the scale of 
1 :500,000 or 1:1,000,000 with a contour interval of 5 
mgal. 

1 Northern Egypt 

This part is characterized by a thick sedimentary 
section where most of the sedimentary basins are 
located. This part of Egypt is characterized by having 
several anomalous zones which are described as fol
lows: 

1. Anomalies of the Mediterranean coastal Hinge 
Zone: This zone is represented by a belt of intensive 
Bouguer anomaly variations; it extends along the 
coast from Salum to Port Said. Between Burg El
Arab and Alexandria, the belt is interrupted by a local 
increase of gravity values. In northern Sinai, the belt 
turns toward the sea, and the coast is outlined by local 
gravity highs. The regional gravity highs cover the 
Mediterranean coastal strip from Damietta to Rosetta 
and from Sidi Barrani to Mersa Matruh (Bouguer 
values 30-50 mgal) for a distance of 50 km inland. 
The latitudinal Nile Delta anomaly corresponds to 
the North Delta Embayment as outlined by Said 
(1981). 

2. Anomalies of Syrian Arcing System: Local grav
ity anomalies form belts of northeastern
southwestern trend in north Sinai. The most promi
nent of these is the Gebel Maghara belt which is 
characterized by a narrow zone of high horizontal 
gradients on the southeast. This belt includes the 
local highs of Risan Aneiza, Maghara, Mafruth and 
Urn Makhasa and seems to extend into mainland 
Egypt to include Genefe (Suez Canal zone), Helwan, 
El-Ayat (Nile Basin) and Bahrein (Western Desert) 
anomalies. A southeast shift in the anomalies of this 
belt would bring the local highs of Wasta and Abyad 
into this belt. To the north of Gebel Maghara belt lies 
a series of local highs extending in a southwest 
direction from west El-Arish to Kadb Habashi. 

A belt oflocal gravity highs crosses the north Sinai 
uplifts of Gebels Halal and Yelleg. 

In the Western Desert, the Khatatba-Kattaniya 
High forms a distinctive belt of anomalies. Local 
highs occur along this belt: Camel Pass, Shoab Kas-

ban, Ramrnak and Bahrein. Southeast of Khatatba, 
the belt bifurcates to form the Rammak and Shoab 
Kasban lines. 

The gravity high anomalies of the Syrian arcing 
system are crossed at almost right angles by the lows 
of Khabra, Bardawil, Hassana (Sinai), Suez, Nile 
valley and Wadi Khadish-Beni Mazar (Western De
sert). 

3. Anomalies of Latitudinal Trend: The belts of ano
malies with latitudinal trend reflect the Cretaceous 
structures of the offshore Mediterranean basin which 
forms part of the Unstable Shelf. They are well 
manifested along a belt which covers the local highs 
extending from Abu Sultan (Suez Canal zone) to Abu 
Za'abal (northwest Cairo) and then to Khatatba and 
onward to the Qattara ridge and Bir Fuad (Matruh
Siwaroad). 

A regional gravity low covers the east Muharak
Gharadig-west Qattara hasins. Lows of smaller size 
and lower intensity occur in Tanta, Bardawil (north 
Sinai) and Kanayis (Western Desert). The gravity 
low of Tanta (which coincides with the South Delta 
Block as outlined by Said 1981) is located between 
Alexandria, Damietta, Ismailiya and Wadi Natrun 
covering an area of about 25,000 km2• It is outlined 
by the iso-anomalies -40 to -10 mgal. Its control 
portion is located in the Nile delta. In the area of Wadi 
Natrun and Burg El-Arab, this low is complicated by 
second magnitude local highs. In Kantara (north 
Sinai), the low has a gravity nose of latitudinal trend. 

The low of Bardawil is located mainly under the 
Mediterranean waters. This low, as many other off
shore lows, is lined to the south by a zone of local 
anomalies which extends all the way from the meri
dional line of Mamura-Gib Afia to the Great Bitter 
Lake. The latitudinal trend anomalies are also re
vealed in north Sinai, but against stronger anomalies 
of the Syrian arcing system. 

4. Anomalies of Clysmic (Gulf of Suez) Trend: A 
belt of first, second and third order magnitude gravity 
anomalies extends in a northwest-southeast (Cly
smic) direction in the Hurgada-Shadwan-Ras 
Mohamed areas. This belt is characterized by intens
ive gravity variations. It may be subdivided into the 
following three units: 

a) Northern Zone of Gulf of Suez: This zone is 
characterized by first order gravity anomalies both in 
magnitude and size. The minimum value is about -50 
mgal. It is bordered by a zone of intensive gravity 
variation within which the local gravity high of Ayun 
Musa and the gravity nose of Sudr-Lagia are located. 

b) Central Zone of Gulf of Suez: This zone is also 
associated with first order gravity low anomalies of 
about -50 mgal. It is distinctly bordered by the strips 
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of intensive gravity variation of the meridional trend 
of Zafarana, Wadi Urn Arta, Abu Rudeis-Belayim
Shukheir-Gharib and Lagia-Abu Zeneima areas. Wi
thin the axial part of the regional gravity low, local 
highs of clysmic trend occur: Ras Gharib, Bakr
Kareem and Gharib North. 'These are associated with 
the Kareem-west Rwthmi low which may form the 
Khashaba basin located to the west of Rwthmi and 
west Baler. 

c) Southern Zone of Gulf of Suez: Gravity anoma
lies in this zone differ from those of the other zones of 
the Gulf in being elongate in shape. They, lilre all 
others in the area between the Gulf and the Red Sea, 
follow the clysmic trend. 

'The first-order local low of Abu Rudeis-El-Tor lies 
in the Abu Durba area between Gebel Araba and 
El-Qaa plain. The minimum values are -50 mgal. A 
local high in the vicinity of Abu Durba is noticed in 
the Gebel Araba ridge. On the western side of the 
Gulf lies the Gebel Zeit local high which is followed 
to the west by a pronounced gravity low of about --40 
mgal. This low may be attributed to the thick salt 
section of the subsurface Miocene in this part of the 
area. 

Further to the south, at Esh El-Mellaha range a 
local gravity of 5 mgal is noticed. East of this positive 
gravity, there is a gravity low with a value of --40 
mgal. 

2 Southern Egypt 

The Bouguer Gravity Map of Egypt to the south of 
latitude 28° N is compiled from maps raised to scales 
1:500,000, 1:1,000,000 and 1:2,000,000. The most 
important anomalies shown on the map are summa
rized as follows: 

1. A regional gravity low is observed in the Eastern 
Desert between the eastern bank of the Nile and the 
basement outcrops of the Red Sea hills. This low 
covers an area of about 80,000 km2 and extends in a 
north-south direction between Qena in the south and 
Wadi Araba in the north. This low encounters four 
local lows of -50 mgal each. This low may reflect an 
old basin which could be older than the Gulf of Suez 
basin. The presence of this low was recently 
confirmed by the aeromagnetic survey conducted on 
this area in 1984. 

2. A pronounced gravity high is seen north of Assiut. 
This anomaly is characterized by a steep horizontal 
gradient at its eastern flank. The amplitude of this 
high is about 10 mgal (between -20 and -10 mgal). 

3. Several regional gravity anomalies are noted in the 
south Western Desert. They are in the form of two 
major belts: 
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a) The Uweinat-Aswan High which extends from 
Gebel Uweinat in a west-northwest direction to the 
Nile reach betweeo Aswan and Abu Simbil. This 
broad belt is best manifest between Bir Dibis and 
Thshka, or from the intersecting point of longitude 
30° E with the Egyptian Sudanese border and the 
Nile. 

b) The Kharga High which extends from Bir Tar-

fawi to Gebel Abu Bayan and Kharga oasis. This belt 
is bound from the north and west by a belt of low 
anomalies which covers the Dakhla Basin and the 
trough between Bir Misaha and Bir Sahara. 

The Uweinat-Aswan and the Kharga arches reflect 
a shallow basement which is known to outcrop in 
many places along these belts. 

------------·---·--------------



CHAPTER5 

Seismicity 

RASHAD M. KEBEASY 
He/wan Institute of Astronomy and Geophysics, Egypt 

Egypt is considered one of the few regions of the 
world where evidence of historical earthquake activ
ity has been documented during the past 4,800 years. 
Instrumental recording of earthquakes started as 
early as 1899. Data of earthquakes which occurred in 
and around this country during the period from 2800 
BC to 1984 have been gathered from local and inter
national sources. 

The aim of this work is to review critically the 
information of both the historical and instrumentally 
recorded principal earthquakes in Egypt and to inve
stigate space and time distribution of the earthquake 
activity. 

Data reliability and heterogeneity are important 
factors in defining the level of seismicity and deter
mining its future recurrency. Although information of 
historical earthquakes is documented it cannot be 
regarded as complete as much of the old Egyptian 
literature was lost creating gaps in the earthquake 
record. Moreover, earthquake dating was the subject 
of differences among different authors (Poirier & 
Taber 1980). The location of these historical earth
quake centers is almost exclusively along the Nile 
valley. The linear distribution of population causes 
little control on the east-west epicenter location. 

Concerning recent activity (1900-1984 ), earthqua
ke recording in Egypt started since 1899 with Helwan 
station. This station's insttuments have been renewed 
several times and in late 1975 three other stations 
were added at Aswan, Abu-Simbil and Mersa Ma
trouh. As from July 1982 a radio-telemetery network 
of nine vertical short period stations was operated for 
monitoring microearthquake activity around the 
northern part of Lake Nasser. Configuration of this 
array covers an area of about 40 x 70 km. This 
networl< was expanded in 1983 to thirteen stations 
and some of them were equipped with horizontal and 
low gain components (Simpson et al. 1984). The 
signals from the individual stations are sent via radio
liok in analogue form to a centre in Aswan where 
they are discriminated in real time and recorded on 
both magnetic tapes and drum recorders. 
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1n case of insttumentally recorded data errors in 
the epicenter location of moderate and large earth
quakes are within 30 km. This is due to the non
uuifonn distribution of teleseismic stations as well as 
local heterogeneity. Location of local and 
microearthquakes using only Helwan Station is pre
cise in terms of distance but in some cases the azi
muth can be erroneous by nearly 180°. The coverage 
is incomplete up to 1951. However with insttumenta
tion improvements epicenter location has been im
proved considerably. 

Maamoun et al. (1984) investigated the homoge
neity of earthquake data and found that information 
of all earthquakes of magnitude equal to or larger 
than 5.0 is complete during the period from 1906 to 
1981. Moreover, as from 1962, information of earth
quakes of magnitude greater than 3.6 is also com
plete. 

REVIEW OF HISTORICAL EARTHQUAKE ACTIVITY 

(2800 BC TO I 900 AD) 

Information on historical earthquakes is documented 
in the annals of ancient Egyptian history and Arabic 
literature. According to Sieberg (1932), Ambraseys 
(1961), Kamik (1969), Maamoun (1979), Ibrahim 
and Marzouk (1979), Poirier & Taber (1980) and 
Savage (1984 ), about 83 events were reported to have 
occurred in and around Egypt and to have caused 
damage of variable degrees in different localities. 1n 
the following paragraphs, the description of a few 
major historical earthquakes will be given. 

2800 BC Sharquia Province earthquake 
This unknown location earthquake was a severe one 
and caused deep fissures and soil cracks in Tell Basta, 
Sharquia province. The estimated maximum intens
ity is Vll in a confined area near this village. 

1210 BC near Abu-Simbil event 
This event caused cracks in the temple of Ramses II 
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in Abu-Simbil, upper Egypt with an estimated intens
ity of VI. It is not certain, however, that the cracks are 
due to an earthquake. 

221 BC earthquake 
This earthquake had an intensity of VII at Siwa Oasis 
(Maamoun 1979). However, it caused destruction in 
about 100 locations in Libya. It is possible that this 
earthquake is the large one which took place in 
central Italy with an intensity of X and caused land
falls and diversion of rivers there. 

27 BC Thebes, Upper Egypt, earthquake 
This earthquake was a severe one and caused great 
damage leaving only four villages undestroyed in 
Thebes, upper Egypt 

1068 March 18, Aqaba earthquake 
This is the first historical earthquake known to have 
strongly affected the Gulf of Suez area. It was located 
near Aqaba at the north end of the Gulf of Aqaba 
(Melville 1984, Ben-Menahem 1981). This event 
was felt strongly in Cairo where a mosque was 
damaged. 

1303 August8, offshore Medite"anean earthquake 
This earthquake was placed by Sieberg south of Cairo 
because of the severe damage to many mosques and 
churches among which is the famous Amr-Ibn-El 
Aas mosque. Damage was also considerable in the 
Nile valley up to Qus in the south and Alexandria in 
the north where most of the town walls and the 120m 
high beacon collapsed. It was also reported that this 
earthquake caused large scale damage in Rhodes and 
in Heraklion in Greece. Ambraseys (1961) placed its 
epicenter in the Mediterranean sea offshore of Egypt 
as As-Soyuti mentioned that the advance of sea sub
merged half of Alexandria. K.ebeasy ( 1971) found 
that seismic waves from earthquakes occurring south 
of Greece and offshore Egypt travel to the south with 
abnormally low attentuation. Due to this phenome
non, effects of earthquakes from that region are 
usually found to be abnormally large in the south. 

1847 August7, Fayum earthquake 
This earthquake was a remarkable event and had an 
intensity VIII in the Fayum region (Maarnoun 1979). 
Eighty-five people were killed, 62 were injured, 
3,000 houses and many mosques were destroyed. It 
was also felt over the whole area of Egypt Heavy 
damage was reported as far as Assiut. In Cairo 100 
people were killed and thousands of houses were 
destroyed. Moreover, thousands of people were in
jured and thousands of houses were damaged in 
different parts of the country. Intensity distribution of 
this earthquake is given in Figure 5/1(A). 

1870/une 24, offshore earthquake 
This earthquake was widely felt in Egypt and in 
different localities in Greece, southern 1\ukey and 
Palestine. This event, according to Maarnoun (1979), 
had an intensity of VII in Alexandria and VI in many 
parts of the Nile Delta and Cairo, see Figure 5/1 (B). 

Recent earthquake activity (1900-1984) 
Instrumental information of earthquakes during the 
period from 1900 to 1984 was collected from Sieberg 
(1932); Gutenberg & Richter (1954), Ismail (1960), 
Gergawi & El-Khashab (1968), K.ebeasy et a!. 
(1981), Maarnoun et a!. (1984), International Sei
smological Summary (ISS), National Oceanic and 
Atmospheric Admirtistration (NOAA) as well as the 
Helwan station bulletin and Aswan radio-telemetry 
networl<. Outing this period, several significant 
earthquakes occurred in Egypt. Among these events 
are the following: 

1955 September 12, offshore Alexandria earthquake. 
This earthquake had a magnitude of 6.1 and was felt 
in the entire east Mediterranean basin and in 
Palestine, Cyprus, Dodecanise islands and as far as 
Athens (Rothe 1970). In Egypt, it was felt strongly 
and led to the loss of 22 lives and damage in the Nile 
Delta between Alexandria and Cairo. Destruction of 
more than 300 buildings of old brick construction 
were reported in Rosetta, Idku, Damanhour, Mah
moudya and Abu-Hommes. A maximum intensity of 
VII was assigned to a limited area in Bihira province 
where five persons were killed and 41 more were 
injured. Also an intensity of V to VII was reported in 
15 or more localities, see Figure 5/1(C). Based on the 
isoseisrnal contours shown in Figure 5/1(C), Maa
moun (1979) concluded that the epicenter of this 
event is located along the northern prolongation of 
the Red Sea-Gulf of Suez tectonic trend suggested by 
Sieberg (1932). According to Mckenzie (1972), the 
local mechanism of this event seems to suggest an 
oblique strikeslip motion, although the fit of the 
mechanism is poor due to conflicting data. 

1955 November 12, Abu-Dabbab earthquake. 
This earthquake had a magnitude of 5.5 and was felt 
in upper Egypt at Aswan and Qena and as far as Cairo 
but no damage was reported. Sykes & Landsman 
(1964) revised the location given in the International 
Seismological Summary using 95 stations and found 
little change. The depth is not well constrained but is 
clearly within the crust. The focal mechanism has 
normal and strike-slip faulting components produced 
by NNW minimum compressive stress and NE maxi
mum compressive stress. Fault planes tend to strike 
roughly E-W or N-S to NE-SW. 
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1969March31, Shadwanlsland earthquake. 
The magnitude of this earthquake is 6.3. Maarnoun & 
El-Khashab (1978) studied the intensity distribution 
of this earthquake based on MSK scale and assigned a 
maximum intensity of IX to a small area in Shadwan 
Islands, Tawila and Jubal (Fig. 5/1(0)). On Shadwan 
Island landslides, earth slumps and rock falls were 
common. Fissures and cracks in soil were found with 
a main direction nearly parallel to the Red Sea-Gulf 
of Suez direction. At a distance less than 10 km west 
of the fractured area in the sea, one of the submarine 
coral reefs was raised by a few meters above the sea 
level after this event. A rumbling sound similar to 
thunder and noise caused by the sound of falling 
rocks on the land or the sea was accompanied by 
something similar to a large explosion and was asso-

ciated with sea wave disturbances. This earthquake 
was preceded by 35 large foreshocks during the last 
half of the month of March 1969. It was also followed 
by a large sequence of aftershocks. 1be epicenter of 
the main shock is located northwest of Shadwan 
Island. A rupture appeared to propagate to the south
east (Ben-Menahem & Aboodi 1971). The computed 
fault rupture length is 30 km. The depth of the focus 
was constrained by Ben-Menahem & Aboodi (1971) 
to be about 5 to 20 km using surface wave amplitude 
and spectral data. Savage (1984) using the data of 
Ben-Menahem & Aboodi calculated the depth to be 
13 km. The focal mechanism as computed by Ben
Menahem & Aboodi (1971) point to normal faulting 
striking northwest with a component of left slip. This 
mechanism is consistent with the first motion data 
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presented by Mckenzie et al. (1970) who did not 
interpret the presence of lateral slip. 

1974 Apri/29, Abu-Hammad earthquake. 
This earthquake had a magnitude of 4.9 and was 
strongly felt in the Nile Delta region. It had an 
intensity ofV at Sharqia Province. The focal mechan
ism of this earthquake suggests a strike slip, right 
lateral with purely vertical dipping (Maamoun 
1979). 

1978 December 9, Gi/fEI-Kebir earthquake. 
This is the largest instrumentally located earthquake 
in the southwestern region of Egypt. The epicenter as 
located by the International Seismological Center 
and National Oceanic and Atmospheric Administra
tion lies in the Gilf el-Kebir area. It had a magnitude 
of5.3 and a focal depth of between 7 and 10km. The 
southwestern part of Egypt is an unpopulated desert 
and the intensity distribution of this earthquake is not 
estimated. Its mechanism is a combination of strike
slip and reverse fault motion. The fault plane could 
not be identified. The nearest station to the epicenter 
of this earthquake is Helwan at 850 km away and no 
fore- and aftershocks were detected. Microearthqua
ke activity was not detected by Helwan. Many other 
non-instrumentally recorded earthquakes in this re
gion were reported. Daggett et al. (1980, 1986) report 
one microearthquake in the vicinity of Dakhla Oasis 
about 400 km northwest of Aswan. Kebeasy et al. 
(1984) through the analysis of the data obtained by 
the Aswan network detect several small earthquakes 
at about 150 km to the northwest of Aswan. The 
epicenters of all of these earthquakes are located in 
the Sahara stable region where earthquakes have 
never been instrumentally recorded and was consi
dered an aseismic zone (Gutenberg & Richter 1954 ). 

1981 November 14, Ka/absha earthquake. 
This earthquake had a magnitude of 5.5 (Helwan 
station) or 5.1 (NOAA) and it is of significance 
because of its possible association with Lake Nasser. 
Although its epicenter is located in Kalabsha about 
60 km southwest of Aswan, it was strongly felt in 
Aswan, and in areas to the north up to Assiut and to 
the south up to Khartoum (Fig. 5(2). The intensity 
neat the epicenter is between VII and Vill. Several 
cracks on the west bank of the lake and several 
rock-falls and minor cracks on the east bank were 
reported. The largest of these cracks is about I m in 
width and 20 km in length (Kebeasy et al. 1982). This 
earthquake was preceded by three main foreshocks 
and followed by a large number of aftershocks. The 
focal depth of this earthquake seems to be very shal
low (Kebeasy et al. 1982). The ISC and NOAA 
estimate the depth to be 0 and 10 km respectively. 

Savage (1984), using both P- and S-waves, estimates 
the depth to be 19 to 20 km. This depth is consistent 
with the depth range of the well-located aftershocks 
(Simpson et al. 1984, Toppozada et al. 1984). The 
focal mechanism of this earthquake was studied by 
Maamoun (1982), Simpson et al (1982) and Savage 
(1984) and was found to be right-lateral strike-slip 
fault (see also Chapter 6, this book, for more details 
on this important earthquake). 

1983 February 3, Aqaba earthquake. 
This earthquake occurred in Aqaba at the northern 
end of the Gulf of Aqaba and had a magnitude of 4.9. 
It was felt strongly around the epicentral area and was 
followed by about 56 aftershocks of magnitudes of 
between 1.7 and 4.85 in the following three weeks. 

1984 March 19, Wadi Hagul earthquake. 
This earthquake occurred in Wadi Hagul southwest 
of Suez. Its magnitude is 4.7 and was felt strongly in 
Suez, Ismailia and Cairo. Large numbers of after
shocks were recorded by nearby temporary stations. 
The focal depth is estimated to be 10 km. 

1984 July 2, Abu-Dabbab earthquake. 
This earthquake had a magnitude of 5.1 and was felt 
strongly in Aswan, Qena and Quseir. Five portable 
field stations were operated in the Abu-Dabbab area 
as from 19 June 1984 till the end of August of the 
same year. Large numbers of foreshocks and a tre
mendous sequence of aftershocks are recorded. The 
focal depth of the whole sequence is less than 12 km. 

Microearthquake activity 
Microearthquake activity has been observed in vari
ous regions in Egypt. The Helwan Station Observa
tions point out such activity around Cairo, the Nile 
Delta and around the Gulf of Suez. Using these 
observations, Ismail (1960) located a number of 
microearthquakes around Cairo in the period from 
1903 to 1950. Also Gergawi and El-Khashab (1968) 
have located a large number of microearthquakes 
around Cairo, the Gulf of Suez and the Nile Delta 
region and defined an active trend that runs along the 
Gulf of Suez and passes through the Nile Delta to the 
Mediterranean Sea. Kebeasy & Maamoun (1981) 
using Helwan observations found a microearthquake 
active trend that starts from Cairn and runs to the 
north along the west side of the Nile Delta. They 
attribute this activity to a probably active fault along 
this trend. Daggett et al. (1980, 1982) found two 
areas of intense microearthquake activity in the Abu
Dabbab area (25° 28' N, 34° 52' E) and the southern 
end of the Gulf of Suez (for more information on 
microearthquake activity, see Chapter 6, this book). 

------------
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Tsunamis 
Tsunamis or sea waves accompanying earthquakes 
are reported to have affected the Mediterranean coast 
of Egypt several times with varying intensities. The 
largest of these is the one due to the earthquake of 8 
August 1303. As-soyuti (after Ambraseys 1961) 
stated that the advance of the sea due to that earthqua
ke submerged half of the town of Alexandria. Other 
tsunamis of smaller intensity were reported in 24-20 
BC, 1202, 1262 and 1908 AD. 

IOOW. 

Figure 5.2 Intensity distribution 
of the 14 November 1981 earth
quake as located by HLW =Hoi
wan; NElS= National Earthquake 
Infonnation Service and ISC =In
ternational Seismological Center. 

SPACE DISTRIBUTION 

Distribution of epicenters of both historical and in
strumentally recorded earthquakes is given in Figure 
5/3 for moderate to large and for small earthquakes. 
Figure 5/4 shows the epicenters of all of these earth
quakes and the microearthquakes, the focal mechan
isms of some principal earthquakes and the location 
of the seismographic stations. The distribution of 
earthquake epicenters suggests that the activity tends 
to occur along three main seismic active trends as 
follows. 
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Figure 5.3 A. Location of permanent seismic stations and epicenters of historical and recent medium to large earthquakes; B. 
epicenters of small earthquakes. 

A. Northern Red Sea-Gulf of Suez-Cairo-
Alexandria C/ysmic-Trend 

This trend is the major active trend in Egypt and 
extends along the northern Red Sea, Gulf of Suez, 
Cairo and Alexandria and extends along the north
west in the Mediterranean Sea. It is characterized by 
the occurrences of shallow, micro, small, moderate 
and large earthquakes. Activity along this trend has 
increased in recent years. All earthquake focii are 
limited within the crust. Accuracy of depth determi
nation does not allow definition of any seismic plane. 
The activity along this trend is mainly attributed to 
the Red Sea rifting as well as several active faults. A 
seismic gap exists in the Gulf of Suez where no 
earthquakes have been detected. Another gap is 
found between Cairo and Alexandria where only 
microearthquakes are frequently observed. If the ac
tivity in the Abu-Dabbab area is linked to this trend 
there will be a third gap between Abu-Dabbab in the 
south and latitude 27° N. However, the author belie
ves that the Abu-Dabbab activity is of a local nature 
and can be attributed to intrusion and not to the Red 
Sea rifting. 

B. East Mediterranean-Cairo-Fayum Pelusiac 
Trend 

This trend extends from the east Mediterranean to 
east of the Nile Delta to Cairo and the Fayum region. 
Along this trend, small to moderate historical and 
recent earthquakes are observed and earthquake focii 
are confined within the crust and do not define any 
seismic plane. The moderate and first instrumentally 
recorded event in the GilfEl-Kebir area in 1978 may 
form the extension of this trend into the southwestern 
parts of the Western Desert although there are few 
earthquakes between the Fayum and Gilf El-Kebir 
areas. Aswan radio-telemetry networl< has detected 
several small events from the area to the northwest of 
As wan. 

C. The Levant-Aqaba Trend 
This trend is a continuation of the Levant active fault 
and extends along the Gulf of Aqaba and southwest 
in the Red Sea and bisects the clysmic trend at about 
27° Nand 34.6° E. Earthquake occurrences are found 
mainly in both ends of the Gulf of Aqaba. Only 
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Figure 5.4 Epicentral distribution of all earthquakes, focal mechanisms of principal earthquakes and active seisntic trends. 

shallow small-size earthquakes are observed along 
this trend. 

In addition to these trends there are several areas 
known to be active such as southwest of Aswan, 
Abu-Dabbab, Gilf El-Kebir and Wadi Hagul west of 
the Gulf of Suez. The activity in these areas is of a 
very local nature as previously discussed. Aswan 
activity is of particular interest and its nature is dis
cussed here in detail. 

Figures 5/5 and 5/6 show the sequence of earth
quake activity which preceded and followed the 
earthquake of 14 November 1981 which took place in 
the Kalabsha area south of Aswan, together with the 
fluctuation of water level in Lake Nasser. It is likely 

--,--

that the cause of this activity is tectonic rather than 
due to the filling of the lake for the following rea
sons: 

a) The existence of sets of faults in an east-west 
direction in the Kalabsha area where the main shock 
took place; 

b) The poor permeability of the Precambrian gra
nite bedrock and the negligible number of 
microearthquakes recorded at least since late 1975 
when the Aswan and Abu-Simbil stations were ope
rated; 

c) The occurrence of the earthquake of 14 No
vember 1981 some 17 years after the filling of the 
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Figure 5.6 Water level fluctuations in Lake Nasser and 
number of earthquakes per 10 day intervals during the 
period July 1982 to December 1984 (after Simpson eta!. 
1986). 

lake and not when the water level was at its highest 
(November 1978). 

However, the induced nature of this activity due to 
the reservoir impoundment is more favourable for the 
following evidences: 
a) No significant earthquakes have been located in 
the lake area throughout history except few events 
listed by Sieberg (1932) to have been felt in upper 
Egypt 
b) The epicenter of the main activity is located near a 
considerably wide area of the Lake. 
c) Water penetration in the faulted and fractured pre
cambrian granite and saturation of the Nubian 
sandstone cover increased the pore-pressure signifi
cantly. 
d) The Lake is the second largest artificial Lake in the 
world and relatively deep. 
e) Microearthquake activity continued for several 
years later. The number of these earthquakes fluc
tuates, in some cases, as the water level fluctuates. 

FREQUENCY OF EARTHQUAKE OCCURRENCES 

The number of earthquakes is a basic characteristic of 
tlte seismic activity of any given locality during a 
specific period of time. Gutenberg (1958) observed 
that the logarithm of the number of earthquakes of 
magnitude M or larger is inversely proportional to the 
magnitude M or 

LogN=a-bM 

where a and bare constant for a specific region during 
a specific period of time. However, they vary from 
region to region according to the level of seismic 
activity. 

Kebeasy et al. (1981) investigated the frequency of 
earthquake occurrences within 200 km around Ale
xandria and determined a and b as 2.85 and 0.45 
respectively and estimated that the largest event ex
pected to occur in the region should have a magnitude 
of between 6.3 and 6.7 with a recurrency of eight 
times every 1,000 years. Kebeasy & Maamoun 
(1981) studied tlte seismic activity within an area of 
200 km around Cairo and estimated a and b values as 
2.31 and 0.37 respectively. They also estimated that 
the largest expected event should have a magnitude 
of between 6.0 and 6.5 with a recurrency of three 
times every 100 years. Both results were obtained on 
the basis of 25 year periods of time (1953-1978). 
Data used during this time period is considered to be 
homogeneous. Savage (1984) investigated the activ
ity around the Aswan during the interval from 27 BC 
to 1984 and estimated the recurrence of earthquakes 
of a magnitude of 5.5 or more occurs once in approxi
mately 300 years. 
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Kij1<o et al. (1985) used the aftershocks of the 14 
November 1981 earthquake recorded by the Aswan 
radiotelemetry network during the period from July 
1982 to December 1983 and estimated the b value for 
this homogeneous set of data as 0. 7. 

Based on this estimate, Savage defined a 
frequency-magnitude relationship for the Aswan re
gion as 

LogN=4.7-0.7M 

for a period of 20 II years. 
The frequency of shallow earthquake occurrences 

in the Gulf of Suez region during a period of 29 years 
(1953-1981) was studied by Kebeasy et al. (1984). 
The values of a and b are 2.46 and 0.39 respectively. 

These studies indicate that, in general, the level of 
earthquake activity in Egypt is low. 

~~---~-- ------,-------------



CHAPTER 6 

Some aspects of the geophysical regime of Egypt in relation to heat flow, 
groundwater and microearthquakes 

FOUAD K. BOULOS 
Geological Survey of Egypt, Abbassia, Cairo, Egypt 

1 HEAT FLOW 

Egypt lies in the northeast comer of the Mrican 
continent close to the northeastern margins of the 
African plate (Le Pichon et al. 1973: 83). The north
em boundary of the African plate in the eastern 
Mediterranean is poorly defined (McKenzie 1972) 
and the nature of the intermediate thickness of the 
eastern Mediterranean crust (20-25 km) is uncertain 
(Ryan et al. 1970, Lort 1971). To the east there is 
convincing evidence that the Red Sea is a young 
proto-ocean (see Girdler & Styles 1974) and, in the 
northeast, the Red Sea bifurcates into the Gulf of 
Suez and Aqaba around the small Sinai subplate (Le 
Pichon et al. 1973: 95-103). Heat flow determina
tions in the eastern Mediterranean have all resulted in 
similar but relatively low values (Ryan et al. 1970, 
Morgan 1979). In contrast, heat flow determinations 
from the Red Sea yield erratic, but generally high 
values, probably related to a median spreading center 
(Girdler 1970, Haenel 1972, Evans & Tarnmemagi 
1974). Heat flow data from northern Egypt, there
fore, provide a link between these two contrasting 
heat flow provinces. Different attempts have been 
made to estimate the geothermal gradient and heat 
flow in different regions of Egypt. 

Geothermal gradients in the Gulf of Suez 

Tewfic (1975) was the first to study the geothermal 
gradients in the Gulf of Suez from oil well tempera
ture data, from the point of view of its relevance to 
hydrocarbon exploration. He calculated an average 
geothermal gradient in the Gulf of Suez (Fig. 6/1) of 
26.1 mK/m (°C/km) from 321 oil wells in which 
Bottom Hole Temperature (BHT) data were avail
able. The geothermal gradients were calculated from 
the equation 

Geothe I gradi 
BHT- MST 

rma ent= D 
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where MST is the mean annual surface temperature 
assumed to be 26. 7°C and D is the depth at which the 
corresponding temperature is recorded. Gradients 
calculated in this manner are in error ofless than 10% 
(Harper 1971, Evans & Coleman 1974) due to tran
sient temperature disturbances encountered during 
conducting routine logging runs in newly drilled 
holes. Gradients ranged from 11 to 57 mK/m. Tewfic 
(1975) distinguishes three main regional hot trends 
for gradients higher than 27 mK/m in the Gulf of 
Suez running NW-SE subparallel to the shoreline: the 
first between Ras Shukeir and Amer field, the second 
between Amal field and the eastern part of Morgan 
field, and the third between the Nebwi area and Sudr 
(Fig. 6/1). No obvious direct relationship between 
thermal trends and oil accumulation has been found. 
For example, Ras Gharib and Bakr oilfields occur in 
rather hot areas, while Belayim Marine and Land 
oilfields represent cold areas of gradients lower than 
24 mK/m. Tbe distribution of geothermal gradient 
hot and cold areas in the Gulf of Suez, however, 
appeared in his opinion to be governed by major 
structural elements where the hot areas correlate well 
with gravity highs. 

He also studied in detail the geothermal gradients 
at three oilfields and the data are summarized in Table 
6/1. Studying a geothermal gradient profile passing 
by Bakr, Ras Gharib and July oilfields and its rela
tionship with the Miocene evaporites and pre
Miocene relief in a diagrammatic cross section cons
tructed between these oilfields, he noticed an excel
lent matching between the pre-Miocene surface and 
the geothermal profile. In his opinion, a direct rela
tion appears to exist between the geothermal trends in 
the Gulf of Suez and the pre-Miocene relief. The hot 
trends are indicators of high pre-Miocene blocks 
while the cold trends indicate deeper pre-Miocene 
blocks. Besides, Miocene salt distribution accounts 
for most of the cold trends present in the Gulf of 
Suez. 

----------..,------------
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Figure 6.1 Location map of 
oilfields and oil wells from which 
BHT data were collected by Mor
gan eta!. (1977) in the Gulf of 
Suez. 

Geothermal gradients and heat flow in northern 
Egypt 

Table 6/1. Geothennal gradient values in the Gulf of Suez. 

Oilfield No. of Geothermal gradient (mK/m) 

To provide geothennal reconnaissance data for 
northern Egypt, geothermal gradients have been esti
mated by Morgan et al. (I 977) using BHT data from 
128 oil wells in the northern Western Desert of Egypt 

RasGharib 
Belayim Marine 
Morgan 

oil wells Average Maximum 

54 31.4 42.1 
8 21.5 23.7 

80 23.9 32.5 
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Figure 6.2 Locations of tempera· 
ture data oil wells, northern West
ern Desert and Nile delta (after 
Morgan et al. 1977). 

Figure 6.3 Data of 289 oil well 
BHT venus depth at nonhero 
Egypt Calculated temperature 
gradient by least squares linear 
regression analysis is 18.98 mK/m 
(after Morgan et al. 1977). 

Figure 6.4 Dataof76oil well 
BHT venus depth at the Gulf of 
Suez. Calculated temperature gra
dient by least square linear regres
sion analysis is 24.62 mK/m (after 
Morgan et al. 1977). 
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Table 6(1. Geothermal gradient values for northern Egypt. 

Region No. of oil Depth of wells (m) BliT data collected 
wells used 

Geothermal gradient 
(mK/m) 

for collect-
ing data 

Range Mesn Depth (m) Mesn depth Total Reliable Reliable Reliable 
(m) no. no. range mesn 

North West- 128 
emDesenof 
Egypt and the 
Nile delta 

292-4656 2958±937 114-4656 2408±1112 289 248 13-27 20.6±2.9 

Gulf of Suez 38 457-4002 2436±970 457-4002 2005±1045 76 70 12-40 26.7 ± 5.0 

and the Nile delta (Fig. 6(1.) and 38 boreholes in the 
Gulf of Suez (Fig. 6/1} following the example of 
Tewfic (1975). 

The collected data of BHf were plotted versus the 
corresponding depths at which temperatures were 
recorded for northern Egypt and the Gulf of Suez 
(Fig 613 and 6/4 respectively). Reported temperatures 
for northern Egypt ranged from 30.6°C at a depth of 
372m to 126.7°C at4,197 m and for the Gulf of Suez 
from 36.1°C at a depth of670m to 148.3°C at4,002 
m. From a single borehole, independent gradients 
have been calculated where more than one BHf was 
available. The mean and range of geothermal gra
dients and the corresponding number of oil wells 
from which BHf data were collected are given in 
Table 6/2. Frequency histograms of all gradients for 
both regions are shown in Figure 6/5. The mean 
gradients estimated for the northern Western Desert/ 
Nile delta region and the Gulf of Suez are 20.6 ± 2.9 
and 26.7 ± 5.0 rnK/m respectively. These have been 
calculated from reliable gradients after rejecting tem
perature values considered to represent discordant 
measurements with unusually high errors e.g. high 
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Figure 6.5 Histograms of calculated geothermal gradients 
for northern Egypt (upper) and the Gulf of Suez (lower) 
(after Morgan et al. 1977). The mean gradient for each 
region is indicated by the arrow bead 

temperatures at shallow depths or low temperatures 
at intermediate depths. Additional gradient estimates 
of the Gulf of Suez calculated from 143 BHT data of 
105 oil wells ranging in depth from 457 to 5,198 m by 
Morgan eta!. (1983) give an average mean of 26.9 ± 
5.7 rnK/m and a range of 14-47 rnK/m. The higher 
mean gradient and larger standard deviation for the 
Gulf of Suez data indicate a different thermal regime 
in this area with respect to northern Egypt. 

A combination or mese gradients and rock thermal 
conductivities K allows heat flow values to be esti
mated. A generalized stratigraphic column for the 
northern Western Desert of Egypt (Table 6/3} is used 
to estimate the mean thermal conductivity of the 
rocks relevant to northern Egypt geothermal gra
dient. Assuming all the formations are present, the 
average total thickness of the stratigraphic column 
down to the Precambrian is 6,460 m, and the 
weighted harmonic mean conductivity is 2.3 W /m/K. 
If only the upper 2 km of the section is taken, the 
weighted harmonic mean conductivity is reduced to 
2.0 W /m/K. Assuming a mean thermal conductivity 
for the rocks in northern Egypt to be in the range of 
2.0-2.3 W /m/K, the mean heat flow for this region 
lies within the range of 42-47 mW!rn2 (1.0-1.1 J.lCllV 
cm2fs, HFU) with an estimated error±15%, reflecting 
a stable platform setting for the region. This range is 
considerably below the world average of 61.5 mW/ 
m2 (Lee 1970), but is consistent with uniformly low 
heat flow values reported for the eastern Mediterra
nean region (30-45 mW/m2: Ryan et al. 1970, Mor
gan 1979). The low heat flow is interpreted as result
ing from a stable heat flow contribution and a low 
heat production in the upper crust. The concept of 
low crustal heat production is supported by data from 
Evans & Tammemagi (1974) who report a mean 
basement heat production of 0.67 ± 0.49 jlW/m3. 
This would only contribute approximately 7 m W /m2 
to the heat flow (assuming a radioactive heat produc
tion thickness of 10 km). An alternative explanation 
of the low heat flow is the downward transfer of beat 
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Table 6/3. Northern Egypt generalized stratigraphic column 
and assumed thermal conductivities. 

Age formation Aver. Basic rock type K 
thick- (W/m/K.) 
ness 
(m) 

Pliocene 58 Calcarenite and Sdy, 2.1 (l) 
Lst 

M.Miocene 183 Limestone 2.2 (2) 
Marmarica 

L.Miocene 213 Sand and gravel 2.1 (!) 
Moglrra 

Oligocene 503 Shale 1.5 (3) 
+U.Eocene 
Dabaa 

M. + L. Eocene 122 Limestone 2.2 (2) 
Apollonia 

U. Cretaceous 244 Chalk 1.8 (4) 
Khoman 

U. Cretaceous 457 Limestone and shale 2.0 (3) 
AbuRoash 

U.-L. Cretaceous 488 Sandstone with shale 2.6 (5) 
Bahariya 
Kharita 

L. Cretaceous 219 Dol., Sdy, Dol., Lst 3.8 (8) 
Alamein 

L. Cretaceous 1219 Sandstone and shale 2.6 (5) 
Alam el-Buib/ 
Matruh Shale 
Sidi Barrani 

U. Jurassic 305 Limestone and shale 2.Q(3) 
Masajid 

M. Jurassic 610 Shale 1.8 (3) 
Khatatba 

L. Jurassic 207 Limestone 3.4 (6) 
WadiNatrun 

Permian-Cambrian 1829 Shale and limestone 2.6 (5) 
Precambrian Basement rocks 2.9 (6) 

The lrracketed numbers indicate the reference from which 
the conductivity was assumed: (I) estimated from Clark 
(1966); (2) Coster (1947); (3) Clark (1966); (4) Evans & 
Coleman (1974); (5) Girdler (1970); (6) Evans & Tarnme-
magi (1974). 

by descending mantle material (Ryan et a!. 1970). It 
is thought unlikely, however, that such a mechanism 
would produce such an extensive area of low heat 
flow, or that it would affect the intermediate eastern 
Mediterranean crust, and the continental north Afri
can crust in the same way. 

There appears to be a slight systematic trend to the 
distribution of geothermal gradient values in northern 
Egypt indicatecd in a plot of mean geothermal gra
dients in 1 x I and 1 x 2 degree squares, as shown in 
Figure 6/6. The lowest mean gradients are found in 
the Nile delta region and south 29° N. The highest 
mean gradient is found between latitudes 30 and 31° 

Table 6/4. Thermal conductivity of drill cutting samples 
from southern Gulf of Suez nil well. 

Description Conductivity 

Siltstone 
Siltstone/sandstone 
Carbonate/shale/sandstone 
Evaporite/shale 
Evaporite 
Granitic basement 

(W/m/K) 

2.1 
2.7 
2.4 
2.3 
3.3 
3.1 

No. of 
samples 

I 
I 
I 
I 
I 
2 

N and longitudes 25 and 27° E, and other gradients 
appear to decrease in all directions away from this 
section. In the Nile delta region, it is thought that the 
gradients may be slightly reduced by the effects of 
recent sedimentation (see e.g. Benfield 1949). Other 
gradient variations are thought to result from bulk 
conductivity variations in the sections penetrated by 
the boreholes, notably a reduction in the thickness of 
the post-Eocene sediments to the south. 

Estimation of the thermal conductivity in the Gulf 
of Suez is considerably more complex. Lithologic 
logs in the Gulf of Suez show large thicknesses of 
Miocene evaporites in the section that may reach 
several thousand meters in thickness (Said 1962). 
The thermal conductivities of evaporites, notably 
rock salt, are typically two to three times the conduc
tivity of the majority of the sediments listed in Table 
6/3 (Clark 1966: 464). Uncertainty of the thickness of 
evaporites in the section, therefore, leads to a large 
uncertainty in the bulk thermal conductivity. Sed
iment conductivities of a few drill cutting samples 
collected from one of the oil wells in the southern part 
of the Gulf of Suez were measured (Morgan et al. 
1983) using the technique described by Sass et al. 
(1971) and their values are shown in Table 6/4. 

A minimum estimate of the thermal conductivity 
of 2.3 W /m/K for the Gulf of Suez results in a 
minimum estimate of the heat flow of 60 m W 1m2, i.e. 
more than 30% higher than the north Egypt heat flow. 
With large thicknesses of evaporites in the Gulf of 
Suez section, however, the heat flow could be as high 
as80oreven 100mW/m2(Morganetal.1977). This 
order of heat flow is more consistent with the re
ported mean heat flow in the Red Sea of 116 m W fm2 
(Haenel 1972). There is also the possibility of some 
structural control on the geothermal gradients and the 
higher mean heat flow is thought to be related to shear 
motion taking place along a plate boundary passing 
along the Gulf (Picard 1970). This hypothesis is 
supported by the occurrence of hot springs on both 
sides of the Gulf (Swanberg et al. 1977). 
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Figure 6.6 Mean geotbennal gra-
30 • dients for northern Egypt in I" x 

I" and I" x 2° areas (after Morgan 
et a!. 1977). The mean gradient in 
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29 • brackets are the number of tempe
rature data uoed and the number of 
boreholes in each area. 

Geothermal data from measurements inside 
boreholes 

The results obtained from the heat flow estimates of 
oil wells were supplemented by additional and more 
conventional heat flow measurements in existing 
mineral exploration and water boreholes (Morgan et 
al. 1980, 1983). A totalof52mineralexplorationdrill 
holes and four water wells were selected at 13 sites in 
Egypt (Fig. 6{1 and Table 6/5), where temperatures 
were measured at 5 m intervals in the boreholes to a 
precision of O.Dl •c using an electrical resistance 
thennistor. Some of these temperature data are shown 
in Figure 6/8. Temperatures were computed for linear 
sections of the temperature-versus-depth plots by 
least squares linear regression analysis and the mean 
gradients at each site are given in Table 6/5. 

Figure 6/8 shows that the Nuweibi, Abu Ghalaga 
and Abu Tartur data have a large scatter at shallow 
depths due to surface temperature variations at differ
ent locations and annual surface temperature fluctua
tions. Little scatter is evident in the Abu Dabbab data 
as these boreholes were drilled from exploratory 
mine adits with relatively constant temperature. Litt
le scatter is also evident in the data from the two 
boreholes at Sukkari, indicating similar surface tem
peratures for both locations at this site. 

Data from western Egypt (Abu Tartur and West 
Kharga) indicate low geothermal gradients between 
15 and 19 mK/m. These boreholes are in sediments of 
low thermal conductivity and low heat flow, thus 
extending the low heat flow province of the eastern 
Mediterranean as far south as latitude 26° N. 

In eight boreholes at Abu Tartur (AT, Fig. 6{1), 
however, the calculated gradient was high averaging 
74 mK/m ('phosphate' in Table 6/5). The high gra
dients were measured above a proven phosphate 

deposit at 80-150 m depth and the spatial coincidence 
of the thermal high and the phosphate suggests that 
the two are related Natural gamma logging in the 
boreholes indicates that there are small levels of 
radioactivity that can account for such a dramatic 
increase in temperature gradients. The plausible 
explanation is that the heat may have been produced 
by oxidation, probably of pyrite within the phosphate 
beds. This would explain the rapid decrease in geo
thermal gradient as the phosphate horizon is pene
trated and does not indicate a geothermal resource. 
The thermal anomaly over the phosphate is of interest 
as a possible exploration tool for the phosphate de
posit. Shallow (1-2 m) temperature measurements 
could be used to map the lateral extent of the deposit 
(see e.g. Kappelmeyer 1957). 

bt the Eastern Desert, the geothermal gradients 
measured at eleven sites range from very low (8.2 
mK/m at Gabbro Akarem) to high (50 mK/m at Abu 
Shegeila) (Table 6/5). At Abu Shegeila borehole, two 
distinct linear gradients of 30 and 50 mK/m have 
been observed at respective depths of 65-160 and 
175-235 m probably due to a conductivity contrast 
Taking into account the low thermal conductivity of 
the sediments at this site, the high gradient of 50 
mK/m indicates a high heat flow of I 05 m W /m2 

similar to the mean of Ill m W fm2 reported for the 
Red Sea margin (Girdler & Evans 1977). 

The other nine sites in eastern Egypt with the 
exception of the Shagar water well (SH, Fig. 6/7) are 
all in Precambrian basement outcrops which gen
erally have a higher thermal conductivity than the 
sediments of western Egypt. The gradients from 
these sites are generally higher toward the east and 
when the thermal conductivities are taken into 
account they define a band of high heat flow 30 km 
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Table 6/5. Geothermal data in existing minetal exploration drill holes and water wells in Egypt (Morgan et al. 1980, 1983, 
1985). 

Loc. Site Lithology Gradient No. of Depth2 Conductivity No. of Heat 
symbol mK/m B.H.' m W/m/K Sp.' How 
(Fig. 6{7) mW/m2 

A) WEST EGYPT 
AT Abu Tartur Palaeocene carbonate 18.7 ±I 4 10-110 2.2±0.6 12S,M 41 

beds and clastics 
AT Abu Tartur (WW) Palaeocene carbonate 20.25 I 125-235 2.2±0.6 45 

beds and clastics 
AT Abu Tartur phos- Palaeocene carbonate 74 ±6 8 25-145 2.2±0.6 163 

phate beds, clastics and 
phosphate deposit 

WK WestKharga Cretaceous sandstone 15.2 I 100-430 2.8 4S 43 
(WW) 
B) EAST EGYPT 

SH E. Shagar-1 (WW) Pliocene/M. Miocene 30 I 100-275 2.1-3.3* 63-99 
clastics 

18 275-450 2.1-3.3* 38-59 
SH Shagar-2 (WW) M. Miocene clastics 25 I 350-485 2.1-3.3* 53-83 

AB Abu Shegeila Tertiary sediments 30 I 65-160 2.1-2.7* 63-81 
50 175-235 2.1* 105 

AD AbuDabbab Precambrian granite 28.9±2.9 8 20-200 3.2±0.5 45C 92 
NE Nuweibi Precambrian granite 20.3±2.6 10 30-190 3.3±0.5 60C 67 
su Sukkari Precambrian granite 18.9 3 60-240 5.1±2.1 6C 96 
BA Barramiya Precambrian granite 16.7 I 50-300 4.4 IS 73 
AG AbuGhalaga Precambrian gabbro 18.8 5 100-225 2.6±0.6 39C 49 
us Umm Santiuki Precambrian volcanics 19.1 2 25-140 3.2±0.8 36C 61 
HO HomrAkarem Precambrian granite 17.6 2 45-120 3.25• 57 
GA Gabbro Akarem Precambrian gabbro 8.2 3 30-70 2.6• 21 
GG GertinaEI- Precambrian granite 12.0 I 30-60 3.25* 39 

Gharbiya 

1 Number of boreholes used for site gradient calculations. 
2 Depth range of temperature measurements used for gradieot calculations. 
3 Number of samples measured in conductivity determinations. 
S =Surface samples, C =Core samples, M =Mine samples. 
• =Estimated conductivity, WW =Water well, 

inland. This regional high heat flow anomaly indi
cates a potential for geothennal resources along the 
Red Sea margin (Morgan et a!. 1983). In contrast 
with western Egypt, many of the estimated heat flow 
values for eastern Egypt are high. 

1be conductivity data listed in Table 6/5 are a 
mixture of measured and estimated conductivity 
values (Morgan eta!. 1980,1983, 1985). Most of the 
conductivity measurements were made with a steady 
state divided-bar apparatus on representative cores 
from the holes logged (for techniques, see Birch 
1950, Beck 1965). The quality of heat flow values 
calculated for all gradient sites is primarily a function 
of conductivity control or lack thereof. The accuracy 
of heat flow determinations have been estimated 
(Morgan eta!. 1985) to range from about ±10% for 
sites with good conductivity control (e.g. Abu Dab
bah, Nuweibi) to ±30-50% for sites with poorly 
defined gradients and estimated conductivities. The 

highest value of heat flow in eastern Egypt in Pre
cambrian basement, and which is calculated from 
abundant statistically-valid measured conductivities, 
is at the Abu Dabbab site where it amounts to 92 
mW/m2• 

Other geothennal gradients data at the Gulf of 
Suez and the northernmost Red Sea have been estin
rnated from new Birr oil well data and compiled 
(Table 6/6} with others collected from different 
sources (Morgan et al. 1985). 1bese include data 
from Ayun Musa coal exploration boreholes (AM, 
Fig. 6m and oil wells. 

Ayun Musa BH-15 has been temperature logged 
(Mahmoud 1962) showing a gradient of 32 mK/m 
between 405 and 540 m. Powell Duffryn (1963) 
estimated the gradient at a neighbouring borehole 
BH-18 to be 75 mK/m where a single temperature of 
50.SOC was measured at a depth of 400 m. Assuming 
a mean surface temperature of 29°C the mean gra-
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Figure 6. 8 Examples of subsurface temperature data from: A. Nuweibi, B. Abu Dabbab, C. Sukkari, D. Abu Ghalaga and E. 
Abu Tartur boreholes (after Morgan eta!. 1983). 
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Table 6/6. Compiled geothermal data from the Gulf of Suez and the northernmost Red Sea. 

Loc. Site LaL Long. Lithology Gradient No. of Depth(2lm Estimated Heattlow Ref. 
symbol ON OE mK/m BH<1J conductivity mW/m2 

(Fig. 6{1) W/m!K 

AM Ayun Musa BH-15 29.90 32.67 Mesozoic 32 I 405- 540 2.4 77 I 
sediments 

AL Asa!No.24 29.46 32.84 Tertiary sed- 60 130-1130 2.1-3.3 126-198(162) 2 
iments 

OS OS 101-1 29.17 32.95 27* 4 0-3381 2.1-3.3 57- 89 (73) 3 
31* 3 1188-3381 2.1-3.3 44- 69 

BR Bakrwell73 28.50 32.98 57* I 2.1-3.3 120-188(154) 4 
AF Ashrafi east 27.77 33.70 Miocene 32* 4 311-2047 2.1-3.3 67-106 (87) 3 

Cret. sed. 
AF Ashrafi west 27.79 33.68 Miocene 27* 7 328-3656 2.1-3.3 57- 89 (73) 3 

CreL sed. 
WM Wadi Mellaba 27.57 33.56 Miocene 23* 3 2240-3505 2.1-3.3 48- 76 (62) 3 

sediments 
AN AbuShiban 27.46 33.84 29* 6 261-3807 2.1-3.3 61- 96 (79) 3 
RT RSOT"95-I 27.46 34.18 35* 5 986-1897 2.1-3.3 74-116 (95) 3 
RB RSOB"95-I 26.67 34.18 40* 5 1148-3016 2.1-3.3 84-132(108) 3 

• Gradient derived from BHT data. 
(I) Number of boreholes used for site gradient calculations. 
(2) Depth range of temperature measurements used for gradient calculations. Numbers in parentheses in heat !low column are 

heat !low values used for plotting in Figure 6{1. 
I. Mabmoud(l962). 2. lssaret a!. (1971), 3. Morganet al. (1985), 4. Tewfic (1975). 

Table 6{1. Geothermal data from specially-drilled regional-gradient boreholes in Egypt (Morgan et a!. 1980, 1983, 1985). 

Location Site B. H. Lithology Gradient Depth1) Conductivity Heat !low 
symbol no. mK/m m W/m/K mW/rn2 

(Fig. 6{1) 

WG WadiGhadir Ql Precambrian granitic gneiss 55 20-150 3.25• 179 
AS As wan Q2 Precambrian granite 13.9 20-100 4.1t 57 
WH WadiHiglig Q3 Precambrian granite 23.4 20-100 3.25• 76 
BE Berenice Q4 Precambrian granite 21.5 35-100 3.25• 70 
WG WadiGhadir Q5 Precambrian granite and grano- 30 25-100 3.25• 98 

diorite 
WG WadiGhadir Q6 Precambrian granite and diorite 27 15-100 3.25* 88 
WG WadiGhadir Q7 Precambrian granite, schist and 24 35-100 3.25• 78 

granodiorite 
GD Gebe!Duwi Q8 Miocene sandstone 12 40-100 2.7• 32 
HA Hamrawein Q9 Precambrian granite 29 20-65 3.25• 94 
SA Sharm El-Arab QIO Miocene sandstone 12 60-100 2.7• 32 
AR Abu El-Darag Qll Jurassic sandstone 20 25-60 2.7• 54 

16 60-100 2.7• 43 
HP Hammam Pharaoun Q12 Eocene limestone 40 5-80 2.4* 96 

47.7 50-80 2.4* 115 

I) Depth range of temperature measurements used for gradient calculations. 
* Estimated conductivity. 
t Measured conductivity for one surface sample. 

. .. -. -----· ------
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dients at A yun Musa were found to range between 13 
and 54 mK/m. Higher gradients amounting to 35-40 
mK/m are indicated from the data from two wells in 
the northernmost Red Sea (RT and RB, Fig. 6fi). 

A significantly high gradient of about 60 mK/m 
was reported from temperature logs at Asal well No. 
24(Issareta1.1971). 

To complement the study of heat flow pattern in 
eastern Egypt and the Red Sea, data of heat flow 
probes from survey ships (Girdler & Evans 1977) at 
eleven sites in the northern Red Sea adjacent to the 
Egyptian territorial waters at a water depth of 1.1-2.2 
km are given in Figure 6n. Girdler & Evans (1977) 
notice that the average heat flow values decrease 
from 467 ± 116 m W fm2 (N = 38) over the axial 
trough of the Red Sea to 111 ± 5 mW/m2 (N = 13), 
over the region 50 to 170 km from the present spread
ing center. This decrease is about twice the world 
mean. Morgan eta!. (1985) notice that live heat flow 
determinations in the coastal plain and offshore shelf 
of northern Sudan are very similar to the eastern 
Egypt coastal values. These values amount to 93 
mW/m2 (21.133° N, 37.083°E), 95 mWJm2(21.050° 
N, 37.283° E), 101 mWfm2 (20.817° N, 37.283° E), 
126 mW/m2 (18.801° N, 37.644° E) and 100mW/m2 
(18.317° N, 37.900° E) (Girdler 1970, Evans & Tam
memagi 197 4) thus reflecting a characteristic heat 
flow pattern of twice the world mean on the Red Sea 
margin. 
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Figure 6.9 Subsurface 1emperature data from the four 
specially-drilled thermal-gradient boreholes: Ql. Wadi 
Ghadir; Q2. Aswan; Q3. Wadi Higlig and Q4. Berenice 
(afterMorganetal.l983). 

To test the conclusions arrived at from the study of 
the gradient data of the existing mineral and ground
water exploration boreholes, twelve heat flow shal
low boreholes (:5100-150 m) were drilled in eastern 
Egypt (Morgan eta!. 1980, 1983, 1985). The loca
tions of these boreholes are shown in Figure 6n and 
their gradients are tabulated (Table 6fi). Some of the 
temperature measurements in the first four boreholes 
are shown in Figure 6/9. Thmperature measurements 
inside these boreholes (Morgan et a!. 1983, 1985) 
show that borehole Q2 close to Aswan (AS, Fig. 6fi) 
show a low gradient of 13.9 mK/m. Gradients be
come higher to the east amounting to 23.4 and 21.5 
mK/m at boreholes Q3 (WH, Fig. 6fi) and Q4 (BE, 
Fig. 6fi) respectively, confirming the increase of heat 
flow toward the Red Sea axis. 

At Wadi Ghadir borehole Q1 {located approxi
mately 2 km from the Red Sea coast, WG, Fig. 6fi) a 
very high gradient of 55 mK/m was measured revea
ling a local geothermal anomaly. To investigate the 
lateral extent of this anomaly, three additional bore
holes Q5, Q6 and Q7 (Fig. 6/10) were drilled to the 
west of Q 1. Temperature measurements inside these 
boreholes (Fig. 6/11) show a rapid decrease of gra
dient to the west from 55 to 30 mK/m at a distance of 
5 km to 24 mK/m at a distance of 18.5 km from the 
coast, thus reflecting a shallow source for the 
anomaly. Gravity data (Morgan eta!. 1981) indicate a 
steeply dipping fault downthrowing to the east, 
approximately 0.5 km east of Ql, and the proximity 
of this structure to the Q 1 anomaly suggests that the 
two may be related. Assuming a value of 3.25 W /m/ 
K for the thermal conductivity at Wadi Ghadir (esti
mated from the mean conductivities of Abu Dabbab 
and Nuweibi), the heat flow values of the four sites 
Q1,Q5, Q6andQ7 (Fig. 6/IO)willbe 179,98, 88and 
78 mW 1m2 (Table 6fi). The very high heat flow at the 
first site Q 1 may be in part due to thermal refraction 
caused by the juxtaposition of lower conductivity 
sediments and higher conductivity crystalline base
ment by the fault to the east of Q1 site (see e.g. 
Blackwell & Chapman 1977). An additional 
mechanism, such as the ascent of hot water along the 
fault, is required to explain the full magnitude of this 
anomaly(Morganetal.1981). 

Temperature measurements inside other shallow 
gradient boreholes (Morgan eta!. 1985), e.g. Gebel 
Duwi (GD), Hamrawein (HA), Sharm El-Arab (SA), 
and Abu El-Darag (AR) on the Red Sea coast (Fig. 
6fi) are given in Figure 6/12. In general, low gra
dients in shallow sedimentary sites do not appear to 
be representative of the deeper thermal regime. 

Red Sea coastal zone thermal anomaly 

It has been shown that the observed heat flow values 
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indicate a general increase toward the Red Sea (Mor
gan eta!. 1980) and this trend is shown more clearly 
in an updated plot (Morgan et al. 1985) of heat flow 
as a function of distance from the Red Sea margin 
(Fig. 6/13 ). Heat flow away from the Red Sea is 
probably in the range of 35-55 mW/m2, a range 
consistent with a stable tectonic setting for these sites 
(e.g. Morgan 1984). Heat flow appears to increase 
relatively rapidly 30-40 km off the coast to 75-100 
mWfm2 (the very high value at Wadi Ghadir Q1 site 
is not thought to be regionally sigoificant; see Mor
gan et al. 1981 ). The close spatial association of this 
thermal anomaly with the Red Sea suggests that it is 
related to the Red Sea opening. 

In an attempt to interpret the Red Sea coastal zone 
thermal anomaly, Morgan et al. (1985) studied the 
basic mechanisms by which the high observed heat 
flow in the Red Sea coastal zone could be produced. 
The crustal heat production data of the coastal zone 
sites (Abu Dabbab, Wadi Higlig and Wadi Ghadir) is 
sigoificantly below that required to produce the ob
served high heat flow at these sites with no additional 
component(s) of high heat flow. 

Thermal effects of erosion may contribute to the 
coastal thermal anomaly. Preliminary apatite fission
track closing ages of satnples collected from the 
Precatnbrian basement of the Eastern Desert of Egypt 
are in the range of 30 to 40 Ma indicating that these 
satnples, now at the surface, have cooled from the 
closing temperature of apatite fission-tracks of 110°C 
(Gleadow & Duddy 1981) during the last 30 to 40 
Ma. This indicates that 3 to 6 km of erosion took 
place during the last 30 to 40 Ma, based on the range 
of geothermal normal gradients observed in eastern 

Egypt at present. Thus an erosion rate of around 0.1 
to 0.2 km/Ma may account for some but not all of the 
coastal thermal anomaly. 

Other mechanisms which could produce the high 
observed heat flow values in the Red Sea coastal zone 
are deformation within the lithosphere and heat input 
from below the lithosphere. It is possible that lateral 
conduction from the subsided Red Sea lithosphere 
contributed to this coastal anomaly. Heat flow data 
from eastern Egypt trace this anomaly a minimum of 
25 to 30 km inland from the coastline and Gettings 
(1982) demonstrates that it would require about 30 
Ma for a sigoificant anomaly to be transmitted this far 
inland. Assuming magmatic underplating and intru
sion and a uniform extension over this period of time, 
an extension rate of 3 to 5 %/Ma is required to 
produce the mean heat flow of 111 m W 1m2 (Lachen
bruch & Sass 1978). For the Gulf of Suez, extensions 
of 10-20% in the Esh El-Mellaharange and 50-150% 
in the Gebel Zeit range have been reported by An
gelier & Colletta (1983). Estimates of regional exten
sions from these local extension values had not been 
made. 

2 GROUNDWATER: GEOTHERMOMETRY AND 

GEOCHEMISTRY 

The groundwater temperature/chemistry technique 
has been successfully applied in Egypt for regional 
geothermal investigations (Swanberg et a!. 1977). 
The water chemistry of thermal waters is a rapid and 
inexpensive exploration method for geothennal re
sources appraisal. This method provides information 
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Figure 6.12 Temperature-depth plots for shallow gradient 
data from Gebel Duwi (Q8), Hamrawein (Q9), Sharm El 
Arab (QlO), and Abu El Darag (Qll) sites (after Morgan et 
a!. 1985). Temperature data were recorded at 5 m depth 
intervals. 
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Figure 6.13 Heat flow in eastern Egypt south of 26° N 
plotted as a function of distaoce from the Red Sea caastiine 
(after Morgao eta!. 1985). Oosed circles= granitic base
ment sites with measured conductivities; open circles = 
granitic basement sites with estimated conductivities; open 
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regarding the type of geothermal reservoir (liquid or 
vapour dominated) and its possible reservoir tempe
rature. It also expands the general body of hydrologic 
knowledge of a given area by providing an indication 
of the water's origin, subsurface flow patterns and 
chemical quality. The study of non-thermal waters is 
also an important factor in geochemical exploration 
for geothermal resources. It establishes background 

chemistry for comparison with thermal water che
mistry which is required for the application of 
thermal water mixing models. Background geoche
mical studies also tend to reveal the presence of 
factors that render the use of chemical geothermo
meters invalid. Finally, it is also possible to utilize 
groundwater chemical data to detect the presence of 
geothermal resources that are not represented by 
surface features such as hot springs or hot wells 
(Swanberg & Alexander 1979). 

Several qualitative indicators of subsurface tempe
rature have been proposed (see Mariner & Willey 
1976), but only two geothermometers have been 
demonstrated to have widespread application. The 
silica geothermometer (Fournier & Rowe 1966) is 
based on the temperature dependence of quartz solu
bility in water and the NaKCa geothermometer 
(Fournier & Truesdell1973) is based on the tempera
ture dependence of the ratios of sodium, potassium 
and calcium. A magnesium correction to the NaKCa 
geothermometer has been published by Fournier & 
Potter (1979). Both geothermometers attempt to 
determine the last temperature of water-rock equili
brium within the geothermal reservoir and both are 
subject to possible errors resulting from continued 
water-rock interactions as the water migrates from 
the geothermal reservoir to the sample point, mixing 
of waters that have equilibrated at different tempera
tures and the precipitation of the ions involved. Both 
geothermometers also require that the water chemis
try be controlled by temperature dependent reactions. 
The basic assumptions of chemical geothermometry 
and the equations are given by Truesdell (1975) and 
Fournier & Potter (1979). 

In a study carried by Swanberg et a!. (1983) to 
assess the geothermal potential of Egypt, 160 
samples were collected from many parts of Egypt 
(Fig. 6/14) and chemically analyzed. The data of 
these samples have been combined with fifty other 
samples taken from the literature. The only three 
areas which were not covered by this study are the 
interior of Sinai, the Nile delta, and the Great Sand 
Sea of southwest Egypt. 

Samples were collected and made ready for in
vestigations on two stages in 1976 and 1979 with 
almost half their total number in each stage (Swan
berg et at. 1977 and 1983). At each site, the tempera
ture and depth of the sample were recorded. One of 
the duplicate samples collected was chemically 
treated in situ by the addition of definite amounts of 
deionized distilled water (for the 1976 samples) and 
nitric acid (for the 1979 samples) in order to stabilize 
such constituents as silica and Fe. All treated samples 
were chemically analyzed within three weeks of their 
collection. 
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Thermal water distribution 

Swanberg et al. (1983) found that the mean air tem
perature in Cairo is 22°C and the mean ground tem
perature of Egypt from the temperature-depth data of 
Western Desert oases is 26°C. Taking into account 
Waring's definition of a hot spring as one being 8.3°C 
above mean air temperature, then temperatures of 
Egyptian springs need to exceed 30-35°C in order to 
be classified as thermal. Using this definition, many 
of the thermal springs reported by El Ramly (1969) 
cannot be strictly classified as thermal, even though 
their temperatures (25-35°C) may be sufficient for 
some geothermal applications. 

Figure 6/15 shows the distribution of thermal spr
ings (T > 30°C) and wells (T > 35°C) (Swanberg et 
al. 1983). All the thermal springs in Egypt are located 
along the shores of the Gulf of Suez: A yun Musa, A in 
Hammam Pharaoun and El Tor on the eastern shore 
of the Gulf, and Ain Sukhna on the western shore. 
These springs owe their existence to tectonic (or 
volcanic) heating associated with tlte opening of the 
Red Sea/Gulf of Suez rift. Helwan sulphur spring 
(Sample 51, Fig. 6/15) located just south.of Cairo and 
reported as having a temperature of 36.1 °C (El 
Ramly 1969) and 28.9°C (Swanberg et al. 1983) 
probably represents a deeply circulating groundwater 
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Figure6.15 Location map of thermal waters (after Swanberg eta!. 1983). 

which has ascended to the surface along a fault zone. 
In the Western Desert, there are no springs that can 

be strictly classified as 'thermal'. All the occurrences 
of thermal water are from deep wells. 

Surface water temperature data have been plotted 
versus well depth (Swanberg et al. 1983) for wells 
from Kharga and Bahariya oases (Fig. 6/16). Since 
all these wells are either artesian or pumped continu
ously for agricultural purposes, the surface tempera
ture should adequately reflect BIIT and can thus be 
used to estimate the geothermal gradient. A least 
squares fit to these data yields a slope and intercept of 
16.5 mK/m and 26.0°C respectively. The latter value 
is consistent on the basis of the temperatures ob
served at the top of the water table for the hand-dug 
wells of the Eastern Desert. Thus, it appears that the 
hot wells of these oases owe their thermal nature to 

heating by a normal to low geothermal gradient and 
not to the presence of exploitable geothermal reser
voirs. 

A least squares fit to the temperature-depth data 
from wells at the Dakhla oasis (Fig. 6/17) yields a 
slope and intercept of 11.9 mK/m and 29.4°C res
pectively (Swanberg et al. 1983). It has been noted 
that wells that show anomalously high temperatures 
(average 40°C) are concentrated to the north (Fig. 
6/18) near the escatpment fomting the north bound
ary of the oasis. These data are most easily reconciled 
by assuming that water, heated by a normal to low 
geothermal gradient, is ascending along conduits at 
the north end of the oasis and migrating south 
through the principal aquifers. A reconnaissance 
microearthquake survey in this area subsequent to the 
discovery of the anomalous water temperatures rec-
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orded a single event with an epicenter on the escarp
ment (Morgan et al. 1980). 

It is worth noting that two regions of Egypt have 
shown thermal activity in the recent geological past. 
These are the extinct geysers on both sides of the 
Cairo-Suez road and Gebel Uweinat area of the 
southwest comer of Egypt (El Ramly 1969). 

Figure 6.18 Dakhla oasis showing 
25° the locations of the hottest wells. 

• 30' Solid triangles: sites with tempers-
20 102 tures ranging from 38.8 to 42.8° C 

(average 40.2° C); solid circles: 
sites with temperatures ranging 
from 31.7 to 42.2° C (average 
35.7°C). 

Subsurface temperature estimates 

The silica, NaKCa and NaKCaMg geothermometers 
have been applied to all the samples collected (Swan
berg et al. 1983). A quick scan of these data fails to 
reveal any samples with abnormally higb geotempe
ratures. Silica geotemperatures for the thermal waters 
have been plotted as a subset histogram beneath a 
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histogram showing the silica geotemperatures for all 
waters collected (Fig. 6/19). It has been noticed that 
with the possible exception of Ain Hammam Pha
raoun (Fig. 6/14) the thermal waters give results that 
are comparable to the non-thermal waters for both the 
Eastern and Western Deserts. Swanberg et al. (1983) 
concluded that this geothermometer cannot be used 
to infer the presence of abnormally high subsurface 
temperatures. A similar conclusion is reached by 
least squares regression analysis of both NaKCa and 
NaKCaMg geotemperatures against silica geotempe
ratures for the thermal and non-thermal waters of the 
Eastern Desert. Plots ofNaKCa/Si02 and NaKCaMg/ 
Si02 geotemperatures by Swanberg et al. (1983) 
failed to show any elevated geotemperatures for the 
thermal waters relative to the non-thermal waters. 
Swanberg et a!. (1983) concluded that there is no 
evidence from the geothermometry data to support 
the existence of a major geothermal anomaly asso
ciated with any of the thermal springs of Egypt. 

Silica heat flow 

Using the technique by Swanberg & Morgan (1979, 
1980) to estimate the regional heat flow from the 
silica content of groundwater, Swanberg eta!. (1983) 
calculated the silica heat flow for various parts of 
Egypt using the equation 

Phuuun 

Figure 6.19 Histograms of silica 
geotemperatures for all ground
waters from the Western (top) and 
Eastern (bottom) Deserts (after 
Swanberg et a!. 1983). 

q=<Ts;o -To)/m 
2 

where T s;o is the quartz conductive silica geo
temperaiiiit in •c, T0 is the mean annual ground 
temperature in •c, m is 670°C m2/W, and q is the heat 
flow in mWfm2. 
The estimated heat flow data are represented in Table 
6/8. In general, the agreement between the silica and 
the traditional heat flow data is good (Swanberg & 
Morgan 1980). Eastern Desert heat flow averages 
72.2 mW/m2 which is higher than is normally ob
seJVed in stable platform areas and implies a major 
heat flow anomaly in the Precambrian of eastern 
Egypt The heat flow throughout the Western Desert 
oases and along the Mediterranean coast is low(< 51 
mWfm2). On the basis of a very scanty data set, 
Swanberg et a!. (1983) believe that high heat flow 
(1.7 to 2.3 times normal) may exist from the Gulf of 
Suez area as far as Cairo-Faiyum-Wadi Natrun area. 
This is supported by the presence of extinct geysers 
and the historic seismicity of these areas. Ain Ham
roam Pharaoun, the hottest spring in Egypt at 70°C, 
lies on the border of the Gulf of Suez. This zone is the 
most favourable for geothermal exploration and de
velopment. 

Geochemistry of groundwaters 

The chemical analysis data of water samples were 
utilized to study the groundwater types in Egypt 
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Table 6/8. Heat flow estimates of Egypt based on the silica beat flow teChnique. 

Location Number of samples T~i!l, ("C) 
Eastern Desert 44 75.4± 15.3 
Kbarga Oasis 13 47.5± 2.4 
Bahariya Oasis 12 54.8± 2.8 
Dakhla Oasis 18 55.7± 4.2 
Mediterranean coast 21 55.4± 17.3 
SiwaOasis 22 60.3 ± 13.7 
WadiNatrun 7 74.7± 19.4 
Cairo area 4 89.2± 13.4 
Sinai (west coast) 4 73.8± 14.6 

I. Morganet a!. (1980), 2. Morgan eta!. (1977). 
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(Swanberg et al. 1988). For each major study area of 
Egypt, the chemical constituents of common anions 
and cations of water samples were represented on 
Sullins diagrams (Ezzat 1974, Swanberg et al. 1988). 
Figure 6/'}1) shows the geographic distribution of the 
four groundwater types as depicted by the Sullins 
technique. Samples where the ratio (total 
anions-total cations }/tutal anions exceeds 20% have 
not been used. 

In this Study; four types of groundwater in Egypt 
have been recognized: MgCiz, CaCiz, N"2S04 and 
NaHC03 (Swanberg et al. 1988). 

MgCI2 waters (typical of sea water). These are repre
sented by the Red Sea and Mediterranean Sea, by 
several springs and wells along the coasts of both 
seas, by all hot springs along both sides of the Gulf of 
Suez as well as the springs in the Cairo area and by 
the shallow wells and springs at Siwa oasis (Fig. 
6/'}1)). Low quality (2,500-12,000 mg/liter 'IDS) 
MgCiz type waters are found in the Red Sea coastal 
plain in wells penetrating below sea level. MgCiz 
waters are typically brackish with salinities ranging 
from 1,000 to 8,000 mg/liter 'IDS. Springs such as 
Ain Hanunam Pharaoun, Ain Sulshna, etc., which 
issue their waters along the shoreline represent 
deeply circulating groundwaters and clearly reflect 
mixing with sea water during their migration to the 
surface. In the Eastern Desert and Sinai, these waters 
represent oil wells, waters pumped from mines, or 
other saline non-consumptive waters. These waters 
have also undergone mixing with sea water. 1f one 
accepts the premise that coastal waters from the 
deeper aquifers (below sea level) generally have a 
strong component of MgCiz water, it is not surprising 
that all of the hot springs encountered are of the 
MgCiz type. Springs at Cairo (Helwan Sulphur Spr
ing, and Ain El Sira) are of MgCiz type. These waters 
appear to have penetrated to sufficient depth to en
counter sea water and risen to the surface via the 
faults in the Cairo area. 

CaCI2 waters. These are confined to the coastal areas 
of the Eastern Desert and Sinai (Fig. 6/'}1)), where 
they are the most frequently observed groundwater 
type. These waters are almost non-existent in Egypt 
outside this region bordering the Red Sea. In the 
Eastern Desert, most of these waters come from 
shallow 'hand dug' wells. In Sinai, they mostly repre
sent oilfield brines. These waters are generally brack
ish to saline with salinities ranging between 4,000 
and 15,000mg/liter'IDS. 

Na2fl0 4 waters. These are the mosi common water 
types in Egypt They are found in the Eastern Desert 
from the Precambrian complex of the Red Sea hills 

and west to the River Nile (Fig. 6/20}. They are also 
found throughout the major oases of the Western 
Desert and along the Mediterranean coast They are 
generally fresh with typical concentrations of less 
than 500 mg/liter 'IDS. At the Dakh1a oasis, most 
waters have a concentration of less than 200 mg/liter 
'IDS. 

NaHC03 waters. These are represented by the River 
Nile and by shallow groundwaters located in the 
major wadis adjacent to the River Nile (Fig. 6/'}1)). 
Isolated occurrences of NaHC03 type waters are 
found in the Red Sea hills where they probably 
represent a local perched water table. In the Western 
Desert, NaHC03 waters are found in all the major 
oases including Wadi Natrun, Bahariya, Dakhla, 
Kharga, Farafra (Fig. 6/14) and in southern Egypt 
between Uweinat and the River Nile. These waters 
are also represented in deep wells at Siwa and shal
low aquifers located between Siwa and the Mediter
ranean coast. All but a few of these waters have 
concentrations < 1,000 mg/liter 'IDS. 

Along the Mediterranean coast, the high quality 
NaHC03 waters are found along with other water 
types. They are associated with N"2S04 water types 
and are typically found in small synclinal basins 
where they overlie lower quality water of the MgCiz 
type. A typical basin (Fuka basin) described by Shot
ton (1946) possesses a high quality water found in 
limestone aquifer underlain by a clay horizon acting 
as an impermeable layer and separates the potable 
water from the more brackish water within and below 
the clays. The availability of potable groundwater 
supplies along the Red Sea coastal plain seems to be 
somewhat restricted. 

In the Western Desert, high quality groundwaters 
of the NaHC03 and N"2S04 type are found in all of 
the major oases. These waters rarely exceed 200 
mg/liter. Most of these wells are artesian and some 
have extremely large yields(> 10,000 liter/min}. The 
wells generally tap aquifers of the Nubian complex 
and well depths generally fall between 200 and 1,200 
m. At Siwa oasis, the deep waters are frequently 
similar to those from the other Western Desert oases. 

In the Eastern Desert, the deep artesian well at EI
Laqeita (sample E4, Fig. 6/14) is of particular inter
est This well taps the Nubian complex and the water 
shares many of the same characteristics as the waters 
from the Western Desert oases. Thus, it is quite 
possible that abundant (but finite) reservoirs of high 
quality water may underlie much of the currently 
uninhabited desert west of the Red Sea hills, a possi
bility that would have a significant bearing on the 
agricultural and industrial development of the inte
rior of Egypt 
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Recommended targets for future geothermal 
exploration 

An ideal target geothennal reservoir would be a high 
porosity and penneability sedimentary rock near ~e 
base of the sedimentary section such as the 'Nub1an 
sandstone' (Morgan et al. 1983) a series of well
sorted quartzose sandstones recorded as resting un
conformably over peneplaned basement rocks of the 
Red Sea margin and attaining a thickness of up to 500 
min the Gulf of Suez (Said 1962). 

The Nubian formation varies in depth from surface 
outcrops at a few localities along the margins of the 
Red Sea and Gulf of Suez to depths of several kil?
meters in the downfaulted blocks offshore (see Sa1d 
1962: Fig. 26). Suggested targets for further g~
thermal exploration would be areas where the Nub!~ 
formation lies at a depth of the order of 4 km. If this 
good reservoir can be found with a geothermal gra
dient of at least 32 mK/m (1 standard deviation above 
the mean for the Gulf of Suez oil wells), it should be 
possible to produce large volumes of geo~e~l 
fluid at approximately 150°C. All the data mdicate 
that such a reservoir may exist beneath the Red Sea 
coastal plain and along the margins of the Gulf of 
Suez. There are indications that higher gradients, and 
thus higher temperatores, may be found at the same 
depth which makes the eastern Egypt geothermal 
prospects even more attractive. 

3 MICROEARTHQUAKE STUDIES 

Microearthquake studies were initiated in May 1976 
as a result nf a joint US-Egyptian Geological Survey 
project. The occurrence of an earthquake of 5.6 Mb 
magrtitude in the Aswan High Dam area on 14 No
vember 1981 brought to the fore the importance of 
monitoring microearthquakes which have, since 
then, become part of current activities of the Helwan 
Institute of Astronomy and Geophysics (Kebeasy et 
al. 1987). The US-Egyptian Geological Survey pro
ject aimed at defining the active tectonics of Egypt 
and the study of the microseismicity at different parts 
of the country. In this project, a program of 
microearthquakes recording has been conducted in 
Egypt (Daggett et al. 1980) with an emphasis on t!'e 
region of the Eastern desert and the Red Sea margm. 
The collection of data continued until March 1981 
using high sensitivity portable seismographs with 
gains up to a few orders of magnitude higher than is 
typical for the World Wide Standardized Seismo
graph Net (WWSSN) stations. 

Until the initiation of this study, the northern Red 
Sea seemed essentially aseismic as very few earth
quakes have been reported from this region by the 

WWSSN. Fairllead & Girdler (1970) reported an 
earthquake (Mb = 6) which occurred on 12 November 
1955 on the western marginal scarp of the Red Sea 
(25.29° N, 34.58° E) in the vicinity of the Abu 
Dabbab area. They also reported the occurrence of a 
large earthquake (Mb = 6) near the mouth of the Gulf 
of Suez at 27.62° N, 33.91° Eon 31 March 1969 
preceded by three foreshocks and followed by 17 
aftershocks (Mb = 4.5-5.2) in the neighborllood of 
Shadwan Island. Maarnoun & El Khashab (1978) 
reported 35 foreshocks during the last half of March 
1%9 preceding the main shock. Ben Menahem & 
Aboodi ( 1971) located its epicenter at the northwest 
of Shadwan Island and found that the ruptured zone 
appeared to extend 30 km to the southeast. McKenzie 
et al. (1970) and McKenzie (1972) also reported a 
swarm of earthquakes at the southern end of the Gulf 
of Suez starting 1969. More detailed seismicity data 
for Egypt covering the period 1903 to 1966 have been 
reported by Ismail (1960) and Gergawi & El Khashab 
(1968) from the work at the He! wan Observatory, and 
these data indicate a higher level of seismicity than is 
recorded by the WWSSN. These data, however, do 
not indicate a coherent pattern of the seismicity of the 
northern Red Sea and report no additional epicenters 
in this area. It is possible that microearthquakes occur 
frequently in the northern Red Sea but are too small to 
be recorded by WWSSN. 

Microearthquakes are defined as events with a 
Richter magrtitude ofless than 3.0. In the study made 
by Daggett et al. (1980), an attempt has been made to 
define more clearly the seismicity of Egypt and the 
Red Sea margin by deploying microearthquake .sei
smograph stations. Sprengnether MEQ-800 high
gain single-channel portable seismographs have been 
used in conjunction with Teledyne-Geotech S-13 
vertical 1 Hz seismometers. Five to six instruments 
were in most cases deployed in an array at a time. 
Two or three instruments were sometimes deployed 
for short periods for reconnaissance recording. Loca
tions of microearthquake recording sites are shown in 
Figure 6(2.1. Most of the recording was concentrated 
in eastern Egypt and took place within several rec
ording periods from 1967 to 1981. 

At this stage, the determination of the hypocenter 
location of the events recorded on the arrays was 
made by using HYP071, a standard iterative hypo
center location program (Lee & Lahr 1972). The 
P-wave crustal velocity model which was found 
(Daggett et al. 1986) to minimize the travel-time 
residuals at the array station locations was as fol
lows: 

Oto 10km6.0km/s 
10 to 25 km 6.5 km/S 

> 75 km 8.0 km/s 
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Figure 6.21 Recording sites for microearthquake studies in Egypt from May 1976 to 1982 (after Boulos et al. 1987). 

This model is consistent with the regional geology 
(Precambrian crystalline basement), and the results 
of seismic refraction experiments performed on the 
Saudi Arabian Peninsula (Niazi 1968, Mooney et al. 
1985) and along the Jordan-Dead Sea rift (Ginzburg 
et al. 1979). Poisson's ratio of0.25 has been used to 
minimizeS-wave travel-time residuals, 

The magnitude (m) of locatable microearthquakes 
during this period was determined from the empirical 
relation 

m = 2.0 log (D)- 0.87 

where D is the signal duration in seconds (Adams 
1977). 

Continuous recording of microearthquakes at the 
As wan area (Fig. 6/21) has been conducted (Toppo
zada etal. 1988, Boulos et al. 1986) in a next phase 
(1981-1982) for about seven months after the occur
rence of the Aswan earthquake (M = 5.5) on 14 

November 1981 to locate the epicenters of the after
shocks. 

Reconnaissance microearthquake recording 

Reconnaissance recording was carried out in the fol
lowing areas: 1) Abu Dabbab, 2) Idfu-Marsa Alam 
road, 3) south Eastern Desert, 4) Quseir-Qena road, 
5) Hurgada-Ras Jemsa, 6) Faiyurn, 7) Kharga
Dakhla oases, 8) Suez, 9) Wadi Ghadir, and 10) south 
Sinai. Of the above areas, only two show intensive 
microearthquake activity at the recording sites (Dag
gett et a!. 1980). These are: a) Abu Dabbab and b) 
Hurgada areas. 

With the exception of the two above-mentioned 
recording areas, only a few events have been rec
orded elsewhere. During recording at the Suez area, a 
few events have been observed probably originating 
from Ayun Musa hot springs (29.88° N, 32.65° E) at 
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the northern end of the Gulf of Suez. A single event 
was recorded during the Kharga-Dakhla oases recon
naissance survey (Daggett et a!. 1980) and has its 
epicenterto the north ofDakhla oasis (25.6° N, 29.0° 
E) indicating an intraplate stress field and is thought 
to be related to an active fault controlling the flow of 
artesian hot water in this area reported by Swanberg 
et a!. (1977). On a two-day record at Hammam 
Pharaoun, a local microearthquake was recorded hav
ing its epicenter near the Hammam Pharaoun hot 
spring on the Gulf of Suez shore. 

Abu Dabbab seismicity 

This area has been monitored on three occasions: 

Figure 6.22 Abu Dabbab 
microearthquake swarm shown on 
two-day seismograms from a. Abu 
Dabbab and b. Wadi Raiyan rec
ording sites started on 22 October 
!976 and2 November 1980res
pectively (after Boulos et al.1987). 

May/June 1976, October/November 1976 and ApriV 
May 1977, and on each occasion a high level of 
seismicity was recorded. The rate of activity ranged 
from 10 to 15 events/day to more than 60/day and 
sometimes reached 100 identifiable microearthqua
kes per day (Fig. 6!22). The rate of activity for a 12 
day period in May/June 1977 is shown in Figure 6/23 
together with a frequency versus magnitude plot. It 
has been calculated that this rate of activity is equiva
lent in energy release to one magnitude IV earthqua
ke per year (Daggett & Morgan 1977), a very 
significant energy release from such a small area. 

The reconnaissance array recording carried out in 
the area using a relatively large diameter array of 55 
km for a period of 16 days during October/November 
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Figure 6.23 a Histogram of number of events/day detected at Abu Dabbab seismic station (31 May to 12 June 1976). b. 
Frequency versus magnitude plot for the events in a (after Daggett & Morgan 1977). 
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1976 (Daggett et al. 1980, 1986) shows a clustering 
of microearthquakes in an area of about 50 km2 (Fig. 
6/24). In this period, 47 locatable events were rec
orded, 42 of which originated from a small area in the 
immediate vicinity of Abu Dabbab. Of the remaining 
five events, one event was located approximately 20 
km south-southeast of Abu Dabbab in the Precam
brian crust and the other four events, although poorly 
located, had epicenters in the Red Sea. The magni
tudes of these events ranged from 1.3 to 3.6. 

Detailed array recording at Abu Dabbab has been 

Figure 6.24 Location map for fall 
1976 Abu Dabbab microearthqua
ke array and recorded epicenters 
(after Daggettet al. 1986). Relat
ive errors in hypocenter locations 
are less than 3 km. 

carried out after six months of the first recon
naissance recording with a much smaller diameter 
array of 12 km, centered on the active zone and 
operated for 15 days during Spring 1977 (Fig. 6/25). 
During this period, 140 locatable microearthquakes 
were recorded and the epicenters of all but one of 
these events originated from the immediate vicinity 
of Abu Dabbab and were restricted to an area of 
approximately 7 km east-west by 5 km north-south 
(Daggett et al. 1986). The epicenter of the lone event 
was located approximately 15 km northwest of the 
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Figure 6.25 Location map for spring 1977 Abu Dabbab microearthquake array and recorded epicenters (after Daggett et al. 
1986). Cross-lines show errors in epicenter locations. 

center of the Abu Dabbab activity. The focal depth for 
all events was upper crustal ranging from 5 to 16 km, 
with a mode of9 km. Magnitudes ranging from 0.2 to 
2.5. 

A plot showing the focal depth of the events on the 
epicenter map for the second recording period is 
shown in Figure 6/'lEJ. It is clear from this figure that 
the events do not follow linear trends or any other 
clearly defined spatial trend. Attempts to select 
events for composite fault plane solution have 
yielded internally inconsistent plots. Both the spatial 
distribution of the epicenters and the attempted fault 
plane solution determinations indicate that a complex 
stress field is responsible for the Abu Dabbab seis
micity. 

Earthquakes at Abu Dabbab have been reported by 
Morganetal. (1981) to beaccompartiedby a sound of 

distinct rumbling similar to the sound of a distant 
quarry blast. The sound is known to be heard by 
Bedouins for several generations. 

The extremely tight clustering of the Abu Dabbab 
hypocenters and its high level of activity for long 
periods as indicated by Bedouin reports (Morgan et 
al. 1981) suggest that seismicity in this area is not 
directly related to regional tectonics and there is no 
obviously related structural feature (Daggett et al. 
1986). One possible explanation is that the activity is 
related to the intrusion of a pluton into the Precam
brian crust (Daggett et al. 1986). The rifted margin of 
the Red Sea is a likely environment for plutonic 
activity, but at present there is no direct evidence to 
support this hypothesis. 
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Figure 6.26 Plot of spring 1977 Abu Dabbab epicenters showing focal depths of events (after Daggett eta!. 1986). 

Seismicity of the Gulf of Suez 

In February/March 19TI, five seismic stations were 
deployed for 32 days at nine recording sites near the 
mouth of the Gulf of Suez (Fig. 6/27). One station of 
the array was placed on Jubal Island (27 .63° N, 
33.80° E) near the entrance of the Gulf, whereas the 
remaining instruments were deployed in the adjacent 
coastal region to the west. 

The distribution of 93 locatable microearthquakes 
at the southern end of the Gulf of Suez was shown by 
Daggett et al. (1986) on the epicenter map (Fig. 6/27) 
north latitude 27• N with a clustering of the events 
beneath Jubal Island and a scattering of the events 
beneath the southern coasts of the Gulf. The average 
rate of activity in this area is 25 events/day, with 
swanns of as many as 200 events/day occurring once 

every seven days. Magnitudes ranged from 0.7 to 3.1 
and focal depth from 5 to 22 km. 

1\vo clear northwest-southeast trends appear in the 
Gulf of Suez region on the epicenter map (Fig. 6/27). 
The first extends for 125 km in length and 25 km wide 
passing through the center of the mouth of the Gulf 
with a concentration of activity around Jubal Island to 
which the epicenter of the 31 March 1969 earthquake 
was very close. The second trend is defined along the 
southwestern coast of the Sinai Peninsula. These 
events appear to have originated on the major bound
ing fault(s) between the Precambrian outcrops of 
southern Sinai and the Gulf of Suez depression. 

A linear regression fault plane analysis made of the 
projected hypocenters onto a vertical plane indicated 
fault planes striking parallel or subparallel to the axis 
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of the Gulf (Daggett et al. 1986). Strikes and dips of 
the fault planes are 349 and 46° for the central Gulf of 
Suez and 317 and 61° for the southwestern Sinai 
events. The fault plane analysis of the microearthqua
ke hypocenters therefore indicates that the 1969 fault 
plane continues to be active and is consistent with the 
source parameters of Ben-Menahern & Aboodi 
(1971). 

Daggett et al. (1986) relates the high rate of seis
micity at the southern end of the Gulf of Suez to 
crustal movements among the Arabian and African 
plates and Sinai subplate as a result of the opening of 

RED 
SEA 

36 

Figure 6.27 Epicenters of all rec
orded microearthquakes in the 
northern Red Sea region (after 
Daggett eta!. 1986). O'oss-lines 
show errors in epicenter locations. 
Solid circles indicate numerous 
epicenters wiJh overlapping sym
bols. 500 faJhom depJh contour 
and axis of deepest water are 
shown in Jhe Red Sea. Oblique 
heavy lines indicate best fit strikes 
for Jhe central Gulf of Suez and 
western Sinai epicenters. Strippled 
areas indicate outcropping Pre
cambrian crystalline basement. 

the Red Sea extension in the Gulf of Suez and the 
left-lateral strike-slip motion in the Gulf of Aqaba. 

Seismicity in the northern Red Sea region 

Figure 6m compiles all the events recorded during 
the microearthquake study in eastern Egypt. North of 
25.75° N, five poorly located events (Daggett et al. 
1986) defines an active tectonic zone extending from 
the southern end of the Gulf of Suez into the median 
zone of the Red Sea. The report of Melville about two 
earthquakes felt at Brothers Island lighthouse (34.86° 
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Figure 6.28 Location map of (1981/1982) As wan microearthquake array and recorded epicenters from 13 December 1981 to 6 
July 1982 (after Toppozada et a!. 1988). Location error< 5 km. 

E, 26.31" N) on 4 February 1908 and 6 January 1910 
supports the presence of an area within the Red Sea 
near 26.25° N that has had continuing activity during 
this century (Woodward Clyde 1985). It is interesting 
to note that this activity follows the deep water axis 
(Laughton 1970). Some of these events were found 
(Boulos et al. 1987) to occur in the vicinity of hot 
brine deeps (Degens & Ross 1969), two of which 
namely Barbeque Deep (27 .18° N) and Conrad Deep 
(27 .05° N) have been discovered recently in the 

northernmost Red Sea on the CONRAD 1984 Red 
Sea cruise (Cochran et al. 1985). The trend of these 
deeps and the epicenters of the northern Red Sea 
earthquakes possibly defines an active tectonic zone 
related to the opening of the Red Sea, extending from 
the median zone of the Red Sea to the Gulf of Suez. 

Aswan seismicity 

On 14 November 1981, a magnitude 5.6 earthquake 
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occurred 60 km southwest of the Aswan High Dam, 
under a large embayment of the lake. This embay
ment is a structural depression that has been sub
merged only since 1976. It marl<s the intersection of 
two major sets of faults trending approximately east
west and north-south. 

A month after the main shock, the Geological 
Survey of Egypt installed a networl< of six MEQ-800 
seismographs for about seven months from De
cember 1981 to July 1982 for continuous recording 
of the aftershocks. 1n July 1982, the temporary ne
twork was replaced by a networl< of radio telemetered 
seismographs installed and operated by the Helwan 
Institute of Astronomy and Geophysics in coopera
tion with the Lamont and Doherty Geological Obser
vatory of Columbia University (Simpson et al. 1987). 
The rate of microearthquake activity during the first 
recording period ranged from 10 to 20 events/day to 
swarms of 30 to 40 events/day and decreased accord
ing to Simpson et al. (1982) to 5 to 10 events/day in 
July-September 1982. 1n the first period, the magni
tude of the located earthquakes (estimated using the 
duration method of Lee et al. 1972) ranged from 1.1 
to 4 with the majority having magnitudes of about 2 
to 3. The largest felt aftershocks observed during this 
period were between magnitude 4.0 and 4.4. 

Initially five stations were installed, three east of 
the High Dam Lake (Lake Nasser) and two to the 
west (Fig. 6/28). The geometry of the networl< was 
varied along successive periods to achieve azimuthal 
coverage of the aftershocks as the epicentral distribu
tion became known. In total, 14 sites (Fig. 6/28) were 
occupied during the seven months of monitoring. 

More than 700 earthquakes of magnitude 1 or 
greater were located using HYPOELLIPSE com
puter program (Lahr 1979) using a three-layer crustal 
velocity model with P-velocity of 5.47 km/s in the top 
4.4 km, 6.25 km/s from 4.4 to 20 km and 6.57 km/s 
below 20 km. The constructed model (Toppozada et 
al. 1988) was based on the seismic data recorded 
during blasting near As wan Dam (Fig. 6/28) for the 

construction of the Aswan 11 power plant. More than 
500 epicenters with a horizontal standard error of less 
than 5 km for the entire recording period were plotted 
(Fig. 6/28). 

Analysis of Aswan microearthquakes (Toppozada 
et al. 1988) has shown that the majority of the epi
centers are concentrated in the vicinity of Gebel 
Marawa about 65 km upstream southwest of the 
As wan High Dam, along the east-west Kalabsha fault 
at the intersection with a northerly trending fault. 
Seismicity also clusters about 10 km north of the 
Kalabsha fault and also about 15 km further to the 
east near the intersection of the Kalabsha fault with 
another northerly trending fault. The focal mechan
ism of the main seismic zone is consistent with 
right-lateral strike-slip on the Kalabsha fault. A few 
well-located epicenters fall in the main stream of the 
Nile, approaching to within 5 km of the High Dam. 
Focal depth ranges from 10 to 25 km shallowing to 
the east. 

It is worth mentioning that in addition to the local 
Aswan events, 30 regional earthquakes were located 
from Aswan seismograms (Toppozada et al. 1988, 
Boulos et al. 1987). 1\venty of these events origi
nated from the Eastern Desert around Abu Dabbab 
between latitudes 25 and 25.75° Nand longitudes 34 
and 35° E. 1\vo events originated from the south 
Eastern Desert, and one from the Red Sea. Seven 
events originated from the Nile Valley north of As
wan between latitudes 24.25 and 24.78° Nand longi
tudes 32.5 and 33.SO E. 

With respect to Aswan seismicity, it is possible that 
the Kalabsha fault along which most of the earthqua
kes were concentrated was actively seismic before 
the filling of the lake and that unfelt microearthqua
kes occurred in the area. The few seismograms col
lected during the reconnaissance recording periods 
near Aswan in November 1977 and February 1978 
unfortunately did not detect any of this activity (Bou
los et al. 1987). 



CHAPTER 7 

Egypt in the framework of global tectonics 

PAUL MORGAN 
Geology Department, Box 6030, Northern Arizollll University, Flagstqff, Arizona 86011, USA 

During the decade following Said's (1962) synthesis 
of the geology of Egypt, a revolution has occurred in 
the earth sciences. The tantalizing questions sur
rounding the concepts of continental drift, which had 
remained controversial for more than half a century, 
were resolved with the recognition of the youth of 
ocean basins and the implications of sea-floor spread
ing. These concepts were linked with the theory of 
plate tectonics and many geologic events, thought 
once to be of only local significance, were recognized 
as global in origin. To a reader familiar with the 
concepts of plate tectonics, many of the elements of 
plate interactions are implicit in the framework of 
Egyptian geology outlined by Said (1962). The pur
pose of the present contribution is to build upon the 
excellent starting block provided by Said to explicitly 
describe the role of global tectonics in the tectonic 
and geologic history of Egypt. 

The main global tectonic events that have directly 
or indirectly affected the geology of Egypt are sum
marized in Figure 7/1. These events are described 
chronologically below, emphasizing the regional ge
ological implications of each event and leaving the 
details and local significance of each event to the 
authors of other chapters in this book. 

PRECAMBRIAN- THE BASEMENT COMPLEX 

The crystalline basement of Egypt is primarily Pre
cambrian in age and is exposed extensively in the 
mountains of eastern Egypt and the southern part of 
Sinai (Said 1962). Smaller, but significant isolated 
exposures also occur across southern Egypt extend
ing to the Precambrian complex or massif ofUweinat 
which straddles the borders of Egypt, Sudan and 
Libya (Schandelmeier eta!. 1983, Schandelmeier & 
Darbyshire 1984 ). The Basement complex has been 
encountered in several wells in northern Egypt (e.g. 
Said 1962), and there is no reason to believe that it is 
not continuous throughout Egypt below the sedi-
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mentary cover from the exposures to the south and 
east 

The oldest dated rocks in the Basement complex 
are Late Archean (2673 ± 21 Ma) in age (Klerkx 
1980) and are found in the Uweinat mountains of 
southwestemmost Egypt These rocks, the Karkur 
Murr series, consist of cbarnockitic gneisses meta
morphosed to granulite facies. The effects of retro
grade metamorphism on the isotopic age-dating sys
tematics are difficult to evaluate, but the age of 2673 
Ma is considered to be a minimum age for the defor
mation accompanying the granulite facies meta
morphism (Klerkx op cit). This metamorphism was 
associated with isoclinal folding with fold axes 
oriented north-south to north-northeast-south
southwest. Model neodymium ages for these char
nockites are middle Archean (Harris eta!. 1984). A 
second metamorphic event at about 1840 Ma is re
corded in amphibolite facies rnigmatization and ana
texis in the overlying 'Ayn Daw series, with east
west to northeast-southwest folds overturned to the 
north (Klerkx op cit). Newly obtained model ages 
from the Gebel Kamil and Gebel El Asr (southwest 
Egypt) areas range from 2300 to 1900 Ma (see 
Chapter 11, this book). These indicate the formation 
of a new crust in the Early to Middle Proterozoic and 
adds new evidence to the proposal of Harris et al. 
(1984) that the Late Archean nucleus of Gebel Uwei
nat is rimmed by a Middle Proterozoic fold belt 
Finally a late (undated) stage of deformation formed 
large domes along north-south trending axes in both 
series. 

Isotopic ages for other areas of the Basement com
plex indicate an upper age limit of 1200 Ma (Hashad 
1980), consistent with model neodymium ages for 
these rocks (Harris et al. 1984). A wide range of 
younger ages have also been determined, indicating 
continual magmatic and tectonic activity in the Base
ment complex from 1200 to about 500 Ma. Hashad 
(1980) interprets a compilation of isotopic age data to 
indicate two major episodes of igneous intrusion in 
this period. The older episode from 1000 to 850 Ma 
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includes calc-alkalic diorites, tonalites, trondj
hemites and granodiorites, the petrochemistry and 
initial strontiwn isotope ratios of which suggest a 
mantle source with little crustal contamination. The 
younger episode from 675 to 500 Ma is represented 
mainly by K-feldspar-rich granites, the petrochemis
try of which suggests a crustal origin, while initial 
strontiwn isotope ratios suggest a mixed crust-mantle 
origin. 

Thus, three distinct ages are indicated for the Base
ment complex in Egypt, a Middle or Late Archean 
age with Early Proterozoic reactivation in the Uwei
nat massif, an Early Proterozoic event of major 
crustal formation and reactivation, and a Middle to 
Late Proterozoic age with Eocambrian to Cambrian 
reactivation and possible addition. These three ages 
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Figure 7 .I Major tectonic events 
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represent a growth of the Egyptian basement com
plex from an Archean continental nucleus of un
defined extent in southwestern Egypt to the modem 
extent of the continent by the addition of Late Pre
cambrian juvenile crust. Little can be said at present 
regarding the formation of the Archean continental 
nucleus, except that the event responsible for the Late 
Archean granulite facies metamorphism, which was 
the stabilizing event of this nucleus, was probably 
analogous to a modem continent-continent collision 
(such as the Himalayan belt), as this appears to be the 
only setting in which granulite facies metamorphism 
can be formed at what finally becomes the top of a 
normal thickness continental crust (Morgan & Burke 
1985). 

ht contrast to our poor understanding of the forma-

------ ------------------
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tion of the Archean continental nucleus, much pro
gress has recently been made in understanding the 
genesis of the Late Precambrian crust. The division 
of these Precambrian rocks into plutonic, meta
volcanic and meta-sedimentary sequences by the pio
neering early geologists in this area, their careful 
classification by Schurmann (e.g. 1957) and descrip
tion by Said (1%2) in terms of geosynclinal se
quences strongly suggests, in a modem tectonic 
framework, an accreting margin environment. This 
association was first recognized in corresponding 
Precambrian rocks of the Saudi Arabian shield in the 
mid-1970s and shortly thereafter in eastern Egypt 
(e.g. Bakor et al. 1976, Garson & Shalaby 1976, 
Greenwood et al. 1976, 1980, Gass 1977, 1979, 
Shackleton 1977, 1980). It is now generally accepted 
that the continent grew during the Late Precambrian 
by the accretion of island arcs onto the continental 
nucleus as illustrated schematically in Figure 7 !2 
(from Gass 1982, see also Kroener 1979, Engel et al. 
1980, Fleck et al. 1980, Shackleton et a!. 1980, 
Shimron 1980, 1984, Greenberg 1981, Stem 1981, 
Reymer 1983, Ries et al. 1983 and others). Rapid 
accretion of island arcs onto the continental nucleus 
culminated in the Late Precambrian and late granitic 
intrusions (Younger Granites) were probably fom1ed 
by crustal remelting of the newly fomted and thick
ened crust, possibly in locally extensional environ
ments (e.g. Greenwood et al. 1980, Stem et al. 
1984). 

1\vo basic factors remain unresolved in the Late 
Precambrian growth of the Egyptian Basement: the 
size of the Archean continental nucleus and the role 

of strike-slip motion during island arc accretion. It 
has been common in the past to include all of central 
and eastern Saharan and northern Africa as non
cratonic areas regionally affected by the 1100 to 500 
Ma 'Pan Mrican tectono-themlal event' as shown in 
Figured 7/3 (e.g. Clifford 1970, Gass 1977, Kroener 
1979, Windley 1984: 137-146). However, in Egypt 
there is convincing evidence outlined above for the 
existence of an Archean continental nucleus, repre
sented in Egypt by the Uweinat massif, onto which 
juvenile crust was accreted during the Pan African 
event. Thus, it is probably more useful to limit the 
mapped extent of the Pan Mrican to those areas 
where continental growth or major regional meta
morphism of Pan Mrican age can be demonstrated. A 
revised interpretative map of Pan African orogenesis 
and its implications are shown in Figure 7/4 (adapted 
from Morgan & Burke 1985, and Burke & Sengor 
1986) in which the Uweinat massif is shown to be 
near the northeastern margin of a pre-1 000 Ma craton 
continuous with the Congo craton. The division of 
two pre-1 000 Ma cratons in Africa as shown in 
Figure 7/4 is consistent with the definition of Pan 
Mrican events affecting only those areas in which 
regional metamorphism of Pan African age can be 
demonstrated (e.g. in Nigeria; Matheis & Caen
Vachene 1983). A widely accepted explanation of the 
tectonic significance of this division has yet to be 
fom1ulated, however, and as this area is peripheral to 
the present discussion, it is not considered in detail 
here. 

The extent of the pre-1100 Ma craton (or cratons if 
it was more than one craton) in northeast Africa is 
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poorly constrained, but Archean to Middle Protero
zoic ages in this area support the concept of a nucleus 
onto which the Pan African of nottheast Africa was 
accreted (see also Vail1976). Arguments put forward 
by Church (1979, 1983) and Nasseef & Gass (1977) 
support the concept of a continental nucleus in Egypt 
onto which the Pan African was accreted, and Gass 
(1982) calls this nucleus the Nile craton, as shown in 
Figure 7 (2, with the reasonable implication that it 
may have extended as far east as the Nile. Lead 
isotope data from late Precambrian igneous rocks are 
intetpreted by Gillespie & Dixon (1983) to indicate 
that .the boundary between the late Precambrian 
accreted terrain and the older craton to the west is in 
the Aswan area, providing additional support for the 
existence of a major basement boundary in the Nile 
area in southern Egypt. Futther south in eastern Afri
ca the Pan African terrain includes granulite facies 
metamotphism, which as before is intetpreted to 
indicate the site of a continent-continent collision 
(Morgan & Burke 1985). ln northeast Africa the lack 
of Pan African granulite metamotphism indicates a 

Figure 7.3 Extent of Pan African 
orogeoesis as interpreted by Clif
ford (1970). 

less intense accretion zone. The specific environment 
for the formation of the crust that was accreted to the 
continental nucleus in eastern Egypt, i.e. mid-ocean 
spreading center, marginal basin or island arc, cannot 
be unambiguously resolved from available data, and 
it is possible that more than one environment may be 
represented in the accreted crust. For example, 
Church (1979, 1983) and Hashad & Hassan (1979) 
present sedimentological and other evidence to sug
gest a marginal basin environment, whereas Stem 
(1979) presents chemical data which support the 
model of an island arc for the Younger Metavolcanics 
in eastern Egypt. Clearly. however, a significant vo
lume of new crust was accreted to eastern Egypt 
during the Pan African. 

Reymer & Schubert (1984) have argued, based on 
studies of modem arcs, that the volume of the Pan 
African Arabian-Nubian shield is too large to be 
explained by simple island arc accretion. Their 
estimates of arc volume are minimum estimates 
based upon their study of relatively immature arc 
systems, however, and as the region from which arcs 
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can be 'swept' into nucleus is essentially uncons
trained over the 700 Ma period of arc accretion, the 
arc model can explain rapid continental growth in this 
area (K. Burke pers. comm., 1985). Furthermore, the 
evidence for a continent-continent collision to the 
south of the Arabian-Nubian shield suggests that arcs 
could have been 'swept' north into the unconstrained 
free-face zone of 'continental escape', giving further 
concentration of the arcs onto the continental 
nucleus. 1bis concept implies major strike-slip mo
tion approximately northward (modem orientation) 
during the arc-accretion episode, evidence for which 
is found in the northeast-southwest trending Najd 
fault system in Saudi Arabia (Moore 1979, Schmidt 
et al. 1979). 1bis fault pattern has not been explicitly 
recognized in Egypt, but a parallel or complementary 
(northwest-southeast) system is predicted. Thus, 
major motion parallel to the margin of the continental 
nucleus is expected in addition to the component of 

Fortlond Trough of 
Pan-African AQI' 

0 = Ouqorto 
T =Tindouf 
II= Volta 

Figure 7.4 Revised 
interpretation of late 
Proterozoic African 
tectonics. 

motion towards the nucleus during arc accretion. The 
main structural components of Africa relevant to the 
Precambrian Basement of Egypt are schematically 
summarized in Figure 7/4. 

PHANEROZOIC- GENERAL OBSERVATIONS 

Following rapid continental growth in the late 
Precambrian-early Paleozoic, Egypt and the conti
nental mass of which northeast Africa was a part 
entered a period of relative tectonic quiescence. In 
fact, none of the later Phaerozoic tectonic and mag
matic activity in Egypt matched the intensity of Pan 
African arc accretion. Phanerozoic rocks are domi
nated by relatively undeformed and unmetamor
phosed sedimentary strata, with the most intense 
tectonic activity concentrating and, in fact, respon
sible for the modem continental margins of northeast 
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Figure 7.5 Histograms of Phanerozoic isotopic ages for 
Egyptian igueous rocks: A. K-Ar ages on K-spars and bulk 
granitoid samples; B. K-Ar ages on micas and bulk volcanic 
samples; C. Rb-Sr isotopic and isochron ages on whole rock 
samples; D. Undifferentiated isotopic ages. (A, B and C 
modified from Hasbad 1980, D from R. Said pers. comm. 
1984). 

Mrica. Compilations of igneous age dates indicate 
relatively continual but minor igneous activity in 
eastern Egypt through the Phanerozoic (Fig. 7/5, 
Hashad 1980, Said pers. cornm. 1985), but the major 
tectonic events recorded in the Phanerozoic sedi
mentary record indicate a relatively passive response 
to global eustatic sea level changes and plate interac
tions on the northern and eastern Egyptian margins. 
Using paleocontinental world maps (Smith et a!. 
1981 ), the approximate latitude of Egypt is plotted as 
a ftmction of time through the Phanerozoic in Figure 
7/6. 

At the end of Pan Mrican continental growth, 
Egypt was at mid-latitudes in the southern hemis
phere. The Red Sea and eastern Mediterranean had 
not formed and Egypt was a continuous continental 
mass, with Saudi Arabia to the east and Thrkey to the 

north on the southwestern corner of Gondwanaland 
(the supercontinent of the southern continents of 
Mrica, Antarctica, Australia and South America, Fig. 
7 m. Paleomagnetic data indicate that at the beginn
ing of the Paleozoic, Egypt was drifting south, pro
bably reaching its most southerly Phanerozoic lati
tude with the location of Cairo at almost 70° S during 
the Ordovician (Fig. 7/8, Smithet a!. 1981). Since the 
late Ordovician/early Silurian, plate motions have 
been transporting Egypt north to its modern position 
with the location of Cairo at a latitude of approxi
mately 30° N (Fig. 7 /6). Cycles of Phanerozoic 
marine sedimentation in Egypt are basically consi
stent with global eustatic sea level cycles, as shown in 
Figure 7 !9, the main differences reflecting tectonic 
activity which affected Egypt. Paleozoic and Meso
zoic volcanic rocks are diverse in their chemical and 
eruptive characteristics, whereas Cenozoic volcanic 
rocks are largely basaltic in composition (Meneisy 
1985). Klitzsch (1984) has recently summarized the 
geological development of northwestern Sudan and 
central and southern Egypt since Cambrian time and 
this summary is drawn upon extensively here. 

PALEOZOIC 

The Paleozoic was a period of relative tectonic stabil
ity in the Egyptian geologic record following major 
late Precambrian/early Cambrian Pan Mrican activ
ity. Paleozoic strata in Egypt are primarily clastic, aod 
form part of a sequence of Paleozoic shelf sediments 
in North Mrica which extends over an area of five 
million square kilometers and which has no obvious 
analogue anywhere else in the world (Burke pers. 
comm. 1984 ). Other shelf sequences, such as the 
interior of North America and the Russian Platform, 
contain much more carbonate than the Paleozoic 
North Mrica strata. The general stratigraphic section 
for Upper (southern) Egypt deduced from recent 
hydrocarbon exploration in this region is shown in 
Figure 7/10. Four factors may have been important in 
the development of this shelf sequence: 1) erosion of 
Pan Mrican mountains; 2) epeirogenic and structural 
movements in the craton; 3) glaciation due to the 
southerly latitude of North Mrica for much of the 
Paleozoic (Figs 7/6 and 7n); and 4) high global sea 
level in the late Cambrian/early Ordovician (Fig. 
7/9). 

Erosion of topography generated during Pan Afri
can tectonic activity is clearly the source for Paleo
zoic clastic sediments, but the long period of deposit
ion of these sediments and the paucity of carbonates 
require some explanation. Glaciation of northeast 
Mrica during the first half of the Paleozoic is sug
gested by its southerly paleolatitude, and is 



Egypt in the framework of global tectonics 97 

30 

~ 

' 0 
<: 

0 

w 
0 

"' t- 30 
t-
"'~ -'-, 

0 

"' 
60 

90~---------.----------.---------.----------r---------,---------, 
0 100 200 300 400 500 600 

TIME BEFORE PRESENT (Mal 

Figure 7.6 Phanerowic paleolatitudes for Egypt Heavy line shows approximate paleolatitude of the location of Cairo. Fme 
lines show the uncertainty in terms of the 95% confidence limits for the pole position (data taken from Smith et al. 1981 ). 

w 

" ~ o+-------~~~~~~~~~--~~~~------~ 
1-.. 
-' 

Figure 7. 7 Reconstruction of the 
southern continents at 520 Ma. 
Latitude and longitude grid in 30° 
spacing (from Smith et al. 1981). 
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Figure 7.8 Reconstruction of the southern continents at 480 Ma, the time of the most southerly Phanerozoic latitude of Egypt 
(from Smith et al. 1981 ). 
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Figure 7.10 General stratigraphic section for Upper (southern) Egypt (from Beall & Squyres 1980). 
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confirmed by glacial tillite at the top of the Cambro
Ordovician section in Upper Egypt (Fig. 7/10, Beall 
& Squyres 1980), glacial deposits probably of Late 
Carboniferous age in southern Egypt and northern 
Sudan (Kiitzsch 1983, 1984) and glacial deposits of 
late Ordovician age in the Ahaggar (K. Burlce pers. 
cornm. 1984 ). Glaciation as late as Permian
Carboniferous has been suggested for parts of the 
Arabian Peninsula (McClure 1978, 1980). If parts of 
the Pan African mountains were preserved under the 
ice-cap until at least the end of the Ordovician, the 
relatively long period of clastic sedimentation from 
the erosion of these mountains may be explained. 
High global sea level in the late Cambrian/early 
Ordovician and reworldng of sediments associated 
with structural movements in the craton may have 
assisted in the distribution and redistribution of 
clastic sediments across North Africa at this time. 

Paleozoic sediments in Egypt, as in other parts of 
North Africa, are predominantly clastic with 
interfingering calcareous sediments. Lack of fossils 

in the Lower Paleozoic portion of this division pre
vents conclusive dating of most units of this age, and 
occurrences of pre-Carboniferous sediments in 
Egypt are spotty and widely separated Said (1962) 
concluded, however, that northern Egypt was 
covered by an extensive marine transgression (or 
transgressions) during this period that probably did 
not overlap the southern portions of the country. Later 
studies have confirmed that during the Paleozoic 
sediments of shallow marine transgressions derived 
from the northwestern quadrant interfingered with 
fluvial deposits from the southeastern quadrant with 
frequent breaks in sedimentation (Klitzsch 1984). 
This distribution is consistent with pre-Pan African 
continental nucleus and the main Pan African moun
tains being to the south and east. The first well-dated 
and widespread Paleozoic sediments in Egypt are 
Camoniferous in age and record another major 
marine transgression. Again the thickest develop
ment of these sediments is to the north, suggesting a 
lingering control of sedimentation by the Pan African 
highlands. 

1Wo areas of northeast Africa showed strong sub
sidence during the Paleozoic, the Kufra Basin to the 
southeast of Egypt and the Dakhla Basin in east
central Egypt (Fig. 7/11 ). More than 2500 m of 
Paleozoic sediments were deposited in the Kufra 
Basin, and Early Paleozoic to CarlJoniferous strata in 
the Dakhla Basin exceed 3000 m. 

The tectonic origin of both of these basins is 
difficult to deduce from the available data. Possibly 
subsidence was initiated in both basins in response to 
stresses or the relaxation of thermal anomalies gene
rated during the closing stages of Pan African crustal 
accretion. However, although the approxintately 150 
Ma period of slow subsidence in these basins is 
consistent with this hypothesis, corroborating evi
dence is lacking at present. Neev (1975, 1977) has 
suggested that the Kufra Basin is related to a major 
transcontinental shear, the 'Pelusium Line', which 
stretches from Anatolia down to the eastern limit of 
the Nile Delta, southwest across Africa to the Niger 
Delta, and into the Atlantic Ocean, but the range in 
ages of the features along this proposed trend make it 
unlikely that it is genetically related to Paleozoic 
subsidence in the Kufra Basin. Much of Egypt and 
adjacent portions of Sudan and Libya were marginal 
shelf to continental foreland to the Kufra and Dakhla 
Basins during most of the Paleozoic, on which a thin 
cover of very shallow marine sediments interbedded 
with fluvio-continental to deltaic clastics was depos
ited (Klitzsch 1984), probably printarily controlled 
by eustatic sea-level fluctuations. 

Most of the land emerged from the sea at the end of 
the Carboniferous and Permian occurrences are 
minor (Said 1962). South Egypt formed a regional 
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Figure 7.11 Structural interpreta
tion of part of the Eastern Sahara 
(from Klitzsch 1984). 

structural high towards the end of the Paleozoic and 
eroded material (Paleozoic strata and Precambrian 
basement) was transported south into the Sudan, a 
reversal of the dominantly northerly transport direc
tion earlier in the Paleozoic. The uplift was accom
panied by faulting with an essentially east-west 
strike, volcanism and intrusions (Kiitzsch 1984 ). 

Although the post-Pan Mrican Paleozoic was a 
time of relatively passive (in a tectonic sense) sedi
mentation in Egypt, isotopic age data indicate a wide 
range and distribution of Paleozoic magmatism (Fig. 
7 /5). Early Paleozoic ntagmatic activity is primarily 
restricted to late to post-tectonic granitoids, thought 

to be crustal melts associated with thermal readjust
ment of the thickened crust towards the end of Pan 
Mrican crustal growth (see above). Rb-Sr ages of 
these granites lie within the range 675 to 450 Ma, 
with a peak about 600 Ma (Hashad 1980). Younger 
K-Ar ages probably reflect minimum ages due to 
argon loss, and there is no evidence at present to 
dissociate any of these intrusions with the final stages 
of Pan Mrican tectonism. 

Later Paleozoic ntagmatism is represented by 
diverse igneous products including alkaline volca
nics and ring complexes which range in age from 554 
to 83 Ma (Serencsits et al. 1979, El-Shazly et al. 
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Figure 7.12 Reconstruction of the continents around Africa at 240 Ma, just prior to the assembly ofPangaea(from Smith et al. 
1981). 

1975, Hashad 1980, de Gruyter & Vogel 1981). 
Initial strontium isotope ratios for the alkaline volca
nics are very low, indicating derivation from mantle 
source material (Hashad 1980). Geochronological 
data have been used to place the rocks into different 
age groups, but a universal recognition of discrete 
alkaline magmatic events has not been achieved (e.g. 
cf. Hashad 1980, de Gruyter & Vogel1981, Meneisy 
1985). De Gruyter & Vogel (1981), Meneisy (1986) 
and others have suggested that the alkaline comp
lexes and other plutonic and volcanic assemblages 
were emplaced along reactivated Pan African frac
tures or pre-existing zones of weakness. De Gruyter 
& Vogel ( 1981) also suggest that the alkaline melts 
were generated in the asthenosphere by shear heating 
associated with rapid changes in plate motion. 

Hashad ( 1980) suggests that there is a grouping of 
isotopic ages at 300-245 Ma and Meneisy (1986) 
identifies three volcanic events at 350 ± 10,290 ± 10 
and 230 ± 10 Ma roughly coincident with this group. 
This Carboniferous to Triassic magmatism was 
roughly coincident with the Hercinian (Variscian) 
orogeny in Europe, and the creation of the single 
supercontinent of Pangaea from the northern and 
southern supercontinents of Laurasia and Gondwa
naland, respectively. Figure 7/12 shows the Smith et 
a!. (1981) reconstruction of the continents around 
Africa at 240 Ma (Late Permian): Laurasia was mov
ing westward relative to Gondwanaland at this time, 
resulting in orogeny in West Africa and some closure 
of the Tethys to the north of the African-Arabian land 
mass. There was some relationship between magmat
ism in Egypt and global tectonic events, but with the 

limited precision of the current isotopic age data and 
our limited understanding of the genesis of mid-plate 
magmatism, the genetic association of the magmat
ism and tectonism remains to be unequivocally deli
neated. Tectonic movements in Egypt at this time 
controlled sedimentation, as outlined above, and in
clude uplift of the Aswan-Uweinat block and the Urn 
Baraka block in northeastern Egypt (R. Said pers. 
comm. 1984 ). 

In summary, the Paleozoic of Egypt started with 
the final stages of Pan African arc accretion to the 
continental nucleus. Sedimentation for most of the 
Paleozoic was controlled by global eustatic sea-level 
changes, with clastic sediments probably derived 
primarily from Pan African highlands which were 
probably glaciated for at least some of the first half of 
the Paleozoic. Sporadic magmatic activity continued 
throughout the Paleozoic, but towards the end of this 
era there was a resurgence of magmatic and minor 
tectonic activity, coincident with and almost certainly 
related to a major global reorganization of the conti
nents. 

MESOZOIC 

Magmatic and tectonic activity from the end of the 
Paleozoic continued into the Triassic in Egypt. Pre
dominantly clastic sedimentation continued, pri
marily in northern Egypt, with cycles consistent with 
global eustatic sea-level changes at least into the Late 
Jurassic (Fig. 7 {9). Differential vertical movements 
continued throughout Nubia in the Mesozoic, and the 
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Figure 7.13 Tectonic elements of northern Egypt (from Sestini 1984). 

drainage regime which had switched from northward 
to southward late in the Paleozoic, reverted to north
ward once again in the middle of the Mesozoic era, 
probably in the Middle Jurassic {Klitzsch 1984). 
From the Jurassic to Late Cretaceous or Early Ceno
zoic time over a kilometer of Nubian strata were 
deposited in southwestern Egypt controlled primarily 
by marine transgressions and regressions (Klitzsch et 
a!. 1979) with alluvial plain sand with interbedded 
channel and soil zone deposits interleaved with 
marine clay and silt and shoreline sand deposits. 
These cycles constitute the typical Nubian Sandstone 
and represent continuously changing environments 
from fluvial and deltaic deposition with local erosion 
and paleosoil fonnation to beach and swamp envi
ronments and shallow marine conditions (Klitzsch 
1984). Extensive floral remains in the Nubia strata 
suggest a warm and humid to semihumid climate at 
the time of deposition (Klitzsch et al. 1979) which is 
consistent with the paleolatitude of Egypt just north 
of the equator during the Mesozoic (Fig. 7 /6). To the 
east in the central Eastern Desert similar sequences 
are found but during the Middle Cretaceous sed
iments were transported in a dominantly westerly 

direction from highlands in the area of the present 
Red Sea (Ward & McDonald 1979). 

1n northern Egypt sedimentation was similar dur
ing this period of time, but was controlled in addition 
by tectonic depocenters and positive structures (Fig. 
7/13, Sestini 1984 ). These tectonic elements include 
features that continued to he active from the Late 
Paleozoic, new Mesozoic features, and features that 
were inverted in Late Mesozoic or Early Cenozoic 
times (Sestini op cit). Most of these features trend 
roughly east-west or east-northeast and fault systems 
with a similar trend affecting southern Egypt during 
the Cretaceous and possibly later (Kiitzsch 1984 ). 
Many of these tectonic movements appear to he 
roughly coincident with initial Atlantic rifting and 
rifting of the South Atlantic (Fig. 7/1 ), but details of 
the regional Mesozoic tectonics in northeast Africa 
are not yet fully understood. 

Hashad (1980) and Meneisy (1985) both identify 
an alkaline magmatic event in the Late Jurassic-Early 
Cretaceous (150 to 130 and 140 ± 15, respectively) 
which was coincident with initial rifting in the Atlan
tic (Figs 7/1 and 7 /6). Rifting was probably also 
occurring along the north coast of Egypt at this time 
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Figure 7.14 Reconstruction of the continents around Africa at 160 Ma during early Atlantic opening and rifting ftnm northern 
Egypt (ftnm Smith eta!. 1981 ). 
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Figure 7.15 Reconstruction of the continents around Africa at 120 Ma after rifting ftnm northern Egypt and prior to Syrian Arc 
deformation (from Smith eta!. 1981). 

(Figs 7/14 and 7/15, Burl<e & Dewey 1974, see also 
Morgan 1982, 1983, Duncan 1981, Van Houten 
1983). Most reconstructions of Pangaea for the Late 
Pennian to Early Jurassic suggest that the eastern 
Mediterranean was closed during this period with 
southern Thrkey continuous with northern Egypt 
(e.g. Smith & Briden 1977, Smith & Woodcock 
1982, Smith et al. 1981 ). If these reconstructions are 
basically correct, then it seems likely that the eastern 
Mediterranean basin originated from Early Mesozoic 
rifting (Monod et al. 197 4, Hsu 1977, Be in & Gvirtz-

mann 1977, Biju-Duval et al. 1977, Biju-Duval & 
Dercourt 1980, Garfunkel & Derin 1984). The Meso
zoic sea north of Egypt bas been interpreted as part of 
a southern Neotethyan oceanic strand (e.g. Sengor et 
al. 1984), but Sestini (1984) can find no trace of a 
rifted continental margin close to the northern Egyp
tian coast The nature of the crust beneath the eastern 
Mediterranean is still controversial (e.g. see Giese et 
al. 1982) and it could be either thinned continental 
crust or oceanic crust with a thick sediment blanket. 
However, all interpretations of this area indicate 
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major extensional tectonics during the Mesozoic 
(Robertson & Dixon 1984). Deformation in Egypt 
was widespread during this event (e.g. Said 1962, R. 
Said pers. conun. 1984, Awad 1984), particularly 
associated with strike-slip motion between Mrica 
and Arabia (Neev 1975). 

Tectonic and magmatic activity increased again 
towards the end of the Cretaceous period. Hashad 
(1980) identifies a maximum in magmatic activity at 
100 to 80 Ma in full agreement with Meneisy ( 1986) 
who identifies a peak at 90 ± 20 Ma. Sestini ( 1984) 
identifies three principal tectonic events in this phase 
of tectonic activity which continued to the Middle 
Eocene. The first event was uplift of sections of the 
northern Egyptian margin and while folding is not 
evident, block tilting could have occurred. This activ
ity shortly followed rifting in the South Atlantic. 
Uplift was followed by the formation of the broad 
folds of the Syrian Arcs, which are generally inde
pendent of the trends of earlier structures. Growth of 
these folds occurred in various stages up to the Mid
dle Eocene, but at different times in different places 
(Said 1962). Northeast trending folding of the Syrian 
Arcs in northern Sinai and northern Egypt occurred 
during this phase (e.g. Said 1962, Awad 1984), and 
these compressional features can be tentatively 
traced as far east as the Cyrenaica Platform in north
eastern Libya (see Goudarzi 1980) and also continue 
offshore (Sesrini 1984 ). Rifting also occurred in 
northeastern Mrica at this time with an axis of exten
sion approximately perpendicular to the axis of fold
ing, the best documented example of which is the 
Sirte embayment in northern Libya (e.g. Goudani 
1980). These events are roughly contemporaneous 
with the stages of oceanic closure in the southern 
Tethys and collision of the Eurasian and Afro
Arabian plates. 1\vo models have been proposed for 
the evolution of the Syrian Arcs (Jenkins, chapter 18, 
this volume): 1) reactivation of Late Paleozoic struc
tures formed when an embryonic Gulf of Suez was 
formed (Agah 1981) and, 2) compression associated 
with Late Cretaceous closing of the Tethys (e.g. 
Coleman 1981). The last event in this phase of activ
ity was accentuation of uplift of the Mediterranean 
coast in the Early to Middle Eocene with the emer
gence and erosion of several positive structures and 
increased subsidence in the internal depocenters. 

A widespread marine transgression accompanied 
the lateral compression of the Syrian Arcs and calcar
eous sediments became abundant (Middle Calcare
ous Division, Said 1962). This is the first indication 
of a widespread major change in the sedimentary 
environment from the clastic sedimentation that fol
lowed the Pan African. Thus, as the start of the 
Mesozoic in Egypt was accompanied by tectonic and 
magmatic activity continuous from the previous era, 

tectonic and magmatic activity with a change in 
sedimentary style continued across the Mesozoic
Cenozoic transition. 

CENOZOIC 

Africa was flooded to what appears to have been an 
uoprecedented extent during the time of world-wide 
high sea level in the Late Cretaceous (Burke pers. 
conun. 1984). Emergence in the Eocene (Fig. 6/9), 
accompanied by the culmination of Syrian Arc for
mation, marked a return to clastic sedimentation in 
Egypt (Upper Clastic Division, Said 1962). There 
was a general transition in magma type from alkaline 
in the Late Cretaceous and Early Tertiary to tholeiitic 
basalt in later Tertiary magmatism (e.g. Ressetar and 
Nairn 1980, Meneisy 1986). This general transition 
in magma type accompanied by a Paleogene transi
tion in tectonic style from compression in the Syrian 
Arcs to extension in the Red Sea and Gulf of Suez. 
Since the Eocene the margins of Egypt have been 
dominated by vertical movements associated with 
gradual sinking of the Mediterranean basin and open
ing of the Red Sea (Sestini 1984 ), which is discussed 
in greater detail later. Faulting in the northern coastal 
belt from the Nile Delta to Cyrenaica was probably 
coincident with the opening of the Gulf of Suez and a 
marked escarpment was formed in northern Egypt, 
deeply incised in places (Sestini op cit). Latest Mio
cene (Messinian) fill in these channels, in addition to 
Pliocene deposits (Gvirtzman & Buchbinder 1977), 
leads Sestini (1984) to conclude that this erosion was 
related to uplift rather than entirely a drop in the level 
of the Mediterranean during the Messinian salinity 
crisis (Barber 1980, Hsu et al. 1973, Ryan 1978). 
Thick clastic sediments in the northern Nile Delta 
indicate both active subsidence of the basin and uplift 
and erosion of the Eastern Desert down to the crystal
line basement (Sestini 1984 ). 

RED SEA-GULF OF SUEZ RIFTING 

The Red Sea-Gulf of Aden rift system has long been 
recognized as having been formed by the separation 
of Arabia from Africa (Lartet 1869) and is pethaps 
the best modem example of continental fragmenta
tion and incipient ocean formation. These depres
sions were formed by the anticlockwise rotation of 
Saudi Arabia away from Mrica about a pole of 
rotation in the central or south-central Mediterranean 
Sea (e.g. McKenzie et a!. 1970, Freund 1970, Le 
Pichon & Francheteau 1978). Extension decreases 
westward along the Gulf of Aden and northward 
along the Red Sea, consistent with, and constraining 
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Figure 7.16 a. Thermal and uplift history of apatite samples from Sioai. b. Tentative time-table for rift-related events in Sinai 
(fromKohn&Eyall981). 

the pole of opening. At the northern end of the Red 
Sea the opening is split between the opening of the 
Gulf of Suez and predominantly sinistral shear along 
the Gulf of Aqaba-Dead Sea rift system (e.g. Ben
Menahem et al. 1976). Despite the relative youth of 
this system, there are several major problems still 
remaining in interpreting its tectonic evolution. 
These problems include the absolute and relative 
timings of vertical and horizontal movements asso
ciated with rifting, the nature of the crust in the 
northern Red Sea (extended and thinned continental 
crust, a mixture of continental and oceanic crust, or 
oceanic crust), the relationship between opening and 
shear in the Gulfs of Suez and Aqaba to Red Sea 
opening and the mechanism of rifting. 

Unequivocal dating of the first magmatic and/or 
tectonic events associated with Cenozoic rifting in 
eastern Egypt is difficult, a problem shared with most 
rifts (Ramberg & Morgan 1984). It has been sug
gested that the Late Cretaceous alkaline magmatism 
was associated with regional uplift (doming) of the 
Red Sea prior to extension (Ressetar and Naitn 
1980}, and Cretaceous doming in the area now oc
cupied by the Red Sea is indicated by seditnent 
transport directions (Ward & McDortald 1979). Most 
workers, however, do not consider the initiation of 
rifting to be this early. Meneisy (1986) identifies a 
late Eocene-early Oligocene magmatic event ( 40 ± 

I 0 Ma) which he associates with Red Sea doming and 
extension. Kohn & Eyal ( 1981) used fission-track 
data to determine the uplift history of Sinai which are 
shown in Figure 7/16a. They deduced that uplift 
preceded extension by a few Ma, as shown in Figure 
7/16b, but Steckler (1985) maintains that uplift and 
extension were synchronous, on the basis of a strati
graphic analysis of the Gulf of Suez. Meneisy (1985) 
also identifies a late Oligocene-early Miocene mag
matic phase (24 ± 2 Ma) which he associates with 
Red Sea opening together with additional phases of 
magmatism to about 15 Ma. There is general agree
ment that major faulting associated with Gulf of Suez 
rifting began in the Latest Oligocene to Early Mio
cene (e.g. Robson 1971, Chenet & Letouzey 1983, 
Steckler 1985), at the same time as initial Red Sea 
rifting (Coleman 1974, Gass 1977). 

Details of the exact direction and amount of exten
sion in the Gulf of Suez and Red Sea are also cur
rently controversial. In general, it is accepted that 
these depressions were formed by the anticlockwise 
rotation of Arabia away from Mrica. As noted by 
Cochran (1983), however, and as shown in Figure 
7/17, not all suggested poles of rotation are obviously 
consistent with coastline reconstructions. These 
problems arise because it is difficult to track the exact 
relative movements of Mrica and Arabia during the 
early stages of Red Sea opening, due to the lack of 



106 Paul Morgan 

a) b) c) 
36.5°N, 18°[ 32°N, 22°[ 36.5°N, I8°E 

32° :n° 32° 33° 3l' 33° 
30° +-----'---~--+ 3o"+---r---'---"'----t >o"+-7rr--~--,--'---t 

d) e) f) 

31 5°N, 23°E 5.85° 36.5°N, 18°[ 4.34° 32°N, 22°[ 6.0° 
32° 34° 

30"t-7.71-T--~---'----r 
32° 33° 34° 35° 36° 

3if~~-L--"'---L---r 
32° 33° 34° 35° 36° 

30"+-=--'--~----'---+ 

• 27 

29° 

" 27 " 27 

Figure 7.17 Reconstructions of Gulf of Suez and northern Red Sea and deduced plate motions for Sinai and Arabia (from 
Cochran 1983). 

unambiguous marine magnetic anomalies recording 
these movements and the non-rigid behavior of the 
rift zones. Workers in this area generally agree that at 
least the central portions of the Gulf of Aden and 
southern Red Sea were formed by sea-floor spread
ing, although the extent and age of oceanic crust in 
these areas is Jess certain (e.g. Cochran 1981, 1982, 
1983, Girdler & Styles 1982). Magnetic anomalies 
attributed to sea-floor spreading have been reported 
for the northern Red Sea (e.g. Hall 1979), but these 
interpretations have been questioned (Cochran 
1983), and definitive data constraining the mode of 
extension in this region are lacking. Thick sediments, 
including evaporites reduce the resolution of the data 
(e.g. Cochran op cit). In addition, the Sinai subplate 
has moved relative to both Mrica and Arabia, intro
ducing further uncertainties in relative motions. 

Other methods must thus be used to constrain plate 
movements in the northern Red Sea. 

One possible constraint upon extension in the 
northern Red Sea and Gulf of Suez is provided by the 
complementary shear movements along the Gulf of 
Aqaba and the Dead Sea rift system (Lartet 1869, 
Dubertret 1932, Quennell1958, 1959, 1984, Freund 
1970, Freund eta!. 1970). Offset of Miocene sedi
mentary and volcanic rocks was taken to indicate 
about 45 krn of post-Miocene movement with an 
additional 62 krn of movement thought to have oc
curred in the Early Miocene, possibly related to the 
initial faulting in the Gulf of Suez and Red Sea 
rifting. The amount of slightly more than 100 krn of 
left-lateral offset has subsequently been corroborated 
by a corresponding offset of aeromagnetic anoma
lies, which unfortunately provide no information on 



Egypt in the framework of global tectonics 107 

--

Platform 

Arabian 

Pial@ 

Arabian Plate 

Nubia 
(AFRICA) 

-TURKEY 

. ......:: ,o'' •• 
Y/ J)-<'0 

~0~' Border Folds 

r SY--;;;i 

PRE-MIOCENE MIOCENE PRESENT 
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the timing of the offset (Hatcher et a!. 1981 ). Several 
studies have suggested two or more phases of open
ing of the Red Sea, possibly correlating with poly
phase movement on the Dead Sea system (e.g. 
Girdler & Styles 1974, 1976, Richardson & Harrison 
1976,Girdler 1985), although these studies are based 
primarily upon magnetic anomaly data which have 
alternative interpretations (Cochran 1983, Labrecque 
& Zitellini 1985). Even the timing of the 107 km 
shear along the Dead Sea-Gulf of Aqaba system has 
been questioned and suggested to be all Middle Mio
cene or later (Bartov et a!. 1980). Thus, it seems 
reasonable to use the amount of shear on the Dead 
Sea system as a constraint on opening of the Red Sea 
and Gulf of Suez, but caution must be applied in 
interpreting the timing of these events. 

From the evidence that initial rifting in the Gulf of 
Suez and Red Sea was approximately synchronous 
(Late Oligocene-Early Miocene), but that much, if 
not all, shear on the Dead Sea system occurred later 
(Pliocene), it appears that perhaps extension in the 
northern Red Sea was initially accommodated to the 
north by extension in the Gnlf of Suez. Subsequent to 
the development of the Gulf of Suez, extension was 
accommodated by shear along the Dead Sea-Gulf of 
Aqaba system (Fig. 7/18, Dewey & Sengor 1979, 
Quennell1984). This two-stage development for the 
northern termination of the Red Sea is almost cer
tainly an oversimplification, and probably an overlap 

in the Suez opening and Dead Sea shear occurred. 
However, it is thought to represent a reasonable first 
approximation to the timing of plate motions in this 
area. Opening of the Gulf of Suez may have had a 
component of strike-slip movement and did not pro
gress far enough for complete separation of Sinai 
from Africa. The Gulf is underlain by thinned conti
nental crust, with extension in the upper crust by 
brittle block faulting and rotation (e.g. Chene! & 
Letouzey 1983, Steckler 1985, Angelier 1985). This 
extension of the continental crust in this region must 
be taken into account in the evaluation of the plate 
reconstmctions of the northern Red Sea (Fig. 7117). 

Attempts to identify the nature of the crust in the 
northern Red Sea rely upon geological evidence, 
geophysical data, and reconstmctions of the extended 
crust. As noted above, magnetic anomalies are not 
sufficiently well defined to allow unequivocal in
terpretation of spreading patterns in the northern Red 
Sea as may be expected if the area was underlain by 
typical oceanic crust. However, the thick sedimentary 
section and possibly slow spreading rate for the 
northern Red Sea (half spreading rate of the order of 5 
mmla assuming 200 km of opening in 20 Ma) make it 
unlikely that linear magnetic anomalies would be 
distinct even if the crust was oceanic. Samples of the 
crust are limited to a couple of basement samples 
from oil tests (Cochran 1983) and Zabargad (St 
John's) Island (Bonatti et al. 1981, 1983, Styles & 
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Gerdes 1983), and it can be argued that both of these 
sources of samples may be unrepresentative. Seismic 
studies on both the Saudi Arabian and Egyptian 
margins of the Red Sea suggest that the crust thins 
rapidly close to the coast with a relatively sharp 
transition into what is interpreted to be oceanic-type 
crust (Blanket al. 1979, Mooney et al. 1985, Prodehl 
1985, Milkereit & Flub 1985, Makris pers. comm. 
1983). Gravity data support this interpretation (e.g. 
Brown & Girdler 1982). 

Palinspastic reconstructions of the Red Sea prior to 
Tertiary extension constrained by satellite data and 
the seismic results indicate that most of the Red Sea 
crust formed from a mantle souroe by rift-related 
igneous processes (i.e. 'oceanic crust', Greenwood & 
Anderson 1975, Bohannon 1986). High heat flow 
from the Red Sea margins also suggests a large 
component of young igneous crust right up to the 
margins of the Red Sea (Morgan et al. 1981, 1985, 
Gettings 1982, Gettings & Showail 1982). Thus, 
most evidence suggests that the crust of the Red Sea 
is dominantly 'oceanic' in affinity. It is unlikely that 
this crust was formed at a well-organized spreading 
ridge as such a feature is not evident in the modern 

bathymetry. More likely, after extension, pemaps 
comparable to that in the Gulf of Suez, the conti
nental blocks in the rift were separated by dike intru
sions, which then became the dominant mechanism 
for extension. 

The final major problem associated with the devel
opment of the Red Sea is the mechanism responsible 
for Red Sea rifting and associated vertical move
ments. Two end-member models for rifting are active 
rifting in which extension is a response to upwelling 
asthenosphere beneath the rift zone, and passive rift
ing in which extension is a response to remote plate 
boundary foroes (Neumann & Ramberg 1978, 
Sengor & Burlre 1978, Baker & Morgan 1981, Mor
gan & Baker 1983, Ramberg & Morgan 1984). Heat 
flow data indicate a hotter crust than would be ex
pected simply from passive lithospheric stretching 
(Morgan et al. 1985), and uplift of the margins of the 
Gulf of Suez is significantly in excess of that pre
dicted by lithospheric thinning during extension 
(Steckler 1985). Both of these features suggest active 
rifting. However, there is no convincing evidence that 
rifting was immediately preceded by major doming, 
which is the main characteristic associated with 

Figure 7.19 Reconstruction of continents surrounding Africa at 10 Ma, during the Red Sea opening (from Smith et a!. 1981). 
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Figure 7.20 Earthquake slip vectors for Sinai (fromBen-Menahemet a!. 1976\. 

models of active rifting. Steckler (1985) has sug
gested that initial extension created an instability in 
the lithosphere-asthenosphere system which caused 
additional heat input to the lithosphere and uplift after 
the initiation of rifting. Cretaceous magmatism and 
doming in the areas now occupied by the Red Sea 
suggest that the lithosphere in this region was pre
heated and thinned approximately 50 Ma prior to 
extension, implying that the rifting may be some 
hybrid of the active and passive mechanisms. This 
problem will only be resolved by detailed studies of 
the relative timing of uplift and extension in the Red 
Sea system. 

RESPONSE TO RIFTING 

Early sediments in the rifted zones include marine 
marls and shales, but as the rising rift margins iso
lated the Gulf of Suez and Red Sea from the Mediter
ranean, evaporites were deposited (Garfunkel & Bar
tov 1977). These basins were reconnected to normal 

marine conditions at the end of the Miocene with an 
opening to the Indian Ocean through the Gulf of 
Aden. Elsewhere in Egypt the rising rift margins 
acted as a sediment source. Details of the stratigraph
ic sequence on the Red Sea margin correlate with 
relative changes in sea level on a regional and global 
scale, as well as phases of Red Sea rifting (Khedr 
1984). 

The ancestral rivers of the Nile appear to have their 
origin about the same time as the initiation of Red Sea 
rifting (Said 1976, 1981), and it is likely thattopogra
phy associated with the uplift of the Red Sea margins 
controlled the development of this great river. Sub
surface data indicate that the river appears to run in 
grabens in places with faults parallel to and possibly 
associated with the Red Sea (Said 1976). There is 
strong evidence also for Cenozoic uplift of the Uwei
nat massif in southwestern Egypt coincident with 
Red Sea rifting, and this uplift is associated with 
magmatic activity (Meneisy 1986). No significant 
Cenozoic extension has been recognized in the Uwei
nat massif, and the uplift is thought to be thermal in 
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origin, perhaps related to the heat source associated 
with Red Sea rifting. 

MODERN TECTONICS 

Events associated with Red Sea opening and rifting in 
the Gulf of Suez continue; by studying the active 
tectonics of the region additional information on the 
details of the continental fragmentation can be ob
tained. For the last 10 Ma little extension appears to 
have occurred across the Gulf of Suez, but extension 
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tion along the Gulf of Aqaba on the other side of the ~ 
Sinai subplate is approximately pure sinistral strike- :3 
slip. Microearthquake studies (Daggett et a!. 1986) 
indicate that although the southern end of the Gulf of 
Suez is active seismically, this activity does not cur
rently extend along the length of the Gulf. The earth
quake epicenters in the southern Gulf of Suez trend 
towards active seismicity in the median wne of the 
northern Red Sea, as shown in Figure 7/21. These 
data suggest that the northern Red Sea is now in a 
stage of median-ridge spreading. 

Archaeological evidence indicates considerable 
earthquake activity and shear along the Dead Sea rift 
in historical times (Karcz et a!. 1977), and folding 
and uplift indicate late Holocene tectonic activity on 
the margins of the Sinai subplate (Neev & Friedman 
1978). However, there is little evidence for major 
historical earthquakes having occurred with epi
centers in Egypt (Poirier & Taber 1980, Poirier et a!. 
1980). A magnitude of 6.0 event in 1955 had its 
epicenter in the Precambrian of the Red Sea Hills 
(Fairllead & Girdler 1970) and seismic activity in this 
area is thought to be common (Morgan et a!. 1981, 
Daggett et a!. 1986). The source of this activity is 
unknown, but it has been suggested that it may be 
related with the intrusion of a pluton into the Precam
brian crust associated with rifting (Daggett et a!. 
1986). In November of 1981 a magnitude 5.5 earth
quake occurred near Aswan in southern Egypt 
(Adams 1983). This event and its aftershocks oc
curred under a pronounced embayment in the As wan 
Lake which marks the intersection of two major sets 
of faults which trend approximately east-west and 
north-south. Much of the surface displacement oc
curred near the surface trace of the easterly trending 
Kalabsha fault, and aftershock hypocenters clustered 
beneath the surface trace of this fault at depths of 
about 20 km, suggesting a near vertical attitude for 
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Figure 7.21 Microearthquake activity in eastern Egypt and 
the Red Sea. Solid symbols indicate multiple coincident 
epicenters (from Daggett eta!. 1986). 

this fault (T.R. Toppozada, pers. comm. 1984 ). Focal 
mechanisms are consistent with dextral strike-slip 
faulting along the east-west Kalabsha trend, approxi
mately perpendicular to the Red Sea trend. Faulting 
in this area appears to be a reactivation of older faults, 
perhaps triggered by the filling of Lake Nasser. 
Strike-slip motion perpedicular to the Red Sea trend 
may be a reponse to a decrease in extension from 
south to north in the northern Red Sea. 

CONCLUSIONS 

The analysis of the geologic history of Egypt in the 
frameworlc of global tectonics suggests that most of 
the major geological features of Egypt can be exp
lained in terms of the interaction of global tectonics. 
The exact mechanisms linking remote global tectonic 

---------· ··-·------------
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events and local magmatic and/or tectonic events are, 
however, poorly understood at present. Egypt entered 
the Phanerozoic during a period of rapid continental 
growth through Pan African arc accretion. The end of 
the Mesozoic and the end of the Cenozoic appear to 
reverse this continental growth with rifting first from 
the north coast, then from the east coast of Egypt. 
Egypt therefore appears to be entering a new phase of 
the Wilson cycle of opening and closing of oceans. 

ACKNOWLEDGEMENTS 

Numerous people provided invaluable assistance at 

various stages in the preparation of this review. Kevin 
Burlce is thanked for his major assistance in planning 
the review and Eberhard Klitzsch provided sugge
stions for major revisions. Rushdi Said provided 
ideas, data and encouragement at all stages in this 
study. H. Schandelmeier, C. Barnes and M.K. Mor
gan made thoughtful reviews of a draft of this manus
cript. This worl< was carried out in part at the Lunar 
and Planetary Institute (LPI), which is operated by 
the Universities Space Research Association under 
contract no. NASW-3389 from the National Aero
nautics and Space Administration, and in part at 
Purdue University. This is LPI contribution no. 625. 



CHAPTER 8 

Tectonic framework 

WAFIK M. MESHREF 
Gulf of Suez Petroleum Company, Cairo, Egypt 

This chapter consists of two parts. Part I deals with 
the sequence of tectonic events which shaped the 
structure of Egypt, and Part IT deals with the tectonics 
of the northern Red Sea-Gulf of Suez rift. 

1 TECTONIC EVENTS 

Basement rocks crop out in southern Sinai, the East
em Desert and as isolated inliers in southern Egypt 
such as near Aswan, and at Gebel Uweinat at the 
extreme southwestern comer of Egypt -that is, wi
thin the craton area of Egypt associated with the 
Nubian-Arabian shield. The remainder of the surface 
of Egypt is covered by sedimentary rocks ofboth the 
stable and unstable shelf areas (Said 1962, Fig. 8/1). 

Evolution of Egyptian basement 
The Precambrian basement rocks of Saudi Arabia, 
Eastern Sudan and Egypt are considered to be the 
northeastern extension of the Mozambique belt of the 
Mrican Shield (Fig. 8(2., Kroener 1977). Shackleton 
(1980) believes that these basement rocks are charac
terized by abundant granites and granodiorites, arc
type volcanics and well-authenticated ophiolites of 
Proterozoic age. He described these rocks as charac
terized by low grade metamorphism in contrast to the 
high grade metamorphic rocks of the southern 
Mozambique belt in Kenya and Tanzania which are 
of Archean age. Moreover, he considers the basement 
rocks in Egypt and Sudan to have been formed by an 
eastward younging succession of island arc/back arc 
complexes. 

Gass (1977) estimates that more than 60% of the 
exposed basement rocks of the Nubian-Arabian 
Shield consists of calc-alkaline granitoid plutons 
emplaced into eruptive rocks and volcano-derived 
sediments of similar age and composition. Based on 
conclusions of Greenwood et al. (1976) and Neary et 
al. (1976), Gass suggests an intraoceanic island arc 
environment for the origin of these rocks. 

Three ophiolite belts have been defined in Saudi 
Arabia (Brown & Coleman 1972) and are believed to 
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represent cryptic sutures between orogenic belts. In 
Egypt, there are probably three ophiolite belts, the 
more easterly two of which are probably the crustally 
separated continuation of two Saudi Arabia ophiolite 
belts. Three or four orogenic episodes were, threfore, 
probably involved, following the initiation of sedi
mentation in the Red Sea geosyncline. These ophioli
tic rocks occur in the form of predominantly north
west trending belts of folded thrusts (Krs et al. 
1973). 

Field, petrographic and geochemical data are con
sistent with the interpretation of lateral accretion 
from east to west of successive island arc systems 
during a period of almost 600 Ma, between 1100 and 
500 Ma (Gass 1977, Nasseef & Gass 1977). Mo
reover, Garson & Shalaby (1976) suggested a plate 
tectonic model for the Red Sea geosyncline during 
the period from the Upper Proterozoic to the Cam
brian. The proposed model suggests four cycles of 
marginal basins, flanked to the east and northeast by 
crustal cratonic portions, that were produced during 
continued subduction and steepening of the Benioff 
zone. These four cycles seem to have taken place at 
1300, 1200, 1000-900 and 660 my BP. 

El Shazly et a!. (1973) described the basement 
rocks at Abu Swayel, Eastern Desert, as being of low 
grade and the oldest in Egypt, giving radiometric 
ages ranging from 1150 to 1300 my. 

Compilation of 168 isotopic ages for rocks of the 
Egyptian basement complex, in the Eastern Desert 
and in Sinai, indicate an upper age limit of 1200 rna 
for the geosynclinal metasediments and metavolca
nics, which are stratigraphically the oldest rocks in 
the basement (Hashad 1980). 

The basement rocks atGebel Uweinat microcraton 
consist of medium to high grade gneisses which 
yielded radiometric ages between 2000 and 1200 rna. 
These ages, in some places, certainly represent a 
thermal event superimposed upon an even earlier 
amphibolite facies metamorphism dated at approxi
mately 2600 rna. This is further emphasized by the 
fact that these metamorphic assemblages are intruded 
by the Late Pan-Mrican syenitic ring complex. 
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Figure 8.1 Sketch of the structural aspects of the Nubian
Arabian shield margin in northern Egypt. 

Accordingly, Precambrian basement rocks in 
Egypt can be subdivided into two main types based 
on composition, grade of metamorphism and radio
metric age: 

1. Includes the oldest rocks, of Archaean age, 
which outcrop at Gebel Uweinat at the extreme 
southwestern comer of Egypt. They correlate with 
the Tibesti massif of southern Libya. 

2. Includes the relatively younger rocks of Prote
rozoic age, which outcrop in the Eastern Desert, 
Aswan, and as inliers south of Dakhla and Kharga 
Oases. They are considered to be the northern exten
sion of the Nubian Shield, itself a continuation of the 
Mozambique belt. 

Since basement rocks are the oldest rocks in 
Egypt, they are expected to record all tectonic events 
affecting Egypt since the early Precambrian to the 
present. Figure 8(3 shows the surface tectonic trends 
as traced from the 1981 geologic map of Egypt. This 
figure shows a large number of tectonic elements of 
varying lengths and trends. Moreover, it shows 
greater density of tectonic trends in areas where 
basement rocks crop out or in areas of relatively thin 
sedimentaty cover. The tectonic elements show a 
much lesser distribution wbere the basement rocks 
are buried under a relatively thick column of sed
iments, as in central and northern Western Desert, the 
Delta, north Sinai, Gulf of Suez and the Red Sea. 

[5!] Lafe Prrcambrian Higaz magnetic ARC. 

fZ2ZI Tecto - Thffmal lllo.ambique bllt. 

m Thermo/. 

Figure 8.2 Areas affected by late Precambrian/early Paleo
zoic tectogenesis (modified after Kroner 1977b). 

The best geophysical tool for mapping tectonic 
trends of deeply buried basement rocks is magnetics. 
Usually aeromagnetic mapping reflects the hori
zontal variation in magnetic properties of underlying 
rocks. In this regard sedimentaty rocks, excluding 
iron ores and basic extrosions intruded within them, 
are characterized by very low magnetic susceptibil
ity, while igneous and metamorphic rocks, the main 
constituents of basement rocks, are strongly magne
tized. The more heterogeneous and deformed the 
basement rocks, the sharper and stronger will their 
magnetic signatures be on the aeromagnetic map. 

Magnetic trend analysis 
Magnetic anomalies do not occur at random, but are 
generally aligned along definite and preferred axes 
forming trends. Magnetic trend patterns can thus be 
used to define magnetic provinces (Affleck 1963, 
Halll979). 

A magnetic trend statistical analysis using results 
of all aeromagnetic surveys flown in Egypt was car
ried out. The results of this study are plotted in the 
form of rosetta diagrams (Fig. 4 ). Close examination 
of this figure yields the following observtions: 

1. There are several tectonic trends that have af
fected Egypt throughout its geologic history: north
south (Nubian or East African trend); north-northeast 
(Aqaba trend); east-west (Tethyan trend); west
northwest (Darag trend); east-northeast (Syrian Arc 
trend); northwest (Red Sea or Suez trend), and north
east (Aualitic orTibesti trend). 

2. some tectonic trends are more characteristic of 
some parts of the country than others. 
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Figure 8.3 Surface tectonic elements (1981 geological map of Egypt, Geological Survey of Egypt). 

3. Some trends show more strength in some parts 
of the country than in others. 

4. Some tectonic lines show variations of 10-20° 
in the trend. This range over which a discernible 
linear occurs is considered as representing a spectnnn 
of this linear, rather than a separate trend. 

The following is a chronological discussion of the 
various tectonic trends that affected Egypt, shown in 
Figure 8/4, and their evolution. Only the Precambrian 
tectonic trends that affected the basement rocks will 
be considered when discussing the evolution of the 
Egyptian basement. Precambrian trends are those 
trends inherited during the cratonization process, dur
ing the formation of basement rocks. They should not 
be confused with basement trends, as the latter term 
refers to any tectonic trend that has affected the 
basement rocks throughout geological time. 

The tectonic trends affecting the Phanerozoic sec
tion, from Paleozoic to Quaternary, will be discussed 
with reference to a series of isopach maps of various 

stratigraphic rock units in selected areas such as the 
north Western Desert and the Gulf of Suez. These 
isopach maps were constructed using subsurface ge
ologic information from hundreds of wells drilled 
that encountered only complete sections, so that the 
trends of tectonic events affecting the deposition of 
the various rock units could be delineated. 

The inliers of crystalline basement in southern 
Egypt are characterized by a dominant northerly 
trend which is the East African or Nubian trend of 
folds and metamorphic foliation. Acidic intrusives in 
the Eastern Desert can be related to Pan-African 
orogeny during which north-trending fold belts were 
formed (Brown & Coleman 1972, Fig. 8/5). 

The Pan-African structures of the Tibesti area have 
a significantly regular, northeasterly trend extending 
northward to Gebel Uweinat microcraton and further 
beneath the Western Desert (Fig. 8/5). The Nubian 
trend and the Tibesti trend seem to intersect along a 
major structoral discontinuity across Egypt. This is 
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Figure 8.4 Rosetta diagram showing the major tectonic trends of Egypt. 

probably the major transcurrent shear zone that be
longs to the Pelusiurn Megashear system across Mri
ca (Neev 1975, 1977, Fig. 8/6). 

Neev postulates a megashear which extends from 
Thrkey to the South Atlantic, running subparallel to 
the eastern margin of the Mediterranean Sea (where it 
was first identified and studied), then curving 
northeast-southwest across central Mrica from the 
Nile delta to the delta of the Niger in the Gulf of 
Guinea (Fig. 8/6). It is presumed that this bas func
tioned as a system of an echelon left-lateral mega
shears since Precambrian times. At least four other 
geostructures also cut across Africa, paralleling the 
Pelusiurn megashear system (Neev et al. 1982). 

Precambrian tectonic trends 
It is evident that the successive accretions of eastward 
younging successions of island arc/back arc comp
lexes during the Hercynian Precambrian subduction 

would result in northwest to north-northwest trending 
structures. The strength and density of this trend 
would be expected to fade away westward across 
Egypt. Yallouze & Knetsch (1959) recognized a 
northern basin that extends along Egypt in a north
west direction, parallel to the Red Sea (Fig. 8{7). 

Aeromagnetic maps generally show broad, low 
frequency anomalies resulting from relatively deeper 
and older structures, as well as high frequency local 
anomalies that reflect shallow tectonic features. Thus 
regional magnetic maps are of vital importance in 
studying older regional basement tectonics, while 
residual magnetic maps are important in minerals 
exploration and for delineating shallow tectonics 
associated with them. 

The regional magnetic map of the north Western 
Desert (Fig. 8/8) shows a series of strong positive 
magnetic anomalies of north-south to north
northwest-south-southeast trends that cut across 
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Figure 8.5 Plate and basement 
tectonic framework of north Afri
ca (after Hsu & Bernoulli 1978). 

Figure 8.6 Photogeologic linea
ment interpretation showing the 
Pe1usium megashear system (after 
Neev et al. 1982). 
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Figure 8. 7 Structural block sketch of the nonhero Nile 
basin (afterYallouze& Knetsch 1954). 

northern Egypt This geophysical evidence supports 
the assumed older age of the trends mentioned 
above. 

In summary, the Precambrian tectonic trends in the 
Egyptian basement are of north-south, north
northwest/south-southeast and northeast-southwest 

Figure 8.8 Regional maguetic map of north Western Desert. 

directions. The north-south, or Nubian trend, is inhe
rited in the basement rocks of the Eastern Desert, 
Sinai and inliers in southern Egypt and is considered 
to be the northern extension of the Mozambique belL 
The northeast-southwest tectonic trend, or Tibesti 
trend, is inherited in the basement rocks of Gebel 
Uweinat rnicrocraton and extends through northern 
Egypt west of the Pelusium Megashear (Fig. 8/6). 
The north-northwest/south-southeast tectonic trend, 
or Red Sea trend, is the result of the Hercynian 
Precambrian subduction due to successive accretion 
of eastward younging successions of island arc/back 
arc complexes. This latter trend is expected to be 
found stronger in eastern than in western Egypt. 

Paleozoic tectonic trends 
A platform regime began with the Paleozoic through
out the northeastern part of Africa. During the entire 
Paleozoic and a considerable part of the Mesozoic, 
the greater part of Egypt was subjected to uplifting. 

All post-Precambrian sequences are typical plat
form formations (Sigaev 1967). They may be divided 
into two groups, a group of Paleozoic or pre-Jurassic, 
mainly terrigenous, sequences, and a group of 
Mesozoic-Cenozoic sequences. The difference be
tween these sequences is due to changes in the char
acter and predominant directions of tectonic move
ments in Egypt (Sigaev 1967). 

The pre-Jurassic structural stage is presently 
outcropping in two small areas, Wadi Araba and 
southeastern Sinai. In Wadi Araba, Carboniferous 
sediments occur in the core of a gentle anticline 
trending in an easterly to northeasterly direction, 
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interrupted by the Gulf of Suez Rift. In Sinai, this 
structural stage is also represented by Carboniferous 
sediments resting monoclinally on the northern flank 
of the south Sinai Precambrian domed uplift. 

In Paleozoic time, the thrusting or uplifting of the 
African continent against the main block of the 
earth's crust might have been the cause of the forma
tion of east-west trending swells and thrusts across 
the northern part of the African continent, including 
Egypt. The formation of swells took place at the edge 
of the platform. Although Paleozoic exposures are 
scarce, the Paleozoic is widely distributed, as the 
numerous subsurface occurrences in the Gulf of Suez 

Figure 8.9 a Total Paleozoic iso
pach map for Gulf of Suez (Bele
ity et a!. 1986). b. Regional 
magoetic map for the Gulf of 
Suez. 

and north Western Desert show. The Paleozoic sec
tion, as mapped from data from 200 wells in the Gulf 
of Suez region, is classified from bottom to top into 
the Araba Formation and Naqus Formation of early 
Paleozoic age, the Urn Bogma, equivalent to the Abu 
Durba Formation, and the Ataqa Formation, equiva
lent to the Rod El Hamal Formation of late Paleozoic 
age (Beleity et al. 1986). The isopach maps of the 
four Paleozoic formations show alternating thicken
ing and thinning of Paleozoic rocks in the Gulf of 
Suez regime in an east-west direction. However, the 
isopach map of the total Paleozoic section in the Gulf 
of Suez shows a strong east-west tectonic trend that 
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Figure 8.10 Paleozoic isopach map (after Robertson Research Inti. 1982). 
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Figure 8.12 Transcurrent motion between Africa and Laurasia (modified after Smith 1971 ). 

seems to have controlled the deposition of Paleowic 
rocks (Fig. 8/9a). 

Other geophysical evidence of east-west tectonic 
control of Paleozoic sediments comes from the re
gional magnetic maps of the north Western Desert 
(Fig. 8/8) and the Gulf of Suez (Fig. 8/9b). Both maps 
show strong and broad regional magnetic anomalies 
cutting across northern Egypt in an east-west direc
tion. 

A Paleozoic isopach map of part of the north 
Western Desert (Fig. 8/10) substantially covers the 
area termed the 'Unstable Shelf' by Said in 1962. 
This map shows variable thicknesses of Paleozoic 
sediments in various parts of the mapped area rang
ing from 1000 to 8000 feet, primarily along an east
west trend. The map in Figure 8/10 also shows relic 
north-south or north-northwest basement highs over 
which Paleozoic sediments are thin or absent. 

Mesozoic to early Tertiary tectonic trends 
The first deposit of the Mesozoic of the Western 
Desert was the continental Bahrein Formation of the 
early Jurassic. This was followed by the deposition of 
uniform shallow marine sediments of the middle 
Jurassic, an epoch of continental margin stable shelf 

conditions. The late Jurassic, however, was marked 
by the deposition of variable types of sediments with 
highly variable thicknesses. The isopach pattern of 
middle-upper Jurassic deposits (Khatatba and Masa
jid) shows a strong east-west tectonic trend (Fig. 
8/11 ), indicating that the deposition of sediments 
from late Paleozoic until late Jurassic time was con
trolled primarily by east-west tectonics. 

Sedimentary patterns from the late Jurassic to 
early Tertiary appear to have been influenced 
significantly by two primary tectonic forces related to 
Tethyan plate tectonics: (1) the sinistral shear during 
the late Jurassic to early Cretaceous (Fig. 8/12a), and 
(2) the dextral shear during the late Cretaceous to 
Paleocene time (Fig. 8/12b). 

Moreover, it appears that the dextral shear was 
either partially accompanied or partially followed by 
north-south or north-northwest/south-southeast com
pressive forces (Fig. 8/23). The destruction of the 
Paleotethys, north and east of presenr day northeast 
Africa, was accompanied by the opening up of the 
Alpine Tethys, or Neotethys, as a result of the open
ing of the central Atlantic ocean in early Jurassic 
time. As a result of the Jurassic initial stage of the 
Alpine Tethys, Africa moved eastward relative to 
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Figure 8.14 Kharita Member isopach (Albian). 

Laurasia (Smith 1971 ). This sinistral lateral motion 
continued until the late Cretaceous, resulting in some 
2000 km of transcurrent motion (Fig. 8/12a). Hence, 
during the late Jurassic to early Cretaceous, a left 
lateral megashear between Africa and Laurasia 
seems to have resulted in two main tectonic elements: 
west-northwest trending folds with associated thrust 
faults, and east-northeast trending strike-slip faults 
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with left lateral motion (Fig. 8/12a). 
The isopach map of Alarn El Bueib Fonnation 

(Fig. 8/13) shows clearly that its deposition was 
strongly controlled by the west-northwest folding 
episode. This tectonic event continued until the late 
Cretaceous. However, during the late Cretaceous to 
Paleocene (90-50 my BP), the right-lateral transcur
rent between Africa and Laurasia, due to the opening 

. -----·---- --------------
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Figure 8.15 Bahariya Formation isopach (lower Cenomanian). 

Figure 8.16 Abu Roash formation isopach map (Coniacian-upper Cenomanian). 

of the north Atlantic Ocean (Fig. 8/12b), resulted in 
two main tectonic elements: east-northeast folding 
with associated thrust faults, and west-northwest 
strike-slip faults with right-lateral motion (Fig. 8/ 
12b). It is believed -that the east-northeast folding 
with associated thrusts might bave resulted from 
wrenching along east-northeast strike slip faults 
formed earlier in early Cretaceous time. 

--· -------------,---

The tectonic forces described above appear to bave 
affected the deposition of the Kharita, Babariya, Abu 
Roash, Khoman and Apollonia Formations, accord
ing to their respective isopach maps in Figures 8/14, 
8/15, 8/16, 8/17 and 8/18 respectively. 

In summary, Mesozoic tectonics resulted in two 
main fold systems, an older northwest trend system 
and a younger northeast trend system. Abdel Khalek 
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Figure 8.18 Apollonia formation isopach (Paleocene-middle Eocene). 

(1979) concluded that the folding movements in the 
Eastern Desert, affecting the geosynclinal metamor
phites, are represented by major folds trending either 
northwest, as demonstrated in the Hafafit and Beitan 
areas, or northeast, as demonstrated in the Barramiya 
area. He adds that in localities showing superimposed 
structures the northwest trending folds are older. Also 
the older fold system shows northwest thrust faulting. 

Abdel Gawad (1970) demonstrated that the Nugrus
Hafafit shuear zone and Duwi shear zone near Quseir 
and Safaga are of west-northwest trend. Said (1962) 
describes the Duwi shear zone as a complex of an
cient crystalline rocks with overlying Cretaceous and 
Eocene sediments. 

There has been considerable controversy concern
ing the tectonic forces that resulted in the Mesozoic-
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Figure 8.19 Strike disparity of faults between Abu Gharadig basin and coastal province explained by extension model a and 
convergent wrench model c. 

Figure 8.20 Schematic fabric diagram depicting average 
length for a standard (convergent) wrench system. 

early Tertiary complex structural features that are 
mapped across Egypt 

Robertson Research International (1982) proposed 
a conventional wrench model with right-lateral mo
tion (Fig. 8/19c) to explain the structural style of the 
north Western Desert area (Fig. 8/19b). Nelson 
(1986) proposed an oblique extension model (Fig. 
8/19a). 

From rosetta diagrams over the unstable shelf area 
(Fig. 8/4 ), showing the frequency and average length 
per 10° azimuth, it is evident that the tectortic fabric 
(or trends) is very consistent with the (R) and (P) 
directions shown in the schematic fabric diagram 
depicting average length for a standard convergent 
wrench system (Fig. 8/20). In wrench terminology, 
the (R) direction represents more frequent but shorter 
tectortic trends, while the (P) direction represents 
infrequent but longer tectortic trends. 

Figure 8/20b shows the north Western Desert fault 
subsurface map constructed by Robertson Research 

International (1982). Nelson (1986) agreed that the 
wrench scenario suggested by Robertson Research 
using right-lateral compressional force (Figs 8/19c 
and 8/21) explains the 2-D fault patterns as mapped 
(Fig. 8/19b ), but not the total deformation of the area. 
Instead, he concludes that an extensional system or 
divergent wrench scenario, possibly with pre
existing east-west basement grain, best explains the 
data (Fig. 8/19a). 

As previously mentioned, the platform regime 
began in Paleozoic thmughout northern Africa. Dur
ing the entire Paleozoic and a considerable part of the 
Mesozoic, the greater part of Egypt was subjected to 
uplift. The thrusting and/or uplifting of the north 
Mrican continent against the main block of the 
earth's crust resulting in the formation of east-west 
trending swells and thrusts during Paleozoic and 
Jurassic times. This is revealed in both the Paleozoic 
(Fig. 8/10) and Jurassic (Fig. 8/11) isopach maps, 
which show strong east-west tectonic grain. This 
east-west tectonic grain set the stage for late 
Mesozoic-early Tertiary tectonics performed by a 
right-lateral compressional wrench model to act upon 
it Thus a primary wrench-associated structure (Fig. 
8/21) results, in which theY shears are parallel to the 
master east-west wrench fault, the fabric elements 
30° to the northeast of the master fault called P-shears 
and the fabric elements 30° to the northwest called 
R-shears (Fig. 8/21). Figure 8/21 also shows that 
buckle folds should be present. 

Thus the isopach maps for formations from the 
Jurassic to the Apollonia (Figs 8/11, 8/13, 8/14, 8/15, 
8/16, 8/17 and 8/18) and the regional magnetic map 
(Fig. 8.8) support the convergent wrench model of 
Figure 8/21. The Jurassic isopach map clearly shows 
the east-west tectonic grain in the early Mesozoic, 
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Figure 8.21 Primary wrench associated structures resulting 
from right-lateral compressional wrench (modified after 
Jamison 1983). 

thus setting the stage for the primary wrench
associated structures. The Alam El Bueib isopach 
map (Fig. 8/13) clearly shows the development of 
R-trend tectonics developing about 30° to the north
west from the older master east-west tectonic trend. 
The Kharita isopach map (Fig. 8/14) shows the de
velopment of P-trend tectonics, about 30° to the 
northeast from the master east-west trend, and the 
Bahariya map (Fig. 8/15) shows the relative strength 
of the east-west trend. The appearance of the east
west trend during early Cretaceous time may be 
explained by the development of theY-shear, parallel 
to the older east-west master fault and is interpreted 
as rejuvenation of the older Paleozoic-Jurassic east
west tectonic trend. Moreover, the Abu Roash (Fig. 
8/16) and Khoman formations (Fig. 8/17) maps show 
the northeast buckle fold direction superimposed on 
the regional east-west master trend. 

The regional magnetic map (Fig. 8/8) shows 
clearly a series of north-south to north-northwest/ 
south-southeast trending positive magnetic anoma
lies. These are interpreted as inherited north-south 
Precambrian trends from the Nubian basement which 
may have been rejuvenated during late Mesozoic
early Tertiary times as R-tectonic trends. 

Abu Gharadig basin may be explained in tenns of a 
pulling apart of two right-lateral wrenches. The 
model proposed is shown in Figure 8/22. In the initial 
stage, in pre-Jurassic time, the main fabric grain of 
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Figure 8.22 Proposed model for Abu Gharadig basin. 

the basement rocks was composed mainly of Precam
brian north-northwest/south-southeast trending 
faults and east-west Paleozoic faults. By late Creta
ceous time and the beginning of the right-lateral 
shears, a releasing bend was formed (Fig. 8/22b ). 
With continuing right-lateral wrench, R-shears and 
Y-shears began the development of the basin (Fig. 
8!22c). Thus the Abu Gharadig basin can be looked 
upon as a rift basin bounded on the north and south by 
two right-lateral shears and from east and west by 
northwest trending normal faults (Fig. 8/22). 

Mid-Tertiary to Quaternary tectonic trends 
While the greatest part of dextral, right-lateral move
ment occurred in the late Cretaceous and Palaeocene 
(90-50 rna), most of the relatively northerly compo
nent of this movement took place beginning in early 
Eocene time (Fig. 8!23). This northward motion of 
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Figure 8.23 Motion of Nonh Africa relative to Europe, 
Callovian to present (after Robertson Research Inti. 1982). 

Africa toward laurasia during the past 50 my pro
duced the Alpine Orogeny, causing complete closure 
of the Alpine Tethys (Dietz & Holden 1970). The 
only possible relics of the Mesozoic ocean are the 
Ionian and Levantine basins of the eastern Mediterra
nean which survived destruction along the Hellenic 
Trench subduction zone (Fig. 8/5). 

It is evident that the northerly approach of Africa 
toward Laurasia has resulted in a north-south to 
north-northwest/south-southeast horizontal com
pression upon northeastern Africa, including Egypt, 
since early Tertiary time (Fig. 8/24 ). The importance 
of this northern pressure exerted upon Egyptian terri
tory is noted by El Shazly (1964 ). Youssef (1968) 
suggests a shift of 10• to the northwest in the direc
tion of the northern pressure. Meshref & El Sheikh 
(1973) suggesta greater shift to the northwest of 200, 
with a major release in the vertical direction. They 
add that this north-northwest/south-southeast hori
zontal compressive force resulted in east-northeast 
uplifts or thrusts in northern Egypt during Paleocene
mid Eocene times, as shown on the isopach map of 
the Apollonia Formation (Fig. 8/18). 

The rifting of the Red Sea and Gulf of Suez was 
initiated at a later time, most probably Oligocene. It 
was initiated as a result of the continued northwest
erly horizontal pressure, but with an interchange 
between the intermediate and least stress axes. This is 
a common phenomenon in mountain building move
ments: as more doming and uplift takes place due to 

continued horizontal pressure, the vertical direction 
is no longer the direction of least stress. Meanwhile 
the direction of least stress, or regional horizontal 
extension, became an east-northeast, west-southwest 
direction. Thus northern Africa may be regarded as 
having been under a regional east-northeast west
southwest extension from mid-Tertiary to present 
times. It is this new regional extension that resulted in 
the formation of the two complementary, conjugate 
primary shear fractures, along the north-northwest 
(Suez) and north-northeast (Aqaba) trends (Fig. 8/ 
24). Usually the stress system favours one direction 
more than the other, and in this case it was the 
Suez-Red Sea direction. Thus the Gulf of Suez and 
Red Sea rifting was initiated around Oligocene times, 
while the Gulf of Aqaba was opened later in Pliocene 
times, though the Aqaba trending shear fractures are 
contemporaneous with the Suez trending fmcture of 
mid-Tertiary age. 

Basement outcrops in the Gulf of Suez region, as 
well as the rosetta diagmms dmwn from along the 
Gulf of Suez and Red Sea (Fig. 8/4), suggest several 
tectonic trends in this region. One of these is parallel 
to the Gulf-Red Sea trend, while the other tectonic 
trends cut across the Gulf of Suez or Red Sea at 
varying angles. Moreover, these tectonic trends are of 
variable age. In view of this, a special study of 
tectonic trends along the Gulf of Suez-Red Sea region 
was carried out involving sepamte statistical analyses 
of magnetic trends (reflecting tectonic trends) for 
both the residual and regional magnetic maps. 

It is well known that regional magnetic maps 
reflect deep regional basement tectonics of ages rela
tively older than the younger tectonics which show 
more strongly on the residual magnetic maps. A 
sepamte magnetic trend analysis was carried out for 
the northern Gulf of Suez, the southern Gulf of Suez 
and northern Red Sea region from both the regional 
and residual magnetic maps. The results of these 
analyses are shown in Figures 8/25 and 8/'UJ. Figure 
8/25 shows the total regional magnetic trends, both 
those parallel to and those cutting across the Gulf 
trends. These include: (1) the north-south Precam
brian and east-west Paleozoic-Jumssic trends, show
ing relatively greater strength in the Gulf of Suez than 
in the Red Sea; (2) the west-northwest Damg trend of 
early Cretaceous age, showing greater strength in the 
northern Gulf of Suez; (3) the east-northeast Syrian 
arc, a trend of late Cretaceous to early Tertiary age, 
showing relatively greater strength in the northern 
Gulf of Suez and northern Red Sea compared to the 
southern Gulf of Suez, and ( 4) the northwest Red Sea 
trend, showing only in the southern Gulf of Suez and 
northern Red Sea. 

Figure 8/26 shows the total residual magnetic 
trends, both parallel and cross-Gulf. These residual 
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Figure 8.24 Destruction of Tethys II (adapted after Dietz & Holden 1970). 

trends include: (I) the northwestern Red Sea trend in 
all three areas; (2) the north-northeastern Aqaba trend 
in all three areas; (3) the east-west trend showing 
relative strength in the northern Gulf, inteipreted as a 
rejuvenation of the older east-west regional trend, 
and ( 4) the east-northeast residual, rejuvenated trend, 
showing relative strength in the southern Gulf of 
Suez and northern Red Sea. 

Figure 8{27 shows the regional magnetic Gulf 
parallel trends. It is important to note in this figure the 
absence of the old Precambrian northwest trend from 
the northern Gulf, north of latitude 29° N. 1bis coin
cides with the stable-unstable shelf boundary as iden
tified by Said (1%2). Figure 8{28 shows the residual 
magnetic Gulf-parallel trends and, amazingly 
enough, shows that the northwestern Red Sea trend is 
of equal strength all along the Gulf of Suez and the 
Red Sea. It is easy, however, to inteipret this, since 

this trend is of mid-Tertiary age by which time both 
the unstable and stable shelf areas were under the 
same tectonic forces of regional extension. 

Figure 8{29 shows the regional cross-Gulf magne
tic trends, primarily the old Precambrian north-south, 
Paleozoic-Jurassic east-west, early Cretaceous west
northwest, and late Cretaceous east-northeast trends. 
Figure 8/30 shows the residual cross-Gulf magnetic 
trends of younger age. Primarily among these is the 
north-northeast Aqaba trend with equal strength 
along the Gulf of Suez and the northern Red Sea. It 
also shows some rejuvenated older tectonic trends, 
such as the east-west trend in the northern Gulf 
region, the east-northeast trend in the southern Gulf 
region and the west-northwest and east-northeast 
trends in the northern Red Sea region. 

·····-~----·-------
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Figure 8.25 Total regional magnetic trends. 

Figure 8.26 Total residual magnetic trends. 
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Figure 8.27 Regional Gulf-parallel magnetic trends. 
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Figure 8.28 Residual Gulf-parallel magnetic trends. 
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Figure 8.29 Regional Gulf-<:n>ss magnetic trends. 
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Figure 8.30 Residual Gulf -<:ross magnetic trends. 
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2 NORTHERN RED SEA-GULF OF SUEZ RIFT 

TECTONICS 

Northern Red Sea rift tectonics 

The Red Sea occupies an elongate escarpment
bounded depression between the uplifted Arabian 
and Nubian Shields. Stratigraphic and structural 
studies show that both the Red Sea and Gulf of Suez 
rifting began in Oligocene time and developed in the 
Miocene. 

The extent of oceanic crust underlying the Red Sea 
has been the subject of a long debate. Some believe 
that the northern Red Sea is almost entirely underlain 
by oceanic crust. The evidence for this view is based 
on plate kinematics (Mckenzie eta!. 1970), gravity 
and magnetic data (Girdler & Styles 1974, 1976, 
Rosser 1975, Styles & Hall 1980), seismic data 
(Knott et al. 1966, Philips & Ross 1970), and measu
rements of heat flow along the central Red Sea which 
show values of about 400 millivolts as compared to 
150 millivolts on both sides. Even the measured 
values along the coastal areas of the Red Sea are still 
two to three times higher than the World mean 
(Girdler 1970, Evans & Tammemagi 1974). Others 
believe that the oceanic crust is of limited extent or 
non-existent in the northern Red Sea (Hutchinson & 
Engels 1972, Lowell & Genik 1972, Ross & Schlee 
1973, Coleman et al. 1975, Lowell et a!. 1975, 
Cochran 1983). Which viewpoint is accepted would 
influence one's understanding of the extent of separa
tion or motion between Arabian and African plates. 

Factors affecting seafloor spreading 
In interpreting magnetic data over sea floor spread, 
synthetic sea floor spread models are used extensive
ly to simulate observed magnetic data. The amplitude 
and wave length of the synthetic anomalies depend 
upon several factors: (1) depth to the sea floor spread; 
(2) width and thickness of the magnetized layer; (3) 
strike of the spread; (4) rate of spreading in crniY-1; 

(5) latitude of the spread, and (6) effective suscepti
bility of the spread. 

Taking all these factors into consideration, Hall 
(1979) constructed a synthetic model for the northern 
Red Sea (Fig. 8/31 ). In this sea floor spread model, 
oceanic layer 2 is assumed to have a thickness of 2 
Ian at a depth of 4 Ian, striking 145° N, parallel to Red 
Sea coastlines, spreading at a rate of 0.5 crniY-1, and 
having an effective susceptibility of 0.01 emu cm-3 

for the model and 0.02 emu cm-3 for the central body. 
This value is typical of that found for oceanic basalts 
(Lowrie et a!. 1973b, Fox & Opdyke 1973). This 
synthetic model yields a central magnetic anomaly 
with an amplitude of about 700 gammas, peak to 
trough (Fig. 8131 ). 
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Sea floor spreading history of the Red Sea 
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Magnetic anomalies over the Red Sea are separated 
into two groups on the basis of amplitude and wave 
length. Both groups fonn linear patterns and suggest 
two phases of sea floor spreading, an early spread 
characterized by relatively weaker magnetization and 
a recent spread with relatively stronger magnetiza
tion. Girlder & Styles (1974) sbow that the southern 
Red Sea was fonned by two phases of sea floor 
spreading, separated by a long interval during which 
a huge thickness of evaporites was deposited. Figure 
8132 shows three possible synthetic models repre
senting early spread (a) and recent spread (b and c), at 
different spreading rates. A comparison of observed 
magnetic profiles with those calculated from the syn
thetic models shows close agreement, thus support
ing the idea of two phases of spreading, and earlier 
phase, 29 to 23 my (Hall et a!. 1976) and a recent 
phase over the past 4.5 to 5 my. 
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Figure 8.31 Synthetic model for recent spread over past 5 
My (afterHall1979). 

Seismic reflection studies in the northern Red Sea 
(Knott et a!. 1966, Phillips & Ross 1970) sbow that 
the upper Miocene reflector (S) is continuous across 
the main trough and that the upper surface of the 
evaporites is defonned, but with severe defonnation 
in an area about 100 km in width in the center. 
Toward the margins of the main trough, the post
Miocene deposits overlying the reflector (S) tend to 
be much less disturbed than reflector (S), implying 
relative stability since the end of the Miocene. 
However, in the central region, the defonnation con
tinues up through the overlying sediments, giving the 
main trough its irregular, broken appearance, and 
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Figure 8.32 Three possible sea floor models: a. for early spreading phase, band c. for recent spreading phase. 
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Figure 8.33 Total intensity magnetic anomaly map of the 
Red Sea. 

implying continuous tectonic activity (Knott et al. 
1966). 

Magnetic evidence for northern Red Sea Rift 
Cochran (1983) concluded that no axial trough is 
present in the northern Red Sea north of latitude 25° 
N. His conclusion was based primarily upon the 
absence of linear magnetic anomalies characteristic 
of the axial trough. Hall et al aeromagnetic map 
(1976, Fig. 8/33) shows a group of strong, high 
frequency magnetic anomalies along the central por
tion of the Red Sea up to latitude 23° N. However, a 
comparative look at the density of ship tracks, along 
which marine magnetic data was collected (Fig. 8/ 
34), clearly reveals less dense coverage in the north
ern Red Sea. This may suggest tht the lack of high 
frequency linear magnetic anomalies, north of lati
tude 23 ° N, may be due to lack of coverage in that 
portion, in addition to a strong regional magnetic 
effect that should be subtracted in order to see the 
effect of sea floor spreading better, which is consi
dered to be a residual effect in this case. 

A new aeromagnetic map was compiled for both 
the Gulf of Suez and the northern Red Sea by the 
author. The total magnetic intensity data resulting 
from four different aeromagnetic surveys (Fig. 8/35) 
was compiled and reduced to one set of data. Due to 
the extreme length of the area investigated, two se
parate files for the gridded magnetic data were used 
to carry out the analyses. The first file contains the 
total magnetic intensity data for the Gulf of Suez, and 
the second file contains the total magnetic intensity 
for the northern Red Sea. 

The total magnetic intensity was rotated to the pole 
in order to remove the skewness of the magnetic field 
vector within the area investigated, that is, to get rid 
of the latitude effect. The reduced-to-pole (RTP) 
magnetic maps for both the Gulf of Suez and the 
northern Red Sea are shown in Figures 8/36 and 8/37, 
respectively. The RTP magnetic map for the northern 
Red Sea (Fig. 8/37) shows various northwest trend
ing anomalies of varying wave length and amplitude. 
These variations show different sources of the ano
malies, as well as their depth and composition. Since 
the primary interest was to map the high frequency 
magnetic anomalies related to sea floor spreading 
(which seem to be overridden by the strong, broad 
regional effect of the surrounding crust, stretched 
lithosphere and upwelling mantle), it was necessary 
to isolate the high frequency residual anomalies from 
the low frequency regional anomalies by means of a 
suitable filtering program. Figures 8/38 and 8/39 
show the residual and regional magnetic maps for the 
northern Red Sea. 
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Figure 8.34 Index map showing sources of magnetic data (after Hall1979). 
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Figure 8.36 Reduced to pole magnetic Gulf of Suez. Figure 8.37 Reduced to pole north Red Sea. 
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Figure 8.38 Residual magnetic north Red Sea. Figure 8.39 Regional magnetic north Red Sea. 
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Figure 8.40 Observed residual magnetic anomalies north
em Red Sea. 
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Fignre 8.41 Northern Red Sea seismic activity (after Hall 
1979). 

Sea floor spreading 
The residual magnetic map (Fig. 8/38) clearly shows 
two main types of northwest-trending magnetic ano
malies within the offshore northern Red Sea: (a) a 
group of linear, parallel to coastline, magnetic ano
malies of reversed polarity of very high frequency 
and strong amplitude (500-700 gammas), which are 
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Figure 8.42 Modeled reduced to pole (RTP) magnetic 
profile across northern Red Sea. 

discontinuous in nature and very similar to those 
anomalies associated with the axial trough of the 
central and southern Red Sea, and (2) another group 
of relatively weak magnetic anomalies (50-150 gam
mas) distributed over the western portion of the 
northern Red Sea. 

The parallelism in trend, northwest, the linear na
ture of both groups of anomalies, and the strong 
amplitude and reversed polarity of the central anoma
lies strongly suggest the presence of sea floor spread
ing in the northern Red Sea. Moreover, the strong
amplitude anomalies may be regarded as associated 
with the recent phase of spread, while the relatively 
weak anomalies are associated with the earlier phase 
of the spread (Girdler & Styles 1974). 

Five residual magnetic profiles (Fig. 8/40), taken 
across the strong linear magnetic anomalies, are com
pared with the theoretical magnetic anomaly calcu
lated from the synthetic sea floor spreading model for 
the northern Red Sea in Figure 8/31 (Hall 1979). A 
great similarity is seen between the observed anoma
lies (Fig. 8/40) and the theoretical model, both in 
frequency and amplitude. However, it is to be noted 
that the wave length of profiles 1 and 2, in the extreme 
northern part of the Red Sea, shows even stronger 
amplitude and higher frequency than that of the theo
retical synthetic model, with a spreading rate of 0.5 
crn!Y-1 (Fig. 8/31). This difference is attributed to the 
possibility of a higher rate of spreading, amounting to 
about 0.6 crn!Y-1 in the extreme northern end of the 
Red Sea, due to the proximity to the active Aqaba rift. 
This area is also characterized by high seismicity 
(Fig. 8/41). The excellent degree of fit between the 
observed residual and the theoretical anomalies 
greatly enhances the interpretation of linear magnetic 
anomalies as a result of sea floor spreading along the 
axial trough in the northern Red Sea. 

-------- .... ---- - ·----· 
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Figure 8.43 Interpretation for northern Red Sea showing spreading axis and extent of oceanic crust 
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An RTP magnetic profile (Fig. 8138) was also 
modelled across the northern Red Sea, north of Ras 
Banas, asuming an earth crust thickness of 4-5 km 
over the main trough and with mantle material reach
ing the sea floor in the central northern Red Sea (Fig. 
8/42). 

Transform faults 
Both residual and regional magnetic maps (Figs. 8/38 
and 8/39) show several discontinuities separating the 
linear magnetic anomalies. These zones may repre
sent fracture zones, transform faults or regions in 
which the formation of mid-oceanic ridges had not 
yet begun. In some places, an offset of the linear 
magnetic anomalies is evident (Fig. 8/38). These 
discontinuities or offsets are interpreted as marking 
the location of transform faults representing planes of 
differential horizontal extension across the sea floor 
spread. Six such faults are mapped (Fig. 8/43). The 
northernmost transform is considered as the southern 
extension of the Dead Sea-Aqaba transform. The 
azimuth of this transform fault is about 25°. The next 
three transform faults to the south show a more or less 
parallel trend to the northern transform, with azimuth 
ranging between 25 and 30°. The azimuth of these 
transform faults agree very well with the transform 
faults predicted with poles of rotation, as suggested 
by Freund (1970) and Girdler & Darracott (1972). 

Figure 8/43 shows a large zone north ofRas Banas 
which is characterized by transverse magnetic ano
malies (fig. 8/38) and bounded by two transform 
faults (V and VI) where the azimuth is greater than 
the other four northern transforms. This transverse 

Figure 8.44 Leaky ttansform 
faults due to recent spreading 
along new direction (after Hall 
1979). 

zone has an azimuth of 35° between Arabia and 
Nubia. The zone is about 30 Ian wide, and magnetic 
patterns north and south of this zone show relative 
displacement, suggesting a large transform fault 
across the area. Hall (1979) describes such transverse 
zones as due to leaky transform faults (Fig. 8/44 ), 
relating the leakage of basic inttusions along the 
transforms to change in the motion of Arabia relative 
to Nubia, between the early and the recent spreading 
events. 

A model explaining the change in direction of 
motion between Arabia and Nubia is presented in 
Figure 8/45. This model proposes that by Oligocene 
time the Gulf of Suez-Red Sea had been formed but 
that the Gulf of Aqaba had not yet been formed and 
was represented only by a large fracture separating 
the Gulf of Suez from the Red Sea (Fig. 8/45). By 
continued extension across the region through the 
Oligocene and early Miocene, the rift was initiated, 
resulting in the separation of Arabia from Nubia 
along a northeast direction. By the middle Miocene, 
the Gulf of Aden started to open up and the direction 
of extension across it was almost north-northwest
south-southeast This new direction of regional ex
tension across the Gulf of Aden, combined with the 
northeast regional extension across the Gulf of Suez 
and the Red Sea, resulted in a different directional 
vector along which the new direction of motion be
tween Arabia and Nubia took place in late Miocene 
times. It is this new direction of regional extension 
that began the opening up of the Gulf of Aqaba and 
resulted, to a large degree, in left-lateral displacement 
along the Dead Sea-Aqaba Rift. 
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This model suggests that the change in direction of 
motion between Arabia and Nubia may have resulted 
in the leaky transform faults V and VI (Fig. 8/43), 
characterized by transverse magnetic anomalies. 

Abdel Gawad (1970) correlates two shear zones on 
the Nubian side, the Duwi and Hafafit (Sa and Sb ), 
with two other shear zones of the same west
northwest trend on the Arabian side, Abu Masarib 
(Sa) and AI Hamed (Sb) shear zones (Fig. 8/46b). He 
assumes that these shear zones were continuous be
fore the development of the rift, as is clear from the 
restored position configuration (Fig. 8/46a). It is in
teresting to note that the disolocation of the second 
(Sb) coincides very well with the location of the zone 
of transverse transforms V and VI as mapped in 
Figure 8/43. 

In summary, it is believed that there is a disconti
nuous spreading center along the center of the north
em Red Sea, as revealed by linear magnetic anoma
lies and magnetic models crossing it. Spreading is 
believed to be at a rate of 0.5 crn!Y-1, which may 

Figure 8.45 Development of Gulf 
of Suez, Red Sea, Gulf of Aqaba 
aod Gulf of Aden rifts. 

increase to 0.6 cm!Y-1 or more in the extreme north
em part of the Red Sea, at its junction with the Gulf of 
Suez, where the Aqaba rift has been active since late 
middle Miocene time. 

In conclusion, this area is intersected by six trans
form faults of NE trend. The northernmost transform 
coincides with the southwestern extension of the 
Aqaba shear. The two southernmost transforms 
bound a zone of transverse magnetic anomalies 
which are interpreted as due to leaky transform faults 
that seem to have separated the once continuous 
shear zone (Hafafit-AI Hamed). 

Gulf of Suez rift tectonics 

The Gulf of Suez rift comprises a northwest trending 
intra-cratonic basin that is separated from the Red 
Sea by the Aqaba transform fault. The Gulf of Suez 
rift is bounded on the east by the Sinai Massif and on 
the west by the Red Sea Hills of the Eastern Desert 
(Fig. 8/47). 
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Figure 8.46 Regional tectonic setting of the Gulf of Suez (based on Abdel Gawad 1969 and Garfunkel & Bartov 1977). 
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Figure 8.47 Gulf of Suez rift boundaries. 
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The Suez rift is considered to be the right lateral 
component of the two complementary shear fractures 
of Suez and Aqaba that resulted from a northwesterly 
horizontal compression (Fig. 8/48). This compress
ive force is believed to have started in Eocene times 
as a result of the northward motion of Africa towards 
Laurasia which destroyed Tethys II and resulted in 
the Mediterranean. During the Eocene, northern 
Africa yielded to the northwest compressive force by 
northeast folding. This would be expected, since the 
vertical direction is the direction of least stress. 
However, after the folding episode resulting in the 
Syrian arc trend, and by Oligocene time, it appears 
that the vertical direction was not the least stress axis 
due to the accumulation of sediments resulting from 
the folding. Hence an interchange between the north
east intermediate horizontal stress axis and vertical 
least-stress axis took place. This new system of stress 
relations resulted in the two complementary shear 
fractures, the Suez right-lateral shear and the Aqaba 
left-lateral shear (Fig. 8/49). Usually the stress field 
favours one shear direction over the other and, in this 
case, the right-lateral component was favoured, re
sulting in a more highly developed Gulf of Suez-Red 
Sea trend than the left-lateral Aquaba trend. This may 

--------r---------------. --· .. -·- ----. 
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Figure 8.48 Stress model for Suez and Aqaba shears (Oligocene time). 

be attributed to the fact that the northwest tectonic 
trend was an old Precambrian trend and that it was 
just rejuvenated in Oligocene time. 

The two possible primary dynamic forces that 
could initiate the Suez rift are either the right-lateral 
coupled force along the shear or the regional exten
sion across it (Fig. 8/49). The rifting due to right
lateral shear is shown in a model for Western North 
America (Fig. 8/50). This model resulted in basins 
and ranges of a northeast trend. However, the geolog
ic evidence from the Gulf of Suez assures a northwest 
direction for the basins and ranges within the rift. 
Accordingly the possibility of initiation of the Suez 

rift by right-lateral shear is completely excluded and 
the regional extension in a direction approximately 
perpendicular to it is generally accepted. 

Harding (1973) presents the dog-leg model repre
senting a regional extension across the rift. The geo
metry of this model is shown in Figure 8/52. The 
model shows reversal of regional dip for the tilted 
blocks along different parts of the rift and also shows 
that these regions of different dip regimes are sepa
rated by an accommodation zone of relatively flatter
dip where transform faults may exist. Meshref et al. 
(1976) identifies these zones as shear zones of 5-7 Ian 
in width. The model also shows dislocation of the 
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Figure 8.49 Possible dynamic forces for initiation of Gulf 
of Suez and Red Sea rifL 

future spreading axis of the rift from one side to 
another through left and right stepping respectively 
from south to north (Fig. 8/51 ). Figure 8/52 shows the 
attitude of the tilted fault blocks across various parts 
along the proposed dog-leg rift model. It is interest
ing to note that across the northern and southern 
provinces which are characterized by regional south
west dip (Fig. 8/52a), there is a possibility of local 
northeast dip existing in the downthrown blocks from 
the main eastern bounding fault of the rift. Similarly. 
a local southwest dip is expected to exist on the 
downthrown blocks from the western main bounding 
fault of the rift in the central province which is 
characterized by regional northeast dip (Fig. 8/52c ). 

Figure 8/53 shows the suggested dog-leg model as 
applied to the Gulf of Suez rift. The major feature of 
this model is the existence of a series of major faults 
that extend along the rift and bound it from both 
sides. It is interesting to notice that in both the north
em and southern provinces there is a series of major 
downthrown-east faults that exist along the western 
boundary of the rift. Meanwhile, in the same prov
inces, there is ouly a single major downthrown-west 
fault that bounds the rift from the east. Thus it is 
expected that the combined throw of the major seires 
of downthrown-east faults will be more than the 
throw of the single major downthrown-west fault. 
This fact will result in regional southwest dip of the 
tilted fault blocks in both the northern and southern 

N 

1 

Figure 8.50 Rifting due to right-lateral shear for western 
NorthAmerica(afterCarey 1958 and Deutsch 1960). 

provinces. Moreover, it is logical to assume that the 
future spreading axis of the rift will be located in the 
central part of the rift bounded by major faults of 
opposite throw (Fig. 8/53). 

However, the central portion of the Suez rift, 
central province, is bounded from the east by a series 
of downthrown-west faults and from the west by a 
single downthrown-east Red Sea hills bounding fault 
(Fig. 8/53). Accordingly, it is expected that the central 
province will have a regional northeast dip. It is also 
interesting to note that the central province is 
bounded from north and south by two major accom
modation zones separating it from both northern and 
southern provinces of regional southwest dip regime 
(Fig. 8/53). 

Close examination of Figures 8/51 and 8/53 shows 
the great similarity between the dog-leg model pro-
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Figure 8.54 Gulf of Suez major tectonic features and 
troughs. 

Figure 8.55 Bouguer gravity Gulf of Suez. 
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posed by Harding (1984) and the Suez rift model 
proposed by the author. 

Figure 8/54 shows the distribution of the major 
troughs in the Suez rift as deduced and mapped from 
subsurface data. In the northern province, these are 
the Darag and Lagia troughs. In the central province 
there are the October, Belayim and Gharib troughs. 
The southern province includes the West Zeit, Gem
sa, East Zeit, South Central and South Ghara 
troughs. 

Geophysical evidence 
The Bouguer gravity map of the Gulf of Suez (Fig. 
8/55) shows excellent agreement with the proposed 
model for the Suez rift shown in Figure 8/53. All 
major known troughs (Fig. 8/54) are associated with 
large negative Bouguer gravity anomalies. Close at
tention should be given to the positive gravity 
anomaly associated with Gebel Zeit and its north
ward extension which is most probably associated 
with an uplifted basement block separating the Gha
rib trough to the west from the Belayim trough to the 
east (Figs 8/54 and 8/55). 

The regional magnetic map for the Gulf of Suez 
(Fig. 8/9a) shows good agreement with the proposed 
model of the Suez rift (Fig. 8/53), especially in the 
southern part of the rift where magnetic anomalies 
show a northwest trend 

The temperature gradient map of the Suez rift (Fig. 
8/56) is in excellent agreement with the proposed 
dog-leg model for the Suez rift. This map shows that 
the major troughs along the rift axis are associated 
with a high temperature gradient, reaching 20"F per 
100 feet or more. This is explained by the axis of the 
rift usually being associated with a thin crust and 
upwelling of hot mantle material by convection. 

Geologic evidence 
The dip regime from wells drilled within the offshore 
Gulf area and the measured dip from surface outcrops 
on both sides of the Gulf region are shown in Figure 
8/57. Also shown are the two accommodation zones 
as suggested by the rift model (Fig. 8/53 ). All data 
show a regional southwest dip in both the northern 
and southern provinces of the Gulf and a regional 
northeast dip in the central province of the Gulf. 

The isopach map of the total Miocene clastics of 
Nukhul, Rudeis, and Kareem or synrift sediments, is 
shown in Figure 8/58. This map correlates very well 
with the model proposed for the Suez rift (Fig. 8/53). 
All mapped troughs (Fig. 8/54) are associated with 
thick synrift Miocene clastics. This fact reflects the 
time of development of these basins, within the lower 
to middle Miocene, which is considered to be the 
period of active rifting in the Gulf of Suez. 

A regional Miocene stratigraphic study involving 
some 300 wells was carried out by Hosny, Gaafar and 
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Figwe 8.56 Temperature gradient map modified after Sha
hin & Fathi (1984). 
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Figure 8.57 Surface and subsurface dip regimes in Gulf of 
Suez rift. 

Sabour (1986). This study resulted in dividing the 
Suez rift into two main stratigraphic provinces (Fig. 
8/59) based on facies changes. Stratigraphic province 
1 is characterised by Lower Miocene deposits and 
also by the fact that there is no sharp boundary 
between the Kareem and Rudeis Formations. 

Stratigraphic Province 2 is divided into two subdi
visions (Fig. 8/59), based on the fact that in subpro
vince 2A, the Markha anhydrite member is deposited 
separating the Kareem from the Rudeis Fomiation. 
The deposition of this anhydrite is indicative of a 
restricted environment. Subprovince 2B is character
ized by the absence of the Markha anhydrite member, 

_.,-ISOPACH OF TOTAL 11/0CENE 

••• / CL.tSTICS 

Figure 8.58 Total Miocene clastic synrift sediments iso
pach map. 

and a continuous section of Kareem-Rudeis was de
posited of sandy-shaly facies (Fig. 8!59). The two 
provinces seem separated from each other northward 
and southward by a zone characterized by the posit
ive gravity high (Fig. 8/55) associated with the west
em coast of the Gulf of Suez. The very close agree
ment between the proposed rift model (Fig. 8/53) and 
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Figure 8.59 Miocene stratigraphic province in Gulf of Suez 
(after Hosni, Gafar & Sabour 1986). 

W. BAKR 5 

0 
W. SAKR 60 

0 

0 
r07'Al. FI£LD 

SUOR FIELD 

~ 

FtCLD 
ocrosER fiELD O 

I 
N 
I 

~ ABU RUOES FIELD 

FI£LD 

SIORI FIELD 

GS 451 
0 

the Miocene sttatigraphic provinces is indicative of 
the large role played by rift tectonics on Miocene 
sttatigraphy. 

The oil potential of the different basins and troughs 
within the Suez rift is promising; all the troughs 
mapped (Fig. 8/54) are petroliferous and have a good 
potential for oil accumulation when compared with 

Figure 8.60 Major oil field in Gulf of Suez. 
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the oil show map (Fig. 8/60). 1t is expected that the oil 
type may vary from one basin to the other and in 
different parts of the rift depending upon the rate of 
rifting in the various parts of the Gulf. 

Rift evolution 
The Gulf of Suez is an extensional rift that comprises 
a northwest-trending marine basin, flanked by gravel 
plains that are broken by several tilted blocks such as 
Esh El Mellaha and Gebel 2'.eit to the west and Gebel 
Araba to the east (Fig. 8/47). The amount of exten
sion is estimated at 25 to 50% of its original width 
(Garfunkel & Bartov 1977, Angelier 1985, Perry & 
Schamel1985). 

The evolution of the Suez rift began in eary Oli
gocene time by normal faulting and dyke injection, 
resulting in tilted fault blocks in the form of half 
grabens. The main bounding normal faults for the 
titlted blocks show an original dip angle of 60°. With 
active horizontal extension, more thinning of the 
earth's crust took place due to the rotation of blocks; 
tltis resulted in decreasing the dip angle of the main 
bounding normal faults, in some cases up to 40° as 
deduced from well data. 

The direction of block rotation was not constant 

along the strike of the Gulf due to the regional rev
ersal of the dip regime along the strike. Accordingly, 
the tilted blocks would be expected to rotate more to 
the southwest in the northern and southern provinces 
of the Gulf and more to the northeast in the central 
province of the Gulf. 

Gibbs (1984) concluded that appreciable thinning 
of the crustal layer, through passive rifting by assum
ing block faulting alone, creates a serious spatial 
problem (Fig. 8/61a). Chenet et a!. (1984), on the 
other hand, conclude that the amount of crustal thinn
ing, as deduced from subsidence data in the southern 
Gulf of Suez, is much higher than the amount of 
horizontal extension of the upper continental crust 
which accounts for only some 35% of the superficial 
extension (Fig. 8/61b). 

A new geometric model for the Suez rift was 
proposed by Perry & Schamel (1985, Fig. 8/62). This 
model is suggested for the south Gulf of Suez and 
assumes an initial extension in the Oligocene result
ing in the formation and rotation of wide tilt blocks 
over an eastward-dipping low-angle listric normal 
fault system (Fig. 8/62a). 

With continued regional extension during the early 
Miocene more tilting and faulting of the larger blocks 
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Figure 8.62 Geometric model for the Gulf of Suez rift (after 
Perry & Schamel 1985). 

took place resulting in brittle thinning of the upper 
crust. In response to this thinning, isostatic uplift 
arcbed the underlying low-angle fault surface (Fig. 
8/62b ). With continued arcbing, a new system of 
through-going faults cut the old low-angle fault 
system thus limiting the gravity-driven tilted blocks 
to the west of the newly formed faults. At the same 
time, it created a gulf-parallel high bend in the low
angle fault surface and the Moho under the eastern 
portion of the rift (Fig. 8/62c ). 

Later, during middle Miocene to Recent times, a 
system of down-dropped gravels will offset to the 
east of the most extended portions of the older tilt
block array (Fig. 8/62d). Thus duriog the early Mio
cene, in the southern Gulf, block faulting and subsi
dence, i.e. asymmetric rifting, was limited to the 
southwestern part of the Suez rift west of Esh El 
Me11aha range. But from the late Miocene on to the 
present, block faulting and active subsidence was 
concentrated in the east along the central basin 
trough. 
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Figure 8.63 Structural cross-section showing basement 
blocks across different dip regimes. 

Figure 8/63 shows a series of four structural cross 
sections along the Gulf of Suez rift These cross 
sections were constructed using subsurface data, 
location of major faults from a proposed rift model 
(Fig. 8/53), and magnetic data coupled with the geo
metric model suggested by Perry & Schamel (1985). 
According to these cross sections, it would be ex
pected that, both in the northern and southern prov
inces of the Suez rift, the initial rifting phase during 
Oligocene and early Miocene time started in the 
western portion of the rift as the low-angle listric 
faults that dip eastward. Later, by mid-Miocene, ac-
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Figure 8.64 Gulf of Suez rift tectonics. 

tive subsidence resulted in eastward movement of the 
rift axis toward the axial graben represented by the 
South Obara and South Central troughs in the south, 
and Lagia trough in the north (Fig. 8/63 ). In the 
central province of the rift, in the zone of northeast 
regional dip regime and westward downthrown lis
tric low-angle faults, the initial phase of rifting was 

limited to the eastern part of the rift, while later actiVe!' 
subsidence took place westward along the Gharib 
trough (Fig. 8/63). 

In summary, the Suez rift can be looked upon has 
having two major rift axes, a westerly axis and an 
easterly axis (Fig. 8/64). The western axis of the rift 
represents the initial rifting phase in both the northern 
and southern parts of the rift and the later active 
subsidence phases in the central portion (Fig. 8/64 ). 
The eastern axis of the rift coincides with the later 
active subsidence phase in the northern and southern 
parts of the Gulf and the initial phase of rifting in the 
central portion. 

Stratigraphic Province 1 seems to be mainly asso
ciated with the younger phase of active rifting along 
the eastern part of the rift, while province 2 is asso
ciated with the western axis of initial rifting along the 
western part of the rift (Figs 8/59 and 8/64 ) . 

Moretti & Chene! (1986) studied the rate of rifting 
across the southern part of the Gulf of Suez. Figure 
8/65 shows the rate of tectonic subsidence with time 
in three different parts of the rift. Within the offshore 
Gulf of Suez (Site 1, Fig. 8/65), tectonic subsidence 
seems to have begun about 23.5 million years ago, 
and the initial rate of subsidence was very slow 
during Nukhul time. The Rudeis phase of rifting 
showed the highest rate of subsidence during the 
period 22-28 my. Mterwards and during Kareem
Belayim times almost no significant subsidence took 
place within the Gulf of Suez rift. This was probably 
coincidental with the initiation of the Aqaba-Dead 
Sea rift. Since post-Belayim time and through South 
Gharib, Zeit, Pliocene and Quaternary times subsi
dence has taken place but at a very slow rate. 

The subsidence rate in the area bounded by the Red 
Sea hills and offshore Gulf (Site 2, Fig. 8/65) seems 
to have initiated rifting during Nukhul and the lower 
part of Lower Rudeis at a rate comparatively higher 
than that within the offshore Gulf. During the rest of 
the Rudeis and Kareem time uplifting took place 
instead of subsidence. From Kareem onwards, 
another cycle of slow subsidence and uplift took 
place until the Pliocene-Quaternary when the rate of 
uplift became faster. 

Across the Red Sea hills (Site 3, Fig. 8/65), no 
subsidence took place at all until the past 20 my 
where updoming started at different rates. It is to be 
noted from Figure 8/65 that the rate of synrift doming 
on both sides of the rift is proportional to the rate of 
subsidence within the rift. From the previous discus
sion, it can be suggested that the amount of doming 
on both sides of the rift can be taken as a measure of 
the degree of rift. 

Figure 8/66 shows the distribution of the basement 
outcrops on the Nubian side of the Gulf of Suez-Red 
Sea rift. It should be noted that the areal extent and 
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Figure 8.65 Rate of rifting across Gulf of Suez (after Moretti et al. 1986). 

degree of doming of basement crustal rocks are by far 
greater on both sides of the Red Sea rift than that of 
those bounding the Suze rift. Moreover, along the 
Gulf of Suez rift, it can be noticed that the distribution 
of outcropping basement rocks is limited only to the 
southern half of the Gulf of Suez. This suggests that 
the rate of rifting in the northern Red Sea is greater 
than that in the southern half of the Gulf of Suez 
which in tum suffered more rifting than the northern 
half of the Gulf. 

Rift model 
A rifting model is proposed for the Red Sea-Gulf of 
Suez region in Figure 8/67. Usually rifting is initiated 
as a result of regional extension through a zone of 
extension which is bounded by already existing 
major fractures within the earth's crust (Fig. 8/67a). 
By applying horizontal extension, rifting starts by 
block faulting and dyke injection; this results in 
crustal thinning. This phase of rifting is known as the 
passive phase and is believed to be the present condi
tion in the northern half of the Gulf of Suez (Fig. 
8/67b ). Note also that during this phase no domal 
uplift is recorded on either side of the rift. 

With continued extension across the rift and more 
block faulting, continued thinning of the earth's crust 
takes place that results in relief of pressure on the 
mantle's surface, which in tum upwells as a result of 
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pressure release and convective heat. Accordingly, 
the lithosphere is stretched below the axis of the rift 
and thickness on both sides of the rift, giviog rise to 
dorniog of the earth's crust on both sides of the rift 
(Fig. 8/67c). This stage of rifting is known as the 
active riftiog phase and is believed to represent the 
degree of rifting io the southern part of the Gulf of 
Suez. Evidence for this stage of riftiog io the sou them 
Gulf comes from well data and magnetic modelling. 
Most wells drilled withio the central portion of the 
southern Gulf and reachiog the basement prove that 
the basement rocks are maioly of contioental type. 
However, magnetic modelliog across the southern 
Gulf is impossible without making two assumptions: 
(1) that the basement surface is regionally down
warping along the center of the Gulf (Fig. 8/68), a 
fact heavily supported by drilliog infonnation, and 

Figure 8.66 Distribution of base
ment rocks around Red Sea-Gulf 
of Suez and Gulf of Aqaba. 

(2) that there are more basic rocks along the central 
part of the southern Gulf which are . close to the 
surface and result io assigniog relatively higher 
magnetic susceptibility values for the basement 
blocks along the axis of the rift as compared to those 
on both sides (Fig. 8/68). 

A more advanced stage of rifting takes place where 
the mantle material reaches the sea floor, resulting io 
sea floor spreading at the center of the rift and more 
doming and uplifting of the earth's crust on both 
sides of the rift (Fig. 8/67 d). It is believed that this 
phase of rifting is the present condition in the north
em Red Sea. 

Figure 8/69 shows the sea floor spreading axis and 
the axial trough underlyiog the northern Red Sea. It 
also shows the northern extension of the rift axis 
along the Gulf of Suez. 

- ------------...------------
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CHAPTER 9 

Vulcanicity 

MOHAMED YOUSRI MENEISY 
Faculty ofScience,AinShams University, Cairo,Egypt 

During the Phanerozoic, Egypt was an exorogenic 
foreland receiving sedimentation affected by inter
mittent vulcanicity. Vulcanicity, and igneous activity 
at large, repeatedly occurred mainly in relation to the 
fracture system which originated in the Late Precam
brian. Periodical reactivation of these older fracture 
zones throughout the Phanerozoic gave way to differ
ent types of plutonic and volcanic rock assemblages. 

The Egyptian volcanic rocks of the Paleozoic and 
Mesozoic are diversified in their chemical character
istics, size aod mode of eruption; whereas the 
Tertiary- and Quaternary-volcanics are largely basal
tic. 

Several workers studied various aspects of the 
Phanerozoic volcanics. Early works (e.g. Hume 
1907, Barthoux 1922, Andrew 1937, Shukri 1953, 
Rittmano 1954, Sabet 1958) were reviewed by Said 
(1962). Most of these authors dealt primarily with the 
geologic and petrographic aspects of the different 
volcanics, mainly of Mesozoic and Tertiary age. In
fonnation concerning Paleozoic volcanics was then 
very limited 

Later works include El Hinnawi 1965, El Hinnawi 
& Abdel Maksoud 1968 and 1972, Sayyah & El 
Shatoury 1973, Meneisy & Kreuzer 1974, El Shazly 
et a!. 1974, Meneisy et a!. 1976, El Shazly 1977, 
Hashad eta!. 1978, Abdel Monem & Heikal 1981, 
Kamel et al. 1981, Amer et a!. 1982, Meneisy & 
Abdel Aal1984 and a number of unpublished theses. 
These works added valuable information on the 
geochemistry, magma type, tectonic environment 
and age of these volcanics. In the light of these recent 
studies and the increasing availability of isotopic 
ages of Egyptian Phanerozoic volcanics, a meaning
ful temporal aod spatial correlation between the dif
ferent volcanic districts can be attempted. 

Over the last decade, active interest in the study of 
the alkaline ring complexes in Egypt has provided a 
bulk of data concerning their origin, tectonic setting 
and ages. Alkaline magmatism is emphasized 
throughouttlrischapte~ 

Compilation of some 150 isotopic ages and a few 
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new KJ Ar ages obtained recently by the author is. 
presented The ages are generally considered to 
represent the time of formation or 'true age' of the 
rocks studied. The consistency of the ages obtained 
by different metltods for the same rock is remarlcable. 
In a few cases the ages obtained by KJ Ar method are 
regarded as minimum ages. Also, recalculated ages 
using recent decay constants are indicated The 
histogram approach was not attempted in the presen
tation of data in view of the wide spectrum of ages 
obtained by different methods for a wide variety of 
rocks. Coupled with our present know ledge of tecto
nic events, the isotopic age data were used to cons
truct a sequence of the main episodes of Phanerozoic 
vulcanicity in Egypt. The geological timetable gen
erally used for reference throughout tlris chapter is 
that compiled by Van Eysinga and published by 
Elsevier (1978). However, certain adjustruents to the 
boundaries, especially for the Cenozoic as proposed 
by other authors, are taken into consideration. 

Finally, a brief account of mineralization or hydro
thermal activities connected with Phanerozoic vulca
nicity is presented 

EARLY PALEOZOIC VULCANICITY 

The earliest Phanerozoic igneous activity in Egypt 
was that associated with or closely related to the 
Pan-Mrican tectono-thermal event. Despite current 
controversy as to the nature and time span of tlris 
important event (e.g. Fleck eta!. 1976, Gass 1977, 
Rogers eta!. 1978, Engel eta!. 1980), it is generally 
accepted that the last phases of this event persisted 
through earliest Paleozoic times. It is with these late 
Pan-Mrican phases that we are concerned here. The 
earlier (Late Proterozoic) phases are dealt with else
where in this book. 

The sequence of principal Pan-Mrican magmatic 
events -especially in the north Eastern Desert- has 
recently been outlined by Stem et a!. (1984 ). Accord
ing to his sequence, the final Pan-Mrican phase of 



158 Mohamed Yousri Meneisy 

igneous activity took place roughly around 550-500 
Ma. This is in close agreement with what was pro
posed by Fleck et al. (1976) for the Arabian Shield. 
They report ages indicating two late Pan-African 
thermal pulses or maxima. The first, between 610 and 
580 Ma, is asociated with the major igneous activity 
which took place in the region at the end of the 
Precambrian. The second, between 540 and 510 Ma 
(Cambrian), was relatively less pronounced in terms 
of temperature and igneous activity, but was accom
panied by faulting and fracturing. 

Early Paleozoic (Pan-African) magmatism (550-500 
Ma) 

The earliest Paleozoic igneous activity reflects the 
emplacement of minor alkaline intrusions and gra
nites (mainly alkali to peralkaline-G3-granites of 
Hussein et al. 1982) as well as 'dike swarms' com
mon within basement rocks. Examples are Locations 
1, 2, 3, 4 and 5 given in Table 1. 

The alkaline ring intrusions are characteristic of 
the Red Sea Rift zone of Egypt and Sudan with the 
oldest yielding Pan-Mrican 'Eocambrian' ages 
around 570-540 Ma (Razvalyayev & Shakhov 1978). 
The oldest known alkaline intrusion in the Eastern 
Desert is that of Wadi Dib with an average age of 554 
Ma (Serencsits et al. 1979). This age places the Wadi 
Dib complex among the group of Pan-Mrican 
Younger Granites with an alkaline affinity (El Ramly 
et al. 1982). This complex is silica over-saturated and 
relatively low in alkalies (as compared with the 
younger complexes). Structurally, it is associated 
with the northwest trending Najd transcurrent fault 
system developed at about the same time span 580-
530 Ma BP (Fleck et al. 1976). 

In Sinai, a ring dike complex with a central volca
nic pile of alkaline rocks is reported by Shimron 
(1980) as associated with the 'Catherina cycle' of 
vulcanicity roughly dated at 550 ± 50 Ma. It is 
interesting to note that ring complexes in northeast 
Sudan yield ages in the same range. Vail (1976) 
reports K/Ar ages for Sabaloka granite between 476 
and 540 Ma, and for Salala syenites and gabbros 
(411-550 Ma). 

Several periods of alkaline magmatism are now 
known to have occurred in Egypt during the Phanero
zoic and will be consecutively dealt with in this 
chapter. 

The 'dike swarms' 
The basement terrains in Egypt, especially in the 
Eastern Desert and Sinai, are of the most intensely 
dike-intruded regions known. Commouly referred to 
as dike swarms, these post-tectonic intrusions vaty 
widely in composition from acidic, intermediate, 

basic and alkaline, and were intruded over a lengthy 
period of time. 

The dikes are narrow, steeply dipping bodies, a few 
metres thick and several kilometres in length. As 
mapping has progressed, the distribution of these 
dikes has become more accurately known. Most of 
the dikes post-date the folding and metammphism of 
the basement complex and the batholithic granites 
and some pre-date ring complexes. 

In some areas, where paleomagnetic and isotopic 
age studies were carried out, the age of the dike 
swarms could be ascertained. K/ Ar ages in the range 
530-480 Ma were obtained for dike swarms located 
north of the Qena-Safaga Road and Urn Rus area, 
central Eastern Desert (Nairn et al. 1980). These 
ages, however, should be considered as minimum 
ages in view of the possible argon loss due to altera
tions suffered by some of the dated samples. In many 
areas in the Nubian Shield, acidic dikes, pegmatites 
and aplite veins genetically and spacially related to 
the 'Younger Granites' are assigned to this period. A 
few isotopic ages of pegmatites are reported by El 
Ramly (1962) in the range of 530-495 Ma (Locations 
3 and4: Table 1). A brief review of relevant informa
tion concerning the age of the dike swarms in Egypt is 
given by Schurmann (1974). 

It is important to point out here that detailed sys
tematic studies and geochronological investigations 
of the dike suites in the Eastern Desert and Sinai are, 
as yet, insufficient 

Post Pan-African magmatic activity intermittently 
took place during the early Paleozoic. A number of 
intrusions and extrusions yielding Ordovician
Devonian ages are shown in Table 1. 

In other areas, where age data is lacking, early 
Paleozoic ages are assigned to various subalkaline, 
intermediate and basic dike swarms (El Shazly et al. 
1965). Rhyolite flows in Gebel Uweinat area, south 
Western Desert, are also assigned to this period. 

1\vo periods of alkaline magmatism ( 404 and 351 
Ma) are indicated by the isotopic ages obtained for 
Zargat Naam and Tarbtie North ring complexes cor
responding to the Silurian and Devonian. The age of 
Zargat Naam is of particular significance since it 
intrudes Nubian Sandstones; a Paleozoic age is thus 
assigned to the latter. It should be pointed out that the 
formation of a ring complex took place, in some 
cases, through successive phases of magmatic activ
ity. This is shown by the relative isotopic ages ob
tained for the different rock types of the same com
plex (e.g. Zargat Naam 404 and 247 Ma, see Tables 1 
and2). 
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LATE PALEOZOIC MAGMATISM 

A nwnber of alkaline and subalkaline volcanic rocks 
occur as plugs, sheets and cones as well as swarms of 
sills and dikes invading Precambrian fonnations 
mainly in the central and southern parts of the Eastern 
Desert. These volcanics are most probably related in 
age and genesis to the alkaline ring complexes. Based 
on the major chemistry statistics, these rocks include 
seven main types: namely, trachytes, bostonites, ne
pheline syenites, latites, spessartites, camptonites 
andkeratophyres (Aly & Moustafa 1984). 

Nwnerous age detenninations (Table 1) reflect 
three main volcanic episodes in the Late Carbonife
rous, Permian, and Permo-Triassic. The rocks in the 
first two episodes are mainly tachytes, bostonites and 
nepheline syenites but also include camptonites and 
olivine basalts. They are widely intruded as ring 
complexes, sills, dikes, plugs, sheets and flows into 
the basement of the Eastern Desert and the sediment
ary column of the Western Desert. 

In the central Eastern Desert, the peralkaline vol
canics of the greater Wadi Kareim area give an aver
age Rb/Srisochron age of290± 15 Ma (Sayyah et al. 
1978). This includes the age of El Atshan volcanics 
known for their radioactive mineralization. One 
isochron on Nasb El Qash trachytes gives a slightly 
younger age of 245 ± 15 Ma. The Wadi Kareim 
volcanics occur as sills, dikes and plugs of variable 
dimension but of limited lithologic variation. 
Trachytes and bostonites are the main types. The 
isotopic ages place these volcanics between late Car
boniferous and early Permian. Their average initial 
Sr78/Sr"6 ratios show that they fall within the range 
typical for continental acidic volcanics (Hashad et al. 
1981). 

It is interesting to note that similar K/Ar ages are 
reported for volcanic dikes from Gebel Urn Kibash, 
south Eastern Desert (El Ramly 1962). These data 
indicate the importance of the magmatism which 
occurred on the foreland of Egypt toward the late 
Carboniferous and early Permian time. 

Permo-Triassic (230± 10 Ma) magmatism 

Related to the initial break-up of Pangea and the 
closure of the Tethys, this period is characterized by 
rapid polar wandering (Gass et al. 1978). Records of 
volcanicity related to the uplift of the Aswan
Uweinat massif exist (Locations 18, 19, 20, 21 and 
22, Table 1 ). 

In the late Permian/early Triassic, the area between 
Gebel Uweinat and Bir Safsaf, south Western Desert, 
was uplifted along zones of pre-existing crustal 
weaknesses and these reactivated fractures gave way 
to the intrusion of basaltic dikes around 235 Ma as 

well as rhyolitic subvolcanics around 216 Ma 
(Schandelmeier & Darbyshire 1984). A group of 
K/ Ar ages falling in the range of 230 ± 15 Ma is 
reported from northeast Sudan (Vail197 6). 

During this period the massifs of Zargat Naam 
(partly), Bir Urn Hebal and Gebel Silaia were 
emplaced. The granosyenite masses of Gebel Silaia 
and Gebel Zargat Naam fall along a major transform 
fault that runs approximately N 60° E, while Bir Urn 
Hebal complex is located along a parallel transform 
fault somewhat to the north. The inten;ection of these 
transform faults with the northwestern faults seems to 
have controlled the location of the complexes. In 
Sinai, a major unconformity between the dominantly 
clastic Upper Carboniferous and Triassic deposits 
was detected in several wells, indicating a major 
movement in the Late Paleozoic (Said 1962). Recent
ly, Meneisy (1986) reported a Permo-Triassic K/Ar 
age (238 Ma) for an olivine basaltic sheet from Farsh 
El Azraq volcanics, west central Sinai. This sheet 
(about 70 m thick) overlies the Upper Carboniferous 
rocks and is locally covered by Cretaceous Nubian 
Sandstone. These basaltic rocks subareally erupted 
along deep-seated faults and were derived from an 
olivine tholeiitic magma. 

In a recent study of the Paleozoic rocks of Egypt, 
Issawi & Jux (1982) report major breaks within the 
Paleozoic succession especially in the south Western 
Desert. The breaks reflect uplift and subsidence of 
Arabo-Nubian Craton, echoing worldwide crustal 
disturbances during the Caledonian and Hercynian 
orogenies. 

Also, in the Gulf of Suez area, Cberif (1976) 
concludes that most of the Carboniferous and Per
mian stages seem to have been subjected to the major 
movements of the Hercynian orogenesis, but were 
less strongly affected than most European and North 
African countries. The phases are indicated in the 
Gulf of Suez region by mild epirogenic movements. 

To swn up, the late Carboniferous, Permain and 
Permo-Triassic vulcanicity is a reflection of land 
emergence and diastrophism occurring between the 
Paleozoic and the Mesozoic (Hercynian). Late Paleo
zoic vulcanicity in Egypt appears to have been more 
widespread than has previously been recognized. 

MESOZOIC VULCANICITY 

Mesozoic volcanic and other magmatic rocks in 
Egypt are abundant and diversified in size, form and 
composition. They include basaltic rocks, alkaline 
ring complexes as well as minor granitic intrnsions. 
The largest Phanerozoic volcanic association in 
Egypt, namely that of Wadi Natash, southern Eastern 
Desert, is of late Cretaceous age. Several of the ring 
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Table I. Isotopic detenninations yielding Paleozoic ages. 

No. Locality Age (Ma) Method* Rock Reference 

I. W.Dib,N.ED 553± 11 K/Ar(b) Qz-syenite Serencsits eta!. 1979 
558± 11 K/Ar(b) umptekite 
551± 11 K/Ar(b) umptekite 

2. N.Qena-Safaga 527 K/Ar acidic, intennediate Nairn&Ressetar 1980 
Road 521 K/Ar and basic dikes 

488 K/Ar 
UmRus,C.ED 480 K/Ar 

497 K/Ar 
3. W. Gemal, C.ED 530 Pb allanite-pegmatite El Ramly 1963 

Pb 
4. W. Hafafit, S.ED. 495 K/Ar pegmatite El Ramly 1963 
5. Um Kroosh, S.ED 500±30 Rb/Sr andesite El Shazly et a!. !975c 

480± 15 Rb/Sr andesite 
6. G.AbuDurba 485 ±23 K/Ar rhyolite Steen 1982 
7. G.Babein, S. WD 489± 12 K/Ar micro granite Hunting 1974 (recalculated) 
8. G.Kamil, S.WD 431 ±33 Rb/Sr (isochron) granite Schandelmeir & Darbyshire 1984 
9. Zargat Naarn, S.ED 404±8 K/Ar(h) alkali, syenite Serencsits et a!. 1979 

10. Sharib Well no. I, 8205 ft, 395± 16 K/Ar basalt McKenzie 1971 
N.WD 

II. Trabite N, S.ED 351±7 K/Ar(h) nordmarkite Serencsits et a!. 1979 
12. F.Mishbeh, S.ED 305±20 Rb/Sr Ne-syenite Serencsits eta!. 1979 
13. Urn El Khors, C.ED 302± 15 Rb/Sr (isochron) trachyte El Shazly eta!. 1975c 
14. W.Karelm, S.ED 300± 15 Rb/Sr bostonite Sayyah eta!. 1978 
IS. Hafafit Mine, S.ED 300 K/Ar camptonite El Ramly 1963 
16. Rabat Well no. I, N. WD 293± 12 K/Ar olivine basalt El Shazly 1977 (reported) 
17. G.Um Kibash, S.ED 290 K/Ar bostonite El Ramly 1963 
18. El-Atshan, C. ED 273±20 Rb/Sr bnstonite El Ramly 1963 
19. Urn Shaghir, C.ED 273± 15 Rb/Sr (isochron) trachyte El Shazly et al. 1975c 
20. Nasb El Qash, C.ED 245± 15 Rb/Sr (isochron) trachyte 
21. Farsh El-Azraq, W.C.Sinai 238±3 K/Ar olivine basalt Meneisy 1986 

233±3 K/Ar basalt 
22. G.Zargat Naarn, S.ED 247± 13 Rb/Sr syenite Hashad & El-Reedy 1979 
23. Uweinat area, S. WD 235±5 K/Ar basaltic dike Klerx&Rundle 1976 
24. El-Gezira, S.ED 229±5 K/Ar(b) gabbro Serencsits et a!. 1979 
25. G.Bir Um Hebal, S.ED 223±9 Rb/Sr granosyenite Hasbad & El-Reedy 1979 
26. G.Silaia, S.ED 221 ± 12 Rb/Sr granite Hashad & El-Reedy 1979 
27. G.El-Naga, S.ED 220±20 Rb/Sr Ne-syenite El Shazly et a!. 1975c 

G.= Gebel; W. -Wadi; WD- Western Desert; ED- Eastern Desert; N.- Northern; S. =Southern; C. -Central. 
h =hornblende; b = biotite. 
*Whole rock, unless otherwise specified. 

complexes were formed during the Mesozoic (e.g. 
Abu Khruq, El Kahfa, El Naga, El Mansouri, Nugrub 
El Fogani and Nugrub El Tahtani and Mishbeh). A 
few small granite bodies in the Eastern Desert are 
assigned to the Late Cretaceous. Basaltic dikes, sills, 
flows and plugs scattered in the Eastern and Western 
Deserts and in Sinai were intruded or extruded during 
the Mesozoic. The volcanic rocks of Wadi Araba and 
Abu Darag areas are of Early Cretaceous age. 

The Mesozoic magmatic rocks can be generally 
related to two main phases of igneous activity in the 
Late Jurassic-Early Cretaceous (140 ± 15 Ma) and in 
the Late Cretaceous-Early Tertiary (90 ± 20 Ma). 

Late Jurassic-Early Cretaceous phase ( 140 ± 15 
Ma) 

This phase of igneous activity was related to the 
initial rifting of the South Atlantic and the cor
responding Mrica-South America compression and 
Mro-Arabian strike slip faulting. Many blocks were 
affected by this event. Examples of magmatic rocks 
of this phase are shown in Table 2 (Locations 30-
34). 

Most of the masses which yield isotopic ages in the 
range of 140 ± 15 Ma are typically alkalic ring 
complexes and include those of Gebel Mishbeh, 
Gebel Nugrub El Tahtani, Gebel Nugrub El Fogani, 
Gebel El Naga and Gebel El Mansouri, in the south 
Eastern Desert. The isotopic age data obtained by 
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different methods are remarkably consistent (Serene
sits et al. 1979 and Hasbad & El Reedy 1979). This 
140 Ma episode of alkaline magmatis.m in Egypt 
coincided with a major episode of alkaline magmat
ism occurring in the areas surrounding the So~th 
Atlantic and was related to initial rifting of Afnca 
from South America (Darbyshire & Fletcher 1979). 
Ring complexes in the same age range (150-130 Ma) 
are reportedfromnortheastemSudan (Vail1976). 

Examining the tectonic distribution map of the 
ring complexes in the south Eastern Desert after 
Briossov (in El Ramly et al. 1971 ), it is noted that 
these complexes are confined to a slightly curved 
zone of weakness that trends in a northeast direction 
parallel to the regional fault system of Wadi Haifa, 
Aswan, Mersa Alam (Aswan trend). Titis tectonic 
alignment and the close isotopic ages indicate that 
alkali magmas were being emplaced alon¥ this zone 
of weakness, which extends 200 km, dunng the pe
riod 130 to !50 Ma. The generation of this magma 
may have been triggered by some 'hot-spot' mechan
ism of the type postulated by Briden & Gass (1974). 
The zone of weakness provided the passage for the 
magma and the formation of these alkalic ring comp
lexes. Further discussion of the ring complexes and 
their origin is presented later. 

The volcanic rocks of Wadi Araba and Abu Darag, 
on the western side of the Gulf of Suez, are consi
dered as related to this phase of early Cretaceous 
volcanicity. However, a slightly younger volcanic 
pulse may have followed. The rocks occur mainly as 
dikes and plugs cutting essentially the upper Paleo
zoic sedimentary series which are exposed at the core 
of the Wadi Araba structure and in several localities 
in Abu Darag area (Abdallah et al. 1973). The K/Ar 
ages range between 126 and 115 Ma (Meneisy & 
Kreuzer 197 4) and are regarded as good minimum 
ages due to possible argon loss. The petrology and 
petrochemistry of these volcanics is studied by 
Meneisy et al. (1976). Petrographically, they are 
mainly nepheline-bearing and pyroclastic rocks in 
Wadi araba. Jn Abu Darag, the following volcanic 
association is recognized - olivine basalt-andesitic 
basalt and a rhyolitic variety. The Wadi Arab a volca
nics were extruded into the crest of Wadi Araba 
anticline the axis and plunge of which trend from east 
to west. These alkali basaltic rocks appear to belong 
to an active continental margin environment, being 
extruded within uplifted areas (Abdel Monem & 
Heikal1981). 

Jn Sinai and the Western Desert, it is difficult, as 
yet, to estimate the extent of volcanicity of this phase 
due to lack of isotopic age data. 

The Late Cretaceous-Early Tertiary phase (90 ± 20 
Ma) 

Titis phase was tectonically related to the second 
major episode of alkaline magmatism ~d the large
scale strike-slip faulting in Afro-Arabia. The Late 
Cretaceous-Early Tertiary diastrophism referred to as 
• Laramide' or Syrian arcing system has been the 
subject of considerable discussion (e.g. Said 1962, El 
Shazly 1977). The most obvious folds caused by this 
movement are the • Syrian arcs' noted in northern 
Egypt, especially in northern Sinai and the northern 
Western Desert. 

Titis is perhaps one of the most documented events 
of alkalic igneous activity in Egypt. The ~st record 
of this event is undoubtedly the volcanic rocks of 
Wadi Natash about 125 km east-northeast of Aswan, 
along the boundary between the Nubian Sandstones 
and the Precambrian basement complex. The ex
posed volcanics cover about 600 km2• A number of 
workers have studied these volcanics (e.g. Barthoux 
1922, El Ramly et al. 1971, Abul Gadayel 1974). 
Based on field work, El Ramly et al. (1971) report 
that the sequence of volcanic activity started by the 
formation of olivine basalt; this was followed by 
trachybasalts, Iatites and trachytes. These are consi
dered as nonrial differentiation products of an 
olivine-basaltic magma. This magma erupted on a 
continental crust related to tectonic zones. The Rb/Sr 
isochron age of 104 ± 7 Ma obtained by Hashad & El 
Reedy (1979) is remarkably concordant with the 100 
Ma K/Ar age reported by Abut Gadayel (1974). The 
isotopic ages are corroborated by Late Cret~ceous 
leaflets found in the intercalated volcanJClastJc sed
iments. Jn a recent study by Crawfordet al. (1984) on 
Wadi Natash volcanics, the authors indicate that the 
age of the volcanics suggests that. they we~ not 
directly associated with Red Sea nftmg. The1r al
kaline nature may imply they were involved in a 
pre-rifting doming process: Alternativ~ly, these vo~
canics may belong to the mtraplate brmodal alkali
olivine basalt suite. 

Jn the Uweinat area, south Western Desert, some 
alkaline volcanics pierce Paleozoic sandstones. The 
age of these rocks may be correlated :-"ith that of ':he 
Wadi Natash volcanics. Petrographically, they m
clude alkali trachytes and alkali rhyolites (Bishady & 
El Ramly 1982). Potassium-argon ages are in the 
range 83 to 78 Ma for olivine basaltic rocks from the 
Darb El Arbain area (Meneisy & Kreuzer 1974a). 
The geology of this area is described by Issawi 
(1971) and the petrography of the basaltic rocks is 
given by Abdel Aal (1981). It should be pointed out 
that the volcanic rocks in this area belong to more 
than one phase of vulcanicity. Jn the neighbouring 
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Gilf El Kebir area, Greenwood (I 969) reports ages in 
the same range. 

The other important event during this period of 
igneous activity was the alkaline magmatism giving 
rise to Gebel El Kahfa, Gebel Abu Khruq and partly 
Gebel El Naga and Gebel El Mansouri ring comp
lexes, the latter two being among ring complexes 
which were fonned through successive phases of 
magmatism. Isotopic ages are fairly consistent and 
are roughly around 90 ± 5 Ma. It is noted that the two 
ring complexes ofEI Kahfa and Abu Khruq fall along 
a northwesterly trending lineament. This may imply a 
tectonic control for their intrusion. These complexes 
were related to one phase of alkali igneous activity. 
Wadi Natash volcanics also seem to have belonged to 
this phase. 

Reference should be made here to the carbonatites 
in Sinai and the south Eastern Desert. The spatial and 
temporal affinities between African rift valley al
kaline magmatism and carbonatites are generally ac
cepted. ln the southeastern Sinai, the Tarr albitite
carbonatite complex of Wadi Kid is studied by Shim
ron (1975). The complex comprises albitite masses 
with closely related explosion breccias, fenite aureo
les, intrusive carbonate bodies, olivine dolerite and 
lamprophyre dikes and copper mineralization. Shim
ron (op. cit.) concludes that the complex and the 
alkaline volcanism in the northern Negev and metal
rich sediments associated with the hot brines in the 
Red Sea Deep represent a continuous (or staged) 
event localized along an accreting plate margin. The 
magmatic events commenced during the Cretaceous 
(Tarr) and have continued through the Oligocene
Miocene (basalts and dolerites) up to the present. He 
reports a fission track age of I 03 ± 8 Ma from the 
fenite aureole, probably related to the emplacement 
of the Tarrcomplex. 

Another aspect of the late Cretaceous igneous ac
tivity is the intrusion of small bodies of granitic 
composition. These Cretaceous granites have come 
to the attention of workers in the field during the last 
few years. El Shazly et al. (1973) report Rb/Sr ages 
around 90 Ma for yellow and red muscovite granite 
bodies from Abu Sawyel area, south Eastern Desert. 
Another example of the foreland granites assigned to 
the Late Cretaceous-Early Tertiary based on field 
evidence is reported by Samuel et al. (1983) from El 
Bakriya area, central Eastern Desert. They are in
truded at sites of fault plane intersection and assume 
circular or oval outlines. They manifest contact 
themtal effects on the bordering Nubian Sandstone 
blocks. 

On the origin of the alkaline complexes in Egypt 

As already shown, the alkaline complexes in the 

Nubian Shield of Egypt range in age from 554 to 
around 78 Ma, i.e. Cambrian-Upper Cretaceous. The 
intrusive complexes of the Eastern Desert are inti
mately associated with major lineaments (Fig. 9/1 ). 

They represent the northward continuation of ring 
complexes associated with the East African rift 
system. Hussein (pers. comm.) suggests that the ring 
complexes of Nugrub El Fogani, Nugrub El Tahtani, 
Mishbeh, El Naga, Gezeira and El Mansouri, to
gether with the carbonatite bodies bordering Man
souri and extending southwestward into the Sudan, 
all fall on the continental trace, a zone of transfonn 
faults that extends to cut across the axis of sea-floor 
spreading in the Red Sea. By analogy, it may be 
suggested that the two complexes of Hadayib and 
Urn Risha (EI Ramly et al. 1979) together with that of 
Zargat Naam marl< another zone of transfonn faults. 
A third zone may exist along which lie the ring 
complexes of Trabite North, Trabite South and Kah
fa. 

Phil de Gruyter & Vogel (1981) suggest that these 
complexes originated as a result of alkaline melts 
fonned in the asthenosphere by shear heating caused 
by changes in plate motion. These melts were 
emplaced along reactivated Pan African fractures or 
pre-existing zones of weakness. The six main periods 
of alkaline magmatism in Egypt (554, 404, 351, 229, 
145-132, 91-89 Ma) are all synchronous with 
changes in plate motion. It is widely accepted that 
alkaline magmatism has a relatively deep-seated ori
gin and may be associated with relatively small 
degrees of partial melting of an enriched mantle 
source. The melts ascend preferentially along zones 
of weakness. The coincidence of alkaline magmatism 
in widely separated areas, as in the case of the Egyp
tian, Atlantic and South African alkaline provinces, 
indicates that these alkaline melts may have been due 
to worldwide, synchronous, mantle disturbances. 

Although the alkaline complexes of the Eastern 
Desert have similar overall chemical trends, there is a 
distinct change in the degree of alkalinity and silica
saturation with age. The older complexes are gen
erally silica-oversaturated and relatively low in alka
lies, whereas the younger complexes are dominated 
by silica-undersaturated rock types and are rich in 
alkalies. This change in alkalinity may be due to the 
cooling of the lithosphere after the Pan-African 
event Thus the chemical trends observed in the 
Egyptian alkaline complexes are consistent with 
decreasing thennal gradient in the Phanerozoic. 

El Ramly et al. (1982) discuss the tectonic setting 
and petrogenesis of the alkaline ring complexes in 
Egypt. They suggest that under certain favourable 
geotectonic conditions (e.g. intracontinental hot 
spots) partial fusion of deeper levels in the upper 
mantle could produce enough heat, volatiles and 
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mobile elements to melt the overlying parts of the 
lower crust 1he two magmas evolved could produce 
the variety of rocks constituting the formation of 
these complexes. 

CENOZOIC VULCANICITY 

Several episodes of volcanic activity occurred in 
Egypt during the Cenozoic. The earliest was of 
Paleocene age and represented the continuation of the 
extensive late Cretaceous igneous activity (Table 3). 

Mid-Tertiary vulcanicity was widespread and was 
the first to be recognized in Egypt Numerous isoto-

pic age determinations were carried out on Tertiary 
volcanics; and, in the light of age data, a number of 
successive volcanic pulses are indicated starting in 
the late Eocene with subsequent extensional phases 
ranging from Late Oligocene to Middle Miocene. 
This vulcanicity was intimately associated with the 
Red Sea opening. It is generally believed that the Red 
Sea acquired its characteristics and independence 
from the Tethys due to the Cenozoic tectonics, start
ing with late Eocene-Oligocene-Early Miocene uplift 
and development of a major fault system. These 
faults trending northwest-southeast show consider
able displacement along fault planes dipping away 
from the Red Sea. Vulcanicity accompartied these 
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Table 2. Isotopic determinations yielding Mesozoic ages. 

No. Locality Age (Ma) Method* Rock Reference 

28. Kattaniya Well, N. WD 191± 19 K/Ar olivine basalt El Shazly 1977 (reponed) 
29. Urn Bogma, W.Sinai 178 K/Ar basalt Weissbrod I %9 
30. G.El. Naga, S.ED 148±3 K/Ar(b) umptekite Serencsits et al. 1979 

146±3 K/Ar(b) umptekite 
145 ±3 K/Ar(b) umptekite 
145±3 K/Ar(b) Ne-syenite 
146±6 Rb/Sr (b) Ne-syenite 

31. G.Mishbeh, S.ED 148 ± 12 Rb/Sr syenite Serencsits et al. 1979 
141±3 K/Ar(b) olivine 
141 ±3 basalt 

32. G.Nugrub El Fogani, S.ED 142±2 K/Ar(b) Ne-syenite Serencsits et al. 1979 
140±3 gabbro 
135±3 gabbro 

33. G.Nugrub El Tahtani, S.ED 140±9 Rb/Sr syenite Hashad & El Reedy 1979 
34. G.El Mansouri, S.ED 132±10 Rb/Sr syenite Hashad & El Reedy 1979 
35. W.Araba, N.ED 126±4 K/Ar olivine- Meneisy & Kreuzer 1974a 

125±4 K/Ar basalt 
36. W.Abu Darag, N.ED 113±3 K/Ar olivine basalt Meneisy & Kreuzer 1974a 

115±3 K/Ar basalt 
37. W.Natash, S.ED 104±7 Rb/Sr olivine basalt Hashad & El Reedy 1979 
38. G.El. Mansouri, S.ED 95±10 Rb/Sr quartz-syenite El Shazly et al. 1975c 

(see 34) 
39. G.Zargat Naarn, S.ED 90±10 Rb/Sr granite El Shazly et al. 1975c 
40. Urn Shilman, S.ED 93 Rb/Sr red Mu-granite El Shazly et al. 1973 

90 Rb/Sr yellow Mu-granite 
41. Nubia,S.ED 89±4 K/Ar olivine basalt Greenwood 1969 
42. W.Um Hokban, S.ED 85±4 K/Ar basanite Greenwood 1969 
43. G. Abu Kbrug, S.ED 96±2 K/Ar(b) Ne-syenite Meneisy & Kreuzer 1974b 

88±5 K/Ar(b) gabbro Serencsits et al. 1979 
86±15 
90±2 
89±2 K/Ar(b) Ne-syenite 
85 K/Ar basalt El Rarnly 1963 

44. El Kahfa, S.ED 90±4 K/Ar(b) alk. syenite Serencsits et al. 1979 
88±2 K/Ar(b) alk. syenite 
96±2 K/Ar(b) Ne-syenite 
93±2 K/Ar (b) Ne-syenite 
88±4 K/Ar (b) essexite 
91 ±4 K/Ar (b) essexite 
93±2 K/Ar(b) essexite 
88±2 K/Ar(b) alk:. syenite 

45. W.Kareim, C.ED 92 K/Ar trachyte Ressetar & Nairn 1980 
91 K/Ar trachyte 
90 K/Ar trachyte 

(younger generation) 74 Rb/Sr (isochron) bostonite Sayyahetal. 1978 
46. G.Nuhud, S.ED 78 K/Ar trachyte El Rarnly 1963 
47. Darb El Arbain, 79±2 K/Ar olivine basalt Meneisy & Kreuzer 1974a 

S.WD 78±2 K/Ar 
78±3 
76±2 

48. Gilf El Kebir, S. WD 75±3 K/Ar basanite Greenwood 1969 
49. G.El Naga, S.ED 86±3 K/Ar Ne-syenite Meneisy & Kreuzer 1974b 

84±3 K/Ar Ne-syenite 

G. =Gebel; W. =Wadi; WD =Western Desert; ED= Eastern Desert; N. =Northern; S. =Southern; C. =Central. 
h =hornblende; b =biotite. 
*Whole rock, unless otherwise specified. 
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movements, which are also reflected in the sediment
ary column by non-deposition or continental sedi
mentation. The spatial relationships between the 
basaltic rocks and the Suez rift are quite evident. 

Quaternary vulcanicity is reported, though not 
well-documented in Zabargad (StJohn's) Island in 
the Red Sea and in the south Western Desert. K/Ar 
ages for basaltic rocks from Zabargad Island are 
reported by El Shazly et al. (1974) to be 1.5 Ma but 
actually ranging from 0.9 to 1.7 Ma indicating an 
early Pleistocene age. More field and isotopic age 
data is needed to confinn this conclusion. 

In the south Western Desert, some basaltic plugs 
and dikes along fracture zones in the Uweinat-Kamil
peneplain and Bir Safsaf areas are assigned to the 
Quaternary (Ahnond 1979). Small-scale alkali basal
tic vulcanicity occurred in this area during the Qua
ternary. 

TERTIARY VULCANICITY 

Tertiary vulcanicity is uniformly basaltic and widely 
distributed north of latitute 28° N (Fig. 9(2). Basaltic 

MEDITERRANEAN 

extrusives cover a large area beneath the Nile delta 
and the adjacent parts of the Western Desert (Bayou
mi & Sabri 1971, Said 1981, Williams & Small 
1984 ). Numerous isolated outcrops also occur along 
the Fayum-Abu Rowash, Cairo-Suez and Tihna-El 
Bahnasa stretches. 

In the southern parts of the Western Desert, some 
Tertiary basaltic occurrences are sparsely distributed. 
In places, they are associated with minor occurrences 
of acid to alkaline rocks. These volcanics vary in 
composition and belong to more than one pbase of 
volcanic activity (Meneisy & Abdel Aal1984 ). 

Along the Red Sea coast, south of Quseir, some 
dolerite flows occur. A few scattered basaltic dikes 
and plugs intruding Nubian Sandstones in the south 
Eastern Desert, near Wadi Hodein, are considered of 
Tertiary age. Information concerning these rocks is, 
however, scanty. In Sinai, several minor Tertiary 
basaltic outcrops occur, especially in the western and 
central parts, and reach large dimensions in places. 

The Tertiary basaltic rocks occur mainly in the 
form of sheets, dikes, sills which sometimes widen 
into small irregnlar stocks, plugs, cinder cones or 
small ridges. The geology, petrography and petroche-
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Figure 9.2 Main Tertiary basaltic occurrences in northern Egypt (after Williams & Smalll984). 
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mistry of these volcanics have been studied by 
several workers. Petrographically, the pasalts of Abu 
Zaabal, Abu Rowash and Gebel Qatrani are 
described as doleritic basalts; those of the Cairo-Suez 
disnict, Tihna and EI Bahnasa are mainly nonnal 
basalts. Two varieties are distinguished at the Baha
riya Oasis, namely olivine basalt and a doleritic 
variety (EI Hinnawi 1965, Kamel eta!. 1981). Pe
trochemical studies suggest that most of the studied 
Tertiary basalts (except those of the Bahariya Oasis) 
are tholeiitic basalts (EI Hinnawi & Abdel Maksoud 
1972), whereas the basalts of Bahariya are alkali 
basalts (EI Kalioubi 1974). According to Abdel 
Monem & Heikal (1981) the Egyptian Tertiary ba
salts exhibit a complete compositional range from 
nepheline to quartz normative. They also note a rela
tionship between the geographic latitude of the volca
nic disnicts and the degree of silica-satoration and 
increase in total alkalies. The basalts of the Cairo
Suez disnict, Abu Zaabal and Abu Rowash, which 
constitute the northern belt, are typically quartz
normative, the basalts of Gebel Qatrani and the Nile 
Valley are quartz-normative grading into olivine
normative, and those of the Bahariya Oasis are 
olivine-normative grading into nepheline-normative. 
This systematic change in the degree of silica
satoration from the northeast to the southwest pro
bably indicates advancement from oceanic to conti
nental type crust at the plate margin. 

Amer et a!. (1982) study the petrography and 
petrochemistry of the subsurface basalts of Mit 
Ghamr and Abu Hammad wells and consider them as 
oceanic tholeiites comparable to the Quaternary ba
salt in Zabargad (StJohn's) Island rather than to other 
continental Egyptian Tertiary basalts. They imply a 
tectonic setting of the east Nile Delta region compar
able to that of the Red Sea rift valley. 

fu the last few years, some magnetic and ore
mineralogical studies on Tertiary basalts from north
em Egypt have been carried out (e.g. Fahim et al. 
1971, Basta et al. 1981 ). 

Magma type and tectonic environment 

Based on the results of various petrochemical studies, 
two magma types are distinguished for the Tertiary 
basaltic rocks (Ahdel Monem & Heikall981): 

a) Alkali olivine basaltic magma for the volcanics 
ofBahariya Oasis and the Nile district. 

b) Quartz tholeiitic magma for the Tertiary basalts 
of Gebel Qatrani, Gebel Abu Rowash, Abu Zaabal 
and the Cairo-Suez district. 

These authors conclude that the first magma type 
erupted on a continental crust, while the tholeiitic 
magma erupted on an oceanic crust. The change from 
the tholeiitic to alkaline character in space and time 

suggests that vulcanicity migrated from an oceanic 
crust environment (e.g. Cairo-Suez district in the 
northeast) to a continental crust environment (e.g. 
Bahariya Oasis in the southwest). Discrimination 
diagrams show that all these basalts fall into the field 
of 'within plate' basalts. 

Recently Abdou ( 1983 ), studying volcanic rocks 
in northern Egypt, indicated that in the Cairo-Suez 
district the basalts of Gebel Anqabia, Gebel Urn 
Raqm and Gebel Abu Triefiya have some chemical 
characteristics of ocean-floor basalts - a conclusion 
based on clinopyroxene chemistry. However, the rest 
of the mineral chemistry parameters, in addition to 
the whole rock data, strongly suggest an intraplate 
tectonic setting. He concludes that these rocks from 
the Cairo-Suez disnict are closely comparable to the 
Ethiopian Plateau basalts and the Mrican basalts 
attributed to zones of crustal thinning. 

Tertiary volcanic episodes 

The Tertiary volcanics in Egypt are well-documented 
by isotopic age data (Table 913). Nearly all of the 
age-measurements were carried out using the K/ Ar 
method. Results are usually reliable unless the 
sample is altered. On this basis a few of the published 
ages were discarded. fu the light of available age 
data, the following volcanic episodes are discerned. 

Late Eocene-Early Oligocene (40 ± 10 Ma) 
During the Late Eocene, a shallowing of the Tethys 
took place and the Oligocene was marked by emer
gence. Volcanics developed along the fracture 
systems associated with these tectonically-controlled 
movements. Isotopic ages, so far available, point to 
the importance of these movements. Basaltic dikes 
from the south Western Desert yielding ages around 
40 Ma are given hy Meneisy & Kreuzer (197 4) and 
Greenwood (1969). Also numerous age
determinations carried out on fracture-bound alkali 
granites and volcanics from Gebel Uweinat, Gebel 
Arkenu and Gebel Kamil give ages between 41 and 
48 Ma (Kierx & Rundle 1975). fu the Gebel Uweinat 
area, a complex comprising granite and syenite ring
dike intrusives into Carboniferous and Nubian 
Sandstone strata yields ages between 41 and 45 Ma 
(Marholz 1968 ). These ages are concordant with ages 
obtained for the granites and syenites of Gebel Ar
kenu. These rocks are similar to isolated plugs near 
Uweinat. fu the Uweinat-Bir Safsaf area, a variety of 
intrusive and extrusive rocks such as alkali granites. 
syenites, trachytes, phonolites and basalts intrude 
rocks of up to Lower Cretaceous age (Schandehnier 
& Darbyshire 1984). The peak of these magmatic 
activities occurred around 45 Ma. New K/Ar ages 
recently obtained by the present writer for basaltic 
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dikes from Darb El Arbain area (45 and 46 Ma) are 
included in Table 9(3. They sbow striking similarity 
with the above-mentioned data. This phase corre
sponds to the Lutetian-Bartonian (Pyrenean move
ment). 

A few K/Ar ages reported in Table 9/3 range 
between 31 and 28 Ma. These are considered as 
'minimum' ages due to possible argon loss through 
alteration. They are thus possibly related to this 
phase. 

Oligo-Miocene phase (24 ± 2 Ma) 
Vulcanicity related to the opening of the Red Sea 
took place in a series of successive pulses ranging in 
age from the late Oligocene up to the Middle Mio
cene. The initial Red Sea rift, formed by continental 
rifting in the Late Oligocene or Early Miocene, 
widened through a combination of normal faulting 
which may have been listric in nature and of dike 
injection which included emplacement of some size
able igneous bodies (Coleman et al. 1979). Isotopic 
dating of these bodies assists in determining the age 
of the stratigraphic and tectonic events. 

The Oligo-Miocene phase is well-documented. In 
northern Egypt, several basaltic occurrences yielded 
ages in the range of 25 to 23 Ma (e.g. Locations 56, 
57, 64,65 and 68, Table 9!3). 

In western Sinai, a number of basaltic bodies are 
dated at around 24 Ma (Steen 1982). In central Sinai, 
volcanic rocks are widely distributed. Most occur
rences are of doleritic dikes, sills and plugs; flows are 
known near Abu Zenima and Hammam Faraoun. 
Some of the dikes are tens of kilometers long (e.g. 
Raqabat El Naam). These bodies intrude rocks of up 
to the Middle Eocene. The Raqabat E1 Naam dike 
trends east-west parallel to a large fault belonging to 
the central Sinai-Negev shear zone. It gives an 
isochron age around 25 Ma (Steinitz et al. 1978), and 
its point ages vary from around 25 to 31 Ma. This 
period was associated with strike-slip faulting in 
central Sinai. 

Age data, as well as field evidence, indicate that 
the Oligo-Miocene vulcanicity was followed by a 
number of successive pulses during the early Mio
cene and up to the Middle Miocene. In the Cairo
Suez district, for example, a sequence of up to four 
successive eruptions can be distinguished in the field 
(M.A. El Sharkawi, person. comm.). El Sheshtawy 
(1979) shows that the Qatrani basalts are made up of 
a numbr of successive sheets, clearly distinguished in 
the field. This is also partly reflected by age data 
which range between 27 and 23 Ma. The extent and 
distribution of Oligo-Miocene basalts in northern 
Egypt can be properly envisaged when the subsur
face basalts are considered. The subsurface distribu
tion and age of basalts in the eastern part of the 

Western Desert, as demonstrated by well and seismic 
data, are discussed by Williams & Small (1984). The 
Abu Zaabal (Haddadin) basalt is found in a number 
of wells. The type locality of this basalt is at Abu 
Zaabal, east of Cairo, where the thickness averages 
30 m. This basalt extends eastward into the Eastern 
Desert, and an exceptional thickness of 328 m is 
noted at Mit Ghamr-1 and probably forms part of a 
continuous sheet through to the Maryut area (Fig. 
9/2). Detailed paleontological studies of the wells 
which penetrated the basalt suggest an Early Mio
cene dating; however, seismic correlation to other 
nearby wells suggests that these basalts may, in part, 
be of Late Oligocene age. 

Lower-Middle Miocene phases (20,18 and 15 Ma) 
Following the Oligo Miocene phase, successive vol
canic eruptions occurred during the Miocene. Based 
on isotopic age data, using histograms, Meneisy & 
Abdel Aal (1984)propose the following sequence for 
the main episodes of Miocene vulcanicity, a Lower 
Miocene (20 and 18 Ma) and a Middle Miocene (15 
Ma). 

Accordingly, the youngest Tertiary vulcanicity, so 
far dated, is that of the middle Miocene recorded, 
mainly from the Bahariya Oasis. This is likely to be 
further substantiated when sufficient geochronolo
gical studies are carried out. It should be noted in this 
respect that age data for the extensive subsurface 
basalts in northern Egypt are as yet very scanty. 

HYDROTHERMAL VOLCANIC ACTIVITIES 

Of particular importance are the hydrothermal activi
ties that accompanied magmatic eruptions and that 
have survived them in Egypt. These may now be 
represented by certain thermal springs in the country. 
The mineralizing effects of these hydrothermal acti
vities are intimately related to the nature and intensity 
of the magmatic activity as well as to the nature of the 
invaded rocks. The most pronounced effects of these 
hydrothermal activities in Egypt are those connected 
with the Tertiary vulcanicity. 

Mineralization connected with Early Paleozoic 
magmatic activity is limited. Garson & Shalaby 
(1976) discuss the Precambrian-Lower Paleozoic 
plate tectonics and metallogenesis in the Red Sea 
region and outline mineralization associated with 
some of the Late Pan-African Younger Granites, e.g. 
Sn-W and Nb-Ta-Sn-Be mineralizations in central 
and south Eastern Desert. Also Hussein & El Kassas 
(1980) outline radioactive anomalies distributed in 
different rock types including bostonites, pegmatite 
and aplites dikes indicating uranium or thorium 
mineralization. Some of these rocks may pertain to 
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Table 3. Isotopic determinations yielding Cenozoic ages 

No. Locality Age(Ma) Method* Rock Reference 

South Western Desert 
50. Darb El Arbain 41±2 K/AI olivine~ Meneisy & Kreuzer (1974a) 

34±1 basalt 
46± I K/AI basalt Meneisy (this work) 

51. G.Uweinat 4la K/AI alkali-granite Klerx &Rundle 1976 
G.Aikenu, G.Kamil area to and volcanics Marbold 1968 

48 
52. Uweinat approach 37±2 K/AI hawaiite Greeuwood 1969 
53. Near pottery Hill 28±2 K/AI olivine basalt Greenwood 1968 

North Western Desert 
54. W.Samalut 28±2 K/AI basalt Meneisy & Kreuzer 1974a 

27±3 
23±2 K/AI basalt 
23±2 

56. G.Qatrani 27±3 K/AI basalt El Sha<ly et a!. 1975c 
25± I basalt 
24±1 basalt 
23±1 K/AI basalt Meneisy & Abdel Aall984 

Sinai 
57. G.Matulla 24±1 K/AI basalt dike Meneisy (this work) 
58. Raqabat El Naam 25±2 K/AI basalt Steinitt eta!. 1978 
59. G.Iktefa 33°33' 20±1 K/AI basalt Steinitt et a!. 1978 
60. Themed 20± I K/AI basalt Steinitt et a!. 1978 
61. G.Araba 31±2 K/AI olivine basalt dike Steen 1982 
62. W.Nukhul 22± I K/AI olivine basalt dike Steen 1982 
63. W.Tayiba 21± K/AI olivine basalt dike Steen 1982 
64. G.Araba 18±1 K/AI olivine basalt dike Steen 1982 

Cairo-Suez District 
65. Abu Zaabal 23± I K/AI basalt Meneisy & Kreuzer 1974a 
66. EIGafra 22±2 K/AI basalt Meneisy (this work) 
67. Qattamiya 22±2 KIAI basalt Meneisy & Abdel Aall984 

Red Sea 
68. South of Quseir 24± I KIAI basalt Meneisy & Abdel Aall984 

23± I KIAI basalt 
22.5 ±1 KIAI basalt K. Balovh (pers. comm., Abdel 

Aal) 
22.5± 1 KIAI basalt 

Bahariya Oasis 
69. Basalt Hill 20± I K/AI olivine- Meneisy &EI Kalioubi 1975 

G.Maeysra 20 ± 1 K/ AI basalt 
G. Gel Hefhuf 18 ± 1 K!AI basalt 
G.Mandisha 18 ± 1 K/ AI basalt 
G.Mandisha 16± 1 K/AI basalt 
(dike) 15 ±I K/AI basalt 

70. Zabargad(SLJohn's)lsland 1.7? K/AI basalt reportedinEISha<ly1977 

G.= Gebel; W. =Wadi; WD =Western Desett; ED= Eastern Desert; N. =Northern; S. =Southern; C. = Centtal. 
h =hornblende; b =biotite. 
*Whole rock, unless otherwise specified. 
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Table 4. Summary of main Tertiary mineralizations the last phases of the Pan-African event in the Early 
Paleozoic. Radioactive mineralization is also con
nected with late Paleozoic peralkaline volcanics of 
the Wadi Kareim area, central Eastern Desert, 
especially El Atshan volcanics. Copper mineraliza
tion occurs in the Carboniferous rocks in west central 
Sinai. These rocks are invaded by sheets and dikes of 
basalt and dolerite which indicate marked volcanic 
activity in the Post-Carboniferous history of the dis
trict. As already mentioned earlier in this chapter, 
some of these volcanics, e.g. at Farsh AI Azraq, are 
dated as Permo-Triassic. 

Age of rock 
mineralized 

Miocene 
(conglomerate. 
sandstone, 
limegrit, clay, 
gypsum) 

Oligocene 
(sandstone) 

Eocene 
(limestone) 

Cretaceous 
(limestone, 
dolomite, 
shale) 

Jurassic 
(limestone, 
sandstone) 

Carboniferous 
(dolomite, 
sandstone) 

Basement 
complex 
(igneous and 
metamorphic 
rocks) 

Replacement 

Pb 

Pb,Zn 

Mn,Fe 
Mn 

Mn,Fe 

FeandMn 
oxidesim-
pregnations 
with silica 

Mn 

Fe,Mn 

Fe,Mn 

Fe 
FeandMn 
oxides im-
pregnations 
with silica 
FeandMn 
oxides im-
pregnations 
with silica 
Mn,Fe 

Cu 

FeandMn 
oxides im-
pregnations 
with silica 

Vein and Locality 
other 
forms 

ZugEI Bobar, 
AbuAnz,Ras 
Banas 

Wizr,Um 
Gheig,G. 
Rusas, Ras 
Banas 

Mn,Fe Wadi Meialik 
Mn Jlalaib, Wadi 

El Daeit 
Mn,Fe SharmEI 

Sheikh 
u Fayum 
Abu 
Roash 
(near 
Cairo); 
Cairo-Suez 
Road 

Near Wadi 
Feiran. WEI 
Akareb 

Fe,Mn Bahariya 
Oasis 

Fe Bahariya 
Oasis 

Kharga Oasis 
Abu Roash 

Northern and 
southemGa-
!ala (west Gulf 
of Suez) 
UmBogma 

Sarabit El 
Khadim 
WadiAraba 
(west Gulf of 
Suez) 

Cu Sarabit El 
Khadim,Re-
gita,Abu 
Nimran, 
Gebel Samra 

Cu,Zn UmSamuiki 
Cu,Ni Abu Swayel? 
Cu,Fe El Atawi? 
Mn Gebel Aida, 

llalaib, Wadi 
EI Daeit 

Mn,Fe Gebel Musa, 
Wadi Meialik 

Of particular interest is the copper mineralization 
and some of the hydrothermal-type alterations (feni
tization in part) of the Tarr albitite carbonatite com
plex of the Wadi Kyd region in southeastern Sinai. 
The complex comprises three major albitite masses: 
the Tarr, Hatamiya and Samra. In his study of the 
complex, Shimron (1975) considers that the copper 
deposits resemble others that are located along 
crustal accretion or subduction zones. 

As Tertiary vulcanicity is the most widespread, 
Tertiary mineralization is pronounced. The minera
lizing effects include ubiquitous ferrugination, si
licification and dolomitization. Ascending mineraliz
ing solutions have also developed, by replacement 
and vein-filling, quite a few of the Egyptian epigene
tic hypogene ore deposits. The common relation be
tween the sites of these mineralizations and those of 
the Tertiary volcanic activity (extrusions and shallow 
intrusions) show that most of these mineralizing solu
tions are related to the Tertiary vulcanicity. Compre
hensive accounts of Tertiary mineralization in Egypt 
are given by earlier workers. Table 9/4 summarizes 
the main Tertiary mineralizations and Figure 9/3 
shows their distribution in connection with the cen
tres of Tertiary volcanics activity. It is noted that these 
mineral deposits are usually situated along fau!t 
planes and in regions where volcanic activities were' 
most pronounced. Although the basalt itself is not a 
good mineralizer, the hydrothermal solutions can be
come, during their ascent, good mineralizers through 
leaching and mobilizing pre-existing labile ions in 
the traversed rocks. More details concerning these 
deposits are presented elsewhere in this book. 

It remains now to refer to the interesting and 
important subject of the hot brines and their metalli
ferous deposits in the Red Sea. Active interest in the 
study of these hot brines has culminated in a number 
of publications in recent years. The connection be
tween the hot brines and vulcanicity is fairly evident 
Data from geology and geophysics produce a con
vincing picture of the source of heat and the environ
ment of the hot brine basins. The hot brines might 
have consisted of ground waters that had obtained 
their major salts from resolution of bedded former 

------r---------------~---
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Figure 9.3 Main mineralization localities in Egypt 

evaporites and their trace elements from solutions of 
interbedded shales. When the ground water reached a 
mass of recently emplaced and still hot basalt, its 
dissolving power would have been enhanced; it 
might have received new materials dissolved in juve
nile waters, and its decreased density would have 
caused it to rise eventually to escape as hot brine at 
the bottom of the Red Sea. 

The metalliferous deposits of the Red Sea are 
characteri2ed by the same metals that are typical of 
shallow, moderate and deep vein deposits with their 
sulphides of iron, zinc, copper, lead and accompany
ing trace metals. However, they are mainly dissemi
nated in a widespread blanket of sediments. This is 
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exactly what one would expect when metal-bearing 
solutions discharge from igneous rocks through deep 
veins into the bottom of a deep body of ocean water. 
In the absence of confining walls, the solutions would 
spread throughout the lower levels of water body. As 
they cool and come in contact with sulphide ions in 
the brine from the veins or produced by bacterial 
reduction of sulfate in the original ocean water, the 
metals would be deposited as a widespread blanket 
dispersed in the enclosing carllonate and detrital sed
iments (Degens & Ross 1969). The process of sea
floor spreading in the areas of the hot brine basins in 
the Red Sea and the formation of oceanic crust are 
continuing up to the present. 
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Table 5. Main phases of Phanerowic igneous activity related to tectonic events. 

Age 

Pleistocene 

Pliocene 

Miocene 

Oligocene 

Eocene 

Paleocene 

Cretaceous 

Jurassic 

Triassic 

Permian 

Carboniferous 

Devonian 

Silurian 

Ordovician 

Cambrian 

Proterozoic 

Magmatic phases aud rock types 

1.77 Alkali basalt 

28-15 Basalts 

40-32 Basalts 

90 ± 20 Ring complexes 
Minor granites 
Various volcanics 

140 ± 15 Ring complexes 

230 + 10 Ring complexes 
Dikes, sheets 

290 + 10 Dikes of varied 
composition 

350 ± 10 Ring complexes 

400 + 10 Ring complex 
Dikes 

Post-granite dikes 
Granites 
Ring complex 

+ + + 
+ + + 

+ 
+ 

Tectonic events 

Vulcanicity associated with the Red Sea 
opening. 

-! Red Sea rift. 

"' 

~ Red Sea doming aud extension. 

+ 

Large scale strike-slip faulting of 
Afro-Arabia. 

Second major episode of alkaline 
magmatism. 

Initial rifting of the South Atlantic/Africa/ 
South America. 

Overall compression and subduction of 
Paleo-Tethys north of Afro..Arabia. 

Initial break-up of Pangea. 

Pan-African final phases of tectonism and 
magmatism. 

+ + + 
+ + + + 

------,.----~ ---- ----- -------
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SUMMARY AND CONCLUDING REMARKS 

The main phases of Phanerozoic vulcanicity which 
intennittently occurred in Egypt and which were 
intimately related to tectonic events are summarized 
in Table 9/5. 

The following salient features are pointed out: 
I. Although based on limited data, anorogenic 

magmatism seems to have been more widespread in 
the Lower and Upper Paleozoic than had previously 
been recognized. It is pointed out, in that respect, that 
the extent or importance of a volcanic phase is not 
necessarily directly related to the size of age data 
available. 

2. Six main periods of alkaline magmatism in the 
Eastern Desert of Egypt are defined (554, 404, 351, 
229, 145-132, 91-78 Ma). Another period is rec
ognized in the south Western Desert around 45 Ma. 
Accordingly, the ring complexes in Egypt seem to 
range in age from Cambrian to Tertiary. Similar re
sults are known from the Sudan. 

3. Age data on volcanic rocks fanned in connec
tion with the Red Sea rifting assist in fixing the main 
stages in its tectonic evolution. Actual rifting appears 

to have begun in the Late Eocene, and was well under 
way in the Late Oligocene to Early Miocene as 
shown by basaltic magmatism and by faulting. In the 
early Miocene the rift was already well outlined. 

4. Quaternary vulcanicity of Plio-Pleistocene age 
is the youngest reported volcanic activity dated in 
Egypt The processes of sea-floor spreading in the 
Red Sea are continuing up to the present (hot brines, 
oceanic crust). 

5. The mineralizing effects ofhydrothennal volca
nic activities are widespread, especially those of the 
Tertiary. 
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] INTRODUCTION 

Precambrian basement covers about 100,000 km2 in 
south Sinai and the Eastern Desert. Geological in
vestigations, mostly concentrated on the central East
em Desert, were conducted by a large number of 
workers (for a review see El Ramly & Akaad 1960 
andAkaad & ElRamly 1960). The workofEl Ramly 
& Akaad 1960 and Akaad & Noweir 1980 formed the 
basis for subsequent classifications of the Precam
brian rocks of Egypt (El Sbazly 1964, El Ramly 
1972) which adopted the geosynclinal concept and 
the ensuing relationship between geotectonic and 
geomagmatic cycles. 

The central Eastern Desert can be described as 
largely occupied by an intricate association of meta
sediments, metavolcanics, metagabbros, and serpen
tinites, constituting the 'ophiolitic melange' of 
Shackleton et al. (1980) that is interrupted by 
gneisses in structural highs. This sequence is uncon
formably overlain by practically unmetamorphosed, 
intermediate to silicic volcanics (Dokhan volcanics) 
and molasse-facies clastic sediments (Hanunamat 
clastics). The whole pile is intruced by a vast array of 
granite intrusions ranging in composition from quartz 
diorite to alkali-feldspar granite. The ophiolitic 
melange (in a descriptive, not in a genetic sense) is 
highly reduced in the north Eastern Desert. It is 
entirely lacking in south Sinai where the basement is 
largely composed of granites together with lesser 
outcrops of high-grade gneiss, Dokhan volcanics, 
and Hanunamat clastics or their equivalents. 

The south Eastern Desert is also geologically dif
ferent from the central Eastern Desert. The metamor
phosed sediments in the greater Wadi Allaqi region 
are essentially composed of terrigenous clastic sedi 
ments, intercalated in the lower part by limestone 
layers that form a marked contrast to the predomi
nantly volcanogenic sediments of the central Eastern 
Desert; a feature already recognized by Hunting Geo
logy & Geophysics Ltd (1967). Moreover, the area is 
characterized by widespread low-pressure meta-
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morphism obviously connected with the large grani
tic intrusions. 

The basement of the Eastern Desert and Sinai 
constitutes part of the Arabian-Nubian shield that bas 
been cratonized around the end of the Precambrian. 
A general consensus prevails among basement geo
logists as to the late Proterowic volcano-sedimentary 
rock associations, regardless of whether they repre
sent a eugeosynclinal association or an ophiolitic 
melange, as well as to the younger rocks. A debate 
goes on about the participation of older rocks in the 
basement of the Eastern Desert and Sinai. From the 
structural point of view, late Proterozoic ophiolites 
and volcano-sedimentary rocks, metamorphosed in 
the greenschist facies, occur as imbricated thrust 
sheets (suprastructure) thrust over the early Protero
zoic continental crust (infrastructure). The incorpo
rated infracrustal rocks were subjected to mylonitiza
tion and diaphthoresis or to remobilization depending 
on the temperature and depth prevailing at the res
pective sites. 
In the following, an overview of the basement geo
logy of the Eastern Desert and Sinai is given. Since 
the metamorphic and tectonic evolution of this area 
and the metallogenic implications have been treated 
in some detail in a recent paper by the authors, the 
reader interested in these aspects is referred to that 
publication (El Gaby, List & Tehrani 1988). A de
tailed description of the major rock units as shown on 
the new Geological Map of Egypt at I : 500 000 (see 
chapter 3) is given in the Explanatory Notes to the 
map (Hermina, Klitzsch & List 1988). 

2 OVERVIEW OF THE BASEMENT GEOLOGY 

The basements rocks of the Eastern Desert and Sinai 
are grouped into: 
- Pre-Pan-Mrican rocks, comprising higher-grade 
metamorphic rocks, and a 
- Pan-Mrican rock assemblage, comprising ophio
lites and the island arc association, a tectogenetic 
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D Phanerozoic 

- Hammamat Clasl &. Ookhan Volcanics 

j){/:J Foreland Aaeoe. 

~ Late Proterozoic Ophiolites and 
~ island arc volcanics &. volcaniclastics 
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• Archean and Early Proterozoic rocks 

/fill;/ inferred major shear 

Figure 10.1 Distribution of Precambrian rocks in Egypt and northern Sudan. Rocks of Archean age are confirmed in the 
Western Desert only. 



The basement complex of the Eastern Desert and Sinai 177 

rock association, and 
- Phanerozoic alkaline rocks. 

2.1 Pre-Pan-African rocks (infrastructure) 

The presence of pre-Pan-African rocks is a point of 
contention among geologists studying the Eastern 
Desert of Egypt. In the context of this description of 
the basement, it is asswned that pre-Pan-African 
rocks do exist in the form of the gneiss domes of the 
Eastern Desert. They are thougbt to represent a lower 
structural level that, althougb reworked by the Pan
African orogeny, is pan of the older East Sabara 
craton exposed fanber to the west in the Gebel Uwei
natarea. 

Mediwn- to higb-grade schist, gneiss, and granite 
gneiss, together with their mylonitized products, 
cover mappable areas: 

1. along the northwestern coast of the Gulf of 
Aqaba (Fjord gneiss), 

2. at Wadi Feiran, southwestern Sinai, 
3. along the Qena-Safaga road (Barud gneiss}, 
4. at Gebel Meatiq, 
5. at Gebel El Sibai, 
6. at Gebel El Shalul, 
7. at Hafafit area, 
8. at Wadi Khuda and on StJohn's Island, 
9. at As wan, and 
10. at several scattered localities to the east and 

southeast of As wan (Fig. I 0/1 ). The gneiss occur
rences of Wadi Feiran, Gebel Meatiq, and Migif
Hafafit area are well researched and described (e.g. 
Akaad & Shazly 1972, El Rarnly et al. 1983). 

The rocks of the old continental crust in the East
em Desert and Sinai were incorporated in the Pan
African orogeny. The effects of the orogeny varied 
according to the prevailing temperatures. At low 
temperature and shallow levels, the rocks of the old 
continental crust were subjected to plastic deforma
tion leading to the formation of quartzo-feldspathic 
mylonites and blastomylonites - the 'acid gneiss' of 
Hwne (1934). Tills situation can be observed at the 
Meatiq, Sibai and El Shalul areas where mylonites 
and blastomylonites enclosing relics of the original 
rocks constitute a carapace surrounding a less de
formed kernel of gneissic granite. 

At higher temperature and deeper levels, the older 
rocks were remobilized and mostly transformed into 
migmatite and granitic gneiss, commonly associated 
with autochthonous to parauthochthonous synoroge
nic granitoids of tonalitic to monzogranitic composi
tion (G 1 of Hussein et al. 1982). This situation is well 
displayed at Wadi Feiran in Sinai, along the Qena
Safaga road, and around Aswan in the Eastern De
sen. 

The spacious Hafafit culmination offers a rather 

complete cross-section of the infrastructural rocks. 
On the eastern flank of this domal structure, mica 
schist is diaphthorized along many small, listric 
thrust faults underneath a serpentinite-metagabbro 
thrust sheet; variably deformed gneissic granite 
occurs at Wadi Sikait and at the upper reaches of 
Wadi Nugrus within the 'psammitic gneiss' of Akaad 
& El Rarnly (1960). Along the western bank of Wadi 
Nugrus, fine-grained hornblende gneiss grades west
ward, that is downward, into rnediwn- to coarse
grained banded and homogenized hornblende gneiss 
which is intruded by parautochthonous granitoids 
occupying the core of this swell. On the western side 
of the culmination, the Wadi Shait granite is de
formed and mylonitized along several major shear 
zones trending nearly northwest-southeast (El Gaby 
& El Aref 1977). 

The identification and mapping of the pre-Pan
African rocks was based on structural and petrogra
phic considerations. The infrastructural rocks com
prise, as stated above. 
- mediwn to high-grade metamorphic rocks and gra
nites that have been deformed and diaphthorized, 
and 
- other rocks that have been migmatized during the 
Pan-African orogeny. 

We are confident about the identification of the 
pre-Pan-African rocks particularly when deformation 
and diaphthoresis took place below a Pan-African 
ophiolite/volcano-sedimentary thrust sheet. This is 
the general situation in the central Eastern Desert and 
for the Wadi Bitan gneiss in the south Eastern Desert 
where the contact between the rocks of the infrastruc
ture and the overlying ophiolites is always a thrust 
fault. 

In the case of remobilized rocks, there is always a 
possibility that Pan-African migmatization might 
have affected late Proterozoic rocks as well. 
However, we have found that migmatization did af
fect neither the overlying ophiolitic serpentinite
metagabbro thrust sheet along the eastern flank of the 
Hafafit culmination nor the volcano-sedimentary belt 
with banded iron ore layers at Gebel Urn Anab to the 
nonb of the Qena-Safaga road. Nevertheless, iden
tification of infrastructural rocks on the basis of the 
degree of metamorphism alone might be misleading. 

Low-pressure metamorphism at the Wadi Kid 
area, southeast Sinai (Shimron & Zwan 1970; 
Reymer et al. 1984), and at Wadi Urn Had in the 
central Eastern Desert resulted in the development of 
biotite, garnet, staurolite and cordierite mineral
zones. These metamorphosed rocks grade through a 
relatively narrow anatectic zone into granite gneiss. 
Granite gneiss forms part of an elongated diapiric 
body at Wadi Kid (Reymer et al. 1984) and at Wadi 
Urn Had. In both occurrences, thermal metamorph-
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ism affected primarily Harnmamat clastics, and the 
anatectic rocks developed contain the critical 
assemblage cordierite ± sillimanite and/or andalusite 
± K-feldspar± garnet± biotite. 

In the large and composite East Aswan swell, 
where predominantly terrigenous sediments attain 
great thickness, granite inbUSions pertaining to g., are 
associated with wide migmatized gneiss zones and 
high- to medium-grade schists. Kyanite has been 
described from the thermal aureole at Gebel Nasb 
Aloha (Hussein & Rasmy 1976), and coexisting 
kyanite-sillimanite-andalusite from the thermal 
aureole at Wadi Dif. Wollastonite, indicative of the 
pyroxene-hornfels facies, is recorded from the 
marble of Abu SwayeL The high-grade gneiss and 
schist associated with and surrounding these granite 
intrusions are shown as infrastructural gneiss and 
schist on the new geologic map although there is a 
high possibility that they may include migmatized 
late Proterozoic rocks of the foreland association. 

2.2 Pan-African rock assemblage 

The Pan-Mrican thermo-tectonic event (Kennedy 
1964) that took place toward the end of the Protero
zoic, between 550 and 650 Ma ago (Clifford 1970), 
strongly affected the old cratonic margin. Ophiolites 
and one or several island arcs were accreted to and 
obducted over the continental mass and mixed with 
foreland-derived sedimentary, pyroclastic, and volca
nic rocks. Prolific intrusions of a granite series (Read 
1955) with corresponding thermal metamorphism 
took place, accompanied by calc-alkali volcanism 
and the deposition of molasse-type sediments. This 
Pan-Mrican rock assemblage dominates the base
ment of the Eastern Desert and Sinai. 

2.2.1 Ophiolites and island-arc association 
Ophiolites and rocks pertaining to an island arc asso
ciation constitute a highly deformed sequence of 
low-grade, regionally metamorphosed serpentinites, 
gabbros, volcanics and volcaniclastics. These rocks 
cover large areas in the central Eastern Desert and are 
preserved in synfolds between gneiss swells in the 
south Eastern Desert. They occupy narrow stretches 
in the north Eastern Desert but are entirely lacking in 
Sinai. In part they are equivalent to the 'eugeo
synclinal filling' of Akaad & Noweir (1969), the 
'ophiolitic melange' of Shackleton et al. (1980), and 
the 'greenschist assembly' of Vail (1983). The whole 
succession is dissected by many listric thrust faults 
causing repetitions and tectonic mixing. Neverthe
less, it can be differentiated into a lower ophiolite 
sequence and an upper island arc association. 

Ophiolites. In general the basic to ultrabasic rocks of 

the Arabian-Nubian shield are currently interpreted 
within the framework of plate tectonics as remnants 
of obducted oceanic crust. The major occurrences of 
ophiolites in Saudi Arabia are situated at Jabal a! 
Wask (Bakor eta!. 1976), the Amar-Idsas region (AI 
Shanti & Mitchelll976, AI Shanti & Gass 1983), the 
Bir Umq complex (Frisch & AI Shanti 1977), and at 
Jabal Ess. In Sudan, ophiolitic sequences of late 
Proterozoic age are reported from Sol Hamed 
(Pitches et a!. 1983) and from the Wadi Onib area 
(Hussein eta!. 1984). 

In the present work, the authors support the view 
that those rocks that were previously classified as 
serpentinite, metagabbro, metavolcanics, and meta
sediments are, at least in part, components of an 
ophiolitic melange in a purely descriptive sense. For
merly, the mafic and ultramafic rocks of Egypt were 
interpreted as geosynclinal submarine flows (Ritt
mann 1958) and as intrusive bodies emplaced into 
eugeosynclinal metasediments and metavolcanics 
(El Ramly & Akaad 1960, El Shazly 1964, Sabet 
I 961, 1972, El Ramly 1972, Akaad 1972, Akaad & 
Noweir I 980). An interpretation of the serpentinites 
and related rocks as ophiolitic suites is first given by 
Garson & Shalaby (1976). 

Several ophiolite suites are reported from the East
em Desert, e.g. from the Wadi Zeidun area (Dixon 
1979), the Qift-Quseir road (Nasseef et a!. 1980, 
Stem 1981), from the Idfu-Marsa Alam area (Shack
leton et a!. 1980, Ries et a!. 1983), the Gebel 
Mohagara-Ghadir area (Takla et a!. 1982), the EI 
Rubshi area (Khudeir 1983), and from Wadi Bitan, 
Wadi Rababa and Wadi Naam (Ashmawy 1987). 
Ophiolites always occur as allochthonous and com
monly incoherent basic to ultrabasic bodies. The 
most complete ophiolite sequence is described from 
Wadi Ghadir (EI Sharkawy & EI Bayoumi 1979). 

The ideal section is composed as follows, starting 
from the top: 
5. Thinly bedded metasediments of deep facies, I 00 

to 200m thick at Wadi Ghadir, are generally qnite 
rare. They are essentially formed of pelites interca
lated by thin chert and calcareous bands. 

4. Low-potash tholeiitic basalt sheets, several 
hundred meters thick, are sometimes pillowed, 
and the pillows are always right-up (Stem 1981). 
Alkali basalts are rare. 

3. Massive diabase and sheeted-dyke complexes, 
100 to 200m thick, also of tholeiitic composition 
are common. 

2. Metagabbro of tholeiitic composition is formed at 
the base of cumulate pyroxenite and gabbro, fol
lowed upward by isotropic gabbro and hornblende 
gabbro, frequently enclosing small dioritic bodies 
or being cut by appinites. Primary hornblende, 
when present, is of olive-brown color. Olivine, 
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fresh or altered, has never been recorded, so cu
mulate dunites cannot have developed. The con
tact between the metagabbro and the underlying 
serpentinite is always occupied by a thrust fault. 
Mesoscopic layering reported by El Sharlcawy & 
El Bayoumi (1979) and Kroner (1985) is believed 
to be of secondary origin; it is observed in the 
sheared lower parts along sole-thrust planes. The 
thickness of the gabbro layer is about 1 km, at 
Fawakhir, and 2 km at Gebel El Rubshi. 

1. Serpentinite&, essentially after harzburgite and to a 
lesser extent after dunite and lherzolite, are fre
quently transformed into talc-carbonates, particu
larly along thrust faults and shear zones. They 
sometimes enclose boudinaged chromite lenses 
(El Sharkawy & El Bayoumi 1979; Khudeir 1983) 
and may contain enstatite, diopside, and some
times olivine relics. They are characterized by 
almost constant, high Mg/Fe ratios suggestive of 
mantle origin. 

The ophiolites are commonly dismembered and even 
the large serpentinite masses are frequently interca
lated by thin, highly foliated pelitic layers (Shackle
ton et al. 1980, Khudeir 1983) marking minor thrust 
faults. The ophiolites are believed to have developed 
in back-arc basins (Stem 1981) and later abducted 
from the east over the old continental margin (El 
Gaby et al. 1984, Kroner 1985). 

The proponents of an accreted island arc(s) evolu
tionary model for the Arabian-Nubian shield con
sider the ophiolites as pieces of oceanic crust ab
ducted along destructive plate boundaries during the 
closure of small ocean basins. The ophiolites thus 
delineate, at least tentatively, tectonic sutures or arc 
margins (e.g. Bakor et al. 1976, Gass 1977, 1979, 
Shackleton 1980). Church (1976) raised doubt about 
this assumption, stating that the ophiolites in the 
Eastern Desert occupy a certain stratigraphic horizon, 
and that their distribution on the geologic map of 
Egypt is due to the presence of first-order, northwest
trending anticline structures which were eroded 
sufficiently deep to expose stratigraphic levels 
beneath the ultramafic-bearing units of the geo
synclinal sequence. 

The ophiolites are commonly located along major 
thrust faults, and particularly along the decollement 
surface between the abducted Pan-Mrican ophiolites 
and island arc rocks ( = suprastructure) and the under
lying old continental margin (= infrastructure; El 
Gaby 1983, El Gaby et al, 1984). This would explain 
why ophiolite outcrops are concentrated around 
gneiss swells in the central and south Eastern Desert. 
The distribution of ophiolites might also help in 
unraveling the large-scale tectonics of the Eastern 
Desert. For example, in the Qift-Quseir area, two 
major thrust sheets can be recognized: a lower thrust 

sheet verging to the west along Wadi Atalla, and an 
upper thrust sheet verging to the west along Gebel El 
Rubshi and Gebel Urn Seleimat, to the north and 
south of the Meatiq dome. 

I stand-arc association. The ophiolites are overlain 
and tectonically mixed with another series of weakly 
metamorphosed, calc-alkaline intermediate to acid 
volcanics essentially formed of andesite, dacite, and 
other volcaniclastics of comparable composition. Ba
salt, rhyolite and rhyodacite are subordinate. The tuff 
and volcanogenic graywacke is often banded, with 
graded bedding indicating submarine deposition. 
These rocks are frequently intercalated with meta
morphosed iron-ore layers, particularly in the north
em part of the central Eastern Desert. Farther to the 
south, for example at Urn Sarniuki, they are locally 
associated with stratabound base-metal sulphide de
posits (Garson & Mitchell1981, El Aref et al. 1985). 

On previous maps, the volcaniclastics were ge
nerallymapped as metasediments. This volcanic asso
ciation is referred to as 'younger metavolcanics' 
(YMV) to differentiate it from the 'older metavolca
nics' (OMV) of the ophiolite association (Stem 1979, 
1981). The volcanic rocks around Sheikh Shadli 
(Shukri & Mansour 1980), the type-locality for the 
'geosynclinal metavolcanics' (El Rarnly 1972), are 
formed of island-arc volcanics and volcaniclastics, 
which means that they belong to the YMY. Due to 
severe tectonics and tectonic ntixing, it was not al
ways possible to separate the island-arc association 
(YMV) from the ophiolitic metavolcanics (OMV) on 
the new geologic map. Nevertheless, they constitute 
the greater part of the volcano-sedimentary cover. 

In the north Eastern Desert, the YMV are locally 
preserved in narrow belts bounded by faults within 
the major Qena-Safaga shear zone. They display the 
common lithologic features of the island arc associa
tion and are intercalated at Gebel Urn Anab by the 
characteristic iron ore bands (Sabel et al. 1972). 

In Sinai, the YMV appear to be entirely absent. 
The volcanics of the Wadi Kid and Wadi Sa'al areas, 
southeast Sinai, are metaphorphosed and locally de
formed and sheared. Petrologically, they range from 
andesite to rhyolite, with the acid members prevai
ling; ignimbrite is quite abundant. These are the 
characteristic petrologic features of the calc-alkaline, 
Andean-type Dokhan volcanics. Moreover, the asso
ciated sediments at Wadi Sa'al are of molasse facies 
(Shimron 1984) akin to that of the Hammamat 
clastics. Bentor (1985) reported that the sediments at 
Wadi Sa'al are largely clastic and consist mainly of 
thick units of conglomerates composed of boulders 
and pebbles of dioritic and granitic gneiss. The pres
ence of gneiss pebbles speaks for deposition in intra
continental basins (i.e. molasse-type Hammarnat 
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clastics) rather than in an island-arc environment. 
1he reported isochron age of 734 ± 17 Ma (Bielski 

1982) from the metamorphosed Sa'al volcanics must 
be considered cautiously, particularly if one takes into 
account that granite-gneiss boulders from the Sa'al 
conglomerates yielded a Rb-Sr isochron age of 641 ± 
25 Ma (Bielski 1982). Similarly, abnormally old Rb/ 
Sr apparent ages are sometimes obtained from Dok
han volcanics (Stem & Hedge 1985). 

Plutonic rocks belonging to the island-arc associa
tion are least recognized and studied in the Egyptian 
basement. Tiley might include subduction-related 
diorite and tonalite, the plutonic equivalents of island 
arc andesite and dacite, as well as mantle-derived 
gabbro. 1he sheared tonalite of Gebel EI-Mayit 
(Akaad & El Ramly 1960) which is conformably 
incorporated into the deformed ophiolite/island-arc 
melange belongs most probably to island arc granites 
(s.l.). It was difficult to separate island-arc meta
gabbro from ophiolitic metagabbro which are petro
graphically ahnost identical. Therefore intensive 
field work is required for this distinction since island
arc metagabbros are intrusive and are composed to a 
considerable extent of metadiorite. Metagabbro to 
metadiorite occurs in relatively small bodies intruded 
into the YMV in the Sheikh Shadli region. 
Metagabbro/metadiorite complexes occupy wide 
areas between Marsa Alam and Wadi Mubarak 
(Hassan & Essawy 1977); two metagabbro/ 
metadiorite intrusions in this area can be recognized 
on the Landsat-MSS imagery. These plutonic rocks 
are expected to be intimately associated with and 
intrusive into the YMV, and they are likely to be 
metamorphosed and deformed. 

2.2.2 Tecto genetic association 
The tectogenetic phase is characterized by the preva
lence of granite among plutonic rocks, and rhyo
dacite and rhyolite among volcanic rocks, a feature 
that heralds the participation of sialic crust in magma 
generation or modification (Wyllie 1983a, b). Mo
reover, the volcanic activity is mainly subaerial and 
ignimbrites are quite abundant. The associated sed
iments are essentially coarse terrigenous clastics with 
abundant conglomerates, generally deposited in non
marine fluvial and fanglomerate environments, i.e. 
molasse-facies sediments. The lithology of magmatic 
and sedimentary rocks corroborates the end of the 
oceanic island-arc phase and the passage into the 
continental-margin Cordilleran stage. The tectogene
tic associations comprise penecontemporaneous: 
- subduction-related, Andean-type, calc-alkaline, in
termediate to acidic igneous rocks, 
- molasse-type Harnmamat sediments, and 
- intrusive, mantle-derived, mostly fresh spinel lher-
zolite, gabbro, troctolite, and meladiorite. 

Calc-alkaline magmatic activity. In the period around 
600 ±50 Ma BP, the Nubian shield was the site of a 
pronounced calc-alkaline magmatic activity in which 
the silicic members prevailed. This magmatic activ
ity is manifested in the emplacement of syn- to late
orogenic calc-alkaline granites of tonalitic to ideal
granitic composition, and in the eruption of their 
volcanic and subvolcanic analognes, the Dokhan vol
canics and post-Harnmarnat felsites. Granites cover 
about 40% of the surface area of the basement (Hus
sein et al. 1982); they are more abundant in the deeply 
eroded north Eastern Desert and Sinai. 

i. Calc-alkaline granites: Hume (1935) and Schiir
mann (1953) considered the Egyptian granites (apart 
from the deformed Shaitian granite) as of Gattarian 
( = late Precambrian) age, and as younger than the 
Dokhan volcanics and Harnmamat clastics. El Ramly 
& Akaad (1960) divided the Egyptian granites into 
'older granites' of tonalitic to granodioritic composi
tion with unfailingly gray color, and into 'younger 
granites' with pink and red colors and of granitic to 
alaskitic composition; they are stratigraphically sepa
rated by the Dohkan volcanics and Harnmamat 
clastics. These two granite groups are synonymous to 
El Shazly's (1964) 'synorogenic' and 'late orogenic' 
plutonites, to which he added a younger, 'post
orogenic granite' group for the As wan porphyritic 
granite, probably influenced by the young K-Ar age 
of 470 Ma (El Ramly 1963) available at that time. El 
Ramly (1972) introduced the post-orogenic alkaline 
granites to incorporate riebeckite-bearing granites. 

El Gaby (1975) postulated that the two Egyptian 
granite groups constitute one continuous granite 
series in which the granitic rocks become with time 
more silicic and richer in potash. He noticed that 
hypersolvus alkaline to peralkaline granites develop
ed as a side-branch during the late phases of the 
'younger granite' probably under subvolcanic condi
tions and through gas transfer. El Gaby & Ahmed 
(unpubl.), by making use of dike swarms to deter
mine the relative age of granitic intrusions in the 
Wadi Feiran area, southwest Sinai, found that highly 
differentiated calc-alkaline granite intrusions were 
later followed by less differentiated quartz syenite, 
and then by the peralkaline ring intrusion of Gebel 
Serbal. They suggested, as adopted in later publica
tions (e.g. El Gaby & Habib 1982) to classify the 
Egyptian granites into 
- an older, syn- to late-orogenic calc-alkaline granite 
series comprising the older 'grey granites', the por
phyritic granite of Aswan, and the younger, calc
alkaline two-feldspar granites, and 
- a younger, post-tectonic alkaline to peralkaline gra
nite series comprising quartz syenite, alaskite, and 
aegirine- or riebeckite-bearing leucocractic granites. 
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Greenberg ( 1981 ), recognised three possible gra
nite clans, among the 'younger granites' which he 
believed to be the products of a single magmatic 
episode 603 to 57 5 Ma ago which marked the end of a 
'cratonizing process' and the beginning of truly ano
rogenic activity. 

Hussein eta!. (1982) subdivided the Egyptian gra
nites into: 
- GI-granite, comprising the formerly so-called 'ol
der', lShaitian', 'grey', or 'synorogenic' granites, 
and the Aswan porphyritic granite. G1 is a 
subduction-related, !-type granite formed above old 
Benioff zones. 
- G2-granite, comprising most of the 'younger', 
'pink and red' or 'post-orogenic' granites. G2 tends 
to be more of the S-type and is believed to have 
fonned as a result of suturing. 
- G 3-granite which comprises alkaline to peralkaline 
granites as well as a considerable part of the 'younger 
granites' ofElRamly & Akaad(1960). G3 is a typical 
intraplate anorogenic A-type granite. 

In a statistical study on Egyptian granites, El Sha
toury eta!. (1984) concluded that they can be subdi
vided into 'older or synorogenic granitoids' (Gr.A), 
'younger or post-orogenic granitoids' (Gr.B1), and 
the youngest 'alkali granites' (Gr.B2); a sharp bound
ary exists between Gr.A on the one hand, and Gr.B1 
and Gr.B2 on the other hand. They stated that Gr.A 
corresponds to the G 1- and G2-granites of Hussein et 
al. (1982) which were formed in a compressional 
tectonic environment. Gr.A-granites or G I- and G2-
granites correspond to the calc-alkaline granite series 
mentioned before. 

Granites are subdivided on the new geologic map 
into calc-alkaline tonalite to granodiorite (g..), calc
alkaline two-feldspar ideal granite (g~. and anoroge
nic subalkaline to peralkaline granite (g,). Separation 
of the g..- and g~-granites is arbitrary since transitions 
do occur. It is based on differences in mineralogical 
composition which is reflected by color and suscepti
bility to weathering and erosion (i.e. reliet). The 
tonalitic and granodioritic members, representing the 
earlier phases of the calc-alkaline granite series, fre
quently grade into granite gneiss in exposed deeper 
crustal levels, whereas the two-feldspar ideal granites 
are always intrusive. The granitic members that are 
transitional between ga· and g~-granites, which are 
characterized by monzogranitic composition and 
porphyritic texture, are grouped on the map with 8a 
when grading into granite gneiss (e.g. Aswan gra
nite), and with g~ if displaying clear intrusive rela
tions. 

The ga·granite occurs in the form of autochtho
nous and parautochthonous intrusive bodies 
elongated parallel to the regional setting of the 
enclosing country rocks. It constitutes the largest 

plutonic masses; the intrusive bodies commonly pos
sess marginal zones with well-developed planar 
foliation. The early members of this group are quartz
dioritic in composition, rich in mafic minerals and 
strongly foliated, while the younger members are 
increasingly more acidic, lighter in color and com
monly structureless. Enclosed mafic endogenic xeno
liths decrease progressively in size and abundance in 
the later phases. 

At deeper crustal levels, as displayed along the 
Qena-Safaga road (Sabet et a!. 1973, Akaad et a!. 
1973), in the core of the Hafafit swell {El Ramly et al. 
1984) and around Aswan (Gindy 1954), g..-granite 
commonly grades into homogenized granite gneiss 
and migmatite. It sometimes encloses large skialiths 
of fine-grained gneiss and amphibolite suggesting 
in-situ development by granitization processes. 
However, a low initial 87Sr/'6Sr ratio reported by 
Stem & Hedge (1985) from the autochthonous Mons 
Claudianus granodiorite mass, north Eastern Desert, 
and Pan-Mrican zircon ages with nonnal lead
isotope ratios from the Hafafit area (Gillespie & 
Dixon 1983) suggest only limited contamination with 
older crustal rocks. 

The autochthonous granite (ga) along the Qena
Safaga road is locally enriched in K-feldspar meta
crysts and thus grading into porphyritic monzo
granite. Development of K-feldspar metacrysts is 
much more pronounced at Aswan and farther to the 
southeast. The porphyritic granite of Aswan is 
nonnally of monzogranitic composition; sometimes 
it is enriched in K-feldspar metacrysts (as well as in 
plagioclase, hornblende and biotite with enclosed 
zircon) and deprived of intergranular granitic pore 
liquids so that it approaches a quartz-syenite. In the 
Wadi Allaqi region, south Eastern Desert, orogenic 
stress obviously lasted longer so that ~:a-granodiorite 
and porphyritic monzogranite intrusions were partly 
deformed and locally mylonitized. 

The g~-granite bodies are always intrusive and 
commonly occur in the form of smaller intrusions 
that are also confonnable with the surrounding re
gional setting. Marginal foliation is nonnally absent 
and the mafic endogenic xenoliths are small and few 
in number. Hornblende is typically absent. The Urn 
Had pluton intruded into the Hammamat clastics, and 
accordingly, the most typical 'younger granite' 
according to El Ramly & Akaad (1960) possesses a 
granodioritic margin (Noweir 1%8) which contains 
hornblende beside biotite. This means that the sepa
ration into older and younger granite groups is non
genetic and can be only applied in a descriptive 
manner as adopted in the present work. 

ii. Dokhan volcanics: Dokhan volcanics are the sur
face and near-surface manifestations of the plutonic 
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calc-alkaline magmatic activity comprising g., and 
g~. The discrimination between Dokhan volcanics 
and older island-arc metavolcanics on the basis of 
metamorphism, as adopted by El Ranlly & Akaad 
(1960), is inadequate. It has caused serious misiden
tifications, for example in the cases of the Kid and 
Sa' a! 'metavolcanics' (Shimron 1980, Bentor 1985), 
and the 'younger metavolcanics' at Wadi Massar and 
Wadi Zeidoun (Stem 1979). Bentor (1985) noticed in 
the Sa'al volcanics, however, that 'the high propor
tion of acid volcanics in such an early stage of crustal 
evolution is remarkable'. 

The Dokhan volcanics are predominantly subae
rial, distinctly silicic and intimately associated and 
intercalated with molasse-type Hammamat sed
iments. The rock types present are mainly rhyolite 
and rhyodacite with subordinate andesitic flows; ex
tensive welded ruff units are particularly conspi
cuous. The common intercalation with molasse 
Hammamat sediments and the ubiquitous presence of 
ignimbrites and other fearures of subaerial volcanism 
indicate the dominantly terrestrial setting of this vol
canic activity (Gass 1982). Geochemical investiga
tions indicate that the Dokhan volcanics are calc
alkaline in composition and of Andean-type. They 
erupted along an active continental margin (Basta et 
al. 1980, Gass 1982, Fumes eta!. 1985). However, 
Stem et al. (1984) believe that the common bimod
ality of the Dokhan volcanics expressed by andesite 
(56 to 62% Si02) in association with myolitic ig
nimbrite and related felsic rocks (72 to 76% Si02) 

indicates that the crust was actively extending and 
undergoing rifting. 

Available radiometric ages from the Dokhan vol
canics range between 639 and 581 Ma (Dixon 1979, 
Stem & Hedge 1985, Bielski 1982); they are highly 
comparable to the coeval calc-alkaline ga· and g.
granites. It is worth mentioning that the metamor
phosed, particularly andesitic Dokhan volcanics (rec
ognized on the basis of their association with molasse 
sediments and/or with abundant silicic volcanics) 
commonly give older Rb-Sr ages. Abu Swayel rhyo
dacites gave 655 to 654 Ma (EI Shazly et al. 1973) 
and 768 Ma (Stem & Hedge 1985), while the Nuqa
rah andesites gave 686 Ma and volcanics from Wadi 
Massar-Wadi Arak gave 632 or 690 Ma (Stem & 
Hedge 1985). From the metamorphosed volcanics of 
Wadi Sa'al, a Rb-Sr age of 734 Ma was obtained, 
while granite-gneiss boulders from the associated 
Sa' a! conglomerates(= Hammamat conglomerates) 
gave only 641 Ma (Bielski 1982). The weakly meta
morphosed volcanics from Wadi El Mehdaf, unfortu
nately one of the type localities of the YMV accord
ing to Stem (1981), gave 622 Ma (Stem & Hedge 
1985) and therefore belong to the Dokhan volcanics; 
they also include proper rhyolites containing up to 

2.84% KzO (Stem 1981) which are common in the 
Dokhan volcanics. 

Molasse-type Hammamat clastics. The Hammamat 
clastics are largely composed of poorly sorted clastic 
sediments intercalated with minor impure calcareous 
layers. Akaad & Noweir (1980) described the Ham
mama! sediments as formed at the base of an alterna
tion of predominantly brick-red and green siltstones, 
the Igla formation, which grade upward into sub
graywackes and volcanic arenites frequently enclos
ing thick conglomerate banks. The Igla formation 
was deposited in freshwater basins (Samuel 1977). 
Grothaus eta!. (1979) proposed several models for 
the deposition of the Hammamat clastics in inter
montane, alluvial and freshwater basins, whereby 
variation in grain-size of the clastic sediments is 
attributed to lateral facies differentiation and not to 
tectonic events. 

During the Cordilleran stage, the basement was 
thrown into a series of open anticlinal folds and 
swells disposed along two geanticlines ttending 
north/northwest-south/southeast. These geanticlines 
also acted as Andean-type magmatic arcs along 
which calc-alkaline magmas erupted. Erosional pro
ducts of the Dokhan volcanics extruded along the 
raised magmatic arcs accumulated as molasse-type 
Hammamat sediments in intermontane and foreland 
basins. Consequently, Dokhan volcanics and Ham
mamat clastics are characterized by their intimate 
temporal and spatial association. 

Hammamat clastics are best developed in the 
northern part of the centtal Eastern Desert but occupy 
smaller and smaller areas farther south due to the 
northward slope of the basement. They attain 
substantial development in the north Eastern Desert 
and Sinai, suggesting that the upheaval of the north
em block along the Qena-Safaga line took place 
during the Cordilleran stage while eruption of the 
Dokhan volcanics and deposition of the Hammamat 
sediments were still in progress (EI Gaby 1983 ). The 
model proposed by Stem et al. (1984) for the north 
Eastern Desert suggesting deposition of the Hamma
mat sediments in downfaulted grabens trending 
nearly northeast-southwest cannot be substantiated. 
We noticed that the Hammamat sediments occur on 
the dip-slopes of a series of faulted blocks bounded 
from the south by reverse (?) faults that obviously 
were rejuvenated during the Tertiary. In the south 
Eastern Desert, known occurrences of Dokhan volca
nics and Hammamat clastics are very much reduced 
on the Geological Map of Egypt (EI Ramly 1972); 
this point will be further treated under the foreland 
association (vide infra). 

Younger u/trabasic to basic intrusions. A suite of 
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intrusive ultrabasic and basic rocks comprising spinel 
lherzolite, clinopyroxenite, troctolite, olivine gabbro 
and meladiorite occurs as small, frequently layered 
intrusions and sills. They were intruded coevally with 
the Andean-type calc-alkaline magmatic rocks. A 
layered gabbro is intruded by granodiorite near the 
mouth of Wadi Mubarak:, central Eastern Desert (Ka
besh et al. 1967), while the granodiorite intrusion of 
Wadi El Sheikh, southwest Sinai, is dissected by a 
meladiorite dike-like body which is in tum truncated 
by the more differentiated Ma'in granite. The 
younger ultrabasic and basic rocks are commonly 
unmetamorphosed, but at Abu Swayel they have 
clearly been subjected to the low-pressure meta
morphism that affected the Wadi Allaqi region, to
gether with the enclosing country rock. 

The younger peridotite and gabbro differ from 
their ophiolitic and island-arc counterparts in the 
following aspects: fresh olivines are commonly pres
ent with marked variations in their Fe-content, indi
cating crystallization from a differentiating gabbroic 
magma. In addition, clinopyroxenes, Cr and/or Mg 
spinels and sometimes Cu-Ni sulphides are typically 
present in the peridotites. In this context we believe, 
until conclusive radiometric dates become available, 
that the peridotite of St John's (Zabargad) island 
belongs to this suite though Bonatti et al. (1981, 
1983) are of the opinion that the peridotite represents 
an uplifted fragment of sub-Red Sea lithosphere 
(upper mantle) connected with the early stages of the 
development of the rift. This belief is based on the 
following facts: 
- Bulk composition and mineral paragenesis of the 
Zabargad peridotite are very similar to that of spinel 
lherzolites described from Gebel Dahanib (Dixon 
1981a) and from Gebel El Motaghayerat (Abu El Ela 
1984) from the northern part of the Khuda swell, 
south Eastern Desert. Spinellherzolites occur also in 
southeast Sinai (Shimron 1984) and at Wadi Allaqi. 
- Cu-Ni sulphide mineralization associated with the 
Zabargad peridotite occurs also in some ultrabasic 
bodies in the south Eastern Desert, for example at 
Abu Swayel (El Goresy 1964), at Gabbro-Akarem 
(Bugrov & Shalaby 1973), and at El Geneina West 
(Kamel eta!. 1980). 
- The old metamorphic country rocks of Zabargad 
Island are composed of coarsely banded hornblende
plagioclase gneiss and amphibolite similar to the 
hornblende gneiss exposures widespread in the East
em Desert (Bonatti et al. 1981, 1983) and particularly 
to the nearby Khuda gneiss. This signifies that the 
island is a detached block of the basement of the 
Eastern Desert, as also acknowledged by Bonatti et 
al. (1981, 1983), This seems more probable than to 
assume a vertical upheaval in the order of 30 km, 
particularly if we take into consideration that the 

peridotite is in tectonic contact with upper Creta
ceous sediments (Bonatti et al. 1981, 1983) and is 
unconformably overlain by basal Miocene sediments 
(E. Philobbos, oral comm.). 

Foreland association. Hunting Geology & Geophy
sics Ltd ( 1967) noticed that the metasediments of the 
greater Wadi Allaqi region differ markedly from the 
geosynclinal metasediments described by El Ramly 
& Akaad (1960) from the central Eastern Desert and 
therefore assumed the presence of another geo
synclinal basin. The sedimentary rocks are character
ized by the frequent occurrence of limestone (meta
morphosed into marble) in the lower part of the 
succession and by poorly sorted arenite and siltstone 
in the upper part; intercalations of fine-grained con
glomerates are also not infrequent in the upper part. 
The facies of the clastic sediments is very similar to 
those of the molasse Hammamat sediments. Rhyo
dacite and rhyolite, though commonly metamor
phosed, are quite abundant among the associated 
volcanics so that they should be considered pertain
ing to the Dokhan volcanics, as already claimed by El 
Shazly et al. (1973) andEl Ramly (1972). 

At least the lower part of the sedimentary succes
sion of the greater Wadi Allaqi region is equivalent to 
the 'metasedimentary unit' of Vail (1983), deposited 
as a sedimentary prism on a rifted or attentuated 
pre-Pan-African continental margin. During the Cor
dilleran stage, the greater Wadi Allaqi region was 
transformed into a foreland basin in which a thick 
pile of sediments accumulated above the shelf sedi
ments containing limestone layers. The foreland 
basin extends farther south across the border into 
north Sudan (Fig. 10/1). 

Available isotopic ages from the Wadi Allaqi re
gion are questionable or inconclusive. El Shazly et al. 
(1973) reported a Rb-Sr isochron age of 1195 Ma 
from a gametiferous mica schist of the Abu Swayel 
area. However, schists in general and metamor
phosed clastic sediments in particular are generally 
difficult to date (Tager 1977, Hashad 1980). The 
model Nd age of about 1500 Ma from the metamor
phosed sediments at Wadi Allaqi (Harris et al. 1984) 
could simply signify mixed clastic sediments from 
early and late Proterozoic sources. El Shazly et al. 
(1973) reported Rb-Sr ages of 890 to 980 Ma from 
intrusive quartz diorites that are based, however, on 
only two whole-rock data points, or even on one 
point, and an assumed initial ratio. Rhyodacite per
taining to Dokhan volcanics from Abu Swayel and 
Bir Haimur gave Rb-Sr ages of 654 and 665 Ma, 
respectively (El Shazly et al. 1973). Stem & Hedge 
(1985) reported a Rb-Sr age of 765 Ma from rhyo
dacite of the Abu Swayel area; they noticed, 
however, that weakly metamorphosed andesites fre-
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quently produced errorchrons with older apparent 
ages. 

2.3 Phanerozoic alkaline rocks 

About the end of the Pan-African orogeny and till the 
Tertiary, the basement was intermittently intruded by 
a number of subalkaline to peralkaline S-and A-type 
granite bodies, mostly as shallow cauldron comp
lexes or as small discordam intrusions having almost 
circular outlines; dike-like intrusions, chimneys or 
volcanic necks are not uncommon. These post
kinematic silicic rocks, generally with an alkaline 
tendency, are lumped together on the new map as 
g.,-granites that correspond to the 'younger granite 
complexes' of Almond (1979) and to the 'Katherina 
Province' of Bentor (1985). Available radiometric 
ages show an overlap in the time of intrusion between 
g~- and g.,-granites. S-type granites are commonly 
intruded in the back-arc, concurrently with the 
emplacement of calc-alkaline granites in the mobile 
belt (Pitcher 1983 ). The g., -group comprises a vast 
array of rocks, including two-mica granite, alkaline 
granite and syenite, and its members intruded over a 
very long time span. 

This g., -group can be separated into several sub
groups. The earlier phases of g.-granites are clearly 
potassic and unassociated with gabbroic rocks. They 
comprise subalkaline to peraluminous biotite gra
nites and two-mica granites, which are difficult to 
distinguish petrographically from ~-granites. These 
granites are obviously of the S-type with which all 
known Mo, and most of the Sn and W mineraliza
tions are associated. The peraluminous character 
seems to be of secondary origin due to pneumatolysis 
and greisenization; andalusite or cordierite are never 

found. Quartz syenite and riebeckite-bearing alkaline 
granite that commonly form ring complexes occur 
among the early phases. 

Associated volcanic rocks, namely Katherina vol
canics, are rare and only described from the south 
Sinai as remnants of a caldera (Shimron 1980), sur
rounded and intruded by a large ring dike. These 
volcanic rocks are essentially made up of commen
dite and related pyroclastics (Bentor 1985). It still 
remains controversial, however, whether the late 
Precambrian/Cambrian g.-granites evolved from~
granites by differentiation and modification through 
gas transfer, or from an independent magmatic 
source. We believe in the latter alternative since we 
observed, particularly in Sinai, that highly differenti
ated g~-granites were followed by less differentiated 
quartz syenite and post-kinematic biotite granite. 

Mesozoic alkaline silicic igneous rocks are always 
sodic and frequently associated with minor gabbroic 
rocks, and rarely with carbonatites (EI Ramly et al. 
1979). They are essentially composed of syenites 
which sometimes carry nepheline. The associated 
volcanic rocks are represented by the Wadi Natash 
volcanics which intruded into the lower part of the 
Nubia sandstone. Sintilar volcanics also occur at 
Gebel Abraq in the south Eastern Desert. The Meso
zoic ring complexes are apparently confined to the 
south Eastern Desert. Based on prelintinary discrimi
nation characteristics, namely the soda/potash ratio 
and an association with gabbroic rocks, it seems 
likely that the albite granites known as apo-granites 
(Sabetet al. 1973) commonly associated with Nb-Ta, 
Sn- and fluorite mineralizations, and the El Bakreya 
granite intrusion, all in the central Eastern Desert, 
may belong to this Mesozoic magmatic association. 
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1 GEOGRAPHIC, GEOLOGIC AND STRUCTURAL 

OVERVIEW 

The main part of Egypt west of the river Nile is 
covered by thick sequences of relatively undisturbed 
sedimentary strata of Paleozoic, Mesozoic and Ceno
zoic age. Apart from the Eastern Desert, Precambrian 
and younger crystalline rocks occur only in southern 
Egypt where they occupy an area of some 40 000 
km2• The majority of these rocks crop out in the 
Gebel Uweinat area at the junction of the borders of 
Egypt, Sudan and Libya. Numerous smaller base
ment areas are exposed between Bir Safsaf and Lake 
Nasser. Generally, the basement is close to the surface 
everywhere in that region, except between Gebel 
Kamil and Bir Safsaf where a downfaulted graben, 
the Bir Misaha trough, is tilled with about 700 m of 
Nubian sediments (Schneider & Sonntag 1985). The 
basement high that separates the deep intracratonic 
Dakbla basin from the more shallow basins of North 
Sudan is referred to as the Uweinat-Bir Safsaf-Aswan 
Uplift. 

This uplift is situared at the easrern margin of a 
large continental plate which might either be the East 
Sahara craton (Bertrand & Caby 1978), or the Nile 
craton (Rocci 1965). The generally high-grade rock 
assemblages of this continental plare are overlain 
with a marl<ed tectonic unconformity by volcano
sedimentary-ophiolire sequences in the Aswan area 
(Vail 1983). Although many scientists disagree on 
details, it now seems a well-established fact that the 
Nubian shield was accreted onto this older conti
nental margin through some kind of subduction
related processes and collisional-type tectonics dur
ing the Late Proterozoic (El Ramly et al. 1984, 
Kroner 1985). This late Proterozoic event, generally 
referred to as Pan Mrican, had a considerable impact, 
particularly on the margin of the continental plare, by 
reworking of older crust, migmatization, resetting of 
isotope sysrems, and intrusions of voluminous grani
tic batholits (Vachette 197 4, Kroner 1979, Vail 
1983). Nevertheless, although this Pan Mrican im-
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pact destroyed much of the older geologic record, 
there is still enough evidence for a pre-Pan African 
age of the rock units west of As wan. 

Lead isotope studies of a granite near Aswan (Gil
lespie & Dixon 1983) show that this rock contains 
distinctly more radiogenic lead than the rocks from 
the Easrem Desert. Abdel Monem & Hurley (1979) 
dared detritic zircons from arcose-type sediments 
derived from the Hafafit dome in the Eastern Desert. 
The U/Pb upper inrercept age of 1770 ± 40 Ma is an 
indication for the age of the crustal block in the west 
which supplied this detritus. Nd isotope analyses of 
samples from migmatires from the Gebel El-Asr and 
Gebel Kamil areas (Schandelmeier et a!. 1987) 
confirm a definire pre-Pan African crustal history of 
these rocks by their extreme ENd values. Finally, 
detailed structural, petrofabric, paragenetic, and 
geochemical analyses of rocks from the entire uplift 
system (Richter 1986, Bemau et al. 1987) show that 
many aspects of these rocks resemble the Archean/ 
Early Proterozoic basement of the Uweinat area in 
southeast Libya (Klerkx 1980, Cahen et al. 1984, 
Harris et a!. 1984 ). 

The uplift system consists of four large and numer
ous smaller basement inliers: 
A. Gebel Uweinat basement inlier (35 000 km2) 

-Gebel Uweinat area 
-Peneplain area 
-Gebel Kamil complex 
-Ring-structure complex 

B. Bir Safsafbasement inlier (2 500 km2) 

C. Gebel El Asr basement inlier (900 km2) 

D. Gebel Umm Shaghir basement inlier (600 kffi2). 
By the regional structure of the area it can be con
cluded that the rock assemblages of the previously 
described areas seem to belong to a generally 
northeast-striking extensive fold belt called • Zalingei 
folded zone' by Vail (1976). This fold belt is assumed 
by this author to be the continuation of the Kibaran 
belt of Central Mrica that swings clockwise into 
North Sudan and Darfur. But available new isotopic 
age data argue against this view and indicate a much 
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higher age for the Zalingei fold zone (Schandelmeier 
et a!. 1987). Structurally, the western and eastern 
parts of the uplift system have to be treated sepa
rately, since the Pan African imprint was probably 
much more intensive in the east 

1.1 Gebel Uweinat basement inlier 

In the Gebel Uweinat basement inlier the predomi
nant trend of fold axes is northeast-southwest but 
locally this principal trend direction hannoniously 
swings to north-northwest-south-southeast or east
west. At present, fold geometry is little known. At the 
southeastern slopes of the Gebel Uweinat, Klerkx 
(1980) observed recumbent folds. The prevailing dip 
of the schistosity planes is moderately steep to the 
northwest, although it varies in respect of axial defor
mation of folds. A regional southeasterly vergence of 
axial planes is suggested by the main dip direction. 

The axial deformation led to a sigmoidal bending 
of megafold structures. lhis is probably the most 
striking structural feature of the Gebel Uweinat base
ment, being conspicuous even on Landsat images. 
However, measurement of poles of schistosity planes 
show quite a large scattering. The principal trend of 
deformation becomes clearer by analysis of P-Iinears 
(Fig. 11/1). By means of the P-Iinears; a double
branched spiral geometry is obvious, suggesting a 
later clockwise rotation of pre-existent fold axes in 
combination with the crustal uplift. 

According to petrographic evidence and available 
radiometric age data (see Chapter 3.4), the major 
phase of deformation in this region occurred during 
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the Early to Middle Proterozoic, accompanied and 
succeeded by a regional anatectic event around 1800 
Ma BP. As can be inferred from the structural data 
described (Richter 1986), an early orogenic phase 
with principal stress in a northwest-southeast direc
tion caused fold axes trending around 55° E, and 
created a dual shear pattern of faults which broke up 
the crust into small blocks. During the succeeding 
mid- to late-orogenic phase, the primary fold axes 
were sigmoidally bent, probably due to a clockwise 
rotation and marginal interaction of the small blocks 
caused by friction. At a final stage, with increasing 
compression and decreasing ductility, imbrication 
took place causing at least part of the suggested, 
presumably heterogeneous crustal uplift which in 
tum was responsible for increasing plunge of fold 
axes. 

lhis tectonic interpretation is in general accor
dance with the polar wandering swath inferred for 
West Gondwana by McWilliams (1981) for the pe
riod between 2100 and 1800 Ma BP. At that time, an 
initial southeasterly motion was changing to a north
easterly drift. For this reason, the clockwise rotation 
of small blocks within the Gebel Uweinat region 
must have been induced by a wide-spaced, subparal
lel succession of right-lateral northeast-southwest
trending mega-shears. 

Landsat image interpretation showed that the fault 
pattern of the region is dominated by lineaments 
trending northeast-southwest with subordinate east
west-trending faults (Fig. 11/2). Due to assumed 
block rotation, the main faulting cannot be attributed 
to an early tectonic stage, but more likely to a late 
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Figure 11.1 Isoline diagram of the 
weighted distribution of P-linears 
within the eastern part of the 
Gebel Uweinat inlier. Numbers in
dicate percentage density. A two
branched spiral distribution of the 
maxima can be seen indicating 
rotation and tilting of pre-existent 
fold axes. 
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phase of the major tectono-thermal event, reactivated 
and probably pronounced by a Late Proterozoic in
traplate stress regime. 

1.2 Bir Safsaf basement inlier 

The regional structure of the metamorphic basement 
in the Bir Safsaf-Aswan uplift is less clear than that of 
the Gebel Uweinat-Gebel Kamil area. A general east
west-trend of the foliation accompanied by varying 
dip directions could be recognized in all basement 
outcrops of that region. Deviations from this trend are 
very common due to the intrusion of plutons, late 
stage doming, and fracturing. In the Gebel El Asr and 
Gebel Umm Shaghir areas, mylonitic rocks with a 
general east-west-strike occur frequently. Their dip is 
low to intermediate to the south and southwest. Petro
fabric investigations (Bemau et al. 1987) show that 
the mylonitization affecting the migmatites in a tem
perature interval between 300 and 500°C occurred 
definitely later than the migmatization. 

The uplift is characterized by a dense fracture 
system with an east-west-trend of the major faults. 
The more or less parallel faults form a dextral 
wrench-fault zone which supposedly forms the com
plementary fault system to the sinistral Najd fault 
system of Saudi Arabia (EI Gaby 1983, Bernau et al. 
1987). If this interpretation is correct, and structural 
and geochronological arguments support this view, 
the Bir Safsaf-Aswan wrench-fault zone is late Pan 
African in age, and probably related to the late-stage 
collision phase during which the Nubian Shield 

Figure 11.2 Rose diagram of the 
fracture pattern deduced by 
Landsat-MSS image interpretation 
of the eastern Gebel Uweinat area. 
Cumulative fault lengths and fre
quencies are given. 

assemblages were thrust over the continental plate 
margin. 

1.3 Gebel El Asr and Gebel Umm Shagir basement 
inliers 

Both the Gebel El Asr and the Gebel Umm Shagir 
basement inliers are unconspicuous outcrops of the 
basement. Morphologically, these inliers present a 
deeply eroded landscape of low hillocks and sand
covered country rocks. They are similar in their litho
logy to the rocks outcropping at Bir Safsaf, so no 
separate description is given here. 

2 GEOLOGY AND PETROGRAPHY OF THE GEBEL 

UWEINATREGION 

2.1 Metamorphic rocks 

Geographically, the Gebel Uweinat basement inlier 
can be subdivided into four major subareas: the 
slopes and plains in the immediate vicinity of the 
Gebel Uweinat itself, the Peneplain - an elevated 
plateau topped by a fiat denutation surface and cut by 
frequent wadis, the so-called 'Gebel Kamil comp
lex', lOOkmeastofGebel Uweinat-anareaofrough 
morphology including sedimentary escarpments, 
basement plains and hillocks and, finally, southeast of 
Gebel Uweinat, an area called 'Ring-structure comp
lex' (Richter 1986). The name of the latter refers to 
two dominant ring-intrusions among several mega
fold structures which are clearly visible on Landsat 
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Figure 11.3 Generalized petrological sketch map of the eastern Gebel Uweinat basement inlier. 

images and whose arcuate to linear crests rise to I 00 
m above terrain level. This part is on Sudanese terri
tory, but has to be considered here in the interest of 
the geological context (see Fig. 1113). 

The earliest scientific geologic report on the Uwei
nat area has been published by Menchikoff (1927) 
who already mentioned the leptitic character of the 
basement along the slopes of the Gebel Uweinat 
massive. His early study included major-element 

analyses of 12 metamorphic and magmatic rocks. For 
about 40 years, geological research in this area disre
garded the basement until Marholz (1968) published 
some radiometric age data from samples collected in 
the Uweinat region. In the early seventies, more 
information was supplied by Hunting Geology & 
Geophysics Ltd (1974) who conducted exploration 
work on behalf of the Libyan government. 

Klerkx and co-workers carried out field work in the 
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basement southeast of Gebel Uweinat during the mid 
and late seventies. Their results (Kierkx & Rundle 
1976, Klerkx & Deutsch 1977, Klerkx 1980) im
proved the knowledge on this remote area, and col
lected fundamental information on the crustal com
position of the area. Based on petrography and Rb/Sr 
whole rock age data, Klerkx (1980) recognized two 
major basement series: a) the granulitic 'Karlrur Murr 
series' at the eastern and southeastern slopes of Gebel 
Uweinat, and b) the migmatic 'Ayn Dua series' 
which crops out along the northern, western and 
southwestern margin of the mass.ive. Both series are 
separated by a clastic horizon, the 'll Passo myloni
te'. In addition to geochronologic work on basement 
rocks, Klerkx & Rundle (1976) dated a number of 
magmatic rocks by the K/ Ar method. 

The eastern extension of the area ·has been investi
gated by Schandelmeier eta!. (1983), Schandelmeier 
& Darbyshire (1984) andRichter(l986). Mapping of 
the area was performed by combined Landsat-MSS 
image interpretation and field checks, including in
tensive sampling. Based on the ideas of Klerkx 
(1980), Richter (1986) distinguished three basement 
formations by their lithofacies, that is rock educt and 
metamorphic history. These three formations that can 
be partly correlated with Klerkx's (1980) series, are: 
a) the high grade granulitic 'Granoblastite Forma
tion' as lower unit, overlain by b) the clearly remobi
lized 'Anatexite Formation', and c) the probably 
youngest, clearly bedded 'Metasedimentary Forma
tion'. The latter has no equivalent on the Libyan side 
whereas the other two correspond to Klerkx 's (1980) 
series in the following manner: 

Ayn Dua Series = Anatexite Formation 
Karlrur Murr Series = Granoblastite For-

mation 
In this paper, the subdivision of Richter (1986) will 
be adopted The generalized distribution of the distin
guished rock units of the Gebel Uweinat basement 
inlier is depicted in Figure 11/3. Rocks of granulitic 
character extend in a wide northeast-southwest trend
ing strip from the western parts of the Gebel Karnil 
complex to the eastern and southwestern foreland of 
Gebel Uweinat, including the embracement of Gebel 
Kissu in northwest Sudan. Rocks of anatectic charac
ter crop out on both sides of this strip, i.e. within the 
eastern parts of the Gebel Kamil complex (Fig. 11/3), 
and in the Peneplain area as well as to the south and 
west of Gebel Uweinat on Libyan territory. The 
Metasedimentary Formation builds up most of the 
basement in northwest Sudan. Contacts between the 
different Formations are mostly obscured by wide 
sand plains. 

Petrographic mapping respectively interpretation 
of the basement rocks is difficult to perform on 
Landsat-MSS images. Sand-covered outcrops pre-

vent development of rock specific radiometric signa
tures, in particular in view of the small scale litholo
gic variations which frequently occur in basement 
rocks. Even textural image features are difficult to 
interpret due to the morphologic character of the area 
which consists of flat plains of eroded basement 
rocks, interrupted by sand sheets. Consequently, 
escarpments as well as blurred filigree textures had to 
be used to subdivide sedimentary cover and base
ment. The wide or narrow-banded features of the 
basement represent the outcropping edges of folded 
gneiss and schist layers with distinctive dips. To 
summarize, basement mapping of the Gebel Uweinat 
inlier was supported by image interpretation but to a 
large extent it had to rely on field work, since aerial 
photographs of that area are not available. 

2.1.1 Granoblastite Formation ( gng) 
The term 'Granoblastite Formation' is based on a 
paper by Wmkler (1979) defining a granoblastite as a 
high-grade regional metamorphic rock, similar in 
texture to a granulite but lacking the diagnostic 
mineral assemblage. 

The Granoblastite Formation consists in its bulk of 
grey-green to brownish-grey, fine to medium
grained, well-layered gneissic granulite and gra
noblastite. The equigranular to seriate fabric with 
granoblastic to flaser-texture contains as the major 
components quartz and plagioclase (oligoclase, an
desine), whereas alk-feldspar is often missing. 
Typical xenoblastic quartz is aggregated in subparal
lel plates (lagen-quartz), including strain-oriented 
needles of rutile microlites. The isometric pla
gioclase is frequently antiperthitic and mainly 
saussuritic, and variably altered to muscovite, 
epidote/clinozoisite, zoisite, orthoclase, and albite. 
Xenoblastic to hypidioblastic alk-feldspar is common 
as microperthite, often rnesoperthitic, with 
microcline and microclineperthite occurring as well. 
Sometimes, intergranular myrmekite can be ob
served. 

In the granulite, orthopyroxene occurs, relictic at 
least, whereas in the granoblastite it disappeared or 
never was contained. However, clinopyroxene pre
vails throughout, paragenetic with green hornblende, 
pale fibrous actinolite and anthophyllite, Mg
chlorite, antigorite and talc. Pseudomorphoses of 
these minerals after pyroxene prove the polymeta
morphic nature of the Formation. Whereas uralite is a 
product of! ow to medium grade alteration of clinopy
roxene, while talc and parageneses of antigorite, Mg
chlorite, anthophyllite, and other fibrous amphiboles 
represent the orthopyroxene equivalent. Small hypi
dioblastic flakes of brown biotite are constant minor 
constituents, well-aligned along schistosity planes. 
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Frequently, they are pseudomorphosed by chlorite 
and sagenite. 

In some layers where alk-feldspar increases and 
pyroxene may completely disappear, minor amounts 
of porphyroblastic garnet (pyralspite) appear. But 
like pyroxene, the grains may be replaced by a 
microcrystalline keliphytic belt of sericite, chlorite, 
green biotite, epidote and calcite. Garnet relics may 
be preserved in such pseudomorphoses. 

There is a continuous transition from the quartzo
feldspatic rocks described to more tectonized varie
ties, frequently intercalated as concordant layers, but 
dominated by quartz and often enriched in magnetite 
and iron hydroxides. 

The majority of the analyzed rocks are of grano
dioritic composition, with a range from tonalitic to 
granitic. A unique feature is the low concentrations of 
Rb, Th, U and K, a low value of K/Rb, relative 
enrichment of Ba and Sr and, relative to modem 
upper continental crust, a slight decrease in the ratio 
Ba/Sr. 

To a lesser degree, ultrabasic rocks are either inter
calated in the basement as are, for instance, amphi
bolite, or they crop out with ill-defined relations to 
their hostrock-like meta-(ol)-hbl-pyroxenite, meta
px-hbl-gabbro-norite, and serpentinite east-northeast 
of Gebel Uweinat The latter three are believed to be 
discordant The foliated amphibolite is fine to 
medium-grained granoblastic, and dominated by 
brown and green hornblende and by unzoned saussu
ritized plagioclase (oligoclase, andesine). Minor 
amounts of ortho- and clinopyroxene are present, 
often altered to actinolite, talc and antigorite. Brown 
biotite and chlorite are further minor constituents. 

The fine-grained, weakly foliated gabbro-norite 
shows a mineralogic composition similar to that of 
the amphibolite, but the zoned plagioclase is labra
dorite. Pyroxene within the pyroxenite is preserved in 
relics only and otherwise replaced by talc, whereas 
assumed primary olivine is completely altered to 
pseudomorphoses of serpentine and talc. Brown 
hornblende, and extremely long needles of gram
matite, phlogopite and Mg-Fe-chlorite occur subor
dinate in this rock. 

A unique feature of all these rocks is the replace
ment of a primary prograde mineralogy by a later 
retrograde facies, or even more than one. On grounds 
of mineralogy and rock paragenesis, a metamorphic 
culmination in the hornblende-granulite facies under 
high to medium pressure and high temperature condi
tions (approximately 800°C, 8.5 kbar) can be in
ferred. It was followed by a retrograde event within 
the amphibolite facies, presumably introduced by a 
nearly adiabatic pressure release ( < 4.5 kbar), contin
uously or episodically followed and terminated at 
least in part of the area by greenschist facies condi-

tions of the biotite zone (360 to 450°C, < 4.5 kbar). 

2.1.2 ATUJtexite Formation (gna) 
The characteristic feature of the Anatexite Formation 
is the predominance of ntigmatic gneiss, i.e. dia
texites, metatexites and metablastites. Whereas the 
highly mobilised, medium-grained diatexites are of a 
homogeneous to nebulitic texture, rarely showing 
foliation, metatexites and metablastites are well
foliated and a two-phase nature - melanosome and 
leucosome - becomes obvious, arranged in the form 
of layers or schlieren and patches. Their eqnigranular, 
seriate granoblastic or porphyroblastic fabric is com
posed of intermediate plagioclase, alk-feldspar, 
quartz and biotite. Locally subordinate green 
hornblende and diopsidic pyroxene occur. 

In general, plagioclase is idioblastic and strongly 
saussuritisized. Younger albite or albite-rich pla
gioclase is unaltered. Antiperthite bas occasionally 
developed. Alk-feldspar is variably shaped and ap
pears as nticrocline, litperthite or mesoperthitic 
chessboard-albite. The perthites tend to form me gab
lasts. Quartz predontinantly bas grown interstitially 
and is rich in inclusions. 

Brownish-green biotite is the dontinant mafic 
component. A preferred orientation of the variably
sized flakes is rare in the diatexite but persistent in the 
metatexite. Two generations are often observable by 
a strong hiatus in appearance. Frequently the large, 
older flakes show kinking and are developed as sa
genite. Replacement of biotite by intergrown, subpa
rallel chlorite together with sphene and/or epidote is 
widespread. A similar alteration may be seen in 
subordinate green hornblende. Rarely, pale green cli
nopyroxene is present in relics, enclosed by biotite or 
hornblende. Talc, actinolite, sericite, and chlorite ap
pear as further retrograde alteration products. 

The chentical composition of the described ana
texites is in general normal-granitic, however, syeni
tic and (quartz-) monzonitic varieties appear as well. 
In comparison to most rocks of the Granoblastite 
Formation, a difference in significant trace elements 
has developed within the anatexites. Although con
centrations of Tb, Rb, K, and Ba are slightly to 
distinctly increased, if compared to the gra
noblastites, the K/Rb ratios are still below that of 
modem continental lower crust estimates (K/Rb = 
249) while Ba/Sr is above the modem continental 
upper crust estimates (Ba/Sr = 2) after Taylor & 
McLennan (1981). 

Within the area of the Anatexite Formation, paleo
somatic gneisses not seized by anatexis, crop out 
everywhere. The gneisses are light to dark-grey, fine 
to medium-grained, and either foliated or layered 
Mica-poor, blasto-cataclastic gneiss varieties show 
flasertexture very similar to that of granoblastites, 

·-·-··--·--------------
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while mica-rich varieties are more irregularly 
schistose. In general, the mineralogical composition 
is not different from that of adjacent remobilized 
rocks. However, in some of the samples analyzed, 
enrichment of Si02 is obvious, although paleosomes 
are granitic in toto. Like biotite of the granulitic 
rocks, biotite of the paleosomatic gneiss is brownish 
in most cases. 

Frequently, marble, calc-silicate, quanzite, and 
amphibolite are intercalated with paleosomatic 
gneiss or occur embedded as xenoliths or domains 
within the anatexite&, especially in the Gebel Kamil 
complex. As opposed to the paleosomatic gneisses, 
these rocks, termed 'resisters' by Mehnert (1968), 
escaped anatexis probably as a consequence of their 
composition. 

The marbles are layered in centimeter to decimeter 
dimension. Thicker light-colored carbonatic beds are 
intercalated with dad<., variably colored silicate beds. 
Frequent boudinage structures prove tectonic 
overprinting. Dolomite exceeds calcite in quantity. 
The silicate component consists of variable amounts 
of forsterite, diopside, pargasite, tremolite, humite, 
spinell, serpentinite, phlogopite, white mica and Mg
rich chlorite. An indication of previous high-grade 
pi-conditions that were later overprinted by low
grade metamorphism is depicted by the paragenesis 
of diopside-forsterite-tremolite-calcite-dolomite 
with tremolite rims around diopside (Winkler 1979). 

A few skarn-like calc-silicate occurrences in the 
central Gebel Kamil complex contain either for
sterile, clinohumite and minor vesuvianite, scapolite, 
plagioclase, or fassaite, hornblende, clinohumite, cli
nozisite, chlorite and white mica. 

Quartzite is found either as Fe-quartzite with hae
matite and goethite, or as mica-quanzite. Quartz is 
quite variable in shape and size. Mica orientation 
within the mica-quanzite is weak and quanz is poly• 
gonally bounded, indicating thermo-metamorphic 
overprinting. 

Amphibolite& occur either as xenoliths within dia
texites or as thin layers intercalated with paleosome. 
Generally, they are medium-grained and massive, but 
fine-grained foliated types are present as well. Their 
seriate granoblastic fabric is assembled by saussuritic 
plagioclase and green hornblende, sometimes 
embracing cores of uralite or clinopyroxene relics. 
Olive-green biotite increases to considerable 
amounts in some amphibolite&. Epidote and sphene 
are present as minor constituents. 

Of petrogenetic significance is a spinell
sillimanite-almandine-cordierite-gneiss from a 
central locality of the Gebel Kamil complex, asso
ciated with paleosomatic gneiss, marble, and or
thogneiss. The brownish, seriate fine to medium
grained gneiss is streaked with co-aligned fibrous 

tails of sillimanite. Subparallel to sillimanite tails, 
lenticular flattened garnet megablasts have grown, 
often poikiloblastically intergrown with cordierite, 
quartz, sillimanite and ore. The rockforming cordie
rite is hypidioblastic and fine-grained as it is the 
intermediate plagioclase. Further major components 
are xenoblastic alk-feldspar and quartz. While 
feldspar tends to form megablasts, quartz is 
elongated and frequently cataclastic. The minor 
idioblastic brown biotite flakes are aligned along the 
schistosity planes. Green-brown spinell is idioblastic 
and fine-grained. Felted pseudomorphoses might be 
either pyroxene replaced by talc, or pinitized cordie
rite. The paragenetic mineralogy of this gneiss indi
cates the existence of high-grade metamorphism of 
granulite facies, with high temperature and low pres
sure, previous to anatexis. 

Summing up the metamorphic stages as indicated 
by the various rocks within the Anatexite Formation, 
a three-stage development can be inferred: a) LP-HT 
granulite facies (700 to 800°C, approximately 6 kbar) 
as culminating event, b) partial to advanced anatexis 
within the highest grade of amphibolite facies as a 
first retrograde event, c) static, i.e. tectonically inact
ive overprinting in greenschist facies (chlorite zone) 
as a second retrograde event. The Anatexite Forma
tion is considered as the roof of the Granoblastite 
Formation. 

2.1.3 Metasedimentary Formation 
Located southeast of the Gebel Uweinat, the Metase
dimentary Formation is built up of clearly ensialic 
clastic rocks of psarnmitic and subordinate pelitic 
character. In the northwest of its distribution area, 
beds of green, well-foliated, generally fine-grained 
and frequently cataclastic paragueiss prevail. The 
seriate quanz grains still show weak graded bedding, 
and accessories like apatite and allanite are enriched 
in distinct layers. The following gneiss varieties may 
be distinguished: hornblende-gneiss, hornblende
plagioclase-alkalifeldspar-gneiss, biotite-hornblen
de-plagioclase-gneiss, biotite-alkalifeldspar-gneiss, 
biotite-plagioclase-gneiss, and almandine-hornblen
de-biotite-plagioclase- gneiss. In all cases, quanz is 
additionally present up to considerable amounts 
(> 40% ). Biotite is of brown or green color. 
Hornblende is fine-grained isometric to medium
grained prismatic, sometimes poikiloblastically in
tergrown with quanz and feldspar. Sceletal garnet is 
enriched in some layers. 

Toward the top of the sequence in the southeast, 
gneiss is increasingly replaced by paraschist and 
quartzite which are generally weakly bounded. These 
very fine to fine-grained rocks are light to darl<.-violet, 
red, yellow or grey colored; their schistosity is nar
row, and a phyllitic lustrus sheen has sometimes 
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developed. The lepidoblastic fabric is parallel or 
confuse schistose. A primary layering is obvious, and 
cross-bedding is still preserved in some samples. 
Beside quartz, several kinds of phyllosilicates like 
white mica, sericite, biotite, chlorite, and alumoser
pentine are present in varying amounts. 

Close to a granite pluton thennal metamorphic 
reactions led to crystallization of leucoxene, probably 
after rutile, and knots of biotite. A third type of knots 
composed of sericite, chlorite, alumosilicate and 
quartz presumably represents the initial stage of cor
dierite blastesis. 

An interesting feature of the Metasedimentary For
mation is an itabiritic sequence of iron-quartzites 
with intercalations of jaspilite, mica-schist, and basic 
metavolcanics. This sequence crops out for several 
kilometers in the central part of the Ring-structure 
complex. The opaque ore gesins of the quartzite 
consist of haematite and goethite with relics of 
(titano-)magnetite which was obviously replaced by 
these two minemls. 

Mica-quartzites are in genemllightoi:olored, fine
gmined and narrow schistose. The schistosity planes 
are sigmoidally bent, or linear-parallel. Quite fre
quently, a second schistosity cuts the first one with an 
angle of about 60°. Large mica fialres are kinked, 
while smaller ones are mimetic crystallized. Lenticu
lar quartz is blasto-i:ataclastic. At one locality, major 
amounts of intergrown, well-aligned, hypidioblastic 
kyanite and staurolite occur within a turmaline
sericite quartzite. 

Mluble and amphibolite are subordinate em
bedded in the Metasedimentary Formation. Within 
the contact aureole of the granite of the large ring
struCture south of the Egyptian-Sudanese border, var
ious types of hornfels were encountered. 

Jn contmst to the Granoblastite and Anatexite For
mations, the Metasedimentary Formation bas never 
reached a higher metamorphic gmde than almandine
hornblende-amphibolite facies. But this metamor
phic gmde is only realized within the probably basal 
gneiss and quartzite in the western part of the area 
where they overly the retrogmde gmnoblastites, 
nearly without a break in metamorphic gmde. To
ward the east, presumably a continuous tmnsition to 
lower gmdes of metamorphism within the greensch
ist facies is to observe. Although facies-indicative 
parageneses do not appear in the eastern parts, 
accolding to Thmer (1981) the strong schistosity of 
these rocks is an indication that it came up to 
pumpellyite-actinolite facies (approximately 320•c, 
3.5 kbar) at least by regional metamorphism. Poly
metamorphism of the Metasedimentary Formation is 
not obvious but likely, since later low-gmde events 
affecting the other formations would not have result
ed in new mineral phases due to the pre-existence of 

stable minerals. Contact metamorphism is the youn
gest, probably Phanerozoic phenomenon. 

2.1.4 Orthogneiss 
Jn the Gebel Uweinat inlier, gneiss of originally 
magmatic material is probably more abundant than 
recognized by now. The orthogneisses occur as 
members of all three formations, but are considered 
together here, due to their assumed similar origin. 
However, genetic relations of the orthogneiss in res
pect of the host rocks are still obscure, since its 
extension, metamorphism, and spatial relationships 
are ill-known. Its recognition is impeded by a minem
logical and textural overlap with diatexite and certain 
grey-green granitoids (see 3.2.2). Thus, some rocks 
of the Anatexite Formation being grouped as or
thogneiss might be diatexite, and vice versa. Jn fact, 
the term 'orthogneiss' is being used here, somewhat 
arl>itmrily, as a bulk term for metamorphic rocks 
which deviate by their properties from the surround
ing basement. 

The orthogneiss bodies may occur as stock-like 
xenoliths in fiat, eroded basement or within sandy 
plains as isolated, spheroidally weathered outcrops 
suggesting a continuous complex of perllaps batholi
thic dimensions. At two locations, additional evi
dence for the presence of orthogneiss was inferred 
from circular to oval features on the satellite image. 
This rock group includes more or less foliated rocks 
with mineml and/or bulk composition different from 
the surrounding gneiss, being either more acidic or 
more basic, and containing different amounts of py
roxene in respect of the host rock. 

The compositinnalmnge of the orthogneiss stud
ied varies from granitic to dioritic, and from mangeri
tic to neritic varieties as mentioned from Kar1cur 
Murr by Klerlcx (1980). 

Jn some cases, textural evidence is available and 
supports the classification as orthogneiss. Eutectic 
and augen-textures as well as ophthalmitic, porphyri
tic and mortar fabrics are to observe in these rocks. 
Plagioclase gmins are ofren euhedml, tabular to pri
smatic with weak or pronounced zoning in contmst to 
the fabric found in diatexite. 

Beside plagioclase, the orthogneiss commonly 
contains phenocrysts of variably structuredmicroper
thite. Jn the Gmnoblastite Formation, the perthite 
may be even found in the form of mesoperthite, 
microclineperthite and microcline. As mafic compo
nents, predominant biotite, frequently white mica, 
amphibole, and occasionally clinopyroxene are pres
ent. The mangeritic and neritic gneisses of the Kar1cur 
Murr also contain garnet and/or orthopyroxene in 
minor amounts. As secondary components albite, 
chlorite, sericite, and epidote/clinozoisite may be 
presenL 
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2.2 Intrusive rocks 

The intrusive rocks are among the most prominent 
features of the Gebel Uweinat region. They penetrate 
the basement in all four subareas. 

By their general geologic setting, macroscopic 
appearance and bulk composition, at least four prin
cipal suites can be recognized (Richter 1986): 

1. Grey-green, calc-alkaline granitoids (gg) 
2. Red, alkaline granites s.s. (gr) 
3. Porphyritic, calc-alkaline granitoids (gp) 
4. Alkaline syenitic to alkali-granitic ring comp-

lexes (rc) 
Although radiometric age data of the intrusive rocks 
are scarce or not available, textural and cross-cutting 
relations indicate a chronostratigraphic succession as 
given above. While the first two rock units are be
lieved to be of Precambrian age, a Paleozoic and 
Cenozoic age of the latter two has been proved by 
Klerkx & Rundle (1976), and Schandelmeier & Dar
byshire (1984). 

The exposures of grey-green granitoids in the 
Peneplain area are of batholitic dimensions. Here, 
that type of magrnatites is intimately mixed with 
high-grade, layered paleosomatic gneiss without 
sharp contacts. A weak to moderate foliation is com
mon. A similar type of rock has been found within the 
eroded core of a large anticline of the Metasediment
ary Formation. At that locality, the granitoids appear 
as discordant intrusions, but the setting of grey-green 
granitoids in the Peneplain area indicates an origin by 
parautochthonous remobilization of the countty 
rock. 

In the Peneplain and elsewhere, grey-green grani
toids are frequently cut by red granites s.s. of various 
textural appearances. Most common are unfoliated 
types. The intrusions took place either in the form of 
veins resembling agmatic textures, or as small stocks 
measuring some tens to hundreds of meters across. 

Two large, epizonal plutons within the ring
structure complex of northwest Sudan show a diame
ter of approximately 20 km. They consist of coarse
grained, unfoliated red granite. These two intrusions 
caused contact metamorphism within an aureole 
several kilometers wide. Fine-grained red granites 
intruded as sills of considerable thickness into 
biotite-gneisses in the same area. 

Another kind of setting can be observed in the 
Gebel Kamil complex. Red rapakivi granites are ex
posed within two batholiths. The coarse-grained 
rocks are surrounded by fine-grained, strongly fo
liated varieties. The northern intrusion grades from 
east to west into a quartz monzonite, shown in the 
map as belonging to the grey-green granitoids. At one 
place, the southern rapakivi-granite batholith is un
derlain by a hypabyssal layered intrusion of tholeiitic 

dolerites which are topped by a rhyolitic sill. Thus, 
within the Gebel Kamil complex a bimodal magma
tic association is present, similar to that of the Prote
rozoic anorthosite-rapakivi-granite complexes 
quoted by Emslie (1978) as typical for incipient 
rifting of conrinental crust. 

Field relations and textural differences within the 
red granites already give evidence for at least two 
genetic suites originating in different crustal levels. 
Nevertheless, due to the lack of age data, they are 
considered here as one group. 

Although grey-green granitoids, and in part mag
matites of the red granite group, are presumably of 
Precambrian age, a strong mineralogical impact of 
metamorphism is missing. However, more or less 
developed foliation indicates a pre- to syntectonic 
setting for at least the granitoids and some of the red 
granites. 

The porphyritic granitoids are only present in the 
Gebel Kamil complex where they form medium to 
small-sized, irregularly shaped intrusions. They have 
intruded migmatites and orthogneiss. 

The syenite-alkali granite ring complexes are only 
touched by Egyptian territory. The most prominent 
one is Gebel Uweinat; the intrusive part of the mass
ive, however, is almost completely situated in Libya. 
Another ring complex is Gebel Barboir to the north of 
Gebel Uweinat, right at the border between Libya 
and Egypt. Ring complexes lying completely inside 
Libya are Gebel Arkenu and Gebel Balutri, both 
north-northwest of Gebel Uweinat. In the southeast, 
in Sudan, the ring complex of Gebel Kissu is rising as 
a prominent landmarlc above the gravel plains. 

2.2.1 Grey-green granitoids (gg) 
The rocks of the grey-green granitoid suite appear 
aphyric to medium-grained in hand-specimens. The 
microfabric resembles a distinctive granitic texture. 
Orientation of the components is weak, but a tectonic 
deformation must be inferred from interstices filled 
with a granitic microcrystalline phase, weak cata
clasis of larger crystals, undulose quartz grains, and 
kinking of mica flakes. Mafic components frequently 
occur agglomerated. 

The mineral assemblage consists of major ab-rich, 
mostly zoned plagioclase, minor perthitic alk
feldspar or microcline and quartz. Myrmecite has 
frequently developed between plagioclase and alk
feldspar. Major mafites are green biotite and green 
hornblende. Biotite is present in large flakes, often 
corroded and sometimes replaced by chlorite with 
additional growth of sphene. Hornblende sometimes 
encloses a core of uralite as evidence of primary 
clinopyroxene. Accessories are sphene, apatite, zir
con, allanite, calcite and opaque ore. 

The quartz monzonite of the northern batholith in 
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the Gebel Kamil complex deviates from the main 
rock type by an increased amount of alk-feldspar, the 
occurrence of clinopyroxene, and inverse zoning of 
part of the plagioclase. 

The major element composition of three analyzed 
rocks from the Peneplain varies between diorite and 
trondhjemite. Cluster analyses based on 25 major and 
trace elements failed to distinguish between these 
three analyses and others of diatexites and meta
texites (Richter 1986). lhls indicates a very close 
genetic relation of all those rocks, particularly if 
considered together with field relations and the pe
trography of the grey-green granitoids. The Y + Nb 
versus Rb classification after Pearce et al. (1984) 
indicates VAG-type but this is doubtful in view of the 
assumed Precambrian age of the rock suite, an age 
where this classification might not be applicable. 

2.2.2 Red granite s.s. ( gr) 
The mineral assemblage of the red granites (sensu 
strictu) is quite constant. Alk-feldspar, developed as 
wide-spaced vein-perthite, is prevailing, followed by 
quartz and minor oligoclase. Subordinately occurs 
green biotite as only mafic component but which may 
be altered to chlorite. Common accessories are 
sphene, rutile, apatite, zircon, opaque ore, and 
fluorite. 

The textural appearance of the red granite is more 
variable than its composition. 'Jypical of the large, 
epizonal ring-structure of northwest Sudan is a 
coarse-grained, unfoliated granite which shows an 
inequigranular, subhedral-granular, weakly cataclas
tic microfabric. A fine-grained phase of granitic com
position has foimed in variable amounts between 
larger crystals showing convex boundaries with the 
latter. But such a phase is enclosed in some of the 
megacrysts as well. Thus, a complex history of 
crystallization and recrystallization has to be pres
umed. 

The granite of the two batholiths within the Gebel 
Kamil complex shows partly a well-developed 
rapakivi-texture. Large oval vein-perthites are 
enclosed by ab-rich euhedral plagioclase. In addition, 
smaller plagioclase and alk-feldspar individuals 
occur. Frequently the latter show weak zoning. 

Adjacent to the rapakivi granite batholiths, me
dium to fine-grained red granite is exposed. Its well
foliated texture closely resembles metamorphic 
fabrics, i.e. interlobate to amoeboid bounded quartz 
appears in elongated to lenticular aggregates in addi
tion to mostly elongated feldspars. 

Samples of fine-grained red granite sills exhibit a 
typical granophyric fabric. A microcrystalline, 
symplectic intergrown quartz-feldspar groundmass 
contains medium-grained porphyrocrysts of sericiti
sized plagioclase and alk-feldspar. 

The major element composition of two samples of 
the rapakivi granites is granitic, while a specimen 
from the ring structure of northwest Sudan gave 
values between granitic and alk-granitic composition 
(Richter 1986). Among both subgroups, a clear dif
ference is apparent for the ternary Rb-Ba-Sr relation. 
The granite from the ring structure shows a strong 
magmatic differentiation by its significantly in
creased Rb-content, while the rapakivi granites are 
only slightly enriched in Rb but contain more Sr in 
comparison to normal granites; therefore they have to 
be considered as anomalous granites according to El 
Bouseily & El Sokkary (1975). The calc/alkali-ratio 
versus Si02 distribution of the former is in accord 
with that of Nigerian 'Younger Granites', while the 
rapakivi granites resemble Fennoscandian rapakivis. 
Common to all three analyzed specimens of red 
granite is the WPG characteristic of the Y + Nb 
versus Rb-classification (Pearce et al. 1984 ). All 
samples plot within the or-field close to the thermal 
valley of the granitic system in the ab-an-OHjz
tetrahedron. 

2.2.3 Porphyritic granitoids ( gp) 
'Jypical of the porphyritic granitoid suite is their 
common porphyric texture, although the assumed 
wall-rocks of the intrusion appear aphyric. The phe
nocrysts of the brownish-grey rock consist predomi
nantly of feldspar up to several centimeters in size 
which show even macroscopic zoning. In outcrops, a 
magmatic fluidal orientation of the tabular feldspars 
can be observed as evidence for a primary magmatic 
origin. Under the microscope a fluidal texture of the 
quartz-alk-feldspar groundrnass is evident by em
bedded, well-oriented biotite microlites surrounding 
seriate graded phenocrysts and xenoliths. 

Within this magmatic suite plagioclase-dominated 
rocks with an approximately balanced content of 
biotite and hornblende can be distinguished from 
others with prevailing alk-feldspar and quartz, 
accornpartied by biotite as the predominant mafic 
component. A common accessory is allanite em
bedded in the form of well zoned but metamict,' 
euhedral crystals. In addition, apatite, zircon, sphene, 
opaque ore, and fluorite are present. 

Zoned plagioclases and plagioclase aggregates, 
quartz xenoliths, corroded biotite and hornblende as 
well as symplectic aggregates of these are present as 
phenocrysts. With a marked hiatus, alk-feldspar phe
nocrysts occur. These zoned perthites frequently 
enclose small plagioclase grains or mafites, evidence 
for later overgrowth of early magmatically settled 
crystals. In contrast, occasional xenoliths appear to 
be resorbed by the groundmass. These controversial 
features reflect a complex history of crystallization. 

Within plagioclase-dominated varieties, a continu-
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ous transiton to aphyric texture can be observed by a 
decrease io the amowtt of matrix together with a 
coarsening of graio size, disappearance of the huge 
perthitic phenocrysts, and an iocrease io the quantity 
of medium-graioed plagioclase. 

'The more acidic, quartz-rich varieties occasionally 
show granophyric textures. Xenocrysts of various 
kinds, among those plagioclase of considerable an
content (56% an), obviously acted as nuclei for the 
crystallization of spheroidal, eutectic symplectites of 
quartz and alk-feldspar. 

Analyses of the chemical composition based on 
major oxides vary between tonalite and granite 
(Richter 1986). The trend of the suite io its calc/ 
alltali- versus Si02-ratio coiocides with that of the 
roughly contemporaneous Paleozoic calc-alkaline 
'Younger Granites' of the Scottish Caledonides. The 
suite can be considered as syn-COLG, although Y + 
Nb versus Rb-characteristics confusiogly shows 
VAG-rock type. 

2.2.3 Syenite-alkali granite ring complexes (rc) 
The four major ring complexes situated in Libya are 
described by Hunting Geology & Geophysics 
(1974), while the one in Sudan, Gebel Kissu, is 
discussed io Richter (1986). Here, only the two 
touched by Egyptian territory, Gebel Uweinat and 
Gebel Barboir, shall be considered io more detail. 

The composite iotrusion of the Gebel Uweinat is 
roughly circular with a diameter of about 23 km, and 
is flanked on the northern side by three smaller over
lappiog iotrusive rings which are aligned along a 
north-northeast-trending axis. The maio complex is 
composed of deeply weathered alkaline rocks, fonn
iog very large well-rounded blocks. The outer rim is 
formed by coarse-graioed quartz syenite which 
steeply slopes toward the surrounding basement. The 
rock is assembled of quartz up to 12% and major 
euhedral perthitic alk-feldspar beside mioor aegirine. 

Toward the center, in the south and west, the outer 
iotrusive ring is followed by a highly complex zone 
of coarse-graioed quartz syenite and coarse to fine
graioed alkali granite. This zone forms the outer rim 
io the north. According to KlerlO< & Rundle (1976), 
similar to the syenite the alkali granite is essentially 
composed of subhedral alk-feldspar but with an io
creased amount of interstitial quartz and aegirioe. 
The relatively abundant aegirine either surrounds 
amphibole of the arvfedsonite group, or encloses 
cores of quartz and opaque ore, probably alteration 
products of primary amphiboles. Aegirine also ap· 
pears io elongated crystals along the contacts of 
leucocratic mioerals. In the southern part of this 
complex zone, a riebeckite-beariog microgranite 
crops out. 

The central depression of the ring complex is 

occupied by a reddish, fine-grained quartz syenite 
with trachytic matrix that encloses rare phenocrysts 
of K-feldspar up to 6 mm io length. The rock is 
locally cut by trachytic dikes and sills. A steep inner 
slope around the central quartz syenite depression is 
built up by alternatiog cone-sheets of syenite, consist· 
iog largely of perthite with no quartz. 

'The dissected oval structure of the Gebel Barboir, 
with its longer axis trending north-northwest, is 
emplaced io Precambrian gneiss and red granite. It is 
partly obscured by sand of the Arlrenu dune. The 
highly complex intrusion is essentially composed of 
an outer quartz syenite ring-dike and a central white, 
medium to line-graioed, granite. The syenite shows 
little variation, and is a piok, coarse-graioed, equigra
nular rock contaioing major perthitic alk-feldspar, 
subordinate plagioclase with mioor biotite and 
quartz. Basic to acidic cone sheets are iotercalated 
and, io many places, variably composed dikes have 
penetrated the complex. 

'The three other major ring complexes situated 
outside Egyptian territory are nearly monolithic. 
Gebel Bahari appears to consist of a single ring dike 
of medium to coarse-graioed piok granite, while 
Gebel Arkenu is mainly made up of medium to 
coarse-grained nepheline syenite beside subordinate 
syenite with trachyte and pyroclastic phonolite io the 
center. Gebel Kissu is built up by a steep outer ring of 
coarse-grained syenite, deeply weathered to large 
boulders, and a center of sheeted, fine-grained quartz 
syenite. The complex is cut by frequent dikes of 
iotennediate to basic composition and variable thick
ness. 

2.3 Volcanic rocks 

The Gebel Uweinat region represents a culmination 
io predomioantly Tertiary volcanic and subvolcanic 
activity io northeast Africa. Various kinds of volcanic 
features are present, i.e. small-scale cones, necks or 
plugs as well as large, occasionally dissected subcir
cular to oval crater-like structures. 

Circular to oval features are easy to identify io the 
satellite image but when they are checked io field, 
frequently no volcanic rocks are exposed, or exist 
only as relics io the center of the structures. In these 
cases, the circular pattern is manifested only by si
licified sediments with a higher resistance to erosion 
than the country rock. On the other hand, basalt cones 
can be easily confounded with small sandstone iosel
bergs covered with desert varnish. 

The widespread sills and dikes are either related to 
the Cenozoic volcanics or intrusive ring complexes 
or to the Precambrian ahd Paleozoic iotrusive bodies. 
The composition of these subvolcanics. ranges from 
basic dolerites to acidic microgranites and grano-
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phyres. Occasionally visible low-grade metamorphic 
impacts suggests Precambrian age for some of these 
rocks. 

In any case, there is an obvious correlation be
tween igneous activity and the regional fault pattern. 
Very often volcanic necks are situated at points of 
intersection of faults. 

In general, the extrusives consist of alkaline, Si02-

undersaturated to oversaturated trachytes and related 
rocks, as well as of olivine-basalt To a minor extent, 
intermediate to Ihyolitic varieties are present. 
However, acidic subvolcanics are more frequent than 
acidic volcanics. 

2.3.1 Alkali olivine basalt (vb) 
Necks and cones of fine-grained alkali olivine-basalts 
and associated rocks occur far beyond the boundaries 
of the Uweinat basement inlier. They can also be 
round on top of the Gilf Kebir plateau and in its 
eastern foreland. 

In most of these rocks, dark-green olivine nodules 
of up to several millimeters in size are abundant. The 
olivine is partly or completely altered to iddingsite. 
The irregular groundmass shows a hypocrystalline 
intergranular-ophitic fabric. It consists of albite
twinned lath-shaped plagioclase microlites, in be
tween with subordinate small euhedral pyroxene 
minerals (augite, titano-augite, pigeonite). Inter
stitially volcanic glass, analcime, zeolithes and opa
que ore occur. In some rocks, titano-augite or hexa
gonal shaped leucite can be found in addition to 
olivine phenocrysts. Radial-structured aggregates of 
fine-grained pyroxene are occasionally embedded in 
the matrix. 

The presence of foids and the absence of quart2 
indicate a general Si02-undersaturation. This state
ment is supported by some available chemical 
analyses. 

2.3.2 Trachyte and related rocks (vt) 
Alkali trachyte, saturated trachyte, trachy-phonolite, 
and phonolite are considered within this rock group 
which is the most common volcanic group in the 
Gebel Uweinat region. Typical of all is their fine
grained trachytic fabric. Some rocks are clearly 
fluidally developed, while others are completely uno
riented. A porphyritic texture is common. 

Most abundant are lath-shaped sanidine crystals 
beside, probably, anorthoclase. They may appear as 
phenocrysts or in the ground-mass. Subordinate to 
minor constituents of the matrix are foids like ne
pheline, minerals of the soda lite group and analcime, 
pyroxenes like aegirine and aegirine-augite, amphi
boles as kaersutite and kataphorite as well as apatite, 
iron oxides and hydroxides. All are present in accor-

dance with the respective bulk composition of the 
rock. 

Nepheline appears in isometric hexagonal crystals 
or as short columns, and is frequently altered to 
sericite. In the ground-mass, it may be mistaken for 
similar-looking apatite. Fibrous to elongated py
roxene and amphibole has often grown in skeletal or 
poikilitic aggregates, caused by interstitial minerali
zation along the boundaries of leucocratic minerals. 

At the southern margin of the Gebel Kamil com
plex, two sub-circular trachyte structures contain fre
quent xenolites of a medium-grained intrusive rock 
which closely resembles the grey-green granitoid 
suite. 

When the trachytic rocks are considered together 
with the alkali olivine-basalt and with the related 
basanite, tephrite and phonotephrite outcrops from 
east of the Gilf Kebir plateau, a rock assemblage is 
defined which approximately follows the alkaline 
differentiation trend of Hawaii (Richter 1986). 
However, some caution is indicated since age datings 
of the extrusives (see 4) revealed Cenozoic and 
Mesozoic ages. This could mean that two or more 
such alkaline cycles have to be assumed. 

2.3.3 Rhyolitic rocks (vr) 
Extrusive Ihyolitic rocks are scarce within the Gebel 
Uweinat region. In the Gebel Kamil complex, only 
one dissected ring is made up of Ihyolite showing 
vesicular texture and phenocrysts of rounded to angu
lar quartz and feldspar. The latter is, in general, 
strongly kaolinized or sericititized. Sometimes the 
feldspar has completely vanished by weathering 
leaving cavities. The phenocrysts are enclosed by a 
cryptocrystalline matrix without any visible texture. 

Bishady & El Ramly (1980) published 13 major 
element analyses of volcanic rocks from the Penep
lain area. The authors described most of them as 
alkali trachyte. However, when the analyses are rec
alculated by the classification method of De Ia Roche 
et al. (1980) as done by Richter (1986), quite a 
number of these volcanics turned out to be more 
Ihyolitic to intermediate rocks, i.e. Si02-saturated, 
calc-alkaline Ihyodacite, dacite, and quartz latite with 
normative quartz and hypersthene, and no nepheline. 
Although these rocks are found among the (alkali) 
trachytes possessing the same texture, they do not 
meet the alkaline differentiation trend of the trachytic 
to olivine-basaltic volcanics (Richter 1986). The gen
etic relation of these calc-alkaline volcanics to the 
alkaline suite and their general geotectonic 
significance is still obscure. 
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3 GEOLOGY AND PETROGRAPHY OF THE BIR SAFSAF, 

GEBEL EL ASR AND GEBEL UMM SHAGIR INLIERS 

All rock associations occurring io the Bir Safsaf, 
Gebel El Asr and Gebel Unun Shaghir areas are 
petrographically more or less identical to those from 
the Gebel Uweioat-Gebel Kamil areas which are 
described io detail io the previous chapter. For this 
reason, only features which are significantly different 
will be referred to io this chapter. 

3.1 Metamorphic rocks 

Metamorphic rocks constitute the predomioant rock 
type croppiog out io the three larger complexes which 
form the Bir Safsaf-Aswan uplift. They are generally 
exposed io flat, slightly undulatiog plaios as a patch
worlc of scattered outcrops separated from each other 
by sheets of wiod-blown sand. Morphologically, 
Gebel Unun Shagir and Bir Safsaf complexes are 
lowland areas, surrounded by the topographically 
higher sedimentary rocks coveriog the Nubian group, 
whereas the south Gebel El Asr basement is tecto
nically uplifted along an east-west strikiog vertical 
fault, which now forms a lioear basement escarp
ment The three complexes are located withio a zone 
marked by a significant east-west strikiog fracture 
system that can be easily recognized on Landsat 
images. In the field, it is obvious that the basement is 
exposed due to a tectonic uplift along the east-west 
fault planes. This holds troe also for the numerous 
smaller basement outcrops which occur frequently io 
between the three major complexes. 

Geologic ioformation on these basement rocks is 
generally scarce, although there are a number of 
contributions by different Egyptian scientists which 
are published io the Egyptian Journal of Geology, 
and io the Annals of the Geological Survey of Egypt. 
However, most of these contributions deal with spec
ial structural, petrological or geochemical problems 
of selected rock units, without attemptiog to establish 
a correlation on a regional scale. 

A prelirnioary summary, maioly of the petrology of 
the Bir Safsaf complex, was given by Schandelmeier 
et a!. (1983); the first radiometric data from the Nusab 
El Balgum alkslioe complex is repotted by Schandel
meier & Darbyshire (1984). Meanwhile, the iocrease 
of geologic data from the Bir Safsaf-Aswan uplift are 
summarized by Bemau et al. (1987). 

The majority of the metamorphic rocks consists of 
migmatic gneiss and migmatites of more or less 
granitic composition. These rocks occupy the central 
and southeastern part of the Bir Safsaf area (Fig. 
ll/4 ), the eastern part of the Gebel El Asr area and 
virtually the entire Gebel Unun Shaghir area. Supra
crustal rocks like calcsilicates, marble and amphi-

bolite generally occcur as lenses or narrow bands 
withio the migmatic gneisses; they are rarely present 
io the Bir Safsaf area but abundant io Gebel E1 Asr 
and Gebel Unun Shaghir. Orthogneiss of granitic 
composition was only found io one large outcrop of 
several hundred meters io diameter io the southern 
Bir Safsaf area. 

3.1.1 Migmatic gneissandortlwgneiss (gna) 
Migmatic gneisses very similar to those from the 
Gebel Uweioat-Gebel Kamil area occupy most parts 
of the basement complexes. Nebulitic varieties with 
poorly developed foliation are prevaliog; metatexite 
is scarce. 

Three major types of gneiss can be distioguished. 
Gneiss of granitic composition occurs io all three 

basement ioliers. Geochemically, they show no dis
tioct element trend, and there is no chemical or mioe
ralogical evidence for a pre-metamorphic sediment
ary history of these rocks. Bernau et al. (1987) have 
shown that these gneiss have a magmatic educt. This 
is supported by its close association with partly meta
morphosed S-type granites io the Gebel Unun Shagir 
area. 

A few larger outcrops of rather homogeneous mig
marie gneiss were found io the Gebel El Asr and 
Gebel Unun Shaghir areas. Their composition is 
trondhjemitic to granodioritic; they resemble Ar
chean high-alumioa tonalities (Bernau et al. 1987). 
This magmatic gneiss contaios xenoliths of calcsili
cates, suggestiog that it is iotrusive ioto the granitic 
basement contaioiog the calcsilicates. 

The extremely homogeneous orthogneiss of the 
south Bir Safsaf area is of granodioritic composi
tion. 

3.1.2 Ca/csilicates, marble, amphibolite 
These supracrustal rocks which occur io all three 
complexes are practically identical to those described 
io Chapter (2.1.2). Calcsilicate rocks and marble 
from Gebel El Asr and Gebel Unun Shaghir areas 
were used to determioe the metamorphic conditions. 

Bernau et al. (1987) could show that three stages of 
mioeral formations occurred withio these rocks: the 
first stage of metamorphism was one of granulite 
facies conditions at temperatures from 800 to 
1 ooo•c, and a total pressure of 8 to 9 kbar. The 
second stage, which was related to the migmatization 
of the granitoid country rocks, took place at tempera
tures of 650 to 1oo•c, and pressures probably just 
below 6 kbar. The third stage is represented by a 
LT-LP overpriot under greenschist facies conditions. 

These three stages of metamorphic development 
could also be recognized withio the metamorphic 
units of Gebel Uweioat (Klerlcx 1980) and those of 
the Gebel Kamil area (Richter 1986). 
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Figure 11.4 Geological sketch map of the Bir Safsaf complex. 

3.2 Intrusive rocks 

Innusive rocks dominate the southwestern and north
em parts of the Bir Safsaf complex (Fig. 11/4) where 
they often show complicated inbUsive interrelations. 
Such rocks commonly crop out within extensive 
plains occupied by scattered hillocks of rock boulders 
with a more pronounced topography than the mor
phologic features of the metamorphic basement 
areas. In the Gebel El Asr and Gebel Umm Shagir 
areas, inbUsive rocks are significantly underrepre
sented; they occur as smaller stocks or bodies within 
the migmatic gneisses. 

The Bir Safsaf and Gebel El Asr areas are dis
sected by numerous igneous dikes which may group 
swarms, especially in the Bir Safsaf area. Litholo-
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~ major faults 
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gically, these subvolcanics have a wide composi
tional range from acidic to basic. They cut both the 
basement gneiss and the granitic bodies, and are 
therefore definitely the youngest inbUsive rocks in 
the area. The dikes are clearly related to the regional 
fracture system of the area. 

3.2.1 Syntectonic granite 
This type of granite occurs mainly in the Gebel Umm 
Shaghir area in the form of smallleucogranitic plu
tons. They contain quartz, plagioclase, alk-feldspar, 
biotite, accessories, and secondary minerals like car
bonate, white mica and chlorite. After Beman et al. 
(1987), this rock is most likely an S-type granite in 
the sense of Chappell & White (1974), i.e. it is of 
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Table 11/1. Some radiometric age data from Precambrian rocks from the Gebel Uweinat-Bir Safsaf-Aswan uplift 

Location Rock type Method Age(Ma) Reference 

Bir Safsaf, Egypt Granodiorite Sm/Nd WR model age 1445 Schandelmeier et al. 1987 
Bir Safsaf, Egypt Granodiorite R!¥Sr WR isochron 581 ± 75 Bemau et al. 1987 
Gebel El Asr, Egypt Migmatite Sm/Nd WR model ages 2399-1839 Schandelmeier et al. 1987 
South of Gebel Kamil, Migmatite RWSr WR regression line 673±56 Schandelmeier & Darby-
Egypt shire 1984 
South of Gebel Uweinat, Granodioritic K/ Ar biotite 1878±64 Hunting Geology & Geo-
Libya gneiss physics Ltd 1974 
Wadi Wahech, Uweinat, Migmatic bio- R!¥Sr WR isochrnn 1784±126 Cahen et al. 1984; recal-
Ayn Daw series, Libya lite gneiss culated from Klerkx & 

Deutsch 1977 
lll Passo mylonite, Uwei- Mylonite Rt¥Sr WR, botite regres- 2637±392 Cabenetal.l984;recal-
nat, Libya sionline culated from Klerkx & 

Deutsch 1977 
Karkur Murr series, Granulitic RWSr WR regression line 2556± 142 Cahen et al. 1984; recal-
Uweinat, Libya gneisses culated from Klerkx & 

Deutsch 1977 
Karkur Murr series, Granulitic RWSr WR model ages 2919-2904 Cabenetal.l984;recal-
Uweinat, Libya gneisses culated from Klerkx & 

Deutsch 1977 
Karkur Murr series, Granulitic Sm/Nd WR model ages 3200-3000 Harris et al. 1984 
Uweinat, Libya gneisses 

Table 11/2. Some radiometric age data from Phaneremozoic anorogenic rocks from the Gebel Uweinat-Bir Safsaf-Aswan 
uplift. 

Location Rock type method Age(Ma) Reference 
Gebel El Asr, Egypt Olivine basalt K/ArWR 21 ±I Schandelmeier et al. 1987 
Gebel Uweinat, Libya Dolerite K/ArWR 32±1 Klerkx &Rundle 1976 
GilfKebir, Egypt Olivine basalt K/ArWR 38±2 Franzeta1.!987 
Gebel Uweinat, Libya Syenite K/ Ar amphibole 42+41 (±2) Marholz 1986 
Gebel Uweinat, Libya Granite RWSr feldspar 45±2 Marholz 1986 
Gebel Uweinat, Libya pegmatite RWSr feldspar 45±)4 Marholz 1986 
Gebel Uweinat, Libya Alkali granite K/ Ar kfsp, bio, aegirine 45-42 (±I) Klerkx &Rundle 1976 
Gebel Uweinat, Libya Phonolite K/ArWR 46±1 Klerkx &Rundle 1976 
East of Gilf Kebir, Egypt Olivine basalt K/ArWR 59±2 Franz et al. 1987 
Gebel El Asr, Egypt Olivine basalt K/ Ar WR and mineral 94-81 (±3-±2) Schandelmeier et al. 1987 
Gebel Umm Shaghir, Olivine basalt K/ArWR 157-155 (±4) Bemau et al. 1986 
Egypt 
Bir Safsaf, Egypt Trachyte dike K/ArWR 193±5 Bernau et al. 1986 
Nusab El Balgnm, Egypt Alkali subvol- RWSr regression line 216±5 Schandelmeier & Darby-

canics shire 1984 
Gebel Uweinat, Libya Basaltic dike K/ArWR 235±5 Klerkx &Rundle 1976 
Gebel Kamil area, Egypt Basalt K/ArWR 233±9 Franz et al. 1987 
Gebel Kamil area, Egypt Trachyte K/ArWR 240±7 Franzetal.l987 
Gebel Kamil area, Egypt Porphyritic Rb'Sr WR isochron 431 ±33 Schandelmeier & Darby-

granite shire 1984 
Gebel Umm Shaghir, Granodiorite R!¥Sr WR isochrnn 529±20 Schandelmeier et al. 1987 
Egypt dike 
Gebel El Asr, Egypt Granodiorite K/ArWR 541 ±20 Schandelmeier et al. 1987 

dike 
Bir Safsaf, Egypt Various dike K/ArWR 600-509 (± 25 -± 13) Schandelmeier et al. 1987 

rocks 
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crustal origin. To this end, no hard evidence for a 
magmatic source of this rock could be found but most 
probably it represents a Precambrian tonalitic crust 
with a low LIL-element content. 

3.2.2 lAte-tectonic granite and granodiorite 

3.2.2.1 Granodiorites (gg). In the Bir Safsaf area, a 
suite of granodiorites to tonalites with a few occur
rences of diorites and gabbros is exposed petrograph
ically resembling the grey-green granitoid suite of the 
Gebel Uweinat region. Major and trace element dis
tnbutions in these magmatites suggest that they were 
formed through partial melting of a basic source 
without or'with only a little subsequent fractionation 
(Bernauet al. 1987). They are, however, certainly 
influenced by crustal material as shown by their 
intermediate initial Sr ratio of 0. 7054 which is very 
typical for granites that rose through old Proterozoic 
basement (Brown 1979). In contrast to the, in some 
respects, comparable magmatites of the Gebel Uwei
nat region (Chapter 2.2.1 ), the chemical composition 
and field evidence of i:he rocks from Bir Safsaf favor 
a post-collision granite type (Pearce et al. 1984 ). This 
is in good accord with the fact that the Bir Safsaf 
magmatic suite intruded during a late stage of Pan 
African influence. 

3.2.2.2 Biotite granite ( gr ). The major part of the Bir 
Safsaf inlier is occupied by a coarse-grained, red 
biotite granite which intruded into the granodiorite 
(Fig. 11/4), and which itself is cut by a 521 Ma old 
dike (see Table 11/1). Mineralogically, it differs from 
granodiorite suite by preponderance ofbiotite instead 
of amphibole or pyroxene. After Bemau eta!. (1987), 
this rock was probably formed under the same geo
tectonic regime as the granodorite suite but, most 
likely, from a more leucocratic source. Huge granite 
occurrences of very similar composition are 
described from the Nubian Desert region in north 
Sudan (Huth et al. 1984) and from west of the river 
Nile near Aswan (Engel et al. 1980) and from the 
Gebel Uweinat region (Chapter 2.2.2). 

3.3 Volcanic rocks 

The distribution of volcanic rocks, which occur gen
erally as plugs, is very irregular within the three there 
inliers. No volcanic plugs, except in the Nusab El 
Balgum complex, were found in the Bir Safsaf area, 
whereas the Gebel El Asr area and its surroundings 

are extensively pierced by those. A few plugs occur 
in Gebel Umm Shaghir. The vast majority of the 
volcanic rocks is alkali olivine basalt (vb ); only a few 
are of phonolitic-trachytic composition (vt). Rhyoli
tic rocks (vr) only occur within the Nusab El Balgum 
alkaline complex. 

The mineralogical composition of these rocks 
which are described in detail by Franz eta!. (1987) is 
practically identical to that of the rocks of the Gebel 
Uweinat-Gebel Kamil area (Chapter 3.3). It is worth 
mentioning that all three groups of volcanic rocks 
are, according to their chemical characteristics, true 
intraplate volcanics. Although the relationship with 
the regional fracture system is not always obvious, 
there is no doubt that the•volcanic activity is closely 
coupled to distinct periods of initial rifting within the 
Uweinat-Bir Safsaf-Aswan uplift. Normal faulting 
predominantly acted along older, probably Pan Afri
can, zones of crustal weakness. Major reactivation of 
these or other fault planes occurred during the Permo
Triassic, the Upper Cretaceous and the Tertiary (see 
radiometric ages in Table 11/2). 

4 RADIOMETRIC AGE DATA 

Only a small amount of radiometric age data is avail
able in comparison to the immense size of the investi
gated area. In particular, data from the basement 
rocks are so limited that an overall picture of the 
chronostratigraphy of the basement in the Uweinat
Bir Safsaf-Aswan uplift has to be necessarily tentat
ive to some extent. Cahen et a!. (1984) reported 
several age data from the Uweinat inlier but it has to 
be mentioned that some of these data, especially 
those from Schiinnann (197 4) and Marllolz (1968), 
are either derived from single-sample analyses, or 
analytical details are not presented. For this reason, 
Table 11/1 contains only age data from Precambrian 
rocks which are based on reliable analytical ma
terial. 

The Phanerozoic record of the presently available 
data is documented in Table 11/2. Since these ages 
are exclusively derived from anorogenic magmatic 
rocks, they clearly indicate the different periods of 
intraplate tectonic activity that reactivated the 
Uweinat-Bir Safsaf-Aswan uplift several times. All 
radiometric data quoted in Tables 11/1 and 11/2 are 
strictly from locations within the uplift system. Age 
data from the Uweinat area on Libyan territory are 
quoted in the interest of the geologic context. 
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Precambrian of Egypt 
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INTRODUCTION 

In Egypt, a complex of igneous and metamorphic 
rocks of primarily Precambrian age covers about 
100,000 1an2 in the Eastern Desert and South Sinai, 
and limited areas in the south Western Desert (Fig. 
12/1). The evolution of these rocks was conven
tionally interpreted on the basis of the classical geo
synclinal orogenic cycle model. This geosyncline 
was considered ensialic and all its rock units were 
formed during successive stages of its evolution, i.e. 
early-, syn- and late-orogenic stages, and an epeiro
genic stage (El Ramly & Akaad 1960, Sabel 1962, 
1972, El Shazly 1964, Akaad & Noweir 1980). 

The most important controversy among propo
nents of this model was concerned with whether the 
orogenic events represent a single sequence or 
whether there was more than one cycle or orogeny 
within the same geosyncline. Akaad & El Ramly 
(1960) proposed two orogenic cycles recognized by a 
major break between the gneisses and the overlying 
metasediments in Hafafit. 

Recent studies in the Eastern Desert show that the 
evolution of this complex is better interpreted in 
terms of plate tectonic models. Ophiolite sequences 
and ophiolitic melanges are of wide occurrence in the 
Eastern Desert, associated with extensive metased
iments of oceanic character. Calc-alkaline metavol
canics characteristic of island arcs or volcanic arcs of 
active continental margins were also recognized. Fur
thermore, episodes of granitic intrusion were corre
lated with events of subduction, collision and rifting. 
Accordingly, several plate tectonic models were pro
posed for the evolution of these rocks (e.g. Gass 
1977, Church 1979,Hashad&Hassan 1979,Engelet 
al. 1980, Ries et al. 1983, Stem et a!. 1984, El 
Bayoumi 1984 ). However, all these models were 
based on studies carried out in specific areas, and 
none of them is yet accepted as a unified model for 
the whole region. 

*On leave from Nuclear Materials Authority, Cairo, Egypt. 
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The basement complex and Pan African 
The igneous-metamorphic complex mentioned 
above has conventionally been referred to in the 
literature of Egyptian geology as the 'basement com
plex' or the 'basement' because it formed the base 
upon which younger undeformed Phanerozoic sedi
mentary beds were deposited. This complex was 
considered to be of Precambrian age (Hume 1934). 
Issawi & Jux (1982) reported the occurrence of Cam
brian fossils in sediments overlying this complex. 
Geochronological studies indicate that this complex 
was affected by the Pan African events (Hashad 
1980). On the other hand, igneous rocks of Phanero
zoic age are recognized within the 'basement comp
lex', e.g. ring complexes, dikes and sills, as well as 
volcanic flows and pyroclastics (Hashad & El Reedy 
1979). These rocks form a very small proportion of 
the 'basement complex' and they will be treated 
separately in this volume by El Meneisy. Only base
ment rocks of Pan African or older age will be dealt 
with in this chapter. 

The term Pan African Event was originally pro
posed by Kennedy (1964) to denote 'a specific 
thermo-tectonic episode nearly at the close of the 
Precambrian c. 550 Ma ago which caused remobili
zation of Archean and Proterozoic rocks, their defor
mation and metamorphism to higher grades as well as 
migmatisation, anatexis and wide scale intrusion of 
granites'. However, this term was later used by 
Kroener (1979) to include the entire depositional and 
thermo-tectonic evolution of the crust in northeast 
Africa during the time period c. 1200-c. 450 Ma. 
Gass (1981) used the term to describe the whole 
process of cratonization of ocean arc complexes and 
their collision and welding to the older African cra
ton. Whether this usage is justifiable or not, the term 
Pan African is used in this text to mean a tectono
magmatic episode, at least in Egypt, of late Protero
zoic age, with its waning stages passing into very 
early Phanerozoic. The term 'basement rocks' or 
'basement' will be used hereafter to denote all rocks 
formed during the Pan African episode or older. 
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Figure 12.1 Outline of basement outcrops in Egypt. 

Review of classifications 
The ideas, concepts and models of the geological 
evolution of the basement rocks have changed rad
ically during the past sixty years. Hume (1934) 
classified the basement rocks into ten units grouped 
in four divisions and presented a model for evolution 
of the basement rocks depending mainly on the con
cept of depth zones within the earth's crust. Schuur
man (1953) added a new division to this 
classification, the Shaitian granite. However, it was 
later shown that the Shaitian granite is sheared older 
granite and should not be considered a new division 
(Akaad & El-Ramly 1963, Akaad & Moustafa 1963). 
The active geological mapping of the basement rocks 
carried out in the 1940s and 1950s, particularly in the 
Eastern Desert, resulted in the accumulation of a 
wealth of factual data on the distribution and litho-

---------~·--·-· 

logy of rock units, paving the way for El Ramly & 
Akaad (1960) and Akaad & El Ramly (1960) to 
present a lithologic succession of basement rocks 
based on maps of the Eastern Desert between lati
tudes 24 ° 30' and 25° 40' N. They also presented a 
model for the evolution of these rocks based on a 
geosynclinal orogenic cycle. 

El Ramly & Akaad (1960) arranged the basement 
rock units in a chronological order, and proposed a 
classification which was adopted by most workers, 
and in the geologic map of Egypt published by the 
Geological Survey in 1981. 

Most later workers followed, in one way or 
another, the original concept developed by El Ramly 
& Akaad. The only significant modification is that of 
Akaad & Noweir (1980), in which they arranged the 
lithologic units into Formations and Groups. They 
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presented a map of the Egyptian basement between 
25° 35' and 26° 30' N with an alternative lithostra
tigraphic classification, and also explained the evolu
tion of the basement rocks according to the geo
synclinal model. However, most workers have not 
followed this classification, due to the difficulty of 
correlation beyond the mapped area, and the 
difficulty of integrating their model with the plate 
tectonic models dominating the geologic literature at 
that time. 

Lithologic succession 
According to the formal geologic map of Egypt 
(1981 edition), the rock units of the Egyptian base
ment are as follows, beginning with the oldest: 

1. 'Migif-Hafafit' gneisses and migmatites; 
2. geosynclinal metasediments; 
3. geosynclinal'Shadli' metavolcanics; 
4. serpentinite; 
5. metagabbro-diorite complex; 
6. older granitoids, 'syntectonic to late tectonic 

granite, granodiorites, undifferentiated granite and 
diorites'; 

7. Dokhan volcanics; 
8. Hamrnamatgroup of'youngersediments'; 
9. post-Hamrnamatfelsite; 

10. gabbro; 
II. younger granitoids and post-granitic dikes. 
All these units are of Precambrian age. El Ramly 

(1972) presented a uaeful summary of these units, 
adding three more units of Phanerozoic age: 

12. Wadi Natash volcanics and trachyte plugs and 
ring dikes; 

13. ring complexes; 
14. basalts. 
This chapter is restricted to the first eleven units, 

while the three Phanerozoic units are dealt with in 
chapter9. 

The primary assumptions implicit in this formal 
classification are: 

1. The whole area of the basement was develop
ed as one unit (the geosyncline) and all events were 
more or less contemporaneous throughout. 

2. All sedimentary and volcanic units are autoch
thonous. 

3. The geosyncline was ensialic, probably on a 
continental shelf or an epicontinental sea. 

The present authors believe that new findings 
require a substantial revision of these formal units of 
classification. For example, the serpentinites, be
lieved to be ultrabasic intrusives, are in fact largely 
allochthonous masses dismembered from mafic
ultramafic complexes that have been identified as 
ophiolite suites (in the commonly used sense of the 
1972 GSA Penrose Conference on ophiolites). These 
serpentinites, together with substantial parts, if not 

all, of the Geosynclinal Metasediments, Geo
synclinal Metavolcanics and the Metagabbro
Epdiorite complex of the map are believed by some 
workers (Shackleton et a!. 1980, Ries et a!. 1983, 
Church 1986) to be components of ophiolitic 
melange and do not constitute a stratigraphic se
quence. 

The metavolcanic components of this melange 
were found to have both tholeiitic and calc-alkaline 
affinities. The metasediments covering vast areas in 
the Eastern Desert were found to be a heterogeneous 
complex of 'distal mudstone and graphitic shale 
units, and more proximal turbidites, mixitites, and 
olistostrome units containing cobbles and blocks of 
ophiolitic material, dynamo-thermally metamor
phosed amphibolites, chert, dirty carbonate, grani
toids, felsic volcanic rocks and quartzose greywacke' 
(Church 1982). They also include a substantial 
pyroclastic component. Though these features are 
recorded from specific areas recently investigated, 
they cannot yet be generalized to the whole basement 
outcrops until detailed mapping reaches a more ad
vanced stage. 

One of the strongly debatable issues that emerged 
from the studies carried out in the last 10 to 15 years 
is whether the Pan Mrican Arabo-Nubian Shield is 
underlain by an old sialic crust or by an oceanic 
substratum. Although the ensirnatic island-arc evolu
tion model calling for oceanic substratum gained 
more popularity for a while, it has become increas
ingly evident from the latest geochemical, geochro
nological and isotopic studies (Stacey & Hedge 1984, 
Harris eta!. 1984, Stoeser & Camp 1985, Vail1985, 
Church 1986), that a Precambrian sialic basement is 
present beneath a great part of the Arabian-Nubian 
shield. We believe that the paragneisses of the East
em Desert do represent remnants of the pre-Pan 
Mrican basement on which the Pan Mrican rocks 
were overthrust, and they crop out in tectonic win
dows (Hassan et a!. 1984 ). 

Preview of the basement rock units 
The lithologic units of the basement complex can be 
distinguished very generally into two main divisions: 
the layered sequences and the intrusive rocks. The 
layered sequences include all rocks of volcanic, 
volcano-sedimentary and sedimentary parentage that 
are variably metamorphosed. They are found with 
distinctive features in three successive major se
quences: the lowermost sequence, and probably the 
oldest, is of mixed continental margin-oceanic char
acter, with a significant proportion of psammitic sch
ists and gneisses, forming a substrate for the Pan 
Mrican sequences. It represents relics of the pre-Pan 
Mrican basement that was remobilized during the 
Pan Mrican event. The two other sequences are Pan 
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Mrican, the older of which is characterized by ocea
nic and island arc volcanism and sedimentation, pre
valence of ophiolites and ophiolitic melanges, mafic 
to intermediate tholeiitic to calc-alkaline volcanics, 
low to moderate grades of metamorphism, and weak 
to intense deformation. The younger sequence is 
dominated by felsic calc-alkaline to peralkalic vol
canism, continental and molasse-type sedimentation, 
weak deformation and absence of, or very weak 
metamorphic effects. 

The intrusive rocks are overwhelmingly of granitic 
composition and are separated into three major 
successive groups: 

the older (1000-700 Ma) quartz-diorite
trondhjemite-granodiorite plutonites of Iow-K calc 
aikaline affinity; 

the younger (700-550 Ma) more potassic, peralu
minous, calc alkaline granodiorite-granite plu
tonites; 

the post orogenic (< 550 Ma) peralkalic highly 
fractionated granites with 40-50% K-feldspars. 

Other subordinate units include ultramafic intrus
ives, metagabbro-diorite, gabbro, subvolcanic fel
sites and dikes. Transitional rock types, such as mig
matites and some subvolcanic rocks associated with 
volcanic sequences, occur rarely. 

LAYERED SEQUENCES 

Gneisses 

The gneisses are a group of foliated metamorphic 
rocks constituting 7% of the surface outcrops of the 
basement rocks. Originally the group was thought to 
include rocks of sedimentary parentage (El Ramly & 
Akaad 1960, EI Ramly 1972). Later, a significant 
portion of these were found to be of volcanosedi
mentary parentage (El Ramly, pers. comm.). A com
mon source of confusion regarding the stratigraphic 
position of the gneisses in the Egyption basement 
comes from the insistence of many authors on includ
ing younger gneissified plutonic rocks with the 
gneisses (Hunting I 967). In this work, the term 
'gneisses' is restricted to those of sedimentary and 
volcanosedimentary parentage. 

Most early workers on the Egyptian basement 
considered the gneisses the oldest unit, representing 
the earliest phase of subsidence and infilling of the 
geosyncline, composed primarily of coarse clasitcs 
passing gradually to finer sediments with progressive 
subsidence and thus changing gradually upwards into 
metasediments (Akaad & Noweir 1980). This classic 
concept is now being reviewed in the light of new 
investigations. 

Occurrence and Distribution 
The geologic map shows the gneisses as occurring in 
more or less isolated belts in areas increasing in 
extent southward (Fig. 12/2). Most occur south of 
latitude 25° N. Some of the better studied gneisses 
include the Migif-Hafafit belt southwest of Marsa 
Alam, the Meatiq belt west of Quseir, and the Feiran
Solaf belt in Sinai. These three belts are treated in 
some detail. Other belts, not as well known, are 
mentioned briefly but should be excluded from the 
definition adopted. 

The Migif-Hafafit gneisses 
According to EI Ramly & Akaad (1960) the Migif
Hafafit area consists of a succession of gneisses about 
4.2 km thick, exposed in an eroded doubly pitching 
anticline about 55 km long and 17 km wide. These 
gneisses include the following divisions: 
Youngest f. dark green hornblende gneisses, about 

1200 m thick; 
e. grey biotite gneisses, about 800 m 

thick; 
d. pinltish and greyish psammmc 

gneisses, about 1000 m thick; 
c. dark grey biotite-bearing and 

hornblende-bearing gneisses, about 
500m thick; 

b. hornblende gneisses, locally mig
matised, about 400 rn thick; 

Oldest a. migmatitic gneisses. 

These gneisses are bound on the north and east by a 
group of metamorphosed volcanosedimentary rocks 
varying considerably in lithology and grade of meta
morphism. The gneisses are better described as 
paragneisses derived from the high grade meta
morphism of a succession of pelites, marls, calcare
ous psammopelites, pelites and marls, (El Ramly & 
Akaad 1960). Later, gneisses of volcanosedimentary 
parentage were recognized among them (El Ramly, 
pers. comm. ). Within the Hafafit anticline, the 
gneisses were uplifted into several small domes with 
complicated structures. The northernmost of these 
small domes affords a very good exposure of the 
gneiss succession from the psammitic gneiss (unit d) 
downward. To the southeast a similar domal an
ticlinal uplift provides a fairly good exposure of the 
gneiss succession from the psammitic gneiss upward 
(Hassan 1973). Thus, the Hafafit-Nugrus area (Fig. 
12/3) is a good area to study the entire succession of 
the Migif-Hafafit gneisses. 

El Ramly et al. (1984) reinterpreted the Migif
Hafafit succession as being composed of two types of 
gneisses: paragneisses represented by the psammitic 
and some of the biotite gneiss, and ortho-gneisses 
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Figure 12.3 Simplified geologic map of Hafafit-Nugrus-Ghadir area (after El Ramly et al. 1984, Hassan 1973 and El 
Bayoumi 1980). I. Granite; 2. Gneissose granite; 3. Gabbro; 4. Ghadir melange, horizon C; S. Hornblende gneiss; 6. Nugrus 
melange, horizon B; 7. Psammitic gneiss; 8. Hafafit melange, horizon A. 

represented by the migmatites, some biotite- and 
hornblende-bearing gneisses. They inteipreted the 
structural evolution of this domain as includig 11 
deformational events. The psammitic and some bio
tite gneisses once constituted the base of a sediment
ary sequence that was metarnoiphosed and intruded 
by plutonic rocks. The orthogneisses, on the other 
hand, began as basic and ultrabasic intrusives and 
became progressively more acidic during the evolu
tion. They were gneissified during the deformation 
events. The magmatic development ended with the 
emplacement of the granitoids that occupy the inte
riors of the domes. These granitoids, together with 
the associated migmatites, previously considered the 
oldest unit (E\ Ramly & Akaad 1960), are intrusive 
into the other paragneisses, but have been subjected 
to the same structural and metarnoiphic events as 
other high grade rocks. A U-Pb age of± 680 Ma is 
given for the intrusive granite. Hashad eta!. (1981) 
reported three Rb/Sr conventional ages and two KJ Ar 
ages of ± 620 Ma on micas separated from the 
migmatoidal segregations of the psammitic gneisses. 
This age was inteipreted by them to represent the age 

of metarnoiphic-metasomatic event that caused the 
gneissification of the psammitic protolith (Hassan 
1973). 

The inteipretation of E1 Ramly et a!. (1984) did not 
take into consideration the two units overlying the 
psammitic gneisses, namely the upper biotite gneiss 
and the hornblende gneiss of El Ramly 's original 
succession. These two units, as well as the psammitic 
gneiss, are well exposed in Wadi Nugrus and Wadi 
Sikait areas. El Gaby (1983) and Higazy (1984) 
consider this area to represent an old continental mass 
which was cratonized before the Pao Mrican. An 
oceanic crust was obducted on it during the Pan 
Mrican orogeny. They also state that the psammitic 
gneiss of Nugrus is largely composed of gneissified 
granites. 

A reinvestigation of the succession below the 
psammitic gneiss in the northernmost dome of 
Hafafit, and above it in the Nugrus-Sikait area, shows 
that this succession is actually a volcano
metasedimentary one. The unit below the psammitic 
gneiss and that above it are very similar and contain 
abundant features suggesting that they are probably 
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Table I. The rock succession in Hafafit Nugrus-Sikait area. 

PREVIOUS INTERPRETATION 
CEL-RAMLY 1972,EL-RAMLY PRESENT INTERPRETATION 
AND AKAAO 1960, 1961 ) 

cllnal metavolcanlcs with Ghadlr 
Geosyn- { meta sediments and 

Units serpentinltes melange }----- c 
major thrust ----? _........._.... ? ...-...-......?--- ~ or 
suture zane 

Hornblende gneiss ophiolitic 

Hafaflt Biotite gneiss gabbro ? 
~ Thrust 
melanoe }----- B 

Psammitic gneiss ~ Thrust 
metamorphosed 
shelf sediments 

Biotite- Hb gneiss ~Thrust 

Gneisses Hornblende gneiss melange.. } 
Granitic gneiss mlgmatlzed _____ A 

at the 
bottom 

melanges that were intensely foliated and metamor
phosed. These two units were misidentified as biotite 
gneisses because they actually contain sporadic bio
tite schists as huge allochtonous blocks in an ophioli
tic melange. Based on this and on works by Hassan 
(1973), Hassan et a!. (1984) and El Gemmizi & 
Hassan (1984), an alternative interpretation of the 
Hafafit-Nugrus succession is shown in Table I. From 
this, it follows that: 

I. The granitic gneisses in the core of the domes 
are gneissified granitic intrusions which form zones 
of migmatites at their contacts with the hornblende 
and biotite gneisses and send apophyses, dikes and 
small intrusions into the overlying units. They are 
also similar to, and seem to be continous with, the 
batholithic older granites that crop out extensively 
south of Wadi El Gemal (Fig. I 0!3 ). The 680 Ma age 
obtained by Hedge eta!. (1983) on this granitic core 
pluton should therefore be considered as the mirti
mum age for the paragneisses, while the U-Pb age of 
1700 Ma obtained by Abdel Monem & Hurley 
(1979) on detrital zircon should be regarded as the 
maximum age for this unit. 

2. The unit above the gneissified granites and 
below the psanunitic gneiss is composed mainly of 
pebbly mudstones, bedded sedimentary and tuffa
ceous sequences, volcanic and gabbroic bodies, as 
well as ultramafic bodies, with bands of hornblende 
and biotite-rich gneisses and schists at the bottom. 

Although metamorphism and intense deformation 
have obscured the original nature of this succession 
to some extent, it seems to represent a metamor
phosed and deformed ophiolithic melange assembl
age. 

3. Petrographic and mineralogical studies (Hassan 
1972, 1973, El Gemmizi 1984) indicate that the 
psanunitic gneiss is a metamorphosed sedimentary 
unit of a quartzo-feldspathic composition. This com
position, as well as the abundance of relict detrital 
zircon and other heavy minerals, indicate that it was 
derived from a granitic provenance. The U-Pb age of 
1700 Ma for this detrital zircon (Abdel Monem & 
Hurley 1979) indicates the presence of an exposed 
middle Proterozoic continental crust in the prove
nance of the psanunitic gneiss at the time of its 
deposition, which took place on a continental margin. 
It was later tectonically emplaced at its present posi
tion, as indicated by a prominent thrust plane at the 
base of the psanunitic gneiss. 

4. The schistose unit between the psanunitic 
gneiss and upper hornblende gneiss in the Wadi 
Sikait-Wadi Nugrus area contains pebbly bands, 
pockets of talc-carbonate rocks and serpentinized 
ultramafites. It shows great similarities to the biotite 
rich alternations occurring below the psammitic 
gneiss within the northern dome of Hafafit, and thus 
is also considered a metamorphosed and deformed 
melange body. 
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5. The topmost hornblende gneiss is metamor
phosed gabbroic and other basic rocks (basalts and 
dolerites) which was thrust over the previous succes
sion. 

6. The whole Hafafit-Nugrus domain is thus consi
dered a tectonic window, surrounded by rocks of a 
distinctly lower grade metamorphism belonging to 
the ophiolitic melange of the Eastern Desert formed 
during the Pan Mrican episode. The Hafafit-Nugrus 
succession was probably developed during a cycle of 
plate tectonic activity earlier than the Pan Mrican 
event This older cycle formed the continental mass 
later involved in the Pan African event. The cratoni
zation history of this continental mass must be sought 
in the sedimentary cores of the gneiss domes. The 
intrusion of the granites at a much later date caused 
the uplift of the domes, probably accompanied by 
sliding of the layered units against each other. Figure 
12/4 represents the authors' interpretation of the 
Hafafit Nugrus-Sikait domains. 

The Meatiq gneisses 
The Meatiq area lies midway between Qena and 
Quseir in the central Eastern Desert (Fig. 12/1). It is a 
more or less circular mountainous country with 
several prominent peaks (Fig. 12/5). The rocks in the 
area are thrown into a huge domal structure, com
posed of rocks of the Meatiq and Abu Ziran Groups, 
both intruded by granitic plutons (Akaad & Noweir 
1%9, 1980). The rocks of the Meatiq Group occur 
mainly on the western side of the dome in a huge 
semicircular structure elongated in a roughly north
south direction, with scattered roof pendants capping 
the igneous plutons and rims around them. This is all 
surrounded by metasediments, metavolcanics and 
serpentinites of the Abu Ziran Group with a more or 
less circular boundary line. Akaad and co-workers 
(e.g. Akaad & Shazly 1972, Akaad & Noweir 1969, 
1980) defined the Meatiq Group as the oldest major 
lithostratigraphic unit in the Egyptian basement com
plex, characterized in general by marked uniformity 
over a considerable area within the outcrop of the 
group and by the virtual absence of rock types other 
than the predominant granulites and minor pelitic and 
semipelitic schists. They used the term granulite as a 
textural and lithologic term to denote 'a rather fine 
grained quartzofeldspathic metamorphic rock wi
thout conspicuous schistosity'. They identified 
syngenetic sedimentary structures, e.g. graded bedd
ing, current bedding and ripple marks. They stated 
that the Meatiq Group represents a thick succession 
of sediments that are distinctly mature and siliceous, 
with only subordinate shaly and calcareous intercala
tions. This represents the slow deposition of quart
zose and feldspathic sandstones, minor shale and 
calc-shale in an extensive and notably stable basin. 

On the other hand, Akaad & Noweir (1980) described 
the same rocks as a large variety of high-grade sili
ceous gneisses and schists that appear to have origi
nated mainly from acidic tuffs and flows. 

Habib eta!. (1985) indicated tht the Meatiq Group 
may be differentiated into five successive, almost 
conformable thrust sheets overlying each other. The 
Meatiq infrastructure represents a part of an old cra
ton, or continent, over which the Abu Ziran supras
tructure was thrust during the Pan Mrican Orogeny. 
The whole succession was then regionally metamor
phosed under high pressure and temperature condi
tions. This is inferred from the presence of ahnan
dine, staurolite, kyanite, sillimanite and cordierite in 
the weakly sheared rocks. 

Concerning the relation between the Meatiq Group 
and the Abu Ziran Group, there are two contrasting 
concepts. Akaad and his co-workers noted that the 
passage from the mature psammitic granulites of 
Meatiq to the immature metasediments is marked by 
a transitional zone which was designated as a forma
tion and named the Abu Fannani Schists, separating 
the two major conttasted groups, the Meatiq Group 
and the Abu Ziran Group. 

On the other hand, several workers believe in the 
structural break between the Meatiq Group and the 
Abu Ziran Group. Habib et a!. (1985) consider the 
Meatiq dome as an old infrastructure over which the 
Abu Ziran Group forms a suprastructure that was 
thrust from the east as a thrust sheet or nappe. El 
Gaby (1975) and Shazly (1971) expanded the Abu 
Fannani Formation to include both the upper part of 
the Meatiq Group, rich in amphibolite and biotite
rich intercalations, and the lower part of the Abu 
Ziran Group. The upper part of the Abu Fannani 
Formtion forms a tectonic melange zone along the 
thrust separating the two groups. The thrust faults dip 
away from the Meatiq dome and are conformable 
with the foliation and 'layering' of the overlying and 
underlying rocks. The rocks of the Meatiq Group are 
generally foliated in conttast to the poorly foliated 
Abu Ziran Group. 

Dixon (1979) considers the Meatiq Group to be the 
best example of an older sialic sequence in the Egyp
tian basement. It represents a sequence of mature 
sediments which are exposed as a large domal struc
ture, with a Pan Mrican granite pluton occupying the 
core. The main unit of this group is a quartz-rich 
gneiss. The volcanic-sedimentary belt surrounding 
the Meatiq gneiss has been tectonically juxtaposed 
against the sialic dome. Indicating that the dome 
represents a local feature developed independently. 
Dixon (1979) concluds that the Meatiq gneiss could 
therefore represent one manifestation of an early 
continental margin with older crust inferred to the 
north, now largely obscured by remobilization of this 
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Figure 12.5 Simplified geologic map of Meatiq dome (after Shazly 1971). I. Younger granites; 2. Urn Baanib gueissose 
granite; 3. Grey granite; 4. Serpentinites; 5. Homblendic rocks; 6. Abu Ziran group, with minor serpentinite lenses; 7. Abu 
Fannani schists; 8. Meatiq group. 

sialic material during Pan African plutortism and 
orogeny. 

Church (pers. comm.) states that in the southern 
part of the Meatiq Dome, the Meatiq quartzofelspa
thic gneisses contain abundant garnet crystals that 
increase in size toward the core of the dome. 1be 
rocks of the Abu Zeiran group in immediate contact 
with the gametiferous gneiss are mainly serpentine 
melange with bands of graphitic slates that are dis
tinctly lower in metamorphic grade. Sturchio et al. 
(1983) states that the rocks of the Meatiq group are 
quartzofelspathic mylonites, phyllortites and mafic 
mylortites that are derived from a grartitic protolith 
emplaced in a mafic-ultramafic assemblage (Abu 
Ziran group of Akkad & Noweir 1980), 626 ± 2 Ma 

ago. This grartite protolith was gneissified during a 
metamorphic event that culminated at 614 ± 6 Ma 
ago. Sturchio et al. (1983) also concluded that the 
Meatiq group should no longer be considered the 
oldest exposed lithostratigraphic urtit in the Eastern 
Desert. However, the present authors do not agree 
with that concept According to our observations in 
the Meatiq area and with reference to Dixon (1979) 
and Habib et al. (1985), the lithologic, structural and 
metamorphic break between the Meatiq gneisses and 
the overlying melanges is fairly well established. 
This break is reminiscent of the break between the 
Hafafit domain and the overlying schistose metavol
canosedimentary rocks described earlier. Stuchio et 
al.'s (1983) 626 ± 2 Ma age is very similar to the± 
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670 Ma ages obtained on micas from the psammitic 
gneisses by Hashad eta!. (1981) and should also be 
interpreted as the minimum age for the Abu Ziran 
group. 

F eiran-Solaf Migmatite-Gneiss belt 
This belt lies in the southwestern part of Sinai and 
extends about 40 km in a northwest-southeast direc
tion, with a width of 5 to 10 km (Fig. 12/2). The 
whole belt is intruded on both sides by a number of 
granitic plutons and dissected by a series of dike 
swarms. Recent studies on this belt are presented by 
Akaad (1959), Akaad et a!. (1967), and El Gaby & 
Ahmed (1980). The last two authors state that field 
and microscopic studies suggest that the gneisses of 
this belt were originally sediments of arenaceous, 
pelitic and calcareous composition, with only minor 
basic magmatic intercalations that were regionally 
metamorphosed and variably granitized They state 
that these rocks suffered anatexis, metasomatism and 
migmatization, causing considerable mineralogical 
and textural alterations in the original rock. However, 
they presumed that grouping several rock types into 
larger rock units on the basis of assumed original 
lithology, together with the delineation of certain 
major structures, has served to establish the lithostra
tigraphy of the gneiss belt. Hence, they classified this 
gneiss belt into five formations with eleven members. 
The migmatites, which are dominant, were formed 
by partial melting or anatexis (El Gaby & Ahmed 
1980), or by lit-par-lit injection of granitic magma 
(Schurmann 1966). 

Acconling to El Gaby & Ahmed ( 1980), the 
Feiran-Solaf gneiss belt belongs to a pre
eugeosynclinal succession, its migmatization being 
accomplished doring the same phase of regional 
metamorphism as that which affected the eugeo
synclinal metasediments of the Egyptian basement. 
This phase of regional metamorphism took place c. 
1100 Ma ago (El Shazly et a!. 1973, Siedner et al. 
1974, in Hashad 1980). 

The present authors believe that the Feiran-Solaf 
migmatite-gneiss belt was part of a mature to semi
mature sedimentary succession that was metamor
phosed and migmatized within a continental crust or 
in a core of a mature island arc, as a result of intrusion 
of batholithic granites of Pan African age. The ± 650 
Ma Rb/Sr age reported by Bielski in Bentor (1985) on 
the Solaf-granite-gneiss is most probably the age of 
such intrusions and the accompanying migmatization 
of the intruded sedimentary successions. It should not 
be interpreted as the age of the 'gneiss' but as the age 
of the gneissification event or a minimum age for the 
gneiss. 

Other gneiss belts 
Several other gneiss belts appear on the geologic map 
of Egypt. in the Eastern Desert. the Western Desert. 
and Sinai. These belts are much less studied than 
those described above, and can be summarized as 
follows: 

The southern belts. These occur from latitutde 24° N 
southwards (Fig. 12/2). Most of these belts are pro
bably gneissified metasediments and metavolcanics, 
amphibolite schists and foliated plutonic igneous 
rocks. For example, the Wadi Khuda gneisses are 
spatially and genetically related to both the granodio
rite of the Berenice area and to the Abu Hammamid 
volcanic sequence (Hunting 1967). However, Dixon 
(1979) states that Wadi Khuda gneisses are parag
neisses and represent older sialic material with a 
protolith of relatively mature sediment. The meta
morphic grade is considerably higher than that of the 
younger volcanosedimentary units. 

The Wadi Kharit gneisses, occurring midway be
tween Berenice and Aswan, were developed by in
folding of geosynclinal sediments and volcanics with 
syntectonic granodiorites, and the imposition of 
gneissic structures upon them. They also show grada
tional change to the typical grey granite (Hunting 
1967). Biotite and hornblende gneisses and schists 
similar to those of the Hafafit gneiss succession are 
suspected of being present in several less well 
defined dnmal structures (El Rarnly, pers. comm. ). 

Um Had Gneisses. A small belt of old gneisses and 
migmatites occurs about 40 km northwest of the 
Meatiq Dome. The western part is formed of or
thoamphibolites, hornblende gneisses and mig
matites, whereas garnetiferous mica schists and 
gneisses prevail in the eastern part (El Gaby et al. 
1984). 

The Sinai belts. Other than the Feiran-Solaf belt, 
some gneiss belts occur in Sinai (Fig. 12/2), but no 
studies have been carried out to reveal their nature. 

In addition to the above, gneisses occur in the 
south Western Desert. The most extensive of these 
outcrops is that occurring in the Uweinat region. 
There, they are quartz diroite-tonalite gneisses and 
crystalline schists intruded by granite. Ages as old as 
2700 Ma were reported in these rocks (Klerlar. 1980). 
In Gebel Kamil area, migmatic gneisses gave Rb/Sr 
whole rock model ages of 3123-2817 Ma (Scbandel
meier & Darbyshire 1984, reported by Schandel
meier and Richter this volume, chapter 11 ). 

In summary, the gneisses, defined as metamor
phosed mature to semirnature sediments, occur only 
in the Feiran-Solaf, Meatiq and Migif-Hafafit areas, 
acconling to present knowledge. Other gneissic belts 



212 Mamdouh A Hassan & Ahmed H. Hashad 

should be investigated but there is no reason to sup
pose that the gneisses fonn an extensive base upon 
which other units were deposited. h is more proper to 
consider them remnants of deeply eroded proto
continents or mature island arcs that were involved in 
the Pan African Orogeny. Evidence from Hafafit
Nugrus and Meatiq areas suggest that these gneisses 
might have undergone an earlier phase of orogeny, 
thus representing a pre-Pan African continental base
ment. However, if they do not represent an old base
ment, they would represent shelf sediments which 
were originally deposited on a continental margin 
and later were involved in tectonic events during 
which they were metamorphosed, deformed and 
associated with other rock groups, thus still 
confirming the presence of a pre-Pan Mrican conti
nental basement (see discussions in Church 1979, 
1981, 1983). The gneisses of the Uweinat region are 
believed to represent the West Mrican Craton. h was 
suggested by Gillespie & Dixon (1983) that the As
wan area may be on the boundary between the Nu
bian Shield and an older sialic craton to the west, on 
the basis of isotope composition of some igneous 
rocks in the Egyptian Shield. 

Ophiolites 

Rittman (1958) was the first to identify the serpen
tinite masses of the Eastern Desert as ophiolites in the 
sense of the Steinunan Trinity. Abdel Gawad (1970) 
drew attention to the alignment of the serpentinite 
masses of the Eastern Desert and North Saudi Arabia 
along the northwest-southeast trending belts, using 
this to determine the offset across the Red Sea. The 
first use of the term ophiolite in the context of the 
definition adopted by the GSA Penrose Conference 
(Anonymous, 1972) in the Arabian-Nubian Shield 
was, however, by Bakor et a!. (1976) Garson & 
Shalaby (1976), and Neary et al. (1976). Following 
these worlcs, several plate-tectonic models were sug
gested for the evolution of the Arabian-Nubian 
Shield. Most of these models (Frisch & AI Shanti 
1977, Gass 1977, Abdel Khalek 1980, Schmidt et a!. 
1979, Stem 1979,1981,Flecketal.1980,Kempetal. 
1980, 1982) were based on defining ophiolitic rocks 
as remnants of subduction zones and hence margins 
of former oceanic basins. Gass (1981) featured the 
Arabian-Nubian Shield as composed of a number of 
intra-oceanic island arcs that have been swept to
gether, along with their sedimentary aprons and occa
sional slices of oceanic lithosphere, to form new 
continental crust He defined five of these island arcs 
within the Nubian Shield of the Eastern Desert of 
Egypt and Sudan. 

The interpretation of ultramafic rocks as 'sutures' 
with respect to the Eastern Desert of Egypt has been 

debated by Church (1979, 1982, 1983, 1986), 
Hashad & Hassan (1979), Engel et al. (1980) and Vail 
(1985). Church (1986) argued that the ophiolites 
formed part of a single stratigraphic unit formed 
during the obduction of the oceanic crust in a manner 
similar to that involved in the development of the 
western margin of the Appalachian system, and that 
the present distribution of the ophiolites is controlled 
by deformation structures. Commenting on Vail's 
(1985) 'palinspastic' map showing various arc 
'microplates' and 'sutures', Church (1986) came to 
the conclusion that although many of the ophiolites 
of the Arabian-Nubian Shield most likely represent 
Pacific, Tasman or back-arc (fore-arc?) type ocean 
basins, their present locations do not necessarily deli
neate the original sites of the ocean basins and conse
quently do not necessarily demarcate plate bounda
ries. 

Occu"ence and distribution 
Dixon (1979) estimated that ultramafic bodies 
account for 5.3% of all Precambrian outcrops in the 
Eastern Desert of Egypt. No figure is available for the 
combined ophiolite complexes and melanges, but it is 
apparently in the order of 10 to 15%. The better 
known occurrences in the Eastern desert lie to the 
south of latitude 26° N, and their distribution as 
indicated on the goelogical map of Egypt (El Ramly 
1972) is very irregular. This could possibly be exp
lained by their occurrence as allochthonous blocks or 
thrust sheets floating in a dominantly ophiolitic 
melange or in various types of metasediments. 
Shackleton et al. (1980) estimated that these masses 
have moved by submarine gravity sliding and later 
thrusting for distances of more than 200 km. This 
may also explain why the ophiolite complexes are 
found mostly as dismembered parts. 

Serpentine& or serpentinized ultramafics constitute 
the major part of these complexes, but the other units 
are clearly present and, in many cases, it is easy to 
patch them up in a complete ophiolite sequence by 
careful investigation. In some places (e.g. Wadi El 
Ghadir, El Fawakhir, El Geneina & Wadi Mubarak), 
complete intact sections, except for the ultramafics, 
are encountered. 

Among the several ophiolites recognized in the 
Eastern Desert, two will be described in detail, El 
Ghadir and El Fawakhir. 

El Ghadir ophiolites 
Wadi E1 Ghadir area (Fig. 12J6) lies about 30 km 
southwest of Marsa Alam. In this area, the ophiolites 
occur as allochthonous units in a melange assembl
age that bas been mapped previously as part of the 
geosynclinal metasediments. Foliated dioritic rocks 
form a large fold structure with a northwest trending 
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axial direction in the southwestern part of the area. 
Granitic rocks occupy the eastern part of the area. 
Abundant later dikes of various compositions cut all 
other units in all directions. 

El Bayowni (1984) presented a comprehensive 
study of the ophiolites in Wadi El Ghadir area and the 
following description of El Ghadir ophiolites is based 
on his work. Although the areal extent of El Ghadir 
ophiolites is discontinuous and limited, all the fonnal 
ophiolite units as defined by the GSA Penrose Con
ference (1972) were recognized. 

The most complete ophiolite section in Wadi El 
Ghadir area is well exposed at the junction of Wadi El 
Beda and Wadi Saudi, where all the units, from the 
layered gabbro at the base to the pillow basalts with 
associated deep-sea sediments at the top, are present 
(Fig. 12/6). The overall exposure is estimated to be 
more than 2 km. It dips moderately to the southwest. 
Metamorphic peridotites are, however, missing from 
this section, presumably due to dismembering during 
displacement. However, peridotites and their serpen
tinized equivalents occur in variably sized masses all 
over the area. 

Metamorphici peridotites. In addition to boulders in 
the melange, the peridotites are found mainly as 
mountain-size allochthonous units in Wadi Lawi and 
Wadi Ghadir. They are mostly highly serpentinized 
and in many places are transformed into talc car
bonate, cream-colored rocks. These mountainous 
masses of the metamorphic peridotites appear to be 
dismembered parts of a much larger ophiolite slab 
that was obducted into the orogenic zone. This is 
confirmed by magnetic survey measurements indi
cating that large peridotite and serpentinite masses of 
Wadi Ghdir area are rootless, and therefore are not 
connected by feeder pipes to the mantle. 

CUITU.Ilate sequence. This includes dunite with cbro
mitite at its base, and gabbroic rocks. The dunite is 
always associated with the metamorphic peridotites, 
presumably because they were dismembered with 
them dne to their similar mechanical properties. Its 
base is defined by cbromitite lenses that separate 
them from the underlying metamorphic peridotites. 
Cumulate gabbroic rocks fonn several masses in the 
Wadi Ghadir area. The main gabbroic mass of this 
complex occurs on the eastern side of Wadi El Beda, 
with a small extension in the southern side of Wadi 
Saudi (Fig. 12/6). Here the gabbro is distinctly 
layered at the bottom and grades upward into a coarse 
grained gabbro with a characteristic appearance 
known in the field as rosette gabbro. In tum, the 
rosette gabbro gives way upward into microgabbro. 
The attitude of the layers varies from horizontal to 
almost vertical. 

In the layered gabbro zone, pockets of pegmatitic 
gabbro rich in feldspars (sometimes pink in color), 
anorthosites and trondhjemites are common. These 
represent injections of the later differentiates of the 
gabbroic magma. Pyroxenite cumulates, in the fonn 
of irregular pockets, are also present. 

Several other massive and rosette gabbro masses 
are found in the area, at the feeders of Wadi Saudi, 
Wadi Lawi, and in the middle reaches of Wadi Gha
dir, but these are much smaller in size and appear to 
be huge allochthonous blocks in the melange. 

Sheeted dikes. Sheeted dikes are best seen in Wadi El 
Beda on the southern side of the main gabbro mass, in 
Wadi Saudi, and in Wadi Lawi. These dikes are in 
contact with each other without any 'foreign' wall 
rock material. For each one, the two adjacent dikes 
are the wall rock. The dikes range in thickness from 
about 50 em to about 2 m. Although the contacts 
between individual dikes is hardly discernible, assy
metric chilled margins were recognized in many 
cases. The material of the dikes is mostly fine grained 
to aphanetic diabase. 

Pillow basalt. Pillowed basaltic rocks were observed 
clearly in two locations in the northwestern end of the 
main gabbro mass of Wadi El Beda (Fig. 12/6). In 
both places, the pillowed basalts are associated with 
sheeted dikes. In Wadi El Beda, the pillowed mass 
reaches a thickness of 200 m. The pillows range in 
size from about 20 em to 1.5 m across with a sheath 2 
to 8 em thick depending on the size of the pillow. The 
pillows are best developed toward the western end of 
the mass, but eastward, toward the sheeted dike com
plex, they become smaller in size, less distinct, and 
grade into the sheeted dikes. In the southern side of 
Wadi Saudi, the pillowed mass is about 70 m thick. It 
is more altered, with brownish color and highly 
schistose sheath. Some of the pillows here show 
porphyritic texture, while others show vesicles. In the 
Wadi El Ghadir area, sediments of deep water origin 
are interlayering or resting on top of the pillow ba
salts, providing additional evidence of the submarine 
origin of the pillows. 

Chemical characteristics. In spite of the common 
spilitization and the slight metamorphism of the pil
low basalts, their tholeiitic nature is still recognized 
(EI Bayoumi 1984). Their low K-content as well as 
their immobile trace elements patterns clearly indi
cate their similarity to present day oceanic basalts. 
However, the enrichment of Wadi El Ghadir pillow 
basalts in the immobile elements led El Bayoumi 
(1984) to consider them as being within-plate charac
teristics and to suggest that they have originated from 
a plume of oceanic basaltic magma. Comparing the 
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chemical composition of the most primitive basaltic 
dikes with different models of partial melting of 
mantle pyrolite indicated that these rocks originated 
by 13% partial melting of the original pyrolite ma
terial (EJ Bayoumi 1984). Irregular variations in the 
immobile elements indicate that the fractionation 
processes took place in an open system in proximity 
to a diffuse spreading system and related fracture 
zones. 

Tectonic setting of El Ghadir ophiolite. Based on his 
study of El Ghadir ophiolites and associated melange 
and other rocks, El Bayoumi (1984) proposed a plate 
tectonic model for the evolution of this segment of 
the Egyptian basement. According to El Bayoumi, 
the area represents a segment of a trench zone filled 
with a melange body, which is overlain by an ophio
lite nappe resulting from the westward subduction of 
an oceanic crust under a continental margin. The 
geochemical studies of the ophiolites indicated that 
they originated from an oceanic plume basaltic mag
ma. (Fig. 12n). A line of hot spots (plumes) brings 
heat and primordial material up to the asthenosphere, 
causing upwelling of the lithosphere. Subsequent 
currents in the asthenosphere spread away from the 
upwelling, producing tension on the crest and com
pression on the bottom of the lithosphere. Crustal 
attenuation and fissuring then followed, combined 
with continuous basification of the continental crust 
Further rifting caused by continuous convection cur
rents resulted in the formation of a proto-ocean. 
Continued rifting with sea floor spreading caused 
more and more opening of the ocean and production 
of a new oceanic crust. 1bickening of sediments on 
the western continental margin combined with trans
formation of gabbro to eclogite, led to a westward 
subduction of the oceanic crust under the continental 
margin. Subduction caused attenuation of the conti
nental margin forming a trench zone which was filled 
with more sediments, was formed. During subduc
tion, slices of the oceanic crust were detached and 
abducted on the continental margin. Continued sub
duction led to the closure of the ocean and conver
gence of the two continental masses with subsequent 
folding of the consumed continental margin and the 
overlying sediments. The subducted oceanic crust 
was then mixed with the mantle. This resulted in its 
partial melting followed by fractionation and the 
intrusion of the calc-alkaline rocks. 

ElF awakhir ophiolites 
The region of the Egyptian basement lying to the 
northwest, west, southwest and south of the Meatiq 
dome is occupied by extensive ophiolitic rocks and 
melange. The Qift-Quseir highway affords an intact 
and complete section of ophiolite sequence (known 

as El-Fawakhir ophiolites) between the Harnmamat 
conglomerates to the west and the Meatiq dome to the 
east, for a distance of about 15 km. In this section, all 
the ophiolite units are encountered from base to top 
successively from west to east. The section is charac
terized by the abundance of basaltic and diabasic 
dikes traversing all its units, particularly the gabbros 
and the pyroxenites, and by the paucity of melange. 
Toward the west, this section is intruded by the 
Fawakhir granite, and in its middle part it is covered 
by a northwest-southeast belt of conglomerates 
defined by Akaad & Noweir (1980) as the Atud 
Conglomerates. These conglomerates are very simi
Jar to the Harnmamat conglomerates to the west, 
except for its fractured pebbles. 

The western contact ofEI Fawakhir ophiolites with 
the Harnmamat is an easterly dipping thrust zone, 
while its eastern contact with the Meatiq rocks is 
defined by a zone of tectonic melange, mylonitized 
rocks and highly stretched flaser gabbro. Between 
these two contacts, the ophiolite belt seems to form 
several open folds with synclinal troughs occupied 
by the conglomerates. These conglomerates, as well 
as the Hammamat conglomerates, contain abundant 
pebbles and boulders of pink granite which are sup
posed to be derived from the older granites. However, 
they do not contain ophiolite fragments. A deposit
ional unconformity surface is believed to occur be
tween these conglomerates and the underlying ser
pentinites along Wadi Urn Seleimat. The petrogra
phic characteristics of this ophiolite sequence are 
consistent with the characteristics of oceanic crust 
rocks that have suffered sea floor metamorphism 
(Nasseefetal. 1980). 

'The geochemical characteristics of the massive 
volcanics, sheeted dikes and pillow basalts of El 
Fawakhir ophiolite sequence show mixed character
istics of MORB and IAT.1bis strongly suggests their 
formation in a tensional environment such as mid
oceanic ridges or back-arc basins (Hassan et al. 1983) 
situated between an island arc to the east and a 
continental mass to the west. During the succeeding 
stage of convergence in the back arc basin, the whole 
sequence was later overthrust on the eroded island 
arc to the east, and probably also on the continental 
margin to the west, as a result of continued subduc
tion under the island arc. The final disposition of the 
ophiolites and the overlying sediments was shaped 
by the updoming of the Meatiq Group, which caused 
the gliding of phiolitic nappes away from the core 
(Habib et a!. 1982). This caused the overriding of the 
ophiolitic nappe of El Fawakhir on the Harnmarnat to 
the West, as well as the intensification of the thrusting 
effects on the base of the ophiolite sequence against 
the Meatiq Dome. 
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Other ophiolite occurrences 
Several other ophiolite suites have been reported in 
the Eastern Desert, e.g. El Geneina area (Garson & 
Shalaby 1976), Wadi Zeidun area (Dixon 1979). At 
least four other suites were reported in unpublished 
theses: Wadi Mubarak, Wadi Bizeh (Abu El Ela 
1985), Wadi El Gemal (Higazy 1984 ), and Gebel 
Mohagara (Takla et al. 1982). In addition, variably 
sized fragments of ophiolitic rocks are very common 
in the widespread Eastern Desert melange and also in 
the metasediments. 

In Sinai, some amphibolitic gabbro bodies with 
cumulate ultramafic margins are exposed in the area 
of Wadi Feiran. Beyth et al. (1978) described two 
small masses of partly setpentinized harzburgite 
from Dhahab in the Gulf of Aqaba area. They are too 
small, only a few tens of meters in length, to justify 
any speculations as to their ophiolitic affiliation. 

On the other hand, Dixon (1979) and Engel et a!. 
(1980) showed that some of the ultramafic complexes 
in the Eastern Desert were originally emplaced as 
small sill-like bodies, intrusive into the metased
iments. These ultramafic intrusives will be described 
in a later section. 

Age of the ophiolites 
In discussing the age of the ophiolites, it is necessary 
to distinguish clearly between the age of their forma
tion originally as parts of oceanic crusts and the age 
of their emplacement in the present position. In the 
southern part of the Eastern Desert, undeformed vol
canic rocks of 768 Ma age (Stem 1979) overlie 
intensely deformed allochthonous sheets of ophioli
tic melange, which in turn overlie metasedimentary 
and metavolcanic units (Chuurch 1986). These meta
volcanics gave a four-point Rb/Sr isochron age of 
842 ± 22 Ma (recalculated by Hashad from the data 
presented by El Shazly et al. 1973). This implies that 
at least some of these ophiolites were emplaced be
tween about 850 and 770 Ma. 

Metasediments 

This unit was first defined by El Ramly & Akaad 
(1960) as including a thick succession of mostly fine 
grained 'geosynclinal' sediments mainly in a low 
grade metamorphism and occasiooally reaching a 
medium grade, surrounding the Hafafit-Migif do
main. Greywackes and cooglomerates are not un
common. This unit was named the 'schist-mudstooe
greywacke' series by these authors. It was later ex
tended by various workers in other areas to incude 
immature, weakly metamorphosed sediments of 
flysch and turbidite nature and came to be known as 
the geosynclinal metasediments oo the geological 
map. It was explained by most authors writing on the 

Egyptian Shield as the sedimentary infilling of the 
geosyncline during its early stages, closely followed 
and overlapped by extrusion of volcanics and intru
sion of serpentinites. Engel et al. (1980) believe that 
the metasediments are similar in most respects to the 
Archean greenstone belts. On the other hand, Church 
(1979) stated that the geosynclinal metasediments 
resemble the early stage 'exogeosynclinal' flysch 
deposits of the Appalachian and Alpine systems; 
such rocks have not been described from the Ar
chean. 

Except for the granites, the metasediments consti
tute the most extensively outcropping unit in the 
basement of Egypt. They occur mainly in the Eastern 
Desert south of latitude 26° N, with a very few 
outcrops north of it and in Sinai. It is a very heteroge
neous unit, composed mainly of immature clastic and 
volcaniclastic sediments, ranging from mudstones to 
conglomerates. Carbonates, mature sandstones, and 
cherts with banded iron formations are of significant 
proportions. Intimate mixing with setpentinites and 
basic igneous rocks is very common and widespread 
especially around large serpentinite ranges. Meta
morphic equivalents of the fine sediments and basic 
rocks are also commoo and include slates, schists, 
greenstones and, rarely, amphibolite&. 

The metasediments, as shown on the geologic map 
of Egypt (1981), may be divided into four assembl
ages as follows: 

1. mature to semirnature assemblage dominated 
by carnonates, quartzites and pelites; 

2. immature assemblage dominated by flysch type 
volcaniclastics, mudstooes and greywackes; 

3. cherts and banded iron formations; 
4. melange. 
Each of these assemblages will be described sepa

rately and the relationships between them discussed. 

Mature to semimature assemblage 
This assemblage occurs mainly in the southernmost 
parts of the Eastern Desert (Hunting 1967, EI Shazly 
eta!. 1975). This assemblage is best developed in the 
Abu Swayel area. According to EI Shazly et al. 
(1975), the metasediments in this area are composed 
of calc and calc-pelitic, and psammitic to psammo
pelitic metasediments. These are largely transformed 
into ma!bles, hornblende-biotite schists, biotite 
schists and quartzite and quartzofeldspathic schists. 
The biotite schists form the most dominant rock type, 
which are garnetiferous close to granitic contacts. 
Greywacke and conglomeratic horizons with well
shaped pebbles and cobbles are subordinate. Current 
and graded beddings are rare. This assemblage is 
considered by Hunting (1967) as suggesting an origin 
in shallow water approaching neritic conditions. The 
prevalence of intensly folded schists suggests that the 
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southern part of the Eastern Desert represents a 
deeper level in the crust than the central part. Church 
(1982) considers the schists of Abu Swayel as repre
senting continentally derived shelf deposits interca
lated with mafic-felsic volcanics. 

The exact distribution of this assemblage outside 
the Abu Swayel area, as well as its relation to other 
assemblages of metasediments, is largely unknown. 
It was noted by Hunting ( 1967) that at about latitude 
24 ° N, there is a structural break and facies changes in 
the metasediments. The southern assemblage passes 
northward into the more immature facies of the 
'schist-mudstone-greywacke' series as originally 
defined by El Ramly & Akaad (1960). 

Immature assemblage 
This covers large areas in the central Eastern Desert 
from latitude 24 ° N northward as far as 28° N. The 
assemblage comprises a very thick succession of 
clastic sedimentary and volcaniclastic rocks, mainly 
thinly bedded mudstones, tuffites, greywackes and 
less commonly, polymictic conglomerates. The 
assemblage represents a typical flysch-type sedimen
tation. The mudstones are very thinly laminated and 
composed essentially of quartz and feldspar flour 
mixed with chlorite, muscovite and subordinate clay 
minerals. Well-preserved sedimentary structures are 
very common in these rocks. They are highly com
pacted and indurated. Clastic fragments in greywack
es include volcanic rocks, uluamafic rocks, gabbros, 
quartz and feldspars. Conglomerates are widely pres
ent among beds of this sequence, although in much 
lower proportions. The composition of these conglo
merates varies from place to place; e.g. the Atud 
conglomerate is rich in mafic and ultramafic frag
ments (Akkad & Essawy 1965), while further west, 
the Dungash conglomerate is rich in fragments of 
calc-alkaline volcanics (Abu El Ela 1985). 

The rocks of this sequence range from almost 
unmetamorphosed to highly foliated schists. The 
greywacke and conglomerates largely preserve their 
original sedimentary characters. The clastic frag
ments are mostly unchanged while the fine matrix is 
variably transformed into sericite, chlorite, epidote 
and actinolite. On the other hand, the mudstones and 
tuffites are much more affected by metamorphism. 
Passing from almost unmetamorphosed assemblages 
to completely recrystallized siliceous and argilla
ceous schists is common in many areas. 

This assemblage possesses the features pointing to 
the turbidite origin of a great part of it, in moderate to 
deep water beyond neritic environment. Most impor
tant of these features are the graded and repetitive 
bedding, slump structures, rarity of cross and current 
bedding, and the general rarity of strongly calcareous 
beds. 

From the association of the clasts of greywackes 
and conglomerates of this assemblage, some infe
rences may be made on its provenance. The mixing 
of ophiolitic fragments (uluamafics, gabbros, ba
salts) with sialic fragments (granites, quartzites, car
bonates) in the clasts of this assemblage indicates that 
deposition took place in an oceanic trough with a 
nearily continental margin or a mature arc. This is 
also supported by the prevalence of calc-alkaline 
volcanic fragments (andesite, dacite and thyolite) 
within them. 

Chert-banded iron formations assemblage 
This assemblage is of a very limited occurrence, 
being found ouly in the central Eastern Desert, appro
ximately between latitude 25° 30' and 25° 50' N, in 
the areas of Wadi Kareim-El Dabbah and Wadi 
Zeidun-Arak. It can be considered as part of the 
inunature assemblage, but has a significant propor
tion of siliceous and ferrugenous chemical sediments 
that represent a deeper water environment than the 
rest, probably the deepest environment within the 
whole metasediments. Within the areas mentioned 
above, three lithologic components may be distin
guished (Stem 1979): (a) volcanogenic clastic meta
sediments; (b) marls; (c) banded iron formations. 

Volcanogenic clastic metasediments are by far the 
most common constituents of the metasediments. 
They are very similar to the immature assemblage 
described above, but are of a dominantly volcanoge
nic composition. Chemical analyses of these meta
sediments show their affinities to andesitic and dad
tic volcanic rocks (Stem 1979). 

Marl layers are common in this succession, al
though very subordinate, occurring in bands of less 
than I m thick. They are found in the western part and 
are absent in the eastern part. 

Banded iron formations and jaspers occur as inter
calations within the wacke-rich sections. They are 
composed of dark iron-rich laminae alternating with 
jasper and other siliceous layers, and have few in
terbeds of volcanic, mineral and lithic fragments. 

The Egyptian banded iron formations differ than 
those of other localities in being considerably 
younger in age. Banded iron formations in other 
localities are restricted to the Lower Proterozoic and 
the Archean. (Stem 1979). 

Melange assemblage. Melange will be used here as a 
term denoting a mappable body composed of frag
ments of all sizes of a variety of rock types in a 
pervasively deformed matrix that may be formed by 
sedimentary or tectonic processes or a combination 
of both (Penrose Melange Cooference 1978). 
Melange occurs widely in the Eastern Desert of 
Egypt in association with the metasediments and 
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metavolcanics. Ries et al. (1983) believe that the rock 
groups from the metaSediments to the metagabbro
diorite complex, (or the Abu Ziran and Rubshi 
Groups of Akaad & Noweir 1980) constitute an 
ophiolitic melange and not a stratigraphic sequence, 
proposing to designate this melange as the Eastern 
Desert melange. Although melange is of wide occur
rence in the Eastern desert, it occurs as belts within 
the metasediments. These belts are mostly thrust 
sheets or slices incorporated within the autochtho
nous belts of the metaSediments. 

A characteristic feature of the melange in the East
em Desert is the significant proportion of serpen
tinite& it contains, either as a matrix or as variably 
sized blocks. The serpentinites are commonly trans
formed into creamy colored talc carbonate schists 
that impart a very characteristic appearance to the 
melange outcrops. 

The most common fragments and clasts in the 
melange are ophiolitic fragments, deep sea sediments 
and calc-alkaline volcanics. Less common fragments 
are granitic rocks, carbonate rocks, quartzites and 
quartz sandstones. Pebbly mudstones, with pebbles 
of both oceanic and continental derivation, occur as 
components in the melange, either as thrust slices or 
as olistoliths. In places, melange screens occur alter
nating with laminated mudstones and greywackes, 
probably as imbricate thrust sheets. On the other 
hand, the immature metasediments commonly con
tain isolated ophiolitic fragments of various sizes, as 
well as detached huge blocks of serpentine melange. 

Melange of Wadi Ghadir area. The best example of 
melange yet described in the Eastern Desert is the 
Ghadir melange, first recognized and studied by El 
Bayoumi (1984 ). 

The melange of tltis area may be divided into two 
facies, proximal and distal, in relation to the source of 
its ophiolitic components. The proximal facies is 
found mainly to the north and south of Wadi El 
Ghadir and to the east of Wadi Lawi, whereas the 
distal facies occurs in the northwestern part of Wadi 
El Ghadir (Fig. 12/6). 

The proximal facies is composed of rolled and 
fragmented rock-debris of highly variable sizes in a 
matrix of scaly and schistose mudstones. Serpenti
nized peridotite blocks are the most abundant compo
nents in tltis facies. Some of these are surrounded by a 
sheath of schistose talc-carbonate rock due to squeez
ing and rolling of the blocks. Probably such blocks 
acted as wheels on which rock masses were moved. 
Second in abundance are disrupted and fragmented 
parts of dikes of variable sizes which are mixed and 
squeezed with talc carbonate rocks. Other rock types 
recognized among the debris of the melange are 
various types of volcanic rocks, greywackes, quart-

zites, chert, marble, shale, granite and other plutonic 
rocks, amphibolites and schistose rocks. In certain 
places, pebbles and cobbles of rock debris are the 
main components and form conglomerates and 
breccias. Commonly, the pebbles and cobbles are 
stretched due to deformation. 

The distal facies is composed of low grade schists, 
mostly of pelitic composition. It also contains 
pebbles of other rock types like those in the proxintal 
facies, but of much less abundance and smaller sizes. 
In several places, e.g. in the area northwest of the 
junction of Wadi El Ghadir and Wadi Lawi (Fig. 
12/6), highly schistose talc carbonate rock of creamy 
color occurs as pockets and lenses within the distal 
facies. These pockets and lenses might have been 
blocks of serpentinized peridotites within a matrix of 
the distal facies. Metamorphism and deformation of 
the distal facies might have been caused by the over
riding of slices of proxintal facies in the form of 
nappes, remnants of which are common in various 
parts of the area. 

According to El Bayoumi (1984), the Ghadir 
melange accumulated in a trench zone formed as a 
result of convergence of two plates, resulting in the 
subduction of an ocean crust on the east under a 
consumed continental margin on the west. This pro
cess resulted in the destruction and mass wastage of 
both ophiolites and continental margin, followed by 
gravity sliding and deposition of the tectonic frag
ments in the trench. Detached ophiolites, mostly 
serpentinite fragments, acted as a carpet under the 
moving slices. Erosion and wastage of the conti
nental margin took place after its uplift as a result of 
collision. The oceanic and continental fragments are 
mixed in the trench zone. As a result of huge accumu
lations of sediments with continued westward move
ment, deformation and metamorphism modified the 
area. The whole area was then dissected by volcanic 
calc-alkaline dikes. Intrusion of the dikes was contin
uous during the formation of the melange. Finally, the 
area was intruded by calc-alkaline granites and leuco
gabbros. The calc-alkaline rocks (dikes, granites and 
leucogabbro) are believed to be intrusive fractions 
resulting from the active Benioff zone of the sub
dueled oceanic crust. A diagrammatic representation 
of the melange formation is shown in Figure 12/8. 

Age of the metasediments 
Hashad (1980) compiled the Rb/Sr isochron dates 
reported from metasediments prior to 1980 from 
several sources. These ages range from about 1200 to 
750 Ma, with initial 87Sri'6Sr ratios between 0.7023 
and 0.7064. The major drawback of these ages is that 
sampling was carried out in the absence of an 
appropriate understanding of their lithostratigraphic 
and/or tectonic position. The wide range of these ages 
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Figure 12.8 Proposed model for the formation of Ghadir melange (after El Bayounti 1980). 

most probably indicates that the samples represent at 
least two different events. For example, the garnet 
mica schist from Abu Swayel mine gave a four-point 
whole rock Rb/Sr isochron age of 1160 ± 144 Ma (Ri 
= 0.7061 ± 0.0018, MSWD = 0.02) as recalculated 
from the analytical data presented by El Shazly et al. 
(1973). Another six-point isochron on hornblende 
and mica schist from Wadi Haimur in Abu Swayel 
area produced an age of 1220 ± 62 Ma (Ri = 0.7056 ± 
0.0009, MSWD = 0.48). Some other similar ages 
were obtained in the central Eastern Desen by El 
Manharawy (1977). We believe that samples giving 

the older ages (c. 1200 Ma) represent pre-Pan African 
rocks, similar to those in the Hafafit and Nugrus areas 
(see section on gneisses), although they were not 
recognized on the present maps as such because of 
their lithological similarity to the Pan African meta
sediments. We believe also that a great pan of the 
schists and amphibolite& in the Abu Swayel area, 
which were included within the mature to semima
ture assemblage of the metasediments, actually be
long to the pre-Pan Mrican cycle. 

1be existence of a metamorphic event at about 
1200 Ma recalls the Aleksod event of the Tuareg 
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Shield in West Africa and events of approximately 
the same age elsewhere in Africa (Cahen eta!. 1984). 
Dixon (1981) reported U/Pb ages from zircons in 
granitic pebbles in conglomerates of the metased
iments that range from 2300to 1100 Ma, and consi
dered these pebbles to have been derived from plu
tons in areas adjacent to the Egyptian Shield. 

Metavolcanics 

All earlier workers recognized that an important 
group of metavolcanics occurs among tbe basement 
rocks either partly contemporaneous witb or imme
diately younger !ban tbe immature volcaniclastic 
metasediments, witb which tbey are closely asso
ciated. These metavolcanics have been referred to as 
the Shadli metavolcanics, named after their type loc
ality in tbe Sheikh El Shadli area about 70 km soutb
westofMarsaAlam(Fig.l2/9). They were explained 
as products of volcanic activity tbat took place to
ward tbe final phase of tbe filling of tbe geosyncline 
and continued until after the cessation of deposition. 
During Ibis activity, lavas of considerable thickness 
were extruded and sometimes intruded at shallow 
depths tbe associated sediments (Akaad & El Ramly 
1961). These volcanics are essentially of two types: 
basic and intermediate varieties including low grade 
metadolerites, metabasalts, metaandesites and meta
porphyrites; and acid varieties including rhyolites, 
tuffstones and pyroclastics (El Ramly & Akaad 
1960). They are metamorphosed into tbe greenschist 
facies and locally into tbe lower amphibolite facies. 

To illustrate tbe characteristics of these metavolca
nics, some of tbe better studied areas will be 
described in some detail. 

Shadli metavolcanics 
These cover more !ban 1500 km2 in the area of Urn 
Samuiki-Abu-Hammamid and around Sheikh El 
Shadli Tomb, after which they were named. Shukri & 
Mansout (1980) show that tbey are made up of myo
lites (32.5%), andesites (42.5%), basalts (6.5%) and 
volcaniclastic rocks (15%). These constitute a thick 
pile (1 0 km) of cyclic submarine volcanic flows and 
bedded volcaniclastics which unconformably overlie 
a series of metasediments, mostly of tbe immature 
assemblage. According to these authors, tbe Shadli 
metavolcanics can be differentiated into fout mapp
able units. Beginning witb tbe oldest, they are the 
Marasan Metavolcanics (1.5 km thick), Huluz Meta
volcanics (3.5 km), Burrad Metavolcanics (2.8 km) 
and tbe Hammamid Metavolcanics (average thick
ness 2.6 km). Together witb the metasediments, tbey 
form a west-northwest-east-southeast trending 
synclinorium, flanked by two large anticlinoria. 

Searle eta!. (1976) subdivided the Shadli metavol-

canics in tbe Samuik:i area into two major units (Table 
2) and stressed tbe cyclic nature of the Hammamid 
Group which was formed in an island arc setting. 
Kotb (1983) studied the geochemistry and petroche
mistry of these volcanics in Gebel Abu Hammamid 
and showed that tbey are similar to recent volcanics 
occurting along immature island arcs as a result of 
subduction of oceanic lithosphere at convergent plate 
margins. The volcanics were derived by fractionation 
of a tholeiitic magma type and extruded successively 
in pulses. They are comparable to island arc volca
nics in Saudi Arabia between Jabal Ibrahim and AI 
Aqiq. Hashad & Hassan (1979) believe that tbe pres
ence of large percentage of felsic rocks witb tbe 
calc-alkaline rocks of tbe Shadli Group does not seem 
to support an exclusively ensimatic island arc origin 
for Egyptian Shield. 

Hashad (1980) reported three radiometric dates for 
Shadli metavolcanics, citing other authors. A KJ Ar 
age of 825 Ma has been obtained on rllyolites of tbe 
Hammamid range. A model Pb/Pb age of 1070 Ma 
was obtained on galena from sulfide ore within tbe 
Abu Hammamid volcanics. Metavolcanics of the 
Abu Swayel area, which are considered equivalent to 
Shadli metavolcanics by El Shazly et al. (1973), gave 
a Rb/Sr isochron age of 842 ± 22 Ma, but tbe rocks 
dated are highly weathered, witb very low Rb/Sr 
ratios. 

Metavolcanics in the central Eastern Desert 
Stem (1979) studied the metavolcanics in the central 
Eastern Desert between latitudes 25° 40' and 26° 10' 
Nand found tbat they can be divided into two units: 
tbe first lying below the immature metasediments and 
forming a substrate to it, and tbe second overlying 
these sediments. He called tbe first unit tbe old meta
volcanics and tbe second tbe young metavolcanics. 

The old metavolcanics are composed of a thick 
succession of monotonous aphyric pillowed metaba
salts, witb rare sedimentary interbeds. They can be 
identified at either end of the Precambrian outcrops 
along tbe Qift-Quseir road. Their extent to tbe north 
and south is not easily determined. Northward, tbey 
seem to grade into amphibolites as tbe batholithic 
terrain of tbe north Eastern Desert is approached. 
However, unequivocal pillowed old metavolcanics 
occur 20 km north of El Fawakhir. To the south, 
greater intensity of deformation obscures their na
ture. Pillowed basalts of ophiolitic nature were re
ported as a part of ophiolitic successions in El 
Geneina-El Gharbia area, midway between Berenice 
and Aswan (Kamel eta!. 1980). However, tbe exact 
extent remains to be defined. Geochemically, tbe old 
metavolcanics have strong affinities to modem mid
ocean ridges and marginal basin tholeiites (Stem 
1979, Engel et al. 1980). Although the possibility tbat 
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metavolcanics in the Eastern De
sen of Egypt (after El Ramly 
1972). 
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Table 2. Sbadli metavolcanics subdivision (after Searle et al. 1978). 
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this sequence is analogous to island arc tholeiites 
cannot be precluded, the bulk of the data does not 
favor this hypothesis. They are interpreted as the 
products of about 20% fractional fusion of anhydrous 
mantle peridotite at depths of less than 60 km. 

Dixon (1979) put forward the hypothesis that the 
old metavolcanics formed a substrate on which the 
young metavolcanics were erupted. These old meta
volcanics, together with the associated ultramafic 
rocks in the Zeidun-Massar area represent late Prote
rozoic sea floor, thrust from the east onto a calc
alkaline volcanic edifice with intercalated volca
niclastic sediments. The sole of the thrust is marked 
by a prominent carbonate horizon. El Mezayen 
(1984) and Nasseef et al. (1980) show that the old 
metavolcanics in El Fawakhir Urn Seleimat district 
are part of an ophiolite succession (see section on 

ophiolites). Correlatives to the old metavolcanics are 
found within the ophiolites of northern Saudi Ara
bia. 

The young metavolcanics are composed predomi
nantly of andesitic flows but mafic and more felsic 
volcanics, as well as volcaniclastic breccias and tuffs 
are also common. They occupy a stratigraphic posi
tion on top of the inunature metasediments, but some 
parts may be lateral equivalents to the metased
iments. 

The young metavolcanics may be distinguished 
from the old metavolcanics in the field by the abun
dance of porphyritic and more felsic lithologies in the 
former succession. Even where the young metavol
canics are basaltic, plagioclase and pyroxene porphy
ries are in marked contrast to the aphyric metabasalts 
of the old metavolcanics. Also the young metavolca-
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nics are characterized by the abundance of volca
niclastic metasediments, rarity of large pillows, and 
rarity of associated serpentinites. Stem (1979) indi
cate that the thickness of the young metavolcanics in 
the central Eastern Desert is at least I km. He also 
suggests that the pillowed young metavolcanics to 
the east are more mafic than the massive metavolca
nics to the west and that their eruptions occurred in 
progressively shallower water toward the west. 

The young metavolcanics show the effects of low 
grade metamorphism. However, their original mine
ralogy is generally well-preserved. The andesites are 
largely plagioclase-augite porphyries. The subor
dinate rhyodacites are both aphyric and porphyritic. 
These overlie or interfinger with the andesitic units. 
Phenocrysts in the rhyodacites are typically pla
gioclase and quartz. The volcanic rocks bave chemi
cal characteristics similar to many contemporary 
calc-alkaline sequences erupted at convergent plate 
margins. Rb/Sr isochron dates on them give a range 
of 610 to 700 million years, with Sr isotope ratios 
between 0. 7019 ± 0.0007 and 0. 7030 ± 0.000 I (Stem 
1979). Dixon (1979) obtained a zircon fission track 
age of 639 ± 40 Ma on calc-alkaline metavolcanics in 
Wadi Arak, about 75 km southwest of Quseir, which 
are believed to belong to the young metavolcanics of 
Stem (1979). 

Metavolcanics in other areas 
El Ramly et al. (1982) studied the metavolcanics of 
the Kolet Urn Kbarit area (Fig. 12/10) and showed 
that they are the first bimodal volcanics to be 
described in the Egyptian shield. They are composed 
of massive basalt-andesite lavas, overlain by rhyolite 
and rhyolitic pyroclastics. Thin beds of banded tuffs 
and cherts occur as intercalations between the rhyo
lites, thus marking successive periods of volcanic 
activity. The metavolcanics rest on the older quartzo
feldspathic gneisses and are in tum intruded by pluto
nic rocks. They are classified into two main rock 
types: acid and basic, with minor intermediate types. 
The associated pyroclastics are essentially of acidic 
composition. Petrochemically and geochemically, 
these metavolcanics bave a mixed tholeiitic calc
alkaline character for the basic metavolcanics and 
predominantly calc-alkaline character in the acid 
types. Presently, such magma type(s) are generated at 
converging plate margins in island and volcanic arcs 
formed over subduction zones. 

At Urn Kbariga, rnetavolcanics cover about 755 
km2, 15 to 20 km west of Mersa Alam. They are 
composed of both acidic and basic metavolcanics as 
well as abundant pyroclastics, with some intercala
tions of tuffaceous metasediments. 

Takla et al. (1982) reported a spilite association 
with the ophiolite suite of Gebel Mobagara that lies to 

the northwest of the Wadi Ghadir area. These rocks 
occur as deformed massive bodies and as pillowed 
lavas, with pillows reaching up to 50 em across. The 
spilites are composed of albite (Ailo-5) and augite 
with variable amounts of hornblende, chlorite, il
menite, sphene and iddingsite. Varieties are albito
phyres with very low mafic mineral content. 

Dokhan volcanics 

Sequences of acidic and intermediate volcanics and 
equivalent pyroclastics, together with minor amounts 
of volcaniclastic sediments occur widely in the East
em Desert. Although they do not form extensive 
outcrop areas as do other rock units, they bave been 
reported from all over the Eastern Desert from the 
northernmost tip of the Precambrian rock outcrops to 
the south of Wadi Allaqi, west of Abu Swayel. Earlier 
records of these volcanics were reported by Andrew 
(1938) and Hume (1934) in the Gebel Dokhan area, 
where they were called the Dokhan Volcanics. Later 
workers extended their extent on the basis of pe
trographic similarity and stratigraphic position. 
Several workers in several areas showed that these 
volcanics are ahnost non-metamorphosed and con
tain pebbles from the older syntectonic granites and, 
on the other hand, supplied the Hamrnamat conglo
merates with pebbles. Thus their time of fonnation is 
easily bracketed. These volcanics are characterized 
by the prevalence of porphyritic types and a distinct 
purple color. A famous deep purple porphyritic an
desite rock in Gebel Dokhan is known as hnperial 
Porphyry. It was quarried as ornamental stone in 
Roman times (Ghobrial & Lotti 1%7). 

Dokhan volcanics in the type area 
Basta et al. (1980) carried out a comprehensive study 
on the Dokhan volcanics in their type locality. The 
following descriptions are based on this worl<. 

Gebel Doknan area is covered mainly with Dok
han volcanics which cut minor exposures of metased
iments and are in tum intruded by the 'younger or 
post-tectonic granites' of the Eastern Desert of Egypt 
(Fig. 12/11). The volcanics constitute a thick se
quence of stratified lava flows of intermediate to 
acidic composition, together with subordinate sheets 
of ignimbrite and a few interacalations of 
pyroclastics and siltstone. The contact with the gra
nite is rather sharp and chilled, dipping 80° E. The 
maximum thickness of the sequence is 1200 m, and 
the flows (10 to 50 m thick), though practically 
unfolded, are often tilted and crushed, particularly 
near contacts with the granite. The rocks are mostly 
porphyritic and amygdaloidal of different shades of 
grey that frequently grades into the reddish to deep 
purple color of the hnperial Porphyry. The base of 
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each individual ftow is usually chilled, with an 
increase in size of the porphyritic crystals upward. 
Few ftows, however, are non-porphyritic. Alterna
tions of intermediate (andesite and Imperial por
phyry) and acidic (rllyodacite and quartz latite) ftows 
extend over most of the area, with a tendency for the 
former to prevail near the top of the formation. Inter
calations of volcanic agglomerates and lapilli tuffs 
are locally more abundant and contain volcanic 
bombs up to 20 em in diameter. A few sheets or small 
lenticular masses of very fine grained greyish-violet 
ignimbrite are also encountered. 

Petrographically, seven rock types are distin
guished: andesite, quartz andesite, Imperial por
phyry, dacite, rllyodacite, quartz latite and quartz 
trachyte, as well as pyroclastics. The first three rock 
types are predominant. The pyroclastics are repre
sented mainly by coarse andesitic lithic crystal tuff 
with a mineralogical and chemical composition 
approaching that of the quartz andesite of the Do khan 
volcanics. 

Based on the analyses of 48 samples of the Dokhan 
volcanics, Basta et al. (1980) showed that they com
pare well with the average coruposition of the cor
responding world volcanics except for minor devia
tions and constitute a calc-alkalic series. Their frac
tionation sequence is: andesite, quartz andesite, Im
perial porphyry, dacite, quartz latite, rllyodacite, 
quartz trachyte. The presence of latite and trachyte in 
such a predominantly calc-alkalic volcanic series 
may be attributed to a sudden potash ettrichment of 
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Figure 12.10 Simplified geologic 
map ofKolet Urn Kharit area 
(afterEIRamlyetal. 1982). I. 
Biotite syenograoite; 2. 
Metagabbro-diorite complex; 3. 
Acidmetavolcanics; 4. Basic 
metavolcanics; 5. Quartzofeldspa
thic muscovite gneiss. 

the magma during the late stages of crystallization. 
These rocks are quartz-bearing types, and they are of 
so low frequency compared to other rock types in the 
suite that the main sequence could be considered as 
follows: andesite, quartz andesite (including Imperial 
porphyry), dacite and rllyodacite. Furthermore, the 
Dokhan volcanics have a composition that is compar
able with that of active continental margins and well
developed island arcs with a thick continental crust. 
Basta et al. (1980) explained the origin of Dokhan 
volcanics by the fractional crystallization of the 
basaltic magma generated by the partial melting of 
the upper mantle under relatively high oxygen fugac
ity. The change in the proportion of calc-alkalic and 
tholeiitic rocks with advancing development of 
continental-type crust may be regarded as a result of 
progressive depletion of the upper mantle underlying 
the island arc in basaltic components (Miyashiro 
1973). It is also possible that casual removal of 
oxygen from a calc-alkalic series magma may 
transfer the crystallization into a tholeiitic trend, re
sulting in a minor proportion of tholeiitic series rocks 
associated with predominantly calc-alkalic ones, as is 
the case in the Dokhan. 

Dokhan volcanics in other areas 
Several worlrers described Dokhan volcanics in other 
areas, and all have agreed to their calc-alkaline na
ture. Ignimbrites have been identified among Dokhan 
volcanics west of Safaga (Gindy & Mohanuned 
1971). Heikal et al. (1980) described myolitic ig-
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nimbrites in the Wassif area southwest of Safaga. 1be 
Wassif volcanics occur in the fonn of successive 
sheets of lavas and pyroclastic rocks. lbey are 
mainly andesitic and myolitic in composition, with 
minor myodacite. 1be pyroclastic rocks are lapilli 
tuffs, vitric crystal tuffs and lithic tuffs. The ig
nimbrite fonns a lava-like sheet more than 25 m 
thick. Its main part shows a lava-like appearance of a 
quartz porphyry. Welding is well-developed in the 
central part of the flow. 

In the Hammash-Sufra district, about 100 km 
southwest of Mersa Alam, volcanics of the Dokhan 
type were reported by Moustafa & Akaad (1962). 
They are mostly of intennediate to acidic composi
tion, including well-bedded agglomerates. Similar 
occurrences were also reported in Wadi Shait and 
Wadi Ranga by Akaad & El Ramly (1958). 

In the central Eastern Desert, Ries et a!. (1983) 
reported the occurrence of Dokhan volcanics in 
several areas. In the Wadi Sodmein area north of 
Gebel Meatiq, they are composed of myolites or 
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Figure 12.11 Geo1ogicmapof 
Dokhan area, Eastern Desert (after 
Ghobrial & Lotti 1967). I. Recent 
wadi deposits; 2. Gravel terraces; 
3. Basic and intermediate dikes; 4. 
Red granite; 5. Pink granite; 6. 
Quartz diorite-granodiorite; 7. 
Dokhan volcanics; 8. Metased
iments. 

myodacites, quartz-feldspar porphyries, andesites 
and basalts. Characteristic rock types include 
plagioclase-phyric andesites, flow-banded myolites, 
agglomerates with lithophysae, quartz porphyries, 
together with tuffs, mudstones and some conglo
merates containing pebbles of volcanic rocks and 
chert. A series of similar rocks, is exposed in Wadi 
Hammamat in a thin thrust slice between the melange 
and the Hammamat sediments (Ries et a!, 1983). 
Also in Wadi Kareim, south of the Qift-Quseir road, a 
similar succession is encountered. Ries et al. (1983) 
do not differentiate between the young metavolca
nics of Stem (1979) and the Dokhan volcanics, and 
consider both as one unit, 'calc-alkaline volcanics'. 

In Sinai, two groups of volcano-sedimentary 
successions occur (Shirnron 1984 ). 1be calc-alkaline 
volcanics of these two groups are believed to be 
equivalent to the Dokhan volcanics in the Eastern 
Desert. 

In summary, there is enough evidence to indicate 
that the Dokhan volcanics were fonned due to volca-
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nic activity in mature island arcs. They were erupted 
in both subaerial and subaqueous environments. Al
though they are mostly of acidic and intennediate 
composition, basalts are not uncommon. According 
to Stem et al. (1984 ), the Dokhan volcanics are 
characterized as follows: 

1. Jn some regions the Dokhan is a bimodal suite 
characterized by andesite (50 to 62% Si02) strongly 
enriched in Ti02 (1 to 2%), KP (1.5 to 2.5%), PPs 
(0.3 to 0.6%), andlightrareearthelements [(Ce!Yb), 
= 10] in association with rltyolitic ignimbrite and 
related felsic rocks (72 to 76%) with ~0/Nap = 1, 
low P 20s (0.02 to 0.04% ), slightly elevated Ti02 
(0.3%), and strongly negative Eu anomalies. 

2. Jn some areas hypabyssal rhyolite porphyry is 
found as a magmatic facies intennediate between 
ignimbrite and granite, suggesting that rhyolitic vol
canism, (which accompanied epizonal emplacement 
of granite) was an important aspect of crustal evolu
tion. 

3. Andesitic dikes clearly represent feeders for 
some andesitic flows. 

4. Structural trends in Hammamat and Dokhan 
outcrops indicate that these were deposited and 
erupted in basins that were elongated east-west to 
northeast-southwest 

Stem (1979) obtained a whole rock isochron age of 
602 ± 13 Ma from the Dokhan volcanics, with an 
initial ratio of 0.7028 ± 0.0002. The volcanic se
quence in Wadi Sodmein gave an Rb/Sr whole-rock 
ageof616±9 Ma with an interceptof0.70271 ± 2 (2 
sigma errors, MSWD = 5.0) which is interpreted as 
the age of extrusion of the lavas (Ries & Darbyshire 
in press, reported by Ries et al. 1983 ). 

Engel et al. (1980) believe that the Dokhan volca
nics represent the surface indication of the first stage 
of Pan Mrican LIL-enriched plutonic activity. 

Hammamat sediments 

The Harnmamat sediments comprise a thick succes
sion of clastic sediments that represent the youngest 
unit in the layered sequences of the basement. The 
name 'Harnmamat' is after the type locality in Wadi 
E1 Harnmamat, approximately 70 km west-southwest 
of Quseir (Fig. 12/12). They were termed the Ham
mama! series (Hume 1934 ), younger metasediments 
(Sabet 1962), postgeosynclinal sediments (El Shazly 
1977) and the Harnmamat Group (Akaad & Noweir 
1969). 

These sediments crop out in isolated exposures 
mainly in the central and northern Eastern Desert. 
They are best developed in Wadi Harnmamat area, 
their type locality, where they attain a thickness of 
about 4000 m (Akaad & Noweir 1980), in Wadi 
Kareim area with a total thickness of more than 6000 

m (AbdelAziz 1968), and in the Wadi Arak area with 
a thickness of more than 5000 m (Assaf 1973). These 
outcrops occur in down-faulted blocks or in topogra
phic lows. The sediments are regionally folded into 
plunging folds and bounded by regional faults. They 
overlie the older units unconformably with a basal 
conglomerate in most cases, and in tum are intruded 
locally by younger granitoids and later intrusives. 

Lithologic composition 
According to several authors (Abdel Aziz 1%8, 
Hafez 1970, Assaf 1973, El Ghawaby 1973, Gro
thaus et al. 1979, Akaad & Noweir 1980), the Ham
mama! sediments are composed totally of immature 
to semimature clastic sediments including conglo
merates, greywackes, sandstones and slates. They 
exhibit characteristic green, purple and grey colors. 
Jn Wadi Arak area, some dolomitic bands are inter
bedded with the slate beds (Assaf 1973). 

Conglomerates range from coarse to fine conglo
merates, with the fonner dominating. Jn the fine 
conglomerates, the clasts are mostly subrounded to 
subangular and are commonly matrix supported 
They are composed of a great assortment of rock 
fragments such as metasediments, metavolcanics, 
granites and, less abundantly, ophiolitic fragments. 
The granitic clasts are most abundant in the upper
most horizons of the succession. Some boulders of 
the coarse conglomerates are previously deposited 
conglomerates. The matrix is composed of pebbly 
sand size fragments of the same composition. The 
conglomerates are either massive without internal 
signs of bedding, or they are bedded, or even show 
graded bedding. Jn the case of massive conglo
merates, bedding is discerned by the alternation of 
the conglomerates with sandstones or alternation of 
conglomerate beds of variable clast size. The clasts 
are mostly aligned parallel to the bedding, but occa
sionally show imbricaton. 

Sandstones are composed of the same material as the 
matrix of the conglomerates. They fonn beds or 
lenses within the succession. Some of them are 
pebbly sandstones in which clast size reaches 15 em 
in the longest dimension. The pebbly varieties are 
mostly matrix supported, but clast supported types 
are not uncommon. The sandstone beds and lenses 
are either massive or cross-bedded, especially the 
thick beds and lenses. Grothaus et al. (1979) dis
tinguishes four types of cross bedding in these 
sandstones: low to intennediate angle tangential, 
scour and fill, channel fill, and angular cross 
stratifiction. 

Siltstones occur as isolated beds and lenses through-
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out the Harrunamat section, but mostly in the 
sandstone dominated areas. They are either green or 
red in equal proportions, although one color may 
dominate in a certain area. The siltstones are either 
massive or rippled and mudcracked. The massive 
siltstones occur in sections up to 100 m thick. They 
are usually part of a fining upward cycle grading from 
pebbly sandstone or coarse sandstone to siltstone. 1n 
some places, this progression is intenupted by iso
lated interbedded units of sandstones or conglo
merates. 

Slates occur as thin interbeds within the siltstone 
succession. They are either grey, green or red in color. 
Foliation is almost parallel to bedding, with pencil
like and mullion structures due to crenulation. 

Assaf (1973) reported the occurrence of dolomitic 
bands interbedded with grey and green slate beds in 
the Wadi Arak area. These dolomitic bands exhibit 
red and brownish colors, but fresh surfaces are grey. 

Classification 
Various worlcers have used different concepts in 
mapping and classifying the Harrunamat sediments. 
The most common of these is the lithologic 
classification in which the sediments are divided into 
units using rock type, texture and color as the criteria 
of division (e.g. Hafez 1970, Assaf 1973, El Gha
waby 1973). E1 Shazly (1977) termed these sed
iments, the 'Wadi E1 Hammamat Supergroup' 
divided into an earlier Wadi Kareem Group and a 
later Wadi El Mahdaf Formation. The Wadi Kareem 
Group was deposited before the erosional exposure 
of the late orogenic granites. The Wadi El Mahdaf 
Formation contains, among other elements, abundant 
granite pebbles considered to have been derived from 
the earliest types of the late orogenic granites. 

Another stratigraphic classification of the Hamma
mat sediments is given by Akaad & Noweir (1980). 
They consider the Hammarnat sediments a group 
composed of two formations: the Igla Formation 
below and the El Shihimiya Formation above. The 
Igla Formation is composed of sandstones, siltstones 
and silty mudstones with a basal conglomerate. The 
Shihimiya Formation is composed of conglomerates, 
greywackes and sandstones. Each formation was 
further subdivided into members. 

M.L. Abdel Khalek (pers. comm.) suggests that in 
many cases the greywackes, sandstones, siltstones 
and mudstones are facies variants of one unit rather 
than representing different time stratigraphic units. 

The Hammamat sediments are regionally unmeta
morphosed (Akaad 1972). Noweir (in Akaad 1972) 
stated that the definite criterion of regional meta
morphism, schistosity, is lacking in the largest occur
rence of these sediments in Wadi El Hammamat, 

although the rocks show a marlced degree of indura
tion. However, the Umm Had granite pluton, which 
intruded the thickest succession of these sediments in 
Wadi El Hammarnat, forms a wide contact aureole. In 
this aureole, the Harrunamat sediments are thermally 
metamorphosed. Away from the aureole, the conglo
merates are highly indurated and exhibit an overall 
appearance of a green breccia, the famous monu
mental 'breccia verde' quarried in ancient times. 
Similar metamorphism and induration effects are not 
uncommon in other areas. These are attributed to the 
effect of concealed granitic intrusions, and are not 
due to regional metamorphism (Akaad 1972). 

Depositional environment 
Most workers consider the Hammamat sediments as 
post orogenic molasse deposited in disconnected in
termontan basins as a result of rapid uplift and ero
sion (Hafez 1970, Assaf 1973, El Ghawaby 1973, El 
Shazly 1977, Akaad & Noweir 1980). That these 
sediments were deposited in fluctuating basins or 
troughs of uneven topography is attested to by the 
thinning and disappearance along the strike of numer
ous intercalations and the presence of volcanic inliers 
in the midst of the conglomerates. According to 
Grothaus et al. (1979), the composition and textur of 
the Hammamat lithofacies suggest that they are the 
result of an alluvial fan-braided stream complex. 
Deposition appears most likely to have been in a 
series of intermontan basins, rather than one large 
basin. The detritus shed from the uplifted terrain was 
deposited adjacent to the uplifts. The finer grained 
facies are interpreted to have been deposited in two 
different environments. The thinner siltstone units in 
which ripple marks and mudcracks are more preva
lent are interpreted as cutoff channel deposits within 
braided streams, whereas the much thicker units are 
viewed as playa or lake sediments. 

Ries et al. (1983) discuss the age of the deposition 
of the Hammamat sediments. They state that it is 
bracketed between 616 ± 9 and 590 ± 11 Ma. These 
two ages are Rb/Sr whole rock ages given by Ries & 
Darbyshire (in press). The first age is of calc-alkaline 
volcanic rocks in Wadi Sodmein (believed to be 
equivalent to Do khan volcanics) which underline 
unconformably the Hammamat sediments. The se
cond age is of the Umm Had granite which intruded 
the Hammamat sediments in their type locality. 

Questionable Hammamat conglomerates 
Akaad & Noweir (1980) mapped a northnorthwest
southsoutheast trending, 30 km long belt crossing 
Qift-Quseir highway. This belt comprises a bedded 
and repeatedly alternating succession of polymictic 
metaconglomerates and metagreywackes, with 
minor metamudstones, schists and intraformational 

-------------------·----·-----·--- -
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Figure 12.13 Simplified sketch map of part of Qift-Quseir 
road (after Akaad & Noweir 1980). I. Nubian sandstone; 2. 
Younger granite; 3. Hammamat group; 4. Atud conglo
merate; 5. El Fawakhir ophiolites; 6. Tectonic melange; 7. 
Meatiq gueisses and schists. 

metabreccia. Part of this belt, north and south of the 
Qift-Quseir highway was investigated by the authors 
(Fig. 12/13). It is composed of bedded conglo
merates, with a few interbeds of sandstone and grey
wacke&. The clasts are mostly composed of acidic 
volcanics, pink granites, granite porphyry and chert. 
A characteristic feature in these conglomerates is the 
intense stretching, flattening and fracturing of the 
clasts. They are either stretched into long ellipsoidal 
bodies with tapering masses of the matrix at both 
ends, flattened into disc shaped bodies, or pervas
ively fractured by two conjugate shears with en eche
lon slippage on the shear planes. These conglo
merates occupy a synclinal trough within the ophio
lites and melanges. Along the eastern boundary, the 
lowermost few tens of meters are composed of alter
nating mudstones and greywackes which become 
coarser upward. In places, these are separated from 
the underlying melange by rubbly conglomerate with 
a talcose matrix and abundant ophiolite boulders 
representing the erosional surface of the melange. On 
the western boundary of the belt, the bedded conglo
merates come in direct contact with the ophiolitic 
melanges and pillow basalt. It seems to be a faulted 
contact. 

The conglomerates in this belt are very similar to 
the Hammamat conglomerates to the west, except for 
the stretching, flattening and fracturing of the 
pebbles. It is believed that they represent a lower part 
of the Hammarnat sediments in this area. The same 
conclusion is also reached by Ries et a!. (1983 ). 

A similar situation also occurs in Wadi Zeidun 
area, and was reported by El Ghawaby ( 1973 ). In this 
area, he divided the Hammamat sediments into lower 
and upper units, separated by an unconformity. The 

lower conglomerates have the clasts flattened and 
stretched, which is not the case in the upper conglo
merates. 

INTRUSIVE ROCKS 

The intrusive rocks of the Egyptian basement appear 
on the goelogic map of Egypt as eight units, namely: 

1. Serpentinites 
2. Metagabbro-diorite complex 
3. Older granitoids 
4. Post-Hammarnat felsites 
5. Gabbros 
6. Younger granitoids 
7. Post-granitic dikes 
8. Ring complexes. 

All these units are of an intrusive nature except the 
serpentinites, which should be divided into three 
categories: 

1. Ultramafic members of ophiolitic sequences; 
2. Serpentinite masses of ophiolitic melange; and 
3. Magmatically emplaced ultramafic rocks. 

The first two categories are allochthonous and have 
been discussed before in this chapter. The third cate
gory is described below. 

The surface exposures of the metagabbro-diorite 
complexes are of limited extension and show irregu
lar distribution all over the Shield The term 'epidio
rite', originally proposed by Hume (1934) for one of 
these complexes and then widely used in the litera
ture on the Egyptian Shield, has been abandoned in 
favor of 'metagabbro-diorite complex'. As the term 
'complex' implies, this unit is a heterogenous 
assemblage of rock types including metamorphosed 
gabbros, norites, dolerites and basalts. Since the re
sponse of these rocks to regional metamorphism and 
deformation is not uniform, the prefix 'meta' has 
been added to distinguish igueous rocks that are free 
of dominant metamorphic textures but show minera
logical reconstitution to some degree. As such, they 
are clearly distinguished from the relatively fresh late 
to post-orogenic gabbros which occur throughout the 
Shield. 

Granitoid rocks constitute about 50% of the intrus
ive rock assemblage of the Shield. There is unanimity 
in the literature in classifying these rocks into two 
major groups: 1. the older granitoids, variously 
described in the literature as 'old', 'Shaitian', 'grey' 
or 'synorogenic' granites. The term 'granite' was 
used as a useful field term in the sense of the present 
usage of the term 'granitoid' as suggested by Streck
eisen (1976) which includes, beside granites, grano
diorites, tonalites, quartz diorites and trondhjetnites. 
2. The younger granitoids, variously described in the 
literature as 'younger', 'Gattarian', 'pink', 'red', 'late 
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to post orogenic' granites. This group includes grano
diorites, syeno· and monzogranites, alkali feldspar 
granites, alkalic or peralkalic granites and syenites. 

Attempts to characterize each of the two groups or 
to distinguish them into further subdivisions were 
based on geochronology, mineralogy, petrochemistry, 
radiometry, tectonic setting and mode of emplace
ment (e.g. Schurmann 1966, Dardir & Abu Zeid 
1972, Fullager 1981, Hashad 1980, Hussein et a!. 
1982, El Shatoury et al. 1984 ). 

A detailed description of the main divisions of the 
intrusive rocks are given below. 

Magmatically emplaced serpentinites 

On the new geologic map of Egypt (1981), no dis
tinction has been made between the magmatically 
emplaced 'autochthonous' serpentinites and the tec
tonically emplaced 'allochthonous' serpentinites 
which form an integral part of the ophiolitic se
quences and associated melanges. These allochtho
nous serpentinite& have been described earlier in the 
section dealing with ophiolite and melange. 

Magmatically emplaced ultramafic rocks occur as 
subordinate members of largely gabbroic intrusions 
occurring as small masses widely within the base· 
ment rocks. Examples of these masses are Gebel 
Atud, Abu Ghalaga, Gebel Dahanib and Gabbro 
Akarem. In these masses, the ultramafic rocks are 
mostly fresh and rich in clinopyroxenes, in contra~! to 
the tectonically emplaced ultramafic rocks (dunites, 
harzburgites and lherzolites) which are olivine
orthopyroxene rich. Three examples of such '!'asses 
were given by Dixon (1979). All these bodies are 
characterized by abundant (85%) clinopyroxene 
which is dominantly a low Ca variety. 

Engel et a!. (1980) believe that large volumes of 
mafic to ultramafic magmas were intruded mainly as 
sills into the metasediments. The sills approximate 
basaltic komatiite in composition, and many parts of 
the serpentinite& of the basement represent serpenti· 
nized products of these bodies, but specific examples 
of these bodies were not described or defined. Dixon 
(1979) cited Gebel Dahanib intrusion as an example 
of these komatiitic sill-like bodies. However, Church 
(1983) stated that it seems doubtful that komatiitic 
rocks are quantitatively important in the Eastern De· 
sert. They represent only a small group of relatively 
fresh cumulate sequences which often carry Ni 
sulfides. 

It is believed by the present authors that all these 
fresh non-ophiolitic mafic-ultramafic bodies repre
sent late to post-tectonic intrusions which are rift 
related. All these bodies are grouped as one unit on 
the geological map of the basement (El Ramly 1972). 
These bodies will be treated in a later section. 

Metagabbro-diorite complex 

This unit of the basement complex occurs in several 
outcrops of limited extension all over the Eastern 
Desert and Sinai. The largest of these outcrops occurs 
west of Mersa Alam. The outcrop at the extreme 
southeastern part of the Eastern Desert (Geologic 
Map of Egypt 1981) was compiled after the Atlas of 
Egypt and is believed to include large masses of grey 
granitoids and metavolcanics (EI Ramly 1972). 

The metagabbro diorite complex is composed of a 
heterogenous assemblage of rock types. They are 
mainly metamorphosed basic rocks including 
gabbros, norites, dolerites and basalts, in which the 
igueous textures are partly preserved. They suffered 
considerable deuteric uralitization as well as injec· 
tion by, and interaction with granitic material produc· 
ing hybrid diorites. This interaction also resulted in 
the permeation of the metagabbro diorite masses by 
Ieucocratic granitic material in the form of intricate 
veinlets and highly irregular masses, with gradational 
contacts. 

The metagabbro diorite masses commonly contain 
rafts of metasediments, and occasionally form dike· 
like bodies and minor intrusive masses cutting meta· 
sediments. Also, the grey granites in severallocali· 
ties carry xenoliths and large masses of metagabbro· 
diorite (El Ramly & Akaad 1960). 

The spatial association of these complexes with the 
older granitoids, as well as the older metavolcanics 
and some ophiolitic sequences in the south Eastern 
Desert, suggests that they may represent border 
facies for the huge batholithic intrusions of this area. 
These border facies are known to comprise a wide 
variety of rock types with a very wide range of 
metamorphic responses. These facies extend for tens 
of kilometers, depending on the size of batholithic 
intrusions. In fact, the interaction of oldermetavolca
nics, metasediments and ophiolitic sequences with 
the invading granitic material may represent the ear
liest phase of sialification of the Pan African volcanic 
arc systems. The extreme hybridization, uralitization 
and other alterations render the dating of this event 
rather difficult, if not impossible. A detailed descrip· 
tion of one of these complexes in the south Eastern 
Desert may further clarify this statement. 

Metagabbro-diorite complex west of MersaAlam 
This mass was studied by Akaad & Essawy (1964) 
and by Hassan & Essawy (1977). It consists of dark 
green, amphibole-rich rocks, characterised by 
marked variations in grain size and in the proportion 
of mafic to felsic minerals. These variations may take 
place within very short distances and sometimes a 
single outcrop can produce a large variety of hand 
specimens of appreciable differences discernible 
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only under the microscope. The homblendic rocks of 
the complex are frequently crossed by quartzo
feldspathic veins, exhibiting all stages of ioteraction 
with them and ultimately produciog leucocratic 
hybrid rocks. In localized patches, the grain size of 
the hybrid rocks iocreases considerably, leading to 
coarse grained rocks possessiog appinitic tenden
cies. 

Apart from xenoliths of the adjacent metased
iments and metavolcanic&, the rocks of the complex 
contaio swarms of enclaves or inclusions of 
homblendic rocks that represent older amphibolite&. 
These ioclusions show all stages of ioteraction and 
incorporation by the host. The ultimate stage is the 
formation of 'ghost' xenoliths or enclaves hardly 
discernible from the surrounding matrix. 

The main rock types of the complex are: relic 
gabbros, uralitized gabbros, metamorphosed 
gabbros, quartz diorites, granodiorites, quartzo 
feldspathic veins, and amphibolite&. Petrographic in
vestigations revealed the effect of hybridization, 
post-magmatic alteration and regional metamorph
ism. 

The metagabbro-diorite complex may be io
terpreted as a border facies assemblage formed by 
interaction of felsic magma of the older granitoid 
batholithic iotrusions with older ocean floor se
quences. 

Older granitoids 

'Older granitoids' include the assemblage of felsic 
plutonic rocks of essentially intermediate composi
tion previously referred to as 'grey granite' by Hume 
(1935) and El Ramly & Akaad (1960), as 'synoroge
nic granite' by Sabet (1962) andElShazly (1964) and 
as 'older granite' by Aksad & El Ramly ( 1960). This 
assemblage also iocludes the sheared cataclased 
variety called 'Shaitian granite' by Schurmann 
(1953) after its type locality io Wadi Shait, south 
Eastern Desert. 

In spite of the reluctance expressed recently by 
some authors to the use of rock colors io the 
nomenclature of the basement rock units, it remains a 
fact that more than 95% of the exposures of older 
granitoids exhibit distinctly grey color. However, it 
was the previous usage of the word 'granite' for an 
assemblage composed essentially of trondhjemite&, 
tonalites and granodiorites which is not proper. Fur
thermore, potential confusion may arise from the use 
of the world 'older' in the nomenclature of this 
assemblage. What will happen if an assemblage of 
felsic plutonic rocks older than the 'older granite' is 
discovered in the vaguely known areas of the south
em parts of the Eastern Desert? This possibility exists 
in the light of the increasing evidence of a pre-Pan 

_____________ ..... -·--

African basement io the shield. 
Classifications implying genetic connotation were 

also suggested for the plutonic rocks of the shield. 
The 'older granitoids' were classified as subduction 
related granites by Hussein eta!. (1982), or plutonic 
rocks of the island arc stage by Ben tor ( 1985). 
However, evidence of such mechanisms are still the 
subject of controversy (Hashad & Hassan 1979, 
Engel eta!. 1980, Church 1982, Dnyverman & Harris 
1982, Stem eta!. 1984, Harris et al. 1984, Vai11985, 
Bentor 1985 and Church 1986). 

Distribution and field occu"ence 
The older granitoids form large composite batholiths 
up to several hundred square kilometers io extent. 
Morphologically, they are characterized by vast san
dy plains with scattered blocky outcrops with well
developed exfoliation. In such areas, for example the 
upper part of Wadi El Gemal and in Wadi Bizeh, the 
rock is mostly coarse grained, grey to whitish, highly 
weathered and friable. However, in certain areas, 
specially near the batholith borders, they form rugged 
terrain of high relief, as in the pluton crossed by the 
lower courses of Wadis Ghadir, Ereir and El Gemal. 
In such terrains, the granitoid rocks exhibit pinkish 
colors and include large rafts of the country rocks 
(metasediments and metavolcanic&) with all grades 
of interaction and hybridization. Areas of older grani
toids with intermediate features are also common. It 
is believed that these features correspond to various 
depths within batholiths exposed by erosion. 

The batholiths are mostly concordant with their 
volcanosedirnentary country rocks, with gradational 
and highly foliated contacts. The granitoids them
selves are highly foliated and gneissose. They con
tain abundant xenoliths and rafts of the country rocks 
in various stages of digestion. Not uncommonly. 
cross cutting relations may be observed between 
parts of the older granitoids and their country rocks. 
In such cases, the cross cutting parts seem to be 
protruding masses from the main batholithic bodies, 
and the masses themselves are very coarse grained 
and pegmatoidal. In tum, the older granitoids are cut 
by pegmatites, aplites and various dikes ranging from 
basic to acidic in composition. In the core of the 
domal structure of Hafafit, a gradational zone of 
migamtites occurs between the batholithic granitoids 
and the overlying rocks. 

Composition 
Most of the 'older granitoids' occur as composite 
plutons often of batholithic dimensions. These plu
tons cover the compositional spectrum of trondh
jemite, tonalite, granodiorite and rarely granite. In 
general, they have fine to coarse grained equigranular 
to porphyritic subsolvus textures. Plagiocalses 
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(Anw-45) and quartz are the essential minerals, 
microcline is relatively rare; mafic minerals consti
tute less than 20% by volume and hornblende ex
ceeds mica which is mostly biotite. Accessory 
minerals are apatite, sphene, allanite and magnetite. 

The chemical analyses of igneous rocks from 
Egypt compiled by Aly et al. (1983) show that the 
older granitoids have a broad compositional spec
trum from highly silicic to basic (75 to 50% Si02), 

and typically display a unimodal distribution of Si02• 

With the exception of a few samples from the more 
silicic varieties, the ~0 percentage is less than 2.2. 
In general, they exhibit very low ~0/NazO ratios 
and the FeO,JMgO ratios are in the range of 0.5 to 3. 
Their contents of Ti02, CaO, NazO and P 20 5 also 
show wide variation. The CaO/ Alk ratio varies be
tween0.3 and 1.7, while the FeO/FeO, + MgO ratio 
varies between 0.6 and 0.9. 

The CIPW norms calculated for 22 of the typical 
older granitoid plutons show these rocks to be silica 
and alumina saturated. While normative quartz, or
thoclase, albite and anorthite are persistently present; 
minor corundum shows in some analyses. The calcu
lated anorthite content of the plagioclase is in the 
range of 16 to 48, but in the more silicic varieties, it is 
generally less than 25. 

On the modified O'Connor Ab-An-Or ternary 
diagram (Fig. 12!14A), these samples show widely 
scattered spread between tunalites, trondhjemites 
and, to a lesser extent, granodiorites, but none in the 
granite field. On the ~0-Si02 diagram (Fig. 12/ 
14B), they show the same distinction when compared 
with the granodiorite-tonalite-trondhjemite associa
tions of the Arabian Shield (Jackson 1986). Most of 
the samples of the so-called Shaitian granite fall in 
the trondhjemite (low-K tonalite) field. The analyses 
show, however, wider Si02 and K20 ranges than 
observed in the typical island arc plutons of Solomon 
Islands and New Britain, and greater deviations from 
the magmatic arc coastal batholith of Peru. The fields 
of these plutons were outlined by Ramsay et al. 
(1986) from published data. 

The calc-alkaline nature of these granitoids has 
been shown by Hussein et al. (1982) using the calc/ 
alk index of Wright (1969). On the AFM ternary 
diagram (Fig. I0/14C), most of the analyses fall in 
the region drawn by Ramsay et al. (1986) from data 
on typical calc-alkaline intrusive provinces with 
similar petrographic characters. However, this com
mon calc-alkaline affinity should not imply a comag
matic origin for the different plutons as supposed by 
El Gaby (1975), since the analyses represent different 
plutons that have been intruded throughout more than 
300 Ma time span (Hashad 1980). The trend of the 
analyses on the AFM diagram (Fig. 1 0!14C) is also 
suggetive of compressional environment for the for-

mation of these granitoids (Petro et al. 1979). Most of 
these plutuns show petrofabric features indicative of 
this compressional setting which led to their recogni
tionas 'syntectonic'. 

The trondhjemite affinities of some of the older 
granitoids are redemonstrated using NazO-KzO-CaO 
diagram (Fig. 12/14D). They plot in the field drawn 
by Ramsay et al. (1986) from data on typical non
ophiolitic trondhjemites, such as the Sparta Com
plex, Oregon and the 1\villingate Complex, New
foundland. The other samples show typical calc
alkaline affinities. 

Trace element data available (Aly et al. 1983, 
Greenberg 1981, Dixon 1979, El Gaby 1975) show 
these older granitoids to have low abundances of Rb, 
Ba, REB and other high field strength elements, a 
feature characteristic of primitive crust. The LIL
depleted character led Dixon (1979) to suggest a 
comparison of Egyptian older granitoids with the 
earliest known examples of continental crust, such as 
the Amitsoq and Univak gneisses and the tonalitic 
diapirs of the Barberton Mountainland. Further sup
port for the primitive geochemical nature of these 
granitoids comes from the initial Sr and Nd isotopic 
ratios offew dated samples. 

Age and tectonic setting 
Available isotopic ages on the older granitoids are 
very limited in spite of their wide distribution all over 
the shield. Hashad (1980) compiled these ages; few 
dates have been added since then. The highest age so 
far available for these granitoids was by El Shazly et 
al. (1973) on Urn Kroosh (22° 38' N tu 33° 43' E) 
quartz diorite complex (958 ± 32 Ma, Ri = 0. 7100, 
MSWD = 0.01) as recalculated by Cahen et al. 
(1984 ). Their age is based on mixed three point 
isochron, the slope of which is dominated by the 
ratios of a single microcline separate analysis. Such 
an age is not suitable for use for a sound geochronolo
gical interpretation. Several other ages in Hashad 
(1980) compilation are without detailed analytical 
data and are being revised now. These dates have 
been excluded from the compilation presented in 
Table3. 

The ages of Table 3 range between a maximum of 
850 and a minimum of 614 Ma. It is difficult to 
interpret this 236 Ma time span as representing the 
duration of a 'continuous phase' or a particular tecto
nic setting 'stage' in the crustal evolution of the 
Egyptian Shield. There is no analogy in Phanerozoic 
plate tectonics for a similar event. While 
acknowledging the very limited number of ages in 
Table 3, it nevertheless seems possible to recognize 
three possible events of igneous activity during 
which different plutons of older granitoids were 
emplaced. 



234 MamdouhA Hassan & AhmedH Hasluui 

A an 

c Fo* 

Granodiorite &. Tonalite 
associations of SauCII Arabia 

Trondhjemite assoclaUons 
of Saudi Arabia 

Island are plutons ol Sotmon _..... -· 
Islands & New Britain /. p '-. 

Peruvian coastal •O _.-J 
ba 1 h o 11 t 11 f A'f.ITT1T1-rrrrr,... 

K20 

B 

K20 

D 

Figure 12.14 Some geochemical parameters of the older granitoids. A. Normative Ab-An-Or triangular diagram. Field 
boundaries are after O'Connor 1965, modified by Barker 1979; B. K;,O-Si02 diagraro. Suit boundaries from Jackson 1986; C. 
AFM ternary diagraro. Calc-alkaline field after Ramsay et al. !986b; D.: NKC ternary diagram. Calc- alkaline and trondhjemite 
fields after Ramsay et al. !986b. Data source on older granitoids are from compilation of chemical analyses by Aly et al. 
1983. 

1be oldest igneous event is tentatively called the 
Shaitian event and is dated between 800 and 850 Ma. 
During this event, the Shaitian quartz diorite (801 ± 
24 Ma) and Gebel Zabara foliated granite (850 Ma) 
were emplaced. Both plutons are among the most 
deformed older granitoids in the south Eastern De
sert. Further support for the existence of this event is 
the whole rock Rb/Sr isochron age of 768 ± 31 Ma 
obtained for rltyodacite from Abu Swayel (Stem & 
Hedge 1985). 

The second igneous event is tentatively called the 
Hafafit event and is most probably bracketed between 
670 and 710 Ma. Five plutons out of nine presented in 
Table 3 fall within this range. Among the plutons 
emplaced during this event is the Hafafit tonalite that 
occupies the core of the Migif-Hafafit dome and 

considered for a long time the fundamental basement 
for the overlying metamorphic succession (Hume 
1934, El Ramly & Akaad 1960). However, recent 
studies have demonstrated the intrusive nature of the 
tonalite into the enveloping high-grade assemblage. 
Stem & Hedge (1985) believe that the 682 Ma age 
also dates the tectonic activity and thrusting in the 
surrounding area. 

The third igneous event which is tentatively called 
the Meatiq event has been defined between 630 and 
610 Ma based on two ages from the Meatiq dome and 
its surroundings. 1be dated rocks have been sub
jected to extreme mylonitization and the ages seem to 
represent the timing of major cmstal movements in 
this part of the Eastern Desert. An event of intensive 
plutonism was started in this part of the world at this 
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Table 3. Isotopic ages of some older granitoids of the Egyptian Basement Complex. 

Area Location Rock type Method Age Remarks Reference 

AbuZiran 26'00'N tolanite/granodiorite U/pb Zircon 614±8 regression of chord Stem & Hedge 1985 
33'45'E to concordia 

Meatiq 26'05'N granite gneiss/ Rb/Sr WR isochron 626±2 Ri =0.7030 Sturchio eta!. 1982 
33'45'E mylonite 

WadiEl- 25' lS'N granodiorite/foliated Rb/Sr WR isochron 671 ±33 Ri=0.0734 Stem 1979 
mai 33'45'E 674± 13 Ri=0.7027 Stem & Hedge 1985 
Hafafit 24'45'N tonalite/foliated U/PbZircon 682 2 point chord Stem & Hedge 1985 

34'30'E 
W.Khreiga 22' Sl'N tonalite/altered U/PbZircon 709 single zircon Stem & Hedge 1985 

35' 15'E 
Dahanib 23'45'N tonalite U/Pb Zircon 711±7 concordant ages Dixon 1979 

35' 12' E 
Shaiit 24'45'N cataclased Qz- Rb/Sr WR isochmn 801±24 Ri=0.7086 Hashad et a!. 1972 

34' 15'E diorite 
J. Zabara 24' 38'N granite/foliated Sm/Nd WR isochmn 850 ENd(T)=5.4 Harris et a!. 1984 

34' 50'E 

time and resulted in the formation of one of the 
largest granitic masses on Earth. It is pemaps more 
suitable to relate this event (630 to 610 Ma) to the 
younger granitoid events discussed later in this 
chapter. 

The extreme isotopic homogenization expressed 
in the coincidence between a mixed Rb/Sr isochron 
age of 626 ± 2 Ma for Meatiq gneiss and U/Pb zircon 
age of 614 ± 8 Ma for Abu Ziran tonalite-granodiorite 
is worth noting. The resolution of this event into 626 
± 2 Ma age for the original crystallization of the 
Meatiq dome igneous protolith and 614 ± 6 Ma age 
for the culmination of a metammphic event during 
which the minerals and some of whole rocks behaved 
as open systems (Sturchio eta!. 1982) is difficult to 
accept in the light of the regional events prevailing at 
this perod, particularly the intensive intrusion of 
younger granites. 

With the exception of the 0. 7086 ± 0.0002 initial 
87SrJ86Sr ratio obtained by Hashad eta!. (1972) from 
the Wadi Shait quartz diorite isochron (Table 3 ), a 
very restricted range of 0. 7030 ± 0.0003 is shown by 
the rest of the plutons. This low range has been 
interpreted by most worlcers to indicate a mantle 
source by analogy with ratios observed in recent 
mantle derived rocks. Alternatively it may imply 
derivation from not much older 'primitive' crust, 
depleted in Rb and other LIL elements and similar in 
this bulk composition to oceanic mafic rocks. 

On the other hand, a subduction related mechan
ism for the generation of these granitoids has been 
suggested by Hussein et al. (1982), most probably in 
an ensirnatic island arc setting (Gass 1977, Bentor 
1985). Although such a speculative model is quite 
possible, it should be kept in mind that low initial Sr 
isotopic ratios in the 0. 702 to 0. 703 range may also 
characterize magmas of basic to intermediate campo-

sition that form by the melting of granulites and 
similar high grade metamorphic rocks at the base of 
the continental crust having low Rb/Sr ratios (Faure 
1977). 

The higher initial Sr isotopic ratio (0.7086) ob
served in the Shaitian quartz diorite may be the result 
of isotopic heterogeneity at the time of emplacement, 
or due to contamination of the quartz diorite magma 
with radiogertic 87Sr derived from unexposed sialic 
rocks of older basement at the southwestern parts of 
the Eastern Desert. Such processes are quite possible 
through a subduction-related mechanism in an 
Andean-type arc setting (Hashad & Hassan 1979). 

Gabbros 

Gabbroic rocks in the basement complex occur in 
four distinct associations: 

I. layered and cumulate masses of ophiolitic 
successions, such as the Wadi Ghadir ophiolites; 

2. members of the metagabbro-diorite complex, 
where they are distinctly metamorphosed and consi
dered as synorogertic intrusions; 

3. small intrusive discordant masses of fresh and 
uumetamorphosed gabbroic rocks, collectively 
grouped into one uuit in the basement (EI Ramly 
1972) and appearing as such on the goelogical map of 
Egypt; 

4. minor units in some ring complexes, in which 
case they are mostly alkaline gabbros (EI Ramly et at. 
1971). 

The first two associations were described earlier in 
this chapter. The fourth is beyond the scope of the 
discussion of basement rocks, as they are of Phanero
zoic age. The third association is the subject of the 
present section and will be collectively called 
gabbros, or gabbroic rocks. 
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Gabbros and gabbroic rocks occur as small intru
sions of a very limited extent, but of wide distribu
tion, within the basement rocks. In a few of these 
masses, the gabbroic rocks are associated with ul
tramafic rocks, due either to differentiation in situ or 
due to multiple intrusions, such as Gebel Kalalat, 
Gebel Dahanib and gabbro Akarem masses. The rock 
types of these masses are for the most part extremely 
fresh and include various types of gabbro and norite, 
together with subordinate amoWits of anorthosites 
and peridotites. These masses are usually discordant 
to the general trend of their coWitry rocks. They are 
believed to be post-tectonic intrusions, and also post
Hammamat, since the latter does not contain any 
boulders of fresh gabbro that can be related to this 
group (El Ramly 1972). They may have been 
emplaced during the same episode as the yoWiger 
granites, or somewhat earlier {Basta & Takla 1974). 
On the other hand, Sabel (1972) and Sabet et a!. 
(1976) consider the gabbros earlier than the grey 
granites. Several of these gabbroic intrusions have 
been studied in some detail. Three examples will be 
described: Gebel Atud, Gabbro Akarem, and Gebel 
Dahanib. 

Gebel Atud lies about 50 km west of Mersa Alam. 
According to Amin eta!. (1955), it is composed of a 
thick sheet of gabbroic rocks ranging from olivine
rich gabbros to leucogabbros. Rhythmic layers are 
not displayed in this intrusion, but there is a geneml 
tendency for the olivine-rich variety to dominate in 
the lower parts. The sheet is intruded into volca
niclastic metasediments to the south and highly wea
thered umlitized metagabbros to the north, east and 
west. All the rock types of the sheet are quite fresh. A 
fresh gabbro dike occurs to the northeast of the main 
mass and appears to be an offshoot from it. 

Gabbro Akarem is a small mafic-ultramafic com
plex composed of two small bodies lying midway 
between As wan and Berenice (Fig. 12/1 ). According 
toCarter(l975) and Carteret a!. (1978), and personal 
communications with A.A.A. Hussein, the complex 
consists of two sepamte bodies 1500 m apart. The 
total length of both bodies is I 0 km in an east
northeast direction, with a width of 1 to 2 km. The 
two bodies are steeply dipping dike-like intrusions, 
with inward dipping contacts against metasediments. 
The main bulk of the complex is composed of noritic 
rocks, intruded by pipe-like bodies of peridotites in 
two genemtions, the later of which is mineralized 
with Cu-Ni sulfide minemls. The complex was in
truded into a deep-seated fmcture zone that is one of 
the important series of such east-northeast trending 
zones controlling several geologic features in the 
south Eastern Desert (Krs 1977). The successive 
intrusion of rocks of increasing basicity (norite, 
olivine-melanorite, peridotite and finally mineralized 

peridotite) indicate the gradual deepening of a major 
fracture zone. The age of the complex is almost 
certainly later than the main episode of regional 
folding and metamorphism of the enclosing metased
iments, but predates the surroWiding grey granites. 

According to Dixon (1979), Gebel Dahanib is a 
large (1 x 4 km) well-preserved mafic-ultrantafic 
intrusive body in the south Eastern Desert. This body 
has been magmatically intruded into a metavolcanic 
and metasedimentary assemblage now largely pre
served as amphibolite screens aroWid the margins. 
The following descriptions are from Dixon. 

The Dahanib body was emplaced as a large sill
like body at relatively shallow crustal levels. Over its 
approximately 1.5 m thickness, an overall differenti
ation sequence is apparent, with olivine
orthopyroxene cumulates at the base, grading upward 
to peridotites, pyroxenites and banded gabbros, with 
local horizons of anorthosite and hornblende gabbro 
developed near the top. Well-developed cumulate 
textures are common throughout. Margins of the 
body are unsheared and dikes from the main intrusive 
mass may intrude tens of meters into the COWitry 
rock, ruling out any possibility of tectonic emplace
ment 

Surface exposures of major rock types consist of 
subequal amoWits of gabbro, pyroxenite and peri
dotite, with peridotite slightly dominant. Banded 
gabbro is well-developed near the eastern boWidary 
which represents the original stratigraphic top of this 
sill or lopolithic body, now structurally rotated to
ward the vertical. Anorthositic layers are locally de
veloped near this margin but are not common. Large 
pegmatoidal amphiboles growing perpendicular to 
the main layering direction (comb-layering) were 
observed at one location near the central zone of the 
eastern margin. 

The observed mineral chemistry in the Dahanib 
sill implies bulk chemical chamcteristics of the Daha
nib parent magma equivalent to those deduced from 
the weighted compositions of the various rock types. 
Relative to modem ocean ridge tholeiitic basalts and 
most large differentiated mafic bodies, the Dahanib 
magma is enrichued in Ca, Mg, Ni and Cr, and 
depleted in Tt, Na and K. These chamcteristics typify 
basaltic or pyroxenitic komatiite magmas of the Ar
chean, Proterozoic and Phanerozoic. However, 
Church (1983) stated that Gebel Dahanib cumulates 
are similar to the island-arc cumulates described by 
Stem (1979) from the Marianas. 

Post-Hammamatfelsites 

These include effusive felsite, felsite porphyry and 
quartz porphyry bodies and sheets, plugs and 
breccias that occur in small outcrops all over the 

-----------------



Precambrian of Egypt 237 

basement exposures (Akaad 1957, Shazly 1971, Dar
dir & Abu Zeid 1972, Essawy and Abu Zeid 1972). 
The largest of these bodies is the Atalla felsite intru
sion forming the summit of Gebel Atalla in the 
central Eastern Desert. It fonns an elongated body 
19.5 km long and 1 to 3 km wide. It is intruded in a 
belt of rnyolitic tlows and tuffs belonging to the 
Dokhan Volcanics on its western side and in basic 
metavolcanics and metasediments on its eastern side. 
The contacts are sharp with no contact effects. The 
felsite is fine grained to cryptocrystalline with yellow, 
buff and brown colors. 

In many places the felsites have intrusive relations 
with the Hammamat sediments, and in tum were 
introduced by the younger granites. However, Dardir 
and Abu Zeid (1972) mention that there is no clear 
field relation between the felsites and the Hammamat 
sediments in the north Eastern Desert between lati
tudes 27 and 27° 30' N. They further state that the 
presence of felsite pebbles in the Hammamat conglo
merates in that area may be taken as a criterion of the 
older age of the felsites. According to Greenberg 
(1981), field evidence and chemistry indicate that the 
felsites migbt be directly related to or comagmatic 
with the younger granites. According to the limited 
chemistry available, the felsites are considered to 
include Fe-poor alkaline rhyolite and rnyodacites 
(Bentor 1985). Their age, being post-Dokhan, is pro
bably less than 580 Ma. 

Younger granitoids 

Occu"ence 
The younger granitoids are widely distributed all 
over the Egyptian Shield, constituting approximately 
30o/o of its plutonic assemblage. Their relative abun
dance to the older granitoids increases from 1 to 4 in 
the south of the Eastern Desert to approximately 1 to 
1 in the north (Stem 1979) and 12 to I in Sinai 
(Bentor 1985). They occur mostly as isolated, more 
or less equidimensional plutons of 1 to I 0 km diame
ter, crosscutting virtually all the previously men
tioned basement rock units. Some of these plutons 
have elongated outcrop outlines roughly parallel to 
the strike of the country rock's regional structures. 
Some other plutons particularly the very large ones 
have irregularly shaped boundaries. Semi-ring struc
tures with different core-margin lithologies, concen
tric ring dikes and cone sheet complexes are not 
uncommon. A common feature of all these plutons is 
their high resistance to erosion as reflected in their 
topography. 

The younger granitoids, thougb represented by a 
wide range of felsic plutonic rocks, are overwhelm
ingly dominated by granites which show a character· 

istic red to pink color caused by the prevalence of 
potash feldspars variably impregnated by hematitic 
dust. Color variations toward white, yellow and grey 
shades are also common. The contacts of the younger 
granitoids with their country rocks are mostly sharp 
and well-defined indicating passive epizonal empla
cement. In most cases they are discordant with the 
regional foliation, although some of the elongated 
plutons have their long dimensions roughly parallel 
to the regional foliation. Their emplacement was 
most probably influenced by major tectonic linea
ments and fractures. Contact effects are generally 
absent. However, gradational contacts and contaCt 
effects do occur in some cases, such as the effect of 
Urn Had pluton on the Hammamat sediments produc
ing the famous highly indurated Breccia Verde in the 
central Eastern Desert. A notable feature of the 
younger granites is the general scarcity of exogenic 
xenoliths. 

Pegmatites are absent from most of the youngr 
granitoids, but quartz veins and aplite dikes and veins 
are quite common. In some places the quartz veins 
are concentrated in marginal zones where they con
tain appreciable amounts of ore minerals (e.g. Homr 
Akarim pluton). 

Composition 
Within individual plutons, younger granitoids shows 
striking uniformity in mineralogical and chemical 
composition but, between plutons, notable variations 
occur in texture, grain size and modal mineralogy. 
Greenberg (1981) presented modal analyses of some 
20 typical 'younger granitoid' plutons of the central 
Eastern Desert. OnStreckeisen (1976)modal digram. 
these analyses plot essentially in the syenogranite and 
monzogranite fields. A substantially lesser number of 
samples plot in the granodiorite and tonalite fields. 
Greenberg (1981) included the albite in palgioclase 
with modal plagioclase rather than with the modal 
alkali feldspar. This is perhaps the reason why alkali 
feldspar granite, a common rock type among the 
younger granitoids of the Egyptian Shield, did not 
plot in its proper field on a Streckeisen diagram. 

A gradual change occurrs between plutons rela
tively rich in felsic minerals to plutons relatively rich 
in mafic minerals. In the more felsic plutons, quartz 
amounts to 40% or more, with total feldspars around 
60% and very small proportions of micas. In these 
felsic varieties, alkali feldspars, mainly perthites, do
minate over plagioclase (Anw), the ratio being 
dependent on the degree of differentiation of the 
pluton. On the other hand, plutons with more mafic 
mineral content have 30% quartz or less and pla
gioclase (An10_30) dominates over alkali feldspars; 
biotite or hornblende are more abundant. In such 
'mafic' plutons, exogenic xenoliths are common. 

-------------,---· 
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Accessocy minerals common to both varieties in
clude magnetite, apatite, zircon and sphene. Fluorite 
and allanite are less common. 

Some of the younger granitoid plutonS are peralka
lic and contain appreciable amounts of pyriboles 
(arfvedsonite, riebeckite, barlcevikite, aegirine). 
These plutons are more or less concentrated in the 
north Eastern Desert (Gebels Zeit & Gharib ), and in 
south Sinai (Gebel Kathrina). 

The textural features of the younger granitoids are 
somewhat complex, due to a complex histocy of 
ccystallization and late deuteric and hydrothermal 
alterations. Greenberg (1981) noted that the more 
siliceous younger granites are mostly hypersolvus, 
indicating ccystallization at high temperature and low 
water pressure. Transolvus textures have been devel
oped in most plutonS by the deuteric-hydrothermal 
addition of water. The more mafic younger granitoid 
plutons show mainly subsolvus textures, indicating 
ctystallization under conditions of higher water pres
sure. 

Variations in chemical composition reflect com
plex evolution. Some 40 averages and individual 
analyses of younger granitoids were selected from 
Aly eta!. (1983) compilation and from the analyses 
presented by Greenberg (1981) and Bentor (1985) to 
represent: 1) the pre-Harnmamat foliated 'pink grani
tes' (Schuurman 1966) presumably representing the 
transitional phase between the older and the younger 
granitoids, 2) the normal 'pink' granites representing 
the main bulk of the younger granitoids, 3) the alkali 
granites representing the pyribole bearing granites 
(Schurmann 1966, Bentor 1985). These analyses 
show Si02 to range between 70 and 79%, KzO to be 
generally higher than 3.8%, the KzO!NazO ratios to 
be generally greater than l, the FeO.JMgO ratios to be 
greater than 4, and the FeO.JMgO + FeO, ratios to be 
higher than 0.8. On the other hand, CaO shows vecy 
wide variation from 0.1 to 1.6%. 

The calculated CIPW norms of these analyses 
demonstrate some overlap between the chemistty of 
the three groups. The pre-Harnmamat granitoids and 
the majority of the normal granites are peraluminous 
with minor amounts (0.1 to 4%) of normative corun
dum. Some of the normal granites are metaluminous 
with no corundum but with normative anorthite. 
Only one average for Kadabora batholith (normal 
granite group) shows marginal peraluminous
peralkalic character demonstrated by the absence of 
both normative corundum and anorthite and the ap
pearance of acmite in scarce amounts (0.06% ). 

Almost all the alkali granites have no corundum in 
their norms. They have either minor anorthite or 
minor acmite which reflects metaluminous to mild 
peralkalic character. Available analyses on these 
rocks seem to include some alkali-rich granites which 

are not truly peralkalic (Streckeisen 1976). 
On the Ab-An-Or triangular diagram (Fig. 12/ 

l5A), data points of the three groups scatter mostly 
within the granite field of Barl<er (1979). 1f the com
position can be interpreted as equilibrium cotectic 
liquid, some of the pre-Harnmamat granitoids may 
represent melts that formed at a pressure of about 8 
kb. On the other hand all the alkali granites seem to 
have equilibrated at a much lower pressure, less than 
2 kb, which is consistent with shallow depths of 
emplacement The main bulk of granites show a vecy 
wide range of pressure, thus suggesting emplacement 
at different levels of the crust. 

From the tematy variation diagrams of chemical 
oxides (Figs l2/15B, C and D), certain trends can be 
demonstrated. On the AFM diagram (Fig. l2/l5B), 
the fields of the pre-Harnmamat granitoids and the 
normal granites conform to the reference calk
alkaline field, though there is a tendency for the two 
groups to be on the alkalic end of the field and for the 
former group to be more mafic. The alkali granites 
fall in a distinctive field stretched along the Alk-Fe 
side. 

The NKC diagram (Fig. 12/15C) permits the maxi
mum separation of granitoids having diversed 
affinities. In spite of the overlap of the younger 
granitoid groups, they are distinctly separated from 
the other granitoids of calc alkaline and trondhjemitic 
affinities. The pre-Harnmamat and the maio bulk of 
normal granites conform to the alkalic end of the 
refrence calc-alkalic field. The potassic nature of the 
younger granitoids compared to the sodic nature of 
the older granitoids is clearly demonstrated. 

On the Cao + MgO - FeO - Alz03 diagram (Fig. 
l2/l5D), a gradual increase in alumina is obvious 
from older granitouds to pre-Harnmamat granituids 
to the normal main bulk granites. A sudden shift 
away from alumina is observed however among the 
alkali granites. 

The trace elements abundance and trends of the 
younger granitoids have been studied by several 
workers (e.g. Sayyah et al. 1973, Von Knorring & 
Rooke 1973, El Bouseily & El Sokkary 1975, El 
Gaby 1975, Nagy 1978, Greenberg 1981, and Stem 
& Gottfried 1986). The data obtained have been used 
in most cases to identify magma types through corre
lation with averages of typical calc-alkali or alkalic 
provinces in different parts of the world. The data 
were also used to demonstrate certain differentiation 
trends and to classify these younger granites accord
ingly. Some attempts were made to use these data to 
elucidate the tectonic setting but were met with 
difficulties related to the complicated petrogenetic 
histocy of these granites involving redistribution and 
possible loss of elements by volatile fluxing which 
prevent normal equilibrium ccystallization of trace 
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Figure 12.15 Some geochemical parameters on the younger granitoids. A. Normative Ab-An-Or triangular diagram. Field 
boundaries are the same as in Figure 12.14A. Water saturated peritectic compositions at2Kband 8 Kbareafter Whitney 1975; 
B. AFM ternary diagram showing fields of younger granitoids compared with calc-alkaline field given by Ramsay et al. 1986; 
C. NKC ternary diagram showing fields of younger granitoids compared with the fields of older granitoids given in Figure 
12.140; D. Variations in chemical composition of younger granitoids showing the abrupt change to peralkalic magmatism. 

element-rich minor phases. Moreover, variable 
degrees of crustal contamination may have occurred 
particularly at the margins of intrusions and in areas 
relatively rich in enclaves. 

In general, the calc-alkalic to alkali-rich granites 
forming the main bulk of the younger granitoids 
show wide variation in their trace element contents. 
The averages calculated for different intrusions 
(Table 4) show the more calcic plutons (CaO > 1%) to 
be relatively enriched in Sr, Ba and 'h: compared to 
the more fractionated ones (CaO < 0.8%) which are 
enriched in Rb, Y and Nb. More enrichment in these 
latter elements and a significant depletion in Sr and 
Ba characterize the peralkalic younger granites. Zir
conium is considerably low in this latter group if 
compared with similar rock types around the world. 

The progressive transformation of an island arc 
terrain into true continental crust through the empla
cement of such great volumes of highly evolved 
I..JL..enriched graniteS in a relatively short interval of 
time is one of the most peculiar feablres of the 
Egyptian Shield. 

Age and tectonic setting 
Hashad (1980) compiled the radiometric dates of the 
younger granitoids. Several other ages have been 
obtained since then (Abdel Monem & Hurley 1980, 
Fullager 1980, Frisch 1982, Sblrchio et al. 1983, Rics 
et al. 1983 and Stem & Hedge 1985). An updated 
compilation for the more reliable ages is presented in 
Table 12/5. Ages included are those based on at least 
3-point isochrons. Conventional ages for rocks with 
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Table 4. Average content of some trace elements in younger 
granitoid plutons of the Egyptian Basement Complex. 

Pluton name (N) Ret Ba* Rb Sr y Zc Nb 

RabaGarrab (101 1 106 214 21 72 115 35 
Eridya (26) 1 192 287 48 70 119 40 
UmHad (4) 1 111 291 10 189 72 35 
Sibai (3) I 116 149 14 70 104 55 
Sh. Salem (7) 1 167 139 14 53 123 25 
Kadabora (20) I 472 112 56 74 225 31 
Hom.Gha- (7) I 330 119 52 64 163 29 
nem 
G.Elgindi (4) I 534 137 141 53 100 16 
AbuKbarif (4) I 345 101 88 6 115 28 
Fawakhir (23) I 750 112 287 21171 14 
G. Ruses (4) I 485 62 72 54 301 7 
M.Ciaud (5) I 482 110 276 20 198 27 
W.Endiya (4) I 754 113 333 28 255 14 
Kadabora (8) 2 94 60 24 203 -
AbuToyour (3) 2 90 48 34 196 -
lgla (7) 2 73 68 18 182 -
ElFaliq (6) 2 101 9 37 !55 -
El Sebai (7) 2 125 17 35 143 -
Nugrus (8) 2 152 93 19 100 -
AbuDiab (3) 2 192 30 12 30 -
Sh. Salem (3) 2 201 8 37 76 -
Ellneigi (3) 2 220 8 55 62 -

•concentrations are in ppm 
N =number of samples 
References: I. Greenberg (1981); 2 Sayyahet al. (1973). 

high Rb/Sr ratios and errors not exceeding 10% in age 
or 0.0002 in87Srf86Sr ratio are also included. Ages 
with unknown analytical errors are omitted. Where 
necessary some data were recalculated using the 
lUGS recommended constants (Steiger & Jager 
1977) and isochron regression procedure (York 
1969). 

The compiled ages lie within the 620 to 530 Ma 
range. During this 90 Ma time span, magmatic activ
ity in the Eastern Desert and Sinai reached its peak. 
This activity shows a pronounced shift from the 
dominantly trondhjemtic tonalitic granodioritic calc
alkalic plutonism to one characterized by predomi
nance of more felsic, more alkalic, granodioritic and 
granitic rock types. The final cratonization and sia
lification of the Egyptian Shield was achieved in this 
interval. Based on the data presented, this period can 
be resolved into two major events spanning the time 
intervals 620 to 570 and 570 to 530 Ma. 

During the first magmatic event (620 to 570 Ma), 
tentatively called the 'Dokhan event', most of the 
peraluminous to metaluminous calcalikalic 'pink' 
granitoids of the Eastern Desert and associated dike 
swanns were emplaced with an obvious northward 
increase in abundance relative to other rock units. 
Syenogranites and monzogranites are the essential 

rock types. This magmatic event is perhaps the most 
intense one in the entire history of the Shield as 
manifested by the enormous volume of magma gene
rated in only a fifty million year time span. The 
extensive successions of 'Dokhan volcanics' were 
also erupted during this time span. The famous As
wan monumental granite was emplaced in this event 
It represents the southernmost extension of the mag
matic activity. The resolution of this event by Stern & 
Hedge (1985) into two crust-forming magmatic epi
sodes, 625 to 6!0 and 600 to 575 Ma, is difficult to 
accept in the light of the very limited number of ages 
used to identify their older episode, and their restric
tion to the strongly deformed Abu Ziran Meatiq 
area. 

During the second major event (570 to 530 Ma) of 
magmatic activity, tematively called the Katherina 
event, highly evolved granites strongly enriched in 
alkalies and LIL elements were emplaced. Peralkalic 
granites and alkali feldspar granites and their extrus
ive equivalents are the dominant granitic types. 
These rocks are more or less restricted to the north
ernmost part of the Nubian Shield, south Sinai and 
the Midyan terrain of the northwest Arabian Shield. 
The rocks were emplaced during the post-Qrogenic 
phase (or post cratonization stage) in the complex 
evolution of the Ambo-Nubian Shield. During this 
event, the rigid Arabo-Nubian massif was subjected 
to tensional stresses, block faulting and differential 
uplift. 

The initial Sr isotopic ratios of the younger grani
toid intrusions (Table 5) show a wide range and argue 
for more complex evolution history and tectonic set
ting. It is true that most of the Ri values are in the low 
range (0.7035 ± 0.0010) which suggests derivation 
from upper mantle or primitive island arc protolith 
deficient in lithophile elemems. However, there ap
pears to have been at least some pre-existing felsic 
material in the source region of other intrusions in 
order to account for their high Ri ratios (0.7045 to 
0.7085). The wide range of Ri values cannot be 
explained by simplistic concepts of partial fusion in 
the upper mantle with variable degrees of contamina
tion by crustal material due to the lack of any support
ing chemical evidences. Neither can the wide range 
in major and trace element chemistry be explained by 
a common tectonic setting for all the younger grani
toids. 

Taking into consideration the complicated history 
of the whole Shield, we may think of three possible 
tectonic settings and magma generating sources for 
the evolution of the younger granitoids: 
- granitic magma generated during subduction pro

cesses in volcanic arc setting and characterized by 
low Ri values and trace element patterns similar to 
that in the more calcic granites; 
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Table 5. Isotopic ages of some younger granitoids of the Egyptian Basement Complex. 

Pluton Location Uthology Method Age Remarks References 
El Guwaf/Mander 28'08'N Granite RW'SrWR 529±8 Rj;0,7045 Bentor 1985 
granite 34' 22'E 
G.Gharib 28'08'N A. granite Rb{SrMA 544 Rb/Sr;45 Stem & Hedge 1985 

32'06'E 
G. Katharinallqna 28'35'N A.F. granite Rb{SrWR 560± 10 Rj;0,7062 Bentor 1985 
suite 33' 58'E 
Aswan 24'00'N Por. granite U/Pb 565 S.F. zircon Abdel Monem & Hurley 1980 

33'00'E 
Raba El Garrah 25' 22'N Granite RW'SrWR 568±17 ru ;0.7020 Fullager1980 

34'22'E 
Eridya 26'28'N Granite RW'SrWR 570±5 ru ;0.7024 Fullager 1980 

33' 30'E 
EIEinegy 25' 12'N Granite RW'SrWR 573±8 ru ;0.7044 New age 

34' 06'E 
EIFawakhir 26° 12'N Qz-monzonite Rb/SrWR 574±009 Rj;0,7025 Fullager 1980 

33° 42'E 
G. Tenassib 28'32'N Granite Rb{SrWR 575± 11 Ri;Q,7042 Stern & Hedge 1985 

32' 35' E 
Klldabora 25' 30'N Granite RW'SrWR 576± 14 Rj;0,7038 Recal. 
Manharawy 34' 2S'E 
1977 
W. Hawashiya/ 28' 2S'N Granite/Aplite Rb/SrWR 577±6 Rj;0,7036 Stem & Hedge 1985 
Gazalla 32'34'E 
W Kid !qua suite 28'21'N A.F. granite RbiSrWR 580±23 Ri;0,7028 Bentor1985 

34' ll'E 
Shaharnit Hill/lqna 28' 57' N A.F. granite RbiSrWR 580±6 Rj;0,7050 Bentor 1985 
suite 33'43' E 
SalahEI Belih 27' II' N Granodiorite U/Pb 583 S.F. zircon Stem & Hedge 1985 

32'22'E 
Sheikh Salem 25'99'N Granite RW'SrWR 585±16 ru ;0.7023 Fullager 1980 

34' 30'E 
Meatiq Dome 26'06'N Granite U/Pb 585± 14 S.F. zircon Sturchio et al. 1983 

33'46'E 
G. Atawi 25'36'M Granite RW'SrWR 587±11 Rj;0,7050 El Manharawy (1977) 

34'09'E 
G. Faraid 23' 16' N Granite RbiSrWR 587±11 ru ;0,7035 Stem & Hedge 1985 

35' 22'E 
As wan 24' 00' N Rap. granite RbiSrWR 591 ± 10 Rj;0,7092 Hashad et al. 1972 

33'00'E 
G. Zeit 27' 58' N Granite RW'Sr 592 Model age Stem & Hedge 1985 

33' 29'E 
Timna 29'46'N Granite RbiSrWR 592±7 Rj;0,7048 Bentor 1985 

34' 58'E 
Homrit Gbanim 25'48'N Granite RbiSrWR 594±8 Rj;0.7061 Fullager 1980 

34' 15' E 
G. Kadabora 25'30'N Granite RW'SrWR 595±8 ru ;0.7016 Fullager 1980 

34' 2S'E 
G. Dara 27' 55'N Granite U/Pb 596 S.F. zircon Stem & Hedge 1985 

33' 03'E 
UmMalaq 27' 57'N Granite Rb/SrWR 597±022 ru ;0.7028 Bentor1985 

34'll'E 
W. Hawashiya 27' 55'N Granodiorite U/Pb 614 S.F. zircon Stem & Hedge 1985 

28' IO'E 
WDib 27'36'N Granodiorite U/Pb 620 S.F. zircon Stem & Hedge 1985 

32' 55'E 



242 Mamdouh A Hassan & Ahmed H. Hashad 

- granitic magma generated as a result of arc
continent collision event and characterized by in
termediate to high Ri values and trace element 
patterns similar to those in the more differentiated 
granites; 

- granitic magma generated within attenuated conti
nental crust as a result of post-cratonization rifting 
and characterized by peralkalic chemistry and in
termediate Ri values. 
Deleniation of plutons belonging to the first two 

groups is difficult in the absence of enough isotopic 
and trace element data on most of them. Extensive 
thrusting of ophiolitic rocks also made the delentia
tion of suture belts as markers of subduction zones 
quite misleading. 

Ring complexes 

Some ring complexes in the Egyptian Eastern Desert 
have been identified and studied (El Ranliy & Hus
sein 1982, Hashad & El Reedy 1979). Of these, only 
the Wadi Dib Ring Complex is of Pan African age 
(554 Ma, Serencsists et a!. 1979). According to El 
Ranliy et a!. (1982), Wadi Dib Ring Complex is a 
perfectly circular ring intrusion emplaced into older 
granites at the intersection of latitude 27° 34' Nand 
longitude 32° ' E, in the north Eastern Desert. It 
measures about 2 km across and is made up of an 
outer ring composed of various feldspathoidal
bearing syenites and an inner stock that is relatively 
homogeneous and composed of nordmarkite. On the 
top of the central stock, there are some roof pendants 
of trachytic flows and agglomerates that might repre
sent remnants of an older volcanic cone. El Ranliy & 
Hussein (1982) include Wadi Dib Ring Complex in 
the Mishbeh type of complexes characterized by a 
limited range of rock types but including feldspa
thoidal rocks and having a poorly defined ring struc
ture. Nevertheless, Wadi Dib Ring Complex is the 
only one in Egypt in which quartz bearing syenites 
form a stock surrounded by feldspathoidal rocks. 
According to Garson & Krs (1976), Wadi Dib Ring 
Complex lies at the intersection of a north 60° east 
lineament and a northwest transcurrent fault. 

El Ranliy et al. (1982) believe that the formation of 
the Wadi Dib Ring Complex is the result of intraplate 
lnagmatism, began by the extrusion of alkali 
trachytes fomting a small stratovolcano on a gneissic 
granite plateau. This was followed by the introduc
tion of the subvolcanic stock of quartz syenite by 
magmatic stoping, in tum followed by the stoping of 
the silica deficient magma along a ring fault to pro
duce the outer feldspathoidal ring dyke. The whole 
structure was later intruded by dikes and cut by faults. 
According to Serencsists et a!. ( 1979), the various 
units within individual Egyptian ring complexes, in-

eluding the Wadi Dib Complex, give ages that are 
identical within analytical uncertainties. This limits 
the period of emplacement of any one complex wi
thin a few million years. The complexes were 
emplaced at shallow levels within the upper crust and 
are associated with consanguineous volcanics and 
dikes. 

Dikes 
All the basement units described above are traversed 
by many dike systems. From the cross-cutting rela
tions and field setting, it seems that throughout the 
formation of all basement units, dikes of variable 
composition and dimensions were intruded into base
ment units and outlasted them to the Phanerozoic. 
With regard to age, the dikes within the basement 
units may be separated into three groups. The dikes of 
the first group are intruded before the older granites 
and are evidently deformed with their country rocks. 
The dikes of the later group span the time from the 
older granites to younger granites. There are cases in 
which the younger granites truncate some of these 
dikes. The third group of dikes is of Phanerozoic age, 
as indicated by their cross-cutting relations with the 
Phanerozoic ring complexes and their radiometric 
ages, and does not belong to the present discussion. 
However, in many cases it is not possible to assign a 
dike or dike system to the second or third group, and 
undeformed dikes in the basement are thus usually 
called post-granitic dikes. 

The best documented case of the first group of 
dikes is in the Wadi Ghadir area (El Bayoumi 1980). 
Highly disrupted and deformed dikes are common in 
the melange. They range in thickness from a few tens 
of centimeters to about 2 m. Their most common 
composition is basaltic, with development of 
greenschist mineral assemblages. However, porphy
ritic andesitic dikes with streams of large plagioclase 
phenocrysts in the central zone of the dike (Bomeoli 
effect), are not uncommon. Similar andesitic dikes 
were also observed in the upper parts of Wadi Nugrus 
and in Wadi Ramariem, south of Wadi Ghadir. 

The post-granitic dikes are very common and 
widespread within the basement units. They have 
been described in nearly every work on the basement. 
A brief summary of their main characteristics in the 
central and south Eastern Desert is given by Sabel 
(1972). According to him, the dikes vary greatly in 
thickness, from less than 0.5 to more than 25 m, the 
average being 2 to 5 m. They are essentially rectili
near with parallel walls and vertical to very steep dips 
(more than 60). They vary greatly in composition, 
from felsites to olivine basalts and diabases. They 
may be distinguished into four compositional groups 
as follows: 

1. acid dikes, comprising the granite porphyries, 
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felsite porphyries, porphyritic dacites, rhyolite sand 
plagiophyres, light in color; 

2. basic dikes, commonly composed ofbasalts and 
diabases which are fine grained and dark grey in color 
and usually spheroidally weathered; 

3. intermediate dikes, commonly composed of 
trachytes and andesites and rarely occurring as 
plugs; 

4. lamprophyre and bostonite dikes, sills, sheets 
and plugs. This group is essentially fine grained and 
most, if not all, are of Phanerozoic age. 

The basic, intermediate and acidic dikes show 
variable cross cutting relations, indicating synchro
nous emplacement. However, in several small areas, 
~basic dikes appear to be the latest. 
· The post-granitic dikes are especially abundant in 
the northern part of the Eastern Desert, forming 
swarms that trend east to northeast (Schurmann 1966, 
Kabesh & Shahin 1968, Ghanem 1973). These dike 
swarms are strong evidence for nonh-south to 
northeast-southwest directed crustal extension. 
However, the original attitude of the dikes could have 
been changed because of block tilting and rotation. 
Compositionally, the dike swarms reported by Schur
mann (1966)rangefrom basaltic (47% Si02) tomyo
litic (75% Si02) and from calc-alkalic to alkalic with 
a bimodal aspect (Stem et al. 1984). Stem & Hedge 
(1985) reported Rb/Sr ages for some acidic to inter
mediate dikes in the nonh Eastern Desert ranging 
between 543 and 589 Ma. 

Evolution models 

The foregoing description of the basement units 
show that the volcanic-sedimentary units are pre
dominantly of Pan African age (1100 to 550 Ma) and 
have been intruded by granites, which include the 
synorogenic grey granites and the late orogenic and 
post-orogenic younger granites, including the alkali 
granites as well as the Wadi Dib Ring complex. 
Ophiolites are sporadically present within the layered 
sequence of the Pan African age, but mostly as dis
membered fragments or allochthonous sheets. These 
Pan African units show evidence of evolution and 
cratonization from an oceanic environment, with the 
interaction of continental masses. Wilhin the Pan 
African sequence, there are inliern of tectonic win
dows of gneissic terranes that seem to represent older 
lhan Pan African continental masses on which the 
Pan African sequence was overthrust. These conti
nental masses represent remnants of deeply eroded 
proto-continents or mature island arcs which were 
involved in the Pan African orogeny as passive 
masses. 

Several models have been proposed to explain the 
evolution of the basement complex of the Egyptian 

Shield. Many of these models have been proposed for 
the whole Pan African in northeast Africa and Arabia. 
A review of these models is beyond the scope of the 
present worlc and might well become obsolete by the 
time of its publication. New worlcs appear constantly, 
indicating univernal interest in the Pan African. 

Broadly speaking, the evolution of the Egyptian 
basement complex is explained in terms of four main 
concepts: 

l. Opening and closure of a limited ocean basin 
(e.g. Garnon & Shalaby 1976, Dixon 1979) or devel
opment of rift ocean basins and subsequent subduc
tion related phenomena (Church 1979, 1981). 

2. Episodic and/or successive evolution of island 
arcs which were swept and welded together (e.g. 
Gass 1977,1980). 

3. Evolution in a continental margin environment 
similar to the present Andean-rype setting (e.g. 
Hashad & Hassan 1979, El Bayourni 1980, El Gaby 
eta!. 1984). 

4. Evolution of oceanic terranes lying between 
continental plates to the east and west (Vail1985). 

In view of the present state of knowledge, the 
aulhors believe that lhe Egyptian basement rocks 
evolved in a continental margin environment similar 
to the present-day Andean setting. The boundary 
between lhe oceanic and continental domains is not 
known due to the extensive cover of Phanerozoic 
sediments. However, it is believed that this boundary 
is not far from lhe western limit of the basement 
exposures. 

Funher mapping and study of lhe distribution and 
tectonic setting of the basement units are still needed 
to give more insight into the development of the 
Egyptian Shield and its relation to the Pan African 
belt However, it is advisable at this time to avoid use 
of formal names nomenclature in the definition of 
rock units. Many rock units are allochthonous and 
formal stratigraphic nomenclature should not be 
applied to them. Efforts should be directed to increas
ing our understanding of the distribution and tectonic 
setting of the rocks. The authors propose a tentative 
classification of the rock units of the Egyptian base
ment. The main features of lhis classification are: 

l. Separation of the gneisses and allied rocks as 
pre-Pan African, stressing the major break between 
them and lhe Pan African units. 

2. Separation of ophiolites as an independent unit 
3. Division of the metasediments into three 

assemblages. 
4. Separation of the exposures of syntectonic gra

nitoids into high-level and deep-level bodies. 
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Proposed legend 

Dikes. Ranging from basic to acidic, age ranges from 
Precambrian to Cenozoic. 

Wadi Dib ring complex. The oldest of a series of riog 
complexes, it is the only one of Precambrian age (550 
Ma). 

Alkali granites. Simple small intrusions of alkalic and 
peralkalic granites carrying alkali mafics, discordant 
to the main structural trends, probably formed in 
extensional environment, of uncertain age. 

Post-tectonic granitoids. Pink, red, white, yellow and 
rarely grey granitoids, mostly in the form of cross
cutting bodies of small dimensions with sharp con
tacts with the country rock and weak or no contact 
effects, potash-rich with two feldspars, abundant hy
drothermal and metasomatic alterations, some asso
ciated by mineralization ofSn, Nb, Mo, U, Th ... etc., 
dominantly of calc-alkaline nature, poor in mafics 
which are mostly mica, probably formed due to colli
sion with a marked peak in age range about 570 to 
590Ma. 

lnrrusive gabbro. Small discordant masses of fresh 
gabbros, norites and troctolites, of uncertain age, but 
post-Hammamat, mostly layered with ultramafic 
components. 

Felsites. Subvolcanic intrusions of acidic composi
tion of uncertain age. 

Hammamat sedbnents. A thick succession of 
molasse-type sediments including conglomerates, 
sandstones, siltstones and slates, commonly folded, 
in part highly sheared; conglomerates contain 
pebbles of syntectonic granite and Dokhan-type vol
canics; includes 'Igla formation' which is the basal 
part of the sediments composed of shale and 
sandstone characterized by a unique purple color. 

Do/chan volcanics. Unmetamorphosed subaqueous 
to subaerial volcanics, mostly composed of interme
diate to acidic flows and pyroclastics; basalts are rare; 
igoimbrites are not uncommon; porphyritic varieties 
including Imperial Porphyry are common; intercala
tions of volcaniclastic sediments are rare; include the 
Dokhan Volcanics in Gebel Dokhan area, and pro
bably volcanics in Saal, Kid and Kathrioe areas; 
represent products of volcanic activity in mature 
island arcs of active continental margins; probably in 
part representing the surface manifestation of the 
later phases of the post-tectonic granitoids. 

Syntectonic granitoids. Undifferentiated and grada
tional varieties of the following two types, including 
highly sheared variations. 

High level syntectonic granitoids. Pink to whitish 
and yellowish, weakly foliated to massive bodies 
with batholithic dimensions, gradational to country 
rocks through wide zones, very abundant partly di
gested rafts and xenoliths, form extensive dikes in the 
country and roof rocks, represent a high level of 
intrusion, gradational in part to the other type, best 
represented in the lower parts of Wadi El Gemal and 
Wadi Ghadir. 

Deep level syntectonic granitoids. White to grey 
foliated bodies with batholithic dimensions, mostly 
gradational and concordant contacts, pegmatoidal in 
parts, with abundant migmatite zones gradational to 
overlying rocks, contains abundant rafts, roof pen
dants and xenoliths of highly metamorphosed and 
granitized country rocks, represent the deep level of 
intrusion, best represented in the upper parts of Wadi 
El Gemal and lower parts of Wadi Hafafit. 

Metagabbro-diorite complex. Medium to small 
size masses with gradational contacts, composed of 
uralitized gabbros and granitized basic rocks and 
appenites, of controversial origin, probably a hetero
geneous assemblage of basic and intermediate intru
sions which were hybridized by the syntectonic gra
nitoids. 

Old Calc-a/knlic metavolcanics. Calc-alkalic is
land arc or volcanic arc volcanics with associated 
pyroclastics, mostly of andesitic composition, 
bimodal in part, cyclic in part, including the Abu 
Hanunamid Metavolcanics and equivalents, all 
metamorphosed in greenschist facies. locally in 
lower amphibolite facies. 

Metasediments. Undifferentiated one or more of 
the following units, representing sedimentation in 
oceanic environment by turbidity currents, in part in a 
trench over a subduction zone and in part grading into 
or approaching continental environment. 

Melange. Proximal facies composed of heteroge
neous assemblage of fragmented blocks of mostly 
ophiolitic derivation, mainly serpentinites, together 
with fragments of continental derivation all in a 
highly sheared argillaceous matrix grading in part 
into pebbly schists as a distal facies. 

Mature to semi-mature metasediments. Mostly 
psammitc, psarnmopelitic and calcareous metased
iments, with sub-greywackes and conglomerates; 
gametiferous schistose and gneissose equivalents 
very common in the southwest, which may belong to 
the pre-Pan African schistose metasediments. 

Immature metasediments. Including laminated 
tuflites and mudstones, graywackes, conglomerates, 
cherts and BIF, with minor marly and calcareous 
bands; metamorphic equivalents in the form of mica-
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ceous and chloritic schists are common and grada
tional, pebbly mudstone and ophiolitic fragments are 
common; most extensive in the central Eastern De
sert. 

Ophiolites. Undifferentiated one or more of the fol
lowing units, representing allochthonous fragments 
of oceanic crust. 

Volcanic sequence. Includes pillowed and massive 
basalts, sheeted dike complexes and massive diabase, 
with a thin veneer of pelagic sediments on basalts in 
some cases. 

Cumulate sequence. Includes layered dunite, 
layered massive and fine grained gabbros with minor 
pyroxenite, anorthosite and trondhjemite. 

Basal ultramafics. Serpentinized peridotites in
cluding lherzolite, barzburgite and dunite, with ser
pentinite& and talc carbonate schists, forming alloch
thonous rootless masses or thrust sheets, dismem
bered basal parts of ophiolitic sequences. 

Major break 

Hornblende gneisses. A single outcrop extending in 
Wadi El Gemal, Wadi Nugrus and Wadi Sikait, pro
bably a thrust sheet on top of the underlying succes
sions within Hafalit-Nugrus window, composed of 
metamorphosed basic rocks (gabbro-basalt) in lower 
to intermediate amphibolite grade. 

Upper schistose metasediments. Pelitic and calc
pelitic gametiferous schists with abundant pebbly 
bands, only in Wadi Sikait and Wadi Abu Rusbeid, 
very similar to the basal parts of the lower schistose 
metasediments and may be structurally equivalent. 

Undifferentiated gneisses. Gneissose rocks of vari
able composition with questionable position, tentat
ively grouped with the old gneisses until verified, 
mostly south of latitude 24° N. 

Old gneisses. Dominantly psammitic gneisses, with 
psammopelitic components, partly migmatized, in
cluding Migif-Hafalit psammitic gneiss, Meatiq gra
nulites and Feiran-Solaf migmatites and their equiva
lents. 

Lower schistose metasediments. Pelitic, calc-pelitic 
and psammopelitic, with serpentinite& and talc
carlxmate bands and lenses, migmatized becoming 
gametiferous gneissose at the base, metamorphism 
decreases rapidly upward, occurring in Hafafit
Nugrus window forming the structurally lowermost 
unit, may also be represented in Abu Swayel area. 
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CHAPTER 13 

South Western Desert 

E. KLITZSCH & HEINZ SCHANDELMEIER 
Technical University of Berlin. Germany 

Most of southwest Egypt is a cuesta type landscape of 
Late Jurassic to Cretaceous clastics, of small to me
dium high escarpments with extensive sand and gra
vel sheets situated between them. From the north, this 
area is entered by large longitudinal dunes of the 
great western sandsea which forms a closed sand
mass (erg) north of the Ammonite Hills. 

To the east, this landscape is bounded by the late 
Cretaceous and early Tertiary Plateau, forming the 
escarpment along the Arba'in caravan road. Toward 
the south, the landscape becomes a monotonous sand 
sheet, whereas to the southeast, towards Lake Nasser, 
the morphology keeps the same cuesta type character 
which dominates the area between the oasis of the 
New Valley and Gilf Kebir. In some places of rela
tively minor extension, Precambrian Basement is 
exposed. 

The area west of the line from Gebel Kamil to the 
eastern edge of Gilf Kebir, the southwestern comer of 
Egypt, is somewhat different. The southern and 
southwestern foreland of Gilf Kebir is mostly made 
up of Precambrian basement of irregular and broken 
relief overlooked by the Gebel Uweinat intrusion 
situated at the border between Egypt, Libya and 
Sudan. Gebel Kamil is an isolated hill made up of 
middle to late Cretaceous sandstone at the northern 
edge of an extensive exposure of Precambrian rocks 
which reaches from there to Gebel Uweinat. Gilf 
Kebir is a large and approximately 1,100 m high 
plateau made up of late Jurassic to late Cretaceous 
clastics (for locations, see Figure 13/1). Toward the 
Libyan border and northwest of Gilf Kebir, this pla
teau at the Akaba Passage is connected with another 
plateau of similar size but of different geological 
construction: the Abu Ras Plateau is made up of 
Silurian, Devonian and mainly Carboniferous 
clastics, overlain by a relatively thin cover of Late 
Jurassic to Middle Cretaceous strata. The Paleowics 
are truncated toward the east and are no longer pres
ent in the Gilf Kebir Plateau (in sensu stricto), except 
for the Akaba area. 

Strata of Paleowic age are also present in the 
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eastern part of Gebel Uweinat and in its eastern 
foreland. There are, however, no Paleowics between 
there and southern Gilf Kebir as had been previously 
assumed (Geological map of Egypt 1981). 

The areas around the New Valley, along Darb El 
Arba' in and between there and Lake Nasser belong to 
the classical areas of the so-called Nubian Sandstone. 
Because these strata were thought to be barren, it was 
only recently that the stratigraphy as well as the 
structural and paleogeographical development of 
these areas have been relatively well understood. 

Early information on the geology of the southwest
em desert of Egypt came mainly from four expedi
tions. During the Rohlfs expediton in 1872-1873, 
basic information about the marine strata overlying 
the so-called Nubian Sandstone was gathered (Zittel 
1883), and a first geological map of large parts of the 
Western Desert was published. It was not until1923 
that important information was added by Menchikoff 
(1927) who visited Gebel Uweinat and discovered 
Carboniferous strata at the southeastern part of this 
isolated mountain area. Menchikoff accompanied 
Hassanain's.1923 expedition, which was responsible 
for the first scientific survey of Gebel Uweinat. Gilf 
Kebir was first discovered by Kamal El Din in 1926. 
In 1935, Sandford travelled through large areas of 
northeast Chad, northwest Sudan and southwest 
Egypt, and came back with a preliminary conception 
of the subdivision of strata in this very extensive 
empty desert. Several other expeditons, for example 
the ones of Bagnold. gathered much geographical 
and some geological information, but the geology of 
the area remained little known. A major break
through came in 1976 when the seemingly monoto
nous 'Nubia Sandstone' beds were subdivided and 
mapped (Klitzsch 1978, 1979, Barthel & Boettcher 
1978, Klitzsch et a!. 1979, Harms 1979, Beall & 
Squyres 1980, Klitzsch & List 1980). 

Precambrian and younger crystalline rocks cover 
an area of some 40,000 km2 in southwest Egypt. The 
majority of these rocks are exposed around the Gebel 
Uweinat-Gebel Kamil area at the convergence of the 
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frontiers of Libya, Egypt and Sudan. Smaller base
ment inliers like the Bir Safsaf, Gebel El Asr and 
Gebel Umm Shaghir complexes are exposed between 
Bir Safsaf and Lake Nasser. Between Gebel Uweinat 
and Lake Nasser, the basement is everywhere close to 
the surface except between Gebel Kamil and Bir 
Safsaf, where a probably downfaulted graben (Bir 
Misaha trough is filled with up to 700 m of Creta
ceous sediments (Schneider & Sonntag 1985). The 
basement high, which separates the deep intracrato
nic Dakhla Basin from the more shallow basins of 
northern Sudan is referred to as the Gebel Uweinat
Bir Safsaf-Aswan Uplift System (Schandelmeier et 
al. 1983). 

The basement exposures form slightly undulating 
plains with little relief. Outcrops are often scattered 
and covered by thin sheets of windblown sands. In a 
few cases (e.g. the peneplain area northeast of Gebel 
Uweinat, the south Gebel El Asr inlier) where the 
basement is in a topographically more elevated posi
tion than the surrounding sediments, this is either the 
result of tectonic uplift or, as in the case of Gebel 
Uweinat uplift itself or the Nusab El Balgum. the 
result of the intrusion of younger an orogenic bodies. 

Geological information on the basement is still 
limited Early information on the petrology is avail
able from Menchikoff (1927) and Sandford (1935). 
More recently, the structure, metamorphism and 
geochronology of the basement, as well as the 
younger magmatic rocks, have been described by 
Burollet (1963), Marholz (1968), El Ramly (1972), 
Hunting Geology and Geophysics Ltd (1974), 
Klerkx & Rundle (1976), Klerkx & Deutsch (1977). 

A synthesis of the Precambrian geology, however, 
has been developed only recently (Richter & Schan
delmeier, this book). 

I PRECAMBRIAN AND YOUNGER MAGMATIC ROCKS 

The Precambrian of the Western Desert of Egypt is 
exclusively part nf the pre-Pan African East Saharan 
Craton of northeast Africa. The Gebel Uweinat-Bir 
Safsaf-Aswan Uplift is situated at the eastern fringe 
of this craton, and its high grade metamorphic and 
granitic rock associations change with rnarlred tecto
nic contact into the metavolcanic-metasedimentary
ophiolite sequences of the Eastern Desert of Egypt 
(Nubian Shield). 

Opinions still differ on details of the development 
of the Arabian-Nubian Shield, but there is general 
agreement that the shield was accreted onto the older 
continental plate through subduction and collisional 
type tectonics during the late Proterozoic. 

Contemporary with the Late Proterozoic cratoni
zation of the Arabian-Nubian Shield, the Pan African 

influence on the continental plate occurred in the 
form of reworldng of older crust, resetting of isotope 
systems, migmatization and intrusion of voluniinous 
batholiths (Vaill983). These processes often obscure 
the older geological record, making it difficult to 
identify pre-Pan African rock units. The intensity of 
the Pan African imprint on the continental plate 
increases from West (Gebel Uweinat area) to East 
(Bir Safsaf-Aswan Uplift). 

The lithology of the basement areas is typical for 
cratonic environment and can be generalized in the 
following lithostratigraphic successions: 

A. Granulites and granoblastites (only Gebel 
Uweinat-Gebel Kamil area). 

B. Migmatic gneisses and migmatites of generally 
granitic composition. 

C. Supracrustal rocks (marbles, calcsilicates, am
phibolites). 

D. 'S-type' syn-collision granites and 'Caledonian 
!-type' post-collision granites. 

E. Various kinds of dikes, ring-complexes and vol
canic plugs. 

The Gebel Uweinat-Gebel Kamil area is part of a 
metamorphic belt with a regional northeast
southwest trend, clearly visible in satellite images. 
Vail (1976) speculated that this belt might be the 
continuation of the Kibaran fold belt of central Africa 
which swings clockwise into Darfur and northern 
Sudan (see Richter & Schandelmeier, this book); but 
this regional structure is more likely the result of an 
Ebumean event. The regional stress field for this area 
was investigated by Richter (1986), who showed that 
deviations from the general northeast-southwest 
trend were due to clockwise rotation of crustal seg
ments. 

Structures in the Bir Safsaf-Aswan Uplift are more 
diffuse due to an intense Pan African overprint. Late 
Pan African my Ionization (Bemau eta!. 1987) seems 
to bave been related to thrust fault movements which 
occurred when the Nubian shield assemblage col
lided with the cratonal margin. Migmatization and 
formation of S-type granites preceded this event and 
voluminous I -type granitoids were formed subse
quently. 

The regional fracture system of the Uweinat-Bir 
Safsaf-Aswan Uplift is probably the result of Late 
Proterowic compressive stress induced onto the con
tinental plate through accretional forces at the plate 
margin. The result was generally dextral strike slip 
movement on vertical fault planes, which were fre
quently reactivated during distinct periods in the 
Phanerozoic. 

A late Archean to early Proterozoic age for the 
basement was directly proven for the Uweinat areas 
(Klerkx 1980, Harris et al. 1984 ), and indirectly by 
Nd model ages for rocks from the Bir Safsaf-Aswan 
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Uplift (Schandelmeier et al. in press). Middle Prote
rozoic rock ages were reported by K!erlcx (1980) 
from the Uweinat area: be connected the 1800 Ma 
anatectic event to the regional folding along 
northeast-southwest trending fold axis. Analogies in 
the polymetarnorphic development (~u et. al. 
1987) of the whole uplift system, structural mvesnga
tions (Richter 1986), Nd model ages (Schandelmeier 
et al. in press, Harris et al. 1984) and U/Pb ages from 
detritic zircons in psarnmitic gneisses of the Eastern 
Desert derived from the continental block (Abdel 
Monem & Hurley 1979) all give a strong indicatio!l 
that a major crustal forming event affected the conn
nental plate between Gebel Uweinat and Arabian
Nubian Shield in the early to middle Proterozoic. 

The Pan African record, particularly in the Bir 
Safsaf-Aswan Uplift, is represented by migmatiza
tion and intrusion of granitoid batholiths (until 560 
Ma), by uplift, erosion and block faul~g of the 
marginal plate and by the invasion of dikes along 
vertical fractures (\\520 Ma). 

The Phanerozoic deformation of the marginal East 
Saharan Craton is exclusively one of intraplate na
ture. Differentiation of the continental plate into 
domal uplifts, as well as formation of basins and 
adjacent uplifts, grabens and incipient rifts are ~
nerozoic phenomena, but in many cases were reacn
vations along older zones of weaknesses. 

The oldest tectonic event in the Uweinat-Bir 
Safsaf-Aswan Uplift (Franz et a!. 1987, Schandel
rneier & Darbyshire 1984) occurred in the Permo
Triassic. Uplift block faulting and the . eje.ction of 
wide-spread alkaline volcanics seem to mdiCate the 
formation of an incipient rift which failed to develop. 
These movements are probably related to an incipient 
fragmentation p)lase of Pangea. Jurass.ic volcanism 
of alkali-olivine basaltic nature occurs m the eastern 
part of the uplift near the margin of the continental 

plate. . . ·a1 ...,,__ 
1
. 

In the upper Cretaceous, m1U s .. ...., s 1p move-
ment along the present-day Red Sea axis converted 
the Pan African, east-west striking shear planes into 
normal faults under tensional conditions. Horst and 
graben structures were formed especially in the Thsh
ka depression area. 

Alkali-olivine basaltic volcanism accompanied the 
fracturing. All the stages which subsequently contri
buted to the development of the Red Sea rift have 
their records in the continental plate. Volcanics of 
different ages generally occupy the same regional 
fractures, indicating a frequent reactivation of old 
fault systems (Franz et al. 1987, Bemau et al. 1987). 

2 PALEOZOIC AND MESOZOIC STRATA 

Paleozoic and Mesozoic rocks of 
Gi/f Kebir-Abu Ras-Gebel Uweinat area 

The best exposures of Paleozoic strata in the Gilf 
K.ebir-Abu Ras-Gebel Uweinat area are at the south
em slope of the Abu Ras Plateau, the Urn Ras area 
(near the Libyan border), Wadi Abd El Malik (within 
the Abu Ras Plateau) and its side wadis and, further 
south, at the oortbeastem, eastern and southeastern 
edge of Gebel Uweinat including Karkur Ta~ and 
Karkur Murr. Mesozoic strata are best exposed m the 
Gilf K.ebir area, north of the Abu Ras Plateau, at 
Gebel Kamil and in the middle and upper parts of the 
eastern flank of Gebel Uweinat. 

In Gebel Uweinat shallow marine to fluvial 
sandstone of Ordovician and Silurian age forms the 
lower sandstone unit directly overlying the Precam
brian Basement in the northeast (for example at 
Karkur Talh). These strata are, in parts, highly bur
rowed by Scolithos sp., and the basal ~ ~ontains 
Cruziana rouaulti Lebesconte of Ordovician age 
(found by Monod and identified by Seilacher, "?th 
personal communications, see also Klitzsch & UJal
Nicol 1984 ). The upper part of these early Paleozoic 
sediments is very similar to strata found north of 
Gebel Uweinat near the Urn Ras Passage along the 
Libyan border and strata found southeast of Gebel 
Kissu. In both areas, these sediments contain Har/a
nia horlani Desio and Cruziana acacensis Seilacher 
and are of Silurian age (probably Llandovery). The 
maximum thickness of Ordovician and Silurian strata 
of Gebel Uweinat is in the order of 100 m. At the 
southeastern edge of this mountain area, at Karlrur 
Murr Carboniferous strata rest directly on the Pre
cambrian basement. At the outliers and small pla· 
teaux, directly east of Gebel Uweinat along ~e Su
danese border, the basal part of the strata cons1sts of 
early Paleozoic strata, as around Karlrur Talh. 

Above the Ordovician and Silurian Karkur Talh 
and Urn Ras Formation (Klitzsch & Ujal-Nicol 
1984 ), 40 to 80 m of fluvial sandstone follow uncon
formably; these are also present in lesser thicknesses 
southeast of Gebel Kissu in Sudan and, in greater 
thickness, north of the Urn Ras Passage toward Wadi 
Abd El Malik. This standstone is very similar in 
appearance to the Tadrard Sandstone of Libya (ea~ly 
to middle Devonian) and probably correlates w1th 
this formation which is much better koown further 
west. 

Both in the southeastern part of Gebel Uweinat at 
Karkur Murr and in the northeast at Karkur Talh, and 
also directly east of the mountain area, Carboniferous 
strata are present in varying thickness and facies. The 
lower 50 to 120 m of the Carboniferous section are 
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mainly made up of sandstone, siltstone and some 
shale deposited in shallow marine, coastal flood plain 
or fluvial environment. Parts of the strata are intens
ively burrowed and brachiopods as well as plant 
remains of early Carboniferous age are common 
(Wadi Malik Formation, Klitzsch 1979, for flora and 
fauna, see Klitzsch & Ujal-Nicoll984). At Karlrur 
Murr these strata rest directly on Precambrian rocks, 
while at Karlrur Talh, as well as east of Gebel Uwei
nat, they overlie older Paleozoic strata. In most loca
tions, they more or less conformably overlie the 
Tadrard Sandstone Formation. 

Above these partly marine strata, a unit of 40 to 
120m of very heterogeneous sediments follows. It is 
made up of fluvial sandstone which is interbedded 
with a very regularly-laminated siltstone (similar to 
varve sediments) in some locations, for example the 
section at Karkur Murr; the base of this unit is made 
up of several meters of a chaotic sediment similar to 
tillite. The direction of transport of the fluvial 
sandstone is to the south and southwest. At Karkur 
Talh and southeast of Gebel Uweinat in Sudan, the 
varve-type siltstone dominates the whole formation. 
It occupies the same stratigraphic position of the 
tillite and the fluvio-glacial sandstone of the northern 
Wadi Malik and is, therefore, called the North Wadi 
Malik Formation. Previously, the varve-type sed
iments at Gebel Uweinat were called Lake Beds 
(Kiitzsch 1980). 

Along the middle part of the eastern slope of Gebel 
Uweinat, the Ordovician to Carboniferous strata are 
overlain by a 250 to 300 m thick fluvial sandstone, 
partly immature and interbedded with paleosol. 
Direction of transport is mainly towards south to 
southwest. These strata must be equivalent to the 
Lakia Formation of northern Sudan (Kiitzsch & 
Ujai-Nicol 1984). The Lakia Formation, like the 
underlying North Wadi Malik Formation, was depos
ited after the eastern part of North Mrica was uplifted 
in connection with the collision between Gondwana 
and the northern continents (Hercynian Event). As a 
consequence of this, Paleozoic and older strata were 
eroded from most of south Egypt and transported 
south to southwestward. Gebel Uweinat is the only 
area in south Egypt where the resulting deposits are 
present. Further south and southwest, they cover 
large areas in northern Sudan (Lakia Umran Escarp
ment, for example) and in the Kufra Basin in south
east Libya and northeast Chad. These strata were 
named the Lakia Formation (Klitzsch & Ujal-Nicol 
1984); they are of Permian to Early Jurassic age. The 
uppermost 200 to 300m of the sedimentary section of 
Gebel Uweinat are made of sandstone equivalent to 
the Gilf Kebir Formation (Jurassic to lower Crecta
ceous, Klitzsch 1978). 

Along the southern foreland areas of the Abu Ras 

Plateau (including the Akaba Passage) and the Urn 
Ras Passage, Paleozoic strata can be studied at many 
places. The Silurian Urn Ras Formation reaches a 
thickness of approximately 400 m between the Urn 
Ras area and the southwestern slope of the Abu Ras 
Plateau. It consists mainly of fluvial and deltaic white 
sandstone, intercalated with interl!eds of shallow 
marine siltstone, some shale and burrowed 
sandstone. These beds contain Har/ania harlani 
Desio, Cruziana acacensis Seilacher, Scolithos sp. 
and other trace fossils at several levels. The Urn Ras 
Formation reaches as far east as the Akaba Passage 
between Gilf Kebir and the Abu Ras Plateau. Further 
east, it is truncated by the Gilf Kebir Formation of 
Late Jurassic to Early Cretaceous age. Between this 
area and the Eastern Desert, Mesozoic strata rest 
directly on basement in south Egypt 

Between the Urn Ras Formation and the Wadi 
Malik Formation of Carboniferous age, 80 to 100 m 
of fluvial sandstone similar to the Tadrart Sandstone 
of Libya, are exposed at the southwestern rim of the 
Abu Ras Escarpment. 

The Wadi Malik Formation more or less confor
mably overlies these Devonian beds in the middle 
part of the southwestern and western Abu Ras 
Escarpment. It is, however, best exposed all along the 
Wadi Abd El Malik and its side wadis which reach 
from the southern and southwestern part of this 60 x 
120 km large plateau towards its relatively flat north
em end, and drains this plateau in a northerly direc
tion. The 100 to 150m thick Wadi Malik Formation 
consists of marine sandstone, siltstone and shale, 
interbedded with fluvial, deltaic and tidal sandstone. 
In marine beds, brachiopods (Camerotoechia sp.), 
trace fossils (like tracks of tribolites) and starfish or 
burrows like Bifungitis fezzanensis Desio are fre
quent (Seilacher 1983). Several beds contain fre
quent plant remains including many different species 
of Sigillaria and Lepidodendron. The age of this flora 
is Visean (lower Carboniferous, see Klitzsch & 
Ujal-Nicoll984). 

The overlying strata, as at Gebel Uweinat are very 
heterogeneous. In north Wadi Abd El Malik, the 
Wadi Malik Formation underlies unconformably a 30 
to 60 m thick bed of a chaotic sediment, consisting of 
clay, sand, gravel, blocks of older strata up to house 
size. Southward, in the middle and southern parts of 
Wadi Malik and its side wadis, these strata are 
replaced by fluvial sandstone, conglomerate and 
sandstone with isolated blocks of older strata (erratic 
boulders). 

The thickness of this fluvio-glacial unit is several 
tens of meters. It is overlain by cross-bedded and 
parallel-bedded sandstone containing plants of Ste
phanian age in the central parts of the Abu Ras 
Plateau, for example Cordaites angulostriatus 
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Grand'eury (A. Lejal-Nicol pers. connn.), was found 
in sandstone directly overlying the fluvio-glacial 
North Wadi Malik Fonnation and underlying the 
basal parts of the Gilf Kebir Fonnation of Jurassic to 
early Cretaceous age. 

In the upper part of the south Abu Ras Plateau and 
on isolated hills on the plateau in this extensive 
landscape, the Carboniferous strata nonnally under
lie unconfonnably the Gilf Kebir Fonnation. At the 
Akaba Passage southeast of the Abu Ras Plateau, in 
the Gilf Kebir area and its foreland, these strata 
consist of fluvial sandstone, lacustrine sediments and 
paleosols. It contains some nearshore to .possibly 
shallow marine, burrowed sandstone, with Tha
lassionoides sp. 

At the eastern edge of Gilf Kebir toward the Abu 
Ballas area, the upper part of the Gilf Kebir Fonna
tion interfingers with the marine Abu Ballas Fonna
tion of Aptian (early Cretaceous) age. Within the 
Akaba Passage and directly north of there, as well as 
at the western end of Wadi Wassa and in the southern 
reaches of Gilf Kebir, several horizons are rich in 
flora: they contain ferns and other plants of Jurassic to 
Early Cretaceous age (among many others, Cla
deophlebis oblonga Halle, Phlebopteris polypodoi
des Brongniart and Weichselia reticulara Stockes & 
Webb, see Klitzsch & Lejal-Nicol1984). Shale .and 
siltstone contain fossil insects at several locations 
(Schluter & Hartung 1982). 

More or less the same flora also characterizes the 
Gilf Kebir Fonnation along the northern edge of Gilf 
Kebir, as well as along the northern edge of the Abu 
Ras Plateau north and northeast of Wadi Abd El 
Malik. Similarly the lower part of Gebel Karnil and 
the Mesozoic strata between there and the northeast
em foreland of Gebel Uweinat are characterized, 
down to some meters above basement, by this 
Jurassic to lower Cretaceous flora. 

While in the Abu Ras Plateau, the Gilf Kebir 
Fonnation represents only the top part of the sed
iments and is eroded over large areas, it builds up the 
lower half to lower two-thirds of the whole GilfKebir 
Plateau (except for the Akaba Passage where remains 
of the Silurian Urn Ras Fonnation are present at the 
base and above the basement). 

1he upper half to one-third of the Gilf Kebir Pla
teau is made up of younger Cretaceous strata equiva
lent to the Sabaya Fonnation (Albian to Cenomanian, 
here mainly fluvial sandstone) and to the Maghrabi 
Fonnation (Cenomanian, mainly paleosols and 
fluvial sandstone). Equivalents to these strata are also 
present between the northern end of the Abu Ras 
Plateau and Wadi Qubba. In Wadi Qubba, these 
sediments are overlain by fluvial and lacustrine 
sandstone and paleosol, probably equivalent to the 
Taref Sandstone of Thronian age. 

Mesozoic pre-Maastrichtian strata of the area 
between the New Valley. Gilf Kebir and the southern 
border of Egypt 

The large area lying in the shadow of the Limestone 
Plateau of the middle latitudes of Egypt and extend
ing from the Abu Tartur and Annnonite Escarpments 
to the north, to Gilf Kebir to the west and the Selima 
Sandsheet to the south is characterized by a relatively 
simple structural pattern and by s~ to seven ~thos~
tigraphic fonnations of great consistency. This area ts 
at the southern rim of the Dakhla Basin, whose center 
lies to the north under the Great Sandsea. It is also the 
transitional area toward the shallow basins and uplifts 
of north Sudan and is part of a large regional high 
fonned between the Late Carboniferous and Early 
Jurassic. Therefore, this area is free of older Meso
zoic or Paleozoic strata (erosion and/or non
deposition between Late Carboniferous and Early 
Jurassic time). The principal lithology of the strata 
present in this area can be studied along both sides of 
the Kharga-Dakhla road, and the subdivision given 
by Klitzsch (1978), Barthel & Boettcher (1978) is 
valid with some alterations, for the whole area. Pre
vio~ly, the whole succession was described as 
belonging to the Nubian Strata. The subdivisions are 
as follows: 

The basal unit is made up of up to 600 to 700 m 
thick fluvial sandstone, paleosol and, toward the top, 
minor nearshore marine sandstone. It is called basal 
Clastics (Klitzsch 1978) or better Six Hills Fonnation 
(Barthel & Boettcher 1978). These clastic sediments 
were deposited while the area was subsiding and 
before the Aptian transgression advanced from the 
north. This development was the reverse of the pre
viously described development of Late Carbonife
rous to Early Jurassic time. After Pangea began to 
disintegrate during the Jurassic, the area was tilted 
toward the north and the drainage, going south to 
southwest between Late Carboniferous and Early 
Jurassic time, reversed again and consequently 
fluvial sediments were prograded northward. 

The first transgression which reached the area of 
southwest Egypt during this new structural cycle was 
the Aptian transgression. It is represented by the 
second Fonnation from the bottom, the Abu Ballas 
Fonnation (Barthel & Boettcher 1978, Boettcher 
1982, originally Lingula Shale, Klitzsch 1978). It 
consists of up to 60 m of shale, siltstone and 
sandstone of a very shallow marine transgression of 
probably very high salinity. Parts of the strata are rich 
in fauna of mainly small species of lamellibranchia
des, brachiopods and gastropods and they also con
tain plant remains including fossil fruit An Aptian 
age for this transgression was also proven by palyno
logical means (Schrank 1982, 1983). 
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Above a sedimentary break (formation of thick 
paleosol) a fluvial sandstone (the Sabaya Fonnation) 
was deposited during the Albian, or more likely, at the 
beginning of the Cenomanian. The Sabaya Forma
tion (Barthel & Boettcher 1978), formerly Desert 
Rose Beds (Klitzsch 1978), is more than 200m thick 
and represents one of the best aquifers of the Dakhla 
Basin, New Valley area. This is topped by sediments 
of a short and shallow marine transgression made up 
of Baser-bedded silt and sandstone, shale and, in 
certain areas, also . paleosol and fluvial sandstone 
intercalations. These sediments contain small species 
of lamellibranchiades, gastropods, brachiopods, sea 
urchins, frequent fish and other vertebrate remains as 
well as middle Cretaceous flora. The age is most 
likely Cenomanian and the formation has great simi
larity to the Bahariya Formation of the north Western 
Desert of Egypt (Dominik 1985). It was originally 
called Plant Beds (Klitzsch 1978) and later changed 
to Sabaya Formation (Barthel & Hermann-Degen 
1981), it is 50 to 200m thick. 

Above an unconformity, the Sabaya Fonnation is 
overlain by the next fluvial sandstone formation, the 
Taref Sandstone (A wad and Ghobrial 1965). This 30 
to 150 m thick sandstone was deposited after some 
structural unrest which occurred during the Late 
Cenomanian or Early Thronian. In Wadi Qena a 
sandstone unit of similar position and facies charac
teristics (Urn El Omeiyid) is of Thronian age 
(Klitzsch, Groschke, Hermann-Degen, litis book). 
The upper part of the Taref Sandstone Formation 
locally seems to be of eolian origin. Tbe predominant 
continental history of the area comes to an end during 
the Campanian. Above the Taref Sandstone, a multi
colored unit of shale, siltstone and sandstone was 
deposited, originally called Variegated Shale (Said 
1962) and now called Mut Formation (Barthel & 
Hernruuin-Degen 1981). These strata are more than 
150 m thick and represent a coastal flood plane, 
estuarine and shallow marine envirorunent. Apart 
from small invertebrates and plant remains, they 
contain remains of saurian and of other vertebrates. 
The upper part of these strata grades into sediments 
containing phosphate beds. Tbe age of the formation 
is Coniacian to mainly Campanian. It is possible that 
sedimentarY breaks (represented by paleosol) are 
included. 

The described formations are all part of the strata 
which were formerly called Nubian or Nubian 
Sandstone (Russegger 1838, Said 1962). A complete 
and easily visible exposure of these strata occurs at 
the Abu Tartur escarpment and its southern foreland 
directly west of kilometer 100 on both sides of the 
Kharga-Dakhla road. There, the road passes the Sa
baya Formation west of an extensive playa. North of 
the road toward the Abu Tartur escarpment, Magh-

rabi Formation, Taref Sandstone and Mut Formation 
are exposed, while, south of the road, Abu Ballas 
Formation with a rich fauna Iamellibranchiates and 
brachiopods (Lingula sp.) overlies the Six Hills For
mation. Tbe base of the latter is the only part of the 
section not exposed near the road. The Six Hills 
Fonnation reaches much further south toward Gebel 
Abu Bayan and the basement exposures of the Bir 
Tarfawi-Bir Safsaf area. 

An excellent exposure ·of the 'Nubia Sandstone' 
also occurs along the road which leads to the Abu 
Tartur phosphate mine. At the neruby settlement of 
this mine, the Maghrabi Formation is exposed. Over
lying the Sabaya Formation, about 1 km west of the 
settlement, rich flora of Middle Cretaceous age 
occurs within the lower part of the Maghrabi Forma
tion (!laser beds). Between there and the main escarp
ment, Taref sandstone is present, followed by a well
exposed section of Mut Formation. directly overlain 
by the phosphate beds of the mine area. A similar 
section can be seen between Kharga Oasis and Gebel 
Taref, where at least the middle and upper parts of the 
Maghrabi Formation and the whole Taref Sandstone 
are well-exposed Another area of easily accessibil
ity, where parts of these strata are exposed, is along 
the Mut (Dakhla)-Bir Tarfawi road 

Tbe strata described are present, with some altera
tions, in the extensive area between the Kharga
Dakhla road and the eastern edge of Gilf Kebir. There 
the Abu Ballas Formation interfingers with the upper 
part of the Gilf Kebir Formation. Tbe Maghrabi For
mation loses its partly marine character west oflongi
tude 27° E. Equivalents of litis formation north of 
Gilf Kebir consist only of fluvial sandstone, conglo
merate and paleosols. Because of very long and con
sistent more or less east-west striking faults, transect
ing the southern part of the Western Desert, repetition 
of strata, mainly in the lower part of the section, is 
common. This is especially noticed along and south 
of latitude 24° N. Older faults were active after the 
Cretaceous and resulted in vertical displacements of 
usually not more than 10 to 100 or 200 m. But, 
because the dip toward the Dakhla Basin or toward 
local structural lows is extremely gentle, the displa
cement resulted in a repetition of strata. For example, 
the Abu Ballas Formation is exposed in several areas 
south of 23° N. Facies changes in this direction are to 
be expected Between the Abu Tartur area and the 
eastern edge of Gilf Kebir, the facies is very consi
stent because this whole area was originally situated 
more or less parallel to the Aptian coast; the areas 
further south were closer to this coast at the rim of a 
fluctuating and more shallow sea. The Abu Ballas 
Formation of Aptian age, however, is found as far 
south as the upper part of the escarpment northwest 
of Wadi Half a near the Sudanese border, just north of 
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Abu Simbel and in the Selima area in Sudan (base of 
strata there). 

4 MESOZOIC PRE-MAASTRICHTIAN STRATA BAST OF 

DARB l!.L ARBAIN ROAD 

An obvious change in age and facies of strata OCCWll 

in the areas east of the Darb El Arbain road It seems 
that the eastern edge of the Dakhla Basin was along 
this general trend. It is possible that the so-called 
Kharga uplift which fonned the eastern border of this 
basin extending from the Kharga-Baris-Bir Hussein 
area eastward to the area between Qena and Aswan 
1l1llli<ed the beginning of an area of erosion or non
deposition (wide uplift of platfonn). The older for
mations of the fonner Nubian sandstone wedge out 
toward this area: the Six Hills, Abu Ballas Sabaya 
and Maghrabi Formations are absent in this large 
structural high. The strata present along the southern 
rim of the regional high range in age from Thronian to 

Campanian and younger (equivalents to Mut Forma
tion, recently called Kiseiba Formation, Klitzsch & 
Ujai-Nicol 1984). Between the area of Bir Kiseiba 
and Kalabsba, equivalents of only these younger 
strata are present on top of the Precambrian base
ment. South of the Bir Safsaf/Bir Nukheila and the 
Kalabsba basement exposures, the section becomes 
complete again. There, a more or less eastward strik
ing trough must have been connected with the Dakhla 
Basin sinoe the Late Jurassic or Early Cretaceous 
(Six Hills and Abu Ballas time). 

It is possible, therefore, to postulate that the so
called 'Southern Nile Basin' was a structural high 
until the Cenomanian. After all or most of the re
mains of older strata had been removed from this 
area, it became a large northeast-southwest trending 
embayment by relief inversion. Auvial, lacustrine 
and marine sediments of Thronian to Campanian age 
were then deposited. The sea remained in that area 
until the early Eocene and its sediments sealed this 
fonner high. 

-------------------------- -----------



CHAPTER 14 

The surroundings of Kharga, Dakhla and Farafra oases 

MAURICE HERMINA 
Conoco, Egypt 

The oases of Kharga, Dakhla and Farafra, and their 
surrounding areas in the southern and central parts of 
the Western Desert of Egypt, afford excellent expo
sures of Cretaceous and lower Tertiary. This chapter 
deals with the geology of an area of about 90,000 km2 

within these surroundings. The areas covered com
prise Kharga, Abu Tartur-Dakhla and Farafra, from 
the southeast to the northwest (Fig. 14/1 ). The geo
logy of these areas has been the subject of many 
investigations since the pioneering worlc of Zittel 
(1883) and the early memoirs of Ball & Beadnell of 
the Geological Survey of Egypt (1900-1905). Interest 
in the surface and subsurface geology of these areas 
was revived in the 1960s and 1970s when they came 
to be parts of a major reclamation project, the 'New 
Valley Project'. The worlcs of Hermina, Ghobrial & 
Issawi (1961), Awad & Ghobrial (1965), Ghobrial 
(1967) and Hermina (1967) deal with the surface 
geology and describe numerous sections in and be
tween Kharga and Dakhla oases. 

Awad and Ghobrial (1965) subdivide the Creta
ceous and lower Tertiary sediments in the Kharga 
area into several litho- and biostratigraphic units. 
Issawi (1969, 1971) defines the Paleocene and lower 
Eocene rock units which cover the areas to the south 
of Kharga and which he terms the Garra-El Arba'in 
facies. Hermina & Issawi (1971) outline and corre
late the upper Cretaceous and lower Tertiary forma
tions in south Egypt. Issawi (1972) reviews their 
stratigraphy in central and south Egypt and differenti
ates three main types of facies. El Hinnawi et a!. 
(1978), El Deftar et al. (1978) and Issawi eta!. (1978) 
discuss the stratigraphy and geologic history of the 
Kharga and Abu Tartur areas, while Mansour et al. 
(1982) deal with the west Dakhla area. Other interest
ing publications from Egyptian universities discuss 
the paleontology and sedimentology of the rocks 
covering the Kharga and Dakhla areas. The biostra
tigraphy and structure of the Farafra area is dealt with 
in the publications of LeRoy (1953), Said & Kerdany 
(1961), Omara et al. (1970) and Youssef & Abdel 
Aziz (1971). 

-----"" 
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Tbe first zonation and age dating on the predomi
nantly sandstone sequences of the 'Nubia' encoun
tered in the many wells drilled for water in the oases 
are given in El Shazly & Shata (1960), Barakat & 
Milad (1966), Helal (1966), Abbas & Habib (1971), 
Philip & Asaad (1972) and Barakat & Abdel Hantid 
(1974). These zonations are based on electric logg
ing, heavy mineral analyses, and micropaleontology. 

During the past ten years, the geology and hydro
logy of the oases areas bave been treated extensively. 
Much of this activity is related to renewed interest in 
the regional geological mapping of these areas to 
serve both groundwater and oil exploration projects. 

A principal achievement during this recent phase 
was the subdivision of the 'Nubian Sandstone' unit 
into several formations which have been traced in the 
field. More light has also been thrown on the facies 
changes displayed by the overlying marine sediments 
and their depositional history. Outstanding amongst 
the publications of this period are Barthel & 
Boertcher (1978), Klitzsch eta!. (1979), Barthel & 
Herrmann-Degen (1981), Beortcher (1982), Bisews
ki (1982), Klitzsch (1984), Dominik & Scbaal 
(1984), Hendriks et al. (1984), Hendriks (1986), 
Dominik (1985), Klitzsch & Wycisk (1987), Wycisk 
(1987), Hendriks et al. (1987), Schrank (1987) and 
the New Geologic Map Series (EGPC-Conoco 1987-
1988). 

Paleogeography and depositional framework 

Figure 14/2 illustrates the relief of the basement top 
in parts of the south and central Western Desert as 
related to the Kharga-Farafra stretch. Two sediment
ary basins exist on the northward-sloping Mrican 
craton. These are the Dakhla basin on the west and 
the Assiut-Upper Nile basin on the east, with the 
Kharga uplift in between. The Kharga uplift, a north
eastwardly plunging positive structure, delimits the 
southeastern rim of the Dakhla basin and was active 
with varied intensities during Jurassic and Creta
ceous times. Uparching of the Precambrian basement 



27 
30 

27 
00 

, .. 
30 

,. 
00 

+ 
~(J(J..·-__::, -.

. . I 
. . \ .· 
· .. -' .. 

2s•oo 

I<HARGA -OAkHLA STRETCH 

INDEX AREAS 

C1) KHARGA 

@ ABU TARTUR -DAKHLA 

w WEST OAKHLA - FARAFRA 

0 50 100 

KMS. 

25' 
00 

150 

,.._,,..) SCARP 

}_. .-- '1 ELEVATION CONTOUR m 
~10().. 

• 250 ELEVATION POINT m 

DUNE SAND 

ROAD 

2 9° JO 

200 

Figure 14.1 Index location map of the Kharga-Farafra stretch and its areas. 

LOCATION 

+ 

MAP 

CD , .. 
00 

2S' 
30 

25' 
00 

,.. 
30 

~ 
5. 
" "' 
~ ... 
i! . 
5 

N 



The surroundings of Kharga, Dakhla and Faraj'ra oases 261 

25' 27° 28• 26' 
29' 

28' 

() 

"+ 
27' -s, 

" 

26° 

25' 

24' 
r 

Abu Ballas 

tO 

23' 

~~~ 
G.Kamll 

1-

" 
/ 

~ 
.. 

0 0 
e. 

., 
.P_, 

22' 
25' 26' 27' 28' 

Six 

0 

30' 

B 

1-:f 
I ::,'•· 

31° 
29' 

"28° 

1 1 I U 

a • I n 

Q 
27' 

.-2000 
As.-K~ 

26' 

0 

25° 

{oo ,/ 24° 
4.0, } 

I 0 It I ·ll·' ' jf L ) 
'II 

1 ,. ... 

23' 

0 100 km 

EGYPT 22' 
29' SUDAN 30' 31' 

EEIJ Basemen! 

(""( Escarpment 

~ Contour line of baaomonl lop to sea tovof tml 

Ammonite Hill G) Area ®Drilled well: ' . 
AI 
Aa.-Kh. A sol u '-Kharga Reference 

Number 

Figure 14.2 Relative situations of the Kharga, Dakhla and Farafra areas in the intracratonic Dakhla basin. 



262 Maurice Hermina 

in this uplift was particularly expressed in south 
Kharga, while being nullified by the relatively thicker 
sedimentaJy cover in other areas to the north. Its 
reactivation in the early Tertiary was also accom
panied by the rejuvenation of a major east-west fauh 
system during post-lower Eocene time, the combined 
effect of which gave rise to small-sized and patchy 
tectonic occurrences of granite bodies exposed as hill 
masses along the fault planes in the Abu Bayan area 
of south Kharga. These granites represent the only 
basement exposures in the entire Kharga-Farafra 
stretch. In the subsurface, the relief on the basement 
top, represented in Figure 14/2, is based on drilling 
data and geophysical investigations. The Dakhla 
basin was filled up with continental and marine strata 
of Paleozoic to early Eocene age in the northwest and 
of Jurassic (or early Cretaceous) to early Eocene in 
the south and east 

Paleogeographically, the areas incorporated within 
the I<harga-Farafra stretch lie differently with respect 
to the Dakhla basin (Fig. 14/2). In the Kharga and 
Abu Tartur areas (rnarlred I and 2), which represent 
the eastern and marginal parts of the basin, the top 
basement lies at 1000 to 500 m (or lower) below sea 
level. Paleozoic sediments are not reported from sur
face or subsurface data and late Jurassic continental 
sediments unconformably overlie the basement. 
Deeper in the Dakhla basin, drilling in the Mut area to 
a depth of ll 00 m below sea level in the Jurassic 
reached no basement The top of the basement is 
estimated to lie at about 2000 m below sea level and it 
is not certain whether an upper Paleozoic section 
underlies the Jurassic in the West Dakhla area. 
Further to the northwest, the Ammonite Well-! 
reached basement at 2000 m below sea level and at 
least 860 m of a Paleozoic section (Carboniferous and 
older) is recognized in the stratigraphic interval be
tween the underlying basement and the overlying 
Jurassic (Conoco 1978). 

Outside the limits of the stretch under discussion, 
and to the north and east of the Kharga uplift, the 
Assiut-Upper Nile Valley basin is delineated. It 
should be mentioned that the Assiut-Kharga well, 
drilled in the Assiut basin to the north of Kharga, 
bottomed in lower Senonian at about 820 m below 
sea level. Here the presence of an upper Paleozoic 
section underlying the Mesozoic is questionable, as 
the basement is estimated to be at 2000 m below sea 
level. To the east of the Kharga uplift, the present 
plateau area extending to the Nile Valley was oc
cupied by a shallow depression characterized by rela
tively shallow marine sediments oflate Cretaceous to 
early Eocene age and presumably by thin develop
ment of older Mesozoic strata. Some authors propose 
that it was mainly a shallow platform situated be-

tween the Kharga uplift and the Eastern desert uplift 
(Klitzsch, Chapter 13, this book). 

Stratigraphy 

The late Mesozoic-early Cenozoic rocks, which 
make the primary sedimentary cover in the area under 
discussion, are subdivided into a number of mapp
able lithostratigraphic units. Table 14/1 shows the 
correlation of these units across the different areas. 
The units are classified into: (a) a Jurassic
Campanian sequence, predominantly continental but 
with marine intercalations, and (b) a Campanian
lower Eocene, transgressive-regressive open marine 
sequence. A sununary of the depositional history in 
the Kharga-Farafra stretch and its correlation in the 
south Bahariya region is illustrated in Figure 14/3. 

JURASSIC-CAMPANIAN 

The Jurassic-Campanian sequence includes the pre
dominantly continental sandstone and clay beds that 
were formerly lumped under the term 'Nubia'. Re
cently, upon the detection of marginal marine clay
shale strata which occur persistently in outcrops at 
certain stratigraphical intervals within the sandstone 
sequences, its subdivision into well-defined units of 
cyclical continental and marine deposition has be
come possible. 

Deposited in the continental basins are: the Six 
Hills Formation (late Jurassic), Sabaya Formation 
(Albian-early Cenomanian) and Taref Formation (? 
early Thronian). The Abu Ballas Formation (Aptian) 
and Maghrabi Formation (Cenomanian) are shallow 
marine deposits separating these continental se
quences. 

The areal distn'bution of these northerly-dipping 
units is shown on the maps of Kharga and Abu 
Tartur-Dakhla areas (Figs 14/4 and 14/5). The Six 
Hills, Abu Ballas and Sabaya Formations cover the 
forelands to the south and west of Abu Tartur and 
Kharga areas respectively. The Maghrabi and Taref 
Formations outcrop between north Kharga and Abu 
Tartur and extend over an extensive area toward the 
southeast of the Dakhla area and further southwest 
beyond the area under discussion here. A rather com
plete exposed section of the Jurassic-Campanian 
succession is described by Bisewski (1982) along a 
line from Qulu El Sabaya to Six Hills. The correlation 
of this surface section with interpreted logs in the 
subsurface is attempted in Figure 14/6. 

Six Hills Formation (Barthel & Boettcher 1978; : 
Basal Clastics; Klitzsch 1978, Bisewski 1982) 
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Table 14.1 Correlation of lithostratigraphic units, Kharga-Farafrastretch. 

The Six Hills Formation reaches up to 500 m in 
thickness in its type area (Six Hills, 24' 10' N, 29' 15' 
E, Fig. 14/2), at about 100 km south of Mut in 
Dakhla, and is thus beyond the limits of the map for 
this dicussion. It is generally assigned to late 
Jurassic-early Cretaceous age (Klitzsch & Lejal
Nicol 1984). In the subsurface, based upon pollen 
investigations, Helal (1%5) and Soliman (1977) 
refer the lower part of the Six Hills Formation to late 
Jurassic. Soliman (1977) also identifies late Jurassic 
foraminifera in some Kharga wells. Schrank (1987) 
describes pollen of middle to late Jurassic from a 
horizon about 300m below the well-defined overly
ing Aptian shales in Ammonite Well-!. Bisewski 
(1982) notes the presence of marine influence at a 
horizon 60 m below the top of the Six Hills Forma
tion to the south of Abu Tartur. This may be consi
dered a prelude to the Aptian transgression and is 
overlain by a fluviatile series. Dominik (1987) refers 
at least the exposed part that crops out at the Six Hills 
type locality to the Aptian transgression. 

Abu Ballas Formation (Barthel & Boettcher 1978; = 
Lingula Sbale; Klitzsch 1978) 
The type locality of this formation is at the escarp
ment south of Abu Ballas (24 ° 23' N, 27' 35\' E, Fig. 
14!2). In the Qulu El Sabaya area (Fig. 14/5), the Abu 
Ballas sediments attain a thickness of 16 to 25 m. 

The transition between the fluviatile sandstones of 
the Six Hills Formation and the overlying marine 
clays and sbales of the Abu Ballas Formation is easily 
recognized, although an erosional surface is not 
found everywhere (Bisewski 1982). 

Irregular intercalations of iron crusts and mud 
cracks indicate that periods of continental influence 
prevailed during the marine deposition of this forma
tion. Fully marine conditions do not occur in these 
sediments except in the topmost strata which are 
related to the climax of the Aptian transgression. An 
Aptian age is proposed for this rock unit by Boettcher 
(1982) in spite of the absence of index fossils. Pollen 
and spores investigated by Schrank (1987) from the 
subsurface in West Maw hub prove an Aptian age for 
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Figure 14.5 Geological map of the Abu Tartur-Dakhlaarea(after Hermina 1967, El Deftaretal. 1978, andEGPC/CONOCO 
map sheet Dakhla 1987). For legend, see Table 14.2. 
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Figure 14.6 Geological map of the west Dakhla-Farafra area (after EGPC/CONOCO map sheets Dakhla and Farafra 1987) 
(for legend, see Table 14.2). 
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a horizon correlated with Abu Ballas sediments (Fig. 
14/6). 

Sabaya Formation (Barthel & Boettcher 1978; = 
Desert Rose Beds; Klitzsch 1978) 
The Sabaya Formation overlies the Abu Ballas and 
follows the Albian regression (Fig. 14/3). The type 
locality of this formation is at Qulu EI Sabaya hills on 
the Kharga-Dakhla road (25° 21' N, 29° 43' E) where 
it measures 170 m in thickness. In the more basinal 
parts of the Dakhla basin, this unit reaches a thickness 
of up to 200 m and may have some marine influence 
(Bisewski 1982). It is made up of a sequence of 
clearly fluviatile sediments which start at the base 
with an erosional surface overlain by a 30 m thick 
white kaolinitic paleosol sandstone rich in root re
mains. Due to the increased epeirogenic intensity on 
the south Kharga uplift, the Sabaya sandstones were 
probably not deposited in areas of south Kharga 
(according to the interpretation of logs of wells 
drilled in the Baris area, Figs 14/3 and 14/6). 

The Sabaya Formation is most likely of Albian to 
early Cenomanian age. A sample investigated by 
Schrank (1987) from the top of a correlative unit in 
Anunonite Weil-l yielded a microflora of late 
Albian-Cenomanian age (Sample S3, Fig. 14/6). Be
tween the continental Sabaya Formation and the fol
lowing transgressive Maghrabi Formation, there is a 
gap in sedimentation and formation of topographic 
relief (Bisewsk:i 1982). 

Maghrabi Formation (Barthel & Herrmann-Degen 
1981; =Plant Beds; Klitzsch 1978) 
The interbedded claystones, siltstones and 
sandstones of the Maghrabi Formation transgress
ively overlap the paleorelief on top of the Sabaya 
Formation. The type of the unit is the exposure cov
ering the southeastern forelands of Abu Tartur to the 
west of Kharga. It is about 60 m in thickness but thins 
out considerably over the Kharga uplift in the Baris 
area (Logs, Fig. 14/6). The best exposures occur in 
the vicinity of the phosphate mine at the foothills of 
Abu Tartur plateau (map, Fig. 14/5), where basal 
flaser-bedded sandstone at the base of the formation 
contains abundant remains of angiosperms (mainly 
leaves) and other plant remains of probable Cenoma
nian age (Klitzsch & Lejal-Nicoll984). The overly
ing shale, siltstone and sandstone are less fossilife
rous. Glauconitic sand layers contain poorly pre
served remains of lamellibranchs and fish teeth from 
shallow matine to tidal flat sedimentation. There are 
horizons with root remains and carbonaceous matter. 

The Maghrabi formation can be correlated with the 
fluviomarine sediments of the Cenomanian Bahariya 
Formation (Fig. 14/3). In support of this correlation, 
Dominik (1985) discusses the similarity of the mine-

ralogical composition of the two formations. The 
Maghrabi Formation represents the southern spur of 
the Cenomanian transgression which reached its cli
max in the north. 

Tare/Formation (A wad & Ghobrial1965, Barthel & 
BoettCher 1978, with modification of the lower strati
graphic limit) 
The Taref Formation unconformably overlies the 
Maghrabi Formation and is comparable in composi
tion to the Sabaya and Six Hills Formations. It attains 
a thickness of more than 100 m at its type locality at 
Gebel Taref, a conspicuous outlier in the north Khar
ga depression. Occasional interbeds of clay and shale 
occur in the sandstones of the Taref Formation in the 
Abu Tartur area, with leaf impressions and fragmen
try wood in the section (Hermina 1967). These sed
iments locally bear a marine influence in the form of 
wood and stems pierced by rnatine organisms (Domi
nik 1985). Mansour et al. (1979) divide the Taref 
Formation in the Ain Amur embayment (Fig. 14/5) 
into two subunits. 'The sandstone of the lower subu
nit is very poorly cross-bedded, and its contained 
shale-silt intercalations yield arenaceous foramini
feral association which indicate deposition in cold 
water environment. The dominance of Haplaphrag
moides spp. and Trochammina spp. within the shale 
intercalations can indicate deposition in less normal 
salinity. A probably intertidal flat low energy envi
ronment is inferred for this subunit. On the other hand 
the upper subunit of the Taref Formation is character
ized by the dominance of cross-bedding with foresets 
having an average of 30° dip, representing beach 
dunes dissected by most probable 'braided streams'. 

The cross-stratified medium to coarse-grained 
sandstones of this formation mark a general regres
sion and slight epeirogenic movements during the 
early Thronian which probably continued on to the 
early-middle Campanian. These movements are 
thought to have been related to the more pronounced 
uplifting phase in the Bahariya area. During Thro
nian, Coniacian and Santonian times, the Bahariya 
arch represented an area of erosion in this part of the 
Dakhla Basin. Meanwhile, the southern parts rec
eived fluvial sediments of the TarefFormation at least 
duting the early Thronian. 

The Campanian transgression 
Following the tectonically-controlled early Thronian 
regression and the subsequent periods of intense ero
sion, a renewed subsidence affected the Kharga
Farafra stretch. Marine deposition commenced dur
ing the Campanian, depositing Quseir and Duwi For
mations in the Kharga-Abu Minqar areas and their 
stratigraphic equivalents of the Wadi Hennis Forma
tion and El Hefhuf Formation in the Farafra depres-
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sion area. This marine invasion continued, with 
regressions, throughout the period to the lower Terti
ary. The successively overlying rock-units in the dif
ferent areas and their correlations are illustrated in 
Table 14/l. 

CAMPANIAN -LOWER EOCENE 

Quseir Formation (Youssef 1957; = Mut Formation; 
Barthel and Herrmann-Degen 1981) 
The claystones, siltstones and sandstones of the Qu
seir Fonnation overlie the sandstones of the Taref 
Formation and attain a maximum thickness of 70 to 
90 m. They cover extensive areas in Kharga and 
Dakhla depressions and participate as well, with 
varying thicknesses, in the fonnation of the foothills 
of the bordering scarps (Figs 14/4, 14/5). In the 
Kharga area, the basal succession comprising clay 
and sandstones gives evidence of terrestrial and 
brackish environments, grading to a shallow shelf. 
The upper sediments, which are made up primarily of 
varicolored, mottled, silty and sandy claystones, 
reflect a prodeltaic shallow shelf facies (Fig. 14n). In 
general, the deposits of the Quseir Formation indicate 
a gradual, occasionally stagnating transgression. 
Freshwater gastropods, remains of freshwater rep
tiles, as well as abundant terrestrial plant debris, and 
dinosaur skeletons and bones are found embedded in 
the basal sediments indicating lirnnic conditions 
(Awad & Ghobrial 1965, Hendriks eta!. 1984). At 
Baris, a Iense-shaped sandstone horizon in the upper 
part of the fonnation carries abundant casts of pelecy
pods and gastropods (Hendriks et a!. 1984 ). The 
faunal assemblage in the Quseir Fonnation does not 
provide a definite age, though middle to late Campa
nian is assumed for it in the Kharga area as it is 
stratigraphically superimposed by the reliably dated 
Duwi Fonnation of Campanian or ?Campanian
Maastrichtian age. In the Abu Tartur area, outcrops of 
the Quseir Formation are restricted to a narrow belt 
along the footscarps and are formed essentially of 
varicolored claystones with sandstone pockets. In the 
Dakhla area, the Quseir Fonnation forms the floor of 
the excavated depression. It is subdivided here into a 
lower brick red subunit (maximum exposed thick
ness 30 m) and an upper subunit of alternating 
ferruginous-glauconitic sandstone, brown and gray 
sandy clay (20 to 35m thick), with a distinctive green 
siltstone bed in between. The lower and upper subu
nits are designated as Unit I and Unit IT respectively 
(Hermina et al. 1961 ), and are named the Mut 
member and El Hindaw member (Omara et al. 
1976). 

Barthel & Herrmann-Degen (1981) refrain from 
classifying these sediments in the Dakhla area under 
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the Quseir Fonnation, and call it instead the Mut 
Fonnation. The depositional envirorunent of the Qu
seir Fonnation in Dakhla is possibly fluvial to brack
ish and restricted marine (glauconitic sediments). 
Since the superimposed Duwi Fonnation and even 
the basal parts of its overlying Dakhla Fonnation are 
of late Campanian age (see below), the Quseir For
mation is assumed to have been deposited in early to 

middle Campanian time. In the Farafra area, a 35 m 
thick clastic sequence of sublittoral sediments forms 
the core of the anticlinal feature in the northeast of the 
depression between Wadi Hennis and El Maqfi. This 
sequence was related to the Cenomanian by previous 
authors. Recen!ly, it has been reviewed and named 
the Wadi Hennis Fonnation (Dominik 1985) and is 
considered to be a stratigraphic equivalent of the 
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Quseir Formation of upper Campanian age (Table 
14/1). The Wadi Hennis Formation lies unconfor
mably below a camonate nnit dated as Campanian 
(El Hefbnf Formation) and consists of a section of 
clays and sandstones (Fig. 14/8). The clays are often 
bitwninous; the sands are occasionally glauconitic 
and yield abundant fish teeth and remains of Campa
nian age comparable to those in the Quseir Formation 
of Baris. The top part of the Wadi Hennis Formation 
may correlate, in part, with the basal beds of the Duwi 
Formation which overlies the Quseir Formation in 
the southern oases (Table 14/1 ). 

Duwi Formation (Youssef 1957; =Phosphate 
Formation; Awad & Ghobrial1965) 
The Duwi Formation is a phosphate-bearing unit that 
occupies a stratigraphic position at the top of the 
Quseir Formation and underlies the Dakhla Forma
tion. It outcrops in a narrow belt along the extension 
of the bordering footscarps in Kharga and Abu Tartnr. 
In the Dakhla area its rock succession is expressed 
topographically on an irregular east-west trending 
lower cuesta, subsidiary to the main scarp and over
looking the depresion on its north side. To the west of 
Dakhla, beds of this formation change their strike to 
the southwest A hard limestone rock capping these 
beds forms the floor of a major part of the peneplain 
surface extending to the south of the Dakhla-Abu 
Minqar road (Figs 14/4, 14/5, 14/9). Lithologically 
the Duwi Formation consists of phosphate beds inter
bedded in a sequence of alternating claystone, 
sandstone, siltstone and conglomerate. Some 
sandstone beds are rich in glauconite. 

The succession of the Duwi Formation is subdi
vided into two phosphate-bearing horizons (in
formally designated as the A and B Horizons) and a 
calcareous cap rock of restricted occurrence. The 
latter overlies the B Horizon in the Dakhla and west 
Daklha areas only (Fig. 14/10). 

The A Horizon, which marks the base of the for
mation, is of widely variable thickness and exhibits 
rapid lateral changes in lithology. In the Kharga area, 
it is less than 1 m thick (completely missing in 
northernmost Kharga, Figure 14/10, section 4 ), and it 
consists of a brown siliceous or calcareous mudstone 
belonging to theNeaera subcomp/anata Zone (A wad 
& Ghobrial 1 %5). The lower surface of this bed is 
slightly irregular with scour-and-fill structure, and 
may reflect the presence of para-conformity with the 
underlying varicolored clays of the Quseir Formation 
(El Hinnawi et al. 1978). In the Abu Tartur area, the A 
Horizon is more developed and consists of rocks 
exhibiting rapid lateral changes. Of economic impor
tance is the development of this horizon into an 
almost solid phosphate bed (with minor clay interca
lations) attaining a thickness of 4.5 to 5.0 min some 

parts of the southeastern sector of the Abu Thrtur 
plateau. In the Dakhla and west Dakhla area, the A 
Horizon attains a thickness of 2 to 3 m with a fossili
ferous mudstone bed (the Neaera bed) marking its 
base. In the Dakhla area, the A Horizon of the Duwi 
Formation lies on the upper sandstone unit of the 
Quseir Formation (Unit ll, Hermina et al. 1%1 ), 
while in the Abu Tartnr and Kharga areas, this unit is 
missing and the Duwi Formation rests on the lower 
red clay unit of the Quseir Formation (Unit 1). The 
absence of Unit n may be explained as a wedge-out 
of the sandstone body or, more likely, as due to its 
non-deposition on the uplifted areas of Abu Tartnr 
and Kharga in the early late Campanian. In north 
Kharga this uplifting movement reaches its maxi
mum. Tbe overall thickness of the Duwi Formation 
here is much reduced, and in section 4 (Fig. 14/10), 
the entire thickness of the Duwi Formation is barely 
represented by less than 50 em of brownish phospha
tic mudstone bed overcrowded with borings of Za
phellia spp. belonging to the topmost beds of the 
Duwi Formation (A wad & Ghobrial1%5). 

The A Horizon of the Duwi Formation is followed 
upward by a section of shale with intercalations of 
phosphate and claystone beds (B Horizon). In the 
Dakhla area, it attains an almost constant thickness of 
15 to 20m, while in the Abu Tartnr and Kharga areas 
it is widely variable and is completely missing in 
some sections (Fig. 14/10). The top of the B Horizon 
is matked by the occurrence of the uppermost phos
phate bed in the section. It is only in Dakhla and to its 
west that a 5 to 12m thick section of fossiliferous 
calcareous shale, whitish marl and chalk-like sed
iroents follows upward on top of the B Horizon and is 
designated the 'calcareous cap' of the Duwi Forma
tion in Figure 14/10. Herrmann-Degen (1981) in
cludes this calcareous interval in the basal member of 
the overlying Dakhla Formation and names it Qur El 
Malik Member. The 'lsocardia chargensis Liroesto
ne' of Abbass & Habib (1971) is also included in this 
member. In the Abu Tartnr and Kharga areas, this 
horizon is much reduced in thickness or completely 
missing. 

From the wide variations in the overall thickness 
of the Duwi Formation, as well as the clear evidence 
of near unconformities, reworking and distu!bed de
position (particularly noticeable at the contacts of the 
intercalating phosphate beds with the underlying 
shales), it can be inferred that the Duwi Formation 
was deposited on a highly oscillating bottom of a 
shallow shelf. Criteria indicating such disturbed con
ditions of deposition are given in A wad & Ghobrial 
(1965) and Hermina (1967). In the Bahariya and 
Farafra areas, the El Hefhuf Formation (Akkad & 
Issawi 1963) is considered the stratigraphic equiva
lent of the Duwi Formation in the southern oases 
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(Table 14/1, Fig. 14/3). Ammonite fauna prove the 
upperCampanianageofElHethufformation(Domi
nik & Schall 1984 ). The El Hefhuf Fonnation and its 
underlying Hennis Fonnation constitute the oldest 
rocks exposed in the Farafra area. They compose the 
core of the northeast-southwest trending anticline 
within the area between Wadi Hennis and Ain El 
Maqfi (Fig. 14/9), in alignment with the Bahariya 
anticlinal feature to its northeast. Dolomite, sandy 
dolomite and sandy to dolomitic chalk, devoid of 
clastics, are the constituent rocks of the El Hethuf 
Fonnation in Farafra. The base of the formation is 
phosphatic, sandy, and contains limonitic concre
tions. Youssef & AbdelAziz (1971) record the pres
ence of lsocardia chargensis, Cardium spp., and 
other fossils from a calcerenite bed in this formation 
at Ain El Wadi. Omara et al. (1970) introduce the 
name 'Ain El Wadi Limestone' for this unit. Barakat 
& Abdel Hamid (1973) recognize this unit in the 
subsurface as 'the compact dolomitized limestone' 
overlain by the Maastrichtian chalk of the Farafra 
depression and underlain by 615 m of the 'Nubia 
group' (Fig. 14/13 ). They correlate the 'compact 
dolomitized limestone' with the El Hethuf Fomra
tion, and the top 100m of the underlying clastics with 
the bottom-most clastic outcrops of Ain El Wadi 
(Wadi Hennis Fonnation). 

In the area of Farafra it is possible to establish a 
tectonic uplift related to the Bahariya arch at the 
Campanian-Maastrichtian boundary. Foraminiferal 
investigations (Said & Kerdany 1961) and Abdel 
Aziz (1971) give evidence of this movement. In the 
Dakhla and west Dakhla areas, Campanian
Maastrichtian sedimentation was continuous. In 
these areas, Barthel & Herrmann-Degen (1981) note 
the presence of uppennost Campanian foraminifera 
in the 'Qur El Malik Member' which forms the top 
horizon of the Duwi Formation. They emphasize the 
upper Campanian fauna of the overlying shales and 
marls of the Dakhla Formation. The 'Qur El Malik 
Member' is missing in the areas around Abu Tartur 
and Kharga where the B Horiwn of the Duwi Forma
tion is directly overlain by shales of the Dakhla 
Formation of Maastrichtian age (Globotruncana 
gansseri Zone, Luger in Hendriks et al. 1984). 

From the above considerations, it is possible to 
conclude that the phosphate-bearing Duwi Formation 
in the Dakhla and west Daklha areas was deposited in 
continuity with both the underlying and overlying 
Campanian Fonnations of Quseir and Dakhla. In 
Farafra, it is assigned to the Campanian and uncon
fonnably underlies the Maastrichtian. In the Abu 
Tartur and Kharga areas, it is apparently uncoufonn
able with both the underlying middle to late Campa
nian Quseir Formation and the overlying middle 
Maastrichtian Dakhla Formation. 

Dakhla Formation (Said 1961) 
The Dakhla Formation consists of shale, marl and 
clay with intercalations of calcareous, sandy and silty 
beds. It fonns the major thickness of the succession 
that overlies the Duwi Formation and underlies the 
Paleocene limestone beds along the scarp face from 
south Kharga to Abu Minqar. It also covers parts of 
the plain to the west of Dakhla and is exposed in the 
shallow depressions in the Abu Tartur-El Kharafish 
plateau (Figs. 14/4, 14/5 and 14/9). The tripartite 
subdivision of theDakhla Fonnation in the Kharga 
area (Awad & Ghobrial1965) keeps to gross litholo
gical aspects throughout the various areas in the 
Kharga-Abu Minqar stretch, and reflects repeated sea 
level fluctuations during its deposition. A general 
increase in the sandstone-siltstone component in its 
sections is noticeable in the areas of south Kharga 
and to the west of Dakhla toward Qur El Malik and 
Abu Minqar reaches. 

Kharga area. In north Kharga, the basal subdivision 
of the Dakhla Formation, the 'Mawhoob shale mem
ber', consists of marl and papery shale, of inner to 
middle shelf deposition. In south Kharga, it becomes 
more silty and sandy and contains phosphatic conglo
merate beds, reworked gastropods and abundant 
plant debris, indicating shallowing conditions of de
position. From the wide variations in the thickness of 
this member, from 5.5 min the northwest scarp to 
64.5 m in central Kharga and from 6 to 49 m in the 
south, it appears that deposition took place in semi
detached basins separated by ridges. A conspicuous 
basin occupied the central part of the present depres
sion, flanked on the north and south by high areas. 
Another local but deep sub-basin developed in the 
high shelf to the east of Baris. Foraminifera of the 
Glolwtruncana gansseri Zone are present in the 
north, indicating an early middle Maastrichtian age 
for this member (Hendriks et a!. 1984), and inner to 
middle shelf facies deposition (Fig. 14fi). Arena
ceous forms, among them Haplaphragmoides spp. 
andAmmobacu/ites, are present in south Kharga. The 
middle subdivision (Baris oyster mudstone Member) 
attains its maximum thickness (54 m) in the sections 
to the east of the Baris area (Fig. 14/11) and consists 
of a number of fossiliferous calcarenites and 
mudstone beds interbedded in a clay-shale section. 
Among the abundant fossils in lhe calcarenite layers 
are Exogyra overwegi and Ubycoceras ismaeli. 
These calcarenite beds are commonly replaced by 
siltstone and contain intraformational conglomerate 
of phosphatic pebbles as well as small vertebrate 
remains. In the north parts of Kharga, the thickness of 
this member ranges from 2 to 15 m, with maximum 
development along the northernmost scarps (Fig. 
14/11 ). This middle member is attributed to the upper 
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part of the G/obotruncana gansseri Zone (Middle 
Maastrichtian) and represents a shallow shelf facies 
of deposition (Fig. 14!7). 

The upper subdivision (Kharga shale Member) has 
an overall thickness of 50 to 70 m, with no marlced 
variations as exhibited in the lower two members. 
The lower part (10 to 40 m) of this division consists 
of claystone and shale of nearshore prodeltaic facies 
of deposition. It contains poor faunal remains of 
arenaceous forms. A phosphatic conglomerate (0.5 to 
2.0 m) marks the top of this lower interval and an 
erosional hiatus separates it from the upper part of the 
Kharga shale member (of Paleocene age). Tills hiatus 
contains reworked Maastrichtian fossils (Libyco-
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ceras ismaell) and also includes the lower Paleocene. 
In south Kharga the Paleocene part of this subdivi
sion is partly or completely replaced by reefal 
limestone facies of the Paleocene 'Kurkur Forma
tion'. The Paleocene part of the Kharga shale 
member, in areas of north Kharga, consists of fossili
ferous marl and shale which contain Globorotalia 
compressa and G. pseudobulloi.des, while the upper
most marls belong to the Morozovella angulata Zone 
(early to middle Paleocene). 

Abu Tartur-Dakhla area. The members of the tripar
tite division of the Dakhla Formation identified in the 
Kharga area (Awad & Ghobrial 1%5) can be fol-
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lowed in the Abu Tartur-Dakhla area. Foraminiferal 
assemblages of the Gansserina gansseri Zone are 
identified from the Mawhoob shale member. The 
overall thickness of the Dakhla Formation generally 
increases to a maximum of more than 250 m in 
Dakhla. Figure 14/12 shows the variations in thick
ness and the correlations of the different members. 
Differential movements of the sea bottom during the 
Maastrichtian controlled the deposition of the Dakhla 
Formation in the Abu Tartur area (Hermina 1967). 
These movements show a similar history to that 
prevailing in the Kharga area at the same time. Of 
interest in the Abu Tartur area also is the thick devel
opment of the casbonate complex of the 'Garra El 
Arba'in facies' above the upper Cretaceous
Paleocene unconfomtity. The Paleocene lower 
members completely replace or variously interfinger 
with the Kharga shale member of the Dakhla Forma
tion (Fig. 14/12). The westernmost occurrence of this 
facies is a thin tongue of the Kurlcur Formation on top 
of the unconformable surface in the Gebel Gifata 
section to the north ofMut in Dakhla oasis, where it is 
again overlain by shales of the Kharga shale member. 
The top of these shales shows signs of disturbed 
bedding and a small hiatus separates it from the 
overlying Paleocene carbonate rocks. Foraminiferal 
assemblages of the Morozovella uncinata Zone are 
identified from the top of the Kharga shale member at 
Wadi El Battikh. 

West Dakhla-Abu Mingar area (Fig. 14/13). The 
Dakhla Formation starts with its basal member, the 
Mawhoob shale member. It attains a thickness of 72 
m at Abar El Mawhoob and from 40 to 60 m at the 
Qur El Malik area. It is composed of a shale succes
sion intercalated by rare calcareous mudstone beds 
rich in Inoceramus regularis. Marl beds at its base 
provide Nostoceras cf. helicinum and Libycoceras 
spp. of late Campanian age (Barthel & Herrmann
Degen 1981), and include foraminiferal assemblages 
l)f the Globotruncana gansseri Zone. 

Black and greenish shale beds follow upwards 
with calcareous oyster mudstone beds rich in Exo
gyra overwegi (Baris oyster mudstone Member). The 
section is followed upward by about 100 m of grey 
shale and intercalations of phosphate-bearing, glau
conitic sandstone (the Kharga shale member), ex
posed along the scarp from Edmonstone to Qur El 
Malik. From Qur El Malik to the northwest, for about 
90 km along the scasp face, most of the middle and 
upper members of the Dakhla Formation are replaced 
by a unique stratigraphic succession of carbonate
bound siltstone and sandstone intercalated by grey 
clay, named Qur El Malik Sandstone Member (Man
sour et at. 1982). An equivalent sandstone uni~ 
termed the Anunonite Hill Member, is known from 

the Anunonite Hill scarp (26° 1 0' N, 27° 05' E) to the 
west of Abu Minqar and beyond the area presently 
under discussion (Barthel & Hel'l11llliiii-Degen 
1981). The top of this sandstone member in the type 
area is exposed above the last occurrence of Exogyra 
overwegi beds. The sandstones are heavily biotur
bated and rich in fossils. This quantitative increase of 
sand and sandstone toward the west from Dakhla is 
also well remarlced in other members of the Dakhla 
Formation. Enclosed in the sand/shale section of the 
upper member of the Dakhla Formation is a horizon 
of conglomeratic phosphatic and glauconitic bands 
(Bir Abu Minqar Horizon) which occurs in the areas 
to the west of Dakhla (Abbass & Habib 1969, Man
sour et at. 1982, Barthel & Herrmann-Degen 1981). 
Bir Abu Minqar Horizon is about 1.5 m thick and 
consists of sandy, glauconitic and ferruginous marl. 
Its lower part contains phosphatized gastropods. This 
horizon may be followed toward the southwest into 
the Great Sand Sea. To the southeast of Abu Minqar, 
this horizon is truncated by an erosional surface 
above which a peculiar section of fairly coarse and 
cross-bedded sandstone with partially kaolinitic ma
trix occurs; it is replaced or overlain at its top by 
whitish limestones carrying freshwater gastropods. 
On the map (Fig. 14/9), this unit is named 'Minqar El 
Talh Formation', and an undifferentiated post
Miocene age is assigned to it. 

From Qur El Malik eastward, the conglomeratic 
horizon continues to the Dakhla area, followed up
ward by the upper division of the Kharga shale 
member (Fig. 14/13). The occurrences of this conglo
meratic horizon contain ammonites, suggesting a 
Maastrichtian age, while some gastropods and nauti
loids have Paleocene aspects. Foraminifera of this 
region include Globigerina pseudobulloides and 
Globigerina tri/oculinoides which clearly point to a 
lower Paleocene deposition. On the other hand, 
Rugoglobigerina scotti of the late Maastrichtian were 
recovered from this horizon at the scarp northeast of 
Qur El Malik (Barthel & Herrmann-Degen 1981). 
Abu Minqar Horizon expresses the Cretaceous
Tertiary boundary, involving a small hiatus of varied 
extent. The Kharga shale member of the Dakhla 
Formation follows upward in a section of about 60 m 
in thickness; it is grey shale, rather silty and slaty 
upsectian, ending in a reddish clay and a band of 
glauconitic sand containing phosphorite nodules at 
the contact with the overlying chalky-like formation 
of Paleocene age. 

Farafra area. The shale and marl section character
istic of the Dakhla Formation in the Kharga-Abu 
Minqar stretch changes ahnost entirely in the north
em part of the Farafra depression into a chalky 
limestone unit named the Khoman Formation. This is 
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a white to light tan chalky calcilutite. A type locality 
is proposed by Norton (1%7, unpublished report) at 
Ain Khoman scarp, southwest Bahariya Oasis, where 
it attains a thickness of 50f. m. Where exposed at 
Qasr El Farafra in the Farafra depression (Fig. 14/9), 
it attains a thickness of about 4 m with the base 
unexposed. At the northern scarp and in the cliffs of 
Wadi Hennis it reaches thicknesses of 50 and 80 m 
respectively. Subsurface evidence suggests it may be 
as much as 160 m thick (Barakat & Abdel Hamid 
1974, Fig. 14/13). A shale section (17m) overlies the 
Khoman chalk and separates it from the overlying 
Tarawan Formation. This shale separation is believed 
to be equivalent to the uppermost part of the Kharga 
shale member in the south. From both subsurface and 
surface data, the Khoman chalk in Farafra is consi
dered to range in age from uppermost Campanian to 
lower Maastrichtian (Globotruncana lapparenli tri
carinata Zone to the G. gansseri Zone and probably 
younger (Kerdany, unpubl. thesis 1969). The overly
ing shale section is a tongue of the Dakhla Formation 
of lower to middle Paleocene (Globorotalia trinida
densis to G. angulata Zones), which is overlain by the 
chalky limestone, 'Tarawan Formation', of upper 
Paleocene age (Globorotalia pseudomenardii Zone). 
It is evident that there is a facies change in the 
Globotruncana gansseri Zone from shale in the south 
to chalky limestone in Farafra. 

The intertOnguing of the Dakhla and Khoman is 
probably due to paleotectonic events. An unconform
ity of different magnitudes occurs in Farafra at the 
upper Cretaceous-lower Tertiary boundary (Le Roy 
1953, Said & Kerdany 1961, Said & Sabry 1964). It 
is more accentuated in the Maqfi area where the 
pseudomenardii Zone lies directly on the upper Cre
taceous Globotruncana gansseri Zone. 

Kurkur, Garra, Tarawan and Esna Formations 
Following the major regression of the upper 
Cretaceous-Tertiary, the areas of south Kharga and 
the Abu Tartur-El Kharafish plateau stood as high 
platforms in the shallow shelf environment of the late 
early Paleocene transgression. On these elevated 
platforms, a succession of reef-like limestone with 
shale intercalations of near-shore environment was 
deposited, including the Kurkur Formation at the 
base and the Garra Formation at the top. In other 
areas, outward from these two platforms, sediments 
of more shale facies were deposited in middle to 
outer shelf environments. Their succession includes 
the Paleocene part of the Dakhla Formation overlain 
by the Tarawan and Esna Formations. Sediments of 
the platform and the deeper facies display gradual 
lateral and vertical changes in lithology and exist in 
interfingering or overlapping relationships. 

-- ------------

Kurkur Formation. This unconformably overlies the 
Dakhla Formation and forms the top of the scarp to 
the south of Baris, as well as the lower bench of the 
plateau to its northeast as far as Gaga locality. It also 
forms the core of two small domal structures in 
association with the east-west faulting that cuts 
across the plateau to the east of Baris (Fig. 14/4 ). In 
the Abu Tartur area, the Kurkur Formation makes the 
topmost part of the scarp and the plateau surface 
which is semi-encircled between Ain Amur embay
ment and Wadi El Battikh (Fig. 14/5). 

Lithologically, the Kurkur Formation is character
ized by its reef-like, earthy brown, hard, thick-bedded 
limestone which is sandy in parts, with intercalations 
of shale. The limestone is rich in fossils: Cardita 
wegneri; Cardita tenedensis; Ostrea orienta/is; Tur
ritell spp. The base of its bottommost beds is inva
riably conglomeratic, including ferruginous pebbles 
in clay or calcareous matrix. In south Kharga, it 
overlies the Dakhla Formation in thicknesses 
decreasing gradually to the north from 39m in the 
east Abu Bay an area to 6 m east of Gaga (Fig. 14/11 ), 
where it forms the northernmost tongue in the Dakhla 
Formation. Around the southeastern and southern 
scaq> of Abu Tartur plateau, it is of residual thickness 
due to erosion, but a maximum of 110 m is recorded 
in a borehole drilled some 15 km to the south of Ain 
Amur on the plateau (Issawi et al. 1978). At Wadi El 
Battikh scaq>, it measures about 40 m in thickness 
and replaces part of the Dakhla Formation shale 
above the unconformity. To the west, it gradually 
loses thickness to become completely missing in the 
sections to the northwest of Mut (Fig. 14/12, sec
tions) where its base is taken over by the thin conglo
merate erosional surface (Bir Abu Minqar Horizon). 

The foraminiferal assemblage of the Kurkur For
mation in south Kharga and in Abu Tartur includes 
Globorotalia uncinata, Globorotalia pseudobulloi
des and G. trinidadensis, which assign it to an early 
Paleocene age and suggest an inner shelf to tidal flat 
deposition. 

Garra Formation. The shallow flooding of the sea in 
the early Paleocene gave way to a deeper sea in late 
Paleocene, and the Garra Formation was deposited 
during the late Paleocene-early Eocene. 

In south Kharga, the Garra Formation covers the 
middle bench of the plateau conformably overlying 
the Kurkur Formation. It consists of well-bedded, 
massive white limestone separated from the underly
ing brownish Kurkur limestone by a clay bed marker. 
The Garra thickness decreases gradually to the north, 
from about 50 m in east Baris to 18 m at Gaga. 
Further northward, it passes laterally into the Esna 
/Tarawan Formation and partly into the top of the 
Dakhla Formation (Fig. 14/11). Its foraminiferal 
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assemblage includes, from bottom to top: Morozovel
la uncinata; M. angulata; M. pseudomenardii and 
M. velascoensis, assigning it to late Paleocene at the 
top. 

In the areas of the Abu Tanur-El Kharafisb plateau, 
the Garra Fonnation covers major parts of the surface 
(Figs 14/5, 14/9). It overlies different Paleocene rock 
units: Kurkur, Dakbla or Tarawan, as illustrated by 
the sections (Figs 14/12, 14/14). In these areas, it 
mainLains the same lithologic types as in south Khar-

ga, with conunon variations in the ratios of the car
bonate and sbale components. At the scarp north of 
Wadi El Battikb, it is represented by 42 m-thick, 
highly fossiliferous limestone beds of which the bot
tom 9 m are marly and contain Ananchytes fakreyi, 
characteristic of the Tarawan Formation. The under
lying shales belong to the topmost Dakbla Fonnation 
and contain Globorotalia pseudomenardii foramini
fera. The macro and microfauna! assemblage asso
ciated with the Garra Formation in these areas is 



m. 

r 20 

10 

10 20 lO l(m 
0 

0Piatuu "' Q"' £1 Malik 

~ 
E 
~ 

~ 

~ • ~ 

~ . 
~ e ~ 

~ 

The surroundings of Kharga, Dakhla and Farqfra oases 

r)\ £1 Rumi-Shushlna 
\:,./ Scarp 

e 
~ 

• c • w 

D a k h I a Fm. 

K u r k u r Fm. 

~ 

~ 

" 

• "' E • E 

West 
Aln Amur 

281 

Plateau 
North 
khars• 

--

--
-

- --

--

- -_ 

-

e 
~ 

• 5 
w 

Figure 14.14 Stratigraphic sections and lithofacies changes of the lower Tertiary rock units on Abu Tartur-El Kharafish 
plateau, after I. El Deftaret a!. 1978; 2-4. Hennina 1967 andEI Deftaret a!., Geol. Surv. Egypt internal report 14/69. 



282 Maurice Hermina 

identical with that recorded io south Kharga and 
iodicates late Paleocene age with possible extension 
ioto early Eocene. 
Tarawan Formation (A wad and Ghobrial 1965). In 
the areas from north Kharga to Abu Mioqar, and 
where Paleocene sediments of the Nile Valley facies 
(Issawi 1972) are deposited, a carbonate unit of the 
Tarawan Formation, 4 to 45 m thick, lies between 
shales of the underlyiog and overlyiog Dakhla and 
Esna Formations respectively. In relation to the 
coeval equivalents of the Garra El Arbaio facies, the 
Tara wan Formation correlates with the top part of the 
Kurkur Formation and, io other places, it is iocorpo
rated io the basal part of the Garra Formation, as 
illustrated by the sections (Figs 14/11, 14/12 and 
14/14). 

The geographic occurrences of the Tarawan For
mation are shown on the maps (Figs 14/4, 14/5 and 
14/9). In Kharga, it consists of fossiliferous, partly 
marly or chalky, yellowish white limestone of an 
outer shelf facies (Fig. 14/8). A bioturbated conglo
meratic bed (10 to 20 em thick), associated with 
phosphatic and calcareous units at the base of the 
Tarawan Formation, marl<s a hiatus on top of the 
underlyiog Dakhla Formation. It contaios vertebrate 
remaios and reworked dwarfed fauna and solitary 
corals. The occurrence of this bed is due to a regres
sion of the sea during middle to late Paleocene. The 
hiatus horizon is traced throughout the whole area of 
north Kharga and at several localities io Dakhla, west 
Dakhla and Farafra. Around Abu Mioqar, the Dakhla 
Formation is succeeded upward by a very peculiar 
facies which consists of sandy marl and vermetid 
debris (Barthel & Herrmann-Degen 1981) which is 
possibly related to this hiatus. In the Farafra area, the 
Tarawan Formation has the same lithology as io the 
southern oases, and forms a chalk-like limestone bed, 
4 to 5 m thick, cutting across the Dakhla and Esna 
Formations. Around Qasr El Farafra (EI Quss Abu 
Said section, Fig. 14/13), it is separated from the 
Maastrichtian Khoman Formation, to which it bears 
much lithologic similarity, by a tonguiog shale bed, 
about 17 m thick, of the top Dakhla Formation. From 
microforaminiferal evidence io different occur
rences, the Tara wan Formation is not time transgress
ive but seems to fall withio the Globorotalia vela
scoensis zone. It (or its equivalent beds at the base of 
the Garra Formation) rests with varied stratigraphic 
gaps on the underlyiog Paleocene part of the Dakhla 
Formation. Strougo (1986) relates this stratigraphic 
relationship io the south and central Western Desert 
and io other areas to a large-scale syndepositional 
tectonic disturbance, iocluding faulting, which re
sulted io marked changes of depositional patterns. 

Esna Formation. The Esna Formation is distio-

gnished by a section of marl and green shale, enclos
ing carbonate intercalations, exposed along the 
scarps in north Kharga and Farafra and io El 
Kharafish plateau. It lies between the two carbonate 
units, the Tarawan Formation at the base and the 
Thebes Group at the top. 

In Kharga, it decreases io thickness from north to 
south, from a maximum of 160m to the east of Umm 
El Ghanayim to 45 m to the east of Gaga. South of 
Gaga, it merges ioto the Garra Formation, whereas its 
upper part passes ioto the shale part at the base of the 
Dungul Formation (Fig. 14/11 ). 

In the Abu Tartur-EI Kharafish plateau areas, the 
Esna Formation shows (with an average thickness of 
around 50 m) the same lithology and lateral changes 
to the Garra Formation, as illustrated by the sections 
measured across this tract from north Kharga-Naqb 
El Rhurni io the east to Gebel Shawshaw and west 
Gebel Haishan (northeast of Qur El Malik) to the 
west (Fig. 14/14 ). 

Paleocene facies changes in Abu Tarrur-EI 
Kharafish plateaux and in F arafra 
The interchanging relationships of the Kurkur and 
Garra Formations on the Abu Tartur scarp with the 
Dakhla Formation on west Aio Amur and Wadi El 
Battikh scarps (Fig. 14/12) are due to a change from 
platform to shelf deposition probably influenced by a 
syndepositional northeast-trending fault system dur
ing the middle to late Paleocene. Traces of these 
faults show on the surface (map, Fig. 14/5). Similar 
fault-controlled depositional effects are expressed by 
the changes of the Garra Formation ioto the Tarawan 
and Esna Formations. The interchange of facies coio
cides roughly with a sub-latitudinal fault system 
mapped along the northern reaches of Abu Tartur-EI 
Kharafish plateau from Naqb Sushina westward to 
Gebel Haishan (maps, Figs 14/5 and 14/9). The asso
ciation of these depositional changes with the two 
fault systems seems to delimit the plateau from the 
southeast and north, and suggests an upthrown fault 
block formiog this plateau io the middle-late Paleo
cene. Strougo (1986) emphasizes the fault-controlled 
deposition of these Paleocene sediments. Faultiog 
along the eastern scarp of the Abu Tartur plateau or 
its strong uparching provides a possible explanation 
for the Paleocene ioterchange of facies at Wadi El 
Battikh and west Ain Amur. This interpretation is 
partly in accord with Hermioa (1967) who visualizes 
the Abu Tartur plateau as a submarine swell 'flanked 
on its eastern and western sides by subsidiog lands 
sloping towards Kharga and Dakhla respectively'. 

In Farafra, the Esna Formation has the same strati
graphic position as in the southern occurrences. It 
forms the shale-marl sections exposed on the slopes 
of the El Quss Abu Said plateau (70 to 176m thick), 
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the eastern scalp (EI Maqfi, 150m), and the outlier of 
Gebel Gunna North (71 m). Lithologically it consists 
of greenish shale and marl with intercalations of 
nummulitic biocalcarenite. At its base and in transi
tion to the Tarawan Fonnation, beds of hard 
limestone sometimes occur. In the south comer of El 
Quss Abu Said the Esna-Tara wan contact is calcare
ous. Upward in section, the Esna Formation is more 
calcareous and partly coralline. It grades into the 
overlying Farafra Fonnation. It thins out to the north
east of Gebel Gunna (North), and is completely miss
ing on the northern Scalp due to its later erosion on 
the most uplifted part of the Farafra anticline (Section 

2, Fig. 14/15). Along the northern SCalp, the Tarawan 
Formation is directly overlain by the Naqb Fonna
tion. The Esna Fonnation in Farafra, as in the south
em occurrences, is assigned an upper Paleocene age 
for its lower two-thirds ( velascoensis zones) and an 
early Eocene for its top part_ To the west of the 
Farafra depression, the Tarawan Fonnation is over
lain by a calcareous facies of the Esna Fonnation. At 
Qur Hamra (outlier of the north Scalp) and along the 
AiD Dalla scalp (Fig. 14/15), its section, around47 m 
thick, consists of chalky limestone and marl. This 
succession is described by Barthel & Herrmann
Degen (1981) as a succession of alternating grey marl 
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with undulating surfaces and whitish to yellowish 
well-bedded limestone beds (Ain Dalla Formation). 

A heavily bioturbated Operculina bed at the base 
of this formation indicates a possible interruption in 
sedimentation. This bed is followed by a sequence of 
bedded chalks terminating with a laminated chert 
band which in tum is overlain by a sequence of marl 
and limestone. The Ain Dalla differs from the under
lying Tarawan Fonnation by its yellowish color and 
its fauna. Echinoids, mollusca and Nummulites spp. 
are abundant in the Ain Dalla Fonnation. lbis calcar
eous facies of the Esna Formation bears more similar
ity to the Garra Formation known in the south than it 
bears to the deeper facies of the Esna Formation. 

Thebes Group 
A sequence of predominantly carbonate rocks over
lies the Esna and Garra Formations in the Kharga
Farafra stretch. The areal distribution of these rocks is 
shown on the maps (Figs 14/4, 14/5 and 1419). 
Limestones of this sequence also form the tops of 
some outliers within the Kharga and Farafra depres
sions, as well as the top of the scarp to the north of 
Farafra. Rocks of this sequence are of shallow water 
origin, and they represent the onset of a regional 
regression which prevailed continuously since the 
deposition of the upper parts of the Esna and Garra 
Formations in early Ypresian time. The sequence is 
represented by sediments which are primarily of 
shelf deposition. Their carbonate strata exhibit differ
ent types of bedding, composition, texture and faunal 
assemblages. The resulting facies variants allow the 
authors of the new geological map of Egypt (EGPC/ 
Conoco 1987) to classify them into a number of 
almost time-conformable formations under the 'The
bes Group'. The 'group' rank replaces the 'forma
tion' rank of Thebes named by Said (1960) for the 
same stratigraphic interval, being underlain by the 
Esna Formation (or its equivalent, the Garra) and 
overlain by the Minia Formation. 

The formations of the Thebes Group along the 
Kharga-Farafra plateau comprise: the Serai (=Thebes 
s.str., see Said, Chapter 24, this book), Farafra, El 
Rufuf, Dungul and Drunks. A regional map showing 
the areal distribution of these formations in the 
Kharga-Farafra plateau and its wider extension to the 
east, is compiled from the new geological map 
(1987) in Figure 14/16. A schematic interpretation of 
the different facies patterns accompanies the map 
whereby the Serai is interpreted as marginal bay, the 
Farafra as lagoonal, the El Rufuf as inner shelf and 
the Dungul and Drunks as platform deposits. 

Outward from the Kharga-Farafra stretch, the ex
tension of the Dungul Formation to the south and 
southeast and that of the Serai Limestone and Drunks 
Formation to the east forms the erosive surface of the 

widespread plateau and cliffs bordeting the western 
edges of the Nile Valley (Fig. 14116). Strata of these 
extensions represent the Ypresian deposition in the 
upper Nile Basin. The Dungul originates on an old 
shallow platform in the south and terminates the 
lower Tertiary platform facies of Garra El Arba'in 
which gradually passes northward into the coeval 
deeper Serai marginal to open bay facies.ln the north 
another syndepositional platform received the sed
iments of the Drunks facies, probably at a later time 
within the Ypresian. The Drunka was deposited on a 
high in the late Ypresian sea. lbis high makes an 
ill-defined divide between the upper Nile Basin (As
siut Basin) on the east and the Dakhla Basin on the 
west. Down slope of this high toward the latter basin, 
the inner shelf and lagoonal El Rufuf and Farafra 
Formations were deposited. Some authors interpret 
the limestones of the Farafra Formation as back-reef 
sediments. 

To the north of the map area (Fig. 14!16), and 
following the regional north dip, the Drunka Forma
tion passes into or is overlain by the lower units of the 
Minia Formation. The latter formation is overlain by 
the middle Eocene formations of the middle latitudes 
of Egypt. The middle Eocene sea probably did not 
advance southward beyond the Assiut-Farafra lati
tude in the Western Desert. 

Dungul Formation. 1n south Kharga the Dungul For
mation (Issawi 1969) overlies the Garra Formation 
and makes the upper bench of the plateau surface 
(Fig. 14/4 ). It consists of a succession, up to 130 m 
thick, of nummulitic limestone with shale and marl 
interbeds. The shale and marl interbeds constitute 
about 50% of the total thickness and dominate the 
lower part of the succession. They gradually thicken 
northward to pass into the Esna Formation (Fig. 
14/11, sections 2 and 3 ). The limestone is grey to 
pinkish, cherty, dolomitic at the top and rich in Ostrea 
mu/ticostata, gastropods, Nummulites and Opercu
lina spp.ln places the top 15m of the formation are 
reef-like carbonates. A shallow platform environ
ment is indicated for this formation. 

El Rufuf Formation. Northward the Dungul passes 
into the El Rufuf Formation which crops out along a 
belt 10 to 25 km wide, building the upper part of the 
scarp on top of the Esna Formation (Fig. 14/4 ). The 
type locality of the formation is at Naqb El Rufuf on 
the Kharga scarp to the east of El Mahariq, and 
consists of marls which are progressively replaced 
upward by marly limestone and thick-bedded 
limestone (3 to 15 rn bed thickness) with an increas
ing content of brown chert bands. The ratio of clastic 
constituents is much more reduced compared to that 
in the Dungul Formation. A thickness of 145 m is 
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attained at Gebel Urn El Ohanayim. An inner shelf 
environment is proposed for these strata. Abundant 
gastropod casts, Lucina thebaica, Conoclypeus dela
nouei and Nummulites spp. are present in the 
limestone. 'The shale beds yield Globorotalia esnaen
sis and G. gracilis ofYpresian age. 

Serai Formation(= Thebes s.str). Outward, on the 

eastern extension of the Kharga seatp, the plateau 
surface is largely covered by thinly-bedded sbelf 
chalk, chalky limestone, and cherty limestone of the 
Serai Formation. Oyster and Nummulite layers, 
possibly allochtonous, are common. Facies of the 
Serai limestone indicate their deposition on a sbelf of 
deeper and lower energy environment than that of El 
Rufuf and Dungul. Snavely (1979) subdivides the 
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Thebes (= Serai) Fonnation in the Nile Valley (Said 
1 %0) into three members. The lower member cons
ists primarily of laminated to thinly-bedded, fine
grained limestone with rare shaly horizons, grading 
upward into the middle member. The middle member 
is characterized by massive bedding, bioturbated 
chalks, occurrence of thin bands of nodular 
lintestone, and the relative abundance of benthonic 
foraminifera (Nummulites and Operculina spp. ). The 
upper member consists of thick beds of oyster 
limestone. The subdivisions of this sequence in the 
Nile Valley represent gradual shallowing conditions 
across the basin, which allowed for progradations of 
stupe margins basinward. The Serai Limestone in the 
Kharga plateau can be equated with the lower 
member of Snavely. 

Drunka Formation. To the north of Kharga, the upper 
parts of the El Rufuf and Serai Formations pass 
laterally and vertically in the Drunka Fonnation. El 
Naggar (1970) defines the Drunka Fonnation overly
ing his Luxor Fonnation (= El Rufuf and Serai For
mations in this study) as including the overlying 
Minia Fonnation, and describes its section at Drunka 
west of Assiut as thick-bedded, porcellaneous, sili
ceous limestone characterized by the first appearance 
of the spindle-shaped alveolines together with Num
mulites. Mansour & Philobbos (1983) redefined the 
limits of this formation to cap (and interfinger) the 
Thebes Formation of Said (1960) and underlie the 
Minia Formation. These authors identify Conocly
peus delanouei, Alveolina, Nummulites spp. and al
gae in its beds and assign it to the late Ypresian. In its 
adjacent occurrences in the Kharga plateau, the au
thors of the new geological map of Egypt (1987) 
describe the Drunka Fonnation as dense, thickly
bedded, locally reefal or lagoonal, and with charac
teristic chert concretions and local chert bands. In its 
type locality, the formation attains more than 200 m 
in thickness. The Assiut-Kharga well (26° 30' N, 30° 
54' E, Fig. 14/16), drilled through the Drunka Forma
tion from the plateau surface to a depth of 27 5 m. It is 
described as non-fossiliferous limestone with Num
mulites andAlveolina spp. recorded only in its lower 
horizons (Barakat & Asaad 1965). A succession of 
fossiliferous marly limestone with shale intercala
tions follows for another 155m below the Drunka. It 
includes Nummulites and Operculina spp., and seems 
to correlate with the El Rufuf Fonnation. The cumu
lative thickness of the Thebes Group in this well is 
430 m. It is underlain by a 218 m thick Paleocene 
section belonging to the Esna Formation. These in
creased thicknesses of the Paleocene and lower 
Eocene, compared to the equivalent thicknesses in 
the Kharga area, point to their accumulation in a 
down-faulted basin which was continuously subsid-

ing during the early Tertiary and possibly earlier 
(Barakat & Asaad 1965). 

Farafra Formation. The platform facies of the The
bes Group is represented in the north Kharga plateau 
by the Drunka and also by the Dungul Formation 
which covers the Naqb Shushina-Naqb El Rhumi 
scarp (El Deftar et al. 1978). In this stretch, the 
Dungul keeps the same facies of the south Kharga 
area. To the east of Naqb Shushina, the Dungul 
Formation becomes more calcareous and cherty as it 
changes laterally into the El Rufuf Fonnation, while 
to its north, it passes into another facies of the Thebes 
Group, the Farafra Fonnation. Outcrops of this latter 
fonnation form a belt of 20 to 25 km average width 
and extend in a northwest direction from Naqb Shu
shina to the east Farafra plateau for about 200 km. 
The Farafra is made up of thick-bedded (partly calca
renite) locally allochthonous limestone beds which 
are distinguished from those of the El Rufuf Fonna
tion by their buff color (compared to whitish in El 
Rufuf) and by the predominance of Alveolina spp. of 
spherical shape, miliolids and algae. An inner shelf to 
lagoonal environment of deposition and an Ypresian 
age are indicated for this facies. The type locality of 
the Farafra Fonnation (Said 1 %0) is at El Quss Abu 
Said, a conspicuous outlier on the western edge of the 
Farafra depression, where it overlies the Esna Fonna
tion and forms the eroded capping rock. 

Naqb Formation. The top of the scarp and the plateau 
surface to the north of the Farafra depression are 
formed of the Naqb Formation. To the north of Ain El 
Maqfi the Naqb unconfonnably overlies the Paleo
cene Tarawan Chalk, as the Esna Fonnation is miss
ing due to the maximum development of the Farafra 
uplift in this area. Westward toward Ain Dalla, the 
Naqb Fonnation gradually overlies the calcareous 
facies of the Esna Fonnation (map, Fig. 14/9 and 
sections, Fig. 14/15). 

The Naqb is described from the northeastern pla
teau of the Bahariya Oasis (Said & Issawi 1964). The 
sequence there consists of darl< grey to pink 
limestone and dolomitic limestone with minor shale 
intercalations. The top part is sandy and carries pele
cypod and gastropod shells, Operculina, elongate 
Alveolina, Nummulites spp. and coralline algae. In 
the northern plateau of Farafra, the Naqb is made up 
of pinkish, dense and nummulitic platform 
limestones with local flint bands. To the east of 
Farafra, it extends over a large part of the plateau as 
far as Ghard Abu Moharik where it passes laterally 
into the Minia Fonnation in the area to the east of 
Ghard Abu Moharik, but the passage is not clear in 
the dune-covered areas. 
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POST-LOWER EOCENE 

Following the retreat of the sea and the uplifting 
phase in post-early Eocene time, terrestrial condi
tions prevailed over the Kharga-Farafra stretch since 
that time. Alluvial, lacustrine and eolian sediments 
are described from several localities. 

Gravel Fills. These are alluvial deposits which occur 
as well-developed mounds which cover patch areas, 
ranging from 2 to 20 Jan2, on the plateau surface east 
of Kharga (Fig. 14/4). They stand out as heights, 
sometimes exceeding 10 m, above the lower Eocene 
limestone of the Thebes Group. They consist of 
poorly bedded gravel of dark brown limestone and 
chert embedded in pale brown silty matrix. The gra
vels are derived from the underlying Thebes 
limestone. El Hinnawi et a!. (1978) and El Deftar et 
al. (1978) suggest that these sediments were trans
ported short distances by flood waters during pluvial 
periods and deposited in low topographic depres
sions. Said (Chapter 25, this book) suggests that these 
gravel fills represent inverted wadi deposits of a 
post-Eocene drainage system and correlates them 
with the Oligocene Nakheil Formation on top of the 
faulted Eocene blocks in the Quseir-Safaga area, Red 
Sea region. 

Minqar El Ta/h Formation. A sequence of cross
bedded sandstones, in a partially kaolinized matrix, 
topped by fresh-water gastropod-bearing limestone, 
forms the summits of the west Dakhla and Abu 
Minqar scarps (Fig. 14/9 and sections Fig. 14/13). It 
rests on detritic carbonate and reddish shale or 
sandstone of the late Maastrichtian and Paleocene 
substrata. The same sequence is recorded truncating 
the Paleocene-early Eocene marls and limestones of 
the Esna and Farafra Formations at the southern end 
of El Quss Abu Said plateau (map 14/9). It is not 
possible to date these sediments by their terrestrial 
and fresh water gastropods (Barthel & Hemnann
Degen 1981). 

A similar sandstone and sandy limestone sequence 
resting on the middle Eocene limestone of the Mokat
tam group is described by Lebling (1919) from the 
plateau north of Bahariya. In the Siwa area, Zittel 
(1883) records several localities with ?Neogene de
posits carrying fresh water fauna and flora. The au
thors of the new geological map (1987) classify this 
sequence, named Minqar El Talh Formation, with the 
post-Miocene deposits on stratigraphic grounds. At 
the type locality in the southwest Qattara depression, 
the sequence is described as 'light-colored, conti
nental to lacustrine sandstone with root marks; yel
low siltstone, capped by lacustrine limestone with 
borings and gastropods'. Said (Chapter 25, this book) 

attributes this sequence to the late Pliocene drainage 
system or systems which developed over 'the ex
humed surface of the late Miocene erosional episo
de'. 

Gravel terraces. The gravel terraces cover large parts 
of the foot scarps of the Kharga depression, Abu 
Tartur and other areas to the west. They consist of 
pebbles and boulders of limestone and chert em
bedded in a clayey matrix. They were formed during 
the Pleistocene pluvial episodes after the excavation 
of the depressions. Strong torrents cut deep gullies in 
the face of the scarps and carried the detrital wash 
depositing the coarse gravels at the foothills (A wad & 
Ghobrial1965). The finer clay material was further 
transported by the torrents to the numerous lakes 
which occupied the lower areas of the excavated 
depressions where they were deposited (see playa 
deposits, vide infra). 

Playa deposits. Among the large playas in the area 
under discussion are those to the west of Urn El 
Ghanayem (200 Jan2), around Baris (125 km2), at 
Qulu El Sabaya, west Mawhoob and Farafra. There 
are several others of lesser dimensions. On the pla
teau surface near Gebel Abu Tartur, other playas are 
found covering areas ranging from 10 to 100 Jan2 (El 
Deftaretal. 1978). The playa deposits aremadeupof 
horizontal, alternating bands of soft, friable sand, 
clay and silt with frequent plant remains. Some arti
facts are found in them, particularly near their edges. 
Gastropod shells are of common occurrence in the 
playa deposits. Morphologically the playas form iso
lated well-eroded hummocks or narrow elongte 
ridges in heights of a few meters to 20 m above the 
depression floor. 

On the top surface of some playas, a salt crust of 
capillary origin forms a thin veneer 10 to 20 em thick. 
Salt crusts also intercalate, in places, the shale and silt 
bed rocks of some parts of the depressions. Sodium 
chloride is the major salt constituent in the crust, 
about 82%. For a discussion of these deposits, their 
age and genesis the reader is referred to Said (Chapter 
25, this book). 

Traverine and Tufa. These are massive or porous 
fresh water limestones with abundant plant remains. 
The thickness of these deposits in the southern oases 
areas is variable, is within the range of 10m. They 
spread over the scarp face to the east and north of 
Kharga, south of Ain Amur embayment, and in other 
localities to the west. They also occur over the pla
teau surface to the east of Garmushin in Kharga (El 
Hinnawi et al. (1978) and to the west ofEl Ramliya 
promontory (El Deftar et al. 1978). 

These occurrences and others in the Kharga-
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Dakhla stretch are comparable to similar deposits of 
spring activity in the south Western Desert, described 
by Said (1969), Said & Issawi (1964) and Issawi 
(1969, 1971). The age of these deposits is difficult to 
ascertain, although most authors classify them with 
the Pleistocene. Said (Chapter 25, this book), 
however, emphasizes that the massive tofas on top of 
the Kharga plateau are of pre-late Miocene age, 
though younger generations of tufas are known. 

Sand dunes. Sand dunes cover about 20% of the total 
area under discussioiL The southeastern extension of 
the conspicuous Abu Moharik dune belt, which ori
ginates on the plateau east of Bahariya Oasis, enters 
the plateau north ofKharga and continues with minor 
breaks in nearly the same southeastern direction for 
about 150 km, delimiting the western side of the 
Kharga depressioiL Patches of sand dunes and drifts 
exist at the foot scarps of Kharga at the Baris and 
Mahariq areas, and along the slopes of Abu Tartur
Abu Minqar scarps. A deluge of parallel, northwest
southeast longitudinal dunes overwhelms large parts 
of the area from east of the Farafra depression to the 
El Kharafish plateau. Occasional inter-dune corridors 
expose Tarawan or Dakhla Formations. The exten
sion of this sand mass invades in discontinuous nar
row belts the western side of the Dakhla depression 
(Figs 14/5 and 14/9}. The Great Sand Sea, formed of 
similar northwest-southeast running dunes, mainly of 
the seif type, borders the Abu Minqar-Farafra stretch 
on its west and blankets various rock units ranging 
from the Quseir and Duwi Formations in the south to 
the Esna Formation in the north (Fig. 14/9}. 

SUMMARY OF DEPOSITIONAL HISTORY 

Precambrian basement rocks in the Kharga stretch 
are restricted to scattered tectonic occurrences which 
form the small-sized granite hills at Abu Bayan. They 
owe their exposure to uplift and faulting movements, 
mainly of post-Eocene age. The sedimentary cover in 
the Kharga and Dakhla areas represents the infill of 
the Dakhla Basin from late Jurassic to early Eocene, 
with a total thickness ranging from less than 500 m on 
the south Kharga uplift to about 2000 m in Dakhla 
and north of Kharga. 1n the west Dakhla-Farafra area, 
the Dakhla Basin is partially Paleowic and the 
Paleowic-early Eocene sediments there increase in 
thickness to about 3000 m. The depocenter of the 
Dakhla Basin falls under the Great Sand Sea further 
to the northwest, beyond the limits of the area under 
discussioiL Late Jurassic sediments are the oldest 
recorded in the stretch, as revealed by surface investi
gations and the available subsurface drilling data. 
1\vo main facies are distinguished: a Jurassic to Cam-

panian facies, predominantly continental but with 
shallow marine invasions in the Aptian and Cenoma
nian, and a Campanian to early Eocene facies of 
transgressive-regressive open marine facies. Late 
Jurassic to early Thronian continental and marine 
sequences wedge out, or are Jacking on the Kharga 
uplift, and the entire stretch was emergent from 
middle Thronian to early Middle Campanian time. 
The Campanian transgression which followed termi
nated the predominantly continental deposi
tion in the Dakhla Basin. At the Campanian
Maastrichtian boundary, phosphate-bearing sedi
ments were deposited in association with sea bottom 
oscillations of varied intensities, developing in basin
ridge configuration. While the Campanian to Maas
trichtian deposition was continuous in deep parts of 
the basin (Dakhla and west Dakhla areas), it was 
interrupted by diastems in the Kharga and Farafra 
areas. Shale and mudstone are the main lithotypes of 
Maastrichtian sediments in the Kharga-Abu Minqar 
stretch. Sand content in the shale increases generally 
in areas of south Kharga and between west Dakhla 
and Abu Minqar.ln the Farafra depression, the Maas
trichtian shale changes to chalk, free of clastics. 
Stratigraphic intervals of shallowing depositions are 
repeatedly reported within the Maastrichtian sed
iments, particularly in its middle members, and even
tually a well-documented erosion surface terminates 
the Maastrichtian deposition. The marine Paleocene 
sediments which followed on the Maastrichtian with 
varying stratigraphic gaps display two distinct types 
offacies: marginal marine limestone facies (Garra El 
Arba'in facies) which developed in the south Kharga 
and Abu Tartur-El Kharafish plateau, and deeper, 
middle to outer shelf facies in the other basinal areas 
(Nile Valley facies). Interfingering relationships be
tween different formations of the two facies are well
displayed Shallowing conditions started again to
ward the close of the Paleocene and the sea complete
ly withdrew to the north after the deposition of the 
Thebes Group limestones during the early Eocene. 
The latter limestones are classified into a number of 
interchanging formations of platform to variable 
shelf environments of deposition. Since the post
early Eocene regression and the following uplifting 
movement and erosional phase that affected Egypt, 
terrestrial conditions have prevailed over the Kharga
Farafra stretch as well as in other areas of south 
Egypt 

DESCRIPTION OF GEOLOGIC STRUCTURES 

The structural elements of the Kharga-Farafra stretch 
are the result of typical stable shelf tectonics. Faults 
and, to a lesser extent, large scale gentle folds are 



The surrowuiings of Khorga, Dakhla and Farafra oases 289 

reflected on the swface and these indicate differential 
block movements in the basement. Most probably, 
the type and intensity of the resulting tectonics and 
defonnations in the overlying strata are governed by 
the thickness and lithology of the rocks which differ
ently constitute the sedimentary cover in the various 
areas. In Kharga, where the sedimentary cover is 
relatively thin, and particularly in its southern parts, 
faults are the dominant tectonic feature and are of 
greater density and persistence. On the other hand, in 
other areas to the west and northwest, including the 
Abu Tartur and Dakhla areas, the role of broad warp
ings and undulations is more prominent. The Farafra 
area is distinguished from Dakhla by its relatively 
more intense tectonics, as it represents the southern 
extension of the Syrian Arc system, more fully devel
oped in Bahariya to its northeast 

The structural features of each of the structural 
sections of the stretch of territory under investigation 
are described. Location names and fault lines 
are shown on the maps in Figures 14/4, 14/5 and 
14/9. 

South Khorga sector 

This is the only sector in the Kharga-Dakhla stretch 
where outcrops of crystalline basement are found 
with a thin sedimentary cover and where the uparch
ing of the basement rocks is pronounced. 

Faulting 
The structural setting of the south Kharga sector is 
detennined primarily by a group of parallel faults 
running in a mainly east-west direction for distances 
of up to 50 km. These major faults divide the sector 
into parallel blocks of variable width (Fig. 14/4). The 
vertical displacement of rocks on the fault lines 
ranges from 10 to 50 m and, in some faults, the 
vertical displacement is accompanied by horizontal 
shifts, as in Abu Bayan El Bahari and Abu Bayan El 
Wastani faults. Along the course of the major east
west faults, small diagonal faults are observed. El 
Hinnawi et al. (1978) describes in detail a number of 
the major faults dissecting the rocks in the depression 
and plateau areas of south Kharga (Fig. 14/4 ). The 
Abu Bayan El Wastani fault affects the Campanian 
Quseir Fonnation in the depression. Three cen
troclinal basins, formed of beds belonging to the 
Dakhla, Kurkur, Garra and Dungul Fonnations, as 
well as a granite body, are arranged along the fault 
line. On the plateau swface, the limestone beds of the 
Kurkur and Garra Fonnations are highly inclined and 
much brecciated, and the fault has a vertical displace
ment of 20 m to the south. To its north, a nearly 
parallel fault at Abu Bayan El Bahari is marked by 
three granite hills along its course in the depression, 

and it displaces the Paleocene rocks on the scarp and 
plateau with 25 m of downthrow to the north. At 
Wadi El Abd, on the scarp and plateau to the east of 
Dush, two faults of nearly the same east-west trend 
affect the Paleocene limestone beds of Kurkur and 
Garra Fonnations and enclose a graben. A domal 
structure is associated with the northern fault, with 
Kurkur beds forming its core. To the east of Ain 
Tafnis, a similarly trending fault of 20 m throw to the 
south dissects the Paleocene beds on the scarp and 
plateau surface. Ain Tafnis spring represents a struc
tural trap formed due to the displacement of Kurkur 
limestones against the clays of the Dakhla Fonnation. 
The northernmost extension of this east-west trend
ing fault system is represented by a fault on the 
plateau approximately along latitude 25° N cutting 
across a domal structure with beds ofDakhla Fonna
tion at the core and of Tarwan, Esna and el Rufuf on 
the flanks. El Hinnawi eta!. (1978) describe a darl< 
grey travertine which covers the eastern extremity of 
the fault line as a deposit of an old spring located on 
the fault plane. 

Tilis dominant east-west fault trend is traced for 
several hundred kilometers to the east and west, 
beyond the Kharga sector. To the west it extends as 
far as the eastern forelands of El Gilf El Kebir in the 
south Western Desert, where its age seems to be 
mainly early Mesozoic. At a locality about 120 km to 
the west of Abu Bayan area, this faulting has dropped 
a narrow block of lower Eocene carbonate into the 
Jurassic Six Hills Fonnation with an estimated throw 
of about 1000 m. From there on to the east, this fault 
system should be at least partially of post-Eocene 
age. 

Folding 
Gentle anticlinal undulations coincide with the small 
bays along the scarp face with dips ranging from 2 to 
5° on the flanks. As mentioned above, some cen
troclinal domes are associated with the east-west 
faulting on the plateau swface. The area of these 
folds ranges from 1 to 25 km2 and their beds are 
highly tilted near the fault lines. Along Abu Bayan El 
Wastani fault, two centroclinal basins occur. Lower 
Eocene limestones of the Dungul Formation crop out 
at the center of the western basin, being flanked on 
the north and south sides by older rock units which 
dip at 15 to 30°. 

North Kharga sector 

The north Kharga structural sector, situated to the 
north of latitude 25° is structurally characterized by 
predominance of north-south trending faults of the 
normal type. They extend over the depression and 
along the eastern and northwestern escarpment as 
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well. Slight azimuth deviations from the north-south 
trend to the north-northwest or to the north-northeast 
are common along the courses of some of these 
faults. The east-west trending faults characteristic of 
the south Kharga sector are very subordinate in the 
northern sector. Ghobrial (1967) describes in detail 
the different fault patterns in north Kharga; a summ
ary of which is given here (Fig. 14/4 ). 

Taref-Teir fault. This fault extends for at least 30 ian 
in the western limits of the Kharga depression and 
truncates along its course the western sides of Gebel 
El Teir and Gebel Tarawan. The sandstones of the 
Taref Formation on the west side of the fault are 
brought to a level higher than that of the Duwi 
Formation in Gebel El Teir and even higher than that 
of the upper shale beds of the Dakhla Formation as in 
Gebel Tara wan. The maximum displacement is about 
225 m to the east in the vicinity of the latter hill. A 
group of minor faults run for short extensions parallel 
to this major fault of Gebel El Teir, with 5 to 20 m 
vertical displacement to either east or west. On the 
western side of the major Taref-Teir fault another 
group of Jesser faults of nearly the same trend are 
found on the western side of the conspicuous outlier 
of Gebel Taref. On both sides of the major Teir-Taref 
fault, two north-south, doubly plunging basinal struc
tures are developed in the area to the north of El 
Kharga town. The one to the east encloses the outliers 
of Gebel El Teir and Gebel Tarawan, and the one to 
the west encloses the outlier of Gebel Taref and the 
small hill to the west of it, Gebel Sheikh. The rocks 
which form the basinal parts of these outliers belong 
to the Duwi, Dakhla and Tarawan Formations. It is 
only in Gebel El Teir that eroded remnants of the 
Esna Formation and Thebes-EI Rufuf Formation are 
preserved as capping rocks. 

Quarn Ginah-Boulaq faults. A group of isolated hil
locks in the depression area at Ginah to the north of 
Boulaq are intensely folded and are separated from 
each other by a group of inferted faults which form 
two horsts separated by a graben. The extensions of 
these faults range from 4 to 20 ian following a trend 
of average azimuth 13°, and with amounts of down
throw from 20 to 160 m. Several domal and basinal 
structures with steeply inclined flanks are developed 
in association with this group of faults. Most conspi
cuous of these folded structures is Quam Ginah, a 
doubly plunging domal strucmre developed around a 
north-south trending axis, and fault-truncated on its 
western side. The folding of Quam Ginah could have 
been initiated in pre-Campanian times as indicated 
by the occurrence of a joint system within its format
ive sandstone layers belonging to the Taref Forma
tion, which is noted to be older than a younger joint 

system in the lower Eocene limestones on the plateau 
(Ghobria!1967). 

Down-to-east step faults along the northern escarp
ments. 1\vo faults are mapped along the western and 
eastern scarp faces and foothills which bound El 
Mahariq embayment in the northernmost Kharga 
area (Fig. 14/4 ). The western fault extends for a 
distance of about 22 ian and trends at an azimuth of 
34 °. Its maximum down throw is estimated to be in 
the range of 110 m to the east as inferred from 
elevations on top of the Duwi Formation on both 
sides of its course (Ghobrial1967). The eastern fault 
runs for a distance of about 22 ian along the scarp on 
the east side of the embayment in an almost northerly 
direction (azimuth 6°). The downthrow is toward the 
east with a maximum vertical displacement in the 
range of 120m, as indicated by elevations in the Taref 
sandstones on the western side and those on top of the 
Tarawan Formation on the eastern sides. The above 
two faults are two step faults, both having their 
downthrow to the east. 

Umm El Ghanayim-Ghanima faults. A group of 
faults affect Gebel Umm El Ghanayim and Gebel 
Ghanima, outliers of the eastern scarp in north Khar
ga, as well as the areas in their vicinity (Fig. 14/4). 
These faults extend for distances of 5 to I 0 ian. Two 
of these faults truncate the western sides of the two 
outliers and they both have the downthrow sides to 
the east with vertical displacements of73 and 86 m at 
Umm El Ghanayim and Ghanima respectively. The 
fault cutting the area in between has a downthrow 
also to the east, of 30m. Exceptionally, the fault to the 
northwest of UmmEl Ghanayim has a downthrow to 
the west of about 130m. Similar to the Teir-Tarawan
Taref basins, the Umm El Ghanayim and Ghanima 
outliers represent basinal structures truncated by 
faults on their western sides. 

It is quite certain that block faulting is the basic 
characteristic feature in the Kharga area in general. 
Faulting took place in several phases during its geo
logic evolution, and it is also evident that the tectonic 
faults were activated later, when new ones as well 
occurted. The activity of the majority of these faults 
can be established as taking place in post-lower 
Eocene times. The present day morphological 
configuration of the Kharga depression and its east
em bounding escarpment in an almost north-south 
direction, and its parallelism to the dominant fault 
trends in north Kharga, is noteworthy. Over the entire 
stretch from Abu Minqar to Abu Tarmr at the western 
approaches of Kharga, the retreat of the scarp face 
has been progressively affected to the north, along 
the gentle to almost horizontal regional dip, and the 
present scarp face on the northern sides of the depres-
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sions acquire an ahnost east-west trend. The remarl<
able and abrupt change of the scarp alignment to the 
south in north Kharga developed along the dominant 
step-faulting system in an area of a flat regional dip. 
Another feature that draws attention in north Kharga 
is the direct relationship between the folded struc
tures, domal and basinal, and the north-south system 
of faults. 'Nearly all observed folded structures are 
truncated on their west sides by faults. Also, the 
intensity of folding is directly proportional to the 
amount of downthrow of the respective faults' 
(Ghobriall967). 

Abu Tartur-Dakh/a-Abu Minqar sector 

This structural unit is characterized by simple geo
logic structure and very gentle northwardly regional 
dips. The central part of this sector, situated in the 
Dakhla area, is occupied by a major northeast
plunging syncline which forms part of the regional 
Dakhla Basin. The Dakhla syncline is thrown into a 
number of small anticlinal and synclinal undulations 
of different intensities. The axes of the anticlinal 
undulations coincide with the embayments of the 
scarp at the northeast of El Qasr, along Darb El Tawil 
and at Wadi El Battikh (Fig. 14/5). On the other band, 
the axes of the synclinal undulations coincide with 
the promontories of the scarp which lie at Mut and 
Teneida. In spite of the subdued surface expression of 
the Dakhla syncline and the superimposed fold undu
lations, the structures continue at depth with little or 
no crestal shifting as the subsurface data indicate 
(Barakat & Milad 1966). The folding movements 
date back to Jurassic-early Cretaceous times. 

The southeast flank of the Dakhla syncline occu
pies the present Abu Tartur plateau, with minor gent
le undulations and a deeper closed subsyncline 
located in the center of the plateau. A structural uplift 
area occupies the desert peneplain between west 
Kharga and the Abu Tartur plateau. The structurally 
higher setup of this area, relative to the lower Dakhla 
area to its west, dates back to pre-Campanian times, 
as this high area probably formed a northern exten
sion of the Kharga paleo-uplift. As the prevailing 
dips are very gentle in degree, the differential struc
tural relief between the areas of east Abu Tartur and 
Dakhla are revealed only by systematic structure 
contouring. Datom elevations carried out (Hermina 
1967) on the base of the Duwi Formation in the Abu 
Tartur area and by Hermina et a!. ( 1961) in the 
Dakhla area show a gentle drop from 450 m in the 
east to less than I 00 m around Edmonstone in west 
Dakhla. These datom elevations should have attained 
higher values to the east of Abu Tartur in the Kharga 
area, if it were not for the later downthrow effects of 
the north-south fault system to the east. Elevations on 

the same datom in Kharga do not surpass the 400 m 
on the highest parts of the Kharga central north-south 
elongated anticlines, and they reach down to below 
100 m along the dips toward the bounding escarp
ment(Ghobrial1967). 

Faults around Abu Tartur are of diverse orientation 
and the intersection of many minor faults appears to 
divide the area into small echeloned sections. These 
are best revealed by the use of aerial photographs or 
satellite imagery. Some other minor, normal faults 
extending irregularly in different directions in the 
depression and along the scarp faces can be directly 
traced on the ground. 1\vo sets of northeast faults 
with sublatitudinal trends are partially and disconti
nuously traced on the scarp face, but more complete
ly on the Abu Tartur-El Kharafish plateau. They 
affect the Paleocene limestone beds. As discussed 
above, their origin is attributed to syndepositional 
tectonism at that time and they are responsible for the 
development of the near-shore 'Garra El Arabain' 
facies on the upthrown blocks. 

The relatively most important structure affecting 
the northerly monoclinal dip in western Dakhla is a 
north-south trending syncline enclosing the Ed
monstone outlier. Similar to the basinal structure in 
the Kharga depression, the Edmonstone syncline is 
located near the downthrown side of a north-south 
trending fault indicated by some authors to its west 
side. The amount of downthrow of this fault is esti
mated to be 80 m. 

The possibility of the existence of a group of major 
faults around this syncline cannot be eliminated. This 
is strungly indicated by the abundance of minor faults 
throughout the surrounding area (Hermina et al. 
1961). A fault or a group offaults is inferred to exist 
along the southern footscarp of Gebel Edmonstone, 
whose cumulative downthrow is in the range of 100 
m to the southwest. The Iscordia chargensis 
limestone bed, which caps the Duwi Formation, is 
noted to drag at 10° near the faults of south Ed
monstone. Other sets of faults of a general west
northwest trend can be traced or inferred for distances 
of 10 to 15 km along the face of the northern main 
scarp and in the area between it and Edmonstone, 
with vertical displacements of 20 to 50 m, primarily 
to the southwest. Another fault runs parallel to the 
scarp face north of El Qasr. It is indicated by the 
abundance of minor faults in this area, whose down
throw sides are mostly towards the north. The 
existence of this fault is also suggested by the occur
rence of a group of hot sulphurous water springs 
along its inferred course, at the foothills of the scarp. 

A characteristic feature of the area to the northwest 
of Edmonstone is the lack of major faults (Fig. 14/9). 
A series of minor normal faults are observed along 
the scarp face west of Qur El Malik where they dip to 
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the northeast. The morphological shape of the escarp
ment southeast of Abu Minqar suggests the presence 
of a fault running parallel to it This fault is much 
concealed below continental deposits of younger age 
(Minqar El Talli Formation). The west-northwest 
trending faults recorded on the El Kharafish plateau 
and to its west, fall almost on the same trend of the 
similar faults previously described on the Abu Tartur 
plateau. They also appear to be a result of the Paleo
cene syndepositional tectonism which controlled the 
distribution of the facies characteristic of its rocks. 

Farafra sector 

The Farafra structural sector is distinguished from the 
Dakhla-Abu Minqar sector by its relatively more 
intense tectonics. Its structural elements may repre
sent the transitional stage between the typical stable 
and mobile shelf conditions. Faults, joints and folds 
indicate movements in the basement, but these are 
faintly distinguished on the surface due to the rela
tively thick sedimentary cover (Barakat & Abdel 
Hamid 1973). The sedimentary record in this sector 
reflects the occurrence of a number of tectonic move
ments at different times. These movements produce 
four gently folded structures. Two anticlines (Farafra 
& Ain Dalla anticlines) alternate with two synclines 
(El Quss Abu Said and El Ghard synclines). Rather 
dense faulting and very prominent jointing resulted 
from these tectonic disturbances. A prominent set of 
faults of northeast strike is detected parallel to the 
northern escarpment of the depression. Although in
dividual faults have been traced for a considerable 
distance, no one fault is found to extend completely 
across the whole scarp. 

The Farafra main (central) anticline is a doubly
plunging anticline, trending northeast-southwest 
with the steeper plunge on the northeast The flanks 
show gentle dips, 2 to 3°, increasing to 7° near the 
fault. Clastic rocks of the Wadi Hennis Formation 
(Campanian) are the oldest rocks exposed on the 

central part of the anticline in the area of Ain El Maqfi 
and Wadi Hennis (Fig. 14/9). Maximum weathering 
effects are observed along the southwestern exten
sion of the axis in a direction toward Qur El Izza and 
Abu Minqar. Numerous faults and a dense system of 
joints are developed in the areas around North Gun
na, an area characterized by numerous springs. Sur
vey studies around Qasr El Farafra in the depression 
show a very marked consistency of joint patterns in 
chalk beds of the Khoman Formation which swing 
gradually from northwest north of Qasr El Farafra to 
the northeast south of there. El Ramly (1964)remarks 
that 'these joints which are perpendicular to the bedd
ing planes are joined by (en echelon) gash joints filled 
by calcite and which stand out above the ground 
surface as low ridges'. He adds that this jointing is 
certainly partly contemporaneous with the folding. 

Faults are rather difficult to detect due to sand 
cover. Some faults of a northeast trend cut obliquely 
across the Farafra anticline in the area between Gun
na North and Ain El Maqfi (Fig. 14/9). The eastern 
flank of the Farafra anticline constitutes a huge 
monoclinal structure covered by limestones of the 
Thebes Group, which persistently dip gently to the 
southeast El Ramly (1964) shows a huge syncline to 
the southeast of Farafra anticline whose axis also 
trends northeast-southwest in the dune area between 
Bir Karawein and Qur Zugag (El Ghard syncline). 

The northwest flank of the Farafra anticline is 
defined by a parallel-trending and double-plunging 
syncline of El Quss Abu Said, which in tum is 
defined by the Ain Dalla minor anticline on its north
west flank. The latter, however, is an ill-defined struc
ture, due to the vast cover of sand in the area. 

Omara et a!. (1970) define an upthrown-faulted 
block to the south ofEl Quss Abu Said. The bounding 
faults extend in a northwest-southeast direction on 
the plateau areas from Abu Minqar toward El 
Kharafish. It is possible that this block faulting is 
related to the previously discussed system that af
fected the Paleocene rocks to the east 



CHAPTER 15 

North Western Desert 

GAMAL HANTAR 
Consultant, Cairo, Egypt 

The northern part of the Western Desert fo~s an 
almost featureless plain which, with the exception of 
the small folded and faulted Abu Roash complex to 
the north of Giza pyramids, offers few prominent 
topographical or geological fe~tures that would 
reflect its intricate geological history. Most of the 
surface is covered with gentle-dipping Neogene star
ta of reasonable lithological uniformity. There are a 
few lines of major faults, and the few folds no~d are 
minor rolls with gentle dips and large amplitude. 
Topogrpahically the monotony of the plains is cu! by 
occasional low questas, the great Qattara depresston, 
Siwa oasis and the Wadi Natrun hollows. 

Deep drilling in this desert, however, has shown 
that this apparently geologically simple structure 
made by the thin cover of later sediments conceals 
beneath it an intricate geological structure made up of 
a large number of swells and basins: The ~~tary 
column is thick. 1n the Abu Gharadig basm tt reaches 
between 8 and 9 km, while to the north it may reach 3 
to 6 km. The complicated structure and the great 
thickness of the sedimentary column, when com
pared with the areas to the south, justifies the use of 
the temtS Stable and Unstable Shelves which were 
introduced by Said (1962) for the areas north and 
south of the Abu Gharadig basin. 

Recent literature covering this area include: Ab
dine (1974) Abdine & Deibis (1972}, Abu El Naga 
(1984), Aw~d (1984, 1985), Bayoumi & El Gamili 
(1970) Ezzat & Dia El Din (1974), Deibis (1976), 
DiaEI Din (1974), El Gezeery et al. (1972), El Sweifi 
(1975) Elzarka (1984, 1986), Gindy & El Askary 
(1969;, b), Khaled (1975}, Marzouk (1969), Khalil 
& El Mofty (1972), Metwalli & Abdei-Hady (1975), 
Norton (1967}, Omara & Ouda (1969, 1972}, Riad 
(1977) Salem (1976) and Sestini (1984). Basing its 
work ~n the wealth of material resulting from oil 
exploration work in the north Western Desert, 
Robertson Research lntemational (RR11982) carried 
out a comprehensive study of the geology and the oil 
potential of this region. 

---------

Tectonics and structure 

The eastern Mediterranean basin evolved as a result 
of plate motions responding to the opening of the 
Atlantic Ocean starting from the Jurassic and result
ing in the destruction of the Paleotethys and the 
opening of the Neotethys. The north Western Desert 
fomtS part of the African plate. At present it is charac
terized by having a narrow continental shelf (15 to 50 
km wide) which is bound by a steep continental slope 
representing a major fault or hingeline separating the 
continental crust from the continental margin. 1n the 
past, the north Western Desert was inte~ittently 
submerged by epicontinental seas. The entire sedi
mentary section, except in limited areas an~ for S~l(~rt 
durations, is of subaerial or shallow rnarme. ongm 
excluding a continental margin model and puttmg the 
north Western Desert well south of the Neotethys 
suture. 

293 

Several tectonic events affected the north Western 
Desert. The early Paleozoic (Caledonian) and the late 
Paleozoic (Hyrcenian) events were mild and are 
represented by regional uplifts of moderate magni
tude producing disconfonnities within the Paleozoic 
and between the Paleozoic and the Jurassic. The 
presence of widely-spread continental Jurassic indi
cates that the late Paleozoic event could not have 
produced major structural or topographic irregulari
ties. During the Jurassic, which was accompanied by 
major plate movements including the separation of 
the Apulian microplate, many of the emergent lands 
of north Egypt became submerged by the newly 
formed Neotethys. The end of the Jurassic witllessed 
a major orogenic movement which resulted in the 
emergence of the land. . 

The most important tectonic event occurred dunng 
the late Cretaceous and early Tertiary and was pro
bably related to the movement of the north African 
plate toward Europe. It resulted in the elevation and 
folding of major portions of the north Western Desert 
along an east-northeast west-southwest trend (Syrian 
arcing system) and in the development of faults of 
considerable displacements. 
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Basement trends 

The tectonic evolution of north Africa was affected 
among other factors by the reactivation of the base
ment fractores. The trends of these fractores must 
have had an important influence on the sites and 
orientation of basins and other mega and small struc
tores. The basement trends can be seen in the base
ment outcrops. They include: 

1. A north-south trend charachteristic of the Nu
bian Shield. This trend extends northward and under
lies the area between the Nile Valley and the Qattara 
depression. 

2. A northeasterly trend characteristic of the 
Tibesti Massif and the Pelusium line which were 
probably genetically related. This trend extends 
below the western part of the Western Desert. 

3. An east northeast-west southwest trend. This 
trend results from the interaction of the above
mentioned trends marldng a major structural discon
tinuity. The expression of this trend is along a line that 
runs from Siwa oasis to Alexandria. 

4. An east-west trend. This trend does not show on 
the surface but is strongly indicated from the aero
magnetic measurements of the Western Desert. This 
trend was most probably responsible for the shaping 
of a number of the megastructures that extend along 
latitude 30° N. 

Basement mega-structures 

Information obtained from drilling, aeromagnetic 
and gravity measurements and seismic interpreta
tions indicate the presence of basement mega
structures which are aligned in a more or less east
west direction. These structures lie along the Stable
Unstable Shelf contact and seem to have affected the 
sedimentary history and geologic evolution of the 
region. The following are the most important ele
ments of these structures (Fig. 15/1). 

Bahariya-Diyur high. The southern part of the area is 
dominated by a basement high where the basement is 
always shallower than 3 km. To the east, however, 
lies the Gindi (Fayum basin) in which the basement 
lies below 5 km. 

Gib Ajia high. This high runs in a northeasterly 
direction from the western side of Siwa oasis to the 
northwestern edge of the Qattara depression. The 
basement lies at a depth of 3 to 4 km. 

Sharib-Sheiba high. This high has an east-west trend. 
It extends from the western comer of the Gib Afia 
high to longitude 30° E. 

Kattaniya high. This high has a northeast-southwest 
trend and is centered about 50 km from Cairo. It is 25 
to 30 km wide and forms a horst block bounded by 
faults with a displacement of about 3 km. 

Abu Gharadig basin. This basin has a thick sediment
ary section and great hydrocarbon potential (Awad 
1984, 1985). 

Structures 

The north Western Desert structure is dominated by 
faults many of which can be identified from seismic 
and well data (Fig. 15/2). The majority are steep 
normal faults and most have a long history of growth. 
Some of the normal faults suffered strike slip move
ments during part of their history. Strike slip move
ments seem to have affected the orientation of many 
of the fold axes. The strike slip movements were 
probably related to the lateral movements which the 
African plate underwent during the Jurassic (sinstral) 
and late Cretaceous (dextral). 

Faults with displacements in the magnitude of 
1500 to 3000 m are limited to the Kattaniya horst 
(northeast-southwest) and the Abu Gharadig graben 
(east-west). The greatest subsidence along these 
faults took place in post-1\Jronian time and greatly 
affected the isopachous distribution of the late Creta
ceous and early Tertiary sediments. 

Faults with displacements in the magnitude of750 
to 1500 m are present in the northern parts of the 
region but are widely spaced. These faults have an 
east-west trend with their end acquiring a northeast
erly or northwesterly direction. 

Faults with less than 750 m throw are more fre
quent. Their trend is east-west in the Abu Gharadig 
basin, northeast-southwest in the Kattaniya high and 
northwest-southeast over the rest of the north West
em Desert. Faults of north-south trend are known 
ouly in the area to the southwest of Matruh. There are 
also a large number of hanging faults affecting the 
shallower parts of the section and usually of limited 
throw. These faults are common in the northern part 
of the region. 

Most folds owe their origin to compressional 
movements which affected the area during the late 
Cretaceous-early Tertiary tectonic event. These folds 
have a northeast-southwest trend and a periclinal 
geometry. Abu Roash is a classic example of this type 
of fold. In addition, there are other folds which owe 
their origin to normal or horizontally displaced faults. 
These folds are usually confined to fault blocks. Their 
axes are parallel, oblique or perpendicular to the fault 
block trend depending on the magnitude of the strike 
slip component of the movement. 
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Stratigraphy 

For most of its geological history, the greater part of 
the north Western Desert formed a platform charac
terized by relatively mild subsidence; it was sitoated 
near actively subsiding basins or depocenters. 

During the Paleozoic most of the area lay to the 
east of the more active Paleozoic basin occupying the 
Siwa-Kufra, Libya area (the KnfraBasin). During the 
Jurassic substantial tilting shifted the center of the 
basin to northeastern Egypt leaving part of the West
em Desert in the form of a platform. With the onset of 
the early Cretaceous and up to the Recent, the active 
part of the basin shifted to the north occupying the 
present Mediterranean offshore area parallel to the 
present shore line. During these times, the north 
Western Desert formed a platform which lay to the 
south of the offshore basin to the north. 

During different periods, however, 1~. depo
centers of limited dimensions developed m different 
places over this platform. Among these mention is 
made of the narrow pullapart basins that straddle 
latitude 30° N; they were given the names Betty, A~u 
Gharadig and Gindi (Fayum) basins. These basms 
were particularly active during late CretaceOus-early 
Tertiary times. The Matruh Basin desetves spe_cial 
mention. It has a north-south trend and was particu
larly active during the early CretaceOus (and pro
bably earlier). Its origin is not yet fully understood. 
However, it is thought by different authors .to repre
sent either a failed arm of an early Mesozoic crustal 
rift, a normal graben or simply a submarine erosional 
canyon that was filled later with lower Cretaceous 
clastics. 

As has been already stated, the north Western 
Desert, with the exception of the small outlier of Abu 
Roash, is a plateau covered with Neogene sediments. 
Recent active oil exploration work including drilling, 
seismic, gravity and aeromagnetic measurell';"nts ~s 
revealed the presence of a subsurface strangraphic 
column which ranges in age from the Paleozoic to the 
Recent. The sediments occur in a number of basins 
with varying degrees of subsidence. There is no 
formal and universally accepted nomenclature for the 
subsurface rock units encountered in the north West
em Desert. The formational names used in this 
chapter are mainly those suggested by Norton (1967) 
and later followed, with minor modifications, by the 
authors of the RRl report ( 1982). In a few instances it 
was necessary to deviate from this nomenclature to 
avoid correlation problems with other areas of 
Egypt. 

PALEOZOIC 

Paleozoic sediments are reported from 31 wells, five 
of which are uncertain. The identification of the 
Paleozoic is based on the stratigraphic position of the 
strata, the presence of a few megafossils separated 
from the raised cores and cuttings and wire line log 
correlation. Although these data do not permit 
definitive results regarding the exact boundaries of 
the different stages, they were, in many cases, au
thenticated by later comprehensive paleontologic 
studies. 

The Paleozoic sediments of the north Western 
Desert are of monotonous composition and are made 
up of interbedded sandstone and shale with a few 
carbonate beds. This monotony makes the iden
tification of worlcable rock units difficult. Norton 
(I %7) attempted to extend the use of rock unit names 
in Libya to Egypt: Gargaf (Cambro-Ordovician), 
Acacus (Silurian) and Gara Dalma Formations (Car
boniferous). These formations were difficult to dis
tinguish in the Egyptian section and the nomencla
ture is not followed in this chapter. 

Figure 15/3 gives the isopachs of the Paleozoic. 
The maximum thickness of Paleozoic strata was 
penetrated in Faghur-I (2500 m), Zeitun-I (2416 m) 
and Siwa-I (2406 m). Gravity and magnetic model
ling suggest that in the western part of the north 
Western Desert, basins containing more than 4000 m 
of Paleozoic strata may well exist (Abu El Naga 
1984). 

Cambrian 

Cambrian strata were reached in 14 wells and were 
fully penetrated in five of these wells. Only in four 
wells (Bahariya-I, Ghazalat-I, Gib Afia-I and 
Kahraman-I) was the Cambrian definitely proven by 
paleontological means. The Yakout I section, which 
was originally assigned on stratigraphical grounds to 
the Cambrian by the operator (Shell), is given a 
Silorian to Devonian age by RRl (1982) on the 
ground that it is devoid of palynomorphs. From a 
paleogeographic point of view, it seems reasonable to 
assign this section and other undifferentiated Paleo
zoic sections to the Cambrian rather than to younger 
ages. The Cambrian strata of the Bahariya, Gib Afi~ 
and Ghazalat wells lie on old basement highs and 
seem to represent remnants of a very widely spread 
sea. 

The Cambrian strata are made up of sandstones of 
various light colors, sometimes glauconitic, and 
shales of reddish, brick red and grey colors. In Rabat
I well the section contains thin beds of coarse gravel. 
Definite fossil-bearing Cambrian rocks reach a maxi
mum thickness of 860 m (Bahariya-I well). Undiffe-
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rentiated pre-Devonian strata ascribed questionably 
to the Cambrian may reach a thickness of 1240 m 
(Siwa-1 well). 

The presence of trilobites, brachiopods and acri
tarchs in the Cambrian of Bahariya, Ghazalat, Gib 
Alia, Kahraman and Yakout wells point to a marine 
environment of deposition. The abundance of clean 
sands suggests a near-shore high energy environ
ment. On the other hand, the presence of brick red 
shales indicates either a non-marine environment for 
the intervals when these shales were deposited or a 
proximity to a source of hematitic mud. The undiffe
rentiated clastic sequences assigned to the Cambrian 
point to a fluvial to continental environment 

Cambrian strata rest unconformably over the base
ment rocks which provide a clear boundary. The 
upper boundary, however, is less certain and is 
usually marlced by an arbitrary stratum of Silurian, 
Devonian, Carboniferous or younger age. 

Ordovician 
No fossil-bearing strata of Ordovician age were iden
tified in the region. However, a number of operators 
assign a Cambro-Ordovician age to the barren clastic 
section penetrated in a number of wells below the 
identifiable Devonian. 

Silurian 

Paleontologically identified beds of Silurian age were 
penetrated only in Sheiba-1 well on the Sharib-Sheiba 
basement high. Here the section is made up of shale, 
siltstone and thin limestone beds intruded by a gab
broic sill. 

Devonian 

Fossiliferous Devonian strata were identified in 10 
wells and questionably in two. With the exception of 
Yakout-I, all the wells lie to the east of longitude 27° 
E. The Devonian section is made up of a lower 
sandstone unit with minor shale interbeds and an 
upper shale unit with minor siltstone and sandstone 
interbeds. The sandstone is fine to coarse-grained and 
its color ranges from white to brown or pink. The 
shale is mainly grey or greenish grey. The thickness 
of the Devonian strata is consistent throughout the 
region and is in therangeof900to lOOOm. The lower 
and upper boundaries are poorly defined and are 
usually arbitrarily marked. In the few wells where the 
Devonian rests below the Carboniferous, a discon
formity marl<s the upper boundary. 

The presence mainly in the upper shale unit, of 
marine foraminifers, ostracods, conodonts, acri
tarchs, brachiopods, bryozoans and echinoderms 

suggests a marine environment of deposition for at 
least this part of the section. The sands of the lower 
unit may have been deposited under fluvial condi
tions. 

Carboniferous 

Strata of Carboniferous age were identified in 11 
wells. With the exception of the Abu Roash-I well, all 
other wells lie to the west of longitude 27° E. Al
though the dominant lithology is clastic, the Carboni
ferous sediments exhibit lateral variation of facies 
from north to south. In the north (e.g. Sidi Barrani-I) 
20 to 30 m thick, light-colored, fine-grained and 
dolomitic interbeds are abundant. Southward (e.g. 
NWD 302-1) the carbonate interbeds disappear and 
are replaced by grey to brick-red shales. In the south 
(e.g. Bahrein-I) the section is made up entirely of 
light colored to reddish, fine to coarse-grained 
sandstone. The maximum thickness reported for the 
Carboniferous is 910 m in the Siwa-I well. Other 
thicknesses range from 680 to 780 m. 

Because the Carboniferous was partially pene
trated in only five of the 11 wells in which it was 
reported, the lower boundary is difficult to define. 
With the exception of the Abu Roash-I well where the 
Carboniferous rests directly over the basement, the 
lower boundary is marlced by the disconformable 
contact with the underlying Devonian strata. The 
upper boundary is marked by the unconformable 
contact with the overlying marine or continental late 
lower or early middle Jurassic strata. In only two 
wells the Carboniferous underlies the Permian. 

The presence of rich micro- and macro-fossil 
assemblages points clearly to the marine nature of the 
sediments (Said & Andrawis 1961, Abd El Sattar 
1983). The Carboniferous shows the first indication 
during the Paleozoic of the increased influence of 
marine over terrestrial conditions. 

Permian 

Permain strata were identified with certainty in two 
wells: Misawag-I (south of Abu Gharadig basin) and 
Faghur W-I, and questionably in Agnes-I well. The 
lithology of the Misawag occurrence is similar to the 
other Paleozoic sediments; the strata are made up 
essentially of sandstone, thin shale interbeds and a 
few coal seams. The lithology of the Faghur W-I 
occurrence, however, is different; the strata are made 
up of dolomites and dolomitic limestones with a few 
thin shale and sandstone interbeds. The thickness of 
the Misawag occurrence, which was not fully pene
trated, is more than 1320 m while that of the Faghur 
W-I, which rests disconformably on the lower Carbo
niferous, is only 55 m. In the Misawag well the 
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Figure 15.4 Distribution and thickness of Bahrein Formation. 
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Permian rests unconformably below the Bahrein For
mation (continental Jurassic). In the Faghur W-1 it 
rests unconformably below the upper Cretaceous 
Bahariya Formation. 

1he Permian occurrences seem to have been de· 
posited in littoral to sublittoral environments. In the 
case of Misawag, marginal marine supralittoral con
ditions seem to have prevailed. 

MESOZOIC 

With the close of the Paleozoic, the north Western 
Desert, like most other parts of Egypt, formed a 
positive area until the first Mesozoic transgression of 
the middle Jurassic. No Triassic or early Jurassic 
marine sediments are known in the region in spite of 
the fact that early Jurassic continental sediments are 
recorded in most parts of the region. 1he wide-spread 
nature of these latter sediments indicates most pro
bably that the north Western Desert, along with many 
other parts of Egypt, formed an area of low relief. As 
has already been mentioned, the first marine Meso
zoic transgression in north Egypt occurred simulta
neously with the opening of the Neotethys and the 
separation of the Apulian microplate. This must have 
been accompanied by movements that tilted the land 
of Egypt, elevated the actively subsiding Paleozoic 
basin of the western part of the north Western Desert 
and formed the subsiding basin of the Delta region 
and Sinai. Most of the north Western Desert formed a 
platform where a shallow open marine environment 
prevailed for a long time. Minor lateral variations are 
noted. 

During Mesozoic time the clastic supply seems to 
have come from the east and south. In Sidi Barrani 
well, the whole Mesozoic section is made up of 
carbonates in spite of its proximity to the Paleozoic 
high which stood to the west. This conclusion is 
based on the assumption that carbonate sedimenta
tion becomes dominant when the clastic supply is 
interrupted or when the site is far from the sources of 
this supply. 

Jurassic 

The subsurface Jurassic deposits of the north Western 
Desert are classified into the following units (from 
bottom to top). 

Bahrein formation 
This new formational name was introduced by WEP
CO for the continental Jurassic (and possibly 
Triassic) sediments which underlie the marine 
Jurassic strata in many parts of the desert. The name 
replaces the Eghi Group which was proposed by 

Norton (1%7) for the continental section above the 
Carboniferous. The name is gaining acceptance and 
was used in the RRI report (1982). 

The type section is the interval between 3888 and 
4437 min the Betty-I well (29° 40' Nand 27° 45' E). 
The name Bahrein was proposed because the name 
Betty was preoccupied. The formation is made up of 
red color clastics. In the type well the formation 
consists of fine to coarse quartzose sandstone with 
thin pebble interbeds, siltstones and shale, occa
sionally carbonaceous or pyritic. The formation is 
remarkably uniform over the whole area. In Yakout-I, 
a few anhydrite beds are present. 

The formation unconformably overlies different 
units of the Paleozoic or even the basement. The 
contact with the Paleozoic is easily defined when the 
latter contains identifiable fossils. In cases where the 
Bahrein lies on barren Paleozoic sediments, its lower 
boundary is arbitrarily defined on the basis of the 
grain size of the clastics which is usually coarser, on 
the color which is darker and on the shale content 
which is usually smaller than in the Paleozoic. 

The Bahrein Formation lies unconformably below 
the marine Khatatha Formation. The upper boundary 
of the Bahrein is easily identified because the Khatat
ba includes, in its lower part, many argillaceous and 
carbonate members. In places along the southern and 
western stretches of the area, the Bahrein rests uncon
formably below the dominantly clastic lower Creta
ceous Betty Formation or the Alam El Bueb member. 
In these places the upper boundary of the Bahrein is 
recognised on the basis of the darker color of its 
clastics. 

Toward the eastern and northern parts of the area, 
the Bahrein Formation grades laterally into the 
marine formations of Wadi Natrun and Khatatba. To 
the west, the Bahrein pinches out against the Paleo
zoic high and grades locally into the Alam El Bueb 
member. 

The isopachs of the Bahrein (Fig. 15/4) show that 
it thins toward the north, east and west and on prede
positional highs. The maximum thickness is reported 
in Betty-! (550m). 

The Bahrein Formation is of early to middle 
Jurassic age and possibly older. In Bahrein well the 
formation is of Callovian age. Along the southern and 
eastern reaches of the area, the formation may range 
into the late Jurassic. 

The lithology of this dominantly coarse red 
sandstone deposit points to a subaerial environment 
of deposition. Sedimentological studies on this for
mation from the Betty well indicate, however, a 
possible littoral high energy environment The pres
ence of anhydrite in Yakout-I well may point to a 
supratidal to lagoonal environment. 
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Figure 15.5 Distribution and thickness of Wadi Natrun Formation. 
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Wadi Natrun Formation 
The name Wadi Natrun Fonnation was proposed by 
Norton (1967) to include the marine carbonate-shale 
sequence of middle Jurassic age. The type locality is 
the interval3594 to 4056 m in the Wadi Natrun-I well 
(30° 23' 27" Nand 30° 18' 31" E) according to Norton 
and the interval3594 to 3620 m according to the RRI 
report (1982). The carbonates of the section are 
mostly dolomitic and are more frequent in the upper 
part of the section. Anhydrite is present in the Gebel 
Rissu and Kattaniya wells. 

The fonnation rests unconfonnably over the base
ment (e.g. Wadi Natrun-D or the Paleozoic (e.g. Abu 
Roash-D or conformably over the Bahrein Fonnation 
(e.g. Kattaniya-n. The contact is usually sharp and 
clear. The Wadi Natrun is always overlain by the 
Khatatba Fonnation. The contact between these two 
formations is drawn on paleotuological evidence and 
on the fact that the Wadi Natrun Formation includes 
more limestone beds in its top part than the lower part 
of the overlying Khatatba Formation. As bas already 
been stated the fonnation grades laterally to the west 
and south into the Bahrein Fonnation. 

The age of this fonnation is middle Jurassic al
though the lowermost part could be of early Jurassic 
age. The age is based on the presence of a palyno
morph assemblage including among others: De/toi
dospora spp., Co"o/lina meyeriana, Spheripol
/enites spp., Dichadogorryaulax stauromatos. Avail
able paleontological and sedimentological evidence 
indicates that the fonnation was deposited in a shal
low marine low energy environmem. 

The Wadi Natrun Formation bas a limited distribu
tion and is known only in the eastern part of the area 
and along its northern borders (Fig. 15/5). The maxi
mum thickness reported is 833 m (Natrun T-57-1 
well). 

Khatatba Formation 
The name Khatatba Fonnation was proposed by Nor
ton (1967) for the marine middle Jurassic dominantly 
clastic section of the north Western Desert. The type 
locality is the interval 335 to 1536 m in Khatatba-1 
well (30° 13' 44" Nand 30° 50' 07" E) according to 
Norton and the interval 442 to 1536 m according to 
the RRI report. 

The clastic section of the Khatatba Fonnation bas a 
few limestone interbeds and is made up of sandstone 
and shale. The sandstone is line to medium-grained 
and is brown in color. The shale is grey to brownish 
grey in color. The limestone interbeds become thicker 
and more frequem near the upper part of the section 
especially in the eastern and northeastern parts of the 
area. They are typically microcrystalline, argilla
ceous and in places carbonaceous. Thin coal seams 
are present at different levels of the section. 

The fonnation rests confonnably over the Wadi 
Natrun Formation in the northeastern and eastern 
parts of the area and over the Bahrein Fonnation in all 
other parts of the area. It underlies confonnably the 
Masajid Fonnation in most areas except in the south 
where it underlies unconfonnably the lower Creta
ceous Burg El Arab Fonnation. The contact with the 
Masajid is sharp and is marked by the change of 
facies from the dominantly clastic section of the 
Khatatba to the more calcareous section of the Masa
jid. The upper contact, in areas where the Masajid is 
absent, is difficult to draw. As bas already been stated, 
the fonnation grades laterally into the continental 
Bahrein Formation toward the south and west. The 
age of this formation is middle Jurassic. The environ
ment of deposition is shallow marine except at the 
southern and western margins where the formation 
interfingers the Bahrein clastics and becomes more 
continental in character. 

The fonnation is thickest in the eastern part of the 
area where a maximum thickness of 1375 m was 
penetrated in Natrun T-57-1 well (Fig. 14/6). The 
formation thins appreciably along the Alexandria
Ghazalat line and disappears to the west of longitude 
27°E. 

MasajidFormation 
This is typically a massive limestone sequence of 
middle to late Jurassic age. The name was proposed 
by A1 Far (1966) who designated the surface expo
sure in Wadi Masajid, north of Bir Magbara, Sinai, as 
a type locality. The carbonate sequence is cherty in 
the northeast and central parts of the north Western 
Desert. Pyrite and carbonaceous matter occur locally. 
In the northern and eastern parts of the region shale 
interbeds become more common especially near the 
base and top of the fonnation. The fonnation is 
clearly marked in most of the region. It overlies 
confonnably the clastic Khatatba Formation and un
derlies unconformably the clastic lower Cretaceous 
sequence. In the northeastern part of the region, 
where the whole Mesozoic section is made up of 
carbonates, the formation is Jess marked and its iden
tification is possible only by paleontologic evidence. 
The Masajid grades laterally toward the south and 
west into the Bahrein and possibly, at least in part, 
into the Khatatba. 

The fonnation is thickest in the Wadi Natrun area 
(Fig. 1517). It assumes a thickness of more than 450 
m in Wadi Natrun-1 well. The extent of the Masajid 
sea was smaller than that of the Khatatba; the 0-
isopach contour lies north of latitude 29° N. The 
Masajid is known to thicken greatly to the east of the 
Nile delta region. A thickness of 840 m was reported 
from Q-72-I well. With the exception of the Rabat 
high, where it is missing, the Masajid bas a thickness 
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which ranges from 200 to 400 m. 
The formation is of shallow marine origin deposit

ed in a basin which must have undergone mild subsi
dence under relatively low energy conditions. The 
age of the Masajid is Callovian in most areas. In the 
north and east its age ranges from Bathonian to 
Oxfordian. 

Sidi Barrani Formation 
The Sidi Barrani is a thick carbonate section of 
middle Jurassic to early Cretaceous age. Its Jurassic 
part is coeval with the Masajid Formation, while its 
upper part is the equivalent to the lower Cretaceous 
clastics (Betty Formation or part of Alam El Bueb 
Formation). The type locality is the interval1899 to 
4301 m of the Sidi Barrani well (30° 41' 39" N, 25° 
28' 00" E). The carbonates are mainly dolomitic. A 
few interbeds of sandstone, shale and anhydrite occur 
at the base of the formation. The formation is easily 
defined. It overlies conformably the clastics of the 
Khatatba Formation and underlies the clastics of the 
Alam El Bueb member of the Burg El Arab Forma
tion. 

The Sidi Barrani Formation is limited in its distri
bution to the northwestem part of the region. It was 
penetrated in less than 10 wells nearly all of which 
are located between Matruh and Sidi Barrani. The 
maximum thickness reported is 2404 m in the Sidi 
Barrani-I well. 

The formation is of open marine origin. It was 
deposited in a low to moderate energy environment 
The rarity of clastics and the abundance of organic 
material indicate an environment free from turbidity. 
According to the interpretations of some of the sei
smic lines, RRI (1982) reports the possible presence 
of reefal developments in this formation in spite of 
the fact that none has so far been recognized in the 
wells drilled in the area. 

CRETACEOUS 

The Cretaceous is divided into a lower unit made up 
primarily of clastics and belonging to the lower Cre
taceous and an upper unit made up mainly of car
bonates and belonging to the upper Cretaceous. The 
lower unit includes an important carbonate bed of 
great areal eJttent, the Alamein dolomite, which pro
vide the reservoir rock for three important oilfields in 
the region. E>tcept for the local depocenters of the 
Abu Gharadig, Betty, Shoushan and Gindi areas, the 
north Westem Desert formed a platform of uniform 
sedimentation with little facies or isopachous varia
tions. 

Lower Cretaceous 

Burg El Arab Formation 
The lower Cretaceous is represented by the Burg El 
Arab Formation made up of a dominantly thick se
quence of fine to coarse-grained clastics. The forma
tion is divided into two units, the Alam El Bueb and 
Kharita, separated by a widespread carbonate unit, 
the Alamein, and a less distributed shale unit, the 
Dahab. The type locality of this formation is the 
interval2305 to 4054 min the Burg El Arab well (30° 
55' 20" N, 29° 31' 28" E). The formation has a sharp 
contact when it overlies conformably the carbonate 
Masajid Formation. When it overlies unconformably 
the Wadi Natrun, the Bahrein, the Paleozoic or the 
basement the contact is less sharp. The formation 
conformably underlies the Bahariya Formation 
which is characterized by having a carbonate bed at 
its base providing an e>tcellent boundsry and a valid 
seismic marker. 

E>tcept in the local depocenters of Matruh, Abu 
Gharadig, Gindy and Betty, the thickness of the for
mation ranges from 500 to 2000 m. There is a re
gional increase of thickness toward the north. The 
maximum thickness is reported from Matruh-1 well 
(3057m). 

The formation is divisible into four members, from 
bottom to top: Alam El Bueb (or its lateral equivalent 
the Matruh), Alamein, Dahab and Kharita. 

Alam El Bueb member. The Alam El Bueb member 
underlies the well-marked Alamein dolomite 
member. It is a sandstone unit with frequent shale 
interbeds in its lower part and occasional limestone 
beds in its upper part. The limestone beds become 
thicker and especially abundant in the northwest. The 
type locality is the interval 3927 to 4297 m of the 
Alam El Bueb-I well (30° 38' 39" N, 29° 08' 37" E). 
RRI (1982), however, proposes Almaz-I well (in
terval 2902 to 3712 m) as the type locality for this 
member. 

The Alam El Bueb member includes units that 
were given different names by different operators 
such as Matruh Group, Aptian clastics, Alamein 
shale, Dawabis, Shaltot, Umharaka, Mamura and 
operational units A, B, C, D1, 02, E, F1 and F2. Also 
some of the reservoirs in the Umbaraka oilfield were 
given depth assignments (e.g. 10, 700' sand). The 
lower part of this unit was also distinguished as a 
separate formation, the Betty. 

The member ranges in age from Barremain to 
Aptian with at least one time gap identified within 
this unit. The environment of deposition was shallow 
marine with more continental influence toward the 
south. 

The isopachous distribution of this member is 
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shown in Figure 15/8. 1be unit is missing south of 
latitude 27° N and in the Rabat area, Sharib-Sheiba 
high and in Zarif well. 1be maximum thickness 
reported is 1820m(A!amein-I well). In the rest of the 
area, the thickness ranges from 200 to 1200 m. 

Matruh shale member. This is a dade: brown to dade: 
grey pyritic calcareous shale unit which includes 
carbonaceous and lignitic layers in its upper patt. 
Very few carbonate and sandstone beds are reported. 
The unit is coeval with the Alam El Bueb Member 
and is limited in distribution to the Matruh area. The 
type section is the interval 2585 to 4572 m in the 
Mersa Matruh-I well. The base of this unit was 
reached only in the Siqeifa-I well where it rests 
confonnably over the Sidi Barrani Fonnation. The 
age of this fonnation is Neocomian to Aptian. The 
environment of deposition was shallow marine with 
more continental influence near the top. 

Alamein dolomite member. ntis is a widely spread 
unit known all over north Mrica and Arabia. It is 
made up of light brown hard microcrystalline do
lomite with vuggy porosity. A few thin shale in
terbeds are present. 1be unit contrasts with the 
clastics of the Alam El Bueb and Dahab members 
which underlie and overlie it respectively. 1be type 
section of this member is the interval 2489 to 2573 m 
of the Alamein-1 well (30° 36' 39" N, 28° 43' 52" E). 
The A!amein dolomite grades laterally into shales 
along a narrow belt that runs to the north and parallel 
to latitude 30° N between longitudes 31 and 27° E 
and in the Matruh area. 

The isopachous distribution (Fig. 15/9) shows a 
uniform deposit with thicknesses in the range of20 to 
80 m over most of the area except in the north where 
maximum thicknesses are reported, Kanayis-I (97 m) 
andA!ameinE-I (92m). The unit seems to have been 
deposited in a shallow marine, low to moderate ener
gy environment. The age of the Alamein dolomite is 
Aptian to Albian in the type area. In the Umbaraka 
area, RRI (1982) assigns a Neocomian to Barremain 
age to this member and suggests, therefore, to give 
this unit a new name, the Umbaraka dolomite, a 
suggestion which has not been followed by any of the 
operators. 

Dahab shale member. This is a grey to greenish grey 
shale unit with thin interbeds of siltstone and 
sandstone. It rests confonnably over the Alamein 
dolomite and under the sandy Kharita member. The 
type section is the interval 3180 to 3354 m of the 
Dahab-I well (30° 48' 24" N, 28° 45' 25" E). 

The Dahab Member is relatively thick in the Ala
mein area. The maximum thickness is at the type well 
(174m). In other areas, it is usually thin. The thick-

ness of the Dahab shale is of relevance to oil explora
tion worlc:. Faults with a throw exceeding the thick
ness of the Dahab shale will adversely affect the 
underlying Alamein reservoir. The age of the Dahab 
shale is Aptian to early Albian. 

Some operators lump the Dahab with the Alamein 
dolomite in one unit, the Alamein Formation. Earlier 
classifications (Metwalli & Abdel-Hady 1975) 
lumped the Dahab and the overlying Kharita under 
the name Abu Subeiha. 

Kharita member. This is a unit of fine to coarse
grained sandstone with subordinate shale and car
bonate interbeds. The carbonate interbeds increase in 
frequency and thickness toward the northwest. A 
certain amount of amorphous silica is always asso
ciated with the section and helps characterize this 
unit. The type section of this member is the interval 
2501 to 2890m of the Kharita-Iwell (30° 33' 48" N, 
28° 35' 32" E). The Kharita formed the upper patt of 
the now defunct Abu Subeiha Fonnation. 

ntis member rests conformably over the Dahab 
shale or unconformably over older units from lower 
Cretaceous to basement It underlies everywhere the 
widely-spread Bahariya Formation at the easily rec
ognisable contact provided by the limestone bed 
which is persistently present at the base of the Baha
riya Formation. 

The maximum thickness of this unit was reported 
from the Mersa Matruh-I well (11 00 m); it must have 
accumulated in a local graben. Most other 
thicknesses are considerably Jess. Figure 15/10 is an 
isopach map of the combined thicknesses of both the 
Dahab and Kharita members. It clearly shows, for the 
first time, the presence of a number of depocenters 
extending parallel to the south of latitude 30° N 
including the Gindi, Abu Gharadig and Betty areas. It 
also shows a better definition of the Shoushan and 
Bahariya basins. 

The Kharita is assigned an Albian to Cenomanian 
age. In the Umbaraka area, where the underlying 
dolomite is given a Neocomian to Barremian age, the 
unit may be of Aptian age at least in its lower patt. 
The unit was deposited in a high energy shallow 
marine shelf. In the extreme north, the unit seems to 
have been deposited in deeper water, while in the 
south it was under the influence of continental condi
tions. 

Upper Cretaceous 

In Egypt the upper Cretaceous rnarlc:s the beginning 
of a major marine transgression which resulted in the 
deposition of a dominantly carbonate section (Midd
le Calcareous Division of Said 1962). In the north 
Western Desert, the mainly calcareous sediments of 
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the upper Cretaceous are particularly developed in 
the Abu Gharadig basin where they form a number of 
oil reservoirs. These sediments are divided into three 
rock units which are from bottom to top: Bahariya, 
Abu Roash and Khoman. 

Bahariya Formation 
The Bahariya is exposed along the floor and both 
sides of the Bahariya depression. It has been recently 
subjected to a comprehensive study by Dominik 
(1985). The exposed section measures at least 170m 
and is divisible into three members (from bottom to 
top): Gebel Ghorabi, Gebel Dist and El Heiz. The 
more calcareous El Heiz was first described and 
given formational status by Akkad & Issawi 1%3. In 
many wells of the north Western Desert, member 'G' 
of the overlying Abu Roash Formation could well be 
equivalent to the El Heiz Formation. The Bahariya 
Formation is of late Cenomanian age and according 
to the extensive studies of Dominik (1985), was 
deposited first under fluviatile conditions (Gebel 
Ghorabi Member), then under estuarine conditions 
(Gebel Dist Member) and finally under lagoonal 
conditions (EI Heiz Member). The Gebel Ghorabi 
Member is made up of cross-bedded, coarse-grained, 
seemingly non-fossiliferous sandstones, while the 
Gebel Dist Member is made up of fine-grained, well
bedded, ferruginous clastics carrying a large number 
of fossils including vertebrates in the lower levels and 
an assortment of oysters and other fossils in the 
middle and upper levels. The El Heiz is made up of 
dolomites, sandy dolomites and calcareous grits rich 
in fossils. The base of the formation is unexposed and 
its downward limit in the Bahariya-I well is question
able. RRI (1982), assigns the upper 216 m to this 
formation, while Norton (1967) assigns the top 170 
m to it. 

The thicknesses given in Figure 15/11 are for the 
Bahariya Formation without the El Heiz Member 
which is considered in this chapter as forming part of 
the overlying Abu Roash Formation. The maximum 
thickness occurs in the Kattaniya-1 well (1143 m). 
Over the rest of the area, the thickness ranges from 50 
to500m. 

Operators had previously given several names to 
this formation: Razzak sand, Meleiha sand or Medei
war Member of the Abu Subeiha Formation. 

Abu Roash Formation 
This is mainly a limestone sequence with interbeds of 
shale and sandstone. The type locality is the classic 
Abu Roash structure to the north of the Pyramids of 
Gizeh, which has made the subject of a large number 
of studies since the classic work of Beadnell (1902). 
The unit is divided into seven members designated 
from bottom to top: G, F, E; D, C, Band A. As has 

been already stated, the lowermost member is pro
bably coeval with the El Heiz Member of the Baha
riya Formation. Members F, E, D, C and Bare pro
bably the lateral equivalents of the exposed units in 
the Abu Roash structure described under the names: 
Rudistae series, limestone series, Acteonella series, 
flint series and Plicatula series respectively (Said 
1962). Member A is not recognised in the surface in 
the Abu Roash structure and was probably eroded 
away. In the subsurface the members are well defined 
and are easily traced. Members B, D and F are 
relatively clean carbonates while members A, C, E 
and G are largely fine clastics. The limestone is 
cryptocrystalline, grey, brown or white, locally argil
laceous and dolomitic. Dolomite is more frequent in 
the north and east. The shales are grey to green, 
sometimes richly glauconitic and pyritic. They grade 
into carbonates to the north. Minor sandstone in
terbeds are reported and these usually grade into 
shales rather abruptly. The sandstone is fine-grained, 
argillaceous and calcareous. The clastic intervals as 
well as members D and F form the reservoir rock of 
the Abu Gharadig basin. Members D and F develop 
secondary porosities due to dolomitization. 

The Abu Roash Formation overlies conformably 
the Bahariya Formation. In the northern part of the 
area, where most of the formation is made up of 
limestone, the contact is sharp and easily recgonised 
In the south, where the lower unit G (EI Heiz) is made 
up of interbedded carbonates and clastics, the bound
ary is taken at the top of the thick sand interval of the 
Bahariya Formation. The Abu Roash underlies the 
Khoman Formation where the contact is determined, 
in the absence of fossils, by the change of lithology 
from the crystalline limestones of the Abu Roash to 
the chalky limestones of the Khoman. 
· The age of member G is late Cenomanian, while 
the age of the overlying members ranges from the 
Thronian to Santonian. Many sedimentary gaps exist 
With the exception of unit G, which is of lagoonal 
origin in the south, the formation was deposited in an 
open shallow marine shelf during several sediment
ary cycles which developed in response to oscilla
tions of sea level. 

Like the Bahariya Formation, the Abu Roash For
mation is best developed in a number of basins that 
run parallel and to the south oflatitude 30° N, namely 
the Gindi, Abu Gharadig and Betty. In the WD-19-I 
well in the Gindi basin the thickness is 1916 m, while 
in the Ghourab-1 well in the Betty basin the thickness 
is 1814 m. In the Abu Gharadig basin the thickness is 
more than 1000 m. Over the rest of the area the 
thickness ranges from 250 to 750 m (Fig. 15/12). 

Khoman Formation 
The Khoman Formation is a distinctive unit of snow-
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white chalk and chalky limestone with abundant 
chert bands. The type section is the scarp west of Ain 
Khoman to the southwest ofBahariya Oasis (27° 55' 
N, 28° 30' E). The formation has in many places a thin 
shale bed at the base. This bed interfingers the 
limestone and fonns a thick unit of interbedded 
shales and limestones in the Abu Gharadig basin, 
justifying the division of this unit into two members: 
A and B. 

The formation overlies unconformably different 
units of the Abu Roash or the Bahariya and is easily 
distinguished by virtue of its lithology and strati
graphic position. The formation underlies unconfor
mably the Apollonia or Dabaa Formations. The con
tact between the Khoman and the overlying forma
tions is again easily recognised due to the contrast 
between the chalky nature of the Khoman and the 
dense crystalline nature of the Apollonia. 

The distribution and thickness of this formation 
(Fig. 15/13) are structurally controlled and seem to 
have been affected by: (1) the type of block move
ments which took place at the close of the time of 
deposition of the underlying Abu Roash Formation 
producing a number of high and low fault blocks that 
straddled latitude 30° N; and (2) the active subsi
dence of many syndepositional faults which develop
ed under the weight of the thick Khoman sediments 
in the Natrun, Gindi, Betty and Abu Gharadig basins. 
The maximum thickness of the Khoman is reported 
from the WD-7-I well(+ 1644 m). To the north of 
these basins, the Khoman is either missing or in the 
range of 20 to 100m. 

The Khoman Formation is of Maastrichtian age. It 
was deposited in open marine outer shelf conditions. 
The deposition of the Khoman was associated with a 
rise of the sea level which extended the sea to the 
south of the north Western Desert and brought about 
a substantial change of facies. 

CENOZOIC 

During the Paleogene, open marine conditions conti
nued to extend further south into upper Egypt. Paleo
cene deposits are mainly mudstones which, in north 
Egypt, were reduced or mainly removed during the 
early to middle Eocene. The distribution of the 
Eocene rocks bears evidence of this syndepositional 
tectonism. Thinner shallow-water cherty bioclastic 
limestones or dolomitic limestones (Apollonia For
mation) were deposited on or around the highs of the 
north Western Desert, with chalky limestones in the 
basins. 

During the late Eocene-Oligocene, thick open 
marine calcareous shales (Dabaa Formation) were 

deposited in the northern reaches of the Western 
Desert. To the south, at the latitude of the Faynm, 
littoral marine to continental clastics (Qasr El Sagha 
and/or Abu Muharik Formations) were deposited 
during the late Eocene and were followed by the 
deposition of continental to deltaic deposits (Qatrani 
Formation) during the Oligocene. 

The Neogene opened with a recession and the 
deposition of neritic shallow water calcareous shales 
(Mamura Formation) in the extreme northern reaches 
of the north Western Desert. These grade to the south 
into the delta-front twbiditic clastics of the Moghra 
Formation and the fluvial sediments of the Gebel 
Khashab redbeds. The middle Miocene shallow 
water carbonates of the Mannarica Formation cover 
a large part of the north Western Desert. No late 
Miocene sediments are recorded 

Marine Pliocene deposits fringe the coast of the 
Mediterranean and are in the form of shallow marine 
pink limestones or their lateral equivalent, the littoral 
to lagoonal sandy limestones and evaporites of the 
Hagif Formation. A continental to lacustrine deposit 
(Minqar El Talh Formation) is reported along the 
west Qattara rim and is probably related to the old 
drainage of the Pliocene. During the Pleistocene, 
calcareous ridges of kurkar were formed along the 
coast in response to fluctuating sea levels (Alexandria 
Formation). 

In the following paragraphs a description is given 
of the Paleocene to middle Miocene rock units from 
bottom to top. 

Apollonia Formation 
This is a Paleocene to middle Eocene limestone unit 
with subordinate shale members. The type section is 
at the hills south of the village of Apollonia (Libya). 
The type section is 250 m thick and is made up of 
massive siliceous limestones with numerous chert 
bands. In the north Western Desert, the section cons
ists predominantly of white, light grey or brownish 
grey nummulitic limestone and minor shale beds. 
Glauconite, pyrite and chert nodules are common 
particularly in the lower part of the section. The 
limestone is dolomitized in the northeastern parts of 
the region. 

Over the largest part of the north Western Desert 
the formation overlies unconformably the Khoman 
chalk. A significant hiatus covering the entire Paleo
cene (and sometimes the early Eocene) exists in most 
sections. In the Natrun, Gindi and Abu Gharadig 
basins, however, the relationship of this formation to 
the underlying Khoman is conformable. In these 
areas the age of the Apollonia ranges from Paleocene 
to middle Eocene. The Paleocene section is usually 
made up of limestone alternating with thin layers of 
shale especially toward the deeper parts of the basins 
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Figure 15.14 Distribution and thickness of Apollonia Formation. 
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(Elzarka 1986). The fonnation is confonnabty over
lain by the Daba'a Fonnation. 

Figure 15/14 gives the thickness distribution of the 
Apollonia. The fonnation is particularly thick in the 
Gindi Basin (1788 m), in a number of depocenters 
straddling latitude 30° N (up to 1300 m) and along the 
westernmost part of the area (up to 550 m). Over the 
rest of the area, the fonnation is usually less than 100 
m in thickness. It is missing over the Kattaniya high, 
west of the northern delta, Matruh and Sidi Barrani 
areas. 
· The fonnation has been previously described as 
the Gindi Fonnation or as the Esna, Thebes and 
Mokattam Fonnations. The name Apollonia is pro
bably suitable for the shelf limestones of the north 
Western Desert. The thicker deposits of the basinal 
areas probably deserve a more refined classification. 

Daba' a Formation 
The Daba' a Fonnation is a subsurface unit of upper 
Eocene-Oligocene marine shales. The name was pro
posed by Norton (1967) and bas been widely used 
since then. The name El Daba'a given by Abdallah 
(1967) to the exposed Pliocene pink limestones of the 
Mediterranean littoral will be considered a homo
nym. 1hls fonnation has been previously given vari
ous names: Qasr El Sagha, Maadi, Birqet Qarun and 
Gebannan. 

The type section is the interval 579 to 1021 rn of 
the Dabaa-I well (31° 01' 19" N, 28° 29' 42" E). RR1 
proposes, however, the interval 729 to 999 m of the 
Almaz-I well. The fonnation is of uniform lithology 
throughout the north Western Desert. It is made up of 
light grey to greenish grey sbales with subordinate 
thin beds of limestone. 

The fonnation rests on the Apollonia Formation 
with a minor disconformity and with a sharp contact 
It is confonnably overlain by the early Miocene, the 
Moghra or the Mamura Fonnations. The environ
ment of deposition was inner shelf to littoral which 
became estuarine toward the top in many areas. To
ward the south the Dabaa grades laterally into the 
well-known littoral to del~c deposits of the Fayum 
region. 

Figure 15/15 gives the isopachous contours ofttus 
fonnation. It shows that the northern part of the 
region was shaped, for the first time, into a number of 
lows and highs rather than forming a platform. A 
northeast-southwest depocenter is formed between 
Mariut and Abu Gharadig and a less conspicuous 
center is found to the south of Mileiha. Highs are 
found in the Ganayin, Mileiha and Matruh-Zayid 
areas. The maximum thickness of this fonnation is 
reported from WD-7 -I well (828 m) and from Fayad
I (723 m). Over the rest of the area the thickness 
ranges from 200 to 400 m. 

MoghraFormation 
The Moghra is a clastic ftuvio-marine delta-front 
sequence of early Miocene age which grades laterally 
to the north and west into the marine Mamura Fonna
tion and to the south into the genuine fluviatile 
redbeds of Gebel Khesheb. The type section is the 
classic surface section of Moghra at the extreme 
eastern tip of the Qattara depression where Said 
(1962) describes a 230m section (base unexposed) of 
sandstone, siltstone and calcareous shale with ver
tebrate remains and silicified tree trunks. In the sub
surface, this widely distributed unit includes, in 
places, more shale and anhydrite beds. The Moghra 
overlies the Dabaa and underlies the Marrnarica. The 
thickness distribution of this fonnation is given in 
Figure 15/16. 

MamuraFormation 
The Mamura is a limestone and calcareous sbale 
sequence which is the marine equivalent of the 
Moghra. The name was proposed by Marzouk 
(1970). The type section is the interval114 to 401 m 
of the Mamura-I well (31° 30' 04" N, 26° 15' 21" E). 
The formation is of uniform lithology. It rests above 
the Dabaa Formation and is confonnably overlain by 
the middle Miocene Mannarica Formation. 

The Mamura sea SCCJilS to have submerged the 
Matruh-Bir Khamsa area which formed a positive 
area during the late Eocene-Oligocene time. The 
Alam El Bueb depocenter, which started forming 
during the late Eocene-Oligocene time, became con
spicuous during Mamura time. The maximum thick
ness reported for this fonnation is in Dahab-I well 
(964m). 

Marmarica Formation 
The Mannarica is a limestone, dolomite and sbale 
sequence of middle Miocene age. The type locality is 
the scarp to the north of Siwa where . the surface 
section is 78 m thick (base unexposed) and is made 
up of limestone and marl with several oyster banks 
and rich neritic and reefal assemblages (Said 1962). 
Drilling near the type locality and in the Diffa plateau 
shows that the formation overlies the Mamura. In all 
other areas, it overlies the Moghra Fonnation. 

The fonnation covers the Mannarica plateau of the 
north Western Desert and is overlain, along the Medi
terranean littoral, by a thin shallow marine unit of 
pink limestones which was named by Abdallah 
(1967) the El Daba'a Fonnation. To the southeast of 
the Gulf of Arabs enclave, the pink limestone unit 
grades into a more marginal unit with anhydrite, the 
Hagif Fonnation. 



CHAPTER 16 

Wadi Qena: Paleozoic and pre-Campanian Cretaceous strata 

E. KLITZSCH, M. GROESCHKE & W. HERRMANN-DEGEN 
Technical University Berlin 

The geology of Wadi Qena is characterized by an 
evident northward increase of marine influence wi
thin the middle to late Cretaceous strata. Paleozoic 
rocks are present in northern Wadi Qena and between 
there and Wadi Dakhal. They are the remains of a 
Paleozoic cover whose distribution was more or less 
controlled by older pre-Cenomanian structural events 
(Fig. 16/1). 

The situation along the west side of the north Red 
Sea and the Gulf of Suez is similar, but exposures 
there are less complete, due to the structural develop
ment which formed this graben system. In both areas, 
marioe Cenomanian strata interfinger increasingly 
southward with deltaic and fluvio-continental 
sandstone. In the same direction, strata also become 
younger, for example, the thick Cenomanian (to 
possibly Albian) sandstone of Wadi Kibrit at Gebel 
Zeit and of northern and central Wadi Qena thins out 
toward the Qena-Hurghada Hinge Line and is 
replaced by a fluvial sandstone unit of seemingly 
Thronian to Campanian age. The Aptian transgres
sion and its prograding underlying sandstone units, 
which are present over large areas in the Western 
Desert, is absent in the whole Eastern Desert and the 
Red Sea-Gulf of Suez area. In early Cretaceous time, 
these areas were part of a large regional high. 

A PALEOZOIC STRATA OF NORTH WADI QENA 

1 Araba Formation (Cambrian) 
At Somr El Qaa (around 28.13' and 32° 22'), the 
Precambrian basement is unconformably overlain by 
a very heterogeneous sequence of clastic sediments 
filling a relatively uneven morphological relief. The 
basal Araba Formation is up to 25 m thick and 
consists of inunature arkosic conglomerate (mainly 
near the base), fine-grained to very coarse beach 
sand, silty and/or sandy shale (partly bioturbated) and 
fine- to medium-grained well-bedded marine 
sandstone. The base contains rare to very abundant 
trace fossils, mainly different species of Cruziana 
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(trilobite tracks). This fauna is very similar to that in 
the basal strata at Umm Bogma where there is a very 
rich assemblage of Cruziana sp. According to A. 
Seilacher (pers. comm.), this fauna is of early Cam
brian age. 

2 Somr El QaaFonnation (Carboniferous) 
In the area of Somr El Qaa, up to 150m of sandstone 
unconformably overlie the Araba Formation. These 
strata consist of cyclical sequences of fine- to coarse
grained fluvial to deltaic sandstone, shallow marioe 
sandstone with Sco/ithos bioturbations and 
mudstones. They were evidently deposited in a shal
low and fluctuating sea. South of the Somr El Qaa 
area, this sequence is only present (together with thin 
remains of the Araba Formation) in local patches. It is 
likely that its exceptionally large thickness at Somr El 
Qaa (and north of there) is due to a large and distinct 
Precambrian fault striking west-northwest to north
west. 

Toward Wadi Dakhal, both the Araba and Somr El 
Qaa Formations disappear locally, and in some loca
tions, Wadi Qena sandstone of Cretaceous age rests 
directly on the basement. In the southwestern part of 
Wadi Dakhal, however, the basal part of the Somr El 
Qaa Formation contains plants of early Carbonife
rous age: Bothodendron aff. depereti Vaffier, Knorria 
sp., Lepidodendron spetsbergense Nathorst, Lepido
dendron ve/theimii Sternberg, Lepidophylloides sp., 
Leptophloeum rhombicum Dawson, Precyclostigma 
blakaense Lejal, Precyc/ostigma sp., Pseudolepido
dendropsis scobiniformis (Meek) Lejal, Pseudo/epi
dodendropsis lditzschii Lejal. 

These plant-beariog strata are overlain by approxi
mately 50 m of white and very mature sand (mined as 
glass sand at Wadi Dakhal). Some of these beds are 
full of Scolithus structures, but the majority are cross
bedded fluvial sandstone. They are overlain by 10 to 
15 m of well-stratified fine-grained sandstone, 
siltstone and silty shale, containing impressions of 
Vrachiopodes (Productus sp., Spirifer sp.), trace 
fossils (Scolithos, Chondrites, tracks of sea urchin) as 
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well as fossil plants like Nothorhacopteris argentini
ca Archangelsky. The latter indicates a middle Car
boniferous age (Late Visean to Early Namurian). 

These strata are overlain by white sandstone of 
early to middle Cretaceous age (Wadi Qena Fonna
tion). 

B: PRE-CAMPANIAN CRETACEOUS STRATA BETWEEN 

WADI DAKHAL AND AS WAN 

In the southern part of central Wadi Qena (between 
27° N and 27° 20' N), marine strata of late Cenoma
nian age (Galala Fonnation) overlie a very thin sheet 
of fluvial sandstone (in general 5 to 15 m) and, in 
some locations, the marine sediments rest directly on 
Precambrian basement. Toward the north, the thick
ness of the lower sandstone gradually increases 
(Wadi Qena Fonnation), and in Wadi Dakhal the 
upper part of this fluvial to deltaic sequence 
interfingers with marine sediments. 

South of approximately 27° N, this fluvial to del
taic sandstone pinches out between Precambrian 
basement and marine late Cenomanian strata. South 
of approximately 26° 53' N, the latter strata disappear 
and are replaced by a sandstone unit of Thronian age 
which directly overlies the Precambrian basement 
(Umm Omeiyid Fonnation which is an equivalent of 
the Taref Sandstone). As during Cenomanian time, 
continental influence increased southward during 
Thronian to Campanian time. It seems that the most 
extensive transgression in the Eastern Desert-Red 
Sea area was the transgression of the Coniacian. In 
late Coniacian, a short marine interval reached as far 
south as to the Aswan area. Oolitic iron ore and 
oolitic sandstone were found at approximately the 
same stratigraphic level and within near-shore envi
ronment in many places between north Wadi Qena 
and the Aswan area. At Wadi Qena as well as at 
Aswan, paleontological evidence suggests a Conia
cian age for this episode. 

Some general characteristics of the area between 
north Wadi Qena and Aswan are very similar to those 
along the Gulf of Suez-Red Sea coast (see Figs 16/2 
and 1613). 

The thick basal Cretaceous Sandstone Fonnation 
of Wadi Kibrit (Gebel Zeit) pinches out southward. 
Overlying strata of late Cenomanian to Campanian 
age sbow increasing fluvial influence toward the 
south. It seems that there was a distinct margin (for 
example, a hinge line) in Cenomanian time, striking 
northeast from the southern part of Wadi Qena to
ward the area north of Hurghada. The areas south of 
this line were areas of erosion until late Cenomanian 
time. After the Cenomanian, they became sites of 
sedimentation. North of the hinge line, a thick se-

quence of sandstone was deposited during Albian 
and Cenomanian time (coastal flood plain and deltaic 
environment). 

1 Wadi Qena Formation(? Albian to Cenonumian) 
This fonnation forms a distinct escarpment on the 
western side of Wadi Qena from approximately 27° 
27' N northward to the area of Somr El Qaa. Between 
there and the Wadi Dakhal area, this sandstone is 
underlain by Paleozoic strata and can be confused 
with parts of these older sediments, especially 
because much of the landscape is an irregular type 
cuesta. The fonnation is probably coeval with the 
Malba Fonnation known from Sinai and the Gulf of 
Suez. 

In Wadi Umm Omeiyid, Wadi Qena (approxi
mately 27° 34' Nand from there east and westward), 
the Wadi Qena Sandstone Fonnation rests unconfor
mably on Precambrian basement and is confonnably 
overlain - in most places - by marine strata of the 
Galala Fonnation. The thickness of the fonnation at 
this location is in the order of 80 to 100 m, increasing 
northward and decreasing southward. The lower 50 
to 70 m are made up of fine- to coarse-grained white 
sandstone with some conglomeratic beds. The 
sandstone is very mature: most of it is tabular to 
partly trough cross-bedded with some convolute 
bedding, and it is mainly of fluvial to deltaic origin. 
Some thin intervals are burrowed (Scolithos-type 
bioturbations). The direction of transport is mainly 
between north and west. Silicified wood and other 
plant remains are locally frequent in the lower part of 
this unit. 

The upper 20 to 30 m consist of parallel bedded 
fine-grained sandstone, partly silty, with intercala
tions of tabular cross-bedded sandstone. Some of this 
sandstone is highly burrowed and contains fragments 
of bones and silicified wood. This upper part repre
sents transitional fluvial to nearshore marine environ
ment at the begimting of the Cenomanian transgres
sion. 

Further north, for example, southwest of Somr El 
Qaa, this upper part of the Qena Sandstone is totally 
marine. There, the underlying fluvial strata in its 
upper part are intensively and deeply burrowed, 
which indicates more or less continuous sedimenta
tion. The Wadi Qena Formation, therefore, is most 
likely of Cenomanian (possibly Albian to Cenoma
nian) age. It is possibly an equivalent of the Sabaya 
Formation (Desert Rose Beds) of the Western De
sert. 

2 Gala/a Formation (late Cenomanian to early 
Turonian) 

The Galala Formation represents the fully marine 
environment of the Cenomanian transgression. It 



324 

320 

200 

270 

210 

320 

E. Klitzsch, M. Groeschke & W. Herrmann-Deger. 

330 

~sommarlne 
~ som fluvial 

to deltaic 

lower part 
fluvial to deltaic sa. 

upper part 
+ marine strata 

-.BOm 
fiOni 

'30m 
12om 

330 

340 350 

290 

.. 
<> .. 

C> 
"f 

.... 
Q 

Facies distribution and 
direction of transport 
during Cenomanian time 

• direction of transport 

280 

••• 

340 350 
Draft:E.KIItuch Drawn by:E.Sualn 

Figure 16.2 Facies distribution and direction of transport during Cenomanian time. 



Wadi Qena: Paleozoic and pre-Campanian Cretaceous strata 325 

thickens northward along Wadi Qena and toward 
Wadi Dakhal and pinches out not far south of 1:1° N. 
Along 27° 34' N, it is only 20 to 30 m thick, while 
southwest and west of Somr El Qaa in north Wadi 
Qena, it attains a thickness of70 to 90 m. 

The Galala Fonnation is made up of silty shale, 
sandy marl, fossiliferous limestone and locally up to 
18 m thick oyster beds (mainly near the top west of 
Somr El Qaa). 

The basal part contains intercalations of highly 
burrowed fine-grained shallow marine sandstone 
(Teichichnia sp.). The presence of ammonites at dif
ferent levels in south-central and central Wadi Qena 
indicates a late Cenomanian to early Thronian age. 
Fauna from the Galala Formation directly above the 
Wadi Qena Sandstone in south-central Wadi Qena 
between 27 and 27° 20' N includes: Angulithes mer
meti (Coquand), Metengonoceras acutum (Hyatt), 
Neolobites brancai Eck, Exogyra africana Lamarck, 
E. conica Sowerby, E. o/isponensis Sharpe, E. subor
biculata Lamarck, Heterodonta sp., Ostrea 
(Crassostrea) isidis (Fourteau), Ostrea biauriculata 
Lamarck, 0. ouremensis Choffat, Plicatula 
auressensis Coquand, Pterodonta sp., Strombus in
certus d'Orbigny, Tylostoma sp. (age: late Cenoma
nian). 

A similar fauna is found along 27° 34' N: Anguli
thes mermeti (Coquand), Metengonoceras acutum 
(Hyatt), Neolobites sp., Exogyra africana Lamarck, 
Modiolus sp., Neithea aequicostata (Lamarck), Pin
na sp., Strombus incertus d'Orbigny (see: late Ceno
manian). According to Hendriks et al., the upper part 
of the Galala Formation in this area contains an 
ammonite fauna of early Thronian age. 

ht north Wadi Qena, southwest of Somr El Qaa, 
the lower part of the Galala Formation contains 
among others: Exogyra africana Lamarck, E. conica 
Sowerby, E. jlabel/ata Goldfuss, E. olisiponensis 
Sharpe, E. suborbiculata Lamarck, Ostrea (Crassos
trea) del/etrei Coquand. At this locality, a limestone 
bed overlying the oyster reefs in the upper part of the 
Galala Formation yielded Mammites sp. and Pseu
doaspidoceras sp., which indicate an early Thronian 
age. 

A large part of the fauna collected has not yet been 
identified The material investigated, however, pro
ves the given age. The Galala Formation is an equiva
lent of the Bahariya and Maghrabi Formations of the 
Dakhla Basin (Western Desert). 

3 Umm Omeiyid Formation (late Turonian) 
ht Wadi Omeiyid, the central part of Wadi Qena, 
along approximately 27° 34', the Galala Formation is 
overlain by the Umm Omeiyid Fonnation which is 
made up of a lower and an upper trough and tabular 
cross-bedded sandstone unit (both 15 to 20m thick) 

and a middle unit of shale, silt, marl and marly 
sandstone (25 to 30 m thick). The sandstone units 
represent fluvial fans with a northwest and north 
(locally also east and southeast) direction of trans
port. The middle part of the formation is of marine 
origin. It increases in thickness northward until it 
replaces the fluvial deposits. At the type area at Wadi 
Umm Omeiyid, most of the sandstone and marly 
sandstone is highly burrowed (Thalassinoides sp., 
Teichichnia sp.), some of the sandstone beds contain 
plant remains and marly sandstone to sandy 
limestone beds with frequent ammonites: Coi/opo
ceras cf. multicostatum Lewy, C. requienianum 
(D'Orbigny). The ammonites indicate a late Thronian 
age. 

It is very likely that the Umm Omeiyid Formation 
is replaced, in the south Wadi Qena area and between 
there and Aswan, by the basal fluviatile sandstone 
formation overlying basement which is known 
locally as the Abu Aggag Formation. ht Aswan, the 
Abu Aggag is overlain by Coniacian (to possibly 
early Santonian) marine sediments with beds of ooli
tic iron ore which are also present above the Umm 
Omeiyid Formation at its type area. The Umm 
Omeiyid is probably an equivalent of the Taref 
Sandstone Formation of the Western Desert. 

At present, both the Umm Omeiyid and the Hawa
shiya Fonnation (see below) are under detailed in
vestigations by teams of Assiut University and Tech
nical University of Berlin. Results will be published 
soon. 

4 Hawashiya Formation (Coniacian to Santonian) 
Along 27° 34' N (central Wadi Qena) the upper 
sandstone of the Umm Omeiyid Formation is over
lain by an approximately 55 m thick sequence of 
shale, silty shale, marl, sandy marl and some 
sandstone intercalations. Thin oyster beds are typical 
and, together with small sea urchins and gastropods, 
ammonites appear in the upper part of the section. 
Near the top, Ceratodus sp. is also present, indicating 
shallowing of the sea and regression. The fauna con
tains among others: Metatissotia fourneli (Bayle), 
Ostrea (Crassostrea) boucheroni (Coquand), 0. (C.) 
costei (Coquand). The ammonite indicates a middle 
to late Coniacian age (see also Hendriks et al. 1987). 

ht north Wadi Qena, southwest of Somr El Qaa, 
the Hawashiya Formation contains among others: 
Lopha dichotoma (Bayle), Ostrea (Crassostrea) 
heinzi Peron & Thomas. 

ht Wadi Dakhal, equivalent strata above the 
sandstone of the Umm Omeiyid Formation contain 
the following fossils: F orbesiaster gaensis Jux, Lo
pha dichotoma (Bayle), Plicatula ferryi Coquand, 
and Ceratodus sp. 

Further south in Wadi Abu Aggag northeast of 

------.....-------- ----------
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Aswan, an equivalent unit (Timsah Fonnation) car
ries the following fossils: Inoceramus (Piatyce
ramus) cycloides Wegner and I. (Volviceramus) balli 
Newton. Frequent fossil plants occur also in interca
lations of fluvial sandstone and in silty shale: Brachy
phyllum crassicaule Fontaine, ?Magnolia obtusata 
Heer, Magnoliaephyllum sp. In several places in 
Wadi Abu Aggag and also southeast of Aswan, tracks 
of Tetrapoda are present in this fomration. 

Along the western side of Wadi Qena, as well as in 
the Wadi Dakhal area and near Aswan, the Hawa
shiya Formation and its equivalents are characterized 
by the occurrence of oolitic sandstone and/or beds of 
oolitic iron ore. 

Before the fauna of Wadi Abu Aggag was given a 
Coniacian to early Santonian age (E. Seibertz, pers. 
comm.), the Timsah was given a Cenomanian age 
and was correlated with the Bahariya and Magbrabi 
Fonnations of the Western Desert. Paleontological 
evidence and correlation between the Aswan and the 
Wadi Qena area, however, suggest that the Tunsah 
Fonnation is more or less an equivalent of the Hawa-

shiya Fonnation. Consequently, the underlying Abu 
Aggag Formation of the A swan area ( = As wan. of 
Klitzsch & Ujal-Nicol1984) might be an equivalent 
of the Taref Sandstone. 

5 Santonian, Campanian, Maastrichtian 
All along the Eastern desert between the Aswan area 
and Wadi Dakhal this more or less marine interval of 
Coniacian to possibly early Santonian age seems to 
be followed by a sedimentary break or by the deposit· 
ion of fluvial sandstone (As wan area) or by lacustrine 
deposits ( Ceratodus at different places in Wadi Qena 
and Wadi Dakhal). This sedimentary break or conti
nental interval of Santonian age, however, is fol
lowed in the north Wadi Qena by marine to fluvial or 
coastal flood-plain sediments of Campanian age. 
These strata contain phosphatic horizons at different 
levels (Duwi Phosphate). This, in tum, is overlain by 
the well-known Sudr Chalk or Dakhla shale mainly 
of Maastrichtian age. Within all these formations, an 
increasing continental influence toward the south and 
southeast is evident. 
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Nile Delta 
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The Nile Delta played an important and early role in 
the development of geologic concepts. The term 'del
ta' was first applied to the subaerial portion of its 
deltaic plain by Herodotus neatly 2500 years ago 
because of its resemblance to the shape of the Greek 
letter. Herodotus also recognized that the thin incre
ments of sediment laid down by tloods implied a 
considerably long time span for the deposition of this 
large feature and considerable antiquity for the eatth. 
In spite of this historical significance and its general 
recognition as the type delta, the Nile Delta has 
received relatively less attention in the published 
literature than several other deltas. The geologic his
tory and internal morphology of the Nile Delta have 
remained less well-known than deserved because 
subsurface and geophysical data have been 
somewhat sparse and proprietary. Certainly, the geo
logy of north Egypt including the Delta was synthe
sized by Said (1%2) and somewhat revised by Salem 
(1976). Rizzini et al. (1978) defined three sediment
ary cycles within the delta province ranging from 
mid-Miocene to Holocene. Ryan (1978) described 
the late Miocene Messinian salinity crisis along the 
southeastern margins of the Mediterranean Sea and 
its general effects on erosion and deposition. Barber 
(1981) elaborated on this topic, in particular, the 
subaerial modification of the Nile Delta region 
related to the Messinian erosional surface. Sestini 
(1976), Zaghloul eta!. (1979), and Montasir (1937) 
discussed the geomorphology and later history of the 
Nile Delta. Ross & Uchupi (1977) defined the bathy
metry, structure, and sedimentary history of the area 
offshore of the Delta in the southeast Mediterranean. 
Said (1981) has contributed the most complete treat
ment of the evolution of the Nile River and Delta, 
elaborating in particular the Pliocene and Pleistocene 
history in detail. For the Quaternary history of the 
Delta and a complete reference to existing literature, 
the reader is referred to that extensive worl< and to 
Chapter 25 of this book. 

This chapter provides an interpretation of the stra· 
tigraplty and structure of the pre-Quaternary Delta 
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area. Eighteen deep wells and a regional grid of 
seismic lines (Fig. 17 /1) have been used as the prim
ary data base to develop this interpretation. In each 
well, lithologies were identified based on cuttings, 
descriptions and log responses, ages were assigned 
from calcareous nannofossils and depositional envi
ronments interpreted on the basis of faunal consti
tuents, mainly benthic foraminifera, and lithologies. 
Standard Cenozoic low-latitude nannofossil zones 
(Martini 1971) can be distinguished in marine and 
marginal marine Nile Delta sediments (Table 17/1) 
and these provide the high-resolution biostratigra
phic frameworl<, particularly in the Miocene, within 
which to interpret depositional history of the region. 
Formation names have not been applied to these time 
units because formations were defined earlier on the 
basis of other information or do not exist for some 
units; a review of Miocene and younger formation 
names is given by Said (1981, Appendix B). The 
wells were tied to seismic sections using velocity 
information and synthetic seismograms, and 
reflection events were used to interpret structure and 
stratigraphy. The data base shown in Figure 17 II is 
still sparse considering the size of the Delta which is 
270 km wide at the shoreline and 160 km from the 
head of the distributary system to the sea. Some 
additional wells were used in constructing the maps 
shown in Figures 17/8 to 17/12. Data from some 
wells along the shoreline and offshore were not avail
able for this study. 

REGIONAL TECTONIC SETTING 

In a tectonic sense, the coastal area has behaved 
mainly as a passive continental margin. The oldest 
clearly defined seismic event which can be traced 
regionally is a prominent reflection that marks the top 
of the Cretaceous (or thin overlying Eocene) cat
bonate units. This reflector, which can be tied to wells 
in the south, dips northward and can be traced into the 
mid-Delta area where the rate of dip, in terms of time, 
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increases (Fig. 17 (2). Associated with this increase in 
dip is a line north of which the top of the Cretaceous 
reflection complex appears to lose amplitude and 
continuity. Still farther northward on Figure 17 (2, 
beyond the zone of steeper dips, no clear continuous 
reflections can be traced. These features are in
terpreted as a major facies change where well-bedded 
platform carbonates to the south change to finer
grained slope and basinal facies to the north. This 
facies change probably overlies the transition from 
the continental crust of Mrica to the oceanic crust of 
the Mediterranean, as suggested by deep refraction 
data in Sinai. The carbonate shelf area of Figure 17 (2 
corresponds approximately to Said's (1981) South 
Delta Block and the slope and basin is his North Delta 
Embayment. Although faulting may accentuate the 
flexural form of the zone separating these two areas, 
it is mainly the result of original facies and bathyme
tric influences. It appears that from at least Jurassic 

time onward, the coastal zone subsided and a thick 
pile of relatively little deformed sediment accumu
lated, suggesting thermal subsidence and isostatic 
loading over a continental-oceanic crustal transition. 

This zone, which lies in line with the projected 
continental margin in Sinai to the east and the West
em Desert to the west, had a continued influence on 
later stratigraphic and structural characteristics. 
Thick Tertiary strata lie only to the north of this zone. 
Deep water deposits represented by bathyal facies of 
Oligocene to Pliocene age also lie north of this zone. 
Relatively large rotated fault blocks of Miocene 
strata occur only to the north of this earlier Creta
ceous platform. 

1\vo additional tectortic influences overprint this 
simple, subsiding margin scenario. First, a belt of 
apparently compressional folds extends regionally 
from Sinai to the Western Desert suggesting a late 
Cretaceous-Eocene event that may reflect collision of 
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Figure 17.2 Contour map on the top of the CretaCeOus (locally thin Eocene) in two-way travel time. Contours are spaced at 
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the northward-moving Mrica with another plate. Se
cond, uplift, rifting, and transform faulting occurred 
in late Oligocene to Miocene time in the Gulf of 
Suez-Red Sea area and appears to affect structural 
trends in the eastern Delta near the Suez Canal and 
offshore. A north-south uplift through the central 
Delta of about middle Miocene age is aligned with 
this trend and may be related to Gulf of Suez events 
because of its age and orientation, which is at odds 
with the general structural grain of a continental 
margin. 

SUMMARY OF STRUCTURAL DEVELOPMENT 

The evolution of major structural features for a 
typical north-south cross section of the delta is shown 
in Figure 17/3. From Jurassic through Cretaceous 

time, a carbonate platform developed south of an 
east-west line through the mid-Delta. Based on in
terpretation of seismic lines and the model of north 
Sinai, the carbonate platform is replaced by basinal 
facies toward the Mediterranean. This major facies 
belt is thought to overlie the transition from Mrican 
continental crust to Mediterranean oceanic crust and, 
if this is true, represents the most fundamental struc
tural boundary in the delta area. The crustal blocks 
can of course be depressed by deposition, but iso
stacy dictates that the continental crust remain rela
tively high, receiving shoal-water sediment, whereas 
the oceanic crust can be a deeper water depositional 
basin. 

Several other structural features closely parallel 
this zone. Following an episode of shelf progradation 
in earliest Miocene times, caused possibly by 
lowered sea level and regional upwarping, a thick 
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wedge of strata deposited from Oligocene to middle 
Miocene time failed as a series of blocks bounded by 
northward-dipping nonnal faults. The northern edge 
of the early Miocene sbelf-slope complex may have 
provided the north-inclined free swface which pro
moted this failure. 

Southward-rotating fault blocks 4 to 8 km wide are 
typical of the area north of the underlying Cretaceous 
platform margin (Fig. 17/4). Similar but much 
smaller fault blocks occur to the south, in many 
places at the edge of a buried mesa topography. 
Although the faults are obvious at the level of the 
middle Miocene to late Oligocene, rarely are under
lying Cretaceous beds broken, suggesting that the 
faults are listric in form and flattened into bedding at 
depth. At the northern margin of those fault blocks, 
reflectors of early Miocene age disappear; there may 
be a zone of diapiric upward flow of overpressured 
Oligocene shales, suggested diagrammatically by 
faint high angle lines on Figure 17/3. 

Following fault movement, erosion formed a 
broad angular unconformity in late middle Miocene 
to early late Miocene time. Paleontologic data indi
cate a hiatus which encompasses progressively 
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Figure 17.3 Simplified north
south cross-section of the Nile 
Delta showing the sequence of de
position and defonnation from 
Cretaceous to mid-late Miocene 
time. Area was emergent during 
late middle Miocene. 

greater periods of time southward in the delta. This 
angular unconformity which truncates rotated fault 
blocks is clearly evident on seismic records through
out the mid-Delta. The rocks below the unconformity 
have been definitely dated as early to middle Mio
cene in the eastern delta. In the western delta, similar 
appearing fault blocks, as at the Kafr El Sheikh well 
(Fig. 17/4 ), have not been paleontologically dated 
where penetrated. However, we infer these blocks to 
be some part of the Miocene section. 

A large north-south trending uplift through the 
central delta (Fig. 17/4) developed at the same time as 
the large nonnal faults. This uplift was also truncated 
so that rocks perhaps as young as late Miocene rest on 
truncated early and middle Miocene strata along the 
flanks of the uplift and upon Oligocene along the 
axis. At the Bilqas well, paleontologically undated 
strata about 600 m thick occur at this unconformity, 
so that precise age relationships of sediment related 
to the uplift are not everywhere well-known. The 
trend of this structure is nearly at right angles with all 
other structural trends in the delta area, which sug
gests that the uplift may be related to the Gulf of Suez 
and Red Sea structural elements. 
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Near the beginning of late Miocene time, sea level 
rose and marine sediments were deposited far to the 
south over the previously eroded unconformity. The 
major structural movement during Tortonian
Messinian time was a considerable subsidence of the 
northeastern quadrant of the delta (Fig. 17/4 ). An 
impressive clinoform sequence 1 to 3 km thick was 
deposited in the Wastani-Matariya area, as shown 
diagrammatically in the top section of Figure 17/3. 

The delta area was exposed during the Messinian 
salinity crisis, a valley was entrenched, and a thick 
Pliocene to Pleistocene deltaic wedge was deposited 
when sea level was restored to near present position. 
General subsidence of the delta area allowed deposit
ion of up to 3500 m of sediment in the last four or five 
million years, perhaps mainly because of isostatic 
loading. Local structural movement, reflected by 
small faults or low amplitude folds, was rare and 
minor. A few very small normal faults cut the base of 
the Pliocene in the mid-Delta and low domes like 
Abu Madi formed, presumably as minor adjustments 
to compaction or subsidence. 

MESOZOIC STRATIGRAPHY 

Mesozoic beds are penetrated in only a few wells 
across the middle and southern part of the Nile Delta 
because of the northward thickening Tertiary section 
(Fig. 17 /5). Figure 17/6 shows the distribution in time 
of rock units and unconformities from three wells, 
including Sneh, Monaga, and Qallin. 1\vo of these 
wells encountered late Jurassic rocks at total depth 
and had fairly complete early Cretaceous sections. 
Unconformities of considerable duration separate the 
Jurassic and early Cretaceous and eliminate nearly all 
of the late Cretaceous. Because of the sparse Meso
zoic well control, no thickness and facies maps wi
thin the Delta area are presented in this chapter. 
However, the Mesozoic rocks are mainly carbonate 
or marl and were deposited in inner to outer neritic 
environments (Fig. 17 /6). In this respect the rocks 
resemble depositional environments encountered in 
North Sinai and the adjacent Western Desert. For 
most of the time represented, environments across 
the mid-Delta ranged from platform shoals to open 
shelf lagoons or open platform margins. Within the 
late Cretaceous Senonian interval, lithologies are 
dominated by pelagic lime mudstone that infers a 
deeper outer shelf margin. Although no penetrations 
exist across the north Delta, Me&ozoic strata were 
probably deposited in slope and deep oceanic envi
ronments north of the line shown in Figure 17 (2.. 

TERTIARY STRATIGRAPHY 

The depositional history of the Nile Delta area can be 
fairly completely reconstructed for the Miocene and 
Pliocene, but is Jess well-known for the early Tertiary. 
Latest Cretaceous, Paleocene and Eocene rocks have 
either not been reached or are absent in most wells in 
the Nile Delta. Eocene strata have been penetrated in 
only two wells in the mid-Delta area, the Mit Ghamr 
and Monaga, and in those wells are relatively thin. It 
appears that a late Cretaceous to early Eocene oro
geny, well-known from folds formed across North 
Sinai and in the Western Desert, influenced the Delta 
area significantly and caused either non-deposition or 
erosion during this time span where well control 
exists (Fig. 17/6). Oligocene sediments have heen 
penetrated by eight wells, mainly in the middle and 
eastern delta. The Oligocene beds are difficult to date 
and subdivide; most appear to have heen deposited in 
depth ranges typical of the upper or middle slope. 
Toward the south, remnants of basalt of Oligocene 
age cap Oligocene or Eocene strata and represent 
subaerial flows that occurred during an Oligocene 
low sea-level stand. 

The Neogene history of the Delta area is much 
better known than that of older units. 1\vo major 

Table 17/1. Standard Cenozoic low-latitude nannofossil 
zones (after Martini 1971) and age assignments used in this 
article. 

Age my Calcareous nannoplankton zones 

Pliocene NN12 A. tricomiculatus 
5.5 

NN11 D. quinqueramus 
M 8.0 

L NNIO D. neohamatus 
9.0 

I NN9 D. luunatus 
--10.0 

NN8 C. coa/itus 
0 11.0 

NN7 D. kug/eri 
M 13.0 

c NN6 C. miope/agicw 
14.5 

NN5 S. heteromorphus 
E 16.0 

NN4 H. amp/iaperta 
17.5 

N NN3 S. /Je/emnos 
E 19.0 

NN2 D.druggii 
E 23.0 

NN! D. dejlandrei 
23.5 

Oligocene NP25 C. a/Jisectus 
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Figure 17.7 Distribution and duration (in millions of years) of Neogene unconfonnities in 4 wells in the middle or northern 
Della (upper block). Well deplhs, age, paleobalhymetry and sedimentation rate in the Malariya and Qantara wells in lhe lower 
blocks. 

unconfonnities of regional extent subdivide the Mio· 
cene and Pliocene intervals. A major unconfonnity 
with basin-diminishing duration separates middle 
and late Miocene strata (Fig. 17 {7). This unconfonn
ity has the longest duration in wells in the southern 
part of the Delta and a significantly briefer duration 
northward A second unconfonnity separates late 
Miocene and Pliocene strata and is widespread over 
the entire Mediterranean area, where it represents the 
Messinian desiccation event. These unconfonnities 

mark: periods of major change in paleobathymetry 
and sedimentation rates. The ages, paleobathymetry 
and sedimentation rates are shown for three represen
tative delta wells in Figures 17/6 and 17 n. The age 
and nannofossil zone numbers and names used for 
the late Oligocene to early Pliocene are shown in 
Table 17/1. 

A series of maps (Figs 17/8 to 17/12 and 17/14) 
illustrate the shifts in depositional environment and 
the thickness of sediment deposited and preserved in 
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the middle and northern delta area through Miocene 
and Pliocene time. 

Early Miocene 

Early Miocene depositional facies range from non
marine in the south to shelf and slope to the north 
(Fig. 17/8). During this time period, sea level first 
rose, then fell slightly, then rose continuously world
wide (Haq et al. 1987). Probably as a result of this 
eustatic rise in sea level, marine waters transgressed 
far to the south in the Gulf of Suez region during the 
early Miocene. Shelf sands and carbonates were de
posited at Monaga while slope conditions prevailed 
at Qallin and San El Hagar, although a shift to inner 
shelf carbonate deposition occurred during the early 
part of the interval, possibly related to the eustatic 
drop in sea level. A similar history was recorded at 
Qantara, although a final shift to shallow water condi
tions here and at El Temsah may be due to tectonic 

ao• ao' 

ao • ao' 

uplift. A middle or early Miocene sandy section at 
Kafr el Sheikh and Bilqas may have an associated 
bathyal fauna and could represent proximal turbidites 
deposited on a slope or shallow sediments deposited 
during the low stand in sea level, if the indications of 
bathyal fauna are related to caved samples. 

The thickness of early Miocene beds is highly 
influenced by rotational block faulting in the east and 
west-central parts of the Delta. Early Miocene strata 
probably extended far to the south, although the beds 
were thin, and the thickness is more influenced by 
erosion of the high parts of the fault blocks during the 
late middle Miocene unconformity than by structural 
growth during deposition. Early Miocene beds were 
also erosionally removed from the central part of the 
delta around Bilqas by the mid-Miocene unconform
ity. The thickness contours show general structural 
trends; true structure is more complicated. Paleonto
logical confirmation of the early Miocene age of beds 
in the west Delta has been established only at the 

( 
U TUISAH-1 Q O I tO I! :tO 

~ 
s c 

-'1 
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Figure 17.8 Early Miocene facies and thicknesses. Thickness contours are in meters. Early Miocene marine sediments are 
known from the Cairo-Suez district (paralic =marginal marine and associated environments). 
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Figure 17.9 Middle Miocene (Langian) facies. 

Qallin well, and lhe mapped thickness is based large
ly on seismic correlation. 

Middle Miocene 

Middle Miocene depositional environments are simi
lar to lhe early Miocene in that non-marine deposits 
occupy lhe soulhem part of lhe delta and range from 
paralic to shelf and slope in the northward direction 
(Figs 17/9 and 17/10). During this time period, eusta
tic sea level continued rising to a level higher than 
present accounting for some marine Miocene 
outcrops at lhe south edge of lhe modem delta plain. 
Sea level dropped rapidly in lhe mid-Serravallian and 
again at the close of the middle Miocene (Haq et al. 
1987). This drop in sea level, coupled with a wide
spread uplift in the east Mediterranean in the late 
middle Miocene, produced the marlred unconformity 
that separates the middle and late Miocene (Fig. 
17 n). Paleobathymetric data at San El Hagar, Qan-

~ 
(' 

tara, Matariya and El Temsah show a shallowing 
upward trend through time. Qallin lay in a shelf 
environment for much of this time. The predomi
nance of carbonates deposited at Monaga indicates 
that it lay in the inner shelf zone probably during lhe 
high sea level stage of the middle Miocene. As 
marine waters receded, non-marine or marginal 
marine conditions developed at San El Hagar and El 
Temsah. Conditions apparently remained bathyal at 
both Matariya and Ras El Ban; although the upper 
part of the section may have been removed by erosion 
related to the unconformity. Because of the complex 
sea level changes during the middle Miocene and 
later uplift and erosion, lhe depositional environ
ments indicated on Figures 17/9 and 17/10 are very 
generalized and do not represent the true complexity. 

Middle Miocene beds are thin or absent over much 
of the delta area with a few thick areas in the east or 
northeast. The thickness patterns are related mainly 
to structural movement. 1n the central part of the delta 
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Figure 17 .I 0 Middle Miocene (Serravalian) facies and total middle Miocene thicknesses. Thickness coniOurs are in meters. 

around Bilqas, broad uplift apparently caused the 
erosion of previously deposited beds during the late 
middle Miocene. In other areas, rotated fault blocks 
greatly affect the thickness of the middle Miocene 
sediments, probably mainly because of erosion of the 
higher parts of the fault block during the develop
ment of the broad late middle Miocene unconformity. 
Facies patterns do not suggest that fault movement 
occurred during deposition. 

Late Miocene 

Late Miocene facies are shown in two maps, one for 
the Tortonian (Fig. 17/11) and one for the Messinian 
(Fig. 17/12). During this time span, there was an 
overall progradation that caused paralic and shelf 
facies to advance from the mid-delta to the northeast 
delta area. The interval is most noteworthy for the 
deposition of a sequence of large clinoforms which 
can be recognized on seismic data in the northeast 

part of the delta. Tbese steeply inclined sedimentary 
units were deposited in deep water north and east of 
the early Tortonian shelf-slope break. The sequence 
of inclined beds prograded toward the east, probably 
under the influence of easterly longshore drift (Fig. 
17/11 ). The source of these sediments is still prob
lematic, but they may indicate the first appearance of 
a major integrated river system whose mouth lay just 
east of the uplift in the Bilqas area. During the 
Tortonian, this river may have built a small delta 
which prograded eastward bringing non-marine or 
marginal marine conditions to San El Hagar and 
eventually to Matariya at the end of this interval. 
Farther west in the Bilqas area, sedimentation began 
under sandy shelf conditions and became increas
ingly shaly through time, becoming bathyal at both 
the Abadiya and Bilqas wells. This transgression was 
probably the result of a eustatic rise in sea level 
during the Tortonian (Haq et a!. 1987). Shoreline or 
near-shore conditions must have persisted throughout 
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Figure 17.11 Late Miocene (Tortonian) facies. 

the interval at Qallin, based on paleobathymetric 
indicators and the presence of an anhydrite bed. 
Abrupt bathymetry changes from upper bathyal to 
inrter shelf or non-marine and back to upper bathyal 
in the El Temsah and Ras El Barr area, indicated by 
foraminiferal assemblages, suggest local tectonic up
lift and renewed subsidence northeast of the delta. 

During the Messinian, the deep-water clinoform 
sequence recogoized on seismic records continued to 
prograde toward the east Non-marine conditions and 
sand deposition persisted at San El Hagar and Mo
naga. Toward the north, in the Matariya and Qantara 
area, depositional environments fluctuated between 
marginal marine and inrter shelf. 'The northwest qua
drant of the delta shows a progressive shnaling 
through the Messinian which probably reflects both a 
lowering of the Mediterranean sea level and progra
dation of the shelf. At the end of the Messinian 
interval, global sea level fell significantly, and the 
isolated Mediterranean was drastically lowered by 
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the 'Messinian salinity crisis' (Hsu et a\1978). 'There 
is widespread evidence of non-marine, shallow 
marine or evaporite deposition during the latest 
Messinian in most wells in this area. Anhydrite beds 
common in many areas at this stratigraphic level 
show as prominent seismic reflectors. 

Rifting and pronounced subsidence occurred in the 
Red Sea and the Gulf of Suez areas toward the end of 
the Miocene and may bave caused the focus of depos
ition of the ancestral Nile to lie in the east delta. The 
local tectonic events at El Temsah and Ras El Barr 
offshore may perhaps also be related to the projection 
of the Gulf of Suez trend. 

The thickness of late Miocene beds is shown on 
Figore 17/12 at the end of the Miocene progradation. 
The area of greatest deposition was in the northeast 
part of the delta region, related to the prograding 
massive clinoform sequence. The position of the 
integrated river system shown on Figore 17/11 and 
17/12 is problematic but is placed toward the east 
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Figure 17.12 Late Miocene (Messinian) facies and total late Miocene thicknesses. Thickness contours are in meters. 

because deposits are thickest in the eastern part of the 
delta. The late Miocene is thin in the north-central 
delta area partly because of low rates of subsidence 
over the underlying structural high and probably also 
because of the erosional removal of the late Miocene 
during the Messinian lowering of sea level. Rota
tional block faulting affected thickness variations in 
the east- and west-i:entral parts of the delta area. 
Underlying topography was locally irregular follow
ing the mid-Miocene unconformity, and continued 
rotational movement of some fault blocks during the 
late Miocene apparently also influenced sedimenta
tion. Erosion of the topographically higher parts of 
many fault blocks during the Messinian lowered sea 
level also strongly modified the pattern of late Mio
cene isopachs. 

The dramatic droP in Messinian sea level occurred 
at about five million years before present, based on 
nannofossil zonation, and caused a hiatus throughout 
most of the Nile Delta area with a duration of about 

half a million years. The subcrop pattern beneath the 
unconformity (Fig. 17/13) was interpreted by Barber 
(1981). The deepest erosion shown here trends from 
Cairo north to between the Shibin El Kom and Mit 
Ghamr wells, a position 50 km or more west of the 
implied river positions in Figures 17/11 and 17/12. 
These positions are necessarily speculative, but 
represent depositional distn"butaries rather than the 
entrenched river system which dominated the post
Messinian history. Barber interpreted this surface as 
developed in the early Messinian, but nannofossil 
data suggest the unconformity is slightly younger. 
Therefore, the interpretation made here suggests that 
Pliocene sediments rest on this unconformity 
throughout most of the delta and that latest Messinian 
sediments younger than the unconformity occur only 
along the axis of the deep river canyon and were 
deposited during the recovery of sea level in very 
latest Messinian time. Thus the Abu Madi sand facies 
ofRizzini et at. (1978) is interpreted as fiuvio-deltaic 

~~--------------------------
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Figure 17.13 Subcrop at the Messinian unconformity in the western Delta (after Barbet 1981). 

and related to transgression at the close of the Messi
nian. This facies is as much as 350 m thick along the 
axis of the canyon. 

Pliocene 

The coastal deposits of the Nile area are truly deltaic 
only in the Pliocene and Pleistocene, in the sense of 
being caused by a large focused supply of sand and 
mud from an integrated river. Before the Pliocene, 
sediment is more typical of a trailing~e (Atlantic
type) continental margin, and streams were relatively 
sntall and not integrated into a major regional drain
age like the present Nile. Indeed, there have been 
suggestions that the major pre-Pliocene ancient river 
system across north Africa trended westward toward 
the Benue trough (McCauley et al. 1986). However, 
because of the very low stand of the Mediterranean in 
latest Messinian time, a north-trending major in
tegrated stream system developed and eroded a ca-

nyon 1.5 km or more deep at the latitude of Cairo. 
This is the Eonile of Said (1981). The topography of 
the latest Miocene erosion surface is indicated by an 
isopach map of the combined Pliocene and Quaterna
ry thicknesses (Fig. 17/14) which is based on the 
regional grid of seismic lines and well control. A 
somewhat more detailed unconformity map was 
presented for the western part of the delta area by 
Barber (1981, Fig. 6) and for the canyon near Cairo 
by Bentz & Hughes (in Said 1981, Fig. 68). The thick 
wedge of sediment indicated in Figure 17/14 was 
deposited after sea level rose to its present position 
and as the Pliocene delta prograded over the subcrop 
surface shown in Figure 17/13. The initial transgres
sion flooded the ancient Nile canyon as far south as 
Aswan where Pliocene sediments within the incised 
area are marine. Pliocene facies within the delta area 
indicate an overall depositional regression. Deeper
water muddy sediments occur near the base of the 
Pliocene section and are overlain by inclined beds of 
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Figure 17.14 Pliocene-Quaternary thicknesses. Contours are in meters. 

prodelta muds and finally fluvial and shoreline sandy 
sediments. Deltaic facies within the Pliocene section 
have not been mapped in detail because age dating is 
difficult, lithologic data from Jogs are rather general, 
and the section is too shallow to be prospective for 
hydrocarbons. Offshore the deltaic wedge ties into 
the shelf slope and Nile cone sediments discussed by 
Ross & Uchupi (1977). 
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CHAPTER 18 

Red Sea coastal plain 

RUSHDISAID 
Consultanl, A11111U1dale, Virginia, USA and Cairo, Egypt 

The Red Sea range abuts against the Red Sea coast in 
the south of Egypt leaving a narrow maritime plain 
where pre-Miocene sediments were eroded. In the 
Quseir-Safaga district, however, strike faults gave 
rise to a remarkable topographical complexity in 
which the pre-Miocene (Cretaceous and Eocene) 
strata are preserved fonning limestone plateaux of 
which Gebel Duwi is conspicuous. The Duwi range 
consists of a long sharp ridge which drops precipi
tously to the southwest and slopes gently to the 
northeast. Other crests similar in character are seen 
both to the southeast and north. In these the limestone 
and sandstone beds reappear in the same succession 
and are sharply cut off by the da.It hills which sur
round them. The Eocene-capped Gebel Harnadat is 
conspicuous by reason of the da.It crystalline ranges 
which, from a distance, appear to enclose it on all 
sides. 

Thus while on the western side of the Red Sea hills 
the Cretaceous and Eocene beds are more or less 
connected, on the eastern side they consist of a series 
of widely separated outliers that owe their preserva
tion to the action of faults. 

The sedimentary rocks of this region are separable 
into two great divisions: the pre-rifting Cretaceous
Eocene group and the post-rifting Oligocene and later 
sediments group. The latter division exhibits a con
tinuous succession from the middle Miocene on
ward 

In the Quseir-Safaga district the Cretaceous
Eocene deposits occupy the troughs of synclinal-like 
folds within the crystalline hill ranges. In this district, 
as on the western side of the Red Sea hills, marine 
upper Eocene and Oligocene deposits are absent. 
Hence, it seems that the region must have undergone 
elevation during these two epochs. The fundamental 
complex of ancient crystalline rocks with its overly
ing mantle of Cretaceous and Eocene sediments was 
then subjected to intense deformation which resulted 
in a series of highly tilted fault blocks running along 
axes trending north-northwest or northwest. Most of 
the synclinal folds were due to the drag of the western 
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parts of the sediments over the underlying basement 
complex (Akkad & Dardir 1966). During this conti
nental episode the area underwent considerable 
denudation before it was finally submerged in the 
Miocene by the sea which was connected first to the 
Mediterranean and later to both the Mediterranean 
and the Indian Ocean. This sea was the prototype of 
the present-day Red Sea. 

CRETACEOUS AND EOCENE ROCKS OF 

QUSEIR·SAFAGA DISTRICT 

The succession of this older divison of rocks is not 
different from that in many other parts of south 
Egypt. In the isolated outcrops of Gebel Duwi and 
their continuation at Gebels Atshan and Harnadat 
(Fig. 18/1), as well as in the Safaga district (Fig. 
18/2), the succession is as follows from top to bot
tom: Nakheil, Thebes, Esna, Tarawan, Dakhla, Duwi 
(Phosphate) Formations and Quseir and other Forma
tions of the Nubia Sandstone Group (Fig. 18/3 & 
table 1). 

The sections at Quseir and Safaga are described by 
many authors including Barron & Hume (1902), Ball 
(1913), Beadnell (1924), Youssef (1957), Faris & 
Hassan (1959), Akkad & Dardir (1966, 1969), Abdel 
Razik (1967, 1972), Issawi et al. (1969, 1971), Tara
hili (1966, 1969) and Gindy eta!. (1973, 1976). 

Nubia group 
The oldest sedimentary beds, belonging to the well
known Nubia group, rest unconformably over the 
basement complex. The beds occupy many of the 
topographic lows in the Quseir-Safaga area and are 
divided into two units. The lower unit is 200 m thick 
and is made up of seemingly non-fossiliferous 
sandstone beds with intercalations of mudstones. The 
upper unit is 70 m thick and is made up of variegated 
shales of the Quseir Formation. In the following 
paragraphs a description is given of these units from 
the oldest to the youngest. 

--------------------------
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Figure 18.1 Geological map of Quseir district (after Youssef 1949 with modifications). 
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Figure 18.2 Geological map of Safaga dislrict (after Hume 1927 with modifications). 



PHILIBBOS& 
BEADNELL SAID AKlAD & DARDI ISS AWl SAMUEL&SALEEB EL BASSYOIY El HADDAD PRESEIT WORI 

(1924) (1962' 1969) ( 1966) ( 1971) ( 197?) (1982) ( 1983) 

PlEISTOCENE 
ORGANIC REEFS liM GHE/G WADI SHAGRA 

ORGANIC REEFS ( .. FORMAU 

CLYPE ... STER CLYPEASTER 

LAGANUM LAGANUM 
SHAORA 

SERrES WlZR 

§ 
SHARM El.. 

SERIES SHAGRA u ARAB 

1--- ., 
OISHET 

OYSTER L GASUS 
RENACEOUS ElDASM .. 

SEIOES CAST BE0S GABIR GA8lR 
I !!! 
~ ~ GABIR 2 ABU SHIGEIU 

~ iij :l 
:;; z ~ 

w SRACI<ISH BRACKISH 01 0 ,_ 
" WATER ...... SAMH ...... ; WIZR ....... 
~ ....... WATERMAA.S 

UM GHEJG UM GHEIG UMGIEIQ 

I 
MASSIVE 

ABUD ...... EVAPORITE SERIES GYPSUM ABUOABBAB GYPSUM GYPSUM ABU DABBAB ABU DABBAB 

SYATIN 

~ UM MAHARA ABUHNIJ!Aj ............... 
! BASAL u GHAOIR ............... 

GAOlP 
BASAL UMEGRITS G.RIISAS G.RUSAS G.RUSAs 

L RANGA .....,. RANGA RANGA 

Table 18.1 Classificalion of Mioceoe rocks of lhe Red Sea coastal area according to different authors. 
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1be lower unit of the Nubia group fonns the sub
ject of the recent studies ofWardet a!. (1979) and Van 
Houten et al. (1984). These authors divide this unit 
into three members (described as 'facies'). Accord
ing to these authors these 'facies' reflect Cretaceous 
regressions and transgressions of the Tethys across 
northeast Mrica. 

Figure 18.3 Columnar section Gebel 
Duwi (foramimferal zones modified 
after Krasheninnikov & Abdel Razik· 
1969). 

The lowest member termed 'facies 1'byVanHou
ten et al. (1984) is 21 m thick and is made up of 
non-marine, lenticular, trough cross-bedded 
sandstones and minor conglomerates. This member 
seems to represent a fluvial regressive phase. Al
though non-fossiliferous, the formation is correlated, 
on stratigraphic grounds, with similar beds in Aswan 
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(the Abu Aggag) which are dated by Klitzsch & 
Ujal-Nicol (1984) as (?)Thronian. 

The middle member termed 'facies 2' by Van 
Houten et al. ( 1984) is 23 m thick and is made up of 
parallel-bedded mudstone and fine-grained 
sandstone. This member represents a paralic to shal
low marine transgressive phase. It is correlated, on 
stratigraphic grounds, with the Timsah beds of the 
Aswan area which are dated Coniacian by Klitzsch & 
Ujal-Nicol (1984). 

The upper member forms the lower part of 
'facies3' of VanHouten et al. (1984). It is correlated 
with the Urn Barmil Formation of the Aswan area. It 
is 86 m thick and is made up of non-marine, tabular 
cross-bedded sandstone. This member represents a 
regressive phase during Santonian (?) time. This 

flint 

111 nt. 

Figure 18.4 TypesectionDuwiFonnation 
(after Youssef1957). 

member is made up of fluvial braided river sediments 
of the Platte type (Wycisk 1984). In the Safaga area 
this member rests directly over basement (Van Hou
tenetal.1984). 

Quseir Formation 
The lower unit is overlain by a series of poorly 
fossiliferous variegated shales and clays deposited 
under non-marine to marginal marine conditions. 
They reach about 70 m in thickness in Gebel Atshan. 
A comparable section is noted in many parts of south 
Egypt above the sandstones of the Nubia group. 
These shales, which were previously classified with 
the 'Nubia Sandstone', are separated by Youssef 
(1957) and given the name Quseir Variegated Shales. 
TheQuseir is correlated with the Mut Formation of 
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the Western Desert and is assigned a Campanian 
age. 

Duwi (Phosphate) Formation 
The Quseir variegated shales are overlain by the 
Duwi (Phosphate) Formation (Fig. 18/4) made up, in 
the Quseir-Safaga reach, of three phosphate horizons 
separated by beds of marl, shale and oyster limestone 
with flint. Youssef (1957) and Ghanem et al. (1970) 
include all the phosphate horizons within the Duwi 
irrespective of their thickness or position within the 
section. Many field geologists, however, map the 
Duwi as including only the thick and mappable phos
phate horizons of this formation. 

The lowermost of the phosphate horizons, the 
Hamadat (=Abu Shigella or the 'C' horizon of Said 
1971), is separated from the middle Duwi or 'B' 
horizon by a section of variegated shales of non
marine to marginal marine origin similar to those of 
the underlying Quseir Formation. In areas where the 
Hamada! Horizon is represented by thin stringers, it 
is common practice among many field geologists to 
lump the Hamada! with the Quseir Formation. The 
Hamada! assumes some thickness and is mined in the 
Abu Shigeila, Gihaniya and Hamadat areas. In the 
Safaga district, Faris & Hassan (1959) record the 
ammonite Mannambolites aff. ju/ieni from a bone 
bed within the variegated shales of this horizon. The 
age of the Hamadat is Campanian. 

The middle horizon (the Duwi or 'B' beds) is the 
best developed and most consistent of the phosphate 
horizons. It is exploited in the Duwi and Hamadat 
mines as well as in the Safaga mines. It is made up of 
several phosphate beds separated by thin shale, marl 
and silicified limestone beds. The exploited phos
phate bed in Gebel Duwi is 150 em thick and has a 
tricalcic content of about 70%. The Duwi Horizon 
has a thickness of 4 to 10 m. In Hamada!, the exp
loited phosphate bed is 3 m thick and has a tricalcic 
phosphate content of 40 to 60%. Here the phosphatic 
rock is dark in color and has silicified phosphatic 
nodules. An important IIIlllker in this horizon is the 
thick oyster limestone bed which caps and inter
calates this horizon. 

The Duwi carries a large number of vertebrate 
remains, coprolites, fish teeth and heterommph am
monites. These form the subject of a recent study by 
Dominik & Schall (1984). According to these au
thors, the faunal assemblage belongs to the Bos
trychoceras polypolocwn zone whch assigns the age 
of this formation to the late Campanian. 

The upper phosphate horizon (the Atshan or 'A' 
beds) is exploited in the Atshan, El Daba'a, Younis 
and El Nakheil mines in the Quseir area. When 
well-developed, the thickness of this horizon ranges 
from 4 to 10 m and is made up of several phosphate 

beds (between 3 and 7) which are separated by shales 
and marls. In Atshan the exploitable phosphate bed is 
between 160 and 170 em in thickness and has a 
tricalcic content of between 65 and 70%. In areas 
where the Atshan is not well-developed, its place is 
usually taken by one or two thin phosphatic conglo
merates which intercalate the marine lower marly 
member (the Hamama} of the Dakhla Formation. The 
age of the Atshan phosphate is Maastrichtian. 

Dakhla Formation 
The Duwi Formation is overlain by a series of marls 
and shales which vary in thickness from one place to 
another. The formation is sttatigraphically compar
able to the Dakhla shales which are developed in 
many parts of south Egypt. In Gebel Duwi the forma
tion reaches its maximum thickness and develop
ment. Here it is 175 m thick and is divisible into a 
lower marl member (the Hamama) and an upper 
shale member (the Beida). 

The lower member is 75 m thick and is made up of 
marl beds in the Quseir and Safaga areas. These 
lower marls (named the Hamama Member by Abdel 
Razik 1972) include, as in the Nile Valley and the 
oases, I socardia chargensis and Pecten farafrensis as 
well as other invertebrate fossils comparable to those 
found in equivalent beds in other parts of south 
Egypt. The Hamama overlies the Atshan phosphate 
beds when these become mappable and well
developed. Otherwise the lower boundary of the Ha
mama is extended to the top of the Duwi Member. In 
this latter case, the Hamama includes one or more 
phosphatic conglomerate stringers marking the 
Atshan Horizon. The age of the Hamama member 
above this phosphate horizon is Maastrichtian. 

The upper shale member (named Beida by Abdel 
Razik 1972) is 100m thick. Its age is early Paleocene. 
A biosttatigraphic analysis of this section is given in 
Krasbeninnikov & Abdel Razik (1969), and although 
these authors report a minor disconfonnity between 
the Hamama and Beida Members (corresponding to 
the Cretaceous-Tertiary boundary), the section seems 
to represent a complete Maastrictian-early Paleocene 
sequence, possibly indicating an unbroken sediment
ary record (Masters 1984 ). According to the latter, no 
other section in Egypt offers such a complete se
quence. 

1n other areas of Quseir and in Safaga the sequence 
is less complete. In Gebel Anz (Quseir area) the 
Dakhla is 90 m thick and is made up only of the lower 
Maastrichtian marly member. No early Paleocene is 
recorded in this area. In Safaga, the Dakhla Shales are 
very thin and are represented by the lower Hamama 
Member made up of thickly-bedded marls, marly 
limestones and hard limestones weathering to a char
acteristic pinkish color (Akkad & Dardir 1966). The 
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thiclcness of the Dakhla in the Safaga area ranges 
from 23 to 30 m and its age is Maastrichtian. 

A notable feature of the Quseir, lower Dakhla and 
the intervening Duwi Formations is the presence of 
oil (blac.k) shales within and above the phosphatic 
beds. Some of these shales are reported to have 
caught fire in the past. The average oil content of 
some weathered samples of these shales is 19 gal/t 
(froeger 1984). Geochemically, they display differ
ences with regard to their CaC03, organic matter and 
trace elements contents although they are not 
significantly enriched in trace elements (Gindy & 
Tamish 1985). These differences suggest deposition 
under marine, lacustrine, brackish and freshwater 
euxenic to well-oxygenated environments. Some of 
the shale beds are rich in casts of plant remains, and 
these may have been deposited in mangrove 
swamps. 

The varied environments of deposition of the part 
of the section covering the Quseir, the Duwi and the 
lower Hamama Member of the Dakhla Formation are 
related to repeated synsedimentary tectonism. This 
tectonism seems to confinn the hypothesis of a tecto
nically controlled phosphate concentration in basins 
which fonned below the wave base (Hendriks & 
Luger 1987). 

Shafik (1970), Sadek & Abdel Razik (1970) and 
Abdelamlik. (1982) study the Maastrichtian and early 
Paleocene nannoplankton from the Dakhla Shales of 
the Quseir area. Schranck (1984) studies the 
microfloras of the cores of the Atshan Phosphate 
Horizon and the overlying beds of the Dakhla Forma
tion. These cores were raised from the north Younis 
mine (Quseir area). The cores yielded microfloras 
which reflect the course of a progressive marine 
transgression. The near shore phosphate beds carry 
land-derived pollen and spores some of which reach 
large grain size. The younger Dakhla beds are domi
nated by a succession of dynoflagellate cyst assembl
ages which characterize a progressive transgression 
from near-shore to genuine open marine enviroo
ments. 

Tarawan Formalion 
The Dakhla Shales are overlain by a carbonate bed 
which is recognised with ease in the Quseir area due 
to its sharp contact with the overlying and underlying 
dad< green shales. In the Safaga district, where the 
Dakhla is more calcareous, this unit is difficult to 
distinguish. This carbonate bed is equivalent to the 
Tarawan Chalk of the Western Desert oases. The 
formation is made up of marl and marly limestone 
and ranges in thickness from 6 to 18 m. Megafossils 
are rare and, when found, are poorly preserved. The 
microfauna point to a late Paleocene age. 

Esna Formation 
The Tarawan is overlain by a well-developed unit of 
grey laminated shales that are similar in lithological 
characteristics to the Esna Shale of the Nile Valley. In 
Gebel Duwi the Esna is 47 m thick whereas in the 
Quseir-Safaga area it varies from 16 to 54 m. In 
Safaga the beds are about 50 min thickness. This unit 
conformably underlies the Thebes Formation and 
has, like irs equivalents in many parts of Egypt, a 
middle limestone member that runs consistently 
through it. The Esna Shale is rich in microfauna of 
late Paleocene to early Eocene age. El Dawoody & 
Barakat (1972) describe calcareous nannofossils 
from the late Paleocene-early Eocene rocks of Gebel 
Duwi. 

Thebes Formation 
The Esna Shale is overlain by a unit of limestone with 
flint which fonns the important topographical fea
tures of Gebels Duwi, Atshan, Anz and Hamadat. 
This unit fonns bold white cliffs facing southward. 
To the north these cliffs run sharply to ground level 
with a dip slope of 15 to 20: This unit is equivalent to 
the Thebes Formation described from the Nile Valley. 
It attains about 285 m in thickness in the Duwi range, 
about 250 m in Harnadat and 166m in Gebel Anz. It 
consists of thinly-bedded limestones with a notice
able development of flint bands or flint nodules and 
chert concretions interlJedded, toward the top by a 
marly bed which contains Lucina thebaica. The 
limestone with flint is overlain by a thinly-bedded 
chalky limestone unit rich in Operculina libyca, 
Nummulites spp. and numerous Turritellae. The age 
of the Thebes is early Eocene according to many 
authors. However, Strougo & Abu! Nasr (1981) se
parate from a 25 m-thick nodular limestone bed 90 m 
below the top of the section middle Eocene fauna, 
confinning an earleir contention (Youssef 1957) that 
the Thebes in Quseir could be of early to middle 
Eocene age. 

Snavely et al. (1979) divide the Thebes Formation 
of Gebel Duwi into three 'infonnal members' repre
senting different stages of deposition. The lower 
member rests conformably on the Esna Fonnation 
and is consistently about 40 to 60 m thick throughout 
the Red Sea area. It is composed of laminated to 
thinly-bedded limestone and chalk as well as massive 
bioturbated chalk beds. Chen is abundant in the 
upper portion. This member indicates a deep-water 
phase of predominantly pelagic deposition. The 
middle member is made up of thinly-bedded 
limestone and chalk interbedded with nodular 
limestones, intraformational conglomerates, re
worked and in situ skeletal limestones, benthonic 
foraminiferal lime sands, cross-bedded planktonic 
foraminiferal lime sands and rare chen. This unit is 
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about 100 to 120m thick according to Snavely et al. 
(1979) and 200m thick according to Strougo & Abul 
Nasr (1981). This heterogeneous accumulation of 
carbonate lithologies is indicative of progressive 
shallowing and outward progradation of shallow
water depositional envirorunents. The upper member 
is thin (10 to 25 m thick) to non-existent. When 
present, it is made up of line-grained limestones 
locally interbedded with cross-bedded oyster and 
shell hash. The distribution of this member probably 
indicates a period oflocal uplift coupled with a period 
of rapid sea-level drop. 

Nakheil Formation 
The Thebes Fonnation is overlain by a thick section 
of breccia beds interbedded with line-grained lacus
trine sediments made up of varicolored limestones, 
clays and sandstones (mainly yellow, red and green). 
The breccia beds are made up of large blocks derived 
from the Eocene and Cretaceous rocks. The only 
rounded components are the flint boulders which 
retain their original shape before transportation. This 
fonnation is named the Nakheil by Akkad & Dardir 
(1966). The fonnation is widely spread in the Quseir
Safaga district and may reach a thickness of 60 m or 
more. The fonnation is made up of two types of 
deposits: very coarse breccia beds and fine-grained 
lacustrine deposits. The coarse breccia beds do not 
include Precambrian fragments. The Nakheil occu
pies the slopes of the Thebes fonnation on the down
thrown side of the faults. It is closely associated with 
the early faulting which must have taken place after 
the deposition of the Thebes. The fonnation is seem
ingly non-fossiliferous. Most authorities give the for
mation an Oligocene age (Akkad & Dardir 1966). 

MIOCENE AND LATER SEDIMENTS 

The Miocene and later sediments form a strip along 
the coast. They are essentially littoral in character 
exhibiting marked lithological changes laterally and 
vertically. They rest uncoofonnably and with a de
positional dip on older rocks. The sediments form the 
subject of the classical work of Beadnell (1924) and 
Cox (1929). More recent workers include Souaya 
(1963), Akkad & Dardir (1966), Said (1969), Issawi 
eta!. (1971), El Bassyony (1970, 1982), Tewfik & 
Burrough (1976), Tewfik & Ayyad (1982), Philobbos 
& El Haddad (1983), Samuel & Saleeb (1977), Sa
muel & Cb.erif (1978), Abou Khadrah & Wahab 
(1984) and Khedr (1984). Beds of Miocene and later 
sediments fall into the following units of which the 
evaporites, both topographically and geologically, 
are the most important and conspicuous (Fig. 18/5). 
8. Reefs and raised beaches Pleistocene 
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Figure 18.5 Miocene section of Red Sea coast (after Sa
muel & Saleeb-Roufaiel1977 with modifications). 
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7. Shagra Formation Pliocene 
6. Gahir Formaton 
5. Samh Formation 
4. Urn Gheig Formation 
3. Abu Dabbab Formation Miocene 
2. Urn Mahara Formation 
l. Ranga Formation 

l. Rang a Formation. The Ranga overlies unconfor
mably the older sediments which range in age from 
Precambrian in the south to Cretaceous in the north. 
The lowermost bed is a polymictic conglomerate 
derived mainly from the basement with rounded to 
angular clasts that range in size from granules to 
boulders (up to I min diameter). The conglomerate is 
embedded in a red-brown sandy matrix. Minor sapro
pels occur in places especially above the basement 
(Khedr 1984 ). The basal conglomerate bed ranges in 
thickness from 8 to 16m. It is followed upward by a 
long series of fine to medium-grained sandstones of 
varying colors and minor shale beds. In Ranga, the 
formation is 186 m thick. In the Abu Ghusun area, it 
is I 03 m thick (Samuel & Saleeb 1977). To the north 
in Wadi Esse! it is 166m thick (lssawi eta!. 1971). In 
Wadi Gasus, Safaga area, it is 123 m (Gindy 1963). 
The Ranga is non-fossiliferous and seems to have 
been deposited subaerially by rivers that drained the 
elevated uncovered basement complex. 

Pb-Zn, sulphur, pyrite and marcasite mineraliza
tions are recorded from the Ranga beds. 

2. Um Mahara Formation. The Urn Mahara rests 
unconformably over the Ranga from which it is sepa
rated by a thin conglomerate bed. The Urn Mahara is 
181 m thick in the Abu Ghusun area and is made up of 
a lower sandy limestone member and an upper gypsi
ferous fossiliferous limestone member (Samuel & 
Saleeb 1977). The beds are massive, partly dolomi
tic, and many form veritable coralline reefs. The unit 
is of shallow marine origin and the fossils are of 
Mediterranean aspect. The unit thins toward the north 
and assumes a thickness of 60 min Urn Gheig where 
it forms the well-known Pb-Zn-bearing calcareous 
grits of this area. In Wadi Esse! the unit is 27 m thick 
(lssawi eta!. 1971). It carries a characteristic mega
fauna of molluscs and corals which assign the age of 
this formation to the middle Miocene (Langhian). 
Souaya (1963) records Borelis melo from these beds. 
The unit is, therefore, younger than the basal Mio
cene beds of the Gulf of Suez region. Mineralizations 
of Mn, S, Pb-Zn and pyrite are recorded from this unit 
in many localities. 

The Ranga and Urn Mahara were first described as 
one unit, the Gebel Rusas Formation, by Akkad & 
Dardir (1966a). Tewfik & Burrough (1976) subdi
vide the formation into two units, a lower clastic unit 

---------- ------------

and an upper carbonate unit. These were named by 
Elbassyony (1982) as the Ranga and the Abu Hamra 
Formations. Elbassyony further distinguishes the 
coralline limestone beds, the remnants of which over
lie the basement in many areas in the south, into a 
separate unit, the Ghadir. In the opinion of most 
authors the Ghadir is part of the Urn Mahara com
plex. 

3. Abu· Dabbab Fonnation. (=Evaporite series of 
older authors). Evaporite deposits extend for 
hundreds of kilometers along the coastal plain of the 
Red Sea. Their distribution is patchy and their thick
ness varies from one place to another being in the 
range of 90 to 400 m in the onshore areas. An excess 
of 3000 m of rock salt, equivalent to the onshore 
gypsum and anhydrites, was penetrated in the off
shore wells (Tewfik & Ayyad 1982). In a few locali
ties the formation rests upon the flanks of the base
ment complex, but more often the formation overlies 
conformably the Urn Mahara. In the Abu Ghusun 
area it is separated from the underlying limestone 
beds of the Urn Mahara by a thick conglomernte bed, 
about 120 m thick (Tewfik & A yyad 1982). This unit 
may be equivalent to the calcareous sandstone unit 
recorded between the Urn Mahara and the Abu Dab
bah by Philobbos & El Haddad (1983) and named the 
Syatin Formation. The Abu Dabbab consists of solid 
white gypsum, weathering to a hard cornlloid-like 
hackly surface of characteristic yellowish brown col
or. Intercalated shales are rare and generally confined 
to the base of the formation, while sands and gravels 
are practically absent. The only intercalations com
monly associated with the gypsum are irregular 
masses and lenticles of hard, compact and sometimes 
dolomitic or semicrystalline limestone, often full of 
small isolated cavities. The gypsum usually exhibits 
distinct traces of bedding planes, the dip being at low 
angle avernging about 5'toward the coast. The forma
tion is non-fossiliferous but its age is assumed to be 
middle to late Miocene on the basis of its similarity 
with the evaporites of the Gulf of Suez. 

4. Um Gheig Formation. Overlying the Abu Dabbab 
is a characteristic 8 to 10 m thick, hard, ledge
forming dolomite bed which Samuel & Saleeb 
( 1977) classify as a unit, the Urn Gheig, because of its 
areal extent and usefulness as a map marker. The Urn 
Gheig forms the basal bed of the Samh as described 
by Abou-Khadrah & Wahab (1984). The bed is a 
grainstone (mud-free carbonate rock) rich in cri
noids, oncoids, algae and bioclasts and seems to have 
been deposited in agitated shallow water above the 
wave base. 1his unit is frequently referred to in the 
literature as the oil-tainted limestone; the rock when 
frnctured emits an odor of petroleum. 
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5. Samh Formation. The Samh overlies unconfor
mably the Abu Dabbab Formation or the Um Gheig 
bed. It is made up of a lower 5 m thick green to grey 
shale and fine-grained variegated sandstones, a midd
le 2m-thick escarpment maker bed of hard sandstone 
and an upper 15 to 20m-thick limestone bed with 
occasional conglomerates. The limestones are rec
rystallized and form the bulk of the formation. They 
carry, in addition to many poorly preserved fossils, 
casts of species of the freshwater Melania and others. 
The presence of these fossils indicates deposition in 
brackish, if not fresh, water environment. Abou
Khadrab & Wahab (1984) advocate deposition in 
intertidal to supratidal flats. These authors base their 
argument on the petrographic characteristics of the 
sediments. The age of the Samh is probably late 
Miocene. 

The exact type locality of this formation is not 
known as Wadi Samh does not appear on the publ
ished topographic maps of the area. For this reason 
Elbassyony (1984) designates Wadi Wizr as the type 
locality; he describes from this area a 53 m-thick 
section of sandstones, marls and shales. Philobbos & 
El Haddad describe a non-marine unit of fine-grained 
clastics and limestones which they name the Wizr 
Formation and which may be correlatable with the 
Samh. 

SAMH GABIR 

6. Gabir Formation. ( = oyster and cast beds of Bead
nell 1924 ). The Gahir overlies the Samh with seem
ing conformity. It was originally described by Akkad 
& Dardir (1966) as a unit made up mainly of 
sandstone which is overlain conformably by the 
lower member of the overlying Shagra Formation. El 
Bassyony (1982) believes that the lower Shagra 
member (as described by Akkad & Dardir) belongs to 
the Gahir; both are of Pliocene age and are conform
able. The Gabir, thus emended, is 124m thick and is 
separated from the overlying Shagra by a surface of 
unconformity (Fig. 18/6). It is made up of a lower 44 
m-thick succession of sand stones (80%) and an 
upper 80 m-thick unit of sandstone ( 40% ), marls 
(29% ), reefal limestones (1 0% ), calcareous grits and 
gravel beds. Many beds are rich in casts of molluscs. 
Several oyster interbeds carrying the large Ostrea 
gingensis intercalate this succession. The most com
mon fossils in the cast beds are Metis papyracea and 
Pecten erythreanus. Souaya separates from these 
beds Archaias aduncus. This formation marks the 
first proper marine invasion after the Abu Dabbab 
Formation. The fauna encountered in this unit is of 
Pliocene age and Indo-Pacific origin (Cox 1929). The 
transgression must have come from the south across 
the Bah El Mandab strait. Philobbos & El Haddad 
(1983) are unable to identify the Gahir. Instead they 

SHAGRA 

Figure 18.6 Diagrammatic cross-section in Wadi Wasaat showing relationship of Gabir and Shagra Formations (after 
E1bassyony 1982). 
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describe two units: the Abu Sbiqeili and Dishet EI 
Daba'a which may be comlatable with the two 
membeiS of the Gabir. It is interesting 10 note here 
that, in the Quseir district. Issawi et al. (1971) are not 
able to differentiate the post-evaporite formations 
(the Samh, Gabir and Shagn1) from one another and 
propose 10 lump them into one formation, the Gasus. 

7. Shagra Formation. (= Clpeaster-Lagaruun series 
of Beadnell 1924, upper member of Shagn1 Forma
tion of Akkad & Dardir 1966, Wizr Formation of 
Elbassyony 1982). The Gabir is followed unconfor
mably by a succession of littoral deposits containing 
mainly arlrosic sandstones and minor marls rich in 
C/ypeaster scutiformis and Lagaruun depressum. 
The fauna is Indo-Pacific (Cox 1929) and is assigned 
10 the Pliocene. The thickness of this formation is 22 
m. This formation is probably coeval with the 
sandstones of the Sharm El Arab described by Pbi
lobbos & El Haddad (1983) from the Quseir area. 

8. Pleistocene reefs and raised beaches of Wadi 
Shagra. Akkad & Dardir (1966) describe from Wadi 
Shagra a 34m section made up of a succession of four 
organic reefs separated by conglomerate and gn~vel 
beds. These latter beds are intetpreted as representing 
pluvial episodes which inteiTUpted an otherwise dry 
climate. It is certain that the section described by 
Abou-Khadrah & Wahab (1984) under Shagra For
mation belongs here. El Bassyony (1982) names 
these beds Urn Gheig, a name which we propose 10 
keep for the oil-tainted limestones of the late Mio
cene. Khedr (1984) descn'bes coastal alluvial fan 
deposits which he names the Tubia Formation. It is 
possible that the Thbia represents one of the pluvials 
of this epoch. 

Several raised beaches skirt the coast. They are the 
subject of study of Giegengack (1970) and Butzer & 
Hansen (1968). Three levels are recorded (Akkad & 
Dardir 1966) which may belong to reef complexes A 
and B of the classification of Kronfeld et al. (1982). 
The 1 m beach is dated 2500 10 6500 yeaiS BP 
according to these authoiS, while the 7 and II m 
beaches are dated 81 to 141,000 yem BP. 

TECTONICS AND GEOLOGICAL HISTORY 

The distribution and disposition of the sediments 
along the coastal strip of the Red Sea seem 10 indicate 
that the rifting of the north Red Sea started immedia
tely after the deposition of the early Eocene strata and 
has continued with episodic intensity since that time. 
From the time of the fiiSt faulting and until the 
beginning of the middle Miocene, only non-marine 
sediments were deposited indicating that the earliest 

trough must have been perched and must have had no 
access to the sea. 

The oldest of these sediments is the Nakheil, a 
lacustrine deposit with many interbedded gravity 
breccias, the clasts of which are of local derivation 
and include no Precambrian pebbles. This deposit 
seems to have filled the valleys and topographic lows 
of this emerging landscape. Subsequent erosion des
troyed the greater part of the sedimentary cover 
which is now known only in a few of the infolded and 
faulted bills of the Quseir-Safaga reach. Similar sed
iments to those which make up these bills must have 
covered the entire Red Sea range. Since none of these 
early sediments is recorded in any of the wells hither
to drilled in the offshore areas of the north Red Sea, it 
is feasible to believe that immediately after the accu
mulation of the Nakheil Formation intensive erosion 
must have taken place transporting these sediments 
away from the Red Sea basin. This phase of erosion 
continued uoti1 the early Miocene when the basement 
was uncovered and pebbles from it were incorporated 
in the conglomerates of the Ranga Formation. 

The presence of Precambrian clasts in the Ranga 
conglomerates indicates that the Red Sea bills must 
have been stripped of their sedimentary cover by 
Ranga (?early Miocene) time. Before their uncov
ering the Red Sea hills must have formed a formid
able mountain range. During Ranga time the north 
Red Sea basin became for the first time a receptacle 
receiving the detritus transported from the uncovered 
basement complex. 

The Ranga is a widely distributed formation and is 
known from both the onshore and offshore areas. Its 
thickness varies greatly. In the Quseir A-IX offshore 
well drilled to the southwest of Quseir, the Ranga is 
1546 m thick and is made up mainly of COaiSe sands 
and minor shales. On the onshore the Ranga ssumes 
166 m in thickness and is made up of sandscones and 
minor conglomerates. In both cases the Ranga over
lies unconformably the basement rocks which occur 
at a depth of 5039 min the Quseir A-IX well. To the 
south, in the RA West-! offshore well drilled op
posite Berenice, the Ranga is 240 m thick, only 60 m 
thicker than the surface onshore section. The distribu
tion of these sediments indicates that the north Red 
Sea basin must have been in existence during Ranga 
time. It is likely, therefore, that the fiiSt major phase of 
faulting which shaped the modem basin took place at 
that time. 

By middle Miocene time the arm of the area, 
which had covered the Gulf of Suez since early 
Miocene time, overflowed into the Red Sea basin. 
The marine Miocene sediments of the Red Sea basin 
are not thick. They are 209m thick in the Quseir A-IX 
well, as against 31 m on the coastal plain. In the south 
the section becomes more calcareous. A 72 m-thick 
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solid carbonate unit is recorded from RA West-1 well 
and appears on the log of this well as 'Nullipore 
rock'. In the onshore area in the same general region, 
the section is 180 m thick and is fossiliferous and 
reefal. 

During the late Miocene the lowering of the sea 
level and final desiccation of the Mediterranean, with 
which the Gulf of Suez was coonected, severed the 
Red Sea from the world's oceanic system and con
verted it into a lake or a series of lakes where eva
porites were deposited. The evaporites are widely 
distributed and are known from the onshore areas 
(mainly in the form of anhydrites) and from the 
offshore areas (mainly in the form of rock salt). 
Thicknesses vary greatly. In some offshore areas, 
thicknesses of up to 4000 m are known. The thick
ness was probably governed by the bottom topogra
phy. The gravity map (Fig. 1818) shows the presence 
of numerous subbasins which probably have deeper 
columns of brine and thicker evaporites. 

A short pluvial followed in which the clastics and 
carbonates of the Santh Formation were deposited. 
These were followed by the Pliocene marine sed
iments of the Gabir Formation rich in Indo-Pacific 
fossils. The transgression came from the south. It is 
not certain whether the transgression was the result of 
the global rise of sea level or the result of a tectonic 
movement that opened up the BabEl Mandab Strait. 
The northerly extent of the Pliocene transgression is 
difficult to determine, but it certainly did not cover 
the greater part of the Gulf of Suez. 

The Pleistocene section of the Red Sea coastal strip 
seems to have been deposited in a continuously sub
siding basin. The sequence, 60 m thick, consists of 
alternating coral reefs and sands and conglomerates 
deposited in littoral to beach environment during 
alternating arid and pluvial episodes. Several poly
mictic conglomerates interbedded with coral reefs 
are described from Mersa Alam in the early and 
middle Pleistocene of Wadi Shagra area. The late 
Pleistocene is represented by three raised beaches: 
II, 6 to 8 and 1 m in elevation above the modern sea 

level. The 1 m beach has a Uranium series date of 
6500 to 8500 years BP. It is remarkable that the 
climatic fluctuations suggested by the distribution of 
these sediments coincide to a large extent with the 
curve suggested by Cita et al. (1973) for the Mediter
ranean region. 

The outcropping sediments along the Red Sea 
coast have a regional eastward dip to the sea. Dip 
angles range from 35•at the inland basement contact 
to nearly horizontal near the shore. Faults with 
northwest-southeast trends are the main structural 
elements in the area. Cross faults perpendicular to 
this trend occur. Recent geophysical data (Tewfik 
&Ayyad 1982) show that these surface faults extend 
eastward into the main Red Sea depression. They also 
show that the Red Sea marginal homocline dips 
gently eastward from the shore and is made up of 
many horsts and fault blocks (Fig. 18n). Away from 
the shore and along the shelf many of the anhydrite 
and salt beds are folded, probably because of the 
mobility of the basal evaporite section (Phillips & 
Ross 1970). Salt domes and diapirs are common in 
the Red Sea offshore areas (Fig. 180). Further off
shore the seismic reflection data indicate a relatively 
narrow northwest trending zone of pre-middle Mio
cene horsts and tilted fault blocks. In many cases the 
structural axes are shifted laterally, probably as a 
result of east-west cross faults (Fig. 180). 

The gravity maps show northwest trending negat
ive gravity anomalies which are believed to represent 
subbasins within the Red Sea. These subbasins trend 
parallel to the coast line and are separated by struc
tural ridges (Fig. 18/8}. They seem to be of Miocene 
(pre-evaporite) age and probably controlled the iso
pachous variations of the evaporites. Khattab (1985) 
studies the geophysical data of the Benas basin (basin 
9 in Figure 18/8} and concludes that the configuration 
of the basin was controlled by pre-middle Miocene 
and Quaternary faulting which, according to him, 
supports the hypothesis of Red Sea arching and sub
sequent faulting at marginal shelves. 



CHAPTER 19 

North and Central Sinai 

DAVID A. JENKINS 
Conoco Oil Company, Houston, Texas, USA 

1 INTRODUCTION 

The Sinai Peninsula covers an area of approximately 
61,000 1on2 and is separated geographically from 
Egypt by the Suez Canal and the Gulf of Suez. Highly 
dissected igneous and metamorphic mountains, 
whch rise to a height of 2675 m (Gebel Musa), form 
the southern tip of the peninsula. 

The central part of the peninsula consists of sub ho
rizontal Mesozoic and Tertiary sediments, creating 
the plateaux of Gebel El Tih and Gebel Egma, which 
are drained by the northerly flowing aftluents of Wadi 
ElArish. 

North of latitude 30° N, the topography comprises 
low alluvial plains which are broken by large uplifted 
Mesozoic domes and anticlines, such as Gebel Yelleq 
(1090 m), Gebel Halal (890 m) and Gebel Maghara 
(735 m). Northward these 'Syrian Arc' structures 
sink seaward, due to Tertiary down-to-the basin fault
ing, and are hidden under the Quaternary coastal 
plain and continental shelf deposits. 

North of Gebel Maghara and extending nearly to 
the Mediterranean coast is a broad tract of sand 
dunes, some of which attain heights of 91 m above 
sealevel. 

2 TECTONIC SETTING 

The Sinai Peninsula (Fig. 19/1) is wedged between 
the Mrican and Arabian plates the boundaries of 
which are defined by the Gulf of Suez and Gulf of 
Aqaba-Dead Sea rift systems. 

In the south, exposed pre-Cambrian igneous and 
metamorphic rocks form the Arabo-Nubian shield. 
Field and petrographic evidence indicate that the 
shield consists of a series of island arcs which were 
cratonized during the late Proterozoic-early Paleo
zoic (1200to 500 my BP) Pan-Mrican orogeny (Gass 
1981 ). Tbe peneplaned paleosurface of the shield 
dips gently northward with the overlying sediments, 
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ranging from Cambrian to Recent, thickening north
ward. 

In central Sinai the Gebel El Tih-Egma plateaux, 
914 m above sea level, represent a thin sedimentary 
cover, which is affected only by faulting. This region 
has been described in detail by Shata (1956) and Said 
(1962). 

An east-west trending shear zone of dextral strike 
slip faults with up to 2.5 ion of displacement has been 
recognized in central Sinai by Steinitz et al. (1978) 
(Fig. 19!1 ). 

Northward from the Raqabet El Naam dextral 
wrench fault (Fig. 19/1), the style of deformation 
becomes increasingly complex and consists predom
inantly of 65° N to 85° E oriented anticlinal folds and 
monoclinal flexures expressed mainly in the Creta
ceous strata. This belt of folds extends offshore into 
the southeast Mediterranean Sea. 

The individual anticlines, which increase both in 
size and in amplitude northward, culminate in the 
extremely large, overturned, thrusted structures such 
asGebe!MagharaandGebel Halal (Fig. 19/1). Shata 
(1956) and Said (1962) have described the individual 
structures in great detail. 

The Syrian Arc structures attain a more northerly 
trend aligning themselves with the sinistral Dead Sea 
fault system and the Pelusium line (Fig. 19/l), to the 
east and northeast of Sinai. In these regions, the folds 
appear to be reminiscent of fault plane drag. 

There are two proposed models for the tectonic 
evolution of north and central Sinai. Tbe central issue 
is the timing of the initiation and development of the 
fold belt. 

Some authors consider that the folding was ini
tiated in the late Paleozoic when the embryonic Gulf 
of Suez rift was created. Tbe folding was then reacti
vated throughout the Mesozoic and the deformation 
climaxed in the Oligocene (Agah 1981). 

The alternative theory is that the fold system is 
closely related to the compressional stresses created 
when the Tethys Sea, which was located between the 
Afro-Arabian and Eurasian land masses, began to 
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Figure 19.2 Location of boreholes, north and central Sinai. 

close, as a result of northerly subduction, during the 
late Cretaceous (Senonian) period. The closure of 
this ocean had far-reaching consequences throughout 
the Middle East, including the widespread emplace
ment of southwesterly directed nappes along the en
tire length of the Arabian plate from Oman (Coleman 
1981) to south Thrkey, the formation of wrench 
basins and the reactivation of old structural grains 
(Murris 1980). Banov et a!. (1980), in a detailed 
study of the stratigraphic and structural history of 
Gebel ArifEl Naga (Fig. 1911) postulated that folding 
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continued throughout the Coniacian-Maastrichtian 
with regional differential uplift during the post
Eocene period ( 40 to 14 my BP). 

In nolthemmost Sinai and the offshore area, the 
sedimentary cover increases in thickness from less 
than 1829 m to in excess of 7620 m. Ginzburg & 
Gvirtzman (1979) postulate that this large increase in 
sediment thickness and the development of the 
Mesozoic platform margin facies (Fig. 19/8) is 
related to the transition from continental to oceanic 
crust. These platform margin facies are interpreted to 
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define the fossil Mesozoic continental margin which 
bordered the Tethys Ocean. 

Neev (1975) proposed that the oceanic-continental 
crustal boundary is represented by the northeast
southwest trending Pelusium line, which lies 22 to 25 
km offshore (Fig. 19/1 ). The Pelusium line is in
terpreted to represent a transcontinental megashear 
suture extending southwest through the Kufra basin 
in central Sahara and into the Benue trough. Rhys
Davies (1984) is of the opinion that the Pelusium line 
had a profound effect on the distribution and type of 
faulting which occurred in the offshore region during 
the late Tertiary. 

The exact relationship between the Pelusium line, 
the oceanic-continental crustal boundary and the 
Mesozoic platform margin facies requires additional 
research. 

In terms of reconstructing plate movements, the 
shifting of the Arabian plate by as much as 105 km in 
a right-lateral sense along the Dead Sea fault, coupled 
with a clockwise motion, necessitates, and dictates, a 
westerly and clockwise translation of the Sinai plate 
in order to avoid crowding and overlapping of the 
continental crust in the Dead Sea-Gulf of Aqaba 
shear zone. In tum, the bulk of the Sinai's gross 
westerly motion must then be taken up along and 
within the Gulf of Suez rift, which is a well-defined 
structural boundary of the Sinai cratonic element, 
separating it from the African plate. This motion 
could be further resolved into two net components: 
one parallel (left-lateral) along, and the other normal 
(compression) to the rift trend. This sequence of plate 
motions can simulate compressional and left-lateral 
shear stresses capable of partially closing the Gulf of 
Suez. Thus the reverse sense of deformation, i.e. 
ductile extension of the crust (McKenzie et al. 1970, 
Freund 1970, Cochran 1981) and right-lateral strike
slip, since at least the late Oligocene time, could have 
caused the formation of the Gulf. 

This model of plate interaction and reconstruction 
shows that the closing of the Gulf of Suez by a 
minimum of 25 km normal to its present northwest 
trend and left-laterally shifting the Sinai side of it by a 
distance of 30 to 50 km relative to its Nubian side 
satisfies the required 105 km of motion along the 
Dead Sea shear. It would also match the structures of 
north and central Sinai with those of northeast Egypt, 
across the rift. This reconstruction also matches the 
pre-rift Proterozoic Najd fault system of the Arabian 
and Nubian shields across the Red Sea, as well as the 
structurally controlled coastlines of the Red Sea and 
the Gulf of Suez, with a remarkable accuracy (Agah 
1981). 

3 STRATIGRAPHY 

The Sinai is covered by sediments which were depos
ited on a predominantly shallow platform and range 
from Cambrian to Recent in age. A generalized litho
stratigraphic column for the Sinai is illustrated in 
Figure 19/3. 

3.1 Paleozoic 

The Paleozoic sediments are ouly exposed in the 
southern central parts of the Sinai, primarily in the 
Urn Bogma area east of Abu Zenima and at Abu 
Durba. 

These sediments have been studied in detail by 
Abdallah & Adindani (1%3), Hassan (1%7), 
Weissbrod (1969), Said (1980) and Issawi & Jux 
(1982). However, the lack of diagnostic fossils has 
made accurate age-dating and correlation extremely 
difficult and additional confusion has been created by 
the use of various formation nomenclature. 

A composite lithostratigraphic section of the 
Paleozoic in Sinai is illustrated in Figure 19/4. 

The basal Cambro-Ordovician sequence com
prises the Araba, Naqus and Wadi Malik Formations 
of Issawi & Jux (1982), which are equivalent to the 
Yam Suf group and the Netafim Formation of 
Weissbrod (1969). 

These clastic sediments, deposited on the penep
Iained surface of the pre-Cambrian basement, are 
dominated by grits, siltstones, subarlroses and con
glomerates, with a few dolomite beds. 

Issawi & Jux (1982) have interpreted some of the 
conglomerates to be of fluvio-glacial origin, suggest
ing that some of these sediments may be of Silurian 
age whilst the upper parts are interpreted as Devo
nian. However, these age datings are not based on 
direct faunal evidence and therefore may not be 
totally correct. 

Said (1980) reports that a carbonate bed at Abu 
Durba has yielded algal stromatolites which have 
been identified as belonging to the species Vetella 
ushbasica, known from the lower Cambrian of 
Kazakhstan, USSR. 

These basal Paleozoic sediments were deposited 
under fluvial-paralic conditions and probably repre
sent relics of a very large sediment body which 
originally extended over a large area, but was deeply 
eroded before the deposition of the upper Paleozoic 
strata. 

The lower Carboniferous Urn Bogma Formation 
(Fig. 19/4) provides the first reliable date for the 
Paleozoic sequence in Sinai. These marine car
bonates are richly fossiliferous, especially in forami
nifera (Tetrataxidae, Archadiscidae, Endothyridae) 
and have been dated as Toumaisian-Visean. Ferro-
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manganese minerals within the basal part of the 
carbonates at Urn Bogma have been extensively 
mined for many years. South of Abu Durba the Urn 
Bogma Formation is represented by black marine 
shales (122 m thick) which have yielded similar 
fauna. 

The basal 132 m in the Ataqa-1 well has been 
assigned to the Urn Bogma Formation. 

Unconformably overlying the Urn Bogma Forma
tion are thick cross-bedded, very fine to fine grained 
sandstones of the Ataqa Formation. Visean flora and 
fauna have been identified within these sediments by 
Horowitz (1973). Kaolinitic layers are present within 
the Ataqa Formation and these are exploited com
mercially in the Wadi Abu Natash area. At Urn 
Bogma the Ataqa Formation contains bituminous 
coal seams and is capped by a basaltic sill. Shales and 
siltstones which were penetrated in the Ataqa-1 (226 
m) and the Ayun Musa-2 (240m) wells are possible 
facies equivalent of the Ataqa Formation; however 
the tack of diagnostic fauna precludes a definitive 
correlation. 

Upper Carboniferous sediments were previously 
thought to be absent in Sinai. However, Issawi & Jux 
(1982) have reported the presence of the Aheimer 
Formation at Urn Bogma. 

In central and south Sinai, the Permian is repre
sented by the continental sediments of the Budra or 
Qiseib Formation, which will be discussed later. In 
north Sinai there is neither surface nor subsurface 
data available on the Permian, although it is highly 
probable that marine conditions existed in this area 
during this period. 

3.2 Mesozoic 

3.2.1 Triassic 
In the Sinai, the only outcrop of Triassic sediments is 
in the core of Gebel ArifEl Naga(Awad 1946,Karc:t 
& Zak 1968) (Fig. 19/5), whilst in the subsurface they 
have only been penetrated in the Hatal-1 borehole. 

As a result of the lack of data on the Triassic 
system and in order to understand the Triassic depos
itional environments, it is necessary to extrapolate 
and integrate the subsurface data and interpretations 
from the Negev contained in an excellent report by 
Druckman (1974). 

During most of the Triassic period, shallow marine 
conditions prevailed throughout north Sinai, with up 
to 914 m of sediments being deposited, and these 
conditions were governed by the Tethys Sea which 
lay to the northwest. Transitional environments, such 
as tidal fiats and deltas moved northward and south
ward over north Sinai. throughout the Triassic period. 
In central and south Sinai, continental, tnainly fluvial, 

conditions predominated with up to 762 m of sed
iment being deposited. 

Druckman (1974) subdivided the Triassic system 
into five fonnations, and these are the marine eqniva
lents of the continental Qiseib Fonnation of central 
and south sinai. The lower two formations are rec
orded from the subsurface (Halal-1 well). 

The lowennost formation consists mainly of 
brown to dark grey, fissile shales, grey biomicrites, 
biosparite&, tnarine sandstones with dolomites and 
fine-medium grained, deltaic sandstones becoming 
increasingly abundant southward. The lithology and 
fauna of this formation, which is 196 m-plus thick at 
the Halal-1 well, indicates a broad northerly lime
mud carbonate shelf with southerly deltaic comp
lexes and localized supra-tidal conditions. It is postu
lated that during this period the shoreline lay in an 
east-west direction just north of the Halal-1 well. 

The overlying Formation consists entirely of bio
micrites and micrites (50 m thick at Halal-1) indicat
ing a low energy caJbonate shelf resulting from a 
southerly marine transgression with a postulated 
east-west shoreline located slightly north of the 
Hamra-Abu Harnth wells. 

During middle Anisian time the shoreline pro
graded to the north and northwest with a correspond
ing increase in clastic sedimentation. In the subsur
face, tidal flat facies grade into clean winnowed sands 
in the nearshore region, with fine clastics deposited 
offshore and low energy carbonates further north on 
the open shelf. The exposed section at Arif El Naga is 
named the Arif El Naga Formation (Fig. 19/5). The 
lower 50 m-thick unit of this section consists of 
multi-colored, coarse-grained well cemented 
sandstones, variegated siltstones and shales carrying 
plant remains. Paleocurrent analysis of the festoon
bedded sandstones indicate a southeasterly source for 
the clastics. This unit has the informal name Arif El 
Naga 'A' beds (Said 1971 ). Paleocurrent analysis of 
the festoon-bedded sandstones indicate a southeast
erly source for the clastics. Overlying this unit is a 19 
m thick unit of argillaceous micrites, biomicrites and 
biosparites which is given the informal name Arif El 
Naga 'B' beds or the Beneckia-bearing beds (Said 
197l).Boththe 'A' and 'B'bedsarenamedGevanim 
by the Israeli geologists. 

The overlying formation, Arif El Naga 'C', repre
sents the main marine transgression during the 
Triassic period and it extended southward well into 
central Sinai. Marine caJbonates of this formation 
have been identified in the Ayun Musa-2 (69 m), 
Hamra-! (100m), Abu Harnth (38m) and Nekhl (35 
m) wells. The 'C' beds are named Saharonim by the 
Israeli geologists. 

This formation consists ofbiomicrites, biosparites, 
and shales in the lower part grading upward into 
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oobiomicrites, Irucntes, pelmicrites, dolomicrites, 
algal stromatolites, calcareous and dolomitic shales 
and flat pebble conglomerates. At Gebel ArifEl Naga 
the Saharonim Fonnation is 116m thick, whilst in the 
Halal-1 well it is 275m thick. 

The lithofacies suggest that a subtidal shallow 
marine environment existed on the open shelf to the 
north, changing southward into a wide expanse of 
tidal flats which incurred occasional prolonged 
marine incursions. The presence of thick evaporites 
in the subsurface of the Negev indicate the presence 
of localized salina and sabkha conditions, which 
were subject to occasional flooding and it is highly 
probable that similar localized conditions existed in 
Sinai. 

The uppennost Triassic sequence is represented by 
the Mohilla Fonnation which consists of dolomicrite, 
dolomitic shales, dolomitic limestones, algal stroma
tolites and anhydrite. In the Halal-1 well this fonna-

lion is 50 m thick, but is absent at Gebel Arif El Naga, 
suggesting that this structure may have been emer
gent at this time. The overall depositional environ
ment is interpreted to be supratidal to sabkha condi
tions as indicated by the lack of fossils, algal mats, 
and birdseye structures, with localized hypersaline 
lagoons. At Halal and to the north shallow marine 
conditions existed. 

In central and south Sinai, the entire Triassic se
quence is represented by the fluvial sediments of the 
Budra or Qiseib Formation. These sediments consist 
of brown, purple and grey, fine-coarse grained 
sandstones, variegated shales and siltstones with 
channel and overbank deposits, abundant ripple 
marlcs, cracks, cross-bedding and silicified tree
trunks, several metres in length. 

3.2.2 Jurassic 
During the Jurassic period, north and central Sinai 

...................... . ·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.·.· .· ..... 
• • • • • • • • • • • • • • • 0 ••••• 

c:::J Continental 

H< H Shallow marine 

~ Deep marine 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .................................. 
• • • • • • ••• 0 • • • • •• . . . . . . . . . . . . .. 

.............. Jurassic subduction zone 

Figure 19.6 Palinspastic restoration of late Jurassic paleogeography showing the young central Atlantic, and the Tethys Sea 
between Africa and Europe. Uncertain areas are shown without pattern and include a probable deep marine basin nonh of 
Egypt(afterEya\1980). 
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Figure 19.7 Diagrammatic north-south cross-section of the Mesoroic facies of northern Sinai, extending from south of Gebel 
Maghara to the offshore Mediterranean coast Inferred relative position of sea level is shown by the curve on the left (after 
Jenkins et al. 1982). 

was a coastal plain and shallow shelf of low relief, 
separating the continental Arabo-Nubian shield to the 
south from the deep marine Tethyan Sea to the north. 
Figure 19/6 is a palinspastic restoration of late 
Jurassic paleogeography illustrating how the major 
geographic features might have been arranged at that 
time. 

The most complete Jurassic sequence (1980 m +) 
is exposed in north Sinai at Gebel Maghara (Figs 19/8 
and 19/9) which is a large breached anticline with a 
gentle north flank and a steep, often vertical to over
rurned, southern flank. A major reverse-?thrust fault 
passes through the southern flank. Gebel Maghara 
has been the subject of many geological studies, 
which are too numerous to mention individually 
apart from AI Far's (1966) exhaustive treatise. 
Jurassic sediments are also exposed at Gebel Arif El 
Naga (141m), Gebel Minshera (80 m) and have been 
penetrated in 13 boreholes. 

The Jurassic and Cretaceous sedimentation of 
north and central Sinai was cyclical and was con
trolled by the interplay of three factors (a) the supply 
of clastic detritus shed northward off the Ambo
Nubian shield, (b) eustatic sea level and (c) local and 
regional tectonics. As a result the Jurassic facies in 
Sinai range from deep marine to shallow-marginal 
marine to continental-fluvial clastic sedimentation 
(Fig. 19n). The curve depicting interpreted sea level 
fluctuations for north Sinai in Figure 19fi is based 
both on the local rock record and the worldwide 
eustatic sea level curve of Vail et al. (1979). 1bis 
interpretation indicates an overall rise in sea level 
during the late Mesozoic with four major falls 
(regressions) occurring in middle Jurassic, Neoco
mian, late Albian and late Senonian times. 

The depositional framework did not change 
greatly through the Jurassic and Cretaceous periods 
and the dominant sediments are limestones and do-

-------------
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lomites of shallow, relatively low energy origin. 
These interfinger intimately with clastic sediments to 
the south and change to deep marine clastics and 
carbonates to the north. The belt of high energy 
platform-margin sediments depicted in the north is 
based both on subsurface control and inference from 
the geology of coastal Israel. 

3.2.2.1 Lower Jurassic. The lowermost Jurassic sed
iments exposed at Gebel Maghara belong to the 
Mashabba Formation (Fig. 19/9). These clastic sed
iments are of. Liassi~ age and were deposited by 
northerly-flowmg braided streams carrying detritus 
shed off the Arabo-Nubian massif. The dominance of 
continental clastics was probably the result of low 
eustatic sea level coupled with tectonic uplift to the 
south. 

The thin basal fluvial sandstones containing large 
wood fragntents are succeeded by interbedded shal
low marine carbonates and nearshore marine clastics 
of the Rajabiah and Shusha Formations. The car
b~tes are. rich in lime mud having been poorly 
wmnowed m low energy environments. Rare in
terbeds of well-sorted oolitic limestone are present, 
suggesting higber energy conditions, commonly with 
quartz sand grains indicating proximity to the shore
line. 

The interbedding of carbonates and clastics might 
have been caused simply by the shifting of different 
depositional facies across a low energy shelf. 

The Halal-1 well penetrated a very similar se
quence of lower Jurassic sediments which attained a 
thickness of 2240 m. 

At Gebel Arif El Naga, lower Jurassic sediments 
have a thickness of 141 m and consist of variegated 
sandstones, ferruginous silty shales, limestones, san
dy dolomites and marls. These sediments are in
terpreted as being deposited in saline-brackish la
goons bordering on a continental-fluvial environ
ment. 

Lower Jurassic sequences of sandstones and shales 
have been penetrated in the Nekhl (162m) and Abu 
Harnth (162m) wells. A thick clastic sequence in the 
Ayun Musa-2 (622 m) and Hamra-! (534 m) wells 
has been assigned a middle-lower Jurassic age, whilst 
the El Khabra well has an undifferentiated Jurassic 
section (1430 m) of sandstones shales and 
limestones. ' 

3.2.2.2 Middle Jurassic. The middle Jurassic sed
iments at Gebel Maghara can be subdivided into a 
lower casbonate unit (Bir Maghara Formation) and 
an upper clastic unit (Safa Formation) which attain a 
thickness of approximately 701 m (fig. 19/9). These 
clastics contain sub-bituminous coals which are in-

terpreted as having been deposited in lakes or lagoons 
adjacent to the coastline. 

111is c~astic-carbonate sequence is also exposed at 
Gebel Mmshera and has been penetrated in the Halal-
1 (780 m), Katib El Makhazin (502 m +)and Giddi-1 
(805 m +)wells. 

The undifferentiated middle-lower Jurassic clastic 
sediments penetrated in the Ayun Musa-2 and 
Hamra-1 wells indicate that continental conditions 
existed throughout central Sinai during the lower
middle Jurassic period. 

Detailed petrographic studies of the middle 
Jurassic sediments in boreholes drilled along the 
present-day coastline (Oesleby 1981) indicate that a 
high-energy carbonate platform margin existed in 
this area. These sediments are predominantly ooid 
and bioclastic lime grainstones and packstones. 

North of this platform margin a deep-water envi
ronment existed (Fig. 19m. 

3.2.2.3 Upper Jurassic. The upper Jurassic sed
iments (Masajid Formation) are dominated by car
bonates (Fig. 19/10) representing a southerly marine 
transgression at the end of Bathonian-Callovian 
times (Fig. 19m. 

At Gebel Maghara these carbonates are 680 m 
thick and consist of bioclastic, oncolitic, peloidal 
packstones and wackestones with isolated biohermal 
development (Fig. 19/1 0). The bioherms, which 
range in size from 8 to 24m in height and 15 to 200m 
in length, contain a wide variety of coarse-grained 
organic components including corals, stromatopo
roids, sponges, crinoids, and skeletal blue-green al
gae set m a poorly sorted, peloidal, bioclastic matrix 
with associated debris-flow conglomerates (Fig. 19/ 
10). They are interpreted as small patch reefs that 
developed in well-circulated, relatively shallow 
water. 

During the upper Jurassic period, the Sinai was a 
shallow carbonate shelf with continental-fluvial 
facies existing to the south, a high energy platform 
margin trending ?east-west along or adjacent to the 
present-day coastline and a deep marine facies 
further north. 

111is interpretation has been confirmed by pe
trographic studies of the various boreholes (Oesleby 
1981 ). In the north the Manna-! wells encountered 
102 m plus of skeletal, peloidal wackestones, 
packstones and grainstone& with some corals and 
ooids present. The Gofer-1 well penetrated 150m of 
ooidal lime packstones and grainstone&, which are 
overlain by a thrusted sequence of Cretaceous and 
Jurassic deep marine shales, suggesting that a deep
water environment was proximal at the time of de
position. 

To the south shelfal carbonates have been rec-



374 David A Jenkins 

NORTH 

Coral bound...,. with molluace. 
crinoids, and olher blocluts; good 
moldlc and vuggy porosity. OYerlytng 
bed3 are coral-sponge biostromes. 

Packstone wtth 
sponges crinoids and 
bioclasts. 

Capping facies is 
skeletal grainstone. 

SOUTH 

Skeletal packston911rainstone with 
abundant bk>claats, lntracluta, and 
rare crinoids; some beds of coral 
boundstone. 

Debris ftow congtomerate 
with abraded biocfasts, 
corals, stromatoporoids, 
molluscs, and echinoids, in 
siH matrix, cobbtes to 40 em 

100 

20 

10 
50 100 

0 -f-..,..-IT-T' 

Packstone-grainstone wtth bioclasts, 
corals, pellets, forams, crinoids, 
pe~ bryozoa, spicules and 
spongee. 

0 100 200 300 -· Vertical Exag • 4X 

Figure 19,10 Biohenns in the Masajid Formation. Spatial distribution is approximate. Laterally equtvalent beds are poorly 
exposed but include mainly bioclastic lime wackestones and packs tones with some oolitic grainstones and minor marls. 

ognized in the Halal-1 (214m), Ayun Musa-2 (121 
m), Hamra-1 (65 m) and Katib EI Makhazin (388m) 
boreholes. 

3.2.3 Cretaceous 

3.2.3.1 Lower Cretaceous 
The basal fluvial-continental lower Cretaceous sed
iments unconformably overlie the shallow marine 
upper Jurassic carbonates as a result of a major 
eustatic fall in sea level. 

In central Sinai the pre-Cenomanian section is 
composed entirely of 'Nubian-type' sandstones 
which attain a thickness of 780 m at Urn Bogma. The 
basal part (282m) of these sands have been assigned 
a Carboniferous age, whilst the upper 498 m is 
thought to range from Triassic to lower Cretaceous in 
age. These sandstones are exposed along the scatp of 
Gebe!Tih. 

'Nubian-type' sandstones of early Cretaceous age 
have also been penetrated in the following boreholes, 
Abu Hamth (370m), Nekhl (247 m), Ayum Musa-2 

(149m), Hamra (366m) and Kabrit (103m). 
Further north similar sandstones outcrop at Gebel 

Maghara, Gebel Arif El Naga, Gebel Halal, Gebel 
Yelleq, Gebel Giddi, Gebel Kherim and Gebel 
Minsherah. 

At Gebel Maghara the contact between the 
Jurassic and Cretaceous sediments is obscured by 
wadi fill. The basal exposure of the Cretaceous cons
ists of thin, cross-bedded, very fine to coarse-grained 
sandstones and conglomerates (Fig. 19/9). These 
represent the major pulse of late Mesozoic land
derived sediments in north Sinai which were deposit
ed by northerly-flowing streams. Overlying these 
sands is an interbedded series of argillaceous clastics 
and carbonates of Aptian-Albian age, which repre
sent fluvial-paralic to shallow shelf facies deposited 
in a low energy system, with occasional high energy 
episodes, indicated by the presence of rudists and 
oolites (Fig. 19/9}. 

A similar sequence outcrops at Gebel Yelleq (Fig. 
19/11} wbere a basal conglomerate (5 to 15 m) is 
overlain by cross-bedded sandstones (160 to 168m) 
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which in tum are overlain by a sequence of sandy 
limestones, shales, siltstones, marls and marly 
limestones (Bartov eta!. 1980). 

1be lower Cretaceous section at Gebel Halal is 520 
m thick of which 90% is sandstone with shale-silt 
interbeds. It is unfossiliferous, although a band of 
oolitic, ferruginous sandstone in the upper third of the 
section has yielded corals, pelecypods, gastropods 
and ammonites of reportedly Albian age. 

1be Katib El Makhazin and El Khabra wells have 
encountered an interbedded sequence of sandstones, 
shales and limestones of reportedly early Cretaceous 
age with respective thicknesses of 32 and 975 m. 

In northernmost Sinai and in the offshore area, the 
lower Cretaceous is known only from borehole pene
trations. Petrographic studies by Oesleby (1981) indi
cate that the Manna, Slav and Sneh wells encoun
tered carbonate platform margin facies. These car
bonates range from ooidal, bioclastic grainstone& to 
skeletal bioclastic packstones and porous dolomites 
containing rudistid corals and dascyclad algae. It is 
interpreted, on the basis of these studies, that an 
east-west trending high energy platform margin ex
isted during this period along or adjacent to the 
present day north Sinai coastline (Fig. 19{1). 

A deep marine basin was present north of this 
platform margin as indicated by the deep marine 
shales penetrated in the Gofer and Gal wells. 

3.2.3.2 Upper Cretaceous 

Cenomanian. In central Sinai, Cenomanian sed
iments conformably overlie the Nubian sandstone 
along the southern scarp of Gebel Tih, on the upland 
plateau of Gebel Gunna and in the core of the Gebel 
Somardome. 

1be sequence is predominantly marls and shales 
with banks of Ostrea olisiponensis present. The sed
iments generally thin to the southeast, but thicken to 
the west and north, attaining a thickness of 190 m at 
the northwest scarp of Gebel Tih. 

Carbonates become increasingly common to the 
north and an interbedded carbonate-clastic sequence 
was penetrated in the Darag (307 m), Nekhl (316 m) 
and Abu Hamth (326m) wells. 

In north Sinai the Cenomanian section is domi
nated by a thick sequence of dolomites (Fig. 19/9). 
These dolomites were deposited on a broad shallow 
subtidal shelf, hundreds of miles wide, with partly 
restricted circulation and some periods of supratidal
intertidal emergence. 

Figure 19/11 illustrates the Cenomanian-Turonian 
sequence of dolomite,limestone and clastics at Gebel 
Yelleq as measured by Oesleby et al. (1981) and 
Bowles (1945). A major problem with this particular 
sequence is the separation of Cenomanian strata from 

the Turonian strata. However, the facies are in agree
ment with those interpreted at Gebel Maghara. 

Similar dolomites, interbedded with limestones, 
marls and shales, outcrop at Gebel ArifEI Naga (307 
m) and were penetrated in the Kabrit well. 

1be Cenomanian is absent in many of the bore
holes, as a result of erosion, in the northernmost 
onshore area of Sinai and in the offshore region. In 
the Gal well, however, a sequence of deep marine 
shales, 512 m thick, ranging from Albian to Santo
nian in age, suggest that a deep marine basin existed 
in this northernmost region during the Cenomanian. 

Turonian. In central Sinai, the Thronian strata are 
conformable on the Cenomanian beds and range in 
thickness from 50 m to in excess of 280 m. 

The early Thronian is represented by the Abu Qada 
Formation (or Ora shales) consisting of interbedded 
shales, marls, limestones and sandstones. At Gebel 
Arif El Naga this formation (68 m to 141 m) is 
represented by gypsiferous shales with thick 
limestone beds (Bartov et al. 1980). 

1be late Thronian (Gerofit) or Wata Formation is a 
thick carbonate sequence which forms prominent dip 
slopes of the anticlinal features in Sinai (Bartov & 
Steinitz 1977). In central Sinai, it consists of uniform, 
well-bedded, massive limestone and dolomite with 
minor amounts of marl, shale and chert and attains a 
thickness of 132m to 140m at Gebel Arif El Naga. 

At Gebel Yelleq, a major problem exists in separat
ing the Cenomanian strata from the Turonian strata, 
as illustrated in Figure 19!11 (Oeslebyet al. 1981). 

A massive limestone sequence with rare shale 
interbeds was penetrated in the Abu Hamth (254m), 
Darag (227m) and Nekhl (260m) wells. 

The Thronian sediments in central Sinai were de
posited in a broad shallow intertidal-subtidal envi
ronment with sabkha type sedimentation being com
mon. 

In north Sinai, Said (1962) states that the Turonian 
covers large areas particularly the footslopes of the 
large anticlines and is very similar in lithology to the 
Cenomanian, consisting of dolomitic limestones. 
The studies conducted by Jenkins et al. (1982) indi
cate that the Turonian is absent at Gebel Maghara due 
to uplift and/or later erosion. 

At Gebel Halal, Shata (1960) has reported a Turo
nian interbedded sequence of grey-green shales and 
limestones containing pelecypods, rudists and gas
tropods. 

In the extreme north of Sinai and the offshore 
region deep marine conditions persisted throughout 
the Cenomanian and Thronian periods. 

Senonian. During the Senonian, the Arabo-Nubian 
massif was flanked by sandstones, which represent 
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Figure 19.12 Lithofacies relationships of lhe upper Cretaceous (Senonian), Paleocene and Eocene formations in Sinai. 

terrigenous clastic pulses derived from the south, 
indicating either a temporary regression or a relative 
increase in the supply of clastics. Northward from the 
massif these clastics prograde into carbonates which 
were deposited in increasingly deeper water north
ward (Fig. 19!12). 

In north and central Sinai, it is often very difficult 
to subdivide the Senonian stage due to the monoto
nous sequence of chalks present. These chalks are 
well-exposed along the wall of the Egma tableland 
and outcrop in the lowlands between the major an
ticlinal structures. It is absent from many of the 

structures due to uplift and/or later erosion. 
In many of the boreholes the Senonian section is 

undifferentiated, but it has been penetrated in the 
Darag (235 m), Nekhl (33 m), Abu Hamth (326 m) 
and El Khabra (192m) wells. 

Coniacian. The Sinai comprised three sedimentolo
gical regions during the Coniacian period (Fig. 19/ 
12). 

In north Sinai a rapidly subsiding outer shelf was 
developing with marly and chalky limestones being 
deposited. 

-------:---------------~-
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In cential Sinai, Lewy (1975) states that an oolitic 
shoal, which can be traced from Gebel El Hitan 
eastward to Gebel Abu Kandu, separated the nor
therly outer shelf from the stable southerly inner 
shelf. This shoal, wltich contains dascycladacean 
algae, hermatypic corals and stromatoporoids, is in
terpreted to have migrated northward during the 
Coniacian. 

The stable southerly inner shelf is characterized by 
medium coarse-grained, glauconitic, bioclastic 
limestones, tidal flat to marginal basin dolomites and 
littoral to continental clastics in the extreme south. 
These clastics, wltich are known as the Matulla For
mation, are exposed at Wadi Matulla and consist of 
variegated clays, marls, cross-bedded sandstones and 
oyster beds. 

A slight shallowing of the marine waters occurred 
during the late Coniacian. 

Santonian-Campanian. In the southern part of Sinai 
an inner shelf to continental environment existed. 
The percentage of clastics decreases northward and 
in central Sinai thick wltite, shoft chalks, known as 
the Sudr Formation, are present (Fig. 19/12). These 
chalks are occasionally bituminous and phosphatic 
with thin inconsistent beds ofbrecciated brown-black 
flint. 

The deposition of the Santonian-Campanian sed
iments was probably related to the topography of the 
various structural units wltich were being uplifted in 
parts of Sinai during this period. 

Maastrichtian. The Maastrichtian is represented by 
the snow-white chalks of the Sudr Formation in north 
and central Sinai, which grade into marls in south 
Sinai (Fig. 19!12). 

3.3 Cenozoic 

3.3.1 Paleocene 
Regional data indicates that the Paleocene was de
posited in the lows between the major structural 
ltighs in Sinai and its distribution closely follows that 
of the underlying upper Cretaceous chalk unit. 

The Paleocene section, wltich is known as the Esna 
shales, has a uniform lithology of greenish-grey 
shale, although in the south a basal chalky facies is 
present (Fig. 19/12). 

In central Sinai it is a thin but clearly mappable 
dark unit in the Gebel Egma cliffs (35 m thick) and 
forms extensive plains on the northern flank of Gebel 
EI Mineidra EI Kebira and outcrops in the core of the 
Nekhl and Darag domes. In the Nekhl and Darag 
boreholes the Esna shales have a thickness of 59 m 
and 38m respectively. 

To the north the Esna shales are exposed on the 
flanks of Gebel Maghara (maximum 1 m), Gebel El 
Minsherah (65 m) and Gebel ArifEI Naga (50 m). At 
Gebel Maghara the Esna shales are often absent. 

Further northward, the Paleocene sediments are 
absent in many of the exploratory boreholes as a 
result of uplift and/or erosion. However, in the off
shore region of north Sinai, the Gal-l and Ziv-1 wells 
penetrated 27 m and 170m respectively of limestone, 
wltich has been ascribed to a late Paleocene age in 
Gal and an Eocene-Paleocene age in Ziv. It is uncer
tain whether there is a true facies change from shale 
to limestone and whether these limestones represent 
a deep-water facies, as it is very difficult to differenti
ate between the Eocene and Paleocene in this area. 

In southern Sinai, field exposures examined by 
Bunter (1981) suggest that the Paleocene is predomi
nantly a chalky limestone facies very similar to the 
Maastrichtian chalk. Overlying this chalk are the 
grey-green Esna shales wltich, according to the dat
ing of the field samples, are diachronous and range 
from Paleocene to lower Eocene in age. In places, 
small sand bodies have been observed within the 
Esna shales in this southern area. 

3.3.2 Eocene 
The Eocene sediments outcrop in many areas 
throughout Sinai and have been penetrated in seven 
wells. As a result of poor paleontological dating the 
exact age of the Eocene sequence penetrated in some 
of the wells is uncertain and in some wells an interval 
has been assigned to the Eocene solely on lithology. 

Lower Eocene. The lower Eocene in Sinai is gen
erally represented by a massive flinty limestone, 
commonly referred to as the Thebes limestone. 
However, in southern Sinai, the lower part of the 
lower Eocene section comprises Esna shales, wltich 
appear to be diachronous in this southern region (Fig. 
19/12). 

At Gebel Egma in central Sinai this flinty 
limestone, known locally as the 'Egma Limestone', 
covers the extensive tableland of the Egma plateau. It 
varies in thickness from 125 m to 240 m and north
ward the basal part has a development of yellowish 
marly limestones (Safra beds). 

In north Sinai this lower Eocene limestone occu
pies the broad synclinal lowlands to the north and 
east of Gebel Halal, as well as between Gebel Halal 
and Gebel Yelleq, Gebel Maghara and Gebel Yelleq 
and between Urn Hoseira and Kherim. It exltibits 
uniform lithology but has latge thickness variations 
being very thin to absent in places. 

In the Habaslti, Gal, El Khabra and Manna wells, a 
chalky limestone interval has been dated as Eocene. 
It is uncertain whether this is the deeper water equiva-
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lent of the lower Eocene Thebes limestone or the 
middle Eocene Mokattam limestone. 

Middle-upper Eocene. At Wadi Nukhul in central 
Sinai, the lowermost part of the middle Eocene sec
tion is represented by the Darat and Khaboba Forma
tions. These comprise green-brown shales, marls, 
limestone stringers and gypsiferous sbales with thin 
flint bands. These beds bave also been observed in 
south Sinai but are absent in north Sinai. 

Overlying these predominandy clastic formations 
is the Mokattam or Plateau limestone which is 
crowded with Nummulites gizenhensis and has a 
widespread distribution in Sinai. 

The uppermost part of the Eocene epoch is a 
regressive period. In the south it is represented by the 
thinly bedded gypsiferous marls of the Tanka beds. 
Northward these beds grade into the sandy 
limestones and grey, yellow, sandy shales of the Maa-

di Formation, which has not been recognized in north 
Sinai. 

Tbe middle to upper Eocene sequence in north and 
central Sinai is characterized by large unconformities 
with parts of the sequence missing in certain locali
ties (Fig. 19/12). 

3.3.3 Oligocene 
The distribution of the Oligocene sediments, which 
are known only from boreholes drilled in the extreme 
north of Sinai and in the offshore area, is related to the 
relationship of three geological components. 

Firstly, the late Cretaceous compressional event 
which probably commenced at the end of the Thro
nian and resulted in the thrusted, assymrnetrical, 
domal anticlines which are recognized in both off
shore and onshore north Sinai. Differential uplift of 
these structural highs from the Eocene through to the 
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Figure 19.13 Paleogeographic map of the eastern Mediterranean during the upper Miocene Messinian (after Gvirtzman & 
Buchbinder 1977). 
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lower Miocene period controlled the distribution and 
nature of the sediments. 

Secondly, uplift of the granitoid basement of Sinai 
from late Eocene times resulted in the northward 
retreat of the Eocene seas to a position similar to that 
of the present-day Mediterranean. 

TI!irdly, the differential movement of the Sinai and 
the Levantine basin created a major faulted hinge line 
parallel and sub-parallel to the Pelusium line (Fig. 
19/1). 

Thus the Oligocene drainage system flowed north
west from the emergent, southerly granitoid massif 
and debouched sediment within northerly prograding 
deltaic and submarine fan systems along the major 
faulted hinge line. These depositional systems have 
been recognized in the subsurface from borehole data 
in the extreme north of Sinai and in the present-day 
offshore area. 

The thickness of the Oligocene sequence ranges 
from Jess than 152m in the northernmost Sinai to in 
excess of 1800 m in the offshore region. 

3.3.4 Miocene 
The Miocene sequence in north Sinai is known only 
from the subsurface where it has been penetrated by 
exploratory boreholes. In central and southern Sinai, 
Miocene sediments are restricted to the eastern bank 
of the Gulf of Suez. 

Detailed paleobathymetric, nannoplankton bios
tratigraphy and facies analyses of these exploration 
boreholes have revealed that from the lower Miocene 
period through to the beginning of the Messinian, 
four main facies belts prevailed, namely continental
fluvial, paralic, shelfal and slope with their associated 
clastic sedimentation (Marathon 1981). These facies 
belts migrated northward and southward in response 
to eustatic sea level changes throughout the Miocene 
epoch. 

During the early Miocene sea level initially rose, 
then fell slightly and finally rose continuously world
wide (Vail et al. 1979). In response to this latter 
change, the facies belts transgressed southward. TI!is 

eustatic sea level rise continued during the middle 
Miocene until Serravallian times when a sudden drop 
occurred. TI!is lowering of sea level resulted in a 
northerly migration of the facies belts and it is also 
responsible for the marked unconformity between 
middle and late Miocene sediments. Gvirtzman & 
Buchbinder (1977) have interpreted this sea level 
drop as the cause of the middle Miocene desiccation 
phase. 

Eustatic sea level rose during Tortonian time with 
a corresponding marine transgression. An east-west 
trending reefal carbonate belt developed in northern
most Sinai at this time and these high energy car
bonates have been identified in the Gofer, Manna, 
Pelusion, Slav, Sneh and Abu Roda wells. 

During uppermost Miocene 'Messinian' time, the 
Mediterranean basins were cut off from the global 
ocean system, resulting in the production of endor
heic salt lakes and the 'Messinian Salinity Crisis'. 
These salt lakes developed north of the northwest
southeast Bardawil fault scarp and the Pelusium Fault 
Zone (Fig. 19/13). The evaporites were later remobi
lized, as a result of overburden pressure, into haloki
netic structures. At this time the onshore north Sinai 
was a land mass with a northerly-flowing drainage 
system feeding the salt lakes. 

The Miocene section ranges in thickness from 152 
m in onshore north Sinai to in excess of 1000 min the 
extreme north and offshore areas. 

3.3.5 Pliocene-Quaternary 
The Plio-Quaternary sequence is represented on
shore by thin continental to littoral sediments which 
are approximately 3000 m thick. 
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CHAPTER 20 

Structural characteristics and tectonic evolution of north Sinai fold belts 

ADEL R. MOUSTAFA & MOSBAH H. KHALIL 
Faculty of Science, Ain Shams University and Gulf of Suez Petroleum Company, Cairo, Egypt 

This chapter discusses the structural characteristics 
and tectonic evolution of north Sinai fold belts. The 
study is mainly based on the detailed stereoscopic 
study of aerial photographs of scales 1 :20,000, 
1:30,000 and 1:40,000, and the analysis of Landsat 
images of scale 1:250,000. Field checks were carried 
out in several key localities throughout the study area. 
A detailed structural map has been prepared covering 
north Sinai structures (Fig. 20/1). 

Several east-northeast and northeast oriented 
doubly plunging anticlines form a distinctive tectonic 
province in north Sinai. These folds are the main 
topographic highs of the region. They are of different 
sizes including large folds (Gebels El Maghara, Yel
leq and El Halal), medium folds (Gebels El Minshe
rah, Kherim, Araif El Naga, etc.), and many other 
small folds which are less than 2 km in length. Folds 
of the first two categories are generally oriented 
east-northeast to northeast and are asymmetric. The 
northwest flanks dip 5 to 20° while the southeast 
flanks are steeper and somerimes vertical or over
turned and deformed by northwest dipping thrusts 
such as in Gebels El Maghara, Urn Mafruth, Araif El 
Naqa, etc. These folds were the subject of the study of 
Sadek (1928), Shata (1959), Said (1962), and 
Youssef(1968). 

fu the following paragraphs, a description is given 
of the structural characteristics of some north Sinai 
folds. 

1 Gebels El Maghara, Urn Ma.fruth and El Amrar 
(20/2, 20/3). 

The middle part of Gebel El Maghara represents the 
highest part of the structure which has the form of an 
asymmetric, east-northeast oriented doubly plunging 
anticline. The core of this fold is dome-like. The 
northwest flank dips about 25° while the southeast 
flank is very steep, vertical or overturned. The latter 
flank is bounded by a major thrust where the Jurassic 
rocks ride over the lower Cretaceous section (Fig. 
20/2). 
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Gebel El Maghara anticline was formed due to the 
drag of the upthrown side of the thrust. The lower 
Cretaceous rocks in the downthrown side were also 
dragged forming a foot wall overturned syncline. The 
clearlest exposure of the two dragged sides of the 
thrust is at Wadi El Sagaan and south of Gebel El 
Rukba where the thrust is crossed by Wadi El Ma
ghara. Toward the southwest the downthrown side of 
the thrust is further deformed by several second order 
folds which have a right-stepped en-echelon arrange
ment. Some of these folds are overturned and all the 
axes plunge southwest to south-southwest and form 
an east-northeast elongated belt which extends from 
Gebel El Mahash through Gebel Urn Latiya to Gebel 
El Urf. This elongated belt of en-echelon folds was 
probably thrust over the topographically low area 
lying south of it. 

Gebel El Rukba lies to the north of Gebel El 
Maghara and is a northward plunging, east-facing 
monocline. To the east of this monocline is another 
anticline that plunges northeastward and represents a 
hanging wall anticline on the north segment of the 
main thrust of Gebel El Maghara. The Cretaceous 
rocks at Gebel Manzour are folded into a negative 
box fold composed of two monoclines facing each 
other and lying on its eastern and western sides. The 
western monocline is in the downthrown side of the 
north part of Gebel El Maghara thrust, while the 
eastern monocline is probably in the downthrown 
side of another thrust. The large northeast plunging 
anticline lying east of Gebel Manzour is probably in 
the upthrown side of the latter thrust. 

The north part of Gebel El Maghara thrust is offset 
twice by two east-west oriented right-lateral strike
slip faults. On the up thrown side of the displaced part 
of the thrust in Gebels El Torkmaniya, Urn Mitrnam, 
and El Mistan is another northeast elongated belt of 
right-stepped en-echelon folds that plunge south to 
southwest. This belt is similar to that extending from 
Gebel El Mahash to Gebel El Urf in the southern part 
of Gebel El Maghara. 

Gebel Urn Mafruth is an east-northeast oriented 



'" :rj/ .. ~.: ..... JIY_.:-: .. _.. ...... 
.... z.·:·: .... : .. ·· GUll 

.•:•.'•' ~ ll.EL 

,,;;:·.:!JJ-'-':"::·. 

AM·RAR BELT 

G. EL ltiSTAN BELT 

G. UM LATIYA BELT 

G FALIG BfLT 

0 10 15 ZO K111 

EL GIOOI PASS SUB-BELT 'oD,IO.lcLMINSHERAH SUB-BELT @GEL BUftQA SUB-BfLT 

IIIITLA PASS SUB- BELT G. KHERIM SUB- BELT EL HAllA SUB-BELT 

Figure 20.1 Structural map of north Sinai showing the en-echelon fold belts. 

.~a . 
4!1 0 EW 0 8 

FOLDS N No :45 THRUSTS N No. :t9 

.~~. 
RIGHT LATERAL No. 45 LEFT LATERAL Ho.:9 
STRikE SLIP ~~E SLIP 
FA.ULTS ~AUi,.TS 

w aoE 
JIKIRIIAL FAULTS O Mo.:377 

STFIFitE +SUP FAULTS 

THRUST foWL T 

NORMM. FA-ULT 

---+- -+-- I'LUNGHMi fClDS 

-+-- --t-- NOit-Pt.UMGIJIIG FOLDS 

-A- -A- OVERTURIIEO FOLDS 

STRIME FOIIII Lilt£ 

IIIONOCUIIIE 

()IP ·STRIKE SYIII&OLS 

HORIZONTAL DEOS 
DIPPING BEDS 10" 

-rr- 10-~a 

........ :S0-70° 
,...- 3oo TO" 

VERTICAL 8£05 -+
OVERTUI!MfD BEDS -+-



Structural characteristics and tectonic evolution of north Sinai belts 383 

doubly plunging anticline that is dissected by a west
northwest oriented right-lateral strike-slip fault. This 
fold probably extends southwestwatd to Gebel El 
Lagama. 

Gebel Hamayit lies to the northwest of Gebel El 
Maghara and is on the upthrown side of another 
northeast striking thrust. The fault plane dips 54° 
northwest and has diagonal-slip slickensides which 
plunge 36° in the S 78° W ditection indicating 
diagonal-slip displacement with right-lateral strike
slip component. The Jurassic rocks of Gebel 
Hamayir are folded by three south-southwest plung
ing folds. 

Gebel El Amrar lies to the north of Gebel El 
Maghara structure and is itself an east-northeast 
oriented doubly plunging anticline with Jurassic 
rocks exposed in its core. This fold is on the upthrown 
side of a northeast oriented thrust. 

Several northwest oriented normal faults affect the 
area shown in Figure Wfl.. They are transverse to the 
fold axes and probably originated as extension frac
tures with dip-slip displacement during the uplift of 
the structure. Most itnportant among the faults of the 
area are the east-west oriented right-lateral strike-slip 
faults in the north part of Gebel El Maghara. 

2 Gebels Yelleq and El Minsherah 

Gebel Yelleq is the largest among the north Sinai 
folds (Fig. 20/1 ). It is oriented northeast and has 
moderate dips on its northwest side and very steep 
dips on its southeast side. The southwest one-{juarter 
of Gebel Yelleq is different from the rest of the 
mountain. It is composed of two southwest plunging 
anticlines and an intervening syncline. Northeast
ward, the two anticlines combine into one struc
turally high block that has the form of an asymmetric 
positive box fold with a steep southeast litnb. In the 
central part of this box fold the Cretaceous rocks have 
a horizontal attitude. The whole structure is dissected 
by several northwest oriented normal faults similar to 
those of Gebel El Maghara. These transverse faults 
probably originated as extension fractures with dip
slip displacement during the uplift of the structure. 

Juxtaposing the north side of Gebel Yelleq is an 
east-northeast elongated belt of right-stepped, en
echelon, doubly plunging anticlines. These anticlines 
are oriented northeast (Gebel Meneidret El Etheili, 
Gebel Meneidret Abu Quroun, Gebel Falig, and other 
unnamed ones especially south of Gebel Meneidret 
El Etheili). Another east-northeast elongated belt in
cluding two right-stepped en-echelon folds bounds 
the south part of Gebel Yelleq. The two folds are 
Gebel El Minsherah doubly plunging anticline and 
another unnamed anticline that lies about 9 km south
west. Both structures are dissected by east-northeast 

oriented diagonal-slip (right-lateral thrust) faults. In 
Gebel El Minsherah the diagonal-slip fault strikes N 
68° E and dips 65 to 82° SE. It has diagonal-slip 
slickensides that plunge 46° in the S 84 ° E direction 
indicating diagonal-slip movement with right-lateral 
strike-slip component and thrust component. The 
westem part of the fault juxtaposes the upper Creta
ceous chalk against the Jurassic rocks. This fault 
continues east-northeastwatd to Gebel Abu Suweita 
and west-southwestwatd to Rishat Lehernan. In 
Gebel El Minsherah core are two small east-northeast 
oriented, doubly plunging en-echelon anticlines. 
This belt of en-echelon folds continues towatd the 
west-southwest and includes a thitd minor anticline 
affecting the Jurassic rocks of this locality, a plunging 
syncline between Gebel El Minsherah and Rishat 
Lehernan, and an anticline in the latter area. This belt 
of en-echelon folds is probably related to Gebel El 
Minsherah fault and its continuation on both sides. 

About 9 km southwest of Gebel El Minsherah is 
another large anticline that lies at the southwest part 
of Gebel Yelleq. It is bounded by an east-northeast 
oriented diagonal-slip (right-lateral thurust) fault that 
probably changes its direction of dip at its southwest 
part. Like Gebel El Minsherah fault, this fault is 
accompanied by some second order folds that make 
an acute angle with it, e.g. Rishat Saada. 

3 Gebels El Ha/a/ and Libni 

Gebel El Halal is the third largest structure in north 
Sinai (Fig. 20/1). This asymmetric doubly plunging 
anticline is structurally sitnpler than the Gebel El 
Maghara and Gebel Yelleq structures. The axial trace 
of the fold is curved and its northeast part (Gebel 
Dalfa) plunges northeast while its southwest part 
plunges west-southwest to due west. The asymmetry 
of the fold is not as pronounced at Gebel Dalfa as it is 
in the central and southwestem parts which are 
highly asymmetric. Vertical to overturned beds are 
found on the south and east sides of El Hadira. The 
areas to the northeast and southwest of this steeply
dipping area are refolded by second order folds that 
plunge due south to south-southwest and form two 
east-northeast elongated belts where the second order 
folds are en-echelon and right-stepped. The steeply 
dipping and overturned area may be bounded by a 
concealed northwest dipping thrust on its east side. 

Gebel El Halal is dissected by several transverse 
(northwest oriented) normal faults. They are similar 
to the transverse faults of Gebel el Maghara and 
Gebel Yelleq and probably originated as extension 
fractures with _later dip-slip displacement. One of 
these faults offsets the axis of Gebel El Halal an
ticline and has a right-lateral strike-slip component. 

Gebel Libni lies to the northwest of Gebel Halal 

------~----------··---·--··-·------· ·-
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Figure 20.2 Structural map of Gebels El Maghara, Urn Mafruth and El Amrar. 

and is an asymmetric northeast oriented doubly 
plunging anticline. It is also dissected by some trans
verse normal faults. 

4 Folds of the Giddi and Mit/a passes area 

Despite the small size of the folds in the Giddi and 
Mitla passes area (Fig. 20/1 ), they are very important 
in unravelling the nature of the structural deformation 
and its age. The Mitla pass area contBins an east
northeast elongated belt of right-stepped, en-echelon, 
doubly plunging anticlines. These folds are oriented 
northeast and have an average length of 5 km and an 
average width of 3 km (Gebel Hamra, Gebel El 

Harnraa, Gebel Um Busal, Gebel Um Hreiba, and 
another unnamed one to the east). These folds affect 
most of the upper Cretaceous rocks. The upper CretB
ceous chalk seems to be unfolded or slightly folded. 
The Eocene rocks capping the plateau south of the 
en-echelon fold belt (Gebel Sadr El Heitan plateau) 
are not folded. lbis indicates that the folding event 
reached its climax in late Cretaceous time and most 
probably continued through the Maastrichtian and 
early Tertiary time but with a smaller magnitude. 
Most probably this deformational event ended by 
middle Eocene time, at least in the Mitla and Giddi 
passes area. 

The Giddi pass area also shows folded Cretaceous 
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Figure 20.3 Structural and geologic map ofGebels El Maghara, Um Mafruth aod El Amrar. 

rocks unconformably covered by the horizontal 
Eocene rocks of Gebel Urn Khisheib plateau. In the 
pass itself, narrow folds affect the Cretaceous rocks 
forming two narrow east-northeast oriented folds on 
the south side of an east-northeast oriented right
lateral strike-slip fault. To the west of this fault, 
several small en-echelon folds affect the Cretaceous 
rocks. The area between the Giddi and Mitla passes is 
folded by larger northeast oriented folds. Two east
northeast oriented small folds lie on the west side of 
Gebel El Tawal. 

In Gebel Urn Makhasa, the Cretaceous rocks are 
folded by a northeast oriented anticline. Like the 

Giddi and Mitla passes area, the nearby Eocene rocks 
are not folded. 

5 Gebels AraifEI Naqa, El Burqa, and Kherim area 

Several folds exist in the area around Gebels Araif El 
NaqaandKherim (Fig. W/1}. In this area the exposed 
Triassic, Jurassic and Cretaceous rocks are intens
ively folded while the upper Cretaceous (Maastrich
tian) chalk is slightly folded. 

Gebel Araif El Naqa lies in the eastern part of this 
area. Mesozoic rocks in this mountain are steeply 
folded by an east-northeast oriented doubly plunging 
anticline. The southeast (steeper) flank is bounded by 
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an east-northeast oriented diagonal-slip (right-lateral 
thrust) fault that dips steeply northwestward. Meso
zoic rocks in the upthrown side have a vertical atti
tude close to the western part of the fault Beds in the 
downthrown side are overturned in the same area 
fanning a foot wall overturned syncline. The fault 
juxtaposes Triassic against upper Cretaceous rocks. 

To the northwest of Gebel AraifEl Naqa is another 
northeast oriented doubly plunging anticline in 
Gebels Wasat El Baheiri and Urn Hosaira. Several 
transverse normal and strike-slip faults dissect this 
fold. A gentle syncline exists between this anticline 
and Gebel AraifEl Naqa anticline. The three folds are 
en-echelon. 

The area north of these en-echelon folds contains 
the structures of Gebels El Riash, El Burqa, El She
reif, and Talet El Badan. Gebels El Riash and El 
Burqa are northeast plunging anticlines that make an 
acute angle with the east-northeast oriented fault on 
their south sides. This fault is a diagonal-slip (right
lateral thrust) fault Folded rocks in Gebels Talet El 
Badan and El Shereif are dissected by several north
west oriented right-lateral strike-slip faults. 

Gebel Kherim is dissected by a main northeast 
oriented thrust fault that dips northwestward. A 
northeast oriented hanging wall anticline forms the 
main part of Gebel Kherim and a northeast oriented 
foot wall syncline exists on the other side of the 
thrust The syncline is dissected by some east-west 
oriented right-lateral strike-slip faults. 

Several small folds exist in the area around Gebels 
Araif El Naqa, Talet El Badan, and Kherim. Also 
several northwest oriented, right-lateral, strike-slip 
faults and nonnal faults exist. It is noticeable that this 
area has more strike-slip faults than the other areas 
discussed before. Also the en-echelon fold belts are 
closer to each other compared to the other areas. 
East-northeast oriented thrusts and diagonal-slip 
(right-lateral thrust) faults are also among the impor
tant structures of this area. 

STRUCTURAL CONFIGURATION AND TECTONIC 

SYNTHESIS 

The north Sinai folded area contains several east
northeast elongated belts of right-stepped en-echelon 
folds of intermediate size (2 to 10 km long). The three 
major fold ranges (Gebels El Maghara, Yelleq, and El 
Halal) lie between some of these belts of en-echelon 
folds (Fig. 20/1 ). These belts are from north to 
south: 

1. Gebel El Amrar belt. 
2. Gebels El Torkrnaniya, Urn Mibnam and El 

Mistan belt. 
3. Gebels El Urf, Urn Latiya and El Mahash belt. 

Gebels Libni and Dalfa probably represent the east
northeast extension of this belt 

4. Gebels Urn Makhasa, Falig, Meneidret Abu 
Quroun, Meneidret El Etheili and south El Halal 
belt. 

5. a) Giddi pass sub-belt. 1\vo other nearby sub
belts exist which are: b) South Yelleq, El Minsherah 
sub-belt; and c) Gebels El Shere if, El Burqa and El 
Riash sub-belt. 

6. a) Mitla pass sub-belt including Gebels Hamra, 
El Harnraa, Urn Busal, Urn Hreiba, and another un
named fold to the east of Gebel Urn Hreiba. Gebel El 
Bruk is probably on the east-northeast end of this 
sub-belt. 1\vo other nearby sub-belts exist which are: 
b) Gebel Kherim sub-belt; and c) Gebels Urn Hosai
ra, Wasat El Baheiri and AraifEl Naqa sub-belt. 

The northern (Gebel El Amrar) belt is probably 
part of an east-northeast elongted belt concealed 
under the sand dunes of the area. Belts of en-echelon 
folds are formed by wrenching (Smith 1965 and 
Wilcox et al. 1973). They indicate a strike-slip reju
venation of deep-seated faults underlying them. The 
right stepping of the folds indicates that the strike-slip 
movement on the deep-seated faults was right-lateral 
(Wilcox et al. op. cit). Also the existence of thrusts in 
and between the en-echelon belts is indicative of 
block convergence, i.e. the strike-slip movement on 
the deep-seated faults was convergent or transpress
ive (Harland 1971, Lowell1972, Sylvester & Smith 
1976). 

It is proposed that north Sinai is underlain by 
east-northeast oriented deep-seated faults (Fig. 20!3) 
whose origin seems to have been related to the open
ing of the Tethys due to the break-up of north Mrica
Arabia in late Triassic-Liassic time (Biju-Duval et al. 
1979, Argyriadis et a!. 1980). The faults probably 
originated as northwest dipping normal faults in a 
passive continental margin. 

Many authon; (e.g. Orwig 1982) indicated the 
existence of east to east-northeast oriented faults in 
the basement rocks of north Egypt These separate 
the craton (stable platform) area to the south from the 
structurally low area to the north where sedimentary 
units abruptly increase in thickness (miogeo
syncline). 

The distance between each of the northern five 
deep-seated faults is about 15 krn. On the other hand, 
the distance between the two southernmost faults is 
about one-half this value (Fig. 20/4). The blocks 
lying between the deep-seated faults are also de
formed by the right-lateral transpression. Therefore, 
Gebel El Maghara belongs to the deformed block 
lying between the second and third deep-seated 
faults; Gebel El Halal belongs to the deformed block 
between the third and fourth faults, and Gebel Yelleq 
belongs to the deformed block between the fourth 

-------------------



Structural characteristics and tectonic evolution of north Sinai belts 387 

SEA \ ! 
~"""' S~~O oUliES \ -r ~: 

G-~EI •••••• _,_ ."\ . ..~_\)\'".\\···· .. <D •.. .{·'~' •••• •••·•·•••••. . .· \ 

~~f:dr --~ \ 
(f) ,--z.. ~l!J ~.... .,_'<> ~;;· ~ \ 

••• '1;;- • • • • • • • • I 

"' :.::: ~·~-· ........ ) f ,.... • l.} 
\:!J ·········::.;,. ~ 1' ~EI 1101~ • 

•• ••• ::::<-- ... ~ ._, ... II el~ 
·· -' V <o T ,...... _j:.~· 

.?-"_,. /'~T I \110• .. '"' .,. .0--·::;.- '·, 
(i} r Gj,. G.'f.>~---'=1' • 

: ~ ~ 

t ~- ~ @""'" 
s~r··· 

30" YJ0 6UU OF 

0 suer ~ 8: O ~O Km ••••• ··=Boundaries Of Sand Dunes Arta 00
1 

..• ·' 33" oo' ...,lt::=::::loollli:::=::::l..,. 34• oo' 

Figure 20.4 Proposed deep-seated faults in north Sinai. Nwnbers correspond to those mentioned in Figure 20.1. 

and fifth faults. The axes of these three major struc
tures and the accompanying thrusts make acute 
angles with the deep-seated faults (Fig. 20/4). Gen
erally, all the thrusts affecting these major mountain 
ranges dip northwestward. The steep southeastern 
side of each of these structures probably represents 
the dragged leading edge of a thrust sheet or is 
probably draped over an underlying thrust fault sinti
lar to the Rocky Mountains structures (Fanshawe 
1939, Berg 1962, Prucha et al. 1%5, Sales 1%8, 
Stearns 1971, among others). As these positive struc
tures popped up they were affected by local extension 
parallel to their axes. Therefore, the folded rocks 
yielded by developing transverse extension fractures 
with later dip-slip displacement. The east-west to 
west-northwest oriented right-lateral strike-slip faults 
dissecting the north Sinai structures represent one of 
the two conjugate sets of strike-slip faults that devel
oped by the right-lateral wrenching. They are equiva
lent to the Riedel shears or the synthetic strike-slip 
faults of Wilcox et al. (1973). The other conjugate set 
of strike-slip faults (conjugate Riedel shears) always 
has little chance of developing (Tchalenko 1970). 

The area between the two southernmost deep-

seated faults in Figure 20/4 (fifth and sixth faults) is 
relatively narrow. Therefore, large structures sintilar 
to Gebels El Maghara, Yelleq, and El Halal did not 
develop but smaller folds developed instead. This 
area also includes several diagonal-slip (right-lateral 
thrust) faults. 

During late Cretaceous-early Tertiary (Laramide) 
deformation these pre-existing deep-seated faults 
were rejuvenated by right-lateral transpression (Fig. 
20/5). Smith (1971) concludes from Atlantic spread
ing data that Africa moved west-northwest relative to 
Eurasia in late Cretaceous to late Eocene time 
(Smith's op. cit., Fig. 8). This motion would produce 
a right-lateral shear couple between north Mrica and 
Eurasia. This shear couple probably caused the right
lateral rejuvenation of the deep-seated faults in north 
Egypt. It is important to notice that the west
northwest oriented shear couple makes an angle with 
the deep-seated faults which probably accounts for 
the convergent nature of the right-lateral wrenching. 

Study of the mesostructures in some of the north 
Sinai folds and sintilar ones in Palestine is in agree
ment with this conclusion. The maximum principle 
stress axis ( cr 1) that formed the meso structures in the 

------~ ---------------· --·----~-----~~ 
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Cretaceous and Eocene rocks was oriented (N 287° ± 
3°) (Eyal & Reches 1983). This stress direction pro
bably accmmts for the right-lateral convergent reju
venation of the pre-existing east-northeast oriented 
deep-seated faults of north Sinai. 

The tectonic evolution of north Sinai indicates that 
late Triassic-Liassic rifting formed east to east
northeast oriented nonnal faults which were reacti
vated during the closure of the Tethys by right-lateral 
transpression. Such structural inversion of old struc
tures is probably similar to the defonnation of the 
Atlas Mountains. The high and middle Atlas Moun
tains were formed by the inversion of an earlier 
Triassic rift structure in late Cretaceous-early Terti
ary time (Stets & Wurster 1982). This deformation 
was related to the closure of the Tethys. Laubscher & 
Bernoulli (1979: 17) mentioned that the compressive 
movements in the Alpine systems were accompanied 
by dextral movements. This adds further evidence to 
the right-lateral transpression in north Sinai which 
was certainly related to the Alpine defonnation. 

SUMMARY AND CONCLUSIONS 

Structural study of north Sinai shows the abundance 
of northeast to east-northeast oriented doubly plung
ing anticlines including large (tens of kilometers 
long, e.g. Gebels El Maghara, Yelleq and El Halal), 
intermediate (several kilometers long, e.g. Gebels El 
Minsherah, Kherim, Araif El Naqa, etc.), and small 
folds (less than 2 km in length). The large and inter
mediate folds are asymmetric. The northwest flank 
dips 5 to 20°, while the southeast flank is steeper and 
may be vertical or overturned. The latter flank is in 
quite a number of cases affected by thrust faults. 

Six east-northeast elongated belts of right-stepped 
en-echelon folds are recognized. These east
northeast oriented belts probably overlie deep-seated 
faults rejuvenated by right-lateral transpression in 
late Cretaceous-early Tertiary time (Laramide defor
mation). The blocks between each of the northern 

five deep-seated faults were affected by the right
lateral transpression and were occupied by the large 
structures of north Sinai: Gebels el Maghara, Yelleq, 
and El Halal. The steep (southeast) flank of each of 
these folded structures represents the dragged leading 
edge of a thrust sheet or draping over an underlying 
thrust fault similar to the Rocky Mountains struc
tures. These folded ranges and the accompanying 
northwest dipping thrusts make acute angles with the 
deep-seated faults. They are dissected by east-west to 
west-northwest oriented second order, right-lateral 
strike-slip faults (Riedel shears) and northwest 
oriented (transverse) normal faults that probably ori
ginated as extension fractures. 

The east-northeast deep-seated faults were pro
bably formed due to late Triassic-Liassic rifting in 
north Mrica-Arabia that formed the passive conti
nental margin of the Tethys in the east Mediterranean 
region. They were rejuvenated by Laramide right
lateral transpression. The rejuvenation probably took 
place due to the west-northwest movement of Mrica
Arabia relative to Eurasia creating a right-lateral 
shear couple between the two plates. This west
northwest oriented shear couple was not parallel to 
the deep-seated faults, therefore the right-lateral 
wrenching was convergent. 

Similar structural inversion of old structures is 
reported in the Atlas Mountains, and the closure of 
the Tethys is also documented to have been achieved 
by right-lateral convergence in other areas in the 
Alpine system. 
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CHAPTER 21 

Paleozoic 

E.KLITZSCH 
Technical University, Berlin, Germany 

Until recently, surface exposures of Paleozoic strata 
occupied a small area on the geological map of 
Egypt. These included the well-known Carbonife
rous exposures along the Gulf of Suez and in the 
Gebel Uweinat area in the southwest corner of Egypt 
Subsurface Paleozoic occurrences bave also been 
reported from the. northern part of the Western De
sert. Pre-Carboniferous Paleozoic strata, however, 
were not clearly identified until relatively recently. In 
1942, Picard already suggested that the lower part of 
the Paleozoic strata of the Urn Bogma area of Sinai is 
of Cambrian age. Later Omara & Coni! (1965), 
Omara (1972) and Weissbrod (1969) reached more 
substantial conclusions on the Cambrian age of some 
of the Paleozoic strata of Sinai. In 1981, Said sug
gested the presence of a large exposure of 'undiffe
rentiated Lower Paleozoic' in the southwest comer of 
Egypt 

The work on the extent and subdivision of these 
and other Paleozoic strata in southwest Egypt be
tween Gebel Uweinat and the Abu Ras Plateau west 
of Gilf Kebir was carried out by Klitzsch (1978, 
Klitzsch & Ujal-Nicoll984). Tbere, strata of Ordo
vician, Silurian, Devonian, Carboniferous and Per
mian to Triassic age of a combined thickness of up to 
1000 m thickness are present at the eastern edge of 
the Kufra Basin and the southwest edge of the Dakhla 
Basin. These remote areas comprise the largest and 
most complete exposure of Paleozoic sediments in 
Egypt. In the north Western Desert Paleozoic (Cam
brian to Pennian) strata of up to several thousand 
meters in thickness are known from the subsurface. 

The regional distribution of the Paleozoic strata in 
Egypt shows that there is a thick sequence of these 
strata in northwest Egypt and a thinner sequence in 
the Gulf of Suez/Sinai area and in southwest Egypt. 
Paleozoic strata are missing over most of the remain
ing parts of Egypt: there are no proven surface expo
sures of Paleozoic strata south of latitude 27° N 
except in the areas west of longitude 26° E. 

It is likely that some areas which are free of Paleo
zoic strata today were originally covered by some of 
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the Paleozoic formations. Due to intensive erosion 
following a regional updoming of much of southern, 
central and eastern Egypt towards the end of Carbo
niferous time (late Paleozoic-early Mesozoic event) 
pre-Carboniferous strata were stripped from large 
parts of Egypt (Klitzsch 1986). In many of these parts 
of Egypt, continental strata of late Jurassic to Creta
ceous age rest directly on Precambrian basement, 
indicating this structural high position over long pe
riods after this event. 

In the case of the southwestern occurrences, an 
attempt is made to summarize the results of the most 
recent work carried out in Libya and Egypt by the 
author. The fieldwork in southwest Egypt was mainly 
carried out during the years 1976-1980 within the 
Mapping Project of the Continental Oil Company 
and within research projects of the German Research 
Foundation. At present the reconstruction and in
terpretation of Paleozoic strata is still under discus
sion and is not completely finalized. 

Until recently, the Paleozoic strata of southwest 
Egypt were undifferentiated due to insufficient strati
graphical evidence. One of the major problems of 
stratigraphy in cratonal areas is the lithological simi
larity of strata over long periods of time. The uni
fonnity of sedimentary environments and organism 
behavior makes identification of the different trace 
fossils difficult and subtle. Some of the recent discus
sions on Paleozoic formations in the Eastern Desert 
(Aswan area, south Wadi Qena) are based on ill
identified ichnofossils. Much of the distribution of 
Paleozoic sediments was controlled by a north
northwest striking structural relief formed as the re
sult of extensional movements in Early Paleozoic 
time (Klitzsch 1986, Schandelmeier et al. 1987 and 
Fig. 21/1). 

CAMBRIAN 

Sediments of Cambrian age are exposed in the Urn 
Bogma area of Sinai and at several places between 
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there, Wadi Feiran and Abu Durba. These seemingly 
non-fossiliferous clastic strata which rest above base
ment and below the well-dated Carboniferous car
bonates of the Urn Bogma Fonnation were consi
dered to be part of the Carboniferous section by most 
authors until Omara & Conil (1965), Weissbrod 
(1969) and Omara (1972) proved a Cambrian age for 
the lower part of this clastic section. These strata are 
examined by Seilacher (this book, Chapter 32), who 
confirmed an early Cambrian age for them. 

Similar sediments were found by Seilacber and the 
author at the northern end of Wadi Qena (Eastern 
Desert) in the surroundings of Somr El Qaa and 
between there and some kilometers south of the 
western end of Wadi Dakhal (Klitzsch 1986 and this 
book). These sediments were proven to be of an early 
Cambrian age by Seilacher. 

Cambrian strata are also present in the subsurface 
of northwest Egypt. There, clastics of Cambrian age 
are proven in at least four wells in the Bahariya area 
and between there and the Qattara Depression. These 
sediments belong to a larger Paleozoic basin, which 
is in connection with well known Paleozoic occur
rences in the subsurface of northeast Libya. Earlier 
records of the existence of possible Cambrian strata 
in southwest Egypt (Said 1971 after Burollet 1963 
and Conant & Goudarzi 1964) are not substantiated. 

Cambrian of Sinai 

In the area around Umm Bogma, the Precambrian 
basement is overlain by a sequence of clastic sed
iments, which represent several cycles of fluvial to 
near-shore marine environment. The basal 5 to 20m 
are made up of mainly coarse grained to conglomera
tic sandstone, filling the pre-existing relief. All cycles 
above are relatively homogeneous and of consistent 
thickness over several kilometers and are made of 
sandstone, siltstone and silty shale. The marine parts 
of the sequence contain numerous trilobite tracks and 
other trace fossils: Cruziana aegyptica, C.cf. naba
taeica, C. salomonis, Bergauneria sucta, Dimor
phichnus cf. obliquus, D. cf. quadarfidus, and others 
(Seilacher, this book). 

The Cruziana species clearly indicate a lower 
Cambrian age of this sequence, at least for the lower 
three quarters of the section. The uppermost 20 to 
26 m seem to be barren, consist of crossbedded 
sandstone, partly similar to beach sand and possibly 
belonging to a later sedimentary cycle. 

Weissbrod (1969) subdivided this sequence into 
six fonnations which he correlated with the type 
sections of the south Negev Desert. He gives them an 
early Cambrian age. For the uppermost formation 
(our uppermost 20 to 26m), however, he leaves the 
age open (Netafim). It is overlain by dolomitic sed-

iments of Lower Carboniferous age. 
In order not to introduce new names and not to 

correlate over too long distances, we prefer to call the 
lower three quarters of the section Araba Fonnation 
(Hassan 1967, Said 1971), and the upper 20 to 30m 
of the Urn Bogma area we call, after the same au
thors, Naqus Formation. 

It must be mentioned that Soliman & Fetouh 
(1970) and later Kora (1984) gave the Cambrian 
strata of the Urn Bogma area the following names 
from base to top: Sarabit El Khadim, Abu Hamata, 
Nabib and Adedia Fonnation and gives it a Cambro
Ordovician age. For the time being, the author will 
follow the nomenclature adopted by Said (1971) for 
the regional use: Araba Fonnation. 

In the area south of Wadi Feiran, strata of Cam
brian age containing trace fossils similar to those of 
the Umm Bogma are exposed directly west of the 
Precambrian basement and south of the Abu Rudeis
St. Catharine road. Here, the Araba Formation is only 
20 to 40 m thick and consists of coarse multi-colored 
sandstone and conglomerate at the base, overlain by 
well bedded fine- to coarse-grained sandstone and 
clayey to silty fine-grained sandstone. It is overlain 
by 120-150 m of fluvial cross-bedded sandstone in
terbedded with shallow marine sandstone full of Sco
lithos bioturbations and rare remains of Cruziana sp. 
and Bergauneria sucta. These strata possibly also 
belong to the Araba Fonnation. They are followed by 
approx. 150 m of fluvial sandstone equivalent to the 
Naqus Fonnation probably also of Cambrian age. 
The top is marked by a very ferruginous sand- and 
siltstone of up to 6 m in thickness. 

In the area of Abu Durba the Precambrian base
ment is overlain according to Omara (1972) by some 
meters of limestone containing stromatolites and 
archeocyathids of most likely Early Cambrian age. 
This important discovery is in accordance with Sei
lachers interpretation of trilobite tracks from the Urn 
Bogma, Wadi Feiran and north Wadi Qena area (Sei
lacher, this book, Chapter 32). During our own field
work in the Abu Durba area, however, we conld not 
fmd the basal limestone of Omara, but we found 
approx. 80 m of typical Araba Formation. It is over
lain by 150-200 m of mainly fluvial sandstone equi
valent to Naqus Formation. The basal 30 m contain 
Scolithos layers similar to those characteristic for 
large parts of the Araba Fonnation. The top is marl<ed 
by very ferruginous sandstone beds like at Wadi 
Feiran. Above (and below the Abu Durba shale) 
follow approx. 50 m of fluvial sandstone and marine 
sand- and siltstone, partly full with trace fossils simi
lar to those known from the Abu Thora or Ataqa 
Fonnations of early Carboniferous age. The thick
ness of the various fonnations reported in earlier 
literature in general seems to be overestimated. 
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Cambrian of the Eastern Des en 

In the area of north Wadi Qena and between there and 
south of the western end of Wadi Dakhal strata of 
Cambrian age are exposed, which are very ~imilar to 
the Cambrian sediments at Wadi Feitan and Urn 
Bogma. The basal 5 to 25 m normally consist of 
coarse sand and conglomerate which fill the pre
existing relief and which partly are forests of deltaic 
environment. This basal unit is followed by I 5 to 
25 m of brown and red silty or clayey sandstone and 
silts~ and by pi~ _sandstone beds, which partly 
contain abundant tnlob1te tracks. Seilacher identified 
Cruziana aegyptica, C. salomonis, Dimorphichnus 
cf. quadarfidus. 

This fauna was found 5 to 10m above basement at 
the eastern side of Gebel Sornr EI Qaa and at a point 
22 km to the north in the same beds which strike 
northwatd towatd Wadi Dakhal. South of Somr El 
Qaa and in some isolated areas between Somr El Qaa 
and Wadi Dakhal as well as from Wadi Dakhal north
ward, Cambrian strata are eroded or were not depesit
ed. Between Sornr EI Qaa and Wadi Dakhal, 
however, in most areas the Cambrian strata are over
lain by plant and Scolithos-beating sandstone of Car
boniferous age. In some areas, however, sandstone of 
Albian to Cenomanian age rests directly on Precam
brian basement. 

Cambrian of north Western Desert 

Cambrian subsurface strata of Cambrian age are re
ported in wells drilled in the western part of the 
Western Desert (Bahariya and northward). They in
clude sandstone, frequently glauconitic, siltstone, 
grey and red shale, basal conglomerate and rare eat
bonate. The thickness ranges between 600 to 1000 m. 
Age determination is based on the identification of 
acritarchs, brachiopods, trilobites and (indirectly) on 
the absence of palynomorphs. 

It is likely that most of north and possibly also 
some of central Egypt bas been transgressed by the 
sea in early Cambrian time. The southern edge of this 
Cambrian sea, however, cannot be identified with any 
degree of precision because Paleozoic strata have 
been eroded from large areas in Egypt after the 
Hercynian event. Southwest Egypt, however, was not 
reached by the sea in Cambrian time (for a tentative 
interpretation, see Fig. 21/2). 

ORDOVICIAN 

Strata of Ordovician age have not been identified in 
north Egypt, neither at the surface nor in wells. Strata 
described as Cambro-Ordovician in some publica-

lions from Sinai and in oil company reports are either 
of Cambrian age or of younger age than Ordovician. 
The only location in south Egypt, where strata of 
Ordovician age are identified was in Karlrur Talh in 
the northeastern part of Gebel Uweinat at the 
Egyptian-Sudanese border. There, Monod (pers. 
comm.) found trilobite tracks in shallow matine 
sandstone directly above Precambrian basement. Sei
lacher (pers. comm.) identified Cruziana rouaulti 
Lebesconte from these beds and gave the sediments 
an Ordovician age. This formation - which we call 
Karlrur Talh Formation (Kiitzsch & Ujal-Nicol 
1984) - consists of several ten meters of fluvial and 
sh_allow matine sandstone. It is unconformably over
lam by sandstone of Silurian age, which in other areas 
of southwest Egypt rests directly on Precambrian 
basement. 

The Ordo':ician of Gebel Uweinat is certainly part 
of the extensive blanket of Ordovician strata, which 
cover large areas in south Libya and north Cbad. The 
Gebel Uweinat occurrence must have represented the 
eastern edge of an Ordovician transgression, which 
came from the northwest or west. Most of Egypt 
~ms to have been a positive area during the Ordovi
ctan. 

SILURIAN 

The Silurian is reported from the subsurface of the 
north Western Desert (Schrank 1984, Hantar this 
book, Chapter 15). Surface exposures cover large 
areas in southwest Egypt (Klitzsch & Ujal-Nicol 
1984). As in Ordovician time, Egypt was during the 
Silurian near the eastern edge of the sea, which 
covered large areas of North Africa and reached its 
maximum extension during Llandovery time. This 
sea seems to have transgressed into the southwest, 
west and northwest Egypt (Fig. 21/2). 

From two wells (Foram 1 and Sheiba 1) in north
west Egypt Silurian sandstone, siltstone and shale is 
proven, containing palynomorphs of Silurian age. 
Trace fossils typical for Silurian of Libya have also 
been found (e.g. Harlania har/ania Desio). The real 
thickness of Silurian sediments in northwestern 
Egypt is not known, because stratigraphical control is 
insufficient. The minimum thickness seems to be in 
the order of 200 to 300 m. 

In southwest Egypt in the area between Gebel 
Uweinat and the Abu Ras Plateau west of Gilf Kebit 
Silurian sediments reach a thickness of approxi: 
mately 400 m, around the Umm Ras Passage south of 
the Abu Ras Plateau neat the Libyan border. There, 
fine to medium and partly coarse-grained white 
sandstone of fluvial and deltaic origin is interbedded 
with neatShore matine sandstone, beach sand and 
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silty shale to clayey silt-stone. Seveml beds are in
tensively burrowed by Scolithos sp., others contain 
Harlania horlania Desio and Cruziana acacensis 
Seilacher. The trilobite tracks are typical for the Silu
rian, the other ichnofossils and the sedimentological 
characteristics indicate that southwest Egypt was 
near the edge of the Silurian (probably Llandovery) 
transgression (see also Klitzsch 1978, 1979, 1981, 
1983). Silurian Cruziana are abundant in some beds 
near the base of the formation only some meters 
above Precambrian basement as well as near the top 
of the formation. Tills formation is named Urn Ras 
Formation (Klitzsch & Ujal-Nicol1984). It uncon
formably overlies Precambrian basement and is un
conformably overlain by fluvial sandstone of Devo
nian age. 

Approximately 180kmsouthofthe type area at the 
northeastern part of Gebel Uweinat, the Umm Ras 
Formation rests unconformably above the Karkur 
Talb Formation of Ordovician age and is unconfor
mably overlain by fluvial sandstone as in the type 
area (probably Devonian). Further to the south, these 
early Paleozoic strata are truncated by Carboniferous 
sediments: at Karkur Murrin the northwestemmost 
comer of Sudan, Carboniferous strata rest directly on 
basement. The Silurian Urn Ras Formation, however, 
is present again southeast of Gebel Kissu, in Ennedi 
and in Gebel Tageru of northern Darfur. 

DEVONIAN 

No surface Devonian exposures are known in north 
Egypt, the Sinai, the Gulf of Suez or the Eastern 
Desert. Devonian sediments are referred to from at 
least 12 wells in northwest Egypt in unpublished oil 
company reports (Hantar, this book, Chapter 15). 
These occurrences belong -like the underlying Silu
rian strata - to a Paleozoic basin which extends over 
large areas in northeast Libya and northwest Egypt; 
southward it is in connection with the Kufra Basin of 
Libya and Chad. Tills situation was reconstructed by 
the author (Kli!Zsch 1970). The only published proof 
of Devonian strata in northwest Egypt is by Schrank 
(1984), who identified numerous palynomorphs of 
Late Emsian to Early Givetian age (late Lower to 
early Middle Devonian) from the Foram I well. 

The other wells contain remains of brachiopods, 
bryozoans, echinoderms as well as foraminifera, con
odonts, ostracodes and acritarchs. The environment 
is at least partly marine with a southward increase of 
continental influence. Most of the sections consist of 
light colored porous sandstone and of siltstone with 
some intercalations of partly black shale. These shale 
intercalations can reach a thickness of !50 to 200m. 
Total thickness of Devonian strata is in the order of 

900 to 1200 m in the northwest, thinning southward 
toward the Knfra Basin. 

Devonian strata are exposed on surface along the 
western and southwestern edge of the Abu Ras Pla
teau near the Libyan border in southwest Egypt and at 
the northeastern part of Gebel Uweinat. These occur
rences are part of the Devonian blanket described 
above and represent the surface exposure of Devo
nian strata reaching further south toward the Ennedi 
Mountains in northeast Chad. Unfortunately, no 
paleontological proof has been found until now wi
thin southwest Egypt. The stratigraphical interpreta
tion is based on the position of these sediments within 
the section (in both areas unconformably underlain 
by strata of proven Silurian age and more or less 
conformably overlain by strata of proven early Car
boniferous age). Moreover, the presence of very 
sintilar strata of Devonian age in neighbouring areas 
of Libya and Chad back this interpretation (Kli!Zsch 
& Ujal-Nicol1984). 

The Devonian sediments of the western Abu Ras 
Plateau and of northeast Gebel Uweinat are com
pared with the Tadrart Sandstone Formation of Libya 
(early to middle Devonian). In these areas, this for
mation consists of 50 to 70 m of mainly tabular 
cross-bedded fine- to coarse-grained sandstone, 
partly slightly conglomeratic, frequently with convo
lute bedding. It is certainly a fluviatile sediment 
deposited in the southern and eastern to southeastern 
foreland of one (or seveml) Devonian transgres
sions. 

CARBONIFEROUS 

Of all the Paleozoic sediments of Egypt, strata of 
Carboniferous age were the first to be recognised. 
They have been discussed the most and are exposed 
in large areas, both in north Egypt (Sinai, Gulf of 
Suez) and in the southwest at the Abu Ras Plateau 
west of Gilf Kebir and in Gebel Uweinat. The Carbo
niferous strata of Egypt differ more in facies than 
other Paleozoic sediments. The Carboniferous sed
iments range from fully marine carbonate, shallow 
and deep marine clastics, deltaic and continental 
fluviatile sandstone to lacustrine and fluvio-glacial 
deposits as well as tillite. The main reason for the 
very differentiated appearance of Carboniferous 
strata is the structuml development of that time: until 
late Visean or Namurian time, Egypt was at the 
southern edge of a more or less shallow sea which 
transgressed parts of the country (Fig. 2113). At the 
same time, northward draining rivers from surround
ing areas in the south and southeast filled depressions 
with fluviatile sediments. During the late Carbonife
rous (probably in Namurian or Wesrphalian time) and 
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in connection with the Hercynian structural event, 
large parts of central and south Egypt were uplifted, 
the sea retreated and in higher parts of southwest 
Egypt, glaciers developed. Moreover, due to the 
structural development, the drainage system of 
central and south Egypt was reversed. From latest 

Carooniferous until early Jurassic time, the drainage 
was toward the south and southwest. Large areas in 
central and south Egypt were elevated and the Paleo
zoic strata - where present - were now subjected to 
erosion. The oldest sediments, for which this new 
situation can be proved, are the glacial deposits of the 
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Figure 21.6 Correlation chart of the Paleozoic strata of Egypt. 

Abu Ras-Gebel Uweinat area. There, local tillite of 
post-Visean and pre-Stephanian age is replaced 
southward by ftuvio-glacial sandstone and conglo
merate, and these strata interfinger again southward 
at Gebel Uweinat and in north Sudan with varves of 
peri-glacial lakes. The southward to southwestward 
drainage is also proven in the overlying strata of 
Permian to early Jurassic age by transport directions 
of cross-bedded sandstone (Figs 21/4 and 21/5 and 
Klitzsch & Wycisk 1987, for correlations see Fig. 
21/6). 

Carboniferous of the Gulf of Suez-Sinai area 

The Carboniferous of the Gulf of Suez and Sinai has 
been known for a long time (first detailed descrip
tions are in Walther 1890), for a review see Said 
1962). Important recent contributions are Said 
(1971), Said & Eissa (1969), Omara (1965, 1971), 
Omara & Coni! (1965), Omara & Schultz (1%5), 
Abdallah & Adindani (1963), Hassan (1%7), 
Weissbrod (1969), Hermina et all983, Soliman & El 
Fotouh (1970), Kora (1984), Kora & Jux (1986). 

The following discussion reviews the earlier litera
ture and gives the results of the author's field work in 
this area. According to the literature, the oldest for
mation proven to be of Carboniferous age in the 
surroundings of the Gulf of Suez is the Durba Shale 
Formation (Hassan 1%7), which is identical with the 
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Olaelb Formation 

strat. rei. not final 

Abu Thora or 
Ataqa Formation 

Durba Formation 
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so..called 'Nubian B' of the oil companies 
classification (Beets 1948). It is a fossiliferous shale, 
siltstone and sandstone sequence, containing differ
ent species of productoids, spirifers, mynchonellids 
as well as Conularia and other fossils. In the type 
area, the formation is more than 160 m thick, south of 
Wadi Feiran, it reaches about 40 min thickness. Tiris 
maiuly shaley formation is also reported from Wadi 
Araba Well No. I (Said 1971, Hermina eta!. 1983) 
and from many wells drilled by oil companies in the 
Gulf of Suez. According to the literature, the Abu 
Durba shale is underlain by the Naqus Formation 
which was given a Cambrian (Weissbrod, 1969) or 
Ordovician (Issawi andJux, 1982) age. During field
work with A. and M. Seilacher (Tiibingen, 1983) and 
A. El Barkooky (Cairo, 1988), however, we proved 
that the strata directly below the Abu Durba shale in 
the Wadi Feiran as well as in the type area is of early 
Carboniferous age and does not correlate to the 
Naqus Formation. It is 50 to 80 m of marine silt- and 
sandstone, interbedded with fluvial sandstone and 
most likely correlates with the lower part of the Ataqa 
or Abu Thora Formation in the Umm Bogma area. 
Fossils of these strata below the Abu Durba shale 
south of Wadi Feiran include Asteriacites guge/hupf 
Seilacher (resting rack of starfish) known also from 
the lower Carboniferous of southwest Egypt (Sei
lacher 1983). Furthermore,Asterosoma sp., Scalari
tuba sp., Scolicia sp., Conostichus sp., Curvolithus 



Paleozoic 403 

sp., Trichophycus and other ichnofossils indicating 
shallow marine environment and partly proving Car
boniferous age (Seilacher pers. cornm.). 

Schrank (pers. comm.) has also identified palyno
morphs of lower Carboniferous age from mudstone 
exposed approximately 15 m below the described 
trace fossil horizon. It is therefore certain that at least 
some of the strata deposited above the Cambrian 
Araba Formation and below the Durba Formation are 
of early Carboniferous age. The Durba shale must be 
an equivalent of shale and siltstone units more or less 
of the middle part of the Abu Thora or Ataqa Forma
tion in the Umm Bogma area and it should be defin
itely younger than the Umm Bogma Formation. At 
the type area, this formation consists of dolomite, 
which is mainly sandy and conglomeratic near the 
base, as well as sandy marl and intercalations of silt 
and sandstone. Some beds are very fossiliferous and 
contain a rich fauna of Visean age. Kora ( 1984) and 
Kora & Jux (1986) recently investigated the fauna of 
the type area in detail, published a long list of mega
fossils and added a number of newly discovered 
brachiopods, bryozoans and corals to the fauna alrea
dy published by Klebelsberg (1911) and Ball (1916). 
The name Umm Bogma is now reserved to this 
carbonate unit only. Previously the name was used for 
this unit and the underlying clastic section (Kostandi 
1959, Said 1962). 

The thickness of the Umm Bogma Formation in 
the type area ranges from some meters to more than 
55 m. The formation overlies the manganese ore 
lenses of the Urn Bogma area, which indicates at least 
a discontinuation in sedimentation between the un
derlying Naqus Formation and the dolomitic Urn 
Bogma Formation. It is conformably overlain by the 
Ataqa Formation (Kostandi 1959, Weissbrod 1969), 
recently called Abu Thora Formation (Kora 1984, 
Weissbrod 1976). 

In the UmmBogma area as far south as Wadi Mukat
tab (some kilometers north of Wadi Feiran), the 
Ataqa Formation consists of almost 100 to over 200 
m of interbedded fluvial sandstone with nearshore 
marine sandstone, siltstone, shale and -locally- thin 
coal seams which also are present in the Wadi Dakhal 
area west of the Gulf of Suez. The upper part of the 
formation contains basalt sills at several localities. At 
some sandstone beds impressions of brachiopods are 
frequent (Rhynchonel/a sp.), others contain ichno
fossils like Spirophyton, Asterosoma, Cruziana co
stata, Planolites, Margaritichnus reptilis and Scoli
thos (Seilacher pers. comm.). 

Together with this fauna we found in the same part 
of the Ataqa sequence fossil plants: Cyclostigma 
pacifica, Lepidodendron rhodeanum, Lepidoden
dropsis africanum and Nothorhacopteris sp., which 
are of Visean age (Ujal-Nicol this book). At Wadi 

Mukattab, a very rich layer of fossil plants was found 
between beds full of marine ichnofossils and impres
sions of brachiopods. According to Ujal-Nicol (pers. 
comm.), the flora contains - in addition to the same 
flora mentioned above - Lepidodendron veltheimi, 
Lepidodendropsis venestrata, Tomiodendron keme
rovense and several new species. The flora is of 
Visean age. 

On the other side of the Gulf of Suez - between 
northern Wadi Qena and Wadi Dakhal at the southern 
Galala Plateau- the Cambrian strata (where present) 
are overlain by up to 150m of fine- to coarse-grained 
sandstone, partly massive and clean glass sand, partly 
well-bedded with abundant Scolithos structures and 
with intercalations of silty shale and shale. At Somr 
El Qaa (north Wadi Qena) cross-bedded sandstone 
dominates. Shale is almost totally absent and well
bedded sandstone is full of Scolithos structures. 
Northward toward Wadi Dakhal, shale and siltstone 
increase, only some layers are burrowed by Scolithos 
(Wadi Dakhal) and in the middle of the Carbonife
rous section occurs a massive 40 to 60 m thick white, 
slightly kaolinitic quartz sand consisting of beach 
sand and large deltaic forests near the top. Below this 
glass sand member, cross- to parallel-bedded 
sandstone contains fossil plants like Lepidodendron 
veltheimii, Bothrodendron aff. deperati, Pseudolepi
dodendropsis scobiniformis, Preeyclostigma bla
kaense and several others (Ujal-Nicol, chapter 29 
this book). Fine-grained marine sandstone and 
siltstone above the glass sand contains different 
brachiopods, ichnofossils and also plant remains, all 
of early Carboniferous age. At this level, also very 
thin coal seams are present. This lower Carbonifer
ous formation is most likely equivalent to the Umm 
Bogma and the Ataqa Formation of Sinai, but marine 
influence is less than at Sinai. We call these Carboni
ferous strata Somr El Qaa Formation after Gebel 
Somr El Qaa in the northern part of Wadi Qena. The 
formation rests above a fossil soil and above fossilife
rous clastics of lower Cambrian age (Araba Forma
tion) at Somr El Qaa and on Precambrian basement at 
Wadi Dakhal. Between the two locations, Cambrian 
strata are present in most areas below the Somr El 
Qaa Formation. At the Somr El Qaa area and at Wadi 
Dakhal, the Somr El Qaa Formation is overlain with a 
very slightly unconformity by massive white sand 
(partly also glass sand) of Albian to Cenomanian age 
(Wadi Qena Formation), containing plant remains 
like Paradoxopteris stromeri. The stratigraphic and 
paleogeographic interpretation of the whole strata 
below marine Cenomanian has been very different in 
the past (Jux & Issawi 1982). 

Further north in the Wadi Araba area and at the 
southern and eastern foreland of the north Galala 
Plateau, the Carboniferous increases rapidly in thick-
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ness. Above approximately 100 m of beds coeval 
with the Abu Dwba Shale Fonnation (see above), 
follow 360 m of thick sandstone, siltstone and 
limestone with abundant crinoids, brachiopods, gas
tropodes (Bellerophon sp. sp.) and other marine 
fossils. These strata are called the Rod El Hamal 
Formation (Abdallah & Adindani 1963). They are 
overlain by the Aheimer Formation, which consists 
of280 m of successions of shale, siltstone, sandstone 
and silty to sandy marl and limestone, partly full of 
mainly shallow marine fossils (brachiopods, gastro
pods, pelecypods, crinoids and others). For a full 
description of the Wadi Araba occurrence, reference 
is made to Abdallah & Adindani (1963). 

The age of the Rod El Hamal Formation is late 
Carboniferous and that of the Abeimer Fonnation is 
late Carboniferous to early Permian (Said & Eissa 
1969). Because the Abeimer Formation is overlain by 
the Qiseib redbeds now proven to be of lower Per
mian age according to its rich flora (vide infra), it is 
possible that the Abeimer Formation is of late Carbo
niferous age only. From own fieldwmk together with 
A. El Barkooky, I have the impression that subdivi
sion, correlation and exact dating of Carboniferous 
strata in the Wadi Araba - northern Galala area, is 
still not fully understood. Recent research of Cairo 
Utriversity (El Barkooky, Barakat) is supposed to 
improve this gap in Egyptian stratigraphy. 

Carboniferous of the subsurface in the north West
ern Desert was already reported by Said (1962) and is 
treated by Hantar (this book, Chapter 15). In the 
Faghur well situated near the Libyan border, a rich 
fauna is described (Said & Andrawis 1961). Carbotri
ferous strata are also known from at least 12 wells 
west of longitude 27° E and from several wells to the 
east of this longitude. Toward the east, the occur
rences have less marine influence and are recogtrised 
solely on the basis of stratigraphic evidence. 

In the western areas, the strata are more or less 
fully marine, consist of sandstone, siltstone and shale 
with thin limestone intercalations, mainly in the 
upper part and with several at least partly biohennal 
limestone or dolomitic utrits of up to 30 m in thick
ness. Southward, the limestone gradually disappears 
and fluvial influence increases. 1bis seems to be even 
more evident eastward, but control in this direction is 
very weak and in large areas Carboniferous strata 
seem to be missing to the east of 27° E. West of there, 
thickness is generally in the order of 670 to slightly 
over950m. 

Schrank (1984) identified a rich microflora of Vi
sean age from the middle part of the Carboniferous 
sediments of the Foram I well (near the Libyan 
border, approximately 160 km south of Siwa). He 
compares it with the microflora from Visean strata of 

the Gulf of Suez identified by Said (1962, 1964) and 
Sultan (1976). 

The Carboniferous of the Abu Ras-Gebel Uweinat 
area in southwestern Egypt was first reported from 
the Karkur Murr in northwest Sudan by Menchikoff 
(1926). Later, Carboniferous strata were described by 
several authors from bordering areas in Libya, for 
example Burollet (1963) and Hecht eta!. (1963), but 
the geology of the Carboniferous sediments of the 
southwest comer of Egypt was ouly recently partly 
worked out (Klitzsch 1979, 1983. Klitzsch & Lejal
Nicol 1984 ). In this paragraph, the results of this 
work, which has not yet been finalized, are given. 

The area where Carboniferous strata can best be 
studied in southwest Egypt is Wadi Abd El Malik, a 
south to north wadi system with many tributaries. 
The whole system is deeply cut into the Carbonife
rous and the overlying younger sediments of the Abu 
Ras Plateau. 1bis plateau is situated along the Libyan 
border to the northwest of the equally large, but better 
known Gilf Kebir Plateau (made of strata of late 
Jurassic to mainly early to middle Cretaceous age). 
The two plateaux are in contact at the Akaba passage, 
a very narrow remnant of an originally much larger 
plateau. 

It is very difficult to reach Wadi Abd El Malik from 
the east. That is why its geology remained unknown 
until recently. The easiest access is from the Kufra 
area (Libya) or from the north through Wadi Qubba. 
The approach of Wadi Qubba from Egypt is through 
the sand sea, which can be traversed either from the 
Siwa Oasis southward through the parallel 
southward-striking channel system of longitudinal 
dunes or from Abu Minqar (northwest of Dakhla) 
westward across the dunes. It is very difficult to reach 
Wadi Abd El Malik from the south. The south Abu 
Ras Plateau can be reached by car through the Akaba 
pass, but from there it is almost impossible to enter 
Wadi Abd El Malik, unless one goes more than 100 
kilometers north to north-northeast into the sand sea 
and then goes westward across the westernmost part 
of the sand sea. 

The strata of Wadi Abd El M!llik and its side 
valleys including the western and southern scarps at 
the Abu Ras Plateau, are of Carboniferous age and 
fonn the type section of the Wadi Malik Formation. 
They rest more or less conformably upon the Tadrart 
Sandstone of Devonian age. They are made up of 100 
to 150m of alternating silty sbale, siltstone, fine- to 
coarse-grained and partly conglomeratic sandstone, 
all of fluviatile to shallow marine to beach and inter
tidal environment. Cross-bedded fluvial sandstone 
increases upward and southward as well as eastward. 
The lower part of the section contains rare impres
sions of brachiopods, some trace fossils and plant 
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remains like Eremopteris whitei of early Carlx>nife
rous age. The middle part is rich with trace fossils in 
some layers, some of which also contain frequent 
Camerotoechia sp. Seilacher (1983) identified 
among many others CoTUJstichus broadhedi (a feed
ing burrow of actinians frequent in the Lower Carlx>
niferous ), Asteriacites gugelhupf (resting track of 
stalleroids ), Bifungites fezzanensis (dwelling bur
rows well known from Late Devonian and Early 
Carboniferous strata in Libya). In the central parts of 
Wadi Abd El Malik and some meters below the above 
fossil beds, a rich flora of early Carboniferous age 
was found, including Archaeosigillaria minuta, 
Heleniella costu/ata,Lepidodendron veltheimi, Lepi
dodendropsis tifricanum, L. fenestrata, L. hirmeri, L. 
vandergrachti, Lepidosigil/aria intermedia, Prelepi
dodendron rhamboidale, P. lepidodendroides, Rha
copteris orata, Triphyl/opteris gothani and several 
others (see also Ujal-Nicol, this book, Chapter 29). 
Similar flora was also found at the eastern edge of the 
Abu Ras Plateau, there it is truncated by late Jurassic 
to early Cretaceous strata containing abundant ferns. 

At central Wadi Abd El Malik and along the east
em edge of the Abu Ras Plateau, the partly marine 
Wadi Malik Formation is overlain disconformably by 
conglomerate, conglomeratic sandstone and cross
bedded sandstone, locally containing large erratic 
blocks. About 3 km west of Wadi Abd El Malik and 
at the major east-west striking side wadi along its 
western scarp, the upper part of the Wadi Malik 
Formation consists of 30 m of cross-bedded 
sandstone, topped by 2m of fine-grained, white sand
and siltstone, which contains Triphyl/opteris gothani 
(lower Carboniferous) among others. 

Above an erosional contact follow 4 to 5 m of 
conglomerate with angular boulders (partly from the 
underlying siltstone and sandstone). These are fol
lowed by 25 m of heterogeneous conglomeratic 
sandstone, which are topped by 4 to 5 m of mudstone 
with large cracks filled with conglomerate (probably 
paleosol with ice cracks). This bed is overlain by 
20 m of medium- to coarse-grained, cross-bedded 
fluvial sandstone. The uppermost beds contain plant 
remains of Rhadea. Above a thin conglomerate bed 
Cordaites angulostrictus occurs. The latter should be 
an indication for Stephanian (uppermost Carlx>nife
rous) age (Ujal-Nicol pers. comm. ). This 50 to 55 m 
of mainly coarse sediment above the erosional con
tact is the Northern Wadi Malik Formation. It is 
interpreted as a fluvio-continental sequence of 
Namurian or Westphalian to Stephanian age. North
ward, toward the northern end of Wadi Malik. this 
unit interfingers with a sixty or more meters-thick 
sediment, which consists of white clayey sand and 
gravel, including boulders and blocks of sediments 
up to house size. This sediment is interpreted as of 

glacial origin. The underlying sandstone and siltstone 
is folded and compressed, probably as a resuh of the 
movement of glaciers. 

At Gebel Uweinat and its southeastern and eastern 
foreland as well as at the northeastern escarpment, 
the lower Carboniferous Wadi Malik Formation is 
also present. There, it is up to 120m thick, consists of 
shallow marine sandstone and siltstone with only thin 
shale intercalations, but with thick units nf cross
bedded, fluvial sandstone. Apart from trace fossils in 
some marine beds and poorly preserved impressions 
of brachiopods, plant remains are frequent, including 
Cyclostigma ungeri, Lepidodendropsis van
dergrachti, L. aff. rhomboformis, Precyc/ostigma 
and others. We found similar strata also further south 
in the Sudan, where marine influence disappears. At 
the northeastern Uweinat region, the Wadi Malik 
Formation rests on the Devonian Tadrart Sandstone 
Formation. At Karkur Murr on the Sudanese side of 
Gebel Uweinat, from where Carboniferous strata 
were first described by Menchikoff (1926), the Car
boniferous overlies unconformably the Precambrian 
basement. 

In Gebel Uweinat, the North Wadi Malik Forma
tion assumes a distinct facies which differs from that 
of the type area: it is mainly a fluvial sandstone 
showing south and southwestward transport direc
tions; a large part of the section is made up of varve
type siltstone with very regular and very thin layering 
of fine-grained sand. At Karkur Murr, the basal part 
contains a tillite bed of several meters of thickness. 
Southward and southeast of Gebel Kissu in Sudan, 
this formation consists almost exclusively of varve
type siltstone, which is interpreted as indicating the 
presence of a very large glacial lake at late Carbonife
rous time. Thickness of the north Wadi Malik Forma
tion is between some 10 and 120m (Karkur Murr). 
The formation is overlain by Permo-Triassic sedi
ments (Lakia Formation) in the Gebel Uweinat area 
and by late Jurassic to early Cretaceous sediments 
further north. 

Pl!RMIAN 

Permian of the Gulf of Suez-Sinai area can be re
ferred to under the name Qiseib Formation (Abdallah 
& Adindani 1 %3). The original authors descnbe a 50 
m thick sequence of red shale and brown to red 
friable sandstone from Wadi Malha in the north Ga
lala Escarpment, overlying marine fossiliferous 
strata of Aheimer Formation. The same strata in 
similar thickness overlies marine fossiliferous strata 
of Carboniferous age in the Umm Bogma area west 
of the Gebel Tih Escarpment. The Qiseib is also 
present in Wadi Araba between the Zafarana-Cairo 

------~--~-~--
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road and St. Anthony as well as from 9 km west of the 
St. Anthony junction westward (or approximately 41 
km west of Zafarana). At this location, we collected 
from red silty sandstone directly next to and north of 
the road the following ftora (see also Lejal-Nicol 
1986) of lower Permian age: Asterotheca aff.leeukui
lensis, Callipteris conferta, Thinnfeldia aff. decur
rens, Spenophyllum sp., Lobatannularia sp., Dory
cordaites sp. and several others just added to this 
collection. 

In the foreland of Gebel T"th on Sinai, these strata 
are overlain by a 60 to 70 m thick sequence of mainly 
well-bedded brown lacustrine and fluvial sandstone, 
mostly likely of Triassic age. At the type locality, the 
overlying strata (Malha Fonnation) are of Cretaceous 
age, as most likely also in Wadi Araba. 

The ftora found in the Qiseib Fonnation of Wadi 
Araba finalizes the discussion about the age of this 
fonnation formerly interpreted to be Permo-Triassic. 
It also backs our interpretation of a Carboniferous 
(and not Permian) age of the Aheimer Fonnation. 

Not many details are known about the Permian in 
the subsurface of northwest Egypt. Thickness and 
facies of the Permian on the few locations from which 
Permian strata are reported, varies from 50 to 60 m of 
dolomite, sandstone and shale of a shallow marine 
environment north of Siwa and more than 400 m of 
light to pink sandstone with shale and thin coal 

intercalations east of the Qattara Depression. 
Permian strata of southwest Egypt- if present at all 

-seem to be restricted to the Gebel Uweinat area. 
South of the Sudanese border, large areas are covered 
by immatore ftuvio-continental and lacustrine depos
its of Permian to early Jurassic age. These strata are 
the result of erosion of older strata in large parts of 
south and central Egypt, following uplift of these 
areas in late Carboniferous time and southward trans
port by rivers. 

The only area where this Lakia Formation 
(Kiitzsch & Lejal-Nicoll984) is present in Egypt is 
above the Northern Wadi Malik Fonnation in north
east Gebel Uweinat. There, 350 to 400 m of cross
bedded and partly clayey sandstone and mudstone 
form a major part of the eastern Gebel Uweinat 
Escarpment above late Carboniferous and below late 
Jurassic to Cretaceous strata. This unit was probably 
meant by Burollet (1963) with Cima Sandstone. The 
stratigraphic proof for the Lakia Formation is weak. 
At Lakia Arbian fossil wood ofTriassic age is present 
in middle and higher parts of the section. Thirty 
kilometers south of Selima, the top of the fonnation is 
of lower Jurassic age. The Permian age for the lower 
part of the fonnation is suggested because no discon
tinuity has been observed between the Northern Wadi 
Malik Fonnation of late Carboniferous age and the 
Lakia Fonnation. 
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Mesozoic rocks are known in Egypt since the earliest 
phases of geologic research in this country. The first 
recognised Mesozoic sequences are the Cretaceous 
rocks which crop out extensively. Jurassic rocks were 
later identified in northern Sinai (Barthoux & Douvil
le 1913) and in the Eastern Desert in the district 
between Gebel Ataqa and Gebel Galala El Bahariya 
(Sadek 1926), while Triassic exposures were found 
to be restricted to Gebel Arif El N aga in eastern Sinai 
(A wad 1946). 

The distribution of Mesozoic rocks in Egypt indi
cates that each of the three systems recognized 
reflects a distinct paleogeographic setting. The 
Triassic seas encroached only over a lintited region of 
the extreme northeast part of the country. The 
Jurassic sea seems to have covered northern Egypt, 
giving the impression that an embayment existed 
over the site of the present Gulf of Suez duting that 
time. The late Cretaceous transgression, witnessed 
one of the widest encroachments of the sea over the 
country in Phanerozoic times. This extensive distri
bution of late Cretaceous seas seems to correspond to 
a worldwide change in sea level (see Morgan, 
Chapter 7, this book). 

Intensive deep drilling operations in the course of 
exploring for oil, particularly after World War IT, 
increased our knowledge of the distribution of the 
Mesozoic rocks in the subsurface, particularly in the 
northern parts of the country, where they are gen
erally covered by extensive Tertiary blanket deposits 
masking the pre-Cenozoic geologic history. 

Mesozoic strata crop out in southern Egypt and in 
northern Sinai where an almost complete sequence 
from Triassic to Cretaceous is known. In the northern 
Western Desert, however, Mesozoic strata are buried 
beneath younger sediments and are known only from 
the subsurface. 

Figure 22/1 shows the major structures of north 
Egypt. It is based on subsurface, seismic and well 
data. In the northern Western Desert the structure is 
dominated by west-northwest faults which abut in the 
southeast against a set of east-northeast faults consti-
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tuting the Kattaniya horst. In the northern Eastern 
Desert and in Sinai, sintilar elements to those of the 
northern Western Desert are recognized on the sur
face. In Sinai, however, the major 'anticlinal' struc
tures (Yelleg, Halal, Risan Aneiza, Maghara, etc.) 
follow the same trend as the Kattaniya horst. These 
structures are affected by the younger faults of the 
Gulf of Aqaba trend (northeast-southwest) and of the 
Gulf of Suez (Erythrean) trend (northwest-southeast) 
related to the rifting of the Red Sea and to the devel
opment of the Levant Shear (Gulf of Aqaba and Dead 
Sea system of transcurrent faults). 

Figure 22/1 also depicts the structural elements 
which played an important role in the development 
and evolution of the various Mesozoic sedimentary 
basins in Egypt. These lie in the continental shelf area 
of north Africa, which must have been affected by the 
various movements of the microplates of the Tethyan 
realm. A full understanding of the tectonic evolution 
of Egypt duting the Mesozoic will necessarily, there
fore, touch upon the paleogeographic evolution of the 
Mediterranean region duting the Mesozoic and the 
tectonic implications of various plate movements in 
this realm (Fig. 22/2). 

Various models for plate movements in the Medi
terranean have been proposed in the last decade (for a 
review of these and other aspects of the geological 
evolution of the east Mediterranean, the reader is 
referred to Dixon & Robertson 1984 ). In spite of 
many differences most models agree on many points. 
The following are particularly significant for the 
comprehension of the Mesozoic geologic history of 
Egypt. 

1. The rifting-off or separation of a 'Thrkish' 
(Apulian) microplate from the Egyptian continental 
mass in mid-Jurassic time (Figs 22/2, 22{3 ). 

2. The movement of Africa with respect to Eurasia 
as a result of the stresses acting on east-west fractures 
generated on the northern part of the African conti
nental mass. This movement is related to the success
ive stages in the opening of the Atlantic ocean. The 
initial mid-Jurassic opening of the mid-Atlantic 
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Figure 22.2 Latest Triassic-early Jurassic reconstruction of the Tethyan realm (after Sengor 1979). 

(Dewey et al. 1973) caused Mrica to move eastward 
with respect to Eurasia, generating a sioistral shear on 
the various fractures of the north Mrican continental 
mass (Fig. 22{3a). The late Cretaceous (probably 
Thronian) opening stage caused Eurasia to move 
eastward with respect to Mrica, generating a dextral 
shear (Fig. 22/3b). Many authors think that this 
dextral shear is still active at the present time (Pittnan 
& Talawani 1972). 

3. The separation of the 'Thrkish' microplate from 
Mrica is related to the formation of the Neotethys 

(Sengor 1979) which succeeded the older Paleotethys 
which was closed by the gradual drifting of the 
Thrkish microplate in mid~Jurassic time (Sengor & 
Yilmaz 1981 ). Since this time, the movement of 
Africa toward Eurasia generated compressive 
stresses acting more or less in a north~south direction 
in the reahn of the Neotethys. A significant acme of 
the action of these stresses occurred in late Creta~ 
ceous times (Laramide movements in the Alpine 
reahn, mentioned by early authors, in Said 1962). 
Such compressions continued to be active until the 
early Eocene. 
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STRUCTURAL SETTING OF EGYPT DURING THE 

MESOZOIC 

Egypt forms part of the large north African conti
nental platform which extends to the west through 
Libya, Saharan Algeria and Morocco to the Atlantic 
Ocean. The Mediterranean coasts of Egypt are bor
dered by a narrow continental shelf (15 to 50 ian 
wide) ending at a steeply faulted continental slope 
(Sestini 1984). To the east of the Nile Delta, in north 
Sinai, the continental slope probably lies very near to 
the shore, but is masked by the sediments of the Nile 
cone. During the Mesozoic, the African, Sinai and 
Arabian plates were connected into a single conti
nental mass. The steeply faulted continental slope 
along the west Mediterranean coasts of Egypt re
ferred to as the 'hinge line' (Orwig 1982), may be a 
passive margin of the African plate. The area be
tween this 'hinge line' and the line of underthrusting 
of the Aegean arc and its eastward continuation 
through Cyprus and the Tauride, seems to grade from 

_... - -----
AFRICA 

abnormal (thin) continental crust in the west to 
normal continental crust in the east, where conti
nental collision occurs between the Arabian plate and 
Anatolia (Fig. 22/4 ). 

Said (1962) subdivides the continental platform 
area of Egypt into a northern 'Unstable Shelf' and a 
southern 'Stable Shelf' (Fig. 22/1 ). The 'Stable 
Shelf' borders the 'Nubian Shield' (Sestini 1984). 
The 'Unstable Shelf', comprising the northern West
em Desert, northern Eastern Desert and northern 
Sinai, shows an outstanding tectonic complexity. It is 
characterized by a deeper and more mobile Precam
brian basement and by thicker Phanerozoic sed
iments. The 'Unstable Shelf' of Egypt was particu
larly affected by the various tectonic stresses gene
rated by the plate movements in the Tethyan realm. 
These stresses were strongest during pre-Tertiary 
times, as can be attested by the complicated subsur
face geology of northern Egypt when compared with 
the simple surface geology of the Tertiary times. The 
Tertiary geology becomes, however, more compli-

Figure 22.4 Schematic block 
diagram showing the major plate 
configurations in relation to prom
inent structures in the region 
(modified after Nur & Ben Avra-
ham 1978). 
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cated in the eastern part of the 'Unstable Shelf which 
is strongly affected by the late Paleogene and Neo
gene tectonic episodes, of the Gulf of Suez and Red 
Sea rift and the Levant shear. 

The eastern part of the 'Unstable Shelf stands in a 
sbucturally higher position than the western part 
during the Tertiary. Mesozoic rocks are often exposed 
in the east of the Eastern Desert (Shabrawet, Ataqa 
and the Galalas) and many areas in northern Sinai. 
This suggests that the subcrust in front of the 'Unst
able Shelf of the Western Desert yielded to more 
uniform subsidence of this region during the Neo
gene while that of the northern shor~s of Sinai was 
more rigid, allowing many Mesozmc sbuctures to 
remain exposed to the present time (Fig. 22!4 ). 

The apparent tilt of the continental mass of Egypt 
to the west is also reflected in the 'Stable Shelf' 
region by extensive basement exposures in the eas.t. 

Thus, Egypt may be subdivided into the followmg 
broad Mesozoic sbuctural provinces (Fig. 22/1 ): 

1. The • Unstable Shelf with complex sbuctures, 
strongly affected by the shear system generated by 
the plate movements in the Tethy:m realm. J?is can 
further be subdivided into two maJor subprovmces: 

a) An Eastern subprovince, typically represented 
by northern Sinai. It also includes the northern ~t
ern Desert which may be considered as a transitiOnal 
zone between the eastern and western subprovince&, 
but which is tectonically closer to northern Sinai. In 
this subprovince, Mesozoic sbuctures are widely ex
posed on the surface and are surrounded by Teniary 
sediments. 

b) A Western subprovince, comprising the north
em Western desert, where the older Tertiary and 
Mesozoic sbuctures are largely masked by younger 
Tertiary blanket deposits. 

2. A 'Stable Shelf, typically represented by the 
southern Western Desert. This shelf is covered 
mainly by continental sediments belonging to the 
Paleozoic and the Mesozoic. The shelf was intermit
tently overlapped by shallow marine seas coming 
from the north. The most prominent of these inva
sions occurred during the !ale Cretaceous. 

Mesozoic sediments along the Red Sea coastal 
areas of the Eastern Desert (Quseir-Safaga area) and 
in west central Sinai, are exposed in downfaulted 
blocks in the vicinity of prominent basement 
outcrops. They are probably the remnants o~ an ex
tensive sedimentary cover, which was eroded m post
Oligocene times after the uplifting of the 'shoulders' 
of the Gulf of Suez and Red Sea rift. These sediments 
are considered as part of the 'Stable Shelf. 

UNSTABLE SHELF 

A. EASTERN SUBPROVINCE 

I Structural setting 

This region lies to the east of the 'Pelusium line' 
(Neev 1975) (Fig. 22!1), and includes the northern 
parts of the Eastern Desert and Sinai. In northeJ? 
Sinai the southern limit of the Unstable Shelf IS 

drawn along the Ragabet El Naam east-west trending 
dextral wrench fault. This fault separates a northern 
region with complex sbuctural pattern related to the 
'Syrian Arc' trend from a southern region with rela
tively simple sbuctures. In the northern Eastern De
sert, the boundary between the 'Stable' and 
'Unstable' shelves is more difficult to trace, but may 
be tentatively drawn along a line of east-west dis
posed escarpments extending from Cairo to Suez and 
marking the northern boundary of a nUIIlber of 
topographic highs: Gebels Mokattam, Qattam1ya and 
Ataqa. The westward extension of this line is marked 
by a sequence of rna jor faults constituting the south
ern boundary of the Kattaniya horst in the northern 
Western Desert. Typical 'Syrian Arc' sbuctures in 
the 'Unstable Shelf are mostly found to the east of 
the 'Pelusium line'. This line is a set of northeast
southwest trending major sinistral transcurrent faults 
passing along the northern fault bounding the Katta
niya horst and extending up to the northern coast of 
Sinai (see Fig. 22!1). The following are among the 
most prominent 'Syrian Arc' sbuctures: Gebels Arif 
El Naga, Halal, Maghara and Yelleg in northern 
Sinai, Shabrawet in the northern Eastern Desert and 
Abu Roash west of Cairo (a complete list of these 
sbuctures is given in Said 1962: 38 et seq.). 

The 'Unstable Shelf' of northern Sinai can be 
subdivided into three major tectonic units from north 
to south: 

a) A northern basinal area strongly affected by the 
movements that led to the generation of the 'Syrian 
Arc' sbuctures. This area was the site of the major 
depocenters of Triassic, Jurassic and Cretaceous sed
iments, which were laid down within the limits of a 
single sedimentary basin showing an east-northeast 
west-southwest elongation and generally dipping to 
the northeast. This single pattern was greatly dis
torted since at least the Turonian by the conspicuous 
tectonic movements of the late Cretaceous. The sed
iments laid down in the basin since that time show 
erratic isopachous and facies variations. 

b) The Minsherah-Abu Kandu Shear zone. This is 
a narrow belt generally not exceeding I 0 km in width 
and nmning along an east-northeast west-southwest 
trend. The zone is bordered by two major dextral 
strike slip faults, which seem to have had their main 



Mesozoic 413 

activity in post-Mesowic times as they do not affect 
the facies distribution of the Mesozoic sediments. 

c) To the south of the shear zone lies an area 
slightly affected by the 'Syrian Arc' folding, but 
which became a pronounced depocenter in late Thro
nian times as indicated by the isopachous and lithofa
cies distribution of the Wata Fonnation. 

The Mesozoic geology of the northern Eastern 
Desert seems to be a continuation of the northern 
basinal area of Sinai (Table 22/1). The facies distribu
tion of the Mesozoic sediments in this part of the 
'Unstable Shelf', however, shows a gradual change 
to the west approaching the facies displayed in the 
northern Western Desert. 

2 Triassic 

2.1 Sedimentation and facies 
The oldest Mesozoic sediments known in Egypt be
long to the Triassic. These are exposed in northeast
em Sinai at the core of Gebel Arif El Naga. Tiris 
Gebel is one of the highest structures in Sinai which 
lies within the Minsherah-Abu Kandu shear wne and 
along one of the more prominent Syrian arcs. The 
stratigraphic column of the Gebel ranges from midd
le Triassic at the core of the structure to rocks of 
Neogene age at its outermost periphery. Earlier 
marine Triassic rocks are known only from the sub
surface at Halal-1 well which lies to the northwest. 
Gebel Arif El Naga itself is an assymetrical anticline 
trending east-northeast west-southwest. A fault with 
the same trend traverses the southern flank of the 
structure. The Triassic rocks of Gebel Arif El Naga 
were first described by Awad (1946). The earlier 
geological mapping was conducted by the Geologic
al Survey of Egypt; later mapping was conducted by 
the Geological Survey oflsrael. Several paleontolo
gical studies were carried out including among 
others: Spath (in A wad 1946), Eicher (1946, 1947), 
Kummel (1960), Lerman (1960), Eicher & Mosher 
(1974), Druckman (1974), Parnes (1964, 1975) and 
Hirsch (1976) who established the ammonite biostra
tigraphy of this important Triassic exposure. Karcz & 
Zak (1968), Heller-Kallai et a!. (1973), Druckman 
(1974), Druckman eta!. (1975), Bartov eta!. (1980) 
worked on different aspects of the sediments. 

Said (1971) names the Triassic beds exposed in 
this structure the Arif El Naga Formation and subdi
vides them into three members: the 'A' or the lower 
'Nubia' -type sandstone, the 'B ', or Beneckia beds 
and the 'C' or genuine marine 'Ceratites' beds. The 
'A' and 'B' members are given the name Gevanim 
and the 'C' member the name Saharonim by Zak 
(1968). 1\vo other formations, Zafir and Ra'af 
(Scythian-Anisian), are described from the subsur-

face below the 'A' beds from Halal well no. 1 where 
they attain a thickness of 196 and 50 m respectively 
(Zak 1968). 

The' A' and 'B' members (Gevanim) are exposed 
over a small area (0.3 km2) in the core of the Arif El 
Naga anticline where they attain a thickness of 68 m. 
The 'A' member is 50 m thick and is made up of 
fluvial to fluviomarine deposits consisting of a lower 
unit, 23 m thick, of non-fossiliferous quartzitic 
sandstone with minor clay and an upper unit 27 m 
thick, of sandstone, limestone and clay beds carrying 
vertebrate remains, plant imprints and fossil wood. 
Among the fossils are the bivalves: Trigonodus tenui
dentatus Lerman and Unionites fassaensis (Wis
sman). The 'B' member is 18m thick and is made up 
of limestone and clay beds carrying, among others, 
the ammonite Beneckia /evantina Parnes and the 
bivalve Neoschizodus orbicularis (Bronn). The age 
of the 'A' and 'B' beds is middle to early late Anisian 
(middle Triassic). The faunas of these beds, like their 
predecessors in the late Paleozoic, are endemic and 
are difficult to relate to the Germanic or north Te
thyan associations. The 'C' member (Saharonim For
mation) consists of 117 m of fossiliferous limestones, 
marls, shales and a few beds of dolomite and gypsum. 
The fonnation is subdivided into three mappable 
lithostratigraphic units by Zak ( 1964 ). The lowest is a 
fossiliferous limestone unit, 35m thick, marked at its 
top by a 6.5 m thick bed of hard gray limestone (the 
so-called mottled scar bed of A wad 1946). An olivine 
basalt dike intrudes this sequence. Parnes (1975) 
recognizes three informal ammonite zones within 
this lower unit which are from bottom to top: 'Para
ceratites binodosus' (Eicher), Gevanites inj/atus 
Parnes and G. awadi Parnes. 

The middle limestone and marl unit is 31 m thick 
and carries the ammonite Gevanites epigonus Parnes, 
the bivalve Pseudoplacunopsisfossistriata (Winkler) 
and other molluscs and vertebrates. The upper 
limestone and gypsum unit is 51 m thick with many 
dolomite and marl intercalations. The macrofossils 
include many poorly preserved nautilii, gastropods, 
crinoid stems and echinoid spines. Most diagnostic is 
the conodont Pseudofumishius murcianus Boogard 
which points to a Ladinian age for this succession. 

The age of the 'C' beds is late Anisian to late 
Ladinian or early Carnian. It was deposited in a 
shallow marine environment with local hypersaline 
conditions developing in late Ladinian time. The 
faunas form a distinct biofacies different from that of 
the Alpine Tethys and resemble that of many south 
Mediterranean countries and Spain. Hirsch (1976) 
names this association the sephardic (Spanish) biofa
cies. 

In the Gulf of Suez region and in central Sinai the 
Triassic is represented by the paracontinental Qiseib 
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Formation. In its type locality along the western 
coastal plain of the Gulf of Suez the Qiseib is 43 m 
thick. It increases in thickness southward toward 
Wadi Araba to 140 m. The formation is made up of a 
lower thick unit of redbeds mainly variegated brown, 
pwple and gray sbales and siltstones and minor 
sandstones and an upper thin carbonate clastic unit. 
The Qiseib is a characteristic unit by virtue of its 
color and lithology. The formation was first described 
by Abdallab & Adindani (1963) and given a Permo
Triassic age because of its stratigraphic position 
above the Aheitner Formation which was then be
lieved to be of late Carboniferous age. The lower 
clastic part of the formation carries fossil tree trunks 
and other plant remains (identified as Permian, see 
Klitzsch, this book, chapter 21) while the upper car
bonate part includes in the Abu Darag area marine 
fossils that belong to the middle Triassic gastropod 
Naticopsis and to the pelecypods Hoernesia and 
Pleuromya spp. (Weissbrod 1969). Beds sitnilar to 

the Qiseib are described from the opposite side of the 
Gulf in the Urn Bogma area above the early Carboni
ferous Ataqa Formation. They are named the Budra 
Formation by Druckman (1974). 

In the subsurface, the Qiseib is recorded in many 
wells where it is referred to as the 'red shale series' or 
the 'upper Ataqa Formation' in many oil company 
reports. In the well Abu Hamth-1, the Qiseibis376m 
thick; the upper 36 m are made up of limestones rich 
in middle Triassic marine fossils (Druckman 197 4 ). 

The lower clastic redbeds include many thin coal 
seams from which were separated the palynomorphs: 
Sulcatisporites kraeuseli, Verrucosisporites appla
natus, Corollina meyeriana, Cyathidites minor and 
Concavisporites jurienesis (Horowitz 1970) suggest
ing an early to middle Triassic age. In both the wells 
Ayun Musa-2 and Abu Hamth-1 remains of C/amites 
spp. are recorded. Sitnilar sections are known from 
the wells Nekhl-1 and Hamra-!. 

During the Triassic central Sinai and the Gulf of 
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Suez region seem to have been the site of the conti
nental fluvial deposits of the Qiseib Fonnation with 
its characteristic channel and bank deposits, abun
dant ripple marks, mud cracks, cross-bedding and 
silicified tree trunks of several- meters length, A 
marine middle Triassic tongue of the sea tenninated 
this fluvial episode, 

2.2 Triassic paleogeography 
The marine Triassic transgression followed the late 
Paleozoic (Hercynian) tectonic event and affected 
only the structurally lower areas of northeast Egypt 
During the middle Triassic, an ann of the sea ad
vanced to the south covering central Sinai and parts 
of the Gulf of Suez region to the locations of wells 
Ayun Musa-2, Hamra-1, Abu Hamth-1 and Nekhl-L 
During most of the Triassic, however, Sinai and the 
Gulf of Suez regions were under the influence of tidal 
flat and deltaic sedimentation when the deposits of 
the Qiseib Fonnation were laid down, This fonnation 
lies unconfonnably over the late Paleozoic Aheimer 
Fonnation and confonnably below the marine midd
le Triassic rocks, 

The isopachs of the Triassic are regular reaching a 
maximum of +900 m toward the north (Jenkins, 
Chapter 19, this book), The Triassic sediments seem 
to have been deposited in a shallow shelf which was 
affected by several regressive cycles which caused 
the tidal flat-deltaic sediments to the south to 
interfinger the marine sediments of the north (Fig, 
22/5), Toward the end of the middle Triassic a major 
regression caused hypersaline conditions to develop, 

The faunas of the Egyptian Triassic are different 
from the Alpine Tethyan fonns and resemble those of 
many south Mediterranean countries such as Turkey 
and Greece, This may be taken as evidence that the 
Thrkish and Greek microplates still fonned part of 
the shores of the southern Tethys and that migration 
along these shores could not have extened to the 
Eurasian shores, 

3 The Jurassic 

3,1 Sedimentation and facies 
Jurassic rocks are exposed in northern Sinai at Gebel 
Maghara, Giddi, Minsherah and Arif El Naga, The 
thickest and most complete exposure in Egypt is that 
of Gebel Maghara which fonned the subject of nu
merous studies, AI Far (1 %6) gives a review of the 
earlier literature and describes in detail the stratigra
phy and structure of this important occurrence (see 
also Jenkins, Chapter 19, this book), The following 
table summarizes the thickness and lithological com
position of the different units of the Maghara 
Jurassic, 

Thickness and lithologic composition of Jurassic forma-
tions, Gebel Maghara, 

Formation Thickness sd/sh/ls 
(m) ratio 

Masajid { Arousiah 443 0-0-100 
Kehailia 132 2-14-84 

Safa 215 34-37-29 
{ Bir Maghara 216 1-68-31 

BirMaghara Moweirib 133 2-64-34 
Mahl 93 2-19-79 

Shusha 271 52-36-12 
Rajabiah 292 2-20-78 
Mashabba 100 50-23-27 

The section is made up of alternating genuine 
marine shelf deposits (Rajabiah, Bir Maghara and 
Masajid) and tidal flat-deltaic-fluvio-marine sed
iments (Mashabba, Shusha and Safa), The latter are 
made up of cross-bedded sands, fine clastics and 
plant beds which become veritable coal seams in the 
Safa Fonnation, Adindani & Shakhov (1970) give a 
description of the viably economic coal beds of 
Gebel Maghara, 

The fauna of the Gebel Maghara Jurassic is 
described by Douville (1916), Arkell (1952, 1956), 
Said & Barakat (1958), AI Far, Hagemann & Omara 
(1965), and Hirsch (1976), The top of the Rajabiah 
Fonnation yields the earliest ammonite in the succes
sion which is assigued to the Toarcian genus Gram
moceras with some uncertainty by ArkelL 

The middle and lower members of Bir Maghara 
Fonnation (the Mowerib and Mahl members respect
ively) yield the typical middle Bajocian species: 
Bucardyomia orienta/is, Dorsetensia sp, and Otoites 
sp, The upper marls of Bir Maghara Fonnation yield 
a rich late Bajocian fauna including: Ermoceras, 
Telermoceras, Normannites, Kosmoceras, Leptos
phinctes, Trimargina, Thamboceras as well as 
brachiopods, pelecypods and gastropods, 

The lowennost beds of the Safa Fonnation carry 
Thambites spp, which assigu this fonnation to the 
early Bathonian, 

The middle part of the Masajid Fonnation (the 
lower part of the Arousiah) carries an Erymnoceras 
fauna (Callovian) while the upper part of this mem
ber yields the Oxfordian Euaspidoceras fauna, The 
Kimmeridgian seems to be missing in Gebel Maghara, 

The ammonite fauna is essentially Ethiopian in 
realm; Tethyan elements appear only during the Ba
thonian and make an important element of the fauna 
from then on, 

The 80 m Jurassic exposure at Gebel Minsherah 
(Farag & Shata 1954) carries a typical Ermoceras 
fauna (late Bajocian), 
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The Arif El Naga exposes the oldest Jurassic rocks 
(? early Lias) in Sinai. These are represented by a 21 
m-thick ferruginous silty sbales, alternating with 
limestones and dolomites, marls and variegated 
sandstones, with a basal silty pisolitic, ferruginous 
shale (the so-called 'Flint Clay'). The section is 
described by Zak (1964) and Bartov eta!. (1980). The 
sequence seems to have been deposited over a shal
low shelf in saline or brackish lagoonal environment. 
It probably represents the initial phase of the Jurassic 
transgression which peaked in Toarcian time. In Arif 
El Naga this sequence, and the overlying 120m-thick 
section of reddish variegated sandstone with a few 
layers of brown and dark gray shales, are probably 
equivalent to part of the Mashabba Formation ex
posed at the base of Gebel Maghara (Fig. 22/6). 

Subsurface Jurassic occurrences in Sinai are rec
orded in Khabra-1 (+1430 m), Halal-1 (3234 m), 
Katib El Makhazin-1 (890 m), Hamra-! (706 m), 
Abu Hamth-1 (475 m), AyunMusa-2 (743 m), Neld-
1 (162m), Sneh-1 (+120m), Slav-1 (617 m),Manna-
1 (+313 m), Gofer-1 (+100 m) and Tineh-1 wells 
(+77m). 

There are few surface Jurassic outcrops in the Gulf 
of Suez, the best known of which is that of Khashm 
El Galala first described by Sadek (1926). Here the 
Jurassic strata make the lowermost 170m of this fault 
block mountain situated at the northeastern comer of 
the north Galala plateau. At the base of the section 
there are about 50 m of fluviatile sandstones and 
calcareous shales rich in fossil plants of Rhaetic
Infraliassic age that include Equisites, Phlebopteria, 
Zamites and ?Chaldophlebis. This flora is identical to 
remains found in the Kohlan sandstone of Yemen 
(Carpentier & Farag 1948). Inunediately above the 
plant beds lie the marine Jurassic beds: a long series 
of marls and thin limestones, sandy limestones and 
sandstones with, at least, twenty species of pelecy
pods, brachiopods, and (more rarely) gastropods. 
Shells such as Trigonia pullus, Grevillia waltoni, 
Astarte sp., Nucula sp. and others occur in profusion 
in certain thin ferruginous bands; the tests are pre
served intact. Other slabby limestones are crowded 
with crushed rhynchonellids. Unfortunately no am
monites have been observed, but the assemblage is 
essentially upper Bathouian (Arkell 1956). Above 
the Bathonian, lie about !50 m of seemingly non
fossiliferous sandstones of preswned early Creta
ceous age on which, in turn, rest Cenomanian marls 
and late Cretaceous limestones. 

Several thinner Jurassic outcrops are known to 
occur along the western coast of the Gulf. To the 
south of Khashm El Galala at Ras El Abd on the Red 
Sea coastal road a section (over 100 m thick) of 
marine marls, limestones, and sandstones with Ba
thonian pelecypods and brachiopods is known. Farag 

(1948) attributes some of the pelecypods to the Bajo
cian; but the bulk of the fauna, according to Arkell 
(1956), is Bathonian. 

In the Abu Darag area, Nakkady (1955) and Ab
dallah & Adindani (1963) record several Jurassic 
outliers in the midst of the Permo-Carboniferous Abu 
Darag exposure. These downfaulted blocks are thin, 
about 28 m in thickness, made up of argillaceous 
sandstones and yellow limestones with Nucula varia· 
bilis, Trigonia pullus, Thamastraea crateriformis, 
Rhynchone/la asymmetrica and others. 

In the subsurface, at Ayun Musa wells, the Jurassic 
rests directly below the Miocene. Here the Jurassic 
section has a thickness of955 m and a clastic content 
of 85%. There are abundant coal seams (Adindani & 
Shakhov 1970). InAtaqa well a Jurassic section(580 
m thick) is recorded; it has coal seams and a clastic 
content of 72%. The beds rest below early Creta
ceous sandstones and are reached at a depth of 156m. 
Borings in Hamra reached Jurassic at depth, where a 
100 m section with a clastic content of 85% is re
ported. 

Other subsurface Jurassic occurrences in the north 
Eastern Desert and the Gulf of Suez area are present 
in Abu Sultan-2 (+244m), Ataqa-1 (585 m), GS9-1 
(questionable Jurassic or Triassic 689 m), GS24-1 
(+651 m), Q71-IX (+816 m), Q72-IX (+884 m), 
Suk:hna-1 (+94.5 m), R69-1X (+1585 m), Abu 
Harnmad-1 ( +2347 m), Monaga-1 ( + 103 m) wells. 
Jurassic sediments are recorded in the subsurface as 
far south as Wadi Matulla (118m) and Baba (370m) 
(Kostandi 1959). 

3.2 Jurassic paleogeography 
The thickest exposed Jurassic sequence known in 
Egypt is that of Gebel Maghara (+2000 m). During 
this period the northern basinal area of Sinai was the 
site of a major sedimentaty basin extending over the 
present Nile Delta area up to a region to the north of 
the Kattaniya horst where the thickest Jurassic se
quence in the Western Desert is recorded(± 1000 m) 
(Fig. 22{7). 

The first marine transgression of the Jurassic on 
the Egyptian shelf was restricted to north Sinai and 
did not extend beyond the region of the northern 
basinal area. This occurred during the Toarcian as 
attested by the marine algal limestones and marls of 
the Rajabiah Formation overlying the fluviomarine 
Mashabba Formation. 

The limited Toarcian transgression was followed 
by a regressive phase represented by the fluviomarine 
Shusha Formation. This, in tum, is followed by a 
more important transgressive phase during the Bajo
cian which was responsible for the deposition of the 
marine carbonates and clastics of the Bir Maghara 
Formation. This Bajocian transgression reached the 

------- ---------------------
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Figure 22.7 Isopach of the Jurassic (contour intervals in meters). 

northeastern part of the northern Western Desert 
where the clastic to calcareous marine Wadi Natrun 
Fonnation was synchronously deposited (Table 22/ 
2). Close to the boundary between the Bajocian and 
the Bathonian a marked regression is indicated in 
Gebel Maghara by the fluviomarine Safa Fonnation. 
The two transgressions of the Toarcian and Bajocian 
seem to have followed the same path as the Triassic 
transgression. A significant transgressive episode is 
also indicated in the Maghara area in late Bathonian 
times. This transgression is characterized by wide
spread shelf carbonate deposition. It reached the 
northeastern part of the Western Desert in early Cal
lovian time and spread over most of the eastern part 
of the western 'Unstable Shelf area in the mid
Callovian. This episode corresponds to the deposit
ion of the Masajid Fonnation. The carbonates of this 
formation continued to be laid down in the Maghara 
area until the Oxfordian. In post-Oxfordian times, the 
sea regressed from northern Sinai. The late Jurassic 
regression seems to have started earlier in the West
emDesert. 

It is possible that the east-northeast west-southwest 

trending Jurassic sedimentary basin extending over 
northeast Egypt was generated by the sinistral Medi
terranean shear acting on the northern Mrican plat
form in mid-Jurassic times. These times also wit
nessed pronounced magmatic activity. Weissbrod 
(1969) describes a basalt sill in the Urn Bogrna region 
dated 178 rn.a. (middle Jurassic). The widespread 
regression of the sea recorded in Egypt at the end of 
the Jurassic corresponds to a global eustatic change in 
sea level (see also Morgan, chapter 7 this book). It 
may also be attributed to the tectonic events that 
produced the numerous basalts dated as late Jurassic
early Cretaceous (140 ± 15 m.a., Meneisy, Chapter 9, 
this book). 

4 Early Cretaceous 

4.1 Sedimentation and facies of the early 
Cretaceous and Cenomanian 

During Triassic and Jurassic times, eastern Egypt 
was in a structurally lower position than the western 
parts of the country and was thus affected by the 
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consecutive transgressions of these periods. This 
structural setting seems to have been reversed since 
early Cretaceous times. During the Cretaceous, west
em Egypt became structurally lower, thus receiving 
the transgressions of this period earlier than the east
em parts. This situation continued during Tertiary 
times, thick Tertiary sediments cover pre-Tertiary 
structures in the northern Western Desert. 

In northern Sinai, at Gebel Maghara the contact 
between Jurassic and Cretaceous strata is obscured 
by wadi fill. Here, the lowermost exposed Cretaceous 
strata consist of thin cross-bedded very fine to coarse
grained sandstones and conglomerates. These repre
sent the last pulse ofland-derived fluviatile sediments 
before the oncoming of the major marine transgres
sion of the Aptian. They could be of Barremian age; 
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Table 22.2 Correlation of Mesozoic lithostratigraphic units in significant localities in Egypt. 
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late Jurassic to early Cretaceous strata seem to be 
missing. 

1be fin;t major marine transgression in Cretaceous 
times occurred during the Aptian in response to a 
world-wide rise in sea-level (Vail et a!. 1977). It 
covered both the north and south Western Desert as 
well as the margins of the Arabo-Nubian craton along 
northern Sinai and the Isthmus of Suez. 

Io the marginal areas of the Arabo-Nubtan craton 
in northern Sinai and in the Isthmus of Suez, the 
Aptian is represented by marine to paralic sediments 
which overlie a lower 'Nubia' type sequence of 
sandstones at Gebels Maghara, Yelleg and Halal 
(northern Sinai) and Shabrawet (Isthmus of Suez). Io 
all these areas the lower sequence of continental 
sediments grade upward into similar strata deposited 
under marine to paralic conditions and belonging to 
the Albian. At Risan Aneiza, a hill to the north of 
Gebel Maghara,the Aptian-Aibiandeposits consist of 
argillaceous clastics interbedded with carbonates 
which seem to have been deposited under fluvio
paralic to shallow marine conditions in a low energy 
system, with occasional high energy episodes (indi
cated by the presence of several oolitic bands). The 
Aptian-Albian section overlying the Maghara struc
ture is named the Risan Aneiza Formation (Said 
1971). At the type locality on the northern flanks of 
the structure at Bir Lagama, the formation is 110m 
thick. 1be lowest calcareous sandstone bed of the 
section carries lhe Aptian Orbitolina lenticularis 
(Said & Barakat 1957). The lowest of the oolitic 
ferruginous limestone beds of !he upper part of the 
section carries Knemiceras sp. as well as Douville
ceras mammilatum. These are considered to be of 
early Albian age (Malunoud 1955, Lewy & Raab 
1976). Io these latter beds the pectinidNithea syriaca 
is diagnostic. 

A similar sequence to that of the Risan Aneiza 
outcrops is that exposed at Gebel Yelleg where a 
basal conglomerate (5 to 15 m thick) is overlain by a 
sequence of sandy limestones, shales, siltstones, 
marls and marly limestones (Bartov et al. 1980). The 
Aptian-Albian section of Gebel Halal is 520 m thick 
of which 90% is sandstone and minor shale and silt 
interbeds. It is generally non-fossiliferous, although a 
band of oolitic ferruginous sandstone in the upper 
third of the section has yielded corals, pelecypods, 
gastropods and ammonites of Albian age. 

Io central Sinai and in the Gulf of Suez, the oldest 
Cretaceous rocks are represented by alluvial near
shore 'Nubian type' sandstones which rest unconfor
mably over older strata. These sandstones are named 
the Malha Formation by Abdallah & Adindani 
(1963). The type area is from the western coast of the 
Gulf of Suez. Io central Sinai, as in the type area, the 
Malha overlies disconformably the Qiseib red beds 

of Permo-Triassic age. Io the Urn Bogma area the 
Malha assumes a thickness of 70 to 130 m and 
includes red to grey, fine-grained, partly kaolinitic 
sandstone and siltstone beds. 1be formation contains 
conglomerate beds in the lower part, as well as string
en of pebbles high in the section. Thin lenses of 
kaolin occur sporadically. 1be thickness of the Malha 
varies greatly from one place to anolher ranging from 
70 to 130 m in the Gulf of Suez area. Io Khashm El 
Galala (western coast of lhe Gulf of Suez), as well as 
in many boreholes, the Malha overlies beds of 
Jurassic age. Io the Abu Hamth and Nekhl boreholes, 
central Sinai, the Malha is penetrated at deplh and is 
398 and 245 m thick respectively. The Malha is 
non-fossiliferous although in Wadi Malha (Gulf of 
Suez) and along the entrance of Wadi Qena, it is 
intercalated in its upper part by lhin fossil-bearing 
marl beds of Albian age (Vander Ploeg 1953, Attia & 
Murray 1952).1be age of the Malha is usually given 
as early Cretaceous although there is evidence that it 
is mostly of Albian age. Further north, similar 
sandstones outcrop below the marine upper Creta
ceous strata at Arif El Naga, Giddi, Kherim and 
Minsherah. Io Arif El Naga the Malha consists of 
grey, white and variegated sandstones, cross-bedded 
and quartzitic in part, with some interbeds of silty, 
limonitic crusts and shale beds, mainly in the lower 
part of the section (Bartov & Steinitz 1977). Close to 
the base of the section, basaltic flows occur, mainly 
olivine basal~ with a composite thickness of about 15 
m. The flows are separated by reddish paleosols. The 
Malha rests over a 5 m thick conglomerate bed with 
quartzite clasts, some of which reach 30 em in diame
ter. 

1be Malha is believed to be mainly the deposit of 
rivers which carried clastic materials during a low 
stand of sea level from the positive areas formed in 
the wake of the late Jurassic tectonic event. It pro
bably filled low areas in an irregular topography. The 
rivers seem to have been braided and of high..onergy 
and low-sinuosity. 1be presence of thin marine fossil
bearing strata of Albian age wilhin the upper part of 
the formation may point to minor marine incunions. 
The Malha forms part of facies 1 of Van Houten et al. 
(1984). 

Early Cretaceous rocks are also encountered in the 
subsurface in northern Sinai in Katib El Makhazin-1 
(32m), Khabra-1 (975 m) and Halal-1 (406 m) wells. 
Io offshore areas, early Cretaceous sediments are also 
known from borehole penetrations. Io Manna-! (164 
m) and Sneh-1 (815 m) wells, these sediments are 
carbonates which seem to have been deposited in a 
high energy platform margin which stretches along 
or adjacent to the present-day north Sinai coastline. Io 
the northern Eastern Desert, early Cretaceous sed
iments are also known from the subsurface in R-69-1 
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(409m) andQ-72-lX (415 m) wells. 
Cenomanian strata cover large stretches of north 

and central Sinai. They form the bulk of Gebels Halal 
and Yelleg, and a large part ofGebels Giddi and Libni 
and other anticlinal structures in northern Sinai. In 
central Sinai they skirt the entire Tih scarp. 

Wherever seen,· Cenomanian strata lie above the 
Malha or Risan Aneiza with no break in sedimenta
tion. They form a distinctive unit, which in the north 
is made up of carbonate rocks such as fossiliferous 
limestones, dolomites and marls with minor shales. 
This unit is named the Halal Formation by Said 
(1971). In the south, the unit has a greater clastic 
component and is named the Raha Formation by 
Ghorab (1961 ). On the west coast of the Gulf of Suez 
along the Galala scarps, Abdallah & Adindani (1963) 
and more recently Mazhar et a!. (1979) describe a 
unit similar to the Raha which they name the Galala 
Formation. 

Good descriptions of the Halal are given by Shata 
( 1956, 1960). Recently these strata were subjected to 
detailed studies by Bartov & Steinitz (1977), who 
correlate them with the Hazera Formation (Albian
Cenomanian) of southern Israel. These authors di
vide the Hazera into five members which they claim 
can be traced into Sinai. 

At its type locality in Gebel Halal, the formation is 
450 m thick and is made up of carbonate rocks, white 
to light grey, medium hard to hard crystalline 
limestones and dolomites with a few marl bands 
making less than 8% of the total thickness. Many 
fossiliferous beds are present and include a variety of 
megafossils such as echinoids, ammonites, rudists, 
oysters and others. The ammonites are particularly 
common in the upper levels; the top bed carries the 
ammonite N eolobites vibrayeanus. 

At Arif El Naga, Bartov eta!. (1980) describe a late 
Albian to Cenomanian section which belongs to the 
Hazera Formation (= Halal). It overlies the Malha 
Formation and is 310 m thick. The dominantly car
bonate section is interrupted by two thin marl and 
marly limestone beds, about 16 and 63 m thick, 
which divide the section into five members. The 
lower member, 141 m thick, carries Eoradiolites 
liratus, Strombus incertus, Exogyra jlabel/ata, 
Hemiaster cf. julieni and is given a late Albian age. 
The overlying two members carry a rich assemblage 
of fossils: Heterodiadema libyca, Holectypus larteti, 
Pterodonticeras diffisi, 'Dosinia' delettrei, Exogyra 
flabel/ata, E. columba and are assigned an early 
Cenomanian age. The upper two members carry the 
fossils Exogyra jlabellata, Toucasia carinata, Clum
drodonta joannae, Praeradiolites biskarensis, Neri
nea gemmifera, Polytremacis chalmasi and are as
signed a late Cenomanian age. 

In central Sinai and the Gulf of Suez, the Cenoma-

nian overlies the Malha with seeming conformity. 
The sediments are thinner and include more marl and 
shale beds; sandstone beds occur only in east central 
Sinai and in the south. The latter are named the Raha. 
At Sheikh Attiya, the Raha is 100m thick with 50% 
of the total thickness made up of clastics. At the 
Somar dome, the Raha is 140m thick with more than 
40% of the total thickness made up of clastics. Along 
the Tih escarpment and in Gebel Gunna, the section is 
190 m thick. In central Sinai wells Darag, Nekhl and 
Abu Hamth, the Raha was penetrated at depth and is 
made up of an interbedded carbonate-clastic se
quence with thicknesses of 310, 316 and 326 m 
respectively. 

In the Eastern Desert, Mazhar et a!. (1979) des
cribe an 80 m thick section of Cenomanian strata 
from the Galala plateaux which they correlate with 
the Galala Formation. This formation is made up of a 
lower interbedded marl-shale-sandstone unit and an 
upper carbonate unit. 

The Cenomanian seems to form a continuous 
transgressive event of relatively long duration. The 
sediments were deposited in a wide shelf without 
major regressions or influx of detrital material. 

4.2 Sedimentation and facies of the Turonian to 
Maastrichtian 

The Thronian is represented in Sinai and the Gulf of 
Suez by two distinct formations: the Abu Qada and 
Wata which are of early and late Thronian age res
pectively. In the Galalas the two units are classified 
under the name Maghra El Hadida Formation (Akkad 
& Abdallah 1971 ), although the lower 55 m of this 
formation in the Ataqa type section could be ascribed 
to the Abu Qada, while the upper 87 m of the same 
section could be ascribed to the Wata. 

The Abu Qada is coeval with the Ora Shales of 
Israel (Bartov & Steinitz 1977). It is made up of a 
lower unit of alternating green-gray soft shale and 
hard yellowish marly limestone rich in early Thro
nian ammonites (the so-called ammonite bed of Said 
1962); a middle unit of hard dolomites, nodular 
limestones, chert, with minor marl and shale; and an 
upper unit of marl-shaly facies in east Sinai and 
sandy facies in most of Sinai and the Gulf of Suez. 
The lower unit becomes more calcareous in north
western Sinai, the Galalas and in the Gulf of Suez. 
The sandstones of the sandy facies are cross-bedded 
and form a blanket over most of Sinai. In contrast to 
the Halal, the Abu Qada exhibits great isopacheous 
variations, the maximum thickness is in central north 
Sinai where basins developed in response to the first 
pulse of the Syrian arching movements. 

In Gebel ArifEl Naga, the Abu Qada is 68 to 141 
m thick. The lower beds carry ammonites: Mammites 
nodosoides, Neoptyches cephalotus, Fagesia and 
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Thamasites spp. Also present in these beds is the 
characteristic fossil of the sixth ammonite biozone 
Cha.ffaticeras /uciae trisel/atum which represents the 
peak of the early Thronian transgression (Freund & 
Raab I %9). The absence of the earlier Thronian 
biozones (f1 to T5) indicates that the area was a 
relative structural high during the time. The middle 
layers of the Abu Qada Formation in Arif El Naga are 
made up of thinly-bedded limestone beds, 'the paper 
limestones' containing oysters, Cerithium sp. and 
many Caryocorbula spp., indicating shallow marine 
to brackish conditions. These are overlain by marly 
limestone beds containing Coilopoceras aff. jenksi. 

In central Sinai (e.g. Sheikh Attiya), in the Isthmus 
of Suez (e.g. Gebel Ataqa) and in the Galalas, the 
lower ammonite bed carries the ammonites of the 
earlier biozones: Pseudoaspidoceras (f2) and Chaf 
faticeras mes/ei (T3 ). 

The Wata Fonnation is late Thronian in age and is 
coeval with the Gerofit Formation of Israel. It is a 
hard cliff-fonning carbonate unit which overlies con
formably the Abu Qada. The topmost beds of this 
formation mark a most useful mappable horizon. The 
Wata is 102m thick in the type area in Wadi Wata, it 
is made up of massive limestone and dolomite se
quence with very minor amounts of marl and shale 
beds. The upper layers carry the gastropod Nerinea 
requieniana. Compared with the underlying and 
overlying units, the Wata is poor in clastics. It is only 
in the southeastern coastal strip of the Gulf of Suez at 
Gebels Qabeliyat and Abu Durba that minor amounts 
of sandstone occur. 

The Senonian deposits in Sinai, Gulf of Suez and 
the Galalas are generally marine in nature. During the 
Coniacian, however, fluvial sediments alternate with 
the marine deposits of the Gulf of Suez, south Galala 
Plateau and north Wadi Qena. In these areas the 
Senonian is represented by three units, the Matulla 
(Coniacian-Santonian), Gebel Thehnet (Campanian) 
and Sudr (Maastrichtian). In Wadi Qena the 
Coniacian-Santonian beds are named Hawashiya. 
The Campanian beds of the Gulf of Suez form a 
distinct unit of dark-colored limestone beds which 
overlie the Matulla and which are named the 'Brown 
Limestone' beds by oil geologists. 

The MatullaFormation (Ghorab 1961) overlies the 
hard crystalline carbonates of the Wata Formation. It 
is coeval with the Magmar Formation proposed by AI 
Far (1964) for central Sinai and the Zihor Formation 
of the Israeli geologists. The Matulla Formation at
tains 170m in thickness in its type locality. It is made 
up of three distinct units: an 80 m-thick lower unit of 
fluvial(?) cross-bedded sandstones with thin argilla
ceous limestone and shale interbeds, a 58 m-thick 
middle unit of varicolored glauconitic shale with thin 
limestone interbeds and a 32 m-thick upper unit of 

chalky, occasionally nodular, limestone with a few 
glauconitic shale interbeds. On paleontological 
grounds, the middle unit is of Coniacian age. It 
carries the ammonites of the CA3 Zone in the middle 
layers and the CA4 and CA5 Zones in the upper 
layers. The upper unit is assigned a Santonian age. 
Abdallah & Eissa (1971) name the upper unit the St 
Anthony Chalk. 

At Gebel Magmar, the Matulla is 52 m thick. 
Among the few ammonites recorded in this section, 
Lewy & Raab (1977) mention the presence of Barro
siiceras sp. of the third Coniacian ammonite biozone 
(CA3) in the middle levels and Heterotissotia sp. of 
the fourth Coniancian biozone (CA4) in slightly 
higher levels. The section at Gebel Magmar is poor in 
ammonites. According to Lewy (1975) and Lewy & 
Raab ( 1977) the section could be of late Thronian to 
Santonian age. A complete record of the five Conia
cian ammonite biozones is reported from sections 
cropping out in western Sinai. In Gebel Minsherah 
the Matulla is 148 m thick and is made up of a lower 
marly sequence followed by a chalky limestone se
quence with sandy glauconitic interbeds. 

The Gebel Thelrnet Formation (Abdallah & Eissa 
1971) is 225 m thick at the type locality and is made 
up of yellow argillaceous richly fossiliferous 
limestones partially dolomitic and phosphatic with 
thin shale and sandstone interbeds. This formation is 
coeval with the Rajim Formation suggested by AI Far 
(1964) for northern Sinai sections and the Menuha 
and Mishash Formations (or their equivalent the 
Sayyarim) of the Israeli geologists. It also corre
sponds to the so-called 'Brown Limestone' unit, used 
by oil company geologists to designate the lower 
phosphatic part of the overlying Sudr Formation. 
This unit is correlated with the Duwi Formation of the 
Stable Shelf areas of Egypt. 

In Gebel Ataqa, the Campanian rests directly over 
the Cenomanian Galala Formation. There, the Cam
panian strata assume 235 m in thickness and are 
named the Adabiya Formation (Akkad & Abdallah 
1971 ). The formation is made up entirely of do
lomites and limestones and is poorly fossiliferous. 

The Sudr Formation (Ghorab 1961) is a widely 
distributed chalk rock unit which rests over the Thel
met Formation with seeming conformity. This unit 
has been previously lumped with the underlying San
tonian St Anthony Chalk into one formation and 
given the name 'Chalk' by Said (1962). In the present 
work the widely distributed upper chalk sequence 
which covers large areas of Sinai and the Gulf of 
Suez is treated as a distinct unit, the Sudr Formation. 

The formation is made up of snow-white and 
chalky limestones. The greatest recorded thickness is 
at El Themed (250 m) and at El Markha plain along 
the eastern coast of the Gulf of Suez (220 m). 
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Thicknesses up to 150 m are reported from Sudr, 
Hamra and Gebel Samar. The Sudr is usually poor in 
megafossils but rich in microfossils. The age of this 
formation is Maastrichtian. 

4.3 Cretaceous paleogeography and tectonism 
At the end of the Jurassic and in the early Cretaceous 
the eastern part of the 'Unstable Shelf' of Egypt stood 
probably in a higher structural position than the west
em part, as it was reached by the early Cretaceous 
marine transgression in relatively later times. No 
conspicuous tectonic movements have been recorded 
in northeastern Egypt until the end of the Cenoma
nian. This is reflected in the uniform isopacheous 
distribution of rock units belonging to this geologic 
time span. Except for the Aptian transgression, the 
early Cretaceous marine transgressions did not ex
tend far beyond the limits of the Unstable Shelf. They 
resemble in this respect the transgressions of the 
Triassic and Jurassic. Extensive transgressions cov
ering the 'Stable Shelf' areas are known only since 
the Cenomanian. The complex distribution of the 
rock units of the Thronian over Sinai, may suggest a 
pronounced tectonic activity leading to tectonic dif
ferentiation of the Shelf area of northeastern Egypt. 

The most well-defined late Cretaceous phase of 
tectonic activity seems to have taken place in late 
Coniacian times. Late Coniacian sediments are ab
sent from the 'Unstable Shelf' area of northern Sinai 
(Lewv 1975). This suggests that north Sinai was 
uplifted in late Coniacian times, while the central part 
of the peninsula remained under sea level. In some of 
the uplifted parts erosion was so strong as to remove 
the Thronian sediments (e.g. Gebel Maghara). This 
situation seems to have continued until late Creta
ceous times. The isopachous variations of the Sudr 
Formation, show a conspicuous sedimentary basin in 
central Sinai. The northern rim of the 'Unstable 
Shelf' of Sinai stood as a relatively high area, where 
the Sudr Formation was erratically deposited in rela
tively low places. Some highs were possibly never 
reached by the seas of this period. In the well 
Boughaz-1, the Thronian is directly overlain by the 
Oligocene. In the wells Manna-! and Sneh-1, Terti
ary sediments rest on early Cretaceous sediments, 
while in the well Slav-! they rest on Jurassic sed
iments. In the northern Eastern Desert at Gebel 
Shabrawet, the Maghra EI Bahari continental red 
beds overlie the Turonian Moghra El Hadida Forma
tion while in Gebel Ataqa they overlie the Campa
nian Adabiya Formation. 

All these considerations suggest strongly that the 
uplifting of the 'Unstable Shelf' area of north Sinai 
and the north Eastern Desert took place during late 
Coniacian time although it could have been initiated 

earlier and is related to the generation of the 'Syrian 
arc' system. 

B. WESTERN SUBPROVINCE 

1 Structural setting 

This subprovince covers the 'Unstable Shelf' of the 
northern Western Desert and extends from the Medi
terranean coast southward to an arbitrary line which 
separates the 'Stable' from the 'Unstable' shelf. This 
line runs in a north-northeast direction parallel to the 
faults delimiting the prominent Kattaniya structural 
high(= Khatatba-Wadi Khadish block in Said 1962: 
215). The 'Unstable Shelf' areas to the north of this 
line have a deep basement. a complex structure and a 
thick column of sediments. The areas to the south 
have a high basement and less than 1000 m of sed
iments. As an exception, the Fayum forms a basin 
(the Gindy basin) within the 'Stable Shelf' as deli
mited here. It has, in places, more than 2000 m of 
sediments. 

The major structural elements to the south and 
southeast of the Kattaniya block follow a predomi
nantly north-northeast direction, while those to the 
north and northwest of this line follow a north
northwest direction. The interaction of these two 
trends was probably responsible for the generation of 
the frequent east-west fractures of this subprovince. 
Two of these east-west fractures delineate three main 
structural features which are from south to north: the 
Abu Gharadig basin, the Qattara ridge and the north
em basinal area. 

The western part of the northern basinal area is a 
structural high, here termed the Faghur-Maamura 
high. It was elevated in late Paleozoic time after 
having formed a major Paleozoic basin. The axis of 
this high runs along a line passing through the 
Faghur-1 well and a point midway between Sidi 
Barrani and Matnth on the Mediterranean coast. To 
the east of this high lies the Umbarl<a subbasin, and to 
the northwest lies the subbasin of Sidi Barrani. Both 
these subbasins are separated from the conspicuous 
subbasin of Matnth which lies to the east by an arch 
which seems to be a prolongation of the Qattara 
ridge. The Matnth subbasin is bound on its eastern 
edge by a high which separates another subbasin, the 
Alamein. 

In Abu Gharadig has in major marine transgression 
and regression cycles together with numerous tecto
nic cycles resulted in a highly deformed, thick sedi
mentary cover (A wad 1984, 1985) with considerable 
hydrocarbon potential. 

The various lithostratigraphic subdivisions of the 
Mesozoic of the north Western Desert are given in 
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Table 22.3 Main Mesozoic stratigraphical subdivisions of northwestern EgypL 
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Table 22.4 Table summarizing the tectonic evolution of the various sedimentary basins and 'highs' in the nortbem Western 
Desert during the Mesozoic (arrows show direction of movement; subsidence or uplifting). 

Table 2'2/3. This table also shows the chronostratigra
phy of each unit together with the stratigraphical 
relations of the various facies. 

2 The Triassic-early Jurassic 

2.1 Sedimentation and facies 
The whole of the Western Desert of Egypt seems to 
have been dry land suffering erosion during most of 
the Triassic and earliest early Jurassic times, as no 
sediments belonging to these periods have been 
found in the region. Tbe youngest widespread 
definitely marine sediments underlying the first dat
able Mesozoic rocks in the Western Desert belong to 
the Carboniferous and are restricted to the western 
part of the area. Non-marine Permian? strata have 
been drilled below continental to shallow marine 
Liassic sequences in the southeastern part of the 
northern Western Desert in Misawag-1 well, and 

marine Permian in Faghur West-1 well. This suggests 
that the end of the Paleozoic wimessed a widespread 
regression followed by a period of tectonic stability 
and non-sedimentation. The Paleozoic regression 
must have ended within Permian times. 

2.2 Paleogeography 
There is no evidence for any tectonic activity during 
the Triassic. Some authors, however, suggest that the 
west-northwest east-southeast faults noted in the 
northern basinal area of the Western Desert may have 
been generated during the Jurassic or earlier. These 
faults constitute the frameworlc of the present faulted 
ridges and basins, which resemble, according to Se
stini (1984 ), the block faulting of the Atlantic and 
African margins which took place during the Triassic 
and early Jurassic. These may be related to the crustal 
rifting which caused the separation of the 'Thrkish' 
microplate from Africa. The olivine basalt drilled in 
the Kattaniya-1 well and dated late Triassic to early 
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Jurassic by K-Ar methods (191 ± 19 m.a.) may 
represent the basaltic extrusions corresponding to 
this stage of rifting along the Mediterranean coast of 
Egypt. 

3 Middle and late Jurassic 

3.1 Sedimentation and facies 
The basal beds of the middle and late Jurassic in the 
north Western Desert of Egypt are non-marine 
clastics with few fossil bearing horizons: the Bahrein 
Fonnation (EGPC-RRI, special report 1982). In 
places late Lias fossils are recorded in the base of this 
fonnation (see chapter 15, this book). The non
marine clastics of the Bahrein Fonnation are overlain 
by the marine Jurassic clastics of the Khatatba or 
Wadi Natrun Fonnations. The base of the marine 
Jurassic differs in age according to the time of the 
tranSgression over a particular area (Tables 2213 and 
22/4). 

GINO\ BASINS 

Sedimentation during most of the Jurassic was 
mainly clastics, derived probably from the elevated 
northeastern comer of the African craton. 

These clastics are represented by the mainly conti
nental Bahrein red beds and the overlying marine 
clastics and carbonates of the Wadi Natrun Fonnation 
and the predominantly marine clastics of the Khatat
ba Fonnation. These clastic units were laid down 
during late Lias to Bathonian times. During the late 
Callovian, and sometimes earlier, the shallow marine 
carbonates of the Masajid Fonnation were deposited 
in the northern basinal area, Abu Gbaradig basin, 
Kattaniya horst and Fayoum (Gindi) basin (Fig. 22! 
I). This represents the acme of the Jurassic transgres
sion over the eastern parts of the area. In the extreme 
northwestern part, at the Sidi Barrani subbasin, de
position of marine carbonates (Sidi Barrani Fonna
tion) was dominant. This fonnation may be a rela
tively deeper marine equivalent of the Masajid For
mation. The Umbarka subbasin, east of the Faghur-

. ----·-------------------~ 
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"::aamura high, on the other hand, witnessed a regres
Sion near the end of the Jurassic. This regressive 
phase started by the deposition of the littoral to 
continental clastics of the Alam El Bueib Member of 
the Burg El Arab Formation and ended by a period of 
emergence and erosion represented by a major un
conformity. This late Jurassic regression seems to 
coincide with the worldwide eustatic change of sea 
le~el noticed at ~s.time (see also Morgan, Chapter?, 
this book). Depos1t1on of the Alam El Bueib Member 
continued after this period of erosion, in some places 
until early Aptian times. ' 

3.2 Jurassic paleogeography 
The Jurassic seas spread gradually over the north 
Western Desert, and were affected by the well
defined major paleogeographic features which ex
isted in the area at this time (Fig. 22{7). The following 
main paleogeographic features influenced Jurassic 
sedimentation. The Faghur-Maamura high was 
shedding sediments during the Bahrein time. It was 
covered by the sea only during the middle Jurassic 
receiving shallow marine clastics belonging to the 
Alam El Bueib Member of the Burg El Arab Forma
tion. To the northwest of the Faghur-Maamura high 
lies the Sidi Barrani subbasin, which developed in 
mid-Jurassic time and where the marine carbonates 
and clastics of the Wadi Natrun Formation were 
deposited over marine Carboniferous clastics. In the 
area of the Rabat- I well another conspicuous high 
area rose above sedimentation base level and was not 
inundated until early Paleogene times. The lowest 
tectonic area developed in the Jurassic is in the region 
of the Kattaniya horst. This low was submerged in 
early Bajocian time (where the Wadi Natrun Forma
tion was deposited over the Bahrein Formation). It 
seems that this low area is a continuation of the major 
Jurassic sedimentary basin extending over the north
em part of the Sinai and the north Eastern Desert (Fig. 
22{7). 

The Faghur-Maamura and Rabat highs follow gen
erally a north-northeast south-southwest trend which 
may have been inherited from pre-Mesozoic times. 
This is the same trend as that of the north Kattaniya 
(Pelusium) line. The major east-northeast west
southwest trend is not apparent in Jurassic times. It 
seems that during the Jurassic very little movement 
occurred along most of the major faults in the north
em Western Desert. Seismic and well data indicate, 
however, that the south Misawag and north Diyur 
faults were active in pre-Jurassic and Jurassic times 
respectively. These two faults lie approximately near 
the boundary between the 'Stable' and 'Unstable' 
shelves (Fig. 22/1). 

With the exception of the areas of the Kattaniya 
horst and the Sidi Barrani subbasins, where Jurassic 

sedimentation rates of more than 70 m/m.y. have 
been recorded, the 'Unstable Shelf of the north 
Western Desert was an area of rather uniform sedi
mentation during the Jurassic, with rates ranging 
from 20 to 30 m/m. y. This points out to a relatively 
quiescent period of tectonic activity (Table 22/4 ). 

4 Early Cretaceous to Turonian 

4.1 Sedimentation and facies 
!!'e advent of the Cretac~ous is marlred by the depos
ItiOn of the shallow manne clastics of the Alam El 
Bueib Member of the Burg El Arab Formation. These 
sediments overlie Basement or Paleozoic rocks in the 
region of the Faghur-Maamura high and the Umbarka 
subbasin. Marine sedimentation seems to have been 
continuous in the Sidi Barrani subbasin between the 
Jurassic and the Cretaceous, where the inner neritic 
carbonates of the Sidi Barrani Formation continued 
to be deposited. This latter formation attains a maxi
mum thickness of 2400 min Sidi Barrani-1 well and 
ranges in age from middle Jurassic to early Creta
ceous. The carbonates of this formation were gradu
ally replaced by the shallow marine clastics of the 
Alam El Bueib Member in late Neocomian to Barre
mian times. In the Sidi Barrani basin marine sedi
mentation seems to have been continuous until mid
Thronian times, which witnessed the acme of the 
Cretaceous marine transgression over this region. 
During the late Thronian the sea regressed from the 
Sidi Barrani subbasin which together with the 
Faghur-Maamura was elevated above the sea. In con
trast the Umbarka subbasin started to develop and 
was ~verlapped by the sea. 

Another site of eoiitinuous marine ·sedimentation 
from Jurassic to Cretaceous is the Matruh subbasin, 
where a fault bounded trough started to develop 
during the Neocomian. This trough has been in
terpreted by Prior (1976) as a possible 'failed arm' of 
a crustal rift, and by Taher (1976) as a fossil sub
marine channel cut by turbidity currents. In this 
trough, the Neocomian to Aptian marine Matruh 
shales (the Mersa Matruh Formation of Norton 1967) 
were deposited above the Sidi Barrani Formation. El
zarka (1983) mentions that the thickness of the pre
Aptian strata in the northern Western Desert ranges 
from 53 to 913 m. The Matruh shales are overlain by 
an Aptian carbonate unit named the Alamein Do
lomite Member of the Burg El Arab Formation. 
According to Elzarka (1983) the thickness of this unit 
varies from 62 to 584 m. The Alamein dolomite is 
overlain by marine clastics with some carbonates of 
Alb~ to Cenomanian age and belonging to the 
Kharita Member of the Burg El Arab Formation and 
to the Bahariya Formation. A marked increase in the 

···-------------
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depth of the sea is reflected in the deposition of the 
inner neritic calcareous Abu Roash 'G' unit of the 
Abu Roash Fonnation in late Cenomanian time. 

Generally in the basins of the north Western Desert 
the Cenomanian is of marine character. The thickness 
varies from 138 to 1153 m with a sand/shale ratio 
exceeding 1. The depocenter is around the Kattaniya 
well. The Cenomanian seems to have been deposited 
in a deep water basin with syndepositional contem
poraneous subsidence (Elzarlca 1983). The Cenoma
nian is represented by a lower clastic unit (the Khei
ma Member) and an upper clastic-crubonate unit (the 
Mellaha Member) of the Kharita Formation. Metwal
li & Abd E1-Hady (1975) include the Cenomanian 
and Albian of the northern Western Desert strata in 
the Abu Subeiha Formation. 

4.2 Early Cretaceous to Turonian paleogeography 
The paleogeographic evolution of the region can be 
related to the tectonic activity which was responsible 
for the development of the different paleogeographic 
features during this time. 

The late Jurassic to early Neocomian tectonic 
event (Neocinuneian) is expressed by a widespread 
unconformity over most of the area, with the excep
tion of the Matruh and Sidi Barrani subbasins, and by 
fault movements leading to the appearance of the 
Qattara ridge, the Abu Gharadig basin and the 
Matruh subbasin. 1n late Barremian to early Aptian 
times a tectonic phase is expressed by another wide
spread unconformity, except in the Matruh and Sidi 
Barrani subbasins, and by fault activity. During this 
phase the differentiation of the Abu Gharadig basin 
from the Qattara Ridge was further accentuated. The 
late Thronian tectonic phase is also expressed by a 
widespread unconformity, except in the Umbarka 
subbasin and Abu Gharadig basin. This phase is also 
characterized by a general period of fault activity 
which may have started in Cenomanian times. The 
late Thronian movements led to: (a) the disappea
rance of the Sidi Barrani subbasin, which became a 
single structural entity with the Faghur-Mamura high, 
(b) the differentiation of the Umbarka subbasin and 
(c) the further development of a large basinal area 
south and southeast of the Qattara Ridge comprising 
the Abu Gharadig and Fayum (Gindi) basins and the 
Kattaniya horst. 

5 Senonian 

5.1 Sedimentation and facies 
The Senonian is characterized by a widespread 
transgression and deepening of the seas over Egypt 
1n the northern Western Desert, chalk (the Khoman) 
was deposited. Complete sections of the Khoman are 

found in many of the basinal areas (Abu Gharadig, 
Umbarka) where sedimentation was continuous, 
from the Thronian to the Senonian. 

1n tliese areas the Khomiiil is divided into a lower 
or 'B' member and an upper or 'A' member. Outside 
the basins, it is frequent to see the upper Khoman 
overlying the eroded Thronian with an angular un
conformity. 1n many instances, the latest Maastrich
tian is missing from this sequence. This is indicated 
by a pronounced unconformity. This is probably a 
reflection of the late Senonian to Paleocene tectonic 
movement (Laramide tectonic phase mentioned by 
various authors, in Said 1962) which affected north
em Egypt. This unconformity is also observed in 
northern Sinai, where it is caused by late Coniacian 
movements representing an acme in the generation of 
the 'Syrian Arc'. 

5.2 Paleogeography 
The paleogeographic pattern during the Senonian 
was established through fault activity which en
hanced the development of the early Mesozoic sedi
mentary basins and ridges. In latest Cretaceous times, 
however, some basins disappeared as a result of 
'hasin inversion'. The most conspicuous basins that 
became highs since late Cretaceous time are the Sidi 
Barrani, Umbarka, Matruh and Alarnein subhasins. 
The Kattaniya horst, which was also a basinal area 
during most of the Mesozoic became a high after the 
late Cretaceous. 

THE STABLE SHELF 

I Structural setting 

The Stable Shelf extends over southern Egypt and is 
generally covered by less than I 000 m of sediments. 
It surrounds the basement exposures of the Ambo
Nubian craton in eastern Egypt. To the west it consti
tutes a widespread tectonically 'low' area (Fig. 22/1). 
This area may be subdivided into two major, gen
erally north-south trending intracratonic basins: The 
Dakhla Basin to the west and the Upper Nile Basin to 
the east (Fig. 22/1) (Beall & Squyres 1980, Bisewski 
1982). These basins are delimited to the southwest by 
the Calanscio-Uweinat-Gilf El Kebir high and to the 
south by a sequence of uplifts, the Uweinat-Aswan 
High (Klitzsch 1978), extending eastward to the East
em Desert basement exposures. This high, which is 
capped by a thin Mesozoic sedimentary cover, is 
thought to have been formed in late Paleozoic to early 
Mesozoic time by uplifting along major east-west 
faults. This phase of uplifting was accompanied by 
alkali magmatic intrusions, as those described from 
Gebel Nusab el Balgum by Schandehneiyer & Dar-
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byshire (1984), and dated 216 m.y. (late Triassic). 
The Uweinat-Aswan High suffered considerable ero
sion during these times. The eroded material was 
maioly transported southward, where thick Permo
Triassic to early Jurassic fluvio-marine sediments 
were laid down io west Sudan. Klitzsch (1984) advo
cates that the drainage of the material provided from 
the Uweinat-Aswan High toward the south ceased io 
mid-Jurassic time, when the Arabo-Mrican platform 
began to tilt marlredly toward the north. It seems that 
this time corresponds to the begioniog of sedimenta
tion of the continental Bahreio Formation io the 
northern Western Desert. In north-west Sudan, it is 
possible to recognize a sequence of continental de
posits of Pennian to Middle Jurassic age (the Lakia 
Arl>a'io Formation), belongiog to a southward drain
age system. This sequence is overlaio by another 
continental succession of Jurassic to early Cretaceous 
age (the Gilf El Kebir Formation and equivalents), 
extendiog northward ioto the Egyptian Dakhla and 
possibly the upper Nile basios, suggestiog a north
ward draioage system. 

The upper Nile basio is delimited to the east by the 
Eastern Desert exposures. Northward it is open to the 
Unstable Shelf. Along Wadi Qena, it is possible to 
follow io outcrop the gradual north-south changes io 
the sedimentary facies of the various Mesozoic 
marine transgressions comiog from the north. The 
upper Nile basio is separated from the Dakhla basin 
by the Kharga High. This High is an anticlinal base
ment structure plungiog to the north and endiog 
approximately to the south of Abu Tartor between 
Kbarga and Dakhla. Tbe Kbarga High is covered by a 
relatively thio sedimentary suite. This High has 
iofluenced the sedimentation of Mesozoic strata until 
Aptian time (Abu Ballas Formation). In post-Aptian 
times it is not possible to differentiate between the 
Dakhla and the upper Nile basios io south Egypt 
(Bisewski 1982). Thorweihe (1982) considers the 
upper Nile basio as a continuation of the Dakhla 
basio, the former beiog characterized by relatively 
thinner sediments. 

Tbe northern parts of the Stable Shelf of Egypt 
were markedly iofluenced by the stresses acting io the 
north Mrican reabn during the end of the Cretaceous. 
These stresses caused the generation of the major 
strucntres; the Bahariya Swell which bounds the 
Dakhla basio from the northeast and the Wadi Araba 
Horst io the northern part of the upper Nile basio. The 
first strucntre is characterized by the generation of 
northeast-southwest trendiog faults, probably io
duced by a tensional tectonic phase acting during the 
Campanian and ioterrupting a period of compressive 
phase which may have started earlier than the Cam
panian, but which contioued in late Cretaceous and 
early Tertiary times (El Bassyony 1978). These 

movements ioduced the generation of macroscopic 
gentle folds io this area, which differ from the more 
steeply folded structures belongiog to the Syrian arc 
of northern Sinai. 

Tbe Wadi Araba Horst also seems to have been 
generated io late Cretaceous times, due to the action 
of the same shear system that produced the Bahariya 
and Syrian arc strucntres. This horst seems to recall 
structurally the Kartaniya Horst of the northern West
emDesert. 

2 Sedimentation and facies of Mesozoic sediments 

The earliest Mesozoic sediments recognized io the 
Stable Shelf area are contioental, fluviatile 
sandstones and siltstones of the Six Hills Formation, 
rangiog io age from late Jurassic to early Cretaceous 
(Bisewski 1982). This formation overlies unconfor
mably the basement rocks io the south of the Dakhla
Kbarga area (at Nusab El Balgnm). The Six Hills 
Formation attaios its maximwn development io the 
axial region of the Dakhla Basio. 

The first recognizable Mesozoic marine transgres
sion that extended over the Dakhla Basio occurred io 
Aptian time and is represented by the marine clastics 
of the Abu Ballas Formation, overlyiog the Six Hills 
Formation {Boertcher 1982, 1985) {Table 22/2). The 
clastics are mainly gray, white, red and brown shales 
iotercalated with siltstones and sandstones. They 
contain a fauna of pelecypods, gastropods, brachio
pods and other faunal elements (Barthel & Boertcher 
1978, Boettcher 1982) as well as plant fossils io 
certaio layers. These assign the age of the formation 
to the Aptian. Further south at Gebel Karnil and io the 
stretch to the south and southwest of this location, 
coastal sediments of the Aptian sea are encountered, 
they ioclude abundant Thalassiooides and other bio
turbations as well as silicified tree trunks, ferns, root 
strucntres and paleosols, partly associating the coast
lioe with a swamp environment (Klitzsch 1984 ). 

In southern Egypt, io the Gilf El Kebir region, the 
Aptian is represented by clastics which are not differ
entiated from the underlyiog late Jurassic-early Cre
taceous rocks, both of which are collectively named 
the Gilf El Kebir Formation. The formation is 250 m 
thick at the type locality at the Aqaba Pass (latitude 
23° 25' N, longitude 25° 45' E). The sediments are 
fluviatile, deltaic and partly near-shore sandstones 
resting unconformably over early Paleozoic rocks 
and are overlaio by sandstones of Albian age. Fossil 
flora identified from this formation poiot to a late 
Jurassic-Aptian age. The formation is the lateral 
equivalent of both the Six Hills and the Abu Ballas 
Formations. Northward the Abu Ballas Formation 
changes ioto the marine Aptian Alameio Dolomite 
Member of the Burg El Arab Formation, widely 
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distributed in the northern Western Desert. 
'The marine Abu Ballas Fonnation and its equiva

lent is followed in the Stable Shelf area by a regress
ive phase represented by the fluviatile and continental 
Sabaya Fonnation. These deposits consist of tabular 
cross-bedded fluvial sandstones with many paleo
sols. In the Dakhla Basin they overlie the Abu Ballas 
Fonnation with seeming confonnity and assume a 
thickness of about 160m. The Sabaya Fonnation is 
assigned an Albian age and may be a lateral equiva
lent of the marine Kharita member of the northern 
Western Desert. 

'The Maghrabi Formation (Barthel & Hemnann
Degen 1981) overlies unconformably the Sabaya 
Formation. It is made up of fine-grained bioturbated 
sandstones and claystones. The type section is to the 
south of the Abu Tartur plateau (Kharga-Dakhla 
road) where the formation assumes a thickness of 60 
m. The basal part of the fonnation consists of flaser
bedded sandstones with abundant plant remains 
(mainly leaves of angiosperms) which is overlain by 
shale and sandy glauconitic beds cartying abundant 
pelecypod shells as well as fish teeth. 'The remains of 
a dinosaur were found in these beds in a location 
south of Amonite Hill. The flora and fauna found are 
of Albian-Cenomanian age. The Maghrabi Forma
tion loses its marine character toward the south and 
west of the Dakhla depression where it is replaced by 
non-fossiliferous sandstones an'd claystones. 

To the north the Maghrabi Fonnation changes 
laterally into the Bahariya Fonnation of the northern 
Western Desert. 'The type section of the Bahariya 
Formation forms the floor and scarps of the oasis 
depression and has an exposed thickness of 209 m 
(Soliman & El Badty 1970). The fonnation includes 
many fossil-bearing beds; the so-called dinosaur bed 
is followed by a bed rich in Ceratodus sp. and a sandy 
thinning upward sequence with numerous paleosols 
rich in Exogyra ftabellata, E. calumba and a host of 
other characteristic fossils. The Bahariya is an estua
rine deposit (Dominik 1985) recording intennittent 
aggradations and repeated development of paleosols. 
The base of the formation is encountered in the 
Bahariya well no. I at a depth of 725 m. 'The total 
thickness of the Bahariya Formation is 934 m of 
which the lower part seems to belong to the Aptian 
and Albian. The top 20 m beds include more car
bonate members and were separated by Akkad & 
Issawi (1963) into a separate unit, the El Heiz. This 
unit is made up of marls and shale of late Cenoma
nian age. 

The Maghrabi Formation is overlain in the stable 
shelf areas of southern Egypt by a continental 
sandstone sequence, almost devoid of fossils: The 
Taref Fonnation. The Taref is a thick tabular-planar 
cross-bedded sandstone unit, which was deposited 

during Thronian-Santonian time. This is the typical 
'Nubian' type sandstone described in the literature. It 
belongs to the Platte type of fluvial deposits as 
described by Wycisk (1984). It was probably formed 
in a prograding alluvial plain in closely-spaced non
sinuos distributary streams (Harms eta!. 1982, Van 
Houten et a!. 1984). Klitzsch (1984) mentions the 
existence of marine intercalations yielding Thronian 
fossils within this fonnation toward the north be
tween Qena and Wadi Araba. This formation seems 
to indicate a gradual regression toward the north, a 
regression which was culminated in Santonian time. 
'The Taref is probably coeval with the shallow marine 
Abu Roash Fonnation of the northern Western De
sert. 

In the south at Aswan, the section overlying the 
eroded and leached basement rocks (Fig. 22!8) is 
correlated with the Taref Fonnation of the Western 
Desert. It is divided into three units (Attia 1955) 
reflecring a transgressive phase between two regress
ive phases of the Tethys during late Cretaceous time 
(Van Houten et a!. 1984 ). The three units are named 
(from bottom to top} the Abu Aggag, Timsahand Urn 
Barmil by El Naggar (1970). In this chapter these 
units will be treated as members of the Taref Fonna
tion. 

'The lower unit, the Abu Aggag, is given different 
names by different authors: El Kanaiess by Abdel 
Razik (1972), Aswan byKiitzsch(1984) and facies 1 
by Van Houten et a!. (1984). The unit has a wide 
distribution in southern Egypt. It overlies the base
ment rocks with an angular unconfonnity. In places 
the basal bed of this formation is made up of gross 
embedded in a violet red sandy clay matrix, 0.5 to 10 
m thick. This bed, which represents the weathering 
products of the underlying basement rocks, is 
described as a soil and distinguished as a separate unit 
named lbyan by Philobbos & Hassan (1975). In 
As wan the Abu Aggag is 40 m thick and is made up 
of a lenticular fining upward sequence of coarse
grained kaolinitic trough cross-bedded quartzose 
sandstones and conglomerates with many paleosols. 

'The Abu Aggag attains greater thicknesses to the 
north and northeast. At the foot of the temple of Deir 
El Kanaiess, along the Idfu-Mersa Alam road, it is 
175 to 250 m thick (Abdel Razik 1972). In Wadi 
Natash (Fig. 22/9), it attains a thickness of 120 to 155 
m (Said et a!. !976) and its upper part interfingers 
with volcanics which are dated 84 to 100 Ma (Resse
tar& Nairn 1980, Hashadetal. 1982). The age of the 
Abu Aggag, therefore, is late Cretaceous. Issawi & 
Jux (1982), however, give a Paleozoic age to this 
fonnation in Aswan. These authors base their dating 
on Zaghloul et al.'s (1983) record of the Paleozoic 
iclmofossil Bifungites in the overlying Timsah 
Member above the lower iron ore horizon. Since 
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genuine late Cretaceous fossils are desdribed from 
lower horizons than that from which Zaghloul et al. 
claim to have recorded the ichnofossil, the authentic
ity of the Bifungites find in the Abu Aggag Member is 
questionable. 

1he Abu Aggag is a fluvial sediment filling pre
existing relief. Fossils are rare; only poorly preserved 
plants are recorded. 

The middle unit (the Timsah) follows on top of the 
Abu Aggag Member and is given different names by 
different authors: upper part of facies 2 and facies 3 
by Bhattacharyya & Lorenz (1983), facies 2 by Van 
Houten et al. ( 1984) and Abu A gag by Klitzsch 
(1984). The unit is best exposed along Wadi Abu 
Aggag in the area of the former iron mines of As wan. 
It is also exposed on the west bank of the Nile at 
Aswan from below the tomb of Agha Khan to the 
plateau north and west of it. It conformably overlies 
the Abu Aggag and is unconformably overlain by the 
Urn Bannil Member. At the type locality the Timsah 
is 40 m thick. Its lower part consists of highly biotur
bated sandstone, siltstone and clay beds and its upper 
part of fine-grained silts and shales (some are genuine 
refractory clays) with intercalations of tabular, cross
bedded sandstone as well as oolitic iron ore bands. 
The lowermost bed of bioturbated sandstones in
cludes Skolithos, Teichichnius, Thalassinoides spp. 
among others. The clay beds of the lower part include 
a rich flora (Barthoux & Fritel1925, Newton 1909, 
Cox 1956 and Klitzsch & Lejal-Nicol 1984). The 
upper fine-grained part includes two iron ore beds: a 
lower (A) bed and an upper (B) bed, the latter form
ing the main seam which was mined until recently by 
the Egypt Iron & Steel Company. The two major iron 
ore beds are separated by a fine-grained sandstone 
bed from which a reasonably well-preserved flora 
was separated (Barthoux & Fritel1925). From a layer 
inunediately below the lower 'A' iron ore bed, the 
marine fossils lsocardia aegyptiaca and Inoceramus 
balli are described. These are considered of Conia
cian age by recent authors (Klitzsch pers. comm.). 

The Timsah is widely distributed along the Nubian 
Nile where similar beds carrying iron ore bands are 
recorded from Kalabsha, Garf Hussein, Korosko, 
Abu Simbil and other locations. The Timsah is miss
ing in Wadi Natash which may have represented a 
positive area supplying weathered basaltic materials 
to the iron-ore basins of Aswan and Nubia. 

Overlying the Timsah is the Um Bannil Member 
(=upper unit of Attia 1955, facies 4 of VanHouten & 
Bhattacharyya 1979, Bhattacharyya & Lorenz 1983, 
Taref of Klitzsch 1984 and facies 3 of Van Houten et 
al. 1984). It is made up of tabular, planar, cross
bedded medium to coarse-grained quartzose 
sandstone representing channel deposits of low 
sinuosity streams. 

The Taref sandstone is capped unconformably by 
marine variegated shales. These shales were recently 
subjected to intensive studies (Gindy 1965, Barthel & 
Herrmann-Degen 1981, Hendricks et al. 1985). The 
Variegated Shale unit is named Mut in the Dakbla 
Basin (Barthel & Herrmann-Degen 1981) and Quseir 
in the Quseir-Safaga district (Ghorab 1961). These 
vividly-colored shales are believed to have been de
posited in supratidal to intratidal flats which were 
transgressed at times by marine incursions of short 
duration. Nearshore low energy marine sediments 
intercalate the shales. The sediments are rich in plant 
remains, fish teeth (especially the lungfish Cera
todus), bone fragments, fresh-water gastropods 
among others. Fluvial systems seem to have flowed 
into these flats at various times. The Mut is 80 to 100 
m thick in the Dakbla Basin and 25 to 70 m in the 
Quseir-Safaga district. These variegated shales repre
sent the earliest deposits of the transgressive Campa
nian sea. This is the largest transgression over the 
Stable Shelf and it covered almost all the upper Nile 
and Dakhla basins. 

The tidal flats and marginal marine conditions of 
the variegated shales were followed by a shallow sea 
in late Campanian time in which phosphate beds 
intercalated with clay, limestone and chert beds were 
deposited. In the belt which extends from Dakhla 
Oasis in the west to Quseir in the east, the phosphate 
beds are well-developed and assume economic im
portance. These beds constitute a distinct unit, the 
phosphate (Duwi) formation. To the south of this 
belt, the phosphate beds do not form an important 
element in the formation and become indistinguish
able from the overlying Dakbla Shale. Good descrip
tions of the phosphate deposits of the Western Desert 
are found in the recent works oflssawi et al. (1978), 
Garrison etal. (1979) and Germannet al. (1984). 

1he phosphate (Duwi) formation is followed by 
the Dakhla Shales which carry in their lower and 
marly part ammonites of late Campanian age: Liby
coceras, Baculilites, Solenoceras aff. reesidei 
(Dominik & Schaal 1984 ). These are followed by 
black to darlc green shales and marls which carry 
biostromes of Exogyra overwegi of Maastrichtian 
age. lhese are followed upward by a thick shale 
section with minor calcareous sandstone beds carry
ing Cardita libyca. The Dakhla Shale ranges in age 
from late Campanian to early Paleocene. It is be
lieved that there is a hiatus in sedimentation within 
the Dakbla between the Maastrichtian and Paleo
cene. 

Along the southeast rim of the Dakbla Basin, in the 
Kiseiba area, the Mut, Duwi and Dakhla Formations 
assume a sandy facies, forming a unit which is na;-ned 
the Kiseiba Formation. 

In the northwest along the rim of the Dakbla Basin, 
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the Dakhla partly assumes a sandy facies which is 
classified as the Ammonite Hill Member (Barthel & 
Herrmann-Degen 1981 ). Many beds are mottled with 
glauconite and/or phosphatic nodules. Further north 
in the Farafra Basin, the Maastrichtian shaly facies of 
the Dakhla assumes a chalky facies and is classified 
with the north Western Desert Khoman Formation. 

3 Paleogeography 

The Siable Shelf of Egypt consists of two major 
intracratonic sedimentary basins having different 
paleogeographic evolution during the Mesozoic (Fig. 
22/10): 

1. The Dakhla basin extends over the western part of 
the country and is widely open toward the north on 
the western Unstable Shelf of the northern Western 
Desert. 1hls basin was a site of erosion from late 
Paleozoic to the end of the early Jurassic shedding its 
sediments to the south in a basin situated in west 
Sudan. 

The Dakhla basin started to receive continental 
clastic sediments from the south in middle Jurassic 
time and was covered by the first Mesozoic, clearly 
differentiated marine transgression in the early Creta
ceous (Aptian). In post-Aptian time the sea definitely 
regressed from the southern parts of this basin. Only 
the northern parts of the basin (about the latitude of 
Bahariya) were occupied by the sea during the Ceno
manian. The Thronian witnessed the beginning of a 
regressive phase over most of Egypt After a brief 
phase of transgression durig the Coniacian, a regres· 
sion followed during the Santonian. The widespread 
transgression of the Campanian, which followed the 

early Senonian extended slightly to the south of the 
oases ofDakhla and Kharga. The transgression conti
nued in early Paleogene times. 

2. The upper Nile basin extends over the eastern parts 
of the country from a longitude lying between Khar
ga and Dakhla to the west up to a region probably 
extending farther east of the actual coasts of the Red 
Sea.1hls basin probably extended over the site of the 
actual basement exposures of the Red Sea range 
which were uplifted in late Paleocene and later times. 
The Mesozoic sedimentary cover over this range was 
eroded during the Neogene, except in the low areas 
where it was preserved (e.g. Duwi, Hamadat, Atshan, 
Safaga, etc.). 

The upper Nile basin is widely open towards the 
north to the eastern part of the Unstable Shelf in 
northern Sinai and in the northern Eastern Desert. 

With the exception of its extreme western parts, 
which may have been a zone of transition between 
the Dakhla and the upper Nile basin, the southern 
parts of the upper Nile basin were mainly subjected to 
erosion exposing basement rocks until the late Thro· 
nian. The first widespread marine transgression of the 
Mesozoic over the upper Nile basin occurred during 
the Cenomanian and reached at least the latitude of 
As wan. 

The upper Nile basin was affected by the Thronian 
regression which culminated, as in western Egypt, in 
the early Senonian. Here also the major transgression 
which started in the Cenomanian can be recognized. 
1hls transgression reached a more southerly latitude 
in the upper Nile basin than that reached over the 
Dakhla basin. 



CHAPTER 23 

Cretaceous paleogeographic maps 

RUSHDISAID 
Consultant, AnnandtJJe, Virginia, USA and Cairo, Egypt 

An attempt is made to depict the paleogeographic 
evolution of Egypt during the Cretaceous period by a 
series of maps. The maps are based on the results of 
recent swveys of the exposed rocks of this period and 
the subsurface records reported from the numerous 
boreholes drilled mainly in north Egypt and the Gulf 
of Suez. The maps compliment Chapter 22 on the 
Mesozoic contributed by Kerdany & Cherif. 

The maps are intended to give a generalized view 
of the evolution of the land of Egypt during the 
Cretaceous period. The limits of the accuracy and use 
of the maps are numerous. The data upon which the 
maps are based is not of equal density in the different 
areas of Egypt; subsurface data in the middle lati
tudes, for example, are scarce. Furthermore, most of 
the data refer to formations whose ages differ from 
one place to another and which, in many instances, 
have a longer range of age than that depicted on the 
map. Thus the Sabaya formation is considered of 
Albian age for the purpose of the map construction 
although the upper part of the formation could well 
be of Cenomanian age. The same is true of the 
Maghrabi formation considered here to be of Ceno
manian age although the top parts could be of Thro
nian age. In the case of the Abu Roash and Khoman 
formations, arbitrary divisions are made of these 
formations which cover the interval from late Ceno
manian to Maastrichtian. This was necessary in order 
to use the data in constructing the numerous maps 
which cover this long interval. The divisions may not 
fit the interpretations of some paleontologists. Under 
each map are listed the formations used in the con
struction of the maps. 

A glance at the maps shows that the Cretaceous 
period witnessed four transgressive cycles in Egypt 
The Aptian, Cenomanian and Coniacian cycles 
brought very shallow seas to the passageway be
tween the elevated Nubian and Kufra massifs. The 
passageway, which changed position as the massifs 
eroded, was filled by marginal marine sediments of 
intratidal, supratidal, estuarine and swamp environ
ments frequently alternating with alluvial sediments. 
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The Campanian-Maastrichtian transgression, on the 
other hand, brought shallow open marine conditions 
to large parts of Egypt Figure 23/9 depicts the eusta
tic sea levels in Egypt as compared with those of the 
global sea levels. 

Early Cretaceous (pre-Aptian) (Fig. 23/1) 
The late Jurassic-early Cretaceous tectonic event af
fected Egypt in a most marked way. It affected the 
east-west oriented northern basin which covered the 
entirety of north Egypt during most of the Jurassic 
period. This basin which grew from a small nucleus 
in the northeast during the Triassic to cover the 
Unstable Shelf area was destroyed by the uplift of the 
Arabo-Nubian massif which elevated the Eastern 
Desert, the Red Sea, the Gulf of Suez and south and 
central Sinai (Fig. 23/1 ). These areas became the sites 
of intense erosion during the late Jurassic and most of 
early Cretaceous time. The eroded sediments of this 
high were deposited in the western basin in the form 
of fluvial deposits, the Six Hills formation in the 
south and the Alam El Bueb member of the Burg El 
Arab formation in the north. Both units are made up 
of clastics which accumulated under predominantly 
fluvial conditions although it is certain that the north
em Alam El Bueb unit was influenced by shallow 
marine incursions. Genuine marine conditions pers
isted only in the extreme northwestern part of Egypt 
at Sidi Barrani and Mersa Matruh areas where the 
Sidi Barrani and Matruh formations were deposited. 

The Six Hills formation underlies the well-dated 
matine Aptian clastics in the Dakhla basin. To the 
west, outside this basin, the entire early Cretaceous 
sedimentary column, including the Aptian, does not 
include any matine intercalations and is named the 
Gilf Kebir formation (see Klitzsch, this book, 
Chapter 13). Both formations include silicified tree 
trunks, ferns and other plant remains which indicate a 
?late Jurassic to early Cretaceous age. The sands are 
coarse-grained and show tabular cross-bedding. The 
Aswan-Uweinat High was active at the time. 

Palynological assemblages from the late Jurassic-
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Figure 23.1 Egypt during late 
Jurassic-early Cretaceous (pre
Aptian) time. l. positive areas; 2. 
shallow marine deposits alternat
ing with alluvial sediments; 3. al
luvial deposits; 4. shales of the 
open marine Matruh basin; 5. 
limestones of the open marine Sidi 
Barrani basin. 

Neocomian formations of the Foram and anunonite 
wells are purely terrigenous and contain high per
centages of pteridophyte spores associated with com
mon gymnosperm pollen (Schrank 1984, 1987). 
Similar palynological assemblages are described 
from the subsurface strata of Kharga Oasis (Helal 
1%6, Soliman 1975, 1977 and Saad & Ghazaly 
1976). 

In the north Western Desert, the Alam El Bueb 
member is made up of clastics with minor shale 
interbeds. The member was deposited under shallow 
marine conditions affected by outpours of fluvial 
sediments which were supplied from the highs sur
rounding the basin from the east or standing in its 
midst, the Qattara ridge and the Kattaniya arch. 

Aptian (Fig. 23!2) 
The Aptian witnessed a transgression that brought 
parts of north Sinai and a large part of the south 

Western Desert under the influence of a shallow sea 
(Fig. 23/2). The Alarnein and Abu Ballas formations 
represent thin marine intercalations in the continental 
section of lower Cretaceous clastics in northern and 
southern Egypt respectively. The thin fossiliferous 
red and green shales of the Abu Ballas formation are 
interpreted as prodelta deposits of a vast, very shal
low epicontinental sea (Boettcher 1985). The prodel
ta sediments are underlain and overlain by fluvial and 
delta-front sand- and siltstones and deposits of 
coastal swamps. The delta front sediments lay in 
front of the river mouths and carry a small number of 
species which could tolerate this extreme environ
ment (e.g. Crassostrea association). The prodelta 
sediments lie to the north and cover a large area. 
Because of the very gentle slope of the sea floor, the 
high energy zone was sitnated far off the coast, 
dividing the prodelta into three parts (Fig. 23/2). The 
upper part was the closest tn the shoreline and is 
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Figure 23.2 Egypt during Aptian time. I. positive areas; 2. open marine sediments; 3. prodelta deposits; 4. outcrops of Aptian 
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characterized by low energy level, a very shallow 
water depth and a strongly fluctuating salinity. In the 
middle prodelta, waves coming from the open sea 
dissipated their energy as they impinged on the bot
tom. In this high energy wne the burrowing brachio
pod Lingula sp. is the main element of the very low 
diversity fauna. The sediments of this zone are fine
grained sandstones. The lower prodelta and offshore 
clayey sediments yield a relatively high diversity 
fauna. The environment was characterized by low 
energy level, a sea floor lying below wave base and a 

constant salinity coming closest to fully marine con
ditions. 

In north Sinai, the Risan Aneiza formation is made 
up of alternating delta front and prodelta sediments. 
In the north Western Desert, marine conditions pre
vailed and carllonate sedimentation followed by 
shales is typical. The sediments of this realm are 
named the Alamein and Dahab members (of the Burg 
El Arab formation) respectively. Their maximum 
thickness is in the Alamein subbasin. 
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Figure 23.3 Egypt during Albian time. I. positive areas; 2. alluvial deposits; 3. marine deposits alternating with alluvial 
sediments; 4. open marine deposits; 5. isopach contours. 
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Albian (Fig. 2313) 
The Albian represents a regressive phase in which the 
sea retreated northward. The northern part of the 
elevated Eastern Desert, as well as a large part of the 
Western Desert, fonned a receptable receiving the 
fluvial detritus of the rivers emanating from the erod-

ing elevated massif to the south. In the Gulf of Suez, 
central Sinai and Wadi Qena thick beds of fluvial 
sandstones of the Malha fonnation accumulated un
confonnably above older beds ranging in age from 
Precambrian basement to late Jurassic. In the West
em Desert the sandstones of the Sabaya Fonnation 
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Figure 23.4 Egypt during Cenomanian time. I. positive areas; 2. open marine sediments; 3. estusrine deposits; 4. fluvial 
deposits. 
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accumulated above the Aptian. 
To the north shallow marine fine- to coarse

grained sandstones accumulated in the north Western 
Desert above the Dahab Sbales. These constitute the 
Kharita member (of the Burg El Arab formation). To 
the northwest, around the Matruh basin, carbonates 
form a dominant part of the section. In this area 
thicknesses of more than 500 m are reported. 

Cenomanian (Fig. 23/4) 
During the Cenomanian a marine transgression 
covered most of Sinai, the Gulf of Suez and north
west Egypt. In late Cenomanian time, the transgres
sion pushed southward to form a narrow passageway 
which lay between the Arabo Nubian massif and the 
elevated Kufra basin. This passageway seems to have 
formed a veritable estuary in which marginal marine 
conditions prevailed. 

The Gulf of Suez was differentiated for the first 
time, its eastern and western embankments were the 
sites of the shallow marine deposits of the Raha and 
Galala formations respectively. In north Sinai deeper 
marine conditions prevailed; thicker and more calcar
eous sediments of the Halal formation were deposit
ed. Genuine marine conditions are also reported from 
the northwestern comer of Egypt. 

The passageway lying to the south is filled in the 
north by the Bahariya formation made up of tidal flat, 
estuarine to fluviatile deltaic deposits with frequent 
marine intercalations (for a recent description of the 
Bahariya deposits, see Dominik, 1985). The Baha
riya formation is divided into a lower fluviatile 
member, the Gebel Ghorabi, a middle estuarine 
member, the Gebel Dist and an upper marine 
member, the Heiz. The Heiz is equivalent to the 'G' 
member of the Abu Roash formation of the subsur
face north Western Desert. 

Further south the Bahariya grades into another 
formation, the Maghrabi, attributed, like the Baha
riya, to an abrupt marine transgression flooding the 
Dakhla basin (Hendriks 1986). The Maghrabi differs 
from the Bahariya in showing lesser marine 
influence. It is made up of a clastic sequence which 
contains brachiopods (Lingula sp. ), rare vertebrate 
remains (fish teeth, dinosaur bones and turtle plates) 
and abundant plant remains (angiosperms) which, 
near Kharga Oasis, form thin coal beds in the upper 
part of the formation. The lateral and vertical ar
rangement of the distinctive sedimentary facies of the 
Maghrabi characterize a tidal flat environment which 
was repeatedly cut by meandering estuarine chan
nels. An angular unconformity and paleosol forma
tion separate the Maghrabi from the underlying Sa
baya formation. 

Turonian (Fig. 23/5) 
During the Thronian genuine marine conditions pre
vailed over a larger part of north Egypt. The marine 
Thronian beds cover north Egypt and the embayment 
of the Gulf of Suez. In the Gulf the beds are made up 
of a lower shale, the Abu Qada formation and an 
upper solid limestone unit, the Wata formation. In the 
north Western Desert, the subsurface Turonian is 
represented by the Abu Roash D, E and F (equivalent 
to the outcropping Rudistae and Acteonella series of 
the Abu Roash structure to the northwest of Cairo, 
Said 1962). Thick sections are recorded in the Berty, 
Abu Gharadig and Gindi (Faynm) basins. 

The Thronian witnessed an important pulse of the 
Laramide movement which elevated the coastal areas 
of Sinai, th~ Sidi Barrani coastal area, the Qattara 
ridge and numerous structures across Sinai. It also 
elevated the Bahariya arch. Most authors date the 
carbonate section overlying the Bahariya formation 
(the El Hethnf) as Campanian. 

The great estuary that had covered the Dakhla 
basin during the Cenomanian disappeared. A thin 
strip of fluvio-marine deposits skirts the southern 
shores of the sea in the Wadi Qena area. These 
deposits belong to the Urn Omeiyid formation and 
are made up of cross-bedded fluviatile sandstone 
beds with intercalations of marine pelitic and marly 
sandstone beds. 

The plains of south Egypt including Aswan seem 
to have received fluviatile deposits during the Thro
nian. These are represented by the Taref formation 
and its lower member in Aswan, the Abu Aggag. 

Coniacian (Fig. 23/6) 
The Coniacian represents a transgressive phase 
which brought the sea inland as far as Nubia and 
beyond covering the entire Nile basin. Genuine 
marine conditions prevailed in the northern parts of 
Egypt and in the Gulf of Suez area where the conia
cian is represented by the 'B' and 'C' members of the 
Abu Roash formation(= flint and Plicatula series of 
the outcropping Abu Roash structure, Said 1962) and 
by the Matulla formation respectively. In the Nile 
embayment and in the Wadi Qena area sballow 
marine epicontinental deposits alternate with fluvial 
sediments of the Timsah and Hawashiya formations 
respectively. These formations are described in other 
chapters of this book (see Kerdany & Cherif, Chapter 
22 and Klitzsch et a!., Chapter 16). 

A pulse of the Laramide tectonic event activated a 
number of structures including the Suez-Cairo
Kattaniya high, the Qattara ridge, the Bahariya arch 
and the Sinai coastal area. Numerous basins develop
ed in the Gulf of Suez and the north Western Desert. 

-----------------------------------
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Santonian (Fig. 23n} 
The Santonian represents a regressive phase during 
which the sea occupied only the tectonic basins of 
north Egypt that became clearly distinguished. In the 
Gulf of Suez, the Santonian is represented by the St 
Anthony Cbalk and by the upper beds of the Matulla 
fonnation. In the north Western desert the Santonian 
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is represented by the 'A' member of the Abu Roasb 
fonnation which is recorded only in the basins inter
vening the major higbs which became clearly dis
tinct. The 'A' member is not present in the outcropp
ing Abu Roash structure which became a high during 
Santonian time. 
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Figure 23.6 Egypt during Coniacian time. I. positive areas; 2. shallow marine deposits alternating with fluvial sediments; 3. 
open marine sediments. 
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Campanian (Fig. 23/8) 
A major transgression took place during Campanian 
time. During the earliest part of this transgression 
(?middle Campanian) the area was covered by a very 
shallow sea which was affected by tidal currents. 
Deposits of supratidal to intratidal mud, sand and 
mixed fiats alternate with marsh and estuarine depos
its. The deposits are pelitic to psammitic in texture 
and are varicolored. They belong to the Quseir Varie
gated Shale and the Mut formation. Bone beds carry
ing abundant fresh-water and marine fish remains, 
fresh-water turtle and an omithiscian dinosaur point 
to deposition in near shore mixed environment. The 
Mut and Quseir formations belong to the middle 
Campanian ( Canadoceras cottreaui and Manam
bolites pivetaui ammonite zones) and are known only 
along a belt, in south Egypt, underlying the Duwi 
(phosphate) formation which is of late Campanian 
age (heteromorph ammonite (Nostoceras) zone). 

Figure 23/8 is a paleogeographic map of Egypt 
during the late Campanian when a shallow sea 
covered the largest part of the country. It was a sea 
which apparently fonned an optimum environment 
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for the formation of phosphate deposits. It received 
lesser amounts of detritus. In the belt extending from 
the Quseir-Safaga reach along the Red Sea to the 
entrance of Wadi Qena, the Nile valley and the 
Kharga-Dakhla stretch, thick and rich phosphate 
beds are common. These beds fonn the Duwi forma
tion. In Wadi Qena, wh= shales are more common, 
the name Rakhiyat formation was proposed to 
designate the phosphate beds at the entrance of the 
Wadi (Hendriks & Luger 1987). In the Gulf of Suez, 
the Campanian marl section includes phosphatic 
beds and was named Gebel Thelmet formation (also 
named the 'Brown Limestone' by oil company geo
logists). In Bahirya Oasis the sequence overlying the 
Thronian carries phosphate beds and was named El 
Hethuf. It is partly dolomitic. Allam (1986) proposes 
separating the phosphate-bearing part of this section 
to fonn a new formation, the Ain Giffara and to retain 
the name Hethuf to the dolomite section which he 
considers, on stratigraphic grounds, to be ofThronian 
age. 

In north Egypt the Campanian is represented by 
chalky limestones, the Rajirn in north Sinai and the 
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Figure 23.7 Egypt during Santonian time. 1. positive areas; 2. open marine sediments. 
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Figure 23.8 Egypt during late Campanian time. I. positive areas; 2. open marine chalky limestone facies; 3. open marine 
dolomite facies; 4. open marine phosphate and flint facies; 5. shales with bone beds. 



Cretaceous paleogeographic maps 449 

+ + 

GLOBAL EUSTATIC EGYPT EUSTATIC 
S.l. S.l. Age after 

• AGI data sheets 
+ 10 8 6 4 2 

65 
10 8 6 4 2 .._..._ mainly after Vail et 

al (1977 J ~ 
Maastrichtian 

f-

72 \ 

Campanian 

83 

'~ 
Santonian 

' 86 
88 Coniacian 

Turonian IT 91 

" ........ Cenomanian r-.... 95 

\ 
~ 

Albian K 
~ "" 107 

Aptian I 

112 
114 Barremian 

~-

~· 
- -- ~--

Neocomian 

1\ 
\ 

130 
Jurassic 

lower part of the Khoman fonnation, the so-called 
'Khoman B'. In the latter case the section includes 
numerous shale intercalations and is known only in 
the basinal areas. 

Maastrichtian 
After a short regressive interval during the earliest 
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Figure 23.9 Eustatic sea levels 
duringCie~usperi~ 

Maastrichtian, the sea advanced and covered larger 
areas of Egypt than at any other time. The sea became 
considerably deeper. In the north pure chalks of the 
Sudr (Sinai and Gulf of Suez) and Khoman (north 
Western Desert) accumulated. In the south, shales 
(lower part of the Dakhla fonnation) were deposited. 



CHAPTER 24 

Cenozoic 

RUSHDISAID 
Consultanl, Annandale, Virginia, USA and Cairo, Egypt 

The two major divisions of the Cenozoic, the Paleo
gene and the Neogene, are separated from one 
another in Egypt by dramatic events which changed 
the landscape of Egypt, initiated the process of for
mation of the Red Sea rift, raised mountains and 
activated volcanoes. The sediments of these two pe
riods cover large areas of Egypt. They differ from one 
another with regard to their extent, stratigraphic set
ting and the type of basins in which they accumu
lated. In the following paragraphs a description is 
given of the sediments of each of these periods and an 
attempt is made to reconstruct their paleogeography 
and paleoecology. 

PALEOGENE 

Paleogene rocks lie unconformably over upper Creta
ceous or older rocks in most areas of Egypt. The 
nature of this contact differs in the two major tectonic 
provinces of Egypt, the Stable and the Unstable 
Shelves. The transition from the Cretaceous to the 
Tertiary in the south Stable Shelf areas was not 
accompanied by intense tectonic disturbances; the 
sediments of the Tertiary lie disconformably over the 
Cretaceous and are separated from it by a thin intra
formational conglomerate carrying reworlred late 
Cretaceous fossils. In these areas the Cretaceous
Tertiary boundary lies within the Dakhla Formation, 
a mappable unit of great areal extent in south Egypt. 
The extent of the Cretaceous-Tertiary hiatus can best 
be measured by the study of the planktonic foramini
feral assemblages along the Cretaceous-Tertiary con
tact. Most Cretaceous sections lack the topmostAba
thomphalus mayaroensis Zone. Figure 24/1 shows 
the foraminiferal zones recorded in some Paleocene 
sections of the Stable Shelf. In the Dakhla area, the 
uppermost Cretaceous is overlain by the Paleocene 
Plb Zone (Barthel & Herrmann Degen 1981) whe
reas in the Kharga-Baris stretch it is overlain by the 
P2 Zone (Luger 1985). In Naqb Assiut the oldest 
beds of the Paleocene belong to the P4 Zone (Strougo 
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1986). In the Gebel Aweina section (Nile Valley) the 
uppermost Cretaceous is followed by the P1 b Zone. 
In the northern parta of the Stable Shelf (e.g. Farafra) 
the Cretaceous-Tertiary boundary lies within the 
Khoman Chalk (Gunnel El Bahariya) or at its top 
(Ain Maqfi). In Gunnel El Bahariya the Cretaceous is 
followed by the P1b Zone whereas in Ain Maqfi it is 
followed by the P3 Zone. In the Quseir area Krashe
ninnikov & Abdel Razik (1969) record the most 
complete and probably the only section in Egypt in 
which there seems to be no paleontological break; the 
uppermost Cretaceous is followed by the P1a Zone. 
Luger (pers. comm.) claims that similar relationships 
to that of the Quseir area exist between the Creta
ceous and Paleocene in Gebel Qreiya, entrance of 
WadiQena. 

The relationship of the Cretaceous and Paleocene 
in the Gulf of Suez area is shown in Figure 24/2. 

In the north Unstable Shelf areas of Egypt the late 
Cretaceous and early Tertiary rocks exhibit varied 
relationships. These relationships seem to have been 
governed by the paleorelief inherited from the late 
Cretaceous tectonism which affected the Unstable 
Shelf and upon which the early Tertiary sediments 
were deposited. In the synclinal areas of this paleore
lief more complete sections of the late Cretaceous 
and early Tertiary are found. Here the hiatus is rela
tively small and the boundary lies either on top of the 
Sudr Chalk or else cuts across the overlying Esna 
Shale. Said & Kenawy (1956) discuss the impact of 
this paleorelief on the distribution of foraminifera in 
two adjacent sections in Sinai. In the more positive 
areas of this paleorelief great breaks are known as a 
result of the non-deposition of total systems or st
ages. 

PALEOCENE 

The Paleocene is represented by open marine sed
iments of varying lithologies reflecting the frequent 
epeirogenic movements and/or changes of sea level 
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Figure 24.2 Correlation of some Paleocene sections from the Gulf of Suez. Br =Brown Limestone; Th =Thebes. Assembled 
by Masters, 1984. Data of well (3) from Barakat & Fahmy 1969; data of all other wells from Kerdany & Abdel Salam 1970. 

which affected Egypt during this epoch. Strougo 
(1986) singles out the late Paleocene (the so-called 
Ve/ascoensis time) as a significant episode of tecton
ism which affected many areas in south Egypt. It was 
marl<ed by the deposition of burrowed bioclastic 
limestones in many places. A typical Paleocene sec
tion of the Stable Shelf is that of Gebel Aweina, a 450 
m high outlier lying about 8.5 km to the northeast of 
the Sebaiya railway station. This hill is the type 
locality of the Esna Shale rock unit. 

The Gebel Aweina section (Fig. 2413) is made up 
primarily of shales interrupted by a middle carbonate 
bed (the Tarawan). The shales are of different colors 
and are of decided marine origin showing the effect 
of euxinic conditions at certain levels. Stringers of 
benthonic foraminiferal packstone associated with a 
large number of shells are frequent throughout the 
section. Toward the top bioclastic carbonates charac
terize the transitional layers to the massive limestone 
beds of the Eocene. The whole succession rests with 
seeming conformity on the oyster limestone and 
associated phosphatic beds of the Duwi formation 
which cover the low lands to the south. Figure 2413 
gives the lithology, thickness and nomenclature of the 
different units of the section as well as the ages of 
these units based on their planktonic foraminiferal 
and calcareous nannoplankton content (Youssef 

1954, Said & Sabry 1964, El Naggar 1966, Perch
Nielsenetal.1978, Masters 1984). 

Tbe Paleocene sediments of the Stable Shelf areas 
of Egypt are of great areal extent and are found in 
areas as far apart as Dakhla and Quseir. In this stretch 
they are represented by the upper part of the Dakhla 
Shales, the Tarawan and the lower part of the Esna 
Shales. In Quseir the upper part of the Dakhla is made 
up of a solid shale unit which contrasts with the lower 
and more marly part. The upper part is named the 
Beida Member. 

In Farafra the Paleocene section is lithologically 
similar to other sections of the Stable Shelf. Masters 
(1984) and Strougo (1986) reinterpret the units of the 
Ain Maqfi section previously described by Said & 
Kerdany (1961) and Youssef & Abdel Aziz (1971). 
They equate the Ain Maqfi Member, a thin limestone 
bed intercalating the lower part of the shale section, 
with the Tarawan chalk and divide the section (pre
viously relegated to the Esna Shale unit) into a lower 
Dakhla (6 m thick), a middle Tarawan (6.5 m thick) 
and an upper Esna (137 m thick). According to this 
interpretation, the Ain Maqfi Paleocene is made up of 
similar units to those of the Dakhla Paleocene. 

West of Farafra (Ain Dalla) the Paleocene is of a 
more calcareous nature and is named the Ain Dalla 
formation (Barthel & Herrmann-Degen 1981 ). These 
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calcareous marls and marly limestones rest discon-
FOR AM. MANNO. 

FORMATIONS ZONES PLZA;;~ETSON fonnably over the Maastrichtian Khoman Chalk; the 

~ 
oldest beds of the marls belong to the P4 planktonic 

THEBES foraminiferal Zone (Strougo 1986). 
4 ,. 

1be Paleocene also assumes a more calcareous ~ 

"' < nature along the southern edge of its outcrops (the 
100 

~ 
w 

P&b NP/10 
so-called Garra El Arba'in facies of Issawi 1%9, 

w ~::.~ 
1971 ). Here the top part of the Dakhla is replaced by a 

~ [:.::-2- brownish yellow limestone unit with clastic interbeds 
< c_C:~ (Kurkur fonnation) which is followed, in tum, by a :c 
~ 

to:~ 
w sequence of carbonates with shale and marl intercala-

~:f 
,. z tions (Garra formation). Both units are the subject of HO < "' f:; w 

extensive studies by Hendriks et a!. (1984), Luger z < u 
~ w (1985) and Hendriks (1985). Luger (1985) divides 0 >-
w >- < P5 NP/9 

~;::0: 
"' 

w ~ the Kurkur into a lower transgressive oyster-bearing 

~ - w 
~ 

sequence, a middle regressive sandy sequence and an 
>- < 

0. upper transgressive calcareous sequence. 1be two 

200 TARAWAN 
lower units belong to the early Paleocene (PI to P3), 

,. 
NP7/8 HI while the upper unit and the lower beds of the overly-

,. P1 
ing Garra fonnation belong to the late Paleocene (P4 

~ NP/~ toPS). 
"' -

~ 
< P2 Toward the north in the Unstable Shelf areas the w 

- P1 
shales of the Dakhla formation change laterally into 

- chalk; the Khoman in the Western Desert and the 
150 

Sudr in the Eastern Desert and Sinai. 1bese chalk -

- units are of different ages, but most are oflate Creta-

~-
z ceous age replacing only the lower late Cretaceous < 
;::: part of the Dakhla. The upper part of the Dakhla, the w -- :c 

~ u Tarawan and the Esna, which are of Paleocene to 
< ~~- '" early Eocene age in the Stable Shelf areas, are repre-

100 :c p i;; 
< sented by the Esna Shale in the Unstable Shelf areas. ~ < 

co:=- ~ ::; This unit is of wide extent and is distinct by virtue of 
< § :J 

~ 0 its position between two mappable carbonate units: 
:c ~ w the Sudr below and the Thebes above. In many areas 
"' ,: -, u in the north the Esna is cut across by a characteristic 
< r-' < 
Cl ~ >- limestone unit reminiscent of the Tarawan fonnation 

so 
of the Stable Shelf areas. Hendriks et a!. (1987) w 

~). "' propose to name this unit the Sharib. The Sharib is 37 u z m thick in its type in the north Wadi Qena area, and its 
~:= < z age extends from the Maastrichtian to the early 
1-S:: < 

0. Eocene. 
~ 

::; 
Table 24/1 correlates the Paleocene rock units, < u 

0 :E:-!7 while Figures 24/1 and 24/2 show the space and time 
OUWI 

relationships of these units. 
VARIEGATED ~ 

SHALE -

Figure 24.3 Gebel Aweina section; see table 24.1 for fora- EOCENE 
miniferal zones; mannoplankton zones after Martini 
(1971). Eocene outcrops cover about 21% of the surface area 

of Egypt. They bound the Nile valley, form the pia-
teaux of the middle latitudes and build mountain 
scarps along both shores of the Gulf of Suez and 
central and north Sinai. The Eocene rocks assume 
several thousand meters in thickness and are made up 
almost exclusively of carbonates occasionally mixed 

------------------- -------------
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with varying amounts of clastics. This lithologic 
monotony and the non-fossiliferous nature of large 
segments of the section make the recognition of 
regional lithostratigraphic units difficult. In addition, 
the persistent tectonic disturbances of this epoch 
resulted in many breaks and produced many sedi
mentary environments each with a distinctive biota 
making correlation and biostratigraphic zonation 
difficult. Nowhere in Egypt, whether in outcrop or in 
drillhole, can the complete section of the Eocene be 
examined. The section is at best composed from 
numerous localities. 

No overall classification of the Eocene rocks of 
Egypt is universally accepted. Most classifications 
start from Zittel's major divisions: the Libysche and 
Mokattamstufe to which Said (1960) gave the forma
tional names Libya and Mokattam groups respect
ively. The Libya group was subdivided into the Esna, 
Thebes (=Zittel's lower Libyan) and Minia (= Zit
tel's upper Libyan) formations. The name Mokattam 
formation was retained for Zittel's lower Mokattam 
and the name Maadi formation was coined to cover 
Zittel's upper Mokattam. Subsequent workers ac
cepted this framework, elaborating and refining on it. 
Many new formational names were suggested to 
differentiate certain facies or to designate rock types. 
An attempt to sort out these names and revise the 
stratigraphy within this general framework is at
tempted by Boukhary & Abdelmalik (1983) and 
Strougo (1985, 1986). The authors of the new Geo
logical Map of Egypt (1987) also distingnish within 
this framework several rock units which succeed 
and/or interfinger one another, upgrading the Thebes 
and Mokattam to group status. In the present work the 
Eocene rocks are divided into the following major 
rock units (from top to bottom): 
- Maadi group comprising from top to bottom the 

UNSTABLE SHELF 

THEBES 

ESNA 

s 
~~~~ u 

D 

R 

Table 24.1 Paleocene rock units. 
Planktic Foram. Zones: Pla, b= 
Globigerina eugibina, Turborota
lia pseudobulloides, T. trinidaden· 
sis; P2= Acarinina uncinata; P3= 
Morozovella angulara; P4= Plaoo
rotaloides pseudomenardii; P5= 
Morozovella velascoensis; P6a, b= 
M. acuta, M. subbatinae; P7= M. 
formosa. 

Wadi Hof, Wadi Garawi and Qum formations and 
their equivalents 

- Mokattam group s.l. divided into: 
a lower Mokattam formation s.str. comprising 

the Nummulites gizehensis-bearing formations of 
the Cairo area and their equivalents in other parts of 
Egypt 

an upper Observatory formation for the car
bonate sections of the Cairo area and their equiva
lents in other parts of Egypt 

- Minia formation 
- Thebes group comprising the Thebes formation 

s.str. of the Stable Shelf areas and its equivalents in 
other parts of Egypt 

- Esna formation (top part) and its equivalents 
Despite the numerous paleontological studies which 
have been carried out in recent years (Hamam 1975, 
Strougo 1977, 1979, 1985, 1986, Boukhary, Blon
deau & Ambroise 1982, Blondeau, Boukhary & Sha
mah 1984, Omara& Kenawy 1984, Sharnah & Blon
dau 1979, Strougo & Boukhary 1987, Ziko 1985, 
etc.) the exact age of many of the Eocene formations 
has not yet been determined. The only taxon which is 
of value in inter-regional correlation is the planktonic 
foraminifera, but these foraminifers are restricted to 
the pelagic facies of the Eocene which is not of wide 
distribution either in space or in time. The ubiquitous 
macro-invertebrate fossils and the Nummulires, 
Operculina, Alveo/ina and other larger foraminiferal 
tests are still of limited value in regional correlation 
despite the numerous studies that have recently been 
conducted. Ample evidence had accumulated from 
previous paleontological work to allow dating the 
Eocene rocks as early, middle and late coiTesponding 
respectively to the European stages, the Ypresian, 
Lutetian and Priabonian and Bartonian. Strougo 
(1985) advocates the use of local names as stage units 
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and suggests reverting to Zittel's nomenclature Li
byan and Mokattarnian. 

In the following paragraphs a description is given 
of the different rock units of the Eocene. In organiz
ing these notes I have benefitted greatly from discus
sions with Professors Strougo and Boukhary who 
have been conducting extensive research on the 
Eocene rocks of the Nile valley. To them I owe a note 
of gratitude. 

ESNA FORMATION AND THEBES GROUP 

The earliest Eocene sections of the Stable Shelf areas 
overlie the late Paleocene disconformably and with 
no break in sedimentation; the contact lies within the 
Esna Shale rock unit. The upper part of the Esna 
carries the early Eocene planktonic foraminiferal 
zones P6 and P7 (Morozovella subbotinae and M. 
formosa zones respectively). From these shales Ker
dany (1970), Sadek (1971) and Perch-Nielsen et al. 
(1978) describe several calcareous nannofossils 
which belong to the early Eocene NPlO and NPII 
zones. On top of the Esna Shale lies a limestone unit 
with flint, the Thebes formation, so named after its 
type locality near Luxor. 

The name Thebes gained acceptance and wide 
usage despite the fact that in many areas the lower 
Eocene rocks assume a different lithology from that 
of the type section. In recent years several local 
names have been coined to designate these different 
lithologies. In the following discussion the Thebes 
will be retained as a formational name to designate 
the lower Eocene facies of the Nile valley, Quseir, 
Gulf of Suez and Sinai despite the fact that this name 
has been elevated to Group level by the authors of the 
new geological map of Egypt to include all the facies 
variants of the lower Eocene rocks. 

Thebes formation 

The scarp-building limestone unit of south Egypt and 
central Sinai was named Thebes formation by Said 
(1960). The type section of this formation is atGebe1 
Gumah, Luxor, behind the famous temple of Deir E1 
Baltari where it lies disconformab1y above the Esna 
formation. The section is 290 m thick and is divided 
into three members (Snavely et al1979). The lower 
memberis 135mthickandismade upofthin(5 to 10 
em thick) alternating beds of indurated limestones 
and friable chalk with scattered or banded nodules of 
chert; the upper part of this member is marly. Fossils 
are relatively rare. Occasional intact nautiloids 
weather out of the chalk interbeds, and the pelecypod 
Lucina (Anodontia) thebaica is found in the upper 
marly beds of this unit. 

The middle member is 125 m thick and is made up 
mainly of thinly-bedded fossiliferous chalk beds with 
nodular limestone interbeds, Nummulites and Oper
culina banks, and massive bioturbated chalks. Nu
merous echinoids and pelecypods are recorded from 
this unit. 

The upper member is 30m thick and is made up of 
reworked shell hash; oysters, echinoids and alveo
lines are common. The upper member assumes 95 m 
in thickness in Gebel Shaghab. 

The age of the Thebes formation is early Eocene 
belonging to the planktonic foraminiferal Zones P8 
and P9 (Morozovella aragonensis and Acarinina 
pentacamerata respectively). Other fossils that are of 
value in regional correlations are: Lucina (Anodon
tia) thebaica which occurs in the marly top layers of 
the thinly-bedded limestone-chalk lower member, 
Nummulites and Operculina spp. which occur as 
embankments in the nodular limestones of the middle 
member, and oyster biostromes which become more 
common higher up in the section. Reworked Alveo
lina tests, oysters and echinoids (e.g. Conoc/ypeus 
delanouei) are characteristic for the upper member. 
Hamam (1975) andBlondeau, Abdelmalik & Boukh
ary (1982) describe several characteristic species of 
the larger foraminifera collected from the embank
ments of the middle part of the section. Among the 
Nummulites described are: N. praecursor, N. ata
cicus and N. aff. subplanulatus. The first two species 
relegate the middle layers of the Thebes to the earliest 
Eocene. 

The Thebes is widely distributed. It makes the 
table lands of the middle latitudes of Egypt, the bulk 
of the Egma plateau, Sinai and the scarps of the 
mountains of the Gulf of Suez. In places, the Thebes 
is replaced laterally or overlapped by rock units 
which differ in appearance due to the preponderance 
of one or more lithologies other than the predominant 
thin-bedded limestone-chalk with flint lithology of 
the Thebes. In recent years several local names have 
been coined to designate these different lithologies. 
Table 24(21ists and correlates some of these names. 

El Rufuf. The name El Rnfuf was proposed by the 
authors of the new Geological Map to designate the 
well-bedded platform limestones of the Kharga 
scarp. Many fossil-bearing limestone beds intercalate 
the succession. In the lower levels Nummulites and 
Operculina-carrying beds are common. These are 
followed by oyster, alveolinid and echinoid embank
ments. The top of the El Rufuf is marked by a silcrete 
bed, about 30m thick, which weathers in longitudinal 
furrows forming the well-known Kharafish land
scape. The thickness of the El Rufuf is in the range of 
110 to 140m. Inmost areas it overlies the Esna Shale 
with a marked disconfonnity. 
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Table 24.2 Lower Eocene rock units. Planktic Foram. Zones: P8= M. aragonensis; P9= Acarinina pentacamerata. 

The formation can well be correlated with the 
middle and upper members of the Thebes formation. 

Farafra limestone. This name was proposed by Said 
(1960) to designate the alveolinid limestone facies of 
Gebel Gus Abu Said, west Farafm. The enclosed 
Alveolina spp. differ from those recorded from a 
higher level, the Minia, in that they are, on the whole, 
spherical in shape mther than elongate. These species 
are believed to be of earliest Eocene age (llerdian 
according to Hottinger 1960). In its type section, at 
Gebel Gus Abu Said, the Famfm is a 34 m thick 
massive, tan to buff limestone unit. The lower part is 
argillaceous. Most authors consider the Farafra a 
back reef development in the neritic zone of the early 
Eocene sea. The Farafm is known in the stretch 
between Farafra and Dakhla. In addition, the Farafm 
is recorded in the Ezz El Orban well (Gulf of Suez) 
where it assumes 230 m in thickness (Barakat & 
Fahmy 1969). In the nearby Gebel Thelmet, an iso
lated bute of Gebel Southern Galala, it assumes a 
thickness of33 m (Abdel Kireem & Abdou 1979). 

The Farafm limestone belongs to the P7 planktonic 
fomminifeml zone in Farafm, to the P6a to P7 Zone in 
Ezz El Orban well and to the P6b Zone in the Gebel 
Thelmet exposure. In all three areas the Farafm over
lies the P5 Zone of the Esna fonnation. The Famfm is 
believed, therefore, to replace the upper part of the 
Esna Shale which is dated early Eocene in other parts 
of Egypt. The upper age limit of the Famfm is 
difficult to detennine; the upper part of the thick Ezz 

El Orban section does not carry any planktonic fom
minifem (Fig. 24/2) and is overlain directly by the 
Miocene. In Gebel Thelmet, however, the Farafra is 
overlain by uppennost middle Eocene beds of the 
P13 Zone. In the north and south Galala, the Famfra 
includes a rich alveolinid fauna belonging to the 
lower A. primaeva zone and an upper A. pasticillata 
zone. These zones are of early Eocene age (see, 
however, Bandel & Kuss 1987, wbere these zones are 
considered of Paleocene age). 

Dungul formation. The southern edge of the lower 
Eocene outcrops (Fig. 24{7) is made up of the upper 
part of the Garm Formation and a scarp-fonning unit, 
the Dungul. Issawi (1969) describes the Dungul as 
made up of shale with limestone beds at base and a 
massive limestone unit with flint nodules at top. The 
lower beds are laden with Nummulites and Opercu
lina species and intercalated by oyster banks. The 
Dungul assumes a thickness of 127 m at the type 
locality (Wadi Dungul) and considembly lesser 
thicknesses toward the west where it extends up to 
longitude 31° 10' E. In these latter areas, the avemge 
thickness is about 75 m of which only 16m belong to 
the upper limestone unit. At the isolated hill of Barqat 
El Shab, a 5 m limestone bed belonging to the Dungul 
fonnation overlies a thick 'Nubia sandstone' section. 
This isolated occurrence carries Lockhartia sp. 
(Luger 1985) and represents the most southerly rec
ord of the Eocene in Egypt. 

The upper beds of the Garm fonnation carry the 
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characteristic fossil Lucina (Anodontia) thebaica, 
whereas the lower shale beds of the Dungul fonna
tion carry Nummulites and Operculina spp. and the 
upper limestone beds carry oyster banks. The succes
sion of these fossil associations leads one to believe 
that the upper Garra is coeval with the lower member 
of the Thebes, while the Dungul formation is coeval 
with the upper members. 

Drunka formation. The name Drunka is used by the 
authors of the new Geological Map of Egypt to 
designate the massive limestone beds of the middle 
latitudes. The type section is at Gebel Drunka to the 
west of Assiut. It is made up of a lower unit, about 
360 m thick, of massive and poorly fossiliferous 
limestones and an upper unit, about 175 m thick, of 
nodular and more fossiliferous limestones rich in 
Nummulites, alveolines and others. The lower and 
upper units may be synonymous respectively with 
the Assiuti and Manfalout formations proposed by 
Bishay (1961). The lower unit is composed of three 
beds of which the lower bed is made up of chalk, the 
middle (270 m thick) of massive silicified limestone 
and the upper of grey to yellowish limestone. 

The base of the Drunka is unexposed in the type 
locality, but in the Qena-Safaga road the Drunka rests 
over the upper Thebes. The fauna described (Bishay 
1961, Kenawy & Baradi 1977) points to an early 
Eocene age although the upper unit's fauna includes 
common elements with the overlying Minia forma
tion. 

MIN lA FORMATION 

The Minia formation follows on top of the Thebes in 
the Nile valley with seeming conformity. Like the 
Thebes, the Minia is mainly made up of carbonates of 
different composition, texture and structure, attesting 
to the varied environments in which these primarily 
shallow water sediments were deposited. 

The name Minia formation was proposed by Said 
(1960) to designate the alveolinid snow white 
limestones which underlie the first Gizehensis
bearing beds of the overlying Samalot formation. The 
type section is at Zawiet Saada, opposite Minia. The 
unit was originally given an early middle Eocene age, 
but recent paleontological work suggests that it could 
be assigned a late early Eocene age (Boukhary, Blon
deau and Ambroise 1982). The following is a section 
of the type locality as worked out by these authors: 
Top: 
-marly yellow limestone with Nummulites pomeli 

(A and B) and ostracods, 0.5 m 
- white limestone with N. rollandi, 2.5 m 

- white limestone with N. partschi (A and B) and N. 
irregularis (A and B) at the base and N. rol/andi at 
the top, 22m 

- friable white limestone with algae, 13 m 
- dolomitic limestone with elongate Alveolina sp. 

and algae, 41.5 m 
-limestone with flint, non-fossiliferous, 10.5 m 
- grey, hard to friable limestone with N. praecursor 

ornatus, Orbitolites spp., rich in corals and other 
shell debirs; forms ledge; 20 m 

The lower bed is exceptionally rich in Nummulites 
spp. and other reefal forms (corals, Orbitolites, Alv
eolina spp. etc). The bed is massive and forms a 
characteristic mappable ledge to which the name 
Maabda member was given. 

Philobbos & Keheila (1979) study the sedimentary 
structures and attributes of the Minia fonnation and 
conclude that it was deposited in bar and ramp coastal 
sub-environments. The deposits of the bar subenvi
ronment (Beni Hassan member) are in the form of 
lencitular cross-bedded bodies characterized by the 
abundance of oolites and skeletal debris resulting in 
the fonnation of grain-supported fabric (grainstones, 
packstones and rudistones). The deposits of the ramp 
sub-environment are in the form of huge carbonate 
bodies which were formed under moderately agitated 
waters down gentle paleoslopes. They are character
ized by packstone and grainstone textures and abun
dant bryozoa and pelecypoda. 

Naqb formation. The Minia fonnation has a restricted 
areal distribution and is known only in the Nile 
Valley. Toward the west, in the area of the Bahariya 
Oasis, the Minia becomes considerably thinner and is 
replaced by a dark grey to pink sequence of dolomitic 
limestone beds which Said & Issawi (1963) name the 
Naqb fonnation. The Naqb is 29m thick at the type 
locality. It rests with an angular unconformity on the 
Cenomanian Bahariya fonnation. The lowermost 
bed is thin (1m thick). It carries abundant Operculina 
discoidea and is followed by a 4 m thick bed of shelly 
limestone rich in pelecypods and gastropods. On top 
of this there is a 5 m thick bed of sandy limestone rich 
in calcareous algae (Dasycladocae ), elongate Alveo
lina and Discocyclina spp. etc. This is followed by a 3 
m thick bed rich in Nummulites ranwndi, N. irregu
/aris and others which in tum is followed by a non
fossiliferous limestone bed about 8 m thick and 
topped by a bed rich in coralline algae. 

The iron ore deposits of the Bahariya oasis are 
layered lenticular bodies which interfinger the Naqb 
(Said & Issawi 1963 ). In a few places they rest over 
the Operculina discoidea bed, but in all others they 
rest above the Cenomanian Bahariya fonnation. The 
ore beds carry calcareous algae and Nummulites spp. 



Cenozoic 459 

• ~ c 
NUMMULITE GEBEL HELWAN GIZEH GEBEL NILE FAYUM NORTH GULF OF 0. 0 

" N 
0. 0 e ZONES MOKATTAM PYRAMIDS ATAQA BAHARIYA SUEZ 

" a: 
0 "' 

~ PLATEAU a: is 

"' 
u. 

"' "' " "' 
c 
-" 

Qasr El Sagha Bir 
UJ PI~- Wadi Hof < " N(AJ Helelfiyo 
~ 65m Maadl 180m 30m 

0 
0 <( Wadi Garawi 
<( NIBl <( 
<( " 25m 110m Gehannam Tanka 

" Qurn 
P13· 52m 97m B6m 50m 68m 
~ 

N(Cl Gharaq 
>- Giushi Giushl 40m a: Observatory (?) 0 a 
~ 33m 

~36m 
Concealed 70m El Hadid 10m Khaboba w " < 

> 
~ < a: 

w 

"' NIDl Clarara Mldawara Hamra 
0 ~ "' 0 
0 ~ 

'" 93m 

- < NIEl 

" 170m BOm 43m 

" "' 
., 

0 < Muweilih Dar at 
"' 0 NIF\ Qazzun 

" " 
"o-,_, .ltr. " 

<( 
NIGJ z 

;; 

Table 24.3 Middle and Upper Eocene rock units. 
Planktic Foram. zones: P10= Turborotalia bullbrooki!Hantkenina aragoMnsis; P11-12>= Globigerinatheka subconglobatal 
Morozovella lehneri; P13-14::;: Truncorotaloides rohri; P15-17= Turborotalia cerroazulensis. 
Nummulites Zones (after Strougo and Boukhary, 1987): N(A)=N.fabianii, N. incrassatus, N. striatUs; N(B)=N. cyrenaicus, N. 
cf vicaryi, N. striatus, N. aff pulchellus; N(C)= N. lyelli, N. discorbinus, N. cyrenaicus, N. beaumonti, N. striatus, N. aff 
pulchellus, N. bullatus decrouezae; N(D)= N. gizehensis, N. discorbinus, N. beaumonti, N. somaliensis, N. bullatus, Op. 
schwageri; N(E)= N. gizehensis, N. discorbinus; N(F)=N. delaharpei, N. praediscorbinus, N. aff obesus; N(G)=N. rollandi, N. 
pome/i, N. partschi, N. praecursor ornatus. 

in a succession similar to that of the surrounding 
outcrops. 

The Naqb is a sublittoral deposit made up of inten
sely bioturbated dolomitized lime wackestones. Its 
areal extension is limited to a belt stretching from 
north of Bahariya Oasis westward along the pres
umed ancient shoreline of the late early Eocene. 
Although there is no concensus as to the origin of the 
iron ore, it is possible that it could have been deposit
ed in lagoons developing along this ancient sho
reline. 

MOKATTAMGROUP, s.L 

The Mokattam group, s.l. comprises the section ori-

ginally described by Zittel (1883) under the term 
Unter Mokattamstufe. Although Zittel did not 
designate a type section for this rock unit, most 
authors accept Gebel Mokattam to the east of Cairo as 
the type locality. Here, the upper limit of the Mokat
tam group is clear and is marked by change of facies 
from solid white to yellowish carbonates to more 
friable yellow to brown marls and sandy limestones 
of the Maadi group. The lower limit of the Mokattam 
is not exposed, but to the south the contact between 
this unit and the underlying Minia becomes clear. 
Strougo (1986) suggests the section facing the village 
of Sawada, Minia, as the lower boundary reference 
section of the Mokattam group. 

The Mokattam group comprises a number of units 
which could be broadly classified into a lower bedded 
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carbonate unit carrying in profusion large Num
mulites of the gizehensis type and to which the name 
Mokattarn, s.str. subgroup is given and an upper solid 
and massive carbonate unit with minor occurrences 
of the large nummulites. To this latter unit the name 
Observatory was suggested by Strougo & Boukhary 
(1987). Table 24!3 is an attempt to correlate the 
formations of the Minia, Mokattarn and Maadi 
groups. 

In the following paragraphs a description is given 
of the different rock units of these groups. 

Mokattam s.str. subgroup 
The oldest unit of the Mokattarn subgroup is exposed 
at the village of Sawada where a bedded limestone 
unit crops out above the Minia formation. This unit, 
named Samalut, is easily distinguished from the un
derlying Minia formation by its creamy color and by 
virtue of the fact that it carries the first large num
mulites of the gizehensis type. A composite thickness 
of 160 m is recorded from the type locality by its 
author (Bishay 1961). The following is a section 
measured at Minia: 
Top: 
6. hard, dolomitic laminated limestone with abun

dant burrows and reworked shells; 6 m. 
5. Gizehensis bank full of Nummulites gizehensis; 7 m. 
4. rose-colored limestone with numerous banks car

rying Nummulites gizehensis, 45 m. 
3. pink limestone bed rich inN. champollioni, 4 m. 
2. limestone packed full with specimens of N. zitteli 

and N. delaharpei; 30 m (bed quarried on large 
scale in the Samalut area). 

1. cavernous, laminated to thinly-bedded, creamy 
fine-grained limestone with scattered flint no
dules; occasional bands rich in N. cailliaudi, N. 
pachoi and N. rollandi occur; 25 m. 

Boukhary, Blondeau & Ambroise (1982) and Boukh
ary & Abdallah (1982) confirm this zonation and add 
a higher zone of N. discorbinus. 

The environment of deposition of the Samalut 
formation is worked out by Philobbos & Keheila 
(1979). According to these authors, the lowermost 
thinly-bedded limestones of the Samalut formation in 
the Minia region overlap the bar and ramp sediments 
of the Minia formation and seem to have been formed 
in an open bay environment. These limestones were 
designated the Meshagig member. This member is 
followed by beds packed with skeletal remains which 
seem to have been formed in a reefal environment. 
The most characteristic of these remains are the 
Nummulites and the Discocyclina reefs to which the 
names Beni Khaled and Dhasa members were pro
posed respectively. Many other organic remains such 
as coralline algae, bryozoa, pelecypoda, gastropoda 
and others are associated with these reefs. 

The vast receding plain of the Nile Valley which 
lies to the north of Samalut is made up of a sequence 
of well-bedded yellow and light grey limestone and 
marl with minor reddish clay interbeds and a few 
nummulite embankments at the base. This sequence 
was given different names by different authors: the 
Maghagha by Bishay (1966), Sheikh Fad! by Khalifa 
(1974) and Tihna by Omara et al. (1973). The Ma
ghagha, Sheikh Fad! and Tihna are considered coeval 
with the Samalut, although the top beds of the Ma
ghagha could be slightly younger (Strougo 1986). 

Passing northward along the Nile valley, the 
younger Mokattarn beds exhibit varied facies. This 
prompted the establishment of a large number of 
formational names. The relationships of these forma
tions is complex; the establishment of the proper 
sequence of the rock units depends to a latge extent 
on proper paleontological correlations. The worlc. of 
Strougo (1985, 1986) and Strougo & Boukhary 
(1987) was of help in sorting out the different names. 

Following on top of the Samalut and its facies 
variants, is a 170 m thick limestone section which 
was named Qarara after the distinctive butte by that 
name from the plain opposite Maghagha. The Qarara 
is made up of a basal 20 m thick shale bed grading 
upward into siltstones, with occasional carbonaceous 
bands. The upper part is made up of recurring mass
ive embankments of Nummulites gizehensis. From 
the top of the basal bed Strougo & Azab (1982) 
describe a brackish water molluscan assemblage. 
This fauna as well as the structure and texture of the 
sediment point to the deposition of this bed in a tidal 
flat environment This seems to confirm the enor
mous environmental changes that affected the 
Mokattarn group as a result of its tectonism. 

The Samalut-Qarara succession can easily be 
traced in the Fayum desert. Here the Samalut is 
represented by a 30 m thick (base unexposed) section 
oflimestones packed full with Nummulites zi.tteli and 
N. delaharpei. The formation, named Muweilih by 
Beadnell (1905), is correlatable with the type Sarna
lut section; the lower beds carry the same Num
mulites spp. of the upper beds of the Sarnalut forma
tion. 

The Midawara (Beadnell 1905) overlies the 
Muweilih and may well be correlated with the Qa
rara. It is made up of a lower 15m thick shale unit that 
is occasionally lignitic, a middle carbonate bed rich 
in Nummulites gizehensis and an upper bed rich in 
macroinvertebrate fossils. 

To the north along the Nile valley in the larger 
Cairo area, correlations become difficult. Figure 24/4 
correlates three sections of the larger Cairo area. It is 
based on the worlc. of Strougo (1985) and the bio
zones he established. 

At Gebel Mokattarn, east Cairo, the lowermost 
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exposed two units of the section, the lower Building 
Stone and the Gizehensis 'Horizons' of Said & Mar
tin's classification (1964), do not seem to have an 
equivalent in Helwan. The lower Building Stone 
Horizon starts by a 2.5 m-thick conglomerate which 

is followed by a 25 m-thick section of detrital num
mulitic limestone. The Gizehensis bed is 6 to 10m 
thick. These are followed by two massive limestone 
units: the upper Building Stone and the Giushi. The 
lower Building Stone and the Gizehensis bed can be 
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classified as the proper gizehensis-bearing Mokattam 
beds. 

On the other side of the Nile at the Gizeh Pyramids 
plateau, the lowermost exposed unit, named Mokat
tam by Strougo (1986) is made up of a lower 30 
m-thick nummulitic bank carrying Nummulites dela
harpei, a middle 45 m-thick dark grey dolomitic 
limestone bed carrying N. gizehensis and an upper 15 
m-thick limestone-marl complex (Strougo 1986). 
The lower member of this unit seems to represent the 
oldest section of the entire Cairo area. It is correlated 
with the upper Sarnalut as both carry N. delaharpei. 

In the north Bahariya plateau, the Sarnalut is 
replaced by a relatively thin unit, the Qazzun. It is 
made up of a 32 m-thick bed of thinly-bedded 
limestones which are chalky in the north and dolomi
tic in the south. The bed is cavernous with calcite 
filling and include many melon-shaped concretions 
of siliceous limestone, about 50 to 60 em in diameter. 
The Qazzun carries abundant Nwnmulites cail/iaudi 
throughout the section, and hence its correlatability 
with the lower part of the Samalut formation. It 
differs, however, in being a deposit of the littoral 
(intertidal) zone. 

In the Gulf of Suez region, the Mokattam s.str. 
formations are of limited distribution. They are 
mostly known in the central part where they overlie 
the Thebes formation, and in the northern part where 
they overlie pre-Eocene formations. The Mokattam 
assumes two facies in the Gulf, an open bay shale
marl facies and a reefal nummulitic facies. The shale
marl facies is seen along the eastern bank of the Gulf 
in the larger Abu Zeneima area. The nummulitic 
facies is seen on both banks of the northern reaches of 
the Gulf, along the western bank and in the small 
Belayim-Feiran area on the eastern bank. 

Rocks of the marl-shale facies are divided into 
three units the lowermost of which, the Darat, is 
correlated with the Sarnalut formation of the Nile 
Valley section. The Darat (Viotti & El Demerdash 
1969) is 98 m thick at its type in Wadi Nukhul and is 
of uniform thickness throughout the Abu Zeneima 
basin. This unit carries Turborota/ia bul/brooki (El 
Heiny & Morsi 1986) of the P10 Zone. The middle 
and upper units, the Khaboba and Tanka belong to the 
late middle Eocene (vide infra). 

Rocks of the nummulitic facies of the Gulf proper 
belong mostly to the Sarnalut formation. They are 
followed unconformably by the Miocene sediments. 

Observatory subgroup 
The Observatory subgroup comprises massive 
limestone beds in the Cairo area. Many of the forma
tions of this subgroup carry distinctive fossil 
assemblages and can, therefore, be traced for long 
distances. The top beds of the subgroup carry th~ 

characteristic Gisortia-Dendracis fauna long noticed 
since the days of the early Geological Survey au
thors. 

This subgroup was considered of middle Eocene 
age in its lower part and of late Eocene age in its 
upper part following Cuvillier (1930), the laner car
rying the characteristic Nwnmulites striatus. Strougo 
( 1977, 1979) challenges this view and shows that the 
upper beds of the subgroup as well as the overlying 
lower formations of the overlying Maadi are of late 
middle Eocene age (Biarritzian). Ample evidence has 
accumulated since these publications which seems to 
substantiate this view (Strougo et al. 1982, Boukhary 
& Abdelmalik 1983, Strougo & Haggag 1974, 
Bassiounietal. 1984). 

The type section of this subgroup is at the Observa
tory plateau at Helwan (fig. 24/4) where the lower
most beds of the section belong to this subgroup. 
They are divided into the Gebel Hof and Observatory 
formations by Farag & Ismail (1959). The Gebel Hof 
formation is 121 m thick (base unexposed) and is 
made up of a 100 m thick fine-grained, non
fossiliferous limestone, becoming nummulitic to
ward the top. This bed is followed by a 21 m thick, 
extensively burrowed limestone with Nummulites 
gizehensis. The Observatory formation is made up of 
136 m of limestones and chalky limestones of vary
ing lithologies and textures. They may be burrowed, 
laminated, thin-bedded, nodular, soft, hard or dolo
mitized. The lower 66 m of the section are correlat
able with the upper Building Stone 'Horizon' of the 
Cairo section (Strougo 1986) and the upper 70 m are 
correlated with the Giushi formation; both are rich in 
bryozoa and serpulid remains. 

The Observatory subgroup is represented in the 
east Cairo area (Gebel Mokattam) by the upper 
Building Stone member and the Giushi formation. 
The upper Building Stone member forms a wall, 
nearly 70 m high, which Strougo (1985) divides into 
three units: a lower 50 m-thick unit of thickly-bedded 
white to yellowish limestones interbedded with thin 
marl layers, a middle 15m-thick unit of highly biotur
bated limestone bed and an upper 1.5 m thick unit of 
indurated ledge-forming coquinallimestone. 

The Giushi is a solid section of thin-bedded and 
highly bioturbated carbonates. Beds rich in Opercu
lina pyamidum (renamed Nummulites aff. pu/chellus 
by Strougo 1986), serpulid and bryowan remains are 
characteristic of this formation. 

In the Gizeh Pyramids plateau which lies on the 
southern edge of the Kattaniya-Abu Roash High 
(vide infra), beds equivalent to the Observatory sub
group are very thin. It is questionable whether beds 
belonging to the Giushi are present; they may be 
represented by the covered beds overlying the 
Mokattam formation. 
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1be Observatory beds seem to build the major part 
of the scarps of the Cairo-Suez district In Gebel 
Ataqa, overlooking the city of Suez, Akkad & Abdal
lah (1971) divide the Eocene section, which rests 
unconformably over late Cretaceous-early Tertiary 
continental sediments, into a lower 224 m-thick sec
tion of dolomitic limestones and marls which they 
named the Suez formation and an upper 78 m-thick 
unit of clastics and marls conformably overlying the 
Suez formation which they named El Ramiya forma
tion. The top layer carries the characteristic large 
gastropod Gisortia. The Suez and the El Ramiya are 
correlatable with the Observatory subgroup of the 
Cairo area. 

To the south of Cairo, along the Nile Valley, the 
Observatory subgroup becomes difficult to follow as 
the valley opens up in the Maghagha-Beni Suef 
stretch where, as a result of the relatively easy weath
ering of the rocks, the valley becomes exceptionally 
wide. Here the rocks show greater variation in litho
logical composition both in space and in time. The 
sediments have, on the whole, a large ingredient of 
clastics. They usually disconformably overlie the 
older sediments and show a number of diastems. A 
typical section of this subgroup is exposed at El 
Fashn. Here the Qarara is overlain disconformably by 
a very distinctive unit made up of hard, nummulite
bryozoan limestone with chert bands and nodules 
which caps many scarps in the region. This unit, 
clearly correlatable with the Giushi, forms the lower 
part of El Fashn formation as conceived by Bishay 
(1966). Strougo (1986) re-examines the type locality 
of this formation at Wadi El Sheikh opposite El Fashn 
town and finds that the formation 'consists of two 
strikingly different lithologic ensembles'. The lower 
ensemble is correlated with the Giushi. It is proposed 
here to restrict the use of the name El Fash formation 
to the lower member of this formation as conceived 
by Bishay (1966). 

In the Fayum desert, the Sath El Hadid and the 
Gharaq formations may be correlatable with the 
Giushi. The Sath El Hadid caps the Midawara forma
tion and is made up of a 10 to 25 m thick limestone 
bed rich in large gastropods, corals and bryozoa. The 
Gharaq is a carbonate section of about 40 to 150m in 
thickness and is poorly fossiliferous. However, the 
upper beds of the formation are rich in bryozoa 
(Strougo 1986) and may thus be correlatable with the 
upper beds of the Giushi formation. 

To the southwest of Fayum, in the north Bahoriya 
plateau, the Observatory subgroup becomes excep
tionally thin and is represented by the middle Eocene 
beds of Gebel Hamra. These beds, which formed the 
lower part of the Hamra formation as conceived by 
Said & Issawi (1963), now form the type of the 
Hamra formation as emended by the authors of the 

new Geological Map of Egypt. These authors re
legate the late Eocene upper part of Gebel Hamra to 
the Qasr El Sagha formation. The Hamra, as 
emended, is 43 m thick and is made up of yellowish 
brown limestone with abundant detrital grains and 
numerous skeletal remains. It is rich in Nummulites 
spp. The section shows many diastems represented 
by soil development and intraformational conglo
merates. 1be top beds carry a large number of the 
characteristic large gastropod Gisortia and is thus 
believed to be coeval with the Giushi. 

In the eastern side of the Gulf of Suez, Eocene 
sediments correlatable with the Observatory sub
group are of limited distribution. They are repre
sented by the bathyal deposits of the Khaboba forma
tion (Viotti & El Demerdash 1969). The Khaboba is 
made up of interbeds of gypsiferous shales, marls, 
limestones and chalky limestones with flint bands, 
the carbonates increasing upward. The formation is 
93 m thick at its type locality. It carries the planktonic 
foraminifera of Zones Pll and P12 (El Heiny & 
Morsi 1986). 

MAADIGROUP 

The Maadi group sediments are of more clastic na
ture than the underlying Mokattam, s.l. sediments. 
They are made up mostly of shales with intercalated 
limestones. The shale is greyish green, highly calcar
eous, fossiliferous and partly sandy. The limestones 
are light to darl< brown, highly argillaceous, medium 
hard and locally limonitic. The sediments were de
posited in a retreating shallow sea. 

The Maadi group forms a distinct unit which con
trasts with the underlying massive white limestone of 
the Mokattam group by virtue of its yellowish color 
and receding line. The unit is exceptionally develop
ed in the larger Cairo area (Fig. 24/4 ). It thickens to 
the south of Cairo and is divided in the Helwan area 
into three formations: the Qum, Wadi Garawi and 
Wadi Hof (Farag & Ismail 1959). In the Gizeh Pyra
mids Plateau, where the Qum is poorly developed, 
Hassan, Cherif & Zahran (1981) recognise the upper 
two formations, Wadi Garawi and Wadi Hof; they 
gave them the names He it El Ghorab and Giran El Ful 
respectively. Previously, the Maadi group was be
lieved to be of late Eocene age. However, recent 
studies have shown that the lower two units, the Qum 
and Wadi Garawi, can best be classified as middle 
Eocene (Strougo & Boukhary 1987). These authors 
show that the Nummulite and macro-invertebrate 
faunas of the lower two units have close affinities to 
the late middle Eocene (Biarritzian) faunas of Eu
rope. The characteristic Nummulites spp. of the dif
ferent units of the Maadi group are listed in Table 

--------~---~-------------
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24/3. According to this classification, the late Eocene 
is restricted to the upper beds of the Maadi group 
which carry the index fossil: Carolia placunoides. 
The characteristic Nummulites spp. of the late Eocene 
are: N.fabianii andN. incrassatus. 

Middle Eocene formations of the Maadi group 
The middle Eocene fonnations of the Maadi group in 
the Cairo area are exceptionally thin in the Gebel 
Mokattam and the Gizeh Pyramids plateau sections 
(Fig. 24/4 ). To the south, however, the Qurn and 
Wadi Garawi fonnations become well-developed. In 
the Helwan area, the Qum follows on top of the 
Observatory fonnation. It is made up of a 97 m-thick 
sequence of marly and chalky limestones alternating 
with shales, sandy marls and shell banks rich in 
Osrea reili. Nummulites beaumonti,N. striatus andN. 
aff. pulchel/us, which are recorded in the underlying 
Giushi fonnation, are also common. The Wadi Ga
rawi fonnation is a 25 m-thick poorly fossiliferous 
sandy shale section with a hard highly fossiliferous 
middle bed carrying Plicatula po/ymorpha, Nicaiso
lopha clotbeyi and others. In many places this bed 
becomes phosphatic. 

To the south, along the Nile Valley, the Qum 
becomes well-developed and is easily recognised as 
it usually follows on top of the solid limestones of the 
underlying Observatory subgroup. The Wadi Garawi 
fonnation, on the other hand, becomes difficult to 
separate from the underlying Qurn. In Beni Suef the 
Qurn forms the upper member of Bishay's El Fashn 
fonnation. As originally described this member is 
made up of a set of strata which differs from the lower 
set by its softer nature - whence fanning a retreated 
second scarp - and by the lack or scarcity of chert 
horizons which are common in the lower set. This 
unit is 86 m thick. It consists primarily of sparingly 
fossiliferous sandy marl and marly limestone with 
clay and sandstone beds at the top. The authors of the 
new Geological Map elevated this member to a for
mational status, the Beni Suef. In the Beni Mazar area 
Omara et al. (1977) mapped comparable beds as El 
Merier formation. The fonnation is mapped as Beni 
Suef in the new Geological Map and as Qum in the 
Geological Survey Cairo map (1983). 

In the Fayum desert, the unit is 50 m thick and 
named Gehannam fonnation. This formation is made 
up of a sequence of marls and sands with occasional 
bands of limestones. These beds were named by 
Beadnell (1905) the Ravine beds and are 50 m thick. 
They yielded the famed Zeug/odon remains from the 
lower part. Strougo & Haggag ( 1984) desdribe a rich 
macro-invertebrate and planktonic foraminiferal fau
na from the Gehannan fonnation and date the forma
tion middle Eocene rather than upper Eocene as was 
previously held (Abdou & Abdel Kireem 1975). 

On the eastern side of the Gulf of Suez, the Tanka 
fonnation (Burne et al. 1920) may be correlatable 
with the Qurn and Wadi Garawi fonnations. The 
Tanka is 68 m thick at the type locality and is made up 
of alternating thin beds of chalky limestone and 
shale. It is dated middle Eocene by El Heiny & Morsi 
(1986) and is reported to carry planktic foraminifera 
of the P13 to P14 foraminiferal zones (Truncorotaloi
des rohri). 

Late Eocene formations of the Maadi group 
It has already been pointed out that the sediments of 
the Maadi group were deposited in a retreating shal
low sea which was receiving detritus from the ex
posed hinterland. The influx of detrital material be
came exceptionally high during the late Eocene when 
large rivers seem to have discharged in the sea. One 
of the surviving deltas of these rivers is the well
known Fayum delta exposed to the north of the 
depression at the foot of the Qasr El Sagha temple. 

The deltaic and interdeltaic sediments of the upper 
Eocene are exposed to the north of Birkel Qarun, 
Fayum, where they form the Qasr El Sagha forma
tion. The formation is 180m thick at the type locality 
and is made up of four succeeding and/or 
interfingering facies (Vondra 1974). The lowermost 
arenaceous bioclastic facies is made up of biotur
bated (mainly by the crustacean Callianassa) glauco
nitic and fossiliferous calcareous sandstone. This 
facies carries abundant complete and disarticulated 
remains of shelly marine invertebrates, abraded 
bones and teeth of marine and transitional marine 
vertebrates and carbonized wood fragments up to 10 
em in diameter and 2 m in length. From this lower 
facies came the well-preserved Prozeuglodon isis 
(Moustafa 1974). This facies formed as offshore bars 
and harrier beaches along the upper Eocene shore
line. Interbedded with this facies is a gypsiferous and 
carbonaceous laminated claystone and siltstone 
facies which seem to have been deposited in back bar 
open and restricted lagoons. It is made up of pale 
yellowish-brown to dark grey laminated claystones 
and argillaceous siltstones with abundant thin sheets 
of gypsum. This facies is very carbonaceous and 
cornains small frgments of carbonized wood and 
leaves. Engelhardt (1907) identifies 22 species from 
the leaf prints of which eight are Ficus spp. Other 
authors recognise only four tree leaf species, one 
water lily leaf species, three fruit species (including a 
palm), one species of wood and three algae. The 
presence of Ficus spp. and the resemblance of the 
four tree leaf species to the present-day rain forest 
forms indicate an exceedingly wet climate. 

Interfingering with the above facies is the inter
bedded claystone, siltstone and quartz sandstone 
facies which form the bulk of the cliffs behind the 
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Qasr El Sagha temple. The facies consists of 10 to 35 
em-thick interbedded units which represent a fining 
upward cycle of very fine to fine-grained white quartz 
sandstone, pale yellowish brown and darl< grey 
siltstone and claystone. Each unit constitutes a fore
set of a large-scale planar cross-strasatification set. 
This facies was deposited in a rapidly prograding 
delta front environment in quiet shallow brackish 
marine waters. Cut into and interfingering this facies 
is the quartz sandstone facies which seems to repre
sent distributary channel deposits. From this facies 
came a rich fauna of fossil mammals, reptiles and fish 
of marine, transitional marine and terrestrial habitat. 
It forms the Moeritheriwn-Pterosphenus zone. 

Toward the southwest in the direction of Bahariya, 
the Qasr El Sagha formation is about 30 m thick and 
is made up of richly fossiliferous arenaceous 
bioclastic carbonates which must have been deposit
ed along the late Eocene shoreline. In the north 
Bahariya area, Said & Issawi (1963) record along this 
shoreline a series of saucer-like reefal structures 
which have inward dips of more than 40: These reefs 
were built by pelecypods and gastropods and seemed 
to have formed part of the offshore bar and barrier 
beach landscape of the late Eocene. 

In outcrop, the late Eocene sediments are easily 
distinguished by virtue of the fact that their dominant 
lithology distinguishes them from the underlying 
massive limestones of the middle Eocene and the 
overlying sandstones and quartzites of the conti
nental Oligocene. Toward the north, where both the 
Eocene and Oligocene become buried under more 
recent cover, the distinction becomes less obvious as 
the Oligocene becomes marine in character and as
sumes a similar facies to that of the upper Eocene. For 
this reason, the upper Eocene and Oligocene sed
iments are usually lumped under the name Dabaa 
(vide infra under Oligocene). 

OLIGOCENE 

Oligocene deposits overlie late Eocene sediments 
disconformably. They assume two distinct facies: a 
fluviatile facies of sands and gravels and an open 
marine facies of shales and minor limestone in
terbeds. The distribution of these sediments was gov
erned, to a large extent, by the volcanicity, geyser 
activity and tectonism which affected the Red Sea 
regions as well as the belt of highs between the Stable 
and Unstable Shelves during the Oligocene. With the 
exception of a questionable small outcrop recorded at 
the core of the Salum cliff close to the Libyan
Egyptian border on the Mediterranean Sea, the 
marine facies is known only from the subsurface. 
Here the facies is similar to that of the underlying 

upper Eocene sediments; both become indistinguish
able from one another except through paleontological 
work. 

Fluviatile sediments 

Oligocene fluviatile sediments crop out along a nar
row belt extending from Suez to Fayum via Cairo and 
onward into the Western Desert. Small and isolated 
outcrops of this facies are also known from east of 
Beni Suef and from Bahariya Oasis. 

To this facies probably belong the small and scat
tered gravel mounds which lie over the top of the 
Ma' aza limestone plateau of the middle latitudes of 
Egypt and also the lacustrine to paracontinental de
posits of the Red Sea coast and the Gulf of Suez. 
These deposits are difficult to date and they are 
classified with the Oligocene on stratigraphic evi
dence only. 

Gebel Ahmar sands and gravels. A typical example 
of the sands and gravels of the Cairo-Suez district is 
in Gebel Ahrnar, to the east of Cairo, made famous by 
the descriptions of Barron (1907) and Shukri (1954). 
The Gebel Ahrnar sands are vividly colored, cross
bedded and coarse-grained. The gravels are mostly of 
pebble size and are made up of banded flint usually 
blackened by exposure to weathering. Apart from a 
large number of tree trunks, the formation is non
fossiliferous. One specimen of the fresh-water snail, 
?Planorbis, is reported to have been found within the 
gravels of Gebel Yahmoum El Asmar, Cairo-Suez 
road. The lithology and texture of these sediments 
indicate their deposition in laterally aggrading 
meandering streams. As the sediments do not include 
mudstones, it must be assumed that these rivers did 
not overflow their banks. 

The Gebel Ahrnar has disappeared under the foun
dations of Nasr City, northeast Cairo since it was last 
described; it has been renamed Gebel Akhdar. The 
Gebel Ahrnar exhibits one of the rare manifestations 
of the action of geysers; vividly-colored silicified 
tubes traverse the sands and gravels. These are 
described by Shukri (1954 ). Close to Gebel Ahrnar 
lies the conical hill known as the Rennebaum 'volca
no', considered as a gas maar and resulting from a 
phreatic explosion creating a vent through which 
fumarolic activity took place (Tosson 1954 ). 

The thickness of the Gebel Ahmar sands and gra
vels in the Cairo-Suez district is in the range of 40 to 
lOOm. In Gebel YahmumEl Asmarrecentquarrying 
for gravel exposed more than 50 m of sands and 
gravels. Here the section consists of alternating thin 
gravel and sand laminae. Lateritic soils cap the de
posit in places inducing red coloration to the underly
ing sediments. El Sharkawi & Khalil (1977) believe 
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that the fluids which caused the coloration and si
licification of the Oligocene sands and gravels of the 
Cairo-Suez district were exogenic. Shukri (1954) 
believes that these fluids ascended along faults. 

The silicified tree trunks which the Oligocene 
clastics carry become concentrated in certain areas 
where they are commonly referred to as petrified 
forests (Gebel El Khashab ); the most famous of these 
is the one which occurs to the east of Maadi, Cairo. 
This has attracted the attention of travellers, natural
ists and scientists for a long period of time. Most 
workers believe that the tree trunks (some of which 
reach 30 m in length) were transported for long 
distances. The alignment of these tree trunks and the 
absence of twigs, fruits or any other soft parts are 
cited as evidence of the long journey they tnade. 
Konland (1980) subscribes to this view and believes 
that the presence of these trunks caonot be taken as an 
indication of the clitnate of the area in which these 
trunks are presently found. Simons (1972) and Bown 
et al. (1982), however, believe that the fossil trees 
must have accumulated near the place of their growth 
and infer that the Oligocene clitnate must have been 
tropical and the area resplendent with tall trees. The 
silicification of the tree trunks has also been a subject 
of controversy. Most authors believe that the si
licification toOk place after the transportation of the 
trees to their present place. El Sharlatwi (1983), 
however, believe that the silicification took place at 
the place of the growth of the trees in a lake environ
ment rich in sodium silicate minerals. 

Gebel Qatrani formation. A considerably thicker de
posit of the Oligocene sands occurs along the north
em and western scarps of the Fayum depression. 
These fluvial deposits, known as the Gebel Qatrani 
fortnation, have become world famous because of the 
unique vertebrate fauna they carry (for a discussion 
of these, see Chapter 30, this book). 

The Gebel Qatrani fortnation is the subject of the 
classical worlc: ofBeadnell (1905) and, more recently, 
of Bowen & Vondra (1974), Bown (1982) and Bown 
et al. (1982). The fortnation consists of 110 to 340m 
of fluvial sandstone (80% ), siltstones and claystones 
(18% ), minor carbonate lenses (1%) and carbona
ceous shale (less than 1% ). The individual beds are 
lenticular and grade laterally and vertically into one 
another. 

The Gebel Qatrani fortnation disconfortnably 
overlies the upper Eocene Qasr El Sagha fortnation. 
The basal 100 m are characterized by a complex of 
large scale trough cross-stratified channel lag and 
point bar sands indicating deposition in a loosely 
sinuous, low gradient, medium velocity stream. The 
upper part of the fortnation is characterized by point 
bar, flood plain splay and channel fill deposits point-

ing to an overloaded and more tightly meandering 
stream. The point bar deposits form most of the 
sandstones of the section. They are very fossiliferous 
in the lower as well as in the upper parts of the 
fortnation, containing abundant silicified logs and the 
fossil vertebrates for which the Oligocene of Egypt is 
noted. Nearly all the sandstones show diagenetic 
alteration reflecting ancient pedogenesis. The few 
limestones and dolomitic marl interbeds were pro
bably deposited in shallow, perhaps ephemeral, flood 
plain ponds and contain fresh-water ostracodes and 
charophytes which indicate low salinity. The carbo
naceous shales are flood-plain swale deposits. 

A nearshore sening for Gebel Qatrani is indicated 
by the presence of shark teeth, ray mouth parts, 
brackish-water molluscs and abundant mangrove rlri
zoliths. Among the 95 species of fossil vertebrates 
recorded from Gebel Qatrani, the following are abun
dant: crocodilians, turtles, browsing artiodactyls and 
hyracoids, arboreal quadrupedal anthropoid pri
tnates, carnivorous tnammals and phyomid rodents 
(Simons 1968, Simons & Gingerich 1974, El 
Khashab 1977 and also chapter 30, this book). The 
ichnofossils and rllizoliths are abundant, well
preserved and diverse in form (Bown 1982). The 
ichnofauna contains traces of probable annelid, in
sect, crustacean and vertebrate origin. These include 
fossil nest structures and gallery systems of subterra
nean termites. Rhizoliths associated with the ichno
fauna document a variety of small wetland plants, 
coastal mangroves and large trees. Konland (1980) 
believes that the Gebel Qatrani flora indicates a drier 
(Sahelian) clitnate. It differs from that of Qasr El 
Sagha in containing no identified leaves and in hav
ing only two fruit species (a waterlily and a relative of 
the palms). The 23 species of wood identified by 
Krliusel (1939) are believed to be of trees that were 
transported to Egypt from far south. 

The Gebel Qatrani fortnation is unconformably 
overlain by the Widan El Faras basalt (Bowen & 
Voodra 197 4 ), the lower part of which is dated at 31 ± 
1 my (Fleagle et al. 1986). The basalt occurs in three 
sheets. The lower and upper sheets are amygdaloidal, 
vesicular and intensely altered, whereas the middle 
sheet is tnassive, compact and fresh. Layering is 
noted in the upper sheet. The three sheets are similar 
petrologically and are of tholeiitic nature (Heikal et 
al. 1983). 

Radwan formation (Bahariya). A succession of fer
ruginous grit, quartzite and sandstone beds cap 
several of the conical and flat-topped hills which lirter 
the Bahariya depression and its northern plateau. The 
beds are non-fossiliferous and coarse-grained. In 
most areas they overlie unconfortnably the Cenotna
nian Bahariya fortnation, but in Gebel Hamra in the 
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north plateau they overlie the upper Eocene sed
iments. These beds were named Radwan (Akkad & 
Issawi 1963). The spotty distribution of the Radwan 
is probably due to the fact that its resistant beds were 
affected by the early Miocene volcanicity of the 
oasis. The Radwan outcrops, therefore, are probably 
the remnants of a more continuous sheet of the depos
its of the meadering river systems which drained the 
northern land of Egypt during the Oligocene. The 
thickness of the formation at the type locality is 40 m, 
but in most other areas it is in the range of 1 to 10m. 

Similar outcrops are also known on top of the 
upper Eocene exposures in the east Beni Suef area. 

Ma' aza plateau gravel mounds. The gravel mounds 
which litter the limestone plateaux of the middle 
latitudes of Egypt (the Ma 'aza plateau) are discussed 

in Chapter 25 (Figure 25/4 ). They are small elongate 
mounds which are interpreted as inverted wadis of a 
defunct drainage system which must have occurred 
prior to the excavation of the oases depressions. They 
are considered part of the deposits of the Oligocene 
drainage system, although they could be somewhat 
earlier or later than the Oligocene. 

Nakheil formt:~tion. The Nakheil formation is rec
orded from the synclinal troughs of the coastal areas 
of the Red Sea (see Chapter 18). It consists of gravity 
breccias interbedded with fine-grained lacustrine 
sediments. It is dated Oligocene on stratigrpahical 
grounds and is interpreted as accumulations along the 
slopes and in the lows of the incipient relief of the 
elevated Red Sea region. 
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Tayiba redbeds. The Tayiba (also referred to as the 
Abu Zeneima fonnation in some works) overlies 
unconfonnably the late middle Eocene Tanka fonna
tion in the Abu Zeneima-Feiran area, Gulf of Suez. It 
consists of a 5 m-thick basal conglomerate, a 15 
m-thick sequence of coarsening upward siltstone 
beds and an upper 15 m-thick porcellaneous 
limestone bed. The lower beds include reworked 
Nummulites derived from the uplifted Eocene 
outcrops. The fonnation is topped by basalt dikes 
which are of presumed Oligocene age. The formation 
could well be coeval with the Nakheil and of similar 
origin, although the dominant red color and the ab
sence of large boulders may indicate deposition in 
more permanent lakes in areas with low relief. 

Marine sediments 

Marine Oligocene sediments are known from the 
subsurface in the north Western Desert and the north 
Delta embayment where they assume a shale-marl 
facies very similar to that of the upper Eocene which 
they usually overlie disconfonnably. This shale-marl 
unit was named the Dabaa formation by the oil com
pany geologists. The differentiation between the Oli
gocene and the late Eocene is only possible by 
paleontological work. Figure 24/5 gives the plankto
nic foraminiferal zones of the late Eocene and Oli
gocene sections of three wells in the Western Desert 
(Sheikh & Faris 19S5). Of these wells, the Dabaa 
well no. 1 has the most complete Oligocene section; it 
covers the upper part of the Dabaa fonnation and the 
lower part of the overlying Mamura formation. In this 
well, the lower 33 m of the Dabaa formation are of 
lateEoceneageandbelongto theP15 toPI7 (Globo
rotalia cerroazulensis) Zone. The upper 213 m be
long to the PIS to Pl9 (Cassigerinella chipolensisl 
Pseudohastgerina micra) Zone and the P20 (Globi
gerina ampliaptertura) Zone. The lower275 m of the 
overlying Mamura fonnation belong to the P21 (Glo
borotalia opima opima) Zone and the succeeding 30 
m to the P22 (Globigerina ciperoensis ciperoensis) 
Zone. In the Ghazalat well no. I the Oligocene is 
represented only by the PIS, Pl9 and P20 Zones and 
lies in its entirety within the Dabaa fonnation. In the 
east Mubarak well no. 2, the Oligocene is represented 
only by the P21 Zone and rests over the early Eocene 
directly; no late Eocene sediments are reported from 
this well. In the nearby East Mubarak no. I, the 
Oligocene is absent altogether and the early Miocene 
Moghra rests directly on the early Eocene. 

In the north Delta embayment the Oligocene was 
reached only in the wells that were drilled in the 
hinge zone where the Oligocene rests on the Creta
ceous rocks directly (Sneh, Monaga & Qallin wells). 
The most complete Oligocene section is found in the 

Monaga well no. I where all the zones are repre
sented. In both the Qallin and Sneh wells the Oli
gocene is represented only by the P21 and P22 
Zones. 

DISTRIBUTION. PALEOGEOGRAPHY AND 

PALEOECOLOGY OF THE PALEOGENE 

The Paleogene was ushered in by a transgression 
which pushed its way across the southern borders of 
Egypt into north Sudan. The maximum transgression 
occurred during the late Paleocene. After the Paleo
cene and all through the Cenozoic the sea kept retreat
ing toward the north almost continuously except for 
short intervals. The sediments that this sea left behind 
were affected to a large extent by the relief which was 
inherited from the late Cretaceous tectonism and the 
movements which continued episodically during 
most of the Paleogene. The late Crtaceous tectonism 
affected the Unstable Shelf areas of Egypt in a most 
marked way producing the numerous en-echelon 
folds of that belt. These folds, which were activated 
during most of the early Tertiary time, affected the 
shape and outline of the advancing Paleogene seas. 
The Stable Shelf areas were also affected by epeiro
genic processes which produced structures with more 
symmetrical outlines, large amplitudes and small 
dips. The result was that while the Paleogene 
outcrops of the Unstable Shelf are thin and discon
nected, those of the Stable Shelf are thick and in the 
form of extensive tablelands. This marks the clearest 
distinction between the Stable and Unstable Shelves. 

Suez-Cairo-Kattaniya high 

The two realms of sedimentation of the Stable and 
Unstable Shelves of Egypt are separated by a belt of 
highs which extends in an east-west direction from 
Gebel Raha, east of the city of Suez, to Cairo and 
from there southwestward to include the Khatatba
Kattaniya high (Fig. 24/8). Along this belt, which at 
times included also the Bahariya high, occur most of 
the basalt extrusions of Egypt. The Kattaniya~Cairo
Suez high is an old structure. It includes the Ayun 
Musa block at the northern tip of the Gulf of Suez 
(where Miocene sediments rest over Jurassic), the 
Cairo-Suez block (where large unconformities occur 
within the Mesozoic and Cenozoic), the south Delta 
block (where thin to absent Cenozoic sediments rest 
over Cretaceous) and the Khatatba-Kattaniya high 
(where Quaternary sediments rest over Jurassic in the 
Khatatba well and over Cenomanian in the Abu 
Roash wells, where very thin Paleogene sediments 
rest over lower Cretaceous in Kattaniya, Gebel Rissu, 
Wadi Khadish and Mubarak East no. I, and where 
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lower Miocene beds rest over lower Cretaceous in 
Natrun T57 well). 

During the Paleogene, the limits of this belt 
changed by erosion and/or by tectonic activation. It 
was at its highest during the Paleocene; no sediments 
of this epoch are recorded anywhere along this belt 
During the early Eocene its peripheries were eroded 
but it still included the Gebel Ataqa and Gebel Raha 
blocks; both have middle Eocene rocks resting di
rectly over the Cretaceous. The southern boundary of 
the Cairo-Suez block during this age seems to have 
been the faults extending eastward from Thra to 
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Treifiya and then southeastward along the Gebel 
Ataqa western scarp. At the junction of these faults at 
Treifiya occurs the longest basalt in the Cairo-Suez 
district. Figures 24/6 to 24/9 show the position of this 
belt which remained high throughout the Paleogene. 
It was partially covered during the middle Eocene. In 
Kattaniya and the Gebel Rissu wells, the middle 
Eocene rocks are 28 and 21 m thick respectively. 

Stahle Shelf 

A large part of the Stable Shelf was overlapped by the 

25 

w:m 1 

Figure 24.6 Paleocene paleo
geographic map. I= positive 
areas. 



470 

30 

28 

26 

24 

92 
22 28 

RushdiSaid 

MEDITERRANEAN 

~~ §~~~~iiii~~GI~di 

aharlya 
+ 

30 32 

+ 

34 

Figure 24.7 Early Eocene paleogeographic map. I= positive areas or areas of erosion; 2= basins with more than 500 m of 
sediments. 



Cenozoic 471 

sea during the Paleocene when the maximum 
transgression took place. The discovery of a marine 
Paleocene outcrop in Gebel Abyad, north Sudan (Ba
razi 1985), pushes the shoreline of that epoch about 
400 km to the south (Fig. 24/6). The Gebel Abyad 
facies is similar to the Arba'in facies of the Paleocene 
of south Egypt and it is possible that both were 
formed in one basin. This basin seems to have formed 
a shallow and well-aerated open marine embayment 
which received minor amounts of clastics. It is of 
interest to note that the sediments of the peripheral 
parts of the Paleocene sea are more calcareous than 
those of the center of the basin. This may indicate 
deposition in an arid environment where the numer
ous intervening highs and islands of that sea were the 
source of the fine clastics of the Esna Shales. 

During the lower Eocene, the shoreline receded to 
south Egypt where relatively thin (less than 500 
m-thick) and uniform sediments covered this great 
embayment. Thicker than 500 m sediments occur 
only in a few basins: 

I. The Fayurn-Bir Gindali basin: The thickest 
Eocene section recorded in Egypt occurs in this basin 
which lies on the southern edge of the Suez-Cairo
Kattaniya high (Fig. 24/8). In the Gindi well no. 1 the 
Eocene section is 1, 788 m thick of which the lower
most 924 m belong to the Paleocene and lower 
Eocene (Elzarka & Zein ElDin 1985). In the Bre 3, 
Bre 6 and Bre 27 wells drilled in this basin, the 
Eocene is 1640, 955 and 940 m thick respectively. 
The Eocene section of all these wells forms one rock 
unit, the Apollonia. Paleontological work shows that 
the section belongs to the Paleocene, early and midd
le Eocene. In the Helwan area the exposed Eocene 
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section is more than 400 m thick; the unexposed base 
is of middle Eocene age. The nearby section at the 
Pyramids of Gizeh plateau is considerably thinner; it 
lies on the edge of the active Cairo-Kattaniya high. 

The Fayum basin extends eastward across the Nile 
to cover the Bir Gindali area. Along this stretch more 
complete and thicker sections of the Eocene are en
countered. The Fayurn-Gindali basin forms the last 
area of the Stable Shelf which continued to be 
covered by the retreating middle and late Eocene 
seas. All the other areas of the Stable Shelf were 
elevated by the end of the early Eocene. 

2. Assiut-Sohag basin: This basin covers the As
siut and Sohag areas where thick early Eocene sec
tions with unexposed bases are known. The bounda
ries of this basin (Fig. 24/7) are inferred and are taken 
to include the gravity low of Wadi Qena (see Kamel, 
this book, Chapter 4 ). This basin consists of early 
Eocene sediments only and seems to have been ele
vated by middle Eocene time. 

3. Abu Zeneima basin: This limited basin includes 
almost all the thicker than 400 m Paleogene sections 
of the Gulf of Suez. At north Markha, El Heiny and 
Morsi (1986) describe a lower-middle Eocene sec
tion 555 m thick. In Lagia no. 3 well the Eocene is 
462 m thick and is made up of a thin lower Eocene 
(54.5 m thick) and a thick middle Eocene (367.8 m 
thick) section (Elzarka & Zein El Din 1985). With the 
exception of the small Oligocene outcrop of lacus
trine to paracontinental deposits of Wadi Tayiba, no 
late Eocene or Oligocene sediments are known in the 
Gulf of Suez area which must have represented a 
positive area throughout that time. 

The earliest Eocene is represented by the upper 

Figure 24.8 The Suez-Cairo-Kattaniya High and the bordering Abu Gharadig and Fayum-Gindali basins. Subsurface 
structures of Western Desert adapted from A wad 1984. 
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Figure 24.9 Late Eocene paleogeographic map. I= positive areas; 2= shelf sediments; 3= shelf sediments showing effect of 
fluviatile sedimentation; 4= deltaic sediments (Qasr El Sagha Formation). 

beds of the Esna shale and the Farafra limestone. 
These give way to the carbonate rocks of the lower 
Eocene. The main facies of these rocks, the Thebes, 
indicates deposition in a continuously shallowing 
sea. The lower member of the Thebes was deposited 
in a low energy deep hemipelagic environment The 
enclosed chert nodules and bands are probably of 
secondary origin; the dissolved silica of this deep 
environment was reprecipitated as nodules or bands 
along bedding planes. The middle member was de
posited in a shallower sea with abundant banks of 
benthonic fossils; Nummulites, Operculina and other 
shell beds are common. The upper member was 
deposited in an intertidal zone with oyster beds and 
frequent reworked shell hash. 

The retreat of the sea toward the north uncovered 
large parts of the Stable Shelf and brought the shore
line of the middle Eocene to the latitude of Minia. 
The facies of the middle Eocene rocks along the 
southern border of this basin is unique attesting to the 
intense tectonism to which many parts of Egypt were 
subjected. Shallow and deep-water sediments, occa
sionally intercalated with continental sediments, 
occur next to each other along the southern borders of 
this reach. Toward the north, in the Fayum-Gindali 
basin, limestones continued to be deposited. Severn! 
diastems are noted within these formations and a 
major event took place after the deposition of these 
sediments which brought about the elevation of 

Gebel Ataqa and large parts of the Cairo-Suez block 
beyond the reach of the middle and late Eocene seas. 

With the advent of the late Eocene (Fig. 24/9), the 
Stable Shelf was almost completely uncovered with 
the exception of the Fayum-Gindali basin where shal
low marine sediments accumulated. Toward the 
southwest of this basin a great river rrwst have 
debouched into the sea forming the Qasr El Sagha 
delta. The longshore currents of the late Eocene seem 
to have distributed the sediments of this river toward 
the west; fluviatile sediments interfinger the late 
Eocene deposits of the Fayum Bahariya reach. The 
elevation of Sinai was complete. The only late 
Eocene record in Sinai is that of the Bir Heleifiya area 
(Farag & Shata 1955, Strougo, pers. comm.). This 
single occurrence on the eastern shores of the Gulf of 
Suez is probably related to the arm of the sea which 
covered the south Ataqa plain and which seems to 
have extended across the Gulf (Fig. 24/9). 

During the Oligocene, remains of fluvial sed
iments littered the Stable Shelf areas (Fig. 24/10). 
Although the remains overlying the Ma'aza plateau 
are of questionable date, they are nevertheless corre
lated with the Oligocene sediments of the north on 
stratigraphic grounds and paleogeographic consider
ations. The northern outcrops of the Gebel Ahrnar 
and Gebel Qatrani formations cover the southern 
borders of the Cairo-Suez-Kattaniya high in an al
most continuous outcrop. They are mainly sands and 
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gravels deposited by laterally aggrading streams. Nu
merous similar and isolated outcrops are recorded in 
the Bahariya (Radawn) and east Beni Suef areas. This 
indicates that the Gebel Ahmar and Qatrani fluvial 
deposits must have extended farther to the south. The 
present outcrops owe their preservation to the fact 
that they were consolidated under the effect of the 
late Oligocene-early Miocene episode of volcanic 
activity. 

Ideas differ as to the conditions under which the 
Qatrani formation was deposited. Bown et al. (1982) 
advocate deposition in aggrading streams along a 
coastal lowland with mangrove swamps that gave 
way to at least a partly forested interior. Large tropi-
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cal to subtropical trees existed in much of the Fayum 
area. Kortland (1980) believes, however, that the 
Qatrani formation was formed in a sabelian climate 
with no tall trees: a mosaic vegetation of medium
height, quite open dry forest and various kinds of 
small tree savannas, woodlands, thickets, bushlands 
and grasslands, with narrow strips of medium-height 
forest or woodland along rivers. Kortland accepts the 
view that the fossil trees found in the Qatrani forma
tion were driftwood from a tropical forest lying to the 
south. The flora recorded offers no proof of the 
presence of a rain forest in Egypt during the Oli
gocene. 

The lacustrine to paracontinental deposits found 
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on both sides of the Gulf of Suez (the Nakheil and 
Tayiba formations) indicate that the Red Sea graben 
must have started foiiiiing and that the Red Sea hills 
were elevated during the Oligocene. The highs of the 
Bayuda and Nubian deserts, north Sudan, were also 
elevated; and it must be assumed that the drainage 
which produced the deltas along the shores of the 
Oligocene emanated from these highs. It is interest
ing to note that the Ma'aza plateau gravel mounds lie 
midway between the Nubia-Bayuda complex and the 
Gebel Qatrani fluvial deposits. The Ma'aza mounds 
could be the last remains of this defunct drainage 
system (see also discussion in Chapter 25). 

Unstable Shelf 

The Paleogene sediments of the Unstable Shelf differ 
from those of the Stable Shelf in being thinner and 
more patchily distributed. They are also of more 
unifoiiii lithology and are divided into two major 
units: a lower marl-limestone unit of Paleocene
middle Eocene age, the Apollonia, and an upper 
marl-shale unit of late Eocene-Oligocene age, the 
Dabaa. The thickest sections of the Apollonia forma
tion lie in the elongate east-west Abu Gharadig basin 
which lies inunediately to the north of the Kattaniya 
high (Fig. 24/8). Five wells drilled in the shadow of 
the major northern fault which bounds this high have 
thicknesses of more than I 000 m. In the wells WD32 
no. 1. WD33 no. 1, Natrun T56 no. 1, WD12 no. 1 
and east Mubarnk no. 2, the Apollonia is 1180, 1312, 
1286, 1447 and 1086 m thick respectively. To the 
north in the Natrun South, NWD343, Zebeida, Tiba, 
Halif West, Fayad, Rabat, WD8, WD7, WDS, Abu 
Sennan, Bre23 no. 2 and the Abu Gharadig wells, the 
Apollonia is 886,665,715,750, 854,787,577,700, 
839, 529, 528, 521 and 636 to 676 m thick respect
ively. 

The Apollonia is absent or exceptionally thin along 
the Mediterranean coastal areas. In the western 
stretch of this coastal belt it is totally absent in the 
Kanayis, Marnura and Matruh wells. In the eastern 
stretch it is very thin. In Burg El Arab, Mariut, 
Shaltout, Dahab, Dabaa, Almaz and Abu Subeiha 
wells the Apollonia is 50, 33, 69, 42,47, 47 and 21m 
thick respectively. 

Exceptionally thin Apollonia sections are recorded 
from the wells drilled between the Mediterranean 
coastal belt and the Qattara ridge. In the Mansour, 
Nasr, Marzouk, Meleiha, Shoushan, Razzak, Mingar, 
Kasaba, Urn Baraka, Kbarita, Washka and Fadda 
wells, the Apollonia is 59, 80, 96, 71, 66, 85, 94, 71, 
72 to 88, 91,28 and 72m thick respectively. Medium 
thicknesses are noted in the western reaches, Siwa 
(463 rn), Faghur West (411 m), Kbalda (420 m) and 
Abu Tunis (572 m) wells. 

In north Sinai, the Eocene plateau limestones are 
divided into a lower unit of limestone with flint (the 
Thebes) and an upper unit of chalky limestones (the 
Mokattam). The lower unit occupies some of the 
broad synclinal lowlands to the north and to the east 
of Gebel Halal as well as the areas between Halal and 
Yelleg, between Maghara and Yelleg, and between 
Urn Hoseira and Kberim. The unit is similar in litho
logical characters to the Thebes formation of the 
Stable Shelf. However, the unit is much thinner when 
compared with its counterparts in the Stable Shelf. In 
Qussaima it does not exceed 30m in thickness, and to 
the north of that village it assumes 50 m in thickness. 
In places, the Thebes overlies confoiiiiably the Esna 
shale and, in others, it becomes either very thin or 
missing as in the northwestern flanks of Gebel ArifEI 
Naga, Ras El Gindi, Maghara, Urn Khsheib and 
Raha. In Giddi, the Esna Shale is overlapped by the 
Thebes in some parts of the structure and by the 
Mokattam chalky limestones in other parts. 

The upper unit of the plateau limestones of Sinai 
(the Mokattam) consists, in places, of hard 
limestones and, in others, of chalky limestones with 
many shale and marl intercalations. It has a more 
extensive distribution than the lower unit of 
limestone with flint and forms many of the tableland 
regions of the lowlands between the major structures. 
It covers almost the whole of the lowland occupied 
by the Ismailiya-Abu Augeila road, and it forms the 
tableland of Gebel urn Kbsheib. The Mokattam for
mation of Sinai is thin. It does not exceed 100 m in 
thickness except in a few places (e.g. Ain Gedeirat) 
where it attains 340m in thickness. 

The late Eocene saw the withdrawal of the sea to 
the north and the elevation of Sinai as well as the 
western part of the north Western Desert (Fig. 24/9). 
The late Eocene sea fonned an embayment with 
fewer islands and positive areas than the early 
Eocene. The Mediterranean coastal belt and the Qat
tara ridge highs were lowered and inunditted by the 
sea. 

The late Eocene embayment continued during the 
Oligocene except for a minor retreat (Fig. 24/10). 
Both seas were under the influence of great rivers 
which must have debouched into them. The marine 
deposits of both the late Eocene and Oligocene are 
sitnilar lithologically and are classified under the 
nameDabaa. 

NEOGENE 

The advent of the Neogene period was marked by 
intense tectonic movements which had a great effect 
on the present-day structural framework of Egypt 
The eastern part, including Sinai and the Red Sea 
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region, which had been elevated since at least the late 
Eocene, was affected in a most marked way. Early 
Miocene rifting produced the Gulf of Suez and the 
Red Sea grabens in more or less their present shape. 
Contemporaneous movements affecting the belt 
separating the Stable and Unstable Shelves were 
accompanied by intense volcanic activity. 

The Miocene was terminated by a spectacular 
event which caused the desiccation of the Mediterra
nean basin, the lowering of the baselevel and the 
beginning of an immense erosional period which 
shaped the modem face of Egypt. 

MIOCENE 

The Miocene is the subject of a large number of 

Sadat 
52m 

t'ZZl 3 

A A 
A A 

South 
Gharib 
1,500m 

Kareem 150m 

Rude is 
850m 

D 4 

~oSamh53m·o~ 
o·.c-o.o o:o 

Um Gheig am 
A /\ A A /\ 

A 1\ 1\ 1\ 

1\1\1\1\/\ 

Abu Dabbab A 

200m 
A A 1\ A 

/\ {\ 1\ {\ 

Um Mahara 
180m 

·o 0 0 0 
. 0 

0 
0 Ranga 

0 · 160m 
0 

0 0 

o. 
0 

·o 
0 . 

publications. For a review of earlier work the reader 
is referred to Sadek (1959) and Said (1962). More 
recent work is reviewed by El Gezeery & Manouk 
(1974) and El Heiny (1981, 1982). Detailed descrip
tions of the sediments of the Gulf of Suez, the Red 
Sea coastal plain and the Delta are given in other 
chapters of this book. 

The Miocene sediments exhibit great facies varia
tions and have a large number of unconfonnities 
reflecting the nature of the tectonically formed basins 
in which they were deposited (Fig. 24/ll ). Four 
distinct tectonic provinces can be distinguished: 

l. The north Delta embayment: The northern part 
of the Nile delta forms a basin with a thick Neogene 
section. 11ris basin, named the north Delta embay
ment by Said (1981 ), lies between the east Mediterra
nean oceanic basin and the south Delta block which 
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fonns part of the regional high separating the Stable 
and Unstable Shelves (Fig. 24/8). This high, which 
was active throughout the Paleogene and earlier 
times, is characterized by an attenuated crust and 
nwnerous volcanic eruptions, most of which are 
dated early Miocene. The petrography and geoche
mistry of the volcanic rocks of this belt indicate that 
they are tholeiitic basalts. They grade from quartz 
normative in the north to olivine normative in the 
south. Their distribution shows that they formed ex
tensive lava fields of great thicknesses over a large 
area of this high (on the nature of the crust in north 
Egypt, see Meshref, Chapter 8 and Morgan, Chapter 
7, this book). The north Delta embayment extends 
westward as an elongate belt covering the Mediterra
nean offshore areas. This belt lies to the north of the 
Mediterranean coastal high. The sediments of this 
embayment form a miogeoclinal prism_ 

2. North Western Desert: This basin developed to 

the south of the Mediterranean coastal high, an old 
marginal offset which was active during the Paleo
gene. During the early Miocene, clastic sedimenta
tion prevailed. A change of the climate and a reacti
vation of the coastal high during the middle Miocene 
left the north Western Desert a distinctive basin in 
which clastics were deflected and organogenic car
bonate deposits accwnulated. 

3. Cairo-Suez district: This district forms a neritic 
marginal zone which was intermittently covered by 
the sea as it advanced toward the south. The sed
iments are thin and are made up mostly of shallow 
organogenic carbonates with nwnerous diastems. 

4. Gulf of Suez and Red Sea: These are elongate 
basins which are flanked by uplifts along nearby 
rifted continental margins. The Gulf of Suez basin 
seems to have formed at an earlier date than the Red 
Sea basin; its sediments are thicker. Both basins have 
narrow outlets to the open ocean system from which 
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Table 24.4 Miocene rock units of 
the Gulf of Suez. 
Planktic Foram. Zones: P22= Glo· 
bigerina ciperoensis; N4= Globo· 
rotalia kugleri; NS= Globigerinoi· 
des primordius; N6= G. altiaper
turus; N7; G. trilobus trilobus; N8; 
G. sicanusiPraeorbulina glome
rosa; N9= Globorotalia periphe
roronda; NlO= G. peripheroacuta; 
Nil= G. sikilensis. 
Nannoplankton Zones: NN3= 
Sphenolithus belemnos; NN4= 
He/icosphaera ampliaperta; 
NNS= Sphenolithus heteromor· 
phus. 



Cenozoic 477 

they were separated by sills, the Suez (Ayun Musa) 
high in the north and the Bab El Mandab in the 
south. 

Geochronology 
The numerous radiometric dates of the Neogene vol
canics are of little use in establishing a geochronolo
gical scale for the Neogene. Most of the dates are for 
non-layered volcanic rocks which fall mostly within 
the Oligo-Miocene interval. The geochronology of 
the Neogene is based, to a large extent, on paleonto
logical as well as stratigraphical evidence. The large 
collection of macroinvertebrates recorded from the 
Miocene of Egypt (Blanckenhom 1900, 1901, Four
tau 1920, Sadek 1959, Said & Yallouze 1955, etc.) 
has not been successfully used to zone the Miocene 
rocks. Mention has frequently been made of the 
cephalopod Aturia aturi as an index of the Langhian. 
Successful taxa used in dating the Neogene rocks of 
Egypt are the planktic foraminifera and calcareous 
nannoplankton. Following on the early attempts to 
zone the Miocene section of the Gulf of Suez by 
planktic foraminifera by Said & Heiny (1967), Wasft 
( 1969) and Beckmann et al. (1969) make the first 
comprehensive attempt to establish standard zones 
applicable to Egypt. El Heiny & Martini (1981) and 
Andrawis (this book, Otapter 31) refine the zonation 
by emending some zones and inserting a few addi
tonal ones. Table 24/4 gives the ranges of these zones 
as proposed by these authors. Wasfi and Gupco staff 
(as quoted in Scott & Govean 1984), however, give 
different ranges for these zones. Thus the Kareem 
and Belayim formations belong to Zone N9 accord
ing to Wasfi and Gupco staff and Zones N9 to N11 
according to El Heiny & Martini. The Nukhul be
longs to Zone N4 to N5 according to Wasfi and to 
Zone N6 according to El Heiny & Martini. 

For the calcareous nannoplankton, the worlcs of El 
Heiny & Martini (1981) and Harms & Wray (this 
book, Otapter 17) establish the standard zones perti
nent to Egypt (Table 24/4). 

For the neritic sediments which do not carry plank
tic foraminifera, attempts were made to establish the 
contemporaneity of some of the characteristic ben
thic foraminiferal species which they carry with the 
standard planktic zones (Souaya 1961, 1%3, Sadek 
Ali 1968, Oterif 1974). Souaya established the Mio
gypsina globulina, intermedia, cushmani succession 
to which a lower zone of M. tani was added by Sadek. 
These zones were equated with N7, N8, N9 and N4 
planktonic foraminiferal Zones respectively. Oterif 
also suggests that Heterostegina costata costata 
could be a good index fossil for the Burdigalian and 
that H. costata politatesta could be an index fossil for 
the Langhian. 

EARLY MIOCENE 

The earliest Miocene sediments of Aquitanian age 
are of limited areal distribution. They are recorded 
with certainty in the north Delta embayment wells. 
Wherever their base was reached they were found to 
rest conformably over the marine Oligocene sed
iments (Bilqas, San El Hagar, Qantara and El Temsah 
wells). Aquitanian strata are also recorded in one 
locality (Gebel Homeira) in the Cairo-Suez district 
(Sadek Ali 1968). Here they assume a reefal car
bonate facies and carry the characteristic fossil Mio
gypsina tani. 

The maximum marine transgression of the Mio
cene epoch occurred during the Burdigalian when the 
sea covered large areas of north Egypt and 
overflowed into the newly-formed Gulf of Suez (Fig. 
24/12). A large part of the transgressing sea was 
under the influence of fluvial sedimentation fonning 
a wave-dominated delta plain covering the eastern 
part of the north Western Desert. In the following 
paragraphs a description is given of the sediments of 
the different provinces. 

North Delta embayment (Sidi Salem formation) 
The most complete section of the early Miocene is 
found in the north Delta embayment and its extension 
in northwest Sinai to the north of the Pelusium line. 
Here the sediments assume thicknesses of 600 to 
1000 m and are made up of a solid clay unit. They rest 
conformably over the marine Oligocene and are rich 
in calcareous nannoplankton (NNl and NN2 Zones) 
and planktic foraminifera (Zones N4 and N5). They 
show breaks in sedimentation in some wells toward 
the end of the early Miocene (see Harms & Wray, 
Otapter 17, this book). 

North Western Desert (Gebel Khashab and Moghra 
formations) 
A thick clastic sequence carrying a mixed fluvio
rnarine fauna overlies the long basalt of the Abu 
Roash-Fayum stretch and extends northward into the 
north Western Desert. It forms the lower part of the 
wall of the Qattara depression where at Moghra, at 
the eastern end of the wall, Fourtau (1918) separated 
and described the well-known vertebrate fauna of 
this locality. The section at Moghra forms the type 
locality of this formation. Said (1%2) assigns an 
early Miocene age for this sequence and shows that it 
grades laterally into other facies. The name Moghra 
was originally proposed to cover all the facies exhi
bited by the early Miocene sediments of the north 
Western Desert. Said (1962) distinguishes an 'estua
rine', marine, reefal and open bay facies. In addition, 
a genuine fluviatile facies, given the name Gebel 
Khashab Redbeds, is also recognized. Marzouk 

~---~--~----~--~-----------
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Figure 24.12 Early Miocene paleogeographic map. I= positive areas; 2= bathyal sediments; 3= shelf sediments (Mamura and 
Gharra Formations); 4= shelf sediments influenced by fluviatile action (Moghra and Ranga Formations). 

(1969) restricted the use of the name Moghra to the 
outcropping 'estuarine' clastics and proposed the 
name Mamura for the marine, reefal and open bay 
sediments. These sediments occur in the subsurface 
in wells drilled to the west of longitude 27° E where 
the ioftuence of the fluvial sediments of the Moghra 

·delta is not felt. The type section of the Mamura 
formation is from depth 114 to 399m, Mamura well 
no. 1. The basal 40 m made up of sandy fossiliferous 
limestones are given the name Shushan by Omara & 
Ouda (1972), while the upper shale-limestone section 
is given the name Khalda by these authors. The 
sediments of the Mamura formation are of shallow 
marine origin. The Mamura rests over the marine 
Oligocene (Fig. 24/5) and is marlced by a number of 
sedimentational breaks. The lower part of the section 
carries the cbaracteristic fossil Miogypsina tani and 

belongs to the Aquitanian (see Hantar, Chapter 15, 
this book). 

The Gebel Khashab Redbeds and the Moghra 
seem to have been deposited under one regime 
belonging to a river system which must have flowed 
into the sea from the north of Fayum. The sediments 
of this system cover about 70,000 kffi2. The Gebel 
Khashab Redbeds are made up of coarse non
fossiliferous clastics which were probably deposited 
in aggrading streams. These sediments grade north
ward (at the latitude of Wadi El Faregh, southwest of 
Wadi Natrun) into delta plain deposits of the Moghra 
formation. The Moghra is made up of finer-grained 
clastics which cany, in places, shark teeth and other 
terrestrial vertebrates. 

The Moghra seems to have been deposited in a 
high-energy wave-dominated delta. Straodline sands 
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make the bulk of the delta plain, with local occur
rences of distributary channel sands. The sands fonn 
elongate bodies whose orientation parallels deposit
ional strike. Since nearshore marine fossils are asso
ciated with the deposits of the delta, it is assumed that 
the progradation must have occurred seaward and 
along the entire delta front. The fossils separated 
from these sands are ostracodes, euryhaline foramini
fera, echinoids, molluscs, shad< teeth, turtles, masto
dons and many othets. Occasional silicified tree 
trunks are found. These seem to have been rafted. 

The thickness of the Moghra fonnation is in the 
range of 200 m but to the north, where it becomes 
buried under younger sediments, it is thicker. At 
Dabaa, Almaz wells the Moghra is 738 and 651 m 
thick respectively. The size of this delta and the 
thickness of the sediments clearly point to a river of 
great competency tenninating in a shelf area. The 
earlier Oligocene Gebel Qatrani river did not build a 
delta of comparable dimensions and its sediments 
were distributed on the submerged Suez-Kattaniya 
high which seems to have acted as a barrier to the 
open sea. The sediments of the Moghra and Gebel 
Qatrani rivets are similar mineralogically; the two 
rivets seem to have had the same source and were 
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probably fonned under simiuir climatic conditions. It 
is certain that the climate was tropical to subtropical 
but it is not certain how much rain the area itself 
received. The pedologic evidence points to wetlands 
which could have developed in delta expanses under 
different climatic conditions. Most of the in siru biota 
recorded points to a tropical climate and African 
affinities. The tree trunks could well be drift wood 
(see Kortland 1980 and Bown et a!. 1982 for a 
discussion on this controvetsial subject). The paleo
geographic evidence points to a river system which 
derived the largest part of its watets from a source 
farther to the south, probably the elevated Nubian 
Massif (see discussion in Chapter 25, this book). This 
conclusion is based on the fact that no fluvial sed
iments accumulated in any of the basins of Egypt 
during these two epochs other than the basins which 
received the deposits of these two river systems. 

Cairo-Suez district (Gharrafomuuion) 
Shallow marine shelf deposits are recorded along the 
Cairo-Suez road (Ftg. 24/13 ). They are made up of 
detrital limestones carrying Operculina, Heteroste
gina, Miogypsina spp., and other reef-building 
fonns. The early Miocene part of the section belongs 
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to the Ghana and Sadat fmmations. The 120m thick 
Gebel Ghana section is the subject of a study by 
Souaya (1961, 1963) who is able to distinguish three 
Miogypsina zones: M. globulina, M. intermedia and 
M. cushmani. These fossils allocate the Ghana to the 
early Burdigalian, late Burdigalian and Langhian 
respectively (Cherif 1974). The Ghana Burdigalian 
strata are also rich in Opercu/ina complanata and the 
Langhian strata carry Hetrostegina praecostata. But
digalian strata are also reported from Dar El Beida, 
Homeira, Agrud and Sadat areas of the Cairo-Suez 
district. 

No Aquitanian is recognised from the Cairo-Suez 
district (El Heiny 1982) although Ali Sadek (1968) 
dates the lowermost beds of Gebel Homeira (where 
specimens of Miogypsina tani were separated) as 
Aquitauian. 

To the east toward the entrance of the Gulf of Suez, 
the early Miocene sediments assume a carbonate 
facies, the Sadat formation (Abdallah & Abdel Hady 
1968). 

Gulf of Suez (Nulchul and Rudeis formations) 
With the advent ofButdigalian time, the Gulf of Suez 
was submerged by the waters of the Mediterranean 
Sea. The free flow of the waters across the Suez sill 
resulted in an aerated bottom and clean bathyal sed
iments for most of the early Miocene time. A large 
number of fault blocks build the Gulf. Their different 
rates of subsidence contributed to the large thickness 
and facies variations of the early Miocene sediments. 
A regional sill seems to have separated the southern 
end of the Gulf from the Red Sea proper which was 
not overflown by the waters of the Mediterranean 
except in late Burdigalian time. Burdigalian sed
iments of the Gulf rest unconformably over older 
rocks ranging in age from Precambrian to Oligocene. 
They consist of the Nukhul and Rudeis formations 
(Table 24/4 ). 

The Nukhul is a shallow marine deposit with an 
average thickness of 100 m. It exhibits greater facies 
changes and is made up in places of polymictic 
conglomerates whose pebbles include Eocene chert 
nodules and rolled fossils. In places, it is made up of 
shallow oyster and Pecten-bearing limestones and in 
others of alternating shale and calcarecus sandstone 
beds. The age is controversial, but according to El 
Heiny & Martini (1981) it belongs to the N6 (Globi
gerinoides altiaperturus) Zone and is of early Burdi
galian age. The type section of the Nukhul is in a 
tributary wadi south of Wadi Nukhul where it attains 
a thickness of 59 m. 

The Rudeis formation consists of shales and marls 
with sands and limestones becoming especially 
abundant in the upper part of the section. This makes 
possible the subdivision of the Rudeis into a lower 

and an upper unit; the upper usually rests unconfor
mably ovr the lower. The Rudeis is thick; thicknesses 
of 2000 m are common. It is richly fossiliferous and 
belongs to the N7 and N8 G/obigerinoides trilobus 
trilobus . and G. sicanus/Praeorbu/ina glomerosa) 
Zones (El Heiny & Martini 1981). 

In Gebel Zeit-Esh El Mellaha area, a unique se
quence of the early Miocene is recorded and named 
Abu Gerfan by Ghorab & Marzouk (1967). It is made 
up of coarse to very coarse calcareous conglomerate 
boulder beds alternating with gritty coralline 
limestone beds. The thickness is 20 m at the type 
locality at Gebel Zeit. This formation may be correl
latable with Scott & Govean' s (1984) 'basal carbona
te' bed (classified with the Nukhul) which they rec
ord along the south Suez coast. 

Red Sea (Rangaformation) 
During the early Miocene, the Red Sea seems to have 
been separated by a sill from the Gulf of Suez and 
seems to have been filling up with a thick clastic 
deposit, the Ranga. This formation is made up of a 
basal conglomerate, about 8 m thick, followed by a 
long series of vari-colored sands and shales. 
Thicknesses of 180m are common. The formation is 
clearly made up of subaerially deposited alluvial 
fans. Toward the end of the early Miocene the Red 
Sea basin was submerged by the waters of the Gulf 
when marine sediments started to form. The bulk of 
the sediments of this marine phase, however, belongs 
to the middle Miocene (see for more detail, Chapter 
18, this book). 

MIDDLE MIOCENE 

The early and middle Miocene sediments are sepa
rated by an unconformity whose magnitude varies 
from one place to another (Fig. 24/11). In the case of 
the Gulf of Suez, the unconformity involved the 
severance of the Gulf from the Meditenanean Sea 
and the start of evaporitic sedimentation which conti
nued with intensity during the late Miocene. In the 
Red Sea whose basins were deeper, evaporitic sedi
mentation began late in middle Miocene time and 
continued duting the late Miocene. In the Western 
Desert, arid conditions which prevailed duting that 
time terminated the fluvial sedimentation which char
acterized the early Miocene and brought about the 
organogenic deposits of the Marmarica formation. 
Figure 24/14 is a paleogeographic map of the middle 
Miocene. 

North Delta embayment 
Bathyal marine deposits of the middle Miocene are 
known in the north delta wells and are represented by 
shales of more than 1000 m in thickness (San El 
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Figure 24.14 Middle Miocene paleogeographic map. 1= Positive areas; 2= depocenters; 3= bathyal sediments; 4= shelf 
sediments; 5= Nullipore reefs (Hanunam Faraun Member and Hommath Formation). 

Hagar well). 1bis well seems to lie at the foot of the 
great south wall which borders the north Delta em
bayment (Said 1981). In the Monaga well, barely 20 
km to the south, the middle Miocene becomes thin 
and assumes a carlxmate facies similar to that known 
from the Cairo-Suez district. 

North Western Desert (Marmaricaformation) 
Middle Miocene sediments of the north Western 
Desert follow unconformably on top of the Moghra 
formation. They are represented by the Marmarica 
limestones which cover the entire north Western De
sert (Fig. 24/14) extending from the Libyan borders 
to Siwa eastward along the Qattara wall. The forma
tion is made up of an upper white limestone fossilife
rous member, a middle snow-white chalk member 
and a lower member made up of alternating cross
bedded carbonates and fissile shales and marls. These 
members are named El Diffa plateau, Siwa and Oasis 
respectively by Gindy & El Askary (1969). At the 
type section to the north of Siwa, Said (1%2) des
cribes a 78 m thick section the lower 32m of which 
include some marl intercalations. The section is 

richly fossiliferous including among others the char
acteristic Langhian fossil Bore/is melo. 

The thickness of the Marmarica is more or less 
uniform throughout except at a few localized areas 
where it becomes exceptionally thick. The average 
thickness outside these areas is less than 200m. Wells 
drilled in the narrow strip overlooking the Qattara 
wall from Sanarnein to Marzouk have exceptionally 
thick sections. In the Sanarnein, Tarfa, Ghanem, 
Garf, Obeidalla and Marzouk wells, the thickness of 
theMarmaricais 802,753, 714,1070,530and642m 
respectively. To the north along another narrow and 
elongate strip exceptional thicknesses are recorded 
along an east-west line passing through the Kheima, 
Ganayen, Yidma and Washka wells. Thicknesses 
recorded in these wells are 639, 900, 1113 and 975 m 
respectively. It is remarkable that in the narrow strip 
separating these two basins thicknesses of less than 
100 m are recorded. Among other localized areas 
with exceptionally thick Marmarica sediments is the 
Urn Baraka basin where it attains a thickness of more 
than 500 m. The only explanation that I can offer for 
these exceptional thicknesses is that these elongate 
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basins must have represented areas of continuous 
subsidence during the deposition of the Mannarica. 
The strip along the Qattara wall seems to have 
bounced upward immediately after the retreat of the 
middle Miocene sea producing the Qattara wall. This 
would give credence to Said's (1979) idea that the 
wall is a depositional rather than an erosional feature 
(see discussion below under late Miocene). 

Cairo-Suez district (Genefe and Hommath 
formations) 
Middle Miocene rocks cropping out along the Cairo
Suez district rest conformably over the early Mio
cene rocks (Fig. 24/13). They are made up of detrital 
richly fossiliferous carbonate beds with H eteroste
gina costata and others belonging to the Genefe and 
Hommath formations. The Genefe is a 69 m-thick 
section at its type locality. Toward the east at the 
entrance of the Gulf of Suez, the Genefe grades into a 
grit-marl-shale section, the Hommath about 51 m 
thick at its type locality. Some authors extend the age 
of the Genefe and Hommath to the early late Miocene 
(Tortonian). 

Gulf of Suez (Kareem and Be/ayimformations) 
The middle Miocene sediments of the Gulf of Suez 
consist of the Kareem, Belayim and south Ghanb 
(pars) fatmations. The Kareem is made up of clastics 
with one or more interbeds of anhydrite and occa
sional limestone. It is 260 m thick at the type locality 
(Gharib north well no. 2). In most areas it averages 
110 m in thickness. It is subdivided into two 
members, a lower member, the Marldla and an upper 
member, the Shagat. The Marldla is made up of a 
basal anhydrite bed, a middle shale-marl sequence 
and an upper anhydrite-sand-shale sequence. These 
sequences correlate with Evaporite I, a intereva
porite marls and Evaporite II of Said & Heiny's 
classification (1967). The Marld1a is developed along 
the western banks of the Gulf where evaporite sedi
mentation seems to have started In many of the 
eastern parts of the Gulf where Evaporite I is not 
formed, the separation of the Rudeis formation from 
the overlying Kareem formation is difficult; the upper 
Rudeis and the Kareem marls and sands form one 
unit which is named the Ayun Musa formation. The 
Shagat member is a shale-marl unit with sand and 
conglomerate interbeds which become common to
ward the shoulders of the graben. The Kareem catries 
Pay Zones N-A and V of the Belayim land oilfield 

The Belayim formation is 302 m thick at the type 
section (Belayim well112-12). It is made up of four 
members which are from bottom to top: 
- Baba member (= Evaporite ill): This member is 

made up of anhydrite and salt with a clastic in
terl:Jed made up usually of shale and marl and 

occasionally of sand and conglomerate. This in
teri:Jed forms Pay Zone N-I of the Belayim land 
field (Said & Zaki 1967). The member averages 51 
m in thickness in the Belayim field. 

- Sidri member (= y interevaporite marls): This 
clastic member consists of sand, shale and marl 
beds with rare limestone interi:Jeds. This member 
forms Pay Zone N of the Belayim land field. The 
member averages 57 m in thickness in the Belayim 
field. 

- Feiran member (= Evaporite N): This member 
consists of anhydrite with shale, marl and sand 
interi:Jeds and rarely conglomerates and/or 
limestones. In this unit several pay zones are pres
ent in the Belayim land field: Pay Zones II-A, ill 
and ill-A. In the eastern pat! of the field the anhy
drite which separates Zones II and II-A pinches out 
and the two zones merge into one. The average 
thickness of this member in the Belayim field is 
156m. 

- Hammam Faraun member ( = 1i interevaporite marl 
or nullipore rock): This member consists of shale 
and marl or shale, marl and sand in the Belayiro 
land oilfield. In the Wadi Gharandal surface sec
tion, it consists of massive gypseous limestone 
beds rich in Lithothamnion. In the Belayim field it 
carries Pay Zone II. The average thickness of this 
unit in the field is 50 m. The nullipore rock assumes 
a carbonate facies along the western coast of the 
Gulf of Suez (Fig. 24{14 ). 
The Kareem and Belayim formations are of Lan

ghian age. They belong to the planktic foraminiferal 
zones N9 to Nl 0 and Nll respectively. 

In the Gebel Zeit-Esh El Mellaha area a unique 
facies of the middle Miocene is recorded and named 
Gharamul by Ghorab & Marzouk (1967). The Ghara
mul formation is made up of algal unbedded 
limestone, occasionally dolomitic. The thickness at 
the type section at Gebel Gharamul is 126 m. The 
Gharamul may be the reefal equivalent of the Ham
mam Faraun member of the Belayim formation. 

Red Sea (Um Maharaformation) 
The Red Sea basin was inundated during the late 
early Miocene and middle Miocene times when it 
received the sediments of the Urn Mahara formation. 
This formation is made up of a lower sandy member 
and an upper fossiliferous gypseous limestone 
member, the latter grading laterally into coralline 
limestones. The formation is of middle Miocene age 
at least in its upper part. This pat! catries the fossil 
Borelis melo which characterizes many of the Lan
ghian sections of Egypt. The Miocene sediments of 
the Red Sea basin are dealt with in more detail in 
Chapter 18. 
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LATE MIOCENE 

A continuous withdrawal of the sea from Egypt took 
place during the late Miocene. By Messinian time not 
only was the land of Egypt completely uncovered, 
but so was the whole Mediterranean Sea as it severed 
its connection with the world oceanic system. 1be 
impact of this event was enormous in shaping the 
modem landscape of Egypt. 1be Nile excavated its 
modem course and the oases and other depressions 
were formed in adjustment to the new lowered base
level of the Mediterranean. The late Miocene was an 
episode of erosion with few sediments preserved. 
These are mostly evaporites which accumulated in 
the Gulf of Suez, Red Sea and north Delta embay
ment. Coarse grained clastics accumulating in front 
of the forming Nile are also recorded from the subsur
face. 

North Delta embayment 
Late Miocene sediments are recorded from most of 
the wells drilled in the embayment. They rest over the 
sahles of the middle Miocene Sidi Salem formation 
forming a wedge of alternating beds of poorly sorted 
coarse-grained quartzose sandstones and fine
grained shales. The coarse-grained layers include 
chert pebbles and rolled fossils which seem to have 
been derived from the elevated Cretaceous aod 
Eocene table lands of Egypt. 1be formation was 
named Qawasim aod is interpreted as forming the 
deltaic fan of the Eonile (Said 1981). The type section 
of the Qawasim formation is the interval between 
2800 and 3765 m of the Qawasim well. The forma
tion is thin over the hinge zone of the delta which 
separates the embayment from the south Delta high 
(Qantara well (420 m), San E1 Hagar well (513 m), 
Mahmudiya well (250 m), etc.) and thicknest at the 
footslopes of this zone (Kafr El Sheikh well (1313 
m), Bilqas well (1336 m), Sidi Salem well (1275 m), 
etc.). 

The age of the Qawasim formation is difficult to 
ascertain because of the lack of diagnostic fossils, but 
it is most likely of late Tortonian to early Messinian 
age. This age assignment is inferred from the strati
graphic position of the formation which overlies un
conformably the well-dated early Tortonian sed
iments of the Sidi Salem formation and underlies the 
evaporite beds which are correlatable with similar 
deposits recorded in the Mediterranean basin and 
dated as Messinian. 

1be evaporites which overlie the Qawasim were 
named the Roserta formation (Rizzini et a!. 1978). 
This formation is encountered in most of the wells 
drilled in the embayment at the same level recorded 
beneath the Mediterranean Sea by the Deep Sea 
Drilling Project Cruise leg 13 at depths ranging from 

3963 m (Kafr El Sheikh well) to 2059 m (EI Tabia 
well) below sea level. 1be type section of this forma
tion is the interval 2678-2720 m of the Rosetta well 
no. 2. Here the formation is made up of layers of 
anhydrite interbedded with clay. In the Qawasim 
well, the Roserta covers the interval 2651-2800 m. It 
is made up of a basal 7 m-thick gypsum bed followed 
by a sequence of quartzose sands, shales and eva
porites. The age of the Roserta evaporites is Messi
nian. They are interpreted as having been formed as 
sabkhas on a dried sea floor. 

North Western Desert 
1be sheet of halite which fills the deeper southwest
em part of the Qartara depression (Fig. 2/4) has been 
recently interpreted as a remnant of a sheet of eva
porites which probably formed during the Messinian 
in a perched basin (Said 1979). 1be basin seems to 
have formed in the shadow of the rising Qartara ridge 
which received the thickest middle Miocene sed
iments. 

Gulf of Suez 
The evaporite section which overlies the Belayim 
formation is partly of late Miocene age, although 
most of the section is of late middle Miocene age. 
The section consists of the south Gharib and Zeit 
formations. 1be surface outcrops of these formations 
are considerably thinner than their counterparts in the 
subsurface. The thickness of the evaporite formations 
increases from zero in the north and on local struc
tural highs to more than 3000 m in the southern part 
of the Gulf (Fawzy & Abdel Aal1984). 

1be south Gharib formation overlies the Belayim 
formation. It is made up of anhydrite with shale 
intercalations at the periphery of the Gulf and mainly 
of salt in the depocenters. 1be type section of this 
formation is the south Gharib well no. 2, where it is 
represented by a 701 m-thick anhydrite bed with salt 
and shale intercalations. The formation is mainly 
non-fossiliferous although some of the lower shale 
intercalations carry foraminifera (?Serravalian 
affinities). 1be thickness of the formation varies from 
zero in the northern part of the Gulf to more than 
1800 m in the south. Isopachous variations are due, to 
a large extent, to the paleorelief inherited after the 
post Belayim movements which activated many of 
the blocks that made up the Gulf. Fawzy & Abdel Aal 
(1984) divide the formation into a lower unit of salt 
with minor intercalations of anhydrite, shale and 
sands. This member artains its maximum thickness 
toward the south partially due to the plastic flow of 
the salt. The upper unit is made up of thinly-bedded 
salt and anhydrite interbeds. 

1be Zeit formation follows on top of the south 
Gharib formation. It is made up of shale, sand and 
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sandstone beds with anhydrite and salt interbeds. The 
type section of this formation is the Gebel Zeit well 
no. I where the formation attains a thickness of 941 
m. The formation is non-fossiliferous and the age is 
determined on stratigraphic grounds. 

Red Sea 
The late Miocene sediments of the Red Sea are 
reperesented by an evaporite sequence which was 
named Abu Dabbab by Akkad & Dardir (1966). The 
type section of this formation is at Wadi Abu Dabbab, 
north of Mersa Alam, where the formation rests over 
the Urn Mabara formation. The thickness of the 
formation varies from 30 to 400 m. It is made up of 
massive gypsum beds with minor carbonate and 
shale intercalations. In the offshore areas of the Red 
Sea, the formation may exceed 4000 m. The forma
tion is usually capped by a dolomitic limestone bed, 
the Urn Gheig formation, referred to in the older 
literature as the oil-tainted limestone. 

The Abu Dabbab and the Urn Gheig formations 
are overlain by a sequence of fine-grained clastics of 
the Samh formation. The sequence is about 53 m 
thick in Wadi Wizr. It carries a few poorly preserved 
fossils of fresh water habitat which are not age 
diagnostic. The formation is attributed to the late 
Miocene on stratigraphic and paleogeographic evi
dence. The sediments could represent the fresh water 
lacustrine deposits of the retreating late Miocene sea. 
The detailed description of these formations is given 
in Chapter 18, this book. 

PLIOCENE 

The advent of the Pliocene epoch was marked by the 
flooding of the Mediterranean basin across the Gi
bralter Strait and the gradual inundation of the north 
Delta embayment, the northern coastal areas and the 
Eonile canyon by this sea. The Gulf of Suez and the 
Red Sea, which had been isolated from the Mediter
ranean, were connected with the Indian Ocean across 
the Bab El Mandab Strait. The late Pliocene saw a 
withdrawal of the seas and a dramatic climatic 
change that brought local rains. In the following 
paragraphs a brief description is given of the sed
iments of each of these realms. 

Nile valley 
The Pliocene sediments of the Nile valley consist of a 
lower marine sequence of early Pliocene age and an 
upper fluviatile sequence of late Pliocene age. 

Early Pliocene marine sequence 

The rising sea level of the early Pliocene brought the 

Mediterranean into the excavated Nile canyon trans
forming it into a narrow gulf reaching as far south as 
Aswan. In the north, with the rise of sea level, the 
waters overflowed the banks of the canyon and 
covered large tracts of the areas surrounding the delta 
and the eroded south Delta block. The early Pliocene 
sediments of the north Delta embayment are thick 
sand-shale deposits which carry a rich open marine 
fauna. The planktic foraminifera belong to the Sphae
roidinellopsis spp. zone. The sediments follow on top 
of the late Miocene or older deposits with a marlred 
unconformity which can be traced on all the seismic 
records with ease. The sediments include more sand 
members in their lower part (the Abu Madi forma
tion) and are made up of shales in the upper part. 
These early Pliocene shales form the lower part of a 
thick and uniform sequence of shales named the Kafr 
El Sheikh formation. The type locality of this forma
tion is the depth interval975 to 2735 m of the Kafr El 
Sheikh well. The lower 855 m belong to the early 
Pliocene planktic foraminiferal zones N19 & N20. 
The upper 905 m include a brackish water foramini
fera and belong to the late Pliocene (vide infra). 

In the Nile gorge itself the deposits of the deeper 
parts are in the form of sands (18 to 59%) and 
montmorillonitic clays with thin lenses of fine
grained polymictic sands and sandy loams rich in 
authigenic minerals: glauconite, pyrite and siderite. 
Toward the peripheries of the canyon the deposits are 
in the form of sandy limestones, marls and coquinal 
beds carrying shallow marine fossils; the beds abut 
against the bounding cliffs of the canyon. The fossili
ferous beds of this episode (best exposed in Kom El 
Shelul, south of the Gizeh Pyramids) rest on the 
slipped masses of the Eocene or, more frequently, on 
the Eocene bedrock itself. An intervening band of 
conglomerate or breccia up to 3 m in thickness se
parates the marine Pliocene from the underlying be
drock. Little (1936) and Said (1981) map the Plio
cene beds of this gulf. According to Little, the aver
age width of the gulf was 12 km but the arms of the 
sea extended inland to some distance on either side 
(see map given by Said 1981 for the Nile valley). 

The type section of the marine deposits of the Nile 
gulf is at Kom El Shelul where it is made up of a basal 
10m oyster bed made almost exclusively of Ostrea 
cucullata shells. This is followed by a 2 m sandstone 
bed crowded with Pecten benedictus and Chlamys 
scabrella. Upon this lies a sandstone bed of 50 em 
thick full of remains of Clypeaster aegyptiacus, casts 
of large gastropods (Strombus coronatus, Xenophora 
i'!fundibulum, etc.), the same pectens in the underly
ing bed, and many other fossils. Then follows a 10m 
bed of non-fossiliferous yellow quartzose sand and 
brownish sandstone with large flint pebbles. 

The most southern occurrence of the marine Plio-
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cene of the Eonile canyon is reported from Aswan. 
Chumakov (1967) describes from the cores raised 
from the Nile bed at the site of the As wan High Dam a 
marine Pliocene sequence between depths 170 and 
260m. The sequence is made up of grey montmoril
lonitic clay with thin lenses of fine-grained maica
ceous sand and sandy loam with abundant plant 
detritus and a few specimens of ostracodes. 

Late Pliocene fluviatile sequence 

The onset of more humid conditions in late Pliocene 
time converted the marine gulf of the Nile into a 
veritable river channel to which Said (1981) gave the 
name Paleonile. The sediments belonging to this 
river system consist of a long series of interbedded 
red-brown clays and thin fine-grained sand and silt 
laminae which crop out along the banks of the Nile. 
In the north Delta embayment sediments belonging 
to this river system are reported from the subsurface. 
They form the upper part of the Kafr El Sheikh 
formation. This part carries a fluvio-marine fauna 
which seems to have been deposited under the effect 
of fresh water. 

To the same river system belong the fluvio-marine 
deposits of Wadi El Natrun which seem to have 
formed the earliest delta of the Paleonile before this 
river built its complex delta system into the Mediter
ranean offshore (Said 1981). The Wadi Natrun 
fiuvio-marine deposits attracted the attention of many 
authors (Blanckenhorn 1901, Lyons 1906, Sromer 
von Reichenbach 1905, James & Slaughter 1974, 
etc.). The Wadi Natrun fluvio-marine section is best 
exposed at Gar El Muluk, a prominent topographic 
feature in the flat surrounding terrain of Wadi Natrun 
where it attains a thickness of 33 m. The formation is 
made up of a sequence of shales, calcareous 
sandstones and thin limestone interbeds. It includes a 
rich vertebrate fauna (Hipparion, Hippopotamus and 
Hippotragus spp. and others). The lowermost bed of 
the succession carries the middle Pliocene fossil Os
trea cucullatta. The Gar El Muluk beds carry a rich 
ostracode fauna of late Pliocene age. 

Coastal areas of north Western Desert 
The distribution of the early Pliocene sediments 
shows that, in addition to the delta and the Nile 
canyon, the Pliocene sea covered large tracts of the 
lands around the modem delta especially along its 
western edge, but did not overlap except very small 
fringes of the present day coast of Egypt. Along this 
coast, a 25 m-thick pink dolomitic limestone se
quence overlies the Marmarica and underlies the 
oolitic limestone Kurkar ridges of the Mediterranean 
coast (see also Chapter 25). Fossils are rare but 
include a few benthonic foraminifera and abundant 

stromatolitic calcareous algae. The formation was 
named Dabaa by Abdallah (1%6). This name is now 
reserved for the late Eocene-Oligocene sequence en
countered in the subsurface in many wells of the 
north Western Desert (vide supra). The authors of the 
new goelogical map of Egypt named this formation 
Hagif, after the type to the northwest of Wadi Natrun. 
In this locality the formation becomes thicker (80 m) 
and includes workable gypsum beds. 

Cairo-Suez district 
In the Cairo-Suez district and in the depression be
tween Gebel Ataqa and Gebel north Galata, a 20 
m-thick sequence of calcareous sandstone beds over
lies unconformably the marine middle Miocene. The 
sequence, previously named non-marine Miocene 
(Shukri & Akmal 1953) is now named Hagul. It is 
non-fossiliferous although it carries a large number 
of rolled fragments of silicified tree trunks. The type 
locality of this formation is at triangulation point 92, 
Wadi Hagul (Abdallah & Abdel Hady 1968). Early 
authors dated the formation as (?) late Miocene but in 
the present work it is given, together with the overly
ing Harnzi formation, a late Pliocene age. Since the 
Hagul is a fluviatile deposit it is difficult to conceive it 
as forming during the arid Tortonian age (when eva
porites were forming) or during the wet Messinian 
age (when downcutting and erosion took place). 

The Hagul is capped in many places by a sequence 
of white porcellaneous limestone beds with layers of 
flint. These beds also occur across the Nile in the area 
to the west of Cairo where at Gebel Harnzi, they 
reached their maximum thickness of 35 m. The for
mation, named Harnzi (Said 1971 ), is usually thin. 
Poorly preserved fossils, belonging mostly to the 
fresh water snail Pirenella, occur in places. The 
fossils are not age diagnostic but indicate deposition 
in fresh water lagoons. The top 2 m-thick sandy 
limestone bed with flint bands, which caps the Hagul 
at its type locality, may be equivalent to the Harnzi 
formation. This may show that the Hagul and Harnzi 
form one sequence that could have developed during 
the wet phase of the late Pliocene. 

Gulf of Suez 
A section of clastics and thin evaporites follow on top 
of the Zeit formation. It is dated Pliocene to Recent 
Isopachous and lithological variations are large. In 
Wadi Gharandel and Gebel Zeit surface sections, the 
lower part of the post evaporite section carries the 
large Ostrea gryphoides, several mollusc and echi
noid spp. of decided Indo-Pacific affinities. The 
upper part of the surface sections is made up of 
clastics of seeming terrestrial origin. The lower part 
belongs to the early Pliocene when the rising waters 
of the Gulf came from the south; the upper part was 
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deposited in the regressive phase of the late Pliocene 
and later times. 

Considerably thicker sections of more than I 000 m 
are encountered in the wells drilled in the Gulf. They 
are of marine to lagoonal origin. Fawzy & Abdel Aal 
(1984) distinguish rwo facies in the Gulf which they 
named Gihan and Morgan. The Gihan facies is made 
up mainly of sands with thin and minor anhydrite 
beds. The Morgan facies consists primarily of a lower 
unit of thin anhydrite and shale beds, a middle salt 
bed and an upper unit of pisolitic limestones and 
sands. The Gihan sand facies seems to have develop
ed as submarine delta fans in front of the mouths of 
the wadis that seem to have debouched into the Gulf 
during Pliocene and Pleistocene times. 

Red Sea 
Pliocene sediments of the Red Sea coastal areas 

consist of the marine calcareous sandstone sections 
of the Gabir and Shagra formations. These forma
tions are characterized by the appearance of the first 
elements of Indo-Pacific faunas. After severing its 
connection with the Mediterranean, the Red Sea 
basin was inundated by the waters of the Indian 
Ocean which flowed across the Bab El Mandab 
Strait. The Gabir is 124m thick in its type locality and 
is made up of a lower 44 m-thick section of 
sandstones followed by an 80 m-thick section of 
sandstone, marls and reefal limestones. It is rich in 
corals, oyster and Pecten sbells and other fossils. The 
Shagra is 22m thick at its type locality and is made up 
of arlcosic sandstones and minor marls rich in the 
echinoids Clypeaster scutiformis and Laganum 
depressum. The detailed description of these forma
tions and their mode of origin is given in Chapter 18, 
this book. 
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Quaternary 
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The Quaternary sediments of Egypt have recently 
been subjected to intensive studies (see Said 1975, 
1980, 1981, 1983, Haynes 1980, 1982, Wendorf & 
Schild 1976, 1980, 1986, Pachur & Braun 1986 and 
the abstracts of papers of symposia on Quaternary 
and development, Mansoura 1982-1987). They lie 
unconformably over the Pliocene or older sediments 
in the Nile Valley and the surrounding deserts. Of 
these two environments, the Nile trough possesses 
the more complete record of the Quaternary in Egypt 
where the sediments assume great thicknesses and 
are divisible into units which are unconformable with 
one another. In the deserts, however, which are the 
sites of intense erosion, the Quaternary sediments are 
thin and incomplete. The correlation of the sediments 
of the different environments is difficult because of 
the presence of great gaps in the sedimentary record 
and because the precise age of most of the sediments 
is unknown. With the exception of the youngest 
sediments whose age falls within the range of radio
carbon dating, the sediments do not include materials 
amenable to radiometric measurements. Fossils are 
sparse and long-ranging. In the following paragraphs 
a description is given of the Quaternary sediments of 
the Nile valley and the deserts of Egypt. 

QUATERNARY SEDIMENTS OF NILE VALLEY 

Basing his work on field studies, a large amount of 
well and borehole data, seismic reflection profiles 
and the results of archeological expeditions which 
worked out in detail the young sediments of the Nile 
(de Heinzel in 1968, Butzer & Hansen 1968, Wendorf 
& Schild 1976, Said 1981) gives an outline of the 
geological evolution of the Nile River within the 
boundaries of Egypt. Figure 25/1 is a composite 
section of the sediments which fill the through of the 
Nile, while figures 25{2 and 2513 show cross sections 
across the Nile and the delta. 

The Nile trough is filled with alluvial sediments 
which are divisible into five units each of which is 
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unique with regard to its texture, structure and 
mineral composition (Fig. 25/1 ). Each of these units 
seems to have been formed by a river system which 
was unique with regard to its sources, competency 
and regimen. Indeed the Nile can be conceived as 
having passed through five main stages since its 
valley was cut down in late Miocene time. Each of 
these stages was characterized by a master river 
system. Toward the end of each of the first four stages 
(the last is still extant) the river seems to have 
declined or ceased entirely to flow into Egypt. 

The first of the rivers, the Eonile, was a late Mio
cene feature which cut its course to a great depth in 
response to the lowered base level of the desiccating 
Mediterranean. It formed a canyon longer and deeper 
than the Grand Canyon, Arizona. The Eonile canyon 
was traced by the use of seismic data (Bentz & 
Hughes 1981, Barber 1981) innorthEgyptand by the 
use of gravity data in upper Egypt (El Garnili 1982). 
In upper Egypt the width of the Eonile canyon ranges 
from 2 to 20 lun, and the thickness of the riverine 
sediments ranges from 170 to 900 m. In the delta 
region, however, the thickness exceeds 3 km in the 
extreme northern parts. Several water falls seem to 
have blocked the Eonile; a significant one was at 
Maghagha which formed a constriction along the 
path of the Eonile (El Gamili 1982). 

The deposits of the Eonile are known only in the 
subsurface in the north Delta embayment. They are 
made up of a lower unit of coarse-grained sands and 
gravels derived from the eroded Cretaceous and 
Eocene rocks of Egypt (the Qawasim) and an upper 
unit of evaporites (the Rosetta) which is correlated 
with the evaporite suite recorded beneath the bottom 
of the modem Mediterranean (Hsu et al. 1973). 

The canyon was transgressed by the advancing 
Mediterranean as it started filling up during the early 
Pliocene. There is evidence that this ingression ex
tended inland in the form of an elongate gulf up to the 
latitude of Aswan (Chumakov 1967). In the north, 
with the rise in sea level, the waters overflowed the 
banks of the canyon and covered the peripheries of 
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Figure 25.1 Composite columnar section of Nile sediments; left column of subsurface sediments based on delta well logs; 
nght column of surface sediments b~ on measured sections mainly along the banks of the Nile Valley in upper Egyp~ scale 
of surface sec bon enlarged 2i tunes m com pan son to that of the subsurface section. 

the Nile and delta (Kom El Shelul formation). 
Tite effect of fresh water on the marine sediments 

of the gulf increased drastically in late Pliocene time 
converting it first into an estuary and then into a 
veritable river channel Tite sediments of this river, 
the Paleonile, consist of a long series of interbedded 
red-brown clays and thin fine-grained sand and silt 
laminae which crop out along the banks of the valley 
and many of the wadis which drain into it (Madamud 
formation or Blanckenhom'sMe/anopsis Stofe). Tite 
sediments are also known from the subsurface in 
practically all the boreholes drilled in the valley and 
delta (Kafr El Sheikh formation). Tite Paleonile sed
iments make about 20% of the section of riverine 
deposits of the valley and delta. By the end of Paleo-

nile sedimentation, the Eonile canyon was complete
ly filled up and an immense wedge of delta front 
sediments filled part of the embayment which lay in 
front of the river. 

Tite northern part of the modem delta, therefore, 
extends beyond the continental margin. It started 
forming during the late Pliocene in the embayment 
(named North Delta Embayment by Said 1981) 
which lay in the shadow of the elevated southern part 
of the delta (named South Delta Block by Said 
1981). 

Tite lithology and mineral composition of the 
Paleonile sediments indicate that they must have 
been derived from areas receiving sufficient precipi
tation and having an effective vegetation cover. The 
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Figure 25.2 Cross-sections in the Nile Valley based on borehole data (boreholes 21-51) and surface measurements. Te = 
Eocene; Tpll, Tplu =lower and upper Pliocene; Ql, Q2, Q3 =lower, middle and upper Quaternary (after Said 1981). 
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Figure 25.3 Longitudinal section in Nile delta. 12 = Baltim well no. l; 24 = Abadiya well no. l; 13 =KafrEl Sheikh well no. 
I; 14 =She bin El Kom well no. I; J =Jurassic; K =Cretaceous; Te =middle Eocene; To= Oligocene; B =Basalt; Tmm. Tmu = 
middle and upper Miocene; Tpll, Tplu =lower and upper Pliocene; Q =Quaternary (afrer Said 1981). 

absence of central Mrican freshwater faunal ele
ments in these beds suggests that these sediments 
must have been largely derived from Egypt, probably 
from highlands in the Eastern Desert. This points to 
extremely wet climates. 

The advent of the Pleistocene epoch in Egypt was 
marked by dramatic events the most important of 
which, relative to their impact on the history of the 
Nile, were those related to climate and tectonism. 
The advent of the Pleistocene brought to Egypt a 
pattern of aridity that set the tone of the climate 
prevailing in Egypt, with minor fluctuations, 
throughout the Pleistocene. The earliest Pleistocene 
was an episode of great aridity in which Egypt was 
converted into a veritable desert. Not only did aridity 
set over the country, but the Paleonile stopped flow
ing into Egypt. This long episode of aridity was 
intenupted by the intrusion of a highly competent 
river, the Protonile, in the Nile valley. The deposits of 
this river are made up of cobble and gravel-sized 
sediments composed of quartz and quartzites (Idfu 
formation). These sediments seem to have been 
derived from deeply leached terrain and from local 
sources. 

At a later time during the early Pleistocene a short 
pluvial occurred during which the conglomerates of 
the Armant formation were deposited. This was fol
lowed by an episode of spring activity and the depos
ition of bedded and/or massive tufas. These tufas are 
associated with thick talus breccias which accumu
lated during an episode of high seismicity along the 
piedmont slopes of the bounding cliffs (Issawia for
mation). 

The Protonile was succeeded by two other rivers, 
the Prenile and the extant Neonile. The deposits of 
each of these rivers are distinct in lithology, strati
graphic relationships and mineral content. They are 
separated from each other by an unconformity and a 
long recession. The deposits of the Prenile are made 

up of massive cross-bedded fluvial sands interbedded 
with dune sands (Qena formation). The mineral com
position indicates that the Egyptian Nile was con
nected for the first time with the Ethiopian highlands 
across the elevated Nubian massif by way of a series 
of cataracts. 

Tills connection seems to have been severed by the 
middle Pleistocene when the channel of the river was 
occupied by ephemeral rivers depositing polygenetic 
conglomerates derived from the uncovered basement 
complex of the Red Sea hills. During this crisis, 
which lasted probably more than 200,000 years, a 
hyperarid phase intenupted this period during which 
time the Nile flowed from the south depositing silts 
which are indistinguishable from those of the modern 
Nile. These silts are named Dandara formation(= a 
Neonile silts). The conglomerates below and above 
these silts are called Abbassia I and II respectively. 
Previously only the generation of conglomerates 
below the Dandara silts had been recognised and 
given the name Abbassia. We owe this new and 
revealing discovery to the work of Paulissen & Ver
rneersch (1987). The Abbassia conglomerates were 
deposited in a humid interval, the Abbassian I and II 
respectively. They represent conspicuous horizons in 
the Nile sequence. The composition, thickness and 
lithology of the gravels of these conglomerates indi
cate deposition during short wet intervals when 
winter-season cyclonic cloud bursts were intense and 
much more frequent than at present. The Abbassia II 
conglomerates are rich in archeological materials of 
Acheulian age. 

The deposits of the last of the rivers, the Neonile, 
which is still extant, are indistinguishable from those 
of the present-day river. The Mrican connection was 
resumed. The Neonile is a humble successor of the 
Prenile. Its harbingers occurred during the arid phase 
which intenupted the Abbassian Pluvials when the 
Dandara (a Neonile) silts were deposited. Since that 
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time and for a long period (?200,000 to ?60,000 BP) 
the floods seem to have been erratic; only during a 
few intervals were the floods high enough to leave 
behind thin silt terraces. Most of the time the floods 
were smaller than usual and the Nile was lowered 
down to levels which cannot be determined. The 
recessional deposits which followed the Abbassia II 
gravels, named the Korosko formation, include the 
deposits of two major pluvials during which great 
geomorphological changes took place over the val
ley. In the earlier Pluvial (Saharan I) Mousterian 
remains become abundant In the second pluvial, the 
Saharan II Aterian sites are recorded. Two or more 
silts occur in the midst of the recessional deposits. 

This long recessional period was followed by three 
aggradational phases which were interrupted by 
minor recessional episodes. 1he aggradational de
posits are named ~. y amd I) Neonile. 

Results of recent work in Egypt (Wendorf & 
Schild 1986, Hassan 1986, Paulissen & Vermeersch 
1987) necessitate the redefinition of these units. 1he 
~. y and l) deposits (younger Neonile deposits) are 
represented by massive structured silts with 
interfingering dune sand. 1he lowermost ~ silt carries 
late middle Paleolithic artifacts of the Khormusan 
tradition. It is exposed along the Nubian Nile which 
has been downcutting its channel since its inception 
and is buried beneath the modem silts of the aggrad
ing downstream Nile. In Nubia, it is given the name 
Dibeira-Jer by de Heinzelin (1968). As the Nubian 
lands drowned under the rising waters of the High 
Dam, the only location where it is still preserved is in 
Wadi Kubbaniya to the northwest of Aswan. It is 
described as middle Paleolithic silt by Wendorf & 
Schild (1986). 1he age of this unit is not known with 
certainty, but it probably ended about 40,000 years 
BP (i.e. during oxygen isotope stage 3). 

1he succeeding y Neonile deposits are recorded in 
many areas in upper Egypt. They form a complex 

Tamuh Water Well 

SOUTH DELTA BLOCK 

which includes all the units which were previously 
described under the names Masmas-Ballana, Deir El 
Fakhuri and Sahaba-Darau (Wendorf & Schild 1976, 
Said 1981). These units are now believed to form one 
major aggradational cycle with minor recessional 
intervals. 1he deposits carry late Paleolithic artifacts 
and are dated between 21,000 and 12,000 BP. The 
cycle is known to have been terminated by a series of 
high floods (Vermeersch 1970). 

The I) Neonile silts are the deposits of the youngest 
of the aggradational cycles of the Nile. They started 
to form about 10,000 BP and are separated from the 
underlying silts by recessional deposits which belong 
to the Nabtian pluvial. 1he silts are named Arkin (de 
Heinzelin 1968) or El Kab (Vermeersch 1970, Ham
roush 1986). 

The a Neonile silts (the Dandara or the older 
Neonile deposits) lie unconformably over the Ab
bassia I gravels. Their age is unknown; the archeo
logy points to a pre-Acheulian age (probably 400,000 
BP during oxygen isotope stage 7). 

The following table (p. 492) summarizes our pres
ent understanding of the events of the Neonile. 

In conclusion it can be stated that the connection of 
the Nile with its African sources is new. The earliest 
Niles derived their waters from local sources, the Red 
Sea range and the Nubian and southwest Egyptian 
highs. It was only during the middle Pleistocene that 
the first African connection occurred. It is ahnost 
certain that the Ethiopian connection preceded the 
equatorial African connection; the White Nile, 
according to the work of Salama (1987), formed a 
series of interiorly-drained lakes until relatively rec
ent time. 

SEDIMENTS OF DESERTS 

The Quaternary sediments of the deserts of Egypt are 
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Table 25/1. 

yrBP Lithology Archeology Climate Synonymy 

oNeonile fluvial deposits and Neolithic and later Arid Arkin, El Kab 
interfingering dune sand 

10,000 
silt and marl Erratic floods Dishna-Jneiba, Birbet 

12,000 
yNeonile fluvial deposits and Late Paleolithic Arid Masmas-Ball ana, 

interfingering dune sand Sahaba-Darau 
21,000 

marls Pluvial(?) Korosko(?), Makhad-
rna 

40,000 
j3Neonile fluvial deposits and Khonnusan Arid Dibeira-Jer, M. Paleo-

interfingering dune sand lithic silt 
? 

Aterian Saharan II pluvial Gerza 

Korosko silt, marl and dune sand hyper-arid 
Mousterian Saharan I pluvial Ikhtiariya 

arid(?) 
?200,000 

Abbassial! polygenetic conglomerate Final Acheulian Abbassian II pluvial 
? 

IX Neonile Dandara silt ?Final Acheulian Arid 
? 

Abbassial polygenetic conglomerate 
?400,000 

varied and complex. In the following paragraphs a 
description is given of some of these deposits which 
were selected because of their significance to the 
discussions which will follow on the past climates of 
Egypt and the evolution of its landscape. 

I Eolian deposits 

Sand dunes 
Sand dunes cover a large part of the surface area of 
Egypt (see Fig. 2/1 ). They have attracted the attention 
of many authors and make the subject of the classic 
basic research of Bagnold (1933, 1941) and Bagnold 
et al. (1939). The sand sea, the largest of the dune
covered areas of Egypt, lies to the south of Siwa 
Oasis extending to the southern borders of Egypt and 
into north Sudan. The sea is covered with belts of 
sand dunes of immense length and comparatively 
small breadth running from a north-northwesterly 
direction in the north and to a south-southeasterly 
direction in the south. In the north and under the 
influence of varying wind regimes, the sand mass is 
sinuous forming barchanoid ridges and coalescing 
dunes (McKee 1979). In the south linear (seif) dunes 
are common. They form ridges separated by avenues 
{Clayton 1933). The Abu Moharik dune belt is 
another conspicuous belt in the Western Desert. It 

Abbassian I pluvial 

extends for a distance of 300 Ian in length and only a 
few kilometers in width from west of Bahariya Oasis 
to the north end of Kharga and continues with minor 
breaks and nearly in the same direction for another 
150 Ian within Kharga depression. Here the chain is 
made up of barchan dunes (Embabi 1982). Dunes 
move at rates that have been variously estimated 
from 10 to 100m per year (Bagnold 1941, Embabi 
1982). The rate is proportional to the length of dura
tion of the effective wind, as well as to the size, angle 
of slope and length of the windward side of the dune. 

1\vo major wind regimes are known in Egypt: 
predominant westerlies along a narrow corridor of 
the Mediterranean sea coast and generally north
northwesterlies throughout the Western Desert (El
Baz & Wolfe 1979). The accumulation of modem 
dunes is governed by the frequency of the effective 
(sand moving) rather than the dominant winds and by 
the alignment of the scarps and other topographic 
features which lie in the path of the wind. 

Dunes arise wherever sand-laden wind deposits 
sand on the windward slopes of a random patch. 
Under regimes of constant wind, barchan dunes de
velop. The mounds grow to a height of 10 to 15 m 
when a slip-fare is established by avalanclting on the 
sheltered leeward side. As the dune migrates, the 
extremities, offering less resistance to the wind than 
the summit region, advance more rapidly until they 
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extend into wings of such length that their obstructive 
power becomes equal to that of the middle of the 
dune. The resulting crescentic fonn then persists with 
only minor modifications of shape and size so long as 
the wind blows from the same quaner. The width of 
the barchan is commonly about ten times its height. 

Gabriel & Kroepelin (1985) describe a type of 
barchan, the parabolic dune, where the middle moves 
faster than the extremities. The resultant dune's ex
tremities, therefore, do not point to the direction of 
the wind. The parabolic dune seems to fonn under 
wet climatic conditions. They are reponed from Wadi 
Howar, nonhwest Sudan, where they are taken as 
imponant indictors of past Holocene climates. 

The modem moving dunes are of Holocene age. 
They overlie unconformably surfaces covered by 
Neolithic soils and occupations. Relicts of earlier 
dunes of pre-Holocene arid phases are of limited 
areal extent. They have been preserved as small 
patches of indurated dunes since the Acheulian. They 
formed favored sites for ancient settlements (Wen
dorf eta!. 1976, 1977). 

2 Fluvial deposits 

Many of the wadis of the desens having external 
drainage are covered with Holocene alluvial fill 
which seems to have accumnlated in response to the 
rising sea level during this episode. Records of earlier 
deposits and terraces are known along many of the 
wadis (see, for example, Shata 1959 and Sneh 1982 
for a description of Pleistocene alluvial sediments of 
Wadi El Arish). In the Western Desen, fluvial sed
iments are difficult to recognise; they were either 
eroded away or modified by wind beyond recogni
tion. In many instances the wadis themselves were 
entirely covered by sand. It is only recently, through 
intensive field studies, that alluvial deposits in the 
form of invened wadis and gravel mounds have been 
discovered and the nature of the sand sheets deci
phered 

Sand sheets 
Sand sheets form large and flat stretches of the Arba
'in desen. They probably owe their flatness to wind 
scour which was limited by the depth of the water 
table (Haynes 1982). The sand sheets had been tradit
ionally classified among the eolian deposits by most 
authorities (Sandford 1935, Bagnold 1933, Said 
1975, Haynes 1980, Maxwel11982). In the light of 
new data obtained from drilling and seismic 
profiling, Said (1980) advances the view that these 
sheets represent the relics of a complex drainage 
system. They probably represent deposits of braided 
streams which spread from the highlands to the south 
and west. 

The upper 20 to 50 em are made up of unconsoli
dated laminations of medium to coarse-grained sand. 
These rest over layers of slightly more consolidated 
sand conpsicuously browner in color and represent
ing a paleosol which seems to be of Neolithic age as 
suggested by the associated archeology. Drilling and 
recent seismic work indicate that these layers have a 
thickness varying from a few centimeters to 20 m. 
Beneath these layers of poorly consolidated sand, 
there is a 50 to 200m-thick layer of indurated and 
weathered coarse-grained sand grading into gravels. 
The lithology thus revealed shows clearly the alluvial 
nature of these deposits. 

The age of the sand sheet deposits is not known 
with cenainty. The sheets took their modem shape by 
Acheulian time and are topped by a soil complex the 
young pans of which are of Neolithic age. The sheets 
are overlain unconformably by the modem dunes. 
The sheets rest over an erosion surface which was 
carved in late Miocene (vide infra). They are pro
bably of Pliocene age. 

The Selima sand sheet covers an area of 4000 km2 
in southwest Egypt and nonh Sudan. Its center is in 
Bir Tarfawi where it is strewn with kankar, root drip 
and carbonate. The carbonate layer displays poly
gonal cracks and is almost continuous around the Bir 
Tarfawi low. It forms a crust over the bevelled surface 
of the underlying sand sheet and is closely related to 
it The layer seems to have been formed by calcified 
root drip and other vegetative materials which must 
have covered the Bir Tarfawi area during higher 
water table levels accompanying the Pleistocene 
pluvials. 

Inverted wadis 
Invened wadis are elongate, sinuous and sometimes 
branching gravel ridges which stand out above the 
rock-cut surfaces. They are first noted by Giegengack 
(1968) in the Nubian desen (Fig. 25/4). They repre
sent ancient thalwegs of the old drainage system 
which, in the case of the Nubian desen, seems to have 
had some relationship with the ancient Nile system. 
The invened channels are inthtrated wadi deposits of 
poorly soned gravel and coarse sand. They include 
rolled Acheulian anifacts and are related to the early 
Pleistocene Armant pluvial (vide infra). 

Older (?Oligocene) invened wadis (Fig. 25/4) 
occur above the middle limestone plateau in the fonn 
of mounds of gravel ranging in size from 2 to 20 km2. 
They lie unconformably over the underlying early 
Eocene limestones. The mounds are made up of 
alternating poorly-bedded gravel beds, sometimes 
reaching thicknesses exceeding 10m, and thin coarse 
sand-pebble beds (EI Hinnawi eta!. 1978). The gra
vels are mostly dark brown limestone and chen. They 
range in size from pebbles to cobbles, are poorly 
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Figure 25.4 Map ofKharga oasis region showing distribution of surficial deposits (after Said 1980). 
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sorted, rounded to subrounded and sometimes disc
shaped. The gravels are embedded in a pale-brown 
sandy matrix. The mounds lie unconfonnably over 
the limestone plateaux on both sides of the Nile in its 
middle latitudes. 

3 Spring and solution features and deposits 

Spring deposits 
Spring deposits cover a small area. They feature 
clean marlstones, black soils, peat deposits, tufas and 
salt encrustations. They are described from Kharga 
(Caton-Thompsen 1952), Kurkur (Said & Issawi 
1964, Butzer 1%4, lssawi 1969, 1971 ), Dungul (Said 
1%9) and the Nile cliffs (Sandford 1934, Said 1981). 
There seems to have been several generations of 
spring activity. The oldest are represented by the 
massive tufas that lie on top of the limestone plateau 
in Kharga, Kurkur and Dungul regions. They are 10 
to 20 m thick and are made up of solid to vesicular 
crystalline stone without bedding. They include 

-Tufa IV 

0 Tufa Ill 

IITIIJ Tufa II 

g Tufa 1 

l:I:J Dungul Fm 

(Eocene) 

0 500m ___ ..__. 

pockets, up to 1 m in diameter, containing boulders of 
local derivation. The tufa mass is composed of hard, 
crystalline carbonate rock precipitated around vari
ous species of plants of which the stems and internal 
structures are still preserved. The age of these mass
ive tufas is difficult to ascertain, but they were cer
tainly formed prior to the excavation of the oasis 
depressions and are, therefore, of pre-late Miocene 
age. 

Several other generations of tufas are known over 
the plateau, along the scarps or within the depres
sions. Many overlie or intercalate boulder beds, 
marlstones or peat beds. The tufas range in thickness 
from 1 to 20 m. At least four generations are rec
ognised in the Kurkur and Dungul regions (Figs 25/4 
and 25/5). Thfas associated with the depressions are 
all connected with boulder beds and fine-grained 
spring deposits. They seem to have been formed 
under wetter and most probably colder climatic con
ditions, in closed basins with a rich mat of vegetation. 
The youngest tufas are of middle Paleolithic to Neoli-

Figure 25.5 Thfa deposits of Dungul oasis classified from older (Tufa I) to younger (Thfa IV) (after Said 1969). 
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!hie age judging from the implements included wi
thiu the boulder beds (Hester & Hohler 1969). It is 
difficult to establish the age of the old tufas. A 
discussion of the depositional environment and the 
limnological conditions prevailing in the basins is 
given in Said (1%9). 

Old spring activity is inferred from geommpholo
gical evidence in many areas that have no source of 
water today. Among the features that may belong to 
this old activity are the shallow circular to oval 
depressions which are seen all along the sandstone 
plains of the Arba'in desert. The diameter of these 
depressions varies from 15 to 100 Jon, and the differ
ence in height between the lowest and the highest 
points in them never exceeds 40 m. Although the 
origin of these depressions is problematical, it is 
highly likely that they resulted from the settlement of 
the water-bearing sandstone beds after the drying of 
the springs that must have been active all over the 
sandstone plains of the desert. In one of these depres
sions, the dike area, deflated playa deposits with 
middle Paleolithic artifacts are found (Wendorf & 
Schild 1980), indicating that some of them are of 
pre-middle Paleolithic age. 

The spring mounds found in many parts of the 
modem oases are related to old spring activity (for a 
description of these in Dakhla, see Schild & Wendorf 
1981; forKharga, see Caton-Thompson 1952). They 
occur in the form of small, mostly conical mounds, 
ranging in height from a few meters to 20m. Each has 
a vent that is cylindrical in shape and is surrounded 
by layers of clay, ocher, sand or carbonates, depend
ing on the composition of the oozing waters of the 
spring. 

The sandstone plain of the Arba 'in desert slopes 
toward the scarps of the limestone plateau forming a 
depression in the shadow of the scarps. The modem 
springs of the oases lie in this depression at the 
footslopes of the modem scarp which represents the 
lowest point in the plain. The historic (Roman) wells 
lie away from the scarp and are I 0 m higher than the 
modem wells, indicating a lowering of the water 
table by this amount since Roman times. A similar 
drop in the water table is also observed by Murray 
(1952) in Dakhla. 

Solution and karstic features 
Solution features including midget caves are com
mon in the limestone country of the middle latitudes 
of Egypt (Said 1954 ). El Aref & Refai (1987) show 
that the carbonate country rocks in the area west of 
Cairo exhibit surface solution features (Karren, rain 
pits, rounded rims and solution basins), surface to 
subsurface solution features (karst bridges, shallow 
holes and do lines) and subsurface solution features 
(opening and cavities). 

Haynes (1982) reports patches of terra rosa soils 
in the limestone plateau overlooking the Kharga 
oasis; these extend downward as pipe-like fillings of 
cavities in the bedrock. These cavities are interpreted 
as karstic features. Sinkholes are reported in the 
western part of the Qattara depression and in the Gib 
Afia water well between depths 228 and 246 m (El 
Ramly 1967). Exploration wells drilled on the Abu 
Tartur plateau lost circulation in the limestone of the 
Kurkur formation, and some are reported to have 
gone through virtual sinkholes. Stringfield, Lamo
reaux & LeGrand (1974) propose that the solution of 
carbonate rocks is responsible for the development of 
depressions in which oases occur. The oases of 
Kurlrur and Dungullie on top of the limestone plateau 
and seem to owe their origin to karstic processes. 
Kurkur lies at the confluence of several wadis which 
have no outlet. Wadi Dungul seems to have cut its 
outlet in relatively recent time. 

El Aref et a!. (1986) report conekarst and karst 
ridge landforms with minor surface and subsurface 
solution features in the Miocene limestones and eva
porites of the coastal plain of the Red Sea. Mechani
cal, chemical and biogenic precipitates (e.g. oxides 
and sulphides of iron, lead and zinc and barite) are 
found in association with the karst features. 

4 lAcustrine deposits 

Playa deposits 
Remnants of Holocene pluvial lakes have long been 
known in the south Western Desert of Egypt (Bead
nell 1909, Ball 1927), but their distribution, extent 
and stratigraphy has only been worked out recently 
(Haynes 1980, 1982, Pachur 1982, 1987, Pachur & 
Kroepelin 1987). Said (1980) maps 50 playa sheets in 
the Arba' in desert (Fig. 25/4 ); these lie mostly at the 
footslopes of the limestone plateau or of the subdued 
escarpments of the sandstone-covered desert. The 
playas represent the lowest points of the various 
enclosed drainage basins of the desert. Whatever rain 
falls in the desert accumulates in them, making 
possible their use for the roving nomad, hence their 
name in Arabic Hattiya or temporary settlement. 

The playas of the Arba'in desert belong to the clay 
fiat surface type. Their surface is usually smooth, 
hard, commonly dry, and composed of fine-grained 
clastic sediments. most of the playas are filled with 
alternating layers of lacustrine deposits and eolian 
sand and have no economic potential. However, in 
Selima (north Sudan), Sheb and other wells, nitrate 
and alum deposits are recorded in small quantities. 

The Arba'in desert playas range in area from a few 
to several hundred square kilometers. Most of them 
owe their origin to surface discharge during pluvial 
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episodes and are not related to springs. Many of the 
Atba'in desert playas fonned during the tenninal 
Paleolithic-Neolithic pluvial period. In most of them 
the water table is usually deep. During their forma
tion, they were active sites of human habitation. In 
the Nabta playa, one of the few playas with a shallow 
water table, several cultural layers succeeded one 
another during the entire late Paleolithic-Neolithic 
pluvial (Wendorf & Schild 1980). 

Some of the playas of the Kharga region owe their 
origin to spring activity. Many survived up to Roman 
times; the younger section of the playa deposits is 
made up of drifting sand which was carried into the 
lakes by the wind. The earlier part of the playa 
contains, like most other surface-discharge playas, 
fine-grained clastics which seem to have slid into the 
lakes by rain. 

Apart from these playa deposits of the Alba'in 
desert, lacustrine sediments are also reported from 
Wadi Feiran, Sinai (vide supra). 

Armored playas 
Armored playas are extensive sheets of playa depos
its which are veneered by a layer of white nodular 
chalcedony cobbles up to 15 em in diameter em
bedded in a reddish brown matrix.lssawi (1971) was 
the first to record these in the Darb El Atba'in area. 
He maps them as chalcedony sheets and relates them 
to doming movements and structural lines. Recent 
worlc, however, has shown that the chalcedony 
cobbles seem to have been formed in standing bodies 
of water rich in sodium carbonate and silica having a 
pH of 9.5 or higher (Haynes 1980). The age of these 
playas is not known, but they are certainly older than 
the Neolithic. They overlie bedrock of Cretaceous 
age and could well be older than the Quaternarv. 

Jux (1983) advocates the view that the Liban De
sert Silica Glass (LDSG) is of sedimentary origin and 
that it was formed in a playa. The origin of the LDSG 
has remained a mystery since its discovery by Clay
ton and Spencer in 1932 (for a review of the work 
carried out on the LDSG, see Giegengack and Issawi, 
1974). Until the publication of the work of Jux, the 
glass was believed to have been formed under great 
temperature generated by an extra-terrestrial event 
(Cohen 1959, 1961; Kleinmann 1969; Barnes & Un
derwood 1976; Underwood & Fisk 1980; Frischat et 
al 1982 etc.). Research on the origin of the LDSG 
before the publication of the work of Jux centered on 
the finding of meteoritic impact features and astrob
Jemes which could be related to the event that pro
duced the glass. Several concentric outcrops were 
described from southwest Egypt and the Kufra area 
and were claimed to be impact features linked to the 
glass. In fact, work along these Jines continued after 
publication of Jux by advocates of the fusion process 

that presumably formed the glass. As this book went 
to press Giegengack, Underwood and Weeks sent a 
manuscript for inclusion in this book in which they 
attempt to explain the process which produced and 
sustained for a long time the high temperature under 
which the glass was formed and concluded that of the 
"variety of imaginative hypotheses thus far advanced 
to explain the origin of the glass, none has yet met the 
constraints imposed by existing field and laboratory 
investigations". These authors are, therefore, con
vinced that the glass "is a unique material that owes 
its origin to a unique process, an event thus far 
undescribed from any part of the geologic record". 
Figure 25/6 is a generalized geological map of the 
silica glass area while figure 2517 is a cross-section 
along one of the main avenues separating the longitu
dinal dunes covering southwest Egypt where the 
glass is found. It shows the avenue to be covered by a 
thin veneer of gravel embedded in a red matrix. This 
gravel seems to extend beneath the dune which is 
made up of a lower indurated part and an upper active 
and moving part. The lower part of the dune is topped 
by a red soil. Abutting against the lower part of the 
dune are lacustrine sands and clays. Haynes (1982) 
found clasts of the glass in the gravel bed and Jux 
(1983) found them in the lacustrine deposits and in 
the crevices underneath. This ledJux to conclude that 
the glass must have been formed in the lake as a result 
of the coagulation of the sjlica gel when the Jake 
water came in contact with the underlying ground 
water which seemed to have had a high pH value. The 
sedimentary origin of the glass was further substan
tiated by the discovery and separation of palyno
morphs and organic compounds within the glass. 

The idea that the LDSG is of sedimentary origin 
and was formed in playas suggests to the present 
author that the glass could be of similar origin to the 
"chalcedony" fragments which are strewn over the 
armored playas and which are assumed to have been 
formed in waters of similar composition. Field work 
shows that the two have a similar stratigraphic con
text and it remains to be seen whether the chemical 
and mineralogical composition of the fragments of 
the armored playas are comparable to those of the 
LDSG. The age of the glass is difficult to ascertain, 
but it must be of pre-Acheulian age, for the glass 
itself was used in the making of artifacts of this age 
(Roe et al. 1982). If one accepts the 28.5 million year 
fission-track age for the LDSG (Storzer & Wagner 
1971), then the glass could not have been deposited in 
the lake with which they are associated today as 
suggested by Jux. It is possible that the glass was 
deposited in a considerably older lake and was later 
transported to its present place during pluvial epi
sodes related to the formation of the gravel bed and 
the lacustrine sediments described by Haynes and 
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Figure 25.6 Generalized geological map of silica 
glass area, southwestern Egypt Asterisks indicate 
locations of discovered in situ glass, the southern
most location is in B-C avenue. Circles show 
locations of reported astroblems (after Jux 1983). 
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Figure 25.7 Cross-section along B-C avenue, silica glass area, southwestern Egypt after the interpretation of Haynes (1982) 
(top) and Clayton & Spencer (1932) (bottom). A. Red gravel, fossil aquifer; B. Pebbly silty sand; C. Stabilized dune; D. 
Lacustrine deposits; E. Eolian sand; E Active dune (after Jux 1983). 
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Jux. The gravel bed forms part of the surface of the 
?Neogene sand sheet described above. 

5 Coastal deposits of the Mediterranean coast west 
of Alexnndria 

Kurkilr ridges (Alexandrian/ormation) 
The Mediterranean coastal plaio to the west of Ale
xandria is characterized by the presence of a number 
of elongated ridges which run parallel to the coast, 
separated by longitudinal depressions (Fig. 25/8). 
The ridges are composed mainly of oolitic limestone 
(Hume & Hughes 1921, Shukri, Philip & Said 1956, 
Butzer 1959). They seem to represent successive 
fossil off-shore bars that were formed in the receding 
Mediterranean during the Pleistocene. The nearest 
three ridges to the shore, the 10, 25 and 35 m high 
ridges (named the Coastal, Abu Sir and Maryut bars) 
can be followed for long distances along the coast. 
The succeeding five inland ridges, the 60, 80, 85, 90 
and 110m high ridges (named the Khashm El Eish, 
Alam El Khadem, Mikheirta, Raqabet El Halif and 
Alam Shaltut), are less conspicuous and do not form 
continuous ridges. The depressions which separate 
the bars contain lagoonal deposits (evaporites and 
marls). In Gharbaniyat and El Omayid economic 
gypsum deposits are known in the lagoon separating 
the Gebel Maryut and Khashm El Eish bars (Said, 
Philip & Shukri 1956, AbdelAziz eta!. 1971, Adin
dani et al. 1975). 

QUATERNARY CHRONOLOGY, PAST CLIMATES AND 

CLASSIFICATION OF SEDIMENTS 

The age of the Pleistocene stage boundaries, and 
particularly the transition from the Tertiary to the 
Quaternary, is uncertain. The Plio-Pleistocene 
boundary is placed at about 1.85 my BP at the Oldu
vai magnetic interval by some authors (Berggren & 
van Couvering 1974, Haq et al. 1977) and at about 
2.8 my BP at the Kaena magnetic interval by others 
(Beard et al. 1976, 1982). Those who advocate a 
younger age emphasize the stratigraphic evidence 
obtained from the classic stratotypes of the Neogene 
of the Mediterranean region, while those who 
espouse an older age give a cliroatic iroplication to 
this boundary. The older age seems to have more 
support. The International Union on Study of the 
Quaternary (lNQUA) and the Committee of Mediter
ranean Neogene Stratigraphy (CMNS) now put the 
boundary at 'the first appearance of cold water north 
Atlantic immigrants (species) in the Plio-Pleistocene 
sequence of Calabria, Italy'. The numerical age of the 
Pleistocene stages adopted in this book follows, with 

minor modifications, that of Beard et al. (1976, 
1982). Figure 25/9 gives the adopted geomagnetic 
tiroe scale of the Pliocene and Pleistocene and the 
accompanying climatic events as revealed from the 
history of the Nile. 

The classification proposed for the Egyptian Qua
ternary (Said 1983) is based on the subdivision of the 
sediroents into cliroato-stratigraphic units which 
were formed during several pluvial episodes sepa
rated by interpluvial episodes (Fig. 25/10). The 
pluvials are represented by spring, torrential or lacus
trine deposits as well as paleosols, while the interp
luvials are represented by dune accumulation and/or 
salt and sabkha formation. At least seven major 
pluvials are recognised. They correspond, to a large 
degree, to the world-wide episodes ofhigher sea level 
and warmer cliroates. The two oldest pluvials, the 
Idfuan and the Armantian, are of early Quaternary 
age and are not succeeded or preceded by interpluvial 
deposits, hence their questionable position within 
this sequence. The five more recent pluvials, the 
Abbassian L Abbassian IT, Saharan I, Saharan IT and 
Nabtian, are recorded in a stratigraphic sequence and 
their relative position within the middle and late 
Quaternary is better established. 

Evidence obtained from the geomorphology and 
distribution of archeological material in the deserts of 
Egypt leads one to believe that the effect of the 
pluvials was felt only in the southern reaches of the 
country and that during the Quaternary Egypt was 
subjected to two different climatic models, the south 
being affected by the northward migration of the 
Sudano-Sahelian savanna belt and the north by the 
Mediterranean pre-Sahara steppe. Indeed it can be 
assumed that a northward shift the present-day clima
tic belts of about 15'of the latitude they now occupy 
would bring an increase in precipitation in south 
Egypt and would set a cliroate similar to that which 
must have prevailed during the Quaternary pluvials. 

The Quaternary chronology of · the northern 
reaches rests solely on evidence obtained from an
cient shorelines. The altimetry of the Mediterranean 
Kurkar ridges skirting the coast provide evidence of 
at least eight transgressions during the Quaternary. 
The five oldest bars achieving altitudes in the appro
xiroate range of 50 to 120 rn can be reasonably 
considered early Quaternary on the basis of marine 
mollusca and foraminifera which they carry (Shukri 
et al. 1956). The three youngest bars were probably 
formed during the last three major interglacials in the 
middle and late Quaternary. No archeology is asso
ciated with these deposits, but the second bar (Abu 
Sir) carries a fauna of TYffiennian age or early late 
Quaternary. The first and younger (coastal) bar is 
probably of late Quaternary age, while the third and 
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older Maryut bar is probably of middle Quaternary 
age. 

The poorly developed drainage lines, the absence 
of playa deposits, the poor to non-existent archeology 
(Hassan 1978) in the northern reaches of Egypt and 
the preservation of old salt deposits within the Qat
tara depression - all point to the long periods of 
aridity in these reaches. The coastal Kurl<ar ridges are 
made up of wind-blown sands which were deposited 
under water. The lagoonal deposits which were 
formed during episodes of lower sea levels behind 
and between the bars are evaporites and marls of 
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Figure 25.9 Geomagnetic scale, 
dates of different Niles and 
accompanying climatic events; 
vertical scale of upper part starting 

Tmu from 0.69 my BP doubled 
(modified after Said 1981 ). 

definite arid origin. Other sediments in the northern 
reaches of Egypt are in the form of dunes, sabkha and 
salt crusts of seemingly young age. Bar-Yosef & 
Phillips (1977) and Sneh (1982) report no significant 
pluvial deposits in the reconstructed Quaternary col
umn of Gebel Maghara and Wadi El Arish in north 
Sinai. 

Pluvials of early Quaternary. Two major urtits 
belonging to this stage are recognised in the Nile 
Valley. The earlier is made up of cobble and gravel 
sediment which was deposited by a highly competent 
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Figure 25.10 Classification of Quaternary deposits of Egypt (modified after Said 1983). 

river, the Protonile, a precursor of the modem Nile, 
which occupied the valley during the Idfuan pluvial. 
The simple mineral composition of the sediments of 
this river attests to the fact that they were derived 
from sources with deeply leached terrain. The distri
bution of the sediments of this river indicates that the 
source of the river was within the borders of Egypt 
and north Sudan. During this early pluvial, the Id
fuan, these source lands were subjected to intense 
chemical disintegration leaving behind surfaces with 
siliceous cobbles and pebbles only. This seems to 
indicate a vegetative cover and a wetter climate 
through the year to account for the weathering of the 
non-stable minerals. There is no archeology asso
ciated with the Idfuan deposits of the Nile. In the 
deserts, deposits belonging to the Idfuan pluvial are 
difficult to identify. Some of the old inverted wadis 
littering many parts of the south Western Desert may 
belong to this pluvial. The age of many of these wadis 
is difficult to ascertain. 

The later early Quaternary pluvial deposits are in 
the form of bedded and massive or vesicular traver
tines which overlie and are interbedded by sheets of 
gravel and other locally-derived detritus. These are 

overlain by massive breccias indurated by a red soil 
resulting in a rock known since antiquity for its 
ornamental value. These sediments fill many wadis 
or occur along the slopes of the already excavated 
valley of the Nile and in the oases and other depres
sions in the desert. The breccia, commercially known 
as brocatelli, seems to have been formed by the filling 
of the interstices of this rock by a red soil. These 
deposits seem to have been . deposited during a 
pluvial, the Armantian. Early human pebble tools are 
recorded from the gravels of the Armant formation 
near Luxor by Biberson et al. (1977). 

Pluvials of middle Quaternary. The advent of the 
middle Quaternary was marked by important events 
which led to the forming of a new river, the Prenile, 
with new connections to the Ethiopian highlands. It 
represents the first river with an Mrican connection 
since the Oligocene. 

The middle Quaternary was terminated by a 
pluvial, the Abbassian I, which was characterized by 
intense rains over Egypt resulting in the accumula
tion of thick, locally derived gravel deposits which 
rest unconformably over the eroded surface of the 
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Prenile and earlier sediments of the Nile valley. 1be 
gmvels are polygenetic and contain abundant crystal
line rocks and feldspathic sands representing the first 
genemtion of gravels derived from the uncovered 
basement rocks of the Eastern Desert of Egypt. 

P/uvials of late Quaternary. 1be late Quaternary is 
represented in the Nile valley by the deposits of the 
Neonile which seem to have been laid down in four 
aggradational episodes (a,~. y and I>) sepamted by 
recessional episodes. 1be oldest of the aggradational 
deposits, the Dandam, is separated from the succeed
ing aggmdation by a long recession and a rnarlced 
unconformity. The earlier part of this recession is 
marked by a lower bed of gravel which overlies the 
Dandam and is similar to the Abbassia I gravel bed 
underlying the Dandam. This bed represents the de
posits of a pluvial, the Abbassian IT. This pluvial 
occurred after the first Neonile sediments reached 
Egypt. The deposits of this pluvial are ricb in archeo
logical material of Acheulian age. 

In the deserts of Egypt, rich late Acheulian sites are 
associated with wadi deposits accumulating at the 
piedmonts of the major gebels such as Gilf Kebir 
(Myers 1939, McHugh 1975, 1982); spring deposits 
such as Kharga (Caton-Thompson 1952), Dakhla & 
Bir Saham-Terfawi areas (Wendorf & Schild 1980). 
In Kharga, Kurlrur and Dungul oases, the slope tm
vertines and gmvel sheets belong to this stage. De
tailed worlc in the Bir Saham-Terfawi area reveals the 
presence of two submaxiroa for this pluvial sepamted 
by an arid interval, the latter being associated with the 
final Acheulian. While correlation is extremely 
difficult, it is possible that these two submaxima 
correspond to the Abbassian I and IT respectively. 

The later part of the Nile recession is marlced by the 
sediments of two pluvials, the Sahamn I and Sahamn 
IT, which are sepamted from each other by a number 
of thin silt beds and dune sand The sediments of the 
Saharan I and IT pluvials carry Mousterian and Ate
rian artifacts respectively. 

In the desert, where detailed studies were carried 
out on the artifact-carrying deposits of these pluvials 
in the Bir Saham-Terfawi area, Wendorf & Schild 
(1980) distinguish these two pluvials clearly with at 
least five submaxiroa. In Kharga Oasis, the Sahamn I 
pluvial deposits carry Mousterian tools in gravel beds 
alternating with bedded spring tmvertines (Caton
Thompsen I 952, Wendorf & Schild 1980). In 
Dungul and Kurlrur Oases similar Sahamn I deposits 
carrying Mousterian tools are recorded (Hester & 
Hobler 1969). In the Bir Tarfawi area, the Sahamn I 
deposits are in the form of lacustrine deposits (Wen
dorf & Schild 1980) and deflated playa sediments 
with lag artifacts in many areas of the south Western 
Desert. Saharan IT pluvial sediments carrying Aterian 

artifacts are recorded in lacustrine deposits in Bir 
Terfawi, and in spring deposits in Kharga and Dungul 
oases. 

Absolute dates for the long recession which sepa
mted the a. Neonile from the succeeding~ Neonile 
are not available. It is safe to state that its duration 
was long covering the Acheulian, Mousterian and 
Aterian periods in Egypt. It probably lasted about 
300,000 years or close to three-quarters of the time of 
the duration of the Neonile itself. During this reces
sion the floods were ermtic, mostly on the low side; 
and only during a few short intervals were the floods 
high enough to deposit silt embankments. 

1be last of the pluvials, the Nabtian, is well
documented in the playas of the Western Desert. 
Sediments belonging to this pluvial (I 0,000 to 5000 y 
BP) carry terminal Paleolithic and Neolithic artifacts. 
In the Nabta playa, where abundant archeological 
worlc was carried out (Wendorf & Schild 1980, 
1982), three short dry episodes interrupted this 
pluvial (between 8300and 8150 y BP; 7700 and 7600 
y BP and 6600 and 6400 y BP). The Nabtian pluvial 
is represented in the Nile valley by the deposits of the 
recessional episode between they and I> Neoniles. 

The Nabtian playas whicb occur in profusion in 
southwest Egypt and northwest Sudan are the subject 
of the extensive and elabomte studies of Hassan 
(1986), Pachur (1974, 1982, 1987), Pachur & Braun 
(1980, 1986), Pachur & Kroepelin (1987), Pachur & 
Roepper (1980) Kroepelin (1987), Haynes (1982), 
Haynes & Haas (1980}, Brookes (1983) and others. 

ORIGIN OF LANDSCAPE 

The geomorphological evolution of the deserts of 
Egypt has attmcted the attention of a large number of 
workers. The extensive worlc of the Bardai Research 
Station in the Tibesti mountains (Hagedorn 1971, 
Jaekel1971, Pachur 197 4 and others) has contributed 
considerably to our understanding of the desert pro
cesses and the evolution of its landscape. 1be Egyp
tian Saham has also long been the subject of research 
by many scientists, the majority of whom believe that 
the present landscape was due to wind deflation. 
Early members of the Geological Survey of Egypt 
advocate the idea that wind was capable of shaping 
slopes, excavating the enormous depressions of the 
Saham and forming the pediments which cover enor
mous stretches of the desert. However, with the ex
ception of sand dune deposits whicb are obviously 
the result of wind action, there are few features or 
deposits which could be related with definitive evi
dence to the action of wind, such as yardangs, eolian 
corrosion features, sorted sand sheets, etc. Many 
recent authors allude to the action of water as a factor 
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Figure 25.11 Hypothetical drain
age system during the Oligocene, 

in shaping the landscape. Said (1960) and Haynes 
(1982) believe that the alternations of past climates is 
the cause of the present landscape although both 
authors speak of the great depressions as being 
'deflated', McCauley et al. (1982) emphasize the 
importance of running water in shaping the Gilf 
Kebir highlands, Said (1980, 1983) attempts to relate 
the present landscape to defunct drainage systems 
which seem to have been related to major events that 
overtook the desert after its elevation in late Eocene 
time. Credence to this theory comes from recent 

work on the paleoclimates of Egypt showing that 
Egypt enjoyed a wetter climate throughout most of 
the Tertiary and that aridity was almost exclusively a 
Pleistocene feature, and even then the arid episodes 
were of short duration in comparison to the wetter 
episodes (vide supra). The lithology, faunal and floral 
remains of the late Eocene to early Miocene deposits 
indicate either an exceedingly wet climate (Bown et 
al. 1982) or at least savanna-type scrubland (Kortland 
1980). 

Using the shuttle imaging radar (SIR) signals 
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which are capable of penetrating the obscuring top 
layers of loose sand, McCauly et al. (1982, 1986) are 
able to confirm the presence of a drainage netwmx in 
the east Sahara. Some of its tnmk channels are about 
10 to 30 km wide and hundreds of kilometers long. 
Although the source and direction of these channels 
are not clear from the radar images, these authors 
assume that the rivers originated from the Red Sea 
hills and passed to the Bodele Chad basin in Mrica. 

Albritton et al. (1985) accept the presence of an old 
drainage system and propose that 'the Qattara 
depression is a segment of an old stream valley 
dismembered by karstic processes during the late 
Miocene, and afterward modified by mass wasting as 
well as by eolian and fluviatile processes'. 

Sequence of drainage systems 

Said ( 1983) proposes a sequence of drainage systems 
which influence the present landscape of Egypt based 
on the study of the stratigraphy of the fluvial sed
iments which seem to have formed after the retreat of 
the sea from the land of Egypt in lale Eocene and 
subsequent times. 

1 Late Eocene-Oligocene drainage system 
This system developed in the wake of the great tecto
nic movements which elevated the Arabo-Nubian 
massif. The late Eocene sea was marked by its regres
sion toward the north and by the start of the influx of 
detrital materials into the dominantly carbonate sed
iments of the Eocene. The shore-line of the late 
Eocene sea from Fayum to Siwa is littered with 
scattered vertebrale remains which becOine excep
tionally abundant and layered in certain localized 
areas such as Fayum or the extreme western tip of the 
Qattara depression. The process which started in the 
late Eocene and which led to the introduction of 
detrital materials continued during the Oligocene 
with grealer vigor as the tectonic movements became 
more pronounced. 

The Oligocene was an epoch of erosion in Egypt 
The most pronounced unconformity in the sediment
ary section in the Gulf of Suez and north Egypt 
belongs to that epoch. The exposed sediments of the 
Oligocene are in the form of alluvial sands which 
crop out along a strip bordering the footslopes of the 
elevated lands of Egypt, extending from Suez to the 
western tip of the Qattara depression (Fig. 25/11). 
These fluvial outcropping sediments are second
cycle, well-sorted and well-rounded orthoquartzitic 
sands which seem to have been derived from the 
sandstones to the south. To the north of that strip, the 
Oligocene becomes buried underneath the Miocene 
and younger sediments and becomes finer-grained 
and of marine character. In the Fayum stratified del-

taic deposits occur carrying an African fauna and 
flora (see also Chapters 24 & 30, this book). 

The lale Eocene-Oligocene drainage system is 
difficult to reconstruct It seems to have been almost 
totally exhumed during the late Miocene erosional 
episode. Only a few relics of this system are pre
served in the form of inverted wadis which have 
recently been described from the top of the middle 
limestone plateau (vide supra under inverted wadis). 
Figure 25/11 is an attempt to depict the general 
pattern of this drainage in a generalized hypothetical 
manner. It is based on the assumption that the drain
age must have emanated from the elevated Arabo
Nubian massif and the Bayuda desert, as well as from 
the elevated plateaux of the Libyan desert to debouch 
into the Tethys where late Eocene-Oligocene deltaic 
deposits are known. Although it is difficult, at pres
ent, to delineate the channels of this old drainage 
system, it is certain that its trunk channel was directed 
to the north toward the deltas of the time which carry 
rich Mrican faunas. 

The age of the inverted wadis is post-Eocene. The 
wadis are certainly related to a landscape that pre
ceded the excavation of the oases depressions and the 
bevelling of the sandstone plains of south Egypt. The 
gravels of these wadis resemble, in many ways, the 
colluvial deposits of the Nakbeil fonnation known on 
the eastern side of the Red Sea range on top of the 
faulted Eocene blocks of the Quseir-Safaga reach 
(Chapter 18, this book). 

The correlation of these gravel mounds with the 
Nakheil is of interest. The Nakbeil is made up of 
coarse breccia, alternating with fine-grained lacus
trine sediments made up of limestone, clay and varie
gated, brightly coloured siltstones. Thus during the 
Oligocene the eastern side of the newly elevated Red 
Sea range was occupied by lakes which apparently 
developed on the peripheries of the incipient Red Sea 
graben. On the western side of the range, however, 
fluvial conditions prevailed, the channels carrying 
boulders and pebbles of similar lithological nature to 
those of the Nakheil. 

The N akheil and the plateau gravel mounds seem 
to have been related to the faults which were respon
sible for the elevation of the Red Sea range and the 
formation of the Red Sea graben. The coarse breccia 
in the east and the conglomerates in the west seem to 
have been derived from the Eocene and Cretaceous 
rocks which covered the elevated Red Sea range. In 
the east they were not transported for long distances 
and thus do not have a great extent, while in the west 
they were transported over some distance due to the 
expanse of the land. The age of these formations is 
definitely post-early Eocene and pre-middle Mio
cene. Middle Miocene conglomerates overlie uncon
formably the Nakheil along the Red Sea coast Since 
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these fonnations were closely associated with the 
faulting movements which led to the fonnation of the 
Red Sea range and graben, it is justifiable to refer the 
age of these deposits to the first faulting episode 
during the early Oligocene. 

2 Late Miocene drainage system 
The most dramatic event which helped shape the 
modem landscape of Egypt occurred during the late 
Miocene when the Mediterranean Sea was isolated 
from the world oceanic system and then desiccated 
(Ryan et al. 1973). The land of Egypt was subjected 
to intense erosion. The modem Nile valley was exca
vated and developed as a subsequent stream to the 
numerous consequents emanating from the elevated 
lands to the east. These consequents were deeply 
incised in the plateaux which surrounded the river on 
both sides and which can still be seen to this day (Said 
1981). While the drainage lines of the elevated pla
teaux of the Eastern Desert are still preserved, those 
of the western part of Egypt have been almost com
pletely obliterated by later erosion and/or deposition 
of younger sediments. During the late Miocene, the 
Western Desert, like the Eastern Desert, must have 
had a drainage system which caused a major low
ering of the land in response to the lowering of the 
Mediterranean sea level. Active sheet wash erosion 
resulted in the levelling of the sandstone plains of the 
Nubian desert and the excavation of the southern 
oases depression. 

3 Late Pliocene drainage system 
The late Miocene drainage system of the Western 
Desert is buried under the cover of later sediments or 
the rising waters of the sea. Buried channels of this 
system were discovered by the use of geophysical 
methods along the Mannarica plateau in Libya (Barr 
& Walker 1973) and along stretches of south Egypt 
and north Sudan (McCauley et al. 1982). The sed
iments which cover these buried channels seem to 
have been laid by a drainage system or systems which 
developed over the exhumed surface of the late Mio
cene erosional episode. The deposits were later be
velled to form the great sand sheets of the south 
Western Desert (vide supra). 

No fossils have been recorded from these sheets so 
far, but to the north in the Siwa area, Zittel (1883) 
records several localities with (?)Neogene deposits 
carrying fresh water fauna and flora. These deposits 
have recently been mapped by the authors of the New 
Geological Map of Egypt and given the name Minqar 
El Talh formation. The formation is described as 
'light-colored continental to lacustrine sandstone 
with root maries; yellow siltstone, capped by platy 
lacustrine limestone with borings and gastropods'. 
The age is given as undifferentiated post-Miocene. 

Although it has not been demonstrated in the field 
that these deltaic deposits are connected with the 
extensive sand sheets of the south Western Desert, it 
is likely that the two are related. They could have 
been formed during the late Pliocene pluvial. 

The above discussion makes it more fitting to 
classify the east-west channels described by McCau
ley et al. (1986) from the east Sahara with the late 
Pliocene drainge system rather than with the earlier 
system as claimed by these authors. According to 
McCauley et al. the channels represent a trans
Saharan drainage network which drained the Red Sea 
hills into sub-Saharan Mrican basins and which, 
according to these authors, ceased when it was be
headed by the late Miocene Eonile. H the east-west 
direction of this system is accepted, it is possible that 
the entire drainage formed part of the tributary 
system of the late Pliocene Paleonile (vide supra). As 
has already been pointed out, a westward direction 
for the drainage seems most improbable in 
Oligocene-Miocene times for many of the north Mri
can mountains were elevated impeding any drainage 
from the Red Sea hills to the Mrican basins. In 
addition, the presence of deltaic Oligocene deposits 
with rich African fauna and flora along the shores of 
the Tethys indicates a northward drainage system. 

The sand sheets and the underlying gravel beds 
cover large stretches of the south Western Desert. 
Their absence from the oases depressions may indi
cate a later lowering of these deposits during a post
Pliocene pluvial. The sheets form coalescing alluvial 
cones which seem to have been fed by channels 
emanating from the highlands to the west and south. 
Some of these may have formed a feeder of the old 
Paleonile debouching into the Nubian Nile. It is also 
possible that others coalesced to form the great trunk 
channel extending from Gilf Kebir to Siwa Oasis and 
beyond. It is along this trunk channel that the modem 
eolian sand dunes of the great sand sea occur, and it is 
possible that the sand of the modem dunes was 
derived from the underlying sand sheets as they were 
bevelled by wind action. 

4 Pleistocene drainage systems 
Whereas the late Pliocene (?) sand sheets seem to 
have filled the lowlands produced by the late Mio
cene erosion, there is indication that the oases depres
sions were the sites of further lowering by a drainage 
system which seems to have been connected to the 
Mediterranean via the Nile. Receut drilling in the 
Thshka area, Nubia, has shown the presence of deep 
channels filled with early Pleistocene gravels which 
seem to have drained into the Protonile which carried 
similar gravels (Haynes 1980). The idea that the 
southern oases depressions were connected to the 
Nile was suggested by Ball (1927), but it was rejected 
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on the ground that no alluvial sediments or beach 
features had been described from these depressions. 
In addition, the southern oases depressions form inte· 
rior basins with no external drainage, hence the theo· 
ry that they were wind-excavated. With the discovery 
of a number of buried channels filled with Protonile 

sediments in Thshka, situated at the Nubian arch 
which separates the Nile from the oases depressions, 
Ball's idea gains credence. The oases depressions 
seem to have passed through a stage in which they did 
not form interior basins. 
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Mineral deposits 
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1 INTRODUCTION AND HISTORICAL REVIEW 

Mineral deposits, particularly those of gold, copper 
and gemstones, were known and exploited by the 
ancient Egyptians since pre-Dynastic time. 1he 
Egyptians were certainly able to smelt gold and 
copper and to produce bronze about 2500 BC. 1he 
amazing colors in the tombs of Titebes were pro
duced by artists using the green of malachite, the blue 
of the turquoise and the purple of the amethyst. 
Craftsmen produced ovoid and even faceted beads of 
agate, beryl, chalcedony and garnet. 

With increasing demand for gold, copper, pig
ments and gemstones, economic geology had its 
beginning in the recording of the mode of occur
rences of these deposits, the formulation of crude 
theories of origin, and the organization of expeditions 
for the discovery and exploitation of ores. 1he first 
economic geologist known to us is the Egyptian 
Captain Haroeris who in about 2000 BC led a 
successful expedition to Sinai, prospecting for tur
quoise. 11lree months after setting out, he discovered 
and extracted large quantities of the mineral (Jensen 
& Bateman 1981). 

Mineral deposits known to occur in Egypt include 
gold, copper, tin, tungsten, lead, zinc, nickel, chrome, 
iron, titanium, beryllium, talc, barite, asbestos, gra
phite, phosphate, marble and alabaster. Almost all of 
these have been exploited at one time or another but, 
at present, only iron, phosphate, talc and some orna
mental and building stones are exploited commer
cially. 

1he systematic study of the mineral deposits of 
Egypt began in this century with the pioneering wort<: 
of Hume, who made a comprehensive list of mineral 
occurrences in association with Precambrian rocks, 
with notes on stratigraphy, mode of occurrence and 
genesis of some deposits (Hume 1937). He grouped 
the mineral deposits into: occurrences of gold, occur
rences of silver, copper, zinc, molybdenum, tungsten, 
iron, chromium, nickel, lead, tin, platinum and gra
phite, and occurrences of precious and semiprecious 
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minerals and ornamental stones. Hume noted that 
mineral deposits are not associated with Protarchean 
rocks, that gold deposits are of Metarchean age, and 
that the Samuiki type copper deposits are associated 
with the Eparchean period. He related the tin, 
tungsten and molybdenum ores to the quartz veins 
forming late injections in the Gattarian. 

Amin (1955) classified the mineral deposits of the 
Eastern Desert in seven groups, six of which are of 
Precambrian age, while the seventh includes those of 
Miocene and younger ages. 1he seven groups, in 
descending order of age, are: 
7 Lead-zinc mineralization, at the base of the Mio

cene deposits in the Red Sea coastal plain; 
6 Tin-tungsten mineralization associated with post

Gattarian quartz veins; 
5 Gold mineralization, hypogene, epigenetic aurife

rous quartz veins associated with post-Gattarian 
dikes; 

4 Ilmenite mineralization, associated with some gab
broic intrusions; 

3 Steatite mineralization, associated with epidiorites 
and other intrusions of basic to intermediate com
position; 

2 Chromite-rnagnesite-asbestos mineralization, in 
association with serpentine and talc-carbonate 
rocks; 

1 Marble-graphite-magnetite mineralization, asso-
ciated with schists, amphibolite& and mudstones. 

El Shazly (1957) classified the mineral deposits of 
Egypt on the basis of time relations and their sup
posed mode of formation. In his classification the 
mineral occurrences are grouped under Precambrian, 
Cretaceous, Miocene and Pleistocene to Recent de
posits, with a further classification of the Precam
brian group into early and late subgroups. 1he main 
features ofEl Shazly's classification are as follows: 
Pleistocene-Recent 
- Beach and eluvial placers (including black sands) 
- Evaporites 
Miocene 
- Red Sea coast Pb-Zn and related ochre deposits 
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- Sulfur deposits 
- Evaporites 
-Manganese-iron deposits in Sinai and the Eastern 

Desert 
Cretaceous 
- Aswan iron ores 
- Phosphate deposits 
Late Precambrian 
-Hydrothermal replacement deposits (steatite and 

talc, zinc and copper, copper) 
- True hydrothermal fissure vein deposits (tin

tungsten, molybdenum, gold, barite) 
Early Precambrian 
- Deposits formed by magmatic segregation (il

menite) 
- Deposits related to old pegmatites (asbestos, ver

miculite, beryl) 
- Deposits formed from ultrabasic intrusions ( ch

romite, peridot, nickel, magnesite, talc) 
- Metamorphosed sedimentary deposits (bedded 

iron ores and graphite). 
This classification by El Shazly was adopted by Said 
(1962), who introduced 'minor modifications to 
make the discussion in harmony' with the concepts 
introduced in his work. 

In the yem following publication of The Geology 
of Egypt by Said (1962), many refinements took 
place regarding mineral deposits in Egypt The avail
able data on mineral deposits were compiled and 
presented by Moharram et al. (eds) (1970), and new 
types of deposits were discovered as a result of the 
intensive exploration programs undertaken by the 
Egyptian Geological Survey. Hussein (1973) re
ported the identification of some of these new types, 
such as the tin-tungsten and beryllium disseminations 
in the albitized and greisenized parts of some 
Younger Granite masses (e.g. Muelha), anomalous 
concentrations of U, Mo, Pb and Nb in some of the 
alkaline ring complexes (EI Naga) or in some granitic 
rocks (Abu Rushaid), and the probable existence of 
porphyry copper deposits at Hamash. Bugrov et al. 
(1973) introduced, in Egypt, the term apogranite to 
describe the autometasomatically altered granites in 
Egypt containing the paragenetic association Sn, W. 
Nb, Ta, Be, Mo and R 

Invanov & Hussein (1972), and later Ivanov et al. 
(1973), adopted Bilibin's concept (Bilibin 1955, 
1968) for a metallogenetic classification of mineral 
deposits in Egypt According to these works, three 
metallogenetic epochs are recognizable: Pregeo
synclinal, Geocynclinal and Platform epochs. They 
found that data on the Pregeosynclinal epoch is lack
ing, but that nevertheless, some pegmatite veins in 
gneisses (e.g. Hafafit) may belong to this epoch. The 
Geosynclinal metallogenetic epoch was further 
divided into initial, synorogenic and terminal phases. 

With the initial phase, Ivanov & Hussein (1972) 
included the metamorphosed iron ore deposits (Wadi 
Karim), ilmenite, chromite, and Zn-Pb-Cu-talc de
posits (Sarnuiki). The synorogenic phase was consi
dered to be either not very much mineralized, or else 
very deeply eroded. Still, it includes some quartz 
veins bearing copper or lead-zinc sulfides. The ter
minal phase includes mainly copper and gold minera
lization in association with propylitized subvolcanic 
parts of the Dokhan volcanics (Harnash). The plat
form metallogenic stage includes Nb, Ta, Be, W. Sn, 
Mo, U and Li mineralization associated with the 
Younger Granites, the phosphate deposits and Aswan 
iron ores within the Nubia formation, the Nb, Th, U, 
V, Zr and Cu in ring complexes, as well as the Pb, Zn, 
Mn, Cu, S and Fe related to the Red Sea rifting and 
believed to be of Miocene age. 

Gmon & Shalaby (1976) presented a plate tecto
nic model for the evolution of the Arabian-Nubian 
shield, and related the mineral deposits of Egypt to 
this model of crustal evolution. According to them, 
the mineral deposits of the country can be catego
rized in three groups of varying geotectonic environ
ments: 

1. Mineralization associated with ophiolitic belts; 
2. Mineralization associated with calc-alkaline 

porphyries; 
3. Mineralization associated with granitic intru

sions. 
The mineralization associated with ophiolitic belts 
includes podiform chrornites, asbestos, talc and Cu
Ni-Co mineralization associated directly with ophio
lite suites, and Cu-Ni-Co mineralization and massive 
ihnenite in layered ultramafic complexes along pro
bably transverse tectonic structures. The metamor
phosed iron ore deposits of the Eastern Desert are 
closely related to ophiolitic rocks, since they were 
formed from a volcanic exhalative source in associa
tion with the development of frontal arcs comprising 
slices of ophiolitic rocks. 

With the calc-alkaline and siliceous volcanic and 
subvolcanic intrusions, Gmon & Shalaby (1976) 
associated the porphyry type Cu-Mo mineralization 
and alteration as well as the Knroko type massive 
sulfides. As to the mineralization related to granitic 
rocks, these authors differentiated between the barren 
synorogenic granites and granodiorites on the one 
hand and the Younger Granites of the Pan Mrican 
orogeny that are often mineralized on the other. The 
mineralization includes Sn-W and Sn-Mo in quartz 
sheets and Nb-Ta-Sn-Be mineralization in apograni
tic phases. 

Hihny & Hussein (1978) felt the need for a new 
classification of the mineral deposits in Egypt to 
serve as a frame for the detailed study of these 
deposits and to facilitate their correlation with world-
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wide deposits. Such a classification would take ad
vantage of the accumulation of geological informa
tion during the Geological Survey of Egypt's active 
decade, 1968-1978, the discovery of new types of 
deposits in the country, and the development of the 
plate tectonic concept in crustal evolution with its 
reflections on ore genesis and distribution of mineral 
deposits. They thus proposed a classification follow
ing the now widely accepted notion (Stanton 1972) 
that mineral deposits are integral pasts of the petrolo
gical associations with which they occur, and that 
they may have formed in all the ways that ordinary 
rocks have formed. According to Hilmy & Hussein, 
mineral deposits and occurrences in Egypt may be 
classified in the following groups: 
1. Ores of mafic-ultromqfic association 

1. chromium-nickel-platinoid association 
2. iron-nickel-copper sulfide association 

2. Ores of felsic association 
1. carbonatite-alkaline complexes association 
2. anorthosite iron-titanium oxide association 
3. quartz monzonite-granodiorite copper-

molybdenum sulfide association (porphyry type 
deposits) 

3. Stratiform sulfides of marine-volcanic association 
4. Stratabound ores of sedimentary association 
5. Ores of vein and disseminated association 
6. Ores of sedimentary affiliation 

1. iron deposits 
2. manganese deposits 
3. true sediroentary deposits 

a) biogenic-chemical deposits 
b) clastic and placer deposits 
c) evaporites 

7. Ore deposits of metamorphic affiliation 
Pohl (1984) presented an extensive stody of the 

metallogeny in the Pan Mrican in east Mrica, Nubia 
and Arabia. According to him, types of mineral de
posits with probably economic potential in the 
Arabian-Nubian shield include: 
1. Ores of mafic-ultramafic association 

1. Alpine type chromites, the largest of these being 
in the lngessana hills, Sudan 

2. ilmenite-magnetite (e.g. Abu Ghalaga, Egypt) 
and Cu-Ni sulfides (e.g. Gabbro Akarem, 
Egypt) in layered gabbros 

3. massive magnetite lenses in gabbroic intrusions 
(Anker, Sudan) 

2. Syngenetic stratiform deposits 
1. banded iron oxide ores (Umm Nar, Egypt; 

Sawawin, Saudi Arabia); these are usually 
small and may be of distal volcanogenic
hydrothermal origin 

2. magnesite of evaporitic origin, forming a large 
lens at Jabal Rokham, Saudi Arabia 

3. Volcanogenic deposits associated with island arc 
volcanism, including 
1. proximal massive sulfide deposits enclosed wi

thin acid volcanics and their pyroclastic equiva
lents, comparable to Canadian and Knroko de
posits and containing mainly copper with some 
zinc and lead and traces of gold and silver (Jabal 
Sayid, Saudi Arabia) 

2. distal lenticular massive Zn-Cu-Pb sulfide de
posits with many sedimentary features (Nuq
rah, Saudi Arabia) 

3. quartz veins with Au-Ag mineralization asso
ciated with acid subvolcanic intrusions (Mahd 
ad Dahab, Saudi Arabia) 

4. Mineralization related to plutonic rocks 
1. albite-muscovite granites of calc-alkaline to 

peralkaline nature containing disseminated Ta
Nb-sn (Abu Dabbab, Egypt) and W (Jabal 
Eyob, Sudan) 

2. pegmatites genetically related to the late gra
nites, which may be mineralized with Sn, Be, 
Mo, U, Th, Nb, REB, with very limited eco
nomic significance 

3. quartz (-carbonate) veins with Au, Sn, W. Mo, 
Be and F, related to granite cupolas (Igla, 
Egypt); some veins with dominant Cu, Pb-Zn, 
Sb, F, Ba and Sr in Saudi Arabia may be asso
ciated with Najd faulting 

2 CLASSIFICATION OF MINERAL DEPOSITS IN EGYPT: 

GENERAL STATEMENT 

In the present synthesis, a framework classification is 
presented for the categorization and description of 
mineral deposits of Egypt. While this classification 
follows the general outlines of that presented by 
Hilmy & Hussein (1978), substantial modifications 
have resulted from the intensive and careful review 
of mineral deposits as a whole, and those of the 
country in particular, by the author. Within this pro
posed classification, mineral deposits are grouped 
and a list of deposits pertaining to each group is given 
along with a review of the geology and economic 
potentials of the more important ores. Also, the mode 
of formation and geotectonic envirorunent of each 
group has been developed, in harmony with the 
crustal evolution models suggested for the shield in 
other chapters of this work. 

As will be clear in the following paragraphs, most 
groups of mineral deposits are associated with the 
hard rocks of the Precambrian. However, the fifth and 
sixth groups of the classification given below, namely 
the stratabound ores of sedimentary association and 
the ores of sedimentary nature, are all found enclosed 
within the cover rocks of Paleozoic and younger 
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ages, formed under epicontinental environments fol
lowing cratonization of the shield. Thus, the 
classification followed here goes along the following 
lines: 
1. Mineral deposits associated with mafic-ulttamafic 

assemblages: 
1. in ophiolite sequences 

a) chromite deposits 
b) Cu-Ni-Co sulfide deposits 
c) asbestos, vermiculite, corundum, talc and 

magnesite deposits 
2. in layered mafic-ulttamafic intrusions 

a) Cu-Ni deposits 
b) Ti-Fe oxide deposits 
c) Ni-bearingveinsandperidot 

2. Mineral deposits in felsic association 
l. in Ring Complexes 

a) mineralization in carbonatites 
b) aluminium raw material 
c) mineralization in ferrugioated nepheline sye

nites 
d) radioactive veinlets 

2. Cu-Au porphyry type mineralization 
3. mineralization related to granites 

a) disseminated and vein molybdenum minera-
lization 

b) disseminated and vein tin mineralization 
c) vein tungsten mineralization 
d) disseminated and vein Nb-Ta mineralization 
e) beryllium mineralization 
f) tluorite IDll1eralization 
g) uranium milieralization 

3. Stratiform volcanogenic massive sulfide deposits 
and related talc 

4. Precious and base metal vein type deposits 
l. dominantly gold veins 
2. dominantly base metals 
3. barite veins 

5. Stratabound deposits in sedimentary sequences 
l. zinc-lead deposits 
2. stratiform copper 
3. sulfur deposits 
4. barite in sedimentary rocks 

6. Ores of sedimentary nature 
l. iron ore deposits 
2. manganese ore deposits 
3. true sedimentary ores 

a) phosphorites 
b) coal deposits 
c) catbonates 
d) clastic and placer deposits 
e) evaporites 
f) weathering products 
g) sedimentary uranium deposits 

7. Mineral deposits in metamorphic association 
1. metamorphogenic deposits 

2. metamorphosed mineral deposits 
a) banded iron ore deposits 
b) marble deposits 

8. Miscellaneous 

2.1 MINERAL DEPOSITS ASSOCIATED WITH 

MAPIC·ULTRAMAPIC ASSEMBLAGES 

2.1.1 In ophiolite sequences 

a) Chromite deposits 
Small and irregular masses of pediform chromites 
are frequent within serpentinized members of ophio
litic sequences in the Eastern Desert, mostly south of 
latitude 26° N. Almost all of the known occurrences 
have been worlred out, and are descnbed hereafter as 
a matter of academic interest Tbe best-known occur
rences of chromites are tabulated below (table 26.1). 

Otller, less important sites include: Ras Shait (24° 
51', 34° 34'); Wadi E!Nakari (24° 51', 34° 50'); Wadi 
Khashab (24° 22', 34° 22'); Urn Kabu (24° 34', 34° 
56'); Wadi Gerf (24° 55', 34° 48'); Gabal Korabkansi 
(very high grade massive ore found as float by author 
in 1970), and many others of negligible importance. 

The country rocks enclosing chromite lenses are 
serpentinites or serpentine-talc-carbonate rocks (pro
ducts of alteration of the setpentinites) formed after 
luuzburgite and dunite, at the very base of the cu
mulate ulttamalic rocks of the ophiolitic sequences in 
the areas noted. 

Anwar et al. (1969) studied some of the chromite 
occurrences in the Eastern Desert, showing that the 
chemical composition of these chromites do not 
show wide variations. Ivanov & Hussein (1972) con
cluded that these chromites are of the Alpine
pediform type, on the basis of the petrological 
assemblage with which they occur, the shape and size 
of the individual pods, and the chemistry of samples 
analyzed (high MgO/FeO, low Fe,03, low A120J 
Cr20 3, and high Cr/Fe ratios). No analyses are avail
able for Pt in Egyptian chromites as yet, but Ni is 
always present in both the chromites and associated 
setpentinites. 

It is believed that these chromites were formed 
through early crystallization followed by crystal set
tling from basic magmas at spreading centers, during 
the formation of new oceanic crust This crust, with 
its enclosed chromites, was tectonically emplaced 
during accretion, prior to cratonization. 

Production of chromite is very insignificant in 
Egypt, only a few hundred tons annually. h reached a 
climax of 998 tons in 1977, then dropped to its 
present negligible level due to exhaustion of the 
known lenses. Efforts must be concentrated on the 
exploration for new chromite deposits interstratilied 
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Table26.1 

Occurrence Lat. Long. Remarks 

Gabal Moqassem 

UmEl Tiyur 

22°08'-22°12' 33°55'- 34°10' 

22°15' 34°35' 

Six small lenses, 180 tons, medium grade ore at G. Moqassem; 9 small 
(I x I 0 m) lenses of small tonnage and medium grade at Urn Domi 

14 lenses in talc-<:arbonate rocks of Gabal El Adrak, 1500 tons of 
medium grade ore 

Sol Hamid 22°19' 36°11' 13lenses, 630 tons; 48% Cr20 3 
22°40' 33°48' Wadi Allaqi area 

UmKrush 
Dyuiyat El Gueleib 
Wadi Haimour 

16lenses, IIOOtons, 49% erp3 
6 small lenses of high grade ore 
I lens, 550 tons high grade ore 

WadiArayes 
AbuDahr 

23°35' 34°51' 33 small lenses enclosed in talc-<:arbonate rocks of G. Arayes 
23°39' 35°08' I lens 2 x 10 m high grade (53.9% Cr20 3); some small lenses at G. 

Mastura and Wadi Betan 
24°44'-24°57' 34°42'-34°49' Wadi Ghadir area 

WadiGhadir 
Wadi Um Hegari 
WadiLawi 

8 lenses, 4800 tons medium grade ore 
I lens low grade ore (25% Cr20 3) 
10 lenses in serpentine-talc-<:arbonate rocks, medium grade ore (35% 

Dungash area 
AbuMireiwa 

24°58' 
25°01' 

33°24' 
33°52' 
34°42' 

Cr203) 
8 sites, several lenses in each, about HXX> tons medium grade ore 
4lenses, 195 tons, 36% Cr20 3 

Wadi UmKhariga 
Barrarnyia-Um Sala-

25°02' 
25°06'- 25°07' 

4 lenses, 350 tons, 35% Cr20 3 
9 sites, some 84 lenses at periphyry of serpentine-talc-<:arbonate 33°46'- 33°54' 

rocks tit area 
WadiSifein 
Kolet Um Homr 
Gabal El Rabshi 

25°06' 34°47' 2lenses, 250 tons, 35% Cr203 
17lenses, small reserves, around 42% Cr20 3 25°45' 

26°09'- 26°15' 
34°15' 
33°36'- 33°55' 18 sites, more than 100 lenses of massive chmmite, more than 2700 

tons, averaging 44% Cr 0 

with the lowermost parts of layered mafic-ultramafic 
intrusions, as well as the serpentinized segments of 
the ophiolite belts. 

b) Cu-Ni-Co sulfide deposits 
Copper-nickel-cobalt sulfide deposits are known to 
occur in two petrological assemblages of the mafic
ultramafic association, namely in the gabbroic 
members of ophiolite sequences and in layered intru
sions. Both types are represented in Egypt by Abu 
Swayel and El Geneina for the former, and Gabbro 
Akarem for the latter. In this section, we only deal 
with those believed to be directly associated with 
ophiolitic sequences, the Abu Swayel and El Geneina 
deposits. 

Abu Swayel deposit. This deposit is located at 
about 185 km south of As wan, near the head of Wadi 
Haimour. A number of smaller but similar occur
rences are known in the vicinity along Wadi Hai
mour. The area was worlced by the ancients for 
copper and malachite. The main studies in Abu 
Swayel are those by Hume (1937), El Shazly (1957}, 
Bassyouni (1960), DEMAG (1960), IPCO (1963), El 
Goresy (1964) and El Shazly et al. (1965). A shaft 
was sunk to a depth of 69 m and a total length of 1205 
m diamond core drilling was carried out. The Aswan 
Mineral Survey Project restudied the area, emphasiz
ing geophysical and geochemical exploration (Iva
nov & Hussein 1972). 

The orebody includes both massive and dissemi
nated mineralization hosted in a lens-like body of 
amphibolite, 500 m long, 30 m wide, striking 
northwest-southeast with dips at 60 to 80° northeast. 
The amphibolite lens is surrounded by biotite-garnet 
schist of basic derivation. The amphibolite and 
biotite-garnet schist may represent the metamor
phosed equivalents of the gabbro and the basalt of a 
dismembered ophiolite suite respectively. 

The ore minerals include pyrite, pyrrhotite, chal
copyrite, pentlandite, bravoite, violarite, cuhanite 
and ilmenite, with brochiantite, chalcanthite and 
malachite in the oxidation zone. 

Ore reserves were estimated at 85,000 tons of ore 
containing 2.8% Cu and 1.53% Ni as well as minor 
amounts of Co. The copper-nickel sulfides were 
formed as a result of liquid immisctbility from the 
silicate melt during solidification of the basic magma 
into an oceanic crust. 

El Geneina occurrence (23° 57' N, 34° 37' E). A 
gossan with copper and nickel secondary minerals 
was discovered in 1973 during a geochemical explo
ration program undertaken by the Aswan Mineral 
Survey Project. Detailed study of the area, including 
some shallow diamond core drilling, showed that it is 
an occurrence with no economic potential (Garson & 
Fredrickson 1975). Malachite and garnierite-stained 
gossans are associated with thrust slices of mafic-
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ultramafic rocks that include peridotite, pyroxenite 
and gabbros. Fresh ore minerals are represented 
mainly by pyrite, phyrrhotite, chalcopyrite and pent
landite. Core assay indicated 0.17% Cu and 0.38% 
Ni, but ore reserves are insignificant. 

c) Asbestos, vermiculite, corundum, magnesite and 
talc deposits 

Asbestos and vermiculite. Chrysotile asbestos is 
known to occut as very small veinlets, 1 to 2 mm in 
width, criss-crossing the serpentinized parts of the 
ultramafic masses almost wherever they crop out. 
None of these occurrences attains the grade or tonn
age to warrant economic consideration. Neverthe
less, anthophyllite asbestos occurs in association 
with vermiculite in a number of occurrences spread 
over an area of about 15 km2 between 24° 28' to 24° 
29' Nand 34° 27' to 34° 47' Eat Hafafit. The main 
occurrences are those of Wadi Shidani, El Duwaig, 
Um Groof, Um Kuhl, Um Fahm, Um Kisbash, Wadi 
ElHisa, andnorthofBirHafalit (Amin & Alia 1954). 
In the last-mentioned occurrences, anthophyllite has 
been mined since 1944 with an average production of 
500 tons per year, together with smaller amounts of 
vermiculite. 

· Antliophyllite and vermiculite are restricted to ser
pentinized ultramafic masses (350 x 150 m at the 
north of Bir Hafafit occurrence) embedded in the 
gneisses and believed to represent blocks in a 
melange zone (Hassan, pers. comm. 1985). The ore is 
developed only where these serpentinite masses are 
intruded by pegmatite veins and veinlets. Here, and at 
the periphery of the pegmatite veins, vermiculite 
followed by actinolite, then anthophyllite and lastly 
talc, are developed within the serpentinite mass with 
the transformation of the pegmatite into a quartz-free, 
feldspar-mica rock which may occasionally bear cor
undum. 

The formation of anthophyllite-vermiculite at 
Hafafit was attributed by Rasmy (1974) to bimetaso
matic reactions between pegmatitic material and the 
ultramafic rocks, where alkalis and silica supplied by 
the pegmatites infiltrated the ultrabasic mass, produc
ing successive, almost monomineralic zones of ver
miculite, actionlite, anthophyllite and talc away from 
the pegmatite intrusion. The relative abundance of 
alkalis to silica determines the degree to which each 
of the anthophyllite or vermiculite zones are develop
ed. 

Corundum. Corundum occurrences are known in 
Egypt only at Hafalit, where it was first recorded by 
Amin & Alia (1954). The main occurrences are at 
Abu Nimr, Abu Merikhat, Um Karaba, Wadi El 
Hema and Abu Fahm. In all of these, corundum is 

restricted to plagioclasite pegmatite cutting through 
the serpentinite masses enclosed within the Hafalit 
gneisses. 

At Abu Nimr a serpentinite mass is in contact with 
hornblende gneiss. The contact is followed by peg
matite veins, one of which, 80 m long and 80 em 
wide, bears corundum, with the complete absence of 
quartz. Away from the serpentinite mass, similar 
pegmatite veins are quite rich in quartz. The ul
tramafic rock is altered into actinolite and vermi
culite. Corundum constitutes between 5 and 60% of 
the vein, and forms either colorless crystals or 
crystals with pale pink or blue tint~. 

According to Rasmy (1974) the plagioclasite
pegmatite and its associated corundum were formed 
through a process involving the progressive bimeta
somatism between the uprising pegmatitic material 
(probably the product of sweating from the gneisses) 
and the ultrabasic mass. The removal of silica and 
alkslis from the pegmatitic material duting its ascent 
is the reason for the development of corundum. 

Magnesite. Ophiolite related magnesite is known to 
occur at Semna, Khor Urn El Abas, Sagia, Bir Mi
neih, Um Salatit, Gabal El Mayiet, Ambaout, Zargat 
Naam and Wadi Eikwan. It forms thin veinlets, stock
works and pockets in the serpentinized ultramafic 
masses, seldom exceeding a few meters in length and 
a few centimeters in width. The most important oc
currences, exploited at one time or another, are khor 
Um El Abas, Sagia, Um Salatit and Ambaout. Total 
production reached a maximum of 800 tons in 197 4, 
then dropped to almost nil at present due to the 
exhaustion of reserves. Magnesite was formed duting 
the process of serpentinization to accommodate the 
excess Mg released during that process. 

Talc. Talc forms as a product of metamorphism or 
hydrothermal alterations of Mg-rich rocks, especially 
ultramafics, dolomites and some tuffs. In Egypt, the 
mineral is always found in association with serpen
tine minerals, carbonates, silica and tremolite in the 
carbonatized serpentinite& formed after the ul
tramafic members of the ophiolitic snites, locally 
known as Barrarniya rock. This type of occurrence is 
nowhere susceptible to exploitation in the country. 
Most of the talc production in Egypt (Atshan, Darllib, 
etc.) comes from the intensively altered tuffs and 
volcanics in the Keel zones to volcanogenic massive 
sulfide deposits, even where the ore bodies themselv
es are not so well developed. Consequently, talc 
deposits will be dealt with in Section 2.3, in relation 
to the stratiform volcanogenic massive sulfide depos
its. 
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1.2 In layered mafic-ultramafic intrusions 

a) Cu-Ni sulfide deposits 
At present, Cu-Ni sulfide deposits in layered intru
sions are only known in the area of Gabbro Akarem 
in the south Eastern Desert of Egypt. 

Gabbro Akorem prospect. In 1 'n2, Gabbro Akarem 
(latitude 24 ° 00', longitude 34 ° 17') was discovered in 
a regional geochemical survey undertaken by the 
Aswan Mineral Survey Project (Bugrov & Shalaby 
l'n3), and later studied in greater detail by the 
members of that project (Carter 1975). Here, Cu-Ni 
sulfide mineralization, both massive and disseminat
ed, occurs within a mass of norite, melanorite and 
peridotite. 1be intrusion consists of two separate 
masses, together extending some 11.5 km in an east
northeast direction (Fig. 26/1). The main eastern 
body that carries the mineralization is 7.5 km in 
length and ranges in width from 1 to 2 km. It was 
previously thought of as a layered lopolith consisting 
of alternating layers of peridotite and gabbro (Bugrov 
& Shalaby 1973) but further worl< revealed that it is 
built up of successive intrusions of mafic-ultramafic 
rocks (Carter l'n5). The rock types encountered are 
norite, olivine melanorite, peridotite, pyroxenite and 
fine grained basic dike rocks. Emplacement began by 
the intrusion of the olivine-poor rocks (norite and 
olivine melanorite) followed by two phases of 
olivine-rich rocks (peridotites), an earlier non
mineralized peridotite and later mineralized peri
dotite. Pyroxenite and basic dikes represent the last 
phase of intrusion. Gabbro Akarem is believed to be 
younger than the main episode of regional folding 
and metamorphism, and is definitely older than G2 
granite, dikes of which cut through the mafic
ultramafic complex in many places. 

On the surface, the mineralization is expressed in 
the form of three zones of gossans within the peri
dotites and is possibly related to massive sulfide 
bands. The sulfide mineralization occurs as dissemi
nations or as massive bands and the sulfide grains are 
molded around the silicate crystals with no signs of 
replacement. This indicates that the sulfides are mag
matic and constituted an integral part of the original 
magma. Primary, sulfide assemblage includes pyrr
hotite, pentlandite, chalcopyrite, and cubanite. Pyrr
hotite and pentlandite are replaced partially by a 
secondary sulfide assemblage that includes pyrite, 
marcasite, violarite and mackinawite (Rasmy 1982). 
Secondary minerals developed in the gossans include 
malachite, chyrsocolla and gameirite. 

Investigations of Gabbro Akarem have included 
geophysical, geochemical and geological studies, 
supplemented by an intensive program of diamond 
core drilling. On the basis of these investigations, 

reserves were estimated at 700,000 tons of minera
lized peridotite at a grade of 0.95% combined Ni and 
Cu, of which 270,000 tons of grade 1.18% Ni+Cu are 
in the drill proven category. It is evident that neither 
the grade nor the tonnage permit consideration of 
exploitation under present circumstances (Carter 
1975). It was also concluded that the ore was formed 
as a result of pre-intrusion segregation, followed by 
the emplacement of successive phases, starting with 
norite and ending with the mineralized peridotite 
which represents the residual sulfide bearing fraction 
of the primary magma. 

Gabbro Akarem was emplaced in association with 
a deep-seated transverse tectonic structure trending 
east-northeast. It is therefore suggested that, like most 
of the layered mafic-ultramafic intrusions in the 
world (Eckstrand 1984 ), Gabbro Akarem was formed 
from a mafic magma, mantle-derived in most cases, 
which was emplaced quiescently in multiple phases 
at higher crustal levels in a tensional rift environ
ment 

b) Ti-Fe oxide deposits 
A number of Ti-Fe oxide deposits are known in 
Egypt, in association with mafic-ultramafic masses 
that include rocks ranging in composition from 
melagabbro-melanorite to anorthosite. These occur
rences are: Hamra Dome, Abu Dahr, Wadi Rahaba, 
Urn Ginud, Wadi El Miyah, Urn Effein and Abu 
Ghalga areas. In all of these occurrences, the ore is 
present as massive lenses or disseminations of mag
netite, hematite, ilmenite, rutile and apatite. In addi
tion to Fe and Ti, Cr and V are the principal minor 
constituents, sometimes with traces of Cu. Many 
studies have been made of these deposits (Burne 
1937, Amin 1954, 1955, Ania 1950, Holman 1954, 
Nakhla 1954, Amer & Abdel Tawab 1958, Abdel 
Tawab 1961, Khairy eta!. 1964, Basta I <nO, Basta & 
Girgis 1968, 1%9, etc.). In all these deposits, with 
the exception of Abu Ghalga, the tonnage is very 
limited (a few hundred thousand tons), and the Ti02 
content is relatively low (16 to 22%). We shall pres
ent Abu Ghalga as an example. 

Abu Ghalaga. The Abu Ghalaga deposit occurs in a 
hill overlooking Wadi Abu Ghalga, 20 km west of the 
port of Abu Ghosun. The host rocks include meta
gabbro, noritic gabbro and anorthosite that show 
primary banding or layering. The gabbroic mass is 
emplaced within older volcanic and pyroclastic rocks 
of a dominantly andesitic composition and is in
truded by G2 granite. Thus, the age of Abu Ghalga is 
most probably similar to that of Gabbro Akarem. 

The mineralization occurs as bands or lenses of 
massive ore intercalated with the gabbro layers, or it 
forms disseminations gradational between the mass-
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ive ore bands and enclosing gabbro. The main band 
extends 350m in a nonhwest-southeast direction and 
is 50 m wide. It dips at 45° to the nonheast. The 
massive ore includes ihnenire, magnetite, hematire, 
rutile, goethire and anatase representing about 70% 
of the ore, silica minerals 28% and sulfides 3% (Basta 
& Takla 1974). The chemical composition of the ore 
was given by Moharram eta!. (1970) as: 

Ti02 36.36-49.9% YzOs 0.52% 
FeO 24.5-28.59% CaO 0.1% 
Fe20 3 17.82-28.30% MgO 2.18-2.93% 
Alz03 0.61-3.40% Si02 2.20-7.70% 
PzOs trace s 0.03-{).99% 

The deposit was reinvestigared by the Geological 
Survey in 1974-75, resulting in detailed geological 
maps and a total of 3000 m of diamond core drilling 
(Nairn 1978). This study showed that the ore aver
ages 150 m in thickness and that it exrends beyond 
the limits of the exposed bands. Ore reserves are 
given as more than 45 million tons, with an average 
grade of about 35% Ti02• The area is under consider
ation for exploitation. 

Similar to Gabbro Akarem, the Abu Ghalga depos
it is locared along another of the transverse rectonic 

N 

structures running east-northeast (Garson & Shalaby 
1976), and is re1ared to rifting. The iron and titanium 
oxide phases were separated by crystal settling or 
filrerpressing during crystallization of the gabbroic 
magma to form syngenetic bands and segregations of 
massive ore. The discordant dike-like orebodies, 
especially at Abu Dahr, were formed through the 
separation of !are stage, Fe-Ti-P rich immiscible li
quid and its intrusion into the lithified parts of the 
gabbroic mass. 

At Wadi El Miyah (25° 17', 34° 00'), and in a 
gabbroic mass ranging in composition from normal 
to olivine gabbro, two small lenses of ore are known 
to occur. The lenses are of olivine, clinopyroxene and 
amphibole, with 33 to 35% opaques. The opaques 
fonn the matrix to the silica res and contain up to 38% 
ihnenire, 14% magnetite, and a substantial amount of 
apatire (Basta 1970). 

c) Ni-bearing veins and peridot 
At StJohn's Island, off Ras Banas in the Red Sea, 
Ni-bearing and peridot veins are known to occur 
(Moon 1923, Nassim 1949). The island presents a 
problem, since it is not clear whether it constitutes a 
part of an ancient ultramafic mass caught up in a 
transverse rectonic structure or if the peridotites are 
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younger inbUSions related to sea floor spreading. 
Garson & Sbalaby (1976) placed it in their minerali
zation groups with layered ultramafic complexes wi
thin transverse tectonic structures, and this point of 
view is adopted bere. The island (Fig. 26/2) is made 
up essentially of serpentinized peridotite, surrounded 
by coral reefs and covered in places by Recent basalt 
(El Shazly & Saleeb-Roufaiel1972). 

TWo garnierite-bearing veins striking east
northeast extend for about 50 m with a width varying 
from 0.6 to 2m. The ore consists of gamierite and a 
mixture of iron oxides and hydroxides, with a Ni 
content of 5 to 9%. These veins were exploited in 
1937-1938. Analysis of the vein material gave the 
following composition: 

Ni 
Fe 
Pt 

4.86% 
12.25% 
0.93ppm 

Cu 
Au 
Ag 

0.25% 
0.19ppm 
6.2ppm 

Reserves were estimated at 5000-6000 tons of ore. 
The secondary ore minerals were presumably 

1eacbed from the peridotite mass, where they may 
have existed as disseminated primary sulfides, and 
redeposited in open fractures. 

It is interesting to note that the only recording of 
platinum in Egypt is that in the analysis listed above 
for the Ni ore. Nevertheless, several gold objects in 
the Cairo Museum show a number of tiny silver
white metallic specks on the surface. They are not 
silver, but most probably are Pt or one of the PGE 
(Hume 1937). Prospectors and geologists worldng on 
the ultramafic masses in the country should keep an 
eye open for this valuable commodity. 

Peridot (gem olivine) occurs as pockets or in a 
network of veinlets criss-crossing the serpentinized 
peridotite mass. It was formerly exploited over a long 
period of time. The genesis of this peridot is not clear 
but, according to Said (1962), it was probably formed 
by the crystallization of silicates derived from the 
partly consolidated melts into cracks developed in the 
lithified parts of the same mass. El Shazly & Saleeb
Roufaiel (1979) suggested that its formation occurred 
through a process of metasomatism affecting the 
ultrabasic rocks. 

2.2 MINERAL DEPOSITS IN FELSIC ASSOCIATION 

2.2.1 In carbonatites and alknline ring complex 

Some 15 alkaline ring complexes have been iden
tified, mapped and studied in Egypt (El Rarnly & 
Hussein 1985). They intrude the dominantly Protero
zoic basement of gneisses, metasediments, island arc 
volcanics and older granitoids of the Eastern Desert. 

They are circular or elliptical in plan, a few kilo
meters in diameter, and include a wide variety of 
rocks with syenites and equivalent volcanics domi
nant. They range in age from Cambrian (554 Ma for 
Wadi Dib) to late Cretaceous (89 Ma for Abu Khrug). 
All the complexes show alkaline affinity and carbo
natites are well-developed only at El Manosuri, the 
southernmost of the ring complexes in Egypt. 

During prospecting activities of the Aswan 
Mineral Survey Project, U, Nb, Mo and Cu geoche
mical anomalies were encountered in the ring comp
lexes of El Naga, Nigrub El Fogani and Abu Khrug, 
but no deposits of any significance were discovered. 
Nevertheless, the presence of very pronounced zones 
of alteration, as well as radiometric and geochemical 
anomalies suggest the possibility of the future loca
tion of ore deposits now concealed. 

Ring complexes, carbonatites and associated 
mineralizations are rift related features. They were 
formed in association with the rifting episodes that 
followed cratonization at the end of the Pan African 
event (El Rarnly & Hussein 1985). 

a) Mineralization in carbonatites 
To the southeast, north and west of the El Mansouri 
ring complex, the largest occurrences of carbonatites 
in the country crop out, within country rocks of G 1 
granites and metavolcanics. In addition, other occur
rences in the form of dikes are known at El Naga, 
Nigrub El Fogani and Tarbtie South. The carbonatites 
are mainly sovites, but some magnesite-forsterite 
varieties are also present. 

The carbonatites were found to be non-radioactive 
and are generally barren. Nevertheless, at the carbo
natite occurrence to the west of El Mansouri, a 
banded variety is present where calcite bands alter
nate with black bands of titanomagnetite abnormally 
rich in Nb (up to 3% Nb20 5), and some lenses of 
massive magnetite with traces of malachite along 
cracks, were found in the carbonatite occurrence to 
the southeast of EI Mansouri (El Ramly & Hussein 
1985). Moreover, niocalite (Ca4NbSi,010[0, F]) was 
identified in some of these carbonatites (Hashad 
1980). Magnetite and anomalous concentrations of 
Nb (300 ppm) were recorded with the carbonatites of 
Tarbtie South and El Naga, respectively. Also, the 
presence of fenitization and zones of ferrugination in 
some of these complexes, particularly at Abu Khrug, 
was believed by Garson (1972) to probably be related 
to underlying carbonatites or carbonatite ring dikes 
now concealed by wadi sediments. 

b) Aluminium raw material 
Nepheline syenites are used as raw material for the 
extraction of alumina in countries where bauxite is 
lacking. These rocks were thus prospected and stud-
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ied in Egypt (EI Rarnly et al. 1971 ). They were 
identified in four ring complexes in addition to the 
previously known deposit at Abu Khrug, at El Naga, 
El Khafa, Nigrub El Fogani and Mishbeh. 

At Abu Khrug, a large body covering 0. 7 krn2 in 
outcrop (Fig. 26/3) is made up of nepheline syenites 
suitable for the production of alumina. Reserves were 
estimated at 26 million tons of ore with the following 
overall composition: 

Si02 
Fe20 3 
K20 
MgO 

55.24% 
4.80% 
4.94% 
0.15% 

A1,03 
Na,O 
CaO 
Ti02 

21.63% 
9.6% 
0.74% 
0.11% 

Teclmological testing proved that the ore could be 
successfully sintered for alumina, with the produc
tion of soda, potash and cement as co-products. 
Accordingly, the utilization of these rocks for the 
production of aluminium awaits technical-economic 
consideration (V AMI 1 %7). 

In the other four ring complexes with nepheline 
syeuites, the amounts of suitable rocks are very 
limited and aluruina contents are very much lower 
than at Abu Khrug. 

c) Mineralization inferruginated nepheline syenites 
Radiometric anomalies in ring complexes coincide 
with extensive zones of reddish, gossan-like ferrugi
nated and feldspathized nepheline syenites in the 
inner parts of El Naga, Nigrub El Fogaui and Abu 
Khrug. These radioactive zones gave readings of 
several hundred micro-roentgens per hour and are 
associated with anomalous concentrations of U, Th, 
Pb, Nb, Zr, Be and Mo. The maximum values ob
tained are, in ppm: 

A.Khrug 
EINaga 
N. Fogani 

A.Khrug 
ElNaga 
N.Fogaui 

u 
560 
510 
130 

Nb 
2,000 
3,000 
3,000 

Th 
1.180 
8,400 
1,420 

Zr 
3,000 
3,000 
maj 

Pb 
200 
200 
300 

y 
1,000 
2,000 
1,000 

d) Radioactive veinlets in syenites 

Zn 
na 
450 
2,000 

Be 
20 
na 
1,000 

w 
100 
200 
200 

Mo 
na 
na 
800 

Systems of small thin veinlets, a few em thick and a 
few tens of meters long, were located at El Gezira and 
Tarbtie North ring complexes. These veinlets dip 
towards the center of the complex at very steep 
angles and are composed of cryptocrystalline silica 
and iron oxides. Analysis showed that these vienlets 
contain U (1000 ppm), Nb (1300 ppm) andY (1600 
ppm). Field investigation suggests that these vienlets 

are similar in nature to the zones of ferrugination 
encountered in some other ring complexes and given 
above (2.2.l.c). The origin of both features is not 
clear, but most probably they were formed by 
groundwater leaching of the ore constituents from the 
alkaline rocks and their deposition in surface fracture 
zones. An alternative possibility is that these zones 
and veinlets are related to underlying carbonatites. 
The first explanation is favored, since shallow dril
ling at Abu Khrug to a depth of 40 m proved that the 
mineralization, and consequently the radioactivity, 
decreases with depth. Moreover, the second explana
tion is weakened by the fact that almost all the 
outcropping carbonatites in the country are relatively 
barren. 

2.2.2 Porphyry copper deposits 

Though the question of whether there are porphyry 
copper deposits has been pursued for the last decade, 
the answer is not yet defiuite, nor beyond dispute. 
Porphyry copper deposits have certain characteristics 
in common, including: a) large reserves and low 
metal grade; b) association with subvolcauic, calc
alkaline, intermediate to acid intrusions with a por
phyry phase among the intrusives; c) a spatial rela
tionship to deep crustal fractures or old Beuioff 
zones; d) extensive, zonally arranged hydrothermal 
alterations with potassic-phyllic-argillic and propyli
tic zones, or at least some of these, arranged from the 
inside outwards, and e) simple mineralogy of dissem
inated and stringer sulfides of which pyrite is the 
most abundant, followed by chalcopyrite, bornite, 
chalcocite and covellite, and where Mo and/or Au are 
sometimes found in concentrations high enough to 
name the deposit a porphyry Cu-Mo orCu-Au depos
it. Taking all of these features into consideration, 
Ivanov & Hussein (1972) suggested that two por
phyry copper prospects are present in Egypt, at Ha
mash and Urn Garayat 

a) Hamash area 
Harnash has long been known forits gold deposit (see 
2.4.1). Later, it was noted that, in the wider area, 
several localities have strong hydrothermal altera
tions and show malachite stainings along joints and 
fractures. These were noted at Urn Hagalig, Ara East, 
Ara West, Harnash North and Urn Thndub (lvanonv 
& Hussein 1972). The area was investigated geolog
ically, geophysically and wadi sediments and be
drock samples were collected and analyzed geoche
mically. It was found that the area as a whole is made 
up of different volcanics representing a wide range of 
composition, intruded by subvolcauic bodies of gra
nodiorite porphyry. The results of these investiga
tions is summarized here. 
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At Urn Hagalig, a zone of intensive propylitiza
tion, sericitization, kaolinization and silicification 
occurs within the granodiorite porphyry. A number of 
quartz veins with malachite cut the granodiorite por
phyry and were excavated in the past. In the geoche
mical samples, anomalous values for cower (up to 
0.5%) were found in close vicinity to the veins, but 
did not extend far beyond them into the granodiorite 
porphyry. Mo values (up to 50 ppm) were obtained in 
a few scattered samples. No pronounced electrical 
conductors were found in the geophysical surveys. 

At Ara East and Ara West, quartz-sericite-pyrite 
zones are characteristic. Analyses showed isolated 
patches of anomalous cower (200 ppm) and Mo (80 
ppm) concentrations (Bugrov 1972). Most of the two 
areas show values near to background. The drill holes 
penetrated vertically through rocks with up to 30% 
pyrite, but with no other sulfides, to a depth of 200 
m. 

Hamash North is more interesting geologically, 
with abundant quartz veins with pyrite-chalcopyrite, 
as well as the presence of gossans and zones of 
hydrothermal alterations up to 500 m long and 100m 
wide, within the andesite-granodiorite porphyry. 
Analysis of samples from the zones of alteration 
yielded anomalous concentrations of Cu (200 to 5000 
ppm) and Mo (10 to 50 ppm) (Bugrov 1972). 

Urn Thndub was chosen by Ivanov (1975) as the 
most promising locality at Hamash, and it was hence 
studied in more detail. Here, alterations are most 
pronounced and two vertical drill holes, 250 m each, 
passed through a zone of intensive development of 
pyrite. The zone of hydrothermal alteration is almost 
circular and measures about 2000 x 1700 m, exclud
ing the outermost propylitized rocks. Within this 
zone, concentric, more or less complete, subzones 
are recognized with propylitization to the outside, 
pyrophyllitization-sericitization in the middle, and an 
inner subzone of silicification, alunitization and de
velopment of a small amount ofhydrobiotite (Ivanov 
197 5). Drilling showed that pyrite is disseminated 
and fills cracks and fractures in the whole length of 
the core down to a depth of 250 m. This body of 
pyrite is estimated to contain 500 million tons of 
pyrite, but other sulfides are almost completely ab
sent. It is established that in porphyry-type deposits, 
copper is always located towards the inner margins of 
the pyrite zone. At Urn Thndub, the drilling of ver
tical holes in the pyritic zone, with sites selected 
before the pattern of hydrothermal alteration was 
fully understood, did nothing to help reach conclu
sive results as to the presence or absence of cower 
mineralization. Thus, for the various sites of Hamash, 
taking the positive indications of porphyry cower 
deposits noted above into consideration as well as the 
failure of this drilling to encounter copper minerali-

zation, four possibilities are suggested: 
a) economic porphyry-type mineralization never 

developed, due to the virtual absence of copper from 
the mineralizing solution; 

b) the present level of erosion is above the zone of 
disseminated and stringer cower mineralization, im
plying that mineralization is present at depth but that 
the drill holes (of the 1970s) were unfortunately 
located in the wrong places and drilled vertically in 
the wrong direction; 

c) the intrusion and its associated mineralization, 
of Proterozoic age, has been eroded down below the 
level of mineralization. 

Field evidence, analytical results and the presence 
of Cu-Au bearing quartz veins in the area, among 
many other factors, make the present author favors 
(b) above. 

b) UmGarayat 
Urn Garayat (22° 34' N, 33° 24' E) was located when 
a very pronounced airborne electromagnetic 
anomaly (Lockwood 1968) coincided with a quartz 
porphyry stock some 3 km to the southeast along the 
strike of the Au-hearing quartz veins exploited at Urn 
Garayat gold mine (see 2.4.1). Here (Fig. 26/4), the 
area is made up of different assemblages of grano
diorite and quartz-andesite porphyries. The grano
diorite porphyry intrusion shows concentric, almost 
complete zones of hydrothermal alteration, and very 
rich sulfide mineralization, now in the oxidized state 
and forming gossan-like bodies. The central core of 
quartz porphyry (granodiorite) suffered intensive si
licification, sericitization, pyrophyllitization, and de
velopment of minor hydrobiotite. These are followed 
outwards by kaolinization and propylitization. Pyrite 
mineralization is superimposed on these alterations, 
which pass gradually into less altered rocks, then 
fresh rocks. Within the silicified core, minor quartz 
veins and lenses with apatite, tourmaline and occa
sional specks of native gold are encountered. 

Geophysical investigations revealed a central con
ical electrically conductive body surrounded by con
centric zones of varying electrical conductivity, cor
responding to the zones of different hydrothermal 
alterations (Krs 1972). Moreover, samples selected 
from shallow pits over the electrically conductive 
bodies showed anomalous concentrations of As, Mo, 
Cu, Au and Ag (Krs 1972). The sequence of events 
leading to the mineralization of Urn Garayat, as 
visualized by Ivanov (1975) must have begun with 
the emplacement of andesite-granodiorite porphyry 
in a subvolcanic environment, as indicated by the 
textures and lack of tuffs. The parent magma was 
intermediate to acid in composition and rich in vola
tiles. The emplacement was immediately followed 
by propylitization of a wide area caused by circulat-
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Figure 26A Geological map of Urn Garayat (modified after Ivanov & Hussein 1972). 1. Wadi alluvium; 2. Quartz porphyry; 
3. Granodiorite porphyry; 4. Gabbro; 5. Fine-grained gabbro; 6. Gtanite; 7. Metasediments; 8. Layered rocks; 9. Andesites; 
I 0. Zones of silicification; 11. Zones of argillic alteration; 12. Gold-bearing veins; 13. Old workings; 14. Sampling sites. 

ing groundwater heated by the magmatic bodies. The 
magmatic phase of hydrothermal alterations started 
by the formation of a little hydrobiotite or orthoclase 
(potassium metasomatism), high temperature si
licification and pyrophyllitization. This stage was 
accompanied by the apatite and tourmaline-bearing 

quartz lenses, and small amounts of pyrite, pyrrllotite 
and chalcopyrite. Another phase of silicification fol
lowed, and with it most of the pyrite and some of the 
native gold were introduced. The third, low tempera
ture phase of silica introduction was accompanied by 
most of the gold and silver, mainly in the form of 
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veins in the mined area (Ivanov 1975). Again, as is 
the case at Hamash, the absence of copper in surface 
exposures is explainable in two ways: (a) copper was 
not introduced, being very poor in the mineralizing 
solutions or (b) it was formed but subsequently 
leached out almost completely from the zone of 
oxidation but is present deeper, probably with a 
supergene enrichment zone. 

The nature of the parent magma, the pattern and 
types of hydrothermal alterations as described by 
Lowell & Gilbert (1970), as well as the geophysical 
and geochemical results, favor alternative (b), though 
the answer awaits properly located deep drilling. 

It is interesting to record here that wheo the report 
by Ivanov & Hussein (1972) was given for review by 
the UNDP to Dr R. Sillitoe, expert and consultant on 
porphyry copper deposits, he agreed with the au
thor's conclusions that both Hamash and Urn Garayat 
represent porphyry copper deposits worthy of proper 
exploration (Sillitoe, pers. comm. 1978). 

2.2.3 Mineralization related to granites 

In Egypt, granitoids constitute about 40% of the 
Proterozoic shield rocks, cropping out mainly in the 
Eastern Desert, south Sinai and the southernmost part 
of the Western Desert. Hussein et al. (1982) classified 
these granites into three groups: Gl, G2 and G3. 
According to these authors, G 1 granites are subduc
tion related, formed in old Benioff zones, and charac
terized by being calc-alkaline in nature, closely asso
ciated with island arc volcanics, formed under com
pressional environments, and are 1-type magnetite 
series granites. Moreover, these G 1 granites usually 
form large intmsions that include rocks ranging in 
composition from diorites to granites, with Si02 con
tents not exceeding 65%. Their Nb and REB contents 
are always less than 20 and 50 ppm respectively and 
their radioactivity in the field does not exceed 10 ).1 
R/h. This group of G 1 granites has been proven to 
include most of the granite masses previously re
ferred to as 'Old', 'Shaitian', 'Grey', 'Synorogenic' 
or 'Aswan' granites. On the other hand G2 granites 
were formed as a result of suturing and are character
eized by being S-type, ibnenite series, calc-alkaline 
granites, formed under environments of compres
sion. They tend to form relatively small plutons with 
a narrow range of composition, always granitic, with 
Si02 contents higher than 65%. They may contain 
accessory monazite, zircon and cassiterite. Their Nb 
is less than 50 ppm, REB content low, and radioactiv
ity between 10 and 20 ).1 R/h. They cover most of the 
'Younger', 'Gattarian', 'Pink', 'Red' or 'Postoroge
nic' granites referred to by earlier workers. The third 
group, G3, includes the small, simple intmsions of 
alkali to peralkaline intraplate anorogenic granites. 

These are characterized by being S-type ibnenite 
series granites formed under extensional environ
meats and have a very limited range of compositions, 
with Si02 between 70 and 75%. The accessory 
minerals may be monazite, zircon and cassiterite. 
These granites are rich in Nb and REB (higher than 
50 ppm) and in outcrop, their radioactivity is higher 
than 40 J.l R/h. They are frequently partly greisenized 
and/or albitized. 

Many mineral deposits in Egypt are associated 
with these granitic rocks, covering a wide variety of 
ore mineral types and spread over the central and 
northern parts of the Eastern Desert, where granitic 
rocks predominate. With G1 type granites, no appre
ciable mineralization is known to occur, apart from 
some scattered minor base metal bearing quartz 
veins. Most of the Sn, W. Mo, Nb-Ta, REB, Be, and F 
deposits are associated with the G3 granites, but 
some of them may also be associated with G2 granite 
masses. In the following paragraphs, the mineral 
deposits are dealt with according to the dominant ore 
present, though one or more of the other elements of 
this paragenesis is always present. 

a) Disseminated and vein type molybdenum 
mineralization 

Hume (1937) reported the occurrence of quartz veins 
with molybdenite traversing 'Pink granite' at Gabal 
Gattar, Urn Harba, Wadi Dib, Abo Marwa, Gabal Urn 
Disi and Gabal El Dob, in the northern part of the 
Eastern Desert. In all six localities, the quartz veins 
trend mainly in a submeridional direction and dip 
steeply eastwards. Some of these veins extend for 
more than 700 m but their thicknesses are always 
very limited (I 0 to 20 em), and Mo content in them is 
always low. These same occurrences were restudied 
by Dardir and Gad Allah (1969) and the following 
descriptions are based on their work. 

At Gabal Gattar, mineralization occurs at the inter
section of 27° 05' 29" Nand 33° 16' 10" E, and is in 
the form of a zone of veins, 25 m wide and 500 m 
long, cutting through the pink granites of Gabal Gat
tat. Individual veins vary from 1 mm to 10 em, and 
they pinch and swell, bifurcate and join other veins. 
They generally strike in theN 10° E and dip at about 
80° to the east. The mineralized zone persists with the 
same attitude and thickness in underground worldngs 
at depths of 46 and 136m below the surface. Molyb
denite occurs in the quartz veins and as dissemina
tions in the enclosing granite. It forms coarse 
crystals, 1 to 3 em in size, concentrated in the veins or 
arranged along their contacts with the country rocks. 
Some thin veinlets are made wholly of ore. Dissemi
nations in the granite extend for 10 to 15 em from the 
veins in both sides. Molybdenum was assayed in an 8 
m wide zone and its values ranged from 0.27 to 
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Figure 26.5 Mo-Sn veins at northern part ofHomr Akarem (after Bugrov 1972). 
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2.25% Mo. Total reserves of the area were estimated 
to be about 4500 tons. 

Other, smaller occurrences studied by Dardir and 
Gad Allah include Abu Marwa (27° 20' 20" N, 33 ° 
05' 45" E), Abu Harba (27° 18' 20" N, 33° 12' 45" E), 
and Urn Disi (27° 00' N, 33° 31' E). In these occur
rences, the ore is associated with quartz veins cutting 
across red granite. Veins are always bordered by 
narrow (5 to 10 em) zones of greisenized granite. The 
authors concluded that these occurrences have 
neither the grade nor the reserves to make any of them 
economically significant 

In 1969, Hornr Akarem (24° 11'08" N, 34°04' 39" 
E) was discovered (Bugrov 1972), where a swarm of 
cassiterite-bearing quartz veins were located in the 
vicinity of the granite mass, cutting through metased-

TIN - TUNGSTEN 

DEPOSITS 

In the central 

EASTERN DESERT 

iments and associated with anomalous concentra
tions of Mo, Bi, Cu and Nb, in addition to Sn (Fig. 
26/5 and 26/6). 

Detailed study of the area (Searle 1974) showed 
that mineralization is concentrated in a zone (1100 x 
800 m) to the northeast of the Hornr Akarem granite. 
It occurs in discontinuous en echelon veins and vein
lets of milky quartz that range in thickness from 1 em 
to 2 m. These veins have parallel strikes, mostly 
sublatitudinal, but intersecting dips, giving rise to a 
netwmk pattern. The veins are always surrounded by 
greisenized selvages, the extent of which are propor
tional to the width of the veins. The mineralization is 
accompanied by the development of muscovite, 
topaz and beryl, and introduction of Mo, Cu, Sn, W. 
Bi, F, OH and S (Fig. 26n>. 

30 

11[2] 

Fi!!Ure 26.7 Distribution of Sn-W, central Eastern Desert (modified after El Ramly et al. 1970). I. Miocene and post-Miocene; 
2. 

0

Tertiary volcanics; 3. Dikes; 4. G3 granite; 5. G2 granite; 6. Hammamat series; 7. Gl granite; 8. Layered rocks; 9. 
Tin-tungsten deposits; 10. Faults; II. Foliation. 
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Mineral wning is evident in the field, and is 
confinned by mineralogical and chemical analysis of 
the core samples. Here, predominantly Mo minera
lized core is surrounded by a cassiterite zone, fol
lowed by a border wne with Cu mineralization. Mo 
mineralization is not extensive on the surface and 
occurs mainly as flakes enclosed within the quartz, or 
as paint on slicken-sided surfaces. The greatest con
centration of molybdenite is in thin veinlets filling 
fractures in the veins. On the surface, powellite takes 
the place of molybdenite. Cassiterite, chalcopyrite 
and trace amounts of W and Bi are present, fluorite is 
more common in the Sn zones, and Be is present as a 
geochemical anomaly in all the three wnes. On the 
surface, oxidation products are powellite, limonite 
and various secondary copper minerals. 

Hornr Akarem was investigated geologically, 
geochemically, and geophysically. Five drill holes 
totalling 1357 m explored the most interesting and 
promising anomalies. On the basis of these studies, 
Searle (1974) concuded that the effective area of 
mineralization measures about 240 x 400 m, in which 
molybdenite is the only mineral of economic impor
tance, but it is not evenly distributed in the area or 
within individual veins. The average ore grade was 
calculated by him to be 0.031 Mo, and the reserves at 
about 8,000,000 tons. Thus, Hornr Akarem can be 
classified as a subeconomic deposit. 

ln addition, vein and disseminated Mo mineraliza
tion was discovered in the granite mass of Wadi Halla 
(24 ° 56' 40" N, 34 ° 07' 46" E). Here, a small mass of 
'Younger Granite' (500 x 300 m) is emplaced in a 
country rock of schist, acid volcanics and gabbro
amphibolite. The granite is greisenized in part, and 
with it is associated a swarm of quartz veins that 
extend for more than 1 krn across the mass and its 
enclosing rocks.ln the veins, Mo is present as powel
lite. Samples collected from the veins and greise
nized granite showed anomalous concentrations that 
reached 300 ppm for Mo, 80 ppm for Sn and 200 ppm 
for each of Cu, Be and Bi (Bugrov 197 4 ). 

b) Disseminated and vein-type tin mineralization 
Tin is one of the metals searched for and exploited by 
the ancient Egyptians, who used it for the production 
of bronze. It was most probably obtained primarily 
from the Muelha mine, as indicated by the hierogly
phic inscriptions still preserved on the rocks along the 
wadi leading to the mine. Until recently, tin as cassi
terite was known only in quartz veins, sometimes 
with wolframite, mainly at Igla, Nuweibi, Abu Dab
bab, and Muelha. Most of these locations were 
described by Arnin (1947), who stated that the mine
ralized veins are made up of massive milky quartz 
with cassiterite, wolframite, topaz, beryl, yellow mi
ca, tourmaline, fluorite, sericite, and chlorite, travers-

·-----· ·-·-·~-· 

ing various rock types that include metavolcanics, 
metasediments, diorites and granites (Arnin 1947). 
The veins are always 'confined to the margins of 
granitic masses and their contacts with the country 
rocks. The veins are believed to be genetically related 
to muscovite granite masses, always with signs of 
post-magmatic alterations, mainly greisenization. 
Data available on the cassiterite and/or wolframite 
veins were summarized by El Rarnly et al. (1970) in 
the table reproduced below (table 26{2). The location 
of these localities was given by El Rarnly et al. (1970) 
(Fig. 26n). It is interesting to note that in all these 
deposits the veins are well-defined fracture fillings, 
with greisen rims along their contacts. Most of them 
strike northeasterly and dip steeply to the southwest 
Zones of mineralization, usually with tens of veins, 
are about 500 m wide and extend for more than a 
kilometer. The veins vary in thickness from a few 
centimeters to 1.5 m. The ore minerals identified are 
cassiterite, wolframite, beryl, chalcopyrite, chal
cocite, scheelite, huebnerite, colurnbite, tantalite, 
malachite, iron and Mn oxides, covellite, azurite, 
chrysocolla and Bi-bearing ochre (El Rarnly et al. 
1970). Cassiterite and/or wolframite are always pres
ent along the margins of the veins, either directly 
embedded in the quartz or associated with the micas 
of the greisen wnes. The gangue minerals present, in 
addition to quartz, are zinnwaldite, muscovite, se
ricite, fluorite, tourmaline, topaz, orthoclase, albite, 
calcite, chlorite and kaolin. Wall-rock alterations 
associated with these veins are mainly greisenization, 
whereby the country rocks, granitic or otherwise, are 
changed into flakes and aggregates of mica, quartz, 
some fluorite and topaz. ln some of the occurrences 
(Igla, for example), monomineralic fluorite or beryl 
veins may be present. The Sn content in most of these 
veins is relatively low, ranging at Igla between 0.04 
and 0.94%, with limited reserves. 

It was only recently (Bugrov et al. 1973) that 
cassiterite, in association with W, Nb-Ta, Be and 
other lithophile elements, were discovered as disse
minations in autometasomatically altered granites 
(apogranites). During the verification of an airborne 
radiometric anomaly, this type of mineralization was 
found at Gabal Muelha, some 3 krn to the southeast of 
the old mine. This was followed by the discovery of 
similar situations at Igla, Abu Dabbab, Nuweibi and 
many other sites. This suggests that at almost all the 
occurrences cited above, both vein and disseminated 
types of deposits are present. 

Gabal Muelha (24 • 52' N, 34° 00' E) is a dome-like 
mass of biotite granite intruded into metasediments. 
The granite is albitized especially at its southwestern 
contact, where it is altered into an albite-microcline
quartz-Li mica rock. Greisens form lenses and veins 
of quartz and mica with some impregnations of 
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Table 26.2. Mineralogical composition and mode of occurrence of the tin-tungsten deposits 

Deposits Abu Hammad Fatinl El AbuKharif ElDob 
Beida 

Maghrabiya Umm Bissilla AbuDabbab Nuweibi 

Wolframite Wolframite Wolframite Wolframite Wolframite Wolframite Cassiterite Cassiterite 
Wolframite Wolframite 

Ore 
minerals Huebuerite 

FeandMn 
Columbite? 

oxides Tantalite? 
Malachite 

Quartz Quartz Quartz Quartz Quartz Quartz Quartz Quartz 
Yellow mica Yellow mica 

Gangue Fluorite Fluorite Fluorite 
minerals 

Mica Mica Mica Mica Topaz 
Orthoclase Orthoclase Orthoclase 

Redgranite Gnnite Grey granite Grey, white, Gnnite Hammamat Muscovite Greenstones 
Country between two near felsite pink gnt- greywackes granite and near small gnt-

dolerite dykes and andesite nites, near greenstone nite intrusion 
dykes basic dykes 

Strike, angle E-W.<90' NE,<30' Older lodes: 25'-30'NE NE,<80' Nw. < 26'-35° N-SandNE, NE,N-Sand 
anddirec- NW E-W.<30'N <30'-70' NW NE andE-W. E-W,<40'-80' 
tionofdip Younger: NW SE N-S,<90' 40'-75' SE SEEandSE 

orNE,<70° 
NEorNW 

Number of 14veins A great Series of Several Series of veins Series of veins Numerous 
ore bearing number of veins 
veins veins 

fluorite, cassiterite, powellite and iron-copper 
sulfides. These greisen zones are closely associated 
with the main fractures, the best developed zone 
being that found at the intersection of the main north
east and northwest trending faults that gave rise to a 
central depression in the mass, where total greiseni
zation of the rock took place. Cassiterite, columbite 
and beryl were identified in panned samples and as 
disseminations in albitites and greisens. Geological, 
geochemical and radiometric surveys showed that 
the greisenized and albitized parts are radioactive and 
associated with anomalous concentrations of Sn (500 
to 1000 ppm), Nb (500 to 800 ppm), Mo (up to 2000 
ppm), Bi (up to 300 ppm) and Be. The latter occurs as 
eubedral crystals, a few centimeters long, in thin 
pegmatite veins, especially at the western contact of 

veins (3 (3 main ones) veins 
main ones) 

the mass. The mineralization at Gabal Muelha is not 
economic as such. Nevertheless, wadis draining the 
mass were investigated (Fig. 26/9) and trenched. 
Panned samples were found to contain cassiterite, 
magnetite, zircon, columbite, garnet and ilmenite. 
Cassiterite content is about 500 grnlm3, and the total 
volume of alluvium is around I 00,000 m3, so a small 
deposit of alluvial cassiterite is there, about 500 tons. 

The Muelba mine (24' 54' N, 33' 55' E) was 
exploited in the past, where cassiterite was obtained 
from the quartz veins and panned from alluvium. 
Here, a mass of intensively greisenized granite 
covers an area of 0.15 kffi2 and intrudes a country 
rock of metamorphosed sediments and volcanics 
(Fig. 26/8). Seventy quartz veins were mapped (EI 
Ramly et a!. 1959), of which 23 carry both cassiterite 
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lgla ElMuellha 

Cassiterite Cassiterite 
Wolframite Wolframite 

Beryl 
Chalcopyrite Chalcopyrite 
Chalcosite 
Scheelite Scheelite 

Columbite? 
Tantalite? 
Malachite Malachite 
FeandMn 
oxides 
Covellite Azurite 
Azurite BismuthM 
Chrysocola bearing ochres 

Quartz Quartz 
Yellow mica Yellow mica 
Fluorite Auorite 

Quartz-ll 
Muscovite Muscovite 
Tourmaline 
Enstatite 

Contact zone of Muscovite 
pink granite and granite and 
meta volcanics metasediments 

43°NE NE,<25°-65° 
up to< 85° SE, SE 
large cellular 
stockworks 

Over 20 veins About 70 veins 

ZargatNAm 

Wolframite 

Quartz 

Granite 

GashAmer 

Wolframite 

Quartz 

Granite 

Almost 
horizontal 

Series of 
veins 

and wolframite, 30 cany only cassiterite, and 17 are 
barren. The quartz veins strike northeast and dip to 
the southeast at angles between 25 and 65°. They 
contain cassiterite, wolframite, scheelite, chalco
pyrite, beryl, fluorite, Li-mica and supergene 
malachite and limonite. The greisenized granite is 
sometimes banded and contains cassiterite and wolf
ramite as disseminated minute grains or as clusters 
and pockets. Analyses showed that Sn values range 
from 0.1 to 0.3%. Other elements present are Nb (up 
to 300 ppm) and Be (100 to 1000 ppm). Anomalous 
values of W were sporadically spread, and high 
values of Bi (100 to 1000 ppm) were found only in 
quartz veins with sulfide mineralization. The zone of 
mineralization was checked with three shallow holes 
(45 m each) and Sn was found to average 0.1 %. It 

was concluded that the area is not economic because 
of the limited reserves and low grade of ore. The 
presence of more extensive zones of greisens below 
the metasediments may alter the picture, but further 
drilling is required (Bugrov 1972). 

The Igla mine (25° 06' N, 34 ° 39' E) was also 
exploited in the past, the ruins of a tin smelter still 
being there. Here, a terrain of acid to intermediate 
volcanics and tuffs is intruded by a small mass of 
apogranite with disseminated cassiterite. Quartz 
veins related to this apogranite, and occurring in 
association with its contact, carry cassiterite, wolf
ramite and beryl. There are more than 60 such veins, 
all striking northeast and dipping to the southeast. 
They are always bordered by greisen selvages of 
zinnwaldite, tourmaline and fluorite. Cassiterite 
crystals are restricted to the sides of the veins, while 
wolframite, if present, is usually embedded in the 
inner parts of the veins. Some chalcopyrite and 
secondary malachite may be present Panned alluvial 
samples from the wadis draining the apogranite con
tain cassiterite, tantallite-columbite, thorianite and 
monazite (Kochin & Bassiuni 1968). Samples repre
senting the mineralized veins gave the following 
range of metal contents: 

Sn 
w 
Be 
Li 
Fluorite 
Topaz 

0.001-0.5 % 
0.0005 - 0.06% 
0.001 -0.6 % 
0.001-0.1 % 
1.0-5.0% 
1.0-2.0% 

Proven reserves were estimated at about 1700 tons of 
ore containing- some 7 tons of metallic tin. Probable 
reserves may provide more than 60 tons Sn. 

Abu Dabbab (25° 20' 27" N, 34° 32' 20" E) is 
another deposit where vein type cassiterite has been 
known for some time. Recent studies (Sabet et al. 
1976) showed that the veins are related to a mass of 
apogranite that contains essentially Ta-Nb minerali
zation. This is dealt with in section 2.3.d below. In 
this area, a small apogranite stock is intruded into 
metasedimentary country rocks. Some 58 cassiterite
bearing quartz veins and veinlets are known, ranging 
from 50 to 600 m in length and from 10 to 50 em in 
thickness. The veins are made up of massive quartz 
with cassiterite, some wolframite, zinnwaldite, 
fluorite and topaz. Ore reserves in the veins are very 
limited (16,000 tons of ore), but there are some 
500,000 tons of alluvium at 0.1% Sn in the wadis 
draining the mass. 

At Nuweibi (25° 12' N, 34 ° 30' E), Nb-Ta minerali
zation impregnates zones in the Nuweibi apogranite 
mass, while Sn is present in quartz cassiterite veins. 
The Nb-Ta mineralization is dealt with in section 
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GEOLOGICAL GEOCHEMICAL MAP OF MUELHA MINE AREA 
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Figure 26.8 Geological-geochemical map of Muelha mine area (after Bugrov 1972). I. Wadi alluvium; 2. Deluvium
proluvium thickness; 3. Metavolcanics; 4. Metasediments; 5. Greisenized granite; 6. Metavolcanics and metasediments; 7. 
Diorite; 8. Serpentinite; 9. Greisen and greisenized zones; 10. Acidic (granitic) dike; I I. Quartz vein; 12. Tin anomalies, based 
on spectrometry of bedrock; values in parts per million; 13. Numbered drill hole; 14. Quartz vein with Snover I 000 ppm. 

2.3.d. The zone of cassiterite veins occurs at the east 
of the apogranite mass, and includes 72 veins ranging 
in length from 100 to 800 m and in thickness from 25 
to 30 em. They strike northeast and dip to the south
east. The veins have thick mica selvages and are 
made up of massive milky quartz with cassiterite, 
wolframite, some molybdenite, tantalite, beryl, 
malachite, azurite and limonite. Distribution of cassi
terite in the veins is highly irregular, and Sn grades 
vary from 0.003 to 0.3%. Vein and alluvial tin reser
ves were given at 94,000 tons of ore containing 
0.05% Sn (Kochin & Bassiuni 1968). 

In addition to the localities reviewed above, poten
tial deposits of Sn may be expected in many of the 
sites listed in table 26{3, with which pronounced Sn 
anomalies are associated. 

c) Vein-type tungsten mineralization 
Thngsten occurs together with Sn in many of the 
deposits cited in 2.3.b above, where it is always of 
secondary importance. Nevertheless, there are a 
number of deposits where W is the main, if not the 
only, commodity. These are reviewed below. 

At Abu Hamad (27° 31' N, 33° 20' E), 14veins are 
associated with a red granite mass cut by dolerite 
dikes. The veins are almost vertical and of a latitu
dinal trend, and range in thickness from 2 to 30 em. 
They are composed of quartz, feldspar and mica with 
wolframite irregularly distributed. Scheelite was 
identified microscopically in some sample of these 
veins. Chemical analysis of the wolframite itself gave 
a W03 content ranging from 46.4 to 69.05%, but no 
estimates of reserves or grade are available (Dardir & 
Abu Zeid 1972). 

At Fatira El Beida (26° 48' N, 33° 20' E), a number 
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Figure 26.9 Distribution of tin
bearing alluvium and location of 
pits dug around Gebal Muelha 
(after Bugrov 1972). 

Table 26.3 List of sites with Sn 

Locality 

AbuZarb 
El Ineigi 
UmBackra 
Thettabi 
ElAbbadiya 
Harndallah 
Sheikha Oteyfa 
Atshan 
ElArsha 
Rod Aid 
UmNaggat 
El Shalul 
E!Backriya 
Rodlshab 
UmSa6 

Lat. Long. Remarks 

25'13'N 34'12'E Pegmatoidal greisenized granite (0.~.0006% Sn) 
25' 13 'N 34 '09"E Endocontact of El Ineigi granite mass (0.001-().0006% Sn) 
25'16'N 34'08'E Muscovite-albitized granite with fluorite (0.0003-().001% Sn) 
25'21 'N 33'46"E Mass of muscovite granite (0.005-0.002% Sn) 
25'23'N 33'41 "E Medium grained biotite granite (0.0003-().006% Sn) 
25'33'N 33'54"E Amass of biotite granite (0.005-0.006% Sn) 
25'19'N 33'51 "E Muscovitized granite (0.0003-().0006% Sn) 
25'09'N 33'34"E Mass of muscovite granite (0.0003% Sn) 
25'11'N 33'5l'E Muscovitegranite(0.001%Sn) 
25'13'N 33'55"E Muscovite granite (0.0003-().002% Sn) 
25'30'N 34'15"E Greisenized and aibitized marginal woe ofUm Naggat granite (0.015-().2% Sn) 
25'27'N 33'40'E Albitized muscovite granite (0.008% Sn) 
25'18'N 33'41 'E Radioactive andalteredwnes in biotite granite (0.0004%Sn) 
25'08'N 34 '06'E Pegmatite body (0.001% Sn) 
25'20'N 34 '08"E Chalcopyrite and pyrite (0.003-().02% Sn, 0.006% W) 
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of quartz veins up to 500 m long and from 10 to 30 em 
thick, are associated with a mass of granite cut by 
numerous basic dikes. The veins trend northeast and 
dip 30° to the northwest Wolframite is scarce and 
scattered inrregularly in the veins. 

At Abu Kharif (26.48' N, 33° 25' E), two sets of 
wolframite-bearing quartz veins are associated with a 
granite mass cut by felsitic dikes. The older set of 
veins strikes east and dips at 30° N. They extend 
about 150 m, range in thickness from 0.2 to 1.5 m, 
and are made up of quartz cementing rock fragments 
and irregularly distributed pockets of wolframite. 
The younger set strikes in a northeast direction and 
dips very steeply northwest. The veins are of quartz, 
orthoclase, fluorite and mica, with poor W minerali
zation. No estimates of grade or tonnage are avail
able. 

El Dob (26° 27' N, 33° 28' E) is a mass of white 
granite, greisenized in places, associated with a series 
of veins that strike northeast and dip southeast. They 
extend for 1 km and may reach 45 em in thickness. 
The veins are made up of milky quartz, orthoclase 
and mica, with wolframite pockets irregularly coo
centrated in the central parts of the veins. Reserves 
seem to be very limited. 

Maghrabiya (26° 22' N, 33° V' E) has three quartz 
veins bearing wolframite traversing a mass of par
tially greisenized and kaolinized granite. The veins 
strike north or northeast and dip steeply west They 
extend for some 150 m and are about 30 em in 
thickness. They carry wolframite in the form of irre
gularly distnbuted pockets. These were exploited in 
1938-39, producing some 180 tons of concentrate 
(52% W03). No later evaluation of the prospect was 
made. 

Urn Bisilla (25° 21' N, 34° 01' E) is located in the 
Hammamat sediments and associated volcanics that 
are intruded by a small mass of muscovite-albite 
apogranite. Some 50 small mineralized veins strike 
mainly in a northwest direction and dip northeast 
The veins are made up of quartz with some calcite, 
chlorite, muscovite and barite, and include wolf
ramite, magnetite, pyrite, chalcopyrite and 
malachite. These veins were assayed at 0.006 to 
0.01% W. but the reserves are very limited (El Ramly 
et al. 1970). 

Zargat Naam (23° 46' N, 34° 41' E) is a very 
limited occurrence, where three or four quartz veins 
carrying W mineralization occur in the marginal zone 
of a Younger Granite mass. 

Gash Amer (22° 18' N, 36° 12' E) is another area of 
very limited W mineralization where a granite mass 
is traversed by almost horizontal fissure filling quartz 
with some wolframite. 

At the base of Gabal Atud a gold-bearing quarz
wolframite vein was reported by Saleeb-Roufaiel & 

Fasfous (1970). The vein is 30 em wide, 20m long 
and extends in a north-northwest direction within the 
gabbro mass. The mineral assemblage includes wolf
ramite, tungstinite (?), arsenopyrite, pyrthotite, goe
thite and native gold, together with quartz, scheelite, 
epidote and rutile. 

d) Disseminated Nb-Ta mineralization 
This type of mineralization was identified for the first 
time in Egypt in the late sixties during the ground 
verification of the most pronounced airborne radio
metric anomaly recorded in the Eastern Desert (Krs 
etal.1973) intheareaofAbuRusheid(24° 37'09" N, 
34° 46' 04' E). The causative body was found to be a 
rock formation anomalously rich in rare metals and 
containing abnormally high concentrations of eco
nomically interesting accessory minerals, with 
visible columbite and zircon in hand specimens. This 
mineralized rock formation was believed by Bugrov 
et al. (1973), Krs et al. (1973), Garson (1972) and 
others to represent an apogranite tongue or sill, 50 m 
thick, intruded concordantly along the contact be
tween the psarnmitic gneiss and the overlying schists. 
According to these authors, this sill is an offshoot of a 
hidden granitic intrusion somewhere below Wadi 
Abu Rusheid (Fig. 26/1 0). On the other hand, Hassan 
(1973), Hussein (1973), Snelgrove (1972) and others 
believe that this radioactive mineralized rock forma
tion is the uppermost part of the psammitic gneiss 
sequence that was subjected to metasomatic altera
tions and introduction of ore components by emana
tions coming probably from an underlying granite 
body. The volatiles were trapped by the impervious 
schist and hence had the chance to alter and mineral
ize the uppermost parts of the gneiss formation. This 
dispute has not been settled. The mineralized rock is a 
quartz-albite-microcline rock with the following 
mineralogical composition (Bugrov 1972): 

Quartz 
Albite 
Microcline 
Li-mica 
Ore minerals 

15--40% 
25-35% 
10-15% 
5-15% 
1~5% 

Detailed studies included radiometric survey, 
geochemical bedrock sampling, and geological 
mapping (Fig. 26/11 ). This was supplemented by 
diamond core drilling of six holes totalling 407 m, 
two of which were to trace the mineralization down 
the dip, and the other four to check pronounced 
anomalies. The study showed that the ore minerals 
present are colurnbite (Nbp5:Ta.05, ratio 5:1 to 
8:1), cassiterite, monazite, xenotime, fluorite, zircon, 
thorite-thorogummite, and sulfides of iron, zinc, 
copper, lead and molybdenum (Knorring 1971 ). Dri1-
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Figure 26.10 Abu Rusheid, interpreted as an intrusion of apogranites (after Bugarov 1972). 

535 

ling indicated that the mineralization decreases grad
ually downwards, and the thickness of the minera
lized section ranges from 45 to 50 m in the central 
pan of the body, to 25 to 30 m in the southernmost 
pan, and then into thin zones of 1 to 5 m. This is 
clearly shown below: 

Average contents of some minerals in core samples(%) 

Depth(m) 

4.6- 21.0 
21.0- 38.6 
38.6- 48.7 
48.7- 60.2 
60.2-173.0 

0.250 0.023 0.013 
0.022 0.013 -
0.064 0.008 
0.066 0.007 
0.010 0.004 

Sn Zr Li 
0.054 0.200 0.090 
0.030 0.200 0.065 
0.017 0.090 0.020 
0.006 0.200 0.040 
0.010 0.067 0.014 
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DETAILED GEOLOGICAL-GEOCHEMICAL MAPPING OF ABU RUSHEIO AREA (AFTER BUOROY 1172 I 
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Figure 26.11 Detailed geological-geochemical map of Abu Rusheid area (after Bugrov 1972). I. Gneiss, lithiooi1e
microcline-quartz-albite apograni1e with co1umbi1e and zircon; 2. Gneissoid lithionite-amazonite-quartz-albi1e apograni1es 
with columbi1e and zircon; 3. Orthogueiss with small-veiaed injections of apograni1e, in some places metasomatically al1ered; 
4. Orthogueiss: mica-quartz, mica-plagioclase, banded porphyry; 5. Serpentini1e; 6. Schist; tremolire-acino1ire; 7. While 
grani1e; 8. Small layers of apograni1e; 9. Pegmati1e and quartz vein with coarse-crystalline columbire, some with cassiteri1e; 
10. Quartzp1ug; 11. Fault; 12. Strike and dip; 13. Abandoned mine; 14. From200to500; 15. From500to 1000; 16. More than 
1000; 17. Numbered drill bole; 18. Profile. 

Thus, it was concluded that, in this area, the deposit 
contains Ta (T~05, up to 0.0328%), Nb (Nb20 5, up 
to 0.3% ), Sn (up to 0.3% ), Li (Li20, up to 0.25% ), Z:t 
(1% ), U (up to 0.86% ), Th (up to 1.43% ), and traces 
of Cu, Zn, Pb and Mo. Of these, the Nb and Ta are the 
most interesting. Abu Rusbaid is therefore an ore 
body containing 90,000 tons of Nb,05 and 13,000 
tons of T~O,, at a cutoff grade of 0.02% T~05 • If 
and when worked, some Sn, Z:t, Li and other elements 
will be obtained as byproducts. 

Abu Dabbab (25° 20' N, 34° 32' E) is in a countty 
rock of paraschists that include quartz-biotite and 
quartz-chlorite schists with intercalated beds of tuffs 
and agglomerate, with an intruded stock of apo-

granite with Ta-Nb-Sn mineralization. Quartz veins 
beating cassiterite and wolframite are associated with 
this stock (see 2.2.3.b above). The mineralized stock 
covers an area of 3.2 km2 and is made up of quartz
albite orquartz-albite-amazonite lithionite. Minerali
zation is most intensive in the northeastern endocon
tact zone of the mass, which is 30m wide. This mass 
has been studied in detail, drilled, and assayed. T~O, 
ranged from 0.0095 to 0.075%, with an average of 
0.028% (cutoff grade, 0.01% T~05). Nb,05 values 
varied from 0.002 to 0.029%, average 0.008%. Abu 
Dabbab is thus primarily a tantalum deposit, as the 
T~05:Nb205 ratio averages 3:1. Proven ore reserves 
were calculated at ten million tons, containing 2800 
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tons Ta:Ps and 800 tons NaPs (Sabetet a!. 1976). 
At Nuweibi (25° 12' N, 34° 30' E), the country 

rocks are mainly quartz-biotite schists. Nb-Th mine
ralization occurs as disseminations in the apogranite 
part of the Nuweibi mass. Quartz-cassiterite veins 
with greisen selvages characterize the exocontact 
zone (see 2.2.3.b). Mineralogical analysis of apo
granites from the most intensively albitized and 
mineralized parts of the mass revealed the presence 
of columbite, cassiterite, magnetite, ilmenite, zircon, 
topaz, barite, and trace amounts of apatite, rutile and 
monazite. Analyses show that TazOs contents vruy 
from O.Dl8 to 0.024%, and Nb20 5 from 0.005 to 
0.009%, with the Taz03:Nb20 5 ratio ranging from 
5:1 to 2:1. Drilling and assay of cores indicate that the 
lower levels of the mass show a sharp decrease in Ta 
and Nb contents, to 0.004% Taz05 and 0.002% 
Nb20 5• Detailed mapping and assessment (Sabet et 
a!. 1973) reveal that the eastern part of the apogranite 
mass is potentially important. There is a zone 1000 m 
long, 450 m maximum width, with mineralization 
downto50m. Average Taz05 andNb20 5 are0.018% 
and 0.009% respectively, and the Taz05:Nbz05 ratio 
is 2:1. These figures allow calculation of proven 
reserves of 20 million tons of ore containing 3600 
tons Taz05 and 1800 tons Nb20 5. 

In addition to the three deposits described above, 
Nb-Ta mineralization has been identified in a number 
oflocalities, some of which also contain Sn or W. The 
main occurrences are listed in table 26/4. 

e) Beryllium mineralization 
Beryl, as emerald, was known and exploited in many 
locations in ancient times, as is evidenced by the 
excavations, dump sites and ruins of Medinet Nugrus 
and Sikait The same old mines were reopened repea
tedly, but there is no exploitation at present. Beryl, 
including the gem variety emerald, occurs at many 
localities in the Eastern Desert in pegmatite lenses 

Table 26.4 Localities with Nb-Ta mineralization. 

Locality Lat Long. Remarks 

and quartz veins that cut across mica and talc schists, 
as well as in the schists themselves. It was later 
discovered as poclrets, lenses and disseminations in 
greisenized and albitized granite masses and also, 
together with fluorite, as a major constituent in the 
greisen selvages associated with Sn-W bearing 
quartz veins in almost all localities with this type of 
mineralization, Beryl thus occurs in two geological 
environments (Hassan & El Shatoury 1976), in 
schistose rocks associated with the contacts of psam
mitic gneiss, and as pegmatite veins and lenses in 
certain granite masses which also carry disseminated 
beryl. 

The first mode of occurrence is restricted to a 50 
km long northwest-southeast striking belt that ex
tends from Zabara in the northwest to Urn Kabu in the 
southeast. Beryl mineralization in this belt is res
tricted to micaceous rocks following very closely the 
contact of the quartzofeldspathic gneiss. The belt 
includes Zabara, Nugrus-Sikait and Urn Kabu-Um 
Debaa areas (Basta & Zaki 1961). 

AtZabara (24° 45' N, 34° 41' E), beryl mineraliza
tion occurs in a zone 1 to 20m thick of mica rock with 
frequent quartz stringers, following the sharp contact 
between the quartzofeldspathic gneiss and the over
lying mica, talc and amphibolite schists. Beryl forms 
well-developed six-sided crystals a few centimeters 
in width that range from emerald (transparent deep 
green color) to ordinary beryl. The gem quality tends 
to occur more frequently in the mica schist than in the 
quartz stringers. Greisenized and albitized parts of 
the psammitic gneiss of this locality show 80 ppm 
Be. Moreover, Mo, Sn and W have been found in thin 
quartz veinlets in the area (Bugrov 1972). 

The Nugrus-Sikait area was extensively mined by 
the ancient Egyptians. Here, Be mineralization is also 
restricted to the mica rock along its contact with the 
quartzofeldspathic gneiss of Wadi Abu Rushaid 
(2.2.3.d) and Wadi Nugrus. Beryl, and associated 

UmNaggat 25'30'N 34'15'E Albite-microcline- quartz apogranite in marginal woe of the Um Naggat mass 
(0.02% Taand0.03-0.15% Nb) 

El Shalul 25'27'N 
E!Backriya 25'18'N 

Urn Bisilla 25'21'N 
Urn Salim 

Rodlshab 25'08'N 
Muelhamine 24°54'N 
UmDubr 22°40'N 

33'40'E 
33'41 'E 

34'00'E 

34°06'E 
33'55'E 
35°50'E 

Altered muscovite granite (traces ofTa and 0.01% Nb) 
Altered wne in the N endocontact of El Backriya granite (0.01% Nb, traces 

ofTa) 
Muscovite-albite- quartz apogranite (0.005% Nb) 
Muscovite-microcline- albite-quartz apogranite, 5 m wide endocontact zone 

(0.005% Nb, traces ofTa) 
Sheet-like pegmatite body (0.001-0.008% Nb) 
Greisen with disseminated cassiterite (0.01% Ta and 0.01% Nb) 
Zones of arnawnite granite (panning yielded oolumbite and xenotime: radioact

ive zones associated with quartz amazonite pegmatites and altered zones in 
granites; sampled pegmatites and altered wnes ( ... -0.1% Taz05 and 

0.5-1.1% Nb,C,) 
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Figure 26.12 Geologic map of Gebel Homret Mikbid (after Bugrov 1972). 

emerald, occurs in the mica rock and the quartz 
stringers that traverse it. 

1be situation at Urn Kabu-Um Debaa area is rather 
different, as quartzofeldspathic gneiss does not crop 
out. Beryl occurs in the mica schist and the lenticular 
quartz bands enclosed within it. 

1be second mode of occurrence is where beryl 
occurs in association with granite masses that show 
signs of greisenization and albitization, either as peg
matite pockets, lenses and veins, disseminations, or 

in the greisen selvages of mineraiized quartz veins. 
The best examples of this mode are at Homret Mikpid 
and Homr Akarem. 

Homret Mikbid (24° 10' N, 34° 23' E) is a mass of 
granite intruded into a country rock of basic metavol
canics, diorites and granodiorites (Fig. 26/12). 1be 
mass is split into two parts by a latitudinal fault. It is 
altered in parts with zones of intensive greisenization 
and amazonitization. Frequent quartz veins and some 
fluorite veins are present. Beryl occurs as dissemina-
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tions in the altered parts of the granite in association 
with amozonite and fluorite. Also, in the northern 
part of the mass, beryl occurs in small pegmatite 
veins of an east-west strike, 5 to 30 em in thickness. 
and about 90 m along the strike. The mineral fonns 
well-developed crystals of greenish or bluish shades. 
Along the northern contact, beryl occurs together 
with amazonite and fluorite in quartz veins that fol
low the contact between the granite and the metavol
canic country rocks. 

At Homr Akarem (2.2.3.a and b), mineralization 
occurs in amall pegmatoidallenses and pockets (20 x 
80 em) in the northern parts of the granite mass. It is 
also present, together with orthoclase, in small peg
matite veins and in the greisen selvages of the quartz
cassiterite veins. 

f) FIUIJrite mineralization 
Fluorite is always present, as an essential guangue 
mineral, in association with practically all of the 
autometasomatically altered granites (apogranite), 
especially with zones of greisens within the granites 
where it is an essential constituent, and also in the 
selvages of the Sn, W or Mo bearing quartz veins. 
Good examples of this mode of occurrence are the 
central depression in Gabal Muelha and the vein 
system at Muelha mine (2.2.3.b). 

Fluorite may also form veins, monomineralic or 
together with quartz. Some of these veins are known 
in the area of Gabal Ineigi (25° 13' N, 34° 09' E), 
where they have been worl<ed out. The quartz-fluorite 
vein is 2 to 3 rn in thickness, and occupies a northwest 
trending fracture zone across the granite mass. It 
passes northwards into a number of quartz veins with 
minor fluorite and galena, then into veinlets of pure 
quartz. Similar veins are known from EI Bakriya area 
(Saleeb-Roufaiel et al. 1982), and also just to the 
north of Hamret Mikpid, extending northwards from 
the granite contact. At Homr Akarem also, some 
fluorite veins are found to the north of the granite 
mass. They are of very limited reserves and are 
currently being exploited. 

g) Uranium mineralization 
Uranium mineralization is known in varied environ
ments in Egypt. It is known in association with some 
Carboniferous and Cretaceous black shales, and in 
phosphorite deposits. It was also discovered in the 
Oligocene sandstones and associated rocks at Gabal 
Qatrani, where uranium of up to 0.3% Up8 is con
centrated in the intersitital spaces between sand 
grains (Said 1962). In this section, we will concen
trate on the uranium mineralization related to granite 
masses, where it occurs either as disseminstions in 
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Figure 26.13 Geologic map of northern part of Gebal El Missikat (after Hussein eta!. 1986). 
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the autometasomatically altered parts (greisens and 
albitites), or where it fonns veinlets and stringers 
across granite masses (Hussein et al. 1986). The more 
important occurrences are reviewed below. 

El Missikat (26° 22-26' 39" N, 33° 14-33' 40" E. 
Fig. 26/13) was located by an airborne radiometric 
survey (EI Shazly et al. 1982). Upon verification, it 
was found that the anomalous radioactivity is related 
to uranium mineralization associated with highly 
brecciated black and jasperized silica veinlets, 
confined to minor faults and fractures striking east
northeast. Mineralization is represented on the sur
face by urnaophane and soddyite, which were ob
served visually as thin films or aggregates of acicular 
crystals or as a paint on fractures and cavities. It is 
always associated with sulfides (pyrite, chalcopyrite, 
galena, sphalerite and molybdenite), and the gangue 
minerals are mainly fluorite and Fe-Mn oxides (Atta
wiya 1983). The granites show signs of silicification, 
sericitization and kaolinization in the vicinity of the 
U-bearing veinlets. 

Attawiya (1983) reported an analysis of black and 
jasperoid silica veinlets as follows (in ppm): 

u 497-8856 (av. 1845) 
Pb 968-17615 (av. 6509) 
Nb 32-485 (av. 296) 
Sr 5-70 (av. 28) 
Ba 664-4605 (av. 1845) 
Th 15-280 (av. 108) 
Zr 10-113 (av. 58) 
y 97-962 (av. 270) 
Rb 5-181 (av. 78) 

Also, a composite sample from the same mineralized 
jasperoid veins gave, in ppm: 

Pb 3500 
Ti 465 
Cr 7 
Zr 90 
Mo 1200 
u 958 
y 500 
Nb 200 
Mn 1200 
Au 0.5 g/ton 
Ag 6.0 g/ton 
F 0.12% 

The mineralized fracture zones were checked in 
depth through exploratory tunnels. Disseminated and 
massive pitchblende were identified in some spots, 
but were also restricted to the jasper and black silica 
veins (EI Shazly eta!. 1982). 

El Erediya uranium deposit (26° 20' N, 33° 28' E) 

is in a very similar situation to that of El Missikat: the 
mineralization is directly associated with jasperoid 
veins occupying faults and fractures that strike at 
varying degrees between north and east (Fig. 26/14 ). 
Uranium minerals identified on the surface are urano
phane, beta-uranophane, dossyite and renardite, but 
uraninite is the primary mineral in the subsurface. 
The mineralization is closely related to intensive 
brecciation, silicification and kaolinization of the gra
nite host rocks (El Tahir 1985). 

El Atshan is one of the earliest discovered and 
studied uranium deposits in the Quseir area. Here, 
pitchblende and atshanite occur filling fractures in the 
contact zone between a bostonite (microgranite?) 
dike and its enclosing rocks of slates and low grade 
schists (Hussein et al. 1970, El Kassas 1974). It is 
believed that the hydrothermal U-bearing solutions 
represent a late stage of magmatic differentiation, 
probably the same magma that gave rise to the bo
stonite sills. 

Urn Doweila (22° 17' N, 33° 26' E) is the most 
striking of these U -bearing microgranite dikes. It 
extends in a northeast direction for 10.6 km and 
ranges in thickness from 2 to 20 m. The northern 
non-altered and non-mineralized part shows that it is 
made up of grey alkaline microgranite with aegirine, 
riebeckite and arfvedsonite. It cuts through country 
rocks of practically non-metamorphosed volcanics 
and pyroclastics (Hussein & Abu Zeid 197 4 ). It was 
discovered by a very pronounced airborne radiome
tric anomaly, after which ground scintillometric and 
Radon emanometric surveys showed that the most 
intensive radioactivity and highest U contents are 
localized in two separate segments totalling about 3 
km in length. These two segments are intensively 
sheared, brecciated, ferruginated and silicified. The 
original sodic amphiboles and pyroxenes are com
pletely replaced by hematite and goethite, with exten
sive silicification of the matrix (Garson et al. 1974). 
Samples collected from these zones yielded the fol
lowing results: 

u,o8 177-1827 ppm 
Y 300-2000ppm 
Mo 10->1% 
Pb 100->1% 

Two shallow inclined boreholes were drilled in the 
most interesting area. It was found, however, that the 
contents of the ore elements, including U, decrease 
drastically with depth, indicating that it is present 
only in the oxidation zone above the water table. 

In addition to these primary areas of uranium 
mineralization, other areas have been investigated. 
At Abu Zawal (26° 37' N, 33° 20' E), radioactivity is 
associated with pegmatite veins in altered pink gra-
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nites, and is related to the presence of allanite in these 
veins (El Tahir 1978). 

In Wadi Hawashia-Gabal Dara area, U, Th, and Nb 
mineralization is restricted to some veins of peg
matites cutting through the granite mass (El Shazly et 
a!. 1982). 

In the wider area of Wadi El Gemal, several rad
ioactive anomalies proved upon verification to be 
related to concentrations of allanite in granite peg
matites associated with the white granites of the area 
(Bugrov & Krs 1972). 

At Urn Shilman (22° 37' N, 33° 49' E), a radioact
ive apogranite zone occurs at the margin of the Urn 
Shilman pluton. It contains disseminated secondary 
uranium minerals in addition to anomalous concen
trations of Pb, Zr, Y. Nb and Ta (Bugrov 1972). In 
fact, many of the autometasomatically altered gra
nites (apogranites), where silicification, albitization 
and greisenization are intensive, carry accessory tho
rite, uranothorite, zircon and kasolite, together with 
their abnormal concentrations of Sn, Bn, Ta, Zr, Li 
and REE (cf. 2.2.3.b and d). The same sort of altera
tions and mineralizations are associated with the 
psammitic gneiss formation of the Abu Rushaid area 
(2.2.3.d). Uranium may be recovered as a byproduct 
if these deposits are exploited. 
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h) Granites and mineralization, a discussion 
Granites are broadly classified into magnetite series 
and ilmenite series granites (Ishihara 1981). The 
former is usually associated with sulfide mineraliza
tion while the ilmenite series granites are related to 
the lithophile elements such as Sn and W. In Egypt, 
the magnetite series are represented by the G 1 gra
nites, known to be generally barren or associated with 
minor grains of Cu, Zn or Pb sulfides. 03, and to 
some extent 02, granites are ilmente series and hence 
are likely to be associated with Sn-W mineralization 
(Hussein et a!. 1982). A similar study was later 
carried out in Saudi Arabia (Jackson et al. 1983) and 
the results show that most of the central Higaz gra
nites are of the magnetite series and are likely to host 
Cu-Mo sulfide mineralization. In addition, a small 
number of intrusions are of the ilmenite series and, in 
a number of them, W and/or Sn are known to occur. 
Moreover, the same authors recognized a potential 
for four types of granitoid related mineralization in 
the Arabian Shield. Similar work is yet to be done on 
the Nubian Shield in Egypl The four types are given 
by Jackson eta!. in the fortn of a table: 
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Summary of mineralization types and potential prospecting targets in the felsic plutonic rocks of the Arabian Shield 

Type Mineralization Mode of emplacement Associated rocks Arabian shield examples 

W-Sn W an<Vor Sn Vein system, stock- Metaluminous and peraluminous Baid a! Jimalab (YV) 
work or disseminated biotite, 2-mica or Li-mica sye- AI Gabarra (Sn) 

Plumasitic 

Mo-Cu 

Agpaitic 

Ta, Nb, Sn, Li, Be, F, 
W,Au 

Mo an<Vor Cu (Au, 
Ag, Pb, Zn, Bi) 

Nb, Zr, Y, Ta, Sn 
(REE, U, Th) 

Vein system, stock
work or disseminated 

Vein system or stock
work 

Disseminated 

2.3 STRATIFORM VOLCANOGENIC MASSIVE SULFIDE 

DEPOSITS AND RELATED TALC 

2.3.1 Massive sulfide deposits in volcanic rocks 

Within a 60 km long belt of volcanics that strikes 
northwest-southeast in the south Eastern Desert, a 
nwnber of generally small massive sulfide deposits 
are known: Urn Samuki, Helgit, Maakal, Darltib, 
Abu Gurdi, Egat and El Atsban. A number of these 
have been identified as talc quarries. 

Some of these occurrences were intensively ex
plored and studied in the late 1950s and early 1960s 
and the concensus of opinion was that they represent 
epigenetic mesotherrnal deposits formed by replace
ment of talc and other rocks in shear zones (El Shazly 
1957, El Shazly & Afia 1958, Shukri & Basta 1959). 
Urn Samuki is the largest in reserves, the best in ore 
grade and the best-studied area amongst these occur
rences. It is thus described here in detail as represen
tative of this group of ore deposits in Egypt. 

Urn Samuki (24° 14' N, 34° 30' E) is a Zn-Cu-Pb 
deposit in an area of very rugged topography amidst 
the belt of calc-alkaline island arc volcanics (an
desites and their pyroclastic equivalents with lesser 
amounts of basalts and rltyolites ). Copper was disco
vered and exploited in the area in ancient times, as 
indicated by old worldngs and slag heaps. T\vo under
ground workings are known and referred to as the 
Eastern and Western Mines. 

The area was studied by Hume (1937), El Shazly 
& Afia (1958), Kovacik (1%1), Mansour et al. 
(1962) and others. All of these authors concluded that 
the mineralization is epigenetic, introduced by hy
drothermal solutions along a shear zone, and devel
oped by replacement of pre-existing rocks. In 1974, 
the area was restudied by the Aswan Mineral Survey 
Project and it was concluded that the deposit is a 
volcanogenic stratiform massive sulfide deposit, 
similar in many respects to those described from 

nogranite, monzogranite, or 
granodiorite 

Metasomatised or chemically 
specialised alkaline granite 

Generally porphyritic hornblen
de and/or biotite morzogranite, 
granodiroite or quartz mon
zonite 

Ratarna (Sn, Ta) 
AI Wajj W-Au disttict 

Jabal Thaaban (Mo) 
No known examples of 
Cu-mineralised granites 

Alkali (peralkaline) granite or Ghurayyab, Sayid, Hamra 
quartz syenite 

Canada, Japan and other localities (Hussein et al. 
1977). 

The country host rocks are the Shadli Volcanics, 
which are separated into the basal Wadi Urn Samuki 
volcanics and an upper Abu Hamarnid group (Searle 
et a!. 1976). The Wadi Urn Samuki volcanics are a 
thick section of submarine cyclic basic and acid 
volcanics with minor intercalated banded tuffs and 
chert beds. The Abu Hamamid group occupies the 
core of the Gabal Abu Hamarnid syncline and, within 
it, two cycles of volcanicity are recognizable. The 
lower, Cycle I, starts with a thick section of pillowed 
basalt followed upwards by andesite, rltyolite, rhyo
lite breccia, and vent rocks. The rltyolite breccia is 
the footwall to the massive sulfide ore bodies, while 
their banging wall is of banded and graded bedded 
tuffs. Cycle II is rnarlced by basic vent breccia and 
pillowed basalt, followed by banded tuffs and chert. 

The massive sulfide ore bodies at both the Eastern 
and Western Mines occur along a specific strati
graphic horizon, namely that separating the brec
ciated rltyolite and vent facies on one band, and the 
banded graded bedded tuffs on the other. The upper 
contacts of the massive sulfide ore bodies are sharp 
and well defined, while on the footwall side, an 
extensive pipe or funnel of alteration is present Here, 
intensive magnesium metasomatism, silicification 
and dissemination of sulfide minerals (mainly pyrite) 
are encountered. Magnesium metasomatism resulted 
in the development of talc, antigorite and tremolite on 
the expense of the footwall rocks and even the bottom 
parts of the ore bodies. The ore lenses are banded 
with local development of sedimentary textures. Mo
reover, they show some zonation whereby Zn 
increases towards the banging wall, while Cu 
increases towards the footwall. The mineralogy was 
given by Rasmy (1982). 

The ore body at the Western Mine attains some 90 
m in strike length. Its width is in the range of a few 
meters, and its ore assays Cu 2.2%, Zn 21.6%, Pb 
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0.5%, and Ag 109 g/t. Ore reserves are estimated at 
slightly less than 200,000 tons (Seatle 1975). At the 
Eastern Mine, three lenses are known, the largest of 
which is 35 m in strike length and up to 2m in width. 
The ore quality is poorer than that in the Western 
Mine, assaying Cu 1.8%, Zn 13.8%, and Pb 3.4%. Its 
ore reserves are also Jess than those of the Western 
Mine. 

In addition to the Eastern and Western Mines, the 
wider area of Urn Samuki includes two other occur
rences called Helgete and El Maakal. At Helgete, a 
thin lens, less than 1 m in width, extends about 70 m 
along strike. Its assay showed Cu 2.9%, Zn 13.6%, 
and Pb 11.4%. Reserves were estimated at 15,000 
tons. The occurrence at El Maakal includes a small 
number of lenses enclosed within the talcose footwall 
rocks. Samples of the massive ore assay Cu 3.5%, Zn 
17% and Pb 2%. The ore reserves are very small. 

Contrary to the epigenetic-hydrothennal deposit
ion and replacement mode of origin advocated by the 
earlier authors above, it is here believed that the 
massive sulfide ore bodies were deposited during the 
Abu Hamamid volcanic episode, on top of a sub
marine volcanic vent system, to be sedimented con
fonnally with the enclosing rocks at the interface 
between the volcanic pile and sea water. The ore 
bodies overly a stockwork of altered rocks resulting 
from intensive metasomatic effects induced by the 
ascending volcanic exhalations on the channelways 
through which they ascended (Hussein et al. 1977). 
The hot concentrated metal-bearing solutions conti
nued their metasomatic role after the precipitation of 
most of their metal contents. Metasomatism (intro
duction of magnesium, silica and disseminated 
pyrite) was most intensive below the ore bodies as a 
result of the ceiling effect of the latter. Products of 
these metasomatic alterations are talc, tremolite, ch
lorite, and carbonates. The talc thus formed is now 
being exploited economically at Darhib and El 
Atshan talc mines. 

2.3.2 Talc deposits hosted in volcanic rocks 

Talc (including steatite, soapstone and phyrophyllite) 
is known in some 35 sites in the Eastern Desert and 
Sinai. The most important occurrences are those 
associated with the belt of island arcs hosting the 
Zn-Cu-Pb volcanogenic massive sulfide deposits of 
Urn Samuki and the like. The main talc producers in 
Egypt are the Darhib talc mine and a number of 
surface and underground workings around El Atshan, 
neat Hamata. 

At El Atshan (latitude 24° 15', longitude 35° 13'), 
the host rocks are volcanic and volcaniclastic rocks of 
basaltic to rhyolitic composition (Fig. 26/15). They 
enclose a number of small lenses of the massive 

sulfides, exposed as gossans on the surface and in
ducing a greenish tint to the talc in their vicinity. Talc 
occurs, in the footwall rocks to the sulfide bodies, in 
association with serpentine minerals tremolite, 
epidote, quartz, dolomite and magnesite, in an altera
tion zone 30 m wide that extends for some 500 m in 
an east-west direction. 

The situation is similar at Darhib, and many small 
insignificant lenses of the sulfides were encountered 
in the lower levels of the underground workings. 

The origin of talc was related by previous workers 
to a process of hydrothennal alteration acting upon 
lenses and bodies of ultrabasic rocks enclosed within 
the volcanic pile (El Shazly 1957). The very low Ni, 
Cr and Co contents of these rocks preclude such an 
ultrabasic origin (Gad eta!. 1978). Here, it is believed 
that talc and the associated minerals (serpentine, 
tremolite, chlorite, magnesite) were formed through 
a process of intensive Mg-metasornatism associated 
with the volcanic exhalative episode responsible for 
the formation of the massive Zn-Cu-Pb deposits, and 
hence their close spatial association. Similar depos
its, where intensive Mg-metasornatism resulted in the 
development of talc and related minerals are known 
from the Canadian Shield, in association with mass
ive sulfides (Sangster 1972). 

Production of talc in Egypt amounts to 12,200 tons 
per year (1983-841igures), most of it is used as a filler 
in local industries, though 1500 tons were expotted in 
the same year (Geological Survey Egypt 1984 ). 

2.4 PRECIOUS AND BASE METAL VEIN-TYPE 

DEPOSITS 

2.4.1 Dominantly gold (silver) vein deposits 

a) General statement 
Gold was very highly prized by the ancient Egyp
tians. It was no doubt the driving force behiod most of 
their mining activities, and they were quite successful 
in prospecting for the noble metal and its extraction 
from open pits and underground mines in spite of 
their primitive technology. Some 95 gold occurrences 
are known in the country, spread over the Eastern 
Desert, and most of them were discovered and exp
loited by the ancient Egyptians. 

Gold occurrences are in most cases restricted to 
quartz veins occupying pre-existing fractures, and 
are made up of massive quartz with disseminated 
gold and sulfide minerals. Nevertheless, there are 
some occurrences where the ore is associated with 
dikes (mainly felsites), either as stockworks of minor 
quartz veinlets or contained in pyrite grains dissemi
nated throughout the whole mass of the dike (Geolog-
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Figure26.15 Geological map ofEI Atshan talc mine (after Gad eta!. 1978). 

ical SuiVey Egypt 1986). This type of dike ore is 
known in Fatiri, Urn Mongul, Abu Mereiwat, Mara
bib, Sagi, Kurdeman and Sabahia. 

The country rocks hosting mineralized veins are 
quite varied and include serpentinized ultramafics, 
metamorphosed volcanic and sedimentary rocks, in
trusive gabbros and different granitoids, including 
the latest phases, yet most of the veins are associated 
with diorite-gmnodiorite plutons and their contacts 
with schists. The mineralized veins are structurally 
controlled, being fissure fillings, confined to fault 
planes, or zones of intensive fracturing. They may be 
arranged as a series of en echelon veins with pinches 
and swells. The main veins are always accompanied 

by parallel veinlets and stringers to form ore zones of 
considerable thickness as compared to the veins. 

At Barmmiya, Atud, Hangaliya, Urn Rus and Su
kari, this zone ranges between 15 and 20m in thick
ness and reaches up to 100 m at El Sid. Along the 
strike, the zones extend for some hundreds of meters 
and may continue for considerable distances along 
the dip, for example, 455 mat El Sid. The main veins 
vary in width, generally between 0.6 and 1.5 m, but 
may reach up to 5 m as at Semna, Sukari and Urn 
Egat. The vein zones are associated with hydro
thermal alterations that extend for l to 2 m on both 
sides of the zone, and are represented by sericitiza
tion, chloritization and introduction of pynte. The 
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veins are made up mainly of massive, milky or 
grayish-white quartz. In many cases the quartz repre
sents at least two generations, an older brecciated 
milky quartz which is usually barren, and a younger 
gray quartz that cements the fragments of the older 
phase and is usually gold-bearing. Calcite may also 
be present, and some veins (e.g. at Korbiai) are made 
up of a mixture of quartz and calcite. Gold is found 
mostly in the native form and, otherwise, is carried in 
auriferous pyrite. Gold contents are very variable, 
even within one vein. An appreciable increase in 
tenor bas been noted where the veins or their enclos
ing rocks carry finely disseminated graphite. Gold 
generally averages 11 to 30 g/t. Silver is always 
present in association. The veins carry appreciable 
amounts of sulfide ore minerals, mainly pyrite, arse
nopyrite, sphalerite, chalcopyrite, galena and pyrr
hotite (Kochin & Bassiuni 1968). 

The features reviewed above are common to al
most all of the gold occurrences in the country, and 
hence the occurrences defy any grouping on the basis 
of any set of commonly used parameters. Hunting 
(1967) and El Ramly eta!. (1970) classified the gold 
occurrences in geographical groups: northwestern, 
northern, central, southeastern and southwestern, 
each including a number of deposits, as shown in 
Figure 26/16, reproduced here after El Ramly et al. 
(1970). 

b) Main occurrences 
In the following paragraphs, some of the more impor
tant occurrences are briefly described as examples, 
followed by a synthesis of the mode of formation 
offered by the present author. 

Um Rus (latitude 27° 28', longitude 34° 34'). At Um 
Rus, a number of mineralized quartz veins are spread 
over an area of about 7 km2, where they cut through a 
granodiorite mass intruded into layered gabbros. The 
veins are enclosed mainly within the granodiorite, 
but may extend into the gabbro where they pinch out. 
The veins generally strike northeast and dip north
west at gentle angles. They vary in thickness but are 
generally about 40 em thick, and are formed of 
massive milky quartz with occasional feldspars and 
carbonates. They carry minor amounts of pyrite and 
arsenopyrite. Gold is present in the native form, but 
about 4% of the total gold content is locked in pyrite 
(Atnin 1955). The wall rocks to the veins are strongly 
altered, where the feldspars are sericitized and the 
ferromagnesian minerals are changed into chlorite. 
Pyrite is disseminated in the vicinity of the veins and 
is changed into red zones with hematite on alteration. 
The total assured reserves are 16,000 tons assaying 
11 g!t gold (Atnin 1955). 

El Sid (26° 00' 17'' N, 33° 35' 42" E). This is the 
largest and richest gold deposit in the country. It was 
exploited in ancient times, and recently. From 1944 to 
1958, 120,000 tons of ore containing 27.9 g!t gold 
were mined to produce 2653 kg of fine gold over a 
period of 15 years. Mining operations totalled 4000 
running meters of shafts, drifts and winzes (Geolog
ical Survey Egypt 1986). 

The country rocks hosring gold-bearing quartz 
veins are an assemblage of schist and amphibolite of 
mafic-ultrantafic derivation intruded by the Fawakhir 
granodiorite pluton. All the veins are confined to the 
western part of the pluton, but a few extend for some 
distance into the schist. The majority of the veins 
strike almost east-west and dip at 25 to 65° to the 
south. 

The main vein in the area extends 450 m along 
strike, 455 m along the dip, and varies in thickness 
from a few centimeters to 1.5 m. It occupies a shear 
zone that cuts across the granodiorite in the west to 
the schistose serpentinite in the east. Within this 
zone, the vein is not a simple continuous one, but is 
made up of a number of lenticnlar veins arranged en 
echelon and is associated with a series of parallel 
veinlets and offshoots. It is of milky quartz with 
irregular disseminations of free gold and rare sulfides 
(galena, pyrite, chalcopyrite, pyrrhotite and 
sphalerite). Some calcite may be associated with the 
quartz. The average gold grade is 27.9 g!t. 

Another relatively large vein occurs about 18 m to 
the north of the main vein. This northern vein was 
also exploited in ancient and recent times, and it 
seems to be about 0.4 m thick and of a high gold 
content. A number of other veins and veinlets occur 
in the vicinity of these veins, making a vein zone 80 
to 100m wide. 

In addition to the El Sid deposit, the wider El Sid 
area (6 x 3 km) contains more than 170 quartz and 
quartz-calcite veins and veinlets and zones of si
licification. All are fracture fillings, controlled by two 
systems of fractures of approxintately east-west and, 
northwest trends. An interesting zone of silicification 
with frequent veins and veinlets occurs at about 0.5 
km to the southeast of the El Sid deposit. The zone is 
1300 m long, 130m thick, and includes a number of 
individual veins 20 em or less each. The average gold 
content in these veins is 8.8 g/t (EI Ramly et al. 1970). 
A similar zone occurs 2 km to the northeast of the El 
Sid deposit. 

Currently, the El Sid is included in an exploration 
license granted to a joint venture company reassess
ing the area in preparation for exploitation. 

Barramiya (25° 04' 24" N, 33° 47' 16" E). The 
Barramiya gold deposit is relatively accessible, si
tuated midway on the Mersa Alam-Idfu road The 
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country rocks enclosing the auriferous veins are gra
phitic or calcareous schists associated with serpen
tinite& and related rocks of probable ophiolitic nature. 
These are cut by several systems of fractures giving 
rise to fracture zones mainly conformable with the 
regional schistosity. Quartz diorite dikes (20m thick) 
were reported from underground woddngs. 

1be auriferous veins are restricted to these zones 
of fractures and occur mainly in the graphitic schist. 
lbey are gray or dark. blue gray quartz with fine 
disseminations of gold and small amounts of sulfides 
(pyrite and chalcopyrite). Veins and veinlets trend 
east-west, north-south or northeast, with the east
west trend dominant. Main veins are usually asso
ciated with thin veiulets that occupy fractures and 
planes of schistocity. 1be quartz veins are sometimes 
cut by younger carbonate veins. 1be schists in close 
vicinity to the veins are sometimes impregnated with 
gold and pyrite. 

1be gold deposit at Barramiya was divided by 
miners who exploited it into four lodes, referred to as 
the Main Lode, Taylor's Reef, Caunter Lode and 
New Caunter Lode. The Main Lode is the eastern part 
of the area of mineralization and is associated with a 
zone of intensive fracturing in the graphitic schist. 
The lode extends for 1000 m in an east-northeast 
direction and dips steeply (80°) northwards. The 
average thickness is 1 m, but the vein pinches, swells 
and splits into smaller veins and is accompanied by a 
number of parallel veiulets and striogers within the 
fracture zone. The ore still present in this lode is 
estimated at 20,000 to 27,000 tons with a gold con
tent that varies according to different estimates from 
2.2 to 15.5 g/1. Taylor's Reef does not crop out but 
was encountered underground to the north of the 
Main Lode. It extends 75 m along an east-west strike 
and is almost vertical. Its average thickness is 0.6 m 
and the average assay is 16.5 g/1, with occasional 
richer spots. One of these 'bonanzas', containing 105 
kg!t, was picked out (Hume 1937). Reserves are 
estimated at13,800 tons. 

On the other band, the Caunter and New Caunter 
Lodes represent two branches of the mineralization 
zone. lbeir general strike is north-south and they dip 
steeply to the southeast. 1be former was mined for 
130 m along the strike and 75 m along the dip. It 
consists of a zone 60 em thick of quartz veiulets 
enclosing pieces of country rocks. Gold is present in 
both veiulets and fragments, grade ranging from 
18.69 to 43.09 g/1. Reserves are 2740tons (Kochin & 
Bassiuni 1968). 1be New Caunter Lode was worked 
for90malong the strike and 115m along the dip. Its 
average thickness is 1 m and the average grade is 8.4 
gjl, but both thickness and grade decrease with 
depth. 

In addition to the reserve estimations given from 

these four 'Lodes', some 54,000 tons of auriferous 
sand and slime representing the tailings of previous 
operations are present in the area. lbeir average gold 
content has been estimated at 5.67 g/1. lbese should 
be taken into consideration in future evaluations. 

Atud (25° 01' 10" N, 34° 24' 10" E). At Alud, a 
number of gold-bearing quartz veins are concen
trated mainly in three localities, referred to as the 
Main Atud, Atud East I, and Atud East ll. 1be first is 
the most important, occurring on the eastern foots
lopes of Gabal Atud. Most investigations, including 
an intensive underground exploration program, have 
centered on this locality. 

1be Main Atud is associated with a shear zone 
extending north-northwest for almost1500 m across 
the Alud gabbros. The quartz vein is exposed in a 
number of separate outcrops and is not persistent. It 
shows frequent pinches and swells and in places takes 
the fonn of sheared en echelon lenticular bodies, 
sometimes accompanied by a series of parallel vein
lets and offshoots. 1be average thickness of the vein 
is 70 em and the average grade is 16.65 g/t in the 
northern part of the deposit, known as the main lode, 
decreasing in the southern part. 

Atud East I occurs about 2 km to the east of Main 
Alud. Here, a single vein occurs in metadiorites. It 
strikes northeast and dips westward atWO. It extends 
more than 200 rn and averages 2. 71 g/1, a value which 
increases with depth. 

Alud East II is located 3 km south of Atud East I. In 
this area, two parallel veins, 200 m apart, crop out 
lbey can be traced for 500 m along the strike and 
vary in thickness from 15 to 45 em. Gold values in 
samples from dumps and ancient woddngs range 
from 2.3 to 31.9 gjl (Geological Survey Egypt 
1986). 

1be principal lode is thus the Main Atud, with 
19,000 tons ore grading 16.276 g/1. In addition, 1600 
tons of dump with 12.4 g/t gold are piled in the area. 

Sukari (latitude 24° 56', longitude 34° 42' 27"). This 
is an ancient working that was reopened and exp
loited this centuJy. A gold-bearinjg quartz vein occu
pies the contact zone between a granophyre and the 
enclosing schists. The vein varies from 1 to 4 m in 
width, dips east (± 45°) and extends in a north-south 
direction for about 500 m. The average grade is 
reported to be 52 g/t gold and 18 gjl silver (Hume 
1937). 

Samut (latitude 24° 41' longitude 33° 52'). A minera
lized quartz vein strikes N-10-E and dips at 80° E. It 
extends almost a kilometer and is 0.5 m wide, with 
frequent horsetailings, pinches, and swells. The vein 
cuts across a granodiorite mass intruded into schists 
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and basic volcanics. Propylitization and listwanitiza
tion are observed in the near vicinity of the vein and 
anomalous concentrations of pyrite, arsenopyrite and 
chalcopyrite are characteristic of the vein and its 
enclosing rocks. 

1he vein was worlred to a depth of 60 m but no data 
as to the grade or reserves are available. The informa
tion given by Bugrov (1972) indicates that gold 
occurs not only in the quartz vein but also in the 
hydrothermally altered rocks in close vicinity. 

Hamash. In the wider area ofHamash, gold is known 
in the localities called Hamash, Urn Hagalig and Urn 
Hamr. The gold-bearing quartz veins strike northeast 
or east and dip northwest or north. They are a few 
hundred meters in strike length and 50 to 70 em thick. 
The country rocks are granodiorites intruded into 
metavolcanics. On the surface, the veins carry 
malachite, azurite and chrysocolla, which grade into 
chalcopyrite, chalcocite and covellite with increasing 
depth. Workings went down to a depth of 60 m or 
more, but no estimates of reserves or grades are 
available (Moustafa & Hilmy 1959). 

c) Genesis of the gold deposits 
Arnin (1955) and El Shazly (1957) related gold mine
ralization in Egypt to Gattarian times, in a probable 
genetic association with the Gattarian granites. Selim 
(1966), in his age dating of galena from various 
occurrences, reported an age of 500 Ma for galena 
associated with a gold-bearing quartz vein at Fawak
hir. Ivanov & Hussein (1972) stated that at least one 
generation of gold is chronologically and genetically 
related to the Dokhan volcanics. 

In the present study, and on the basis of the general 
characteristics of the deposits given above, it is be
lieved that these belong to the precious metal vein 
type deposits (epithermal or bonanza type) develop
ed in association with Andean type calc-alkaline 
felsic volcanics. The general characteristics of this 
type were given by Sillitoe (1978). 1hey correspond 
surprisingly well to those of the vein deposits of 
Egypt, particularly in the following respects. 

I. The veins occupy pre-existing tension fractures 
and mineralization is sporadic in the veins. 

2. The deposits contain principally precious 
metals, but base metal sulfides in various proportions 
are also present. Gold occurs in native form, but is 
usually argentiferous. 

3. The country rocks show propylitic or advanceo 
argillic alterations, with sericitization, silicification 
and dissemination of pyrite resuicted to the imme
diate vicinity of the veins. 

Thus, these deposits may be related to subduction 
in a continental margin environment and are hence 
associated with the Dokhan volcanics or their co-

magmatic batholiths. The model of formation sug
gested here is that of a convective cell, wherein water, 
sea or meteoric, circulates downwards to be heated 
by granodoritic intrusions and then rises through the 
volcaniccvolcanicalsic pile of rocks, leaching pre
cious and base metals, to deposit them in the already 
opened fracture system at the cold end of the cell near 
the surface. The same model has been suggested for 
some of the precious and base metal vein type depos
its in the Arabian Shield (Babattat & Hussein 1983). 
The mechanism might have been repeated success
ively with later, younger intrusions emplaced within 
volcanic-volcaniclastic piles. 

d) Placer gold deposits 
Recent alluvial placer deposits of commercial value 
should not be expected in the country under prevai
ling arid conditions. Nevertheless, fossil placers, as 
auriferous conglomerates, might be present at paleo
surfaces of erosion and unconformities. Examples of 
probable sites of such occurrences are the base of the 
Hamamat, within Atud conglomerates, and on the 
Shield-Nubia formation unconformity. In fact, some 
placer gold has been reported in a buried stream in the 
area of Abu Dahr (Gad 1980, pers. comm.). No data 
are available on this occurrence, but it (and similar 
environments) deserves further investigation. In ad
dition, beach placers of black sands were reported to 
contain minor amounts of gold particles accumulated 
as a result of wave action on Nile silts (El Gemmizi 
1985). 

2.4.2 Dominantly base metal veins 
Some of the quartz veins occurring in environments 
similar to the gold-bearing veins reviewed above are 
not auriferous. Instead, they carry base metal 
sulfides, either copper or lead and zinc. They are of 
no economic significance. Veins with mainly copper 
mineralization are described from Regeita, Abu El 
Nimran and Samra in Sinai (El Shazly et al. 1955, 
Moustafa & Hilmy 1959). The veins are fissure 
fillings in various rocks that include schists, grano
diorites and granites. Copper mineralization is repre
sented by chalcocite, covellite and cuprite. Similar 
occurrences are known from El Atawi, in the Eastern 
Desert, where the mineralization occupies a shear 
zone cutting through amphibolites. The copper 
minerals present are secondary minerals, mainly 
malachite, associated with some hematite with no 
primary sulfides (El Shazly & Sabet 1955). 

Veins with lead-ztuc sulfide mineralization occur 
in many parts of the Eastern Desert, good examples 
being Um Gheig (west of the sedimentary hosted 
mineralization), Wadi Sitra, Wadi Siwiqat El Soda 
and Wadi Hamad. In these areas, quartz or chal-
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cedony veins carry sphalerite and galena and cut 
across a country rock of mainly gtanodiorite and 
schist. The veins vary from 0.1 to 1 m in thickness 
and extend up to 200 m. The oxidation zone contains 
limonite, cerussite, calamine and some malachite. 
The age of these veins is detemrlned to be around 650 
Ma for galenas from Wadi Siwiqat EI Soda and Wadi 
Sitra (Selim 1966). 

2.4.3 Barite veins 

Many barite veins are encountered here and there in 
Egypt. They include the barite-galena veins cutting 
across the pink granite east of Aswan, those at the 
mouth of Wadi Hamash, El Gara El Soda, and Wadi 
EI Gerera in the Elba region. 1n the latter area, some 
16 barite veins are known. They cut across basement 
rocks and some of them also cut the Miocene sed
~ts. TJ;le vein_s are composed of coarsely crystal
lized barite, w1th some calcite and occasional 
sulfides. The reserves of this area were estimated to 
be 250,000 tons. At EI Hudi, near Aswan several 
veins .of barite are known, classified by' Saleeb
Roufooel et al. (1976) into veins in granitic rocks and 
veins in metamorphic rocks. The veins in granitic 
rocks are composed of reddish barite with quartz, 
microcrystalline silica, and a few orthoclase grains. 
A composite sample showed Ba 52.9%, Mg 0.17%, 
Sr 0.70%, Fe3 0.95%, and Si 2.95%. The barite veins 
in metamorphic rocks are economically more impor
tant. 1n these, the barite is colorless or white and is 
accompanied by appreciable amounts of sulfide 
minerals, mainly galena with a little sphalerite and 
chalcopyrite. No estimation of reserves has been 
made for this area. 

The base metal and barite veins are believed by the 
present author to have been fonned in the same 
manner suggested for the auriferous veins. The dif
ferences between gold-bearing and non-auriferous 
veins may be attributed to variations in the metal 
con~nts of the volcanic pile penneated by leaching 
solutiOns, as well as to differences in physico
che~ical conditions (T, P, Eh, pH, etc.) prevailing 
dunng the processes of leaching and deposition. 

2.5 STRATABOUND DEPOSITS IN SEDIMENTARY 

SEQUENCES 

This group includes a number of deposits, each res
tricted to a certain stratigraphic horizon, occurring 
~ith the. Phanerozoic sedimentary cover. The depos
Its descnbed here are the zinc-lead, stratiform copper, 
sulfur, and barite deposits. 

2.5.1 Zinc-lead deposits 

Seven zinc-lead occurrences are known in the East
em Desert between the latitudes of the Red Sea 
coastal towns of Quseir and Ras Banas: Zug El 
Bobar, Esse!, Wizr, Urn Gheig, Abu Anz, Gabal El 
Rusas and Ranga (El Shazly 1957). Zinc and lead ore 
materials occur in the lower Gahal El Rusas forma
tion, which rests unconformably on the peneplaned 
Precambrian rocks at Zug El Bobar and Essel. 1n the 
other occurrences, mineralization is associated with 
the upper Abu Dabbab formation and may extend 
into younger sediments. Primary sulfide minerals 
include galena, sphalerite, pyrite and marcasite. On 
surface exposures, these are extensively altered into 
cerussite, anglesite, smithsonite, hemimorphite, hy
drozincite, jarosite and limonite. Wulfenite was also 
recorded from Urn Gheig mine. The mineralogy and 
geochemistry of the ore deposits have been exten
sively studied- Barakst & El Shazly (1956), Soliman 
& Hassan (1969), Hilmy et al. (1972), Rasmy & 
Montasser (1982), EI Aref & Amustutz (1983), EI 
Aref (1984). The two major occurrences, at Urn 
~heig. and Gabal El Rusas, have been the subject of 
~tens1ve geophysical and geochemical investiga
tiOns (You.ssef et al. 1966, Bayoumi & El Dashlouty 
1967, Solunan & Hassan 1971). Drilling revealed 
extension of the sulfide mineralization in depth, pre
dominantly rich in the iron sulfides (Akkad & Dardir 
1966, El Shazly & Hassan 1962). 

. ~any opinions have been expressed regarding the 
ongm of these zinc-lead deposits, but a genesis 
through replacement of 'limegrit' and 'conglomera
tic lime grit' by hydrothermal 'telethermal to Iepto
thennal' solutions has been agreed upon by many 
authors (Amin 1955, El Shazly 1957, 1968, EI Shazly 
et al. 1956, Moharram 1970, Sabet et al. 1976). A 
syn-sedimentary origin was suggested by E! Ramly 
et al. (1970), and an exhalative sedimentary origin is 
favored by Hilmy etal. (1972). 

The most recent work (El Aref & Amstutz 1983) 
on Urn Gheig, Wizr, Esse! and Zug EI Bobar, and by 
El Aref (1984) on the Ranga deposit, shows that these 
deposits can be classified in two groups: 
. a) lead-zinc deposits of the filling type, occurring 
m the Abu J?abbab 'Formati.on' and represented by 
the Urn Ghe1g, Ranga and W!Zr deposits (the latter is 
a typical karst ore); and 

b) stratiform to stratabound galena in sandstone, 
confined to the lower beds of the Gabal El Rusas 
formation and represented by the Zug El Bobar and 
Esse! occurrences. 

Su~ace and subsurface mapping at Urn Gheig 
workings revealed that the ore is confined to a fill 
~s developed along a major northwest-southeast 
nft fault apparently affiliated to an intercontioental 
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rift zone (Mitchell & Garson 1981), and not neces
sarily related to magmatism during rifting. 

A prevailing sebkha environment during the de
position of the Abu Dabbab 'Fonnation' is apparent, 
which contributed to the deposition of zinc and lead 
sulfide minerals. Youssef (1986) recognized a rela
tively high lead-zinc-copper concentration in the 
stromatolitic and nodular dolomites of the Abu Dab
bab 'Formation' southofMersa Alam on the Red Sea 
coast. 

2.5.2 Stratiform copper deposits 

In the Phanerozoic sediments, minor copper occur
rences are noted in the Paleozoic sediments of west 
central Sinai, the site of extensive copper production 
in Pharaonic times (Lucas 1927). Copper occurs in 
the form of secondary minerals, predominantly 
malachite impregnatiog clastic sediments (Hilmy & 
Mohsen 1965). In some occurrences, copper 
minerals occur admixed with manganese ore depos
its. 

The Sinai copper occurrences are quite similar to 
the coppet deposits mined at Timna in the Negev and 
Wadi Dana in Jordan, where the deposits occur in 
lower Cambrian sediments exposed on both sides of 
the Aqaba-Dead Sea transcurrent fault. 

From the Mesozoic, minor copper mineralizations 
are reputed to occur in Cretaceous sediments in Wadi 
Araba. So far, nothing bas been published regarding 
the nature of these deposits. 

2.5.3 Sulfur deposits 

Sulfur has been produced from two mines, one at 
Gemsa, just north of Hurgbada on the Gulf of Suez 
(Shukri & Nakhla 1955) and at Ranga, near Abu 
Ghusun on the Red Sea coast (El Shazly & Abdallab 
1964). In both occurrences, native sulfur is found as 
lenses and bands replacing gypsum or dolomite of 
middle Miocene age. Gemsa sulfur deposit is be
lieved by Shukri & Nakhla to have been formed by 
ascending hydrocarbons carrying sulfur in solution, 
judging from lithologic controls and the structural 
features. Schnellmann (1959), however, regarded the 
fonnation of sulfur as a result of the reduction of 
calcium sulfate by inorgartic processes at ordinary 
temperatures in the presence of an unidentified cata
lyst. 

The origin of sulfur at Ranga is related by El Aref 
(1984) to biogenic action, whereby sulfur is deposit
ed and accumulated by rltythmic crystallization dif
ferentiation during the diagenetic stage in a 'partly 
closed system'. Iron sulfides and galena are common 
associates of sulfur and are confined to the Abu 

Dabbab fonnation. They show the following geome
tric types (El Aref 1984): 

a) stratabound rltythmic type of pyrite/marcasite 
associated with calcite of algal origin, barite, and 
quartz; 

b) stratiform to stratabound rltythmic type of sul
fur associated with anhydrite, calcite and bitumen; 

c) stratabound authigenic galena occurring as a 
cement of karst fillings and associated mainly with 
cryptalgal calcite and anhydrite. 

Apparently, the original deposition of the Abu 
Dabbab fonnation and associated ore minerals was 
under a sebkha environment modified by diagenetic 
and epigenetic 'karstification processes'. 

A minor sulfur occurrence at Urn Reiga area to the 
sonth of the Um Gheig lead-zinc deposit, in Miocene 
sediments, has been described (El Shazly & Mansour 
1962). 

2.5.4 Barite in sedimentary sequences 

In addition to the barite occurring in veins, described 
in section 2.4.3, it is a common association of strata
bound ore deposits. Barite is recorded in the Mn-Fe 
ore deposits of west central Sinai, the Mn ores of 
Halaib district, the Zn-Pb deposits of the Red Sea 
coast, and the iron ore deposits of Ghorabi and El 
Gedida in the Western Desert. 

Mining excavations at the EI Gedida iron mine 
revealed the occurrence of barite in association with 
iron ores. It occures only in the western sector of the 
open pit, associated with high grade iron ore, in the 
form of pockets or lenses. Individual crystals may 
reach up to 20 em in length, with well-developed 
crystal faces. Fragmental barite and barite in sili
ceous concretions are occasionally observed in the 
clastic sediments overlying iron ore beds. Uofortu
nately, barite has been discarded during iron mining 
operations. At Ghorabi, exploratory drilling revealed 
the occurrence of barite at the base of the iron ore, in 
addition to the surface exposure of barite in the 
western sector of the area (Akkad & Issawi 1963). 

2.6 ORES OF SEDIMENTARY NATURE 

2.6.1 Iron ore deposits 

Economioc iron ore deposits occur in Cretaceous and 
Eocene sediments northeast of Aswan and north of 
the Babariya Oases, respectively, and are being 
mined there. Recently, mining operations have con
centrated upon the Babariya occurrence after opera
tions were discontinued on the Aswan deposit. 
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a) Aswan iron ore deposit 
Iron has been produced from an area northeast of 
Aswan since Pharaonic times (1580 to 1350 BC). 
About seven million tons were produced between 
1956 and 1973 to supply the Helwan Iron and Steel 
Complex south of Cairo. The estimated reserves are 
121 to 135 million tons (Attia 1955). The ore is a 
bedded oolitic type of Senonian age in the form of 
two bands interbedded with ferruginous sandstone 
and clay capping Precambrian rocks. The thickness 
of the bands varies from 20 up to 350 em. The ore 
minerals are mainly hematite, with minor goethite. 
Gangue minerals include quartz, gypsum, halite, 
glauconite and clay minerals. 

The iron content of this ore ranges from 31.2 to 
62.3%, averaging 46.8% Fe, Si02 ranges from 5 to 
31%, averageing 14.1 %, P from 0.04 to 3.5%, Mn up 
to 1.3%, and Sup to 0.3%. The total reserves of a 54 
km2 area are estimated at 121 to 135 million tons of 
ore, with 20 million tons proved reserves (Attia 
1955). The ore is considered by most writers to have 
been formed under sedimentary lacustrine conditions 
during the deposition of Senonian sediments. 

b) The Bahariya iron ores 
Worl<able and potential iron ores are confined to the 
lower patt of the middle Eocene limestone (El Naqb 
formation) in four major occurrences north ofBahga
riya Oases. These occurrences are called El Gedida, 
Ghorabi, Nasser and El Barra, extending over 11.7 
km2, and the ore thickness varies from 2 to 25 m, 
averaging 9 m. The ore is thought to be localized in 
the crests of two major anticlines trending in a north
easterly direction. El Gedida and El Barra ore depos
its are localized on the eastern anticline, while 
Ghorabi & Nasser are on the western anticline 
(Akkad & lssawi 1963). The structural nature of the 
Bahariya Oases is not yet well understood but it is 
apparent that most of the reported folds were gene
rated by faulting affiliated with the Pelsuium mega
shear, along which the Bahariya Oases are located 
(Neev et al 1982). 

The mineralogical and geochemical character
istics of the ore deposits, patticularly those of Gho
rabi and El Gedida, have been reported by many 
authors (Gheith 1955, Nakhla 1961, El Hinnawi 
1965, Basta & Amer 1969, Tosson & Saad 1972, 
Kamel1971, Nakhla & Shehata 1967, El Sharkawi & 
Khalil1977). The ore consists mainly ofhematite and 
goethite with occasional pockets of sooty ochre and 
pyrolusite. Gangue minerals include barite, kaolinite, 
glaucottite, alunite and silica minerals represented by 
chert and tripoli. 

Generally, four types of ore are distinguished 
based on constituents, texture and chemical composi
tion. These are called the hard, friable, banded-

cavernous, and pisolitic types. It is necessary to blend 
the various types to obtain Fe 53%, Si02 7 .5%, Cl 
0.7% and MnO 1.98%, for use in the metallurgical 
plants at Helwan. The ore reserves and average 
chemical composition of the four main ore occur
rences are given below. 

Area Reserves Fe Si02 Mn s p Cl 
Mtons % % % % % % 

E!Gedida 126.7 53.6 8.9 2.3 0.9 0.2 0.6 
Ghorabi 57.0 48.0 9.0 3.0 0.7 0.9 0.8 
Nasser 29.0 44.7 6.7 3.9 0.6 0.1 1.3 
El Harra 56.6 44.0 12.5 2.9 !.0 0.1 0.8 

Ambiguity arises regarding the genesis of the iron 
ores in the Bahariya Oases area. Attia (1950) favored 
a shallow water lacustrine origin during Oligocene 
time. Deposition of leached iron under lagoonal envi
rorunent and subsequent replacement of the underly
ing middle Eocene and Cenomanian beds is envi
saged by El Shazly (1962), and a similar origin is 
posited by Akkad & Issawi (1963 ). Evidence of 
replacement is apparent where most of the calcareous 
fossils, especially the diagnostic nummulites of the 
middle Eocene, are almost completely replaced by 
iron oxides (Gheith 1955, Nakhla 1961). 

Contrary to these opinions, Tosson & Saad (1974) 
suggested that the ores were formed by metasomatic 
replacement associated with impregnations and cav
ity tilling from ascending solutions affiliated with 
volcanic activity. They considered the oolitic and 
pisolitic iron ore outcropping in the Ghorabi area to 
be sygenetic, the iron being supplied by weathering 
processes. Based on combined geological, mineralo
gical and geochemical data, Basta & Amer (1969) 
considered the ore to have been formed by metaso
matic replacement extending to the lower Bahariya 
formation and the upper Radwan formation. Most 
authors agree with the observation that the high grade 
ores exist in the crests, and that low grade ores are 
localized in the limbs of the anticlinal structures. 

Recent studies based on sequential observations of 
the blasted faces at El Gedida mine, led by El Shar
kawi et a!. (1984) resulted in distinguishing three 
genetic types: 

1. Genetic type I: Represented by the high central 
area in El Gedida mine. The ore is high grade, with 
high iron and sodium chloride contents, low silica, 
and variable Mn and Ba contents. High traces of 2'.n 
and Cu are present. The mineralized middle Eocene 
Naqb formation is brecciated, 'possibly karsitifed', 
and metasomatically replaced by hydrothermal solu
tions ascending along northeast-southwest trending 
fractures. The deposited iron ore is a hydrothermal
metasomatic type and of a massive nature. 

2. Genetic type 11: Following the emergence and 

------------ ------
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faulting of the mineralized middle Eocene block, the 
generated depressions received reworlred rocks in
cluding high grade ore from the high central area. 
Fresh water lakes occupied the depressions where 
remobilization of iron and manganese and their rede
position were effected, possibly through biogenic 
interference. Tripoli earth and kaolinite were authige
netically deposited with the debris. Detrital barite is a 
common associate. Abrupt change in grade charac
terizes the iron ore of this genetic type. The iron ore is 
usually cavernous, ochreous or massive. 

3. Genetic type ill: This follows type II in age and 
is tied to the post-middle Eocene glauconitic succes
sion which caps the reworlred iron ore of type II. 
Enrichment of the marine depositional basin in iron 
and potassium promoted the formation of glauconite. 
Cyclic deposition of glauconitic clays and sands was 
interrupted by intermittent emergence followed by 
lateritic weathering of the glauconitic sediments. 
Profound changes in the mineralogy of these sed
iments took place, resulting in the deposition of a low 
grade iron ore characteristically poor in Mn and Ba. 
The iron ore is usually oolitic or pisolitic in texture. 

2.6.2 Manganese ore deposits 

Workable manganese deposits are known in the Urn 
Bogma district in Sinai and in the south Eastern 
Desert in the Halaib district close to the Sudan border. 
At present there is minor production in the latter area. 
ln addition, minor occurrences are known in Wadi 
Mialik, near Abu Ghosun in the Eastern Desert, and 
Wadi Sharm El Gibli to the north ofHurghada. 

a) Um Bogma district 
The geology of this district attracted the attention of 
many geologists even before the work of Ball (1916) 
on the geography and geology of west central Sinai 
was published. Extensive workable manganese de
posits contributed significantly to the Egyptian eco
nomy up to 1967, when the mines were abandoned. 
Reopening the best mines is being considered and 
evaluation of newly discovered occurrences is in 
progress. It is also planned to produce ferroman
ganese products at the plant installed at nearby Abu 
Zeneima, a port on the Gulf of Suez. 

Manganese ore deposits occur in Paleozoic sed
iments of Carboniferous age (see for a discussion of 
the age of this section chapter 21, this book). 

The manganese ore is a stratiform type occupying 
more or less the same stratigraphic horizon in the 
dolomite member of the Urn Bogma formation which 
caps the Adedia formation. The ore bodies usually 
show abrupt contacts with the dolomite and are fre
quently found to fill depressions in the underlying 

Adedia formation clastics. According to El Shazly 
(1957), the ore occurs in the form oflenses or lenticu
lar beds varying in dimensions and extent: The thick
ness varies from tens of centimeters to 8 m and the 
extent of the beds may reach hundreds of meters. 
Attia (1956) observed that the small lenses are richer 
in manganese than the lenticular beds, where man
ganese occurs admixed with iron. 

The normal mineralogy of the ore includes pyro
lusite, manganite, psilomelane, cryptomelane, and 
less commonly ramsdellite, with common associates 
of goethite and hematite. Gangue minerals include 
dolomite, barite, calcite, gypsum, clay minerals and 
alunite. Multistage formation of the manganese 
minerals is noticed especially in the regeneration and 
recrystallization of pyrolusite (EI Shazly et al. 1963). 
Mart & Sass (1972) differentiated three zones in the 
large ore bodies, characterized by certain mineral 
assemblages: 

1. The inner zone: essentially composed of psilo
melane and pyrolusite with rare manganite, hau
smanite, polianite and pyrochroite. Hematite and 
clay usually do not exceed 25%. The structure is 
massive, but concretions of pyrolusite may be pres
ent. 

2. The intermediate zone: consists of psilomelane, 
pyrolusite and hematite with up to 15% goethite, 
quartz, barite and clays. The ore is massive and 
constitutes the main ore reserves of Urn Bogma. 

3. The outer zone: composed mainly of hematite 
and goethite with minor psilornelane. Detrital quartz 
is common and spherulitic concretions are frequent. 

This zoned pattern indicates a low pH/high Eh 
condition at the rims, and high pH/low Eh in the 
cores. The mineralogy indicates a low temperature of 
formation in a sedimentary environment. 

It is evident from the isopach and facies contour 
maps of Urn Bogma formation prepared by Mart & 
Sass ( 1972) that the manganese mineralization iso
pach contours run in a general northeast-southwest 
direction, and that two facies prevail in the area, a 
silty facies to the southeast and a dolomite facies to 
the northeast. 

A shallow marine origin of the manganese ore 
deposits is supported by El Shazly eta!. (1963) and 
Mart & Sass (1972), and this view is favored by 
exploration geologists working in the area. Within 
this framework, the behavior of certain trace ele
ments during the formation and diagenesis of the 
manganese ore body was studied by Margaritz & 
Brenner (1979), following and refining the sediment
ary origin as first proposed by Barthoux (1924). 

On the other hand, advocates of a hydrothermal
metasomatic origin as proposed by Ball (1916) in
clude Fennine (1931), Attia (1956) and Gill & Ford 
(1956). They tie the mineralization to volcanic activ-
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ity, faults, and replacement of the dolomitic host 
rocks. 

Current studies favor sedimentary origin, as there 
is no link between the ores and faults and where 
manganese deposits are present in faults, they are 
introduced as fillings from above. The late Professor 
G. S. Saleeb-Roufaiel (pers. comm.) was convinced 
that deposition of insoluble manganese and iron 
oxides followed chemical weathering of the do
lomite. Moreover, he noted that manganese oxide 
minerals occur, pseudomorphing coral reefs at some 
mines. El Sharkawi, El Aref and Abdel Moteleb are 
currently involved in studying the genesis of man
ganese mineralization within the framework of the 
controlling factors of karst topography. The induced 
effect of weathering of the clastic rocks capping the 
manganese-dolomite layer is thought to have epige
netically added turquoise, malachite and alunite to 
the mineralogy of the manganese ore deposits. 

b) Halaib 'Elba' region 
Manganese occurs in sedimentary rocks of probable 
Miocene age in 24 areas within a featureless plain in 
the Halaib region, situated in the southern extremity 
of the Egyptian Eastern Desert near the Red Sea 
coast. In a few cases, manganese deposits occur as 
fracture fillings in basement rocks, especially gra
nites. 

Manganese minerals occur either in veins trending 
within a range of 118 to 130° in a belt about 70 km 
long and less than 7 km wide, or occasionally replac
ing the Miocene conglomerates and limegrits. The 
mineralogy of the ore (EI Shazly & Saleeb-Roufaiel 
1959, Basta & Saleeb 1971) includes pyrolusite, 
psilomelane, cryptomelane, ramsdellite, todorokite, 
and nsutite, in addition to occasional goethite and 
hematite. The gangue minerals include quartz, black 
calcite, barite, opal and chalcedony. 

El Shazly (1957) envisaged an origin by weath
ering of the Precambrian rocks and supergene depos
ition in fissures accompanied by replacement along 
the walls of the fissures. An epigenetic low tempera
ture origin is proposed by Basta & Saleeb ( 1971 ), 
based on the predominance of stable higher oxides of 
manganese and the absence of manganese silicates, 
carbonates and sulfides, which reflect near-surface 
deposition of the ore. 

Manganese mining is restricted to elementary ope
rations due to the remoteness and uufavorable condi
tions of the area. Extraction of manganese began in 
1955 and since then only about 60,000 tons of high 
grade ore have been produced. 

c) Other manganese occurrences 
Minor manganese occurrences are recorded from 
Wadi Mialik, near Ras Banas on the Red Sea coast of 

the Eastern Desert. The ore occurs as fillings in fault 
zones and fissures in Precambrian amphibolites (EI 
Shazly 1957). 

In the Miocene sediments of Abu Shaar El Qibli, in 
the southern part of the Esh El Mellaha range north of 
Hurghada, Ghobrial (1963) investigated the worka
bility of a thin manganese deposit (about 50 em 
thick). The mineralogy and geochemical aspects of 
this deposit are reported by Hassan & Sabet (1979). 
Nothing has been produced from this occurrence. 

2.6.3 True sedimentary ores 

a) Plwsplwrites 
Superphosphate& are produced for agricultural use in 
Egypt and for export. Phosphorites are currently pro
duced in two districts. The Red Sea coast phos
phorites are exported primarily to southeast Asia, 
while the Nile Valley phosphorites are produced for 
domestic use. Production from a major occurrence of 
phosphorites at Abu Tartur plateau in the Western 
Desert awaits the results of a lengthly feasibility 
study. The distribution of the phosphate-bearing 
rocks is shown in Figure 26/17. 

I. Red Sea coast plwsplwrites. The phosphatic de
posits in the Quseir-Safaga district are present in 
three members within the Duwi formation (Youssef 
1957). The Cretaceous and Eocene sediments are 
tilted by faulting in different directions, forcing min
ing through inclined shafts. The economic phos
phorites occur in the fonn of lenses or beds and are 
mined at many localities in the Quseir group of mines 
(Hamadat, Atshan, Duwi, Anz, Abu Tundub, Hamra
wein), and at the Safaga group (Urn El Howeitat, 
Gasus, Wasif, Mohamed Rabah). Facies changes in 
the phosphate bearing sediments are recorded at the 
Safaga mines group. The P20 5 content ranges from 
22 to 30%, reaching 34% in rare cases. 

The intimate association of the phosphorites with 
black shales and the presence of pyrite and organic 
matter indicate that phosphate deposition was in a 
basin with negative Eh. Youssef (1957) linked the 
formation of phosphorites to upwelling in synclines, 
while Tarabili (1969) favored a model of deposition 
on the western slopes of a northwest trending gulf 
parallel to the present Red Sea, with the Safaga area 
representing deeper marine conditions than the Qu
seir area. Reworking of the phosphatic matter was 
noted by Ramzy (1964), in which collophane grains 
were transported from deeper to shallower levels. 

Mining of the Red Sea coast phosphorites began in 
1910, for export to the Far East. The phosphorites are 
subjected to calcination to upgrade the product. The 
largest mine operating at present is that at El Hamra-
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Figure 26.17 Phosphate-bearing rocks (after Spanderashvilli & Mansour 1970). 

wein, but this operation is encountering serious prob
lems due to the low price of phosphates and the costs 
of mining. 

2. Nile valley plwsplwrites. Domestic needs for 
phosphorites for the production of supetphosphates 
are supplied from the Nile Valley deposits between 
the latitudes of Esna and Edfu. They were the first 
phosphorites discovered in Egypt and have been exp
loited for some 75 years. The phosphate bearing 

Duwi formation includes three phosphate units inter
calated with marl and oyster linrestone beds (El 
Bassyouni et al. 1970). The middle and lower units 
are the most economic and are mined at several 
localities. Mineralogically, the phosphorites consist 
of collophane and francolite, with small amounts of 
quartz, calcite, goethite, chlorite and, rarely, zircon 
(Koth et a!. 1978). The environmem is shallow 
marine with strong agitation. The mineralogical and 
chemical compositions are modified by diagenesis. 
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Silicified marl and chert bands appear to have formed 
during diagenesis. 

3. Abu Tartur phosphorites. Phosphorites are known 
to occur in the scarp face bmmding the Dakhla
Kharga depression in the Western Desert (Ball 1900, 
Beadnell1901). The thick and relatively high grade 
phosphorites are recorded in the Maghrabi-Liffiya 
sector of the Abu Tartur plateau, about 60 km west of 
El Kharga town (Hermina 1967) were explored by 
surface mapping, drilling, and exploratory mines by 
the Geological Survey of Egypt, (Said, 1971, Wassef 
1977). The phosphate bearing formation of 
Campanian-lower Maastrichtian age (Said 1962) 
overlies unconformably the variegated shale unit of 
the Nubia formation and is in tum capped confor
mably by the Dakhla shales. The phosphate forma
tion is divided into three members, the lower member 
being 4 m thick and the most economic, averaging 
26.5% P20,. Fresh phosphorites are dark grey to 
black due to the presence of carbonaceous matter and 
pyrite, and acquire a creamy to yellow color on 
weathered surfaces. 

The phosphatic matter occurs in the form of pel
lets, oolites, coprolites, organic remains, nodules and 
concretions. The phosphatic minerals include car
bonate apatite 'collophane' and crystalline 
francolite-dahllite with subordinate wavellite and 
manganapatite (Kamel et a!. 1977). The non
phosphatic minerals are represented by dolomite, 
ankerite, montmorillonite, calcite, gypsum
anhydrite, iron oxides, pyrite-rnelnicovite, marcasite, 
glauconite, quartz and carbonaceous matter. El Kam
mar (1977) drew attention to the relatively high rare 
earth elements content, which averages 2034 ppm 
with a high yttrium contribution to this content. 

The current reserve estimates in the exhaustively 
investigated area runs in the order of a billion tons. 
Unfortunately, the occasional presence of iron 
sulfides seriously affects the wmi<ability of these 
tremendous reserves. It is estimated that though 
about LE. 235 million have been spent on infrastruc
tures (roads, drilling, feasibility studies) since 1968, 
the present low price of phosphates discourages min
ing operations. 

b) Coal deposits 
Exposed coal deposits are known in two areas of 
Sinai, the Maghara district and Urn Bogrna district. 
Subsurface coal seams and coaly sediments have 
been recorded in oil exploration wells in the Gulf of 
Suez region and in the Western Desert (Fig. 26/18). A 
subsurface coal deposit at Ayun Musa (Sinai, Gulf of 
Suez region) has been thoroughly explored by core 
drilling. At present, the only deposit considered eco
nomic is that of Maghara in north Sinai. 

l. Maghara coal deposit. AI Far (1966) reported the 
occurrence of coal seams in the Bathonian sediments 
on the northwestern side of the Maghara anticline. 
Some 84 wells were drilled up to 1970 and more 
wells have since been drilled to examine its workabil
ity. Ten coal seams are known, of which two, the 
main and the upper, are of commercial value. The 
estimated reserve is about 51.8 m.t in a 30 kffi2 area. 
The coal is predominantly vitrinite and clarain, long
flamed coal, consisting of: 

Carbon 
Hydrogen 
Nitrogen 
Oxygen 
Sulfur 
Ash 
Volatiles 

70.0-80.0% 
5.6- 6.6% 
1.04% 
8.2- 9.2% 
2.7- 3.5% (main pyrite) 
4.0- 8.0% 
51.0-59.0% 

The technological properties of Maghara coal are 
described by Adindani & Shakhov (1970). Produc
tion in 1970 was projected as 150,000 tons per year, 
increasing to 300,000 tons per year. An exploratory 
adit was opened at El Safa area. 

2. Um Bogma coal deposit. Carboniferous coal de
posits have recently been recorded from oil wells 
drilled in the Gulf of Suez region at east Gharib, east 
Bakr and Belayim Marine sites. Similar deposits 
were discovered in outcrop in the area around Urn 
Bogrna in west-central Sinai at Thora, Beda, Allouga 
and Abu Zarab. The age assigned to these coaly 
deposits, based on palinologic analysis, is upper Vi
sean (Petrascheck & Nakhla 1961). Extensive explo
ratory worl< was conducted in 1958-59 in the Thora 
and Beda areas and the results were reported by 
Moustafa & Yarovoi (1961). Thora, more promising 
than Beda, has coal seams 10 to 80 em thick and 
extending over a distance of 15 km, dipping 4° N. 
The coal reserve at Thora is about 1.5 m tons and the 
average chemical composition is as follows: 

Ash content 
Volatile recovery 
Moisture 
Fixed carbon 
Sulfur 

39.0-49.0% 
17.0-27.0% 
2.0- 3.8% 
30.0-44.0% 
0.4- 1.0% 

3. Ayun Musa coal deposit. Subsurface coal deposits 
similar in age to the Maghara coal (Jurassic) occur at 
a depth of 400 to 600 m. The deposit has been 
explored during oil exploration in the area 14 km 
southeast of Suez. Since its discovery in 1946, the 
Egyptian Geological Survey has drilled 26 wells in 
an area 30 km2 to calculate reserves and the nature of 
the coal seams (Moustafa & Auslender 1961). 

---------------------- ----
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Figure 26.18 Distribution of coal formations in Egypt (after Adindani & Shakhov 1970). I. Proved presence of coal in lower 
Cretaceous rocks, a. carbonaceous rocks, b. lenses and coal intercalations up to 0.7 m thick, c. coal seams 0. 71 to 2.0 m thick, 
d coal seams more than 2.0 m thick; 2. Same, for middle Jurassic rocks; 3. Same, for lower Carboniferous rocks; 4. Area of 
proven maximum coal content present in lower Cretaceous rocks; 5. Area of proven maximum coal content present in middle 
Jurassic rocks; 6. Area of proven maximum coal content present in lower Carboniferous rocks. 

Two coal horizons some 40 to 60 m apart are 
present. The upper horizon is comprised of up to I 0 
coal seams of variable thickness, reaching a maxi
mum of 120 em. The lower horizon includes one coal 
seam varying in thickness between 20 and 120 em. 
The reserve is about 36.8 m tons. 

The deposit is regarded as non-commercial due to 
the non-persistence of the coal seams, complicated 
structures, and the great depths which would require 
special mining skills. 

c) Carbonates 

1. Limestones. For building and road construction 
purposes, the extensive Eocene limestone exposures 
satisfy the needs of the country. The Cretaceous 
limestone exposed at Abu Roash is extensively quar
ried, especially for road construction materials, while 
dimensional limestone blocks are obtained from the 
Eocene of Gabal Mukkatam for building needs in 
Cairo. Limestone blocks are produced for building 

purposes from the Pleistocene oolitic limestone 
ridges west of Alexandria. 

Lime production needs are met from the middle 
Miocene limestone exposed in the Cairo-Suez district 
and magnesium-poor limestones of Cretaceous and 
Eocene age. The limestones of the Pleistocene ridges 
west of Alexandria are also used for production of 
lime and soda ash. 

The Eocene limestones exposed near Helwan and 
south of Suez are extensively quarried for the cement 
industry. The sintering plant at the Helwan Steel 
Complex used limestone for sintering ore fines, act
ing as a fluxing agent. Certain limestones having high 
compressive strength (about 600 kg!cm2) are suitable 
for making concrete blocks. 

High grade limestone is quarried from the Eocene 
succession at Sarnalut, in upper Egypt. The CaC03 
content ranges from 96.4 to 98.8%, MgC03 is 1%, 
and NaCI is 0.2 to 0.7%. This product is highly 
valued and finds uses in many industries. 
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2. Alabaster. This is a special type of calcium car
bonate displaying colloform banding, similar to 
world alabaster (hydrous calcium sulfate) in appear
ance. It is expected to be present in limestone pla
teaux, especially those of Eocene age. 'The most 
famous and workable deposit, producing alabaster 
since Pharaonic times, occurs in the vicinity of Beni 
Suef in the Nile Valley. Since alabaster only develops 
in fractures in limestone plateaux, its genesis is 
thought to be through calcium-secreting algae that 
flourished extensively in karstified and jointed 
limestones. The carbonate minerals acquired with 
aging the characteristic honey yellow color. Another 
alabaster occurrence is known in Wadi El Assiuty, 
near Assiut in upper Egypt (Akaad & Naggar 1963). 

3. Dolomite. Economic dolomite is currently quar
ried from Eocene strata at Ataqa, about 20 km south 
of Suez. A product with more than 18% MgO is 
needed for the glass, ceramic, and iron and steel 
industries. Hard dolomitic rocks are used in furnace 
linings, harbor construction and shore protection. 

Eocene dolomite has been quarried in the Abu 
Roash district west of Cairo, at Giran El Foul. Dolo
mitization of Cretaceous limestones is a common 
feature along fault planes and fractures, requiring 
selective quarrying at El Gigia and near Abu Roash 
village. 

d) Clastic and placer deposits 

1. Gravel. The composition of gravel varies with 
provenance. Gravels quarried from the Red Sea 
coastal plain are predominantly reworked basement 
rocks of various composition. Gravels in northern 
Egypt are thought to form in depressions created by 
post-Eocene tectonics. The main contribution to such 
basins comes from the Cretaceous (Thronian and 
Maastrichtian) cherts which are rich in silicified Cre
taceous microfauna and phosphatic matter in addi
tion to lower Eocene silicified limestones rich in 
nummulites and alveolins. 

More than 95% of the sieved gravels are composed 
of chalcedony, chert and silicified limestone. The rest 
includes quartz pebbles, felsites, metavolcanics and 
granitic pebbles derived from older formations. The 
gravels in Wadi El Natrun district may enclose large 
boulders of basement rocks, mostly granite and rhyo
lite, pointing to the possible presence of basement 
exposures shedding debris in the basin, or a possible 
direct connection with the basement rocks exposed in 
the Eastern Desert prior to the carving of the present 
day Nile course in northern Egypt. 

Since the formation of the Oligocene gravels, these 
were either preserved by capping basaltic sheets or 
were reworked to newly formed basins. Reworking 

took place during the lower Miocene, Plio
Pleistocene and in Recent times. 

Most of the workable large gravel deposits are 
those of Oligocene age, which escaped diagenetic 
deterioration of gravels by biogenic means or subjec
tion to arid climate which produces splintery gravels. 
Caliche-cemented gravels pose problems in gravel 
quarrying. Such products seriously affect the quality 
of the clinker. 

Faults do occur in gravels and can be detected, if 
with difficulty, with the aid of aerial photographs 
wherein fault planes assume a zigzag configuration. 
Abrupt transitions from gravel dominated areas to 
sandy areas is a common finding in gravel quarrying, 
and is commonly related to faults. 

Gravels of good quality are currently produced in 
the Cairo-Suez district, while inferior quality gravels 
occur in the Western Desert, south of Cairo, and near 
Wadi El Natrun. 

2. Sand. Most of the quarried sands come from Oli
gocene and Recent sediments. The main use of sand 
in Egypt is in the manufacture of concrete, precast 
walls, and sand bricks. Size-graded sands are used for 
water purification and filtration. 

3. Glass sands. Many active quarries operated by 
public and private sector firms are operating in Abu 
Darag and Wadi Dakhal near Zaafarana on the Red 
Sea coast. Sands satisfying the production of high 
quality glass are found at Wadi El Dakhal. The depos
it belongs to the Malha formation of Cretaceous age. 

Extensive glass sand 'belt' outcrops are found in 
central Sinai about 50 km to the northeast of St 
Catherine. The high kaolinite percentage in this sand, 
about 80%, is regarded as a hindrance to the worka
bility of the deposit. Preliminary processing of the 
raw sand, however, produced a high quality glass 
product (A. A. Omar, pers. comm.). This may en
courage a reconsideration of the specifications cur
rently required by the glass industry. Production of 
good quality glass in Jordan using similar raw ma
terials has proved successful. Glass sand for inferior 
quality glass products is produced from a quarry east 
of Maadi, south of Cairo, and from another quarry 80 
km east of Edfu. 

Tn addition to its chemistry, grain size is a sensitive 
parameter in ranking sand deposits for use in glass 
production. The fraction between 0.2 and 0.5 mm 
should be about 98%. Current production from Wadi 
El Dakhal assays 99.2 to 99.5% Si02 and 0.02% 
Fe,03, free of alumina and titania, and from Abu 
Darag 98.5% Si02 and 0.3 to 0.5% Fe20 3, with traces 
of titania. 'These are both used in the production of 
good quality glass. Inferior quality glass sand, such 
as that of the Maadi cocurrence, which assays 97% 

--------,------------------
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Si02 and 1% Fez03, can be used in the manufacture 
of window glass. The grain size of the high quality 
glass sand produced from Wadi El Dakhal is as 
follows: 

0.850mm 
0.600mm 
0.425mm 
0.250mm 
0.150mm 
0.125mm 
<0.125mm 

0.5% 
0.5% 
2.0% 

75.0% 
17.0% 
1.0% 
4.0% 

4. Quartzite. This name is currently applied to diage
netically silica cemented sands and san~tones. Such 
sandstone is a tough, hard rock usually in colored 
shades of brown, red, and even black, as a result of 
the incorporation of iron oxides in the silica cement 
The best-known locality of quartzite is Gabal Abmar, 
on the northeastern border of Cairo, developed in 
exposed Oligocene sands and gravels. The source of 
the cementing silica is thought to be through the 
action of geysers percolating in the clastics of Gabal 
Ahmar. Shukri (1954) related the hydrothermal solu
tions to Oligocene volcanic activity. Silica cementa
tion, however, could also be induced under surface 
conditions and at normal temperatures, and a silica 
source from above is certainly a possibility. Quartzite 
bricks and blocks have been quarried for decorative 
purposes, and are traditionally used as millstones. 

5. Brick-making clay. The governmental ban on the 
use of topsoil for brick-making has activated an in
tensive search for suitable clays in Phanerozoic sed
iments. Most clays used at present create problems 
for automated machinery, being substituted for the 
traditional hand methods. Crushed basalts and gra
niteS are added to montmorillonitic clays to avoid 
bricks cracking during drying and firing. Gypsum 
and halite, common associates of Cretaceous, Eocene 
and Miocene clays, generate acidic gasses during 
firing that seriously affect the bricks' quality for 
construction purposes. Kaolinitic clay and bitumi
nous clay are the most suitable for brick-making. 
Grain size, not less than 2 microns, and plasticity are 
critical factors. Calcium carbonate can be tolerated 
ouly up to 7%, as lime causes blowing and missha
pe!Uiess in the product. It is customary to use an 
electromagnet to eliminate iron objects that conta
minate the clay during quarrying, in order to prevent 
dsmage to the machinery. Almost every governorate 
in Egypt has established its own brick-making factory 
to meet urgent needs for this product. 

6. Kaolin. Most of the kaolin supplied to the porce
lain and ceramic industries in Egypt comes from 

Aswan and from west central Sinai. Production of 
low grade kaolinite from the Abu Darag area has 
dropped sharply since the discovery of the Kalabsha 
kaolin southwest of Aswan (Issawi 1969, Said & 
Mansour 1971). 

At Kalabsha, 105 km southwest of Aswan, kaolin 
occurs between two members of the Nubia facies 
tentatively assigned to the Senonian. The upper 
sandstone member encloses thin beds and lenses of 
kaolin. Three types of kaolin are present, the pisolitic, 
non-pisolitic 'plastic', and concretionary kaolin. The 
thickness of the kaolin members revealed by drilling 
ranges from a few centimeters up to 9.15 m. In the 
upper sandstone member, kaolin may reach 30 em in 
thickness. The proven reserves are about 16.5 million 
tons. 

In Sinai, kaolin occurs interbedded with 
sandstones of Cenomauian age and is mined in many 
localities. Wadi Abu Natash and Naqb Burds pro
duce low plastic kaolin, while non-plastic kaolin is 
being mined at Musaba Salama and also occurs in 
Wadi Kabrit, Ras Dereib Agrag-El Tih, Wadi Abu 
Rigim, and Farsh El Ghazlan. The low grade kaolin 
of Abu Darag is used in the production of white 
cement. 

7. Ball clay. All clays in the Abu El Rish Qibli 
district are suitable for the production of earthen
wares, due to their high plasticity and good sintering 
properties. Alumina content reaches about 33% and it 
is pla!Uied to use this material for the production of 
alum. Ball clay is added to the low and non-plastic 
kaolins to increase their plasticity. 

8. Black sands. The Mediterranean coast of Egypt 
between Alexandria and El Arish is spotted with 
black sand concentrations in many places, the most 
economic of which is that near the mouth of the 
Rosetta branch of the Nile. The geomorphology of 
the deltaic coastal plain between Rosetta (Rashid) 
and Port Said is presented by Said (1958) and the 
factors controlling sedimentation of black sands were 
elucidated by Rittmann & Nakhla (1958) and Said 
(1958). 

Abu Khashaba black sands. The Rosetta black sands 
have been the subject of many articles and disserta
tions, as well as techuical reports by private finns. 
The Abu Khashaha area, 5 km north of Rashid on the 
eastern side of the Rosetta mouth, was proven to be 
the most economic site. The 8 kmZ area was explored 
through close-grid boreholes and the upper 12 m 
proved to contain 7.5 million tons of black sands 
containing 707,000 tons of economic minerals, of 
which 287,000 tons are ilmenite (Kamel et a!. 1973). 
Other minerals of economic interest are present, in-
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eluding monazite, zircon, rutile and xenotime. Gold 
was recently reputed to occur in the black sands. 
Zircon and monazite do not exceed 1 to 2% and 
monazite is characterized by a low thoria content of 
5% (Abdel Monem & Hurley 1980). 

e) Evaporites 

1. Gypsum. Gypsum deposits of Miocene and 
younger ages are known in many areas all around the 
Meditemmean and Red Sea coast. Low grade gyp
sum occurs io Fayoum (Abdallah & El Kadi 1974). 
High quality gypsum is produced at El Ghorbaniat 
and Deir El Birqat-El Hagf to the west of Alexandria. 
At El Ghorbaniat, the gypsiferous beds reach 5 m, 
capped by 1 m of fossiliferous limestone (Tosson 
1963, Abdallah 1967). ht the newly discovered gyp
sum deposit io the Deir El Birqat-El Hag{ area, 
gypsum occulll as two lenticular bodies, an upper and 
a lower, interbedded with Miocene sediments ioclud
iog sandstone, marl and limestone. The upper lens 
averages 5.1 m, while the lower lens averages 6.3 m. 
The proven reserves, estimated by El Shazly et al. 
(1976), amounts to 50 million tons. The product 
assays 95 to 98% gypsum and is used in agriculture, 
plaster of paris, and iosulation materials. 

The Miocene sediments in the Gulf of Suez district 
yield gypsum-anhydrite products suitable for the ce
ment iodustry and the manufacture of plaster of paris. 
It is produced at Ras Malaab on the east coast of the 
Gulf of Suez, and io an area south ofZaafarana on the 
west coast 

Granular surface gypsum is deposited io shallow 
lakes through evaporation at El Ballah, north of 
Ismailia, as well as at Mariut and Manzallah lakes 
near the Mediterranean coast. At El Ballah, gypsum 
is produced from a 1 m-thick bed admixed with 
sodium chloride and calcium carbonate. It is used as a 
retarder and io the production of plaster of paris. 

2. Rock salt. Rock salt is obtained by scaliog crusts 
artificially deposited through evaporation of sea and 
lake wate!ll io salioes. The main production comes 
from AI Max, near Alexandria, Rashid, Mellla Ma
truh, Idku and Baltim. 

3. Alum and magnesium sulfate. These are deposited 
io Dakhla and Kharga Oases as thio banks in black 
shales of Nubia sandstone. The salts are believed to 
have been formed through supergene oxidation of 
origioal syngenetic sulfides and their subsequent 
leachiog and deposition through the evaporation of 
ground watelll (Said 1962, 1975). 

f) Weathering products 

I. Alunite. Alunite, the hydrous sulfate of aluminium 
and potassium, was recently identified io the Phane
rozoic sediments of Egypt (El Sharkawi & Khalil 
1977). This mioeral was previously thought of as a 
product of endogenetic processes, especially duriog 
hydrothennal alteration of rhyolites. Alunite is 
difficult to identify io the field and is therefore often 
overlooked in sedimentary successions, and may be 
mistaken for kaolinite. 

Extensive alunite deposits are known io the El 
Gedida area. Western Desert, io post-middle Eocene 
sediments. Alunite genesis at El Gedida mioe was 
duriog weathering of glauconitic sediments cappiog 
the Eocene iron ores (El Sharkawi & Khalil 1977). 
The workable alunite sands developed capping and 
iotercalated with the iron ore. 

Mioor occurrences of alunite are known in west 
central Sinai, developed io association with the man
ganese ore deposits (El Shazly et al. 1963) and io 
Oligocene sediments of Gabal Ahmar near Cairo 
(Shukri 1954). The mioeral is also observed in asso
ciation with ochreous deposits at Um Greifat, near 
Quseir, and is locally known as 'the potatoes'. At Ras 
Gemsa, north of Hurghada, it is exposed intercalated 
with green clays, sulfur and gypsum io Miocene 
sediments. Recently, Hihny et al. (1983) described 
natro-alunite io sedimentary rocks of Thrtiary age 
between Cairo and Fayum. 

Alunite is a prospective raw material for alumi
nium production. It also finds applications io the 
ceramic iodustry, and io alum production. It is used io 
the specialized production of greenhouse glass. 

2. Ochre. Yellow and red ochre have been mioed 
iotermittently on a small scale from Um Greifat, 
about 50 km south of Quseir on the Red Sea coast 
The deposit occurs in middle Miocene sediments 
iocluding conglomerates, marl, sandstone and green 
clay, resting on peneplaned basement rocks. It ap
pears io the form of lenticular bands about 2m thick, 
capped with green clay. Alunite is occasionally found 
admixed with the ochre. The yellow ochre contains 
46.5% Fe and the red ochre, 58.7% Fe. 

The ochreous deposit was filllt described by Attia 
(1950) and its genesis is considered by Kabesh et al. 
(1970) to be by oxidation of a primary siderite repla· 
cement deposit, while Tosson & Saad (1972) favor a 
shallow marine sedimentary origio with later altera· 
tion. The green clay suffered repeated weathering, 
resultiog io the formation of alunite and deposited 
ochreous iron. 

g) Sedimentary uranium deposits 
ht Phanerozoic sediments, radioactivity is related to 
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the presence of thorium and/or uranium bearing 
refractory minerals or to secondary uranium 
minerals. Radiogenic potassium may produce similar 
effects. The basement-sediment contact is the target 
for prospection for radioactive minerals. 

The Carboniferous sediments 30 km east of Abu 
Zeneima, west central Sinai, were investigated by 
trenching and adits, especially the sandstone bed 
belonging to the Lower Sandstone Series with rad
ioactivity of 60 mR/hr. The principal mineral causing 
this radioactivity is thought to be the radiogenic 
mineral xenotime (Hussein et al. 1971 ). 

The Cretaceous sediments, especially the black 
shales and phosphorites, display high radioactivity. In 
the black shales, radioactivity is related to organic 
matter, while in phosphorites it is related to uraniwn 
substitution in the apatite structure. Uranium concen
tration in Egyptian phosphorites has been treated in 
many publications (e.g. Higazy & Hussein 1955, 
Zaghlul & Mabrouk 1964, Hassan & El Kammar 
1975). The Western Desert phosphorites are poorer in 
uranium than the Red Sea and Nile Valley phos
phorites, which average 100 ppm. 

In the Oligocene sediments of Gabal Qatrani, 
north of Fayoum, uranium mineralization occurs in 
various rock types including phosphatic sandstone, 
carbonaceous clay, limestone, and fossil wood (EI 
Shazly 1974). Uranium is abnormally high in fran
colite separated from the phosphatic sandstone, about 
0.6% U. A hot brine activated by Oligocene vulcanic
ity is the model adopted to explain the origin of 
abnormal uranium concentrations. 

The beach placers at Rashid (Rosetta) on the Medi
terranean Sea coast might yield the radiogenic 
minerals zircon and monazite. 

2.7 MINERAL DEPOSITS IN METAMORPHIC 

ASSOCIATION 

2.7.1 Metamorphogenic deposits 

Ores that form as a result of metamorphic processes 
include graphite, sillimanite, kyanite, andalusite, gar
net and others. None, with the exception of graphite, 
is known as deposits in Egypt, probably due to the 
absence of high grade metamorphic assemblages in 
the country. Thus, this group is represented here by 
only graphite. 

a) Graphite 
Graphite was first discovered in Egypt in 1938 at 
Gabal Urn Selim in the Barramyia area and later, in 
1943, at Bent Abu Geraiya and Wadi Sitra (El Alfy 
1946). Other occurrences have been recorded from 
Wadi Dendikan (Hamata area), Wadi Ghadir and 

Wadi Haimour. In all these occurrences, graphite is 
present in thin seams of graphite schist intercalated 
with other paraschists, in close association with ser
pentinites. The paraschists are mainly chlorite
tremolite-biotite schists. The graphite schist is 
strongly foliated and has a soapy feel and is com
posed of chlorite and tremolite with finely dispersed 
graphite dust. Chemical analysis of graphite schists 
from Wadi Bent Abu Geraiya showed graphitic car
bon in the range of 1.6 to 1.84%, and ash between 92 
and 94% (Said 1%2). At Wadi Sitra, some 20 to 25 
seams of graphitic schist are present in close associa
tion with paraschists and serpentinites. 

The origin of graphite is believed to be that sug
gested by Said (1%2) who attributed the develop
ment of graphite to the low to medium grade meta
morphism of the carbonaceous matter contained in 
the original sediments. 

Ore reserves of graphite in Egypt were estimated at 
200,000 tons by El Alfy ( 1946) with a contemplated 
annual production of 1000 tons concentrate contain
ing 65% graphite. 

2. 7.2 Metamorphosed ore deposits 

a) Banded iron formation (BIF) 
In the Eastern Desert of Egypt, and in a restricted area 
between latitude 25° 15', 26° 31' Nand longitude 33° 
22', 34 ° 20' E, banded iron formation (BIF) occurs in 
a number of localities: Abu Marawat, Wadi Karim, 
Wadi El Dabbah, Urn Kharnis El Zarga and Urn Nar. 
In all of these areas, the ore is present in the form of 
bands and lenses of magnetite, martite and hematite 
with a gangue dominantly of quartz. The bands may 
extend for some kilometers along the strike, and vary 
in thickness from a few centimeters to 10 m or more. 
The overall chemical composition of these deposits is 
as follows: 

Fe 
p 
Ti 

31.9-52.3% 
0.17-0.61% 

0.27% 

Si02 
Mn 
s 

19.3-32.4% 
0.23% 
0.10% 

These deposits resemble the Algoma type BIFknown 
from the Archean (and younger) greenstone belts 
(Sims & James 1984), since they occur in succes
sions of volcaniclastic rocks and intercalated lava 
flows. 

1. General characteristics. The general character· 
istics of these deposits as described by Sims & James 
(1984) and El Ramly eta!. (1971) are as follows: 
- The BIF represents sharply defined stratigraphic 

units within layered volcanic-volcaniclastic se-
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quences of calc-alkaline nature and andesitic com
position. 

- Individual bands range from a few centimeters tu 
more than 10m in length and are frequently faulted 
and folded with steeply dipping limbs. 

- Microbanding occurs on a scale of a centimeter or 
less, where iron-rich bands alternate with bands of 
jasper or, sometimes, of carbonates or silicates. 

- Most of the iron is present as magnetite (altered in 
places to martite) concentrated in steel-black bands 
alternating with red jasper or with iron-poor grey or 
greenish bands; hematite is less frequent. The 
gangue minerals present are mainly quartz, ch
lorite, biotite and clay minerals. 

- Frequent contemporaneous folding, faulting, 
brecciation and slump structures are found. 

- Greenschist facies metamorphism, with the devel
opment of chlorite, sericite and the iron silicate 
stilpnomelane and possibly minnesotaite occur. On 
the contact with intrusives, local metamorphism 
may reach amphibolite facies with the recrystalli
zation of the iron minerals and silica and develop
ment of epidote and garnet. 

Detailed ore evaluation, including drilling in most of 
these areas, gave the following results (El Ramly et 
al. 1971). 

Reserves (M.t.) 
Fe% surface 
Fe% subsurface 
Fe% in concen-

trate 

AM WK WD UKh GH UN Total 

6.5 17.7 6.0 5.6 
44.4 44.6 38.2 44.6 
- 43.0 34.9 42.1 
- 56.4 53.5 59.7 

3.6 13.7 53.1 
45.7 45.8 43.7 
45.0 41.8 -
69.0 61.0 55.3 

Expected cone.- - 10.0 3.2 3.6 2.6 7.0 26.4 
res. 

The following paragraphs give some notes on each of 
the main occurrences of BIF in the Eastern Desert. 

2. Main occurrences 
Abu Marawat (26° 31' N, 33° 22' E). Ore bands 

occur in a country of regionally metamorphosed vol
caniclastics (tuffs) with intercalations of dolerite and 
andesite flows. These bands range in thickness from 
3 to 17 m and are folded in a series of anticlines and 
synclines with folding axes in a northwest-southeast 
direction, superimposed on a broad anticlinal struc
ture with axial plane trending northeast-southwest. 
The bands are arranged in groups and are concen
trated on the upper parts of Gabal Abu Marawat 
They dip steeply either east or west. Hematite is the 
main constituent in outcrop, probably due to martiti
zation. Magnetite, siderite, quartz, calcite, tremolite 
and chlorite are present. Total reserves, to the wadi 
level, are estimated at 6.5 m.t. of ore containing 
44.4%Fe. 

Wadi Karim (25° 54' N, 34° 09' E). Four major ore 
seams called A, B, C and D, alternate with metased
iments of a volcanic derivation in a 130 m-thick 
section. Seam A is the most important, extending for 
more than 3 km along the strike (northwest) and 220 
m down dip (northeast). Its thickness varies from 3.5 
to 12 m. The seams are folded into a recumbent 
anticline and show extensive microfolding. They are 
cut by numerous faults. The ore is mainy of mag
netite and, to a lesser extent, hematite, both finely 
intergrown with silica. Ankerite and goethite are also 
present and the gangue is mainly of jasper, chal
cedony and quartz as well as some rock material. 
Mineable ore (bands greater than 1.5 m thick and 
containing 40% or more Fe) is estimated at 17.8 m.t. 
and is assayed as: 

Fe 
Si02 
CaO+MgO 
p 

44.0-45.0% 
23.3-23.5% 
8.7% 
0.2- 0.3% 

Wadi El Dabbah (25° 49' N, 34 o 08' E). A number of 
conformable ore bands up to 10m thick occur within 
a succession of fine tuffaceous metasediments over 
an area of about 6 kffi2. The ore bands gather into 
three groups, the central of which is most important. 
They extend 5 km along the strike and form part of a 
broad anticline with axis striking north-south. Minor 
folds strike east-west and plunge east Faulting is 
pronounced, with a major north-south fault coincid
ing with the anticlinal axis and some minor faults in 
the east-west or northeast-southwest direction (Fig. 
26/19). 'I\vo varieties of ore are present, a magnetite
rich or black ore and a hematite-rich or red-violet ore, 
the latter being higher in grade. The ore minerals are 
hetatite and/or magnetite, with quartz, chlorite, acti
nolite, epidote and garnet gangue. Calcite and pyrite 
are present as secondary minerals. Martitization is 
pronounced near the surface. In the vicinity of the 
granite contact, veinlets of epidote and porphyrob
lasts of garnet are developed in the ore. Mineable ore 
reserves (more than 1.5 m thick bands with greater 
than 35% Fe, to 100m depth) are given as 6.1 m.t., 
and the average analysis given by Akaad & Dardir 
(1983) is as follows: 
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Total Fe 
FeO 
Fe,03 
Si02 

AJ,02 
CaO 
MgO 
p 
MnO 
s 
L.O.I. 

Hematite ore 
43.8 

2.1 
59.6 
25.1 

1.7 
5.0 
0.94 
1.0 
0.04 
'o.7 
0.4 
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that continues to considerable depths. Chalcedony is 
the main gangue and along the granite contact, garnet 
and epidote are developed in the ore. Ore reserves are 
given to the wadi level as 3 m.t., with the following 
analysis: 

6.2 
48.48 
30.57 

5.9 
4.5 
0.95 
1.54 

Fe 
Si02 
p 

AJ,O, 
CaO 
MgO 

40.00-41.00% 
26.41 - 28.05% 

0.40% 
2.50-7.20% 
3.60% 
1.00% 

Um Khamis El Zarga (25° 32' N, 34° 17' E). A 
number of bands of small thickness are found in 
greenschists folded into an east-west anticline with 
cross folding and frequent faults. Most of the bands 
are unmineable (less than 1.5 min thickness) and are 
less persistent along strike than in the other areas. The 
ore is mostly magnetite with extensive martitization 

Gaba/ El Hadid (25° 20' N, 34° 10' E). Here, ore 
bands alternate with bands of chert within a predomi
nantly volcanic sequence of submarine lavas and 
tuffs metamorphosed into chlorite actinolite schist 
The area is folded and frequent faults truncate the 
bands. The main ore is a black magnetite ore, but 
carbonate bearing or jaspilitic ores are also present 
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The gangue minerals are quartz, hornblende, 
feldspar, chlorite, sericite, clay minerals and second
ary carbonates. Mineable reserves (bands greater 
than 1.5 m thick with higher than 40% Fe) are 2.15 
m.t. to the wadi level and 1.4 m.t. below it. Assay of 
the ore showed: 

Fe 43.00-47.00% 
Si02 23.50-25.00% 
p 0.26-0.29% 
CaO 2.98- 5.40% 
MnO 0.60% 
p 0.26-0.29% 
s 0.15-0.40% 

Um Nar (25° 18' N, 34° 15' E). Within a volcanosedi
mentary sequence of 2200 m thickness, nine groups 
of ore bands are found, separated by quartzitic or 
biotite schists. The sequence is folded and extends for 
a 7 Ian strike length. The ore is schistose and has the 
coarsest grain size of all the occurrences. It is made 
up of magnetite, lesser amounts of hematite and 
quartz, chalcedony, hornblende and biotite gangue. 
Epidote and garnet develop close to the granite con
tact. The mineable ore reserves are given as 13.7 m.t. 
of the following average composition: 

Fe 
Si02 
p 

AJ,O, 
CaO 
MgO 
s 

40.51 - 45.50% 
27.50-32.27% 
0.21-0.22% 
0.40-0.20% 
3.74-5.70% 
0.17-0.35% 
0.10% 

3. Genesis of banded iron formation (BIF). The gen
esis and mode of formation of these deposits summa
rized by Sims & James (1984) is accepted here. They 
state that these deposits originated as chemical sed
iments of exhalative fumarolic source in a number of 
separate small basins developed between intraocea
nic island arcs. They were accumulated, with volca
niclastic tuffs and intercalated laval flows in shallow 
submarine environments during periods of quie
scence in submarine volcanic activity. Mter diage
nesis and lithification, they were folded more than 
once, faulted, and regionally metamorphosed into 
greenschist facies. 

b) Marble deposits 
Marble, in the correct sense of the word, is known to 
occur in some localities within the shield rocks in 
Egypt. Many quarries produce 'Phanerozoic marb
les', hardened limestones subjected to advanced st
ages of diagenesis with no metamorphism. These are 
described in Section 2.6.3 above by El Sharkawi. 

True marbles, metamorphosed calcareous rocks, 
occur as bands or lenticles enclosed within schists of 
clastic or volcaniclastic derivation at a number of 
localities in the shield area, particularly within the 
southern assemblage (Hunting 1967). Main occur
rences north of latitude 25° N are those at Wadi Dib, 
and Wadi Dagbag and Gabal Rokhan off Wadi Mia. 
More extensive deposits are known at Wadi Maryia, 
the wider area of Abu Swayel and Wadi Allaqi, south 
of Aswan. In these southern localities the marble is 
white, bluish grey or black in color, sometintes with 
very attractive banding. Sculptural grades may be 
found (Hunting 1967). 

Though the reserves in the southern areas are 
substantial, the remoteness of the quarries limits 
exploitation. Construction of the planned Wadi Haifa 
railway, or Aswan to Khartoum highway, to the east 
of the Nile might encourage more extensive worlc:ing 
of these deposits. 

2.8 MISCELLANEOUS 

In any classification, there are usually some items 
that defy assignment to specific pigeonholes. The 
present classification is no exception, and some 
minerals and rocks must be placed here, under none 
of the above headings. These include some 
gemstones, as well as some of the building and 
ornamental stones that have been and still are exp
loited in Egypt. Some of these are of special historic 
importance, such as the peridot of StJohn's Island, 
emerald of Zabara, monumental granite of Aswan, 
Chephren diorite, Hammamat breccia verdiantico, 
and the Imperial Porphyry of Gab a! Dokhan. 

Peridot is the gem variety of olivine. It has been 
used and praised since the eighteenth dynasty of 
ancient Egypt. Its occurrence is restricted to StJohn's 
Island (see 1.2.c) and is not exploited at present. 

Emerald is green transparent beryl. Tbe ancient 
Egyptians mined it in Nugrus, Sikait, Zabara and 
other localities (see 2.2.3.e). 

Garnet is abundant in metamorphic rocks. It was 
used for beads and necklaces in ancient Egypt and 
was probably obtained from the mica schists of Gabal 
Mitiq or Wadi Gemal (Hume 1937). No record of 
gem quality garnet is known in Egypt at present. 

Amethyst is the violet transparent variety of quartz. 
It was used extensively in jewellery in ancient Egypt. 
Considerable workings are known near Gabal Abu 
Diyeiba, Wassif area, where amethyst occurs lining 
cavities in drusy veins cutting across red granites 
(Murray 1914). 

Amazonite, a beautiful bluish-green microcline 
feldspar, occurs in coarse pegmatite veins intruded 
into the gneisses of Gabal Migif and Wadi El Gemal, 
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and also as a constituent of the metasomatically 
altered gneisses of Abu Rushaid (see 2.2.3.d). 

Malachite, in addition to its use as an ore of copper 
and as a pigment, was used extensively by the an
cients for necklaces and carved scarabs. It was ob
tained from the gossans covering copper mineraliza
tions, as in Abu Swayel. 

Turquoise occurs as fissure fillings in Carbonife
rous foiiDations in Sinai. It was exploited on a very 
small scale until recently for the local market. 

Lapis lazuli was used in ancient Egypt but no 
occurrence of the stone is known in the country. 
Ibrabim (1949) believed it was obtained from the 
vicinity of Oweinat Oasis in the extreme southwest
em comer of Egypt and otherwise, was imported 
from Persia or Mghanistan. 

Ornamental stones, i.e. any stone that takes a fine 
polish and has an attractive appearance, are of many 
types in Egypt (Ibrahim 1949). The famous Monu
mental Granite of Aswan and the hornblende granite 
known as the granite of Mons Claudianus have been 
cut and polished imo sarcophagi, obelisks and statues 
since ancient times. At present, a limited amount of 
granite is obtained from quarries at Aswan. 

Diorite and gabbro occur in many localities. The 
famous Chephren Diorite was quarried in the West
em Desert 65 km northwest of Abu Simbel. The 
gabbros of Wadi Semna, Eastern Desert, were also 
worked by the Romans (Hume 1937). Imperial Por
phyry, characterized by its beautiful purple color with 
rose-white phenocrysts, occurs only at Gabal Dok
han. It was cut into columns, blocks and vases and 
transported to Rome. Serpentinites in various shades 
of green, Breccia Verdi antico and Breccia Brocatelli, 
are outstanding ornamental stones used in ancient 
times but almost completely neglected at present. 

Fresh hard basalts are regarded as a national strate
gic raw material. Active quarries are found around 
Cairo (Abu Zaabal, El Yalunoum, El Haddadin, Qa
trani), and it is planned to use weathered basalts and 
dolerites in the manufacture of bricks. Most basalt 
extents may be concealed under a thin Quaternary 
cover. Recent seismic data from the western Delta 
area proved the subsurface extension of the El Had
dadin basaltic sheet (Williams & Small 1984} of 
Oligomiocene age exposed at Tel El Zallat and Tel El 
Haddadin to the north of the Abu Ruwash structure. 
Similar extensive sheets are recorded covering the 
area between Abu Treifiya and Nasuri in the Cairo
Suez district Other workable basalts occur near El 
Bahnasa and Darb El Arbaien in upper Egypt. Exten
sive sheets and dikes are known in the Bahariya Oasis 
area in the Western Desert and in south Sinai. 

3 CONCLUDING REMARKS 

In conclusion to this brief review of the mineral 
deposits and occurrences of Egypt, there are two 
relevant questions that require discussion. The first 
concerns the metallogeny of these deposits and their 
relation to the models of crustal evolution suggested 
for the country, and the second concerns the prospects 
of finding new metallic deposits in the shield rocks. 

3.1 METALLOGENETIC CONSIDERATIONS 

There are three approaches to dealing with a coun
try's minetal deposits: a} as commodities, such as 
copper, zinc, gold deposits, etc.; b) as products of, 
and in association with, crustal evolution in a plate 
tectonics model; and c) assigning them to the petrolo
gical associations or rock assemblages of which they 
are characteristic and form integral parts. 

The first approach is obviously suitable for miners 
and those dealing with extractable metals as such, 
regardless of the geology, genesis or mode of occur
rence of the deposits. This approach of course places 
geologically widely diverse deposits under one head
ing, such as cupriferous pyrites in oceanic crust to 
stratiform deposits in sedimentary association to por
phyry copper deposits, three types with nothing in 
common except their having copper as their most 
valuable metal. 

The author follows the basic principles of metallo
geny that state that mineral deposits faithfully follow 
crustal evolution (Bilibin 1968), both being charac
teristic products of the geotectonic environment pre
vailing. Also, plate tectonics are considered by him to 
be the only explanatory model for the evolution of 
both (Mitchell & Garson 1981, Sawkins 1984}. 
Nonetheless, to deal with the mineral deposits on the 
basis of these principles is to rely heavily upon in
terpretation, probably neglecting the simple geologic 
facts observable in the field. 

The choice thus adopted here is the third, assigning 
the mineral deposits to the petrological assemblages 
with which they are associated and of which they are 
characteristic. 

Regarding the evolution of mineral deposits in 
relation to crustal evolution and in the frameworlc of 
one or another of the plate tectonic models suggested 
for the country, a few concluding remarks are in 
order. All these models agree in their essential ele
ments; an old continental mass; belts of melange and 
obducted slabs of oceanic crust; island arcs; magma
tic arcs on continental margins; intraplate magmat
ism in a cratonized crust, and sedimentary sequences 
formed in epicontinental seas. No important mineral 
deposits are known to occur associated with the old 
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continental mass, exposed only in small tectonic 
windows (such as atHafafit), except corundum, beryl 
and the like, associated with a few small bodies of 
pegmatites. The abducted oceanic crust hosts ch
romite occurrences as well as the Cu-Ni sulfide de
posits of the type found at Abu Swayel. On the ocean 
floor, and as a result of exhalative processes asso
ciated with the early stages of island arc formation, 
the deposits of banded iron formation of the central 
Eastern Desert were formed. The mature island arc 
stage was accompanied by the formation of volcano
genic massive sulfide deposits such as those of Urn 
Samuiki. With continuing subduction, under a conti
nental margin environment, the porphyry copper 
prospects (Hamash) and the precious metal (Au, Au
Ag) vein deposits were formed. The intraplate hot 
spot and early rifting activities were associated with a 
number of deposits, including the lithophile elements 
(Sn, W. Mo, Nb, Ta, Be, Li, U) deposits in G3 
granites, the porphyry molybdenum deposits (Homr 
Akarem), ring complexes and carbonatites, the Cu-Ni 
sulfides (Gabbro Akarem), and the Fe-Ti oxides (Abu 
Ghalaga) found in layered mafic-ultramafic intru
sions. Intraplate sedimentary environments are res
ponsible for the stratabound Zn-Pb deposits in 
limestone (Urn Gheig), the true sedimentary ore de
posits such as phosphorites, the iron ores, and the 
various limestones and other construction materials. 

3.2 PROSPECTS OF FINDING NEW METALLIC 

DEPOSITS 

It is clear from the review presented here that despite 
the large number of occurrences and prospects of 
metallic mineral deposits found in the shield rocks, 
practically none of them is large or rich enough to 
warrant large or even medium scale mining opera
tions. This is not peculiar to the shield in Egypt, but is 
also the case in all the Pan-African Arabian-Nubian 
Shield exposed in Saudi Arabia, Egypt, Sudan, 
Ethiopia and Somalia. Total metals produced from 
this shield amounted to only a few million dollars 
worth in the period 1978-1982 (Pohl 1984). The 
reasons for this situation, which has long been tanta
lizing yet economically unfortunate, have been the 
subject of extensive investigation: a) is this due to the 
lack of adequate mineral exploration programs in the 
shield terrains? b) was the time of the formation and 
evolution of the shield not a particularly rich metallo
genetic epoch? c) could the situation be attributed to 
erosion, whereby many mineral deposits were eroded 
together with their enclosing rocks during the long 
time span since their formation in the upper Protero
zoic? 

Many mineral exploration programs have been 

carried out on some parts of the shield. The Aswan 
Mineral Survey project, undertaken jointly by the 
UNDP and the Geological Survey of Egypt during 
1966-1976, was very successful both technically and 
scientifically. Nonetheless, it concluded with the 
identification and delineation of an additional 
number of mineral occurrences, most of them are at 
best sub-economic (Hussein 1973 ). Similarly, in Sau
di Arabia, particularly during the period 1975-1985, 
very extensive, though by no means exhaustive, 
exploration and evaluation programs were con
ducted. The results are very similar to those in Egypt, 
a great number of occurrences with vritually none of 
them economic under prevailing conditions. The 
situation is not much different in the Sudan. A joint 
Sudanese-Soviet mineral survey project covered the 
area of the Red Sea Hills (northeast Sudan) during the 
period 1971-1978. No deposit was discovered dur
ing, or as a result of, this project (Hassan Ali 1987, 
pers. comm.). Thus, lack of exploration programs is 
not alone enough to account for the absence of vatu
able deposits. 

To assume that the period of formation and evolu
tion of the shield was a particnlarly poor epoch in ore 
generation is somewhat unrealistic, since the period 
was some 600 million years and included all geotec
tonic processes - rifting, spreading, subduction, 
accretion and intraplate activity- with which ores are 
generated. 

Before considering the role that might have been 
played by erosion, it must be noted that most of the 
ore deposits expected in the shield areas are those 
hosted by abducted oceanic crust, arc related 
volcanic-volcaniclastic-sedimentary formations, the 
subvolcanic protrusions of the 1-type G1 granite ba
tholiths, and skarn zones-copulas-veins fields asso
ciated with the top parts of high level S-type in
traplate (G3) granites. All these deposits form within 
the upper 2 km or so of the crust. In addition, orth
magmatic ore deposits, particularly those formed by 
magmatic segregation, accumulate in the lowermost 
parts of batholiths or layered intrusions, i.e. at a depth 
of some kilometers within the crust. Thus, in the 
exposed shield, where erosion of the upper few kilo
meters must have taken place since cratonization and 
uplift in the late Precambrian, it is not surprising to 
find that most of the arc volcanic-volcaniclastic and 
sedintentary rocks as well as those formed in subvol
canic environments and in the roof zones of high 
level intrusions have been eroded away together with 
the deposits they host. It is interesting to note that the 
only volcanogenic massive sulfide deposits known in 
Egypt at present are those that escaped erosion, being 
hosted in a down-faulted synclinal block (at Abu 
Hamarnid). 

The same factor, erosion, is used by Sawk:ins 
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(1984) to explain the rarity of pm:phyry copper de
posits in Paleozoic and older rocks, stating, 'Erosion 
levels are of major significance, for compressive arcs 
tend to form thick crustal roots and stand high, and 
their uppermost few kilometers, where porphyry de
posits form, are susceptible to removal. Few of the 
porphyry deposits of the Andes or those of the Philip
pines, for example, would survive 20 million years 
into the future, given continuation of current uplift 
and erosion rates in these areas' (Sawkins 1984: 22). 

On the other hand, this level of erosion in the shield 
is not deep enough to expose deposits related to early 
stages of rifting, buried below very thick sequences 
of sedimentation, or those associated with the basal 

parts of batholiths and layered intrusions. 
In conclusion, it is believed that a number of 

metallic mineral deposits must have formed during 
the evolution of the shield, but most of them have 
been unfortunately lost to erosion. Some hope still 
remains, however. A number of metallic deposits 
may be discovered in areas where shield rocks were 
protected structurally or below early Phanerozoic 
cover, as for example in the Western Desert. It ap
pears that the mineral occurrences of Egypt can be 
exploited only through continuing small scale mining 
operations, though deposits enclosed within Phane
rozoic sedimentary cover deserve further attention. 



CHAPTER 27 

Petroleum geology 

MOSTAFAK.ELAYOUTY 
ConsultanJ, Cairo, Egypt 

Oil seeps have been known in Egypt throughout 
recorded history but modem petroleum exploration is 
scarcely 100 years old (see Royds, Mason & Eicher 
1975, Egyptian General Petroleum C01poration 
1986). Commercial accumulations of oil and gas are 
so far known in four provinces: Gulf of Suez, north 
Western Desert, the Nile delta and north Sinai. A 
description is given below of the petroleum geology 
of each of these provinces. 

GULF OF SUEZ PROVINCE 

The Gulf of Suez graben was formed as a result of 
tectonic movements initiated in the Oligocene which 
continued with intensity until post-Miocene times. 
Tensional faults of considerable displacements deter
mine the configuration of the graben and its bounda
ries. Within the confines of these boundary faults the 
graben area is dissected into numerous pre-Miocene 
fault blocks of various sizes. The tilt of these blocks is 
predominantly to the southwest in the northern and 
southern parts of the Gulf, and to the northeast in the 
central part. The different blocks were subject to 
varying degrees of erosion. The Miocene transgres
sion covered an eroded and topographically uneven 
surface of pre-Miocene rocks. Accordingly, Miocene 
sediments rest unconformably over rocks ranging in 
age from Precambrian to late Eocene. The rugged 
topography of the pre-Miocene surface is evident 
from the presence of both shallow and deep water 
marine environments side by side in the early stages 
of the Miocene transgression. These conditions were 
favorable for the development of reefs on the uplifted 
blocks and/or organic-rich clastics on the down
thrown blocks. 

The movements continued during the Miocene and 
later times, rejuvenating old lines and producing an 
environment where great lateral facies changes oc
curred. These Miocene and younger events affected 
the oil habitat of the Gulf, the 'cooking' conditions of 
source rocks, the oil migration process, and the type 
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and size of the traps. 
The Gulf of Suez is the main oil province in Egypt. 

Oil is present in and is produced from sediments 
belonging to the Basement, Paleozoic, Mesozoic and 
Cenozoic. The fields are mainly structural traps, 
though some are stratigraphic. 

Reservoir rocks 

The bulk of the oil in the Gulf of Suez is housed in 
sandstones of Paleozoic (Carboniferous and probably 
older), Cretaceous (Cenomanian, Thronian and early 
Senonian) and Tertiary (Miocene) age. Some oil is 
present, however, in fissured and cavernous 
limestones of late Cretaceous, Eocene and Miocene 
ages. In the last few years oil accumulations have 
been discovered in porous basement rocks in several 
structures. 

Basement reservoirs 
Basement rocks with some porosity are found in a 
few localities in Egypt. The porosity is of the second
ary type, either due to fracturing or to weathering of 
the basement. 

So far oil productive basement rocks are present in 
four localities in the Gulf of Suez basin: Shoab Ali, 
south Geisum, G.S. 304 and :Uit Bay fields. Of these, 
the last field has the largest basement reservoir. It 
consists of fractured basement topped by basement 
wash, both of which are productive. Production at the 
other three localities comes from fractured basement 
reservoirs. 

Paleozoic reservoirs 
The Paleozoic pay in the Gulf of Suez consists of the 
lower part of the 'Nubian Sandstone' section. It was 
first recognized in the Hurghada oilfield. Here the 
lower part of the Nubian type sandstones overlying 
the basement yields plant remains of Devonian age 
(Vander Ploeg 1953). This is followed by a section of 
Carboniferous age. The Paleozoic sandstones house 
the bulk of the oil of this field. The same sandstones 
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are also present in the Ras Gharib field where they 
form the main oil reservoir. Because of the lack of 
diagnostic fossils in the Nubian Sandstone, the sec
tion is subdivided according to the heavy mineral 
assemblages into an upper Nubia 'A' which is consi
dered Cretaceous, a middle Nubia 'B' which is 
mainly made up of black shales of Carboniferous 
age, and a lower thick Nubia 'C' which is oil-bearing 
in Ras Budran, July, Ramadan and Sidky fields. 

Cretaceous reservoirs 
Early Cretaceous Nubia 'A' sands are oil-bearing in 
the Hurghada, Ras Gharib, Bakr, July and October 
oilfields. Cenomanian sands are productive in the 
Belayim Marine and October oilfields. Thronian 
sands and limestones form reservoir rocks in the 
Belayim Marine, Bakr, Amer, Ras Gharib, Kareem, 
July and Ramadan fields. The early Senonian sands 
are oil-bearing in July, Ramadan, Belayim Marine, 
October and Sidky fields. 

Eocene reservoirs 
The Eocene reservoir in the Gulf of Suez province 
consists of fractured and/or cavernous limestones of 
middle, and in some cases, early Eocene. These 
Eocene limestone reservoirs are present in Sudr, As!, 
Ras Matarma, Bakr, west Bakr, Kareem and Shoab 
Ali fields. The completion of the wells as producers 
from these limestone reservoirs includes acidization. 

Miocene reservoirs 
The Miocene reservoirs are the most prolific pro
ducers in the Gulf of Suez. They house the bulk of the 
reserves and are present in many fields both on land 
and offshore. A number of reservoirs are present 
within the Zeit-South Gharib sequence, but the main 
oil-bearing levels are present in the Belayim, Ka
reem, Rudeis and Nukhul formations. With few ex
ceptions, the Miocene reservoir rocks are 
sandstones. 

The Zeit and South Gharib formations comprise a 
number of pay sands in Belayim Land field. These 
have erratic lateral extensions, due to the rapid 
changes of depositional environments. 

The main Miocene sand reservoirs lie within the 
Kareem-Rudeis formations as in Morgan, Belayim 
Land, Belayim Marine, July, Shoab Ali and Zeit Bay 
fields, and in Belayim formation as in Belayim Land, 
Belayim Marine, Morgan and Shoab Ali fields. Less 
conspicuous production is obtained from these for
mations in many other fields in the province. 

The lowermost Miocene rock unit, the Nukhul 
formation, is oil-bearing in many fields. It was first 
recognized as a pay in Rudeis and Sidri fields, where 
it is the ouly oil-bearing horizon. The Nukhul reser
voir consists of sandstones in Shoab Ali, Rudeis, 

Sidri and GS-173 fields but in a few other fields, 
some production is obtained from carbonates such as 
in El Ayun and Kareem (Saoudi & Khalill984 ). 

Miocene limestones are oil-bearing in a few fields 
within the Belayim and Rudeis formations (e.g. Sudr, 
As! and Matarma). In Ras Gharib field the limestone 
pay section is in the form of a reef, the Nullipore 
Rock. 

The Miocene reefal limestones were the producing 
reservoir in the depleted Gemsa field. It is difficult to 
determine the stratigraphic position of the pay section 
in the field. The only published information concern
ing the geology of the field is that of Bowman (1931 ). 
The well logs shown in Plates 24 and 25 of that report 
indicate that the oil was present in limestone and 
dolomitic limestone interbeds within a mainly eva
porite section which probably belongs to the Ras 
Malaab group (?South Gharib formation). 

Pliocene-Pleistocene reservoirs 
So far, sediments belonging to the Pliocene
Pleistocene have been found to be oil-bearing only in 
the Abu Durba field. In the ou!y published report on 
this field the reservoir in many of the wells is attri
buted to the Nubian sandstone section (Bowman 
1926, Vander Ploeg 1953). However, a careful exa
mination of the data indicates that the field is actually 
a surface seep along faults which impregnated the 
surface material along the foot of Gebel Araba. This 
conclusion is based on the fact that the oil is housed in 
reservoir .rocks consisting of conglomerates with ig
neous pebbles, calcareous sands, shales and 
limestones. This type of lithology does not tally with 
the known lithology of the Nubian Sandstone section 
but rather with sediments of post-Miocene age. 
However, the two most easterly situated wells, Abu 
Durba 1 and 3, seem to have penetrated at the bottom 
a thin oil-bearing section of what can be considered 
Nubian Sandstone. These two wells are the nearest to 
the Cretaceous outcrops in the area. 

Cap rocks 

Sealing beds are abundant throughout the geological 
column, especially in the Cretaceous and Miocene. In 
these stratigraphic levels, beds of shale, compact 
limestone and evaporites could seal off any lower 
hydrocarbon pool. 

The most effective of these sealing beds, however, 
belong to the Miocene. The evaporite beds within the 
Nukhul, Kareem, Belayim, South Gharib and Zeit 
formations are associated with the oil accumulations 
of the Miocene sequence. They, together with pre
Miocene sealing beds, form an effective sealing 
cover for accumulations in the pre-Miocene se
quence (Ras Gharib and Hurghada). Miocene eva-
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porites, shales and marls are also effective in sealing 
(or trapping) the oil laterally, by virtue of being very 
thick in the grabens and depressions where most of 
the oil accumulated. 

Traps 

The rifting process which caused the fonnation of the 
Gulf of Suez graben left a marl<ed imprint on the 
tectonic framework and geological history of the 
province. The sequence of events involved in the 
process greatly affected the distribution of the 
younger Tertiary sediments, their thickness and 
facies, as well as their structural setting. 

The rift faults which caused block faulting of the 
sediments in the form of horsts and grabens were 
rejuvenated, causing the blocks to be tilted. the gra
bens to be deepened, and the horsts to be elevated. 
This was followed by erosion of the highs and depos
ition of markedly thicker late Tertiary, particularly 
Miocene, sediments in the lows. The continuous 
movements produced marked lithological variations 
reflecting the rapidly changing environments of de
position. Moving away from the depocenter, to the 
margins of the basin, sediments change from fine to 
coarse clastics and from salt to aohydrite. In addition, 
and as a result of these movements, unconformities 
and/or depositional breaks occur at different levels of 
the section. The geological record indicates that dif
ferential erosion took place after the rifting started, so 
that when the Miocene sea transgressed from the 
north marine sediments were deposited on a variety 
of older fonnations ranging from pre-Cambrian base
ment to late Eocene (Abdine 1981). 

In contrast, the geological history of the Gulf of 
Suez area in pre-Miocene times was characterized by 
movements which were not as intensive and continu
ous (Said 1962, Gilboa & Cohen 1979). Pre-Miocene 
sedimentation was not interrupted except during the 
late Paleozoic, early Mesozoic, late Mesozoic and 
early Tertiary tectonic events. The Paleozoic and 
Mesozoic sediments in the Gulf of Suez area are, 
therefore, lithologically uniform laterally and do not 
display the marl<ed lithological changes of the Mio
cene sequence. This rather regular deposition makes 
the fonnation of stratigraphical oil traps unlikely_ 

On the other hand, the late Cretaceous-early Terti
ary tectonic event which affected the Paleozoic and 
Mesozoic sequences is related to most of the oil 
occurrences in Egypt. This event formed the 
northeast-southwest trending lines of highs (folds) of 
the Syrian arcs. In the Gulf of Suez they occur only in 
the northern part of the Gulf. Although oil accumula
tions have been found in some of these structures in 
the Western Desert, no oil has been found so far in 
features related to it within the northern part of the 

Gulf of Suez province. Another tectonic event was 
the Tertiary rifting which is displayed by the more 
conspicuous Clysmic faults and the less prominent 
Aqaba faults. The result was the fonnation of fault 
blocks, with a main northwest-southeast trend, which 
consist of Paleozoic and/or Mesozoic sequences on 
which Tertiary fonnations overlapped. The oil accu
mulations in the Paleozoic and Mesozoic sediments 
are trapped in fault blocks which are sealed off 
laterally by juxtaposition against impervious pre
Miocene and Miocene sediments in the surrounding 
lows. Paleozoic and/or Mesozoic oil accumulations 
are trapped, therefore, by fault (structural) conditions 
rather than by any other type of trapping mechanism. 

Aeromagnetic and Bouguer gravity studies sug
gest that most of the oil discoveries in the Gulf of 
Suez province are associated with basement uplifts. 
Three major north-northwest trending uplifted base
ment belts separated by two structural lows are rec
ognized in the Gulf (Meshref, Refai & Abdel Baki 
1976). 

The Tertiary rifting movements constitute the pri
me factor in determining the habitat of oil in the Gulf 
of Suez province. The northwest-southeast trending 
lows lying between the highs and fault blocks rec
eived thick and deep water organic-rich clastics 
(potential source rocks). The nearby higher features 
(of Miocene and pre-Miocene sequences) acted as 
reservoirs for the oil after migration. Moreover, as a 
result of the irregular topography in late Eocene and 
Miocene times, the conditions of deposition changed 
laterally from one location to the other, thus allowing 
for the marked lateral facies changes which led to the 
fonnation of stratigraphic traps in the Miocene reser
voirs. 

Faulting is the main factor which determined the 
geological setting, and hence the trapping processes. 
The anticlines or half anticlines described from the 
Gulf are associated with faults. According to Said 
(1962) they were 'either produced by the hending of 
the strata before breaking or by movements that 
caused the less rigid sediments, especially the Mio
cene, to bend in anticlinal or synclinal folds'. 
Another mechanism suggested for the fonnation of 
these folds is 'that the topographic configuration of 
the pre-Miocene surface was inherited by younger 
sediments due to both differential compaction and to 
more subsidence of pre-depositional troughs relative 
to the highs' (Hantar 1967). This mechanism, accord
ing to Han tar, 'gave rise to a number of inherited 
anticlines above pre-depositional highs and synclines 
over erosional lows and, consequently, the pre
Miocene topography was to a great extent respon
sible for the present structural configuration of the 
Miocene and younger sediments ... it follows from 
the foregoing argument that such structures have 
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been formed at the same time in which the sediments 
were being deposited' (ibid.). 

These folds, together with the faults which are 
associated with traps in which stratigraphic factors 
are involved in the accumulation of oil, establish the 
combination of both structural and stratigraphical 
elements in determining the category of traps referred 
to as the structural-stratigraphical (or combination) 
traps. 

his difficult in many cases to differentiate between 
the three types of traps. In many of the multi
reservoir traps the oil in one pool or more might be 
trapped by the effect of the structural element on the 
reservoir and sealing formations, whereas the oil in 
another pool might be trapped due to stratigraphic 
conditions only (lensing or non-permeability trapp
ing). Even in the case of some single pool traps, oil 
may be present in a lens which is later on affected by 
faulting or folding or both. 

The 'pure' structural traps are rather limited in 
number in the Gulf of Suez province and are abnost 
totally confined to the fields in which oil is housed in 
pre-Miocene reservoirs. 'This is due, as mentioned 
above, to the fact that the pre-Miocene in the Gulf of 
Suez province was characterized by continuous and 
laterally uniform sedimentation and thus the possibil
ity for lensing, depositional breaks and lateral facies 
changes was minimal. 

In the Gulf of Suez province oil is structurally 
trapped in 'Nubian-type sandstone' reservoirs 
belonging to the Paleozoic-Mesozoic (including 
Cenomanian, Thronian and Senonian) sandstones 
and in fissured and fractured limestones of Eocene 
age. The most prominent structural traps in the Gulf 
of Suez district include the Paleozoic and/or Meso
zoic pools in Hurghada, Ras Gharib, Bakr, Kareem, 
Belayim Marine, Ramadan, Sidky, G.S-391, October, 
Shoab Ali and Ras Budran oilfields. 'This category of 
traps also comprises the Eocene pools in Sudr, As! 
and Matarma, as well as a few Miocene pools mainly 
within the lower part of the sequence. In a few 
recently discovered reservoirs, oil is stored in pre
Cambrian fractured basement rocks (Shoab Ali, Zeit 
Bay and south Geisum structures). The fracturing 
responsible for the secondary porosity in which the 
oil is stored in these structures was due to movements 
and rejuvenation of movements related to the crea
tion of the Gulf of Suez structural faults. 

The purely stratigraphic traps are not very numer
ous in the Gulf of Suez province. Due to the intense 
and continuous tectonic movements which the region 
witnessed after late Eocene times, it is hard to conce
ive of an oil trap in the region which would owe its 
presence to stratigraphical conditions only, with no 
structural element involved. One field may be ex
cepted, the Gemsa oilfield along the west coast of the 

Gulf of Suez near its junction with the Red Sea. The 
well information indicates that there is a basement 
horst which is capped by Miocene and younger sed
iments. Within the lower part of the Miocene section, 
reefal limestones developed where oil accumulated 
in four horizons. The Miocene reefs in question are 
surrounded by fossiliferous shales which in tum sur
round the basement horst (Bowman 1931 ). The oil 
should have migrated to the reef porosity from the 
surrounding organic-rich shales which are assumed 
to be the source rocks. There is no evidence to 
indicate that the trap owes its presence to post
depositional tectonic movements. Another trap con
sidered to be of the stratigraphic type is a Miocene 
reefal limestone which is present on the eastern flank 
of the Ras Ghanb field. 

In contrast, the majority of the oil discoveries in 
the Gulf of Suez province can be assigned to the 
stratigraphic-structural combination type of traps. 
This applies to most of the Miocene pools in the Gulf 
which display marked lateral changes in facies, per
meability and depositional breaks, reefal develop
ment and irregular evaporite deposition, in addition 
to the influence of the tectonic movements. 

Source rocks 

The earliest suggestions regarding the source rocks of 
oil in the Gulf of Suez province were based on mere 
geological associations. The subject was treated on 
grounds of regional geological observations, strati
graphic and structural relationships and petrographic 
examination of sedimentary units, especially shales. 
According to Weeks (1952), the Miocene sediments 
are the source, while Vander Ploeg (1953) suggests 
the Globigerina marl of the Miocene section as the 
source. He also stressed that 'the chalk series of the 
upper Cretaceous and Eocene have been found to be 
slightly bituminous all over Syria, west Jordan, Israel 
and Sinai, and therefore they have been regarded by 
several geologists as the proper source rock of the 
Egyptian oil'. Ghorab (1%1) suggests the early to 
middle Miocene Globigerina marls as source rocks 
as well as possibly the late Cretaceous-Eocene car
bonates. 

In the mid-1960s some oil companies operating in 
the Gulf of Suez region began to make quantitative 
studies of source rocks. Generally, the approach was 
based on the relationship between hydrocarbon oc
currences, the organic richness of sediments, the type 
of kerogen present, the temperatures to which the 
sediments were subjected, and their age. The results 
of work undertaken by some oil companies on these 
subjects are reported in Barakat (1982) and Shahin & 
Shehab (1984). 

Organic richness is a parameter reflecting the 

----------------
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potential of a rock to generate hydrocarbons; it is 
measured by the percent by weight of the organic 
carbon the rock contains (Total Organic Carbon, 
TOC). The organic richness of sediments is consi
dered 'poor' when TOC is less than 0.5%, 'fair' when 
it is between 0.5 and 1.0%, and 'good' when it is 
more than 1.0%. However, there are differences io 
the conclusions reached- Rohrback (1980b) rates the 
organic richness of the early Miocene (Kareem and 
Rude is formations) as 'good', the rest of the Miocene 
formations as well as the Paleocene and Cretaceous 
as 'fair' and the Carboniferous as 'low'. Barakat 
(1982) rates all the formations studied (Miocene, 
Eocene/Paleocene, upper Cretaceous, lower Creta
ceous and Paleozoic) as 'good' source rocks. Shahio 
& Shehab (1984) rate the lower Miocene clastics as 
'poor' to 'good' source rock and the pre-Miocene as 
'good' to 'excellent'. 

Though the conclusions of the authors differ, 
because they emphasize various parts of the se
quence, they all agree that the early Miocene (Ka
reem and Rudeis), the Eocene/Paleocene and the late 
Cretaceous sediments contain enough organic carbon 
to generate oil. 

The type of organic matter, or kerogen, io a rock is 
closely related to the type and amount of hydrocar
bons generated from the rock. Kerogen consists of 
organic matter io sedimentary rocks not soluble io 
organic solvents of either marine or terrestrial origio. 
Kerogen of marine origio consists of the remaios of 
marioe algae and amorphous organic matter. Beiog 
rich io hydrogen, this kerogen type is known to be 
oil-prone. Kerogen of terrestrial origio consists of 
pollen, spores, woody and coaly materials and is 
known to be gas-prone. 

The kerogen types are recognized visually by pe
trographic means through microscopic examioation 
io both transmitted and reflected light, by which the 
degree of maturation of the source rock is also deter
mioed. 

Accordiog to Rohrback, the lower Miocene (Ka
reem and Rude is formations) and Eocene limestones 
and shales are oil-prone. Their kerogen content is 
more than 80% amorphous (marine) material. He 
considers the South Gharib formation and Eocene 
limestones and shales as oil and gas-prone, and the 
Paleocene, Cretaceous and Carboniferous as gas
prone. Barakat rates the Belayim, Kareem and Rude is 
formations and the upper Cretaceous shales as oil
prone, the Eocene and Paleocene as oil and gas-prone 
and the lower Cretaceous and Paleozoic as gas-prone. 
Shahio & Shehab consider the Miocene clastics as oil 
and gas-prone and the pre-Miocene as oil-prone. 

These findiogs iodicate that oil-prone rocks are 
present at many levels withio the geological succes
sion, rather than io a siogle stratigraphic unit Among 

the potential oil-prone source rocks are the Kareem 
and Rudeis formations of the Miocene, the Eocene 
shales and limestones and the late Cretaceous car
bonates and shales. Possible oil and gas-prone source 
rocks are the Belayim formation and the Paleocene. 
The generation of oil from the oil-prone source rocks 
depends upon their stages of maturation. 

The degree of maturation of sediments is deter
mioed by visual analysis of kerogen usiog one of two 
methods. The first is the study of the coloration of 
spores and pollen graios, as color reflects the degree 
of thermal maturation of the rock. The second is the 
vitrinite reflectance method io which the fraction of 
incident light reflected from polished surfaces of 
wood fragments (vitrinite) in sediments is measured-

The conclusion reached by Rohrback (1980b) is 
that the degree of maturation of kerogen based on 
spore coloration and vitrioite reflectance shows that 
all sediments studied, both Miocene and pre
Miocene, are of sufficient maturity to generate oil. 
Barakat (1982), on the other hand, finds that only the 
lower Miocene and upper Cretaceous sediments are 
mature io parts of the Gulf of Suez. Shahio & Shehab 
(1984) conclude that all Miocene and pre-Miocene 
samples are immature or io the early generation 
stage. 

Some geochemical studies have been undertaken 
to correlate possible source rocks with the crude oils 
produced io the Gulf of Suez provioce. Barakat 
(1982) mentions this subject briefly, while Rohrback 
gives more details (1980, 1982, 1983). The geoche
mical techniques used ioclude gas chromatography, 
stable carbon isotope measurements and gas 
chromatography-mass spectroscopy. Both authors 
conclude that the Gulf of Suez oils seem to be of the 
same genetic family, a fact iodicating a common (or 
similar) source rock. Accordiog to Rohrback, the 
Eocene and lower Miocene sediments correlate well 
with the Gulf of Suez crudes, with more crudes 
correlatiog with the Eocene sediments as suggested 
by combioed gas chromatography-mass spectro
scopy. Although Barakat suggests that the lower Mio
cene and upper Cretaceous sediments are sufficiently 
mature to generate oil io parts of the Gulf of Suez, he 
also suggests that the lower Miocene, rather than the 
upper Cretaceous, sediments are the source rocks of 
the oil. His argument is that sioce all of the major 
fields are undersaturated (that is, they do not have gas 
caps) and sioce mature rather than less mature sed
iments give gas, and since the lower Miocene sed
iments are less mature than the upper Cretaceous 
sediments, then the lower Miocene sediments must 
be the source of the 'undersaturated' oils io question. 

The preceding discussion iodicates that (a) there 
are not yet enough comprehensive studies of Gulf of 
Suez oils to provide conclusive answers to the many 
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questions posed; (b) more than one source for the 
crudes is suggested; (c) more than one source sugge
stion fits the complex geological setting of the region 
in which a formation or formations were subjected to 
diverse geological conditions (depth of burial, litho
logy and facies variations, organic richness and de
positional environments); and (d) that the lowr Mio
cene (Kareem and Rude is formations) and the upper 
part of the pre-Miocene (Eocene and upper Creta
ceous shales and carbonates) may be the source of the 
Gulf of Suez crudes. 

11te geological setting in the Gulf of Suez province 
furnished the conditions for the primary migration of 
oil (from source rocks to reservoir rocks). Block 
faulting caused the juxtaposition of source and reser
voir rocks. The intercalation of porous reservoir beds 
within source rock sections allowed for the squeezing 
of the oil generated into reservoir rocks. Likewise, 
sand lenses, when confined within source rock sec
tions, trapped oil expelled from surrounding organic
rich materials. 

On the other hand, the lateral lithological changes 
displayed by the Miocene formations must have bad 
an adverse effect on long distance secondary migra
tion owing to the permeability barriers caused by 
such changes in facies. Moreover, vertical secondary 
migration must have been minimized by the flowage 
of Miocene rock salts, caused by the effect of over
burden, to areas of less overburden and hence pressu
re. By this process, the potential vertical avenues for 
migration such as fractures and faults are sealed, and 
hence migration of oil through them is obstructed. 
Wherever salt was not deposited, vertical secondary 
migration might have taken place. 1bis situation ap
pears in the eastern part of Belayim East (Land) field 
where oil accumulations are present in a number of 
rather thin sandstone intervals within both the Zeit 
and South Gharib formations. Study of the stratigra
phy and structural setting of the field indicates that 
these pools are in no way connected to any of the 
potential source rocks which could have supplied the 
oil through primary migration. The only way to 
account for such accumulations is to assume that the 
oil migrated to the pools in question from lower 
accumulations along fractures and faults in the east
em part of the field where no salts had been encoun
tered in the wells (Hantar 1967). 

The conditions adverse to horizontal and vertical 
secondary migration in Miocene sections do not 
seem to be pronounced in pre-Miocene formations. 
Secondary migration might have taken place in that 
older part of the sedimentary sequence in the absence 
of salt in the section and the less pronounced lateral 
lithological variations. The numerous surface oil 
seeps found on both sides of the Gulf of Suez simply 

represent vertical secondary migration along fault 
planes. 

Geology of the oilfields 

Oil is found both onshore and offshore in the Gulf of 
Suez province. Many of these occurrences are in the 
form of shows or small quantities which are catego
rized as non-commercial. Others remain to be evalu
ated. Of the discoveries developed and put into pro
duction some are now depleted. Following is a 
summary of the geology of some of these oilfields 
that show the different types of traps. 

Gemsa oilfield (1909) 
The Gemsa field, 1 km2, produced from reefal 
limestones and dolomites interbedded with Miocene 
evaporites (anhydrite and salt). The section sits on a 
southwest dipping basement horst The average 
depth of wells is 1000 feet. The Miocene section 
encountered in the wells seems to belong mainly to 
the South Gharib formation. Porosity is 16% and the 
API gravity ranges from 32 to 41°. 

Abu Durba oilfield ( 1918) 
Interest in this area began very early this century due 
to reports of oil seeps along the western foot of Gebel 
Araba on the east coast of the Gulf of Suez by 
geologists of the Petroleum Research Board of the 
Egyptian Geological Survey. 

Subsurface information collected from 23 wells 
drilled indicate that there is practically no trap, struc
tural or stratigraphical, in which oil is stored. The 
well logs show that there is no sealing (cap) rock on 
the oil-bearing sands (Bowman 1926) indicating that 
the Abu Durba 'field' is actually an open field, mak
ing it perhaps unique among fields in the country. 

According to Bowman (1925) and Van der Ploeg 
(1953) the reservoir consists of Nubian sandstones 
which are outcropping on the surface. However, the 
reservoir rocks as reported by Bowman consist of 
sands with igneous pebbles and conglomerates with 
calcareous sands, shales, limestones and igneous 
rock fragments- a lithology which does not conform 
with the known lithology of Nubian sandstones but 
conforms more with that of Pliocene and Pleistocene 
sediments. The only possible Nubian sands in the 
'field' is a short sand section at the bottom of two 
wells (Abu Durba 1 and 3) along the extreme eastern 
side of the 'field' next to the nearest Cretaceous 
outcrops in the area. 11te accumulation seems to be 
the result of seepage of oil upward along the major 
fault zone bordering the 'field' in the east into young 
surface sediments. The 'field' was depleted in the 
early 1940s. 
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Figure 27 .I Cross-section through Ras Gharib field (after Vander Ploeg 1953). 

Ras Gharib oilfield (1938) 
The first two exploration wells in the area were 
drilled between 1921 and 1923 on a swface structure 
and they were both completed as dry holes. During 
1936-37 a Torsion Balance Pendulum survey was 
conducted in the area; it showed a gravity high some 
3.5 km to the southeast of these dry holes. This was 
tested by the Ras Gharib discovery well (Morgan & 
El Barkouky 1956). 

According to Van der Ploeg (1953) the structure 
consists of a fault bounded, partly denuded pre
Miocene upthrown block unconformably covered by 
the Miocene anhydrite-shale sequence which by 
renewed movement of the block in Pliocene time was 
warped into a dome-like structure that plunges 
steeply to the northwest, southwest and southeast, 
and gently to the northeast (Fig. 27/1). 

The section consists of Plio-Pleistocene grits and 
conglomerates which are followed by a thick shale
evaporite sequence of Miocene age which grades 
eastward to reefal limestone beds (the Nullipore 
Rock) on the flank. The organic-rich pan of the 
Miocene section (Kareem and Rude is formations) is 
not encountered in the majority of the wells. The 
Miocene section is underlain by a sequence consist-

ing of upper Cretaceous limestones, lower Creta
ceous 'Nubian' sandstones, Carboniferous black 
shales and Carboniferous 'Nubian' sandstones. 

The Ras Gharib reservoirs are three Carboniferous 
and two Cretaceous horizons, all consisting of 
'Nubia-type' sandstones with a porosity of 16 to 18% 
and a permeability of 100 to 200 MD, and one Mio
cene horizon on the eastern flank of the structure 
consisting of reefal limestones with a porosity of 
16% and a permeability of 32 MD. The reefal reser
voir belongs to the Belayim formation and is known 
as the Ras Gharib Nullipore Rock. The average API 
gravity is 24°. 

Sudr oilfield ( 1945) 
The discovery well was drilled to test a gravity high, 
and the wells drilled indicate that the struCture cons
ists of two blocks, a narrow productive pre-Miocene 
upthrown block dipping toward the west and 
bounded to the south and west by faults and a small 
productive Miocene block in the north bounded to the 
south by a post-Miocene eastwest transverse fault 
and to the east by the major boundary fault. Both 
blocks are overlain unconformably by an anhydrite
shale sequence (Van der Ploeg 1953). The pre-
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Miocene section consists of Eocene limestones and 
marls, upper Cretaceous chalk, dolomite, limestone, 
shales and sands and Nubia-type sandstones. The 
producing horizons are Miocene sands of the Rudeis 
formation and an Eocene fissured and cavernous 
limestone. The porosity is 24.5% and the permeabil
ity is 1620 and 38 MD respectively, while the average 
API gravity is 23 and 20° respectively. The sulfur 
content is about 1.8% by weight. 

As/ oilfield (1947) 
The discovery well was drilled on a gravity high to 
the south of Sudr field. The structure consists of an 
upthrown block of pre-Miocene sediments dipping 
towards the west and broken into separate parts by 
northwest-southeast trending faults. The Miocene se
quence is like that of Sudr oilfield, resting on Eocene 
chalk and limestone, and Cretaceous chalk, 
limestone and sandstone. The producing horiwns are 
Rude is sands (As! sands) and basal Miocene conglo
merates as well as fractured Eocene limestones. The 
average porosity is 23%, the average API gravity 22° 
and the sulfur content 2%. 

Ras Matarma oilfield (1948) 
This small field lies to the southeast of Sudr and 
northwest of As!. It was also recognized by gravity. 
The structure consists of an upthrown block of pre
Miocene sediments dipping towards the west and 
bounded to the east and south by northeast to south
east and east-west trending faults respectively. The 
pre-Miocene block is covered by a Miocene section 
which is similar to that known in Sudr and Asl. The 
producing horizons belong to the Miocene (Rudeis 
sands) and Eocene fractured limestone. The reservoir 
characteristics and crude quality are more or less the 
same as those of Asl field 

F eiran oilfield ( 1949) 
This was the first oilfield in Egypt to have been 
discovered by the reflection seismic surveying meth
od Well data indicate that the structure is a down
faulted block with its eastern side determined by a 
major northwest-southeast bounding fault which 
brought Miocene (Rudeis-Nukhul) sediments against 
the basement, downthrowing to the west. A number 
of northwest-southeast trending step faults cut the 
structure parallel to the boundary fault; these are also 
throwing to the west. 

The section begins with post-Miocene clastics 
which unconformably overlie the Miocene section of 
both the Ras Malaab and Gharandal groups. This 
section is down-faulted along the eastern side against 
the basement. Older rocks are encountered in the 
wells drilled in the western part of this structure. The 
pre-Miocene section consists of Eocene limestones 

-------------------

and Thronian/Cenomanian sands and shales, with 
possibly older Nubian sandstone beneath. Oil is 
stored in the Miocene (Rudeis) sands and in the west 
part in Thronian/Cenomanian sandstones. The poros
ity ranges from 13% in the Rudeissands to 15% in the 
Cretaceous reservoir. The API gravity is about 23° 
and the sulfur content is about 2.2% by weight. 

Belayim land oilfield ( 1955) 
The discovery well was drilled on a seismic feature in 
the form of a northwest-southeast trending anticline, 
with its western part beneath the Gulf of Suez water. 
Wells drilled in the field (166) show that the structure 
is a fault block with its eastern side determined by a 
northwest-southeast trending fault with a displace
ment of some 8000 feet. The block is dissected by 
northwest-southeast trending faults as well as by 
some east-west and northeast-southwest faults. There 
is a slight reversal of the Miocene formations along 
the northwest-southeast axis of the structure; this 
reversal is believed to be a consequence of the fault
ing and movements along older faults (Fig. 27 (2). 

The sequence encountered in the wells consists of 
a post-Miocene clastic section of sands, gravels, mul
ticolored clays and gypsum, followed by the normal 
sequence of rock units of the Miocene within the Ras 
Malaab and Gharandal groups. Eocene limestones 
were encountered in a few wells belonging to the 
middle Eocene (Ayouty 1961). 

In this field oil is housed in ll pays within the 
Miocene. Ten of these pays consist of sandstones 
whereas the remaining pool consists of flint and 
limestone conglomerate. The shallowest pay was 
encountered at a depth of 1700 m and the deepest at 
2786 m. The top three pays are sandstone interbeds 
within the Zeit/South Gharib formations. The 
succeeding six pays are also sandstone intervals wi
thin the Belayim formation. The following pay is the 
flint and conglomerate reservoir described above and 
is present in the Kareem formation. The lowermost 
reservoir is a conspicuous sandstone interval within 
the Rudeis formation. Many of these pools show 
lateral lithological variations from sandstones to 
shales which pinch out completely. This is why the 11 
pools are not found in every well in the field and why 
the field displays quite well the structural
stratigraphical or combination type of trap. 

The oil-water contact of most of the pools was 
recognized in many wells. Occasionally, two levels 
for the oil-water contact were recognized in one and 
the same pay. This difference in level is attributed to 
effective separation by faulting after the trapping of 
the oil. 

There are two main producing horizons in the 
field, one in the lower part of the Belayim formation 
(Pay N) and the other in the Rudeis formation (Pay 
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V). Porosities range from 21 to 25% and penneability 
can be more than 1000 MD. The API gravities vary 
from 17° in the lowennost pay to 24 ° upward. All the 
crudes obtained from the different pays are undersa
turated. 

Rudeis-Sidri oilfield (1957) 
The seismic prospect which proved oil-bearing was 
found to represent a structure consisting of two fault 
blocks with a Nukhul fonnation reservoir in both of 
them. The nonnal succession of post-Miocene and 
Miocene sediments are encountered in the wells, with 
a pronounced thickening of the Rudeis fonnation. 
The Nukhul fonnation is developed and is the oil
producing horizon in the area. It consists of basal 
conglomerates and sands which rest on a section of 

680,000 

657,!100 

Figure 27.2 Structure contour 
mop, top ZOne Iv, Belayim land 
field(afterEI Mahdy 1985). 

Red Beds, probably of Eocene age. The porosity is 
about 13% and the penneability is some 270 MD. 
The API gravity ranges between 20 and 23°. The 
sulfur content is about 2% by weight. 

Baler oilfield (1958) 
The general area of Baler witnessed relatively active 
gravity survey exploration efforts in the 1940s lead
ing to the drilling of six exploratory wells between 
1940 and 1945, all of which were plugged and aban
doned as dry holes though there were some oil shows 
in both the Miocene and Cretaceous. After a seismic 
survey was concluded in 1957, a location for a new 
wildcat was chosen in the light of combined gravity 
and seismic data; it was completed as an oil discovery 
in 1958. 
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The Baler field is a pre-Micoene fault block which 
has a northwest-southeast trend and is dissected by 
transverse cross faulting into two blocks, Baler north 
and Baler south. The two blocks are separated by a 
non-productive graben (Hadidy 1960). 

The section consists of post-Miocene clastics un
derlain by a Miocene sequence of evaporites and 
clastics belonging to the Zeit and south Gharib for
mations, followed unconformably by a section of 
reefal limestones which may be assigned to the Nuk
hul formation. The Miocene section unconformably 
overlies Eocene marls and chalky and flint 
limestones. An upper Cretaceous section follows 
which consists of chalk, marls, limestone, clay and 
sandstone, in torn overlying a 'Nubian' sandstone of 
Paleozoic age. 

The producing horizons are Nukhul reefal 
limestone, Eocene fractured limestone, Thronian 
limestone and Cenomanian and Paleozoic sandstone. 
The porosity of the Miocene and Eocene limestone 
reservoirs is rather erratic, ranging from 10 to 30%; 
that of the Thronian and Cenomanian reservoirs is 
about 15%, and that of the Paleozoic Nubian 
sandstone ranges from 18 to 21%. The API gravity 
ranges between 20 and 23°. 

Belayim Marine oilfield ( 1961) 
This was the first completely offshore oilfield to be 
discovered in Egypt. The seismic prospect tested by 
the discovery well showed a northwest-southeast 
trending anticlinal structure some 9 km to the west of 
Belayim Land field. Later drilling indicated that the 
Miocene sediments which show reversals to the east 
and west away from the northwest-southeast axis of 
the field overlap a pre-Miocene fault block which is 
tilted to the northeast Along the western side of the 
field, a normal Miocene section rests unconformably 
on the Carboniferous 'Nubian', and eastward it over
laps younger pre-Miocene sediments. In the eastern 
side of the field the Miocene lies unconformably on 
Eocene limestones. Below the Eocene limestone a 
Paleocene, upper Senonian, lower Senooian, Thro
nian, Cenomanian and Carboniferous 'Nubian' 
sandstone sequence follows. 

The oil-bearing horizons are within the Miocene 
and Cretaceous. 1\vo sandstone pays are in Belayim, 
one in Rudeis formation and another in the lower 
Senonian-Thronian-Cenomanian sands and 
limestones. The porosity ranges from 17 to 22% and 
the API gravity of the oil in Belayim formation pays 
is 26.5°, while the lower pays have an API gravity of 
30°. The sulfur content ranges from 1.6 to 2.4% by 
weight 

Morgan oilfield (1965) 
The history of exploration and the geology of the 

Morgan field are treated in two publications (Hassan 
1974, Brown 1978). The discovery well was drilled 
on a northwest-southeast trending anticlinal feature 
with a maximum closure of about 230 m. Three pays 
were encountered at three levels, in the Hammam 
Faraun member of the Belayim formation, in the 
Kareem formation and in the Nukhul formation. The 
first two pays consist of sandstone with some shale 
interbeds. The main pay, the Kareem, has an average 
porosity of23%, that of the Belayim pays is 22% and 
that of the Nukhul formation is about 20%. 

The structure is bounded by northwest-southeast 
faults of smaller displacements taking the same trend 
(Fig. 27 /3). A northeast-southwest trending cross 
fault divides the structure into two blocks, the north
em and southern. Some minor east-west trending 
faults appear to be associated with the cross fault 
(Brown 1978). 

The API gravity of the Belayim formation crude is 
21°, that of the Nukhul formation 31° and that of the 
Kareem formation 33°. The sulfur content of 
Belayim formation crude is 2.4% by weight, while 
that of the Kareem formation is 1.6%. 

Thus far, Morgan field is the largest oil reservoir 
discovered in Egypt, containing recoverable oil reser
ves of m ore than one billion barrels. 

July oilfield (1973) 
Detailed reviews of the exploration history and the 
geology of July field are given in Moustafa (1974), 
Brown (1978) and Abdine (1981). The discovery 
well (July-4) was the fourth well drilled. July-! and 
July-3 were abandoned as dry holes (though some 
non-commercial oil was found in Senonian, Thro
nian, Cenomanian and Nubia 'A' sands), and July-2 
was abandoned due to mechanical problems. Oil 
accumulations are present in the upper Rudeis, upper 
Cretaceous and Nubia 'C' sands. The bulk of the 
reserves is contained in the lower Rudeis and Nubia 
'C' sands which have an average net pay of !58 and 
207 m respectively. 

The structure consists of two main fault blocks 
which are tilted to the northeast and are separated by 
a major cross fault It is bounded on its western 
up-dip edge by a large down to the west fault (Figs 
27/4 and 27/5). This fault represents a large displace
ment not recognized by seismic studies until relative
ly recently. The failure to recognize the fault caused 
unexpected results during the exploration and early 
development operations in the field. July-4 (the dis
covery well) made a lower Rudeis discovery instead 
of the 'Nubian' sand target which was found wet, 
whereas the delineation well which followed made a 
'Nubian' sand discovery though the well was drilled 
as an upper Rudeis pay delineation well. Moreover, 
the well data indicate that in the southern block of the 
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Figure 27.3 Structure contour map, top Kareem, Morgan field (after Brown 1978). 

field, to the south of the major cross fault, the Nubia 
'C' sands are absent along the crestal part of the 
block, and that the Rudeis sands are absent along the 
crestal part of the northern block. To explain this 
simation, two major periods of activity are suggested 
to have talren place along this fault. The first move
ment took place in Oligocene titoe and caused the 
downthrowing of the nortbem block relative to the 
southern. The second movement took place along the 

same cross fault at the time of deposition of the late 
Rudeis seditoents, with the relative direction of 
movement opposite to the first one, that is, in a down 
to the south direction. Erosion cut deep in both the 
uplifted blocks, resulting in the above-mentioned 
missing section on both sides of the fault (Brown 
1978). 

The porosity of the Rudeis pay sands is 24%, that 
of the Cretaceous sands ranges from 13 to 17% and 
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·that of the Nubia 'C' sand from 18 to 22%. The 
average API gravity is 34 •. 

Ramadan oilfield ( 1974) 
The exploration history and the geology of this field 
are treated in detail by Brown (1978) and Abdine 
(1981). 

The first well drilled in the area, A-I or Alef-1, was 
a dry hole.In light of the dipmeter data and informa
tion from more advanced seismic acquisition, it was 
found tht Alef-1 well was drilled on the downdip 
eastern flank of a pre-Miocene structure and that the 
structure below the bottom of the evaporites was 
offset to the west relative to the top of the evaporite 
structure. Thus, well OS 303-1 (later called 
Ramadan-!) was spudded 1.5 km to the west of 
Alef-1 to test the pre-Miocene high, bearing in mind 
that only a few insignificant stringers of sands were 
found in the Kareem and Rudeis sections in Alef-1. 

Ramadan-! encountered a total of 446 m of net oil 
sand between-3246 and-4040m (T.D.). Ofthese,49 
m are within the Thronian-Cenomanian, 23 m in the 
uppermost Nubian sandstone and 363 m in dte mass
ive Carboniferous Nubia 'C' sandstone. The average 

net oil sand for the field is 230m. 
The Ramadan field structure consists of a series of 

nordteast dipping pre-Miocene blocks separated by 
nordtwest-soudteast trending down to the west 
normal faults (Fig. 27/6). Except for the most 
westerly block, which dips to the west, the nordteast
erly dip prevails. The drillinjg results confirmed the 
seismic interpretation dtat the structure at dte top 
evaporites is offset to the structures at the base eva
porites and the underlying pre-Miocene horizons. 
The structure at the base evaporites is almost coinci
dent with the deeper pre-Miocene structure (Abdine 
1981). 

The porosity of the Cretaceous (Thronian/ 
Cenomanian) reseiVoirs, which consist mainly of 
sandstone widt some limestones, ranges from 13 to 
17% and that of the Paleozoic Nubia 'C' sandstone 
from 16 to 18%, widt a permeability of 100 to 200 
MD. The API gravity of dte crude produced from this 
field is 39.9°. 

October oilfield (1977-78) 
This field consists of a pre-Miocene tilted fault block 
which trends nordtwest-southeast to the west of Abu 

28• 18 

Figure 27.6 Structure contour map, top Nubia 'C', Ramadan field (after Brown 1978). 
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Figure 27.7 Structure contour map, top Nubia, October field(afterSafwat 1985). 

Rudeis land oilfield. The feature consists of a number 
of culminations and occupies an area of 30.4 x 4.0 km 
(Fig.27n). 

'Three exploration wells were drilled to test three of 
the culminations, OS 195-l.GS 185-1 and OS 173-1. 
Well OS 195-1 penetrated an early Cretaceous 
'Nubian' sandstone section at a depth of 3600 m, 
with 115m of net oil bearing sands. Well OS 185-1 
encountered a total of 78 m of Cretaceous 'Nubian' 
sandstone gross pay, of which 47 m were considered 
to contain movable oil. In addition, 16 m of net pay 
were encountered in the lower Senonian sandstones. 
The average net pay of the Cretaceous in the GS 
195-1 and 185-1 discoveries is 115 and49 mrespect
ively, and that of the lower Senonian in the latter is 16 
m. 

lbese oil discoveries were subsequently named 
the October field. GS 195 and OS 185 features have 
the same oil-water contact. OS 173 has its pay in the 
Nukhul formation (35 m) which is the main produc
ing horizon in the nearby Rudeis-Sidri field on land to 

the east of October field. The average thickness in the 
OS 173 block is some 52m.The 'Nubian' was found 
wetinGS 173-1 (Abdine 1981). 

Drillstem tests in some wells indicate that heavy 
oil is present in the lower part of the 'Nubian' pay in 
October field. The top of the heavy oil mat is some 56 
m above the oiVwater contact of the reservoir at 
-3826 m (Aly & Fouda 1984). The average porosity 
is 18%; this reservoir shows a wide range of per
meability, 10 to 10,000 MD, with no definite per
meability trends. The API gravity of the OS 195 
crude is 30°, that of OS 185 is 25° and that of OS 
173 is31°. 

The 'B' trend(l975) 
The 'B' trend area lies in the central southernmost 
part of the Gulf. Seismic mapping outlined a struc
tural trend, at the base of the evaporites, which com
prises several culminations believed to reflect pre
Miocene deeper structures. Between 1975 and 1980, 
eight exploratory wells were drilled to exantine these 
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structural features. Oil was discovered in four of the 
cuhninations in the four blocks, GS 365, GS 373, GS 
382 and GS 391. Of these, only GS 382 has been in 
production since 1977, while the development pro
jects of the remaining three discoveries are still in 
progress. 

The GS 382 oilfield (Sidky oilfield) is a southwest 
dipping pre-Miocene fault block with faults and 
structure trending northwest-southeast (Fig. 27 /8). 
The deep pre-Miocene structure in the B-trend, in 
general, is associated with an overlying salt section 
varying in thickness from 2300 m in the central area 
to 655 m on the flanks. This salt section caused severe 
problems in seismic mapping, and the deep events 

2P 56 

are considered unreliable. 
The main producing horizon which was put on 

production consists of 272 m of 'Nubia C' 
sandstones; another pay is present in the lower Seno
nian where 26 m of sandstones are also oil-bearing. 
The average porosity of the 'Nubia C' sands is 15% 
and thatofthelowerSenoniansands is 20%. The API 
gravity of the oil produced from the 'Nubia C' sands 
is 34° and the gas/oil ratio is 1954. 

Shoab Ali oilfield (1977) 
This field was discovered in 1977 and was then called 
'Alma Field' during the occupation of Sinai. The 
field was on production when it was taken over by the 

33° 39 

Figure 27.8 StiUct\lre oontour map, top Nubia 'C', Sidky (ds:fs2Tfiefd (after Maghoub & Mohamed !985). 
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Egyptian government in 1979. 'Shoab Ali' is a con
spicuous reef in the area. The history of the explora
tion and geology of this field are given in Nagaty 
(1982) and Hassoubaet a!. (1984). 

According to Nagaty the structure consists of a 
horst block which is bounded by two major 
northwest-southeast trending faults. The horst, which 
is approximately 5 km long and 1 km wide, is divided 
into several smaller blocks by a number of north/ 
northwest-east/southeast trending cross faults, as 
well as some other northwest-southeast faults. Each 
fault block contains pay zones in different fonnations 
but all share a common oil/Water contact at -1780 m. 
The downthrown side to the west of the horst has 

A-1 
0 

Figure 27.9 Structure contour 
map, top Kareem, Sboab Ali 
field (after Nagaty 1982). 

hydrocarbon potential. The hydrocarbon potential of 
the down thrown eastern side is not known due to 
lack of adequate data (Fig. 27 /9). The contact be
tween the Miocene and pre-Miocene in some cases 
displays unconformable relations, while in other 
cases it is determined by faulting. 

Seven producing horizons are present in Shoab Ali 
field. Four of these are present in the Miocene, 
namely, in Belayim, Kareem, Rudeis and Nukhul 
formations. The remaining three horizons are in the 
lower Eocene (Thebes fonnation), the Paleozoic Nu
bian and the fractured granite of the basement The 
Miocene pays consist of sandstones in addition to 
some limestone reservoir beds in the Belayim and 
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upper Rudeis fonnation. The Thebes fonnation reser
voir consists of limestone. 

The bulk of the reseiVes is in the Miocene reser
voirs (85%) and the Paleozoic sands (12%). A small 
accumulation is found in lower Senonian sandstones 
(0.7% of the field reseiVes), but is not on production. 

Oil is not obtained from all pay zones in every 
well. The Rudeis reseiVoirs are the main producing 
horizons. Porosity ranges from 22 to 26%, the aver
age oil gravity is 32° API, and the average gas/oil 
ratio is 450 standard cubic feet per stock tank barrel. 

Ras Budran oilfield ( 1978) 
This field lies some 9 km to the northeast of GS 195 
culmination of the October field. The structure is 
pre-Miocene fault block which is less prominent than 
the GS 195 feature (Fig. 27/10). The reseiVoir occu
pies all the Cretaceous 'Nubian' section as well as the 
upper part of the Paleozoic Nubian sands. The dis-
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covery well contains a gross oil column of 426 m of 
which 406 m of pay is Paleozoic 'Nubian'. The 
oil/water contact is 230 m lower than that of the 
nearby October field The average porosity is 14%, 
the average gas/oil ratio 160 and the average API 
gravity 26.4 °. 

Ras F anar oilfield ( 1978) 
A seismic high was recognized in Block KK 84 three 
km off the west coast of the Gulf of Suez near Ras 
Gharib. The high is an elongated horst block trending 
north/northwest-south/southeast; it is 7 km long and 
1 km wide (Fig. 27/11) and is tilted to the northeast. 
The block is bounded by faults on both the east and 
west sides, with some faults cutting into the horst 
itself. The wells show that the Miocene Nullipore 
carbonates were deposited on top of the truncated and 
eastward-dipping Sudr chalk (upper Senonian), Esna 
Shale and Thebes limestone (Eocene) of the pre-

Figure 27.10 Structure contour map, top Nubian, Ras Budranfield(afterRoseetal. 1983). 
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Miocene high; they were then overlain by Miocene 
evaporites. 

The Nullipore carbonates (Belayim formation), 
consisting of some 213 m thick porous dolomitic 
limestone to dolomite, represent a shallow marine 
normal saline depositional environment. There is 
evidence that the carbonates suffered diagenetic and 
dissolution processes which formed vugs contribut
ing to the porosity and permeability of the Nullipore 
section (Kulke 1982). 

Oil trapped in the Nullipore section can be consi
dered an eastward extension of the Nullipore reser
voir of Ras Gharib field. The trapping is provided by 
the western boundary fault and a combination of 
permeability deterioration and the owe to the east 
(Sultan & Moftah 1985). The porosity is about 15% 
and the API gravity about 22'. 

----------------------·· 

Figure 27.11 Structure contour 
map, top Nullipore reservoir, Ras 
Fanar field (after Sultan & Moftah 
1985). 

Zeit Bay oilfield (1981) 
This offshore field lies along the west coast of the 
Gulf of Suez at Zeit Bay near the junction with the 
Red Sea. It lies in shallow water, with depths up to 20 
m. The field was discovered in 1981, and further 
drilling indicates that part of it extends on land in the 
Ras El Bahar peninsula. The stratigraphic section is 
typical of the Gulf of Suez. The upper part consists of 
the normal sequence of post-Zeit, Zeit, South Gharib, 
Belayim, Kareem/Rudeis and Nukhul formations. 
The pre-Miocene sequence ranges from middle 
Eocene to Paleozoic. The pre-Miocene section is 
underlain, as shown in many of the wells drilled, by 
fractured basement. 

The structure is a northwest-southeast trending 
block which is bounded by faults and dissected by 
others of the same trend, as well as by northeast
southwest faults (Fig. 27/12). The basement relief 
map (Fig. 27 /13) shows a southwest tilted fault block 
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with Nubian sandstones offlapping the basement 
The basal Miocene sediments (Nukhul) transgress 
over the Nubian/basement surface. The reservoirs in 
Zeit Bay field belong to the basement, Nubian 
sandstone, basal Miocene Nukhul and Rudeis/ 
Kareem formations. 

The crystalline basement was penetrated in almost 
all the wells of the field. Oil is obtained from granitic 
and non-granitic intervals which are intensely frac
tured. Log porosities in the granites vary from 1 to 
5%. On top of these fractured basement rocks a 
section of altered and weathered basement rocks is 
encountered in the form of oil-bearing basement 
wash with a thickness ranging from 6 to 16m. The 
average porosity is 8% and the permeability ranges 
from 0.1 to 10 MD. 

The 'Nubian' sandstone reservoir varies in thick
ness from 0 to 230m. The section consists of medium 
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to coarse-grained sandstones which are occasionally 
conglomeratic. The porosity ranges from 12 to 22% 
(average 18%) and permeabilities of up to 5 darcies 
were measured, though the typical range is 500 to 
300MD. 

The basal Miocene reservoir consists of dolomitic 
sandstones, quartzitic dolomite and sandstones. In 
the upper part of the section the dolomites are anhy
dritic. The thickness ranges from 10 to 32m, the 
porosity from 10 to 26 with an average of 20%, and 
permeabilities range from 0.1 to over 1 darcy. 

The Rudeis/Kareem reservoir ranges in thickness 
from 100 to 230m. The reservoir is mainly carbonate 
and is restricted to the western flank of the field. The 
porosity reservoir is mainly of the intercrystalline
microvuggular type; this accounts for nearly half the 
storage capacity of the field. Vuggy and solution
enhanced inter-granular porosity contributes, to a 

Figure 27.12 Structure contour 
map, top Basal Miocene Zeit Bay 
field (after Sultan, Moftah & 
Hafez 1985). 
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lesser degree, toward .effective porosity. Porosities 
range from 17 to 22% with an average of 19%. 
Permeabilities range from less than 1 to over 100 
MD, with an average of 50 MD. 

The Zeit Bay crude is sulfur-free with API gravity 
of 34°. The initial GOR is 680 scflbbl. For more 
details on the exploration history, structure and reser
voirs, refer to the paper of Sultan, Anton, Moftab & 
Hafez (1985). 

WESTERN DESERT 

Up to the present, all commercial and non
commercial hydrocarbon accumulations as well as 
oil and gas shows have been found in the northern 
part of the Western Desert, north of Latitude 29° 00'. 
Surface and subsurface data indicate that the sedi
mentary succession ranges from Cambrian to Recent 
with the oldest sediments resting on Precambrian 
basement. Unconfonnities are present at various 
stratigraphic levels. A number of these unconfonni
ties are known within the Paleozoic and at its end; 

Figure 27.13 Basement relief map 
Zeit bay field (after Sultan, An
thon, Moftah & Hafez 1985). 

they are consequences of the early Paleozoic (Cale
donian) and late Paleozoic (Hercynian) tectonic 
events which caused the north-south folding and 
block faulting systems. These events were followed 
by late Jurassic (Nevadian) and then Cretaceous
Tertiary (Laramide) tectonic events which had a 
marked effect on the Mesozoic-early Tertiary succes
sion in north Egypt. These events were responsible 
for the unconfonnities known at different stratigraph
ic levels within the Jurassic, Cretaceous and early 
Tertiary sections. The Laramide event, on the other 
hand, brought about the marked unconformable rela
tions of the Cretaceous-Tertiary contact which are 
associated with the Syrian arc fold system which is 
known in the entire northern part of Egypt and which 
trends northeast-southwest Tbe Alamein, Yidrna and 
Razzak fields lie along one of these arcs. 

The major part of the north Western Desert is 
covered by the Miocene sediments which dip gently 
to the north; they do not reflect the underlying older 
structures because of the angular unconfonnity be
tween the Miocene and pre-Miocene successions. 
Well data, along with geophysical data, indicate the 
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presence of a number of sedimentary basins of vary
ing dimensions within the Paleozoic, Jurassic, lower 
Cretaceous, upper Cretaceous and early Tertiary. The 
geology of these basins is treated by many authors 
(Shata 1951, Kostandi 1959, 1963, Barakat 1970, 
Abdine & Debies 1972, Adland & Hassan 1972, El 
Gezeery, Mohsen & Dia ElDin 1974, Ezzat & Dia El 
Din 1974, Khaled 1974, Debies 1976 and Abu El 
Naga 1984). 

Exploration work began in the Western Desert in 
1940 and has continued since then with only a few 
interruptions. In addition to the surface geological, 
land magnetic, aeromagnetic and gravity surveys, 
some 150,000 km of seismic work was carried out 
and about 223 exploratory wells were drilled up to 
the end of 1983. 

Tbe first oil discovery in the Western Desert was 
the Alamein field in 1955. Since then a number of 
discoveries have been declared commercial. Oil 
shows and non-commercial accumulations were 
found in many wells at different stratigraphic levels 
in the Paleozoic, Mesozoic (Jurassic and Cretaceous) 
and Tertiary (Eocene), with shows confined to areas 
where relatively dense exploration drilling was car
ried out. Most of the producing pools in the Western 
Desert are confined to the Cretaceous. Deeper pools 
were encountered in both Um Baraka and Razzak 
fields, assigned to the Paleozoic and Jurassic respect
ively. 

A commercial gas accumulation was discovered in 
the lower Cenomanian Bahariya fozmation in Abu 
Gharadig field. Tbe gas pool is separated and sealed 
off from the overlying oil pays of the Abu Roash 
units by a thin limestone and shale sequence. It is 
presently in production. 

Other gas discoveries recently made in the Badr El 
Din and Sitra concessions found gas in the Albian
Cenomanian sands, similar to the 1967 gas discovery 
in the Bahariya sands in Abu Senan structure to the 
southeast of Abu Gharadig field. Other small gas 
finds have been made recently in the general area of 
Abu Gharadig basin. 

Reservoir rocks 

In the Western Desert oil (and gas) are stored in 
dolomites, dolomitic limestones and sands of Creta
ceous age. 

Carbonate reservoirs 
The carbonate reservoirs are present in both the Ap
tian and Thronian. Tbe most important of these is the 
Aptian dolomite first discovered in Alamein field 
Other less conspicuous carbonate reservoirs are pres
ent in the Abu Roash 'D' and 'F' units of Thronian 

age and the Abu Roash 'G' unit of upper Cenomanian 
age. 

Tbe Aptian carbonates consist of an upper unit, the 
Alamein formation, and a lower unit. The two are 
separated by a shale-dolomitic sandstone member 
(Hamed 1972). Tbe carbonates consist of dolomite, 
limestone and dolomitized limestone of different 
degrees of dolomitization. 

According to Abdine & Debies (1972) the lower 
carbonate unit consists of a limestone-dolomite se
quence with clastic interbeds. Tbe thickness ranges 
from less than 30m in the south to more than 170m in 
Umbaraka-Shushan wells in the east Faghur area. 
The clastic unit between the lower and upper car
bonate units, the intercarbonate unit, consists of 
sands and shales with interbeds of carbonates of 265 
m maximum thickness. The upper carbonate unit 
(Alamein fonnation), which is the main Aptian pro
ducer, consists of dolomite and dolomitic limestone 
with fair to excellent intergranular, vuggular and 
fractured porosity (Hamed 1972). The Alamein for
mation is an easily recognizable and well-defined 
rock unit extending widely in the northern part of the 
Western Desert where it is the most prominent sei
smic reflector. It is one of the most important targets 
in exploration drilling. This formation is productive 
in Alamein, Yidma and Razzak. 

The Cenomanian/furonian carbonate reservoirs 
owe their porosity to fracturing and are oil-bearing in 
Abu Gharadig, W.O. 33, W.O. 19, Alamein and Raz
zak fields. 

Sandstone reservoirs 
The Cretaceous sand and sandstone reservoirs belong 
to different stratigraphic levels starting from the Bar
remian in Um Baraka field (the 3500 m sand), the 
upper Aptian Dahab sand in Alamein field, the Al
bian Kharita sands in W.O. 19 and Badr ElDin fields, 
the lower Cenomanian Bahariya sands in Abu Ghara
diq, Meleiha, Alamein, Razzak and W.O. 19 fields 
and the Thronian Abu Roash 'C' and 'E' sands in 
Abu Gharadig and W.O. 33 fields. 

The younger of these sandstone pays consist of 
rather thin sands and sandstone beds which display 
discontinuous lateral extension. This applies to many 
of the Thronian-Cenomanian sand pays which tend to 
pinch out laterally or to be of the channel type. Older 
Cretaceous sands (Albian and older) have marked 
wider lateral extension. Examples are the Kharita 
sand of Albian age and the Bahariya sands. 

Cap rocks 

More than one potential sealing cap rock can be 
identified Tbe shales and compact limestones and 
dolomite beds of the Cretaceous and Eocene can be 
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efficient cap rocks. For example, the upper 5 m of the 
Alamein formation which consist of tight dolontitic 
limestone with a thin shale bed below, together with 
the overlying shale beds of the lower Albian, can be 
the cap rock for the Alamein formation reservoir in 
Alamein field Likewise, shales and limestones of 
Thrortian and younger Cretaceous urtits are believed 
to be sealing off any oil trapped within the 
Cenomartian-Thrortian porous sequence. 

The lowermost producing pool in the Western 
Desert, the 3500 m sand in Urn Baraka field, is 
protected from any upward dissipation by the sealing 
effect of the overlying shales and carbonates of the 
lower Aptian. 

Traps 

So far, all the hydrocarbon discoveries in the Western 
Desert have been drilled as structural prospects, 
either in the form of three or four-way closure struc
tures or as fault block structures. The development of 
the finds indicales that the structural element was the 
main factor determining the trapping of oil in almost 
all of the discoveries. However, in some fields the 
stratigraphic element in hydrocarbon trapping is evi
dent in the pinching out of some sand pays in the 
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Cenomartian-Thrortian sequence, as well as in the 
facies changes from clastics to carbonates. 

Most of the Western Desert structures in which oil 
and/or gas accumulations were discovered indicate 
that late Cretaceous-early Tertiary movements were 
instrumental in their formation. The accumulation of 
hydrocarbons in these structures took place after 
early Tertiary times. This conclusion is confinned by 
the study undertaken on the burial history of a 
number of horizons in the Mersa Matruh area which 
show that oil generation (and consequently accumu
lation) must have taken place some time after the end 
of the Cretaceous (Taylor 1984). 

Source rocks 

So far, two studies have been published on the source 
rock potentialities of the different subsurface forma
tions in the Western Desert (Urban, Moore & Allen 
1975, Parlcer 1982). The subject is also treated in the 
study undertaken by Robertson Research Interna
tional for the Egyptian General Petroleum Corpora
tion, finalized in 1982. 

The first work is a study on the thennal alteration 
and source rock potential of samples from three wells 
in the Western Desert. The report ofParlcer includes a 
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Figure 27.14 Disttibution of hydrocarbons 'kitchen' areas in the northern Western Desert (after Schlumherger 1984). 
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synthesis of the geochemical reports previously 
made by oil company laboratories on 35 wells drilled 
in the Western Desert, as well as analyses of ten oil 
samples and six source rock extract samples. 1he 
Robertson Research study includes a synthesis of 
available source rock studies on Western Desert 
wells, geochemical analyses and source rock studies 
on nine additional wells. The Parker and Robertson 
Research studies include the construction of regional 
maps showing facies and source rock type distribu
tion for the stratigraphic units of the Mesozoic, tem
perature gradient maps and organic maturity maps at 
or close to the structural levels of the top Cenoma
nian, top Alamein and top Jurassic. Based upon the 
source rock type distribution maps, maturity maps 
and reservoir distribution maps, the hydrocarbon 
generating areas (kitchens) are delineated and indi
cated on 'kitchen maps'. Figure 27/14 shows in one 
map the delineated kitchen areas in the Western 
Desert. 

1he kitchens indicated are: 
a) A pronounced hydrocarbon kitchen covers the 

area extending from Sirra wells to Gindi well and 
includes the Abu Gharadiq and Gindi basins. In this 
kitchen area, Type IT upper Cenomanian-Thronian 
source rocks have oil generating potential and Type 
ill pre-Alamein lowr Cretaceous and Jurassic se
quences have gas-generating potential. 

b) In the region extending between longitude 25° 
and 33° 10' E and latitude 31° 10' and 30° 50' N, a 
hydrocarbon kitchen is present in which Type IT and 
Type ill lower Cretaceous Neocomian (pre-Alamein) 
and Khatatba and lower Masajid (Jurassic) sequences 
have oil generating potential. Type n upper 
Cenomanianfl\Jronian sequences may have gene
rated oil in the area between east Alamein and Zebei
da. 

c) 1he general area between Mersa Matruh and 
Barakat-Louly in the western part of the Western 
Desert is another kitchen area with Type IT source 
rocks in the thick Mersa Matruh shale and Type ll/ll1 
source rocks in the Neocomian. 

d) A fourth kitchen area lies to the west of Urn 
Baraka area around NWD 302-1 well, where Devo
nian rocks are believed (Robertson Research) to have 
generated oil. 

Oil and gas (commercial, non-commercial and 
shows) were encountered in association with these 
four hydrocarbon kitchens, but no oil has so far been 
encountered in the extreme western area. 1he general 
areas of Western Desert oil and gas fields seem to 
have had more than one source rock contributing to 
hydrocarbon accumulation. 

Geology of the oilfields 

Following is a brief review of the geology of some of 
the oilfields in the Western Desert. This review shows 
that almost all of the fields have more than one 
reservoir within the Cretaceous and that the majority 
of the fields are faulted anticlines or faulted blocks 
which are related to late Cretaceous-early Tertiary 
movements. 

Alamein oilfield (1966) 
The location of the discovery well was on top of a 
seismic high showing a four-way dip closure. At the 
Aptian level the area of the closure is some 8 x 6 km; 
this represents the largest areal closure so far found 
productive in the Western Desert (Fig. 27/15). 1he 
Alamein structure is one of a number of high features 
which constitute a ridge extending between Alamein 
and Qattara, the Qattara ridge. 1he ridge is part of a 
regional northeast-southwest trending line of highs, 
one of the Syrian lines of arcs, caused by the late 
Cretaceous-early Tertiary (Laramide) event The 
field is affected by some of the cross faults which are 
more or less petpendicular to the Qattara ridge. The 
displacements are minor and do not affect the closure 
(Abdine 1974). 

Oil is present in five horizons, the most important 
of which is the Alamein dolomite of Aptian age. The 
other horizons are the Razzak sands (Cenomanian) 
and the Dahab sands above the Alamein dolomite 
(Albian or Aptian), as well as two less conspicuous 
horizons, the Abu Roash 'G' at the base of the 
Cenomanian carbonate unit and a thin Aptian sand 
just below the Alamein dolomite. The average poros
ity of the Abu Roash 'G' unit, which is a dolomite in 
this field, is 30%, that of both Razzak sands and 
Dahab sands is 25%, that of the Alamein dolomite is 
11%, and that of the Aptian sands is 10%. 1he 
porosity of the Alamein dolomite is mainly second
ary in the form of vugs and fractures. 1he average 
API gravity of Alamein crude is 30°. 

Urn Baraka oilfield ( 1969) 
The discovery well was located on top of a northeast
southwest trending seismic structure closed by dips 
from all directions. The succession is similar to that 
encountered in many of the wells in the northern part 
of the Western Desert, especially in the Matruh area. 
Marked thickning in the upper Cretaceous section is 
noted, and the pre-Aptian section is mostly clastics. 

Only one pay is on production, namely the 3500 m 
sand of Aptian age, some 525 m below the Alamein 
dolomite. In Urn Baraka-3 oil was also found in a 
sandstone section at around 3870 m, which could be 
Paleozoic. The Urn Baraka crude is highly waxy 
compared to crudes from other fields. 1he average 
API gravity is 43°. 
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Figure 27.15 Structure contour map, top Alamein Dolomite, Alamein and Yidma fields. 

Yidma oilfield (1971) 
The Yidma field lies some 6 km to the southwest of 
Alamein field on the Qattara ridge. The closure is 
marlcedly smaller than that of Alamein field (Fig. 
27/15), covering an area of 3 x 2 km and detennined 
by dips on all sides except to the southwest where the 
feature is closed against a fault with a throw of 80 m 
to the southwest gradually decreasing to the south
east. The dips are gentler than those determining the 
Alamein field closure. West Yidma-1 dry hole in the 
down-thrown side of the fault indicates that the fault
ing took place in the late Cretaceous-early Tertiary 
(Eocene) time. Since faulting is believed to be res
ponsible for closure to the southwest, this would 
mean that the closure was not complete until that 
time, hence the final entrapment of the oil. This raises 
the possibility of secondary migration of oil in both 
Alamein and Yidma fields. 

The section encountered in Yidma is the same as 
that in Alamein field except that the middle and lower 
Eocene section is thicker in Yidma than in Alamein. 
The producing horizon is the Alamein dolomite 
which has a secondary porosity of 8% compared to 
11% of the same pay in Alamein field. The original 
oiVwater contact was at -2680 m which is lower than 
that of Alamein field, indicating that the two features 
are separate. The API gravity of the crude is 38.5°. 

Abu Gharadig oil and gas field ( 1969) 
This field represents the first commercial oil discov
ery in the late Cretaceous-early Tertiary Abu Ghara
dig basin (Adland & Hassan 1972). In addition to the 

oil production obtained from the Thronian-upper 
Cenomanian horizons, the field produces natural gas 
from a separate pool below the oil pools, which 
belongs to the lower Cenomanian. Highly developed 
Tertiary and upper Cretaceous sections are present. 
The thick Santonian-Senonian section rests uncon
formably on the eroded tilted fault blocks of the 
Thronian and the uppermost Cenomanian (Abu 
Roash formation) which lie unconformably on the 
eroded lower Cenomanian (Bahariya formation). 

The structure is a highly faulted anticlinal feature. 
It is highly deformed and dissected by faults into a 
number of fault blocks (Fig. 27/16). The faults be
long to three generations of fracturing. The Cenoma
nian movements were responsible for the Bahariya 
formation tilted fault blocks which were later sub
jected to erosion; thus, the Abu Roash formation lies 
unconformably on them. The Thronian episode of 
deformation further complicated the structure by 
more faults, though these were of small displace
ment. The effect of these deformations is shown by 
the different oiVwater contacts of the Abu Roash pays 
in different fault blocks. The late Cretaceous-early 
Tertiary movements caused relatively intense rejuve
nation of movement along old faults so that the older 
Bahariya formation fault blocks were subjected to 
further movements relative to each other, thus adding 
to the differences in hydrocarbon/water contact in the 
field (Dia El Din 197 4 ). 

The gas in the Bahariya formation in this field is 
believed to be an exogenous hydrocarbon which 
migrated from the deep depositional center of the 
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Figure 27.16 Structure contour map, AbuRoash 'C', Abu Gharadiqfie1d (after Ezzat& DiaEI Din 1974). 

Abu Gharadiq basin into the Bahariya tilted fault 
blocks sealed by the Abu Roash shale and limestone 
section. Migration continued into the Abu Gharadig 
deformed structure until late Thronian-Santonian 
time. The detailed correlation of the Abu Roash 'C' 
and 'E' oil sands shows a stratigraphic pinchout of 
the sandstones toward the southwest flank of the 
structure. This fact, together with source rock analy
sis data, indicates that the Abu Roash 'C' and 'E' 
pays are mostly stratigraphic traps with an indige
nous type of oil (DiaEIDin 1974). 

Razzak oilfield (1972) 
Oil was discovered in seven separate reservoirs in the 
structure which lies on the northeast plunging an
ticlinal nose of one of a series of structural highs 
forming the Qattara Ridge (Ezzat & Dia El Din 
1974). The sediments range from upper Jurassic to 
Recent The structure is dissected by a number of 
faults, both parallel to the structure and perpendicular 
to it, mostly without large displacements. 

In 1978 one of the cubninations along the Qattara 
ridge a few kilometers to the northeast of the Razzak 
field was recognized by seismic. It turned out to be a 
faulted anticlinal closure structurally separated from 

the main Razzak field. Oil was found in the Bahariya 
formation sands; a less conspicuous pay is the Abu 
Roash 'G' dolomite unit The Alamein dolomite, 
which was the main objective in drilling the explora
tory well (Razzak-15) was found wet 

There are seven oil-bearing levels in the Razzak 
field: Abu Roash 'G' dolomite, Bahariya sands (both 
of Cenomanian age), upper Aptian sands (only 7 m), 
Alamein dolomite,lower Aptian sands (8 m); Neoco
mian sands (2875 m sand) and Betty sands (lower
most Cretaceous or Jurassic). The porosities of these 
seven reservoirs are, from top to bottom, 33, 23, 18, 
7 .5, 19, 22.5 and 11%. The average API gravity of the 
crudes of the seven reservoirs, beginning with the 
youngest reservoir, is 40, 31, 35, 37.5, 41, 54 (con
densate) and 43°, 

Meleilza oilfield ( 1980) 
Oil was encountered in two Cenomanian sands with 
markedly low resistivity (1.5 to 0 ohms) due to the 
silty character of the sand. The structure trends east/ 
northeast-west/northwest and is a broad relief fold 
which is crossed by faults of small vertical displace
ments. The succession encountered resembles that 
known in Alamein, Yidma and Razzak fields, with a 
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thicker section of upper Cretaceous, a thinner section 
of Alamein dolomite and a greater affinity of the 
pre-Alamein dolomite section toward the Matruh 
shales facies. 

W.D.-33 oilfield(I972) 
This field is small and lies to the east of Abu Gharadig 
field within the Abu Gharadig basin. The snucture is 
a northeast-southwest trending faulted anticline be
lieved to have been fonned by the late Cretaceous
early Tertiary Syrian arcs movement. The sbUcture is 
dissected by a number of cross faults, producing a 
number of smaller blocks within the main feature. 
The stratigraphic sequence is the same as that of Abu 
Gharadig field. The productive levels belong to the 
'C' and 'E' units of the Abu Roash formation and 
both consist of sandstones. The porosity ranges from 
12 to 24% and the API gravity averages about 30". 

W.D.-I9 oilfield (1972) 
This small field lies at the edge of the Abu Gharadig 
field in the easternmost part of Abu Gharadig basin. 
The snucture is a northeast-southwest faulted an
ticline within a horst block with the same trend. The 
stratigraphic sequence is different from that of Abu 
Gharadig and W.D.-33 fields in that in the W.D.-19 
structure, the Mogbra formation (Miocene) rests un
conformably on upper Senonian without the 
Oligocene-Eocene sequence which is some 1150 m 
thick in the Abu Gharadig field. Evidently this is due 
to the effect of the Laramide movement in late 
Cretaceous-early Tertiary times. 

Oil is obtained from the 'F' limestone unit of Abu 
Roash formation (Thronian), the Bahariya sands 
(lower Cenomanian) and the Albian sands. The API 
gravity of the oil produced from Abu Roash 'F' 
limestone is about 16°. 

Hayatoilfield(1986) (After KhaldaPet. Co.) 
Hayat field consists of a four-way dipping northeast
southwest trending anticlinal feature. It lies due south 
of the Salam field in the Alam El Bueb fonnation, a 
double anticilinal closure exists independent of any 
faulting; however, at top Bahariya formation level, 
several northwest-southeast faults cut a complex an
ticlinal structure. The discovery wells tested oil from 
six zones in the Alam El Bueb and Bahariya forma
tions. 

Safir oilfield ( I986) (After Khalda Pet. Co) 
Safir field snucture is fonned by a four-way dipping 
north/northeast-south/southwest trending anticlinal 
closure. In the Alam El Bueb fonnation a double 
anticlinal closure exists separated by an east-west 
fault; however at top Bahariya level, an east/ 
northeast-west/southwest horst block bounds the 

snucture to the north. The discovery well tested oil 
from the Bahariya, and Alam El Bueb formations; 
small amounts of oil also appear present in the Kha
rita formation. 

Tut oilfield ( I986) (After Khalda Pet. Co) 
The Tht field structure is an anticlinal feature, 
bounded in the north and south (Bahariya formation 
only) by major east-west to east/northeast-south/ 
southwest trending faults. It lies due north of the 
Salam field. The discovery wells encountered reser
voir in the Bahariya formation and three units in the 
Alam El Bueb formation; minor gas was also tested 
from the Khatatba formation. 

Khaldaoilfield (I984) (After KhaldaPet. Co.) 
The Khalda field is an oval domal sbUcture trending 
north-south and cut by northwest-southeast step 
faults in the north and horst block in the south. 

The western flank of this domal structure shows 
more gentle dip than the steeply dipping and partly 
fault-bomtded eastern flank. The discovery well 
tested oil from the Bahariya formation. 

Salam oilfield ( I985) (After Khalda Pet. Co) 
The Salam field (Fig. 27 /17) lies at the center of 
major north/northeast-south/southwest trending 
ridge, apparently fonned by deep-seated normal 
faults: later east-west to east/northeast-west/ 
southwest trending stitch-slip faults have created 
associated closures of which Salam field is the big
gest (also Tht and Hayat fields). At the top Bahariya 
formation level, Salam field is an anticlinal structure, 
but by minor faulting and bounded to the south by a 
major east-west fault; however, in the Alam EI Bueb 
formation this fault has limited influence, although 
the anticlinal structure is bisected by a severe east
west fault. 

The discovery well, Salam-3, encountered several 
prospective reservoirs, namely, the Bahariya forma
tion, four units in the Alam El Bueb and the Khatatba 
formations (the last containing both oil and gas 
sands). 

BED-I Oilfield (1980) 
(Information provided by Badr ElDin Oil Co.) 
The BED-I field is located in the Western Desert 
some 9 km nortwest of the Abu Gharadig field in the 
central part of the Abu Gharadig basin. The field is an 
elonagted northwest-southeast tilted fault block 
approximately 8 km long and 1-2 km wide with 
structural dip tuward the northeast and bounded to 
the southwest by a majornormal fault (800 m throw). 
Based on the Abu Gharadig model the primary ob
jectives of well BED I -I were the upper Creatceous 
sands of the Abu Roash and Bahariya formations. 
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However, the well missed the primary objectives 
which were found cut out by the major normal fault 
but the Kharita sands (lower Cretaceous) were found 
hydrocarbon-bearing. Testing of the well proved 
130m oil column in the Kharita formation (tested 
9500 b/d of 39 API oil) with a 30 m gas cap (7 
MMscf/d). The Kharita reservoirs consist of a 
staCked sequence of channel fill deposits alternating 
with lagoonal shales. The reservoir quality is gen
erally moderate to good with average porosities of 
15%. Permeability varies between 50 & 400 md. 1\vo 
appraisal wells (BED 1-2 & 1-3) were drilled (both 
wells planned to penetrate the Kharita reservoirs in a 
similar structural setting to that of the discovery well) 
and both wells found the Kharita formation 
hydrocarbon-bearing. The western extension was 
proven by 3 appraisal wells (BED 1-4, 1-5 & 1-8) and 
the pressure data indicate good horizontal communi
cation. The average API is 37039 and the GOR is 
1500 scf/stb. 

Beside the proven commercial oil accumulation in 
the lower Creatceous Kharita Formation, hydracar
bons have been evaluated and/or tested in the upper 
Cretaceous Abu Roash and Bahariya formations 
(which constitute the main producing formations in 
the adjacent Abu Gharadig field) by two wells BED 
1-6 & 1-7. These wells tested oil from the Abu Roash 
'C', 'D' & 'F', 23-32APiandGOR40-200scf/stb. 

BED-3 gas/condensate and oilfield (1983) 
(Information provided by Badr ElDin Oil Co.) 
The BED-3 gas and oilfield is the main hydrocarbon 
field discovered to date in the western part of the Abu 
Gharadig basin and is located some 60 km to the west 
of the Abu Gharadig field. The BED-3 structure is 
essentially a north northwest-south southeast trend
ing horst block, the development of which probably 
began in the Albian and was largely completed by 
early Campanian time. The filed was discovered in 
1983 by well BED 3-1 (Shell Winning N.V) which 
penetrated two separate gas accumulations in the 
Albian Kharita formation. Production testing gave 30 
MMscf/d & 950 b/d condensate from the upper accu
mulation and 25 MMscf/d & 540 b/d condensate 
from the lower accumulation. Detailed pressure mea
surements over the Kharita formation proved a gas
water contact in the lower accumulation but left open 
the possibility of an oil leg below the upper gas 
accumulation. 

Appraisal well BED 3-2 was drilled along the 
eastern extension of the structure with the prime 
purpose of investigating the possible oil leg below the 
upper gas accumulation. This well proved field conti
nuity but failed to prove an oil leg because of lateral 
shaling of part of the reservoir sequence. The exten
sive production testing in BED 3-2 supported and 

matched the high potential flow rates of BED 3-1. A 
second appraisal well, BED 3-3, was drilles to 
appraise the downdip area of the field to finally 
determine the presence/absence of an oil rim. The 
RFT results and testing proved the presence of a 
33 m oil column below the upper accumulation 
which flowed 6,000 b/d 29 API oil on test 

THE RED SEA 

With the exception of the Hurghada field, no com
mercial hdyrocarbon accumulations have been found 
in the Red Sea graben starting from its junction with 
the Gulf of Suez and Gulf of Aqaba southward. 

Only about 45 exploration wells have been drilled 
in the whole depression. A few oil and gas shows 
were recorded in some of these wells. Most famous 
of the non-commercial finds is the gas/condensate 
Barqan discovery, offshore of Saudi Arabia opposite 
to Gemsa on the western coast of the Gulf of Suez. 
Drilling in the Barqan feature encountered four gas
bearing sandstones within the 'G/obigerina' group 
(Ahmed 1972). The wells also indicate that the Mio
cene lies directly on the basement. 

In the Egyptian part of the Red Sea graben only 
nine offshore wells have been drilled, all plugged and 
abandoned as dry holes. A number of shows were 
reported in some of these wells at some Miocene 
levels which are oil-bearing and producing in the 
Gulf of Suez province. 

The geology and oil potentialities of the Egyptian 
Red Sea was discussed by Tewfik & Burrough 
(1976), Tewfik & Ayyad (1982) and Barakat & 
Miller (1984). Priorto the latest round of activities of 
oil companies in the region, beginning in 1974, a 
number of oil company reports covered the geology 
of the coastal strip in tltis district. Other studies were 
conducted by the Geological Survey of Egypt (for a 
review oftltis work, see Said, chapter 18, this book) 

Beginning in 1974, oil companies ran aeromagne
tic surveys covering both coastal land strips and 
offshore areas. These were followed by marine geo
physical surveys which included marine magnetic, 
marine gravity and marine reflection seismic. The 
aeromagnetic survey covered 14,300 km, the marine 
magnetic survey 19,333 km, the marine gravity sur
vey 19,173 km and the marine seismic work 22,579 
km. 

The seismic survey data coupled with data ob
tained from other geophysical surveys indicate the 
presence of more than one high trend parallel to the 
direction of the depression. The interpretation of 
seismic data was a difficult taSk due to the lack of 
well and surface data to be correlated with the sei
smic events. 
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The offshore drilling data indicate that the sections 
drilled consist of Miocene clastic and evaporite in
tervals with a post-evaporite Pliocene to Recent sec
tion. The pre-Miocene was not reached in any of the 
nine offshore wells. It should be recalled, however, 
that pre-Miocene sections (Eocene and Cretaceous) 
are known to exist on the surface. Reservoir rocks in 
the form of sands and sandstones were penetrated in 
most of the offshore wells within the Miocene eva
porites and the pre-evaporites clastic sections. 

Oil and gas shows were found in some of the 
sandstone intervals within the evaporite and pre
evaporite clastic sections in seven of the nine off
shore wells including the Abu Maad-1 well in the Ras 
Banas area where the shows consisted of methane 
and heavier gas fractions (Tewfik & Ayyad 1982). 
Onshore, another oil find, though not commercial, 
was reported in Ras Abu Soma-l, not far from Hur
ghada. In this well, a total of II barrels of black oil 
(29 to 32° API) were swabbed from a silty limestone 
(probably basal Belayim equivalent) at a depth of 855 
to 863 m (Barakat & Miller 1984). The evaporites, 
which were encountered in all the wells drilled, 
represent a good and effective cap for hydrocarbon 
accumulations, as is the case in the Gulf of Suez 
depression. 

The geophysical surveys conducted in the district 
show that there are many structural anomalies fol
lowing the Gulf of Suez-Red Sea trend, which might 
represent structural traps in the form of horsts and 
tilted fault blocks similar to many features in the 
prolific Gulf of Suez province. Moreover, sedimenta
tion conditions during the Miocene would have al
lowed for reefal development, lateral lithological 
changes and pinch-outs, thus furnishing the condi
tions for stratigraphic trapping of hydrocarbons. 

These oil and gas shows, as well as those reported 
from other parts of the Red Sea depression (Ahmed 
1972) indicate that oil was generated not only in the 
Egyptian part of the Red Sea but in other parts of the 
depression including offshore northwestern Saudi 
Arabia, offshore Sudan, offshore Ethiopia and off
shore Yemen. The source rocks of these shows could 
be in the Miocene and possibly in pre-Miocene 
organic-rich sediments which have not so far been 
reached by drilling. Barakat (1982) and Barakat & 
Miller (1984) suggest that the lower Miocene Rudeis 
shales and to a smaller extent the Paleocene-upper 
Cretaceous shales and carbonates may be potential 
source rocks in the northern part of the Red Sea 
depression. This conclusion is based on measure
ments of samples in investigations dealing with or
ganic richness, organic matter type and maturation. 
For the central and southern parts of the Red Sea, no 
such studies are so far available. However, Ahmed 
(1972) is of the opinion that in the Red Sea the only 

source rock of great interest is the fossiliferous Mio
cene section of the G/obigerina group which includes 
the Rudeis shales of the Gulf of Suez and northern 
part of the Red Sea. 

Hurghada oilfield (1913) 
The discovery well was located on the axis of a 
surface anticline which encountered oil at a depth of 
200m in 1913. Later on, deeper pays were encoun
tered as development drilling continued. The depth of 
the production in the field ranged between 200 and 
820 m. Development drilling continued until 1949 
and the number of wells drilled reached 139, of 
which 107 were completed as producers. The well 
data indicate that the subsurface structure is much 
more complicated than that displayed by surface 
geology. The data show that the basement is overlain 
by a Paleozoic-Cretaceous sequence which is 
strongly faulted and which is unconformably over
lain by the Miocene sequence (Fig. 27/18). The 
Paleozoic section consists of shales and 'Nubia-type' 
sandstone, principally of Carboniferous age. The 
shales predominate in the upper part of the sequence 
and the sandstones are more pronounced in its lower 
part. The shales and sandstones contain an appreci
able amount of plant remains. At the base of the 
succession a boulder bed is reported which contains 
rounded and angular Precambrian boulders. The 
upper Cretaceous overlaps the eroded surface of the 
Carboniferous and consists of 'Nubia type' 
sandstones and shales, with upper Cretaceous shales 
and marls on top. 

The Miocene succession unconformably overlies 
the pre-Miocene erosion surface. The erosion effect 
is more pronounced along the axis of the structure. 
Moreover, the basal section consists of assorted litho
logy (as products of erosion), overlain by a 
Globigerina-rich marl and shale section (possibly 
Rudeis formation). According to Kostandi (1%1), 
'Rejuvenation of the movements along the pre
Miocene clysmic faults must have taken place during 
the time of deposition of the Gloigerina marls since 
the thickness of these marls increases noticeably on 
the downfaulted flanks'. The marl and shale section is 
followed by a dolomitic limestone section with a few 
anhydrite intercalations. This section is overlain by a 
sequence of evaporites (anhydrite) alternating with 
shales and sands. 

The Miocene section is followed by a clastic sec
tion which consists of marls, variegated sands and 
marls with grits, calcareous sandstones, oolitic 
limestone beds and Pecten-rich calcareous sandstone 
beds. This section is attributed to the Pliocene. 

Pleistocene-Recent beds exposed on the surface 
consist of Pleistocene gravels and reefs with younger 
alluvial deposits of gravels, sand and clay. 
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The Hurghada structure consists of two main 
horsts, Hurghada West and Hurghada East, with a 
non-prodncing horst, the Abu Minqar horst, in the 
middle. The three structural elements are determined 
by northwest-southeast trending faults. Other faults 
trending north-south to northeast-southwest cut the 
field (Kostandi 1961). 

The oil reservoirs belong mainly to the Paleozoic
Mesozoic Nubian sandstones with porosity ranging 
from 16 to 18% and permeability from 100 to 200 
MD. They are also found in Basal Miocene clastics 
and the younger Miocene dolomitic beds, with a 
porosity of 13% and a permeability of 260 MD. The 
APE gravity is 22.0°. 

SINAI 

The following discussion of the petroleum geology 
of Sinai excludes the southwestern area which was 
previously treated with the Gulf of Suez province. 
The discussion, in fact, is limited to north Sinai as the 
south of Sinai, apart from the Gulf of Suez coastal 
strip, is occupied primarily by basement rocks with 
relatively thin sediments along their northern edge. 

Exploration surveys and drilling began in the 
1940s by a number of oil companies. The work 
included surface geological surveys as well as 
magnetic and gravity surveys. In light of these sur-

veys, four exploration wells were drilled, three of 
them on surface structures in central Sinai (Nakhl-1, 
Darag-1 and Abu Hamth-1) and the fourth in north
east Sinai (El Khabra-1), drilled to test a prospect 
delineated by gravity. Some oil shows were found in 
the Cretaceous (Cenomanian) in Nakhl-1 and Abu 
Hamth-1. 

In the early 1960s, some experimental seismic 
work was conducted in a few locations in north Sinai, 
and a regional offshore seismic survey was con
ducted to cover the north Sinai offshore area in the 
Mediterranean. 

In the late 1960s, exploration efforts were resumed 
in north Sinai and its offshore area dnring and after 
the Israeli occupation of the peninsula. Fifteen explo
ration wells were drilled during the Israeli occupa
tion, four of which were offshore (Gal-l and Ziv-1). 
A gas accumulation was found in one of the land 
wells, the Sadot field to the southwest of Rafah, and 
was exploited. It is now almost depleted. The gas is in 
a Cenomanian dolomite and limestone reservoir. Oil 
shows were found in the Aptian in Ziv-1. 

A few discoveries have been made lately offshore 
in the Mediterranean, such as the oil find in Tineh 
structure in the Oligocene and the gas finds in both 
Waksr and Port Fuad structures to the north of Port 
Said. The structures, in fact, lie within the Nile delta 
basin which extends eastward to include the western 
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part of the offshore area of north Sinai. 
The most prominent tectonic event that could have 

had a bearing on the oil potential of north Sinai is the 
movement connected with the late Cretaceous-early 
Tertiary northeast-southwest trending Syrian arc 
foldiog (Jenkins, Harms & Oesleby 1982). This is the 
same tectonic event which is related to some of the 
oil-bearing structures in the northern part of the West
em Desert. Many of the highs along these lines of 
arcs could have been suitable traps for oil and/or gas 
accumulations. 

Reservoir rocks are present within the Mesozoic 
and Paleozoic sections in the form of sandstones and 
carbonates, if fractured or cavernous. Eocene 
limestones may also be suitable reservoirs if enough 
secondary porosity is developed. The storing capabil
ity of the Eocene limestones is very well demonstrat
ed in the Bin Gudeirat-Kuntilla area along the eastern 
border of Sinai where the fractured Eocene 
limestones store huge amounts of fresh water. 

The cap rocks could be present within the Paleo
zoic, Mesozoic and early Tertiary in the form of 
shales and compact carbonates. The Triassic section 
at Aref El Naqa in east central Sinai includes some 
anhydrite intervals toward its upper part. Such anhy
drites, wherever found, can seal off any hydrocarbon 
accumulations at levels below these capping in
tervals. 

So far, the potential source rocks in north Sinai are 
rather speculative. The conclusions regarding this 
subject are based only upon analogy with comparable 
formations in the Western Desert. That hydrocarbons 
have been generated in the area is established by the 
presence of the Sadot gas accumulations and by the 
numerous oil and gas shows in the Cretaceous and 
Eocene in some of the wells drilled both onshore and 
offshore. The Mesozoic organic-rich shales and car
bonates may be potential source rocks. The source 
rocks of the oil and gas found in wells in the north
eastern offshore part of the Nile delta basin could also 
be present in parts of north Sinai. The latter source 
rocks are believed to be organic-rich shales in the 
upper and lower Oligocene. 

NILE DELTA 

Exploration began in the Nile delta region in 1964. 
The first discovery was the Abu Madi field in 1%7. 
Before 1964practicallynothingwasknownaboutthe 
deep subsurface geological conditions of the Nile 
delta. Since then some 25,000 km ofland seismic and 
some 27,000 Jan of offshore seismic lines have been 
run and about 60 exploration wells have been drilled 
So far, the outcome of these activities has been the 
discovery of two commercial gas/condensate accu-

mulations presently on production, the Abu Madi and 
offshore Abu Qir gas fields. Other onshore and off
shore accumulations have been found but have not 
been proven commercial. Almost all these latter finds 
in the delta region are gas/condensate, though two of 
the finds contain oil rather than gas condensate. The 
first oil find in the delta is recorded in the Tineh 
structure to the northwest of Port Said, while the 
other find is in a clastic horizon below the gas/ 
condensate reservoir in the offshore Abu Qir field. 

The literature concerning the geology of the Nile 
delta basin, both onshore and offshore, is limited. 
Deep subsurface data were not available before the 
mid-1960s and most data are still scattered. Efforts to 
collect and synthesize these data include the works of 
Barber (1981), Poumot & Bouroullec (1984), Deibis 
(1982), Elf Aquitaine (1982), Hantar (1975), Rizzini 
et al. (1976), Lacaze & Dufresne (1982), and Said 
(1981). Fora review, see Harms & Wray (chapter 17, 
this hook). 

The literature indicates (1) that the down cutting of 
the Nile river began in late Miocene time, (2) that 
regional structural movements affected the sedimen
tation process in the Tertiary in general and the 
Neogene in particular, and (3) that the section in the 
northern part of the Nile delta became deltaic only in 
post-Miocene time. Sedimentation prior to the Mio
cene, and particularly in Cretaceous and Eocene 
times, took place under marine conditions in shelf, 
slope and deep basin environments. Most studies 
stress that no growth faults are noted within the Nile 
delta basin in contradistinction to other hydrocarbon 
producing deltas in other parts of the world On the 
other hand, growth faulting is reported by Deibis 
(1982) in the Abu Qirarea. 

Hydrocarbon habitat 

All the hydrocarbon-bearing reservoirs so far found 
in the Nile delta basin consist of sandstones belong
ing mainly to the Pliocene and Miocene. The main 
gas/condensate producing section is the Abu Madi 
formation. Other gas/condensate bearing sections be
long to both Sidi Salem and Kafr El Sheikh forma
tions. Due to their deltaic environment of deposition 
some of the sand levels do not have wide lateral 
extension even within the boundaries of the struc
ture. 

The geological setting in the Nile delta region 
displays the elements required for the formation of 
both structural and stratigraphic traps. Late 
Cretaceous-early Tertiary events, as well as uplifting 
and faulting in Miocene and later times would form 
foldiog and doming together with block faulting of 
Tertiary sediments, providiog a possibility of traps. 
The deltaic nature of the late Miocene and younger 
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Figure 27.19 Structure contour map, top Abu Madi formation, Abu Qir gas field (after Deibis 1982). 

sediments allows for rnarlred changes in sedimentary 
facies which would form different types of strati
graphical traps. In pre-Miocene sections, reefal de
velopment along the edge of the carbonate platform 
occupying the southern part of the Delta may host oil 
or gas by forming a stratigraphic trap. 

So far, the traps delineated by enough wells have 
been found to be combination traps in which the 
stratigraphic element plays a major role. This is 
established by the lenticular nature of the sands (and 
shales) in many of the discoveries so far made, 
whether commercial or not yet proven commercial. 
At the same time, the finds are confined within struc
tures which owe their presence to earth movements. 
For example, the Abu Madi field is a low relief dome, 
with faulting to form blocks. Within one and the same 
structure, the stratigraphical trap-forming element is 
rather prominent. The Abu Qir field, on the other 
hand, is an east-west elongated anticline in which the 
lateral extension of the individual producing levels 
differs from one level to another due to lateral facies 
changes. 

Studies devoted to source rock potential in the 
Delta are likewise limited. The subject is touched 
upon by Deibis (1982), who suggests that the Kafr El 
Sheikh formation (shale) is the source of the gas in 

both Abu Madi and Abu Qir gas fields. The Interna
tional Egyptian Oil Company (AGIP) tends to con
sider the source of the gas/condensate accumulations 
to be lower Miocene and Oligocene and possibly 
deeper horizons (pers. comm. ). These conclusions 
must be regarded as tentative as worlc: on the subject 
is still in the early stages. 

Abu Qir gasfield ( 1969) 
This is the first gas/condsensate field to be discovered 
offshore in the Mediterranean. It lies in Abu Qir Bay 
10 Ian north of the coast and 40 Ian northeast of 
Alexandria. The field lies within the Nile delta basin 
and hence the stratigraphic sequence encountered in 
the Abu Qir wells is the same as that penetrated by 
wells drilled in the embayment. The section consists 
of massive clastics with rare limestone interbeds of 
Miocene, Pliocene, Plio-Pleistocene and younger 
ages (Deibis 1982). The structure is an east-west 
trending anticlinal closure which is bounded along its 
northern and southern sides by east-west faults, 
claimed by De ibis to be of the growth fault type (Fig. 
27/19). 

The gas/condensate accumulations are present in 
four pay sands. The upper three are located within the 
Abu Madi formation and are referred to as the upper 

-~----~---~-~--------
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middle and lower Abu Madi sands. The fourth and 
lowermost is within the Sidi Sa!em/Qawasim forma
tions. Recently an oil leg was discovered in the Sidi 

Salem formation within the western extension of the 
field. 



CHAPTER 28 

Nubian Aquifer system 

ULFTHORWEIHE 
Technical University, Berlin 

1 INTRODUCTION 

Approximately 95% of the Egyptian landscape is 
desert area. Only the coastal regions, the delta, the 
Nile valley and the oases can be used for agricultural 
utilization. Here more than 40 million people live 
with a population density of more than 1000 km2• For 
that reason, new areas of utilization had to be devel
oped within the desert area where the groundwater 
reservoir could be used. Thus, at the end of the fifties, 
President Abdel Nasser started the New Valley Pro
ject for groundwater development in the oases Khar
ga, Dakhla, Farafra and Bahariya, which are situated 
in a long stretched-out depression in the Western 
Desert more or less parallel to the River Nile. Since 
that time, there has been an extensive artificial effect 
on the groundwater reservoir and it became neces
sary to thoroughly clarify the formation and origin of 
groundwater. 

Since Ball ( 1927), the assumption in the hydrogeo
logical models has heen that the groundwater of the 
Nubian aquifer in the Western Desert is recharged by 
a regional groundwater movement from southern or 
southwestern areas and that the groundwater reser
voir is in steady state (Sandford 1935, HellstrOm 
1939, Ezzat 1959, 1974). 

This chapter will show that a regional movement 
exists but that the groundwater of the Nubian aquifer 
was formed mainly by local infiltration. It is a fossil 
groundwater reservoir which gets recharged from 
other fossil reservoirs (Kufra basin, northern Sudan) 
but, compared to the discharge, the recharge is small, 
so that the Nubian aquifer is an unloading system. For 
projects of groundwater use, exact calculations are 
necessary to avoid wasteful groundwater mining. 

2 HYDROGEOLOGICAL FRAME 

The Nubian aquifer system in Egypt is formed by 
pre-Tertiary sediments and is part of the Nubian 
aquifer system of the east Sal2ara, which also includes 
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the Knfra basin in southeast Libya and northeast 
Chad and parts of north Sudan. The Nubian aquifer 
system in Egypt is bounded to the north by the 
saline-freshwater interface which stretches roughly 
along the 29th latitude (BGR 1976) and to the east by 
the basement complex of the Eastern Desert (Fig. 
28/4 ). In the south, there is the Gebel Uweinat-Aswan 
uplift system which is crossed by a southward
trending graben between Gebel Kamil and the Bir 
Tarfawi area, where sediments reach up to 700 m in 
thickness and ensure a hydraulic groundwater con
nection to north Sudan. To the west, the system is not 
bounded, so that the Libyan border is to be assumed 
for any calculation of the groundwater in Egypt. 

The aquifer area in Egypt falls into three structural 
units which are not completely independent of one 
another. 

The northwestern basin, which is north of the 
Cairo-Bahariya uplift and is formed by the unstable 
shelf. Only the southernmost strip of this unit 
stretches south of the saline-freshwater interface, so 
that this basin is of minor importance for the Nubian 
aquifer system. 

The Dakhla basin is the largest and most important 
unit in Egypt. The southwestemmost comer is related 
to the Knfra basin. In the area of the Abu Ras plateau, 
fine- to coarse-grained Paleowic sandstone crops 
out; it has a good permeability and reaches more than 
1500 m in thickness. Only part of the Silurian sed
iments are of marine origin and have a low permea
bility. 

Excepting this southwesternmost comer, the 
southern part of the Dakhla basin is filled with mainly 
fine- to coarse-grained continental sandstone of 
lower Cretaceous and Cenomanian age; it has a good 
permeability and comes up to just under 1000 m in 
thickness. This sediment pile, formerly called Nu
bian sandstone, is intercalated by two regional forma
tions of low permeability: the marine Abu Ballas 
formation (Barthel & Bilttcher 1978), which is 
formed by a few 10 m of poorly permeable shale, 
increasing in thickness towards the north, and the 
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deltaic to shallow marine Maghrabi formation (Bar
thel & Herrmann-Degen 1981), which reaches up to 
200 m in thickness and is formed by interbedded 
shale and sandstone with fair permeability. 

In the northern part of the Dakhla basin, just 
beyond the 25th latitude, the Cretaceous sediments 
overlie Paleozoic sediments and are covered by the 
variegated shale (Mut formation, Barthel & 
Herrmann-Degen 1981) and the Dakhla formation 
(Said 1962), which reach some 100m in thickness 
and form the confining bed of the Nubian aquifer 
system. The Paleozoic sediments are not studied in 
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detail because of missing outcrops. But the few 
exploration wells which fully penetrate the Paleozoic 
sediments indicate that they should reach up to 2400 
m along the Libyan border and up to 800 m along the 
longitude of the Dakhla and Bahariya oases. They are 
mainly continental sandstone with minor intercala
tions of shale, dolomite and limestone. They repre
sent the approximately fair permeable lower part of 
the Nubian aquifer system. 

The upper Nile platform is situated east of the 
Dakhla basin and is separated from it by the Kharga 
uplift which strikes from the basement outcrop of Bir 

-------:-----------· ·-··-··-. 
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Safsaf towards north to Kharga. It was subjected to a 
different development history. At least until the end 
of Cenomanian time, the area of the upper Nile 
platform was a high, thus no sediments of lower 
Cretaceous to Cenomanian age were deposited. Pro
bably in Thronian time, this area became a shallow 
basin and was filled with approximately 500 m of 
sediments with a much higher rate of shale than those 
of the Dakhla basin, bence the upper Cretaceous 
sediments of the upper Nile platform have a much 
lower permeability than their eqnivalents in the 
Dakhla basin. lbese strata are overlain by approxi
mately 500 m of limestone and shale of lower Terti
ary age. Northward, the effect of the Kharga uplift 
decreases and the differentiation into the Dakhla 
basin and the upper Nile platform is not possible 
north of Kharga. 

3 DATA ASSESSMENT 

The quality of the interpretation of the hydrogeolo
gical data suffers from the scarcity of hydrogeolo
gical information. A large number of wells is concen
trated in very few locations: The New Valley Project 
is the predominant project of groundwater use. In the 
four oases Bahariya and Farafra, but mainly in Dakh
la and Kharga, several hundred wells are available. 
The East Uweinat Project of the General Petroleum 
Company of Egypt is a groundwater and agricultural 
development area around Bir Tarfawi in the south, 
where just under 40 wells have been drilled. The 
Toshka Project is related to the spillway of Lake 
Nasser into the Toshka depression. It is in a prelimin
ary stage: only six piezometers in a small square are 
available, but approximately ten exploration wells 
are proposed The Study Qmtara Depression bas 
investigated in and around the Qattara depression to 
study possibilities for constructing an evaporation 
powerstation. From this study, approximately 140 
boreholes are available, they are all located north of 
the 29th parallel, i.e. north of the Nubian aquifer 
system. Furthermore, there are three exploration 

wells (Desouqi, Forarn and Ammonite), which reach 
the basement, and some water holes south of the 
Kharga oasis along the western and southern margin 
of the upper Nile platform. Logs are available from 
most of the wells and boreholes: these furnish litholo
gical descriptions suitable for hydrogeological 
classifications. 

In the New Valley resistivity and self-potential 
logs are available from a number of wells. These are 
an added belp in subdividing the aquifer system into 
its composition of sand, silt and clay. Well logs and 
their interpretations were published by Ezzat (1959, 
1974), Barber & Carr (1976), NQ (1978), BGR 
(1976), El Barkouky (1979), Thorweihe (1982) and 
Nour (1984). 

Aero-magnetic investigations, supported by 
refraction seismic lines are snitable for hydrogeolo
gical interpretations. These methods were used to 
prepare depth-to-basement interpretation maps for 
the area north of the 23rd latitude (Conoco 1977). 
Exploration oilwells (Ammonite and Forarn), which 
were drilled later on, prove that the interpretation of 
the depth to the basement of these geophysical maps 
is in an acceptable error limit 

Approximately 100 pumping tests were carried out 
in the New Valley and in the East Uweinat Project 
area in the south (Bir Tarfawi area). In the New 
Valley, the tests are mostly of poor quality because 
most of the wells are partially penetrating wells only. 
Pumping tests in partially penetrating wells lead to 
higber transmissivities referring to the total aquifer 
thickoess compared to the results of fully penetrating 
wells. The following table shows the average pump
ing test transmissivities of the oases in the New 
Valley and of the East Uweinat Project area as well as 
the hydraulic conductivities as division of the trans
missivity by the screen length only and not by the 
total aquifer thickness, so that consequently these 
values are above the real hydraulic conductivities as 
well. The data are compiled from GDK (1971) 
(Bahariya), BGR (1976) (Farafra), Barber & Carr 
(1976) (Dakhla and Kharga) and Nour (1984) (East 
Uweinat). 

Table 28/1. Average transmissivities and hydraulic conductivities of the New Valley oases and the east Uweinat project area. 

Region Number of pumping Aquifer thickness Average screen- Transmissivity Hydraulic 
tests lengths conductivity 

(m) (m) (m2/sec) (m/sec) 

Babariya 10 1880 196 8.7x J0-3 4.4x 1<r5 
Farafra 8 2600 (?) 221 !.Ox 1<r2 4.7 X 1!r5 
Dakhla 21 1850 181 1.1 X 1(r2 6.1 X 1!r5 

Kharga 59 1280 205 5.9 X 1(rZ 2.9 X 1!r5 

East Uweinat 6 410 185 2.4 X 1!r2 1.3 X 1!r5 
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4 GROUNDWATER GENESIS 

It is important to understand the origin and move
ment of the groundwater in the aquifer system before 
responsible groundwater utilization can be made. 
Different sources for the groundwater of the Nubian 
aquifer system in Egypt are possible. 

1. Groundwater recharge by the Nile river in that 
section where the alluvial deposits are in contact with 
the groundwater-bearing strata which is the case up
stream of Qena. In the area between Aswan and 
Qena, on which we have little information, the piezo
metric head of the Nubian groundwater is above the 
elevation of the Nile river, so that groundwater re
charge is not possible there. On the contraty, ground
water discharge is to be assumed. However, the ar
tificial Lake Nasser raised the water table by approxi
mately 100m, reversing the piezometric gradient and 
causing groundwater recharge to take place along the 
lake. 

2. Groundwater influx from south and southwest, 
from north Sudan and from the Kufra basin. It is a fact 
that the piezometric bead is increasing in the southern 
direction, so that a groundwater influx from north 
Sudan is to be assumed. From the southwestern 
direction, no piezometric measurements are available 
but, from the hydrogeological point of view, ground
water influx from the Kufra basin is very likely. 

3. Groundwater formation by local infiltration dur
ing wet periods in the past. From the western and 
central pan of the north Sahara, it is known that the 
groundwater was formed mostly in former times 
(Gonfiantini et al. 1974, Said 1975, Klitzsch et al. 
1976, Sonntag et al. 1978). The same can be expected 
in Egypt 

To clarify the paleoclimatic sitoation in Egypt, no 
less than 150 groundwater samples of the Nubian 
aquifer system were analyzed for stable- and radio
isotope contents (Sonntag et al. 1978, 1979, 1982, 
Haynes & Haas 19SO, Thorweibe 19S2, Thorweihe et 
al. 19S4, Schneider & Sonntag 19S5). 

Stable isotopes deuterium and oxygen-18 

The pattern of deuterium and oxygen-IS of ground
waters of the north Sahara shows a significant 
decrease from west to east (Sonntag et al. 1978). The 
interpretation of this fact is that the groundwater of 
the north Sahara was formed by wet air masses which 
were transported by a western drift from the Atlantic 
ocean across the continent This is in contrast to the 
south Sahara, south of approximately 20° latitude, 
where the groundwater is of tropical convective ori
gin (Sonntag et al. 197S). Across the continent, the 
content of the heavy stable isotopes deuterium and 
oxygen-IS in the water vapour decreases, because 

these isotopes condense preferably by precipitation 
and remain preferably in the fluid phase by evapora
tion, as compared to the light isotopes. This conti
nental effect can be observed in recent European 
groundwater, formed by western drift, where the ratio 
of deuterium (D) and oxygen-IS (180) follows the 
Meteoric Waterline: 
liD= 8 X ljl8Q + 10. 

The content of deuterium and oxygen-18 in the 
groundwater of the north Sahara fits approximately 
with this Meteoric Waterline: the ratio has the same 
slope, but the deuterium-excess is smaller due to a 
lower water vapour pressure in the paleo-air masses 
of the north Saharian latitudes, which led to a lower 
evaporation rate. 

The content of deuterium and oxygen-IS of the 
groundwater of the oases in the New Valley is greatly 
decreased on account of the remote Atlantic ocean. 
The fact of the isolines pattern in Egypt as the eastern 
part of the total pattern of the north Sahara prove the 
continental effect, which leads to the assumption that 
the groundwater of the Nubian aquifer system was 
mainly formed by wet air masses transported by a 
western drift (Sonntag et al. 197S). 

Other paleoclimatic evidences show that Egypt is 
in the reach of the south Sahara as well, where the wet 
air masses in huruid phases are of tropic convective 
origin. After Said (19S3) in southern parts of Egypt 
late Paleolithic and Neolithic flora and fauna of Afri
can savanna were found which prove that at least 
during this time this region was affected only by 
summer rains from the south. That led to the 
assumption that the south has been affected by the 
northward migration of the Suclano-Sahalian savanna 
whereas the north by the Mediterranian pre-Saharian 
steppe. Northward shift of the present day climatic 
belts to about 15°, the latitude they now occupy 
would bring an increase in precipitation in south 
Egypt and set a climate similar to that which must 
have prevailed during the Quaternary (Said pers. 
comm. ). It is not proven whether these climatic con
ditions took place even during the late Pleistocene, 
but it is likely. 

Table 28/2. Average content of the stable isotopes deuterium 
and oxygen-IS of the four oases in the New Valley, as per 
mill-deviation from the Standard Mean Ocean Water 
(SMOW). 

oD(SMOW%o) 
5180 (SMOW %o) 

Kharga Dakhla Farafra 
-83.4 -83.8 -79.1 
-10.9 -ll.S -10.5 

Babariya 

-80.4 
-10.5 
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Radiocarbon groundwater ages 

For groundwater age-dating, it is not possible to 
sample a piece of water as it would be with archeolo
gical or pre-historic material, but a groundwater 
sample is the result of a complex flow situation, 
which varies in space and time. Furthermore, 
normally it is not possible to get water samples from 
defined positions of the aquifer, but the samples are 
mixtures along the lengths of the screens. Thus, it is 
simple to measure the radiocarbon content of the 
water, but the calculation of the water age depends on 
a model of groundwater flow. The calculated water 
ages are apparent ages. 

In depressions, which are always discharge areas, 
even in wet periods, an upward flow condition of the 
groundwater takes place, so that all ages of ground
water formation are represented there. In such areas, 
the distribution of the apparent groundwater ages 
depends on the mean life of the radioisotope used for 
age-dating. For example, 14C will determine the age 
of younger fraction, 36CI that of the older one. 

In high areas, which were recharge areas in wet 
periods, a downward flow condition takes place, so 
that there the latest groundwater formations are 
represented predominantly. In such areas, the calcula
tion of water ages does not depend so much on the 
mean life of the used radioisotope. Thus, if the detect
able limit of the radioisotope is large enough to cateh 

4 8 12 16 20 24 

all groundwater formations of the high area, the age 
calculation should lead to a real age distribution of 
groundwater formation in the past. 

In Egypt, groundwater samples are available from 
the New Valley depression, as well as from the high 
area of the Gebel Uweinat-Bir Safsaf uplift. In the 
New Valley, the groundwater samples only have ap
parent radiocarbon ages of more than 20,000 years. 
In the Gebel Uweinat-Bir Safsafuplift area, however, 
the groundwater showed radiocarbon ages younger 
than 14,000 years (Schneider & Sonntag 1985}, 
which proves a period of groundwater formation at 
that time. But apparent ages older than 18,000 years 
also occur, calculated from samples of either continu
ously flowing wells, or from wells located in a graben 
system crossing the uplift area and filled by approxi
mately 700 m of sediment It is remarkable that the 
distribution of the radiocarbon ages of groundwater 
in Egypt fits more or less with the results of recent 
Quaternary geological investigations in the same re
gion (Wendorf et al. 1977, Pachur & Braun 1980). 
These studies found a wet period younger than 
10,000 years and evidence of several wet climates 
older than 26,000 years. 

The distribution of the radiocarbon-dated ground
water in Egypt does not show any gradient of age
increase in any direction. This may be due to the fact 
that the admixture of groundwater of different forma
tions does not allow any age-gradient to show. The 
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Figure 28.3 Distribution of radiocarbon-dated groundwater ages. 
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260 

Figure 28.4 Map of thickness of the Nubian aquifer system. 

time scale of the detectable limit of radiocarbon (in 
water approximately 40,000 years) is too short to 
recognize significant groundwater ftow, where the 
ftow velocity can be 3 m each year only, and conse
quently the ftow distance not more than 100 Jan 
within the detectable limit. Further radioisotope 
methods, where the mean life has a suitable value, 
like chlorine-36, will probably show significant 
trends. 

In meters 

- Interlace saline/ 
fresh water 

5 GROUNDWATER MASS CALCULATION 

Using radiocarbon age-dating and the stable isotopes 
deuterium and oxygen-18, it is proven that the 
groundwater in the Nubian aquifer system in Egypt is 
fossil, no recent formation is detectable. This does 
not exclude that groundwater influx from adjacent 
reservoirs of fossil groundwater takes place in Egypt 
and recharges the groundwater. Hence, it.is important 
to calculate the groundwater mass to get a basic value 
for groundwater development projects. 
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Figure 28.5 Hydrogeological cross-sections of the Dakhla basin. 

The area of the Nubian aquifer system within 
Egypt has an extension of approximately 
630,000 km2• The position of the basement top is the 
best known parameter in this calculation, due to 
aero-magnetic interpretation maps (Conoco 1977) 
supported by fully penetrating exploration wells. The 

position of the top of the groundwater-bearing strata, 
i.e. the base of the Mut formation, or of the Dakhla 
formation, is less known. A limited amount of data is 
available from exploration wells, resistivity logs and 
geological field investigations, so that interpolation 
over large areas has to be carried out. The proven 
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piezometric head of the groundwater in the Nubian 
aquifer system ranges from 250 m above sea level in 
the east Uweinat project area to 150m in Farafra and 
Dakhla, 120 m in Bahariya and Toshka and down to 
50 m in particular areas of the Kharga oasis. For the 
mass calculation, an average piezometric head of 

-2000 

150 m is assumed. The influence of this parameter 
does not significantly affect the error of the mass cal
culations. Based on these parameters, the volume of 
the Nubian aquifer system comes up to 780,000 km3• 

The most sensitive parameter in the groundwater 
mass calculation is the effective porosity. According 
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to pumping tests and core analyses, the values range 
from 12 to 25% (GDK 1971, Ezzat 1974, El Barlrou
ky 1979). But these investigations were carried out in 
more penneable sections of the aquifet In the less 
penneable regional intercalations of the aquifer 
system, an effective porosity is estimated to be 7%. 
Assuming this value, the groundwater mass amounts 
to 50,000 Ian3, with a potentially high margin of error 
due to the arbitrary use of7% effective porosity-and 
the difficulty of assessing effective porosity changes 
at depths in an aquifer with a thickness of more than 
3,500m. 

Nevertheless, a stationary model of groundwate1 
unloading shows, at least for the upper part of the 
Nubian aquifer system, which is affected by climatic 
variations, i.e. the part above the level of 50 m above 
sea level, that the value of 7% for the effective 
porosity is in the right range (Thorweihe 1982). The 
effective porosity of 7% fits with the mean residence 
time of the groundwater and its radiocarbon model
age of the major pluvial time as well as with the 
average permeability found out by pumping tests, 
which is in the order of 1 Q-5 m/sec. 

The volume of 50,000 km3 represents an enormous 
groundwater mass, one of the biggest in the Sahara. 
This shows that former evaluations of the ground
water volume of the total Sahara were highly under
estimated (Ambroggi 1966: 15,000 km3, Gischler 
1976: 60,000 km3). The Nile river will need just more 
than 500 years to discharge the water mass of the 
Nubian aquifer system in Egypt But, of course, from 
economic and technical aspects, only a very small 
part of this amount can be mined by artificial dischar
ge. Thus, the discovery of the total groundwater 
volume in Egypt is of major scientific importance 
but, unfortunately, of minor economic significance. 

6 RI!GIONAL GROUNDWATilR FLOW 

Piezometric measurements certainly prove a regional 
gradient of the groundwater head and therefore a 
regional groundwater flow exists in the Nubian 
aquifer, which superposes the stationary unloading of 
the system. This regional flow is controlled by the 
recharge and discharge conditions and by the varia
tion of the aquifer penneabilities. 

Recharge 

The position of the groundwater head is only known 
from the wells mentioned, so that groundwater influx 
from north Sudan is proven. But any groundwater 
influx from the Knfra basin is not provable because 
no piezometric data from the southwestern part of the 
aquifer area exist There is the geological precondi-

lion for a hydraulic connection of both basins, hut it is 
also possible that the groundwater of the Kufra basin 
totally discharges into the Syrte basin. 

The groundwater influx from north Sudan exists 
above all between the basement complexes of Gebel 
Kamii and Bir Safsaf, where the uplift is covered by 
the highly permeable Six Hills formation which 
reaches up to 700 m in thickness in the Misaha 
trough. The gradient of the groundwater head in this 
area is 1.5 x lQ-4, the transmissivity of the aquifer, 
carried out by pumping tests, 2.3 x 1 o-z m2/sec (El 
Barlcouky 1979), 2.5 x 1~ m2fsec (Nour 1984), 
which amounts to a permeability coefficient of 1.3 x 
lQ-4 mtsec. On the bases of these data, the ground
water influx through the Misaha trough amounts to 
3.8 x 107 m3/year(Thorweibe eta!. 1984). East of the 
Bir Safsafbasement complex, the uplift is covered by 
thin sediments of the upper Nile platform with low 
penneabilities, so that the groundwater influx there 
does not reach more than 1% of the total amount and 
thus is negligible. 

Discharge 

The calculation of the amount of discharge of the 
Nubian aquifer system is almost impossible. While it 
is easy to indicate the artificial discharge - e.g. the 
recent artificial discharge in the Dakhla and Kharga 
oases is approximately 3 x lOS m3/year- the natural 
discharge can be specified by groundwater flow 
models only. Such models were established during 
the last decade by Barber & Carr (1976), Ezzat et al. 
(1977), Amer et al. (1981) Chow & Wilson (1981), 
Heinl & Holllinder(1984) andNour(1984). 

The natural discharge of the Nubian aquifer 
system takes place in different ways: overflow to the 
Nile river, delivery of springs and lakes in depres
sions, evaporation in areas where the groundwater 
table is close to the surface, discharge by leakage into 
roof deposits and probably the regional outflow in a 
northern or northeastern direction. The regional 
outflow is not proven and, due to the low permeable 
sediments of the northwestern basin, it is not very 
likely. However, in the long term this effect has to be 
taken into consideration. The discharge by leakage is 
proven in the northern part of the Nubian aquifer 
system only (NQ 1978), but it has to be assumed that 
leakage takes place in all areas where the aquifer is 
confined. In desert areas of unconfined groundwater, 
the evaporation affects at least the uppermost 30m of 
the groundwater-bearing strata. This effect has been 
shown in stable isotope analyses, where the ground
water is enriched in deuterium and oxygen-IS by 
evaporation. This effect is closely related to the depth 
of the groundwater table. Schneider & Sonntag 
(1985) calculated an evaporation rate of 0.2 mmlyear 
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at a depth to the growtdwater table of 18 m and for an 
area of 6,900 Jan2 arowtd Bir Tarfawi an evaporation 
amowtt of 2 to 4 x 10" m3/year. In areas of artesian 
pressure the growtdwater forms springs and Jalres. 
Such areas exist only in the New Valley and are 
decreasing rapidly due to artificial growtdwater use. 
The amowtt of natural discharge in these areas will 
not be calculable because artificial and natural dis
charges are not separable. Growtdwater overflow to 
the Nile river was described by Ball (1927) in the 
Dakka area, which is presently covered by Lake 
Nasser. As mentioned above, the gradient of the 
growtdwater table in the Toshka area certainly proves 
an eastern overflow, but a calculation in quantity has 
not been made so far. 

The above survey of the recharge and discharge 
sitution in the Nubian aquifer system shows that a 
regional groundwater flow is proven: but, for exact 
calculations, available data are lacking. Only ground
water flow models, which comprise the entire area of 
the Nubian aquifer system of the east Sahara - a first 
step was taken by Heinl & Holllinder (1984) - will 
furnish sufficient data for calculations in quantity. 

7 CONCLUSION 

In the Nubian aquifer system, Egypt has an enormous 
growtdwater mass which can be used for agricultural 

development and mining industry. But it is a fossil 
growtdwater reservoir which has to be carefully de
veloped. The groundwater influx from southern re
gions is one order of magnitude lower than the ar
tificial growtdwater use in the New Valley and a 
major discharge of the influx amowtt by evaporation 
in the Gebel Uweinat-Aswan uplift area is likely. 

rt will take several hundred thousand years for the 
growtdwater influx to reach the New Valley. During 
that time, frequent wet periods would have formed 
growtdwater by local infiltrations, thus the regional 
flow seems to be of minor importance. 

The groundwater yield differs regionally and ver
tically: the average transmissivity in the Dakhla basin 
is distinctly higher than that of the upper Nile plat
form, which means that from the hydrogeological 
point of view, Kharga is not a suitable area. Vertically, 
the Six Hills formation and the Sabaya formation are 
the sections in the aquiver system with the highest 
permeabilities. Future projects of groundwater use 
should be developed in areas where these formations 
occur with a high thickness and where the piezome
tric head is close to the surface. This is to some extent 
the case in Dakhla: but, from the hydrogeological 
point of view, the most advisable area is the one 
arowtd Farafra. Even in this area it is unavoidable 
that, in the long term, the growtdwater head will be 
lowered so much that any project will be economic
ally endangered. 
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Fossil flora 
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The importance of paleobotany in dating continental 
sediments is unanimously admitted. Plants are gen
erally fossilized in place (except woods which may 
be transpotted). The study of fossil flora contributes 
to out understanding of biostratigraphy, paleoeco
logy and paleoclimatology. The recent works publ
ished on Egypt prove that importance. Since 1978 
systematic studies on Egyptian fossil flora have led to 
important results on the biostratigraphy of many of 
the seemingly non-fossiliferous beds and to our un
derstanding of the evolution of the flora from the 
Devonian to the Quaternary (table 29, 1 & 2). 

In Egypt the first fossil land plants were described 
in 1870 by Carruther's from the petrified forest neat 
Cairo. Numerous works were later published: Woe
nig (1897), Fourtau (1898), Bonnet (1904), Engel
hardt (1907), Renner (1907), Seward (1907, 1935), 
Couyat (1910), Hirmer (1925), Fritel (1926), Cuvil
lier (1928), Loubiere (1935), Krause! (1939), Car
pentier & Farag (1948), Chandler (1954), Jongmans 
& van der Heide (1953, 1955), Jongmans (1955), 
Webber (1961), Schiirmann, Burger & Dijkstra 
(1963), Lejal-Nicol (1981, 1987), Gregor & Hagn 
(1982) and Klitzsch & Lejal-Nicol (1984). 

1 PALEOZOIC STRATA 

The Paleozoic flora of Egypt has been studied by 
Jongmans & Koopmans (1940) andJongmans & Van 
der Heide (1953, 1955). In Ras Gharib and Ayun 
Musa, on both sides of the Gulf of Suez, these authors 
describe Lycophyta and Pteridophylla with new spe
cies of Lepidodendropsis, Cyclostigma, Sublepido
dendron and Sphenopteris. This flora presents simila
rities to the Mississipian flora of Spain, Donetz basin, 
United States, Libya, China and Peru and is of early 
Carboniferous age. Schutmann, Burger & Dijkstra 
(1963) report Permian sediments from Wadi Araba 
carrying one typical Cordaites sp. and palynoflora. 

Recently (1978-1985), new Paleozoic flora has 
been reported from the southwestern part of Egypt 
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(from Gilf Kebir to Gebel Uweinat area) and from 
Wadi Qena and the Gulf of Suez. 

Late Devonian-Tournaisianfiora 

In southwest Egypt (Wadi Malik area), the following 
species were found: 
Archaeosigillaria minuta Lejal 
Sublepidodendronfasciatum Jongrnans 
Cf. H eleniella costulata Lejal 
Pseudolepidodendropsis klitzschii Lejal-Nicol 
Lepidodendropsis sinaica Jongrnan, Gothan and 
Darrah 
Lepidodendron veltheimii Sternberg 

Visean flora 

In Wadi Malik area, an association of Lycophyta and 
Pteridophylla ofTournaisian to Visean age is found: 
Prelepidodendron /epidodendroides Lejal 
P. rhomboidale Corsin 
Rhacopteris ovata Walkom 
Triphyllopteris gothani Daber 
In the Wadi Malik formation, in the central part of 
Wadi Abdel Malik, the following Lycophyta and one 
Pteridophylla of Visean age are found (Lejal-Nicol 
1981, 1987, Klitzsch & Lejal-Nicoll984): 
Lepidodendropsis /issoni J ongrnans 
L. africanum Lejal 
L.fenestrata Jongmans 
L. hirmeri Lutz 
Lepidodendron veltheimii Sternberg 
Eskdalia ma/ikense Lejai-Nicol 
Caenodendron primaevum Zalessky 
Lepidosigil/aria intermedia Lejal 
Nothorhacopteris sp. 
This association presents similarities to the flora 
found in the early Carboniferous from other localities 
in north Africa, in particular in the Djado basin in 
Niger. 

Directly west of the Abu Ras Plateau, within the 
lowermost shale of the Wadi Malik formation, Pteri-
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Table 29/1. S1tlltigraphicalranges of fossil plant taxafromPaleo:roic ofEgypt and north Sudan(A. Lejal-Nicol1987, Joe. cit., p. 
196) 
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L~l'lhmc •ff. uotloltrllnimiUII S. 
Wpidoph~• ta~1u• S.. 
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PNl~~~~z,DC. 
PNZ.pi~sp. 
P'r<ota•olcrll1fof •lD~~g~UWII R, 
Cf, ~ o•trogia!IUII R.M. 
UNod.lldi'OII a-.rptiaoN~~~ n.sp. 
SPHEHOPHYTA 
SpMIIOphrlh• t'-:mii VU, llriiiDP 5. 
Splw""""'Il.,. sp. 
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Cf. Lobatan~~~o~lal'i.a sp. 
PTERIDOPHYLLA 
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~"""' ,z.,_, E .l. 
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Ifothol'hacctpt•rU ONJWlcrta It, 
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I- .... TM:p1Jrt1!opt•Pi• got.lani D. 
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=r~~[AMATOPHYTA 
Catlipt•ri• OOII(•rta var. """"""' II. 
ea..,...,tert• sp. 
11ri1111(•r.di.G Iff. ~ 8.$, 
OtORDAITOf'lfYTA 
Cf. Col"ririt•• Hplal'i• L. 
COrdra(t41!.tJue •ff, ~ie R. 

,.__, 
Dmov'"rdrite• sp. 
COIUFEROPHYTA 
r..baclri.! aff. ~· B,F, 

.. 
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Plate 29.1 1. Lepidodendron aff. vollanannianum Sternberg. Lower Carboniferous-GilfKebir (x 2,2); 2. Prelepidodendron 
rhomboida/e Corsin. Visean- Wadi Malik (x2,7); 3.LepuJodendron veltheimii Sternberg. Visean- WadiMukattab (X 1,4); 4. 
Thinnfeldia sp. Pennian- Wadi Araba (x 2,7); 5. Lepidodendron mosaicum Salter. Visean- WadiMUJ<.attao \X 1,5); 6. 
Archaeosigillaria minuta Lejal-Nicol. Visean- Wadi Malik (x 2, 7); 7. Graminae injlorescens. Upper Cretaceous- Bahariya 
(X 5,5). 
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dophylla is found and is represented mainly by Ere
mopteris whitei Berry which corresponds to a species 
from the lower Carboniferous rocks of the Gulf of 
Suez which Jongmans (1955) named Sphenopteris 
whitei. 

In Gebel Uweinat, the Wadi Malik formation con
tains the following flora of early Carboniferous age: 
Cyclostigma ungeri Jongmans 
Lepidodendropsis aff. rhombifonnis de Rouvre 
Cf. L. vandergrachti Iongmans, Gothan and Darrah 
Precyclostigma Lejal-Nicol 
On the western side of the Gulf of Suez in Wadi 
Dakhal area, Lycophyta and Pteridophylla of early to 
mid-Carboniferous age, mostly of Visean age, are 
found: 
Lepidodendropsis africanum Lejal 
Sub/epidodendron arthrophytioides Danze-Corsia 
Lepidodendron rhodeanum Sternberg 
Protasolanus elongatus Radczenko 
Eskdalia minuta Kidston 
Rhacopteris ovata Walkom 

Visean to Namurian flora 

In Wadi Mukattab area in Sinai, Lycophyta, Spheno
phyta and Pteridophylla are found: 
Lepidodendron mosaicum Salter 
L. maktabense Lejal-Nicol 
Lepidodendropsis Iissoni J ongmans 
L. rhombiformis de Rouvre 
Caenodendron primaevum Zalessky 
Lepidophloios laricinus Sternberg 
Eskdalia ovale Lejal-Nicol 
Bothrodendron depereti Vaffier 
Cf. Tomiodendron ostrogianum Meyen 
Cf. Archaeocalamites sp. 
Rhacopteris sp. 
R. ovata Walkom 
R. semi-circularis Lutz 
Nothorhacopteris sp. 
N. crenulata de Rouvre 
Cf. Triphyllopteris sp. 
This assemblage seems to indicate that the climate 
was warm with varying degrees of humidity. It is 
possible to distinguish: lowlands (water swamps) 
with only Lycophyta, midlands (flood plains) with 
Lycophyta and fragile Pteridophylla and uplands 
(sunny zones) with Lycophyta and Pteridophylla 
with resistant lamina leaves. 

At Gebel Uweinat Cf. Artisia sp.? and Pteridophyl
la (Rhodea lontzenensis Stockmans and Williere, 
Rhodea sp.) are found; they are of Namurian age. At 
higher levels the presence of Cordaites angu/ostria
tus Grand 'Eury seems to indicate a Stephanian age. 

Stephanian flora 

In the Gulf of Suez near Bir Quseib, north Galala, a 
flora of Stephanian age is identified: 
Lepidodendron posthumi Jongmans ·and Go than 
Sigillaria icthyolepis Pres! in Sternberg sensu Weiss 
Syringodendron sp. 
Cf. Tunguskadendron sp. 
Equisetites sp. 
Sphenopteris aff. souichii Zeiller 
Walchiasp. 
Lebachia hypnoides Florin 

Permian flora 

In the Suez area, a typical early Permian flora with an 
association of Sphenophyta, Filicophyta, Peltasper
maceae and Cordaitophyta is found: 
Callipteris coriferta (Sternberg) Brongniart var. vul
garis Weiss 
Astherotheca leeukuilensis Anderson and Anderson 
Cf. Gangamopteris sp. 
Thinrifeldia sp. 
Sphenophyllum thonii var. minor Sterzel 
Cf. Lobatannu/aria aff. Ungulata Halle 
Cordoitanthus aff. duquesnensis Rothwell 
Lebachia aff. hypnoides Florin 
An association of Euramerican (Callipteris), Gond
wanan (Thinnfeldia) and Cathaysian (Lobatannula
ria) flora was hitherto unknown in north Africa. The 
presence of such an association would seem to indi
cate that during Pennian time Egypt occupied an 
intermediary position among the paleofloristic prov
inces of the world (like Libya during the Triassic). 
During the Permian the climate was not as warm as 
during the Carboniferous and light was not as intense. 
Sphenophyta and Cordaitophyta are found in the 
lowlands, Pteridophylla in the flood plains and a few 
Conifers with small leaves in the highlands. 

In conclusion, it can be stated that the study of the 
fossil flora has helped to date the continental and 
seemingly non-fossiliferous beds of the Paleozoic of 
southwest and north Egypt. Upper Devonian to 
Namurian paleoflora are widespread. No Westpha
lian paleoflora is found whereas Stephanian to Per
mian flora are reported from a few areas. In Egypt 
two main paleofloristic periods can be distinguished 
during the late Devonian to Cluboniferous time. The 
first, corresponding to late Devonian/l'oumaisian, 
Visean and early Namurian times, is dominated by 
Lycophyta with locally a few Sphenophyta and Pteri
dophylla. The second, extending from late Namurian 
to Permian, is characterized by Pteridophyta and 
Gymnosperms. 

The flora of the earlier Carboniferous 
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Plate 29.2 1. Lepidosigil/aria intermedia Lejal. Toumaisian - Wadi Malik (x 2,7); 2. Cordaites sp. Pennian- Wadi Araba (x 
1,1); 3. Cladophlebis oblonga Halle. Jurassic- Wadi Malik (x 2,5); 4. Weichselia reticulata Stockes & Webb. Cenomanian
Bahariya (x 0, 7); 5. Weichselia reticulata Stockes & Webb. Cenomanian- Bahariya (x 10); 6. Astherotheca aff. leeukuilensis 
Anderson & Anderson. Penni an- Wadi Araba (x 2,6); 7. Callipteris conferta Brongniart. Pennian- Wadi Araba (x 1 ,5). 
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Table 29/2. Stratigraphical ranges of fossil plant taxa from Mesozoic aod early Tertiary of Egypt and north Sudan (A. 
Lejai-Nicoll987, Joe. cit, p. 198) 
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(Tournaisian-Visean) display strong similarities to 
that of South America, Chile (Lepidosigillaria), Ar
gentina (Lepidodendropsis cyclostigmatoides), Sibe
ria (Helenie/la), Mongolia (Lepidosigillaria interme
dia) and Himalaya (Archneosigillaria minuta). From 
the Namurian to the Stephanian the paleoflora is not 
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abundant. During the Permian the Egyptian 
paleoflora includes Euramerican, Gondwanian and 
Cathaysian paleofloristic elements. 

The Devonian and early Carboniferous fossil flora 
indicate a generally wann climate. Pteridophylla 
were sphenopsid fonns with lamina leaves more or 
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less incised, having thin cuticula and numerous 
nervs, indicating rather wet climatic conditions. 
Among Lycophyta, those with long leaves and 
parichnos were living on the river sides or around 
lakes; the others with spiny leaves without parichnos 
were growing on drier sunny slopes. The few Pteri
dophylla were growing under the shade of the high 
lycophitic plants. 

2 MESOZOIC STRATA 

Permo-Triassic-early Jurassic flora 

In Egypt the only area from which Triassic conti
nental flora is reported is El Galala El Bahariya on the 
western border of the Gulf of Suez (Carpentier & 
Farag 1948). It includes: 
Equisetites laevis Halle 
E. scanicus Sternberg 
Phlebopteris aff. muensteri Schenk 
Todites williamsoni Brongniart 
Cladophlebis sp. 
Zamites gigas Lindley and Hutton 
Z. schmiede/lii Sternberg 

Late Jurassic-early Cretaceous flora 

Fossil flora separated from the type locality of the 
Gilf Kebir formation at the Akaba pass (Gilf Kebir) 
indicate the presence of late Jurassic to early Creta
ceous strata. Pteridophylla and Gymnosperms are 
found with: 
Cladophlebis oblonga Halle 
Phlebopteris elegans Pres! 
P. aff. indica Sahni and Sitholey 
P. polypodioides Brongniart 
Podozamites Braun 
Pterophyllum obovatum Fakhr 
Weichselia reticulata Stocke& and Webb 
Ginkgoites Seward 
Dadoxylon (Araucarioxylon) dallonii Boureau 
Cycadophyta fructifications 
In the south of Gilf Kebir and the northeastern foot
hills of Gebel Uweinat, a similar flora is present with 
new elements such as: 
Cladophlebis aff. patagonica Frenguelli 
Pagiophyllum Heer 
Phlebopteris aff. muensteri Schenk 
X ylopteris Frenguelli 
Podozamites sp. 
This association ofFilicophyta, Pteridophylla, Cyca
dophyta and Gymnosperms lacking Angiosperms is 
of Jurassic age. The presence of Weichselia does not 
exclude this interpretation since Boureau in 1958 
found Weichselia with typical Jurassic flora in north 

equatorial Africa (Algeria and Libya). 
The climate was rather warm with short rainy 

seasons. Pteridophylla are found in floodplains and 
Conifers in highlands. 

Middle to late Cretaceous flora 

From the Aswan area, Fritel (1926) describes a Creta
ceous flora with ferns (Weichselia) and Angiosperms 
dicotyledonae (Laurus, Cinnamomum, Magnolia, 
Nelumbium) and monocotyledonae (Zosterites, Sa
halites). 

In Wadi Zeraib, south of Quseir, Seward (1935) 
reports dicotyledonae leaves (Dipterocarpophyllum, 
Dicotylophyllum and Nelumbium ). This assemblage, 
which he dates Cretaceous to Tertiary, contains 
neither Magnoliaeophyllum nor Laurophyllum. 

Studying mainly fossil woods, Kraiisel (1939) 
identifies numerous dicotyledonous and monocotyle
donous angiosperms, ferns, and gymnosperms of 
middle to late Cretaceous age. He reports Weichselia 
and Nympheaceae from Wadi Araba and Bahariya; 
Dadoxylon from Gebel Hefhuf; Dipterocarpaceae 
and Nympheaceae from between Esna and Wadi 
Haifa; Gymnosperms, Proteaceae, Sterculiaceae and 
Ebenaceae from between Kharga and Dakhla. 

New results 

Aptian-Aibianjlora 
The following flora is found in the type locality of the 
Abu Ballas formation (Lejai-Nicol, 1981) considered 
of Aptian age by Boettcher (1982) and Schrank 
(1982): 
KlitzschophylUtes aegyptiacum Lejai-Nicol 
Leguminocarpon abubal/ense Lejal-Nicol 
Sphenolepis Texeira 
Weichselia reticulata Stockes and Webb 
In Wadi Shait, north of Aswan, Ficophyllum sp., 
Araliaephyllum sp. and Araliaephyllum aff. obtusilo
bum Fontaine are found. 
Fruit of Palmaceae (Hyphaeneocarpon aegyptiacum 
Vaudois-Mieja and Lejal-Nicol) is reported from the 
Aswan area (Vaudois & Lejal1987). 
The type area of the Maghrabi formation is the south
eastern foreland of the Abu Tartur plateau, west of 
Kharga. In the basal part of the formation there are 
angiosperms: 
Cf. Araliopsoides cretacea Berry 
Cornophyllum aff. vetustum Newberry 
Magnoliaephyllum obtusata Heer 
Cf. Rogersia angustifolia Fontaine 

Cenomanian-Santonian flora 
From the Bahariya oasis Dominik (1985) reports 
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Plate 29.3 I. Credneria sp. Cretaceous - Wadi Haifa (x 1.4); 2. U:uvophyllum africonum l..ejai-Nicol & Dominik. 
Cenomanian- Bahariya (x 2,8); 3. Saliciphyllum aswani Lejal-Nicol. Cenomanian-Bahariya (x 1,2); 4. Hirtella sp. Eocene 
-Gulf of Suez (x 2,5); 5. Pagiophyllum peregrinum Lindley & Hutton. Jurassic- Wadi Malik (x 3,4); 6. Hyphoeneocarpon 
aegyptiacum Vaudois-Mieja & Lejal-Niool. Upper Cretaceous- West Nasser Lake (x 2,4). 

------------··-··-----
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Plate 29.3 1. Credneria sp. Cretaceous - Wadi Haifa (x 1,4); 2. Laurophyllum ajricanum Lejal-Nicol & Dominik. 
Cenomanian- Bahariya (x 2,8); 3. Saliciphyllum aswani Lejal-Nicol. Cenomanian- Bahariya (x 1,2); 4. Hinella sp. Eocene 
-Gulf of Suez (x 2,5); 5. Pagiophyllum peregrinum Lindley & Hutton. Jurassic- Wadi Malik (x 3,4); 6. Hyphaeneocarpon 
aegyptiacum Vaudois-Mieja & Lejal-Nicol. Upper Cretaceous- West Nasser Lake (x 2,4). 
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numerous Weichselia reticulata Stokes and Webb 
associated with angiospenns of Cenomanian age 
(Lejal-Nicol & Dominik 1987): 
Nelumbites giganteum Lejal-Nicol and Dominik 
Magnoliaephyllum bahariyense Lejal-Nicol and 
Dominik 
Cornophyllum aff. vetustum Newberry 
C. dis tense Lejal-Nicol and Dominik 
Liriophyllum farqfraense Lejal-Nicol and Dominik 
Laurophyllum africanum Lejal-Nicol and Dominik 
Rogersia longifolia Fontaine 
Cf. R. angustifolia Fontaine 
Typhaephyllum sp. 
Vitiphyllum aff. multifidum Fontaine 
On the west bank of the Nile, the beds overlying the 
Abu Aggag formation include plant remains such as 
angiosperm leaves with Cf. Rogersia angustifolia 
Fontaine and numerous fruits similat to those of 
Aceraceae. This association of fruits and leaves 
(work in progress) confinns the middle Cretaceous 
age given to these beds by Bartoux & Fritel (1925). 

The basal part of the Kiseiba formation, northeast 
of Wadi Half a, includes a rich flora of Cenomanian to 
Maastrichtian age: 
Dipterocarpophy/lum kisheibiense Lejal-Nicol 
Rogersia aegyptiaca Lejal-Nicol 
Magnoliaephyllum obtusata Heer 
Nelumbites schweinfurthi Fritel 
Typhaephyllum sp. 

Campanian to Maastrichtian flora 
In the Kiseiba formation a flora of Campanian to 
Maastrichtian age is found: 
Cassiaephyllum aegyptiacum Lejal-Nicol 
Credneria sp. 
Ficophyllum sp. 
Nelumbites giganteum Lejal-Nicol and Dominik 
Tiliaephyllum sp. 
Typhaephyllum sp. 
In conclusion one can state that from the beginning of 
the Mesozoic to the end of the Jurassic, Pteridophylla 
and Cycadophyta were numerous. During the Creta
ceous the first angiospenns appeared and were repre
sented in Egypt by forms similar to the Virginia flora 
(Aptian-Albian). From the late Jurassic to the Ceno
manian numerous Weichseliaceae flourished. In the 
late Cretaceous monocotyledonous and dicotyledo
nous angiospenns were prevalent (leaves, flowers, 
fmits and woods). The floristic association during the 
Jurassic and Cretaceous in Egypt indicates that the 
climate was generally warm. In the lowlands (deltaic 
zone, swamp ateas and lakes) there were Palmaceae 
(Hyphaeneocarpon), Nympheaceae (Nelumbites) 
and Typhaceae (Typhaephyllum); in the flood plains 
or river sides there were Magnoliaceae (Magnoliae
phyllum), Comaceae (Cornophyllum), Proteaceae 

(Rogersia), Pla.tanaceae (Credneria), Moraceae 
(Ficophyllum) and Dipterocarpaceae (Dipterocarpo
phyllum ); and in the highlands there were l..auraceae 
(Laurophyllum) and Araliaceae (/iraliaephyllum). 
Up to the Cenomanian there were Weichseliaceae in 
the arid areas. The climate was watm with dry and 
rainy seasons. In late Cretaceous time few areas had a 
more temperate climate. 

3 TERTIARY STRATA 

Chandler (1954) describes the first fossil fruits from 
the early Tertiary (Paleocene) sediments: Paleowe
therellia schweinforthi Heer from Farafra and Nipa, 
Anonaspermum and /cacinicarya from Quseir. 

Gregor & Hagn (1982) identify the following 
fmits from the Cretaceous-Paleocene boundaty {Da
nian of Abu Munqat, Farafra-Dakhla. road): 
Cf. Coryphoicarpus glaboides Koch 
Nipa burtini (Brongniart) Ettinghausen 
Cupulopsis klitzschii Gregor 
Erythropalum sp. 
Stizocaryopsis bartheli Gregor 
Munqaria kraiieseli Gregor 
Most of the Tertiary fossil flora of Egypt is in the 
form of woods. Kraiisel (1939) describes a diver
sified angiosperm woods from the Eocene, Oli
gocene, Miocene and Pliocene strata. The Eocene 
flora (Sterculiaceae, Rubiaceae, Moraceae, etc.) was 
not very different from that of the Cretaceous. The 
early Oligocene was chatacterized by gymnosperms, 
Leguminosae, Sterculiaceae, Palmaceae, Sapinda
ceae and Ebeneceae. New species of angiosperms 
(Palmoxylon, Ficoxylon, Leguminoxylon, Guttifero
xylon, etc.) appeared during the late Oligocene to 
Miocene. In the middle Pliocene several species dis
appeared and new forms matked the advent of the 
Quaternary. 

Lejal-Nicol records the following Eocene flora 
from the Gulf of Suez atea: 
Ficophy/lum sp. 
Dicotylophyllum panandhroensis l..ackanpal and 
Guleria 
Cf. Sparganiophyllum sp. 
Cf. Anonaephyllum sp. 
Terminaliphyllum qfricanum Lejal-Nicol 
Cf. Hirtella sp. 
Cf. Platanophyllum sp. 
Cf. Tiliaephyllum sp. 
Cassiaephyllum aegyptiacum Lejal-Nicol 
This flora is an association of Cretaceous forms with 
younger ones. 

In conclusion, the Egyptian Tertiary paleoflora 
appeatS to have been diversified. Louvet (1973) stud
ies the Tertiary fossil woods from Libya and compa-
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Plate 29.4 I. Triphyllopteris gothani Daher. Visean- Wadi Malik (x 3,5); 2. Pau/liniacarpon sp. Upper Cretaceous- Wadi 
Abu Agag (xI); 3. Magnoliaephyllwn cappelini(Heer) (HOllick) Lejal-NicoL Cenomanian- Kharga(x 2,5); 4. Magnoliae
phyllum aff. obtusata Heer. Upper Cretaceous- Wadi Abu Agag (x I); 5. Brachyphyllum crassicaulis Fontaiue. Upper 
Cretaceous- Wadi Dakhal (x 1.5); 6. Weichselia reticu/ata Stockes & Webb. (Paradoxopteris stromerz) Cenomanian
Babariya (X 3). 
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Plate 29.4 1. Triphyllopteris gotllllni Daber. Visean- Wadi Malik (x 3,5); 2. Paulliniacarpon sp. Upper Cretaceous- Wadi 
Abu A gag (x 1 ); 3. Magnoliaephyllum cappelini (Heer) (Hollick) Lejai-Nicol. Cenomanian- Kharga (x 2,5); 4. Magno/iae
phyllum aff. obtusata Heer. Upper Cretaceous- Wadi Abu Agag (x 1); 5. Brachyphyllum crassicaulis Fontaine. Upper 
Cretaceous- Wadi Dakhal (x 1,5); 6. Weichselia reticulata Stockes & Webb. (Paradoxopteris stromen) Cenomanian
Bahariya (x 3). 
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res them to those of surrounding areas including 
Egypt. He shows that during Eo-Oligocene time the 
zone of tropical rain forest moved from south to north 
fanning at times marshy lands which bounded the 
stretch of Mediterranean littoral between Thnisia and 
Egypt. At the end of the Miocene and during the 
Pliocene a change of climate led to the disappearance 
of the tropical flora and the beginning of desert 
conditions in the Sahara. During the Quaternary, after 
the big glaciations of the northern hemisphere, a 
Mediterranean flora appeared in the mountainous 

areas of the Sahara relics of which remained today. 
The desert as we know it today was established. 
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HISTORY OF RESEARCH 

The celebrated fossil vertebrate fauna of the Fayum 
depression in Fayum Province, Egypt, stands as the 
earliest well-known land mammal fauna of Africa. 
Scattered finds of contemporaneous or earlier Afri
can mammals have been made in Llbya (Savage 
1971, Wight 1980), Algeria (Sudre 1979, Coiffait et 
al. 1984, Mahboubi et al. 1986) and Angola (Pickford 
1986) but fossils at these sites are scanty or remain 
largely undescribed. Many of Africa's Eocene fossil
bearing deposits are rnarioe in origin, such as the 
Qasr El Sagha formation of the Fayum. Vertebrate 
fossils in these formations are few in number and 
only a very limited variety of terrestrial mammals are 
preserved. In contrast, the extensive badlands devel
oped in the Oligocene continental sediments that 
overlie the Qasr El Sagha formation are rich with an 
abundance and diversity of fossil vertebrate remains. 
These provide us with an unrivalled view of the 
evolution of Africa's early Tertiary plants and 
animals. 

The Fayum depression is believed to have been 
excavated by wind erosion in the Pliocene and early 
Pleistocene. At some point, perhaps only a few thou
sand or tens of thousands of years ago, overbank 
flooding from the Nile tilled in a lake, Birket Qarun, 
in the center of this depression that gives the region 
its name (the Greek wordphiom means 'lake'). From 
the north shore of the lake a series of flat-lying 
benches with intervening escarpments rise from 
below sea level to an elevation of over 300 m. Today, 
as for millenia in the past, these benches and escarp
ments are subjected to the erosive action of frequent 
windstonns and occasional flash flooding. Most of 
the present day exposures are either cliffs or relative
ly level snrfaces covered with scattered gravel called 
desert pavement, or serir. It is in Oligocene river bar 
deposits on these serir-covered benches that fossil 
vertebrates occur. 

The lowest of the prominent escarpments on the 
northern side of the Fayum depression is a steep cliff 
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formed by the upper part of the Eocene Qasr EI Sagha 
fonnation. Earlier Eocene sediments below the cliffs 
are partly obscured by Plio-Pleistocene and Recent 
deposits from Birket Qarun. Above this lowest 
escarpment lies the Oligocene Jebel Qatrani forma
tion, which begins as a series of relatively flat lands 
broken by rounded hills and littered with petrified 
logs and the fossilized remains of vertebrates. Many 
of these sediments are point bar deposits of one or 
several major rivers which in early Oligocene times 
were flowing from highlands to the east, usually in a 
westerly direction toward a large southerly embay
ment of the ancestral Mediterranean, or Ththys Sea 
(Bown & Kraus 1988). These bar deposits consist of 
largely unconsolidated gravels and sands of varying 
degrees of coarseness. The Jebel Qatrani formation 
also includes variegated green and red overbank clay 
deposits and occasional cliff-fonning channel depos
its. At frequent intervals there are limestones bearing 
fossils of freshwater ostracods that confinn the pres
ence of ancient freshwater lakes (Bown et al. 1982). 
At about mid-section of the Jebel Qatrani formation 
is a widespread sandstone tenned the barite 
sandstone (Bown & Kraus 1988) that forms a second 
low escarpment separating the 'Lower Fossil Wood 
Zone' of earlier authors from the 'Upper Fossil Wood 
Zone'. Recently, the subdivisions of the Jebel Qatrani 
fonnation have been revised by Bown & Kraus 
(1988) and their tenns 'upper sequence' and 'lower 
sequence' will be used in place of the old tenns 
'Upper and Lower Fossil Wood Zones'. Above the 
barite sandstone lies a second areally smaller bench 
bearing the principal quarries yielding small Fayum 
vertebrates. Above this bench rises a third and final 
escarpment, the Jebel Qatrani, meaning the 'tar hills'. 
This escarpment is capped by a series of four basalt 
flows, the oldest of which has recently been dated at 
31 ± l.Omillionyears (Fieagleetal. 1986). The entire 
thickness of the Jebel Qatrani fonnation from its 
lower contact with the Qasr El Sagha formation to the 
base of the basalts is 340m, an interval that probably 
represents several million years of deposition. 

-------~-- ---------
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Fossil vertebrates were first located in the Fayum 
by the German geologist and explorer Georg 
Schweinfurth who began a detailed geologic study of 
the Eastern Desert of Egypt in 1877. In 1879, while 
conducting geological reconnaissance he crossed to 
an island near the center of Birket Qarun called 
Gezirit El Qom. From the Eocene sediments there he 
recovered shark teeth and cetacean bones that were 
given to the paleontologist W. Dames. Later, with 
additional specimens found by Schweinfurth in the 
Qasr El Sagha escarpment, Dames (1894) diagnosed 
the whale as a new species, Zeuglodon osiris (now 
placed in the genus Dorudon). 

In 1898, the Egyptian Geological Survey began 
new geological exploration of the Fayum depression 
under the direction of a British geologist, HJ.L. 
Beadnell. Mapping and section measurement that 

Figure 30.1 Skull of an adult male 
Arsinoitherium found in Egyptian 
Oligocene deposits. This skull is 
more than a meter long from the 
occiput to the tip of the hom cores. 
In life, the horns that covered 
these cores were probably much 
longer than the cores themselves. 
The largest individuals of Arsinoi
therium were larger than a present
day white rhinoceros, which is the 
third largest living land mammal. 

year took the Beadnell party in a traverse from east to 
west across the north side ofBirket Qarun and at that 
time some fossil vertebrate bones were found in the 
Eocene marine deposits there. In Aprill901, Bead
nell's team was joined by C. W. Andrews of the 
British Museum of Natural History who had come to 
collect modem Egyptian mammals of the region. The 
Andrews-Beadnell group, while ascending the Qasr 
El Sagha escarpment discovered a late Eocene fauna 
of marine vertebrates in shoreline or estuarine depos
its. The group began a prolonged collecting cam
paign that yielded remains of the large proboscideans 
Barytherium and Moeritherium, the serenian Eosi
ren, as well as giant sea snakes. 

About this time, a camelman brought fragments of 
primitive elephant teeth into the camp from a site he 
had found to the north in the Jebel Qatrani forma-



Vertebrate paleontology of Fayum 629 

!ion's continental deposits. His finds were the first 
discovery of the land mammal fauna of the Egyptian 
Oligocene. Andrews (1901) reported that more of the 
elephant tooth row was recovered at the camelman's 
site. These teeth became the type specimen of the 
oldest known elephant, Palaeomastodon. Discovery 
of the continental Oligocene vertebrates brought 
about a burst of scientific activity by Andrews and 
Beadnell who then collected in the continental beds 
of the 'fossil wood zone' during the winters of 1901-
1904, and published a series of descriptive articles on 
these new mammals. In short preliminary notes the 
two authors described the proboscideans already 
mentioned, new genera of giant hyracoids, and the 
huge, exotic four-homed ungulate, Arsinoitherium, 
for which Andrews (1906) established a new mam
malian order (Fig. 30/1). Each of these two authors 
summarized their work in monographs (Beadnell 
1905, Andrews 1906). 

Mter Andrews and Beadnell completed their worl< 
in the region, the Fayum Oligocene localities became 
available to other collectors. A Gennan private col
lector named Richard Markgraf established himself 
in the Fayum and began collecting the larger ver
tebrates for sale to various museums, principally in 
Gennany. When it became clear with the publication 
of Andrew's worl< that the order Proboscidea had 
originated in Africa, the prominent American student 
of elephant evolution, Henry Fairfield Osborn, orga
nized an American Museum expedition to the Fayum 
with the sponsorship of the Egyptian Geological Sur
vey. When the American Museum party reached 
quarry A in early February, Osborn was accompanied 
by a large group of relatives and guests including his 
nephew Fairfield Osborn, much later noted as a con
servationist. Fairfield Osborn lived to be the last 
survivor of these early expeditions into the Fayum 
region. After a short time, H.E Osborn left the field 
camp putting Walter Granger in charge of the collect
ing program with George Olsen as assistant. 
Marl<graf, who had been collecting independently in 
the region for E. Fraas of Stuttgart, was hired by 
Osborn to join the two Americans as a collector and 
to tum over the collections he had already made to the 
American Museum. 

The American Museum party, with Marl<graf, re
mained in the field until June 1906. Andrews' and 
Beadnell' s discoveries had included large numbers 
of giant mammal skulls and jaws belong to Arsinoi
therium and Palaeomastodon. The remaining 
mammals that they had found were mostly large or 
moderately large creodonts, hyracoids and anthraco
theres. These early scientists apparently were not 
trained to find the remains of small mammals, or 
perhaps only looked for large fossils. Fmding small 
fossils was to be the accomplishment of the Ameri-

can Museum expedition but only because of the 
superior collecting abilities of Richard Marl<graf. 
This scientist is one of the mystery men of paleonto
logy. Early in 1906 he had discovered a 'pocket' in 
what has come to be known as the upper sequence, 
north of where the other members of the expedition 
were collecting, that contained some species differ
ent from those found in the lower half of the forma
tion. In the collections he made in this upper se
quence 'pocket', small mammal remains appeared 
for the first time. For instance, in the 1906 season he 
found the jaw of a primate that was later described by 
Osborn (1908) as the type of Apidium phiomense. 
This was the first Oligocene anthropoidean primate 
ever discovered. 

The American Museum party returned to New 
Yolk with over 500 specimens that included a few 
small mammals such as the primate mentioned al
ready, the type of a new rodent, Phiomys andrewsi, 
and also a strange, 'giant' insectivoran, Ptolomaia 
(Osborn 1908). The larger hyracoids and probosci
deans in the American Museum collection were stud
ied much later by Matsumoto (1922, 1923, 1924, 
1926). Meanwhile Markgraf continued to collect on 
his own from 1906 to 1911 and materials he sold to 
the Stuttgart Natural Cabinet were included in a 
monograph on the Fayum mammals published by 
Schlosser (1911), and one on the anthracotheres by 
Schmidt (1913). Schlosser (1910, 1911) described 
three additional small primates that had been found 
by Marl<graf. These were the types of Parapithecus 
fraasi, a monkey-like form resembling Osborn's Api
dium, and two ptimitive hominoids whose jaws re
sembled those of gibbons, Propliopithecus haeckeli 
and Moeripithecus markgrafi (now also placed in the 
genus Propliopithecus ). Other interesting small 
fossils in Markgraf's collection included the humerus 
of a bat, and the oldest known specimen of an ele
phant shrew, Metoldobotes. Marl<graf's collecting 
activities in the Fayum came to an end shortly after 
the begimting of World War I. He died in 1916 at his 
home in the village of Sinnuris near the southeastern 
end of Birket Qarun. (In 1961, Simons was shown 
'the house of the foreigner' in this village.) 

Disinterest, two wars, and changing political con
ditions left the Fayum uninvestigated for over 30 
years, and it was only in 194 7 that paleontologists 
again collected in the Fayum bone beds, this time by 
members of the 'Pan Mrican Expedition' directed by 
Wendell Phillips from the University of California at 
Berl<eley. This expedition made a small collection of 
the various mammals but without finding any pri
mates or other small vertebrates. 

Another period of inactivity ensued until 1961 
when Elwyn Simons organized and led the first of a 
new series of expeditions. By this time everyone who 
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had been connected with collecting in the Fayum 
before the First World War was deceased except for 
the nephew of Osborn, and so there was very little 
transfer of knowledge as to localities and collecting 
techniques. Another major factor affecting fossil 
hunting had changed considerably. The bones of 
large fossil vertebrates in the Fayum are typically 
whitish and are often associated with accwnulations 
of chalky white coprolites. With the use of field 
glasses, such fossil clusters can sometimes be seen 
from more than a kilometer away. This high delecta
bility means that all the large vertebrate fossils ex
posed by weathering were cleaned out by the early 
workers. For this reason, few specimens of the giant 
Fayum mammals have been found since 1961. It is 
estimated that wind erosion takes off less than 3 em 
per century from the serir surfaces in the Fayum, and 
therefore no new large fossils have yet been exposed. 
(The basis for estimating this erosion rate is that a 
4000-year-old 12th Dynasty road made of fossil 
wood that traverses the Jebel Qatrani formation now 
stands nearly 1 m above the surrounding surface.) 

The principal purpose of the 17 expeditions in the 
Fayum conducted between 1961 and 1986 has been 
to collect small mammals such as primates, rodents, 
smaller creodonts and hyracoids. In the course of this 
worlc:, several bats, tiny insectivores, a marsupial, 
three prosimian primates, and a variety of small birds 
have also been found The success at finding these 
small vertebrates has partly resulted from the devel
opment of a new method for harvesting fossils that 
utilizes the power of the frequent Sahara windstorms. 
Large areas of serir-covered surface are swept with 
brooms to remove the over-burden of resistant ma
terials that have built up over the centuries. In the 
succeeding year, winds may remove 15 em or more 
of the loosely consolidated sands from the swept 
areas, leaving fossils behind to be collected from the 
surface. This method is especially important in the 
Fayum because the fossils there are very poorly 
mineralized and cannot withstand exposure on the 
surface for periods of many years, and so small 
specimens are rarely found outside the freshly swept 
quarry areas. Other methods used for fossil collecting 
in the Fayum include screening of fine sands, and 
active quarrying with hammers, chisels and brushes 
of more resistant sandstones and mudstones. 

The collections made on these expeditions number 
tens of thousands of specimens. They have been 
divided between the Cairo Geological Museum, 
which also houses all type specimens, and the two 
collaborating American institutions - Yale Peabody 
Museum from 1961 to 1967, and the Duke University 
Primate Center from 1977 to the present. The new 
discoveries made by these expeditions of the last 25 
years have been described in a large number of 

-------------·-·--··--· 

publications covering many aspects of the Fayum 
fauna and flora. Many of the publications are con
cerned with the small mammals because it is among 
these that the greatest number and diversity of new 
species have been discovered, including ten new 
primates. hnportant advances have also been made in 
knowledge of the non-mammalian fauna, such as 
ichnofossils (trace fossils) that result from the bur
rowing and nesting behavior of various organisms 
(Bown 1982) and the diverse bird fauna (Rasmussen 
et al. 1987). Plant fossils and rhizoliths have also 
been investigated (Wing & Tiffney 1982, Bown 
1982). Knowledge of these important components of 
the plant and animal life, along with detailed geolog
ical studies, have proven conclusively that the Fayum 
environment during the Oligocene was wet and tropi
cal, with swamps and marshland bordered by forests 
and cut by many meandering rivers (Bown et al. 
1982, Olson & Rasmussen 1986, Bown & Kraus 
1988). This increase in knowledge of the Fayum 
fauna and environment shows no signs of slowing 
down. Figure 30/2 shows the cumulative annual rate 
of discovery of new mammal species, and indicates 
that new species are still being discovered steadily 
even after the many years of expeditions. A complete 
annotated bibliography of Egyptian vertebrate fossils 
covering all work up through 1980 was published by 
El Kashab et al. (1983). The most recent faunal lists 
that have been published are ones by Simons (1968) 
and Bown et al. (1982). 
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Figure 30.2 Chart showing the cumulative rate of discovery 
of new species of mammals from the continental Oligocene 
deposits of the Fayum. This indicates that the rate of discov
ery of new fonns has climbed rapidly in recent years. 
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FAUNAL REVIEW 

The result of this extensive worlc on the diverse 
Fayum fossils is that the Fayum stands as the best 
known Paleogene site in Africa. It provides by far the 
most complete view of the endemic African fauna 
before the significant faunal interchanges of the Mio
cene resulted in a major influx of other groups such as 
the many families of rodents, artiodactyls, perisso
dactyls, and fissipeds that are typical of modem Afri
ca. Like the mammals, the Fayum reptiles also in
clude many taxa unknown in Africa today. In con
trast, the fish and birds of the Fayum do resemble, in 
general, those of modem tropical Africa. 

Species of reptiles present in the Fayum assem
blage (Andrews 1906, El Kashab 1977) but absent 
from modem Africa include the gigantic extinct 
aquatic snakes, Pterosphenus and Gigantophis, most 
common in the Eocene Qasr El Sagha formation. The 
large false gavial, Tomistoma, is today restricted to 
Borneo in southeast Asia but during the Oligocene 
occurred sympatrically in the Fayum with both long
and short-snouted species of Crocodilus. One group 
of reptiles present in both the Fayum Oligocene and 
modem Africa are boid snakes, a primitive group of 
constrictor. The most common and diverse of the 
reptiles in the Fayum are chelonians (turtles) repre
sented by at least four genera (Testudo, Podocnemis, 
Stereogenys and Pelomedusa), including both river 
turtles and tropical land-tortoises. The fossilized re
mains of turtle sbell and crocodilian scutes are scat
tered abundantly in the Fayum's riverine sand bar 
deposits. Fish are represented by a great abundance 
of siluroid catfish and lungfish similar to forms that 
inhabit rivers and swamps of modem sub-Saharan 
Africa (Andrews 1906, Bownet a!. 1982). At certain 
quarries in the lower sequence there are numerous 
remains of sharks and rays (Carcharinus, Myliobatis, 
Aetobatis and others). The reptile and fish faunas 
remain the most poorly studied components of the 
Fayum fossil assemblage, and future worlc is sure tu 
yield valuable information about these two important 
vertebrate groups. 

The bird fauna of the Fayum is very diverse and 
represents the best known Paleogene record of the 

class in Africa. There is only a single described bird 
specimen from Africa that predates the Fayum 
assemblage - the sternum of a large pelecaniform 
bird from Eocene marine sediments in Nigeria (An
drews 1916). In contrast, the Fayum has yielded 
fossil remains of 13 bird families. Two of the Fayum 
bird families are now extinct, while the other 11 are 
still represented by living species. One of the extinct 
birds is a large ratite known only by fragmentary 
fossils recovered during the early part of the century 
(Andrews 1906, Lambrecht 1933) that were believed 
to be similar to the extinct elephant birds of Madaga
scar, although this conclusion must be considered 
tentative given the known fossil material. Two gene
ric names have been given to the ratite specimens 
(Stromeria and Eremopezus) but it is possible that the 
fossils actually represent only a single species, Ere
mopezus eocaenus (Rasmussen et al. 1987). The 
other Fayum bird belonging to an extinct family is a 
newly described species that has been allocated to a 
family all its own (Rasmussen et al. 1987). This bird 
is a large, robust form with a distinctly curved bill 
(Fig. 3013) that is probably most closely related to 
herons (Ardeidae ). 

The remaining II bird families are all represented 
by modem species that allow, by analogy, precise 
inferences regarding the paleoenvironment of the 
Fayum. The most abundant and diverse of these 
Fayum families are the herons (Ardeidae) and ja
canas (Jacanidae). Jacanas, or 'lily-trotters', are long
toed water birds that walk on lily pads and other 
floating vegetation in fresh water swamps. They are 
represented in the Fayum by three species in two 
genera, including two giant species that are more than 
30% larger in linear dimensions than the largest 
living jacanas. The Fayum berons include night 
herons that are indistinguishable in known elements 
from the modem genus Nycticorax, and also typical 
herons or egrets similar to modem Ardea and Egret
ta. Herons forage along water edges and in swamps 
and marshes for fish, amphibians and other small 
vertebrate prey. 

Other water birds identified in the Fayum avifauna 
are rails (Rallidae), cranes (Gruidae), flamingos 
(Phoenicopteridae), stories (Ciconiidae), cormorants 

Figure 30.3 Enlarged drawing of 
the rostrum of a large heron-like 
bird known only from the Fayum. 
The recovery of delicate bird 
bones from the Fayum's fluvial 
sediments bas increased drama
tically in recent years. Length of 
this specimen from tip to base is 
8.5cm. 
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(Phalacrocoracidae) and the earliest fossil record of 
the gigantic aberrant family, Balaenicipitidae, the 
shoebilled stories Shoebills are shy, rare birds of 
dense Mrican swamp that locomote on floating or 
submerged vegetation while hWlting for catfish and 
lungfish like those that are so abundant in the Fayum 
quarries, which are then snapped up in the enormous 
bill. 

Two birds of prey, or raptors, have also been recov
ered from the Fayum, including the world's earliest 
record of ospreys (Pandionidae). Today, one species 
of osprey still survives, and it is strictly a fish-eater, 
diving into the water for its prey from great heights. 
The second raptoris a large eagle-like bird (Accipitri
dae) possibly related to the fish eagles of the genus 
Ha/iaeetus (including the familiar bald eagle of 
North America). The only true arboreal birds known 
from the Fayum are two specimens representing tu
racos (Musopbagidae), a group today restricted to 
tropical Mrica. These bright, frugivorus canopy birds 
shared the trees with the Fayum primates, and may 
have competed with them for fruit. All 11 families of 
Fayum birds that are still alive today can be found 
together only in a limited area of Uganda bordering 
Lake Victoria and the upper Nile river (Olson & 
Rasmussen 1986). As indicated by this assemblage, 
the climate of the Fayum during the Oligocene was 
warm, wet and tropical. The environment consisted 
of dense vegetation-choked freshwater swamps and 
areas of open water bordered by forest. 

In contrast to the birds, the Fayum mammal 
assemblage was unlike any other known mammalian 
fauna, living or extinct The mammal community 
consisted of a mixture of endemic Mrican groups that 
have now become extinct or greatly reduced in 
diversity, plus some important immigrant groups 
from Eurasia. The dominant terrestrial herbivores 
were hyracoids of the family Pliohyracidae, repre
sented by eight genera (Meyer 1978, Rasmussen & 
Simons 1988). The Fayum hyracoids include small 
species similar in size to modem hyraxes (Saghathe
rium, Thyrohyrax) and also very large species bigger 
than modem tapirs (Titanohyrax, Megalohyrax, 
Pachyhyrax). A rare species, Titanohyrax ultimus, 
had molars that are much larger than those of the 
contemporary Fayum anthracotheres and the probo
scidean Moeritherium. In addition to being highly 
variable in size, the Fayum hyracoid species also 
differed frum one another in dental specializations. 
Some forms bad bunodont, pig-like teeth adapted for 
crushing food items such as roots, tubers or fruit 
(Geniohyus, Burwhyrax). Others had highly seleno
dont teeth indicating a folivorus diet (Titanohyrax 
and a new genus described by Rasmussen & Simons 
1988). The dentition of Thyrohyrax was similar to 
modem grazing and browsing hyraxes, except for the 

retention of a full eutherian complement of teeth 
(3.1.4.3). The most common of the large hyracoids 
was Megalohyrax eocaenus, which may have been a 
tapir-like resident of the Fayum swamps or river
banks (Fig. 30/4 ). These diverse hyracoids filled 
most of the herbivorous niches that were later 
usurped by suids, bovids and other ungulates that 
arrived from Eurasia by the early Miocene. The 
Fayum is the only fossil locality where the magnitude 
of this ancient hyrax radition has been documented. 

Three other kinds of large terrestrial herbivores 
occurred sympatrically with the hyracoids - embri
thopods, proboscideans, and anthracotheres. Fossils 
of the order Embrithopoda are found only from the 
Fayum and a poorly-known site in Angola (Pickford 
1986). Two species are present in the Fayum, Arsi
noitherium zitteli and A. andrewsi (Fig. 30/1 ). These 
massive animals stood about 1.75 m high at the 
shoulder and carried two pairs of bony horns on their 
heads, a small pair on the frontal and a huge pair on 
the nasals, that were probably covered in life with a 
horny sheath (Andrews 1906, Tanner 1978). The 
extremely hypsodont, full eutherian dentition lacking 
any diastemata is unlike that of any other known 
group of ungulates. The relationships of Arsirwithe
rium cannot be surely determined without older 
fossils, but it probably shares a common ancestor 
with the other endemic African paenungulate orders 
-the hyracoids, proboscideans and sirenians. 

Smaller than Arsinoitherium were the early ele
phants, Palaeomastodon and Phiomia, that gave rise 
to the later diverse radiation of proboscideans in 
Mrica, Eurasia and North America (Andrews 1906, 
Matsumoto 1924 ). The Fayum elephants had long, 
low skulls and longer necks with respect to modem 
elephants, and were much smaller in size. They bore 
two pairs of long tusks, one from the upper jaw and 
another from the lower. Of all the archaic Mrican 
ungulate groups, elephants were most influential in 
later faunas of other biogeographic regions. Another 
proboscidean that was present in the Fayum fauna is 
the partially aquatic Moeritherium, an animal with 
inflated, lophodont molar cusps not unlike those of 
Palaeomastodon and a long, stout, short-limbed body 
(Andrews 1906, Matsumoto 1923). One species of 
Moeritherium is occasionally found in the Jebel Qa
trani formation's lower and upper sequences, sug
gesting that it did inhabit freshwater rivers or lakes, 
but a more common species occurs in marine depos
its of the late Eocene Qasr El Sagha formation. 
Another strange relative of proboscideans, Barythe
rium, is found in the Eocene marine deposits but not 
the Jebel Qatrani formation. This genus is best known 
from an Eocene site in Libya (Savage 1971, Wight 
1980). The final group of aquatic herbivores from the 
Fayum are early sirenians, or sea-cows, which occur 
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in warm coastal regions of both hemispheres today. 
One family of large ungulates from the Fayum, 

Anthracotheriidae, is not related to the African 
paenungulate radiation, but rather represents the first 
kind of artiodactyl known to have reached Africa 
from Eurasia (Schmidt 1913, Black 1978). This 
marks the beginning of the ungulate invasion that 
eventually replaced most of the endemic taxa. The 
Fayum anthracotheres, which are in need of taxo-

nomic revision, were stout-bodied forms that may 
have been aquatic like their distant relative, the hip
popotamus. 

The lumbering FaYum herbivores described above 
were preyed upon by large hyaenodontine creodonts 
(Apterodon, Pterodon, Hyaenodon; see Andrews 
1906, Savage 1978). These animals had large, blade
like carnassial teeth highly specialized for meat
eating and bone crushing. Pterodon africanus was a 

Figure 30.4 Ventral view of the 
skull of a large Oligocene hyrax 
from the Fayum, Megalohyrax 
eocaenus. The small skull next to 
it is from a modern African hyrax 
(Heterohyrax bruce<), Numerous 
species ofbyracoids evolved in 
Africa during the Oligocene that 
differed dramatically from each 
other in size and dietary speciali
zations. Photo by Asenath Bern
hardt 
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large species possibly capable of preying upon the 
most robust Fayum ungulates. In addition to the large 
hyaenodonts, two genera of smaller proviverrine 
creodonts were also present, Metasirwpa and Masra
sector (Simons & Gingerich 1974). Unlike the hyae
nodontines, these genera retained relatively broad 
talonids on their lower teeth. Puncture marks on the 
skeletal elements of various Fayum taxa, including 
the primates, have been shown to be bite marks of 
creodonts, rather than puntures due to scavenging by 
crocodiles (Gebo & Simons 1984). Fissipeds are 
completely absent from the Fayum and therefore 
presumably did not enter Mrica until the late Oli
gocene or early Miocene. 

Another group of carnivore-like mammals from 
the Fayum is the Ptolomaiidae, an enigmatic family 
of oversized pantolestan insectivores including the 
genera Ptolomaia, Qarunavus and a new, un
described form (Osborn 1908, Simons & Gingerich 
1974, Simons & Bown 1987). The dog-sized jaws of 
Qarunavus meyeri lack the sharp, shearing crests of 
strict meat-eaters, and it may well have been a 
racoon-like omnivore that preferred crustaceans, 
frogs, or other river-side prey. Several genera of 
smaller, more typical insectivorans that seem to be 
related to European forms have recently been reco
vered from the Fayum quarries and are currently 
being described by Bown & Simons. These include 
fossil tenrecs, a group now restricted to the island of 
Madagascar. A small insectivorous didelphid mar
supial, Peratherium africanus, that closely resembles 
species of Peratherium in the Eocene and Oligocene 
of Europe, has also been recovered from the Fayum 
(Bown & Simons 1984). Other small insect~ting 
species include a variety of bats being studied by 
Thomas Bown, and the early elephant shrew, Metol
dobotes (Schlosser 1911, Patterson 1965). Fossils of 
a pangolin, a large ant- and tennite-eater, have also 
been found (Gebo & Rasmussen 1985), as well as 
fossilized ant or tennite nests that show evidence of 
being burrowed into (Bown 1982) probably by the 
pangolin in search of food. Ecologically, three recent
ly described prosimian primates should also be men
tioned with this insectivorous group (see below). It is 
clear that the Fayum fauna contained many small, 
insectivorous manunals, some of which have been 
found only in recent years, and it is likely that more 
remain to be discovered. 

Only eight species of rodents have been described 
from the Fayum, all belonging to a single family 
(Phiomyidae) of lophodont mouse- and rat-sized 
forms that may be near the ancestral stem of the 
modem African genera Petromus and Thyrorwmys 
(Wood 1968). The genus Phiomys comprises three 
species distributed in the upper and lower sequences. 
A larger rodent, Paraphiomys simonsi of the upper 

sequence, may be descended from one of the lower 
sequence species of Phiomys. An allied lineage is 
represented by Metaphiomys schaubi of the lower 
sequence and M. beadnelli of the upper. Phiocrice
tomys minutus of the upper sequence is a very small 
species with a reduced cheek dentition, and Gaudea
mus aegyptius from the lower sequence has distinc
tive three-crested teeth very similar to those of the 
modem cane rat, Thryorwmys. Common rodent fami
lies known from the Miocene of south and east Mrica 
are completely absent from the Fayum despite the 
discovery of hundreds of phiomyid specimens; the 
missing families include Bathyergidae, Pedetidae, 
Sciuridae, Cricetidae, Gliridae, Ctenodactylidae, and 
Anomaluridae. The Fayum Oligocene evidently had 
an impoverished rodent fauna with all species pro
bably descended from a single common ancestor 
arriving in Africa not too long before deposition of 
the Jebel Qatrani formation (Wood 1968). 

The most thoroughly studied group of fossil 
mammals from the Fayum are the primates. Those 
from the lower sequence are rare and remain very 
poorly known. These are: 1) 0/igopithecus savagei, 
known from one jaw containing five lower teeth and 
about 12 isolated teeth (Simons 1962, 1971, 1972, 
Rasmussen & Simons in press.); 2) Qatranio wingi, 
known from three tiny jaws (Simons & Kay 1983); 
and 3) an urmamed tarsioid prosimian known only by 
two teeth that belongs in Omomyidae, a diversified 
family otherwise found in the Eocene of Eurasia and 
North America (Simons et al. 1987). Oligopithecus 
appears to be allied with the hominoids of the upper 
sequence as it shares with them the same dental 
formula (premolars reduced to two) and a similar 
structure of the premolars and, to a lesser extent, the 
molars (Rasmussen & Simons in press.). However, 
the molars have sharper crests, less bunodont cusps, 
higher trigonids and a slightly different pattern of 
wear facets than do the Fayum hominids, all features 
that are somewhat prosimian-like. Thus, 0/igopi
thecus presents, in a general sense, an intermediate 
dental morphology between Eocene prosimians and 
Oligocene anthropoideans. The other lower sequence 
anthropoidean, Qatrania wingi, is about the size of 
the tiny South American marmosets and tamarins. 
The mound-shaped bunodont cusps without sharp 
cresting are unusual for such a small primate and 
indicate that the diet may have lacked a strong insect 
component. The morphology is similar to that of the 
larger parapithecids of the upper sequence, and Qa
trania has been placed in that family. 

In contrast to the lower sequence anthropoideans, 
those from the upper sequence are known from many 
hundreds of specimens representing 11 species. The 
family Parapithecidae includes monkey-like primates 
of about the size and proportions of modem squirrel 
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monkeys (Saimiri). One of these, Apidium phio
mense, is the most common of the primates and along 
with the hyracoid Thyrohyrax domorictus, is also the 
most abundant mammal of the upper sequence. Like 
New World monkeys, the dental formula is 2.1.3.3. 
Tooth cusps are bulbous and both the upper and lower 
molars have unusual central cusps. The face of Api
dium was rather short, the frontal bones were fused 
with no trace of a metopic suture, the mandibular 
symphysis also fused early in life, and there is evi
dence of complete postorbital closure; all of these are 
morphological characteristics of modern Anthropoi
dea (Simons 1959, 1972). The canines were sexually 
dimorphic in size indicating by analogy with modern 
primates that Apidium probably lived in polygynous 
social groups (Fleagle et al. 1980). The distal 
tibiofibular articulation shows extensive apposition, 
which together with other evidence from the post-

cranial anatomy indicates thatApidium was a specia
lized arboreal leaper with an ankle stabilized against 
lateral movements (Fleagle 1980, 1983, Aeagle & 
Simons 1979, 1983). Another species, A moustafai, 
is significantly smaller and occurs at a lower strati
graphic level than A phiomense (Simons 1962). 

The closely related genus Parapithecus also con
tains two species, P. grangeri of the highest upper 
sequence quarries (Simons 1974) and the poorly 
known P. fraasi thought to have been found at a 
different stratigraphic level. (The generic name 
Simonsius has been applied toP. grangeri (Gingerich 
1978, Aeagle & Kay 1985) but the diagnosis given 
for the proposed new genus is not sufficient to dis
tinguish it from Parapithecus.) Parapithecus differs 
from Apidium primarily in the weaker central cusps 
on the molars, larger canines, smaller third molars, 
and the complete absence of lower central incisors in 

Figure 30.5 Facial view of the 
skull of Aegyptopithecus zeuxis 
from the Fayum. The cranium is 
almost complete but the upper in
cisors and mandible are restored 
from other specimens. Distance 
across the orbits is about 5 em. 
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adults, a feature unique among primates (Kay & 
Simons 1983,Simons 1986).Insizeandmorphology, 
the teeth and jaws of Parapithecus are comparable to 
those of the smallest living Old World monkey, Cer
copithecus talapoin, and further resemble it in show
ing a primitive bilophodont molar organization. 
These dental resemblances and also some details of 
tarsal morphology (Gebo & Simons 1987) suggest a 
possible close relationship between Parapithecus 
and the Old World monkeys that can ouly be fully 
tested by the discovery of fossil monkeys between 20 
and 30 ntillion years ago. 

The dawn apes of the Fayum include Aegyptopi
thecus zeuxis (Fig. 30/5) and four species in the genus 
Propliopithecus- P. chirobates, P. ankeli, P. haeckeli 
andP. markgraft, the latter two known from only one 
specimen each collected by Richard Markgraf at the 
beginning of the century (Schlosser 1910, 1911, 
Simons 1965, Simons et al. 1987). Both of these 
genera were frugivorous arboreal quadrupeds that in 
size and proportions most closely resemble the how
ling monkeys (Alouatta) among living primates 
(Simons 1967, Conroy 1976, Heagle & Simons 
1978, 1982, Kay & Simons 1980). The two genera 
differ from each other in the position of the cusps on 
the molars, the relative sizes of the cheek teeth, and 
other aspects of dental anatomy (Kay et al. 1981, 
Simons eta!. 1987). P. ankeli is a large species with 
relatively broad, expanded premolars, while P. chi
robates is smaller and differs from P. haeckeli and P. 
mar kg raft in details of tooth structure. 

These two genera are the earliest known homi
noids, although some authors suggest that they pre
date the divergence between modem apes and true 
Old World monkeys (a possibility that does not 
change their hominoid status except in the eyes of 
those cladistic systematists who are intolerant of 
paraphyletic taxa, and who therefore hold the unten
able position that organisms must be classified 
according to the eventual evolutionary branching 
patterns of their fat distant descendants). Aegyptopi
thecus resembles Afropithecus, Proconsul and other 
Miocene dryopithecines in dental and cranial ana
tomy (Simons 1987, Leakey et al. in press). No 
morphological features exclude Aegyptopithecus 
from being a direct ancestor of great apes and 
humans. The Fayum hominoids differ from later 
pongids in the retention of a number of primitive 
prosimian-like features, such as the longer snout with 
large, vertical premaxillary wings, the absence of a 
tubular ectotympanic bone, and the relatively small 
brain (Radinsky 1973, Simons 1987). The shape of 
the proximal humerus indicates more restricted 
movement at the shoulder than in later apes (Heagle 
& Simons 1978 ). For these and other reasons, Aegyp
topithecus forms a perfect evolutionary connecting 

Figure 30.6 Enlarged drawing of the mandible of Afrotar
sius, a small tarsioid prosimian, superimposed on a sketch of 
its probable appearance. The actual specimen is only 1.5 em 
long. 

link between the prosimians of the Eocene and the 
apes of the Miocene. Like Apidium, the Fayum honti
noids were sexually dimorphic in body size aod 
canine size indicating that they probably lived in 
social groups characterized by a polygynous mating 
system (Fleagle et al. 1980). 

Among the most recent additions to the Fayum 
primate fauna are three species of prosimians. The 
first of these to be identified was Afrotarsius chatra
thi (Simons & Bown 1985), a small tarsier-like pri
mate known from one lower jaw collected in the 
upper sequence (Fig. 30/6). Modem tarsiers are 
small, nocturnal, insectivorous leapers restricted to 
the islands of southeast Asia. Afrotarsius is the first 
known fossil of this family, and in known anatomy is 
hardly distinct enough to warrant separation from the 
modem genus Tarsius. Tarsiers are evidently phyle
tically allied with the diverse and common omo
myids of the Eocene (Simons & Russell 1960, 
Simons 1961, Rosenberger 1985), and further fossil 
finds of Afrotarsius, especially specimens preserving 
the diagnostic anterior dentition, may prove crucial in 
determining the precise phylogenetic relationship of 
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these two groups. An omomyid has been identified in 
the Fayum's lower sequence, but it is presently 
known from only two isolated teeth (Simons et al. 
1987). Its affinities lie with the morphologically pri
mitive subfamily Anaptomorphinae, rather than the 
more tarsier-like Microchoerinae. A third species of 
prosimian recently identified by a single isolated 
molar apparently belongs in Lorisidae, a modem 
family including the bushbabies,lorises and pottos of 
Africa and Asia (Simons et a!. 1987). The Fayum 
specimen is the earliest record of the family and, in 
fact, is the earliest known member of the tooth
combed prosimian group that includes not only Lori
sidae but all of the diverse Malagasy prosimians as 
well. These new prosimian finds make the Fayum 
fauna the most diverse in terms of primates of any 
place in the world, living or fossil. This diversity, 
along with its crucial temporal and geographic posi
tion, makes the Fayum the most important known site 
for studying the evolutionary transitions from the 
archaic prosimians of the Eocene to the modem 
anthropoideans, tarsiers and toothcombed prosi
mians. 

The ichnofossils (trace fossils) of the Fayum are 
among the best preserved and most diverse that have 
yet been recognized in fluvial sediments from any
where in the world. These are of particular interest to 
geologists as several ichnofossils have potential 
value in Egypt for pinpointing the ages of sediments 
where vertebrate bones are not preserved. The 15 
types of ichnofossils described by Bown (1982) fall 
into four main categories -large communal nests and 
passageways of social insects (termites and ants), 
dwelling burrows of various invertebrates, pellet
filled tunnels of oligochaete worms, and vertebrate 
burrows and excavations. The most common of the 
social insect ichnospecies are spherical or oblate 
masses (10 to 75 em in diameter) of anastomosed 
galleries (3 to 7 mm in diameter) that have been 
designated Termitichnus qatranii. These resemble in 
size and architecture the structures formed by mod
em subterranean fungus-growing ants and termites. 
Other invertebrates are represented by a variety of 
burrows iocludiog venical cylindrical ones probably 
excavated by freshwater crabs or crayfish, meniscate 
burrows similar to ones formed by crustaceans, mol
lusks, and insects, and teardrop-shaped burrows attri
butable to solitary wasps. The presence of giant tropi
cal oligocbaete worms (earthworms) up to almost 2 
em in diameter is indicated by horizontal, 
unbranched, pellet-filled burrows preferentially ce
mented with calcite, as in modem earthworm bur
rows (Bown & Kraus 1983). 

Most notable of the vertebrate ichnofossils are 
clusters oflarge burrows 15 to 20 em in diameter and 
up to 2 m or more in length that indicate the presence 

of 'villages' of a social burrowiog mammal. None of 
the phiomyid rodents were large enough to construct 
these burrows. Among the Fayum mammals, the 
small creodont Masrasector and the ptolomaiids are 
of approximately the right size to have constructed 
the burrows, but neither are known to have foot or 
forelimb anatomy that could prove fossorial adapta
tions, and neither has any close liviog relative that 
could offer a behavioral analogy. It may be 
significant, however, that at least in dental anatomy 
and size Masrasector resembles the social, burrow
iog viverrids Mungos, Helogale, Cynictis and Suri
cata. These African mongooses dig communal bur
rows and live in groups of about 12 individuals, 
although some groups may grow as large as 40 iodi
viduals (Ewer 1973, Rood 1975, 1978, Rasa 1977). 
Another type of venebrate excavation in the Fayum is 
the preserved remains of large pits (20 to 40 em deep 
and 16to 50 em wide) that always occur with Termi
ticlmus and are probably attributable to digging by 
the Fayum pangolins in search of their insect prey 
(Bown 1982, Gebo & Rasmussen 1985). 

Fossil plants from the Fayum include fruits, seeds, 
leaves, logs (Wing & Tiffney 1982, Bown et al. 
1982) and the best examples of rhizoliths in the world 
(Bown 1982). The most commonly encountered 
fossil fruits io the Jebel Qatrani formation are the 
large compound fruits of Epipremnum, a Iiane, that is 
today restricted to tropical forests of southeast Asia 
and the western Pacific islands. Fossil leaves include 
the floating aquatic plants Salvinia and Nelumbo, a 
cattail-like plant resembling modem Typha, fan 
palms of the Ochnaceae and Sapotaceae and, in the 
lower part of the formation, Cynometra, a genus that 
includes several mangrove species. Also present is 
the fern Acrostichum that today is restricted to the 
landward side of mangrove forests. Mangrove rhizo
liths occur near the base of the Jebel Qatrani forma
tion. Rhizoliths of other small and medium-sized 
plants are abundant throughout the formation but the 
plant taxa responsible cannot be identified. The larg
est fossil rhizoliths ever recognized in the world are 
stump casts in the lower sequence that attain a diame
ter of 1.2 to 2.2 m. Forests of large trees are indicated 
by the most obvious of the plant fossils, the giant 
fossil logs that litter many areas of the Fayum bad
lands. The fossil plant evidence thus strongly sup
pons other lines of evidence that prove deposition of 
the Jebel Qatrani formation by a swampy river 
system bordered by tallliane-draped forest. 

FUTURE PROSPECTS 

The areal extent and stratigraphic thickness of the 
continental Oligocene sediments in the Fayum are so 
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great that future exploration for new sites can con
tinue ahnost indefinitely. For instance, from 1981 to 
1984 more than 40 new fossil mammal localities 
were discovered The western end of the Fayum 
depression is still largely unexplored Oligocene beds 
north and east of Baharia Oasis show great promise 
for yielding new sites of interest. Searching should 
continue for new vertebrate localities because each 
separate site generally has a different faunal assem
blage. Mammals rare or absent in a particular site or 
area may be common elsewhere. For example, all of 
the presently known primate specimens from the 
lower sequence come from but a single quarry. 
Scientists might expect to add very significantly to 
the number of primates and other small mammals if 
other productive sites can be found in the lower part 
of the section. Recently, Thomas Bown and Mary 
Kraus have discovered some continental and beach 
deposits in the upper part of the late Eocene Qasr El 
Sagha formation that offer the potential of yielding 
land mammals. 

Further afield, the Oligocene of the Eastern Desert 
and the late Eocene and the Miocene of the Western 
Desert may be expected to yield more vertebrate 
fossils as paleontologists survey these regions. The 
Miocene exposures stretching from Siwa Oasis along 
the northern rim of the Qattara depression and east 
ward to known fossil fields lying near Hatiyet Mogh
ra may also provide new information about the Terti
ary of Egypt This will be particularly true if localities 
rich in small mammals and birds like those of the 
Jebel Qatrani formation can be found somewhere in 
this vast area of exposures. Such discoveries could 
prove to be valuable in documenting the transition 
from the Fayum fauna composed of many endemic 
Mrican groups to the Mrican Miocene faunas that 
are dominated by inunigrants from Eurasia. 

The fossil primates of the Egyptian Oligocene 
include the first worldwide appearance of undoubted 
anthropoidean primates, and also the first records of 
tarsiers and lorisoids. Because of their relationships 
to humans, these ancient relatives receive the greatest 
attention from scholars. However, none of them is 
particularly well-known skeletally, and only one, 
Ae!P'ptopithecus zeuxis, is known from skulls as well 
as skeletal parts. Knowledge of several of the Fayum 
primate species is restricted to only one or two frag
mentary lower jaws. The unnamed lorisoid and 
omoyid are known only by isolated teeth. In order to 
gain richer insight into the anatomy and adaptations 
of all these primates, it will be necessary to collect 
again and again from the essentially inexhaustible 
quarry sites from which the known parts have already 
been obtained. 

One of the most valuable conclusions to be drawn 
from the century of paleontology in the Fayum is that 

repeated, persistent fossil collecting in the same pro
ductive areas will continue to unveil new fossil spe
cies and new information about paleoenvironments, 
biogeography and the evolution of all variety of plant 
and animal life. Often the rarest or hardest to find 
specimens, such as delicate bird bones, invertebrate 
burrows, or tiny insectivore jaws, are of the greatest 
interest and value to geologists and evolutionary 
biologists. The Fayum presents the earliest broad 
view of the African continent in the Tertiary, and thus 
serves as an important foundation for studies of the 
later Miocene, Pliocene and Pleistocene sedimentary 
deposits of the continent. Many future advances in 
knowledge can be expected with further exploration, 
discovery and study of the Egyptian continental sed
iments and fossils. 
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CHAPTER 31 

Tables of foraminiferal biozones 

SAMIR F. ANORA WIS 
Consultant, Cairo, Egypt 

The following tables show the main stratigraphical 
divisions of time and biostratigraphic units based on 
foraminifera. These are compiled in a correlative 
scheme for the practical use of the oil and other 
related industries. The tables are followed by lists of 
the assemblages of species associated with these 
zones. 

The scheme is based on many years of applied 
work in oil exploration and on the results of a large 
number of published and unpublished works. It is 
useful in establishing ages and correlating strata over 
wide areas of Egypt. Eighty-seven zones are intro
duced based on both the planktonic and benthonic 
foraminifera. Some of these zones, especially those 
based on the planktonic foraminifera, are of world
wide distribution but many others are of local appli-
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cation to Egypt. Some of the standard world-wide 
zones are not recognized in Egypt on account of 
latitudinal differences or facies conditions. Numer
ous attempts were made in the past to zone different 
parts of the stratigraphic column by the use of forami
nifera. Of these, special mention is made of the 
pioneering work of Beckman et al. (1969). Other 
valuable publications can be found in the bibliogra
phy under Abdel Sattar, Andrawis, Ansary, El Heiny, 
Kenawy, Nakkady, Omara, Said, Souaya, Wasfy and 
others. 
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suggestions and critical review. 
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Assemblages associated with foraminiferal zones 

Zone 87 Globigerina calida calida {PARKER) 
Nonion asterizans (Fichtel & Moll); Cibicides 
rhodiensis (Terquern); Spiroloculina sp.; Quin
queloculina spp. and Triloculina sp. 

Zone 86 Borelis schlumbergeri (REICHEL) 
Amphistegina triloba (D'Orbidny); Borelis costu
latus (Eichwald); Borelis reicheli Souaya; Cym
baloporella squamosa (D'Orbigny); Peneroplis 
pertusus (Forskal); Schlumbergerina alveolino
formis (Brady); Elpbidium macellum (Fitchtel & 
Moll) and Quinqueloculina spp. 

Zone 85 Globorotalia truncatulirwides (D'ORBIGNY) 
Globigerina tosaensis Takayanagi & Saito; Globi
gerina falconensis Blow; Asterigerina plannrbis 
D'Orbigny; Elpbidium crispum (Linne); Cibi
cides refulgens Montfort; Gypsina vesicularis 
(Parker & Jones) and Nonion scapha (Fichtel & 
Moll). 

Zone84 Globorotalia crassaformis (GALLOWAY & 
WISSLER) 
Orbulina bilobata (D'Orbigny); Globigerina 
druyri Akers; Globigerina woodi Jenkins; Globi
gerina falconensis Blow; Elpbidium crispum 
(Linne) Stteblus beccarii (Linne); Stteblus punc
tatogranosus (Segnenza); Marginulina filicostata 
Fomasini and Ampbistegina radiata (Fichtel & 
Moll). 

Zone 83 G/obigerinoides obliquus extremus BOLLI 
Globigerinoides obliquus obliquus Bolli; Globi
gerina foliata Bolli; Globigerina nepenthes Todd; 
Globigerinoides trilobus immaturus Le Roy and 
Eponides haidingeri (Brady). 

Zone 82 Globorotalia margaritae BOLLI & BERMUDEZ 
Globigerinoides obliquus obliquus Bolli; Globi
gerinoides trilobus immaturus Le Roy; Globige
rina foliata Bolli; Globigerina nepenthes Todd; 
Eponides haidingeri (Brady) and PuUenia sphae
roides (D'Orbigny). 

Zone 81 Sphaeroidinellopsis spp. 
Sphaeroidinellopsis subdebiscens (Blow); Sphae
roidinellopsis kocbi (Caudri); Sphaerodinellopsis 
grimsdalei (Keijzer); Sphaeroidinella subdehi
scens Blow; Sphaeroidinella dehiscens (Parker & 
Jones); Globigerinoides conglobatus (Brady); 
Globigerina riveroae Bolli and Gloigerina nepen
thes Todd. 

Zone 80 Globorotalia dutertrei (D'ORBIGNY) 
Globigerinoides kennetti Keller & Poore; Globi
gerinoides conglobatus (Brady); Globigerina 
foliata Bolli; Pulleniatina obliquiloculata (Parker 
& Jones); Orbulina universa D'Orbigny and Cibi
cides dutempli (D'Orbigny). 

Zone 79 Globorotalia acostaensis BLOW 
Globihgerina venezuelana Hedberg; Globigerina 
continuosa Blow; Globigerina concinna Reuss; 
Globigerina pachyderma (Ehrenberg); Siphonina 
reticulata (Czizek) and Textularia neurugosa 
Thalmann. 

Zone 78 Bore/is melo (FICHTEL & MOLL) 
Quinqueloculina serninula (Linne); Quinquelocu
lina pulcheUa D'Orhigny; Ampbistegina lessonii 
D'Orbigny; Elpbidium macellum (Fichtel & 

Moll); Pyrgo bulloides (D'Orhigny) and Nonion 
boueanum (D'Orbigny). 

Zone 77 Globorotalia mayeri CUSHMAN & ELLISOR 
Globigerina nilotica Viotti & Mansour; Globige
rina foliata Bolli; Globigerinoides trilobus imma
turus LeRoy; Orbulina universa D'Orhigny; Or
bulina bilobata (D'Orbigny) and Nonion scapha 
(Fichtel & Moll). 

Zone 76 Heterostegina costata costata D'ORBIGNY I 
Heterostegina costata politatesta PAPP & 
KUPPER 
Miliolids spp.; Amphistegina lessonii D'Or
bigny; sponge spicules, algal and bryozoan re
mains. 

Zone 75 Globigerinoides ruber (D'ORBIGNY) 
Globigerinoides ruber pyramidalis (Van den 
Broek); Globigerinoides trilobus altisperturus 
Bolli; Globigerinoides trilobus immaturus Le 
Roy; Hastigerinaaequilateralis (Brady); Orbulina 
universa D'Orbigny; Orbulina suturalis Bronni
mann and Bulimina elongata elongata D'Or
bigny. 

Zone 74 Globorotalia fohsi peripheroacuta BLOW & 
BANNER 
Globigerinoides trilobus immaturus Le Roy; 
Stteblus beccarii (Linne); Orbulina universa 
D'Orbigny; Orbulina suturalis Bronnimann and 
Orbulina bllobata (D'Orbigny). 

Zone 73 Globorotalia fohsi peripheroronda BLOW & 
BANNER 
Globigerinoides trilobus trilobus (Reuss); Globi
gerina venezuelana Hedberg; Bulimina elongata 
elongata D'Orbigny; Bulimina elongata subulata 
Cushman; Cancris auriculus auriculus (Fichtel & 
Moll); Cassidulina cryusi Marks and Cibicides 
variolatus (D'Orbigny). 

Zone 72 Miogypsina cushmani VAUOHAN/Heterostegina 
praecostata PAPP & KUPPER 
Operculina carpenteri (Silvestri); Ampbistegina 
lessonii D'Orbigny; Sphaerogypsina globula 
(Reuss); sponge spicules and algal and bryozoan 
remains. 

Zone 71 Praeorbulinaglomerosa(BLOW) 
Globigerinoides trilobus trilobus (Reuss); Globo
rotalia siakensis (Le Roy); Orbulina suturalis 
Bronnimann and Rectuvigerina tenuistriata 
(Reuss). 

Zone 70 Globigerirwides sicanus DE STEFANI/ 
Praeorbulina transitoria (BLOW) 
Globigerinoides trilobus trilobus (Reuss); 
Stteblus beccarii (Linne); Sphaeroidina bulloides 
D'Orbigny; Cyclarnmina acutidorsata (Hantken) 
and Eggerella compressa (Andreae). 

Zone 69 Miogypsina intermedia DROOGER 
Operculina complanata Defrance; Operculina 
carpenteri (Silvestri); Miogypsina cnrnplanata 
Schlumberger; Ampbistegina lessonii D'Or
bigny; Eponides repandus (Fichter & Moll); 
sponge spicules; algal and bryozoan remains. 

Zone 68 Globigerirwfdes subquadrata BRONNIMAN/ 
Globigerinoides diminuta BOLLI 
Globigerina concinna Reuss; Globigerina bulloi
des Blow; Cyclarnmina acutidnrsata (Hantken); 
Nonion pnrnpilioides (Fichtel & Moll); Uvigerina 
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costata Bieda; Cancris auriculus primtivus Cush
man & Todd; Textularia carinata D'Orl>igny and 
Bulimina pupoides D'Orbigny. 

Zone 67 Miogypsina g/Qbulina DROOGER 
Operculina complanata Defrance; Opert:ulina 
carpenteri (Silvestri); Amphistegina lessonii 
D'Orl>igny; Elphidium advena (Cushman); 
Streblus spp.; sponge spicules; algal and bryo
zoan remains. 

Zone 66 G/obigerinaides quadrilobalU.S primordius 
BLOW & BRANNER 
Globigerinnides lrilobus lrilobus (Reuss); Turbo
rotalia kugleri Bolli; Globigerina ciperoensis 
ciperoensis Bolli; Uvigerina semiomata D'Or
bigny; Uvigerina venusta Franzenau and Valvuli
neria complanata (D'Orbigny). 

Zone 65 Miogypsina tani DROOGER 
Opert:ulina complanata Defrance; Amphistegina 
lessonii D'Orbigny; Elphidium ftexuosum (D'Or
biguy); sponge spicules; algal and bryozoan re
mains. 

Zone64 NoniongranosumD'ORBIGNY 
Cibicides ellisi ellisi Snuaya; Elphidium advena 
(Cushman); Nonion spp.; Streblus spp. and Boli
vina shukrii hintei Souaya. 

Zone 63 Cyc/ammina cancellata deformis GUPPY 
Robulus submamilligera (Cushman); Cyclam
mina acutidorsata (Hantken); Bulimina striata 
D'Orl>igny and Globigerina turritilina tunitilina 
Blow & Banner. 

Zone 62 . Turborotalia kugleri (BOLLI) 
Globigerina continuosa Blow; Globigerinita mar
tini martini Blow and Coryphostoma sinusum 
(Cushman). 

Zone 61 Giobigerina ciperoensis ciperoensis BOLLI 
Globigerina woodi Jenkins; Globigerina lripartita 
tripartita Koch and Globigerina praebulloides 
praebulloides Blow. 

Zone 60 Turborotalia opima opima BOLLI 
Globigerina sinilis Bandy; Globigerina venezue
lana Hedberg; Globigerina lripartita tripartita 
Koch; Globigerina praebulloides leroyi Blow & 
Banner; Karreriella spihonella (Reuss) and Thr
borotalia opima nana Bolli. 

Zone 59 G/obigerina ampliopertura BOLLI 
Vigulinella pertusa Reuss; Eggerella spp.; Uvige
rina minuta Cushman & Stone and eponides prae
cinctus Karrer. 

Zone58 Globigerinase/li(BORSETTI) 
Globigerina rohri Bolli; Globigerina yeguaensis 
pseudovenezuelana Blow & Banner; Robulus 
macrodiscus (Reuss) and Haplaphragmoides 
carinatum Cushman & Renz. 

Zone 57 Cassigerinella chipolensis (CUSHMAN & PON· 
TON) 
Globigerina venezuelana Bolli and Hastigerina 
micra (Cole). 

Zone 56 Nummulites strilllus (BRUGUIERE)/Nummulites 
chavennesi DE LA HARPE/Nummulites fobianii 
(REVER) 
Nummulites pulchellus De Ia Harpe accompanied 
by the three zonal species. 

Zone 55 Turborotalia cerroazulensis (COLE) 
Globigerina pseudoampliapertura Blow; Globi-

Zone 54 

Zone 53 

Zone 52 

Zone 51 

Zone 50 

Zone49 

Zone48 

Zone47 

Zone46 

Zone45 

Zone44 

Zone 43 
and42 

Zone41 

Zone40 

gerina yeguanensis Weinzierl & Applin and Glo
bigerinita unicava (Bolli, Loeblich & Tappan). 
Globigerapsis semiinvoiutus (KEiiZER) 
Porticulosphaera mexicana (Cushman) and Thr
borotalia centralis (Cushman & Bermudez). 
Nummulites striatus (BRUGIERB)/ 
Sphaerogypsina g/obula (REUSS) 
Nummulites beaumonti D' Atchiac & Haime and 
Nummulites discorbinus (Schlotheim). 
Truncorotaloides rohri BRONNIMANN & BER· 
MUDEZ 
Acaranina spinuloinftata (Bandy); Morozovella 
spinulosa (Bandy) and Globigerina linaperta Fin
lay. 
Nummulites striatus (BRUGIERB)/Dictyoconus 
aegyptiensis (CHAPMAN) 
Nummulites beaumonti D' Atchiac & Haime; 
Gypsina carteri Silvesteri and Somaliua stefaninii 
Silvesteri. 
Morozuvel/a lehneri (CUSHMAN 8t JARVIS) 
Hantkenina mexicana Cushman; Morozovella 
renzi (Bolli); Globigerina senni (Bechmann); 
Bulimina jarvisi misrensis Ansary and Chilo
guembelina cubensis (Palxner). 
Nummulites gizehensis gizehensis (FORSKAL) 
Nummulites discorbinus (Schlotheim); Num
mulites beaumonti D' Atchiac & Haime and Gyp
sina carteri Silvesteri. 
G/obigerapsis kug/eri BOLLI 
Truborotalia broedermanni (Cushman & Bermu
dez); Acaranina spinuloinftata (Bandy) and Glo
bigerapsis index (Finlay). 
Turborota/ia bullbrooki (BOLLI) 
Thrborotalia broedennanni (Cushman & Bermu
dez); Turborotalia lriplex Subbotina; Bulimina 
jacksonensis Cushman and Robulus trompi Ans
ary. 
Nummulites gizehensis zitteli DE LA HARPE 
Nummulites discorhinus (Schlotheim) and Num
mulites beaumonti D' Atchiac & Haime. 
Hantkenina aragonensis NUTTAL 
Acaranina spinuloinftata (Bandy); Morozovella 
spinulosa (Cushman); Planulina sinaensis Ansary 
and Bolivina moodysensis Cushman & Todd. 
Nummulites irregu/aris DB SHAYES/NummuliteS 
rollandi FICHEUR 
Nummulites atacicus Leymerie; Nummulites or
natus Schaub; Nummulites globulus Le Roy; 
Nummulites rotularis De Ia Harpe and Assilina 
laxispira De Ia Harpe. 
Acaranina esnaensis (LE ROY) or Morozovella 
aragonensis NUTTAL 
Acanmina gravelli (Bronnimann); Morozovella 
quetra (Bolli); Morozovella planoconica (Subbo
tina); Acaranina esnaensis (LeRoy); Thrborotalia 
soldadoensis (Bronnimann); Globigerina turgida 
Fiulay and Thrborotalialriplex Subbotiua. 
Nummulites p/anu/atus (LAMARCK) 
Nummulites subplanulatus Hantken & Madarasz; 
Nummulites praecursor De Ia Harpe and Num
mulites aticicus Leymerie. 
Nummulites burdiga/ensis (DE LA HARPE) 
Nummulites praecursor De Ia Harpe and Num
mulites deserti De Ia Harpe. 
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Zone 39 Morozovella formosa (BOLLI){Morozove//a rex 
(MARTIN) 
Morozovella formosa gracilis (Bolli); Morozo
vella quetra (Bolli); Acaranina esnaensis (Le 
Roy); Morozovella aequa (Cushman) and Acara
nina wilcoxensis (Cushman & Ponton). 

Zone 38 Morozovella velascoensis (CUSHMAN) 
Morozovella velascoensis parva Rey; Morozo
vella acuta (Toubnan) and Morozovella occulosa 
(Loeblich & Tappan). 

Zone 37 PlaMrotaloides pseudomenardii (BOLLI) 
Acaranina convexa (Subbotina); Morozovella 
aequa (Cushman & Renz); Bolivinopsis kneblei 
(Le Roy) and Zeauvigerina aegyptiaca Said & 
Kenawy. 

Zone 36 Morozove//a angulata (WHITE) 
Morozovella angulata abundocamerata (Bolli); 
Morozovella colligera (Schwager); Pseudoclavu
lina farafraensis LeRoy; Thrborotalia ehrenbergi 
Bolli and Guadryina laevigata Francke. 

Zone 35 Acaranina uncinata (BOLLI) 
Thrborotalia ehrenberg! (Bolli); Acaranina pseu
dobulloides (Plununer); Zeanvigerina aegyptiaca 
Said & Kenawy and Bolivinopsis dentata (Alth). 

Zone 34 Globostica daubjergensis Bronnimanof 
Morozovella trinidadensis (Bolli); Thrborotalia 
compressa (Plummer); Osangularia convexa Le 
Roy and Chiloguembelina subtriangularis Beck
mann. 

Zone 33 Globigerina eugubina LUTERBACHER & PRE
MOL! SILVA 
Globigerina anconitana Luterbacher & Premoli 
Silva; Globigerina fringa (Subbotina); Thrborota
lia californica (Smith) and Turborotalia globosa 
'Hantken). 

Zone 32 AtJathomphalus mayaroenslS BOLLI 
Globotuncana contusa (Cushman); Globotrunca
nita stuarti (De Lapparent); Pseudotextularia ele
gans (Rezhak) and Rugoglobigerina spp. 

Zone 31 Gansserina gansseri BOLLI 
Globotruncanita stuarti (De Lapparent); Globo
tuncana conica White; Globotruncana area 
(Cushman); Heterohelix reussi Cushman; Boli
vina incrassata lata Egger and Bolivina incrassata 
limonensis Cushman. 

Zone 30 Globotruncana tricarinaza (QUEREAU) 
Rosita fomicata fornicata (Plummer); Globotrun
cana ventricosa White; Globotuncanita stuarti 
(De Lapparent) and Heterohelix ultimatumida 
(White). 

Zone 29 GlobotrUncanita elevata elevata (BROTZEN) 
Rosita fornicata fomicata (Plummer); Rosita for
nicata manaroensis Gandolfi; Globotruncana ste
phensoni Passagno; Stensioina exculpata Reuss 
and Bolivinoides decoratus decoratus (Jones). 

Zone 28 Lacosteina maquawi/ensis ANSARY & FAKHR 
Bulimina prolixa Cushman & Parker; Neobuli
mina canadensis Cushman & Wickenden and 
Anomalina sp. 

Zone 27 Globotruncana angusticarinata GANDOLFI 
Globotruncana marginata (Reuss); Rosita forni
cata manaroensis Gandolfi; Stensioina praexcul
pata keller and Heterostomella mexicana Cush
man. 

£one 26 Dicarinella concavata concavata (BROTZEN) 
Globotruncana marginata (Reuss); Globigerinel
loides ehrenbergi (Barr) and Praeglobotruncana 
hilalensis Barr. 

Zone25 Dicarinella concavata cyrenaica (BARR) 
Globotruncana coronata Bolli; Haplophoragmoi
des calculus Cushman & Waters; Discorbis 
minuts Said & Kenawy and Kyphooxya undulata 
Lootterle. 

Zone 24 Discorbis turonicus SAID & KEN A WY 
Discorbis minutus Said & Kenawy; Haplophrag
moides eggeri Cushman and Cuneolina conica 
D'Orbiguy. 

Zone 23 M arginotruncana sigaliRE£CHEL 
Globotruncana coronata Bolli and Haplophrag
moides gracilis Said & Kenawy. 

Zone 22 Ceratobulimina aegyptiaca SAID & KENAWY 
Ammomarginulina curvatura Ansary & Tewfik; 
Ammobaculites turonicus Said & Kenawy; No
nion beadnelli Said & Kenawy and Discorbis 
turonicus Said & Kenawy. 

Zone 21 Ammomarginulina ovoidea SAID & KEN A WY 
Ammomarginulina spp.; Ammobaculites turo
nicus Said & Kenawy and Ostracod species Cy
therella tuberculifera Alexander. 

Zone 20 Heterohelix globulosa (EHRENBERG) 
Praeglobotruncana helvetica (Bolli); Bulimina 
prolixa Cushman & Parker, with maximum devel
opment of the zonal species. 

Zone 19 Thomasinella punica SCHLUMBERGER 
Cribrostomoides sinaica Omara; Cribrostomoi
des parallens Ansary & Tewfik; Nezzazata 
simplex simplex Omara; Flabellamrnina com
pressa (Bissel) and Rotalipora cushmani Morrow. 

Zone 18 Thomasine/lafragmenrariaOMARA 
The ronal species is occasionally found with rare 
planktons such as Hedbergella washitensis (Car
sey). 

Zone 17 Orbitolina discoidea GRAS/Choffatella decipiens 
SCHLUMBERGER 
Orbitolina spp. and Pseudocyclammina sp. 

Zone 16 Hedbergella infracretacea (GLAESSNER) 
Hedbergella spp.; Biglobigerinella sp. and Orbi
.tolfna spp. 

Zone 15 Globigerina graysonensis TAPPAN 
N annoconus steinmanni Kamptner and Hedber
gella spp. 

Zone 14 KurnubiamorrisiRBDMOND 
Pseudocyclammina ammobaculitiformis Mayne; 
Ammobaculites natrunensis Ebeid and Conicos
pirillina trochoides (Berthelin). 

lone 13 Steineke/la steinekei REDMOND 
Trocholina intennedia Henson; Pseudocyclam
mina sulaiyana; Steinekella creusi Redmond; Ver
neuilinoides minuta Said & Barakat and Kumubia 
trunkata EbeicL 

Zone 12 Kurnubia palastiniensis HENSON{Trocholina 
palastiniensis HENSON 
Nautiloculina circularis Said & Barakat; Nautilo
culina oolithica Mohler, Trochanunina callamina 
Loeblich & Tappan; Lenticulina muensteri 
(Roemer) and Ammobaculites jurassica Henson. 

Zone II Pfenderina spp. assemblage 
Pfenderina gracilis Redmond; ffenderina neoco-
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miensis (Pfender); Sandrella laynei Redmond; 
Pfenderina infiata Redmond; Nautiloculina ooli
thica Mohler and Meyendorffina ghorabi Eheid. 

Zone 10 Problematina liassica (JONES) 
Triplasia bartensteini Loeblich & Tappan; Am
momarginulina sp. and Trocharnmina sablei Tap
pan. 

Zone 9 Hyperammina/Earlandia assemblage 
Earlandia pulcbra Cummings; Earlandia spp.; 
Hyperammina spp.; Glomospira simplex Harton 
and Thuramminoides sphaeroidalis Plummer. 

Zone 8 Hemigordius simplexREITLINGER 
Hemigordius discoideus Brazhnilrova; Endothyrn 
bradyi Mikhailov; Bradyina pauciseptata Reit
linger; Ammovertella sp. and Fusulina fallsensis 
Thomson, Verville & Looke. 

Zone 7 Ozawaine/la umbonata BRAZHNIKOVA 
Ozawainella angulata (Colani); Ozawainella 
parationi Manikalova; Millerella pressa Thomp
son and Millerella concinna Potievskaya. 

Zone 6 Eostaffel/a postmosquensis KIREEVA 
Enstaffella ikensis Vissarionova; Eostaffella 
mutabilis Rausser; Enstaffella tortula Zeller; 
Eostaffella pinquis Thompson and Glomospira 
vulgaris Lipina. 

Zone 5 Archaediscus krestovnikovi RAUSER 
Archaediscus convexa Grozdilova & Lepideva; 
Tetrataxis digna Grozdilov & Lepideva; Tetra
taxis paraminima Vissarionova; Endothyrn bra
dyi Mikhilova and Climmacamina deckerelloides 
Lipina. 

Zone 4 Endothyranopsis crassa (BRADY) 
Earlandinella cylindrica (Bracy); Glomospira 
simplex Harlton; Palaeotextularia davisella 
Cummings; Climmacamina ferra Cummings; Te
trataxis conica Ehrenberg and Valvulinella 
youngi (Brady). 

Zone 3 Tetrataxis conica EHRENBERG 
Tetrataxis minuta Brazhnilrova; Tetrataxis eomi
nima Rauser; Earlandia elegans (Rauser); Bige
nerina sp. and Palaeotextularis davisella Cumm
ings. 

Zone2 P/avskinapiriformisREITLINGER 
Caligella spp.~ Saccammina spp.; Moravammina 
segmentata Pokorny; Tolypammina jacobschapo
lensis Conkin; Tolypammina cyclops (Gutschick 
& Trecbrnan) and Tolypammina bulbosa (Gut
shick & Trechman). 

7.one I Thurammina deformens IRELAND 
Thurammina tubulata Moreman; Thurammina el
liptica Moreman and Tolosina sedenta Ireland. 



CHAPTER 32 

Paleozoic trace fossils 

A. SEILACHER 
Tiibingen University, GentUlny an4 Yale University, USA 

J INTRODUCTION 

Trace fossils, sedimentary structures resulting from 
animal activity, cannot compete with body fossils 
when it comes to taxonomic resolution. Commonly it 
is impossible to tell apan quite unrelated species or 
genera of worms, or bivalves, from the tracks and 
burrows they have left behind. On the other hand 
such traces may provide detailed information about 
life activities, behavioral programs and nutritional 
strategies, that could never be derived even from the 
most perfectly preserved body fossils. Traces, or 
'Lebensspuren', also have the advantage that they 
cannot be reworked to become redeposited outside 
the original habitat or as ghost fossils in deposits of 
much younger age. 

It is for these properties that as biogeologists we 
use trace fossils primarily to register changes in envi
ronmental parameters such as water depth, oxygena
tion, turbulence or productivity through stratigraphic 
time and space. This can be done on a broad scale to 
distinguish shallow marine shelf and epicontinental 
deposits from flysch type sediments that have been 
deposited on oceanic crust. Or one can work on a 
finer scale to map local environmental patterns, or 
biotic responses to episodic events (storms, floods), 
in the framework of basin analysis. 

In Egypt, such finely tuned environmental analysis 
has been successfully applied to the Tertiary of the 
Nile basin (Aigoer 1982). In older rocks it is less 
needed for two reasons: firstly, because the area has 
remained cratonic throughout Phanerozoic time 
(oceanic sediments from the opening Red Sea have 
not yet been incorporated into the rock record). Se
condly, detailed facies analyses are, at the present 
stage of reconnaissance, Jess needed than gross strati
graphic correlations. This is particularly true for the 
Paleozoic sediments which, in many cases, have been 
Jumped with the 'Nubian Sandstone' -a unit that is 
much younger, if defined in a stratigraphic sense. 
This error is pardonable, however, because a 'Nubian 
Facies', dominated by fluvial and shallow marine 
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silicoclastic sediments, had existed in this setting 
long before the upper Cretaceous transgression. This 
clastic facies is notoriously poor in classical index 
fossils, because it does not favor the preservation of 
calcareous hard parts (molluscs, brachiopods, tri
lobites, ostracods, foraminifera, etc.). Nor does the 
lithology give us a clue to the antiquity of a rock, 
because in the absence of a huge overload not even 
the oldest sandstones did tum into quartzites - a fact 
that also left the sand available for repeated recyc
ling. 

Progress in the unravelling and dating of Nubian 
facies rock sequences during the last decades has 
come from lithostratigraphic correlations and from 
fossils that are Jess prone to early diagenetic dissolu
tion: acritarchs, plant remains, vertebrate bones and 
trace fossils. Age determinations derived from such 
substitute index fossils usually do not provide resolu
tion down to the level of biozones and subzones. 
Nevertheless they serve as provisional measuresticks 
that can be further improved by standardization in 
other areas of the world, where an orthostratigraphic 
scale is available. 

In the Paleozoic of Egypt, the biogeological value 
of trace fossils is twofold. Even the longest-ranging 
trace fossils (except for 'non-descript' forms) allow 
the distinction between terrestrial, fresh water and 
marine environments. Thereby they allow the rec
ogoition of marine ingressions within seemingly uni
form clastic sequences. The traces that trilobites have 
produced abundantly as pan of their sedimeot
feeding activities serve as markers of marine condi
tions. By their high degree of fingerprinting they are 
also better stratigraphic indices than any other group 
of trace fossils (with the possible exception of tetra
pod tracks), although their resolution still does not 
reach beyond the stage level. Unfortunately, this 
valuable tool becomes rather blunt- due to the trilo
bites' decline- in later pans of the Paleozoic. 

Accordingly, we shall subdivide our presentation 
into two parts: the first one deals with the interpreta
tion of trilobite traces as a prerequisite for their 
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biostratigraphic use, while actual ichnofaunas will be 
discussed in stratigraphic order in the second part. 

1broughout this discussion we should be aware 
that cratonic rock sequences, at all scales, tend to be 
full of major stratigraphic gaps, which are difficult to 
recognize because oflithologic and diagenetic mono
tony and the lack of angular unconformities. In stable 
cratonic settings, stratigraphic history generally pres
ents itself as a series of sedimentary episodes, during 
which short marine ingressions were able to extend 
over tremendous areas of the low-relief basement 
surface. We should also remember that in the absence 
of strongly subsiding basins the sediment veneer 

could at any place reach only a limited thickness, so 
that deposition had to be compensated by erosion of 
earlier deposits. In such a cannibalistic scenario, ad
ditionally favored by low grade diagenesis, continu
ity of the stratigraphic record cannot be expected -
neither in a vertical, nor in a horizontal sense. What 
we do find is a puzzling stratigraphic patchwork. It is 
only thanks to the tremendous size of the Egyptian 
territory and for the recent efforts of devoted field 
geologists to explore inaccessible desert areas, that in 
spite of this patchiness the Paleozoic time scale can 
now be fairly well filled with records from disparate 
regions of this country. 

TRILOBITE BIOLOGY ... 

'olotm 

leg kinetics 
carapace 

... & BURROWING 

pudjca 

Stenopilus 

Figure 32.1 The strange features 
of trilobites, such as a spreading 
out (instead of body-contouring) 
carapace, a mouth opening back
ward and a ftexed attitude of the 
legs in carcasses (and in the im
pression of one= Cr. morgan.), 
suggest a very special mode of 
life. In the lower part of the picture 
(from Seilacher 1985). the ou
tward ratcheting of the doublure 
terrace lines are used to recons
truct the processing of sediment in 
a filter chamber underneath the 
body. In Sterwpilus and a cor
responding trace, a tail-down 
backward burrowing is suggested 
(note inversedratcheting on pygi
dium!). 
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2 ANALYSIS OF TRILOBITE TRACES 

Trilobites, the classical guide fossils of the early 
Paleozoic, are hardly ever present in the carbonate
poor Nubian facies. But fortunately carapaces are not 
the only record that these strange organisms have left 
behind. As active deposit feeders that either browsed 
the surface or processed the upper sediment layer in a 
filter chamber underneath their carapace hood (Fig. 
32/l), trilobites were also very productive as trace
makers. Their shallow diggings are usually preserved 
on the sole faces of sandstone beds as bilobed casts 
(hence the old name 'bilobites'). They are here united 
under the ichnogeneric name Cruziana D'Orbigny, 
whether made in a stationary (coffee bean-shaped 
'rusophyciform' expression) or in a bulldozing 
manner (band-shaped 'cruzianaeform' expression). 
ln addition we find trackways (Diplichnites) and 
grazings (DimorpJUchnus), some of which were pres
umably made by the same kinds oftrilobites. 

a) Biologic and biostratinomic background 

ln order to understand trilobite trace fossils, we must 
first discuss details of the trilobite feeding process. 
They can be derived from general features of trilobite 
construction (pleural duplicatures spreading-Qut, 
rather than contouring the body; outward-ratcheted 
terrace lines on the ventral surface; backwardly di-

UNDERTRACE 
MODIFICATIONS 

'• .. ·: :· 

rected mouth; lack of mouth parts) and from the fact 
that the legs did not dig the sediment away from 
underneath the body (as would an animal that buries 
itself for protection). Rather the endopodites scraped 
the sediment together towards the midline. This 
makes sense only if the loosened sediment became 
subsequently suspended, processed and eventually 
tlushed-out from under the hood by the beat of the 
exites- feathery appendages that were well-suited to 
combine the gill function with that of a food filter. 
The strained food could then be handed to the coxae 
and along the midline to the mouth, which sucked it 
in without needing the help of special mouth append
ages. 

The second important detail is one of preservation. 
Intuitively one would assume that positive relieves 
found on the sandstone soles are casts of impressions 
that had been made when the underlying mud was 
still exposed. But the switch from mud to sand sedi
mentation usually maries a high energy event, such as 
a storm or a tlood, during which deposition is always 
preceded by an erosional phase. This phase is rec
orded by impact casts on the soles of storm-sand; but 
associated trilobite traces are unaffected, presetVing 
minute details of scratch patterns, on which our taxo
nomic distinction largely depends. instead we are 
faced with another kind of imperfection, namely that 
only the most deeply impressed parts of a burrow, or 
trackway, are presetVed in the cast. Most of the 

Figure 32.2 Preserved trilobite 
burrows did not originate at the 
sediment/water interface, but 
when the mud surface was already 
covered with a thin sheet of saod. 
This accounts for a lot of shape 
modifications and deficiencies 
depending on the undertrack level 
(a, b, c) (from Seilacher, in press). 
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ENDOPODIAL CLAW MARKS 
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Figure 32.3 Shapes of endopodite claws, which are very rarely recorded by body fossils (for instance in Phacops) can be 
derived from impressions in walking or grazing tracks (where the legs pushed on the advancing and raked on the trailing side 
of the body) as well as from burrow scratches. The latter are an important criterion in Cruziana classification (modified from 
Seilacher 1962). 

palichnological record consists of undertraces (Fig. 
32/2), which originated internally at the interface of a 
sandy veneer with the underlying mud and became 
sand-cast without having ever been exposed to the 
destructive force of surface erosion. This means that 
the trilobites responsible lived and fed not on mud, 
but on sandy substrates and that only a minute per
centage of their trace production had a chance to be 
preserved in the fossil record. It also means that we 
need a large number of specimens to reconstruct the 
complete trace pattern (Seilacher 1985). 

b) Endopodial claw shapes (Fig. 32/3) 

Since trilobite appendages had no sclerotized 
cuticles, but were largely supported (and probably 
also extended) by hydrostatic pressure, they have 
become fossilized only in very rare cases (Sti1Srrner 
1939, Bergstri1Sm 1969, Whittington 1982). What we 

know from such examples is that the legs retained the 
same shape throughout the body; i.e. there was no 
marked differentiation of mouth parts or pleopods. 
But we should also remember that leg shapes remain 
unknown in the vast majority of trilobite genera, 
particularly in the ones that inhabited well aerated 
environments, where non-mineralized parts are un
likely to be preserved. 

It is right in such environments that we find the 
traces made by trilobite legs. They tell us that the tips 
of the endites were variously adapted to their walking 
and digging function by particular groupings of 
claws or setae. Thus, like fingerprints, the claw marks 
help us distinguish different species of trace makers, 
even though their identification with body fossil taxa 
remains very conjectural (Fig. 32/3). 

------ -----------
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EXOPODIAL 
BRUSHINGS 'ltj;r 

E 
u 

extrovert 

\ ,· 

<~i·· 

introvert 

Cr. semiplicata, U.C. 

Figure 32.4 Well-preserved Cruziana specimens (high undertrack levels) show the longitudinal brushings of the feathery 
exopodites in addition to the endopodial scratches. This proves that the outer branches acted not only as gills but participated 
also in sediment processing. The curvature of the hrushings also allows us to distinguish species in which the flushing and 
straining exopodites were outstretched (extrovert) from those in which they worked in a bandy-legged fashion (introvert). All 
specimens in the Ttibingen collection. Cr. aegyptica from loc. F27/86 (upper Wadi Qena); lower specimen Holotype GPIT 
1660/1; upper: Berlin collection. Cr. salomonis from Umm Bogma (upper specimen, from Joe. 13/86 in Berlln; lower Joe. 
F8/86 GPIT 1660/2). Cr. semiplicata from Tremadocian (Molinos Beds), Portiella, N. Spain (GPIT 166013). Cr. arizonensis 
from mid-Cambrian (Bright Angel Shales) of the Grand Canyon (GPIT Joe. 1086/5). 

c) Exopodial brushings (Fig. 32/4) 

In addition to the coarse endopodial scratches, tri
lobite burrows occasionally sbow much finer mark
ings that are here referred to the activity of the 
feather-like exopodites. In rusophycoid burrows they 
are usually restricted to the posterolateral parts, as 
exemplified by Cr. arizonensis (Fig. 32/5; but note 
other position in Cr. balsa, Fig. 32/6). The exopodial 
brushings may also form separate lobes flanking the 
endopodial ones in cruzianaeform versions (Cr. 
semiplicata, Fig. 32/5). 

The lineation in these brushings is so delicate, that 
it can be seen only in perfectly preserved specimens 
and only in tangent light. It has mostly a longitudinal 
direction. In some cases, however, we can distinguish 
individual sets of lineation, in which the parallel lines 
are slightly curved. The Egyptian material shows that 
the direction of the curvature basically differs be
tween ichnospecies and can be used as an additional 
distinctive feature. In Cr. aegyptica the brush curves 
are convex to the outside (extrovert), as should be 
expected in an appendage that swings around a me-
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Cr. aegyptica,Egypt 

Figure 32.5 Cambrian CruziaiUl stratigraphy (modified from Seilacher 1970). Cr. IUlbataeioo. Petra, Jordan (holotype GPIT 
1660/4; see Plate Ia). Cr. sa/omonis; cruzianaeform version (left) from Zerka Main, Jordan (GPIT 1660/5; see Plate lc), 
rusophyciform (right, loc. FS/86, GPIT 1660/16) from Umm Bogrna. Cr. aegyptica from upper Wadi Qena, Joe. F29/l!6 
(GPIT 1660/7). 
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dian point of attachment (Fig. 32/4 ). In other species, 
such as Cr. salomonis, however, the curvature is 
reversed (introvert), as if these appendages had been 
attached at the lateral margin. The only plausible 
explanation is that in this case the exopodites were 
bandy-legged, like the endopodites. 

d) Trilobite bu"ows (Cruziana) 
Trilobite diggings are most telling, because they pro
vide claw marks plus other distinguishing features. In 
their stationary (rusophyciform) expression we see 
that the scratches meet the midline at different angles 
in different species and that there is a general trend to 
form a larger angle in the broader and steeper front 
part of the burrow. In some species (Fig. 32/4), we 
also see the fine longitudinal brushing& of the exo
podites form separate lobes toward the rear end. But 
when stationary digging becomes combined with a 
forward bulldozing movement ( cruzianaeform 
expression), the antero-posterior differences become 
wiped out and we see only one type of scratches, 
corresponding either to the front part (in prosocline 
attitude) or to the rear part (in opisthocline position) 
ofthestationaryburrow. 

With these variables in mind, it has been possible 
to establish a standard sequence of Cruziana ich
nospecies (Fig. 32/8), into which the Egyptian occur
rences must be tentatively fitted. 

e) Trilobite grazings (Dimorphichnus) 

The digging mode of nutrition, in which right and left 
legs work symmetrically, could be modified inf:O 
grazing over the surface. In order to forage ~ ma~
mum surface without double coverage, grazmg tri
lobites moved obliquely, or even at right angles, to 
their body axes. This implies a division of labor 
between the pushing legs of the leading flank and the 
raking endopodites on the trailing side of the body. 
Otherwise the legs worked similarly to the digging 
mode, namely by medio-posterior flexing during the 
active stroke. 

The typical trackway of a grazing trilobite (Dimor
phichnus) consists of alternating series, or sets, of 
pusher and raker impressions. In the clearest case, the 
pusher impressions are short and blunt, contrasting 
sharply with the long scratches of the raking sets (Fig. 
32/lOa). In other cases, the pusher impressions are 
elongate as well, although their elongation reflects 
the relaxation, rather than the active, stroke (Fig. 
32/9a). 

Since for diagnostic purposes it is important to 
distinguish between anterior and posterior claws wi
thin one footprint, we must also try to orient the 
trackway. In Dimorphichnus, the following criteria 

---------- -- -----------

can be used as directional and orientational clues: 

!. Because the raker or pusher impressions within one set 
were not made simultaneously, but in a metacbronal se
quence starting from the rear end, the axis of the set is 
always oblique to the body axis. This criterion does not by 
itself indicate the direction of movement or the bead side, 
but in conjunction with the others it constrains our interpre
tation. 

2. Pusher impressk>ns tend to be drawn out in the direc
tion of movement (relaxation stroke) and blunt at the other 
end (i.e. opposite to what we know from inorganic impact 
casts). 

3. Raker impres.sklns tend to be sigmoidal. This is 
because the mediocaudal activity stroke is always at an 
angle to the body movement (in order to make it parallel, the 
animal would have to move obliquely backwards). But 
since the actual course of the claws over the sediment is a 
combination of body movement Olld leg stroke, the ends of 
the raking marks bend sigmoidally into the marching direc
tion, because they correspond to the slower initial and 
terminal phases of the raking stroke. This sigmoidal bend 
may become exaggerated if the leg touches grouod before 
the relaxation stroke bad terminated. Again, Ibis feature by 
itself tells us only the s1rike, not the directionality of move
ment. The same is true for the retarded onset and lift-up of 
the anterior claws within individual rake marks, which 
results from a slight tilting of the leg during the active 
stroke. 

Sigmoidal scratches can be read either way. There is, 
however, a directional component in the divergence of the 
claw marks, because the raking claws tend to open during 
tbe active stroke. Also the rakings (as well as the pusher 
impressions) should become larger towards the anterior end 
of the sets. 

In contrast to the simple walking tracks (Diplichnites; 
Pl. 32/2, c), Dimorphichnus is almost exclusively 
found in the form of hypichnial undertracks on the 
soles of very thin sandstone layers. This means that 
the impressions are very sharp, but also tend to be 
incomplete, with regard to claw numbers as well as 
track pattern. The pusher impressions, in patticular, 
are commonly missing (monomorphichnoid preser
vation). It also means that what we pick up in the 
scree are usually only small fragments. But even if 
we manage to salvage larger slabs by systematic 
excavation, the track patterns may be confused not 
only by undertrace incompleteness, but also by super
position of many trackways. In fact, it might have 
been impossible to decipher this complex trace fossil, 
had not the original specimens been a kind of Rosetta 
Stone, showing well-individualized and fairly con
tinuous trackways over large surfaces (Seilacher 
1955). In spite of these shortcomings, trilobite graz
ings have a good potential to be useful as substitute 
index fossils (Fig. 32/9). 
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Figure 32.6 Ordovician Cruziana stratigraphy (modified from Seilacher 1970). New forms (formally described in Seilacher, 
in print) are Cr. balsa from the Caradocian near Cochabarnba and Cr. radialis from the upper Ordovician of the Georgina 
basin. 
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Figure 32.7 Cruziana stratigraphy of the Silurian through Carboniferous (modified from Seilacher 1970). New in the Silurian 
are part of a large cruzianaeform Cr. pedroana and Cr. retroplana (formally described in Seilacher, in print; both from Bonar 
and now in Ttibingen museum) and in the Carboniferous the here-described Egyptian fonns Cr. costata from Joe. F9/86 near 
Umm Bogma (left GPIT 1660/8; right holotype GPIT 1660/9, see Plate 3d) and Cr. carbonaria from Joe. Fl9/86 in south 
Wadi Feiran (holotype, GPIT 1660121 ). 

-------·-·---·----~ 
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GONDWANIAN CRUZIANA STRATI 

. Distribution today 

& PALEOGEOGRAPHY 
Figure 32.8 This table shows the value of Cruziana not only for stratigraphic correlation, but also for paleotectortic 
reconstructions. All listed species are Gondwanian and not yet recorded from other paleocontinents. Their occurrence in south 
China suggests that the used reconstruction is wrong in this point (modified from Seilacber 1983b). 

f) Trilobite walking tracks ( Diplichnites) 

Simple walking resulted (Pl. 32/2, d) in the least 
distinctive type of trilobite traces. If the animal 
moved at a slight angle to its body axis, they allow us 
to distinguish disparate sets of impressions, from 
which the minimum number of legs can be derived. 
They also tell us that the legs worlred sequentially 
from the rear to the front end of the body; but only in 
rare cases do they reveal the claw formula. 

The only stratigraphic clue is paired drag maries of 
the caudal cerci, which are known only from early 
Cambrian Diplichnites. Such drag marks have not 
been found, however, in the Egyptian material. 

3 DESCRIPTION OF ICHNOCOENOSES 

a) Cambrian 

According to current paleotectonic reconstructions 
(Fig. 32/8), the Nubian shield (then still including the 
Arabian Pertinsula) was incorporated into the mega
continent of Gondwana and remained in the southern 
hemisphere throughout the Paleozoic. Its Cambrian 
paleolatitudes have been estimated to be between 40 
and 60° South. 

Within the Gondwana province, Cambrian trace 
fossil successions can be best gauged in north Spain 
(Seilacher 1970). Here the higher mobility of the 
continental crust allowed the accumulation of contin-
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Figure 32.9 Trilobite grazing tracks (Dimorphichnus) may be stratigraphically useful. D. obliquus is so far known only from 
the lower Cambrian in Pakistan (a, from Seilacher 1970) and in Luguas, Sweden (b and c, GPIT 166!VIO and 11). D. 
quadrijidus with four equal claws and broad, pectinate pusher impressions, occurs in Spain in the middle Cambrian (d and e, 
Cerezedo, GPIT 1660/22-23). In D. bilineatus (Crimes) from the upper Cambrian of Wales, pusher as well as raker 
impressions are present, but the claw formula is indistinct (from cast ofholotype). 
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uous rock sequences, in which trilobite body fossils 
provide a reliable reference. Similar Cambrian ichno
coenoses are known from the Amanos mountains in 
south Turlrey and from south China, where the mid
Cambrian Cruziana barbata (Figs 32/2 and 32/5) is 
the most characteristic form. In Petra, Jordan, Cr. 
nabataeica (Fig. 32/3) has recently been found close 
to the basement Since it also occurs in the lower 
Cambrian Lalun sandstone of Iran (Seilacher 1970: 
Pl. lh) and is probably present in the Neobolus 
sandstone of Pakistan (Seilacher 1955: Pl. 21), we 
consider these beds as lower Cambrian in age. In 
Pakistan, Cruziana burrows are not well character
ized, but we have a good record of grazing trilobites 
(possibly Red/ichia, Figs 32/9a and 32/lOa), whose 
legs had two main claws and two minor ones in front 
of them. 

Strangely, the very characteristic and abundant Cr. 
semiplicata from the upper Cambrian of Wales, New
foundland, north Spain and Germany has not been 
found farther to the east. Here it is possibly replaced 
by the quite different Cr. omanica, which in tum has 
similarities with forms from Australia. 

We should remember, however, that our 
knowledge of Cambrian trace fossils is still very 
spotty and that we may also deal with a high degree of 
provinciality. Nevertheless, at the present state of 
reconnaissance, the occurrences in the Sinai and 
Eastern Desert areas of Egypt can rather confidently 
be attributed to the lower Cambrian. 

Cambrian trace fossils 

Cruziana nabataeica n.ichnosp. Figure 32/5 and 
Plate 32/1, a. 
1970 C.fasciculata, Seilacber, Cruziana stratigraphy. Pl. I, 
Fig.h 
Holotype: Fig. 7a (GPIT 1660/4) 
Locus typicus: Wadi Siyagh, a few hundred meters west of 
Petra, Jordan 

Stratum typicum: Sand/shale sequence about 20m above 
basement 
Derivatio nominis: After the ancient Nabata.eans that 
iohabited the city of Petra. 
Diagnosis: Small, predominantly rusophyciform trilobite 
burrows of the fasciculata-group, in which the anterior 
exite scratches are proverse and backwardly imbricated On 
their anterior surface they are lineated by more than 10 
equally spaced blunt ridges. 

Remarks. This type of trilobite burrow was disco
vered in about 20 specimens during an excursion with 
staff and students of the Yarmouk University (lrbid/ 
Jordan) in April1984. Its claw formula, suggesting a 
large number of short and densely spaced claws, or 
setae, on the anterior surface of the leg (Fig. 32/5 and 
Pl. 32/1a), clearly makes it a member of the fascicu
lata group. It is distinguished from both Cr. cantabri
ca and Cr.fasciculata by its much smaller size and by 
the more pronounced backward imbrication of the 
scratches. 

All known occurrences of the fasciculata group are 
lower Cambrian in age: Cr. cantabrica and Cr.fasci
culata occur, in this sequence, below Cr. carinata and 
the trilobite-dated middle Cambrian (with Cr. bar
bata) in the Porrna river section near Bonar in north 
Spain. But there ·are no sections which also contain 
Cr. dispar (Fig. 32!2) so that their relative age rela
tionship to this ichnospecies remains uncertain. 

Similarly small burrows of the fasciculata-type 
from the Lalun sandstone in Iran (Seilacher 1970: Pl. 
1h) and trackways from the Neobolus sandstone of 
Pakistan (Seilacher 1955: Pl. 21) signal the presence 
of small trilobites with ctenoid legs throughout the 
Middle East. Therefore it is worth mentioning that 
such ctenoid marks are also represented in the Sinai 
(Pl. 32/1, b). But again the successional relation to 
other trilobite burrows is not clear; probably they are 
older than Cr. salomonis. 

Plate 32.1 Lower Cambrian Trilobite burrows (Cruziana): a. Cr. nabataeica: holotype: about 20m above basement in Petra, 
Jordan. Note the ctenoidand strongly imbricatedexopodial scratches (GPIT 166014); b. Similarly ctenoidmarkings (pushings 
and rakings) in Sinai (loc. F28/85, Berlin collection) may be made by a similar or identical early Cambrian trilobite; c. Cr. 
salomonis; holotype; higher part of lower Cambrian (dated by trilobites), Zerka Main, Jordan (GPIT 1660/16). The sharp 
exopodial scratches of this cruzianaeform burrow show the typical claw formula with secondary claws on the anterior side set 
apart from the principal one; d. Cr. salomonis; Joe. F5/86 near Umm Bogma, Sinai (GPIT 1660/17). In this rusophycifonn 
expression one recognizes the different angles at which the endopodial scratches meet in the median furrow in the anterior 3.?-d 
posterior part; e. Cr. salomonis; loc. F21/85 (Berlin collection). In this procline cruzianaefonn version the endopodial 
scratches are widely enough separated to show the complete claw formula with four secondary claws; f. Cr. salomonis. 
Original of Weissbrod (1969) (Plate 4, Fig. 2) from Umm Bogma region. The similarity of the scratch profile with Cr. 
omanica (Fig. 3) is a preservational artifact, caused by bending-over of the narrow scratch filling during compaction; g. Cr. cf. 
salomonis. Series of individual scratches with the complete claw formula (Berlin collection); h. Cr. aegyptica; loc. F28!85 
(like b!), Berlin collection. In these unusually large rusophyciform versions the oblique ridge separating areas of endopodal 
scratches and exopodal brushings is clearly expressed. Note obliquely dug cruzianaeform version on right side. Diameter of 
coin 1,7 em. 

-----------------------
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Cruziana sa/omonis n.ichnosp. Figures 32/4-5 and 
Plate 32/1, c-g 
1912 Meduses, Algues- Couyat & Fritel 
1916 Meduses- Ball 
1942 Cruziana- Picard, p. 9; Pl. I; Figs 3-5 
!969Bilobites- Weissbrod, Pl. !,Fig. 2 
Holotype: Pl.!, c (GPIT 1660/16) 
DerivaJ. nom£nis: Zerl<a Main, Jordan 
Stratum typicum: From King Salomon, who ran his copper 
mines in this area. 
Diagnosis: Ralher large Cruziana from the barl>ata group, 
that was predominantly plougbed in a prosocline attitude. 
Scratches of the front legs run in a forwardly convex arc 
towards the midline and bear parallel ridges made by one 
major claw and up to four secondary claws in front of it 
Rarely preserved exopodite brusbings. 

Discussion. The barbata group extends from the 
higher part of the lower Cambrian (Cr. dispar Linnar
son from the Mickwitzia sandstone of Lugnas, Swe
den, dated by the trilobite Holmia) to the middle 
Cambrian (Cr. barbata Sell. from trilobite-dated beds 
in north Spain; also found in Poland, Amanos moun
tains and south China). It is characterized by a func
tional differentiation between the strong front legs 
whicb worlc in a medic-anterior direction (proverse ), 
and the weaker rear legs digging medic-posteriorly 
(retroverse ). In stationary digging (rusophyciform 
expression), this may lead to a divergence, or discor
dance, of the scratcb pattern in the deepest part of the 
burrow. Brushings are introvert. Another character
istic is the claw formula, recorded by parallel ridges 
on the front slopes of anterior scratches, which show 
one or two primary claws widely separated from up 
to four secondaly claws, or setae, in front of it. 
Cruzianaeform versions tend to show only front leg 
scratches, indicating that the trilobites responsible 
ploughed in a tail-up (procline) attitude. 

Distinction at the icbnospecific level, which may 
allow us to make stratigraphic subdivisions, uses a 
combination of these criteria. Cr. dispar (Fig. 32/2) 
tends to be deeply rusophyciform, sometimes with 
pleural edges impressed right on the steep lateral 
flanks of the burrow. Also, no more than three 
secondaly claws can be counted. In Cr. barbata, 
rusophyciform burrows also predominate. They have 
a similar scratch pattern; but since the front scratches 
are much deeper than the rear ones, they constitute 
the only elements in deep undertrack preservation 

andcontrastasa 'moustache' against the 'goat beard' 
of the posterior scratches, if these show up at higher 
under-track levels (Fig. 32/2). Pleural impressions 
occur only in the very rare uppermost undertrack 
level (c in Fig. 32/2), and are separated from the 
endite diggings by a zone of exite brushings (Fig. 
32/2), quite different from the situation in Cr. dispar 
and Cr. salomonis. 

The specimens from the Dead Sea area of Jordan 
and from the Umm Bogma area of the Sinai differ 
from the other two ichnospecies by being predomi
nantly cruzianaeform ploughings. With regard to the 
scratch pattern and claw formula they are interme
diate between the two. Front scratches are as yet less 
different from the rear ones than in Cr. barbata. On 
the other hand, one can count up to four secondaly 
claw impressions, i.e. more than in Cr. dispar, to 
whicb the general form of complete rusophyciform 
burrows would be most closely related (Pl. 32/ld). 
There are also two specimens that show exopodial 
brushings (Fig. 32/4 ). In contrast to Cr. aegyptica 
they diverge, rather than converge, in their backward 
strike and describe an arc that is convex toward the 
midline (introvert). 

Range. We prefer to chose, for holo- and strato
types, material that can be stratigraphically corre
lated by trilobite body fossils. This is the case in the 
Dead Sea area, where Cruziana sa/omonis is asso
ciated with trilobite body fossils of late lower Cam
brian age (Richter & Ricbter 1941 ). 

Material. Many specimens found by Professor E. 
Klitzsch and his group, as well as the author; Berlin 
TU collection. 

Cruziana aegyptica n.ichnosp. Figures 32/4-5 and 
Plate 32/1, h 
1969 Trilobite tracks- Weissbrod, Pl. 4, Fig. 1 
Ho/otype: Locality F 29/86, upper Wadi Qena, Eastern 
Desert (GPIT 1660/1); Fig. 32/4,1ower specimen. 
Diagnosis: Small, mostly rusophyciform Cruziana with 
indistinct endopodial scratches in the front and extrovert 
exopodial brushings in the resr parts of the lobes. In deePer 
rusophyciform casts the two areas are commonly separated 
by an oblique, retrovcrse ridge. 

Remarks. Since this is a small to middle-sized icb
nospecies, it is difficult to determine the claw formula 

Plate 32.2 Bergaueria sucta. a. Holotype from trilobite- dated late lower Cambrian (Mickwitzia Sdst) of LugnAs, Sweden 
(GPIT 166<¥18); b. Specimen from loc. F5/86, Umm Bogma area, Sinai. Field photograph. Note the oblique radial markings 
near the rim of some disks! c. Dimorphichnus obliquus; loc. F5/86 (see above). Some of the sigmoidal rakings made in a 
right-hand gait (as this is a cast, it was actually left-hand) show the faint impressions of two smaller claws on the anterior side; 
e. Dimorphic linus cf. quadrijidus. Same specimen as Figure 32.11 b; f. FUCIUopsis. Loc. F5/86. The longitudinal cracks in the 
hyporelieves were caused by mechanical tension when worms stuffed their horizontal burrows above the sand-mud interface. 
No time significance. Note part of Cr. salomonis on top. 
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Figure 32.10 Specimens from the Sinai generally fail to show pusher impressions (probably due to undertrack deficiency), 
but the claw formula with two principal claws and two smaller ones in front of them agree well with D. ob/iquus topotype 
material (a, from Seilacher 1955; b, Joe. F24/85; c and d,loc. F21/86, all Berlin collection). 

of the endite scratches, which in contrast to the pre
viously discussed ichnospecies are all retroverse 
(running in medio-posterior direction); i.e. they form 
an acute angle even in the anterior part of the burrow. 
There is a certain similarity with the mid-Cambrian 
Cr. arizonensis and the upper Cambrian Cr. semipli
cata in the regular presence of longitudinally 'bru
shed' exite lobes in the posterior part of the burrow; 
but in contrast to these and all members of the barbata 
group, these brushings are extrovert (Fig. 3:?/4}. 

The Egyptian forms (from the Sinai as well as from 
the Eastern Desert) are generally smalL They tend to 
occur in large numbers of 'coffee beans' and then 
show a conspicuous alignment with their broader 
front ends facing the current (Pl. 32/1, h). They do not 
co-occur with Cr. salomonis, neither on slabs nor in 
the same localities. This suggests that they represent 
a slightly lower level in all sections. 

Dimorphichnus 

Trilobite grazing tracks appear to be very conunon in 

the Cambrian of the Sinai, but unfortunately their 
taxonomy and stratigraphic distribution in general 
has not yet been worked out in detail. As a first 
attempt to fill this gap, we present here three 
examples from Europe, all of them dated by trilobite 
body fossils and all associated with typical forms of 
Cruziana. Their succession will have to suffice as a 
preliminary standard for the new Egyptian occur
rences. 

Dimorphichnus cf. obliquus Seilacher (Figure 32/10 
and Plate 32/2, c). 
None of the European material is as well preserved as 
in the Pakistan generotype (Figs 32/9 and 32/10). 
Nevertheless some specimens from the lower Cam
brian of Sweden, associated with Cruziana dispar, 
share with Dimorphichnus obliquus the presence of 
no more than two principal claws (Fig. 32/9, b-e). 
Most Sinai specimens (Fig. 32/10; Pl. 32(2, c) are 
even closer to the generotype in that they show in 
addition the faint scratches of two minute secondary 
claws, which are not preserved in the smaller tracks 
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Figure 32.11 Other specimens from Sinai appear to be more closely related to the middle Cambriao D. quadrifidus (see Fig. 
32.9) by having four subequal scratches in the rakings aod pectinate pusher impressions: a. Cerezedo near Bonar (GPIT 
1660/12); b.loc. F24/85; c.loc. F21/86, both in Berlin collection. 
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from Sweden. But pusher impressions are lacking in 
most specimens. 

Material. Several specimens in the Berlin collec
tion. 

Dimorphichnus quadrifidus n.ichnosp. Figure 32/11 
and Plate 32(2, 3 
?1922 Eophyton- Barthoux 
?1942 Protichnites- Picard, Pl. I, Figs. 1-2. 
Holotype: Fig. 31/9, d(GPIT 1660/22) 
Locus typicus: Cerecedo near Bonar (Prov. Leon. north 
Spain) 
Stratum typicum: Mid-Cambrian sandstone, dated by tri
lobites in subjacent limestone. 
Derivatio nominis: from the four subequal scratches in 
complete rakings. 
Diagnosis: Dimorphichnus showing up to four subequal 
claw marks in the rakings and sometimes more in the pusher 
impressions. 

In the holotype, which was found together with Cru
ziana barbara, several grazing tracks are superim
posed. In our figure only one of them is depicted. Its 
rakings are in the majority bifid or trifid, probably due 
to undertrack incompleteness; but some have four 
scratches, as in the cotype (Fig. 32/9, e). Figure 32/9, 
d also shows three sets of pusher impressions, which 
bear claw impressions on what is here interpreted as 
the anterior flank. On their rear flanks we see the 
sediment interface deflected, including the rakings 
that were already inscribed on it. Therefore it is 
uncertain whether these push-impressions actually 
belong to the same trackway as the associated rak
ings. We also see a curved 'tail' of scratches merge 
into the (?) posterior ends in some of the pusher 
impressions. 

The material from the Sinai, comprising six slabs, 
also show quadrifid rakings. Their association with 
the pusher impressions in the specimen Figure 32/11, 
c and Plate 32(2, 3 is, however, difficult to interpret in 
terms of a continuous grazing movement. In particu
lar, the position of scooping and trailing claw marks 
appears to be reversed compared to the holotype. 
More complete specimens will be needed to recons
truct the complete track pattern. 

Range. From the available information it appears 
that this ichnospecies as a whole ranges from the 

lower into the middle Cambrian. 

Bergaueria sucta n.ichnosp. Figure 32/12 and Plate 
32/2, a-b 
Holotype: PI. 32/2, a(GPIT 1660/18) 
Locus typic us: Old mines near Lugnas (Vesterglitland, Swe
den). 
Stratum typicum: Mickwitzia sandstone, dated as lower 
Cambrian by trilobites (Holmia) in overlying beds. 
Derivatio nominis: Refers to the sucker disc shape. 
Diagnosis: An ichnospecies of Bergaueria, in which the 
base is flat like a sucker disc and is commonly repeated by 
active lateral displacement. Marginal ring commonly with 
spiraling radial markings. 

The name Bergaueria is usually applied to cylin
drical hypichnial casts that tend to be deeper than 
wide and have a hemispherical bottom, sometimes 
with a central dimple. There is general agreement that 
they are the work of burrowing actinian coelen
terates, or sea anemones, and it should be added that 
they are undertraces (Fig. 32/12). 

The same origin is assumed for the trace fossils in 
question. But instead of being hemispherical, they 
look like the impressions of a sucker disk. Such might 
well have been the function of the flat base of the 
animal - the same way the inverted umbrella works 
in the modem jellyfish Cassiopeia, which has re
turned to a benthic life as a consequence of photo
symbiosis. This would also explain the kind of creep
ing expressed by the multiple repetition of the same 
disc impression that is characteristic for B. sucta. 

The nwnerous specimens from Sinai correspond to 
this description, except that they are somewhat 
smaller (Pl. 32(2, a-b). The oblique radial markings in 
some specimens also indicate a rotational move
ment. 

Conclusion. The trace fossils so far studied suggest 
that several stages of the lower Cambrian are repre
sented in the sandstones underlying the lower Carbo
niferous of the Umm Bogma area and the Eastern 
Desert. But it is also significant that no Ordovician 
trace fossils have so far been reported from this area, 
in contrast to the rich lower and upper Ordovician 
ichnofaunas that are represented in nearby south J or
dan(Selley 1970, Seilacher 1970, Bender 1963). 

Plate 32.3 a. Cruziana rouaulti; Jebel Ouweinat, southero Egypt (GPIT 1660/19; courtesy of Prof. Monad). This smooth 
form is well-known from the lower Ordovician of western Europe and Algiers; b, c. Cruziana carbonaria; lower 
Carboniferous, lac. Fl9/85. Wadi Feiran, Sinai (GPIT 1660/20); d. ?Cruziana costata; holotype (GPIT 1660/9), Joe. F9/86, 
Umm Bogma, Sinai; e. Planolites, co-occurring with the previous form at Joe. F9/86, but distingnished by lack of costae, 
backfill structure and convolute course; f. Margaritichnus reptilis; loc. F25/85. Compare Figure 12!; g-h. Asteriacites 
gugelhupf from loc. Fl9/86 (Berlin collection). In spite of the poor preservation the five-rayed symmetry can still be 
recognized. 
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b) Ordovician 

In order to meet typical Ordovician trace fossils, we 
have to tum to Jebel Uweinat in the extreme south
west of Egypt. From this area we know, through 
Professor Monod (Paris), about several slabs with the 
small Cruziana rouaulti Lebesconte (Pl. 32{3, a). 
This form, also known from the Arenigian of France 
and Algiers, is characterized by long and even fur
rows that show pleural ridges all along; but the exite 
lobes are completely smooth with not a single claw 
scratch. Nevertheless, we consider it as a member of 
the rugosa group, with which it co-occurs in the other 
localities. h is likely that the marine transgression 
reached the Uweinat area from the northwest, 
because similar ichnocoenoses are known from the 
Tassili and Tibesti areas. 

c) Silurian 

Silurian sandstone interbedded with clayey siltbeds 
west of GilfKebir and south of the Urn Ras passage in 
southwest Egypt contains locally abundant trace 
fossils very similar to Cruziana acacensis, known 
originally from the Silurian Acacus sandstone of 
south Libya. The same strata also contain Arlhro
phycus (a worm burrow, also called Harlania by 
some authors), which in Libya is only found fre
quently in Silurian strata. South of the Egyptian 
border in northwest Sudan, transitional marine 
sandstone characterized by Cruziana acacensis and 
Arthrophycus covers large areas (K. Klitzsch pers. 
comm.) as they do in Benin (Seilacher & Alidou 
1988). 

d) Devonian 

No trace fossils of Devonian age, as are known in the 
Fezzan, have come to my knowledge from localities 
in Egypt. Whether this means that marine transgres
sions during this period did not reach the Nubian 
shield or whether the deposits were simply eroded, 
remains to be seen. 

e) Carboniferous 

1. Gi/f Kebir 
A rather rich trace fossil assemblage of lower Carbo
niferous age has been reponed from the Gilf Kebir 
area (Seilacher 1983). By Carboniferous times tri
lobites had declined. Instead, faunas are dominated 
by characteristic traces of other invenebrates (Fig. 
32/12). Among these the burrows of starfishes (Aste
riacites gugelhup/) indicate a suspension-feeding 
mode of life, which is rare among living asteroids. 
The attitude of the burrowed animal with steeply 

bent-up arms, which was then inferred from the trace 
fossils, has since been observed in fossil asteroids 
from the German Muschelkalk (middle Triassic) and 
from the Eocene of Antarctica (D. Blake pers. 
comm.). 

Another trace fossil that needs to be mentioned 
here is Bifungites, because it has created some confu
sion in the past. In the typical fonns of Devonian and 
lower Carboniferous age, Bifungites resembles an 
arrow that has a bulky triangular arrowhead on either 
enci In older forms (Cambrian to Ordovician) the 
arrowheads are globular as in a dumbbell. This makes 
them less distinctive, because such fonns can also 
result from the erosion of protrusive U-burrows with 
a connecting backfill structure (Diplocraterion), 
which are common throughout the Phanerozoic. This 
must be the origin of the structures that Issawi & Jux 
(1982) reponed from the Nubian sandstones of Wadi 
Kirkaboub near Assuan, taking them to be an indica
tion of Paleozoic age. In the meantime, Inoceramus 
shells have been found below that horizon, corrobo
rating that we are dealing with Cretaceous deposits .. 

Among the other trace fossils found in the Gilf 
Kebir area are typically Paleozoic ichnogenera, such 
as Trichophycus with a teichichnoid backfill struc
ture, the star-shaped Asterichnus and the cone-in
cone structures of Conostichus (Fig. 32/12). Other 
forms (Scolicia, Neonereites, Zoophycos, Phycosi
phon) provide no time signature, while they may be 
used as indicating marine conditions. 

2. Sinai 
The lower Carboniferous of the Sinai, of which some 
horizons can be well dated by body fossils (Kora & 
Jux 1986), has recently yielded a broad variety of 
trace fossils. In contrast to the Cambrian, different 
species occur at different localities. This indicates 
that by this time ecological differentiation had pro
gressed sufficiently to allow the distinction of small 
scale ichnofacies. Pending a more detailed mapping 
of the facies patterns, however, our present treattnent 
has to be rather eclectic. 

(a) In a high energy beach zone we find only the 
vertical tubes of Skolithos. (b) A more distal zone of 
thin sand/shale alternation (locality F 19/86) contains 
the richest assemblage of well-preserved fonns. 
Among them are fonns like Asteriacites gugelhupf, 
Conostichus, Trichophycus (Fig. 32/12) and Cruzia
na, which we know already from Gilf Kebir, while 
Phycosiphon is missing. But in addition we find the 
well-known Curvolithus, whose tongue-like epirelie
ves suggest the bulldozing of a flatworm (Fig. 32/12). 
(c) Less clean sands contain Neonereites when thin
bedded (locality F 20/86), while thicker beds (locality 
F 9/86) have their soles densely covered with the 
traces of sediment feeders, such as Astersoma, Zoo-
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Figure 32.12 Characteristic marine trace fossils from the lower Cambrian and the lower Carboniferous. Bergaueria sucta is a 
typical actinian resting trace; but in contrast to other species of the same ichnogenus it reflects a sucker-like basal disc and is 
known only from the lower Cambrian. Figured specimen from Luguas, Sweden (GPIT 1660/13) resembles those from Sinai 
(compare Plate 2a,b). Conostichus from the lower Carboniferous of the USA (specimen GPIT 1660/14 from Arkoma basin, 
Oklaboma) has a similar origin, but a conical shape with radial markings and an internal cone-in-cone structure. Specimens 
from GilfKebir and Sinai Ooc. F19/86) are identical. Asteriacites gugelhupfis characteristically deeper than normal asteroid 
resting traces and known only from the lower Carboniferous (USA; GilfKebir; loc. F19/86, Wadi Feiran, Sinai, see Plate 3g, 
h). Curvolithus is a characteristic icimogenus known from the Ordovician and from the lower Carboniferous through the 
Tertiary. So far it is not possible, however, to distinguish stratigraphically meaningful ichnospecies. The mode of backfilling 
and the geometry suggest a flatworm origin. Idealized diagram after specimens from Joe. F19/86 Oower Carb., west Feiran) 
and elsewhere. Trichophycus is a teichichnoid backfill burrow known from the Ordovician (figured specimen from Seilacher 
1983a) to the Carboniferous. As long as the characteristic scratch patterns have not been systematically evaluated, the 
ichnogenus is stratigraphically useless. Margaritichnus is a very distinctive backfill burrow that was so far known only from 
the upper Carboniferous of the USA (figured specimen GPIT 1660/15 from Minturn Formation, McCoy, Colorado). The 
occurrence of one identical specimen from the Sinai (Plate 3f) thus poses an interesting stratigraphic problem: longer range or 
younger rock? 
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phycos, Fucusopsis and Planolites as well as a ques: 
tionable Cuziana. Dolomitic sandstones in the Wadi 
Dakhel of the Eastern Desert also show steeply 
inclined spreite burrows (Rhizocorallium), probably 
of crustacean origin, together with Curvolithus, Neo
nereites and Trichophycus (locality F 24!86). While 
all these forms are valid as facies indicators, but 
useless for stratigraphic purposes, three forms from 
the Sinai do have such potential. 

a) Margaritichnus reptilis (Bandel) Figure 32/12 
and Plate 32{3, f 

1967 Cylindrichnus reptilis n.ichnog., n.ichnospec. -
Bandel 
1973 Margaritichnus reptilis- Bandel (change of homony
mous name) 

1986? Margaritichnus- Houck & Lockley, Fig. 32/9 

The only specimen from Sinai is identical in form and 
size with material from the upper Carbomferous of 
North America, which I was recently introduced to 
by Martin Lockley and collatorators during an excur
sion at the fourth North American Paleontology Con
vention. Unlike any other kind of trace fossils, it 
consists of straight or slightly curved horizontal tun
nels the thickness of a finger, with crowded series of 
side branches on the upper side. In contrast to 
Teichichnus, these branches do not open to the sed
iment surface, but end like an upside-down elephant 
foot. This shape and the internal structure show that 
we deal with the unusual backfilling behavior of a 
sediment feeder, which so far has no counterparts 
outside the Carboniferous. Whether the Sinai occur
rence extends the range of this distinctive ichnogenus 
back to the lower Carboniferous or whether we might 
deal with upper Carboniferous deposits, remains to 
be checked in the field. In the meantime Margariti
chinus has also been found in the lower Carbonife
rous of Morocco (Tourani, pers. comm., 1987). 

b) Cruziana carbonaria n.ichnosp. Figure 3217 and 
Plate 32/3, b-e 

1983 Cruziana sp. - Seilacher, Gilf Kebir . . 
Type locality: Lower Carboniferous; south Wadi Ferran, 
Sinai (locality F 19/86). 
Holotype: Fig. 32n (GPIT 1660/21). . 
Diagnosis: Small Cruziana in the shape of trough-like 

ploughings that are intermediate betwe~n rusophycif~rm 
and crozianaeform expressions. Endopodial scratches fatnt; 
median sulcus very shallow. 

The new specimens from the Sinai are identical with 
the ones from the Gilf Kebir and leave no doubt that 
we deal with a distinctive ichnospecies that extends 
the range of Cruziana stratigraphy up into the Carbo
niferous. It occurs togther with Curvolithus, Con
ostichus, Asteriacites and Trichophycus in thin
bedded sand/shale alternations. 

c) ?Cruziana costata n.ichnosp. Figure 3217 and 
Plate 3, e 

Type locality: Umm Bogma area of Sinai (locality F 9/86). 
Holotype: Fig. 32n; Pl. 32/3, e (GPIT 1660/9). 
Name: Referring to rib-like stratches. 
Diagnosis: Deep lobes with very sharp annulate scratches 
running at right angles to the longitudinal axis. Affiliation 
with Cruziana doubtful. 

Unlike the previous form, this one occurs on the soles 
of rather impure sands that are churned by a vanety of 
sediment feeders (Asterosoma, Zoophycos, Pla
nolites). In the crowded assemblages, one would at a 
first glance see cylindrical bodies comparable to the 
associated backfill structures of Planolites (PI. 32{3, 
e), which have about the same diameter. This s~ilar
ity, however, is disproven by the sharp annularndges, 
which would be unusual for a worm burrow. These 
ridges rather resemble the scratches of an arthropod, 
particularly since they show the marks of stde d~ws 
on their anterior slopes. Therefore thts very distmct 
trace fossil is here tentatively attributed to Cruziana. 
Examination of more samples will be necessary to 
prove that the bilobed nature shown in our drawing 
(Fig. 3217) is real and not only due to the fortuitous 
juxtaposition of two cylinders. It should also be noted 
that these burrows are never as torted as the asso
ciated Planolites. 

In conclusion, we can say that the stratigraphic 
record of Egypt contains many interesting ~ce 
fossils that can be used by the field geologist etther 
for correlation (as in the lower Paleozoic) or as 
paleoenvironmental clues (as in the M~s?zok and 
Tertiary sections). In no case, however, 1s It justified 
to simply neglect this very telling part of the paleon
tological record. 
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-------~-------
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Gharaq 459, 463 
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Wizr 348, 355, 356 
zeit475, 476,483, 485, 568, 574, 584 
Zihor424 



Index of oilfields, gasfields and oil wells 

Lat(N) Long. (E) Page !..at (N) Long. (E) Page 

AbuDurba* 28°28'30" 33°19'24" 568,572 Boughaz I 31 09 ()() 32 46 ()() 419,425 
AbuGhara- 29 44 32 28 29 33 474,587. S90 Bre3-1 29 52 39 31 10 51 474 
dig*+ Bre6-1 29 36 45 31 12 54 471 
AbuHammadl 303407 31 50 04 166,419 Bre23-2 29 32 06 280930 474 
AbuHamth I 29 57 57 33 38 47 367,373,374,376, Bre 27-1 29 16 46 30 58 21 471 

377,416,417,419, ButgEI-Arab I 30 55 20 29 31 28 47,307 
422, 423, 596 Came! Pass 29 57 37 30 24 15 47 

AbuMadi+ 31 26 17 31 21 42 330,598 (Y.H.) 
AbuQir+ 31 23 23 30 2005 598 Dabaa I 31 01 19 28 29 42 319,468,474,479 
AbuRoash I 29 59 19 31 04 06 299,303,468,471 Dababl 3048 24 28 45 25 309,474 
AbuRoda I 30 58 30 32 42 ()() 380 Darag I 29 51 26 33 46 25 376, 377. 378, 423, 
AbuSennan+ 29 37 30 28 43 ()() 474,587 596 
Abu Subeiha I 31 ()() 24 28 19 25 474 Diyur I 29 02 32 29 01 57 471 
AbuSultan2 30 22 40 32 12 43 419 EI-Ayun* 28 14 30 33 04 ()() 568 
AbuThnis I 31 16 08 26 so 41 474 EI-Tabia I 31 19 OS 3003 25 483 
Adabiyal 31 22 28 31 03 10 330 EI-Temsah I 31 48 38 32 10 07 477 
Agnes! 28 24 19 28 30 54 471 EI-Wastani I 31 24 09 31 35 47 330 
Alamein• 30 36 39 28 43 52 309,587,589 EzzEI-O!ban I 28 51 23 32 41 04 453,457 
AlameinE I 30 37 10 28 50 39 309 EastBakr 28 29 30 33 05 01 453 
Alam El-Bueb 30 38 39 29 08 37 307 marine 
Alefl 28 18 13 33 19 49 453?,579 Fadda I 30 51 47 28 03 15 474 
Almaz I 30 57 06 28 23 06 307,319,44,479 Faghur I 30 29 54 251120 297,404,419,425 
Ammonite I 26 24 27 26 51 31 262, 263, 440 FaghurW I 30 54 18 25 11 23 299,301, 428,474 
As!• 29 28 25 35 50 30 70,568,570, 574 Fayad I 30 21 06 29 19 57 471,474 
Ashrafi east I 27 46 56 33 43 25 70 Fe iran* 28 43 53 33 13 02 574 
Ashrafi west I 27 46 47 33 4203 70 Foram I 27 39 11 25 06 05 396, 399,404,440 
Ataqa I 29 58 04 32 24 25 419 Gall 31 20 ()() 33 46 ()() 376, 378, 380, 596 
AyunMusa2 29 53 08 32 40 20 373,374,416,417, Ganayen I 30 39 48 28 02 43 481 

419 Garl'l 30 27 20 28 13 01 481 
Babal 28 55 37 33 14 47 419 Gaysum south* 37 39 15 33 42 17 567,570 
Bahariya I 282500 28 58 ()() 297,299 Gebel Rissu I 29 57 39 30 24 15 303,468, 469, 471 
Bahrein I 28 48 ()() 26 33 IS 301 Gebel Zeit I 27 55 53 33 24 38 385 
Bakr* 28 28 48 32 59 30 70, 568, 570, 575 Gemsa* 27 39 17 33 35 15 570,572 
BakrW* 28 25 14 32 57 OS 568 Ghanem! 3028 02 28 23 18 48 
BED-I* 29 51 32 28 31 22 593 Gharib north 2 28 25 34 32 54 19 482 
BED-3* 29 50 27 27 54 55 594 Gharib south 2 28 16 42 33 ()() 53 483 
Belayim 112-1* 28 37 55 33 13 13 49,568,574 Ghazalat I 29 57 02 27 ()() 32 297,299,468 
Belayim 28 36 10 33 07 40 62, 568, 570, 576 Ghoroud I 30 03 08 28 19 14 471 
marine* Ghourabl 29 42 10 26 so 56 3!3 
Betty I 29 40 08 27 26 45 301,471 GibAfia I 29 37 59 36 20 12 47,297,299 
Bilqasl 31 10 12 31 30 22 330,337,339,477, Giddi I 30 08 ()() 37 08 ()() 373 

483 Gindi I 29 36 57 39 48 57 471,479 
Gofer I 31 02 18 33 19 52 376,419 
GS9 29 47 34 32 32 57 419 

• Oilfield GS24-I 29 41 28 32 3322 419 
+Gasfield GS 173* 28 54 24 32 59 58 568,580 
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