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VEGETATIONAL HISTORY OF THE EASTERN MEDITERRANEAN
AND THE NEAR EAST DURING THE LAST 20,000 YEARS

W. van Zeist and S. Bottema

(Biologisch-Archaeologisch Instituut,
University of Groningen, Holland)

1. INTRODUCTION

In this paper it will be suggested along which lines palynological evidence
may be utilized in reconstructing past vegetation and climate in the Eastern
Mediterranean and the Near East. In this connection it may be remarked that
detailed knowledge of the Late Quaternary vegetational and climatic history
in various parts of the world is first and foremost based upon the results of
palynological research. Under favourable circumstances palynological studies
should ultimately result in the reconstruction of vegetation patterns of the
past. For the drawing up of palaeo-vegetation maps a satisfactorily dense
network of pollen diagrams is a first prerequisite. This implies that only
those regions in which pollen-bearing sediments are quite common are really
suitable for a study of vegetation patterns in prehistoric times.

What are the prospects of reconstructing the Late Quaternary vegetational
history in the region to be discussed in this paper? As for Greece, it has
turned out that contrary to former views pollen-bearing sediments are not
rare. In the last 10 years our knowledge of the Late Quaternary vegetation
of Greece has made spectacular progress. Although the potential for paly-
nological research in the Near East is certainly not discouraging, the scarcity
or absence of pollen-bearing sediments in large areas of this part of the world
constitutes a serious handicap in reconstructing Late Quaternary vegetation
patterns.

We shall first review briefly the palynological evidence available for
various areas of the Near East and Greece. The presentation of the paly-
nological evidence must remain confined to a short discussion of some
selected pollen diagrams covering the whole or a greater part of the last
20, 000 years. Some speculations on past vegetation and climate will be
included in the discussion of the separate areas. Subsequently, a few palaeo-
vegetation maps for the region under consideration will be discussed. Finally,
a more general review of the climatic implications of the palynological evi-
dence will be presented.

No pollen evidence from archaeological deposits will be considered here.
It is true that in arid regions, where other pollen-bearing sediments are
lacking, archaeological sites may constitute the only potential source of
information on the vegetation of earlier times. However, one may query
the extent to which pollen spectra from archaeological sites can compare
with those obtained for peat and lake-bottom deposits.
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Some of the pollen diagrams cover a greater section of the Late Quaternary
than is presented in Figs. 14. 2-9. For practical reasons only the most impor-
tant pollen curves are shown. For the complete information the reader is
referred to the publications concerned. The pollen sums of the diagrams

presented in this paper include trees, shrubs and herbs except marsh and
water plants. It is sometimes difficult, if not impossible, to determine to
what extent particular herbaceous pollen types, such as Gramineae and
Chenopodiaceae, are of local or of regional origin. It will be clear that this
uncertainty can be a handicap in determining the porportion of herbs in the
upland vegetation.

The pollen-diagram sites mentioned in this paper are indicated in Fig.
14.1.

2. WESTERNIRAN

In western Iran, the pollen diagrams prepared for sediment cores from
Lake Zeribar cover the last 40,000 years or so (van Zeist & Bottema 1977).
~ Lake Zeribar is situated in an intramontane valley in the Zagros Mountains,
~ at an elevation of c. 1300 m. The estimated annual precipitation amounts
to 600-800 mm, while mean January and July temperatures would be about
20 and 28°C, respectively. The lake lies in the Zagros oak-forest belt.

A simplified version of the Zeribar Ib diagram, covering the last 20, 000
years, is presented in Fig. 14. 2.

Pollen assemblage zone 3, the upper part of which is represented in Fig.
14. 2, is characterized by an almost complete absence of arboreal pollen.
During zone 3 time, c¢. 35, 000-14,000 B. P., steppe and desert-steppe vege-.
tations must have prevailed in the Zeribar area and in the whole of the Zagros
Mountains. During this period, which coincides largely with the Upper-
Pleniglacial of the European Wirm-glacial chronology, climatic conditions
in the Zagros Mountains must have been very unfavourable for tree growth.
The lower temperatures during Wiirm-glacial times may be held partly
responsible for the scarcity of trees in the Zeribar area, but dryness must
also have been a major limiting factor for tree growth (cf. 9.2). The climate
of zone 3 was not only colder than at present, it was also much drier.

Pollen zone 4, which covers the period of ¢. 14, 000-10,500 B. P.,
coincides with the greater part of the Late-glacial of western Europe.
During zone 4 time, conditions for tree trowth seem to have been somewhat
better than in the preceding period, as is suggested by the slight increase
in tree pollen values. Aridity must have prevented a more luxuriant tree
growth. During the Late-glacial, the temperature must have risen quite
considerably, but it remained very dry.

Pollen zone 5 is characterized by a slow increase in tree pollen values
in which Quercus as well as Pistacia take part. Herbaceous pollen values
remain high. "An oak-pistachio forest-steppe, which in the course of time
became somewhat more dense, is postulated for zone 5, which is dated from
c. 10,500 to ¢. 6000 B.P. It is self-evident that in the early Holocene, to
which pollen zone 5 must be attributed, temperature cannot possibly have
been the limiting factor for tree growth. One must assume that dryness
prevented a more rapid expansion of trees. The early Holocene climate of
western Iran must have been relatively warm and dry.
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Pollen zone 6 represents the replacement of the forest-steppe by the
Zagros oak forest. The marked increase in tree pollen percentages is
entirely accounted for by Quercus. After a very slow expansion of trees in
the preceding 4000 to 4500 years, zone 6 witnessed the establishment of the
present-day natural forest cover within a period of c. 800 years (c. 6200-
5400 B. P.). The upper zone of the Zeribar diagram reflects predominantly
forest vegetation, suggesting that during the last 5500 years the Zagros oak-
forest vegetation must have been present in the Zeribar area. During zone
6, humidity must have reached modern levels, while the climate of the last
5500 years (zone 7) would largely have been the same as that of today.

The pollen diagram prepared for a sediment core from Lake Mirabad,
likewise in the Zagros Mountains, shows a similar Holocene vegetational

development as that established for Zeribar (van Zeist & Bottema 1977).
3. SOUTHEAST TURKEY

Information on the Holocene vegetational history of southeastern Turkey
is provided by the Lake Van pollen record (van Zeist & Woldring 1978a, 1978b).
The present-day surface of Lake Van lies c. 1650 m above sea-level. To the
north and the east of the lake mean annual precipitations of between 300 and
400 mm are recorded. To the south and southwest of the lake the precipitation
amounts to 600-800 mm. For Van, to the east of the lake, mean January and
July temperatures of -3° and +220C, respectively, are reported. According
to Zohary (1973, Map 7) the natural vegetation to the north and the east of
the lake is a steppe with oak-forest stands at higher elevations, whereas
forests would constitute the natural vegetation only to the south and southwest
of the lake. The Lake Van area constitutes a transitional zone between forest
and steppe. :

The Lake Van pollen diagram (Fig. 14. 3) has been prepared for samples
from sections of two sediment cores taken in the southwestern part of the
lake. The dates are based upon varve countings (Kempe & Degens 1978,

Fig. 1). As the samples are from two sediment cores, no depths are indi-
cated; the vertical distance between the samples is 10 cm. The Lake Van
diagram covers nearly the whole of the Holocene (the base of the diagram is
varve-dated to 9800 B. P. ).

The lower section of the diagram, zones 1-3, reflects predominantly
desert-steppe vegetation, in which Chenopodiaceae, Ephedra and Artemisia
alternately played an important part. It is out of the question that during
zones 1-3, in the early Holocene, too low a temperature could have been the
limiting factor for tree growth. It must have been the dryness which prevented
an expansion of trees. The Ephedra-rich desert-steppe vegetation of zone 2
reflects extremely arid conditions.

Pollen zones 4 and 5 show a gradual increase in tree pollen values,
suggesting that during the period concerned to the south and the southwest
of the lake the desert-steppe was gradually replaced by forest. The spread
of trees points to an increase in humidity, most probably caused by higher
precipitation.
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In the period covered by zone 6, forest vegetation with predominantly
oak reached its maximum expansion in southeast Turkey; at that time humidity
must have reached modern levels. Zones 7 and 8 show a decline in tree
pollen values; most striking is the fall of Quercus percentages. The increase
in herb pollen percentages should most likely be ascribed to human activity

and not to drier climatic conditions.

Both in southeastern Turkey and in western Iran, steppe or desert-steppe
vegetations were gradually replaced by oak-dominated forest. However, the
period during which trees expanded in both areas was not the same. At
Zeribar trees started to spread c¢. 10,500 B. P., and by c. 5500 B. P. the

present-day natural forest had established itself. In the Lake Van area, on
the other hand, the expansion of trees took place between c. 6400 and 3400

B. P. This discrepancy leads one to wonder whether perhaps the dates for
one of the two sites are incorrect. In this connection the following remarks
can be made.

Varve countings give a minimum age. Kempe & Degens (1978) believe
that because of this possible error, the varve dates for the Lake Van cores
may be 2-5% too young. The radiocarbon dates for the Zeribar cores form
a consistent series, so there are no indications of incorrect results due to
the nature of the sediment. However, deviations occur between radiocarbon
years and calendar years. Thus, the radiocarbon years in the range 5000-
7000 B. P. are 600-700 years too young. This implies that the differences
in time during which trees expanded in both areas are greater than is sug-
gested by the dates shown in Figs. 14. 2 and 3, even assuming a maximum
error of 5% in the varve counting.

4. NORTHERN TURKEY

A few pollen diagrams have been published from the Euxinian district of
northern Turkey, viz. SUrmene-Agacbagi, Trabzon province (Aytug et al.
1975) and Lake Abant and Lake Yenigaga. near Bolu (Beug 1967).

Only for the Yenigaga diagram, which covers the last 5000-6000 years,
are radiocarbon dates available. At the level dated to c. 4000 B. P. Pinus
pollen percentages increase, whereas the curves for Abies and Fagus decline,
suggesting a retreat of the beech-fir forests. If this change in the vegetation
was brought about by a natural factor, it would point to drier climatic condi-
tions after 4000 B. P. (the expansion of pine at the expense of beech and fir).
On the other hand, one should seriously consider the possibility that part of
the Abies-Fagus forest was cleared by man, as a result of which the propor-
tion of pine pollen carried in from some distance increased. The higher
frequencies of Erica pollen above the level of 4000 B. P. rather plead for an
anthropogenic interpretation of the observed changes in the pollen curves.

The pollen diagrams from Strmeme-Agacbasi suggest distinct changes
in the composition of the forest. During the period covered by these diagrams
the area was wholly forested, except for recent times when man started to
clear the forest. Aytug et al. (1975) arrived at the following climatic sequence:
humid-cool, less humid-temperate., humid-temperate, humid-cool. For
lack of radiocarbon dates this inferred climatic development cannot be com-
pared with that established for other areas.
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5. SOUTHWEST AND SOUTH-CENTRAL TURKEY

Information on the vegetational histbry of southwestern Turkey during
the final stages of the Pleistocene and during the Holocene is provided by
the pollen diagram prepared for a sediment core from the drained Lake Sgtit
(van Zeist et al. 1975), situated in an intramontane depression in the West
Taurus Mountains, at an elevatijon of c. 1400 m. The estimated annual pre-

cipitation at Stgtt is 700-800 mm.

In the lower sections of the SSglit diagram (Fig. 14. 4) herbaceous pollen is
dominant, but fluctuations in the AP/NAP ratios occur, suggesting an alter-

nating expansion of steppe and forest vegetations. One can only speculate on
the dating of these late Pleistocene fluctuations.

From the level radiocarbon dated to 9180 B. P. on, tree pollen percentages
increase. The replacement of steppe vegetation by forest must have been the
result of a rise in humidity. During zone 4, humidity had not yet reached
modern levels. This conclusion is based upon a comparison of the present-

day natural vegetation with that of zone 4 time. The upper part of the Sogiit
diagram (zone 7) indicates that without the interference of man the slopes
around the Sglit basin would have been covered predominantly by pine forest.
(At present the slopes around the basin are devoid of trees apart from some
scattered juniper.) The large proportion of oak and juniper in the forest vege-
tation of zone 4 suggests that the climate was drier than at present.

In the Soglt area the development of the natural vegetation was interrupted
by large-scale interference by man with the vegetation (zone 6). For that
reason it cannot be determined at which time pine would have become the
dominant tree in the area. The high Pinus pollen value in spectrum 27 and
the radiocarbon date of 2885 B. P. for the level just above spectrum 27 indi-
cate that it must have been less than 3000 years ago that humidity reached
modern levels.

As for south-central Turkey, the pollen diagram of Beygehir (van Zeist
et al. 1975) suggests a marked change in the composition of the upland forest
to be dated shortly after 6000 B. P. At that time Cedrus gave way to a large
extent to Pinus. Before 6000 B. P. cedar must have been predominant in the
coniferous forest, but from then on pine became the most important tree
quantitatively in the upland forests of the area. The marked increase of
Pinus at the expense of Cedrus points to an increase in humidity. After 6000
B. P. the present-day natural vegetation pattern became established, in broad
outline, in the Beygehir area.

A pollen diagram is being prepared for a sediment core from Akgtl, a
residual lake of the Pleistocene Lake Konya. The lower part of this core,
which is 6 m long, yields XAP values of less than 6%, whereas Artemisia
and Chenopodiaceae are alternately the predominant herb pollen types. The
pollen record of this section suggests steppe vegetation in and around the
Konya basin with scattered oak stands in favourable habitats in the mountains.

The spread of forest started with a conspicuous expansion of Betula. In
the pollen diagram, the Betula maximum is succeeded by an increase of
Quercus and Pinus, successively. The transition from predominantly steppe
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to predominantly forest points to an appreciable increase in humidity. As
radiocarbon dates are not yet available, one can only speculate on the period
during which this change in climate took place.

Other information on Late Quaternary vegetation of south-central Turkey
is provided by the pollen diagrams of Karamik Batakligi and Hoyran (van Zeist
et al. 1975, Figs. 12 and 17).

6. NORTHWEST SYRIA

In northwestern Syria, pollen diagrams have been prepared for sediment
cores from the Ghab valley (Niklewski & van Zeist 1967; van Zeist & Woldring,
in print). The mountains to the west of the valley are naturally covered by
forest. Tree growth on the uplands to the east of the valley must have been

scarce, while further eastwards treeless steppe vegetation constitutes the
natural plant cover.

In Fig.14. 5 the upper section of the diagram obtained for a 11 m long core
(Ghab I) has been combined with sections of two short pollen diagrams (Ghab
II and Ghab III). The three diagram sections should together constitute a
more or less continuous pollen record covering the last 25, 000 years or so.
The last 1000-2000 years are probably missing.

The distance between the three Ghab coring sites is rather great (10-30
km), which may account for some of the differences between the diagrams.
Nct too much weight should be attached to the differences in the AP/NAP
ratios between the diagrams.

The section of the Ghab I diagram presented in Fig. 14. 5 shows two phases
with very high herbaceous pollen percentages (spectra 46-47 and spectra 57-
60), suggesting that at the time steppe and desert-steppe vegetations were
predominant in northwestern Syria. The upper phase with high XNAP values,
zone 1 (subzone Y-5), coincides largely with the Late-glacial of the European
Wtirm-glacial chronology. During this period temperature cannot possibly
have been the limiting factor for tree growth. It is likely that the higher
evaporation rate was not sufficiently compensated for by an increase in pre-
cipitation, in consequence of which the climate of zone 1 time was extremely

dry.

From spectrum 60 onwards a marked increase in tree pollen values can
be observed. Between 11,000 and 10,000 B. P. forest vegetations must have
expanded rapidly in northwestern Syria. This increase in trees was not only
brought about by Quercus, but various other taxa, such as Pistacia, Olea
and Ostrya/Carpinus orientalis, became important constituents of the upland
forest cover. Zone 2, the period of the sharp rise of the ZAP curve,
coincides wholly or in part with the Late Dryas time, the final phase of the
Late-glacial. During this period the temperature dropped again, which must
already have resulted in a rise in humidity, but precipitation itself probably
increased, too. Above spectrum 67 (Ghab I) 2 AP values decrease to some
extent and they never regain (Ghab II and IIT) the values of zone 3 (subzone
Z-2). The pollen evidence suggests that forest vegetations reached their
greatest expansion in the period of c. 10,000-8000 B. P. During this period
conditions for tree growth were more favourable than during the later stages
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of the Holocene. It is likely that in the early Holocene humidity reached its
highest level, to decrease again to some extent after 8000 B. P.

The activity of man is clearly reflected in zone 9, in which Juglans, Olea
and Vitis reach comparatively high values. The marked decline in deciduous
oak pollen percentages at the bottom of zone 9 points to a large-scale clearance
of forest 3500-4500 years ago.

7. SOUTHERN LEVANT

Palynological evidence on Late Quaternary vegetation and climate in
Israel is derived particularly from sediments in the Huleh basin. The slopes
on both sides of the Upper Jordan valley, in which Lake Huleh and the sur-
rounding marshes are situated, are covered by vegetation of the Quercetea

calliprini (kermes-oak shrub vegetations) and open deciduous oak forest
(Zohary 1962, pp. 112-115). Mean annual precipitation is 400-500 mm ; the
average temperatures for January and July amount to ¢. 14° and 30°0C,
respectively.

Horowitz (1968, 1971) published a pollen diagram for a core more than
120 m long from the Huleh basin. In this paper only the diagram prepared
by M. Tsukada will be discussed. A report on Tsukada's study has not yet
appeared, but the diagram has been reproduced in a Japanese textbook of
palynology. A simplified version of this diagram is shown in Fig. 14.6. The
zonation is after Tsukada. This diagram is provided with a great number
of radiocarbon dates.

Pollen zone A covers the final stages of the Pleistocene, from slightly
over 30,000 B. P. to c. 10,000 B. P. In subzone A-0, AP values average
40%. During this period open forest must have been found around the Huleh
basin. In subzone A-1, c. 24,000-14,000 B. P., X AP values decrease to
an average of ¢. 25%. After 24,000 B. P. the open forest of the previous
period changed_ into a forest steppe. Conditions for tree growth became more
unfavourable, whereas steppe indicators, such as Artemisia and Chenopodiaceae,
expanded. In the period of 24, 000-14, 000 B. P. it must have been drier than
during any other period represented in this diagram. The subzone A-1/A-2
transition is placed at the rapid rise in oak-pollen percentages, up to 70%.
The considerable expansion of oak in the period of 14, 000-10, 000 B. P. ,
which coincides with the Late-glacial, points to an amelioration of climate.
Precipitation must have increased enough to allow the spread of oak-dominated
forest. The absence of Olea pollen in this subzone suggests that Ceratonieto-
Pistacietum vegetations were not yet present around the Huleh basin. In
Tsukada's diagram no distinction is made between pollen of evergreen oak
and that of deciduous oak.

In zone B (c. 10,000-7400 B. P.) arboreal pollen, mainly made up of
Quercus, decreases again. In contrast, to subzone A-1, which is also
characterized by low AP values, Artemisia percentages are low in zone
B. After 10,000 B. P. open vegetations gained terrain at the expense of the
oak forest. The greater climatic dryness was probably caused by a rise in
temperature which was not or not sufficiently compensated for by an increase
in precipitation.
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Zone C (1 and 2) shows fairly high tree pollen values, but fluctuations
from 30 to 70% occur. Among the tree pollen that of Quercus is less dominant
than in the preceding sections, and, for instance, Olea and Pistacia display
appreciable values. After 7400 B. P. forest expanded again, probably as the
result of an increase in precipitation. It is likely that in subzone C-1 time
the present-day natural vegetation pattern established itself in northern
Israel. The decline in AP values in subzone C-2 could be due to an in-
creased human interference with the vegetation after c. 4500 B. P. (the
inferred date for the subzone C-1/C-2 transition). On the other hand, it
could also point to drier climatic conditions.

The pollen diagram prepared by Weinstein (1976) for a long sediment
core from Birket-Ram, a crater lake on the Golan Heights, at an elevation

of c. 950 m shows fluctuations in the AP/NAP ratios which are of the same
order of magnitude as those in the Huleh diagram discussed above. Among
the tree pollen, that of Quercus is usually dominant. The pollen evidence
suggests that during the whole of the period covered by the Birket-Ram core
forest vegetations must have been present on the Golan Heights, but that
fluctuations in the forest cover occurred.

8. GREECE
8.1 Northeast Greece

In Fig.14.7 the uppermost part of the pollen diagram prepared for a very
long sediment core from the marshes of Tenaghi Philippon, in the plain of
Drama (¢. 40 m above sea-level), is shown (Wijmstra 1969). Mean January
and July temperatures for Kavalla, on the coast, c. 6 km southeast of
Tenaghi, are 5° and 29°C, respectively. Eumediterranean shrub vegetations
occur up to 300 m. Above 600 m, in addition to deciduous oak and Carpinus
orientalis, Pinus nigra is found. With increasing elevation pine becomes
more abundant, but deciduous trees continue to form part of the forest vege-
tation.

Various radiocarbon determinations permit a fairly accurate dating of
the Tenaghi diagram sections. The base of the diagram presented in Fig. 14.7
has an inferred date of 24,000 B. P. In the lower part of the diagram, up to
subzone Y-1, 3 AP values are generally low, but noticeably higher pine
pollen percentages are recorded for subzone X-4, corresponding with the
period of ¢. 20,000-16, 000 B. P. From the level dated to about 13,500 B. P.
onwards, tree pollen values increase markedly. This rise in AP percentages
is to a large extent brought about by Quercus, but other deciduous trees, such
as Ostrya/Carpinus orientalis, Tilia, Corylus, Ulmus and Pistacia, also take
part in it. The =NAP peak in subzone Y-3 is largely due to a gramineous
pollen maximum. Wijmstra assumes a date of 10,900-10,300 B. P., corres-
ponding with the Late Dryas period, for this &NAP maximum, but this
assumption is invalidated by a 14 date of 7850 B. P. for a level just above
the zone Y/Z transition. Pollen zone Z shows continuously high arboreal
pollen values.

In the period of c. 24, 000-13,500 B. P., steppe vegetations in which
Artemisia and Chenopodiaceae played an important part must have been pre-
dominant in northeastern Greece. The higher Pinus pollen values in subzone
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X-4 indicate that pine expanded to some extent in the mountains, probably
as a result of a slight increase in humidity. The expansion of oak-dominated
forest in the Drama area must have started 13, 000 to 14, 000 years ago, that
is to say in the early Late-glacial period.

8.2 East-Central Greece

A continuous pollen record, covering the last 45, 000 years, has been
obtained for a core from the drained Lake Xinias, at an elevation of ¢. 500
m (Bottema, 1979). Mean January and July temperatures amount to c
and 280C , respectively. The lower parts of the mountains around Xinias
receive a mean annual precipitation of ¢c. 500 mm; at higher elevations

precipitation increases. The natural vegetation of the area consists of deci-
duous forest, the composition of which depends on elevation and exposure.

Fig. 14. 8 presents the upper half of the Xinias pollen diagram.

In the section of spectra 44-59, 25,600 to c. 15,000 B. P., AP values
are below 20%. Artemisia and Chenopodiaceae are the predominant pollen

types. In the succeeding section, including spectra 60-76 (c. 15, 000-10,500
B. P.), herbaceous pollen is still dominant, but Pinus shows values of up to

20%, although in the middle of the section a temporary fall in the pine curve
occurs. Atriplex-type pollen reaches extraordinarily high values in this
section. The marked rise in S AP values above spectrum 76 is mainly due

to the increase in deciduous oak pollen percentages, but other types contribute
likewise to the high arboreal pollen values in the upper section of the diagram.

In the period from c. 25,000 to ¢. 15,000 B. P., steppe vegetation pre-
vailed in the Xinias area. QOak and perhaps pine must have been restricted
to favourable habitats in the mountains. Although during this period it must
have been much colder than at present, temperature was probably not the
limiting factor for tree growth in this area. Dryness may primarily be held
responsible for the scarcity of trees.

An increase in temperature and probably also in precipitation induced
the spread of pine in the mountains around 15,000 B. P. At lower elevations
steppe must still have prevailed. A noticeable reduction of pine is suggested
by spectra 67-70. The extremely high chenopodiaceous values in the same
spectra point to very arid conditions. One could speculate that the greatly
increased dryness was caused by the fact that the rise in temperature (Late-
glacial temperature maximum) was not compensated for by higher precipitation.
The increase in humidity suggested by the renewed expansion of pine (spectra
71-75) could, at least in part, have been due to the lower temperatures of the
Late Dryas period.

The pollen diagram prepared for Limni Kopais (Greig & Turner 1974;
Turner & Greig 1975) suggests a Late Pleistocene and Holocene vegetational
history which, in broad outline, is in conformity with that established for
Xinias.

8.3 Northwest Greece

The pollen diagram of Ioannina (Bottema 1974) comprises the greater
part of the last glacial period and the Holocene. For Ioannina, at an elevation
of 470 m, a mean annual precipitation of 1200 mm is recorded. Average
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January and July temperatures are 5.1° and 24. 0°C, respectively. The
mountains around the Joannina basin are naturally covered with deciduous
forest vegetations.

The upper part of theloannina diagram is presented in Fig.14. 9. The
beginning of subzone V-4 has an inferred date of 20,000 B. P. In subzones
V-4 and V-5, ¥ NAP show high percentages, but, on the other hand, various
tree pollen types are present, together accounting for ¢. 40% in subzone V-4
and for c. 20% in subzone V-5. In pollen zone W, conifers (Pinus and Abies)
display higher values, except for subzone W-2. In subzone X-1, Quercus
robur-type pollen values increase, whereas the curves for Pinus, Abies,

Artemisia and Chenopodiaceae decline. At higher levels other deciduous
pollen types contribute to a major extent to the total arboreal values.

The vegetational history of the Joannina area compares rather well with
that established for the Xinias area (8.2). The Ioannina pollen record indi-
cates that in the period of about 20, 000 to 14,000 B. P. (the inferred date
for the zone V/W transition) steppe vegetation was found at lower altitudes,
whereas trees (conifers as well as deciduous species) must have been present
at higher altitudes which received more precipitation. After 14,000 B. P.,
pine and fir expanded to some extent, but at lower elevations steppe vegetation
maintained itself. The temporary decline of Pinus and Abies in subzone W-2
is comparable and probably synchronous with the Pinus minimun in spectra
67-70 at Xinias. The climatic explanation for the behaviour of the conifers
at Ioannina during the Late-glacial period could be the same as that assumed
for Xinias, viz. an increase in temperature in the early Late-glacial succeeded
by a dry period as a result of a further rise in temperature (synchronous with
the Allergd period). ' '

8.4 Concluding remarks on Greek vegetational and climatic history

During the Upper Pleniglacial, in the period of ¢. 25,000 to 14,000 B. P.,
steppe vegetation prevailed in Greece. It was not only colder than at present
but also considerably drier. The higher pine pollen values in zone X-4 at
Tenaghi should point to a temporary increase in temperature and/or preci-
pitation. However, a similar amelioration of climate does not find expression
in the pollen evidence from Xinias and Ioannina. Also with respect to the
Late-glacial vegetational development, the Tenaghi diagram shows a different
picture than the diagrams of Xinias and Joannina. In the areas of the latter
diagrams conifers spread to some extent after about 14, 000 B. P., but at
Tenaghi it was deciduous oak which expanded markedly in the early Late-
glacial. In other areas the spread of deciduous oak did not start until about
10,500 B. P. (see below).

In addition to the pollen evidence obtained for Ioannina, Xinias and
Tenaghi, various other diagrams provide information on the Holocene vege-
tational history of Greece (Athanasiadis 1975; Bottema 1974, 1979, 1980b;
Greig & Turner 1974; Turner & Greig 1975; unpublished material). Much
of this information is summarized in Table 1.

In various pollen diagrams a marked incrase in deciduous oak pollen
values starts from a level to be dated to 10,200-10,700 B. P. Only at Tenaghi
does this increase occur at an earlier date. In the diagram section dated to
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c. 9300-8200 B. P., Pistacia and Sanguisorba minor/Poterium show higher
percentages. In the succeeding section coniferous pollen values increase
markedly. The pronounced rise in the curve for the Ostrya/Carpinus
orientalis pollen type is dated to about 6500 B. P. , while the increase in Fagus
started about 4000 years ago. Juglans, Castanea and Platanus show up in the
pollen record from 3200-3500 B. P. on. These species were probably intro-

duced by man.

In the early Holocene, oak-dominated forest covered most of Greece at
lower and medium elevations. Temperature as well as precipitation must
have increased considerably around 10,000 B P., but apparently climatic
conditions were not yet favourable enough for the establishment of more di-
verse forest vegetations. About 9300 B. P. Pistacia and Poterium expanded
in the oak forest. As a result of a further increase in temperature the
climate may have become drier and the forest more open. At higher ele-
vations, with greater humidity, not only oak but also various other tree

species played an important part in the early Holocene forest.

Towards 8200 B. P. the forest at lower and medium elevations became
denser; conifers started to expand. This points to an increase in precipitation.
A further increase in humidity is suggested by the successive expansion of
Carpinus orientalis/Ostrya and Fagus. It cannot be determined whether the
more humid conditions were caused by an increase in precipitation or by a
decrease in temperature. Be this as it may, it was not until 4000 B. P. that
humidity reached modern levels. Changes in the composition of the forests
that occurred after c. 3500 B. P. must have been due mainly to the activity

of man.

The vegetational development outlined above holds for northeast, north
and east-central Greece. In the northwest (Ioannina) some of the changes
discussed above are less pronounced, while in the south possible climatic
changes of the last 6000 years are not reflected in the pollen precipitation.

9. PALAEO-VEGETATIONS MAPS
9.1 Introduction

From the above discussion of pollen diagrams from Greece and the Near
East it will be clear that the vegetational history of the various regions differs
considerably. Expansion and reduction of forest and steppe vegetations did
not occur synchronously in the whole of the area under consideration. Some-
times two regions show a more or less opposite development. Thus, in
northern Israel forest must have expanded markedly in the Late-glacial
period, whereas a contraction of forest took place in the early Holocene.

On the other hand, the Ghab pollen evidence points to a considerable reduction
of the forest area in the Late-glacial and a maximum expansion of forest
vegetation in the early Holocene. It is not possible to establish tendencies

in the Late Quaternary vegetational development which apply to the whole

of the Eastern Mediterranean and the Near East. This fact constitutes a
serious handicap to the drawing of maps showing the former distribution

of forest and steppe in the whole of the area. The vegetational history of
regions for which no pollen diagrams are available cannot simply be de-
duced from the evidence obtained for other regions. In spite of the fact
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that various regions are not covered by one or more pollen diagrams and

that subsequently the vegetational history of these areas is pure guesswork,
an attempt has nevertheless been made to construct palaeo-vegetation maps
showing the inferred distribution of forest, forest-steppe and steppe for a
few selected periods. It will be obvious that these maps should be considered
with the utmost reserve. It is to be expected that with increasing numbers

of pollen diagrams the maps will need radical revision.
9.2 18, 000-16, 000 B. P. (Fig. 14.10)

In the period 18, 000-16,000 B. P., the temperature had dropped to a
minimum. The maximum snowline depression of 1000-1200 m in the Near
Eastern mountain ranges (Messerli 1967) points to a temperature depression
of 6-8°C. The considerably reduced temperatures must have brought about
a drastic depression of the upper forest line. However, the pollen evidence
suggests that dryness must at least as much as low temperature have been
a limiting factor for tree growth. Dry steppe vegetations with Artemisia

and Chenopodiaceae were of much greater extent than nowadays.

It is assumed that at 18,000-16, 000 B. P. the mountainous regions to
the south of the Caspian and the Black Sea, which at present are characterized
by an extremely humid climate, supported forest vegetations at lower ele-
vations where temperature was not the limiting factor for tree growth. Pollen
evidence is still lacking for the Late Pleistocene of these regions.

Comparatively significant tree growth must have occurred in western
Syria, Lebanon and Israel. Although in the western Levant the forest cover
must have been markedly more open than it would be at present under natural
conditions, it was nevertheless one of the areas richest in trees. The pollen
record points to forest-steppe or steppe with scattered tree stands in Greece
and western Turkey. Unfortunately, the fluctuations in the AP/NAP ratios
in the Stgtit and Karamik diagrams cannot be dated at all accurately, but
during the whole of the Late Pleistocene section covered by these diagrams
at least some tree growth must have occurred.

The Zeribar pollen record indicates that in the period 18, 000-16, 000 B. P.
trees were virtually absent in the area and probably in the greater part of the
Zagros Mountains. "Must low temper atures be held responsible for this
absence of trees or was dryness the main limiting factor for tree growth ?

At elevations of 1300 m and more the temperature may have been too low for
trees in the Zeribar area. On the other hand, in the SUgtit area, at elevations
of 1400 m and more, trees could maintain themselves in the Upper Pleniglacial
period. It is conceivable that in the coastal regions of western Turkey the
temperature did not drop as much as in continental Iran. Thus, the record

of planktonic foraminifera in deep-sea cores suggests that during the glacial
maximum surface temperatures of the eastern Mediterranean Sea were only
2-49C cooler than at present (Thiede 1978; ILuz 1981). Although we tend to
ascribe the Upper Pleniglacial treeless vegetation of western Iran to climatic
dryness, we consider it quite possible that the temperature was likewise too
low for tree growth (van Zeist & Bottema 1977, p. 66-67). It should be em~
phasized that trees may not have been completely confined to the areas indicated
on the map of Fig. 14.10. In other areas, too, scattered tree stands may have
been present in sheltered habitats.
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9.3 12,000-11, 000 B. P. (Fig. 14.11)

The period 12, 000-11, 000 B. P. coincides largely with the Allergd time,
the warmest phase of the Late-glacial. It has been established for West and
Central Europe that during this period mean July temperatures were only
2-3°C lower than at present. This implies that during the Allergd even at
higher elevations, such as in the Zeribar area, temperature cannot possibly
have been the limiting factor for tree growth. The map of Fig. 14. 11 suggests
that during the warmest phase of the Late-glacial, trees occurred in the
same areas as in the period 18,000-16, 000 B. P. There are, however,
differences as far as the density of the tree growth is concerned. In north-

western Syria tree growth was much sparser than in the period 18, 000-16, 000
B. P., whereas the Huleh pollen record points to a comparatively dense

forest cover. Striking regional differences in the density of tree growth are
assumed for Greece. Whereas the Tenaghi pollen diagram points to a con-
tinuous forest cover, albeit more open than the present-day natural forest
of the area, the Xinias pollen record suggests rather scattered tree growth
for east-central Greece. Northwestern Greece (Ioannina) is in an inter-
mediate position as regards forest cover.

The considerable increase in temperature during the Late-glacial caused
much higher evaporation than during the Upper Pleniglacial. In areas where
trees could maintain themselves or even expand, precipitation must have
increased appreciably to compensate for the higher evaporation rate.

9.4 8000 B.P. (Fig. 14.12)

4000 years later, c. 8000 B. P., in the early Holocene, trees must have
expanded quite considerably in the Eastern Mediterranean and the Near East.
Continuous forest covered the greater part of Greece, although the forest may
still have been more open than later in the Holocene (8.4). In the coastal
areas of Turkey and Syria forest vegetations had established themselves.

In northwestern Syria (Ghab pollen evidence) forest reached its greatest
extent in the early Holocene. In northern Israel, on the other hand, condi-
tions for tree growth were less favourable than during the Late-glacial.

In this area steppe had expanded at the expense of forest vegetation. In the
interior of the Near East at best forest-steppes were found as is suggested
by the pollen record of Zeribar and Mirabad in western Iran and of Lake Van
in southeastern Turkey. In western Iran trees expanded very gradually in
the period from c. 10,500 to c. 6000 B. P. In southeastern Turkey steppe
vegetation prevailed in the period between ¢. 9800 and c. 6400 B. P.

After the temperature depression of the Late Dryas period (the final
phase of the Late-glacial) the temperature must have risen quite markedly
in the early Holocene. The general expansion of forest in that period implies
that precipitation must have increased too.

9.5 4000 B. P. (Fig. 14.13)

It was not until ¢. 4000 B. P. that the present-day distribution of forest
and steppe had established itself in broad outline. It should be emphasized
that at least locally the composition of the forest vegetation may have changed
to some extent after 4000 B. P.




10. CLIMATIC IMPLICATIONS
10.1 Introduction

In the Eastern Mediterranean and the Near East, temperature as well as
precipitation must have shown considerable changes during the last 20, 000
years. However, the pollen record, viz. the alternate expansion of steppe
and forest, allows conclusions mainly on changes in humidity. In many in-
stances it cannot be deduced from the pollen evidence whether changes in
humidity were due to changes in temperature or in precipitation. In Fig. 14. 14
the inferred fluctuations in humidity are presented for various pollen-diagram

sites. It seems that changes in temperature were generally of a worldwide
nature. For that reason it may be justified to assume for the area under

consideration the same changes in temperature, or at least the same tendencies
in temperature changes, that have been established for other areas. The Late
Quaternary temperature history is also indicated in Fig. 14.14. From the changes
in temperature and humidity conclusions on possible changes in precipitation

can be drawn. It goes without saying that because of the many uncertainties

the ideas on past climates presented in this paper are highly speculative.
Moreover, other disciplines often arrive at conflicting conclusions.

As was to be expected from the discussion of the individual pollen diagrams,
the humidity curves differ considerably. Even if one ignores smaller fluctu-
ations (it should be taken into consideration that the humidity curves are lar-
gely the direct "translation" of the AP/NAP ratios and that fluctuations in the
AP/NAP ratios may sometimes have been due to local conditions) and if one
accounts for the uncertainties in the dating, the humidity curves cannot possibly
be brought into line with each other. This implies that changes in precipitation
cannot have been of a uniform nature in the whole of the Eastern Mediterranean
and the Near East, but that there must have been regional differences.

10.2 Upper Pleniglacial (24, 000-14, 000 B. P.)

As has been mentioned before, in the period from 24,000 to 14,000 B. p. ,
temperatures must have been much lower than at present. During this period
it was not only colder, but the pollen evidence suggests that it must also have
been markedly drier than nowadays. This does not imply that there would
have been no fluctuations in humidity. On the contrary, most humidity curves,
that is to say the AP/NAP ratios, show fluctuations in the section concerned.
Thus, the Greek pollen diagrams suggest an increase in humidity around
20, 000 B. P., which could have been brought about by an increase in precipi-
tation. In theory it is possible that a decrease in temperature must be held
respongible for this rise in humidity. However, in that case one could equally
have expected a reaction in the Huleh pollen record. Moreover, the Ghab
pollen evidence suggests an opposite course of the humidity around 20, 000 B. P.,
although no accurate dating of the Upper Pleniglacial fluctuations in the AP/NAP
ratios of this diagram is possible. Although some effect of changes in tem-
perature cannot be excluded, it seems that fluctuations in precipitation must
primarily have caused the fluctuations in humidity inferred for the Upper
Pleniglacial.
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Starting from the assumption that in the period 24, 000-14, 000 B. P.
changes in humidity were mainly brought about by fluctuations in precipitation,
the following conclusions are suggested by the pollen evidence. In Greece,
precipitation increased to some extent around 20, 000 B. P. to decrease again
after about 18,000 B. P. (Ioannina, Tenaghi). In the period c. 18,000-14, 000
B. P. precipitation was low. A reverse course of the precipitation is suggested
by the Ghab pollen diagram. Here precipitation should have been relatively
high in the period just before 14,000 B. P. The Huleh pollen diagram does
not suggest any noticeable change in humidity in the period 24, 000-14, 000 B. P.
and neither does the Zeribar pollen evidence. For northern Israel it must be
assumed that no changes in precipitation occurred at all. For western Iran
it is possible that precipitation fluctuated to some extent, but that too low a
temperature prevented trees from reacting to an increase in humidity (cf.

9.2). The humidity curve inferred from the Karamik pollen record seems

to be more in line with the Huleh curve than with that of the Ghab (10.3, 10.4).
The Sogtit pollen diagram seems to point to a course of humidity that at least
for the Upper Pleniglacial and the Late-glacial (10. 3) was quite different from
that established for Karamik, at a distance of ¢. 300 km. It should, however,
be taken into consideration, that no radiocarbon date is available for the lower
part of the Stgtit diagram, so that one can only guess at the dating of the fluc-
tuations in the lower section of the humidity curve. For that reason this
section of the curve is dashed. By stretching out the lower part of this curve
it could be brought into line with the Karamik curve. It is clear that one should
not attach much weight to the lower part of the S8gtit humidity curve.

It seems that in Greece, during the Upper Pleniglacial, precipitation
fluctuated more or less uniformly over the whole of the country. On the other
hand, in the Near East there can have been no question of changes in precipi-
tation that were largely identical for the whole of the area. Here, considerable
regional differences in precipitation history are suggested by the pollen record.

10.3 Late-glacial (14,000-10,000 B. P.)

Also for the period c. 14, 000-10, 000 B. P. conspicuous regional differences
must be assumed. During this period, which coincides with the Late-glacial
of the Wiirm-glacial chronology, temperatures increased markedly to reach
a maximum in the Allergd time (12, 000-11,000 B. P.). As has been mentioned
before (9.3), during the Allergd period mean July temperatures were only
2-3°C lower than at present. For the final stages of the Late-glacial, for the
Late Dryas period, a worldwide temperature depression has been established.

The Late-glacial increase in temperature brought about a higher eva-
poration rate. Nevertheless, most sites suggest a distinct rise in humidity
around 14,000 B. P., implying that not only temperature but also precipitation
increased. In northwestern Syria, the higher evaporation which resulted
from the Late-glacial rise in temperature was apparently not compensated
for by an increase in precipitation. At Zeribar, the arid conditions of the
Pleniglacial continued in the Late-glacial. As for Greece, the course of the
humidity in the northeast must have differed from that in other parts of the
country. At Tenaghi, humidity remained rather high during the whole of the
Late-glacial, whereas the Joannina and Xinias diagrams point to marked




fluctuations. In the Allergd period, c. 12,000-11, 000 B. P., it became drier
again; probably the further rise in temperature was not sufficiently compen-
sated for by higher precipitation (8.2, 8.3). In the final phase of the Late-
glacial, humidity rose again at Joannina and Xinias which could have been due
to the decrease in temperature. In northwestern Syria, the marked increase
in humidity in the final phase of the Late-glacial may, at least in part, have
been caused by the temperature depression, although it is assumed that there
precipitation actually increased (6). The Karamik and S5gtit pollen diagrams,
on the other hand, seem to point to dry climatic conditions in the last stages
of the Late-glacial (and in the early Holocene).

From the above discussion it emerges that just as in the Upper Pleni-
glacial, so also in the Late-glacial, humidity and consequently precipitation
did not fluctuate uniformly over the whole of the Eastern Mediterranean and
the Near East. Most striking is the course of humidity in northwestern Syria
which seems to have been more or less the opposite of that assumed for most
other areas.

10. 4 Holocene

In spite of the rise in temperature, in the early Holocene humidity
increased (Ioannina, Xinias, Zeribar) or at least remained at the same level
(Tenaghi, Ghab) in various areas, suggesting that precipitation must have
increased markedly. At Huleh and Karamik, on the other hand, in the early
Holocene, humidity was definitely lower than in the previous period. One
must assume that there the rise in temperature was not or not sufficiently
compensated for by an increase in precipitation. At Van, in southeastern
Turkey, precipitation must have been low in the early Holocene.

The Toannina, Xinias and other pollen diagrams from northern Greece
point to a further increase in humidity, and consequently in precipitation,
in the lower Holocene to reach approximately modern levels between 7000 and
6000 B. P. As for the depression in the Tenaghi humidity curve to be dated
around 8000 B. P. (solid line), it cannot be excluded that the NAP maximum
was due to local conditions (8.1), so this increase in herbs may not point to
a drier climate. The dashed line gives an alternative course of the Tenaghi
humidity curve.

The Near East shows a less consistent pattern of the precipitation regime
in Holocene times. Here regional differences must have been quite consi-
derable. The only thing in common is the fact that in the upper Holocene,
during the last 4000 to 5000 years, precipitation must have been comparatively
high in the whole of the area, although humidity did not reach its highest level
everywhere in this period (cf. Ghab).

The Huleh and Ghab pollen diagrams suggest a more or less opposite
climatic development in the Late-glacial and in the lower Postglacial. This
cannot be explained as the result of a simple northward shift of a climatic
belt of higher precipitation (much precipitation first in the southern Levant
and subsequently more to the north), because the course of the humidity curves
inferred from the Karamik and Stgut pollen record seems to be more in line
with that from Huleh. In this connection the following may be remarked.
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Wigley & Farmer (1981) have pointed out that precipitation in the Eastern
Mediterranean and the Near East is mainly associated with cyclonic distur-
bances which generate in the Central Basin depressions and in the Eastern
Basin depressions (Cyprus lows). Depressions from both areas tend to move
to the northeast and east, but the steering of the depressions is not yet well
understood. Precipitation in southwest Turkey originates mainly from the
Central Basin depressions, whereas cyclonic disturbances generated in the
Fastern Basin bring precipitation to the Levant. Consequently, differences

in the Late Quaternary climatic history of southwestern Turkey and the Levant
may be not too astonishing.

A prevailing eastward direction of the depressions generated by the
Cyprus lows in early Holocene times could explain the differences in the
vegetational history of western Iran (Lake Zeribar) and southeastern Turkey
(Lake Van). At Zeribar trees started to spread around 10. 500 B. P. , and
by 5500 B. P. the present-day natural forest had established itself. In the
Lake Van area, the expansion of trees took place between 6500 and 3500 B. P. ;
desert-steppe vegetation indicates that the early Holocene climate of south-
east Turkey had a very arid character. If in early Holocene times, the pre-
ferred tracks of the Eastern Basin depressions were to the east, southeastern
Turkey would have received little precipitation. A subsequent shift to a more
frequent northeastward direction of the cyclone tracks would have brought
more precipitation to eastern Anatolia. ‘In this respect it should be mentioned
that the mountain ranges in eastern Turkey run in a southwest-northeast
direction. As a consequence, rain- and snow-bearing southwesterly winds
can penetrate far into the interior. With prevailing westerly winds precipi-
tation may have been transported into East Anatolia less easily.
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Fig. 14.10 Palaeo-vegetation map 18, 000-16, 000 B. P. No inferred vegetation
is indicated for the sections of USSR, Bulgaria, Yugoslavia and
Albanja shown in Figs. 14.10-13. No palynological information is
available for the greater part of Syria, for Iraq, Saudi Arabia and
, Jordan. For lack of palynological data no vegetation is suggested
for Crete and Cyprus.
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Fig. 14.12 Palaeo-vegetation map ¢. 8000 B. P. For this period the type of
vegetation on Crete could be determined.
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DISCUSSION

ROBERTS: In the Sogut curve and the Ghab diagram in a paper
you published a couple of years ago, you suggested that the
sequences, with their respective A/NAP ratio were very closely in
parallel, and with only slight differences in the dating. Now you
are suggesting that the two were much less in phase.

VAN ZEIST: We have only a few Cl4 dates for both cores, and
for that reason the correlation remains fairly uncertain. In
reconsidering the whole thing we arrived at the conclusion that the
climatic history suggested by those diagrams points to some
difterences in those areas. I agree it's just a matter of
inter pretation. We now tend to believe that the climatic implications
of the Sogut pollen record cannot be brought into line with those
of the Ghab record.

ROBERTS: 1 ask because there seems to be some suggestion of
low arboreal pollen values in the period immediately before 11000
bp in the Ghab and also in several cores from Greece, and it
would be reasonable to assume that SW Asia being intermediate
between the two would have a similar sequence. Such a period is
later in Sogut from C14.

VAN ZEIST: It would be nice to be able to produce uniformity
across SW Asia and Greece and Turkey, that's what we attempted
to produce first. But as it turned out, for reasons that we don't
yet understand the regional differences are quite considerable. For
example the pollen evidence from the well known Tenaghi Philippon
core in Macedonia differs quite considerably from the -climatic
history suggested from other parts of Greece, so you are forced to
accept at least for the time being that changes in climate and
vegetational history weren't so uniform as we thought at first.

ROGNON: You have shown two maps of vegetation distribution, at
8000 bp and 4000 bp, but what do you think about the
intermediate period? This morning Professor Paepe pointed out that
at that time we have evidence for a very dry period, the SW of
Greece being incorporated into the Sahara sphere. What is your
opinion?

BOTTEMA: In this respect we completely disagree with Paepe. 1
don't know anything about soils. If there is good evidence from
that source for a steppe vegetation some time in Southern Greece,
I have to accept that. But then he goes on to compare this with
the evidence from Tenaghi Philippon, as support for his theory of
a dry climate in Boreal-Atlantic times. I really doubt whether that
is justifiable because even Van der Hammen and Wijmstra in their
publication didn't speak of a steppe vegetation there for that time.
If there was a time during which herbs increased and the forest
became more open in this Macedonian area it didn't last until 3000
bc. We disagree then from a palaeobotanical point of view.




VEGETATIONAL AND CLIMATIC HISTORY
OF THE WESTERN PART OF THE KURA RIVER BASIN

Liana K. Gogichaishvili
(Institute of Botany,
Academy of Sciences of the Georgian S. S. R. ,
Tbilisi U.S.S.R.)

Before discussing the history of the vegetation and the main climatic
changes that took place in the last 20,000 years, I would like to review
briefly the research work done in Georgia. The study of the vegetation
history in a mountainous country, such as the Caucasus, is a complex
matter. The historical development of the vegetation here has been peculiar
and complex owing to such natural factors as the huge, glacier-covered
mountains, the lowlands going down below sea-level, the piedmonts and the
narrow gorges. FEach of the major orographic elements of the Caucasus,
such as the Greater Caucasus, the Transcaucasian depression, the Trans-
caucasian upland and the Talysh mountains, had its own specific history of
relief formation, river drainage, climate, flora and fauna.

Pollen analyses were first published in the thirties by V. S. Dokturovski
(1936), followed by Prof. I. I. Tumajanov's studies on the history of forests
of the Greater Caucasus' north slopes, his results of the sporo-pollen analyses
evidencing basic regularities in the Holocene vegetation development and
proving the existence of regional diversity (I. I. Tumajanov, 1955, 1961 and
others).

These studies were followed by more intensive investigations and by
data accumulation for individual parts of Georgia. These studies were carried
out by M. I. Neustadt (1957), M. I. Neustadt and N. A. Khotinski (1965),
V. P. Sluka (1969, 1973), E. E. Kvavadze (1978) in western Georgia. N. A.
Margalitadze (1967, 1973) studied the vegetation history of the Javakheti
volcanic area. My own studies mainly concern the territory of eastern
Georgia (L. K. Gogichaishvili, 1962, 1969, 1971, ete.).

Since eastern Georgia is almost completely devoid of peat bogs and has
scarcely any lakes, the sporo-pollen analysis was made possible only after
a careful search for samples from fossil soils and from lake sediments
locally covered by thick series of freshwater deposits.

The region within our sphere of studies is confined to the Transcaucasian
depression divided by the Surami (Likhi) Range into two parts: the eastern
part including the Kura river basin, and the western part including the Upper
and Lower Kartli plains and the Kakheti basin.

The research results presented in this paper concern the basins of the
rivers Kura, Aragvi and Iori. The studies were mainly carried out in the low-
mountain and middle-mountain regions and on the plains of this part of Georgia.
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The climate is between temperate-moist and warm, dry subtropical with
a not very hot summer. The mean January and July temperatures are -3 to
-0. 07°C and +18 to +22°C, respectively. The annual precipitation is 450-
500 mm, the heaviest precipitation occurring in May (70-100 mm) and September
(40-50 mm). The snow cover stays for 1-1. 5 months (Khordzakhia, 1961).

Continentality of the climate increases in an eastward direction.

The territory under study belongs to the Caucasian or Tberian type of
area which embraces those species which are more typical of the south slopes
of the Asia Minor mountains. "The species belonging here are devoid of a
clearly pronounced ecological countenance: one can find typical inhabitants
of forests, forest edges and dry grassy mountain slopes, and also a number
of species of a clearly xerophilous character including those which inhabit

rocks, taluses and exposures" (A. Grossheim, 1936, p. 76).

Such a diversity of vegetation complicates the task of the palynologist
in reconstructing the Holocene phyto-landscapes. Moreover, as man has
inhabited eastern Georgia since ancient times, the vegetation has drastically
changed due to human activity. Therefore, the availability of a comparatively
great number of sites and of analytical results for soil-dated fossils is one
of the most important points in this complicated situation.

In this paper I shall discuss only some of the key sections: the exposures
near the village of Kvishkheti (the Kura basin, Fig.15.1, no. 1), near Shio
Mgvime (the Kura basin, Fig. 15.1, no. 2), Lake Bazaleti (the Aragvi basin,

Fig. 15.1, no. 3), and near the town of Sagarejo (the Iori basin, Fig. 15.1, no. 4).

Section 1 (Fig. 2) was sampled near the village of Kvishkheti, in the
Central Kartli Plain, at an elevation of 725 m above sea-level. The samples
were taken from natural exposures on the left bank of the river. The depth
of the lacustrine, lake-alluvial deposits reached 320 cm. The samples
represent the Middle and Late Holocene. The beginning of the Middle Holocene
is characterized by a large area of oak forests, which is presented by a low
proportion of tree species and a high percentage of Gramineae. Subsequent
layers reveal a pronounced abundance of Quercus pollen and a greater pro-
portion gf Ulmus and Castanea. Of the herb species, those of Compositae,
Chenopodiaceae, Caryophyllaceae and some others were dominant.

Towards the end of the Middle Holocene the zone of Quercus and Castanea
reduced gradually, while that of Salix, Populus and Alnus increased.

In the Late Holocene the large percentage of Quercus returned, but that
of Castanea remained low. At the same time the flood-plain forests reduced
in area, Rubus, Elaeagnus, Amygdalus, Morus and other species taking
increasing possession.

The data obtained for this section of the Kura river have shown: a) that
the forests here were mainly of mixed-oak and of the flood-plain type; b)
‘that the Middle Holocene had extensive areas covered mainly by oak forests
with chestnut; c) that the north slopes of the Trialeti Range were covered
by hornbeam forests (evidenced by the permanent presence of Carpinus pollen)
with some spruce groves being mixed in (the Picea percentage being 30% at
the zone 5/6 boundary).
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Section 2 (Fig.15.3) was sampled in the neighbourhood of Dzegvi-Armazi,
at an elevation of 450 m above sea-level, and was named "Shio-Mgvime core".
Near the village of Dzegvi the Kura crosses the convergence of the Kvernaki
and the Satskepela Ranges, creating the Kldekari Gorge. Some fossil soils
were exposed on the right bank of the river at the beginning of the gorge,

and were locally covered by lacustrine, lake-alluvial and alluvial sediments.

Some remnants of dry forests are found on the south slopes of the
Sarkineti Mountain and the Armazi Range within this section of the valley.

The available sporo-pollen material includes the Early, Middle and Late
Holocene: zones 3 and 4 corresponding to the Early Holocene, zones 5, 6
and 7 representing the vegetation changes in the Middle Holocene, and zones
8 and 3J those in the late Holocene. The data prove that the piedmonts of the
Early Holocene were characterized by hornbeam-oak forests in which horn-
beam was predominant. The presence of Juniperus, Celtis, Pinus and
Pistacia pollen points to a wide extension of dry forests, whereas the river-
side areas were covered by flood-plain forests, however not so widespread.
Fagus is represented in this zone.

An insignificant decline in the hornbeam-oak forests is typical of the
second half of the Early Holocene. One would expect that the areas which
had become open by that time, could later be occupied by dry-forest elements.
However, this was not the case; the dry forest areas did not increase.

At the start of the Middle Holocene the dry forest area began to expand.
At the same time Gramineae show maximum pollen percentages. Therefore,
the Middle Holocene reveals the spread of two forest types: hornbeam-oak
forests in the higher mountain belts and dry forests in the middle mountain
belts. In the Late Holocene, in particular at its beginning, the flood-plain
forest areas tended to increase. The hornbeam-oak forests were still
widespread on the piedmont lands, their areas being reduced in the second
half of the Late Holocene.

Section 3 (Fig.15. 4) was taken from Lake Bazaleti, at an elevation of 800-
900 m above sea-level. The present landscape is nearly without forest;
only occasional remnants of hornbeam-oak forest are found. The total depth
of the boring was 3.5 m. The core is divided into successive Middle and
Late Holocene levels.

The Middle Holocene is characterized by maximally developed broad-
leaved forests with Quercus, Carpinus, Ulmus, Tilia, Zelkova and other
species, and by a drastic decline in beech forests. The broad-leaved forests
began to reduce gradually at the beginning of the Late Holocene, whereas
inundated areas with marsh vegetations of Phragmites communis, Typha
latifolia and other species expanded.

Section 4 (Fig. 15. 5) was taken near the town of Sagarejo, in the middle
course of the Jori river. In contrast to the other regions, the lake sediments
here are locally covered by a more or less thick layer of grass-wood peat.
The forests of Gare Kakheti consisted of impoverished broad-leaved tree
stands and were related by N. Kuznetsov (1909) to the Older Tertiary types
of Colchis and Girkan forests. The present-day landscape is devoid of forest.
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On the basis of the pollen diagrams prepared for sediment sections and
of the pollen spectra of buried soils (Fig.15. 6) we propose the following periodi-
zation of the pollen record:

Zone A. The spectra of this zone are dated to 20,580 + 680 B. P. (Tb-17).
The spectra display 75% Pinus, 5% Quercus, 4% Carpinus caucasica, 8%
Ulmus, 7% Acer, 3% Tilia and others. Of the herbs, Gramineae, Umbelliferae,
Leguminosae, Caryophyllaceae and some others are well represented.

The Late-glacial series of pollen spectra starts with the date of 14,160
+ 500 B. P. (T b-18). Pinus pollen percentages are high in these spectra
and broad-leaved tree pollen percentages are still insignificant, although

the latter include Juglans, Pterocarya, Alnus, Ulmus and Salix. The decline
in pine pollen percentages is evident at the depth of 11.75 m with a simultaneous
increase of broad-leaved tree pollen percentages.

Zones 3 and 4 cover the Early Holocene. For the first time the hemi-
xerophytic tree-shrub complex, with a high percentage of Carpinus orientalis,
Quercus, Tilia, Acer and others, is clearly visible in the pollen spectra.

Zones 5, 6 and 7 cover the Middle Holocene with an increased area of
hemixerophytic piedmont forest vegetation. Pterocarya and Juglans have
disappeared, whereas Quercus percentages tend to go up. At the end of the
Middle Holocene (zone 7) pollen spectra change once more, which corresponds
with the increase of lowland forest pollen percentages (Alnus, Ulmus, Salix
etc. ); the pollen values of the hemixerophytic tree-shrub species reduced
significantly. The vegetation remnants are dated to 3450 + 270 B. P. (T b-19).

Zones 8 and 9 cover the late Holocene. At the early stages the tree pollen
composition still keeps changing, particularly as far as lowland forest species
are concerned. The proportions of arboreal and herbaceous pollen in zone 9
remain the same as in the first half of the Late Holocene.

The above brief discussion shows that the Late Quaternary of this territory
was characterized by a dynamic forest succession, the initial stages of which
were markedly different from the present-day forest stands. This statement
is supported by the sporo-pollen spectra of the buried soil levels which reveal
the vegetation character during the Late Pleistocene glaciation of 20,580 +
680 B. P. The widespread pine descended to the piedmont regions as far down
as 400-500 m above sea-level. The broad-leaved piedmont species occupied
rather small areas. It is common knowledge that in the Soviet Union and
elsewhere the climate of that period was extremely severe. The climate
improved slightly in the Late-glacial period when pine still remained a
predominant tree, although other species, such as Carpinus, Quercus, Acer,
Ulmus, Tilia, Juglans and Pterocarya, were present in the forest.

A sudden change took place 11, 000 years ago when deciduous tree species
became widely distribited, whereas pine decreased markedly. The diagram
of Fig. 15.6, showing the spectra corresponding to the last glaciation, the Late-
glacial and the early Holocene, illustrates the above statements. There is
another curious point to be mentioned: however severe the climate was, the
Jori lowland remained one of the refuge areas where Pterocarya, Juglans
regia and others were distributed within a relatively short period. These
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plants seem to have survived the last glaciation in better protected side
gorges of the Tsiv-Gombori Range, and as soon as the climate began to
improve they proceeded to inhabit the lowland which had been a zone of
intensive river sedimentation.

The tendency to a certain regularity in the forest distribution can be
traced in the early Holocene. In the Jori region forests were of hemixero-
phytic character with high percentages of Quercus iberica, Tilia, Acer and
others. Only occasional specimens of Fagus descended into the ravines
and even into the lowlands, an exceptional case never reported before in any
other region. At the same time flood-plain-forests with Populus hybrida,

Salix australior, Ligustrum vulgare and others spread in the Aragvi valley.

In the Early Holocene the piedmonts in the Kura valley were occupied by
oak-hornbeam forests with a great proportion of hornbeam. At the same time
occasional dry forest indicators appear in the Dzegvi-Mtskheta section.
Therefore, the boreal period was characterized by an extreme expansion of
forest vegetation due to the improved climatic conditions.

It is common knowledge that the Middle Holocene was a period of the
most intensive afforestation in the greater part of the Caucasus. The im-
provement of climate and maximum temperatures caused changes in the
vegetation in various regions. For instance, oak forests with chestnut began
to develop in the Kura valley near the village of Kvishkheti; dry forests,
consisting of Juniperus, Pistacia and others, covered the Dzegvi-Mtskheta
section. The broad-leaved forests grew maximally in the Bazaleti basin,
while the mixed lowland forests of the Mid-Iori lowland decreased; Pterocarya
and Juglans regia disappeared.

The rise of groundwater in the Late Holocene, which was due to the
remoistening of the climate, caused a new succession. The areas of flood-
plain and lowland forests and, in some places (e.g. Lake Bazaleti) of
inundated lands, expanded. The more recent stages display a considerable
decline in the oak- hornbeam forests, whereas those with Carpinus orientalis -
and Paliurus spina-christi expanded. The reduction of the forest area at that
time was due to the increasing human activity. As we know, man has started
to destroy nature since the Late Palaeolithic, and we can recall numerous
examples of anthropogenic ecological crises.

I have not mentioned the vegetation history of other natural zones of
eastern Georgia, such as the semi-desert and steppe areas. We have no
data from the Alazani valley which has retained some representatives of
mesophilous and thermophilous relict tree species typical of the Colchis and
the Talysh.

The diversity of the east Georgian vegetation landscape would be more
obvious if we summed up the total material for the region. The contributions
made by W. van Zeist, S. Bottema, H. Freitag, H. E. Wright and others
have played and will continue to play an important role in the interpretation
of various features of the history of vegetation and climate. I strongly believe
that before long all this research work will lay a foundation for creating a
common mode] for the Postglacial vegetation development and climatic changes
in the Middle East and the Eastern Mediterranean.
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THE LATE QUATERNARY VEGETATIONAL HISTORY OF
THE ZAGROS AND TAURUS MOUNTAINS IN THE REGIONS OF
LAKE MIRABAD, LAKE ZERIBAR AND LAKE VAN

- A REAPPRAISAL
Ann P. El-Moslimany
(Quaternary Research Center,
University of Washington,
Seattle, Washington 98105)

Although palynologists working in the eastern Mediterranean and Middle
East have remained acutely sensitive to the need for further discussion and
the possible validity of interpretations other than their own, few questions
have been raised. Perhaps this is because other scholars interested in
climatic change tend to look to palynology for the final word in describing
past conditions, unaware of the many pitfalls which may occur in determining
a past climate from an assemblage of pollen grains in a sediment sample.
Such unquestioning trust can lead to the premature acceptance of what may
have been intended as tentative conclusions and tends to stifle further inquiry.

In the interpretation of pollen diagrams there is a need to guard against
possible bias towards climatic factors and to maintain a constant awareness
of the various non-climatic factors, which at times must have completely
dominated over the influence of climate in determining the vegetation. Edaphic
conditions, competition, succession, rate of migration, and various geogra-
phical barriers are a few of these non-climatic factors.

Within the realm of climate itself one must consider the season of
precipitation, length of growing season, degree of continentality, wind con-
ditions, cloud cover and insulation, depth of snow and depth of frost pene-~
tration, etc. in addition to average precipitation and temperature.

Furthermore, different factors may be limiting to plants at different
stages of their life cycles. A mature tree may thrive, but this is of little
consequence if it is prevented from setting fruit, its seeds don't germinate
or its seedlings are unable to reach maturity.

These and many other factors, in varying combinations, may have played
a role in determining the vegetation of the region. All this is, of course, in
addition to the traditional sources of error of differential production, differ-
ential transport, and differential preservation of pollen which may cause
difficulties in equating a pollen assemblage with a specific kind of vegetation.

This paper presents a modified interpretation of the cause of vegetational
change in the region. Evidence will be presented which indicates a pleni-
glacial which was moist, rather than dry, and a late and post glacial period
which fluctuated between extreme dryness and relatively moister periods,
beginning after 16, 000 B. P. and lasting until only about 5000 years ago.
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We are fortunate to have at our disposal, in the existing pollen diagrams,
a wealth of information, due largely to the detailed and precise work of
Professor van Zeist and his colleagues at Groningen University. The ac-

cumulation of data continues, but perhaps top priority should go towards the
effective processing of that which already exists.

Only the areas surrounding Lake Mirabad and Lake Zeribar in the Zagros

Mountains of western Iran and Lake Van in the Taurus Mountains of eastern
Anatolia will be discussed in detail here. For the diagrams of Lake Zeribar
and Lake Van, please see pages 297 and 299 in the article by van Zeist and
Bottema in this volume.

According to van Zeist and Bottema (1977, this volume) the lack of trees

and the high values of Artemisia and Chenopodiaceae during the pleniglacial
are indicative of dry as well as of cold conditions.

Many trees have been permanently excluded from the area by the long,

dry summer. The only oak in the Zeribar region today is Quercus aegilops
L. subsp. brantii (Q. brantii). It is a strongly drought resistant oak which

can occur where rainfall is only half of the rainfall which occurs at Zeribar
today. The other leading tree, Pistacia spp. can also survive at quite low
levels of precipitation. The elimination of these two trees during the glacial
period, if attributed to moisture alone, would have required the unlikely
reduction to 1/4 - 1/2 of today's precipitation, especially taking into account
the decreased evaporation which must have occurred.

On the other hand Q. brantii is not very cold-hardy. In Iraq where it
occurs with two species which are more mesic, Q. boissieri and Q. libani,
it is never found above 1800 m and rarely above 1650 m. At the higher
altitudes, as well as on north and west facing slopes it is replaced by these
two other species. It may be the lack of competition in addition to the lower
latitude which allows Q. brantii to reach somewhat higher elevations towards
the south. The upper tree-line of 2300-2500 m, reported by van Zeist and
Bottema (1977 p. 26), is almost certainly too high for the Zagros region as
it was based on forest at the still lower latitudes of Khuzistan and Manisht
Kuh. If we assume an upper treeline of 2000 m at Zeribar, a temperature
depression of 5°C would have been sufficient to eliminate it from the area
based on the lapse rate of 0.7°C/100 m as determined by Wright (1961). At
Mirabad, assuming a tree-line of 2300 m a 10°C drop in temperature could
have eliminated the trees, if indeed they were absent during the pleniglacial
from Mirabad.

As for the Artemisia and Chenopodiaceae pollen which was so prevalent
during this time period, it need signify nothing more than treeless vegetation.
The dominance of these two groups may be explained by two different sets of
circumstances, neither of which requires a decrease in moisture.

The relative poveﬁy of the tree species is an important consideration
" When Q. brantii, Pistacia, and other less important plants were eliminated
during the glacial period, for whatever reason, trees to fill the vacated niche
were lacking and instead it was filled by those herbs or shrubs which were
available. We do not find Picea or Abies taking the place of the oaks because
they have been excluded from the region by the dry summer.
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Whether Chenopodiaceae and Artemisia were actually present in the area
is a difficult question to answer. The plants of the alpine and sub-alpine
(tragacanthic) vegetation are insect pollinated and therefore supply only meagre

amounts to the pollen rain. Faegri and Iversen (1975, p. 63, 146) have pointed
out that thermal up-winds along mountain sides cause vertical transport from
lowland to subalpine regions. It can easily be conceived that the strongly
prevailing northwesterly winds would have carried the desert (Chenopodiaceae)
and steppe (Artemisia) pollen up into the mountains where it would have been
washed down with the precipitation.

An additional factor may have been at work during the glacial period.
Maher (1963) demonstrated how phenology affects the incorporation of pollen
into lzke sediments at high altitudes. The early pollinators shed their pollen
while the lakes are still frozen in the spring. As the melt-water from the
surrounding snow flows over the surface of the frozen lake it washes away
any pollen which may have fallen onto it. Only the pollen of those plants which
flower in the summer or early autumn are able to become incorporated in the
sediments in important amounts. Chenopodiaceae and Artemisia are among
the few late flowering plants. The only summer flowering plants mentioned
by Guest (1966, p. 90) for the subalpine region are Cirsium, Cousinia and
Prangos, a giant Umbelliferae. It may be significant that both Umbelliferae
and Cousinia pollen were more prevalent during the glacial period than later
on. :

Although Chenopodiaceae and Artemisia are common under similar con-
ditions of dry summer—cold winter climate, their needs are sufficiently
different to allow their relative fluctuations to be meaningful. An increase
in Artemisia should occur under more favourable moisture conditions while
the more xerophytic chenopods would increase when less moisture is available.

That this is the case can be verified by the ratios of these two groups in
surface samples taken from Middle Eastern regions of summer-dry climate.
Surface studies from western Iran (Wright et al., 1967), the Mediterranean
zones of Turkey (van Zeist, et al., 1975), Lebanon and Syria (Bottema and
Barkoudah, 1979) have been carried out. When samples within each region
are grouped according to moisture-dependent vegetational zones and the
chenopod/Artemisia ratio is determined for the sum of samples in each zone,
a clear trend appears. Within each region the ratios vary from relatively
high values in the dry region to lower values in the moister regions.

When the chenopod/Artemisia ratios are graphed from the pollen diagram
of Lake Zeribar, the pleniglacial stands out as a moist period. After about
16,000 B. P. conditions began to become drier. Strong fluctuations between
extreme dryness and periods of relative moisture characterised the next
several thousand years until stable moist conditions were established about
5000 years ago. See Figure 16.1. Supporting evidence for this sequence of
moisture conditions comes also from various paleolimnological evidence
(Hutchinson and Cowgill, 1963; Megard, 1967; Wasilikowa, 1967).

If trees were limited by temperature rather than by moisture, an indication
should be seen in the comparison of the Zeribar diagram with Lake Mirabad.
Since Mirabad is warmer but drier we would expect trees to have been
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established earlier there if they had been limited by temperature and their
refuges were at lower altitudes and/or latitudes. Unfortunately there is
only one date for Lake Mirabad (10,370 + 120 B. P.) at the base of the core.

This makes it nearly impossible to estimate a date for the establishment of
the oak forest. The bottom sample at Mirabad shows no oak pollen at all but
by the second sample it had already reached 10% although it later dropped
again. It may be of some significance that oak pollen did not reach the level
of 10% at Zeribar until at least 2000 years later.

If oak was not limited by moisture how can its long, slow immigration
into the Zeribar region be explained ? First, if oak had been confined to lower
altitudes, it would have become subject to the strong fluctuations of aridity.
Today it does not occur below about 500 m (Guest, 1966, p. 67). During each
arid period it shrank back into the most favourable habitats which must have
been few indeed. This can be seen in Figure 16. 2 which compares the graph of
the chenopod/Artemisia ratio and the percentage of tree pollen. A pulse of
oak occurs each time there is an increase in moisture signified by a drop in
the chenopod/Artemisia ratio. Overall, however, the expansion of oak into

the higher altitudes from which it had previously been excluded continued in
spite of the aridity.

The slowness was probably due not only to the set-backs which occurred
during the dry phases at lower altitudes, but also because of the difficulty
with which the seedlings are able to become reestablished (Zohary, 1962, p.
75). It is likely that the seedlings require shade in order to survive the hot
summers of their first few years and therefore spread very slowly either
close to the edges of the existing stand or as the successional stage following
the Pistacia-Amygdalus community.

The moistest period between 16, 000 and 5000 B. P. occurred between
about 7500 and 6000 B. P. The final thrust of oak into this region did not occur
during this time but in the dry phase which followed. During the moist period,
Pistacia as well as other deciduous tree pollen reached its peak. Their
presence may have allowed the oaks to finally take over the area by providing
shade for the establishment of the seedlings.

The still slower establishment at Lake Van can be explained by a com-
bination of several factors. The most important is probably due to its location
at still higher altitude and latitude. Unlike Lake Zeribar no obvious relation-
ship is seen between fluctuations in the chenopod/Artemisia ratio and the
positive pulses of oak. Since more than one species of oak is present at
Lake Van it may be that immigration was occurring from more than one
direction and in response to different factors. The moist phase during which
deciduous trees expanded at Zeribar had no effect at Lake Van and the dry
period which followed appears to have been more severe than it was at Zeribar,
although Quercus pollen continued to increase. It may be that Q. brantii
simply had not immigrated that far north or to elevations of that height,

‘while Q. libani and Q. boissieri were limited by the last arid period.

Although one relatively small area of the Middle East has been considered
here, there is evidence that this general pattern of moisture trends was
region-wide. The pleniglacial chenopod/Artemisia ratios are low for every
location for which pollen diagrams are available, including Tenaghi Philippon
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(Wijmstra, 1969), Xinias (Bottema, 1978) and Toannina (Bottema, 1974) in
Greece; Karamik Batakligi (van Zeist et al., 1975) in Turkey and the Ghab
valley (Niklewski and van Zeist, 1970) in Syria. In addition, fluctuations

occurred after about 16,000 B. P. although they were of greater amplitude
: in some regions than in others. More intensive ecological investigation of
l these other sites should help to further elucidate the situation.
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PALYNOILOGICAL RESEARCH OF
NEAR EASTERN ARCHAEOLOGICAL SITES

Arlette Leroi-Gourhan
(Laboratoire de Palynologie,
Musee de |'"Homme, 75116 Paris)

The way in which pollen is transferred from anther to stigma in a flower
is of great importance for the evaluation of pollen-analytical data. There
are mostly two kinds of pollen: those called anemogamous, transported by
the wind and the zoogamous or entomogamous ones, insects being the first
agent of transport. In lakes, marshes, peat sediments, one can find:

- pollen of aguatic species

- pollen transported by a river proceeding from upland regions through
different altitudes and, also, what the river has gathered along the
river banks from sediments that can be of different ages

- wind pollinated species, forming the chief constituents of the pollen
rain '

In the Eurasiatic flora, the greater part of the trees are anemogamous,
therefore they are over-represented in comparison with herbaceous species,
in lakes and peat sediments. Among the latter, if some of them, like the
well-known Artemisia, are anemogamous, a great number of them are
entomogamous: it is the case with the Compositae-Liguliflorae, being the
dominant group on the Wilrmian steppes during the coldest and driest periods
in Europe and some regions of the Middle East. Although pollen grains of zoo-
gamous species are occasionally found in peats and lakes, they are always
infrequent and their occurrence rather irregular; nothing can be concluded
from their absence.

Thus, marsh and lake diagrams show a broad regional vegetation, and,
as they are very rich in pollen and can offer some long cores, they are very
important for showing climatic fluctuations.

Terrestrial sediments are not as rich in pollen, but, in most cases,
one can get enough for establishing a diagram. Such spectra give a more
complete picture of the dry soil vegetation than lake spectra, as they enclose
the two types of pollen dispersal. Instead of a regional view of the flora,
dry soil pollen analysis offers a local view, but, depending on the geographical
area, the evolution of the vegetation can still be very well marked.

Lakes and marshes are not found everywhere, just so is the case with
archaeological sites: joining the results of both contexts is a better way to
obtain the maximum of data. This type of analysis is specially important
where there are semi-arid zones in the Near East. There, trees are very
scarce and the palynologist has to work with the fluctuations of herbaceous
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species. We are beginning, mostly in South Jordan, to study different ways
of advancing with this kind of work.

The Groningen symposium was concerned with the last 20, 000 years.
But, for comparison, reference to older periods is desirable.

In the Zagros Mountains, it is now possible to see how important are
the alternations of highly forested periods, and others quite unfavourable
for tree growth. At Houmian (Iran), an Early Wilrm Mousterian site shows
the development of an oak forest with 75% of A. P. (Arboreal Pollen). During

the Upper WiUrm, at Shanidar cave, the diagram suggests a steppe. Just the
same is seen in the Zarzi Upper Paleolithic site, dated around 13,000 B. P.,

where tree pollen are virtually absent; it is later on, during the Shanidar
Mesolithic that we can see the beginning of a savannah. In Zeribar, this
savannah becomes an oak forest in the Holocene. So for this region, there
is now a broad overview of the floral evolution and the climate during the
Last Glacial but, as yet, no short fluctuation has been seen.

On the Lebanese coast, the long diagram of Nahr Ibrahim shows some
fluctuations during the Early-Middle Wiirm, with highly humid times bringing
the development of a dense forest. With the cold maximum, 23, 000 to 20, 000
B. P. in Europe, probably synchronous with the driest maximum in the Levant,
archaeological sites become rather rare here, so insufficient information is
available for that time. Subsequently, some fluctuations in humidity are
recorded. One can probably be connected with Kebaran levels around 17, 000
B. P. With the end of this palaeolithic industry and the beginning of Natufian,
sites seem to grow more numerous. Even if very few of them have been
studied for pollen research, there is potential information here. The contri-
bution of archaeology in that period is important in setting up a chronological
scale; even if a pollen diagram is only recording a 2 or 3 thousand year
period, lithic and bone typology gives a relative dating. Moreover, a
Carbon 14 series can be obtained.

In Israel, at Hayonim terrace, the end of the Kebaran seems to corres-
pond with a very cold-dry time, coming after an amelioration. Then, the
Natufian begins (11,920 B. P., 9,970 B. C. ) with a new fluctuation marked
by an increase of trees and a greater variety in herbaceous species. As
for the chronology, these two periods of amelioration look synchronous with
the European Bolling and Allergd, but local names are needed for the Middle
East, as we don't yet know if there really is a link between the climatic
behaviour of the two regions.

At Hayonim as in northern Syria, a new dry phase takes place around
10,500 B. P. (8.500 B.C.). On the Mureybet diagram, there is a regular
decrease of the chenopods through five hundred years. Then, with the first
appearance of the PPNA industry, and with the development of Gramineae
and an increase in tree pollen, a new humid period begins, synchronous with
the date of the Holocene.

There are other palynological sequences on archaeological sites for the
VIII and VIIth millennium B. C.: Tell Aswad, Ghoraife, Tell Ramad, Ras
Shamra... If, at Mureybet, the pollen analysis has led us to propose there
the possibility of a "proto-agriculture", we know now that—at the same time—
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agriculture had begun in Damascene, as the Tell Aswad seeds reveal. So
from this time onwards, if there are changes in the vegetation reflected by
pollen diagrams, the question is to separate those which are determined by
climatic fluctuations from those where the activity of Man has to be given as
the main cause. A decrease in the woodland indicators can be dryness, or
deforestation and grazing pressure, an increase can be an amelioration of
climate or a new plantation of olive-trees, almond-trees, ete.

In some cases, human activities can be shown by the palynological results:
cereal or legume agriculture (crop rotation), dwelling-places with ruderal
species (Tell Aswad); an increase of human interference, a movement of the ;
people to the site or from the site (Ras Shamra, Ras Bassit).

Classical pollen diagram results are summarised as an "alternation of
periods in which steppe vegetations expanded and those in which forest
increased" (van Zeist). But, even in treeless regions. there was some evo-
lution in the vegetation due to climatic fluctuations. For that new kind of
palynological research, different approaches are being tried; with the role
played by typical steppic species, it has already been noticed that botanical
families or groups change through time, as does pollen size. If it is quite
impossible to obtain palynological evidence from desert sediments where all
the pollen is allochthonous, there is some hope for semi-desertic areas with
dense-herbaceous cover.

Much more work is required before we can reconstruct the past vegetation
in the individual regions of this part of the world.

Bibliography:

Leroi-Gourhan, A., 1969. Pollen grains of Gramineae and Cereals from
Shanidar and Zawi Chemi. In: Ucko, P. J. and Dimbleby, G. W. (eds. ),
The Domestication and Exploitation of Plants and Animals, London,

p. 143-148.

Leroi-Gourhan, A., 1971. Pollens et terrasses marines au Liban,
Quaternaria XV, p. 249-259, fig.4.

Leroi-Gourhan, A., 1973. Les possibilites de I'analyse pollinique en Syrie
et au Liban, Paléorient I, p. 39-47, 3 fig.

Leroi-Gourhan, A., 1974. Etudes palynologiques des derniers 11,000 ans
en Syrie semi-desertique, Paléorient II, p. 443-451, 2 fig. 1 tabl.

Leroi-Gourhan, A., 1975. The flowers found with Shanidar IV, a Neanderthal
burial in Iraq, Science, 190, p. 562-564, 2 fig.

Leroi-Gourhan, A., 1980. Analyse polliniques & Tell Aswad, Paléorient V,
p. 170-176, 1 tabl.

Leroi-Gourhan, A., 1981, Diagrammes polliniques de sites archeologiques
au Moyen-Orient, In: Frey, W. and Uerpmann, H.-P. (eds.),
Beitrlige zur Umweltgeschichte des Vorderen Orients, Wiesbaden,
p. 121-133.

Henry, D. O., Leroi-Gourhan, A., Davis, S. The Excavation of Hayonim
terrace: an examination of terminal Pleistocene climatic and adaptive
change. Journal of Archaeological Science 8, p. 33-58.

355




DISCUSSION

UERPMANN: Is it correct that the Mousterian site that you were
evaluating is high up in the Zagros mountains?

LEROI-GOURHAN: 1800 metres, a little higher than Zeribar, and
rather near it. We have oak forest, here one can find
Mediterranean oak, Q. calliprinus, so really rather warm and
probably wet at that time.

BAR YOSEF: You mentioned the pollen from Aswad as mainly
anthropogenic. So what is the possibility that the material from
Mallaha and from Hayonim terrace was also influenced by human
activity and therefore there would be no contradiction between

e.g. Mallaha on the one hand and the Huleh pollen diagram?

LEROI-GOURHAN: Because the most numerous pollen are natural
pollen. And also I have compared the dominance of herbs between
Hayonim and Mallaha, because at first it was impossible for me to
know how to place Mallaha looking at the two diagrams. It's the
curve of herbs, of Tubuliflorae and Gramineae, that leads me to
try and put them together, and you can see if it works but it's
via the herbs, there are not enough trees for an arboreal curve.

BOTTEMA: In Lyons you showed me your interesting results from
measurements of the Liguliflorae and chenopods, which you
connected with a warm climate. I must say that you convinced me
that in fact the sizes were different and that these got bigger.
But when I look at sediments from other origins, as distinct from
settlements, they don't show this increase. Of course I am not
referring to subtypes, I am speaking of the main type of chenopod
and the main type of Liguliflorae. Although this data also covers a
period in which you'd say temperature fluctuated from time to time,
there is no fluctuation in sizes. An exception is a situation the
Germans call 'Sedimentbedingt' or, a function of sediment
variation. So when you say there is a constant increase in size in
Liguliflorae and chenopods going along with temperature, don't you
think that there's another factor here that in the course of time
could have had a sort of corrosional effect, because in the
parallels in waterlogged sediments you don't see this variation?
Don't you think that it's not that the polien really increase in size,
but that the oldest ones get smaller?

LEROI-GOURHAN: I don't think that is possible from my data,
especially that from Nahr Ibrahim.
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ARCHAEQOLOGICAL EVIDENCE FOR SETTLE MENT PATTERNS
IN MESOPOTAMIA AND EASTERN ARABIA
IN RELATION TO POSSIBLE ENVIRONMENTAL CONDITIONS

Joan Oates
(Girton College, Cambridge)

Evidence for Late Pleistocene man in the area with which this paper is
concerned comes from the Zagros and from Arabia. Later, within the
Holocene, three areas in particular offer settlement data which may possibly
be interpreted as indicating minor fluctuations of climate: the Jazirah, an
area of dry steppe between the Tigris and the Khabur; the Khabur basin
itself in northeastern Syria; and the Gulf Coast and Eastern Province of
Saudi Arabia (Figs. 18.1, 18.3).

Before commenting on these data I should perhaps warn my non-archaeolo-
gical colleagues that settlement evidence must be employed with great caution.
Although presence of settlements is undoubtedly a useful indicator that an area
is "habitable", even a knowledge of the economy practiced at the site does not
always provide reliable clues to environmental conditions. More important,
the apparent absence of sites at any particular period may reflect no more
than archaeological ignorance of the ceramic or chipped stone industries
characteristic of the region at the time. For example, we have no "type
fossils" whatsoever for the identification of early first millennium B. C. sites
in Mesopotamia; thus the absence of sites of this date in settlement studies
in no way necessarily indicates lack of settlement. Equally, the apparent
absence of early Holocene sites in lowland northern Mesopotamia is as likely
to reflect lack of archaeological exploration as of occupation. For these
reasons I shall be examining positive data for the most part, i.e. data indi-
cating presence rather than absence of settlement, in particular in areas that
are today from an agricultural point of view climatically marginal.

Zagros

The archaeological evidence from northeastern Mesopotamia (especially
that from Shanidar cave, Solecki 1963, 13) has in the past been interpreted
as indicating the absence of man in the Zagros for the period coinciding with
the most intensive phase of Wiirm glaciation in Europe and preceding the
Zarzian (Upper Palaeolithic) "re-occupation" round about 14,000 b.p., a date
very approximately coinciding with palynological evidence for the beginning
of climatic amelioration. However, more recent archaeological data seem
to suggest that man did inhabit this region, and hunt onagers among other
animals, throughout the Upper Palaeolithic, even in the higher and presumably
colder environment of West Central Iran (e.g. Warwasi cave, 11 km NE of
Kermanshah, excavated by Bruce Howe). At Pa Sangar, elevation c. 1170 m
in the Khorramabad Valley (Luristan), excavations indicate the direct
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development of the Zarzian from the preceding Baradostian (for which
radiocarbon determinations range from 21, 000 to before 40, 000 b.p. , with
most samples falling within the range 38-29, 000 b. p. ), with no stratigraphical
or typological hiatus (Hole and Flannery 1967, 153). At the same time the
realization that human occupation in the Late Pleistocene was not confined
solely to caves has led to the identification of a number of open air sites,

inter alia the Zarzian or possibly even earlier sites of Turkaka, where over
1600 artefacts were collected from the surface, and Kowri Khan, both in the
Chemchemal Valley not far from Jarmo (Fig. 18.2; elevation 750 m, Braidwood
and Howe 1960, 28, 55-7). In a recent survey of the Holailan Valley, Luristan,
Mortensen (1975) found Upper Palaeolithic materials in "7 caves and shelters,
8 open-air sites and a rich scatter of single finds. " Faunal studies provide

a further indication that climatic changes in the Zagros were not drastic in
that Late Pleistocene archaeological sites yield the range of fauna one would
expect in the area today were it not for over-grazing and motorized hunting.
Thus archaeological data from the Zagros are of little value in assessing
climatic fluctuation, but they do indicate that during the Late Pleistocene the
region was far from uninhabitable, even at elevations over 1000 m.

There is little relevant palaeobotanical evidence but pollen data from
archaeological deposits give some useful indications of local flora and environ-
ment. These are discussed in detail by Madame Leroi-Gourhan, but a brief
comment on their relative dating may be useful. Shanidar (elevation 765 m)
remains the sole published pollen sequence for the period of the Wiirmian
glaciation in the Zagros, but this material has presented certain problems and
"with a few exceptions the same pollens are found throughout the sequence.
However, their frequencies vary, particularly those of the arboreal pollens,
which are clearly more numerous in the older levels" (Leroi-Gourhan 1975,
562). Other unpublished Mousterian (Middle Palaeolithic) samples, e.g.
Khoumian (Leroi-Gourhan, this volume), also suggest relatively high per-
centages of arboreal pollens. For the end of the Pleistocene the unpublished
data from Ghanim Wahida's 1971 excavations at Upper Palaeolithic Zarzi
(elevation 760 m) are of considerable importance. These have also been
studied by Leroi-Gourhan and indicate vegetation characteristic of very
dry steppe (G. Wahida, pers. comm.). Although there are no radiocarbon
determinations from Zarzi, material from the 6 layers excavated appears
to be typologically earlier than that from Palegawra, with radiocarbon deter-
minations of 14,400 + 760 b.p. (UCLA-1703A) and 13,350 + 460 b.p. (UCLA-
1714D). That is, Zarzi is likely to be dated no later than 15,000 b.p. Of
more than 500 pollen grains from the lowest two levels, not one is arboreal.
There is a very high percentage of liguliflorous Compositae. In the later
samples both oak and pine occur but are rare; lilac (Syringa persica), almond
and Oleaceae appear only sporadically. The number of grains of cereal type
is also small. Curiously, only one grain of Artemesia was preserved.
However, it should be reemphasized that, although the valley at Zarzi is
narrow, the site is 100 m above the nearest stream, which flows about a km
away; thus it is possible that pollen from trees growing along the stream
might not have been carried upslope.

At Palegawra, (elevation 990 m, c¢. 14,000 b.p.) charcoal of oak,
tamarisk, poplar and a conifer has been identified (Braidwood and Howe 1960,
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59), roughly contemporary with the first continuous curves of oak and pistachio
at Zeribar some 120 km to the east and 370 m higher. However, at Zeribar
! at this time "tree pollen remains very scarce" (van Zeist 1967, 308). At
' Shanidar B2 (elevation 765 m, 12,000 + 400 b.p. W-179) a scrub savanna had
already begun to develop and oak had reached 6%; Oleaceae and Pistachio are
also found. Unlike Zarzi, Liguliflorae Compositae are present only in small
quantities (G. Wahida, n.d.) Shanidar B1 (10,600 + 300, W-667) and the nearby
open air site Zawi Chemi Shanidar, which extends over an area of approxi-
mately 215 x 275 m (10, 000 = 300 b.p. W-681; elevation 425 m; R. L. Solecki

1964) would appear to be approximately contemporary with the early "Meso~
lithic" of Abu Hureyra in north Syria (elevation 275 m). At nearby Mureybet

pollen data suggest steppic conditions in the 9th millennium b. c., an obser-
vation perhaps qualified by the very presence of these Mesolithic sites in

what is today a relatively arid zone (Figs. 18.1, 18.7), with perhaps a "wet" phase
beginning about 8000 b. c., increasing after 7800. This is indicated by
diminishing Chenopodiaceae, which had been abundant in the Mesolithic levels,
and by an increase in arboreal pollen. Percentages of the latter, however,
continue low. Around 6500 b. c. numerous Compositae (Liguliflorae) indicate
a new stage, possibly towards dryness, "but it remains unexplained why, at
Ramad as at Mureybet, it is the Compositae tubiflores that are predominant
towards 6000 b. c. " (Leroi-Geurhan 1974). It hardly needs emphasizing, of
course, that pollen data from archaeological sites, invaluable as they are in
relation to specifically local conditions, can be locally idiosyncratic in
reflecting unusual geographical situations, in themselves possibly important
in the choice of site location, or the degradation of environment that human
interference effects. It will be seen (below) that settlement data from the
Iraqi Jazirah would seem to indicate a marginally wetter phase during the
period ¢. 6500-5000 b. c., and perhaps extending into the 5th millennium.

To return to the Mesolithic—in the lowland areas of northern Iraq only
one or two sites are known that are perhaps comparable with Zawi Chemi
and Euphrates sites like Mureybet. Such negative evidence, unfortunately,
is as likely to reflect lack of intensive archaeological exploration as lack of
sites. Moreover, in northern Mesopotamia, where optimal site locations
(especially with regard to water supply) may have been occupied for millennia,
identification of possible Mesolithic or even early Neolithic occupation, now
possibly lying well below modern plain level, becomes a virtual impossibility.
If there are other Jericho's, they will be difficult to detect from surface
collections, however, sophisticated the sampling techniques! One can only
hope to find such sites in the situation of marginal environments, where
settlement has not been intensive. However, it should be reiterated that
much of northern Iraq remains unexplored; indeed largely for political
reasons archaeological survey has rarely been possible in recent years.
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One comparatively early site, perhaps comparable with Zawi Chemi,
is M'lefaat, situated not far east of Nineveh (Fig. 18. 2), elevation ¢c. 300 m,
at the junction of the foothill zone and the rolling rainfed plains of later
Assyria (Braidwood and Howe 1960, 27; Oates 1973, 151). A new discovery
is the 7th millennium b. c. (?earlier) site of Maghzaliyah, identified by the
Russian expedition working at Yarim Tepe near Tell Afar, a tell with some
8 m of aceramic deposits, rich lithic industries, circular stone house

B

361

A R AT




foundations, stone bowls, beads, bracelets, figurines, etc. The fact that
this tell (to some extent masked by the natural hill beneath it) lies just off
the main Mosul-Sinjar road, in an area which is archaeologically well-known,
only serves to emphasize the point that absence of evidence in archaeology

cannot be assumed to imply the actual absence of the feature being sought.

Fastern Arabia and the Gulf

In Saudi Arabia recent studies of lacustrine sediments, especially in
the Rub'al Khali, indicate two main periods of high water level,~.36, 000~
17, 000 b.p., with a concentration of dates between 30, 000-21, 000, and a
"sub—pluv1al",~9 000-6, 000 b.p. /c 7000-4000 b. c. (McClure 1976 1978),

or perhaps beginning as early as 10,000 b.p. on the basis of a new radio-
carbon determination from the currently inactive Wadi Dawasir just to the
north (see below). At the same time isotope dating of aquifer ground water
in the Kharj Oasis, southeast of Riyadh, averages 35, 000-20, 000 b. p.

and indicates that some recharge may have taken place as late as 5000 b. p.
(Zarins et al. 1979, 10). Active terrace formation within the Central Province
has been dated to c. 8000 b.p. and in the Dawasir hinterland to c¢. 6500 b. p.
(ibid. ). In the Rub'al Khali the earlier "wet" phase appears to have been
followed by a period of "intense aridity" during which the first dune systems
were deposited in the region; the Holocene lakes, apparently largely playa
or "mud lakes", were perched in silty hollows in these dunes, frequently
associated with bovid bones and flint tools of " Neolithic" type. Similar evidence
comes from the region of Jubbah in the Great Nefud (Parr et al. 1978) where
one deposit of lacustrine origin yielded a radiocarbon determination of
25,630 + 430 b.p. (Q-3117) and a palaeosol or swamp deposit, 6685 + 50 b. p.
(Q-3118) (Garrard n.d.). Here Middle Palaeolithic (Mousterian) sites, pre-
sumably associated with the first wet phase, were found both on the ridges
and slopes overlooking valleys and inland basins, and on alluvial surfaces
adjacent to drainage channels and sabkha. In the Wadi Dawasir "substantial
archaeological remains from the Mousterian period" were also situated on
alluvial terraces (Zarins et al. 1979, 10). These data and those from the
Rub'al Khali suggest that the Arabian interior was better watered and sup-
ported more vegetation during the periods in question.

No unequivocal evidence of intervening Upper Palaeolithic or Epipalaeolithic
occupation has been found in Arabia (Parr et al. 1978, 35; Zarins et al. 1979,
13). These data agree well with those from elsewhere in the Arabian area,
e.g. Qatar, Oman, etc., where no typologically identifiable Upper Palaeolithic
industries have been discovered, a situation which appears to obtain also in
the desert margins of southern Iraq, west of the Euphrates, although the
latter area is archaeologically even less well explored. This apparent lack
of occupation may possibly be related to the period of Late Glacial aridity
c. 15,000-13, 000 b. p. ) for which there is evidence, inter alia, in East Africa
(Street and Grove 1976, 386). One must note, however, the lack of any
‘typological sequence of chipped stone materials from Arabia and therefore
the lack of certain dating criteria. As we have seen, there is no lack of
evidence for occupation in the Zagros at this time, when charcoal of oak,
tamarisk, poplar and a conifer have been identified at Palegawra (c. 14, 000

b.p.).




More archaeologically informative are later sites in the Eastern
Province, Qatar and Bahrain at which a type of Mesopotamian pottery known
as 'Ubaid has been found (Fig. 18.3). Pottery of this type ('Ubaid 3-4) occurs
throughout Mesopotamia and from Western Iran to Northeastern Syria.
Relevant radiocarbon determinations are somewhat erratic but suggest that
this period is to be dated very approximately between 6500~5500 b. p. /4500-
3500 b.p. (Oates n.d.; Oates and Oates 1976, 138-9). [It should perhaps
be remarked that in re[at1on to historically established dates from Mesopotaniia
and Egypt, a date as late as 3500 is not acceptable for the end of the 'Ubaid
phase; thus, "historically", the calibrated range of c. 5400-4400 B. C. is to
be preferred. However, b.p. /b. c. determinations are used throughout this
article for reasons of consistency; approximations of radiocarbon determi-
nations for dates falling within the historical periods (below), and therefore
based on calendric as opposed to radiocarbon calculations, are estunated by
following Clark's calibration curve (1975) in reverse. |

The coastal distribution of the Arabian 'Ubaid sites is clear from Fig. 18.3
Lack of sweet water explains the absence of sites further north. Indeed the
'Ubaid sites lie in areas that still today provide sweet water, good fishing,
abundant shell-fish and good harbours. A few are found inland, especially
around Hofuf in the well-watered al-Hasa oasis. The Mesopotamian compo-
nent of these sites (i.e. the painted and plain 'Ubaid pottery) has been shown
to be of non-local origin, in that some 50% of sherds so far tested by neutron
activation can be shown to have originated not only in Mesopotamia but
specifically from the southernmost group of 'Ubaid sites so far identified in
Iraq (Ur, Eridu and Tell al 'Ubaid), that is, from those sites closest to the
Gulf and the Arabian coast; none of the painted wares tested matched local
Arabian clays (Oates et al. 1977). Thus this material evidence seems to
represent repeated and short-term incursions by people from Mesopotamia,
almost certainly by sea, during the period sometime before and after 6000
b.p. /4000 b. c¢. Indeed, most of the Arabian 'Ubaid sites are little more than
temporary camping grounds, often with only one or two, at most a handful,
of sherds; even at the four larger mound sites evidence for occupation appears
to have been intermittent (Masry 1974). Accompanying the 'Ubaid pottery
is a local "Neolithic" flint industry dominated by small tanged arrowheads
exhibiting fine pressure flaking (Qatar D, Kapel 1967). Comparable flint
material has been recovered from numerous sites in the Eastern Province,
especially around the major oases at Hofuf and Yabrin. Similar materials
are reported also from the Rub' al Khali and from Central Arabia. Indeed
chipped stone industries with virtually identical tanged arrowheads have a
very broad distribution on the Arabian peninsula and to the east in Africa.
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In the Central Province recent survey has revealed a number of such
"Neolithic" flint sites in the Wadi Dawasir region, associated with radio-
carbon determinations of 9790 + 250 b.p. (GX-5726, "marsh deposit", ¢
7840 b.c. ) and 8025 + 260 b.p. (GX-5725, gastropod shells, ¢. 6075 b. c. ).
Shells apparently associated with an active phase of the Wadi Dawasir have
provided a further date of 10890 + 560 b.p. (GX-5727, c¢. 8940 b.c.) (Zarins
et al. 1979, 20). In the Eastern Province some 40 "Neolithic" flint sites
have been identified to the east of Abgaiq (Potts et al. 1978, 8), while in the
al-Hasa region around Hofuf another 15 or so are known (Adams et al. 1977, 31).
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The latter were situated "near springs or overlooking shallow channels or
interior drainage bains". Such sabkha deposits today contain surface water
only after the periodic heavy rains, but they were presumably more regularly
supplied at the time the sites were in use. At Al-Hasa "occupation was
apparently associated with the middle and upper reaches of a wadi network
channelling run-off from higher, more desiccated areas, in which shallow
lakes formed at intervals behind aeolian sands then being actively laid down.
A much larger flow was added at a lower elevation by artesian springs within
the oasis itself, as it still is today" (ibid. 27).

Undoubtedy the most informative of the spring sites is Ain Qannasg,
excavated by Masry in 1972. The site is a "spring-mound” consisting of
spring-head sediments interspersed with archaeological materials. Of 14
levels the lowest 10 appeared to contain only chipped stone artefacts similar
to Holocene materials in Qatar and elsewhere in Arabia; to these in the upper
strata was added the distinctive 'Ubaid ceramic. The sediments, analyzed
by Butzer (Masry 1974, 206 ff. ), show considerable climatic fluctuation—
short pluvials interrupting relatively long dry intervals. Unfortunately there
is no way of estimating the time lag between recharge of the relevant a quifer
and the actual flooding of the spring. Radiocarbon determinations place the
earliest (apparently aceramic) levels sometime around 7000 b.p. (Masry 1974):

level 9 charcoal 7060 +445b.p. 5110b.c. GX-2821
level 11 charcoal 6655 + 320 b.p. 4705 b.c. GX-2823
level 12 charcoal 6885 + 325 b.p. 4935 b.c. GX-2824

Radiocarbon determinations obtained from samples associated with the 'Ubaid
"intrusion" in Eastern Arabia are reasonably consistent with those from
Mesopotamia itself (Oates, n.d.). The following come from the major Arabian
sites (Golding 1974):

Dosariyah surface shell 6135 + 120 b.p. 4185 b.c. I-5786
ievel 7 shell 6900 £ 330 b.p. 4950 b.c. GX-2818

Khursaniyah surface shell 6157 + 238 b.p. 4207 b.c. SM-1263

Abu Khamis surface shell 5750 + 65b.p. 3800b.c. UGa-315
level 8 charcoal 5565 + 255b.p. 3615 b.c. GX-2819
level 8 shell 5660 + 182 b.p. 3710 b.c. GX-2820

The 'Ubaid presence along the Gulf coast and inland around Hofuf (a single
sherd has been reported as far south as Yabrin) is well-documented. It
seems likely that this period and the earlier phase apparently represented
by the aceramic campsites at Ain Qannas must represent a time of relative
climatic amelioration.

Perhaps a reflection of increasing aridity in the 4th millennium, following
the 'Ubaid phase which seems to have ended around 35-3600 b. c., is the
apparent absence in Arabia of sites attributable to the succeeding (Uruk) phase
.in Mesopotamia (4th millennium B. C.; Late Uruk = approximately 5000-

4400 b.p., 3200-2500 b. c.). Although it is clear throughout the Gulf area
that contact with Mesopotamia is lost at this time (? ?perhaps coinciding with
a sea level maximum that may have affected navigation in the region of the
present Shatt al-Arab), the ambiguity and imprecision of dating by flint tool
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typology must again be emphasized. It has often been assumed that all
aceramic "Neolithic" flint sites are necessarily pre-'Ubaid, but the settle-
ment of Al Markh on Bahrain demonstrates the persistence of the "Neolithic"
chipped stone tradition after the loss of contact with 'Ubaid Mesopotamia.
Thus one cannot certainly argue lack of occupation in the post-'Ubaid Eastern
Province. All that is beyond doubt is that contact with Mesopotamia is lost
until, at the earliest, perhaps 3000-2800 B. C. (roughly 4300-4100 b.p. on
the basis of reverse calibration). One should note, however, that fourth/
third millennium B. C. radiocarbon determinations from archaeological
samples are far from consistent; moreover, the typological dating of third
millennium materials in Arabia remains contentious (cf. e.g. Frifelt 1975,

Tosi 1976).

Al Markh is also of interest in relation to changes in sea level. Suggestions
of a maximum rise in the 4th millennium of some 3 to 4 m above today's level
(inter alia, Nutzel 1978)—supposedly substantiated by the presence of a piece
of barnacle-covered plaster on an 'Ubaid coastal site some 5. 5 m above present
sea level (Golding 1974, 24) must be questioned in view of the situation of Al
Markh, which at the time of its occupation (probably sometime not long after
5600 b.p. /3600 b. c. ) lay on a small island off the west coast of Bahrain (Site
2027, Fig.18.4). "The channel between these islands silted up at some later
date forming an area of sabkha...Al Markh lies at the eastern end of a range
of sand dunes which stretch under the sea all the way to Saudi Arabja. As
the sea level rose these dunes were drowned, and by c. 4000 b. c. all that
remained above water was a small island extending further to the north and
west than the present coastline, with Al Markh close to its eastern edge"

(Roaf 1976, 158).

Al Markh is now ¢. 1400 m from the shoreline. Its earliest occupation
level lies only some 1.40 m above present high tide level, while the upper-
most level, representing the later, post-'Ubaid, flint-using inhabitants is
situated at less than 2. 0 m above present high tide (Fig.18.5). Indeed the
maximum height of the surviving mound surface is only +2. 35 m. This would
seem to suggest a sea level maximum in the 4th millennium not much more
than one metre above present (see also Vita Finzi 1978, 63). The shell mound
of Ras al Jazayir (2051, Fig.18.4), excavated by a Danish expedition, which
provded to be of the Barbar period (c. 2000 B. C., ??1650 b. c.) lay on the
western coast of the original small island (Roaf 1976, 158-9). The exact
date of the in-filling of the channel is unknown, but it is possible that this
coincided with the latter, apparently post-'Ubaid phase at Al Markh when
goat herding was introduced and the dugong and large carnivorous fish appear
among the faunal remains (the earlier 'Ubaid phase was characterized by a
reliance on medium-sized ground feeding fish such as Sea Bream, Roaf 1974).

Mid to late third millennium B. C. occupation is well-attested in Bahrain,
Oman and Abu Dhabi, especially on the island of Umm an-Nar and at the inland
oasis of Al Ain/Buraimi. What appear to be third millennium ceramic types
occur around the Al-Hasa and Yabrin oases and south of Abqaiq (Potts et al.
1978, 8). Late third millennium "Dilmun red-ridged ware" is found in the
area of Dhahran and to the east, although not directly on the coast (op. cit. , 9).
Except on Bahrain (and possibly Buraimi) there is an apparent absence of
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ceramic material attributable to the period from the early second to the early
first millennium B. C. (? ?3500-2500 b.p. ). Present evidence, however, is

far too minimal to argue any widespread abandonment of Eastern Arabia

during this time, although it does coincide with certain tribal movements out

of Arabia attested in Mesopotamian historical sources (Aramaeans, Chaldeans,
Arabs, etc.). Although some Abu Dhabi material may date from the late second,
early first millennium B. C. (W. Y. Al-Tikriti, pers. comm.), and a number
of Iron Age (first millennium B. C.) cemeteries and settlements are attested,
especially in the vicinity of Buraimi, it is not until the Hellenistic period,
clearly a flourishing time in southern and eastern Arabia, that there is abundant
evidence for settlement. To what extent this reflects the ambitions of Alex-
ander and his generals rather than any climatic amelioration cannot of course

be ascertained.

To sum up, in most respects the archaeological data from Eastern Arabia
are too tenuous to argue subtleties of climate. However, the widespread
" Neolithic" flint sites and the associated 'Ubaid intrusion would seem to
support the suggested subpluvialA/9000-6000 b.p., and indeed probably its
extension into the early 6th millennium b.p. (?? down to c. 3500 b. c.).
The apparent absence of late 4th and 2nd millennium B. C. occupation might
suggest conditions of greater aridity roughly 5000-4400 b.p. and 3500-2500
b.p., but here one must emphasize the essentially negative nature of the
evidence and remark both on the general lack of settlement data and the
presence of large numbers of undated tumuli. One should also note the
recent radiocarbon determination for recharge of the aquifer ground water
in the Kharj Oasis, perhaps as late as 5000 b.p. Settlements of Umm an-Nar
attribution on the island itself and at Buraimi might suggest some climatic
amelioration around and probably before 4000 b.p., but here especially
there remains an unresolved discrepancy between radiocarbon and assumed
calendar dates. Iron Age and Hellenistic data may support a further amelior-
ation of climate in the latter part of the first millennium B. C., although by
this time political factors may well mask the possible relevance of settlement
data to climate.

Mesopotamia

Several agriculturally marginal regions in Mesopotamia offer some
insight into possible past fluctuations of climate, in particular the Jazirah
of northern Iraq and the Khabur basin to the northeast in Syria. Our own
archaeological field work, both excavation and survey, has been concentrated
in such regions precisely for this reason (Tell al Rimah, Tell Brak, Choga
Mami).

Hatra: Jazirah sites

The Parthian site of Hatra is situated in the Jazirah or dry steppe which
extends from the Tigris to the Khabur in northern Mesopotamia (Figs. 18.1, 18.
-6-8). Today this area consists of many thousands of square km of treeless
and salty steppe, with seasonal watercourses and brackish lakes, bitter
springs and waterholes. Annual rainfall is in the region of 200 mm or less.
When it does rain, storm water drains in the form of sheetwash to form playa
lakes in low-lying depressions. A pattern of unconnected playa starts a few
km to the west of Hatra and continues far into the Jazirah (Dorrell 1972, 69).
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Hatra itself was essentially a tribal camping ground which assumed great
religious and political importance in the Parthian period. A number of sweet
water wells are to be found at the site itself—indeed Hatra represents the
westernmost point in the Jazirah where sweet water can now be found—while
the nearby Wadi Tharthar provided a perennial though brackish water supply
(Fig.18. 8). Archaeological surveys carried out by Diana Kirkbride in 1970 and
more recently by Sayyid Jabir Ibrahim of the State Organization of Antiquities,
Baghdad, have revealed over 100 small archaeological sites in the vicinity of
Hatra, by far the majority of which are prehistoric. As can be seen from
the various rainfall maps the area is well outside the modern limits of reliable
agriculture (reliable minimum 200 mm per annum, which is approximately
the 300 mm isohyet), i.e. not an area in which one would expect to find pre-
historic village settlements. About 20 km north of Hatra the line of early
tells deepens towards the west and northwest, running in an arc up to the
region of Tell Afar (Fig.18.9), scene of the Russian excavations at prehistoric
Yarim Tepe and the British at second millennium Tell al-Rimah. In general
the prehistoric sites appear to increase in size as one moves from Hatra
into the rainfall zone; from c. 50 km north of Hatra the prehistoric deposits
tend to be covered by later ones, i.e. settlement becomes more persistent
in later periods (Kirkbride 1971, 4). In recent times the land around Hatra
has been farmed by absentee large landowners who can afford the constant
loss of crops for the compensation of a very rich harvest in the occasional

year of heavy rain, certainly not a situation that could have been tolerated
by prehistoric farmers.

Seven sites in the Hatra area yielded surface material attributable to
an early phase of the Hassuna culture chronologically comparable with
Bouqras (6400-5900 b. c., GrN 8258-8264; Akkermans et al., n.d.). This
phase was first identified in northern Iraq by the excavation of Umm Dabaghiyah
(Fig. 18. 2) (Kirkbride 1972). Similar occupation has been discovered by the
Russians at Yarim Tepe, Tell es-Sotto and Kul Tepe near Tell Afar (Bashilov,
Bolshakov and Kouza 1980), and by the Japanese at the nearby site of Telul
eth-Thalathat. With the exception of Maghzaliyah and M'lefaat (cf. above)
these sites constitute the earliest phase of settlement so far identified in the
northern plain. Palaeobotanical data from the lowest level excavated at Umm
Dabaghiyah included large numbers of salt swamp seeds (Chenopodiaceae,
Sea-blite and Salsola); indeed it would appear that the site lay near the edge
of a brackish lake which still survives as a large playa about a km south of
the site. Conspicuously little arboreal charcoal was found. Fragments of
wall plaster included imprints of glumes and inner dorsal husks of Triticum
dicoccum, as well as one well-preserved spikelet fork, suggesting that the
emmer was actually grown and harvested somewhere in the vicinity (pace
Kirkbride 1974, 88). Einkorn and naked barley (Hordeum vulgare var. nudum)
are also present (Helbaek 1972, 17-18). A high percentage of onager bones
(c. 70% of the faunal samples recovered) and the presence of wall paintings
that appear to represent hunting scenes and what seem to have been communal
storage units have led to the interpretation of Umm Dabaghiyah as an onager-
hunting "trading outpost" (Kirkbride 1974). However, it should be noted that
all five Neolithic domestic animals were represented among the fauna (10-13%,
Bokonyi 1973) and that the evidence for cultivated foods may be small owing
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to the very limited number of soil samples actually examined (flotation was
not carried out at the site, Kirkbride 1972, 12). None of the numerous other
prehistoric sites in the area has as yet been excavated; thus it is not possible
to determine how representative is the assumed economy of Umm Dabaghiyah,

the furthest south of the known settlements of this early Hassuna phase.

Comparable archaeological materials come from Bouqras, to the west

in Syria (Fig. 18.7), where modern rainfall averages only c¢. 150 mm per annum
and, as at Hatra, does not normally permit dry farming (Akkermans, van
Loon, Roodenberg and Waterbolk, n.d.). I do not intend to elaborate on
Bouqras in the home of its excavators, only to note here the extensive evidence
for settled life and the presence, as at Umm Dabaghiyah, of domesticated

sheep, goat, cattle and pig. Irrigation of the river valley may explain the
situation of Bouqras, as later Baghouz (Euphrates) and Tell es-Sawwan (Tigris)
(Fig. 18.7), in areas of even more limited rainfall (Table 1), but there can be
little doubt that the evidence from the Jazirah at this time is suggestive of
climatic amelioration in the period from c¢. 8500-8000 b.p., and, in the case
of the Iraqi evidence, continuing throughout at least the 8th millennium b. p.
(Hassuna/Samarra). Some Halaf and 'Ubaid sites (c. 7000-6000 b.p. ) are

also found in the Hatra area. However, these are fewer in number (? ?

though perhaps larger with comparable population) than the Hassuna/Samarra
settlements.

Of 17 sites recorded by Sayyid Jabir Ibrahim in the immediate vicinity
of Hatra, 9 produced materials datable to the 8th millennium b.p. /6th
millennium b. ¢. and 7 were attributed to the succeeding 7th millennium b. p. ;
only two, however, yielded surface materials of the later 4th millennium
B. C. Uruk phase (? 5500-4300 b.p.). This seemingly striking decrease in
settlement numbers coincides very approximately with the assumed abandon-
ment of post-'Ubaid Arabia. Four third millennium (following Clark, roughly
4200-3600 b.p. ) and no second millennium B. C. sites were identified, a
situation again apparently comparable with the Arabian data. Ten Late
Assyrian sites were recorded (900-600 B. C. ; ? 2700-2450 b.p. ) and there
is also evidence for some Hellenistic, Parthian and Sassanian occupation.
To some extent these later settlements must have been influenced by political
considerations, but Late Assyrian occupation, for example, is unlikely to
have been as extensive if conditions had been comparable with those of today.
Kirkbride's survey yielded similar results: of her 87 sites, some 40 were
prehistoric, for the most part Hassuna/Samarra. About half of these pre-
historic villages yielded Halaf pottery as well. Most of the sites of historical
date were Late Assyrian, with some Parthian (1972, 3).

Further evidence in support of a wetter phase in Northern Mesopotamia
beginning sometime after 9000 b. p. comes from Persian Gulf cores recording
the varying deposition of sediments deriving from the Tigris and Euphrates
and presumably reflecting conditions of precipitation in the highland areas
which are their source. Such cores are not closely dated, but would appear
to indicate "dry" conditions ¢. 9000 b.p. followed by a "wetter" phase
(Diester-Haass 1973). By the 6th millennium b. ¢. the development of irri-
gation techniques permitted extensive settlement in such arid regions as that
between Baiji and Samarra on the Tigris and on the Euphrates at Baghouz.




Modern rainfall figures for these areas can be found in Table 1. From this
time onward, and perhaps even earlier ( ?Bouqras), the use of irrigation
obscures the relevance of settlement patterns to environmental conditions

in the alluvial regions of Mesopotamia. In the north, however, where irri-
gation is possible only within the very narrow river valleys, some later
shifts in pattern of settlement may be significant.

Khabur Basin

In 1975 a brief survey of the Khabur basin was carried out by David Oates
and Kassim Tuweir of the Department of Antiquities in Damascus. This
survey was deliberately confined to the area where rain-fed crops are at

present not wholly reliable, between modern Hasake, south of which cultiva-
tion is now possible only by irrigation (now of course pump-assisted), and
Chagar Bazar, some 45 km to the northeast, north of which rain-fed crops
are at present reliable (Fig. 18.10). The survey concentrated on the larger
mounds that offer longer sequences of occupation. The results may thus be
somewhat distorted, but are nonetheless interesting (D. Oates 1977). Pottery
of the Halaf period (7th millennium b.p. ) was rare, despite the fact that

Halaf sites are plentiful in the northern part of the Khabur region and parti-
cularly numerous in the Wadi Dara drainage system to the north of Chagar
Bazar (Meijer 1978/79, 174; Davidson and KcKerrell 1976) "In the fourth
millennium, however, there seems to have been a startling expansion of
settlement, for only three sites failed to yield Uruk pottery" (D. Oates 1977,
234). Tell Bezari, for example, (Fig. 18. 10) consists of over 10 metres of
Uruk deposits. This period of extensive occupation seems to have continued
through most of the third millennium B. C. A considerable contraction of
settlement, however, appears to have occurred in the early and middle second
millennium B. C., a phenomenon noted also in the Jazirah in Iraq. Second
millennium occupation is characterized by a line of medium-sized towns with
irregular polygonal enceintes, such as Tell Beidar, Tell Bati and Tell Hamidi
in the Khabur (Fig. 18. 10) and Tell al Rimah, Tell Hadhail and Tell Huwaish to
the south of Jebel Sinjar (Fig.18.9). In both areas there appears to have been
a total breakdown of settlement ¢. 1200 B. C. Obviously in historical times
the ability of communities to maintain themselves on the fringes of the Jazirah
has depended as much on the existence of a strong central government as on
the vagaries of climate (unfortunately we are unable to assess the possible
importance of the former factor in prehistoric times). But one of the most
common reasons for political unrest is crop failure or the loss of agricultural
or grazing land. As around Hatra there appears to have been a revival of
settlement in Late Assyrian times both in the Khabur and south of Jebel Sinjar
(D. Oates 1977, 234-5).

With the single exception of the Uruk period in the 4th millennium (from
sometime before 5000 b.p. to ¢. 4300 b.p.) the data from northern Meso-
potamia appear generally comparable with those from Eastern Arabia. As
we have already noted, however, in the case of 4th millennium B. C. Arabija
loss of contact with Mesopotamia, and thereby the loss of precisely datable
surface materials, may reflect no more than the rise in sea level attested
at this time. Certainly in the Khabur basin it would appear that rainfall was
either marginally greater or more reliable in Uruk times. The settlement
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pattern at this period contrasts markedly with that of the earlier Halaf, which
is concentrated to the north of Chagar Bazar and along the foothills, and with
that in the second millennium B. C. attested along the Beidar, Bati, Barri line.
Although Tell Brak, which was undoubtedly a major Uruk and earlier prehis-
toric site (at which time the Jaghjagha flowed much closer to the tell), was
still inhabited in the second millennium, it was by this time a settlement of

considerably less importance.

Hamrin Basin

Intensive survey and environmental studies recently carried out as part
of a salvage operation in the Hamrin basin, just to the east of Jebel Hamrin
and west of Khanaqin (Figs. 18.2, 18.7), may also add to our knowledge of

prehistoric climate in Mesopotamia. This is today an area of agriculturally
marginal rainfall (cf. Jalaula, Table 1), Here it would be especially inter-
esting to know whether the absence of 6th millennium b. c. settlement (the
earliest sites are very approximately attributable to the Choga Mami '"Trans-
itional' phase, 6846 + 182 b.p., 4896 b.c., BM-483) and, more unexpectedly,
the almost total lack of Uruk sites might reflect a marginal increase in pre~
cipitation at these times, as apparently attested elsewhere, and thus possibly
a corresponding extension of the marsh areas which today in the Hamrin prevent
settlement over much of the basin (Sumer 34, 1978, 12-13). Certainly there
are numerous Samarran and Uruk settlements in the vicinity of Mandali, just
to the south (Fig. 18.2; cf. Oates 1966, 1968). '

Conclusions

The very considerable limitations of archaeological evidence must be
recognized in any attempt to infer associated climatic conditions. Nonetheless
there would appear to be some degree of consistency among settlement data
from the arid zones of Mesopotamia and Arabia. In both regions archaeolo-
gical data (Middle Palaeolithic and "Neolithic") lend general support to the
Late Quaternary 'moist' phases argued on the basis of studies of lacustrine
sediments and other geomorphological features in Saudi Arabia and East
Africa. However, dating criteria, especially among the chipped stone indus-
tries, are inadequate to establish whether or not there was any abandonment
of the desert margins during the postulated period of Late Glacial"intense
aridity" (cf. above), and it should be noted that at least in the Zagros at
this time not only is there evidence of widespread occupation but at Palegawra
( c. 14,000 b.p.) the presence of oak, tamarisk, poplar and a conifer is
attested.

Although pollen evidence (Mureybet) is interpreted as indicating a'dry'
phase in the 9th millennium b. c., it is perhaps significant that many 'arid’
sites, including Mureybet itself, were actually settled for the first time
during this period. From the late 7th throughout the 6th millennium b. e¢. it
is difficult to argue other than a ‘moist' phase in both lowland Mesopotamia
and eastern Arabia; this is in contradiction to the widely accepted pattern
of desiccation proposed elsewhere (e.g. Palestine) at this time. In both
Mesopotamia and Arabia a later 'wet' phase can be argued for the 3rd millen-
nium B. C., while at least in northeastern Syria this phase must have begun
at least as early as the mid 4th millennium. During the 2nd millennium B. C.
settlement patterns in all areas indicate some retrenchment, and there is a
consistent pattern of expansion towards the latter part of the first millennium.
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TABLE 1: Rainfall figures based on Republic of Irag Metsorological Department and Development Board Statistics;
approximate mean annual figures drawn from Guest and al-Rawi (1966)

Maximum Minimum Month of May Month of Octoher
Years water year Approx. water year
Station Recorded Lat.  Long. Elevation  (mm) mean (mm) Max. Mean  Min. ey pean  Min. Nearby archaeological sites
A. Mountain Region
Amadiya 1936-58 37005' 43°20' 1236 m  1375.4 870 540.4 175 - 84.6 0.0
Chemchemal 1939-58 350932' 44051' 701 m 1110.5 556 187.1 118.4 09 29.9 0.0°* Jarmo, elevation ¢. 750 m
Halabja 1936-58 35011' 45059' 724m  2301.0 815 353.9  120.6 0.0 g g 0.0 -
Penjwin 1939-58 35037' 45958' 1311 m 1843.3 1220 200.6  223.0 - 80, 0 0.1
B. Northern Plain and Steppe
Mosul 1923-58 36°19' 43°09' 222 m 643.2 385 188. 4 79.2 20.3 tr. Baib s 484 HMasuta
Erbil 1935-58 36°11' 44°00' 414 m 1095.5 494 202.7 108.1 0.0' 54.2 0.0t
w Tell Afar 1939-58 36°22' 42028' 373 m 478.8 337 R L 9.0% . 34.9 0.0° Yarim Tepe
™ Tuz Khurmatli ~ 1935-58 34°53' 44°39' 220m  404.4 se - e 0 e o SRR 0.0  Matarrah
Mandali 1935-58 33°54' 45%33' 137 m 549. 0 300 191.9 16.3 0.0% 14.7 0.0* Choga Mami
Balji 1936-58 34°56' 43°29' 115m 218.4 e 51.8 R 19 0.0
Samarra 1935-58  34°11' 430" 65m  215.0 155 67.0  49.3 004 43.5 0.0* Tell es-Sawwan
Anah 1935-58 34°28' 41°57' 150 m 207.7 132 74.4 30.0 9. Vol 88,0 0.0* Baghouz
Rutba 1928-58 33%02' 40%17' 615.5"m 248. 4 121 46.8 67.9 9.7 WX - Lea 80 0.0°
Jalaula 1936-58 34°16' 45%09' 119 m 365.0 235 75.0 17.0 0.0 18.0 0.0 Hamrin
C. Southern Alluvium
L .

Baghdad 1887-1958  33%20" 44%24' 34.1m  483.2 149 50.6 a1 gy 05 i) 27 3.0 i0:0
Diwaniya 1929-58  31°39' 44°59'  20.4m  195.3 116 42.9 113.6 9.0 0.0t 3.8 1.3 0.0° Nippur
Nasiriya 1940-58  31°01' 46°14' 3.0m 249.3 121 33.5 46.8 5.4 0.0t 10.8 1.3 0.0 Ur, Eridu
Basra 1900-58  30%°34' 47%47 2.4m 314.1 169 53.7 56.2 7.3 0.0 20.8 0.8 0.0°
Fao 1935-58 20°59' 48%30' . 2.0m  339.0 190 54.5 20.5 0.0t 17.6 0.0°

tt only recorded May rain,

® in 1893-4; the maximum figure for a period comparable with the rest of the table is 255.6 in 1954-55.
t frequently no rain or very small amounts.

« frequently no rain in November as well as October.
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DISCUSSION

COPELAND: First a small protest and then two requests for
clarification. The protest: at the outset, you scolded some workers
for using negative evidence, such as the absence of sites in a
Certain area, as not necessarily indicating lack of occupation. It's
Just that we haven't found them. However, you then showed us
Various regions, such as south of Brak, where you did exactly the
Same thing. Clarifications: firstly, did I understand that the 50
Sites in the area of Hatra are of the same range of dates as at
Bouqras?

OATES: No, there are identified some 7 or 8 sites in that area
Which are thought to be contemporary with Umm Dabagiyah, which
on the evidence of the Russian excavations as Tell Es'-Sotto, Yarim
epe 1, Kul Tepe etc. can be shown quite clearly to be simply an
early phase of Hassuna. Comparable pottery is found at Bouqgras
Which is why I have taken the Bouqras dates as an approximation
to this early phase of Hassuna. Most of the sites in the area are
Mmarginally later than that. The difficulty is of course, referring to
your protest, that one finds it almost impossible to identify the
carliest occupation at mound sites. These are fortunately rather
Small sites where the problem doesn't arise. As one moves further
North of course occupation is much more intensive and it becomes
Very, very difficult to identify sites of this date. This is one of
the reasons why, as an archaeologist one is working in these
Marginal areas, we've done this quite deliberately as you can see;
everywhere we've worked we've been sitting on that rainfall
1Sohyet. Because here one can pick up sites that reflect what we
think are marginal fluctuations in climate, and these one can't pick
Up in the better rainfed zones where occupation is continuous. But
We do have this recognition pattern: there are probably sites that

‘(’iVe will never know about simply because of the mass of covering
ebris.

COPELAND: The point of asking for clarification is that there
Would seem to be a continuous sequence of cultures. There are
these 8 sites that belong with Umm Dab and so on, and then we go
On to Halaf, Samarra, so do you really think that there was a
Wetter period at this stage to account for one but not the other?

OATES: Yes, because there are far fewer Halaf sites; there is
Telatively little Halaf material in this region. The Hassuna-Samarra
Sites, and I include in that appellation the Umm Dabagiyah type
Material as well, are extensive and covered with masses of
Archaeological debris, there are masses of sherds of this date. One
Parely tinds Halaf material. One also finds a little Ubaid material.
ut generally speaking there is not the same sort of evidence for
Occupation in this area and I think it's a tailing off, to the point
Where by the Uruk period there are only two sites and they may
€ there for rather special reasons. So that yes, I would argue
that the climate is deteriorating. The difficulty is that even the
Most minor fluctuation in rainfall pattern affects an area like this
In a rather major way and there are probably periods of tens, or
Perhaps 50 or 100 years, where a minor fluctuation would have
Made possible reoccupation or agriculture. I've given you a sweep
of dates from 6400 to 5000 for these early sites, but what we don't
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know, and archaeologically this is impossible ' to determine, is
whether there were short phases within that almost 1500 year
span, where occupation was impossible. One would assume that this
is probably so. All we can do is give you the gross picture. But
certainly the gross picture is for a rather impressive level of
evidence for settlement in that time range and increasingly less as
one gets later. Again I must emphasise that one doesn't know to
what extent this reflects degradation of the steppe, certainly I
would argue quite strongly for cultivation around Umm Dab in the
period that I'm talking about.

COPELAND: The second point of clarification: the region north of
Chagar Bazar. I wasn't sure whether you said that the first
occupation there that we know about is the Halaf.

OATES: The first occupation that we know about in any extensive
way. It's arguable whether there are Neolithic materials there
earlier than that. Certainly there are dark -burnished sherds.

COPELAND: I could mention the famous Alt-Monochrom deep at
Tell Agab and possibly something aceramic earlier than that at Tell

Fakhariyah. So I think there was probably continuous occupation
of this part at least from the start of PPNB.

OATES: Continuous occupation along the rainshadow of the
mountains doesn't bother me, one would expect that; what I've
been trying to look at, and giving the Halaf evidence as a
contrast, is the extension of that occupation further south into
regions that are today rather marginal. I think in the past one can
see fluctuations, for example the very considerable extension in
the 4th millennium, that probably indicates some climatic
amelioration at that time, and then the retraction to essentially
today's levels in the 2nd millennium. I issued the warnings as I
began and I've gone along to play the game myself. I was asked to
examine the archaeological evidence and that's the best one can do
with it I think.

BROOKES: I'm just wondering what the present state of Northern
Mesopotamian archaeological thinking is on the potential for
geomor phological modification, masking of sites, destruction of
sites. Has anyone been in there investigating those things or do
you get a feeling that environmental conditions are not the way
they were when the sites were occupied?

OATES: I think probably you are quite right. We have had
geomor phologists on the excavation with us, e.g. at Tell al
Rimah. But there wasn't the sort of wadi pattern that was
informative from their point of view. Certainly there has been
alluviation, but this does not mask sites to the extent that it does
in the southern alluvium where one has a very considerable
problem in this respect. At Brak for example I would assume that
we probably have at least 8 metres of deposit below the plain at
that point. This is the normal sort of pattern, but it's nothing like
.the depth of deposition that one finds in the south. But it's not an
ideal area for people interested in this sort of thing. It's one of
the interesting things about Brak that this is next to Nineveh, the
major site in northern Mesopotamia. It's as large as the mound at
Nineveh. Nineveh goes up on through the late Assyrian/Parthian/
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Sassanian periods. Brak, however, comes to an end in 1200 BC
and it's quite clear at Brak that after 2000 BC (in historical dates)
the site was not important. The line of settlement at that point,
and I think this is probably something to do with a minor climatic
ﬂUCtuation, moves to the north along that line of tells that I

Indicated. And the same pattern exists south of Jebel Sinjar .

BAR YOSEF: I would like to comment on your opening remarks
Which I found very interesting, particularly the use of settlement
Patterns by archaeologists. I believe that one should distinguish
between two kinds of settlement patterns. One which is related to
the hunter -gatherer way of life and which is directly influenced,
s we can see from the ethnographic evidence, by geomor phological

and ciimatological changes, and on the other hand the one from
historical periods. I believe that when you have the onset of the
€stablishment of chiefdoms, and of city states, you get on the
deserts 'supported societies' like the Bedouin, and their
distribution might be directly influenced by the amount of material
goods, money etc. which can be given to them, that they can
Obtain from their supporters, either city-states, chiefdoms, or
States. Therefore one should be very careful to separate settlement
Pattern types for archaeological sites, between let's say everything
Which is before 10000 or 8000 bp, before the establishment of
dgricultural societies, and everything which comes in later
'Pel‘iods. The example you gave from the Saudi Arabian. so-called
late Neolithic' recently studies by Tixier in Qatar is a good
€Xample for what might be 'Bedouin' societies getting goods from
€sopotamia, either by caravans or by sea navigation. Perhaps we
Should mention also the contacts that took place at that time with
.Indi&, with the Indus Valley. This material perhaps can be used to
Infer climatic changes, but with much more caution than any kind
of material which comes from the preceding periods. When we come
O discuss the climatic changes of later periods, which means from
let's say the 4th millennium onwards, the use of in-depth
geomor phological work is essential. Because from that time and on
Into as late as Byzantine times, broader commercial considerations
¢an control site location and abandonment. Only the environmental
€Vidence, the kind we have seen from Greece for example from
aepe's work, can contribute secure data about climatic changes.

OATES: I couldn't agree with you more. One of the difficulties in
€Sopotamia is that we virtually never find evidence of hunters
and collectors on the alluvial plain because of problems of
lluviation. And you may remember that I did remark that political
Considerations might well be a factor in prehistoric times as well.
Ne can only speculate about this. Agreement also on
8eomor phological studies, but in the absence of these I've done the
€St that I can. I rule out at present caravan contact between
audi Arabia and Mesopotamia; it seems to me that the marine
Orientation of these sites is fairly persuasive. Also we know that
long the Wadi al Batin which is the main route from that area into
SOuthern Mesopotamia, there are no archaeological materials to be
ound, and certainly no Ubaid pottery. I know that this was
asry's idea, and he and I disagree about this, although certainly
€ pottery that we have examined comes from Mesopotamia. I can't
See the Bedouin carrying large quantities of pottery back to Saudi
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Arabia, presents for the wife and kiddies or something like that,
and it seems to me to make much more sense, particularly in
relation to the visible pattern of settlement at that time (and there
are only 4 large mound sites) that this was some maritime contact.
I know this is perhaps an extreme point of view but I'm persuaded

of it myself.

UERPMANN: [ agree that one has to separate the distribution of
hunter -gatherer sites from farmer sites, but I don't agree that the
tformer are more useful for inferring climatic factors, because
hunter -gatherers live wherever there are animals, and in the
Middle East there are no major areas where there are no animals
for such exploitation. Hunter -gatherers could range over the whole
of the area without major distinctions between their economy,
whereas early farmers were much more dependent on climatological
considerations in the area and their sites are those that can really
give some idea about the distribution of climate. So it's the period
from the beginning of agriculture to the beginning of irrigation
where you can Dbest use settlement patterns for climatic
investigations.

OATES: I would argue that in Northern Mesopotamia you can
continue to use these sites after irrigation because it's only in the

south that irrigation is a relevant factor.
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ENVIRONMENTAL AND ARCHAEOLOGICAL EVIDENCE FOR
CLIMATIC CHANGE IN THE SOUTHERN LEVANT

Paul Goldberg and Ofer Bar-Yosef
(Institute of Archaeology,
The Hebrew University of Jerusalem, Israel)

Preliminary Remarks

Archaeological and geological evidence for environmental change in the
Southern Levant, as elsewhere, are necessarily interwoven, a feature that
arises from the symbiotic relationships between archaeological sites and
their sedimentary traps. On the one hand, the lithic assemblages, organic
and inorganic remains (bones and charcoal) and locations of sites through
time provide temporal control as well as regional information about environ-
ments. On the other, geological study of associated sediments supplies data
pertaining to site-specific environments, which when integrated in space and
time provide a regional picture of environmental and climatic change.

Regional studies were the main tool through which a large body of geo-
graphically distributed data was accumulated during the last decade in the
Southern Levant. In a north-south cross section these include the studies
made in the Fazael-Salibiya Basin in the lower Jordan Valley, the Nahal
Besor/Fara area in the northern Negev, the Nahal Zin/Avdat and Har Harif
areas in the Negev Highlands, the Negev Archaeological Rescue Project in
the western Negev, the Qadesh Barnea in easternmost Sinai and Gebel Maghara
in northern Sinai (Bar-Yosef et al., 1974; Schuldrenrein and Goldberg, in
press; Price-Williams, 1975; Marks, 1976, 1977; N. Goring-Morris,
personal communication; Goldberg, in preparation; and Bar-Yosef and
Phillips, 1977). A large number of sites were located, many were excavated
and several provided clusters of radiometric dates. In perhaps a slightly
exaggerated way one may state that the Late Pleistocene /Early Holocene
chronological and cultural framework is now mainly based on the evidence
collected through the studies of these areas.

The use of archaeological data for making climatic inferences involves
several assumptions concerning both the nature of prehistoric remains and
the past patterns of human behaviour. The model used in deciphering the
archaeological data presented here is based on recent studies of today's
hunter-gatherers' modes of life (Lee and DeVore, 1968; Bicchieri, 1972).
These studies have shown that as a rule a group of hunter-gatherers lives
below the carrying capacity of their territory. The degree of their nomadism
is dictated by the nature of their preferred sources of subsistence. In arid
zones this equilibrium is quite delicate but during lean years they will move
into the lusher territories and will be accepted by their neighbours. This
type of general movement, of abandoning the desertic areas during successive
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droughts and expanding back during rainy years should be expressed in the
archaeological record.

The Southern Levant, dominated by Mediterranean and arid climate
regimes, would be an ideal region to observe such past movements. The
expansion of hunter-gatherers into the deserts under favourable climatic
conditions would be exhibited in the number of sites and their distance from
permanent water sources, the latter being manifested by travertines, water-
logged sediments, etc. The dry periods will be those with no or rather scarce
archaeological data. In other words, it is suggested that the number and

distribution of prehistoric sites in the Near Eastern deserts is a direct re-
flection of climatic conditions.

The following assumptions are necessary in order to facilitate the inter-
pretations of the archaeological record presented in this paper.

1. The behaviour of past hunter-gatherers in semi-desertic areas was
basically similar to those living today under current conditions.

2. The numbers and densities of prehistoric occurrences in desertic
areas are taken as an indication for climatic improvement whereas
the decrease or absence of evidence is interpreted as the result of
increasing aridity. This would have been a questionable assumption
a decade ago when much of the prehistory of the Central and Southern
Negev, Sinai and the Jordan Valley regions was unknown.

Geological evidence of environmental change is manifest in a variety of
ways. These include both the types and styles of sedimentation, such as
fluvial gravels, silts and sands, aeolian sands and silts, lacustrine silts
and clays, and associated features represented by gleying and travertines.
Goldberg (in press) has recently summarized the data from several archaeo-
sedimentary sequences from the Sinai, Negev and Jordan Valley areas and
concluded that as a first approximation fluvial and lacustrine deposition took
place during periods wetter than today, whereas dry intervals, like the present,
are typified by erosion; colluviation was interpreted to result from aridifi-
cation whereby vegetation cover was reduced and landscape surfaces became

unstable (Table 1).

When the dated archaeological sequences of the Southern Levant are com-
bined with those of the North which are more sparsely radiocarbon dated, the
resulting identifiable archaeological entities (or cultures) can be used as a
reasonably secure means of dating various geological deposits such as alluvium
‘or dunes (Copeland and Vita-Finzi, 1978). Environmental change as repre-
sented by periods of infilling or erosion can be dated in every region using
both radiocarbon and archaeological dating, assuming that the spatial distance
between sites does not exceed 50 to 100 km; the proximity of the studied
regions is essential for maintaining archaeological continuity.

Below we present the evidence based on a series of time slices that we
believe conform to natural archaeologic and stratigraphic subdivisions. By
such a presentation we hope to convey a sense of continuity through time.

In Table 1 we summarize most of the geological evidence that is discussed
below (for greater detail, see Goldberg, in press.)
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A 30,000 to c. 22, 000 B. P. (Upper Palaeolithic, Fig. 19.1)

This period is well represented by water-laid sediments in the Sinai and
Negev regions. In Gebel Maghara this is shown by former aeolian sands and
silts reworked by tributary wadis (Goldberg, 1977). In Qadesh Barnea
(Goldberg, in press; in preparation), fluvial clays and silts grade upwards
to silty sands and dune sands; the lower half is extensively gleyed and stained
by root marks. In the Nahal Zin/Avdat area, fluvial sandy silts give way to
later colluvial clays (Goldberg, 1976; Yair et al., 1980). The palaeoenviron-
mental inference from all these localities is a wetter climate at the beginning
of the interval with increased aridity toward the end (c. 25, 000-22, 000 B. P. ).

Archaeological data from these and other localities are well represented.
In Wadi Sudr (western Sinai), in Gebel Maghara (the Lagaman sites; Bar-
Yosef and Phillips, 1977) and Nahal Zin (sites Boker A, BE; Marks, 1976,
1977), the sites generally consist of small occurrences of highly specialised
blade/bladelet industries, all situated within valleys; these types of sites
are as yet unknown from the plateaux. Nevertheless, the fact that most are
embedded in either fluviatile silts, or sands underscores the proximity of
these sites to water sources.

Upper Palaeolithic assemblages with a higher content of flakes (and
therefore related by most scholars to the Levantine Aurignacian) were found
on the plateaux above wadi beds near Avdat (sites D 27, D 22 etc. - Marks,
1976, 1977) and Wadi Sudr (U. Baruch, personal cummunication). Since
these are still undated and they are not geologically in situ, their palaeoen-
vironmental significance remains unclear.

B ¢. 22,000 to 18,000 B. P. (Late Upper Palaeolithic, Fig. 19.1)

This period is very poorly represented in both the geological and arch-
aeological record. In the desert regions, with the possible exception of the
Wadi Feiran sequence (Issar and Eckstein, 1969; Nir, 1970), no geological
deposits have as yet been found. Some prehistoric sites, e.g., the "late
Upper Palaeolithic" site of Ein Agev East (D-34 - Ferring, in Marks, 1977)
probably fit within this interval although this assessment is far from being
Universally accepted.

In the North, "late" Upper Palaeolithic sites that possibly belong here
are somewhat more numerous although no less problematic. In Wadi Fazael,
localized colluvial deposits yielded three in situ sites: Fazael IX, X, and XI
(N. Goring-Morris, personal .communication). Other possible candidates
Within this time-unit are Nahal Ein Gev I (Bar-Yosef, 1978), El-Khiam X,
IX (Echegaray, 1964) and El Wad C (Garrod and Bate, 1937). In any case,
the lack of geological deposits of this age, the degradational mode of the wadis
and the paucity of sites in the Sinai and Negev, as well as in the North, strongly
Suggests that this was a markedly arid interval.

C 18,000 to 14,500 B. P. (Early Epi-Palaeolithic, Fig.19.2)

This early part of the Epi-Palaeolithic is represented by the Kebaran
Industry, dated to about 18,000 to 14,000 B. P. (Bar-Yosef, in press a, b).
Kebaran assemblages are distributed in the Lebanese mountains (Hours,
1976) and down in the Galilee-Judean Hills (Bar-Yosef, in press a, b). In
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addition, there are a large number of rich occurrences, some of which
include architectural remains, in the northern coastal plain (e.g., Nahal
Hadera V - Saxon et al., 1978) and the Jordan Valley (Ein Gev I - Bar-Yosef,
1970; Arensburg and Bar-Yosef, 1974; and Fazael - Bar-Yosef et al., 1974).
These sites tend to be embedded in sands and alluvial silts and clays that point
to a narrow band of wetter climate in the north-central part of Israel in con-
trast to the cold and drier climate to the north and south (cf. Butzer, 1978).
Aridity in the south is manifest by the lack of sedimentation at this time and
the virtual absence of sites from most of the Negev and Sinai, although re-
cently a few surface scatters of one of the Kebaran facies have been recorded
in the western Negev, near Nahal Nizzana (N. Goring-Morris, personal
communication).

D 14,500t0 10,500 B. P. (Later Epi-Palaeolithic, Figs. 19.3 & 4)

This represents a continuation of the microlithic industries and includes
the Geometric Kebaran, Mushabian, Natufian, Harifian and Khiamian (Bar-
Yosef, in press a, b). In the first half of this interval the distribution of
sites indicates a distinct period of climatic amelioration of predominantly
wetter conditions but with perhaps minor fluctuations. For example, sites
of the Geometric Kebaran cultural complex are small and occur everywhere
both on plateaux and in wadi situations from Lebanon to the Suez and Wadi
Feiran in southern Sinai. In Wadi Feiran, for example, small sites have
been located stratigraphically close to the top of the massive fine-grained
fluvio-lacustrine sediments that locally attain thicknesses of up to 50 m.
Similarly, in northern Sinai (Gebel Maghara - Bar-Yosef and Phillips, 1977)
these sites are found associated with lacustrine deposits and a widespread,
well-developed palaeosol which is partly contemporaneous with occupation.

An essentially coeval archaeological entity named the Mushabian, which
clearly displays North African technological affinities, is distributed from
northern Sinai into the Negev (Bar-Yosef and Phillips, 1977; Valla et al.,
1979) and it appears that the climatic improvement enabled more human
contact at the close of the Pleistocene than previously. Finally, in the north,
in Wadi Fazael, several Geometric Kebaran sites occur within both colluvium
and fluviatile clays and sands (Bar-Yosef et al. , 1974).

Later cultures such as the Negev Kebaran of Harif Phase and of Helwan
Phase have a slightly more restricted distribution although site sizes are
roughly comparable with early Epi-Palaeolithic ones. Such a distribution
might reflect an increase in aridity around 12,000 to 11, 000 yrs B. P. At
this time in the northern region (Galilee and Judean Hills) lower Natufian
base camps were established (Bar-Yosef, in press a, b). It was not until
11, 000 B. P. that such sites are found in the Negev Highlands (Marks 1976,
1977).

Geological information for this later part is minimal. In the Fazael area,
‘the early Natufian is found within colluvium which relates to increased aridity
(Bar-Yosef et al., 1974); in the adjacent Salibiya basin, the recently exposed
Lisan marls were undergoing extensive erosion at this time, presumably a
function of the retreat of the lake as well as a general drying out of the climate
(Schuldenrein and Goldberg, in press).
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E 10,500 to 8, 000 B. P. (Neolithic, Fig.19.5)

The socio-economic change that was brought by the Natufian culture
culminated in the dichotomy between incipient farming societies such as the
Sultanian (Pre Pottery Neolithic A) of Jericho, Nahal Oren, Netiv Hagdud,
Gilgal I, etc., and cultures of hunters and gatherers such as the Harifian
(Bar-Yosef, in press a, b). From c. 10,500 B.P. the coexistence of farming
communities and hunter-gatherers is well established in the southern Levant.
Thus, the behaviour of Neolithic bands in desertic areas can be interpreted
on the same basis as their Palaeolithic ancestors.

The overall picture of the Neolithic period (from 10, 000 to 7,000 B. P. )
shows several fluctuations in the distribution of sites. The traditional PPNA

phase is probably rather shorter in time than generally held and lasted only
about 500 to 800 years. Large village sites are known from this period
(recently relegated to the Sultanian culture - Crowfoot-Payne, 1976; Bar-
Yosef, in press a, b), as well as in the later Neolithic ones. Both show that
continuous deposition was taking place on the alluvial fans, a phenomenon
interpreted as being a result of wetter conditions and a better distribution of
annual rains. The presence of travertines and sediment gleying associated
with the Neolithic in the Gilgal area would support this view (Schuldenrein

and Goldberg, in press). Thus the building of walls and terrace walls by the
inhabitants of Jericho and Beidha (Kenyon, 1960; Kirkbride, 1966; Bar-Yosef,
1980) is seen as an attempt to prevent the flooding and silting up of their sites.

Both desertic sequences of Neolithic sites and the excavated ones in the
Jordan Valley indicate interruptions of archaeological deposition at various
points during the Pre Pottery Neolithic B sequence (e.g., Beisamoun,
Munhatta, Tell 'Eli, etc.). Most of the Sinai PPNB sites are presumably
contemporary with the sequence of Beidha and therefore, are believed to
date to the Seventh Millennium B. C. (9000 to 8000 B. P.). Large Neolithic
communities existed during the Seventh Millennium B. C. within the Mediter-
ranean zone while the smaller sites (up to 1000 mz) in the deserts practised
basically hunting with additional use of vegetal food stuffs.

F 8,000to 5,500 B. P. (Neolithic and Chalcolithic)

The events during the Sixth Millennium B. C. are as yet controversial.
The temporal gap in most sites between the Pre Pottery and Pottery Neolithic
levels was correctly given a socio-economic meaning but wrongly estimated
as to duration (1000 to 1500 years - Perrot, 1968; Moore, 1973). The trans-
ition to pit dwellings in both the Jordan Valley and the coastal plain is corre-
lated with the onset of the Atlantic Period, presumably wet and humid as
shown by the pollen record (Horowitz, 1971) and fluvial/coliuvial deposition
in the Fazael/Salibiya area (Schuldenrein and Goldberg, in press). The
Presence of sites of this millennium in desertic areas such as Qadesh Barnea
and the Uvda Valley (near Eilat) is good evidence for a continuation of basically
2 similar settlement pattern. Moreover, the increase in the number of sites
during the Fifth and Fourth Millennia B. C. in the deserts of Sinai and the
Negev corroborates accumulating data from Chalcolithic sites over all of
Israel (Gophna, 1979; Kozloff, 1972/3).
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In every valley more Chalcolithic sites are discovered every year.
Those, either of the Wadi Rabah Phase or of the Ghassulian (0T their con-
temporaries) are most often buried in silts indicating large scale alluvial

and colluvial deposition. Small or large villages sites turn up in the alluvial
deposits of the Jezreel Valleys, the northern Negev, and wadis descending
from the Judean Hills. These wet conditions prevaifled also during the period
of the Early Bronze I (5,500-5,000 B. P.)

G 5,500 B. P. to the Present (Bronze Age and Historical Periods)

The transition into what can be defined as "Today's" arid climate took
place during the Early Bronze II and III periods (5,000 to 4,400 B. P.). Thus,

in all likelihood, increasing desiccation was responsible for the collapse of
city-states such as Arad (around 4,600 B. P.) in southern Judea, due to the
destruction of their agricultural resources (barley, olives, goats, etc.).

The northward shift of the climatic and vegetational belts in the southern
Levant during the Third Millennium B.C. was recorded both in the archaeolo-
gical remains, the written records and perhaps triggered the collapse of
certain political systems and the establishment of new ones.

An additional wet spell can be recognized with the distribution of Middle
Bronze I sites all over the Negev and Sinai (4,200-4, 000 B. P.). However,
for the following Second and Third Millennia B. C. the climate record is as
yet unclear both on geological and archaeological grounds. The use of arch-
aeological evidence for this interval is made rather complex since this is the
period of the rise and fall of the Egyptian Empire, the build up of new political
entities, etc. Furthermore, the Bedouin groups of this period were basically
dependent on the adjacent powerful states and city-states. Therefore, before
we can separate natural from human influences on the distribution of arch-~
aeological sites, much more field work will be needed.

Finally, a relatively widespread phenomenon deserves mention though
its climatic significance is uncertain. In much of northeastern Sinai and the
northwestern Negev widespread deposits of fluvatile silts occur. These are
particularly prominent and well exposed in the Qadesh Barnea area where
they are at least 4 m thick (Goldberg, in press; in preparation). Charcoal
from two localities about 5 km apart yielded radiocarbon dates of 665 + 115
B.P. (QC-491) and 1755 + 105 B. P. (QC-492) clearly an historical age.
Some 30 km to the north the same silts occur with Byzantine check dams
that are built on top of as well as block the silt behind them.

While it is reasonably clear that these silts represent original aeolian
silts (loess) that were later stripped from the slopes and reworked by small
and large wadis alike, the problem remains whether this deposition is related
to climate or some cultural practice such as clearing, farming, etc. As yet
we do not have any solution to this problem and can only refer the reader to
Vita-Finzi's (1969) discussion of what he calls the "Historical Fill."

‘Concluding Remarks

A decade ago the synthesis outlined above would not have been possible.
Since that time, however, the avalanche of information from new excavations
and geological field work has increased our overall understanding of Late
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Quaternary palaeoenvironments and climatic changes in the Southern Levant
to the level where we feel that our first approximation is a reasonable one.

In addition, in spite of the youthfulness of the data, it is evident that for our
region at least, environmental reconstructions inferred from sedimentation/
erosion patterns and landscape changes vary concordantly with the distribution

of archaeological sites through space and time. We hope that this synthesis
will serve as a basis for future testing and research.
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Late Quaternary stratigraphic sequences from the Southern Levant and inferred palaeoclimates.
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Figure 19, 2 Distribution of Kebaran sites. The dotted line represents the
approximate position of sea level during this interval. (After

Bar-~Yosef, in press a).
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GEOMETRIC KEBARAN A

MUSHABIAN &
NEGEV KEBARAN (HARIF PHASE) ©

Figure 19.3 Distribution of Geometric Kebaran, Mushabian and Negev
Kebaran sites (14,500-12,500 B. P.). (After Bar-Yosef,
in press a). -
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Figure 19.4 Distribution of Natufian sites (12, 500-10,500 B. P.) (After
Bar-Yosef, in press a).
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Figure 19.5 Distribution of Neolithic sites (10,500-8,000 B. P.) (After
Bar-Yosef, in press a).
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DISCUSSION

LEROI-GOURHAN: 1 think your climatic investigation is a very
good one. There are, 1 believe, humid fluctuations in middle
Wlirm, and there can be wetter times, just as in Europe, till about
24 -23000 years ago. And then during what is termed for Europe
the coldest Wiirmian phase you have no activity here. And from
18000 you have again a wet phase, and that's just what I think
suits Lebanon, a wetter phase in the Kebaran in Lebanon. But you
have this wet phase between 18 and 13000 - I think just within

that is actually a short dry phase. All in all the Israel data is
very much like Lebanon with a little difference. 1 should like to

find terms for these fluctuations in the Near East, because of
course I don't like to say Lascaux or B8lling especially as we are
not sure of the exact dating.

GOLDBERG: That would be useful but I think you have to be

careful, because there is climatic differentiation even within Israel
from north to south, if you use the new term in one place, at the

same time it's not going to be the same conditions everywhere.

LEROI-GOURHAN: So find 2 or 3 names. First generalise and
then afterwards we can correlate.

BOTTEMA: In my work I am also quite afraid of correlating the
very detailed changes in vegetation all over the world, especially
now that it turns out that the B8lling, that plays a role.in North -
Western Europe, can't be found again on the type-site by the
Danes, so maybe we should not bring it to Israel before we have
rediscovered it.

PAEPE: I would like to ask you the exact meaning you attach to
your use in the paper of the term 'erosion'. Is there no
aggradation, has something been eroded?

GOLDBERG: It means basically, as I wrote, 'erosion - no
record'. It means there are no sediments of that time. You can see
in various places, say Middle Palaeolithic here, overlain by Upper
Palaeolithic there and we know probably that there's about 30000
years missing between the two of them. So here I assume that the
material was eroded, i.e. there could have been sediment put there
but there might not have been - we just don't really know. So it's
a mixture of both.

BROOKES: Can you see an erosional contact?
GOLDBERG: Yes, it's very sharp.

PAEPE: But does this contact cover the whole time span? That's
really my question.

GOLDBERG: Well you can't tell. What if it's been eroded
downstream? An extreme case would be that all the Mousterian or
the Middle Palaeolithic was eroded away. All we can know is the
topmost part that got eroded. So usually I tend to put question
marks at the bottom contact because I don't know when erosion
started, but I can tell you when it ended because I know that the
system above it marks cessation of erosion and renewed deposition.




WHITNEY: What kind of environmental change do you envision for
the carbonate soil? How much wetter?

GOLDBERG: Under today's conditions of about 60-90 mm, you'd
never get a soil like that ever, you could sit there and look at it
for 100000 years and you wouldn't see it change. I suspect to get
something like the soil you have 2 choices: either a long time span
with slightly more wetness, or a shorter time span and having
conditions a lot wetter. And you can't really sort out the two. But
just on my own estimate I would assume something like 3 -400 mm of

rain. A lot, but this happens to fit pretty nicely with some
independent evidence. Our botanists have come up with the same

estimate based on relict floras in the area. They say you need

something like 300 400 mm of rain to establish such a floral
picture. That's quite a change.

BAR YOSEF: One comment about the early Holocene sites. If we
are talking about Early or Late Natufian and Early Neolithic sites,
this is where you see a realistic shift in settlement pattern. This
is not differential site loss due to erosion, because even where a
site is eroded and the flints are carried away, when you look at
the local gravels the flint doesn't disappear - you can even
identify rolled pieces. So where we don't find sites even in erosion
sediments, we look for them in some other place. For example if
you take Har Harif which is about 10 - 15 km away from Qadesh
Barnea, here you have Late Natufian sites very well preserved in
the deposits, including Cl14 dates. If you go to the Western
Negev, which is also about 10 km or 15 km away from Qadesh
Barnea, only in a more northwards direction, you have Early
Natufian sites. It's a matter primarily of shifting settlement
patterns from one area to another. That's the reason why our plan
was from the first to work every region to a fine detail, and each
region will be within a distance of 40 - 50 km away from the rest.

ROBERTS: Questions and comments about two of your areas: first
Gebel Maghara - the lake bed environment. Am I right in thinking
that they were Kebaran sites in question and not related
lithostratigraphically to the lake beds?

GOLDBERG: No, they are Geometric Kebaran and they interfinger
with the lake beds.

BAR YOSEF: There are about 14 - 15 Cl4 dates for these sites.

ROBERTS: Apart from the interbedding, have you unambiguous

evidence for the deposits being lacustrine, and I mean by that
geochemistry, molluscs, diatoms, ostracods.

GOLDBERG: No, I don't. There aren't any.

ROBERTS: To come onto the second area, that's the Salibiya area
in the Jordan valley. I'm afraid I find the evidence that you're
presenting particularly for the Lisan sequence a bit thin and the
lake level curve that you've put in hard to swallow. I'll give you

" some pieces of evidence: the last Cl4 date that I know of for the

upper part of the Lisan Beds is 15-16000 years bp, not Early
Natufian. Indeed there is a Cl4 date for gastropods of fluviatile
origin interbedded with Lisan Beds showing that lake levels were
already fluctuating at 17000, so that clearly lake levels were
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already beginning to go up and down pretty radically by then.
The other thing which I find hard to swallow is the idea that the
lake somehow went up again in Neolithic times. A travertine isn't
necessarily a lake bed and I would have thought if it went up that
high then Jericho would be under water.

GOLDBERG: A couple of comments in reply. Firstly, as you
noticed, I did draw fluctuations on the curve for that late glacial
time. Secondly, previous work on the Dead Sea has been a little
bit here and a little bit there, with no really concerted effort ever
to come up with a reconstruction that would interest a Quaternary
specialist, rather than someone who is interested in geochemistry
or some other sub -speciality. As you know a Quaternary scholar
looks at deposits a lot differently from even a sedimentologist, a
different set of glasses are on compared to someone who works in
the Cretaceous. Another problem with the dates is this. If you
look at where the deposit has been dated, it's never really clear
where you are, altitudinally or elevationally. And it's clear that if
you want to construct a curve of lake level, that is height versus
time, it's nice to know the elevation that the dates came from and
this has never really been adequately published. The report will
say 2 or 3 metres below the top of such and such, but you never
really know where the top of such and such is. So until that's
straightened out and the dates are really confirmed, with
precision, as to time and space it's going to be hard to use such
dates one to one. The point we're trying to make, and obviously
we wouldn't push it too far, is the fact that you don't find any
sites between the Geometric Kebaran and Early Natufian in that
whole area is somewhat fishy. Even though every square inch of it
has been walked over, and including the sedimentary traps where
the stratigraphy is clear enough (there are gullies and so on). If
there were something there you'd find it, and there isn't. Next,
the travertines, your last point: these are quite widespread, and
in this particular area I would find it strange that there'd be no
connection between a large let's say 'aquifer nappe' or some kind of
watertable, and the connection with the lake. It would seem
reasonable to me that if you do find these travertines occurring
over large areas with water dripping out of the substrate, that
means the groundwater table was higher. The fact that you don't
tind any of these things anywhere in the early Natufian and the
fact that you don't find them in sites associated with the
Chalcolithic suggests to me pretty strongly that they are somehow
tied to the Neolithic.

ROBERTS: Is this site actually above Jericho, altitudinally?
GOLDBERG: Yes.

ROBERTS: Clearly if you've got occupation at Jericho in PPNB and
in all the other relevant periods you can't have a lake covering the
site.

GOLDBERG: 1 didn't infer that the lake covered the site, I just
said that the groundwater was higher there, which I assume was
connected to the regional groundwatertable, which was, in turn
probably connected to the lake. So I think indirectly you can make
a case that the lake was higher, but it doesn't tell you where the
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lake was, and we never put on the graph where the lake was. I
just said relatively high or relatively low.

BINTLIFF: If I could just go back to that interesting point about
the erosion, with your alternation of phases of activity
(accumulation) and then this erosion. Going through the sequence,
what happens to the material that's being eroded, where does it go
to, where is it redeposited? Perhaps you could illuminate this?

GOLDBERG: I think a large part of it is extremely difficult to
trace. Certain areas are inaccessible, in other words it's very
difficult in this part of the world to check a whole watershed. I
also have to admit I've never been to every place downstream from

the locations that you saw. But I suspect that because some of
these systems are quite long, it just gets deposited downstream
somewhere, but where exactly I don't know. I suppose with Nahal
Zin, right below where the sites occur, the system widens out
quite a bit, and there's probably a lot more seepage, so here a lot
of the material that gets eroded probably gets blown out all over
the wadi. And the same sort of thing happens with Qadesh
Barnea; it just gets washed out, the northern foreland of Sinai is
Guite broad and the gradient more or less shallow. For the Jordan
Valley it is quite hard to tell because the material ends up in the
Jordan river which is inaccessible. For Gebel Maghara it's carried
out into the Plain of Sinai through the exit of the anticline.

VAN ANDEL: On the problem of where the eroded material goes -
this often turns out to be something of a non-problem. [I've
struggled with it in my own area in Greece. It turns out that
when you estimate how much material you might have eroding and
then you look at the area you can spread it over, there's not
always that much for you to have to worry about. 1 was also glad
to hear you adopt a rather 'laid back' attitude about calcareous
concretions in soils. I think they have been placed there by the
Lord to keep us modest about our interpretative abilities. You find
them in lots and lots of places and they seldom make any sense. I
have a number to study, they're all over the Peloponnese, Late
Pleistocene, very abundant and very massive. The you find
younger soils and 1 have some that are 5000 years old, in rainfall
up to 300 mm, and they don't show any concretions whatsoever, in
the same area where their older brothers are thick with it. I think
that some more soil work on these concretions would be helpful,

but right now any interpretation in terms of rainfall creating them
or not is a dicey business.

GOLDBERG: Generally I agree with you, but I think if you look
at present day soil conditions the best you'll find is a fleck of
carbonate 2 mm across on whatever surface you look at of recent
origin. And our concretions are very similar to soils developed in
sandy stuff on the coastal plain of Israel near Tel Aviv, which
gets about 500 mm. I don't want to stick my neck out too far on
how much rain you need, but there's no question you need more

. water to produce them, and a fair amount more.
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PREHISTORIC SETTLEMENT PATTERNS IN THE LEVANT, IN RELATION TO
ENVIRONMENTAL CONDITIONS

Francis Hours

(C.N.R.S., Maison de 1'Orient méaiterranéén, Lyon, France)

Pour étudier la repartition des sites dans le Levant septen-
trional, il a €te nécessaire de dresser un certain nombre de cartes,
qui retracent 1'évolution du peuplement dans la région. Elles re-
prééentent chacune une é%ape culturelle, caractérisée par des
attributs comme l'architecture ou l'e’quipement technique, dont les
limites dans le temps sont fixées par les dates de 14 C disponibles
(données ici en B.P., avec demi-vie courte de Libby, non calibrées).
Autour des sites bien datéé, on a regroupé, éﬁoque par éboque, les
sites dont le matériel &tait suffisamment décrit pour qu'on puisse en
identifier la civilisation.

L'établissement de ces cartes est le résultat d'un travail mend
en commun depuis cing ans par O. Aurenche, J. Cauvin, M.C. Cauvin,

L. Copeland, F. Hours et P. Sanlaville. En ce qui concerne le Levant
septentrional seulement (sud de la Turquie, Syrie et Liban), on a
dépouillé les résultats d'environ 35 prospections publides (voir
carte 2) et utilisé les renseignements oraux qu'un long séjour sur le
terrain a permis d'obtenir. La localisation des 820 points situés sur
les cartes de rébartition repose sur un nombre de références trop con-
sidérable pour qu'on puisse les mentionner dans cette prépublication.
De plus, certaines prospections anciennes doiveht @tre interprétées a
la lumiére de ce qu'on connalt aujourd'hui. Les choix qui en résul-
tent, si on devait les justifier ici, demanderaient de longues ex-
plications, qui ne pourraient pas trouver leur place dans le cadre d'
une communication aussi courte.

De méme, la carte des domaines bio-géographiques actuels
(carte 1), qui sont une des bases dont on dispose pour essayer de re-
trouver 1'environnement passé a été spécialement préparée par
Paul Sanlaville, et suppose également le dépouillement d'un nombre de

documents non négligeable.

Tout cela explique qu'on ne trouvera ici que les résultats d'un
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travail de synthése, dont les références paraftront &ventuellement

dans la publication définitive.
Ces résultats sont exposés sous la forme d'un bref commentaire
des différentes cartes, ces dernitres constituant le document

essentiel.

CARTE 1. Domaines biog€ographiques

En dehors de la disposition en arc de cercle bien connue que la
carte met en évidence, on doit noter que la limite méridionale théo-
rique des cultures séches (le Croissant céréalier) peut avoir des
extensions vers le sud, soit le long des vallées (Euphrate, Balikh,
Khabour), soit dans l'enfilade des '"montagnes de la zone steppique"
(Anti-Liban, Qalamoun, Dorsale palmyrénienne, Jabal Bichri, Jabal Abd
el Aziz, Jabal Sinjar), soit dans des niches écologiques trop peu
étendues pour figurer sur une carte a si petite échelle (dépressions

ou oasis comme Palmyre et E1 Kowm).

CARTE 2. Prospections effectuées en Syrie et au Liban

Ces prospections ne recouvrent pas tout le territoire, et sont
d'inégales valeurs. Néanmoins, la cBte, les grandes vallées et le
piedmont du Taurus sont suffisamment couverts pour que cela donne une
idée du peuplement entre 20,000 et 5,600 B.P., encore qu'une étude
systématique des régions situdes entre 1'Euphrate, le Balikh,
le Khabour et ses affluents apporterait sans doute des données

nouvelles.

CARTE 3. Les sites de 20,000 a 14,000 B.P.

10 sites en 6,000 ans, soit un site pour 600 ans. Les sites
israéliens ne sont pas comptés, et le moyen utilisé pour effectuer
des comparaisons entre les périodes est assez rudimentaire. Cependant,

cela peut donner une vague idée des mouvements de population.

La fin du paléolithique supérieur est marquée dans le Levant
septentrional, comme d'ailleurs plus au sud, par une indistrie a
dominante microlithique: 1le Kébarien, qui commence peut-étre un peu
éprés 20,000 B.P., et se termine vers 14,000 B.P. La région semble
alors peu peuplée. A l'exception du Nahr el Homr sur 1'Euphrate, les

sites se concentrent plutdt en bordure des massifs montagneux, Liban

et Anti-Liban.
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CARTE 4. Les sites entre 14,000 et 12,000 B.P.

14 sites en 2,000 ans, soit un site pour 142 ans.

Durant ses 2,000 ans, la Syrie et le Liban, comme Israel et

peut-étre aussi le Zagros, sont occupés par des populations utilisant
des géométriques. Localement, cette civilisation a recu le nom de
Kébarien géométrique. On peut y reconnaltre des faciés variés, dont

l'existence est sans doute facilitée par l'isolement géographique des
groupes humains. Tout en restant faible, le peuplement augmente de
fagon significative, et s'étend vers l'intérieur, en particulier le
long des montagnes de la zone steppique occidentale. C'est a cette
époque qu'apparaissent les premiers indices d'un changement dans le

genre de vie: cabanes construites, sépultures, mobilier lourd.

CARTE 5. Les sites de 12,000 a 10,300 B.P.

16 sites en 1,700 ans, soit un site pour 106 ans.

La civilisation qui domine dans lé Levant est le Natoufien.
Cette fin du pleistocéne, considérde comme aride, voit une légere
augmentation du nombre des sites, qui semblent avoir reprééenté
parfois de véritables villages: Sables de Beyrouth, Saaidé II dans
la Beqaa, Abu Hureyra et Mureybet sur 1'Euphrate. Le peuplement
reste cependant du méme ordre que dans la période précédente. La
répartition des sites, souvent en rapport avec la presence de l'eau,

refléte ce que l'on conna®t par ailleurs de 1l'aridité de la période. §

CARTE 6. Les sites de 10,300 a 9,600 B.P.

10 sites en 700 ans, soit un site pour 70 ans.

Vers 10,300 B.P., l'outillage change: 1les faucilles se multi-
plient, les pointes de fléches apparaissent. En méme temps, les
premiers indices d'agriculture se manifestent. Cela correspond au
Protonéolithique et au P.P.N.A. de Jéricho. Avec la conquéte de
territoires nouveaux, comme la vallée du Qoueiq, la population semble
continuer a s'accroftre. Mais le phéhoméne serait sans doute inversé
si on pouvait isoler tous les sites existant seulement entre 10,300
et 10,000 B.P., qui ont déja un outillage différent de celui du
Natoufien, mais dont le genre de vie ne semble pas encore avoir
changé par rapport a ce dernier. Ce sont les plus nombreux, et la

population paraft régresser a partir de 10,000.
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Il est tentant de mettre le passage de 1l'économie de pré&dation

3 1'économie de production en rapport avec les variations de climat
du début de 1'holocene, mais ces rapports ne sont pas évidents. D'
autre part, sauf a Nachcharini dans 1'Anti-Liban, les montagnes
semblent vides, ce qui peut s'interpréter comme une recherche des

terres arables.

~

CARTE 7. Les sites de 9,500 a 8,600 B.P.

6 sites en 1,000 ans, soit un site pour 166 ans.

Aux environs de 9,600 B.P., l'outillage change a nouveau, ainsi
que l'architecture. Les cabanes de plan rectangulaire et a murs
rectilignes remplacent les huttes rondes. En Palestine, d Jéricho et
a Beidha, cela correspond au début du P.P.N.B. En Syrie, cela se
tr-aduit par une dimunution sensible du nombre des sites, ce qui pro-

7/ 7 e 7/ £
longe le mouvement amorcé dans la periode précédente.

Le phénoméne reste a expliquer, mais on doit constater que les
rapports entre les débuts de 1'économie de production et les mouve-

ments de population ne sont pas ce qu'on pourrait attendre.

CARTE 8. Les sites de 8,600 & 8,000 B.P.
53 sites en 600 ans, soit un site pour 1l ans (en comprenant les

36 sites portés sur la carte 8 bis).

L'outillage lithique ne change guére et, de ce point de vue, on
se trouve toujours en présence du P.P.N.B. Mais sur l'Euphrate a
Bougras la céfamique apparait, de méme qu'en Anatolie a Gatal Hiytlk.
Le site de Ras Shamra est occupé pour la premidre fois. La haute
vallée de 1'Oronte, dans la Beqaa libanaise et jusqu'a Homs en Syrie,
voit se multiplier les traces d'une industrie de petites dimensions,
connaissant faucille et tdte de fléche a pédoncule: le "Néolithique

des Pasteurs". Elle est placée & cette date, de facon un peu con-

jecturale (carte 8 bis).

; Meme si 1l'on ne tient pas compte du Néolithique des Pasteurs, le
population est en augmentation.

CARTE 9. Les sites de 9,600 3 8,000 B.P.

g - -
Recapitulation des cartes 7 et 8, plus les sites qu'on ne peut




pas placer dans le temps de facon plus prééise, mais qui sont certain-

ement a leur place en 7 ou en 8.

92 sites en 1,600 ans, soit un site pour 17 ans (en comprenant
le Néolithique des Pasteurs, carte 8 bis).

Si on ne dispose que de la typologie sommaire de 1'industrie

lithique pour apprécier la date d'un site, il est impossible de pré-
ciser si on se trouve dans les débuts ou & la fin de ce qu'on appelle
le "Néolithique Précéramique B". Cela explique qu'on ait regroupé

sur cette carte 9 tous les sites attribués a cette phase culturelle.

Les fluctuations du mouvement de la population en sont un peu

% o , ” ; d :
estompees, et il en resulte 1l'impression d'une augmentation continue

du nombre des sites, en méme temps que celle d'une certaine colonisa-
tion de la steppe. Les villagessemblent s'aventurer en dehors de ce
qui constitue de nos jours le biotope favorable aux céreales. Est-ce

dd a des changements de climat?

CARTE 10. Les sites de 8,000 a 7,600 B.P.

30 sites en 400 ans, soit un site pour 13 ans.

Cela correspond a la généralisation de la céramique, présente
désormais partout. A partir de cette époque, les renseignements
publiés par la plupart des archéblogues ne concerneront plus que cela.
C'est d'ailleurs un critére commode, car la céramique n'est pas uni-
forme. Sur la cOte, depuis la Cilicie jusqu'd Byblos, et a 1'intér-
jeur jusqu'a 1'Euphrate, on rencontre une céramique non peinte
lustrée, dont la pite est de couleur plutdt sombre, a dégraissant
minéral (Amuq A). Sur le haut Khabour €galement, la ceramique est
lustrée, sombre et non peinte, mais est épaisse et le dééraissant est
végétal (Altmonochrom). A El Kowm, sans doute en relation avec ce
qui se passe a l'est, elle est de couleur claire, 3 décor peint en
rouge. Que ce soit & E1 Kowm ou sur la cOte libanaise, la céramique
s'accompagne d'une "vaisselle blanche'" de chaux ou de plitre. Les
montagnes de la zone steppique occidentale marquent la frontiére

L - . .
entre ceramique peinte et non peilnte.

I1 y a donc des traditions techniques qui différencient

plusieurs groupes.

Par ailleurs, le schéma de répartition des sites ne change guere.
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CARTE 11. Les sites de 7,600 & 7,000 B.P.
49 sites en 600 ans, soit un site pour 12 ans.

L'équipement domestique, sur la cote, ne change guére. Cepen-
dant, des modifications dans le décor de la céramique permettent de

distinguer 1'Amuq A de 1'Amug B. Le trait le plus frappant est la
transformation qui s'opere dans l'implantation des sites. Le sud est

pratiquement déserté, tandis que les collines de piedmont du Taurus

se peuplent. Reste 3 savoir si cela est df d un changement dans les

conditions de l'environnement.

Sur le plan culturel, on assiste aux premiers contacts entre les
entités définies par leur céramique. L'influence anatolienne se fait
sentir en Cilicie, et péndtre timidement jusque dans le Qoueiq. La
céramique de Halaf, 2 ses débuts sur le Khabour, se rencontre jusque

sur le Balikh. La vaisselle blanche pénétre dans 1'Amugq.

CARTE 12. Les sites de 8,000 & 7,000 B.P.

Récapitulation des cartes 10 et 11, plus les sites qu'on ne peut
attribuer de fagon précise au début ou a la fin du VI® millénaire
B.C., mais qui sont sflrement en activité a cette époque.

95 sites en 1,000 ans, soit un site pour 10 ans.

Il arrive que les renseignements fournis soient trop vagues pour
qu'on puisse rattacher un site a 1'Amuq A ou a 1'Amuq B. C'est pour-
quoi on a regroupé tout ce qui concerne le néolithique céramique pré
Halaf sur la carte 12, Comme pour la récapitulation du P.P.N.B.
(carte 9), des nuances sont ainsi évacuées, notamment le moment de la
conquéte du piedmont taurique entre 7,600 et 7,000 B.P. Mais cela
permet de mieux percevoir les zones de peuplement: la Cilicie,
1'Amug, la cSte syro-libanaise, la Beqaa, la vallée du Qoueiq et le
Khabour. Les oasis: Damas, Palmyre, E1 Kowm semblent avoir perdu

de leur importance.

I1 semble que, durant ce millénaire, les populations désormais
-dépendantes de 1'agriculture pour la plus grande partie de leur sub-
sistance recherchent des terres arables dans les vallées et les
bassins alimentés par des rividres de débit moyen. Les grands
fleuves comme 1'Euphrate ou les régions moins humides comme les oasis

paraissent moins attractifs.
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CARTE 13. Les sites de 7,000 & 6,500 B.P.

184 sites en 500 ans, soit un site pour 3 ans.

On assiste a une veritable explosion démographique: c'est la

7oy / .
periode la plus peuplee du Levant septentrional avant la "révolution
urbaine". Mais le schéma de réﬁartition des sites ne varie gudre:
ils restent groupés dans les bassins et les vallées débendant de

rividres moyennes. Il est tres vraisemblable que 1'image fournie par
les renseignements dont on dispose aujourd 'hui serait modifide si on
connaissait mieux ce qui se passe alors sur les affluents orientaux
du Khabour.

La conquete des pentes du Taurus se poursuit, et certaines

grottes sont réoccupees (indice de transhumance?).

Sur le plan culturel, deux ensembles se distinguent assez nette-
ment. Au nord, sur les collines qui bordent le Taurus, la civilisa-
tion de Halaf s'étend a 1'ouest jusqﬁ'é 1'Amuq, et méme dé facon
atténuée jusqu'en Cilicie. Cependant cette derniére région commence
3 basculer dans l'orbite anatolienne. La dernidre trace méridionale
de céramique halafienne se trouve sur les bords de 1'Oronte, dans un
petit tell en bordure du lac de Homs (Arjoun). Par contre, le Liban
échappe & l'emprise de Halaf. Sur la cOte, la céramique non peinte
persiste seule, avec un outillage lithique un peu différent, compor-
tant en particulier des haches 3 taillant rond poli, qui permettent de
rattacher a cette époque les nombreux ateliers de débitage qu'on

trouve en Beqaa et en Galilée.

CARTE 14, Les sites de 6,500 & 6,100 B.P.

71 sites en 400 ans, soit un site pour 5 ans.

L'occupation de 1'espace marque un temps d'arret. Les pentes du
Taurus se vident. Ailleurs, les regions habitées restent les mémes,
mais les villages sont moins nombreux (sauf dans le bassin de

Jabboul?).

Dans le nord, la civilisation de Ubaid, née 1,500 plus tdt en
Mééopotamie méridionale, se fait sentir jusque dans 1'Amuq et a Ras
Shamra, tandis que la Cilicie participe 3 1'évolution de la céramique

du bassin de Konya. Au sud, le néolithique de Byblos arrive a son

. . . L
terme, avec un outillage lithique rénov€, caracterise par de grands
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ciseaux a taillant droit, qui va durer longtemps.

CARTE 15. Les sites de 6,100 & 5,600 B.P.

54 sites en 500 ans, soit un site pour 9 ans.

Par rapport a la période halafiemne, le retrait de population

reste sensible. Les aires d'occupation donnent l'impression de se

~
refermer sur elles-memes. Avec quelques nuances originales, la
Cilicie fait maintenant complétement partie du domaine anatolien. A

Byblos et sur la cdte libanaise reégne un chalcolithique tres parti-
culier, différent de 1'Amuq E, a Ras Shamra et dans la région d'

Antioche. Sur le Balikh, on ressent encore 1l'influence de Ubaid.

L'élément neuf est que, a Byblos comme dans 1'Amuq et & Ras

. s
Shamra, l'usage du cuivre fondu et forgé est attesté avec consistance

o\ .
pour la premiere fois.

CARTE 16. Les sites de 6,500 & 5,600 B.P.

Récapitulation des cartes 14 et 15, plus les sites qu'on ne peut
pas placer avec certitude dans l'une ou l'autre phase, mais qui
datent surement de cette période.

148 sites en 900 ans, soit un site pour 6 ans.

Bien que cette synth®se des sites attribuables & ces 900 ans
donne naturellement un nombre d'établissements plus élevé que la
somme des cartes 14 et 15, la tendance au retrait par rapporté Halaf
reste perceptible.

Les ensembles culturels restent les meémes: Cilicie, Amuqg, nord
de la Syrie, cSte libanaise. Mais une nouvelle entité est mise en
évidence, celle de la Beqaa, dont la céramique se rattache 3 celle de

Palestine.

Si le Levant, ou 1l'influence de Ubaid arrive tardivement et
attéhuéé, ne connait pas un grand développement a cette époque, 31
faut en revanche se rappeler que, soit au sud, avec la naissance de
1'industrie du cuivre, soit en Mésopotamie, on est en présence d'une

. L S . .
expansion caracteriseée. On a l'impression que le centre de gravité

~de la civilisation s'est déplacé depuis 6,500 B.P. et que, a partir

de ce moment, c'est ailleurs que s'effectuent les progrés de 1'

* /7
humanite.
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EVOLUTION DE LA DENSITE DES SITES DANS LEVANT SEPTENTRIONAL ENTRE 20,000
ET 5,600 B.P.
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Kébarien |

14 000

— -

Kebarien géomeétrique

L2V
\\\V\\\\\‘ T

12 000
Natoufien i
10300
oy // P.P.N.A.
8600 ’ P.P.N.B.1 i
8000 ’////////////III// PP.N5.2
7 600 KLLLLLLLLLLLLL q A m
7000 K ///////I/////l Amuq B |
6500 // Y/ ///////////4 Halat ] v
6 100 / _ . Transition Halaf-Ubaid ]V
5600 Ubaid, Chalcolithique




EVOLUTION DE LA DENSITE DES SITES DANS LE LEVANT SEPTENTRIONAL ENTRE 20,000 et 5,600 B.P
SUIVANT LES ETAPES CULTURELLES
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CONCLUSION

Le phenoméne le plus apparent qui ressort de l'analyse de
rébartition des sites en Syrie et au Liban est 1l'accroissement du
nombre des installations, et la prise de possession progressive du
territoire. Mais le mouvement n'est ni uniforme dans 1'espace, ni

continu dans le temps.

Dans l'espace, il se limite au triangle formé par la Méditer-—

ranée, les avant-monts du Taurus et la ligne intermittente des mon-
tagnes de la zone steppique. Encore, a 1'intérieur de ce triangle,
les hauts sommets sont-ils délaissds. Il n'y a rien 1a que de
naturel: c'est, en gros, la partie habitable du Levant septentrional.
Notons que nous connaissons tres mal ce qui se passe dans le désert,

/s . gty s_ s, 7
au sud de la région ainsi délimitée.

Dans le temps, l'accroissement du nombre des sites est marqué
par des accidents relativement importants. C'est d'abord le saut qui
accompagne l'arrivée du Kébarien gédmétrique (14,000-12,000 B.P.):
de un site pour 600 ans a un site pour 142, alors que le genre de vie
reste a peu pres identique. C'est ensuite la régression, et cela est
plus surprenant, qui marque la fin du P.P.N.A. et le début <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>