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Figu res

2.r Map ofEgypr liom (a) Luxor to the
Medíterranean and (b) Kerma to
LLxor, showing locations ofthe know1r
ancicnt hard-slone and soft stone

2.2 Map of Eg}?t ftom (a) Luor to the
Meditenanean and (b) Kerma to
Lùxor, showìng locations of quarries
and probable ancient sources of

2.3 ceneralised geological map ofthe
Aswan area, showing locatjons ofthe
giìnite, quafizite and sandstone

2.4 Th€Eighteenth-Dlnasty'unfinish€d
obelisk in the quanr for coarse pink
granjte aì Aswan (photograph courtcsy
ofjim Harell).

2.5 Greco Roman extiìciion marks in ihe
quarry for coarse pink granìie at
Aswan (photograph cou(esy ofjim
HaÍell).

2.6 Quartzìte quarry at Gebel Gulab near
Aswan, ùom which the neà ry
unfinished obelisk of Seti I was
extracted (phoiograph coudesy of Jim
Harrell).

2.7 Figue showing IUGS classification of
plutonic rocks (alier Streckeisen r973).

2-8 Basaltquarry atwidan el-Faras in the
Norlhern Fal'ùm (photognph courtesy
ofJim Harrell).

2.9 Pegmatitic diorite quarry in Wadi
Umm Shegilat, Eastern Desed
(photograph coùdesy of lim
Harrell).

z.ro Part ofthe Geìrel el-Asr gneiss
quarries: the so.called'great or
'chisel' quarry is in the foreground
(photograph courtesy of lim
Harrell).
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z.rr old Kingdom bowl caned from
the lighter coloured anotlosiie gneiss
with streaks and speckles (Ashnolean
r896 r908 E.404, Fourth Dynasiy,
from MaJtaba A (Kaimenu) at Elkab
(ieproduced courtesy of the
Ashmolean Museum, Oxford).

2.r2 Tonalite gneiss quarry at Mons
Claudianus, Eastern Desert
(photognph cou4esy of lim HaIIell).

z.rl Granodiorite statue ofan oficial,
Twelfih Dlrasty, fiom Aùìribis iBM
EAr2lTi phologiaph coutesy ofthe
Trustees ofthe British Museum).

2.r4 Limestone qùarry in Wadì
Zebeida near Amarna (photograph
couitesy ollim Harrell).

2.r5 Pilars insid€ an undergroùnd
limestone quarry at Qau el-Kebir
(photograph coutesy oflim Halrel).

2.16 Limestone quarries at Qau el Kebir
(photograph coutesy of Jim Harrell).

2.r7 Limestonequarry at Beni Hasan
(phoiograph coùÌ1€sy of lim HarreÌl).

z.r8 Limestone qùaÍy ai el-Sawayia
(photograph courtesy otlim Harrell).

z.r9 Limestone breccia staiue ofthe
hippopotamus-goddess Taweret, Late
P€rìod (BM EAl5Too; photograph
coudesyofthe Trustees ofthe Bdtish
Museùm).

2.zo Gebel Dokhan (Mons Poryhyrites),
Eastem Desert, with the south\ryesi
quarries and west quaníes fiom which
the pùÌ?lish-red'imperial
:ìndesite-dacite porphyry was extncted
(photogaph courtesy of lim Harrell).

2.2n Andcsite porphyry vessel, late
Predynastic or Early Dynastic period
(BI\ .4 LAJiJo4:p\orog'rpl  .  oLrpsv of
the Trustees ofthe British Mus€nm).
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2.22 Sandstone qùarry on the eastbank at
cebel el-silsila (photograph courtesy
oflim Harrell).

z.z3 Sandstone quarry at Nag el Hoch
(photograph courtesy of lim Harrell).

2.24 Sandstone qu3rry at eÌ-Ma]llamid
(photognph courtesy of lim Harrell).

2.25 Siltstone-gre'.íacke quarry in Wadi
Hammamat, Eastem Desert
(photograph coùÌ1esy of lim Harrell).

2.26 The main h'aveÌ-tine quarry at Haùrub,
Eastem DeseÌ1 (photognph courtesy
oflan shaw).

2.27 Travefine quarry in w,ìdi cerrawi,
Eastern Deseri (photograph couÌtesy
ofJin Harrell).

2.28 oneofnumerous small quaries for
calcareous tufl. and tuffaceous
limesrone on cebel Manzal €l-Seyl,
Eastem Desert (photograph courtesy
oflin Harrell).

2.29 Turquoise mine at Serabit el,Khadim,
Sinai, with a rock-cnt stele ofthe
Twelfth'D)'iasty ru1er tuÌ.eremhat III
iust above Lhe entrance (photogaph
coudesy oflan Shaw).

2.lo Scene ftom the tomb olReld:ìmira at
Thebes (TTroo), showing sculptors
polishing and inscribing colos$l
siatues ofThutmose III (after a
water-colour by Norman de cais
Davies, 1927t coutesy ofthe
Metropolìian Museum of Art, New
York).

r .  The relrr i \e propodrons of(  J).  . i l r .  \
and sand in samples ofbrickand soil
from Amama and Easi Kamak (after
French r98r, r984) (dlawinsby Bany
Kemp).

].2 Brick data from three buildings of
Amenhotep III: sites E and K at
MaÌkata, and Kom el 'Abd to Lhe south
ofttrese (basedona study by lohn
McDonald for the University Museùm
ofPennsylvaniai (dmwing by Banf
Kemp)
Point scatter of sample brìck sizes
from the Eaù D}11astic pedod, Middle
Kingdom and Late Peiod. Each point
represents averàCe (orapproxrmatel
measurements (after spencer r979a:
pr 4rt .
The laying ofbricks. (a) features ofa
mud bickwall ofthe New Kingdom;
(b) pattem ofbricldaing to achieve the
niched laqade eFect, Early Dynastic

Period, Hierakonpolis (after weeks
r97r-2); (c) palt ofthe enclosurewaÌl
ofthe North Riverside Palace ai
Amarnar (d) side waI ofa buried
portion ofa ramp at Amama (Kom
"l-Nana,.  {(  )  Jnd rd) are reproduc"d by
permission otthe Commitiee ofthe
Eg'"t Er?loraiion Society. E9

1.5 A common medÌod olmaking the
steps ofa staircasewas to use bricks
laid ontheir edge, as at ihe
Ramesseum (after Thorel 1976: 5o). 90

t.6 Section of niched 'palace-fa6ade'

bdckwork at First Dlrasty tomb l5o7
at Saqqara (rcproduced by permission
ofthe Committee ofthe Eglpt
Er"loration Society). 90

3.7 Niched brickwork on the
Second Dtîasty 'funerary palace' at
Abydos, the Shunet el-Zeìrib. 9r

1.8 Uses ofspread mùd layers. (a) in a
boat slipway at Mirgissa, Nubia (after
Vercoutter r97o); (b)as a roofcovedng
in a reconstruction of roof design at
Amenhotep III'S palace at Malkaia,
site E, square af2r G97l excavations of
tàe University Museum of
Pennsylvania). 9l

1.9 Bdck vaults and domes. {a) the earliest
example, which covers a subsidiary
burial at Saqqara tomb t5oo, First
Dynasry (aftei Emery 1958): (b)bdck
vaulting at the Ramesseum with
alternate pitching for double or
multiple vault layers (after Thorel
r976)i (c) a detaìl ofthe saúe,
showing the grooved surfaces ofihe
vaulting bricks: (d) domed bdck chapel
at the Fowth Dynasty tomb of Seneb
at ciza (after Junker 1944. 95

ì ro Briù!"uì l ingal the magaTrnes bcs'de
the tempÌe ofseti I at Abydos. 96
Architectural mouldings in mud. (a)
ribbe4 íanlted roofin a Foudh Drnasty
chapel at Giza which used specially
moulded h,icks (after Fisher 1924); O)
moulded mud panels tued to a Third
Dynasty tomb fagade (no.loTo) at
Saqqara by wooden pins (after Em€ry
1968); (c)archers' loopholes in the
fortress wall at Buhen, TÍ,e1lth Dynasry
\arter Emery et at. t97ù; (d) composite
column from building R4r.5 atAmama
(drawing by klph tàvers, reproduced
by permission ofthe Committee ofthe
Eg)"t E),?lontìon Society)r (e) parapet
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5.4

5. r
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moulding lor an omamentalpool at
Maru-Aten, Amarna (afier Peet and
woolley r92l: rr9, fig. r9, pl. )aXXVll):
(f) and (e) cornice lnouLdings ftom Dcir
el-Medina (afier Bnyère r926).
Part ofthe lower nmparts ofthe
Twelfth-Dynasty fortress at Milgissa,
Nubia (rcproduced ftom Vercouttcr
r97o, pl .  Vl l l l , ) .
New Kingdom and t.ate Period
ramparts. (a) secrion through lhe
cnclosurewall at Medinel Habu (afÌer
Hólscher r95t; O) sketch ofpresewed
bíck crenellations at the Late Period
fortrcss on Dorginàrti lsland, Nubia
(a l ìe r  Knudstad  r966:  p l .  )a \ l va) ;  (c )
plan olone coursc ofbdcks and
timber beams in the enclosure waÌl of
the Moniu temple at Karnak (after
Chdstophe r95r:pÌ.  VI) ;  (d) plan
ofthe foundatiorl briclrork at the
north corner of the Montù temple at
Karnak, buìlt over earlier constructions
(afier Christophe r95r: pls. XVI, XVII);
(e) reconstruction ofthe centre ofthe
east side ofthe Thitieth Dynasty
enclosure lvall at the Amun temple at
Kam.rk (after colvin and Hegùy
r99l) .
c€llular brick foundation platlorm for
thc Palacc ofAprjes at Memphis,
viewed to the north. The cellular
chamb€rs were originally domed.
A section ofthe Late Perìod \
pan bedded enclosurewall at the Kom
€l-Sultan, Abydos, built over house
walls ofthc old Kingdom.
Handle ofNew Kingdom amphora
ftom Memphis (photograph by P.T.
Nicholson, rcproduced by courlersy of
lhe EglTt Exploraiion Society).
Axonometric reconsiruction of
Workshop 2 at'A)'ll-Asil, Dahhla
Oasis. First Intermediate Period.
(Soukiassian st cI r990, ftontispiece,
courtesy of ceorges Solrkiassian).
Poter from the Fifth-Dynasty tomb of
Ty at Saqqara (drawing by U. Gerner
afier photognph).
Middle Kìngdom Rask ftom Diospolis
Palva (Firzwllliam Museum,
E.8.1.1899, drawìng by w. Schenck
vith th€ origìnal puLrlished dralving

faìrrìc descdption sheet,6lcd ìn for
the example ofNile B2 (photographed

in Figurc 5.6a). Eighteenù Dynàsry,
from Memphis.
sherd breaks photographed rhrough
the microscope: (a) Nile 82 i 20
magnlfication, d€scrìbed in Fìgure 5.5.
(b) Marl D x 30 magnification. Both
ftom Memphis. (photognph courtesy
of l .D. Bourr iau).
Photographs olthin'sections: (a) Nile
B2 from Memphis. Taken ùnder PPL.
(b) Marl D from Memphis. Tak€n
under XPL (Bouriau and Nicholson
r992: corour pr.  3a).
Compositional data: twenty-iwo
elemental concenbations for rto
sanples olNile silt fabdcs ard r9l
sanples of Marl clay fabrics (from
Bellido rt ril. forthcoming).
Dendrogram showìng results ofXRl
analysis of pottery ftom 'Ayn Asil
(after Ballet and Picon r99or Figure
18. Reproduced with permissìon).
Scenes úom tlìe Thebrn tomb ofthe
Eighteenth Dynasty vizier Rekhmira
(TTroo), showing metalworking,
including the casting oftwo bronze
doors (after Davies r94l: plate 52).
Scen€s ftom theTheban tomb of
Puyemra (Tr]9), showins
metalworking (aft€r Pusch r99o: 69.

Plan ofthe cross shaped smelting area
at the Delta site ofQantir (after Pusch
r99or Abb. 2; drawing reproduced
courtesy of excavation Qantk and l.
xtang).
Scene ofgold processing in the
Ramessíde tomb ofKha'y, gold
washer ofthe treasury ofPharaoh', at
Saqqara (after Martin r99I: 69. 9o).
Rcconshuction of the smelting process
used by Ram€sside metal workers a1
the Delta site ofQantir (after Pusch
r99o: Abb.4; drawing reproduced
courtesy ofexcavation Qantr and l.
(-trns).
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7.r A scene ftom the tomb oflbi, chief ".

steward ofthe divine adoratrice in the r

time ofPsamtek I at Thebes (TT16; ..
664 6ro BC) (afterDavies rgor: pl. 25).

7.2 one ofthe kilnpìts discoveredin
Locus 14 at Abydos by the excavations
ofihe joint expedition ofthe
University of Pennsylvania Museum,
Yale Universit aad the InslìiÌrte of
FineArts, New York Universiiy (see

t.5
r27



l jg.  7.1:photograph courtesy of
Matthew Adams).

7.1 One ofthe Locus 14 kiln pìts at
Abydos, att.r e'cavalion (ìooking
south - see Fis. 7.2) (phorosraph
o L r  e s \  n f U r  \ e î  h  o r  l F n  J l \ a r  J

Mùseum and Matihew Adamt.
7.4 scannrng eledron microscope

phorograph ofa section throush' t s Ì r .  ,  r r ^ 1 ' e . t r L î d T u . r f  h  h  o l
Twenty sìxth Dlnasiy sÀar.i (BM
rAl4o95) (phoiograph couLtesy of
M.S. Ti te).

7.5 The three methods offaìenc€ etazins
(afier Vandiver Ì981: A14s).

7.6 Scanning --lectron microscope
photograph ola secrion lhrough
lalence gìazed by effìorescence. trom
an Elghie€nth-Dynasry vesset
excavated at Amama (perrjc Muscum
UCI o r5t; photograph courresy of rhe
Petrie Muscum of Egyptian
Archacology, Universjty Colege
lrndon and M.S. Ti te).

7 7 S.rnnìng cled"n miLros."p€
Inorograph oi  r  sedjon rhrough
ta'€nce glazed by cementation,lrom a
Tsenry fiLSt Dynasry sralr,t (BM
RLr 6l2l :  photograph couricsy of M.S.
Tite).

7.8 Sca.ning elechon microscope
photograph of .r section throueh
faicnce glazed byappticaLion, irom a\
Laie period srarrr (BM RLr6122l
phorograph courtesy of M.S. Tire).

6.r Pehie s recon struction of rh c
grassmakìng process (after petrje
rE94: plate XI l l :  62).

E.2 l(i]n I at sire O4t.r, Amama
(rcpÌnduled couresy ot r t ,e Eeypt
ExplorJtron Sorjerv)

ó.1 Schcmatìc cross sedion throueh the
reconstructed furnace and schematic
diagram showing rhe complicated
pattern ofbrickwork jn ,kitn 

l,
(drawing by Ian Dennjs).

E.4 Making a glass vess€t by the core
Ìormrng process (drawjng by Sal and
Barbje carfi).

6.5 Scanning clectron mjcroscope
photograph of'Egyptian blu€' ftorn a
Roman mosaic ofthe second century
AD (E,B14r22j couÌ.tesy ofthe TÌusrees
of the British Muscum and professor
M.S. Ti ie).

8.6 Photomicrograph of crlcìum antjmon-

F i c | J R E s

ate crysrals ìn opaquewhire fourte€nth,
c€nrury Bc Egyprian glass (magnifica
úon x 25oo) (phorograph couriesyofl.
denderson).  zo8

8.7 Photomìcrograph of lead antimonare
crystals in opaque yelìow fourteenth_
century BC Egyptjan glass (maenifica-
tion x r oo o) lphotograph coLrrtisy of I .
Henderson).

E.8 Xray spectrum for an opaque white
glass trom Amarna showing X-ray
p p " t .  a L , . \ e  ì r l r ( k g r o  r o ( J r r w i n e  r v I
Henoerson).

8.9 x-fày spectrum for an opaque yeìlow
glass irom Amama showingX-ray
peaks above background. fdrawjns try
Ì. Hcnderson).

ò.ìo X ray spectnÌm loran opaque btuc
glass fiom Amama showing X ray
p e à r . " L o v ,  b r . I g , o L n d  l d r . s  . g b )  J .
n€ndelsor)

E.rr X-ray sp€ctrum tora translucenr blue
gÌass fiom Amarna showing X,ray
peaks above background (drawìngby J.
Henderson).

ò.ì2 Schematic diagram (section) ofan
eleclLon mLroprobF (drasrng b) I .
henoerson).

E.rl A bivariate ptor ofweighr percent of
potass'ùm oxide (K,o) versus weight
percent magnesia (MgO) in glass
samples dating to between the
fificenth and iwetfth centudes BC
from Pella (loldan), Telt Brak (sydr),
Amarna (Egypt) and Minoan samptes
irom Cret€. The relative magnesia and
potasslum oxlde levets of some gtasses
trom Europe (ofthe eteventh to
scventh centudes BC) are atso ptotrcd
(drawing by l. Henderson).

9.r The stems and flowcrheads ofpapyrus
planrs (photograph courtesy of Bridger

9.2 Stages ofpapyrus manutaclure.

2 t )
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(pìotograph.counesyofBridgetLeach). 2Jz
9.1 Vi€ws ofeach e,rd ofthe creenfietd

Pap)lus.(BM EAro554: the papyns of /Nestanebrisheru, Third Intermediare
Period; couresy olthe Trustees of The
Briijsh Museum). 4,

9.4 Scene ofpapyrus gatherins ftom the
tomb ofSenbi,s son UL\ totep at
Meir, Middle Kingdorn (after
Blackman r9l5.r :pls.  I  41. zJ5

9.5 ]1ìe Papyrus of Nesmin (BM
EAror88/14, Late p€riodj see euirke
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9.7

9.8

9 9

r o . l
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r99l:49);  the sh€et ioins areùsib1e
when it is se€n ihrough transmiited
light (ieproduced counesy ofihe
Trustees ofthe British Museum).
A papyrus b€aring a liturgy in hieratic
(BM EAro819, Éighteenth Dynasty),
which has been subject€d to insect
attack while rolled (reproduced
couÍesy of the Trustees ofthe Brilish
Museum).
'Made up'or 'false papyrus rolls,
some wrapped in iinen (BM,
unregisteredi reproduced courtesy of
the Trustees ofthe Bdtish Museum).
-rhe Papyrus of Nesmin (BM
EArorS8/,4, Late Period). Photograph
taken in r9E8, prior io conseration
(r€produced co rtesy ofthe T stees
oÎthe Bitish Muscum).
Papyrus be:ìring Coffin Texts
(BM EAro676/24, Middle Kingdom).
Pholograph (a) shows it inside a
mount, which has developed a bloom
on rhe inside ofthe glass. Photograph
(b) shows ii arter the mount has been
dismanded, with the bÌoom on the
glass corresponding to the oudine of
thc papyrus (reproduced courtesy of
thc Trustees ofthe British Museum).
Baskeiry techniques occuÍing in
Esypt: (a) coiline, (b) weaving, (c)
tvining. (d) plaitins, (e) sewn plaìts, (q
looping around a core (c)
ìooping/1(notless netring, (h)
pielcing/sewing, (Ì) bindìng.
Neolithic coiled basket fiom rhe
Fayum (reproduccd from
Calon -rhompson and Cardner r9l,1l

Construction drawing ofthe bindìng
rechnique ofihe basl€try coffin found
at Tafkhan (displayed in room R/Urr
ofthe E$?tian Museum, Cairo,

Weavìng patterns occurring mosi
frcquently in ancieni Egyplian
furnìture matting: tabìrì€s and twills
(drasing by w.Z. Wenddch)
Eramples of twined baskctry (drasing
by w.Z. wenddch).
Examples of coiled baskelry (drawlng
byw.Z. wendrich).
Mai-maker ftom the tomb of Khcly in
Beni Hasan (BHr7) (dr.rwing by A M
Hense).

ro.8 Representationsof coiledì:asketry,
twined baskelry and othei techniques
(drawing by w.Z. wendrich). z6z

ro.9 Painting ùom the Eighteenth-Dynasty
Theban tomb-chapel ofthe vizier
Rekhmira (TI roo), showing tribule
from Nubia, incLuding twined bags
and coil€d baskets decorated with
coloured winders (after Davies r94l:
pl .  XLII I) .  266

rr.r Model ofa spinning and weaving
workshop ftom the early Middle
Kingdom tomb of Meketia (photoglaph
coutesy ofthe Metropolitan Museum
ofAft, New York). 268

rr.2 Scene shovr'ing the sowing offl;ú fron,
the painted decoration of the Middle
Kingdom tomb of Urama at Sheikh
said (tomb 25) (after Davies, rgor: pl.
XVD. 27a

rr-l Detail ofa wall'pajnting in the
iomb chapel ofDagi at Thebes
( |  r  LoJ),  snowrng rne preLLmìnarv
preFration offfax (after Davies rgrl:
pl. Ka(VIl). 271

rr.4 Diferent methods ofspìnning, as
represenled in the wail-paintings of
vadous Middle Kingdom and New
Kìngdom tomb-chapeìs. 27)

it.t Close-up ofsome fine, warp-làced
cloth decoratedwith aband in red
(madder) and blue (indisotin)
(photograph courtesy of the
Rijksmuseum van oudheden, Leiden). 275

n.6 warp-îaced braids usedon the sìde
edges and lower edge ofa tunic ùom
the tomb ofTutantrhamun (KV62)
(phologiaph courtesy of the Grifith
Institute, Oxford). 276

rr.7 Bird's eye viewofa ground loom ftom
the Middle Kingdom tomb of
Khnumhotep, Benì Hasan (BHliaft€r
Newberry rEgl: pl. XXIX). 27,

rr.8 D€tail ofa paìnting depicting a veriical
loom in the New Kingdom
lomb chapel ofThutnefer at Thebes
(TT 104r;fter Davies r929: fig.I, p. /
z)4). 27i

rr.9 Remains ofa beaded tunic (Cater no
2rd) found in the tomb of
Tutankhamun (KV62) (photograPh
courtesy of the Griflìth lnstìtute,
oxford). z8c

rl.ro Close ùp ofappliqué and embroidery
from a tunic panel, tomb of
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Tutanhamun (KV62) (photograph
courtesy ofthe Stichting Tertì]e
Res€arch Centre, Leiden).

!.ù Vaious seams and hems used in
Pharaonic Egypt (afler original
drawings by G. Vogelsang-Eastwood).

rr.r: A laundry scene depicted in the
Middle Kingdom tomb ol
Khnumhotep at Beni Hasan
(BHl) (af ter Newberry,89t:  pl .  xXlX).

rr.rU Various 'qualíty marks' inscribed on
Egypiian texfiles ofthe Dynastìc
period, all fivc of whÌch are in the
Esptian Museum, Cairo (after an
odginal by G. vogelsang-Easrwood).

r.r4 A lùen loincloth îrom a 'rcctangular

gable-toppeclcofiln' at Deìr el-Medina
(rcprodùced ftom carnawon and
Cartf f  r9r2: 81, pl .  tXÌX:r) .

rr.ri Leaiher lolrÌcloths frorn a New
Kingdom box bcaring the name of
Màiherpri (reproduced fiom Carter
igol : ,+6 7).

rr.16 Mumm) wearing a v,neckcd dress of
th€ sleeveless type (phoiograph
colrtesy ofthe Museum offine Arts,
Bosron).

,r . ,7 old Kingdom V eckeddresswìt l l
sleeves, lrom Asyut (reproduced ftom
Chassìnat and Palanque rgrr:pl .
LXXIl l ) .

n.r8 Long hrnic ftom ihe Ncw KnÌgdom
tomb ofKha at Deir elMedlrìa (TT8)
(rcproduced ftom Schiaparelli 1927:
h c . 6 9 ) .

r.r9 Detail lrom a pàinted $,all reliefir the
Old Kingdom mastri 

 

ofl,lahhotep
ànd Akhethotep at Saqqara, showing a
hunterwearing a knoucd cloàk (after
Dàvies rgoor pl .  Xvl l l )

n.2o Bcddnìg fiom the tomb ofKha (TT8)
ar Deif el-Medina (reproduced liom
Schiapafcl l i  r927: f ig. ,Òt.

r.2r Detaìl from a wall-painting in the
Middle Kingdom tomb of^menemhat
at Beni Hasan (BH2), shownÌg the use
ofa clinh grape-juice strainer (rfter
Newben] r89l:  pl .  xì Ì) .

r .22 Shroud ofAhmose Meri ialnun, who
was probably the wife ofthe early
Fightecnth-Dtnàsty ruler Amenhotcp
I (cairo, Egiptian Museum)
(photog.aph courtcsy ol the
Mehopol i tan Museum ofArt ,  New

r2.r OÌd Kingdom butchery scenes: (a)
Scene ìn lhe iomb-chapel ofPepyankh
at Meir, showìng ihc throat and ìrelly
ofan antelope b€ing cut, th€ sldn
loosened, and the right foreleg
beginning ro be cut off(afier
Blackman r914 53i v, pl. xxXV). (b)
Scene in the tomb chapel ofUserneler
ai Saqqara, showing the front leg and
heaÌi of dìc animal being caÍied away,
and its hide hangÌng from its ib cage
(after Murray r9o4: pl xxll). (c)
S.ene ftom the lomb oîPtahhotep.rt
Saqqara, showìng the slicing and
punmelling ofthe animal s hidc after
lhc removal ofits legs (after Murray
r9o4: pl .  XI)  lor

rz.2 Latc Ejghteenth- or early
Nìneteenih-Dynasty relief from
Saqqara, showing the process of
stretchjng and scraping ofskins
(Berl in,  AM r9782j ahcr Mart in r987:
pl .  21, no. 68).  )oq

rz.l Multicoloured sandal (BM EAt62oo;
drawnìg by C. van Driel-Murlay).

r2.4 Diagramatic section detaìlof
mulii-coloured stdps edging an
arlefact from Amarna (UC 15919;
drawing by C. van Driel"MurÉy).

r2.5 (a) Leather-covcrcd clay cone (Perrie
MLrseum UC 4169 and (b) srìck
woùnd round with rawhide (P€tri€
Mus€um UC 5o58).
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r2.6 Characteristic elements of
Roman-pedod water skins Èom Mons
Cìaudianus (drawings Susan
ìVinterboltom). l ro

Ì2.7 Six segmenl red and ycllow l€ather
b r l  , , , n  F ì  e  q , l q  ( t ,  r . .  V '  s p L  i  U (
lr4l l )  wi lh segment paLtcrn. j t r

r , .8 (a)A saÌrdal (BM EA6l2ì6) and (b) a
'mi lk paì l  (BM ÉA6l22U)both from
Mosiagcdda (drawinss by C. van
Drjel ,Murray).

12.9 L,-ather artefact liom Amana (tserlin,
AM). 3rr

r2.ro Pred)Dastìc sandal liom cebelein with
r€constructed cutting paticrn (Tùrin,
Museo lgìzioi afier Donadoní Roveri
1988: pì.  5).  )r2

r2.rr Egypijan sandals (drawing by C.van
D el-Murray).  } l

12.r2 Basic patterns olEgyptian footwear
(drawing by C.van Driel-Murray). :,r1

r2.rl Green ankìe bools with coloured296
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paherns and cut outs. Composite
reconstruction based on BM
EA4408/9 and AshmoLean
E 24lo (dlawine by C. van
DíelMùrray).
'Ptolemaic red leather shoe with sÌit
ovai upper and eared sole (BM
EA44o2ll) (draNing by c. van
Drlel-Murray).
XRF scans ofthree difiirent pats of
an ankle-boot (Ashmolean E 24to).
Scene possibly d€picting an ivory
workshop in the Eighieenth Dynasty
Theban tomb-chapel of
Menkheperrascneb lfi 86) (after
Davies and Davies rgl l :p l .  XI) .
Flowering twig o{àcacia, Acacia tortilis
sùbspecics raddtr"a, ànd a pod
(drawing by N. Hepp€r).
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15.,6 Edse joinr (dowelìed) (drawins after an

originalby G. Killen). 160

1 6 0

15.rl Cedar of Lebanon , Ced,rus libani,
with mature cone (drawing bY N.
Hepper).

r5.r4 ltalian cpress, C pftssus senpeQtrens,
with scaleleaves, cones and a seed
(drawìns by N. Hepper).

r5.r5 Eastern savin, Jú nipefus excelsa, ir ftrjjr

ldrawingby N. Hepper).
rt.16 Aleppo pine, Pirus halepensis, \rìir},

cones (drawing by N. HePPer).
rt.r7 Scene ofvroodcutterc fiom the

Foulth-Dlîlasty tomb of Sekh€mkara
ar Giza, LG 89 (after Hassan: Il5, fig.
6 0 ) .

r5.r8 Scen€ in the Sinh.Dlnasty tomb of
Iteli at Dishasha, showing cnftsmen
c1€aving a ùee trunkand olher timb€r
conversion processes (after Petrìe
r89Er pl. XXI).

r5.r9 Pllvood consiruction on a cofin
foùnd in Galler' V under the easiern
pat oftheThird Dynasty Siep
Pyramid of Djoser at Saqqara (after
Lauer rgl l :  r64).

r5.2o Scene in the Middle Kìngdom tomb of
the nomarch Amenemhat at Beni
Hasan (BHz), showing craftsmen
steam bending tjmberbows lafter
Newìr€rry I89l: pl. Xl).

r5.2r Scene showing a caryenter iurning
wood on a lathe, fÌom the early
Ptolemaic tomb ofP€tosiris at Tuna
el-cebel (after Lelèbvre i92l:pl. X).

15.22 Fragment ofa turned leg (BM
EA2475) (photograph by Loraine
March-Killen).

i . z J  B J d  i o . n r  ( d r d w r n g  à  r e ' " r  o r r e  '  a ì Ù )
G. Killen).

r5.2a Edse joint (tied) (drawins after an
original Lry G. Killen).

15.25 Edge joint (loose tongue or tenon)
(drawìng after an original by G.
Kiì len).

r5.,7 Cooperedjojnt (drawìng after an
original try G. Killen).

r5.r8 Ha1fiap joìnt (rebated butt) (drawing
after an odginal by G. KiÌlen). 160

15.29 Housing ioint (drawing after an
original by G. Killen). 16r

r5.to Pot stand iriple halving joint (BM
EA2474 Fbotograph by Lorraine
Màrch{illen). 16I

r5.lr Bddle joint (dr|ìwing after an original
by G. Killen). 16r
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r5.2 flowering shoot of sllv€rbirch, Bdiùla
pe,'d!,Ia, with fmitìng catkin (drawing
by N. Hepper).

r5.l teafy shoot of box tree, Bù'ùs
s€np'ruilens, lvith male and fèmale
fioweÉ (drawing by N. Heppc4.

t4 Carcb, Ceratonia siliqua, A:lea$,
flowering shooti B:podi C: seed
(drawing by N. Heppe4.

r5.5 Flowcring shoot ofEgyptian ebony or
Aîrican Lrlack wood, Ddlú'rgio
mrlanoqlo , wìth a flower and fivo
pods (drawing by N. Hepper).

ri.6 r€afy shoot olsycomore, Fi.ús
.1 oaoru v rrh rnF"re .  én..  on \ lFa
and loneìtudinaL section ofa fruit
(drawìng ty N. Hepper).

) . /  l ' l o $ ,  n n e . " J  I u r r r r g s h o o  o r . r u d
rrec, Liqvidanbar arientaJts (dlawing by
N. Hepper).

r5.8 Flowenng and fruiting shoots of
pe.Sea, Mimusops taùnfolta (drawins:
N. Hepper).

r 5 . ,  A :  l è a ' \  d n d  q o q -  I n g s l ^ o o r . o  a ì i \ è .
Ole.r eurapaea; B: a F ower; C: ripe fruit;
D:longjtudinal s€ction of fruit
showing stone (drawing by N.
Hepper).

rt.ro Almond, Prur s d,r.is; A: flowering
lvìg; B:leafy and fruiting shooii C:the
stone and D: the seed (drawing by N.
Heppe4.

t5r Sld.dcr, Zizíphus spina-chrísti, wilh
9 o u e r  ' n d  r u  I L d r " $  1 g : \ . H è o P . r ) .

r5.r2 Cilìcian 1ìr, Aries c,lictcr., with malc
and female concs (drawing by N.
Hepper).
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rt.l2 Common through moÍisc and tcnon
ìoirt with square shoulders
(Ashmolean,9,2.6,7) (photoeraph
coutesy of Loraine March Kììlen).

I5.ll Common through motise and tenon
jonrt with scribed shoulders
(Manch€ster 5429) (photograph
court€sy of LoranÌ€ March-Killen).

ri.t4 Barefaced tcnon wilh sÌnglc shouldcr
(BM f42479) (photograph courtesy of
Lorraine March'Ki l len).

5.15 Chair st.etcher joìntwith bareface
tenon with single shoulder. (BM
EA2479) (photolraph courtesy of
LoÍaine March-Killen).

15.16 Stub tcnon ioint on chaù back rc'st
\BM FA-4/r,  (pì  o og-rph oLf l . t  of
Lorra jne March'Killen).

r5.17 Dovelail-shaped ienon jomt (drawjng
after an oiginal  by G. Ki l len).

15.18 Dovetail joint (drawing after an
orlgù1al by C. Killen).

15.19 Lapped dovetail joint (drlìwir,g after an
ofjgiÌÌal by G. Killen).

r5.4o Common thro gh dovetail joint
(drawjng alteL an original by c.
Kì l len)

r t a  \ i m f  F p r r i r r *  o I | ( d - r $ , r  C  ' f  . .
rn or iginal  by C. Ki l len).

15.42 shouldermitre joìnt (drawing after an
original by C. Killen).
Donble shoulder lnitre joint (dràwìng
aftcr an oliginal by c. Killen).
Butt ìoint surmounting a long plain
mìtre (drawìng altcr an orìginal by c.
Ki l l€n).

(Manch€ster MLrseùm). Ptolemaic
Period, c. 2oo BC (photograph
courtesy ofthe Manchester Muscum,
The Univcrsity ol Manchest€r).

16.3 \looden coflìn for a mummified cat
{ \ ,1 rn ,  I  r ' lF "  \ .1 r .e ,  1  I  I  J lè  pe  od  ,
6oo BC (photograph courtesy oflhe
Manchester Museum, The UnjversjE
ofManchester).

16.4 when X-rayed, one crocodlle. shaped
wlapping was found to contain lour
' l ,u l ì -  l r \ r . ,  sì  o$n ì  ,  r . )  -J ì  ,  r  r \"  |  !
collrplele crocodile (photograph
courtesy ofthe Manchester Museum,
The University of Manchester).

16.5 Lateral radiogràph olthe catonnage
fac€ màd( and the skr l collapsed
within, belonging to Mummy 1770.
(Manchcstcr Museum) (photograph
courtesy ol thc Manchcster Museum,
The Universitl oi Manchcster).

16.6 A mummy enters lhe CT Scanner in
lhe DepaÌtment of Diagnostic
R.rdiology, University of Manchester,
ànd the whole l,ody ìs subjected to a
transaxial sectional survey
(photograph courtesy of the
Manchesier Museum, The University
of Manchester).

16.7 Mummy r77o was unwrapp€d and
autopsied in r975 by a
multidiscipìinary team at the
University of Manchester (photograph
coutesy ofthe Manchester Mùseum,
The University of Mancheste4.

r6.E completmg thc rcconstruction ofthe
head ofthc Lccds Mummy,
NatselAmun. X ray computer
rom ography en a bled a polystyrene
replica ofthis slell to be produced
(photograph courtesy of the
\4JI '  ì -"s1" \4ù.è'  f .  l ì -"  I  r i \ '  rs: t)
ol Manchcsrcr).

. ( , . ,  l , g - o l  \ . 4 1 , l ' Ì \  r 7 7 o  r e v . J l e d d u , i r  .
unrvrapping, showing amputaijons
and prosthetic ìjmbs inse(ed
rlongside the bones.

16.1.tr Ar'ì endoscope has been introduced
through the chestwall ofà mummy to
scc whcth€r or not the viscera
packagcs are present (photograph
couúesy ol ihe Manchcstcr Muscum,

I5.45 Halfdovelail surmountìng a long
plain mih:€ ldrawing after an original
by G. l(illen).

r5.16 Common scarftoint with buttelfly
cramp lockilìg piccc (drawing after an
original bt G. Kjllcn).

r5.47 Tied hooked scar f jo ìnt  (drawìng af ier
an originàl L,y G. Killen).

r5.48 Spliced scarfjoint (dràwing after an
origir'ìal by G. Icllen).

16.r Df Margaret MuÍa), and colleagxes
unwrap onc oîthe rnummies kno$n
as thc'Two Brothcrs in thc Chcmical
Theatre,  Unìversì iy  of  Manchester ,  in
igoE (photograph courtesy ofthe
Manchest--r Mus,-um, The University
ofMal ìcheste4.

16.2 Mrmnìfìed detached head showìng
s '  . p r . . e r v e d . r ,  ì  s " J c . 1 d  - n "  1
ol hair, cyclashcs and ìrcard

The Universjry orvanchester.
16.rr A photograph taken through a

mr.roscope ro snow a worm presenl
tissùe taken from the groin ofa
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mummy (photognph coutesy ofthe
Manchester Museum, The University
ofManchesieri.
Section through the nrtestinal wal
sho$.ing the remains ofa parasitic

Empn/ púpaú.um of Piaphila rasei
(photograph courtesy of the
Manchesier Museum, The University
ofManchester).
An adulthump spider beerle, Cihblum
psylloidds (photograph coutesy of the
Manchester Museum, the University
ofManchester).
CasIot \Ri':inus connunis L.) ldrawing
by N. Hepperi.
Balanos lBalanhes aegtpttara (1.) Del.)
(drawing by N. Hepper).
Safr'ower \Cafhanus tiúctanus L.)
(drawing by N. Hepper).
Moringa (Mon,ga pzregr,ira (Forssk.)
Fioli) (drawing by N. Hepper).
Li,rseed \Linun usitatissimun L.)
(drawine by N. H€pper).
Sesame lsesanun indicun L.)
ldrawìng by N. Hepper).
C ola cy írh \C í | r ull u s c olo qn t h ú s \L.l
schrad.) (drawìng by N. Hepper).
Nineieenlh'century pinr showing oil
being extracted by the process of
wingjng it out ofa bag into a pottery
vessel (after Amouretti r986: ri9).
Scene lrom the tomb ofRekhmila (TT
roo) showing removal olhoneycombs
ftom the hive lafier Da;es r94l:pl.
xLrx).
MoLecular structure of à glycerol
moìecuìe and a h'iglyceride.
Structures ofstearic ànd linoleic fatiy

IR spectra of modern oìls,
demonstrating their simila ty.
Mass spectrùm (eLechon impact mode

70 ev) ofa component ftom à
irans/lhermolytically methylated
sampletàken from the contents ofa
New Kingdom one-handlcd pottery jar
wiLh painted decoralion (BM
EAa902). Thc component ìs idenlifled
as the meihylester ofsteanc acid.
Total ion chromatogram ofa
ilans/themol)tically methylated
sample iaken from the conlents
ofa New Kingdom one-handled
pottery jar with painted d€coration
(BM EA4902).

r7.rt Mass spectrum ofone ofthe
components found on a sample
ofthe contenls ofa late Eighteenth-
DFmsq, one-handÌed calcite cosmetic
jar (BM EA247o8Frl; part olthe toilet
box ofTutu).
The component is identifred as
cholesterol. 4r9

17.16 IR spectrum ofmodem beeswax
fi agment (transmittance speckum,
inÍiaied mi.roscope). 42)

r7.r7 Mass spectrum (electron impact
mode ToeU ofone ofthe componentr
from a trans/ úermol)ticaily
meihylaled sample taken fiom the
blackvarnish
coatjng ofa shabri of Rameses lX (BM
EA857Ì). The component is ideniified
as methyl tetracosanoate (C.J,
indicative ofb€eswar. 42

18.\ PistecialentiscusL. (dÉwing by N.
Hepper). 4),

r8.2 Pistacia terbinthus L. (dlawing by N.
Hepper). 4),

r8.3 Ci.stuslo.unfaliùsL. ldrawing by N.
Hepper).

r8.4 FÉnkincense (Boswellia sacra F\rc.k.|
(drawing by N. Hepper).

'8.S Mt-tth lcommiphora 'ayrrha (Nees)
Engl.) (drawing by N. Hepper).

18.6 calbanum (F rl/la galbanifua Bolss.
and Bùhse) (drawins by N. Hepper).

r8.7 Molecular strucbrres ofsome
monotepenes and monoterpenoids
(after MiÌ]s and white 1994:96, 69.
8 ' )

r8.8 Moleo ar struciures ofsome ofthe
abietane and pimaEne dite+enoids
found in conifer resins (after White
r994: 98,1ìg. E.z).

r8.9 Molecular shuctllres ofsome labdane
diterpenoids fo1lnd in coniferous
resins (after Mills and White r994:

99 f ig.8.1)
rE.ro Molecular siruchire ofcis abienol.
r8.rr Molecular siructures of tdteryenoìd

components found in pistacia resin
(after M ills and white 1994: ro7, fig.
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r8.r2 Molecùlar strllctures ofsome
ldteryenoid components (after Miils
and white 1994: ro7, fig. 8.5). 44t'

i8.rl Molecuiar structures ofsome
ùiterpenoids found in myrrh lcommìc
acids) and frankincense (bosweÌlic acid
dedvatives). 4414r8



r8.r4 Volc.Ìrlar structurc of rctcnc, fòund iÌl
soÌÙc strongly hcaicd ancicÌr1
conìferous resjns (afrer Mìl ls and
whìtc 1994: 65).

J8.r5 Disrr ibutìon ofbì lurnenous deposits j f

Syia Palestine (Map (a) after lorbes
r95t:2; rnap (b) af ier \ issenbaum
r978:1338, f ig.  r) .

r8.r6 Nf ohcular stmcturcs of sonìc'
componcrìts lound in bitr1l1cn (alicr
Mi l ls and whitc 1994: 57 58. 60. I igs.
i . , 2 ) .

r t .17 Toial  ior .hromalogranr oaa
lrrns,/ thcrmolyrìcal ly rrcrhyLatrd
sample fronr the (nrtents ofa
Clnrrnile rDlphora froù l eli
el Annnra. The coùìpo.rcnts are
ìr ìdi .at i ! r  of  pistacia rcsir ì

r8.r8 lJass spL'ctruù of nì.'lhyl
isornastjcadicnonatc. Llìc nÌcthyl cstcr
ol  isonìast icrdicrìonìc acid.
.hrìacter ised by basepeak (B ). t  rnl :
4 

 

and nrole.ular ion (M ) at r1lz
468. l rorn a sampìe ofyelkro,var nish
o. a NìrFteerùlì DvIas\ pol).hrme
stahi box (r \a [^247rr) .

18 19 \4ass spectrurn ol ùÌeth)l rnoronatc.
thc mclht l  cslcr . , {  rnoroÌì ic ! .n1,
rhar:ìct€rjsed by base peak (B ) :ìr r1l:
rEg rDd rnolccular ion (M ) ar irl"
468. From a san,ple ofvel low van, ish
on r \eN Kùrsdom poly.bronre
trnrted duùrny' pottery jar
(^sl ìrrncan,955 462).

18.2o Mass spectùrn of
2Erìorolc:ìn.r7.cn-l-onc, chrractcrlscd
b.v a basc pcak (B ) 3t m/: 16l aod
molecular ìon { lv l  )nr , i / :4ro - fhis

compound ìs found ìn heaied pisracia
resin. f ronr a sarrple ofyel low vanris l '
Èoùr aÌr  l ig l ì tecnth Dyrìasry .ol l ìn
(BÌ\4 [A 2958o).

rE.rr Vrss spcctruùÌ ofro|.hop:ne,
characrcriscd by basc pcak (B ) ar m/:
,9, :rd molecular ion (M ) ar , , / :
198. l - ro,r  a sample ofblack varnìsh
on rn Fighteefth Dynash black srylc
prjvxle rrìthropoicl tomn (BM
[^666r).

r8.r ,  Sce e ofpressùrg uùgueùts in t Ì re
Fi l i l ì .DrnasL) lonÌb o{ ly ìcq at Giza
, L r o r o r  \ 1 . p .  r . , .  t 8 4 1  5 1 . . )  p , . q , 1 .

,E.,1 Scene ofpressìng from t l ,c
FLev.rrh Dynasq lonrb of Ba rt  I I  I  at
Beni Hrsan ( l lHrt  (Ne\ lberry rE94a:
pL. ! l ) .

18.24 Mass spectrun of nethyl
dchydroablctatc rhc nìc1hyl cstcr ol
dehldroabjet ic  ac id.  wi th bnse peak

\ B t I r ) . ! \ t  , d r o ì  r J r  o r ( N I  l
a i  " r /z  314.  From a sample of  ihe
conients ofa small Middle KiÙgdom
crlcite jar from Kahun (l,etie
Mùseu,r  UCTl ,E) .

18.25 Mass spectnrÌr of
tctramclhyl.hcxahydf o-
bcrìzocfclohcplanc, wjth a brsc pcak
(B )  ar  l11/z Ì ,9  and a nro lecÌ r lar  ion

lM )  at  n/z  2aa.  From a sample of the
contef ts  of  a smal l  Mìddle Kìngdonl
.al.ite jar from l(ahun 1l)etrie
Museum UC7Jr8) .

r8.26 Mxss spectruÌÌr ofoÌÌe oftlìe
corÌrporìc ts foùnd ir a
trans/1hcrnìolyLically clhylalcd
s . . p , r ì , r  o r  , . , I p o \  . , d
l J r ,  . | | o J  ! L  , B \ 4  ' ,  .  p r  .  ' . d
r L  o  '  f o r  "  r .  r , d  J r  e " ' ' n  l " '

r8.27 lvlass spectrum o1.

7 oxodehydr oabieta te, the methyl ester
of 7 oxod--hldr oa bL-ti c acid,
charxcteised by bxse pe* (B ) 'rlu
,51 and molecula, ion lM ) '11/z 128
l rom a sanplc of  a dcposi t  in  chcst
cavi t l  o l  a  Thi rd Jr termedia ie Penod
rìrumnìy (BM EAT4]ol). Tlì's
compound,  fourd in  coni fefor ls  res ins
o{ ihe l 'ami ly  Pinaceae,  \ ras amone
the compoDeDts identified nr ù,-

r9. r  St  chrre ofsorne arnnro acìds.
r9.2 ChronìrlograrÌs lrom anÌ1no acid

anallsis of a modcrn fcfcrcncc
. o r r g  '  r o " . "  Ì ' " o f [ ' , ,  I n " '  '
wooden scuLpiure fionr Deì. el Bersha
Analys ls  caniedout  by h igh
p--rfo.rrnce ìi.!uid chr omalography
(phenylthiocrrbonyl deùvrtives).

r , . J  S r r '  -  o r  , "  ' " r o . ' . \ r  d .
and ufonic acids.

r9. !  Chronratogran]s l ion nonos3cchi ì r idr
analvs is  of refererce gum arabic and
grLnr  l fngacanth i ìnd some sarnples
f tom rn. ient  Égypt ian oble. ts .
Anal,lsis carried out by GC/MS. $6 7

r9.5 Chrornatogram frorn analysis ofthe
bindìng ùrcdlum .)1 a lalurn nìumÍìy
pof l ra i t .  Anal ls is  .a f f icd o! l  by
G C / M S .

r9 6 Cfro,narogram f ron analvs is  ofa 6Ll
rnr tenal  on a stone sar . :ophaeus.
Analys is  caùied out  by GC/MS.
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zo.r Man's 'doùble-style' wig from -rheL,es,

New Kingdom (BM EA 256o;
photograph couft esy of loànn
Fletcher).

2o.2 rong wig ofMeLii, wile of Kha, &om
tomb fi8 at Deir el-Medina,
Eighteenth Dynastt (Turin, Museo
Egizio, Inv. No. S.8499i photograph
coùrtesy of loann Fletcher).

2o.l Short curled wig oflstemkheb, wife of
lhc high pri€st Menkhepera, from
DBl20 at Dek cl-Bahari, Twenty.first
Dynasty (Caìro 1E26252i photograph:
loann Fleicher).

zo.4 (a) False f tont ofhaìr ( 'orbis ) from
Guroìr, dating to ihe Roman perìod
(Petr ie Museum UC78l l ;drawìng by
Sharon McDermott and loann
I  F r . h . 1 .  { b '  R e . o n  r r u .  r r u  . h o w i n p
how the orbis would hav€ ìreen worr
ldrawjns by loann Flctche4.

2,. I Diasrans of (a) glume whcal and (b)
barley (after Charles r984: 24).

2r.2 Flow chart ofpre storage cereal
production ànd processing stages.

2r.l Diagram offlotation machine.
2r.4 Flo$' chart ofbasic archaeobolanicaì

zr.5 s,idd'd scenc liom the tomb of
NefeÌhotep (TT49) lafter Davies rgll:
p l .  XLVII) .

2r-6 Ancient Egyptian hoes (afier Peirie
1917: pl .  XVl l l ) .

2r.7 Scene showing aÙ ancient Eg?tian
plough in use, ftom the tomb of
Paheri ar Elkab (EKl) (aíterTylor and
cri f l ì th 1894:pl .  I I I ) .

2,.8 Arcient Egypijan sjcklc (aftcr Pctrie
t9ry: pl. t,vl.

2r.9 Hanestìng sequence from the tomb of
Mereruka at Saqqara (after Duell r9l8:
pl .  r69).

2r.ro Ha esting sequence from the tomb of
\ 4 . r  , J  ( n a r )  a r ' l  h è  É .  ( "  - ,  D à \ , c :
r 9 l 6 : p i .  L I ) .

2r.rr Stonge facility (after Badawy Ì954:
p.ru 8, f ig.  8r) .

zz.ta Ceneralised summary of
interyrctation of ancieni Egyptìan
brewing, b.rsed on and adapted from
scvcral different sour.es.

zz.rb Two gencral accounts ofancient
Egypiian baking melhods, which are
representative of common
inle+retations of the process.

22.2 The suggest€d method ofancient
Egyptian brcwing presented in this
chapter, based on microscopy oî
desiccated brewing residues.

22.1 A model for ancìent Egyptian €mmer
wheat processing, from removal ol the
semi'cleaned spikelets from slore to
floul milling.

22.4 A loafofbread, roughly made in the
shape ofa Horus fìgur€. Dra'Abu
el-Naga Shaft No. 6. New Kingdom.
(Unìversìty Museum, Univcrsity of
Pennsylvanria 29 87 615)
(reproduced courtesy of UniverSity
v  r ' p L î . U r  \ è  "  I  o f r e i r s \  \ r r r r )

22.5a A rim sherd with a thin coating
ofbeer r€sidúe, ftom the workmen's
Villaee, Amarna Geproduced courtesy
of the Committ€e ofihe Egypt
Exploration Soci€ty).

.  : . .1 . . -ge in.gular lump. otLa r rn. .d re.
now at the British Museum
(reproduced couriesy of the Trusiees
of the British Museum-

22.6 Schematic diagram ofa cereal grain.
22.7 Scanning electron micrograph ofa

desiccaied ancÌ€nt Egyptian ìreer
residue from the vorkmen's ViÌlage,
Amama (sampl€ TAVR92 72)
(photograph courtesy of D. Samuel).

22.8a sc.rnning electron micrograph ofthe
starchy endosperm ofa modern emmer
grain (photogràph by D. Samuel).

22.8b Scanning electron micrograph ofthe
starchyendosperm ofa modem emmer
grarn whr,  h ha. Le.n.prouréd lor lo 1)
"rghr hour.  (phoroctuph b) D. sJmLel).

22.9 Two sprouted grains recovered from
rubbish deposits at ihe Workmen s
Vìllase, Ama.na (reproduced by
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coutesy of the Commìttee of the Eg}?t
Exploration Society). SS2

22.ro scanning electron micrograph of
desiccaied beer residue from the
workmen s Village, Amarna (sample
TAVR93 roo) (photograph by D.
samuel).  554

22.rr A modar emplacement in house West
Str€et 2/l at the Workmen's Village,
Amarna (after Kemp r987a: 8). 56,

22.12 Drawing of an ancient Egwtian quern
emplacemeni based on a find from
house Gate Street E, the Workmen s
Viilage, Amarna (after Kemp r986:
l- t ,  f igs. r . ,  l ) .  562t)9



t - -   r . L i  t .  ,  r r . , . , r ,
in  use (p l ìo togrrph coLrr les,v of  l ) . l .
Ni .holsor)

, r . r l ì ,  ^  c ìosc-up \ ' l i 'w of  f ìneìy mi l ìed I ìour
produci 'd  on the er f  er  ìmert ! l  qucrn
crÌrllaccnrcft (tIotolrfaph bv D.
Srnruel ) .

, r . r , j  A b lkng s. :ene f ror) ì  lhc
l.iehteerth Dyrlt,v Lomb ol Nebanu
rt  l ì ì ! l ,cs (TT17) (a l rù
S' i !e  SÒdcfbcrgf  r957:  p l .  22r .Lras,nrs
bi lùtc Spcnccl.

, r . ,5 !  , { r lpc o i  o ld K , rgdorr  bread rnoukì
I fom Nai I  c l  Dei r .  datùre to t l r .
foLrrlf or filth DFra-.t,v (alicr
j  t , . ,  

. / . '  
r ( . f . / .  J  $  !

ry  l rn  Dcrr is) .
. r r . r5b A r , - ( r rs lmcted Nc$ Kingdom bread

mould fun Aùafn:ì. (dr:rúirg b!
AÌ ,d!  Boi .c) .

2r . r6 4 Nrw Kinudonr 'bread p l r t ter '  l ror ì
l ìou$ P.16.11.  Anraì  nx (dra lvnr i l  b)
And) Boy.c).

2 l . r  F i rs t  DÌusq seal i r ì rPlcss ioù (a l rc l
l (apLony,96J 64 f igs z l3 9) .

,1 .2 winc or i t r ì Ì rg  l i turgt  (3f icr  N4ir r jc f ie
r 8 6 9 : p l .  ; 6 ) .

t l  f :  r _ r _

drnìldrìg TonÌb ,r1 Scn.a rr I heb--s
( l l " r , ' 1 , . \  r r  .  r (  '  " j ,

,1 .4 Sccfc f rom the tornb of  Kenanìù|
(TT9t), shosìng a lineyrtrd rL.,Lrnd a

fool  (at - r . r  Dr lus,91o,  I ,  p I .47) .
, l . t  c ì  ape t re l ì is  t lpes (af lL ' r  lcrs t f t rp

, 9 9 2 , ; 8 ) .
,1 .6 Wir ìc  Ìùal i i r ìg  sccnc  r  lhc

l r i f i ì ì  D!r ì !s t !  tonrb o l  Piahhorep at
Siqqafr  ( : ì l ic r  Dr l ies,9oo,  p l .  2 , ) .

z l7 Crapc har lcs i  a fd bea. l iDg sceùe l1 l
lh .  Th€b.n tomb . :hrp. r l  o fNakln

lTT5z)  (af ter  Davies r9r7:p l .26) .
r l  8  r ,eadjng vxt  rypes ( r f ter  Lcrsr fup

zl .9 An Oìd ì (ùìgdo|r ì  wlne press,  depi (  ted
m thc,  f i { ìh  Dynasg tonrb <ìrapel  of
\Larkhkhnum and Khnrùr rotep at
Saqqar: ì  (aater  vo,Lssa rnd
Al tennr i i l ler  r977 f ig .  r6) .

- )  o  I r r ' . . , 1  i r  ' .  r ' i r  I  o I ì . \ "
or  Khery xt  Be, ì i  I  Iasar  lBH17) (ar ìcr
Nervberry IE94:  z  p l .  t6) .

, l . r  Sceùe por t ray lng Lhc st rarn i rg and
plcss ing o l  grapc ju ice.  jn  the
o . L - ì r p l o ' B l r  I n r  H  "
B l  r ,  

: _ ,  \ P  '  q o 4  -  o .  C . .

21.r2 Ncw Kjnedoùr panr tù lg. , {  a  \ \ jne
pfess from tlr! Eightc.lìlh-D) n:r s L]
l ( rnb of  L, tc j  31 f t i 'bcs (TTÌ t5)  (af t ' r
S ive Si jderbergh 1957:  p l .  , t ) .  tE9

zl  rJ  sccÌrc  sho\ | Ìg  thc b lcrd ing o l
J i f i l rcnt  wlncs i -orn the lw ì t ic th
D) l ]as lv  lorhb of  l ( Inebu xt  lheLres
(TTrr t )  (a i te ,  u j l l i insor ì  i878:  l l , l r4) .  t<)z

21.J4 Ncq,Kingdom sci Ìc  s ì ros, ìng L l tc
porùins o lwnre ( r f  Lcf  \v  lk j rsof  r878:
l . l E 7 )  5 9 1

zl . r5 Ston,-  r  ing wir ìc  s land dcpjcLcd in thc
|  $ 'eùt ie th-Dyr3sL)  tomb olRanrose at
I  l iebes (TT166) {a l ìcr  wi lk inson r878:
I , l i ls) .  t94

-Ì t . ra,  w c slor lge depì. te.L jn t lÉ EightcrLh-
Dyn:rsq iomtr of lntef at rLebcs ( lTr55)
(al icf  S.ve Sóde,bergh 1957: pl  r5).  t95

.r l .17 \Vine jr f  ser l i rU dcpi. tcd xÌ  l l ì i '
Éigtheenth Dlmsty tonrb of
Khaenwese at Thcbcs (TT26,) (afte,
l ! s k o , 9 7 7 : 2 o ) .  1 9 5

21.,8 Ne\!  Knìgdonr jar seal ing ryres (ai tcr
l l . ,pc r978: 29, pl .  6).

2j . ,9 Al<hcnarcr and hjs mother.  Queen
Tiyc. dr i fkìDg wjne ìr ì  a sccrì . l rom
llìc torrb of Huya at ArÌÌrÌrnr (EAr)
(ar ier Davks,9ot:  pl .Vl) .
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z4 r  Scene shou,nrg o l ì ly ing bcatcrs
L)inging pìles ol lruit ard veger:rbles
iù thc TÌ Ìcban lornb of  \a l ih t  ( l  1 t2)
( a f i c r  D a v i c s  1 9 , 7 :  p l .  !  Ì l l ) .  6  

24.2 Tip ica l  g i fdcr  layout  ìn  a scene
dL'coratjng tlre fvliddl-- Ì(ùrgdoùÌ to b
ol  I$ f  Lrnrhotet  l l l  a t  Bcr i  I  lasar

lBHl)  (af te,  \ewbe,ry r89l :  p l .  xx lx) .  6 ,5
24.1 Scene from the |ìfih-D)nasl) tonìb of

N ian kL ldrnuùr :nd Kl]l]unrhotep at
Srqqua,  showing th€ cut i jng rnd
waternÌg ol lcllucc (ldr,rL.a 3atir,)
(af tcr  Mannichc r9E9,  , ,1) .  6 ' ;

24.4 
- l ' }cb3n 

lomb s.ene showing a pool
sLrrrounded by drte pal s (PLod,ria
dd,lylilifa) (after willorson rETE: I,

178)
24.5 Deta i i  o f  a wi l l -p3rnt ing in  rhe

Ramesside Theban tomb of lrìnef,-r
(TT29o) slÌowjng a dom pllnl
( l  l lpÀderc rÀi i rat .a)  (af ter  Marì r i .hc
r 9 ò 9 : r o 9 l .

24.6 Dctaìl from a r--conslrlrcted \!all .r1 lhc
Aten reìnpl-- rt Last l(anìak,
showing r  workmar cr t j rg  bread,
cutaÌmbef and onion lAll;ún.rpí)
(x t ic Ì  wi lson r988:  2o) .tE9 628



24.7 Watermelon (Citrullus |atarus).
(DÉwing by N- Hepper).

24.8 chate Melon (C'cL'nis nelo \!ar. chate)
(after Alpin r98o: r17).

24.9 Chufa or tiger nut (ctp.rus
rsr"lrn,I,s L.). (Drawìng byw.
schenck).

24.ro Lentils (lzns crlinant. (Drawing by N.
Hepper).

24.rr Chick pea (Cirer anetíùun). \Draw\lng
by N. Hepper).

,4 t)  Catunde" tcoiaadtua sat: t  bn |  .J.
(Dra,ffinsby N. Hepper).

) 4 .  .  B a , k , u m i n r l ! , g r l b  j a ' r r r ) . { D r à s i n g
by N. Hepper).

24.14 Fenugreek(Tngonrlia
Joenum-sraecun). \Dt.à\\1nc by N .
Hepper)

25.r Scene olbutch€ry in the Fifth Dynasty
lomb ofTy ai Saqqara (àfter Junker
r 9 5 l : A b b . 8 8 a ) .

25.2 Scene ofpoultry processingin the
totìborNr\ ihr r l  rhebes 1t ' t  5:1 afe
Davies r917: )aXI l l ) .

z5.l Scene offish and roe processing in lhe
Filih'Dynasty tomb ofTy at Saqqara
(after wild r9'-66: pl. CXXV).

25.4 VictuaÌ mummy and coffinet (Cairo
CG5ro84) from the tomb ofYuya and
Tu''u (KV 46) (after Qniben r9o8: pl.
)c<l l ) .  660

zt.5 Scene ofbutchery, the hanging of
meat, and the processing ofmeat
in the Twelth- Dynasty tomb of
lntefiqer (TT 6o) (afier Davies Ì92o:
p l . 8 ) .  6 6 t

25.6 Scene ofdrjed duck in the
Nineteenth Dynasty tomb of lpuy at
fteìres {TT ,.7) {afrer Dd"te" 927: pl.
)coc. 66:

25.7 Scene ofprocessing meat in the
Eiehteenth-Dynasty tomb olThuhefer
atThebes (TTro4) after Davies 1929:
figs. ra b). 66.

25.8 Scanning electron micrograph of
meat frbre and attached crystals
(Photograph courtesy of
S. l l ( fam). 66(

25.9 Scanningelectronmicrograph:
close-up ofcrystals on m€at 6bre
(Photographcoudesyofs.Ikram). 66(

25-ro Craph showing the results ofLINK
analysis olthose elements identified
onmeatf ibrc.  66(
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2.2 list ofgerÌstone sourccs and !ùarries
showù nì  [ igufes 2.2{  b.
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r8 r  Mcdl t r r f3ncan d is t r ibLr l i . ,n . , {  thc
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distrìbution.

19.2 Arni[o rcid conpositiorr of sonr€

lrotchs and otlìcr rnatcrlals uscd nì
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frorn the Museum of l,ine Arts,
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24 I Tlblc o{ thc prcscncc l)1 cach spc.ics
. i l  l ru  i t ,  vcgctablc.  pr lsc afd
cordinr l rnt  o!  se lec led Fg,vpt ìan
si tcs.  ( r  ro  

z4.z Trb le of in format ion on An. : i - -nt
lgyptixn fruits. 6r-r

24. j  Iab le of  iù l 'onnat i (n on Aìrc ier t
lgyptjarì vcgclablcs. 6t1

24.4 Tablc o l  in lonìra l jon on AncicnL
Egypt jan pulscs ard condirncnts.  614
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l . lntrod uct ion
P A U L  T .  N  C t s O L S O N  A N D  A N  S t s A \ (

Dùrmg t ì re l t rs i  h lo . le( . . les the r ìxhre o l  Lgvpto logy l rs
gtarÌually cLaurecL, xrì.1 rrlv teclùù)logical ald socx)
ccoror ì ic  qucst ior is  ar f  r iow l )c i rg as l ( .d  of t ì rc  ! rc lLa.o logi
caldaL3 \irth llìis .h]Ììgr' lìxs ..,rìrc ir rùì.wcd intcf.sL xr
f raf r  aspcr ts  o l  lg)p l i : ìn  Ì Ì rn l . r i r ls  and tcchnolog) .  So
qrcal  has l l r ls  i f  lc rc tL bc.onrc l l r : ì t  i t  ls  ! ro lor rgcr  posslb lc
for  the h?dl t ion i ì l  Fg\ t to logjsr  J lone lo t rc l r lc  su.h qres
t io . \  rs  the . .nr f .s j t io f  of  rn l ier jaLs f rover i ì f (e lndthe
meaùs b!  ivh i (h d j f i t rcDl  t rp.s  o l - , r t . tu . ls  w.r .  I r )drk1,d.
Nf ] r ì !  rcD ar l l ) t i . ! l  n . l r r lqucs ì ì r \e  bcùi  d. reìopcd afd
appìied lùd the reiùlt-. ue rrrw evriì:Lble. proridìrLg r great
dcalrìrrifc pr.ci-.ur tlìaÌrÈrs prcrnrLsll rnrgrtaLtìc.

Thcs|r is  !ppl l [c l r f  s  .u  Íor  L l r  l )c i r )g adopt .d Lr ì  [g fp-
to log r rc  rc f ìcctcd r1ì  thc s lnrc iurc o l  Lhis  book.  Ei rch
.hrprer  ha!  bccf  nrL l t . f  bv onc or  nro ic  spi - l : ia l is ts ,  dr  v
rns r . t  o f  )  on .of \ . r t jo f r  f i lyp lo ogical  (k j  ls  bur  a lso
on e\ teÌ t ise in  l l re  r rhùr l  s( ìen.es rs  appl ie . l  to  r r (hre
olos i . l l  dr lx .  . \ l l  the (ont ! ib ]ùors ùe e j ther  invoLled ù l
ref tnt  hr ld  prr jcc ls  j .  L i l l t t  ( r rn l ( ,ast  th .  iùrpoÌ  ta Ì r t  !g)  pt
Fxplo laLior  Sot i f t ì  crcr \at io .s  rL  ̂ r i rarna ar ì ! l  NiÙrth is) .
or  at  thc 1or . l ioùt  01 l :Lborr tor !  b . ìsr . l  rnr l ts ìs  of r r . l  È

I t  r  i l l  L) .  o l )v ior ls  t .  nr r f \ '  ( . ld f fs  lh i r l  th ls  vo lLrnc hrs
been nrspned b!  Al t ìed I  1r  as s . lJssì .  ! Ìork Aù i rn i  r i tp
ti'ni Mdtd trrli 0i.l lnrl,dr iri. Khkì has lons serae.L r:gÌpt.)
ogi fs  rs  x  r to idr . tNorL { ) f  r i f ì .c . ( . .  f i rs t  publ is l rcd ì f
t9 : :6 Lrcrs s  looìr  ì r rs  beerr  re i ised sc lc l l  t i rnes.  rù)st
reccrr t l r  L i  r962.  \heù i t  * rs  ùpdr ted,  pùr ìar i l \ 'ù ì  terr Ì rs
ot  i rs  b jbÌ iogfaphr.  fc l f rc , ì . fs ,  b)  l .R.  r l .Lr r is  (scc L ' r .as
r926.  r914 r94t .  r9ai2)  f ! . f  thc fòur lh cd l ion st  l l  p f i .
ù [ ih  ref le{ ts  the arr ] r ' t lc r l  rvor l (  o f  r  s i fe lc  jnd i l jdur l

e l ì1plo lùrq t |e  ne. :essI i I  l ìnr i t i .d  qujpù, : f  t  rvr l l r rLc in
t ì re rgros (scc l l r lù ìn) f  r947 r .d ( ; i  berg r9r ;7 for  assess
rìrcrts of thr life !r worh of ]\lfred rù.rs). Despile lhe
nnponarìcc o{ lucrs'-. worh. it has lori{ lreer recogrisccL
t l rat  a nrorc r iod.r l l  n ìL l t ì "d iscr f l i r ìar l  L fcal rncrL ìs  fc
qìr i red.  gning not  of l l  l fc  r l rs i r l t  o f  i rn i lyscs i ìnd icchno-
logi .a l i .xesf iqarrors brL l  r l \o  c ìp l ic i l ly  s la l i fg  thc r rcr ì ìs

\ lvhi.h the) iler. obtrincd
Wlì ì le  th is  .uner t  lo lùùre qìL l  rot  ref l l re  l l r . rss

worl. ard is:!ol niterde.l rs r fevis--.I edit(lr olit it is

l()p--.1 thrt it lvill provi.le r Iree stan.lirìg soùrce of rc{cr-
ence on its subjcct. Tlì.ùìlG to ùìoderrì uúl)tlcal tcch
r iq ' rcs.  sonr(  ch lpLcrs \ r i l l  a lnìosL cnt i rdt  supi . fscdc thosc
prol idcd by Lucas,  !1 ,h1lc  othcrs $, r l Ì  provLdc updrtcd ip .
p o
Thc s ludy o l  anci .n l  Fgypr iar  nra l f l ia l  n f  d lcchnology is  a
v iLrr i ì r l  orc.  s  i fh  fese.ù h lx jnq r  onducted b!  nÚry sr  hol
r rs  r lL  o ler  thewor ld ( r  s i luat ìo.  ref iedednr t l ìed i \ - - rsehst
of (o.h jhrùors h. f tJ .  l l r is  is  qt r inr  unl iLc tL.  s i tuxtnrr  iÙ

'  , .  . ' r  J  , ,  r q t r  I
ested nr hrqùislic rìrìd rrcLill]ctLlfrl qucstìons. iìnc1 Lu.rs
was o,rc ol a rclativcly srnall gro'rp {)1 s.hoi:Lfs corccnrcd
wi l l r  l | .  anal ts ls  of  Jr lc fa.Ls.  As i r  r i 'su l l  o l  t l rc  f i lv  vrgoul
of  thc subjcc l ,  t l r rs  vo lumc \ r i l l  pcrhaps not  enio, r  lhe veì l
lon i t  . rLr  rc fcy of  i  r Ì l :as s \ rork )uf  Í , i l l ,  ùe hope,  pro! ìde a
co d basls  for  f ì r r r rc  work

Iler e w--  e fun.trmertallv correr red $ìth tlk stud) of
the t ro(urenrent  xn.L proc,-ss! r l r  o f t l ie  r rw rnr ter i r ls  eùi
plo,v.d by th. a.cjcùt Igyptians. Thc booL is not !rcaxt to
l r r  ! I  ar t  l i jsúr i . ! l  l rpol .J$ of  obiccts prodr .cd i f  J l r r
glve nìitterirl. nor r tci bo.ih olì Llìc scicntillc rnrltsLS ol
sLLch r rat i ' r ja ls .  lach chaplcr  is  i r lcr ìd i 'd  lo  pro l jdc af
. !crv icw of  thc cufrcnl  s l i i lc  of  r .scrr rh of  thc nra lcr i : r l  i r l
quest ìo. .  l r  sor le(rses,  th is  is  not  possib le,  e i th-- r  Lret r l rse
nrodern resernh on.er ta in r . r ter ia ls  (e.g.  ler ther ,  ùre l t
brskr : t r1)  has onL) just  b{ :gr t r r  or  b.càus( :  lh .  ( luant i r )  o f
dr tx  hrs becorùe so grcat  in  receÌ ì t . lears that  thc rnosl
nLelrnLgful rppro:rches terìd lo be lhose tlÌrt locrs .,ll
par t icuhr  pro l r lcms (às ur  rhc. , rsc o l  thc chnplcfs  or ì
pot lc f ) .  s tonc rnd nìunrm c! ) .

TLf  t ras ic  s f rncùre i fd  coverase of t |e  book were f inr l
ised r t  x  senr lnar  lnvol r ing Drost  of  thc r :ontr rLrutors rn
r994.  when j twrs rgree. l lhr t .hapters on foodte.h.oLogl
shoukl be nrclLrded, rs tlrese represert r fixillirl rrer of
rcsearch that has rhnost cntirely erÌìerged ìrÌ the tears srrÌce
Lùcrs s l i Ì rc  T l ìc  coÌùr iLrutors havc rnadc cvcry c l lor l  to
providc i 'xp l ic i l  in forr ì rat ion on thc sc icnl i f ìc  afa lyscs cof .
ductcd,  s i fcc thc lack otsLrch dc in j l  has bccn ar  !ncrcasi .g
problor  i r  judgi rg thc ! ,  uc of  so,re of  l r Ìcas 's  .on
(  Lusidrs.  l t  !v .s  r lso rgreed thr t  sorne indì( r t ion of  rhe
wrkiÙgs xnd lùnitatrcns of rel'-unt aùrl)ti.al t,-chni(lùes



was necessary so that non speciali s ts would be bener able ro
judge the results otearlier and curreni r€search.
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2 . Stone
S A R S A R A  C .  A S T O N , I A M E 5  A . H A R R E L L  A N  D  I A N  S H A W

Introduction

Altììough Ììrost receùt reser.l:h into Egyptlrn quarryl g
has t€rdcd to .once trrte on the large scalc procurcment
o J l . m  o  . . ' , , J  " , ,  . , r J  r  J ,  F  r h  '  .  J o , , ,  p
ìod, the cxploitairon .)1 stoù-- in the Nlle valLey can bc
haced back at lcasl as earl), rs ,1Ò,ooo BP, whcn thc
Vjddle I'alaeolithjc Lnhabrtants of Middle Egfpr s'erc
qùuÌting and u,orklng cobblcs of chcrt along the lime
stri c tenrces on eirhe. sjde o1 thc Nilc (Veùreersch dt dl.
1990). lvlost of th,- elrliest sites sinìply consist of pits an.L
ùenches fof surfa.e eirractjon. bLrl Sitc 4 at Nazlet Kheter,
dalrìg to th! Upp--r |alaeolithj. and rndLocarbon-d.ìted t.)

l5,ooo lo.ooo BP nrcludes vertical shafrs and under
ground g.llcrics which provide a fofctrste ol lhc Iìrlly d.'
veloped quarrvLrg l.clì i|trL-s ol the Pharaonrc pcriod.
The earh cheLt qrirricrs ùsed gazelle xnd haftcbccsl
ìrorns as picks iDd scvcral oi these were fou.d ìn the
subter!ncan gallerics at NazlaL Iùater 4. The ex.avatìons
also rcvealed mrnv large lìsÌìlmcrslolìes, rpparentl,v r$ed
lor Lougher quar rlnrg

Thc prchistoric qrLarryirg of sLrch Inatciars as ch--n
' |  J  . o .  | , , .  p , o ,  .

ingloc:llly rlallable Ìnaterials in order to producc thc tools
and F€apons n.ccssary lof tlÌ--iÌ imrnedìale nccds Al-
thoLgh therc is clidcncc to slios,that such ad hoir, smrll-
fale quarniril arìd nìmiúg corìtìnued kr be rLndcrtakcn to
rome etent jr thc lllìnraonic pcriod, ìI tlk crse offertaìf
lnater iats  (e.g.  a labasler  gypsum at  Uùùn e l  Srwran,
galena rt Cebel Zeit and pir-lìaps also Ne{ lcngdom pro
curctnùìl of tnvertine at Hahub, scc Kcmp r989r r9r

46 8;  Casl . l  axd SorLl ( iass ian i985.  r989i  Shaw 1994:
r r  r1) .  s t ich s lores as grani te,  l j rnestonc rnd gn€iss be
gan to be cxploiLcd on a large scale for buìldins, sculpturc
and stonc.lcsscl carung Thcs-- large rrle e\pedrtions dil:
fered i. a nlÙùbcr .r1 lvars lroln the quxrryilg undetukcn
ì1 smrll eroups ofindrvidLrals: first they were oHìcjal opcr-
at ioùs ( i r t Ìo l led e i ihcr  by thc Ung or  a local  prov in! ìa l
golcrnor se.orì.lh they were often comrncnìorrted by the
cr?atior of rock cenings and lìicroglyphic nÌsc ptions àt
the qrLarrics theùìselve-., and thirdly a ncw idcologlcal and

politìcal elemenl gradualli eÌÌerge.l, r,hereby the klng
seerns to have exerciscd a virtual ÌrÌorìopoiy on the quarry
ing and mjn ing ofm.ny raw rnater i3 ls . : fhe h ing was able
to Llse tliis rnonopoly not only as a means of rewarding
ofi.ials (by gÌanting thenì blocks oflìcslÌl) quarrL{lsrore
to bc carvcd into sarcophagì or false doon, Ior lnstance
sec Lichrhcnn r97l: 18 2l) but xlso as a rncans c,1 gairÌùrg
favour with Lhc god's. TLe reìiels and inscripLìons xì thc
treasurics ol sonìc of the rnaj(,r Creco lìonlar tenlplcs
ìndjcaie ifrl lhc god s shrine $,!s intended to be a r .ro.
cosm ofthe univcrsc, includirÌg all the essential vegetable
ar . l rn inc.a l  .onlponcnrs (scc ALrf iòrc r991:  71,  48,  809
zo;  Shau,  r99E:  ,51 6)  nìcrc $as rherefore not  only  a

I  i r  |  . l l u  , l o  r |  d , r )  ;  , . n  . , f
Llìc a.quisitiori .f maierìals neccssary lòr lhc .reation of
lcmplcs. torììLrs and tunerary eqÌripnlent, but l]lso an ideo
logical spnr, ùì thxt th-- kì.g was obliilcd to rccrcatc the
cosmos b,v gathcriìg bgethcr its tundamenlal clcmcnLs
and placuìg Lhcm rn tiìe ternple tr,-lsrrries (e g. thc Usc ol
b l .ck basal t  1o crcatc teÍ Ìp le pavements symbol is ing thc
fertjle silt of rhc Njlc vallcy)

lhe 6rst  sect ion of  th is  chaptcr  d iscu- .ses t l ie  generr l
e!ideùc,- firr quarwjng, prjnìnry proccssnÌg and traDspor
tatioÙ of.lilTereni types of stonc rn thc. Plìafaonic p,-r()d.
IrÌ lhc secord sc.tjon, specì6. qu:rrlcs ol thc Phafaoric,
Ptolcrnaic an.l Rornan periods are describcd m rhc follll of
an nlphabctically arrange.l list of the !arious stonc l)pcs
-fhc 

lhird sccLion .ornprises a short sùmmary oarcscar.h
ilto ancìent lgyptLan stone worldne t--.hnology. Thc
fouÌ1h sectìon summariscs the cuùenr stat,- ofthe srLbjecL

'  h r . r . . : ,  o  r d r r  r  ' r . "  i ,  r  J r ' ,  - r , r r r  , r ,  r

Quarrying, in sifu processing and transportetion
-fhe crcalion of the ]ìrst tombs ìncorporatjng siorc Ini-
sonry, in lh€ Earll Dynastìc élite c--meterìes at Ab)dos and
Saqqara ( i , .  looo 2649 Bc),  was rhe st jmuhs ior a rapid
qros.rh ìn the (}rarÌfing of buildnrg stone such as Lrnre
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stone and granlte. At the same time, the growing need For
tombs to be fil1cd with stone vessels symìrolising the weallh
ofthe deceased led io the large-scale procurement ofsuch
materials as travertine, alabastcr gypsum, limestone bre€
cia, bàsalt, limestone, granite, granodiodte, greywacÌ<e,

. sandstone, siltstone, andeslte porphyry, s€rpentinite, tuII
and anorthosìte gneiss, which were ihe preferred matedals
lor fun€rary vessels in the Early DFastic period. li is clear
fiom the jewellery lound in some of the FìrsrDynasty
tombs (pariicularly that ofKnìg Djer at Aìrydos) that such
gemstones as iurquoise and comelian were also being
heavily exploited in thc tusi two Dynasties (and proL,ably
conslderably earlìer, see BcirArich r980), along with rhe
vadous precìous metals obiained ffom the lastelìl Deset,
tlìe Sinai peninsula and Nubia.

Dudng the Old Kingdom (r. 2649 2rt2 BC), th€ con"
struction of numeroùs royal pyramid complexes in ihe
MemphÌle necropolis resl ted in an unprecedenled dc-
mand fòr stone $hich probaìrly peaked in the Foùrih Dyn-
asiy, when ihe largcst pyramids were built. Lehner (1985:
ro9) calculai€s that 9 millìon tons oflimestone aloùe were
quarried beiween the reigns of Sneferu and Menkaura ror
the pyramid complexes ai Dahshu and Giza. It was also at
this time that many other stones began to bc exploited on a
large scale for ìruildings: granite and granodiodte &om
Aswan, basalt ftom the Falum and lravertine îrom Middle
Egypr

S oÍ."sto ne qu a tryin g n eth o ds

The vast maìority of quarryìng during the Pharaonic per
iodwas concemedwiih dìe procurement of the two princi
pal'soft stones used for ceremorial, religiorls or tuneràry
structurcs: limestone and sandslonc (th€ quarri€s for
which arc discussed beloN). Limesione, virtually all de-
posits .,f which are found at numerous locairons bct1\ie€n
Cairo and Esna, was exploited ftom the end of the Early
Dynasijc period until the Eighteenth DFasty (after which
its importancc as a building stone went into decline).
Sandstone, on the oihcr hand, is foùnd in Upper Egypt,
from Esna down io Sudan, and was us€d inthe south from
ihe Eleventh Dlnasty onwards. Most ol the impoft.rnt sur
viving temples ofthe perìod behveen ihc Eight€enth Dl1l
asty and the Roman period were conslructed îrom sand-

Outcrops of lim€stone.rnd sandstone most suilable for
quarrying wcre thos€ having a unilorm colouraiion and
fine tefiure, ai lcast moderate hardness and thick layers
with widely spaced vcrtical fiactures. The ancìent quarry-
men would identify a singlc rock layer (or series oflayeÌs)
with the requisite properiies and then quany ìt at one or
more places along the margins ofihc Nilc vrìIey, wherever
it was best developed. In many cases jt was lhequalityofìhe
rock rather than its accessibiLìty lhal diciaied where a
quarrywas located. Thìs ìs eùdent from the fact thal many

ancient +laÍies arc fouÍd on the upper slopes ofhills r
escarpments rather than at ùeir base, where similar
lower qualiiy rock occurs.

Blocks ofsandsione and limestone were extracted by
folLoving means, more than one of which might sor
times be combined jn one quarry:

(t large open cxcavations;
(2) the r€moval oî the vertical faces or horizontal topl

cl i fFs;and
(.1) the excavation ofdeep adìts and gailedes (usual\

orderto reach the besl qualìiy rock).

All three of these meihods w€re used for lìmestone i
iravetine. Howev€r, with the exception of some Mic
Kingdom galleries in part ofthe cebcÌ eÌ-SilsÌla sandst
qu,rnl,, all sandstone and hardstone quarries were 'or

cuf (i.e. not ofthe galÌery ty?e).
The op€n-cut process generalLy comprìsed a numDe

stages, beginning with the removalofsuface material sl
as sand or rubble. The nen step usually consisted of
marÌdng of the cleaned suface either with painted line
sequences of chisel-cui indentations in order to indn
where the rows ofblockswere to be cut out (each separ;
from the next by a trench ranging ftom at least 20 to 60
in width, depending on ihe slzes of the blocks). Th
trenches were then excavated to a depth whìch was usu
àt least lo cm below tlLe bases ofthe blocks, thus lea!
rows ofrock stumps, as in the case ofthe limesione qu:
beside the Fouth-Dynasty pyr:rmid ofKhafra at ciza.

In the case of limestone and travetine, the remova
blocks from a vertÌcal clif face was sometiues ure i
stage jn a process 01 deep€r gallery-style enraction (
Owen and Kemp 1994 for a discrlssion of the comn
ground between lhe excavation ofrockìomìrs and quar
at Amarna), usually when the beticr quàlity stone ,
covered by an ùpper layer of poorer qulity material. '

initial face would be scaled by a series ofsteps cut into
outer làce of the rock. The workers would ther canc or
corrldoralong the ceílingofthe gallery, thus allowing ih
to cuidown behind the froÍt row ofblocks, detaching Í
ofblocks lrom thc top downwards, gradually moving b.
wards deep€r into the gallery.

H a td-sto n e qu o r ry i n g methods

ofall the hard stones available jn Pharaonic Egypt, gÌ
ite and granodiodte were the only ones thai were used
building purposes on anything like the scale oflimest,
and sandstone. TLe granite qùarries at Aswan, which $
exploited from th€ First Dynasty onwards, are the o
hard'stone quarrìes ihai have been studied in any de
(e.g. Clarke and Engelbach rgloi Róder r965i Aù
I99r: 16-40; see Fig 2l), although ihere have been
. Frr derr i  ed . fudip, Jt  l ,orh quJr, ,rre Jnd gn.r. .  ( Ì ra
ing (see Klemm et al. 19E4 Ànd Stross rt al. 1988



qùartz l te .  and Haf fc l l  ar ìd Browr r994 tòr  gnejst .  Or the
ìrsF ofsù!n jng t )u ld  ngs l rd o lher  ùurùnents l lòder

i1965) est imxles rhaf  45.ooo cubic nÌc. t res of  s1ùre ù-- re
renìoved tu,n the Ass'an quarrjcs Ír thc Old Kiùg.Lorn,
whtù i t  src Ì Ì rs  l iku l , '  th , t  thc ìoose Lror ìdcrs sprcrr r  across
rhc s i l r l ic t  woùld l , r re been erp o j rcd (Rcisncr  rg l r :  74.
Ìt wis in ihe Neu lcrgdo.r holrcvcr, lhat thc làrgcsL
qùent l t ics 01 gfar i tc  s( r r  n i  ha! .  bùr ì  qrr r r r icd.  ìnc lud-
mq nurn. f .Lr i  E ic ì r tccrLL ù Niùeteenth Dynlrb colos.
srl nrtues rnd obclislis.

Uùdorhedl , r  rhc r ros l  i rnpor t .ùr t  rurcc of  kro iv ìcdgc
oÌ ì  gr l r i te  qùIr \Ù!  ls  r l ì f  so.c i l lcd r  f in ìshcd obel isk,
Nhic l ì  is  lo l l ted ùr  the ror  thcr f  qu.Lf rLcs ( i r  1c! !  roLorxehcs
to t l ìc  sout lexst  of t rc  ( . Ì r t rc  o l  modcnr Aswan:  sLt  l r jg .
r . ,11 arrd proL)J l , l !  d l t rs  to thc rgth Dynlsty  (scc Lng. l -
Lrar |  rgrz:  l l rLJr .L i  r9 l ;o  A, .o ld ,99, :  17 9)  ! i  or l i  or Ì
th is  obel is l r ,  Dc l !  Io f l t  l \yo ùret rcs i f  cnerh,  \ ras abnn.
doned! t  a rdal i !c t \  lJLc s lagf  i r i  l ln ,pÌo(ess of i ts  exnlc-
t ion.  r îhen ( le f ihc i ìnL crrchre Lrecar ie xpparer i  A1ì l ] f
rerrov ing the weafhcrcd t lppcf  la t . rs  01 t l ì .  ! : ra I r i . ,  x
t t€nch {as t r . :a \ r t .d  Ìhus nr i r r l . jùg oùL tL.  s l r rpe o l ' t |e
oìc l isk s t i ì l  ! th . l ìed to t |e  bedrock Thc srr roundnrg
tren.h has :L $i.hL .f xbout o 75 irctrcs and is .li!ìcLc.L
into a scr jcs Cr1 o.6 r ru l r { r \ r ì .k ,  RoÌk i fg  r rc js  (nìaÌ Ìcd
our r \  lcr jc ì l  l , !d  I r r .s  r lowr t [e  s ide of  the t rcnch) ,
rhidr FoLrld h:ì!. Lr.eÌr rlrle tu r.:conrnodarr ls m:uu as
l f t r  workmc[  aror iDd Lhc o l ] r l is l i  a t  er ìy  on.  r jnr .  l l  s
c lear  f ronr  thc sur !  !  i r i l  rnar ì (s  r Ì ìac lc  by the quJ|)  o ler
scers on r l l r rn)  fJ fes i r t  A5!v i ì r ì .  thx l  tLc dePth of  ea(h
t tc |ch r r rs  regular l . '  lsscsscd b l  los 'cr i r Ìg  {  cuDrt  ro. t  Lr ì t { l
r Ìa ì rd r Ì rafL i Ì r i j  t l i .  lo t  o f  th .  iod q iLh i r  l fLanglc.  OÌr . r  t l ie
l re |ch l i3 l  rcach.d the neressrn d i .p lh.  thc $orLers
{orld gr:ìdLr.rll) ùùdefcùt the bio.i a troccss wlìi.h s,as

Èst  b.gnnni l  r ì  L l r r .  cas.  of  thc ùrJìn ishcd obcl  s l i .
f j . r lLv i f  o fd i . f  lo  inor f  lhc qul r ìed obel jsk honr  r ts
ùrr i \  one end lvorL ld h i rvL. lo  be qùrnied o lLt .onr ì r lc lc l , !
lLus r l lowjrq fh.  obcl is l  Lo bc !ushcd ì ror izoÌr te l \  or t  ( r
con!  crx l ) ly  . rs j . r  r !s i  thaf  . r t l .nrp l i Ig  to pul l  r i  ver t r
ca lh lL t r . r ids orù . f rhe ho e)

Quaftyingtools

]hf le  i \  ro Ì rc  ufc . f t : ì i r ì t \ '  !s  to  the l i in . ls  of  for  I  usro rof
t ì te  qur$ i rq o l  so l Ì  s toncs duÌ i Ì Ì ! r  t lk  l )hr Ì ror ì i f  ì r f r jod
lscc r \ .Dld r . t9r  :  l t )  T l rc  looì  Í ìa f ì 's  prcs, - r \ , - . I  on q] Ì  

 

r l
$alls sullrcst llrrt sorne fofnr ol po|ÌLL..l picl or rxe wrs
uscddLùnì l r the Ol . l  rnd N, l idd lc  KLnudor l rs ,  lo l lo$1,d1) \  rhe
use 01a r Ìuì l . l  dr iv . r  pojnted (h ise l  ionr  thc [ ig ì ] tcent l r
Dr ias l \ 'or \  ds ( t {er ì ! r Ì  r988)  l f  lhc cnsi .  01 a sùr l l l
nnùrb€f .J  UocLs,  a lcry  larg.  s ton.  .h isc l  sccÌ rs  to ha! .
beer  used,  i Ì rdel r rg l rorn t l r f  Ì r rcscrre o l  2 t  cnr"wjdc
groo,es / , ;ee Ar fo ld r9! ì7:  p ls .  9d I  J lb) .  R afd D.
Kuùn xrgue lh l t  rhe r r i jor i t t  o l  lhe tù l  r rar l {s  $. r .
nndc b, r  sof t  roppcr  chjsc ls  r r r  t ì rc  Ol . l  ar ìd Nl i . ld ìe l ( jng
dors aùl  l )ardcr  otper  or  brorTi .  ch isc ls  1roùÌ  t l ie  Ner.

Ki rgdol ì l  or ìwards (wi t ì r  t l re .har . . ter  js t j (  pat lerns posslbb
i l lo$ ' rng spccl f ic .hroùological  phases to be idcnt i l icd,  c .g.
a henìngbonc scqLrcncc o l   Ìar l is  ùr  t l rc  Eighrùrr rh Dvn
,sty). Theri. appcar, ho$cvcr, to Lre al L-asl hvo problems
s,itlr the Klemnrs pfoposcd sccllrcnce ofcoppef kxrls: 1ìrstL,!
tlie achul srNjvìnu chjscls (albciL lound {t corìstructrcf
s i lcs rath. r  thrn quàrr jes)  t i . fd  to h3vc a broad,  Hr l  cut t i r ìg
cdgc f3Lhcf tlÌ.ìI x point, rnd secondly thc haLdcL ioLrns of
coppcr aìlo1 rvere already arailabLe in rhc oÌd:LDd lvlnìdlc
l ( i fgdoùrs (scc Chat t l r  6 ,  t l r js  v . lur .e) .  Cherr  \ \ ' i rs  i ì  so
. . d  o r  o , - .  t s \ l  r . , t ,

on t l ,c  uscs o l  chcr t  bc low).
Ì h c q u . s l i o n o l  t h c L f p c s o l  l d l s u s r d f ò r  t b e e x h a . t j o n

ofgrr . i te  and o l Icr  hard stoncs is  cqur l ly  conhovers j r l
Où t le  brs is  o l long sequenci .s  o1 rccLrrgrhr  wedg,-  Lolcs
at  thc As$x.  quar fcs (s fc  f '9 .  .z . i ) ,  iL  ' \as oÌ rcc assùne. t
that  lhr  gr !n ik  was reùrovc. l  rv  inser l iDg $ 'c tLcd $o. ,der ì
$cdgcs xÌ r .J  t l Ìc  lb les ar ìd le le, i rg the b locks arvay [om
thc bcdfoch. TLcre are rorv hro ftur.lanrcfL:rl obicclions to
lh is  l |coD: J l rs t ,  t l Ìa t  woodor w-{ees,  even \ rhen expandcd
bv sol l .  ng lhcnì  r r r  \ r : ì tcr .  would xhnost .er la ln l , !  no l  havc
been sho. i l l ] rough lo l rncLLrc thc graùi t - -  (à l thoush fof  r r
. :xhern, lv  abor ious br l  suc.css l i r l  ! t t ( r r ìp t  r :e  Zul )e.
,956:  2o2) ,  rn. l  sc.ondl ) ,  thar  rhc \ \cdgc l Ìo les have ne\e,
bccn clrted !rr) eùlier t|;ì| thc Ptolcnaic pcfiod br whiclr
t r ì ìc  i roù w! .Lq( :s  worÌ ld  ] ] .vc rucD : r ! : r l l .1b lc  (Ròdcr  r96t)

lL tdging { rorr r  ! ! r i .1rs shrd ies of  ihe quarrrcs r t  Asw r
(Arnold r99r :  17 9 i  ^st ( ! ,  r994:  r5 ,E,  l ì9 .6:  EngcLbach
r, )22.  r92l t  K lcr Ì Ì rn nùd L lcrrnt r  r99Jr  lo j  5 t tZubcr  r956)
!nd th{ :  nrp l lcJt rors of  cxpci rn, - r t r l  pro jects (Stocks
r  986. ,  r986b:  Tubcr  r956) .  the sc l l r r l  process ofexb a. t jon
ùr  the l 'her  ror i (  pcr iod sccms lo halc  i1 ìvoh.d t rkr  ( :x(àvr
t iùr  of  opc. .uf  quarr jcs.  us i l lg  hanùrìc fs tor ìes (e.g.
c lo lc i i tc l  k)  er ld l r r lL l  renro le t lc  s tonc f ro | ì  tLe suf ic- -

T l Ìcrc arc at  lcast  t l r .c  othcf  instarc.s  or  cxùrcr iorr
nrr f ls  lc l i  b)  poundefs iù  Lqpl ian qÌ ranì€s ln  lhc qui r r t .
T j te  !u i r r rv  i t  Gcbcl  Culxb (où the s,est  bank r l  Asq.n) ,  a
bÌoken obcLck rns. f ibcd \ Ì i l l ì  t l ìc  nar ìe of the Ninefeerrh
Dlr l lsr !  lx  cr  Scl i  I  sr rv i \cs, i  J i lù  ùerr  the { tuar l  ù .e
f rorn rvhìr  h i t  r . rs  ext r :c lcd lscc t  l : ìbr .h i  r96or22j  l : ìsec
r l r r  l i ! r .  t r .6) .  Ìhe quarq lacc shows dcl ì i i tc  l ra ! .s  ot  the
usc o l  sLor ì !  to l r r . tds.  The se.ofd i fs t ! |cc is  1 l : ,  Lr r  foùnd
. ì t  Q. ì r  ! .1  KeLi f .  wìreìe c l ! ,Lre afd Frgclb: ìc l ì  ( r9 lo:  r iJ)
fo l i .d  nì r f ls  l . l i  Lry s ldr- -  porùrders ln  a l in ìcs lo l lc  qu,r r f t
.hafac lcr iscd by Lrr Ìùsúal l )  dcrsc,  hard ro. r  Th.  t f  rd
pjecc of  c \ ldcf .c  lor  cr t r rc l ioù wi th pornders is  a sct  of
mo ks in  the er ! . )a\ , : rc l i i .  sandsior Ìc  s ihsnrrequxrr !atwadi
l larnnr !D]xr ,  q1r  c l  wcl , (  photogr{ph.d by K ernnr  lDd
Kl .  n i  ( r99j :  ,+r ,1)  nrd ùar  lc l l  d i tc  to  the l , lúr ronr :
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HARD.STONE QUARRIES

Ì QUARTZITI: at Cebel Ahnar, Cajro Ito'1.r5'N, tfr7.8'El
loK Rl

2 BAS^LT: at Wida. el-lìaras on ccbcl el-Qatrani, Fayúm

[29" j9.6'N, ]Ò" ]7.2'E) (o K)

SOFT.STONI QUARRIES

LIMESTONE
r Numerous quaries on both sidesofMallahet Mariutn

near Alexandria: Lretlceen Abu Sìr []o"t6.8 N,29"1ó.ó'
and Bury elArab lló'55.o'N,29'12.7'El villages to rhe I
and Mex liÌase I1r"9.25'N, 293o.6'El to the NE PrR)

2 arc iza pynmids [29 ' t8.5 'N,  ] f7 .9511(o( i1)
I neàr saqqara pyramids:at Djoserpyramid [29'52.r5'N,

lfr2.9'El(o(J) and in the desertto thewestl293o.9
,)1 9.9E) IED.OK?)

4 nearef Lahun pl!úid [29"r4.2'N, 1o"58.o 1] (M(r2)

t at Zawlet Nas. on cebó] Mokattaú near the Citadel

Lto"r.6'N, ll.r6.2'El {oqM( N(?)
a  o ì C è L a  r J a n F r - - r r , \  l a L e  - t " ì ú o \ . ( . " , 7 7 | |

lol( R)
7 on cebel Hofnear el.Masara vìllage [,9"54.9'N,1r'r9..

(MK.R?)
E neareì-Sawe)ta ljllàge 128'22.5'N, lo'48. o El lN( r?)

9 àte]-Babein tomb near Benì Khalid viÌlage [2E'rE.fN,
)a'44.9'E) (NKa9 ,o)

ro at and near Deir cebel el-Tei villase [28'r6.9'N, ]ó'45.
(oK/MK?)

,, ncar Tìhna elcebel riLlage and Aloris ruins [,8"r.o1
1o"46.45'El lNk,ó, r'R?)

ì2 near elHawarra lillage [28'9.95, ]o'a6.t5'EllR?)
r:t near Nazlet Husein Ali village 128"8.4'N, 1o'46.6'El lI
q near Sawada village ìn ZaFTet Sultan distict 128"4.6'Ì\

to"48. l ' l l (NKi8)
rt ncar Nazlet Súltan Pasha village in Zaqfet Sultan distl

[28"4.1N, ]o"48.9 6E1 lN( R/
16 near Zas'yet el Amwatvillagein Zaelet Sultan distncl

128'1.2 N, 1o"49.8'El INK-R)
17 in Wadi Sheikh Yasin jn zaryet Sultan disùict [283.i

lo '5o.7 'Eì(N,( -R)
,8 near DarbTila Nufaltrack in Zawyet Sulan distrjci

[28'2.55'N, :]o'5r.25 E1 lN( R?)
19 near DìNaviÌage and Petosiis tomb [27"4,+.fN, ]o'4

2o near Nazletel-Diyaba villàge 127't6.5 N,lo'52.85'El lR
2, near Beni Hàsan toúb3127''4.9N,?o't2.2'E) loK/M
22 nearel Sheikh TimayviÌlage 1273 r.7'N, l o'to.7 Eì

loK/MK Pt?)
r J  r e . r e l  r h " i l l l b a d a \ r l l a s . a n d A n r o o o - .  '  .

[27'49.6 N, 1o'52.2'É) lM K-R? )

7

r5

r 8

1 )

QUARTZITE:on Cebels Culab andTingar nearruins ofSt.
simont Monastery 124'6.4 N,lz'52.611 lN(-R)
CRANITE and CRANODIORITE: numetuus locallties
berween Aswan and Shellal 124'1.7'N, J2"r.7 E) (ED-R)
DIORITE.cABBRo and ANORTHOSITE CNEISSES: near
cebel el-Asr, Nubian Deseú122"47.5'N,3t'12.7'El (PD oK,

CRANiTE and CRANITE CNEISS: nearTumbos althe
south end oftheThird Cataract, Sudan I,9'42.75'N,
]o'zl.2t'El (NK?, ri,J, NM)
TUFF and TUFFACEOUS t IMESTONE: on Cebel  Manzal
el-seyl near wadl Mellaha [27"t2.6 N, t'7.8 E) (ED)
ANDESITt DACITE PORPHYRY and CRANITE: on Celrel
Dokhan and in wadiAbu Maamel (Mons Poryhyrites)
127'15.f N, lt'r 6.o'El lR)
TRACHYANDESITE PORPHYRY: in l (adi  Umm Towat
nearcebel Dothan [27"ro.2 N, ]1"14.4'El lR)
QUARTZ DIORITI : in  WadìUmm Balad nearCebel
Dokhan [27'9.1N, ]l'r6.7t'Eì lR)
DIORITI:in Wadi Umm Shegilat near Gebel Abu el-Hasan

[26'56.6 'N,  ]1"r4.9 'El  lR)
TONALITI cNEISS: betwee. wadis Abu À4araklat and
Umm Dlqal near wadi latiii el Bayda (Mons Claudianus)

[26 '48.55 N,  t '29.rE]  lR)
Q UARTZ DIORÌTE:in Wadi Barud near Mons Claudianus
[26 ' ,+] .o t 'N,  l l ' j4 .5 1ì  fR)
TONALITE GNEISS: ìn wadi Umm Húyútnear Móns
claudianus 126".+5.o8'N, 11'27.95 11 lR)
QUARTZ DIORITI:in Wadi Fatiriel Bayda [26'44.o'N,
1] ' r9 . l  l ì  lR)
CABBRO:in Wadi Umm WiLala nearWadi Semnk
I26"25.8t 'N,  l l '19.7 'El  lR)
cABBRo: near wadi Maghrabiya [26'r8.65'N, ]U'21.7'El
(R)
S€RPENTINITE: nea Wadi Umm Esh [2 6'].9'N, 11"6.6'El
(R)
CR ANODIORìTl: at Bir Umm Fawakhn near wadis
Hammamar and c ls id [ ,6"o.65 N,  ]1" :16.4 'El  lR)
SILTSTONE, CRE\.VACKI and CONCLOMXRATE: in
wadi Hammamal, Eastern Deselt [2t'59.4'N, ]t'1,+.05'El
IED R)
DOI.ERITE PORPI-IYRY: iú Rodel-Gamrà near Cebel Urf
Harnlm [24 '4t .7 N,  ] l '59. l  E l  É)

2 5
near DenAbu Hcnnisvillage [27'47.2'N, ]o"54.8 Eì ll
in wadl el Nakìa near Deirel Bershavillage [27'44.9 ]

lo'55.4'El lNKr8, I.lo, Pi)
near el Bersha vÌIage [27'41).2'N. ]a'51.7'El (@se? )
near el-Sheìlh said vììlage [27"42.o'N, ]ó'51.t'El lN(ii
in wadi Zcbcìda neer Aùarna rúins [27'4o.9 N, ]o'54

29 opposite Dairutcjtlon CebelAbu Foda [27']1.6'N,
lo '5r .9 lEl lN(?)

jo nFr.  D"r 'F .Qu"" , ,  r  lJg,  o,  L, ìÉì  Ah I  fodd , .7 ' l r .
ao'52 2 E) la*? )
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j ,  Ì rcr f  Ì \ le i ,  !nhg.  [27"26.o ' ) ,1 .  lo" , t2 .2 r ì l  lor ( /MK?) 59
l l  a iard r i .ar  Dci r  c l  Anr j r  T i r . ì ros nroì rasrcry o.  c i .bcì

AÌ ,  Iodr  127'22 6 'N,  jo"57.8 [ ]  loKlMKl ,  ^"^ : '9 l  6o
l4 ! t  r rd n lar  Deir  Abù Mjnr  r ror Ìxster  y  on CcìJeì

e lHafrarLa [ ]7 '2r  I  N, l r 'o .9 F. l  la*?)  6r
t5 r ì txr  c l  varL, . l l  v i l la i lc  or  Cebcl  c1. l  Iar r  rnr

, i ' io  I  N. l ' " r .9  1: l  l íg '?1 6:
16 r ìc . r r  Deìr  c fcal i r !wì l i l l l ìge on c.bc l  e l  1a! ' ra

[ . ] : '2o. l  N. l r ' j .9  1,  lN( j r9 l
li .n cl l(etîprolÌloltor,! on Crl).1 cl Hrft,ìù

1,719.6 N l r '2 . t  r l  (NKj ,9)

6 t

6 t

nc:Ìr  N!s e Tawal ib r i l lagc Iz6'46.5'N, l fz i .45 El
lae.?)
reaf  \3q Hàmad l i lhge and Arhr i l ) is  nr ins
[2(r"]o.65'N, lr" l9.55 rl  l Ir  n?)
ne.r  i - l .Sal rnuniv i l l ige and Abydos mìns
[- ]6 ' ,2 .25 'N,  l r ' jz .55 El  lMl(  I  ! )
t Ì Ì  wld l  Naqb - - l  Sa[nt l r Ì i  , ìc l r  Ab]dos n, iDs
l z 6 ' r r . 7 5  N , l r ' 5 r . 9 5  F 1  l M (  r l )
ncaf w!dr Emu [27"7.r i ' \ ,  ] r"rr . l5 El lasr?)
ncar el  Khi$'r l id vi lLagc I27'5.6'N, I  r .21.,  r l  ldg' f )
ncnr €1 Nxz a d-Mustrgjdda vi lhse 127.4.65 (, ," .
l r"2l .65 6r l  l ,g '  ?/

66 betwccn cl  Nrzla cl-Nlustagidda aÌì i Ì  Deir  Ti ìs l
v j l l recs [27' ] .8 N, lr"24.,  f  l . rg, ,

67 ùe 

 

i . l . lq" l  l l rh,r i l i l lase i26"t9.55 N, l r"27.4 r l

68 near el  Baivadira ! i l  agc 12(, '57.55 N l f . r7.75 El
t.tgt | )

69 , ìca, ' ,1 lqr l  el .QiLr i  ! iL lagc [26'16.65 N. ] ,"28.75 F1
I  R : )

7Ò Jt c l-Har.mrnrjya l i lhse [26'56.25 N, ]r .29.2r ' t - l
t'ìsi i/

ir behlecn cl l lamn1alnila vì lagc a|.1 Anracopolis
rujns [ . r6";5.41N. 3r '29.5j  r1 lNKrS]

72 rt and ncar Qau el Kcìri1i ̂ntreopolls rurns
[26'55 t 'N. ] r ' lo.o5 El fo(/MK NK?. pi  , , /

7t  rc i ì r  el  NaÍ 'a\ra vi l lagc Ira) ' jÒ.r ' \ .  ] r . lz.r ' r l  ldse?)
74 ncar cl  Khazindarjyr v j l l :1gc. in cebcl c l  I  tU jdi

126'47.7'N. t i ' lz.45 l l  lNKjro)
7j  rcrf  Nrzlet c l  Harìdi  ! ì  lagc on Cebel el- l  lu ict i

l2(, '46.15 N.Ir" l l .2;  r l  las'?)
76 ,r 'ar Abn c. l  Nasrvrì l : rge on Gcbc.Ìcì  Hr|o

[26' .15.75 N, J]" l l .E5 [ ]  lPi)
77 bet$,een Abu cl Nasf and el crli\aj,la villages on

Ccl icì  c l  Haridi  [26". ]5.75 N, l r ' t5.6 ! l  lar( /MK?)
78 nclr  el  ( ; r l : r1\ l ,vr v i l l rgc [r6 'aj .6 N ]r . l7.r ' l  lag.f)
79 i r t  lstrbl  Anf.r  bcr\yor cl-FIrradnJ and Urtran Bcnl

\r '  asi l  v i l lagcs {26'42.8 N. tr 'ao t5 Fl  l 'gc?/
òo ncar Qurùet Siì lamurÌ i  v j l lagc [26.J7. r5 N, ] f4t . l 'El

Er atel  Salarrurì i ! j l  igc 126'J7.r 'N,I .45.71F.]  lNKf)
82 ncar wadicl- I luhrk (Val ley of thc I turgs,

l2s' ,14.85 N, 1237.1 El lNl(J8. /  r ,6,  R. l
3l  nc:Lrel  ClÌcrr  v i lhge ir  ccbel-- ìn distr l . r  (reccul l f

d c s r , o ) e d ) [ 2 5 ' 2 9 . 6 5  N ,  ] 2 ' 2 E . 1 l l  I M K -  p i  ? )
ò4 neiìr  N.ìg el  Aha)wa vi lLagc 12a) '26.o N. l f5o.J 'ul

(0s.?)
ò5 neaf SLdi Musr toDÌb où cebcl TLrkh 126'2i .9 N.

I i '5o.65 E1 lo(/Ml(,R?)

neafAf !  )  e l  At  : t  ! l  r rharr r - r  \ i lhg.  or ì  Cr ì ) . ì
c l  Hrr rnnr  [27 '2o.o N ] r " l  9  El  lPr  R?)
on l i lc t  d  Hagar pfor( , r tor t  Ì r . : ì r  wrd j  c fAsruL
l r / r ' , j  4 5 ' N  l r ' r 8  r 5 l l  l r s . ? )
brhr  e l  Iz : rnr  rnonasL. . r ,  ' (  r f  AsyùL c i t t  27.9.2 N,
1r"3.9 |  /og, . l )
bct \ rcer  As) 'L l t . i ty  rnd DfUxl ix  y l l  agc {27 '9.1 N
lr ' Ìo .41: l  lO( /Ml(?)
xr i ind behreef  i ì - , {k ì r  Nl . t !n i  0 ìJ  Sa$ir is
. lonastcncs ncar  D. i r  DrLrn l i ì  \ i l lxse [2; .6._]  \ .
j r ' ro  o ' [ ]  lOK,, iV( |J
Ì reJr  Dci r  Ri f ! ! i  lagc [ . r7 ' .+ 55 'N.  ] r ' ro .9 F l
l0(/r\1(.N,(l/
r txr  Si . l i  Abù f l  I  l r r  s  loùrb : ; "2.7 'N,  j r " rJ  55 ' t l

b . l {een s idL Abu . l  H|  is  td i rb rnd Dci f  e l  l l i tc id :L
, r ' ì r ìs  [ :7 '2 . ]  N,  lL ' rJ .65 El  ldg.? l
r lDci re l  I le le idr  nrs [27195 N,  ]J ' r l  85 ' r r l  ldg. t r )
near  c f8r lyza vnlagc [ :7  ]  2 t  N,  Jr ' r4  z ' [ ]  las.? l
behrccr  r l  Bal )zJ and e l  Ab|  t0 ìurs r i l lagr
: ; 'c .4 \ , l r ' r , t .55 El  ldg.?)
bel \ reer  c l -Àbu KlrLrrs  a ld.  Z i r rbr  v i lhgcs
[16"59.2 N,  ] r '14 7 Fl  fdg. ! r /
n .afc l  Z! r : i i r !  v i lhge [ :6 '58.4 j  N,  ] r ' r ; . I  r l
foK,i.\,l( NKll
r tc fAdrr  Mnryaì ì r  rno.as lcr t  nel  Wadi  Suga a l ld
Deir  c fcaì ì rd l : r  \  L l lag,-  12635.6 j 'N.  l f r6 . iJ  t l
l0q 1/(f)
ner el Ì \ lashr,va vj l l :sc 126 51.9'N, Jr.J7.2,El l ,s,?/
rì€xrel chùìarinr Bahari vi lhec [26'5J.1 N,
} " r8 ,5  F1  lR? l
ùcar Sidì  Nlansur  ior lb  [26 '52.8t  N ] r " r8.6t  F
lasr? )
ncar r l  Charrvrm Qibl j  vnlage Lz6' ;2.r5 N.
l  ! ' rg r i r l l 'g" l
near cfAghrna l i l lasc [26"5 r .6 N, ]  r"r , l .7 'El  l . tsc?l
ùear. l  Qarya Bì l  Diwei l  ! i l iagc [26\o.r5 N,
l f ,9.9 Fl  l i lg,  ?l

q6
4i
q3
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Iabte 2.1. (conr.)

86 *"r N
87 on cebel el-c r near Tenryris/D.ndara rújns I26,6.1,N, z. near site orxajabit a tenple t2l3l.orN, l23 r S,Ell?

. 32'1j7El(L:ja-R?) zl between ALru Hor an.l Mi-,""ii"g". 1-"rjr," s,io1
88 n.ar el Dibalìya viìlage [25'jo.,r'N, ]2.lr.j,El lNKr9, Fn.) Isoncwhere berween ,f,g.o,iì, l,3l.o,E an,i

J IP:21,  R)  2t"26.o 'N,12"5,1.o E1 lpr-R?)

t

6
7
ó

TRAVERTINE
r rn Wadl Ccrawi nerr tstelwan cirl [r9.48.5,N, ]f27.4.E1

loK:a)
2 between Wadi A.aba and wadiAseitha, [29".1.75,N,

t2 ' l . fE l lR)
I in Wrdì Umm Argxlr near wrdìs Muwlttit rlo Jannur

[2E' ]9.o 'N,  l , ' r5 .6 'E ì l  1r?J
4 nxmerous quaries lnelQawaú area opposìte etMjnya

citr [,E'6.2 N, ]o.,+9.4'El loK/MK.NK?)
i in wadi Ba6hawì .ear AmarDa Ìujns 127"42.o,N,

lo'56.1'El lM( N,(?)
6 in wadi cl-zebeida îcaf Amar.a ruìns [27.4r.4,N,

1o"5,+.r5 'El  IMK N(?l
7 ncarwadi eÌ.Zebeida end Anarnaruìns [,7"4o.8 N,

to'55.1ì E)l lNKrg)
I at Hatnub neal Ama.na rúins J27.tj.,l'N, ltr..t El oK-4 6.

r IP, M(r2, NKrE/
9 n.ar  wadi  e l .Asyut  127" i8.75 'N, l r .2o.7 € l  lN(r8)

SANDSTONE
near lJieraloopóìis mnN [2t"4.,{ N, ]2.4,+.I Eì INKR?)
at el Mahamidvillage near Etkab ruins J2fE.2lN,
12'46.8'El INK?, P4
àt Ramesses ll/ltolent IX templcs near Uka| Ìujns
125'8.ot  N,  U2'48.9t  1Ì  lNKj9,  p,J
nea. cl.Keijal villase [zt'4.]'N,l2.tÌ.65 Eì las,?)
belsccn Nag efRa<Iein and Nag el Hosch viltases
[24 '44.6 N.  ]2 '55. fEl  lR?)
ar Nag elHoschvillagc [,,+'.14.2'N. ]2.tt.2'El lR)
nr wadiel sirattel Rigal 124",+r.r'N, ]23r.2 r1 IMK N(j r8)
ner. Nag el Haúmamvllhge [24..1o.] N,l2.tt.4 El
1M(.N(?)
at Cebel cÌ-Silsila west Ban[ [24"]9.1N, :lz"tt.6 E lN()
and Easr Bank [,4'j8.4 N. ]2'55.95'El lMK?, N(, prjì)
rca.  e l  K i lh  sharq v i lhg{ :125' l .5 t  N,1232.7 'El  l f t ;R)
at  eÌ .Bxeib runls  near tvadie l .S i rag 124"48 6 N, :123,+ S,El
INXrE)
near Nrg el Fuqanivilhge an.l otposile.lKatrara!ìlì!ge
[24'i2.1'N, Jz" 51.1'E] (Pt)
in charbAswan distrit ollosìre c.zner Bahrìfistand
l�24" 9.7 N , 12'52.ó5 F,) (ag.? )
from Sìdi el Hasan tomb lo Ezber Ati Amer vilage
ù Charb eì-Caafra dìstrici [24"2t IN. )2"55.7 E] lpt-R?)

o m e l  - a J  d o o  \ i l l J F F , o s i J  A L d p  a z r l  o r  D , .
charb el Cxaia disrrlcr I24.18.7 N, )2.j4.7 E) (pt?)
o  -  l , " l " l  d .  m m . î  '  L , o r  A L ,  \ , . e r - ,  r d F  o r " J l
l 2 4 " r l 6  N  È J , . 4  F I l N ] ( r 8 l
at Cebel Qubbet elHawa oppositc Aswan 124"6.olN
12'r.tt'El (oK/MK?)
nea, Aswar (destrored) [2a'3.7'N, J2"5j.7 E] lase?)
lear Dabod tetulle l2i5l.8'N, l2"5r., El INM/prR)
near Qctassi tefrtÌe [,]'42.ó N, l2.5l.r,El lpr R)

24 near Qùrta remple f2l'2.t'N, t,,4o.Ò,[ì lNft8?, R?)
25 near Agayba village in lhe Miriq district [223r.o N,

12']J S'El (ose? )
26 neù Tuftes village [22",+5.r'N, ]2"8.8,E1 lNKrS r9)
27 oplosjte Cezira Dabarosa village, sudan f2f57.o N,

)fr8.a'E) (dg.?)
:8 near sjte ofBuhen ruins, Sudan [2f5:].o'N,I f15.o'El

MKN(?)
29 atAbd elQadiropposjte Dorgi.afti island, Sùdan

[2, '5o. t  N,  : ] r ' r4 .o 'Èl l  IN(?J
to near Qasr Ibín ruins l22"lE 9 N, lf59.t,Eì lMKr,?,

N(;R?)
lr at Nag Deira jn rhcTùsha Easrdisrrict [2230.4,N,

lf5t.5 El INK?)
l2 on cebel.lTeir in Kharya oasis l2f]l.o,N, lo.,9.o'I

(L.R?)
ll near el-Muweii ruins on eìft-euseirroad 12j"56.7,N,

l 2 ' l l . E ' E l l R )
l4 at BirelKanayis leúple in Wadìel-t<anayis on Edfú-M

Alun roed [2fo.25 'N,  ] t Ì8 .o t l  lNKjg?,  R)

OTHER STONXS
r CYPSUM: at Utum el SaRrvan. norúcrn Fayuù,

129'42.5'N, jo'51.ó lì llD o()
2 MARBLE: àt CebelRókham nearWadi Mià, Eastern

D.set [2t\7.95'N, ]137.85 E1 (N(-Rl
I TAI"C SCHIST: in Wrdi saqiyah, Easrern Descrl

12619.7 N, .11"19.19 'El  (R)
4 STEATITET ar C.bel Rod elBanam, Eastern Descn

[25"5.75 N , )4'4.25 8) lR ond eùrtietl

Not.s otu Lo.aÌions dnd Dates: North latirúdc and eastloneirud
a.e gilen nr brackets for the centre ofthe quary workìngs at
F J . l l o  r ' h . Q , " , r  d , , .  r  - g i \ " ] , n  . - t i ,  - , r n
prr.ntheses. Mostdates (rhose folowedby))are based on rh€
gpe óftool narls 1òùndon rhe quarrywatk (usn€the tentel
chronologyofR. and D. Klenh)and/or rhe age ofncarby
lemples thal may have ìreen rhe destjnatjon olthe srohc. A 
Òtherages rre based on inscripLìÒ.s, darabLe aniiquilies andy'
dchmte associanon\rith dated runrs. Abbreviarions used:
PD- Predynastic period, ED= [arly Dynastic perìód, OK: Ot,
Kjngdoù, rtP=Firsr rntermediate period, MK=Middte
Kingdon, 2lP = Second Intermcdiare perjod, NK= rew
Icngdom, :llP = Third tútemediare period, r= Late teriod,
Pt= PÌolemaic Period, N M = Napalan-Meroitic pcdod and
R- Roman Perìod. Nùmerals precedcd by cotons rcfer ro
dynastìes.The /'nì the abbrcviaiion O(/MK means ano/o
and is a! undiFerentiated date basedon loótmadc. Hyphen:
abbrevialions le g., .N(-R,) indicarethat the quaùywas worl.
duringlnd berwcen the pc.ìods repo,red. The dates reporrc.l
herè a.e Lrased ónly on rhe suwiving cviden.e and so  

 

B
possiblethat a glvcn luary nayalso havcLreenworked earlie

r l

r 5

r6

r8
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lìLrlc 2.2 rúr.fg.nfsionr soun:es anLl quanirsshown in rigurcs z.:

Ì .  ACAI[oRNFI IAN. HAINIATI IE lnd l^SPEIì :  t r r  ! r 'ad j  19.
Ah'  cer idà 16 '2 N.  j t Ì8  El

,  ^ \ ' IFTHYSI:  r t  wrd i  Al Ì  Hrd [27 4r 'N,  ] l "9  i l l  (PD tD)
J.  A[ l rTI lYST.nd COl lNl t  IAN:.ea]  Celre l . l  Asr  [2]34N,

l f '9 r l (À/( .  R)
4. ANiETI IYST: 3t \ l ,edi  el  Hul i t ) t5o N. I t ro !  /M(l

q \ l I l  l ' r ' , - - C L ' . , r  .  ' ; ,  - _ . .

MALACHI ' l  I  rnd TURQUOISI:  x t  Scrabi t  c l  lGrdin
[ ,9 '02 N,  ] l "2 i l 'L l  lM(-r  P)
r l lALACIJIT!  and IURQUOtSET at  V,adi  Ba' � l ) r /$ ld i
( l rar ig  [ ,9"o,  N.  ] fz5 'El  lo , ( ,N,( l
NlALAcl  I lTr :  ! t  T inmr 129'45 N j4 '5( tEl lN()
\ l lCROcLlNL:r r \ lad iHlgc l lg /c{ l  Nr ig i f [25 ' rb N.
| ' t 6 l

1,6! ,  \ .  l f5ó [ ]  lRl
l l  f -RYl  !nd CAR\ Ì rT:  r t  wrd iCi Ìnal  i2a!r 'N, l4 '+5 Fl

ts !Rt  L $d CARNE l :  r t  wrd i  s i l ,cù [24 '4o 'N,  ] .+ ' .1 .8 L l

I t l l \ t  n t  l i r3dr  \nqrrs 124' j7  \  14 '47 F1 fRl
nERlLrr l  c .hLzxl ,a,a 12.1"45'N l4 '4 l  r l  l r  /J l
coR\ lLrAN, r  rAIMATÌTE.fd lASPtt ì :  r t  $r rdL Saex
. :6 'L l  N l4 'cE l l
tLLror tsP^R: r r  L IDm lsh c l .Zargr  [ ,a i08 \ ,  ]  l ' l5  El
fLUoRsP^l l : ! t  r tnnr  e l  t , .$r l ,h i ,  [ :a ] 'o2 N I . l6  [ ]

, j  FLl lOl ls l ,A l ì :  r t  c .beì  Ì fe iq i  [2 t ' rE 'N,  ]4 'o7 Fl
r . t  CIRNEI:  r l  c{ ,Lr ì  Ni rh{ l  [16 07 N,  ] l '4 ,+ f '
r j  l lAF[ i , \TìTE at  Gcl icLAb, ,  Maìr 'a1Í27 '2]  N l l '  z  t : l  fRl
16.  HALNIATÌTE, xr  \ ] Ì  ad l  Di l )  [17 '55 N i ] ì8  El  l l l )
r i  NlALAcr lJTF and l  L , l {QUolS[ :3r  Rn N!s ib l29 'o2N.

n r4 L. f,Vl( N(l
i$  I I ILACHlTL ùd TLi  RQ UOISL:r t  wxdi  \hghaa

lr l l  5 lN.  l l ' ,211 l fD Nq

21.  MIcROCLINI :at  Al )ù Rùshaid 12a38 \ ,  l4 '1aiF l
:4.  l ,L l l lDoT r t  Sr  lohr 's  ls l lnd (Zr túrgad) 2f19 \

l6" ió  r l  lPt  n l
25.  SMOKY QU,\RTZ: at  Roin i t  2 : "2:  N,  l5 '45 'E l l lJ

I
t

Prccesting ofstone in sìtu

Àstarasstor ìcb lù is  in tcndcd for ì ru i ld inewereconccne. i
' '  , p  ì  o o  t ì  " : ,  |  , l  , ,  ,

theùselrcs seens to hale dcpcndcd on the tvpc oJ sL.,nc
ì r \o l red Tl Ìc  rougL,  f i .sh ly  qL,ar f icd b lochs of  $LLsLoxc,
sùchas llnrcstonc!nd srndstofi. wcri. probabl) not drcss cd
untiltheririvcd rl the stureqe afea bcsjdc Lhc conshudron
srt.0fthe ternpl. or IiùÌcr{ry ronrplex tor $.hich they Iere
(qxtrcd.  l .  the casi .  o l  b lochs of l r rd s tonc,  sucl ì  rs  gÌ  anì te
0Igr.iss. ho$eler. a ccrLain xnn)Lùrt ofslonc.!vorknìg Irày
hi lc  t : ler  p lace , t  thc qLrarr ics thenselves Arnold ( Ì99r :
jz lsuggtsLs t l r r t  t |e  sk l l led w. Ìhcrsofhar  d s toncs rnnyl ì r le
beenbascd r lnosteùt ì .e ly  at  thc qLrar f ies theùrscLvcs r3r l ìc f
thùr rhe corfru.tidr sit.s, Lcalxìg.,nit th.r final folìs|1ng
l0 be ù.dcrtaL(crì at tlk blLìl.Ling Ltscll. Ag.ìnrst t|js \'ìe!\',
h0Mver, jt Inight be rrgued that sLrch extensve storìc-
drcsrirq at the,:lraffies tLemse rcs rvoLrld harc ri:sulted in
unarceptablc dar ì r :Lgc to t ìx 'nerr  Énlshcd b loc ls  as thev
scr. transported 1o thc buil.ling siie (and possiìrle cof
Ius ionor ì r r r ivr l  : r t  thc latLcr)  The shLdyoirnasor ì  s  nìar ls
on s lorc l ' locks has.  in  rcccnt  ; "cars,  begun ro y ick l  soxre

.  , 1 . .  r . r '  " . '  l  r l  l r ^ . , r  , o p . .
tioirl and Lrùreru(ratj( links bclwecr thc qrLarrting arì.1
bui ld i ìg  pfoccsses (src A,nold 199o).

NÒt.: on Lo.attoú arai Dat J: \onh l3tiftìde ..d easr hrihrd.  e
' j . - ; L r  f  l ,  . .  , . , . v o ,  q . .

Qch local i l t .  QuLl  dr tes. re s iven i , i  i l r Ì i .s  in  parenthes.r .  Most
dar .s  a,e bascd ùr  r l i . l rcs.ncc ofasso. iated ùrrb le i rscr ip t ioùs
Òì r ì rúa( ts .  Abbfevix tùns used:  fD: t rcd inrst rc  fer ìod,
ID=fu,  I  ] f ,vmst ic  pern)d.  o l (=Old Ki lgdoùr,  MI{=Ì{ iddl .
|úngdorD,  \K=New Kingdonr,  I  = l i tc  ler jod,  l , t=Pt . ì .marc
l 'enod,  l l=Rom!.  Per jod.  B=B} 'zrùt r .e ler ìor l ,  ls=Jsl rmic
Per lod.  H) 'p l ic , ,an.d abbrcv i . t ions (e g.  NK R) rndj . i te  rhat  t lx :
.1 , , r , , l0s"s wor lcL l  du, i .g  lnd betwcc!  thc t { rn)ds re?orred.  t l ìe
.lrn.s ì.prted lere are brs.d onì! or llre srrrì!nlgsideÌce aml
í it is l)ossible lhrt J giv(rì {lnaD mry rlso hav. bc.ù q,orked
err ln ì  o,  l3re,  than i [d i . r r . . t .  t f .o  date js  g i !cr ,  L l r { r ,  t l t .s i t ! is  a
potcrtral nn.r.rt soùr.e but no rcturÌ {lnr.) {'orkilgs hrlr b(ìr

When stole was quarficd lòr it€rms of sculprure, the
amounl oi itr stt, primary proccssi g teùded to vary hoÌn
on. (Ir:ìfrI to arrcther. ODe soLrrcc. ofeviden.e 1'or thc crtcnt
"  !  , i  I  i .  \  - r -  . d  |  ' J .  . .  . '  r . 1  ! o . d  r o r l

t rkes ihc lonn ofa ver)  snra l l  numbcr of  mnnlnq dcpic-
tions of thc moì, cn ì€ùt of statues. thc bcst-lcìown Lreìng rhc
sceùe ìn the tomb of TÌìùthotep n1 DcLf cl-Be.shx, showing
a colossal stahlc oi thr. dccr:ased being dfaggcd along by
Iurcs of  sokefs pul ì lng on rcpes (Ne\rbcf Ì t  1894).  the
pflncipal dimculi] in nlerpreting slrch sccÌìcs, howcvrJ, is
lhc làcl that Pharaortc arList-! oftor poftrayed objc.ts ùr
thcl lxÌishcd ti)nn evef whcn Llìcy $,ere.learly slill rncoùl
t l - -  , r  I  c .  o , l
\rhìch oblccts are l,eing maDulìcrurcd ìù temfLe worlc
shops. lt is thcrc.fòrc tr.certaìn :is to whcdrer lhuthotep s
statlre, for irslancc, sas lcturlly conìpli.tcll cxrve.Ì at lhc
qùrÙies, or si|]1ply slìowù ù its firishcd statc as an !rtjstlc
co1Ìleùtio.. Ihc archacologicaì evidence for sonìe i, sit,
cary i Ì ìg  of  hrrd stofc iLcms is  faùly  corvnìc ing.  wi th the
sLrr!i\31 of n,-rr (ornplctc colossal statues ìn thc graÌìitc
qLrarr ies or  the e!st  bank at  As\ lan,  a r lùr ruì te obcl isk o l
Scl j  I  (Lo whìch cror  the 6 n i ì  inscr ipt ioùs hrd been addi .d,
see Habrchi  r96o)  r t  Cebel  cu lab and the grani t , :  gncjss
strtue oI an unlcx^ln ltr'crll-lì1ìh.Dl-rìasty ljne in ihc
lunrhos qua r ry  1Du, ìLan,  r947) .

' i ì
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-

Figure 2.t ceneralised Ceoloq cal frop of the Aswon areo, shawirq locatiots oJ the garite. quonzitu otd sondnon. quanes.
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r l f  r t !d ,1 .1ò f  ù i i x r '

f i r l  g rd r i r .  d r  Anrdr i

r rgr f t  r . . l  l l i f  r ,g i , r . . r r i  Dl rdr , t , , , t ì , , in ia l .ù , i , i l  J , r  r i . ! rdú.1
Jo,ùiò. I'i,,t gr?riIi. dr Arurr.

At  the Unrnr  c l -Saw*an a labasteì  g lpsum quarr lcs,  t l Ìe
sunivr ì  o f  nrmerous l |n f ì r ì ished vessels and f ragr  c Ì r ts  of
chef  dr i l ì ing equìpment  sho$ that  t ì re vast  maìor i r )  o f rhc
canrng of lessels in  th is  nratcr ia l  took phce in s i l ! .  beforc
tansportatior across to thc Mcr phite necropolis (5cc
Caton.Thornpson and Gardncr r914). ^t th-- HahNi)
t ra ledinc quanìes,  on the o lher  hand,  thcre are reht jve ly
fewrrn ivmg t ra.cs ofskrne caning at  thc s i tc ,  s Ì rggest ing
ùat ìhe stonc úas la fgely  carr ied bàck in  lhc fòf r  of  b locks
and l Ìùnps,  ro be t fanslorr ìed in to vessels nnd o lhcf  i tcr ì rs

fnntpotlation ofstone

Tle nrethods b) which the quarricd sto|o was hansporred
vnied a gÍ rat  deaì  dependi l lg  on thc locat ions of the quar-
nes,  ihe srze o l  the b locks and ihe locat ion o l  thc bui ld ing
si teorworkshop for  whlch they were in tcndcd.  In  the case
0fthe coDstruclior ol pyranrid complexcs and nÌastlìr!
lombs in the \ lemphl tc  r ìccropol is  dur ing thc Old Kmg-

Fígw. t.6 Qtdrtzit. quù\' nt C.h.l Crlob ftat A\tvùt1.lìoùl
Nhi.h n). Borby,"[)\ìslftd ÒbAi\k a] s.ti t únsèrtra.t.ti.

dorìr there were t'vo bnsic sources of material: ihe local
ìjrncstoÌìe, which fornred the corc of the pyramids and thc
walls ol thcir nlortlrrry and vallcy rcÌnples and the finer
stoncs (c.9. Tura liùestoDe and Aswan grarìite aùd
eranodioritc) which were used for morc spcci:rlised pur
poses,  such as thc sÌ ì Ìooth outer  casing of  thc pyranr ids,
ard usùally had to bc transport€d over considerabìc distan-
ces.  As wi th most  othcf  raw mateia ls ,  there ùcre rwo Dasrc
Inethods ofs ione i ranspor la l ìon ì Ì Ì  the Pharronic per jod:
r ìvcf  and land.  Anrold ( r99r :  6 l t r )  l is ts  the mr jor  known
cxanrpìcs of  ì rervy monunrenls l raDsported dur ing lhe
Phar:ìonìc period.

_ h e  
r ' , r . ^ r   . ,  o t s i t " r   J n s p a r t i r ' t l ,  | $ p r "  ^ . o r ' o r ì )

as a$hole ìs  i rd ica lcd by dìefact thr tquarry ing groups.  l ìke
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many otherlabot1| forces (such as the tomb workers at Deir
el-Medina), generally appear to havebeen organised accord
ing to a naval sysiem, being divìded in to 'crervs' consisting
of'gangs corresponding to different parts of ìroats (e.9.
siarL,oard and poÌt). In the case of quarrying, ths naval' orllanisation musthave owedsomething io th€ lactthat th€
transportation of the quanied stone would have bccn as
gleat a task as the procurement itself.

The evidenc€ lor the use of boats to transport stone
blocks deriv€s primadly ftom texts and paintings. The
causcway in the Fifth-Dynasty royal funerary complex of
Unas at Saqqara included depictìons of columns (about
ro.5m in height) probably being brought from the Aswan
quarries, presumably for Unas s mortuary temple. In addi
tion, it has been suggesled ihal the depicijons ofemaciàted
bedouin on Unas s and Sahura's causeways were int€nded
to show the hardships endured in the course ofquarrying
rhe stone lor the ,"bnr (or pyEmidìon) which was placed
on th€ apex of each ofthe Drrmids (Hawass and Verner
r996). The wall'paintings in old Kingdom private tombs
ofÌeninclude depictions oftransport boats conveying a var-
iety of raw materials, but only two tombs include scenes
showing ihe lrans portation of stone: that ofthe 5th rynastl
royal archiiect and buì1der Sen€djemib lnty (tomb G2l7o at
Giza; Poter and Moss 1974 8r: 85-7) and rhat of the
6th Dynasty chief of the estate lpy (1o the w€st of the
pyramìd of Pepi I at Saqqara: Porier and Moss r974-Er:
671-2). rhe caplions accoapanying the transportatìon
scene in the tomb of Senedjemib Inty indicate ihat his
limestone sarcophagùs was broughtjn a'sdt boarftomthe
Tura quarries, apparently takíng aìrout five days to make
t h e  o u r n e v  { " . p  l e D . r J <  r 8 4 q - r ,  l l  6 ,  S p ì - e  9 o j
"s66). Tle Sìxth-Dynasly funerary autoìriographies of weni
(at Abydos) and Sabni (at Aswan) boih describe the build
ing of'wshtboats (as well as 'sj!-boats' and 'eight"ribìred

boars', in the case ofweni)which were specifrcally commis-
sioned lor the transportation of slone (Sethe rgol: lr08).
W€ni also describes the excàvation offive canals at Aswan,
presumably in ord€r to lacilitate the movemenl of raw
matcrìals such as stone through the firsl cataract. Over
2,ooo years later, the Roman histoian Pliny descriLredthe
digging ofa canal in order to conve) àn obeÌisk to the Nile
and then up to Alexandria.

Undoubledly some oflhe mosi impressive instances of
the transportation of sione date to tlìe N€w Kingdom, in-
cluding the depiction (in the cult temple ofHatsh€psut at
Deù el-Bahari) ofboats carying two obelisks from Aswan
io Thebes. A number oftexts from the New Kingdom also
concernth€ movement ofcargoes ofstone up and down the
Nile. Probably the most detailed accoùnt is providedby a set
offour stone osiraca inscdbed with hieratic accounts ofthe
movement ofa large number of blocks from the sandstone
quarries at Gebel el Silsila to the Ramesseum at Thebes in
the reìsn ofRameses II (Ktchen r994. one ofthes€ ostra-
ca describes the delivery of sixty rour l,locks carried by ten

boats, each block weighing beN€en ro,8oo and 18,80
kilograms. The resultanl calculation that each vessel w
carying about six blocks, weighine a iotal ofsome 90,oo
kilogÌams altogether, provides a useful indicaiÌon of tl
average load caÍied by Phanonic cargo-boats, allowir
roughestimates ofpayloads ìo be made ìn Lhe case ofoth,
lerts, such as ùe Twentieth-Dynasty Papyrus Amiens (s(
cardiner r94r), which simply list the numbers ofqua je
and boats despatched on quarrying expeditions. The sizr
olthe blocks lisied in the Ramesseum ostraca corespof
quite well to the dimensions ofth€ actual blocksmakingr
the walls ofthe temple (Ktchen r99i: 86-8).

Land transpon: raad buildin,
Th€ commemor.rtive terls caned by the leaders ofEgyptia
mining and quarrying expeditions frequently meniion th
routes through the desert were 'opened up' lor the worker
and many su iving tfaces of specially constÌucted roa(
r1"r.  b,  e '  tound in r \e .r ' roLî i l i rg :  ,  r .  of  r : r  e\  qua
ries and maior structures. Indeed, Fischer G994 hr
identi6ed various insiancesofthe Old lcngdom titles'ma
ter ofthe roads and 'ofiìcial ot the maslers ofthe roadr
L r n  h  i r  r h e  \ , 1 e r  o h i t "  n , ,  r o p o l r -  " n d   
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ofthe wadi Hammamat and wadi Abbad (in ihe Easter
Desel1), suggestingihat the coordination and maintenanr
ofland routes was a high priorjty for the Egyptian admini
ùation. In the case ofthe more extensive rock and miner
sources, which were revisited year after year, considerab
iime and energy were cl€arly expended on Ìoad constu
iion, the nature oîeach road b€ing dictated mainly by tÌ
bulk and quantities ol the materials, the character of tÌ
topography and th€ matcrials locally available for roa
Lruildins (see shaw forthcoming).

The Egwtians' offìcial accounts of qllarryìng and mir
ing expeditions (usually taking the form ofinscriptions i
grafitì on the walls of the qua ies themselves) routine
emphàsise the dificulties and hardships endured by tl
workmen, perhaps paÌ1ly in order to increasethe pÌestigeì
thc mar€rials themselves, but, just :ìs the suriving tex
largely ignore such practicàÌ questions as the process ,
building pyramids, so ihey rarely make r€lercnce erther r
the building ofroads or io the ways in which cargoes ar
stone blocks were conveyed along lhem. Some idea ofti
construction methods can, however, be deduced on ii
basis ofa nùmber of presered stretches of ancrent road
causeways and mmps- The occasional survivaL of sur
equipment as wooden rollers and sledges also helps to fi
in the crucial gaps left by the ters.

The îrcquent use of wooden sledges to convey la4
stone blocks or sculptures appears to be confinned I
several funerarl reliels and paintings ftom different pe
iods, such as those in the tomb of ThuiÌìotcp at Dejr €
Bersha (r. r9oo Bc), mentìoned above, which showa colo
sal statue ofthe deceased being dragged along on a sìedg
by groups of worl(men, their path luìricated by wat(
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porLrcd l l l  Lont  o l  thc funmcfs (Ncwbcr | ]  rE94:  r6 26,  p ls .
Xl l  X lxr tu |o ld r99r :  277 8;  scc a lso t l rc  scc l ìon of  Hoor
ing in  Chapter  l ,  rh is  voLume).  An carL l  F. ìght i :enth Dyn
rs\ ,eLie l ( r .  ,5oo l lc)  c i ,ned in the l jmestoDe qu nes r t
Ìur 'srn nea.  Cairo.  sho{s a b lo<l< r :anied on a s l - -dge
pul l r :d  i ry  oxor  

' lhoc 
r re o(às ior ì r l  t ( :xhra l  rc fc ! . rccs k)

the ùse of dor (eys solrLelinres nurnberiùg se\.erxl xul
dred ùr tlÌe irìs.ùriorìs des.rlbirrg ctLriìrrynÌg erpedilioús
10 Slr r i .  L l ì !  Tushla L.gìon aùd \x ,  adi  c ì . l I rd i  (Gardi r ìc l
and Pef t  rg i r :  Í .  r r4t  Simpson r96l :  52 l ;  S l ry l i icd rgEr:
r !  ,o)  Hrr fc l l : ì r ìd  Bo\ \n ( r99t)  suggi .s t  rhar ,  pcrh:ps,
b lo.ks o1 l ì 'cshl ,v  qLraL' icd b isa l l  wcfc cofvc, lcd of  s lcdgcs
r ìongrhe paved rord leadi rg f ronr  rhe cebel  Qni f ln l  out
.bt b! the use ofa few \ùoode. tÌanlrs laid rÙoss the lridth
of the ìoedì  thesc p lanks < d have been rqreatedly r - -
r tmred f rom thr :  rcr r  of thr :  b lock r r .L brot rg l r t  r  orùrd to t ì rc
fiont, thus x\oi.lùÌg the eed for hrge !u.ìirtities of woo.ì

Tlìc lorgcst s rvivùìg lgypt]rìÌ qrìarry road is tlÌe
erghtJ.k j lomctr f  ror t r  l j ' ì l i ing thr  dìor i tc-g lbbro and anor-
thosi tc  gncrss qrLarr i .s  o l  thc Old and l \ ' l jdd lc  Klngdonrs ( f .
,6 .19 r6ao BC),  rcaf  Ccbcl  c l -Asr .  \ \ ' i th  lhc c loscst  Ni lc
embrkat lon p. l r r  a t  Ùodcnr Tush<a Rcr Fngclbach
ùndenook hvo sersons of  survev ard excavaLror  aL ure
g  p r  ,  -  i ' ,  , r J  . l  . r j o  , . ì r l ' . 1  |  . .  '  1
aùoùof  the arrc jer t  r  oa. l  leadùrg toTusl rka (Ergeìbacl ì  r9 l8 l

Sl iE 9 l funay r9 l9xr  08 l ) .  Morc rcccr t ly  I lar rc l l  ar ìd
8rolrn lr991l lÌx!e pLodùccd lÌ Ì]]or€ detriled nìrp ofthc
area ind c\amLncd thc gcological, icsthctic and rcligious
sjgr j f icanc.  o1 thc t ) "pc o l  gnc ss crp lo i lcd a l  t fc  s l lc .  Thc
Tndlka road q ' is  rot  a paled or  d i fs lone s l ructLrre,  as thc
rúds to HahrlÌb rnd (;ebel Qah anj lreÌei instead ìt apìrear s
to h le becn s i rnpìy r  r : ìcarccL t rat l<.  I  he road as a who c crr
bedrted!t ler-.l rs,-!r l) astÈe Mi.ldì,- Kine.lonr, où the basis
ol  potshefds desc. i l red by rùgelbrch ( ,918;  )88) .

Sonìcsh3t shorlcr llìaù tlìr Tushha rrad. uuL rrruu,
bet terprcscrvcd. ls  th l r  rord st rdchi fg lo f  scvcnic! .n k i lo .
metres Lreh\ccn thc l ra lcr l inc qunrr ics o l  Hnlnub and t l ìc
Ni le  l r l le)  x t  ADrrrna ( - l ' i ! rnre r9r7 i  ShaR r986:  r9t  6,
t93r . : r6o z) .  lhe (oursc of the nra i r  Hamub road.  rvhìch
ncorPrxres nvo rnrlor.ause\rrys a(ross ùddrs, proDaL)ry
dalcs back to the earliest yeus of the quarries' rÌs-- ù the
ùìiddlc ol thc third nìillcrmluÌn BC. It is stilì felatiyeìy
sel lprescrcd 3ì lhough thcrc ar i .  incrc. rs ing s igns of  dc"
leioraiìor through tlrc usc ot hcaq lchiclcs by rnodcrlÌ
ta leúine qranjers.  Thc no. lhwcsLcfr  c fd of  lhc road 1s
las l  t lcar lv  v js i l ) l t  r ìerr  the s j te  of  Kom el  Nan, .  ar  F. ight
eeì ì ì l  D)ùrsÍ  lemde.ompt--x  r t  Amrrnr  curreùi ly  urder
erca\a l ion b)  thc lgypt  lxp lofatur  So. ieq.  l i  must  or ig
inal lybalc fon lurùrcr  to  t l ì !  i lcst  prcsrùnabìyoìdrrg i la
smi l l l rarbour,  l l rc  rcùìa i r ìs  of  whicì r  rvoukì  ùow be buicd
be.eaih the cultr\'rti.d land adjaccnt to llìe nÌoden villag€
olHx.qq Qandj l  ìnscr ipt ior ìs  i t  DciL c l .Bcrsha 3r ìd Hi l l1 ' rL)
durirg t|e Nliddle l(jngdorn ifclude ìefererces to a hiìly
regioÌì on the elst brnk ofthe Nile lrnown as Tjerii. $'hjch
mal  re l l  hare been the or ig inal  narne of  the smal l  sc i t ìe

nrer t  at  the wesiefn termìnus of  the ro,d (Kessler  r98r :

98) .  l r  addi i lon io  the Dain Hrhr l Ìb  roxd there are severx l
others in  th--  sur  r  ourd i r ìg r .qnrr ,  kradi rg to s Ì ra l lcr  t ravcf
ti.e quaries nr the vrinity. Ih,- Old l(ilgdoÌi travedire
qriarrìes al Wr.li Ceùas.i, llthoùgli less ferÌrote rhrÌÌ those
at  Hat Ì r t r ì ) ,  arcaìso sajd LoLalc ì ) ( r ì  lù ìkcdwi th Lhc Nl lc  by
r lo g ro! . ì ,  soúc t racc 's  oJ wl ì ich st ì ì l  surv i rcd in  t l rc  l i lc
n lnetee lh  centuq (Erùan 1885:  621 4 i  1òr  nìofc fcccnl
*.,rk àt Gcrruwi scc Drc,lcr and J:ìrilz r9Ell.

- fhe 
Gebel  Qatraf j  basal t  quar f ìes at  the nor thern edg, :

of thc Fayurr  arc 1ì rkcd wl th rhe Q.sr  eL Srgha .€gion bv a
tcn k i lonrct rc  road (Caton Thompson and caÌcher  r9J4l
,16 7;  Ha,reLl  afd Bolvf  ,995) .  Thìs rcad hrs r  nea, l l
lLnìforrn wjdth of z.r rnehes rnd is peved rnaùI,! with
sandstone s lxbs and logs of fossì l  wood.  l ts  .hamcter is t l .s
rd3te to two basic factors: fìrstl,!. as rith tltc ÌÌìailr lIaùìLrL)
rord,  local  ìa tL ' r i r ls  arc ùscd ( i .c .  s3ndsronc s labs,  rs  op-
posed to th€ llrrestone pcbblcs and bouldcfs at HaLnub);
sccondl) .  L l ìc  nccd lor : r  bùi l t  r . ,ad,  is  opposcd lo a s j rnplc
clc:ìri'd 1r?cl. must halc bccn dictated b) t|e bull( :ìÌd
qoar l i tv  of  ihc b isa l t  b loc l (s  bc i rg quaùìed.

Anot |cr  lcss subsl .n i ìa l  road,  6 ls l  docrLnrented by l 'e l
r je  ( r888:  l t  6 ,  f l .  xxv i ) ,  s t ret .hes r ruthwestwards for
rbout hverll} liildrletres ftoni the region irrùùedirtely to
t ì re r ( ) r t l r  01 'Dahshur l ) , -s i . le  the Mastabat  fara 'un,  prob
abìy as hr  as t l ìc  nor t l ìcùr  cdgc o l  L] ] ]c  I3)ùn (scc a lso
Coedlckc r962i  Ahei Ìn i i l lc r  a l rd X{o|ssa r98|  Moussa
rgEr) .  L ikc Lhc hofLhcfr 'quarq road at  Haùìub:Lnd lhc
gncrss-( } r r r f icrs  foad nor l fwcst  oJ Tushki l .  th is  Dahshur
Faluni  routc l fe  so-cal led 'Dahschurst rasse ìs  saìd to
be roughl) haent] three rnetres wide lor most ofìts [--neth.
I t  js  s j rnf lv  a.Lerred st r jp  ofgroùnd ruthcr  than a .ausesay
oÌ pav--d slru.fure. lt may have served the Cebel el Qahaùi
bxsrlt qurrri-s rn.L/or tlre Urrìni el Saww.ìn alabaster glp
srur clLLarrìc-.durirg tlc Ol.l KilìgdoÌrì, butlÌadbegun to be
lscd pr inìaf ì ly  as a rn i l l tary foad by Lhc Latc Pcr iod (scc
Sha\\ lorthconÌxìg). Pctrlc also ldcnLilicd a sccond road,
s i r r i l . r  iD appcararcc nnd d imcnsìors io  t l r€  DaLscLur-
,  |  . "  1 d  r r  d u -  r " . , r . r r d .  . ,  1 , ,  '  -  o  , g  '

apparentLy crossìDg zoo kìLomeb-es ofdeser t  to  Bahaf iya or
Siwa oases pr,-sÙmablv tliis too s,as a militrry rord.

LoL:al paths Lnl t otlrps
As {elì as long-dlstanceq arr} roads tlÌere wefenLlùerous
shortcrpal l ìs  and rarnps consl ructcd both at  thc bcgmnxìg
ard end of  the i raDspor la l ìon process.  Sorne have been
presened ln the jnrmedìate v ic inì ry  of  the sructures tor
lvh ichtherawn,atc, ia lwasdest ined.Anrold(r99r :79 ror)
. ìesc ibesthe enrploynrer l to lshor ldr ,vstone,  mÌrd br j .kand
tnxber roads in the construction of tombs and ternples at
sùchfurìefary siles as Saqqara, Sir rì (southexst of Ab,!dos),
Daìrs l ìLU,  \4c idLr Ì ì ì .  Cìza,  L jsht  and Lal ìLrn;  hc a lso d js-
cusscs thc cv idcncc lor  lhc usc ot  sLrch lools  as lcvcrs,
ro.:licrs, slcdgcs and rollcrs to lacihlalc thc movcmcnt ol
hcrv,v  objccts.  Scvcra l  of tbc k l ìun Papyr ì ,  i -om the towr

by
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asso€iated wirh úe pyramjd of the Twetfth-Dynasty ruler
Senusret-ll, documeni the dràgging of stone L,locks by
groups ot workers, presumably i. the course ofthe con-
struction oftombs and tempies. Thesepapyri include refeL_

: " . : , " "  
o ,  t h * . ' " , , s , o , e  ì - r J c : ,  " s  r  . p e .  u r r . " d  g r o u pq r r h r n  h ,  n L r r r y  q o r ì  f o r , c r e u r , " "  r î o o  _ r )

ò n o r  r o 3 d \  d n d  r d r . p  q c r è  o t p n  ! o . s r r u ! r . o  n p r \ .  t o
rne mrnes and qu.rrries, as at rhe Vadi el-Hudi amelhyst
î  

. , rs 
rhF s-roLrr Ft. tC ror",r  ,un Lor-è t l  ,s.  hc e"Le L - r r r J  

 

r r r ì r ' r o , .  ' l u J f l i F .  \ è C F b p t  , t . A \ r o r  F r s s î r é
ncs northwesr ot Tushka, and rhe quartzjie and granite
quames at Aswan. There are atso good sunivìng raÀps ìn
the sandstone quarries ar Cebel et-Sìlsjta. Ar waàj el-úudi,
rmmediately to the noúhwesi ofthc Twelfth Dynasty am-
ethyst miners forrress, lhere ìs a small strip of úesert
clearedofstones and gnvel Thìs maybe int€rpìered erther
as rre southeasreff terminus of a major road tinldng the
mrnrngarea and the Aswan region (rhjrty 6vekilometr€sro
t l r è  l o r ' h s p . r )  o r . i r  o ì \  r .  "  f o -  r J  r p p , o d , h t o u F f o l
rr€s ls hrs dnd lameson r99l:  . rz,  f ig.  t )

I  n p  t m p a  s \ , \ e . u n  r r , n c  n " f s o r r  L f r o 3 J .  " t  A s $ a n  u  a s
oesrgned ro lransport thc stonc as €fficiently as possibte io. h F .  ' . - - l J r k .  , o r h  ' . a m  , h p  C  J r  r e i , u J | | r p .  o n  t h L  F d . l
D r l Ì  3 1 d  t h p  q  ' à r r . / i t e  q u r .  e s  r o  r h F  $ . .  o r  t l e  ,  J \ ,
Danttherc was a longnorth-south road running through a
wadi parallet to rhe river, wlìich would have ajlowedihe
blocks ftom the g1ànìrc quarries to be rransporled easily to
sultable harbours. On the west bank lhere dre numerous
snoll clrystone causeways (probaL,lld.rtirg to the Creek and
R o n , n  p è  o d . .  t u d d  1 g  ' , o m  t - e v " d g ^ . 1 o 1 " . , . . o . ; , , - 6
s r ' u r J .  ) n l t l . ,  r o . ' r d  g . r à , f l . . r 1 , !  n e r n , n f w , ,  I
I  ré L,rn, l /s ur qLrr lz;r  (ouìJ l ,e J legeJ !hr o gh I  i "  urdu-
"r  r ìg "  rd l ,oulJer. .  rew.l  err"  I  { t { .mn ind K emn' a ò r : A L r b . / l )  l ì - " s h o r  F r  r p r , t - p \ o t  r o " d . , r . r a g e  r h r ,  e

to four metres in width and ten to ihirty cenrimeh.es in
height. However, the most suìrstantial suNjving srr€tch of
road, leading away souihwesrwards trom rhe Desr presenecl
ancient ql1ally-fac"- on th€ westbank, is aboùr ergnr meùes
wide and at its highest point about one and a half
netres hìgh, making it comparabte in djmcnsiorswith the
causewayn€ar the main quaríes.rt Hahrub.

Table 2.j. The Uddek-Wentvonh Scate (Ftam Diúrich an
Skínnet ry79:181,189)

sì, . lm,n)Frrsmenr Roct

verycoarsesand

l-, colrsesand

r-. hediuh sard

,l i finc sand

iroulder congloùe,ate or bÌec
cobble conglonerare or brecc
pebblc congìomerare or b.ecc

claysione, mudsrone or shàte
-

lv l i ( r l  rF(h '  îu"s.  pn ub ot .  îhej  per-otogr .a,ar  a,y .
a r e , u p p e n - n l e d  b \  r h o s e  o [ o r h é .  i n v e s t  g d . o r .  t o ,  I
Delter-](nown quarries.

The petrological nomenctatrue used in this chapter
that widely employed jn North America anrt Europe (s
B r o s n  ! n d  H " n e l l  r n o r .  f o r  _  r e r i e w r .  t o r  F \ " m p r e
n .  r .  àrog ,  J t  anJ le  

 

urd l  .  ì r . . ,6(  "  on ,p.or-néìded I
rh.  I r . ,e . ' rd  iord t  ' ] ron ofGeo.ogi (a,  s . ipn.F.  r tUCS)
u . e d  J o r  i g n è o ,  " r o ( l  a n d  i g r e o u s p - e L r  . s o r s o f m F t J r ,
p . ' (  r o ,  |  . l S n  e t  l c .  è  ì  î 7 {  , î - q . . e è . r g .  / . - ì .  C r J i n  .  .
ror rgneous and meramoryhic rocks is characteris€d :
eru]eraphanitic (grains not distinguishable wurour magn
hcatron) or phaneriiic (grains easil), visjbie). The latterìe

Table 2.4. Mohs h.lrdness scate (th. absotute hardness
neasures used herc ar. approximately eqúívateút ra those citel
n the Rosivale obro,sion hardners test) .
:
Mohs compa.ison
hardncss mìneral Means oftesring

Types ofstone: sources and descriptions
Th" \ou ' .e rdé.  jh .J t  onj  rno peuo.uq. .o aèq rpUor\  or
Du| |orng Jrd s i  L lpfurct  sro i " .  Jnd gFn r  oìp.  p,u\  rded i l
r î , .  . - ! r ro i  drF brccJ targ.v on th,  , rp,d ànd t : t ,orJror)
work of the pr€sent ruthors. ell of the hard-stone anú
travertine quarrles were visited as were also mosr ofthose
for limefone and sandstone, as weI as the p.incipal am-
ethyst, beryl and turquojse njnes. euarry ""-pi". "na
numerous srone arrelacts, mainty smaìì vessets, were
\ 'Ld rd b\  rh; ,  .A ion pcrog Jpt  \  . ro  m"r  1 of  r ] re"n
wt r  rurrhpr  ar- tvyd Ly x rd!  I  ro -s ,nr  , "  -DrL,ros.  npv
and other geochemical iechniques lsee discussion ofana-

z Cl?surì C.n Lre justscrarched
wjìh finge.nail

I CaÌ.ite Can!e iust scratched
wjth copper coin

4 Fluoritc Can be easily s.ntchcd
witì sleet knitè

5 Apatrte Can bejust scrat.hed
wirh sreel l<.ìfe

6 Ortho.lase Can be scralched wirh
sreel file

Can be easlly scratched
with frbgernaìl

Qulrtz Sc.atcheswindowglass7
8
9

4.5

6.5
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drsrrìrrrons berlcor lhe hr,o ,i*pcs of berwec| fhc !arictjcs
or  qr ì r Í2 .  ùrd thc s) ,s teD of  norneDcl .Lur{ r  rcprcs--nts r r
i Ì t i t ic ia l  1oÌnr3t i7 : r r rD of  L l ìe  lne s i tu i t ion th.  srme
mishr  bc s! id  of thc sts tenr  rdoprc. lhere.

Ih. re l Ìs  bc( Ì  rnuch co| f i rs ion ovef  r l re  p, - t roìogr .at
ro inend:rúrcappt icd to s t (ncs ùse. t jn  ancrcnr  Egrpt  Most
or  t  rcsLr l ts . r rùt r  t l ìc  r r (  or , -cr  usc of rock nanrcs ùr jarct r rc .
orogrsrs aÙd othcr  Ion.geoìosis ts  who arc ror  we I  verse.L Ì ] r
perr .J lo i l ) .  rhc resr  ofLÌ re conîusion stcnrs t rom lhe col  ect
use of rod( nlrncs *4rj( h rre der jvc.t froìn conìpchng or
obsol | te . t rss1f i  (ar ion schcl lx .s .  . l .hcse 

ùra,  r ìdr , , ] .  d i ì i . .
cr ) r  ro(k naDcs or  g jvc. t i l lareùt  de1ìr j j r tors

::cli 
r]irùc:! Fo. cxxùptc, rh,- cornposìrion or rhc s.ùsso  ' . n . , 1  î  -  v . , . ,  L d

" l -  '  L , ' o . . ,  r , , . , 1  ,  i  i ,  B , r .
. . d  

. . l r  _ J r  J . , , , l i  . . . . r a r , l  . r  , . r r r

i  
'  '  

l "  ' ! ,  r l .  a , / F ,  , , , ,  \ -  , t  .  , 1 , ( ,  .  , r
Cor. l lss i f i .nLn)ns is  suLrs iar l t in l  ì recrusc the rornrcf rs  bascd

i  
r , . .  . i  i r l . , " . t .  |  |  . , . r . , p .  I |  o .q, refcas th l r  ta ter  usfs o. ty  nrr jo io l rdc che.r rsblard does

l ì , r  : " I  r o  , '  , .  , t . . ' . . . . , r . . . : . , / . , , , ,  I
l u  o '  "-  , " , , ,  , i , . ,  . _ , . - o . r  ,

l  ^ -  
'  |  , d L  o ,  . . r r  . " . . , r . . . . J , \ _ . o

ogrsLs. As rn rhc Ìesr oJ-this book, q,c hi !e det jbcrat ly'  . d  l . ,  . .  o , , r i a r  - r , l
' l r r  , . , , t  r  , ,  , r , , , t .  r ,  ,  . , . .

Agate s. .  cbalcedony

Alabaster,  sat in spar and selenite

1r:1f" : , - , .  i  
sedÌrÌrr :nrrry rcck fò, i Ìed t ,y cl ìeni(at prc.' ' : ' " ' , , " u ,  '  , " , ' " " - ' i , r .

|  ì ' j i  J , . J , . l . i r .  , " r  - , , O . , t O t \ , . i , ,
n  . ' t u . t t .  , . 1  -  ,  ,  , r t .  , . . . i , r ,  , , o ,

f:rble z 5 slrrd" ol ,ro,rc N!ù1, c.far ttiflitl,nt wtttr.\ al

L J ,  . - .  r . .  , I . r .  . , .
1 1  

, " " .  I   , . . , , . r q  ,  r . ,  o . r )
'  , J  V F , .  , . f r  . . . , .  . , , , . t  -

Ìe(r ,or   r  ] ) rs is  of  thc r  s i fLr . lunt  f rbr ic  ( fò t j l r jo . )  rnd
prcrdnnrnt  l ìxr { ,Lalog} .  At tholLgh thcfc s  no srngl .
scr)one re.orrhcndcd b!  an i  r .nrr l iùa l  ì rodr  :s  tor ìg
úeoLrs Ìo.ks.  therc js  l i f t l .  d is i r l r recnrei r t  rn1ùr i j  rncranror
pr ] r |  t t l rdo| rs ts  of  noDÌef . lahr f ! .  A s j Ì ì ihr  s ì l r r r t ior j
cxr \ ts  lor  sedimrJr l lD ro.ks wh.re reht i ! . r ly  fcwchssi f ìca.
iL0ù scrreÌ  rs  r Ìe  r \ jdct !  xsr .c ì .  Ac<ordjns l ) . .  the t r rn.s t ( , ì i .

l i '  
"  '  d r ' ' r  D , , , J ,  , ,  ù r . , d , . t

.  i d r i  n  
. . . . t  . o r  , . . , , t o . , .  L l

i  
/ . r  J t l , , , , r o , . ,  _ , r  . . r  L

1  
- 0  

!  U J  I  W .  .  ,  . r . l . .  , i ,  t / .  , .  t . , , .  J  :  , l
lsusc, t  tor  sr r ' ìds lorx,s .  rd .J thcr  s ì t ic ì (  last ic  ro.ks ú1Ìercrs
:0r  r r ìes loxes grr in  s ize is  c lúractcr iscd as f inr  t r - -ss r | r , r

. l ' " " r , 't t , .  t .  ) . - i ) , .  I  r r .  v ,  l
i ie . ,Dicrr i .h  ! id  sk innef  r9 i9 j  2r) .

. . , , , . 1 , , , , . 1

l ' - -  1 ,  " ' ' '  , '  ' v ' ' J  , . l
' p i ' ' . l , d , c I

. . -  
, ' , . '  ,  , - .  

1 , .  ,  . . ,  , , ,  , r r , .
i t . r ' J t  r , , . , r  . .  , c  J , l  r .  , .  I
Lntu, rne groupxrgs th. ì l (edony rnd cherr , .  thc fof rncr

, ' , , r . . , " r  J t  t , r . p . , , , r  t , r F, - l " l  ' , _ .  . . r J r . , r , r ,  L  J r r \
ù e  | 1 , l , i r  '  , l  r r ,  \ ,  . r \ , r ' o o r . o , . , . .  

J t
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composed of the mjneral calcite (see rRAvrRrrNr below).
Alabaster is a fine-grained aggreeate ofg},"sum, occurring
in massive layers and typlcally white in colour. Gypsum
aÌso occurs ,ìs veins of clear, colourless, coarse grained
crystals called seleniie and in veins wìth a fibrous terture,
when it is known as satin spar.

Egyptian saurces
WorìGble deposìts ofalabaster can be found jn many ar€as
ofih€ Mediterranean and Red Sea coasts as well as in some
oltle oases and depressions ofthe Egyptian Western De-
sert. Selenite and satin spar occur as thln ftacture fiÌling
veins in s€dim€ntary rocks thrcughoul Egypt.

Only one ancient quarry is knownj locat€d in the nolth
east Fa,um, il was called'Umm el.Sawwan by its dis-
coverer, Getrude Caron-Thompson. Here the alal,aster oc.
curs as vertical seams (appronmately lo cm thick)
weàtheringout ofa clay matrl{, with thin sheets ofselenit€
running hoizontally behveen the seàms. Pebble hand
picks were scattered acros s the alabast€r orltcrop, and in the
cliFs ahve are three workshop shelters. Mounds of gn
sum debris are strewn down ihe slopes, containing thoù
sands ofpicks, crescent-shaped flint dúllbìis and roughed,
oui alabaster v€ssels. There are remains of circular stone
workmen's huts on top ofthe clifl and a $.ide tnck, swept
fiee of desert pebbles, leading ftom the northern Fayum to
south Saqqara (see section on transpod p. r9). The lack of
stfatiflcation and the homogeneity ofthe workshop debris
argue againstan e\.tended peiod ofexploitation ofthe site;
Caion-Thompson suggested a Third- to FouÌlh,Dynasty
date on the basis ofthe general shapes ol the pottery and
stone vessels, although this criterion does not rule out the
Firsiand Second Dynastìes, when alabaster ves sels were, in
fà!1. no-e common (Asron ro' l4.4t to.

There must ce ainly be other localities that were worked
for glpsum (padicularly to make plast€r) at various rimes
in antiquity, butihese have so far gone unrecognised.

Descrtpúon
The alabaster ùsed for ancient Egyptian vessels is opaque
white with occasional yellow patches or reddish browr
veins caused by impurities. Its characieristic feature is its
extreme soítness ii can be sclaich€d wiù a Éngernail. In
ihe past, alabaster has often been confused with travertine
although, in îact, it may readily be distinguished from
Eavertine by iis softness and lack of effenescence in hydro,
chloric acid.

Usrs
Sione vessels of alabaster were produced in a vadety of
shapes fÌom the Predynastic period to the end of the Third
Dynasly. Dudng the New Kingdom alabaster was used for
kohl jars and in the Late Perlod lor alab.rsha. Lucas F96z:
4r3) notes that two ofihe chariothamess saddle knobs from
the tomb ot Tutankhamun (KV6r) are of alaìr.rster, and
ashlars of alabaster were employed in a creco-Roman

temple and other buildings at Berenike on the Red Sea
coast (Hanel l  r996: r07).

From as early as the Predynasiic pedod, gt?$m was
calcined to make gypsum plaster, a process that fequiÌes
the h€aiing of gtpsum to a modesi roo 2oo'C. In con.
l-a\r  t 'urnr lg l in eslore ro p odL.e qui,drmF réquire. a
iemperature of9oo"C, and there is no evidence ihat lime-
burnjng was carried out in Egypt ùefore the Ptolemaic
period. Gpsum plaster was used on walls and ceilings in
houses, palaces, tombs and temples, as an adhesive for
repairing pottery or stone objects, and as a backing for
inlays. Other uses include jar sealings, th€ modelling on
Old Kingdom mummies, and the Amarna portrait masls.
Stone masonrywas bound with gypsum mortar.

Gesso is, sirictly sp€aking, a rerm for gypsum plaster,
although Egyptologists hav€ commonly used jt to refer lo
whiting plaster which is composed ofpowdered limestone
miled with gLue. Whiting plaster appears as early as the
Third ryîasty when it was employed for mounting the
ìrlue tiles in the subterranean chambers of Djoser's St€p
Pymmid ànd'southem tomb'at Saqqara lLucas r962:4). I t
was frequently used in the Eighteenth Dynasiy and was
later employed as a coaling on wooden objects to make a
smooih suface for painiing or gilding. Whiting plaster was
also used extensively for cartonnage mummy masks and
coffins.

Examples
r. Cylinder vessel ftom toml, 2122 ai Saqqara, Second

Dyíasq, c.277a 2649 BC (New York, MMA
r2.,8r.rol) .

2. lar fiom Tomb r, north necropolis, Abu Rawash, Third
Dynasty, .. 2649-257t Bc (Cano JEa4lt4.

t. G}?sum plaster 'mask' ofa woman ftom house P47.2
at el'Amarna, Eighteenth Dynasty, .. r35o BC (height
zTcm; Berl in AM 2rz6ri  Pdese 199r:  124-5).

Bíblíography
cetoú':rhohpson and cardner G9l4: rol 4)t Lúcas 11962:74-
9)ì  Aston (r994147 5') .

For photographs ofvessels see Aston (1994: pl. rob)iD.olour
andelKhoul i11978: pls.  q9: 858, r5o: 948) inbì lck-and.white.

Alabaster-calcite Jee traveltine

Amazonite see microcline

Amethyst see quartz

Anhydriie
Def,t1.itíon
Anhyddte is anhydrous calcium sulphaie, CaSO+, a min-
eral wilh dìe same composition as alabaster gypsum, but
lacking water. It is usually white, but it may be grey or
tinied blue. It generally occurs as massive granular aggr€.



gateswhi .h1nal  bc tcrmed anhydro(k or ' rock3nhydf i to .
or t l ìc  roc lma) s |np1y becaILecl  by i ts  minei ì ln3mc.

Ig)?rr, r s0r,r'.rs
Orlnrrl nhite  ù),drilc has beer quarrì--cl irr rnodenr
t ines r ìcar  thc Gul fo l  SLrc? (Hussein r99o:  5t9) ,  bur  Lhc
sourct  o l  thc d is lLncl ì le  bLr Ìe rnhydr i te  uscd Ln anclcnl
limcs has nol -\'el been dis.overed. white anhydritc was also
uscd nì ancicri iirnes as r buil.lùlg stonc; nshÌars of ihis
roc l  sere the mr in b l r ì ìd jng ùÌater la l  1or  thc Scrapìs teùl
p leandr f - - rvot lLerbÙììdnìgs at  Bcrcnike.  F i theranhydrì t r l
oralabrsrer g)psurn$,xs tlÌe slonc uscd to buil.L the RoDl.ìI
fort at A|u Sla'ar and bundxrgs ìf scleral otìrer Creco
Roùrxrì sìtes 3long lhc Rcd Sea .oast. 

-rhe 
qùarry lof Bc-

renile has rot bccn ìocated but wrs certlii y soùc\\hcrc
orì tiìc rcarbt Ras Bafas perinsrLh, where therc arc lnrgc
deposLts ofLro lh a labasler  gvpsrùn ! Ì ìd  anhydr i tc .

Dtscnplia
Tlc xncicrìl Egvpljirs crploìted an attrxctìve bluc.tintcd
far jc l_r  ofanfydf ì ie ,  whì .h t rkes a good poì is l ì ,3nd p laxr
whi tc  anhvdr i le  sas a lso r Ìsed lo r  lùn l t { rd cr tcn l .  A sÌ r ì . l l
cos.letic lcssel iro,r lllkaL (Ashùolcalì rE96 rgoE
E.zr141 hrs r  bod,v of rv ì r ì te  anhldr i tc  and a r im of  b lue
aDh,ldrite. whìte r hldrltc h3s sonìi-tinres beeù ('rtuscd

ùìth trlvelti e or lù cstonc, but ii mn,v be easily disùl
guilhed fiom ìJoth .,f Lhcsc bl ils gìcaier softness and the
ficl dìrt lt docs rot i'flcnesce ìn dilute hy.Lrochlorit acd.

t . . . t  d  r t r - d r "  -  r r  , j  , . . p o r l

irhLcìr sar rcpcatcd b,r srLbs€rtuent $,riters until Lucas aùa
l1sed the roc l< ard pubhshed t l ìe  corrcct  idcnt l f tca l ion ì t
the second edìtnù of,1n.;or [.g|ptian Mat', iaL o t\tus
t r rs  (J9J4) .  L i l ' :  l i Ìncstor Ìe and Lr3vcr l inc,  nìar l r le  rs  com
psed of  cr lc iun carbonatc . ìnd w l l  c f ieNes.e br  isk ly  i Ì r
hldrochlofi. xc "hcfc:ìs rìnhvdriie will not.

Uses
The ear l ies l  kr rcwn i .s taÌ rcr ' . , t  thc us i 'o fa.hydr i te  was f (n
a Èedt stic bull s lìerd rmuÌcl row in Brussels (Musées
Roleuxd'ArL ct  d His lo j rc  E 2 l  l5)  

- fhe 
nexl  exrn lp le chro-

nologicallr- rs thc bssc of r stahLeite fiorrì an lhvcnth-
D)-nas t,v Tlrcla I lonrb (fi 5r)xi D,-ir el Bahari (^-cw Yofk,
NiNlA r6.l.,zo). l,ut by far lhe most coÌnùron Lrsc ol arhyd
r i teras for  sDal l  ressels r lur ing thc Middlc Lngdor l  and
Second lrleùìr,-dirle l'edod. Sc!cfaì calegories ol finely
nodel ledvessels nrc lL iùgso c\ \ rLh nr  on keys model led
in relicf, ioÌìc trì lhc slìapc ofmofkcvs holdins a cosnretic

Fr and som. uì r|. fòrnr ofrrussed du( ks rven: ptoduccd
almost crchrsivcly jf rnhydrite

r  Squxt  rosr ì rc t ic  l : r  wi th lwo nrorkers ur  reì ie f .  b lL ic
anhldritc, T\\il1ih Dynastl (heieht 4.-r.rn; B\4
IA:,or59).

r. Squal cosmeti. jJr lvilÌì tlvo r.oÌìlers tn rclicl, whifc
anhldr i te ,  r rve l f th  Dyùrst ] .  ( l ìe ighL 2.2cnr t  Cam
br idge f i tzùì l l ianr  l .2a)6.r919t  Bourr j : ru r9E8:  r42) .

3. Tmssed duck vesseì, N4iddlc lcngdonì theìght 15or;
Bostor, MrA 65.'749).

Bíbliagraphy
' l i rLx.e(r966) :  DePnnc,  rndl ( r ls Ì ì iùsef  ( Ì992:r9 5o)  ̂ s tor
( ' 9 9 . 1 , 5  l )

I ror  ( ) lou,  p l lo togrJphs se€ De lut ter  ard ( r , ls ì ,nùr Ì ,9921

t Ì . . r ) rnd Aston ( r994:  p l .  , r . )

AnoÉhosi te gneiss see gneiss:  anor thosi te,  d lor i te ,
gabbro,  grani le  and tora i te

Azurite
DtÍnilíotr
This mjrera l  ìs  a deep bìu i :  fònn oJ coppcr  carbonate
(Cr. [Cor l , [o  Hl- ) ,  a lso . : r l l "d .hess) l i te  which r .s , , ì ts  f ro, r
thc ox idìsat ìon ofcopper snlphldc.  I l  occurs r .  assooahon
wiih .ofper deposìts.

Egyplfun sources
Fourrd in the F:rstern Desert and at Wxdl Maghnra and
Scrabi l  c l  Khadim nr  the Si rn i .

B luc orc o l  coppcr  not  su i ted to.ar l i r rg.

The Eg,lpllans ma) have ùsed azùrite as a bhc prgnre.i,
but  l ì rc  cv idcùce is  so far  f t i r ly  teùuous (scc Cl ìaptcr  4,  th ìs

Bi.bliagraphy
Spurel l  ( r t95)  Iurs 1,96: :14Ò):  Ì l lonr  Bi jer{ r99tr  6,  r )

Basalt
Defnit ions
B;ìsal i  is  r  ro lcar ì ic  igr ìco l rs  rock wi th.n aphanì t i .  grorùìd

nuss coùsistnÌg largcl,v o{ jniernrediale to calcic plsgio-
clase fclclspar (labradorirc and byiolvnite) and vrrious fcr-
ron.rgncslum mìnerals ,  especìaì ly  p)roxcr ìc  and o l ivxrc.
'Doler i lc  (or ,  syronymousìy.  d iabase )  is  a rock wi t l r  the
salnc conìposi t ioD as basal i  bul  wi t l ì  a  mcdiunr- to main ly
l ine.graìned fhaner i t ic  texturc.  Many objcc ls  labelLed as
doleriie by lgvptologists aic :cLLraììy basalt.

oc.urrences of  bas3l t  arc widcspread in Fgyt t .  
' lhcy 

ùì
dude a broad. scrpcntjne outcrop slarting ù€ar Abu
Raùasl ì  {  d .ont inr i jng past  Gìza and across the or thef
l r r )uÌnt  and numerous s.at tered,  smal l  outcrops to Lhc
northcasL and east  of  Cairo,  oI  the easl  bank o l  lhc Nl le
ncaf  ccbi l  c lTc i .  and on the wesl  ì rank ncar  c l .Bah.asa
afd Abu Sirn l ,e l .  Despi te basai t 's  avai labi l i ly  at  r  merorLs
loc i l i t ies,  onl )  one ancie t  q Ì rarr t  is  kro$. .  l t  is  located at
\r, idan ,-l faras on Ccbcl cl-Qatrani ìr the noùheù |lyurÌr
(see f ìg .  z .S) .  and was workcd dur ìng fh€ o ld Kn,gdoÌn nì
rhe |oLrr th to Sixt |  Dynasi ìes and perhaps as ear l t  as lhc

23
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Third Dynasty (see Harrell and Bown r995). rr seems ìikely
that basalt outcrops elsewhere woutd also have teen
worked, especially after the old Kingdom.

Desciption
The basalt from Widan el-Faras consists mainly of lab
radorite, augite pyroxene and ìiasaltic glass with minor
magnetite and rare hornblende amphibole, olivine, quartz
and apaiite. The rock is slightly porphlritic with moderate
Crey lat radorite and dark geen augite phenocrysrs up to
7 mm across. The groundmass is mostly aphanitic but
grain size occasionally ranges up to z mm. The brown
discoloration commonly seen on this orheNise dark grey
to black rock results from devitrificatjon of glass in the

Uses

BuiLdings
Basalt was widely exploired during the OId Kingdom for
pavements in pyramid temples ofthe Memphite ne.ropolis
where it probably symbolìsed the black, tife-giving Nile
mud ftom which an€ient Eg}?r derived its name, K€met
(the'black land ). Basalt pavemenrs (and occasionally walls)
are found in the modxary iemples ofthe foltowing kings:
Djoser Ghnd D'Ììasty), Userkaf(Fifrh Dynasry) and pepi r
{Sirth Dynasty) at Saqqara; Sahura, Nefeiirkara and
Niuserra (Fìfth Dynasiy) at Abusir; and Khufù (Fourth
Dynasty) at cìza. Also at Ciza, extensive use ofbasalt was
made for walls and pavement in Khufu,s valtey temple and

S':uLpture and vessels
This rock was first used lor smalì vessels in the lare
Predynastic period and continued to be commonty em-
ployed for this purpose until the Sixth Dynasty and rarely
thereafter. Determining the other ancienr uses ofbasalt is
complic,ìted by the misuse ofperological nomenclature by
Egyptologists. For example, many sculptur€s labelled as

basali are actuaìly siltstone or grelvacke ftom Wadi Har
mamat or non,porph'îiric granodiorite from Aswan. Ther
rocks were empìoyed for most, if not all, of the so,callt
basalt sarcophagi and pyramidia of rhe Old and Midd
Kingdoms. It is also occasionally found thai basatt objec
have been mislabelled as 'black granire'. Afier giùng dr
alÌowance to these nomenclarural errors, it appears th
basaÌt was seldom used after the Old Kingdom and rh€
mainly for statuary, especially in the Late period and Cr
co Roman peÍod.

ExampLes
r. Libation bowl, Twenty-sinh Dynasty, r. 664-525 I

(diameter c.75 cmj BM EAr386).
2. Colossal kneeling naophofous statue ofWahibra,lal

Twenty,sixth Dynasty, c. 5lo BC (height r.8mi Bt
EArÌÌ) .

3. Sarcophagus lid (possibly royal) carved in the hjg
reliefform ofa maìe figure, Twenry-seventh Dynasr]
Persian period, r. 525-404 BC (BM EAgo).

Bíbliography
Lucas (r962: 6r-62, 4ro);  elHinnawiandMaksoud (r968, r97,
Hèìftal ,r al. F98l)i De Pútter and Ka.lshausen (1992: tr-r4
Hoftmeier (1991); (lemm and Klemm (r99lr 4rl 22); Asto
{r994: r8 2r);  Haren and Bown F99t.

Beryl (emerald)
Defr'itíons
Beryì (Be,Al"Si6O,s) is a berylliùm aluminosjlicare mineE
that forms naturally as hexagonal, prismatic crysraE rn
variety ofcolours. Ofthese well-formed crystals, the greer
ànd blue varieties (emerald and aquamarine, respective\
have been of commercial interest for thousands ofyears
aìthough heliodor, a yellow form ofìreryl, does nor appea
to have been exploited in the ancient world. Beryl has i
Mohs hardness of7.5 8; i t  is harderthan quarlz and canb,
scratched by few other materials, so that, although dimcul
to work, it hoids a polish well. Deposits ofbery1 are asso
ciated with granitic veins and high-grade metamorphi,
rocks. The beryl is ofemerald qualiry only when the veinl
cu'  rLros. parr jLular rype( ofu.rramafiL ro( ks.

Eglptian sources
The pr in,  ipal  Lgypt idn sour(es of ber) l  t rF in an arèd o
some r,ooo square kÌlometres in the southeasrern sectoro
the Eastern Desert, roughly circumscribed by Gebel Zubar;
in the north, Wadi Nugrus in the wesr, Wadi cimal in thr
south, Umm Kabu in lhe southeast and cebel Sikait in thr
east (see Hume r9l4). The Sikairzubara mnes were mr
only source ofemeralds for Europe, Asia and Africa in th€
Hellenistic perjod and they continued to be exploited untiì
at least the Middle Ages, when Arab wrirers documenr rhe
appearance oflarger, heavier stones from the Indian suìr-

There is clear documentary evidence for beryt mining inFigure 2.8 Basoh quotry at \yidoa el Fons ín the tudh.tu Foyùn.
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wood, which are aI essentially coloured forms oî chal- Descrtption
cedony (i.e. fibrous microcrystalline quaÌtz : se€ Table 2.5). The 3gate tound rn tbe Eastern Desert usually has concen.
The colourc of these various forms of chalcedony are lric bands ofwhjte and brown. and occasionallv also btue
caused by impuritìes. Thus the brown colouring of agate concentric bands.
and sardonyr as weì as the red colourrng o' .o 'nelron àr" , r . , .
" l  orodu..o ìy rhè prè.eî,  è ot l ighè proporr ions of rc 

" ,  
:"  ,"

ondes. wh e the sreen c"r.* "r .r.'y'Jf,J* ì" ."*;J;; ,1:î T, i::ivlastlc Period onwards' asate was used in

the pres€nce or nicker oxide. r*t oeai" jp"l..-."-ì i l':11': 
'',y:J:'T-orunwod(ed pebbres ìreads and drcp

specuiates thai ihe Easte'" o**, -"yìì"Jíìy r"* .""1 591'- 1 lh: flXl'"" 
period' arthoush asat€ was

.oret rne.  dtso Lsea to-  rmuìFF.  r rs  use rn ]c$F lFry wò
(an unusuar Fpé or  eréPî

.  
" , o m p a ' r l ' v è l \ r r r e c J e n l . l l ú a < e r p o i " d i o r s m " l l r e . s . l "

.nrore DerÌng crar .eoonyJ.  wnì(n rs  aresreo ì
.  

-  
,  i n  r h è  / t  h  J n d  )  l i  D y n J . r i e .  a s  $ e l l  a .  i n  t h e  R o m " n

leqerre-y nroJgrout  r r  e  {o l rdn Pmprre.  rne onr \  rnown
pprroo '

modern soùce Dernq rn last Alrrca-

ì. Agate
Def.nitíon
A form of chalcedony which occurs as spherical or
almond-shaped nodùles in mafic volcanic rocks, the char,
acteristic banded or stdpey appearance being caused by
'rhlthmic crysta isation' (i.e. the bùild up ofthin layers of
quartz 6bres). The intedors of agates orten contain crys
tals such as amethysl, calcite and smolq quartz, while the
uppermost layers tend to form a whit€ crust as a result of
weathering. Many agates are simply grey in appearanc€
but they can acquire bright colours and unusual siruc-
turcs thiough the natural siaining of the porous chal-
cedony wiù a vaiety of metallic salts; fire agate, for in-
stance, derives its iridescent colours fÌom the inleference
of light passing through thin layers of regularly spaced
iron oxide crystals within the chalcedony. There are a
number ofbasic iypes ofagat€, such as 'lortification agate'
lthe patlerns in which resembl€ ih€ baslions offoftesses),
'rubular agate' (which is pierced by tubular canals) and
'ribbon agate' (in which the interior ollhe nodule consists
of planar, parallel bands, usually surrounded by oth€r
bands which àre concentric to th€ external suface). Rib-
bon agate was 1lsed for cameos and intaglios in the Greek
and Roman periods.

Probably lhe mosi impofiant variety, how€ver, is
'banded agate , in whìch the differently coloured irregìlar
layers are continuous, generally ofuniform thickness and
colour, and are roughly concentric to the external surface
ofthe nodule- The ba s aÌtemaie between brown or red.
dish-brown andwhite, and vàry in translucency.

Egyption sources
Agate (mostly non L,anded) is abundant in Egypi, usually
occuraing in the form ofsurface pebbles. There is also at
l€ast one instance of the occùr'rence of agaie alongside
jasper (see cHrRr below) and ordinary chalcedony at Wadi
Abucerida inthe Eastern Desert, abort seventt ldlometÍes
northwest ofQuseir  (Barron and H mer9o2:266;Hume
r9?�7862).

ExampLes
r. Vessel found in the Eastem Desert and dating to the

Late Pedod (height 7.7 cm; Cairo lE55ol4).
2. Vessel fòund in tomb 4 at el-Kul1lr and dating to the

early seventh century BC (Boston, MFA).
l. Fragment of an Eighteenrh-Dynasty gold Cirdle fron

the tomb of the three princesses of Thutmose lll,
comprising a glass orfaience t,p hierogh?h and a gold
and agate "ú sign (length 4cm; New York, MMAI see
winlock r9t9: r j5,  f ig.7t) .

Bibliography
Baron and Hume F9o2: 266)j lnseltrach (r9lt: Lucas (196,:
186 7)i Habachì and Biers F969)rAston (r99a: 68-9).

Forcolour photograph ofa t2te Period vessel (caìrc JE 55014)
see Aston F994: pl .r tc).

2. Chrysoprase
Defnitíon
Yellowish green (i.e. apple-green ) form of chalcedony,
largerbroken pieces ofwhich are often fissured wiih irregu.
lar colours. It is found only in serpentinite, and the colour
derives fiom the presence of hydnted nickel silicate ìm.
p dties. Darker shades ofchrysoprase can sometimes ùe
confusedwith prase (a leek-green massive vadety ofchert).

Egypti.an sources
No specilic ancient Egyptian sources ofchrysoprase have
beenlocated.

Uses
From the Predynasiic period to the Roman period ch4,sop-
rase was used occasionary for beads, amulets and pen-

Bíbliography
schàfer Fgro: rl, l4 5, l7)i Lucas F962: 192)i ogden F98z:

3. Cornelien and sard
Def.tuition
Cornelian (or camelian) is a red to yellowish- or oiange-red
innslucent form of chalcedony, the cololrr of which is



produccd L)\ l|e prescnce of tin_v allÌouÌrts of iron ori.te. tr
cln somclrnes be conlirsr.l \!itlr rcd jxsper, rllhoùgh ihe
lat ler  ìs  opaqnc rxt le f  th i rn t rxnsinccnr .  TLe terr  saf . l  rs
used to descr  b.  the red to brow is l r  rcd 1or  r ì  oFcor fc ì iar Ì
?lthouq| in pfrctic,- jf can bc dìm(ull ro rnrke a clc:ìr
dìslirÌ.tidr bcl$ccl tlrc nlo sLoÙes (wlth sorìre !,:eologjsrs
drs lngujs | i rg  bcLwce 

 

the Fvo iù teÌ  nrs o l  r l ì .  j In ì rs ì ly  o1
lhe coloùr  r r ther  thn 

 

i ts  huc)  TÌrc  Ì .d  ofcorncì j !ù  js  duc
to r r rnuìe d isserr in : ì t (d parrk lcs of  haernr i i r i . .  T l ìe  browr l
in  Mrd pLola l , ly  denlcs f ior r  par l ic l€s of  gocth iL( ,  a  b) .
drated l ror  or  e.  l lo t l r  co l l re l i rn  aDd sad . r r ì  )e rcddc ed
bIher t ì rq lFrond. l  r962:  rc)7) .

Iguridù $11r.rJ
Numerol rs  smr l l  \ \a tcr  worf  pcbblcs of  c(Jí rc l j l r  are
forrd scatti.red ar r oss Lhc surtur e oflhc dcser t bchvccn the
Ni le !a l lc !  and the Red Scr ,  b l r t  l . rgcf  sr { )nes occur  at
vaious speci l ìc  s i tes in  thc lastenl  Dcscrr  s l r .h  rs  lhe
rcgloùs of  Wadi  ̂ brL Cìcr ida (aborù scvcnq kr ior Ìcr fes
DoLthrresto i  QrLsci r .  see BJfrcn  rd Hl l |nc rgoz:  266)  and
\ ladj  Slqr  (aborLt  twexl  L{ i lonìct ies norr l rwcst  o l  eusei f ,
see Baf for  xnd Hurne r9o2r  2?r)  as {e l l  .s : ì r  t le  ( ;ebi - t
e lAsr  gmiss . luarrcs jn  the Wcslerr  Descn,  s ix ty  f ivc
k i l .ùr .1f$ r ror thwesl  o lAbu SjnrLrc l  ( !ng.r lb .ch rg l j :  69
i9 l l :  t7o 17tr ì  r i i t le  rg l l :  79 8o) ,  r l r lurgh i t  js  by no
rex.s c lear  Lr ì  a Ì t  o f thcsc thÌee ins lanccs iherhcr  nr Ìc i . r ì t
crpediho.s ucrr  sent  rherc speci f i .a l ly  Lr ì  ord( : .  r .  obrr j r )

l le  l les l , . rcd ! Ì rd reddish-bu'n fornrs of  onrc l ian a|d
$rd rvere usc( l  b I  the Eevpt iar ìs  l ìom t ì re l - rcoy|asnc
petjodonwards :Llthouqh:r yclìor,ìsh form\\,rs rlso LLscd 1n
thc Nliddl': Jnd Nc\\ l(jnsdonìs

One of  t |c  car l ìcst  gc l rs tor ìcs t { )  be carved jnto b.ads,
cotrcliaD was uscd from the Pf!.d)nastj. oDwards fof borh
beads r r r r ì  rnrLr lcLs.  Sor .e Pfcdl rastK cor fc l iar r  ueaus ap-
pear to ha!e beer ghzc. l  (c .g.  r i  t l rcAinrntccmcter i , -s ,scc
I lo fdandMycrs r9 l : : l  72) .  In  rhc Pharxonic pcr io. l  i t  was
usedf . r  j r l ! !  où jewcl lcry fùrn i lLr rc  ar  nrnrcf . i rs  i tenrs
Off Ì ,ne, iq  .qùiprnenr (s ' r .h  as omrs) ,  rs  w--  

 

rs  ,or  nnss,
raiahs, anìulcrs (pà,tì(ulri) p.4oi cycs) ar.l cvcn srLìalì
vesscls  Dur i fg  t l re  New l ( ingdorn,  Rhcn r l ìost  i r lay had
begunto benr: rdcf ioùr  (oLourcd g lass,  for f  c l iarwrs onc o l
ihe ic$ gemstofcs st ì ì l  f iequl rn i ly  Ùsed,  a l lhoùgh j t  was
soùetu cs i t r ì i ta t€d b)  p lxc i rgrockcrystaL or  nì i l l )  (urr iT
0n red 'par ì red.enrcnt .

r .  Prcd)rast i (  anr | ìe t  nr  the lorrn of  a bolnÌc herd,  of '
urknoivrr  pr  ovenance,  dat i fg  ro thc taur  rh nr i l le  ùnÌn l
BC (hr ig l r t  l .8c l i ì :  I l i l . tesfe inr .  Pel izaeus \aus,- t rn l
j r 5 9 )

nr. Squat shouldered jar \\itlÌ gold fòil c.ìp from ifc lo1Ììb
of the Second DynasL\  r | ìcr  t (hasekhcnNvl  ! t  Ab)-dos.

. .  2 ;oo BC (hc is l r t  4 .2.nr ;  Cr i r  o  JFl49a, , .
l .  l lc lcr rh.Dynasty necklacc of .onrc l jan bca. ls  cappcd

wi t l ì  go ld dal ing to the Mjddlc Kì lgdonr,  , r  2 j4o r rgr
BC l lerq ih Tq crn;  Bl \4 lA?4771)

4.  Unlnr ìshed opcn.work p1:rqLrc .omprìs ing a scc. i :  o f
Al(hcnaten Nefcftiti and ihcl claughkì-s r.nrbrrcjng
ofc i ìno lL-- r .  F ight .c Ì r th  Dlnrsr) ,  ( i .  r l5o BC. pro '
e. ; ì fcc ur ]hoNf but  probrbly  Arrur1úi  th js  is  onc of
th: l;ìrgcsl lox^lr worlicd gernstoucs liorn Fgypl, ind
wrs pefhnps i r Ì t - -ndcd lo br  insct  ìn to r  gold pecrorat ,
$ i t l ì  th€ appcaÌarKe o l r  crach a he basc. , f the objccL
proLrbly  L)e ing t ì ìe  reason 1or  ì ts  rbandonm.r ì t  (heighr
5.7. r Ì r i  ( :ambf idge,  f  i tzwì l l i :Lrn ECA,1 6 l )6. r94l i  Vas.
s i l ik r  r995:  6z l )

Btbli ogt aphy
r ì i rn  l id  r r ! . ìe  ( r9cr :  r , Ì .  ,66)  E, ig . lb ! .h ( r . ) l l :  a j9.  jg lE
J7o.  l :2) ;  L iu l ( .  ( ,9 | : t9  l ló) :  I  r ( .s  l r96: :  l9r  z) r  ogt lc |  { r9t : :
io lJ) :4sÌon ( r994:  arZ E)

l1( f  t .  or r  phoL, ig, r f l ,  o f . .oúic l i rnvesscl (hc igt ì r  2  7.m:Cai jo
cc ,57i7)  scc Ast( r i  l i99.1:  f l  r5b) .  l : . r  co lorr  phorograph ofa
cof f .  i .nr  nc. l i  . .e  IBM IAzlTt l )  s f .  Arrdìc lNs ( r99ó:  f rg 7. jc) .

4.  Onyx and sardonyx
Dejutian
l-hc tcrni o.yx js Lrscd nr gemmolog,v k) refcr soÌrctjrnes to
!  b l rck fòùr  ofc l ra lc .dony l )ur  nofc 'of ten ro rhc r i t r t ron
for . r  oaag:Lte.  in  \ \ 'h ich r l ìc  I  ' :gu l r r  bands or  la lers at tcr Ì rare
b. twc.r  cor ìhrst j rg drLLer rnd l ightcr  coLours Osuaì ìy
blac l  or  dadr  bro" l r  l  lcmat i rg wi th whìrc or  l ighr  gre i ) .
OÙF djftefs froÌì barded agate jrì that irs biìrÌds are slr:Light
and paràiLc l .  Sardorr lx  is  a vrdety of  onrr  co ls js t ì rg ot
aLtcrnr tnrg b. rds o1 wLj te i  rd  br . , !v .  or  fc . ld is l i  broÍ ,n

Eglptiar soîrcó
Ac.ord jng ro Luras (J962:  l t7) ,  

'onyx and srr t lor lx  pLol r
abl r  .  .  o(  ur  i r  lgypt ,  though o menr ion of  thcrn c: j f  bc
foufd jn  t l re  geologicr l  retof ts  .

Onyr lvxs Lrscd 1or bcads liom the Pred,vnasuL t,r,roo on
warc ls ,  but  both or) \  r rd sardonyr  bccanc very popu ar
r r ìcr  Lhe l \ rerq- l i rs t  Dyfrsry,  rcachjng a pcak ofuse (par-
t ìcu lar ly  for  camcos.  i r tag ìos and ng se 11Ìgs)  i r  thc
l ) to lcmaic and Ronran pciods.  Dur i r ìg  the t : r l lc r  h lo per
iods, ho$'c!er, on)a is krÌo$lr to halc bcer ìnrpoftcd fronl
Lrd ia ( throLrgh Cre.o Rornan porrs such as uerenike oD
Lhe Red Sca),  thcrcfore sonrc of the l i r icr  uses ofonyx may
t to l  ì rare errpìoyed nat i lc  s lor ìe.  On thc oth. r r  hand,  rhe
'n ico lo crú ofon)x ( i .e .  an onlx gcm t Ì r t  ìn  sucì ì  x  wa),  that
thc uppermosl la),cÌ ìs blujsh wlìite) was know. to lhc
Ronrans as dcglir,illd. suggesiinq cllher a. F.gypriaÌì sour.e
or nadc-routes passllÌg tlìroreh Egypr.

SardonyxpendaDt rnìaì . lwi th a r , r ]a t  e i .eofgold aùd f i rscd
glass. Iiorì the pyrrrri.hl to,nb of the túndrte (rlueen)

2 /
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Amanishaketo at Meroe, late frrst century BC (height
r.6 cm; Berl jn,  AM r650).

Bíb|íography
Pctic, Waìnwight and Mackay (r9r21 2r); Lucas (r962: 186 7):

5. silicified wood
Def,tliti.otl
Also known as peirified wood, it is a pseudomorph of
chalcedony formed when circulating water replaces the
o r g " n r .  , o r c l ' r u e r  I  o f $ " o d  w i  ì  .  u r r  / .  \  r .  p r e s F n  î g
the original shape and, often, internal stÌ-ucture oî the

Egyptían sources
Silicifìed wood is cxtremely abundant in Eg)?t's Eastern
and w€siem deserts as well as in the Sinai. There is a
pariicularly large lorest' ofsihcjfied wood near cano.

Desciptíon
A number of botanists (e.g. Seward r9l5) have identified
the varìous specics ofsÌlicilìed wood found in Egypt.

Uses
Since siLicifledwood is r veryhard matedal, it is difiicult to
cane. There are therefore onÌy a fèw inslances ol ils use in
the Pharaonic period (nìcluding a scaraìr), although it was
shaped into cr-ud€ hammerstones in the Neolìthic and
Badarian periods.

Bibliognphy
l.egrain {r9o6:5t-ar;  KcÌdanì (r919)i  seward (r915);  lbrahinl
(r941, Ì951);  s lùkr i  (r9.14)i  Lucas (1962: 45t 6).

cheÉ (chert, flint and jasper)

Ì .  Chert  and f l int
Defni.tian
Cheli is an opaque microcrystalline fonn of quartz or chal-
cedony (the latter very iìrely màking up the majorily ot the
rock). tt is a layered siliceous rock with no ess€ntial lossil
content, which occurseither in thc form ofbeds (creaiedby
layers ofsilica-shelled marinc organjsms) or as nodules and
lenses in limestonc.

Mosl geologists distinguish between chert and flint
purely in terms of colour; flint being the darker form of
chelt. This colour distinction, however, also happens to
relate to some extentto lhe two lorms ofchert - bedd€d and
nodular thus, most bedded chets are light grey (or occa-
sionally light blueish-, y€llowish- or brownish-grey), where-
as most nodr af cherts arc dark grey, brownish-black or
black. Thc nodular cherts are lherefore often descibed as
flint. In thc sections below, chelt is used in its wider sense
(i.e. including both chet and flint)since Eglptologists have
tended lo make somewhat arbitrary distìncuons betw€en

Egypti&n sources
ln Egypt, a1l cheri occurs as nodules wiihin limest(
The nodules lormed where quatz or chalcedony pre(
tated lrom silica-ri€h groundwater and simultaneousl)
placed the calciie in the limeston€. ln th€ Nile vaì
these nodules occur in the Eoc€ne limeslones ihat c
out between Esna and Cairo; most ofthem are ihe dar
chet that would usually be dcscribed as flint. They
also be found in Eocene and Cretac€ous limestones cr
ping out jn mant paris of the weslern and Eàstern

Bclgian survey and excavation at the siles of Na
I(haier, Beit Al]am, Taramsa and Nàzlet Salaha (all s
ated betlveen Asl.ut and Qena) have revealed occupa
sites wilh extensive evidence of the extractìon and w
ing of cobbles of cheÌt (Vermeersch, Paulissen and '

Peer r99o). These mines may well be the earliest in
world,  dat ing to. : .4o,ooo BP. ln addì i ion, Seton' l
(1898. r9o5) and Baumsariel  G96o) descr i te exten
'flint mines ot ind€terminaie date in the Eastern De
at the sìte of ìladi e1'Sheikh, to the southeàst of I
Suet.

Uses
The Palaeolithic and Neolithic inhabitanis of Egypt r
chel1 to manufacture tools and weapons from a very e
d.rte (l;. 5oo,ooo BP), but it ìs also clear ihat chert (
tinùed to bc an importani material for numerous ;
facts long afier the appearance ofcopper ìn the Predy
tic pcriod. Even when copper and bronze became Í
readily available ìn the Pharaonic period, chert was st
very cheap and eFective matedal for many of the b
atefacts used in d.rily life, as we as being a poient
dium for more ritualistic and religious objecis, sucl
rhe pls fimplement used for the'opening ofthe mo
cercmony (see Van walsem 1978 9j Macy Roth 19
-nd 'he .Lfled tnrv.s r"ed for ,u.h I fud s r' .i,.
cìsion and emlr?lming.

In the Prcdlnastic and Early Dynastic periods, c
was used not only for tools and weapons but àÌso o
sionally for bangìes, pendants and vessels. The evidt
ftom old Kingdom mortrary compl€xes such as the I
Pyramid.omplex ofthe Third-Dynasty ruler Djoser at I
qara suggests that chert chisels were used for fine sur
working oflimestone masonry blocks, ahhough the ki
of chjsels suitable for fine stone caning rarely seen
have sulaived (see Petrie r89o: pl. r6i Nour et al. 1962
r5a). lt has been suggested that the many crescent-sha
chet tools found ìn Djoser's complex were probably L
to create the flùting ofhis columns (see Lauer and Deb
r95o). At the Abusir necropolis, Vachala and Srot
(1989: r78) noted the presence ollarge numbers ofh
merstones and chert iools in the vicìnity of Fifth'Dyn
limcstone buildings, perhaps having been used to d



Cres.e.t s|apcd .hert drrlls n--rc also used in Lhc Old
(rngdoÌn io cií'c out thc irìtcfi{,s ol s.,fi sbne vcssets,
a,d large Ìun,bcrs oJ su.h jn,plcrnents hale treen toLrn.t
ùrassocrat ion $ i th scùr i  worred l l rses r i  lhc L. rnìn eL.Saw
wa. a labaster  $tsum qua| l  in  t l ì .  nor thcrr  f r rum fù
$0n (C.r to | -T i ronrpson {n. l  ( lardncr  j9 t4:  ro5) .  l ,o ìn i i -d
drert implcnÌcÌjts s,:enr to lLave bcc 

 

used frorn aI errll
da l€ for  the proclss ofp icrcnìg stonc bcads.  j ì rdgtng f rcn l
the drs.overy a l  I  l ier rkor ìpol is  of  snra l l  c l ìer t  poì . rs  a long
rìde lrichùed corì!ìian pebblc.s, .hìps of a.rethysr an.t
rc.k crlstal lnd n:ìles of obs ìxù (e'rib.tl lnd cf!.cn

The rcr! @nrmon trse of chcrr far tools  rd s,eapons
ls'.lr as aLnryhetids lniyes. scr:Lpers and sjcì(tc bLrdcs)
I l ì rouqhoìr t  l ì re  l ,hr faonl .  per iod is  in . l ic ! ted by nurùerous
pietes of  archreologìca ,  tc lh Ì r i  and i r t is t ic  e! iocx.e,  sucf
as t l le  drcn tools  fo l rnd b)  lùrer l  Fgl8a:  r8 27)  j I  the
Frfs l .Dvnlsh tomb of  Hernala at  Sa!q:r ra (k , .  ,  lo l5) i  the
scencs ! r  the lomb of ihc car ì )  lwel f th .Dyr Is l }  f rour Ì . ia l
govùnorAmefcnìhat  r t  Ben Ihsxn.  dcpict i r rg r l rc  nì . ì Ì ìú
lacturc;LÌ ìd ùse ofcher t  kn ivcs (BIJ i ;  scc \cwbeùy r89l :
l r  p l  Xì ,  r894r .1t ,  p l .  IVì  Cr i f l l lh  r896:  ] ]  8 ,  pts .  V 

 

X) i
Ihe ment ior ì  o f .h. r t  rs  a pres i ìgc c. , r rùrodj ry  i l l  t t r .  Anr . ,
Í ìa  ret ters lscc l \4oraf  1992:  tz) t   ìd  the pt lcs of  par t ly
f ìn ls led chcf t  r r te facts s tocd ìn onc o l  rhe Rir Ì r - -ssìd
hous€s ercalaL.d irì thi. c tr of Menrphis (s,-e Jcllrcys ard
Gidd)  1991:  Ì9) .  [ r .a !at ions in  the Va]1.) '  o f  rhc Knrgs
hav.  s l ì !$n t |a t  t l ìe  {orkcrs cary i re oul  lhc royrL ronrbs of
lhe Frshleenth io  Twcnt ldh DIr ì !shes UScd l r rce fLr ]nb
en of  chcr t  h l r ìmcr- . tores and chisels  wl Ì i .L ,  to  judgc
lmnr cafLc is  obseFal ioùs ofadjaccnt  p iLcs of  f la l - -s  (CaF
rìeNon and Crter  r9r-1:  ro)  ùcrc Ì r rnuf tcrLrred r t  th i .

r .  Ì lon i ì rd drer l  l (n i f f  tuÙ Abu Zajd.n,  Nrqrda I l t
perod, .  l i5o Jooo B(:  (efgr l Ì  2J.4cnì ;  Brooktyf
o 9 . 8 t 9 . , r 8 ) .

, .  Chef t  banglc f torn i r  F i rsr  D) | rsry gr !ve (U154) at  Hr Ì ,
. .  loóo BC ld larn( : ter  6.9 cr . :  I lN i  EA6762t :  s i . . .  p f  h i .
I g o r a : J 6  p l .  \ r l l ) .

I  Chcr l  saw f ronr  à ì rousc in  LL.  r r ) r rh sLrbufb r t  Amiì
r . i r ,  I  rJ5o BC ( lcngdr Scmt Crrnbr tdgc f j tzs, j l  a ì ì
t t9  f927t .

libliogruphf
Spu.el l  1r t9r  89t) :  Ser( , Ì l ( i r ì  ( r t98 r !ot i  DJuj r  rJ ,Lr
1196Ò , .1  ) ;  Lù(r \  ( ,962:4 |  i )  Dcbo i  { ,97r ,  r9E2): \ \e f
dor l rd sdi i l l  ( r97j ) :  Cin ler  . r  , l  { r9;9) :  ! i . i rge rer  cr  , l
l r9ro)  \ r . ,sserb.L ( r98:) r  Nl i l le i  1L9l l l .  Ì9E7) i  t ì rer . t  ( re84) :
\ t rnrùsdr  f r  a l  11934):  ve,nÙ,s l l r  . r  ,1 .  (  99Ò) i  J .me,vs r ,
c iddrFgglr  Aston 1r99.1 69 7ol .

2. jasper
Drjnitian
A lxoup o lb ig | th coloured forr rs  ofc l rer t  rvh ich contaur

up to 21r  peÌ  ccntoJ colour l ì r l  i rxp l r r i r ìcs ( r lú i . ty  consist jng
ofrcdar  )e l lou i fon oxìdes) .  r lus. rearxÌg t tF.haracrr r ìs
h(  nppcarance.  usual ly  being r Ì Ì r Ì l r ìco lourcd,  s t iped,  spot
ted or rn.ìrbled Jaspcf.an Lre an oprque rcd, green, ycltow
or ) ro{ ,1ì .  lhc reddish @Loùr is  .LLre io  rnnrute,  d is .
scmiratcd par t i . les of  l r remat iLc.  \ !h ì ìe the broN.r jsh col -
our  s  x .e probably duc 1o l l ìc  presencc ofgoeth i rc  (as ù sard
and.orncl ian) .  Vrh{ : reas cì rer t  rnd f l iD l  forDr Lry rhc rcpt l .e
mùìt  of  L inrestore,  jasp. f  oc.ufs as lcLr ìs  in  igrcous ud
ùel . ìn ìorphic rocks.

Egyptian sÒ rL:cs
A large vei f  o l  greer .nd red jaspcr  Nas,rcred by Jxmes
Bfuce in thc €x i l , !  n jncLccnth r :enrury,  as he r ravet ìed
r | roLrgL thc lastcÌ  

 

Desc|r  bet" ,een eeùa and eLrsc i r
(Bfucc rEoS: 39) ;  Lhis  agrecs \ \ l th  the modcrn obseryat ìo l
thrt ihc larg,-st qunrìtitìcs of Fglptjarì jaspcr 3re lrraied rn
the irrca of the f.slcrn Deseri lo rhe norrlwcst and ilcsL ot
Qusci ,  B l r Ìd,nd H' r Ì ì re ( r9o2:  266)  descr ibc t tk  o(cur .
rcn ie o l  rcd jxsì rer  oî  goo. l  qual j r ) ,  Lut  1ùr tofhr Ì Ì r te ty  i r
sùr l l lquant i ty ' j  

 

thc rcgio l  o fWadi  Srgr  ( ìn  lhc Iastern
Dcsef t  aboul  lwoùy k j lor ] ]c t rcs nofhwcst  ofeusci r ) .  Tt rey
also Ì r fe  ocurrcnces o l  iaspef  at  other  s i tcs in  the Ersten
Descr t ,  iùc l ì rd iDg deposi rs  o l  u lspecìhcd cot . rù in  rhe
Hadf : ìb ia l , i l ls ,  a ' rd rcd jasper  3r  wrdi  Ab|  Ce, ida,  aboùt
s.!cDl! kilùneifcs nortÌrwesi of Qus--ìr (Barfon {nd Hume
L.: )o2r  5?.  22r .  2zòj  HuùÌc r9 l7:  862) .  the 1: r l lc r  beÙg also
tL, -  s ì tc  o l  RoÌnrn pcr io. l  i ron orc work jnes Crcer  ard
ycl l (N j rspcr  of i , -n  occurboth besidc an. lw h in dcposj ts  of
rcd jrsper. lvhìle pebtlcs of brown jaspcr are sorÌehrnes
lound in thc E:Lstcr .  Descr l .

I t  has ) .en afgued on pufe l )  lexìcographical  grou ds
thal  a s teìe of thc Twel f th  Dynasty nr lcr  An€nenrhar  l l  ( . .
r  goo BC) r l  tLe Gcbcl  c l  Asr  gnciss qu!r r ies in  th--  westcÍ ì
Descr l ,  snt ) '  €ve k i lo Ìkh es nofrhwest  of  AbLr Si ÌnbeL (Er-
gc lb l .h  rg l l :7r i  Ro\ !c  r9J8:681 t ) l ray ideDl j ly  t t re srrers
a source of  bot l i  gneìss an.L Ìcd jaspcf ,  a ì though !  g-- l t rach
G9l8r  172)  nokrd only rhc prescnce of  ,mutr ic . , loured

qLrar tz 'amofg qurrr l  i \ ,o fkcrs 'spoì l  ar  Stc l . r  Rjdgc i r ì  the
norther  r  f i r t  o l  t l Ìe  s i tc  (scc a lso Shaw d a l .  for ihco] l lnrg) .

DÈs.ri,ptian
Egypt ian lo Ìns ot  j rsper  arc said ro bc soÌ ìe{ ,hat  spc.kted
rnd vc ined compared lv l th  L l ìosc found i r ì  ruropc.  Red
jrspcfwas probablv thc (o our  rnost .onrmo1ì t )  used by rhc
r$pt ia |s ;  th . :  g feen and broq 'D i3spers arc o l icr  co. f ì rscd

Urcs
Boih rcd and sreen jasper were uscd tor  beads [orn the
Badar j rn pcr iod onRards,  wi th red jaspcr t re ing paLt icuhr ty
popuhr for  Ncw Lngdonì  pc lànnular  earrn,gs l ro nar .
r  rgs.  D]ùìng thc Phr.aor ic  per iod, .cd jasper  was usc.d íor
bcad-<,  a,nulers,  jcwel l - { r  in la)  sca.ats,  s lnaì l  vessels in . t
paì ls  o l  .orrposì ic  s latues (such as a foor  f ror Ì  a .onrposl re
strtl'i. cx.avrtcd by Pcndlebury at AÙrarra). A laree fiag-
ùrcf r  o l  urnvorked rcd jasper (a long \ r i th  pìcccs of  unwor
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ked green leldspar) was found jn a foundation deposir of
Rameses IV at Deù el-Bahari (now in ihe collection ofthe
Metropolitan Museum ofArt, New York, see Hayes r9t9:

l7r, fig. zl4). Yellow jasper was used in E$?t for scùlpture
from the Eìghteenih DFastyonwards, bùt was not used lòr
jewellery until the Roman pedod. Brownish jasper appean
to have been used only in the Middle Kingdom, plimarily
lor scarabs. Ogden (r982: ro8) suggcsls lhat the Minoans
may have obtained thef jasper from trading connections
wjth Egypt, since it does not seem lo have been otheNise
used by the Creeks.

Examples
r. Small green jasper kohl pot from tomb rgro at Hem

mamiya, Middl€ Kingdom or Eighteenth Dynasty
(heighl r.9 cmi Ashmolean r924.4tt]'.

2. crccn jasper and goÌd human-heàded h€art scarab of
the Sevenleenth Dynasty ruler Sobkemsaf Il, wìih an
incised exce4t ftom Chrpter lob of thc Book of lhe
Dead inscribed around the plinth, c. r6oo BC (lengrh

l .6cm; BM EA7876).

I. Yellow jasperfragmcnt ofihe lowerpartofthe lace ofa
statue ofQueen Tiye, Eighteenth Dynasty, l;. 1l8o BC
(height 12.6 cmi New York, MMA 1926.26.7.I196).

BíbLi"ography
Btu.e (r8o5: 89); Barron and Hùme (,9o2, 5 2, 221, 22&, 266)l
Hume (r9t7: E62)i  Brunton (,91ó: 8)r  Lu.as F962: 196 7)r 08
den G982:ro8)rAstor ( ì994:69 7r).

For a coìour photograph of the yellow jasper lips of Queen Tiye,
see Kozloff rnd Bryan 1992: pp. 177, r9o, pl. ,5. Foì a colour
plotograph oflhe green jaslerleat sclrab oi sobkeùsat ll, see
Andreq,s (1990: fis. 65d)

Chrysoprase srr chxlcedony

Cornelian see chalcedony

Diorite, quartz diorite and gabbro
Def,nítions
Diorite, quatz diodte and gabbro arc phaneritic igneous
rocks (i.e. sith nsìble mineral graìns). They are composed
primarily of plagioclase feldspar (light grey) and either
greenish black hornblend€ amphibole or augite p)aoxen€.
As can be seen on lhe IUGS chart (Fig.2.7), granite and
granodÌoriic differ from diorite, quatz diorit€ ànd gabbro
in having greater than zo per cent qùartz. Granit€ and
granodioúlealso coniain a higher percentagc ofalkali feld-
spar which is often pink or red in colour. Dìorile has less
lhan 5 per .enl qu.r z, while quarlz diorit€, which other
wise has the sam€ min€ralogy, coniains 5 20 per cent
quartz. Diorite and gabbro can only be disiin$ished from
each other by their plagioclase composition, and this must
bedetermined in ihin section. Diorite is defined as hàving a
plagioclase composiiion ofless than 5o per cent anorthiie

whil€ gaìrìrro has plagioclase of greater than 50 per c

Eglptidn sources
Oùtcrops ofthesc rocks are common in the Eastern Des
ànd one Pharaonic/Roman and frve Roman quardes h
ìr€en localcd. Diorìte was quaried at wadi Umm Sheg
quartz diorite at wadi Umm Bàlad, wadi Barud and \,
ratiri €1'Bayada, and gabbro atwadi Maghrabiya and $
Umm wikala (see map in Figs. 2.ra b).

Descnption
In wadi Umm Shegilat, at its connuence with $
Ghazza, is a small Romàn quarry daiing ftom ihe I
Jrd re(olJ .e1 ur iF< AD (.ee l ' ig r  9).  r ì -e o, '
mottled light grey, pale pink and greenìsh black, \
coarse- (up io 6 cm) io majnly coarse graiÍed diodte !
andesìne and hornblende, and minor magnetite. Gi
the coarse texiure and abundant honblende, the rock r
also be described as 'pegmatitic hornblend€ diorite'
ion r994r r:t 15; Brown and Harrell 1995). The hi
blende forms drstinct, elongated crystals which are cha
leristic of this rock. P€tri€ called this rock 'porph

Ggorb: ar, a misnomer which was adopted ìry ol
scholàrs, though ihe rock is not porphyritic but h:ìs gÍ
all about the same size. For descriptions of the qu
diorites and gabbros from lhe four other Roman quarì
see Bibliography below.

Usrs
Thc rocks from Luadts Umm Shegilat, Umm Balad, Bal
Fatiri e]-Bayda, Maghrabiya and Umm WikaLa were q
ried for export ftom Egypt by ihe Romans who used tl
for small columns, basins, cornices, pedestals and p
ment tiles. Roclc identical io the wadi Umm Shel
diodte, and probablycoming from the same ar€a, were
used for vess€ls from the Predynastic period to the lor
Dynasty, wilh an isolated example of New Kingdom ,
(Aston 1994:rt 15, T)"es A, B and c hornblcnde diorj

Examples (of \Vad.í Utum Shegilat di.ori.te)
r. lar from tomìr T5 at Naqada dating to Naqada II (1

molean r895.2r1) i
/ .  lvo J"rs 

' rom the rre.sr -e of ì -é r \  eé pr r(es.e
Thutmose l I l  (NewYork, MMA 26.8.17 and l8);

I. Sparingly used forwall veneer in many ol'ihe medì
Islamic buildings ofcairo, e.g. the Mosque of Su
Hasan, dating to rl56-61AD, where numerous s
are found in the walls oî the madrasa sanctuary
maLrsoleum. These slabs andothers in Cairo ar€ ap
ently cut ftom columns taken from now destroyed
Ìnan buÌldings.

Bíbli.ography (Jor wadì Umm Sheglldr díaite)
Meredìth F9r2: roo),  c.oì i  ( i988: I5o 2),  Marchei,r  dl .  F,
22o),  Calett i . r  al .  (1992),  Asrón G994: r t  r t ) ,  and BroM
Haneìl  ( ,991).
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Bibliography (for the fve other Roman quaÍies)
BrÍondnd Hume {r îo2.  zu \9.  2: r ) :  we,gat t  t r r ' r .  r ì ,  ) :  S.a i te
0915:  ò/ - roo) .  VuÌ Ìar  t .4-  ! ì  6r .  vered h "nd t regenz"
[949r t t6 i r9 jo:  r4 j ) ;  Meredi rh ( r9S2:  99,  r06) ;Tregenza ( r95o;
r9t;r95'r 47r r958: rt5-6t)r Gnoli (r988: rto, rt4-6o)j Marchei
drl.1t989:2ta-r,217,229, 212 ]j)i Sideborhatu 'r al. (r99':
J8o-r). Klemtu and Ktentu (r99j: ao8-r4; Hamlì 'r al. (in
Fc!s)r Sidebotham (r996)

Forcolour photógraph ofthe Naqada jer (Ashmolean r895.,r,
sceAston {'994:pÌ. rb)andforthe New Kingdoh jars (Newyork.
MMA,6.8.17andl8)seewinìock F948:  p l .  lo14,6) .

For colour photog!.phs of polished stabs of wadi Umh
shègilal diodre, see N.lìelsch (r985: pl. 2l 8o2). rizzarini (r987:
&.9) ;cnol i  {1988rGs r08) ,  and Marchei  l .  o l .  ( r9s9: f ig .  ioa) .
lor.oÌour pholoeraphs ofquartz diorìreand sabbro, see Miehch
ltgSt: pls. z)-79a, 24 8o4-8o5, 8o7, 8r, À,5-S,ey. r.,,";ni
f967:  f ig .  \  6)  Cno|  {  o88 hes ros.  rou.  rot .  , , - .  , ,o / :
vnchel . '  a l  l r98^ n ls .  u " .  67" .  t  9 .  77 "  Aoa.  8rr ) :   cr rm rnd
xlehn (1991: pl. r6.4).

Doledte see basalt

Dolomile ser limestone

s r o N E  3 r

either colourless oÌ ofany colour tone. Ir occurs n rgneous
rocks, ore deposits and sedimentary rocks, has a Mohs
hardness of4, and is ftequently fluorescenr.

Egyplían sources
There are deposits of fluorspar at numerous sites in the
Eastern Desert, including Umm Esh el,Zarga and Bir
Umm Fawaklìir, both of which were also rhe sires of
ancient gold mines. Hussein and El-sharkawi G99o: t59)
report that the major occurrences in Egypt are in veins
(either monomineralicor together with quarrz) near cebet
Ineigi (where theveins are rwo to three metres wide), and in
the el'Bakriya, Hamret Mikpid and Homr Ar(arem areas.
They also note that fluorspar occurs (as apparentìy smaller
masses)in greisenised granites in many places, such as the
vicìnity of cebel Muelha.

Descriptioh
Egwtian foms offluorspar are usually transpareni green

Uses
It was used for beads from the Predynastic period on-
wards, and perhaps also for vessels in the Roman period
(see Harden r95a: 5l). The Egyptians appear to be the onty
krowa users offluorspar in the pre-Roman period, apart
from a few examples of beads and seals from western

Exomples
r. Two beads forming part ofa late pred),nasric (Naqada

II) anklet from grave 5ro8 at Matmar (overaÌl length
29cm; BM EA6l695; seeAndrews rgEr;29, pt .  r6).

2. Cup or bowl made from a banded piece of fluorspar,
probably daiing to the Roman period and said ro have
been found in Eg}?t (diamerer 6.75cm; Ashmolean
r951.782; see Harden r954).

Bíbliography
Mond and Myers (r917: l ,7, ,  84, rol  4) i  Brunton (r948: 19, 21,
pl. LxX)i Loewèntal and Harden (1949); Harde. F954)r Lucas
11962: t94.

Gabbro see diorite, cluatz diorite and gabbro

Garnet
Defnition
A group of magnesium, iron or calcium aluminosilicate
minerals (almandine, pyrope, spessartine, grossular, an-
dradite and uvarovite) which occur in alì colours excepi
ìrlue. They form in gneiss, mica schists, ectogite, and cal-
€areous and dolomitic metamorphic rocks_ The most popu-
lar garnets are violet-tinged almandine or .common garnet
(Fe Al ls io,  , .  also kroM as almandi ler rnd (r imson pyro
pc or 'Bohémian gdrner (Mg,Al lSiO" ) .  bur in pradi.e
lhFre is a conrinuous ser ies oftypes rangrne berween rhese
lwo compositional extremes. There are also some less ar-

par srr microcline

rff chert

r {fluorite)

s?. beryl

(or Ruorite) is a translucent or transparenr cry-
Iìuoride (caF,) whjch may be
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trrciive black or Lrrown types of gafnet, formcd when ex.
cessive amoÌùrts of iron are prescnt. They havc a Mohs
hardness of7-7.5.

Egyptian sources
canrets are IòuÌÌd nr many parts of Egypr, such as the
Aswaù regìon, the Eastern Desert and thc Sinai penìnsula,
but  thcy are saìd to be especiaì ly  common in rnìca schisrs i Ì ì
the cebel  Mi t ìq  and r ladi  c j Ì ìa l  areas of  the Eastcrn
D,-ser t .  and in the muscovi te graDi te ofWadì  Sikai r ,  just  to
the south of  t ì Ìe  l )ery l  mines (Hume r9 l7:861 4) .  r - russein
and El .Sharkawi  ( r99o:  t6 l )  reporr  rhar  no .gernstone quat-
j ty  garnet  is  kr Ìown lo cxìst  in  Eglpt .  No speci f ic  ancieùt
qL,anies havc been found,  presLrmably becarrsc of  the
stores s idespf  cad avai labì l r ry .

Desctiptian
Alùrandnì€ lnd pyrope garnets arc fairly comDron in Egypr,
but iheir qLr3lity i! ofìcìì pooÌ. Thc coìour nrosr frequenily
us--d by thc lgypl ians w:s dark red or  reddìsh brown.

Usds
FÌom the Badrr i rn per iod Lut i l  lhe cnd of  the Ncw Kùrg-
dorÌì garnets wefe used ?s berds and (primarily ìn rhe
Mjddle Kingdor4 nr lay.  In  gcneral ,  howcvcf .  rhe Egyprìans
secm to hJve uscd suTr is ìngly  ìow quanr i t ies of  garncts
(considef ing i is  comparat ìvc ly  wide avai labi l i ty) ,  perhaps
l)ecausc the stones rcrÌd to L,e ia'dy smaì1. $,irh poor colours
conrparcd to otber gcms, aùd pLobably also bccaLrse mosl
garneis arc riddted with fìne fracturcs tbat causc lh€m ro be
cÙrblv On the other  hand,  the import3Ì1ce ofEgypt  as a
soL' r .e or  ganìets in  prc,Ronìan i ìmcs is  not  lo  bc under
cstimatedr ii has been suggcsted, for inst!ùce, ihar tlìe
garn€ts jn Myccnaern jeqcìlcry nray well derive from rl:rd
rng coÌrtàcts \rìth Egypt raihcr than froùr Europe (Ogdcn
, 9 8 2 : 9 E ) .

E!,tntplès
r .  Diadcrn rnade up of  beads and cì ì ips of  garnet ,  tur ,

. tuoisc and malachi rc  as wel l  as scct ions ofvcry sma 
gold r ing beads,  whìch wàs found rn the Naqada r r
grave ofa wonìanat  Abydos ( . . l2oo BC); j twas uscd ro
hold a piecc of veil ììke clorh over ihc fàce of rhe dc-
, . d . i  d  { ì - r e . t r  { . . 2 .  n  :  B V  f A J T i l - )

2.  coìd€n fa lcon col lar '  in la id wi th lapis  tazul i ,  nr r .
quoisc,  corùel ian.  garnets and grcen microct ine,  f rom
ihe tomb of princcss Khnumet who was Dulrco near
t ì1e pyranì id of  Amcncrnhat  Ì t  ar  Dahshur.  car ty
Twel f th  Dynasty,  . .  rgoo BC (hc ight  l .8cmi Cairo
J [ 5 r 8 6 r  2 )

Bibliagaphy
B.ron rnd Hunre ( ,9o2:  Ì7o t r r l i ) i  coùyar  1r912:  56,) r  Hunìc
(r9t7 86J-4) :  Lucas ( ,94,2r  19.1 5) ;ogdcn ( r98, :  97 8)

cneiss: anorlhosite, diorite, gabbro, granite and
tonalite
Defni t ion
GÌìeiss is a layered (folìatcd) metamorphic rock in whj
dark minerals are often segregated inro p:raìleì bands
strcaks. where tlìe gneiss is deriled from older ignec
rocks the igneous rock name is used to indjcare rhe rc
composìtion and distinguish rh€ differenr vanerìes
gneiss.

Egyptiansaurces
Cneisses of many varieties occur throughoui rhe Easr€
Desert ,  i r ì  the Nubian Desert  wcst of the Ni lc, :rnd in t
Nile vaììcy at Aswan and other cararacts furrhcr south
Sudan. Aìì are late Prccanbrian in age. Only rwo gne
quarries are known frorn the Pharaonic period, one
located fifteen kilomeires wcsr of cebel el-Asr ir thc \
b i J n  D r s e r  . r o r r r , s c . ,  n f  A L L  S  T l É l  { s . ,  F ; .  - , o ) .  "
th€ ot l ìer is near the vì l lage ofTumbos ar thc south end
the third càtaract on the Nile River in Sudan. In addìti(
the Romars quarrìed gneiss ai  Mons Claudianus and W;
Umm Huyut in the Eastern Deserr. Sone of thc granjl
quarried at Aswàn may also be described as gnciss (s
cR{N '  r r  ^ND GRANoDroRrrE) .

r. Diorite-gabbro and anorthosite gneisses from
Cebel el-Asr

Th-- G€bcl el Asr quarry is locaied aboui sixty-five ki
nìetres northwest of Abu Simbel; the ancient rourc to tl
qu3Ìry is marked by cairns, with Mjddle Kingdom pott€
and piec--s oifallen r.tneìss ro be found atongside the tra
(Engelbach ,918:188; Harrcl l  and Brown 1994: t") .  l l
quarry foad termjrìates by a loading ramp, while rwo kil
metres to the southcast .r slele ol Khufu was found on
pìatfonn of gneìss blocks narkìng the edge of the na
qL'arry workings io ihe cast. About four kìlomerrcs ro tì
north is a ridge of quartz topped by rwo ancienr cairl
which serued as landmarks for both anclent and Ìnode

Desciptían
Thc dìstin.tive translucent gnciss urilised by the ancie
Egyptians is conrposed primarily of lighr grey phgiocìa
and grecnish bìack hornblendeir ì th mnror biot i te,  chìor i l
magnetr lc and sphenc. Dark and l ight vJrìet ics nray I
distinguishcd which orìginrte in diilerenr parts of tt
quan] thc dark variety ro the south and the lighÌ varie
(sce Fig. 2.rr  Iòr a examplc of the later) to rhe norrh in t l
arca iust to ihe wcstofQuartz Ridge. As rhc gneiss contair
no alkall feldspar and little or no quariz, thc dark varie
should be identiFed as diorite or g:rìJìJro gneiss. The rs
may be distinsuished by analysìs ofthe plagioctase: gabbr
.onlains more calcium- rjch plagiocla se (with a composirjo
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Wat ar \tiis.l qrnl i!, n1rh.Joftgtar\d.
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ofgreater thirr 5o per ceni anorrhitc) while the plagìoclasc
in diorile is morc sodium rich.

Various scholars ììave obtained a range of plagioclase
composit ions. Kìemm ar ' ìd Klemm (r991: 42t)  aÌ ìatysed a
slatueofKhlfra in the PclizaeLrs Museun. Hìldcsheìm and
determined rhrt ihe plagioclas€ was andesinc (An lo,5o
Fr ceùr).  Aston (,99a: 6r,  r8l)  has anaìysed tuo stone
vessels from Nag el Deir and rccorded fiùding labradorìte
(An 50 70 pcr cent).  Harrel l  and Blown (1994: 52 4)
analysed quarry samples which contarned ìJytownite (An
7o-9o per cent).  and Li t t le (r9l l :  78) cxaÌrÌ ined quarry
sampl€s with a rangc of plagìocìJse composìtions frorr
oligoclase to anorthirc (An ro-roo per cenr). Therefore,
untìl more rnalyses of ancicnt IgyptiaD objccts made of

gncjss are carried out, ìt is nor certain whi€h varicty ls

The dark gneiss is typically bandcd, althoL,gh the black-
ish hornblcnde is sometimes fa irly un ifonnly disseminated
wirhin the lìghtcr feìdsparmatrix (Aston r994: pl. r4a).'rhe
ìight coloured gneiss wìth ìrlack streaks and speckles is
unusual in having less than ro per cent dark-colored min
. r " l s  l  ,  n r p o s r t r o n  k n o q  n  J .  J n " r  h o . | l p g n , r s s .

Tl Ìe Cebel el  Asr bandcd gneiss has sometrmcs been
callcd dlorite or 'Chephren/Klìafia diorite'after th€ fouf
statucs ofthis stone found ìn Khafìa s val ìey temple; how.
ever, thcse terms are ìncorrect and shoùld be avoided. Thc
disi inct ì )3nding clear ly ìndicates thc metamorphic naturc
ofthe rock, i.c. it has been transformcd by heat and press,
ure from an igncous diorite or gabbro into a metamorphic
gneiss. On visiting the Ceìrel el Asr quarry both Engel
bach (r918: 189) and Harrel l  and Brown (r994: t4-t
noted a conspicuous bluc glow to the gneìss in rhc strong
sunlight. Harrell and Brown have suggested that this ifi.
dcsccr'ìce wrs the reason ùis stoìre was parricularly
pr izcd, at t fact ing the ancient Egypt iaÌrs to this remorc

Stor'ìe vessels are the earlìcst objects ofgneiss known (see
Fì9. 2.Il)r these date frorn the late Predynastìc pcriod to tlìe
Sixth Dynasty, and were particularly common in thc Thlrd
Dynasty (Astoù 99a: 61 I. The Second Dynasiy k'ng
Perìbsen had a gneiss stele carved for hls tomb at Abydos
(BM EAlt tgT).  Stah,es ofgneiss wcrc prodùced during the
Old Kingdom and Twelfth Dynastyi thc fcw examples of
laterdate were almostceitainl) recawed from earlier sculp
tures. There ìs a notable lack of evidencc of:rny New
Kingdom (or later) activity at Cebel el Asr and cxploirarion
ofthe gneiss quarry would appeàr to have ceased at the end
ofthc Twelfth Dynasty.

Examples
L Seated stafue of King Klìafia with protectiv€ falcon

from the king s vallcy temple al ciza, Fourth Dynasry,
, , .  2520-2494 BC (height r .68m; Cairo CC,4).

2. Statue of King Sahura with a fìgure personifying rhc
Koptos nome, Fifth Dynasty, r.24t8-46 BC (New York,
MMA r8.2.4).

l- Torso of a sralue ofKing Senusret I, Twelfth Dynasry,..
r97r 26 BC (beight47.5cmi Berì in,AM 1205).

4. Sphinx with the head of King Senusret III, Twelfth
Dynàsty,. . rE78 4r BC ( length TlcmiNewYork, MMA
1 7 . 9 . 2 ) .

5. Block statue of Khai-Hapy from Heliopolis, late Ninc-
teenth Dynasty, . . rzoo BC (hcight 49.5cmi Vienna
As64).

Bibliography
Enselbach ( r9 l l ,  ,918)r  I  i t t le  ( r9t t ;  Murry ( ,919b)ì  De Pu er
r .d Kar lshausen ( r99, :  77-Eo):  Klernm .ùd Kldìm (r99l l
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421 6)rAsron 11994,62 4) iHarct l rnd B,own (r994) iShaeand

Fof  lhotog,aphs of the Sahura.nd S.nusrct  i l l  s tatues (MMA
18.2.4 and 17.9.2)  scc Hayes (1951:  70,  r97) .  For  coloùr  photo-
graphs see D.  Put tcr  aùd ( l r ìshausen ( r992:  p ls .  19,2o:  Khaj .
Hapy statue, slatue head and vcssel): ̂ston (1994 pl. Ì.1: hvo
vcsselt: Kemm and Klemnr (r991: pl. ,6 6: poìished slib).

2. Granite gneiss and granile from Tumbos

ln theTumbos distictat the solLthcrn cntrance to the third
Nilc cataract in the Sudan, there is a largc quarry that dates
ftom thc Eighteenrh and Iwenty fifth Dynasties and th€
subsequcni Napatan-Meroitic period. Two typcs of rock
were exirnctcd hcrc, granite gneiss Èom the easi bank on
the north sìde ofTumbos village, Dabaki lsland and near
Nol1h AÌ<kadvjllage on thc west bank, and granite l'rom lhc
nearby Tumbos lsland.

Descriptian
"rhe gneiss is light ycllowish to pinkish grey, medium- ro
coare grained and wclÌ-f oliated with conspicuous banding,
and consists ofquariz, microclln€ and oligocìase feldspars,
hornblende and biotile. It has thc same composition as
ìgncoLrs gr.rDite' and so should be called 'granite gneiss'.
Thc sccond rocì(type, which occurs as ihick intrusive veins
wÌthtu the gneiss, is a moderate gr€y, lìnc- to nedrum
grained granjtc wìth essent ial ly lhe same mineralogyàs the
gneiss.

Both fock types were used only at siies bcs-een the third
and fourth cataracts in the Sudan, notaìrly rn the Na-
patan Meroilìc temples àt Tàbo and l<awa, and the New
Kingdom and latcr t€mples at cebel Barkal. They wcre
used only for stclac, statu€s, olIering tables and oiher

E:.amples ( granitc gneiss )
r .  Stele oîThuhosc l l l  f rom Cebel Barkal,  Sudan, r8th

Dynasty, c.r,179 25 BC (height r.7lm; Boston MfA
2t.7J3l

2. Colossal strjdjne slalue ofLng Anlamani ftom cebel
Barkal, Sudan, ..62,, 59) Bc (height l.8m; Boston
MFA 21.712).

I. Reposing ram of Amun $,jth Ì(ing Taharqo standing
beiween ihe lorclegs fiom l(awa, Sudan, c.69o 64 Bc
{height r.06 m; BM EAr779) (another virtuaLly ident.
ical ram is Ashmolcan 19}.t51).

4. Stele of an unknown Twenty.fifth-Dynasty king ftom
Cebel Bàrkal, Sudan (heighi r.24 nl; Cairo lE 48E65).

t. St€le of lcng Tanutamanì lrom Gcbcl Barkal, Sudan,
ó64-51 BC (height , . l2mi Cajro JE,{8E61).

Examples (graníte)
r. Stele of lùng Tanyidamrni from Cebel Barlral, Sudan,

rro 9o BC (heìght r .58 m; Bostor ' ì  MrA 21.716).

2. Recumbenl sphinx with the head of King Tahar
ftom Kawa, Sudan, Twenty-flfth Dynasty, c. 69.. (
BC (length 75cmi BM EAr77o).

Bíbliogro,phl
Dunhan (r947)i r ra.rcìì (fo,lhcoming (tr)).

3. Tonalite gneiss from Mons Claudianus

An enormous Roman quàrry, known in antiquìty as Mo
Claudia.us (see Fig.2.r2),  consists ofover, lo excavat j
sites Nithin and between wadis Abu MaraÌ<hat, Umm Hr
s€in and Umm Diqal. The quarry was worked during t
first to third centu.ies AD.

Description
The rock is mottledlight grey and greenish black, mediul
grained tonalitc gneiss' with oligoclase plagioclasc, biof
mica and hornL,iende amphibole plus minor microclj
leldspar and accessory minerals (apatite, magneti
sphene and zircon). foliation ìs well deleloped, with t
dark mineraLs occuùìng iÌì short, straight, parallel strea
but also in irregular patches. 'Quartz dlorite gneiss'
J n o  ì  r r  d  è p r r L ì "  r ; r e  f o .  L h i .  ' o "  b . , r u s è
classificalion schemes tonaÌite is consjdered a quartz-ri
sutvaricty of quartz diorite. The metamorphic rock I
p.eviously bccn misideiìtified as igneous 'granit
'granodio ie', quartz diorite' and 'diorjte'.

Usós
The Mons Claudianus stonc was expoÌ1ed throughout t
Ron rr  Frt  .  l ,Lr obtp, s mJdp ao n i  ! r .  " . te. iJ
common in Rome and Tjvoli, Italy. Ii was used malnly I
large whole coÌumns and basins, and also lor smaller c
iects suchas pedestals and pavement tiles. Perhaps the b(
known exampl€s are the r2.2 merelong columns (s€v
ofthe eight) in the pordco ofthe Pantheon in Rome. I
examples ofsculpturcs are known.

Bíblíagrdphy
Kiaus ar.l Ròdd (,962a. J96zb);cnolì (r98E: r48 50); Pea.c
(1988, r99r);  M.rchei d,  dl .  (r9i t9:  222-l) :  Galeft ier al .  F99
(lemm and Kemù (r99t: l9t  4o8);  Pca.ock (r992)r Peacocl
dl .  (r994);  Rìo$î and Harrel l  (r99t) .

For.olour pLotographs ofpolished slabs see: Mìels.h (r98j:
2l 796), Lazzarnrì (,9117: fis.l). Cnolj (r988 fig. !2), Marche
a/.  (r989: f ig.  72a) and Kle,ìm and Klcmm (r991:pls.  r6. Ì  16.

4. Tonalite gneiss from Wadi Umm Huyut

Locatcd si-\ kilometres southwestofMons Claudianus, ii
small quarry ncar wadi Umm HùFt wrs worked duril
the first and second ccnfudes AD.

DescipLian
The qùàIIy produced tona lìte gneiss ihat is min€ralogica
and texturally ìdentical to that ftom Mons Claudianus. T
two rocl(S do ditrer markedly, however, in their foliation:



Fígure ,.D Tonalif gneís quarry ot Mons Claudidnus, Eun.m
D6ett. Thù brokù rohinn ih th. fotegrouú is .i,htÈefl netfts lotg
wlth d diahvkt oJ 2.6 tn tE.

Wadi Umm Huyut the dark minerals occur mainly in long
s€rry stingers, whereas at Mons Cìaudianus they form
short, shaight streaks-

Uset
Itwasquarrjedby the Romans forexport from Egypt. Until
v€ryrecently, the existence ofthe Wadi Umm Huyut quarry
and its stone had gone unrecognised. Where found, the
slone has undoubtedly b€en incorrectly attriìruted io Mons
Claudianus. However, the diminutive sìze ofthe workings
at Vadi Umm Hu)ut jndicates that, unlike at Mons
Claudjanus, the rock was used for relatively small objects
sucl as basins, pedestals and pavement tiles. The besi of
the few known examples ofits use is a 2.r-metre-diameter
basin from Podo, near Ostia in ltaly, now used as a foun,
hiù on the Via deì Fori Imperiali beside the Parliament
building in Rome.

Bibliography
Bm!Ì and Hareìì (r99t)r Harrell rr al. (forthconins):
Sidebotham (1996).

Cnnite and granodiorite
Drfnitions
Cranite and 'glanodiorite are phaneritic igneous rocks
úù sinjlar, Cradational compositions. Cranite consists
la$ely ofquartz and alkali feldspar (microcline or ortho-
drse) whereas granodionte contains comparable amounts
of quartz but less alkali feldspar. Both rock types also
ildude variable amounts ofsodic to intermediate plagioc
bie {oligoclase or andesine), mica (muscovite or biotite)
and homblende amphibol€ plus small amounts ofvadous

Eg tian sovrces
These rocks are widely distdìruted throughout the Eastern
D€sed and in the Nile valley where they form the caiaracts
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in the Nile. Theywere quarried anciendy atthree localities:
in the Nile valley atAswan andTumbos (see GNEISS); and
in the Eastern Desert at Bir Umm Fawaklir (see map in
F i g . 2 . r ) .

r, Granite from Aswan
Desciption
Extensive outcrops of granite are found east of the Nile
beiween Aswan and the Shellal district as well as on the
islands in the dver. Ancient quarrying occurred at scores of
sites within ihis region (see Fig. 2.t). Two rock varieties

Very coarse' to mainly coarse-grained granite with quartz,
microcline, oligoclase and bioiite plus minor hornblende
and accessory minerals (mostly apatite, sphene, zircon and
iron oxides). This is the so-called 'monumental red or pink
granite of Egypt. The rock is commonly porphyiti€ with
microcline phenocrysts up to 4 cm across. When biotite is
present in onÌy minor amounts, the rock has a pinkish or
occasionally reddish appeaiance, but when this mica is
abundant the rock is much darker with a black and pink
mo$ling. The granite commonly exhibits a pronounced
parallel or subparallel arrangement of the leldspar and
biotitegrains. This is a iype offoliation caused by magmaric
flowage and such rocks may be desclibed as gneissoid
granite . They could also be called'granite gneiss'butmosi
petrologists prefer to restrict ihis terminologyto rocks with
foliation caused by metamorphism.

The granite quarries are located mainly between the city
ofAswan and the el-Shellal district to the south. Additional
quarrying occurred aÌong the east bank of the Nile be-
tween Aswan and Sehel lsland, and also on Elephantine,
Saluja, Sehel and oiher islands. Numerous objects were
left in the quarries unfinished, including an Eighteenth-
Dynasty obelisk (Fig. 2.4), three colossal statues ofappar-
ently New Kingdom date, and s€ven Roman bathtubs {see
Fig. 2.1 lor locations). These quarries were worked from
the Early Dynastic periodto the Roman period, but mostof
the visibÌe remains are Greco-Roman (see Fig. 2.5).

Medium' to mainly nne-grained granite with a mineralogi-
cal composition ideniical to that of the Variety r granìte.
Phenocrysts are absent. This rock occurs as thin veins
cutting Vaiety I and the Aswan granodiorite (see below),
and occasionally contains fragments (xenoliths) of these
rock types. The Variety 2 granite usualÌy exlibits foliation,
as evidencedìrythe parallel alignment ofbiotite flakes, and
so may be descriùed as 'gneissoid granite . Variations in
the amount and coloration ofmicrocline cause the rock to
vary from light grey or pinkish to occasionally a feddish
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The principal outcrops are on Saluja and Sehel islands,
and on the east bank south ofthe latter island. No ancient
quarry workjngs have been repoiied. The few that once
existed may have been desiroyed during construction of
the r9o2 dam when this rock was cxt€nsively quarried and
u3ed for fill. Tbis granite vadely was rarcly used in ancient
times, and the few known examples dale ftom the New
Kingdom onwards.

Uses
Build.ings
The coarse pink granite (Variety t was initially used for
building purpos€s in the First bmasiy lor a pavement in
the tomt, of King Dcn at Abldos. From the Third to ihe
Tweltih Dynasty Varìety r was widely employed in pyra-
mids lor ljning burial chambers and passages (for
€xample, those for the Third'Dynasty king Djoser at Saq
qara ànd the Fourth-Dynasty kings l(hufu, lGafra and
Menkaura at ciza), andalso occasionally for eÍedor facing
(as on the Khàlra and Menkaura pFamids) and capstones
(as on rhe Mìddle Kingdom pramjds ofkings Amenemhat
II and Khendjer at Dahshùr and Saqqan, respeciìv€ly).
From ihe Second Dynasry onwards, Variety r was exten-
sjlely used in iemples for door franes, columns and wall
linings (îor example, door frames in the Second Dynasly
temple oî King Khaschhemwy at Hierìkonpolis, and in,
terìor wall lìning and exterior lacing ín Khafra's valley
temple at Ciza).

Variery r wàs especially popular from the Early Dynastic
period to the Roman pedod for privaie, royrìl and other
statuary (ftom stàtuetres to colossi), sarcophagi, stelae,
naoi, obeÌisks (New KingdomonLy), and smallvessels (untll
lhe end of the old Kingdom); it was used tor the sàme
building and sculptuiìl applic:ìrions as the granodiodte
from Aswan (sc€ below), with no obvious preferences
shown excepi in the case of the Eighteenlh,Dynasty
gr.ìnodiorite staiues oflhe lioness-goddess Sekhmet ftom
the temple of Mut ai Karnak, and the Nev Kingdom and
Ptolemaic Apis bull sarcophagi ofgranodiorite in the Ser
ap€um at Sàqqara. Far more graniie was €mployed oveiall,
however, and this is probaL,ly simply a consequen.e ofits
much greater abundance at Aswan. Tl€ Variety 2 granite
was rarely used, ùndoubtedly because large, fracture-free
blocks were diflìcult to obtain from the veins in which ìt

Examples (Van'ty 1: .oarse pink granite)
r. Standing statue ofan unknown ldng from S aqqara, late

Fifth or early Sith Dynasty, c. 24oo loo BC (heìght
74 cm; CaÌro JElgrol) .

2. Colossal sianding statue ofthe Twlefth Dynasty ruler
Senusrei I, lrom Karnak, Thebes, .. r97r 26 Bc
(heighl 1.r  m; Cairo JEl8287).

l. Standing statue of an unkrown Eighteenth Dynasty
Ì,ng u.urceJ ìr)  Ràmp.es l .  rnd V, rénp.dh., .  r '5o-
r loT BC (height 2.61m; BM EA6r).

4. Seated statue of King SoL,kemsafI, Sevenieenth Dyn-
asty,  c.  16lo BC (height r .64m; BM EA874.

5. Two recumbent lions fion Gebel Barkal, Sudan (the
so called 'Prudhoe lions'), but odginally from Soleb,
Eighteenth Dîasty, .. rlgr-2) BC (height r.r r.2m;
BM EAr &EA2).

6. Colossal head, possibly of King Amenhotep lll, fron
Kamak, Thebes; Eighteenih q'llasty (height 2.9m;
BM Er5).

Examples Oariery 2: lin1 graníte)
Very fewobj€cts made lrom Variety 2 are known, butsome
notable €xamples are:

r. Head andtorso ofa colossal statue ofRameses il fton
the Ramesseum at Thebes, Ninete€nth D)îasty, ,.
1290-24 BC (height2.67m; BM EArg) Ithe head is cut
from fìne pink granite and the torso llom Aswal
granodìorite, with a vein ofthe formercutting through
the Ìaiteri many of the other examples ofthe useofthis
granite are similar in that the objects consisi ofbotl
the granite and granodiodtel.

z. Head and crown of the colossal sealed staiue of
Rameses II at the entrance to the first pylon at Luxor
temple- Palt of the head and the rest of the body are
Aswan granodiorite.

I. Reliefin fine pink granite ofPtolemy ll from a tenple
at the Delta site of Sebenn)tos, near modem Sam3n-
nud, r. 285-46 BC (height r.l2 m; Cincinnati Art Mu
seum Ì952.8).

4. Unprovcnanced creco Roman funerary shdne (height
r.3 m: Alexan dria 2577 4).

5. Greco-Roman stelae &om Akhmim (height 74cnl
Cano Cczzo j4.

Bibliography
D F  M o r g r i  a . / . , r q a a  B d ì ì  r r , , o  I  w " f a ì ì  ( ,  o . , 1 o 7  o ) .
el Shazly G954)i Attia (r955)i Gjndy (1956)r Lucas (1962: t7 9,
4r2-j)r Ròder (r96t)i Ragab ., al. F978); Meneisy r, @J. F979);
Soliman (r9Eo); De Putterand Karlshausen (r992: Er-6)rKlemn
and Klemm G99t: lot 5l)i Aston (1994: 15 r8)t B.own and
Hariell F998).

lor coloú photograths ofpoìished sÌabs see:Variety r,.oarc
sÉnite Miekch |41985: pl.22 74ù t!?zarini G987: fiss r, u)j
Gnoh (r988:fig. rr); Marchei rt ai. F9 89: figs. 74a-b): De Puîer
and Xarlshausen (1992: pl. 5.1c ro,rr)i Dodgc and ward-Perkins
G992: rl. ,d) and Klemm and Klenn F99]: pÌs. ro.r 10.6)
Variety 2, Iinè grànite Mìelsch (1985: pl. ,2 756,769)j cnoli
(r9E8:figs. rrl 14)iDe Puttcr and Karlshausen (1992:pl. t4c r2)
and Klemm and Klemm G99l :p l .  x .6) .

2. Cmnodiorite from Aswan
DescripLion
This so-called monumental black or grey granite is coarse
to mainly medium-graiÍed granodiodte to occasionaly
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gErite with quartz, alkali feldspar (microcline and minor
onhodase), biotite and hornblende plus minor accessory
minerals (mostly apatite, zircon, sphene, ilmenite and
úagn€tite). Data from numerous sources show that this
rocÌ varjes grad,ìtionally ftom an alkalifeldspar-poor gran
ite to granodiorite and rarely to tonaliie and quartz mon-
zodiorite. Because the vast majority ofspecjmens anaÌysed
dassiry as a granodiorite, it is recommended that this rock
lame be applied to the variety as a whole. In the past, the
rockhas been incorrectly d€scribed as'syenite'. This name
mw refers to a rock similar to granite but with much tess
quanz.

'Ihe granodiorite is frequently porphyritic with both
pinl alkali feldspar and light grey oligoclase phenociysts
np t0 tcm across. The phenocrysts vary in abundance
ftom closely packed to absent and, as with the Variety I
Snnite, permit ìhe use of descriptive terms such as
Snnodiorite poryhyry 3nd poqhyitic granodiorite. Foli-
ation is commonly seen and is evidenced by elongated,
paiallel'oriented feldspar phenocrysts. Such rocks should
h called gneissoìd granodiorite'- The abundant biotiie
and hornì:lende plus dark accessory minenls (ilmenite
and magnetite) give the granodiorìte an overalL dark grey
t0 n$rll black appearance which is broken only by the
Iight coloured phenocrysts. when phenocrysts are absent,
tle rock closely resembles dolerite for wlìiclì it has been
t€quently mistaken.

'nr€ grarodìorite quarries are located manìly on the
south side of Aswan in the areas arou.d cebel Ibrahim
Pasha and cebel Togok (or Nagug). These were workcd
ftomthe Early Dynastic perlod to the Roman period.

Uses
from tle beginning ofthe Pharaonìc period onwards, the
gnnodiorile of Aswan was used for the same range of
bunding and sculptural purposes as thc Variety r giìnite
describ€d above, but in smaller quantities (sce Fig. 2.rl).

F,xamples
t. Sphill{ of the Twelfth-Dynasly ruler Amenemhat III

from Tanis, ij. 1844-179j BC (lengih 2.4mi Cano
ccl94)

2. Seated statue ofQu€en Isis, mother ofKing Thulmose
lll from (arnak,Thebes, Eighteenth Dynasty,.. 1479
,,,,,5 Bc (height 98cm; Cairo CG42o72l.

' 
'Scribe-statue of Amenhotep son of Hapu as an old
man, from Karnak, Theìres, Eighte€nth Dynasty
(height r .4m; cairo cC42r27).

+ Four Ejghteenth-Dynasty statues ofthe goddess Sek-
hmel, two standing and two seated, from Karnak,
Thebes, reign ofAmenhotep Ill,.. rl9r ' BC (heights
,. I - : . tmi BM EAt7,62,76 and 80).

t. Two colossal seated staiues of King Amenholep lll
ftom his funerary temple in Thebes, Eighteenth Dyn-
asty, c. rlqr-t BC theight 2.16 mi BM EA4-t).

Fisure,.t Crobodiaritè statu. olon ofrci1l, Twtfh Dynol].i,Ían
Athnbi' (BM EAt2l7).

6. The Rosetta stone of Ptolemy V Epiphanes from Ro,
setta, Egypt, c. 2ot r8o BC (height r.r4m; BM EA24)
lthis ins.ribed block is usually described in the litera
ture as 'basalt' but only ìooks like ihis rock because ofa
fine, soot-Ììke coating ofdirtl.

BibLiography
De Morsan,r dl .  (1894);  Bal l  G9o7);  weigal l  (r9ro:4o7-ro);
el  shazly (r954);  Ania (r9t5) i  Gindy F956);  Lucas (1962: 57 9,
412 rl); Ròdei (r965)i Ragab ,t ai. (r978); Meneisy r, al. (1979);
Soliman (r980); DePutterand (arlshausen (r992: 8r-6); Klenn
and Kìemm (r99t:  to5 5l) ;Aston F994r 15 r8) Broqr and Har-
ren (r99t l ) .

For .oìour photographs of polished slabs seer Marcheì .1 "1.
(r989: fig. Za); DePuttcr and Karlshausen F992: pl. 54c 9 and
54d rl)r Klenm and Idenft (r991: pls. rr.r-r.4).



t 8  B A R B A R A  a s r o N ,  J A M E s  H A R R É L L  a N D  t a N  s H A w

3. Granodiorite from Bir Umm Fawakhir
Description
At Bir Umm Fawak]lìir, at the head of the wadis Ham-
mamal andeÌ-Sid, are severalsmall Roman quarriesdating
probably ftom ihe 6rst and second centudes AD. The rock
is mottled pink and light grey, coarse- to mainly medium,
grained granodiorite with oligoclase, quaÌ12 and microcline
plus minorbiotite and accessory mineraÌs (apatite, magnet
ite, muscovite, sphene and zircon). It is gradational with
granite, which is ,lso abundant in the area, and some
specimens may àctually be granite.

Uses
It was quarried for €xport from Egypt by the Romans, who
used it for small columns and pavement tiles. No sculp-
tures are known.

Biblioeaaphy
Cnoli (r988r t48); Marchei Èt al.lig89:227): Galeút.t al.1r992)l
Meyer (1992: l)r Kleúú and lcemm {1991: t5r)j Brown and
Harell G99t.

Iorcolour photographs of polished slabs seer Mielsch G985: pl.
2l 78qi Lazzarini (r987: fig.7)i cnolj (r988:fig. rÒ7); Marchei c,
dl .  G989: f ig.7ta):  Klemm and Klemn F99t:pl .  16.: l ) .

Green feldspar see microcline

Creywacke ser siltstone, greylvacke and conglomerate

Gypsum sre alabastei

Haematite
Dertni on
An opaque iron oxide mineral (F€.o,) which occuB as an
accessory constitueni in many rocks, having a hardness oa
5.5-6.5 and colour ranging from metalic grey-black to
eaftly red-brown. The metallic variety is known às spec1llar
haematite or'specularite'.

Egypti.an sources
Haematite oc.urs viftlrally everywhere in Egypt, but
deposits ofrelatively p11re (and therefore e)dractable) ha€-
matite occur in the Eastem DeseÌt at Wadi Abu cerìda,
Gebel Abu Marual, Wadi Dib (to the west ofthe cebel Zeit
galena mines) and Wadi Saga, aI bùt the latter being the
sites of Roman period iron ore workings. On the tenuous
basis ofphilological evidence alone, it has been suggested
(Andr€ws r99o: 4l) that haematite was +raried in the
East€rn DeseÌt from the Late Period onwards, but it was
probably obtained fiom the Sinai peninsula or the Aswan
reeion in earlier periods.

Descriplíon
The paÌiicular iype of hacmatite favoured by the ancient
Egyptians dudngthe Pharaonic periodwas ìrlach in colour,
with a metallic lush'e, but its source is not known.

Uses
It was used for beads, amulets (paticularly ihe plummer,
caryenter's squarc and headrestamulets) and small vessels,
and was pafticularly popùlar for kohfsticks (and som€-
times also kohl-vessels ) in the Middle Kingdom and Second
lntermediate Pedod. A kohl vessel excavated from ùe
EighteenLh-Dynasty iomb ofthe three pdncesses ofThur
mose Iil (New York, MMA 26.8.19i is probaìrly ofhaeúa-
tìte, although thjs has not yei be€n scientifrcally deter-

Examples
r. Kohl vessel, Middle lcngdom (height 5.4cmi BM

EAl2r54;
2. Necldace consisting ofhaematite barrel beads, Twelftl

Dynasiy, unprovenanced (length,+4.5 cm; Cambridge,
Fitzwi l Ì iam E.5or.r954).

I. Weight in the form ofa hippopotamus's head, Eight
eenth Dlnasty, unprovenanced (lengù 4.7cm; Hil-
desheim, Pelizaeus Museum 554j).

BíbIíographl
Barron and Húúe F9a\ 44, 5t, A6, 221 z, 221, z]9, 257 9l:
CaiandandBanisterFg2T:85)i  Hume(r917: 8,+9);  LucasF96,:
)951t Asran 11994:7r.

For a colour phoiograph of a haematiie vessel oftle Second
Interhedìate PeriodftomTell el Dab'aseeAston F994: p]. 16l)

,ade
Def.hi.tiok
The te1111 jade is commonly used to refer to two differenì
min€rals: G) jadeite, which is a sodium aluminosilicate
(NaAlSi.o6)with a Mohs hardness of6.5 7, and (2)nepl.
rite, which is a massive, flne grained variety oltremolite or
d. l rnot i  e.  rso . lose) 'Flzred Lalcium magnFsiun
aÌuminosilicaie minerals wìth variable amounts of iron
(Ca,lMg,Fel5Siso..[oHl.), which have a Mohs hardness of
6.5. It should be noted ihat jadeite is :ì mineral in its ovr
dght, whereas nephrite is a varieiy ofthe minerals tleÌn.
olite and actinolite. ladeite, the rarer ofthe two q?es, can be
white, gre€n, brown, orange and even (rarely) lilac, while
th€ more common neph te usually Ìanges ftom green t0

Eglptian sources
Although ihere are some amphibole rich rocks in lgi?l
which are related to nephrite, therc àie no known ancienl
or modem Egyptian sources of either jadeite or nephdte
proper, therefore ihe few Egwtian aÌlefacts tentatively
identified as jade would probably be impoÌ1s from TurÌes.
tan or K:ìshmir. Both green jasper and serpentinite are boú
easily mistaken for nephrite. Civen ihe apparent lacl of
sourc€s ofiade in Egypt, it should be noted that many axes
in N€olithic Europe ar€ made ùom jade, but no European
sources have yet been defrnitely identifred (see, for
erample, Smith 1965).



Thcrc ue uo fcce.tly coùfirn1ed exanplcs ofcjther jadejte
' r  o  i "  r o r  I n . i - .  l q . t ,  |  "  , r . { { :  ò  r , - t .  r " . J
h  ' l u  - "  ' ,  j  .  1  o , .  d o ,  1 , ,  r , -  e    ;  t r o Ù  |

roÌnb ol Ttrtanliham,,n (KV62) was I.oa, rhlrs suggesrÌr.ìg
thai jt mlght possibl) be ncphfiie (in wLjch cas. rt !s most
likch to ha!e been ítnportcd liorn westcrn Asia). lloq,evcr,
Lucrs rlso algued rhat various oth--r arrefacts iD Lhe C;ìiro
mrseu.r tlìat tìrd bcù tenrati\elI identifìcd as ,jade., in
clì'dmg ! Pr.dtnlstic axe head (Cairo CG 14259), w--re
|robally ;ìnìphiboles .r1 the tremolite acirrotit-- g(oup , Le.
repl ì r l te  (see Lucas r962:  196 7) .  rehìe idc t j f ied a New
(ùrgdoÌÌr heart scrrab jn th-- pcrric Museunì. Unìvcrsity
Collegc Londou, as hu. jadc' supposedly tr), a varìely oI
testsjncluding tlìcarìallsis ol lts speci[c graviry, btrt r morc
r€.e. t  a |a lys is  of  rhrs objcct  by thc Naruràt  History Mu.
scuÌr londoÌì, has fov--aied n to be a rnlrure of quafz,
mag esile and.lolomlrc (see pcrrie r9r7: 8 u 9 and Oqder
,9E: :  roo) .  lac l  ogdcn (pers.  comnr )  has idenr l f ì€d a
nio.lrnser'amtlet (Ncw York, prìvate coltccú)n) as ia.Le,
us jngX f ly  d i l l ixct ioD anal)s js .

Bibliography
l ,e tn.1,917:  8.29)r  Lu.rs  (  9 l l :  rE2 ,962:  196 7) ;osde, ,  (  98, :

Lapis lazuli
Dejùtia
Rock colrìposed lllalrly oi the bluc :ìtrÌ.rjno.siticate nìin
erJ lazur i te  ( lNa,Cal  [A lSìo, ] , lSo ,s ,Ct l ) ,  not  ro be .onI ì rs
ed wìth lazùlite a blu,- phosphate oI iron rrd ahùnìniunì,
coùnnon4 containnrg disscnìnìated granrs ot brassy coì-
oured pyllc and lcins or palches oalvhjkl
a lso sonrei i rnL 's  .onta l  othcr  r Ì rnrcra ls ,  sÙ.h as mica.
ìraii)1ìite and sodaiiti. Tlk LJtrcr js somctirnes r stater
tor laprs lazuli, aÌ ìs occlsiorath also Lrscd as a substj
lù te.  a lLhouqh i l  does not  conta in any pyr  i te  I l  Lxs a Mol ìs
lìardness of j 5 5 all.l occLrrs jn r:]lcareous roctrs. Ì hc prnr
c ipx lancic  i  sourcc of  .p is  lazul ì  scc|ns to tuvr  uce, ,  ùre
fcglon ofBadr l ihsha 

 

i .  .o f l l Ìeastern Afghar isr f t r  whcre
lorLr ancrent qurrncs havc so far becn i.tenritìed: Sar-r-
Sang (see Kulke 1.J76;  $;yaú d,  '1 .  r93r) ,  Chi tùak,  Shag:r -
Darr . ì - iRobal . l -Paskaran lDd SLfor .by.  T l r r :  Badaìrshen
hl js  lazt r l i  gencra l ly  occurs as a l l lass of lcnses r rd \eDs
irr naLble formerl from contact.netanìofphosed lrnìe
stor€. The.tuarrlcs ìx) at rhe cenrri. ofvasr rfadc neN-ofks
$lrefeby lapis l.zUli $!s export--d ro thc e,rly cj\ihzations
ol Nestern Asì. and nonhcast Afiica fionr at teasr lhc
FoLÍh ml l lcn iurn BC (see Hcrrrnrnn r968;  patncr9Dò;
\'lajidzadch r98z).

IglIiia,r so&,î.s
Alihouglì lapis lazuli was lls,-.1by rhe ancicnt !el-pÌians nr
relativcl) llÌÌn d.r nt .luaf Litics at lcasL as crfll as the Naqada

llc phasc of the Prcdynrsiic period (ir. l5oo BC), there do
not appear to have bcerì any naiiv.r Egypriaù sources ofthc
stonc ko,,rd Nibl)i 1976; VercoLr Lter 1992:59). fhc rw€lfth
ccntur  Arab gcographer aì  Ìdr ls i  ( r816:  r22)  enoneousty
statcs thal thcre lvas an ancienr lapis lazuh mruc ear
Kharga Oxsìs,  but  th is  q,ould be gcotogical ly  ìmpossibte,  as
there are no contact mcrarnotúose.l limcston--s hcre.
I  h ,sscnì  a l rd El -Sh: ] r lewì  ( r99o:  564,  . l t ing rb l3hjm r949
as therr source) sLrggest thaL ihcre ìs a possìDLc occur reDcc
lr1 lapis lazuli ùr thc licinjly ol Uweìnat Oasrs rn trr-- ex-
ue1Ììe southwcstern corler ol Egypt, bur ttìjs has not heen
vcrlfic.L.

T1ìe shLdy of sulphur isotopc rxtios nlay be uscfirt jn
esiablishnrg proverarccs for lapis ìazuLi, rhcreforc it is
possjblc thrt thc precjse orlgi.s ofEgyprjaìr artefacis made
fronr thls rock rnay cvcnLùally be ctucidatcd. Herrnaù!
(19681 24)  poiDls or Ì t  ihn i , lhe specimens ot  lap js  tazut i
collectcd at Sar i Sang cover a $,ide ra ngc of coloùrs from :ì
dccp, rlnlost violer ìrlue throLrgtr the royaì bLue ot tÌre gem
, 1 1  h  o ì r c ,  , r . " r ' r r o c . . . 1 ,  r " r ,  r " ^ D , , . . .  " l
!  r l '  r '  o r .  L  ( n r  o f  l p .  J r , . .  |  , . "  o  L t  . d .  L l i   l
Fgrptian jewcllery ccrrainly suggest a \tr/esr--rn Asrati.
trrdc-li k. A necklace ol lapis 13zrtj beads in thc late
lredlnastic gravc Tz9 ar Na.lada. Ior instancc, iù:tudcd x
cyli.dcr serl imported fronl Mesopolamia (Frankfin.t 19l9:
29t  p l .  X lVla) .

Uses
FrorÌ, the Niqlr.la I perbd oÌì\\,ards, lapls lazuti was used
iniLially for be.rds and irrlay (one ofihc cartiest cxarrples
berng an unprovenanccd ivory lìguine wnh jntaid lapjs
llzlrii cyes, dated stvlìsticalìy to lhl] Nrqada I period, BM
lA32r.tr). lrom thc lrter Pfedynasrlcperiod or'ìwards it,!as
xlso carvc.l irro 3rÌrulets an.l s.afabs (see ALrtrère ,99r: lr,
461 8E lor  r  d ìscussion ofLhc sy lnbolsrn of rhe stone:  and
s!'c Bavay r997 foL a dir:ussionofjrs socio--conornjc sisnitì-

It corrinLrcd to bc used fol jcwellery aÌrd seals. bur il.
was rsed foL vessels only behryccn tire Naqada  l perìod
" d  I l D  - , , p , ; , . o ( ,  o  r ,  l . ' i . r i , i  i i F' I  ,  v d d ì .  t . , , , d o r  .  , , , t F  ì 1 , t . . . ,  t ) "
l , / E q E , , . - u ,  l . '  l , p s  . , / o . .  \ . ^ . t . . i
i r  ' l  " , .  ! p  |  |  . t _ r f  o r  , s  |  \ . .  d  , J
Thj rd D!rast iest  L l ì is  appareùt  2oo year  brcak in  suppl i
ùa) possibly corrcspond Lo a derrrh of tapìs lazùli ovcr a
similxr pcriod oftìrnc iI Mesopotamja (durìng Early D,!n-
asric l) lvhlch Ì.Jy haye been c:ìused by a ,bre!t( in tudìng
,c lat io Ì ,s 'wi th r rdalshan (HcrrÙrann 1968r l7) .  The e!
Tod trcasurc. datìng Lo thc feign of drc Twelfú.Dlnasq-
ru ler  Anr , -n.mhat  l l ,  compised a set  of four  Lrro.ze chests
contaLrnng .uDrcrous gold and sìh,cr items as {,erl as s--v
crr l  lap is  lxz l r l i  cy l indcr  scals  f ron \aesopotamja (c .g.
Loiù!e Er5214 5,  Er t2r7,  Er j225 7) .  $ Ì ì ich $crc presunÌ
abl! intcDdcd to bc recl.Led by tglplian crlfrsnìeù as wctl
as bcads.  ur ìwor l (ed l ragmenrs,  aDd l r rge b locks of  s tonc

39
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(e.9. l-ouvre Er5lo2-li lor discussion ofthe el-Tod treasure
see Desroches'NoblecoLrÌt .rnd Vercoutier r98r: r4o 4E;
Porada rgEz; Ma)flell.Hyslop r99tj and see also Chapter
6, this voìume).

Lapis hzuh was used frcquently in je$'elleÌf unril Lhe
Third lntermediaie Period, Ieaturing in rhe jewellcry
placcd nì tlìe tomb of Tutanklamun (KV62) and in thc
tombs ot the rulers ìruied at Tanis (see Yoyotte 1987), bul
thereafÌer ìt became a less common clcment ìÙ je$,eìlery.
There ìs noevidcncc tlìat powdered lapis lazuliwas used as
a pigment (see chapter4, this volume).

r. Female figurine discovcrcd eù the 'main dcposit at
Hi€rakorìpolis, Firsl Dynasty, .. 290o BC (hejghr
8.9cm; Ashmolean E.ro57r se€ Quibelì  ,9oo: pl .
XVl l l . l ;  Gxrstang r9o7: r l t j  Porada r98o, Moorey
r96l: l ìs.  r4.

2. Modcl pear-shape.L mace head liorn tonÌb ro52 at
Abusir  el .Mclcq, Na(Ìa. la l l Ì ,  . .  l ,50 looo BC lBerl in
AM É.r905o;scc Scharf f1926:]o, p1. XLIXT Matt l ì iae
r.).)r.: 2 6).

I. Kohl jar ofQueen Mcrlr, wìfè ofS--nus,et ltI. TwcllìÌÌ
D),  asty,  . .  r86(r BC (height l . lc lni  Cairo CG 18778).

4. Lapis lazuli and gold pendant of the Tsenty second-
Dynasty ruler osorkor IL ..374-5o BC, probably fronl
Tanjs, consistiùgofa sqÌrattjrgfigufe ofrhe god Osìris
{perchcd on a solid blocì( oflapìs 1az|li) flaùked by his
wife Isrs ard sor I  Iorus (heiqht 9 cnì;  Louvrc L6204).

BibLiography
Idr is i  (r8: l6r r : )) :  Ibrahiù (r949);  Lu.rs {r962::J98-4oo);  Her
ùnaùn (r968: ,r  57)ì  P!!ne F96E t8 6r) i  cu, i r ìach (19i lo):
osdcn (r98::  roo r) ;  Hcììnrn. a.d Moorey (r98: l ) i  Axl iòF
(,9t,  l Ì  461 8E)i  Cristrold (r992)iAstoù (r994:7, l ) i  Moó,. !
(r99.+) i l l r*)  (J997).

ror.okù lhotosraph ofkohl jar (cano cc ,8/7lt), see Asior
F994ìpl. 16 x)i 10. dou. photogriphs ofn(klà.c ol Pnìsennes I
(cairojE 8715 6)ard Fndant olosorkon lr(Lorvrè E.62ó,î) .  see
Andrc$s (r99o f igs. l5 ùd,8o)

Limestone
Delnitíons
LÌmcstone is a sedjmentart rock consisting predominarcly
of calcite (calcium carborate, CaCo,). in Eg}"i, this rock
contains fossils (molluscs, and cspcclally echinoids and
globjgcnrìid and r'ìun,mulitid roraminifcra) plus one or
,nore of thc follownìg nnpurities: dolomirc (calcium mag
nesium carbonatc, CaMslcoj l , ) i  quartz (si l ica, Sio, as
dehital sand and sllt gfalns or diàgeneiic chcrL nodul€s);
iro oxid--s (haematitc, Fc,O| or go--thite, HFCO,): and
various.lay mìnerals (ali alumìnosilicares). The dolomltl:r-
rich varieties are f.equently inconectly descrjbed as dol-
omjtc wÌÌen techni.alìy lhey are 'dolomitic limestones .
Ljmcstone is rypically ligh t to modcrat€ grey in colour when
fresh bLrt rnay be yellos'jsh or pinkÌsh on exposed,

weathcrcd surfaces. The rock is relatively soft ànd ea
work due to the àbu dant calcjte (Mohs hard ess=l)
general ìy high porosìty.  The'ha.d'  or ' indurated'  I
stones sometimes d€scribed in the liieratLrre owe l
greater durability to lhc presence of eìther morc coa
crystalline calcite (jn recrystallised limestones), dolo
(MoLs hardness-t.5 4) or chert (in silicjfied limest(
Thc Ìower porosity typically associat€d with the occurr
ol thcsc matedals also contributcs to the greater hardr
Cryslallinc lìmesrorìes have occasionally bcer misid
f ied as'marblc .

Egfptian sourc.s
Outcrops ol limcstoneare widespread in Egypt. From l
northward to ihe \4cditerranean coast, they occur alr
cortinuouslyin ihe Njlevall€yand on the deseri platcal
the east and west. A total olcìghty.eight ancient limes
quarrles are known and ihesc arc identifred, together

, i ' r  ogps .  I  l JL , ìe  .  " -d  o r .  r , , .  I  Jps  in  d .  r  , r  t ,
also Figs.2.r4-2.r8 for p hotographs of nÌdividual quaÙ
Tlìe quarlics are distributed among th€ geologic lo
t jons as fol lows:ramwrn (86),  serai  (8,  7),  Drunka
8,),  Minja (2o t9),  samalut (8 ,9),  Mokattam (,-7)
Alexandria F). Thesc ìnclude all the ìarger and mor€
D o  r :  ,  t  |  " "  " n d  p r o L , r L  r  - u  .  ' r l r  m . n o -
Lnnestone was almosi alwal s quarried close to lvhere il
used tor templ,:s and pyramids. Where th--Ìe are l
structlrres wìthout known quarri€s nearby, it can be ar
p:i€d lhat $,orkings will L,e found ìf th€y are not br-
undcr wnìdblowiì sand or destroyed by nÌodern quàrÌt
ìn addition lo the quaùies, limestone is also er'ìcountei
innunerabl€ tonbs cut iÌÌto this .ock whercvcr orltc

It is .uùently not possible to use only petrograpl
identìfy the specìfic quarry lioln which a lìm€stonc ol
derives. Howeler, formatÌons can usually Le ideni
trom thln sectbns and this provides at lerst a ger
geographic range lor the limestonc source. More deti
provenancc determinatjons may be possibl€ using f
taxonomy or ro.k clìemistry, bui much nìor€ woÌk n
to be done in delelopìng the necessary p€trol

D,.scríptíons
The limestones encounLcred i ancìeùt quàrries and to
' o r t r e  f  T . . ' e I  C e o l o g r '  i o r ì J r  o , .  l i e  F e n e r J
dcscriptions which follow ar€ lÌs€d rnainìy on qL
samples (Haùell 1992). Both Folk (in brackets) and I
l r  r r  c l , " s r f , . r o r .  J , e  t ,  o \  d " d  " n d  g , o o g r  . " .
gìven rn p3re theses.

L Turuwan Formation lUpp€r Paleocene)
Moderately dolomitic, finc-grained, somehmes ct;
sparsely fossiliferous, micritic mudstones wlth m:
globigednids, and lesser amounts of nummulitids
siliferous micdtel.
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Shgì ì lh  dolor ì r i t ic  f ine grr incd nrr rdstonc.s.  wi rc lc- \ loÙcs.
p i . ls lo lcs r r ìd  gr ! i rs t (nì .s  wj rh nra inìv  i .c l ì i ! ìo ids r Ì ì . ì
fo f 'sk. l r t . r l  . rd)uì . r t (  gra jns.  and les(er  anroul l ts  o l
pcì . . )pods I fossì l i f i ,ous, ì r ic ÌosI r r i ies,  and sp:rLs i .  tc ,

t r (  ked b io/ 'oo/pcì /1nl Ì . r  rù icrospl Ì  i tcs rù.1 spar  in  s l .

r , F , r . :  r r j  l i , r . i . , k , r i / i , , i , \  / . t r r 1 , i r . r  r l i  I , l i , , r J ! d r r , r f  . , ,
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4. Minia Fonnatian (lare Lowef Eoccne to earty Middlc
Eocene)
Slightly dolomjtic to dolomite-free, 6nc- to coarse-graincd
packstones and grainstones wìth mainly echinoids and
nÌ'm mulltids, lcsser amounts ofpetecypods, ànd exceprjon-
ally widÌ orher foraminjlera (alvcolinids and operculinids)
doìrjnatjr'ìg lpacked biomicrospafites and biomicros_
paNdìies, arìd biospariies and biosprrudiresl.

5. Samalút Fotmatian (early Middle Eocene)
Slightly dolomitic to dolomjte-frce, coarse-ro mair.ìly very
coarse.grained packstoncs ind grainstoncs wjth n.ìainty
nummulitids, and lesser amounts of echinoids lpacked
biomìcrosparudìtes and biosparuditcsl.

6. MaLatta,n Fornationllare Middle Eocene)
Slìghtly to moderateìy dolomiric, fiùe-grained, silty/sandy,
occasjonally clayey mudstones, wackestones aro pacx.
stones with mainly globigerinids, and lesser amounts of
mrmmulitjds and echinoids tfossiliferous nr jcrospadtes,
and sparse to packed biomìcrospariresì.

7. Atexandrìa Formation (pleistocene)
Dolomite,frc€, fi ne-grained, occasionaìly sitty/sandy, frì-
ablc, highly porous packsrones to mainty gr rsrones (car-
carenites) wrth mostly non-skclet.ìl carbonate grains (es.
pecially oohths and coated grains) tpacked oomicrosparites

Usrs
BuiLdings
Limesione was perhaps thc first rock used for buitdjng
purposes in !gypt. The earlicst exampl€s area possiblytare
Pr€dynastic tonrb at Qau eì-Kebir, and some First-Dynasty
tombs at Abydosand in the MemphiteregioD. Arthese sites
ljmesrone was used for flooring, watl lìning and rooÉng in
burial chambers. By the Second Dynasty lt was widely
employed for tombs and b€ginning in the Third Dynasty jt
was also used in tlìe construcrion ofpyramids and temptes.
LÌmestone.ontinued as thc principal bujldinC srone noÌ1h
ofThebes throughour antiquity. rn the Theban regon ana
soulhward it was replaced by s3ndsrone beginning jn the
Eighteenth Dynasty. The sourhemmost limesone srruc-
tures are the Third-Dynasty el Kula pyramid near
Hierakonpolis, and the Hathor temple at Gebelein datjng
from the Third Dynasg and later periods.

Although used primarilyas a buitdìng stone, ljmestone was
Jso q dFly énplovéd tor r . . rèt \ .  s lar| .Jrf  ,nd J !rn"r)  ol
olher .an.d ob:eLls.  f ì - :s u,"gF is ,norn r  ref lecr,on ofrr .
easy workability and avaihbility than ìts aesthetic qualities.
Many, if not most, limestone statues were odginally
paintcd to conc€al the rock's bland appearance. The Mokat-

ary in E-gypt, judging from rhe fact that various sculptùres
dating from either the latc predynastic period or rh€ Fir$

rdnì l imFcrore ton r \e turJ rno VJ .a-a ql .dr" ies how
ev.r i r  ol  ex.èprionrì ,  ur lwand was rndem"nd Lrough.
out the Nile valley for sculprures, reliefs and pyramid cas.
ings. This rock's uniform pale grey colour and dense,6ne.
grained texture make ir both attractive and durabìe. A dis.
tant sccond in quality are rhe limestones ofthe Serai FoF

Limestone may have been thc first rock used for statu.

Dynasty (including rwo colossal sranding statues of ùe
god Min) were found at Koptos, near modern eift, and a
torso deriving from a statuc of simjlar date was found at
Hierakonpolis. These sculptures are now rn the petrie
Museum, University Colìege London (rhe rwo Koptos
lions ) and the Ashmole,ìn Museum, oxford (the staiues
of Min: r894.ro5c e, a ìrird and a lion ftom Koptos:
r894.rota b, and rhe rorso from Hìerakonpoìis: 1896_
rya8 lE.)9251 .

Examples
ì. Stele of Rahotep from his tomb in Meidum, Founl

Dy' ìasty,  r .  2570 BC (height 79 cm; BM EAr"42).
2. Sealed figureofa scribelrom Saqqara, Filth Dynasty,r.

) . r6i-r ì2{ BC t l -eighr rrrm: Crrro JEJo-72).
ì .  F, lsc doo of I ' ta lshep.es from hi.  omb 3r Saqqar?

Fjfth Dynasty, c. 2465-2Jz) BC (heìsht 2.66m; BM
EA682).

4. standingstarue (painted) ofNen khefrka from hìs romb
at Deshasha, Fifth Dynasiy, c. 246t-2j21BC lheight
r. l4m; BM EAr2U9).

5. Colossal bust of Amenhoiep III from his funerary
temple in Thebes, Eighteenrh Dynasry, .. rlgr-, BC
(height r .5 m; BM EAI).

6. Seated pair statue ofa man and hjs wife, EighteenL\
Dynasty (r . t2m high; BM EAl6).

BibLiography
Lu.as (r962i 52-5.4r4); Meyers and van zetst (r977); Bouktrq
and rvlaljk (r98rr Mansóur ', ol. (r981)j Middteron aód BÉdlei
l . î8. , .  Hpirnin". ,  dl   orì , rr  l { iD\h  

 

,88r.  Srru |)ro 45F
ó c ì :  D ,  r u U p .  r ' d  K r ' 1 . \ d u . e n  , r o , ,  ( J r  o j  H r r F ì  t r r 9 4 :
Kle ' r 'n  Ind Klemm I  q i , :  /o  . r i  l :A. t^n t .99, i .  J) -44.

For .o lo,  pì ,o log," ths or  r , . r  L .JL.  se, .  Ktemr and Kleîn
(r991:p ls  r . r  5 .6) .

Limestone breccia
Dtjnition
Limeston€ breccia ìs à sedimentary rock containìng large,
angular fragments oflimesione.The term breccia denotes
a rock with angular fragments (in contrasr ro the rounded
fragments in a conglomerate), but it is also essential t0
indicate the composìtion as wellas the texrure by pretuìng
the name with 'limestone .
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f$ptinn sor f(r.s
Lr Ì ìesto.e brccc i . ì  occur  s  spofadical l r  ì Ì r  the Nr lc  v i ì l ìo \  and
0 r .  . J : , p  r o . .  p - r . J , , \  i . $ , ' I ' r , r r  r . . o . ' I
andcfMnr)a in  thc nor th.  I i r .esol  ìc ieÌ r t  s tonc \ lo fk l l lg
ha\r  brer ì  nnrnd i t  ìVrd i  ^b l r  ce lbarra fastofAkhrnl | r
(Klenrnì  ù,d Klen,nr  r99l :  r89) ,  bur  no or ì ìcr  LL,eJL,  ( tuar .

The l inrcstot l r  bre(( i r  Lrscd ìù arc i t ,n l  l inrcs cor ìs is ts  of
pebble s izc (ar ìd.  lcss conrnrorr \ .  cobble ro boulde,  s ize)
ar ìguhr  f r i ìg | r .ù ts  of  $ì r i tc  or  gre;  l ìnrcstonc.  and occa
sror ì r l l \  .her t  Thc l i rnesron.  f f rgÌùenrs are coÌ ìùì ìor ì l I
su l louùd.d b\  daLl  nd i ror  r ich r ! ì rs  sonrei inrcs ! \ ì rh r
usrb l ì  lJ)cr id  s t ructuÌe.  and rhcy l rc  sr t  in  a nrat r j r  o f
reddls l ì  brn ln to rcd.  { i ì . r  grr ì rcd . r lc i t f  lnd ì ron or idc 's
lhaenìr t i lc  ord eocrhr lc)  \1 i th  sonrc noI l .cr fLronJ,e , , , ,  puÌ  L
t res Conl I ] r \  |o  the ( lJ inrs o l  soùre geologisrs.  th is  rock js
.ot  r€s lnctcd to thc lop o l  the Ìss i ì$ i3 loùlat ion o l '
P l ioceneigc.  l t  occurs j r  s$crJ l  [ocene ] jnrcsto e fornra
I ior ìsJSa .o l làpscbÌe(( i l  fònncdf Ìonr  thccol lapsrof th.
toofo la L inr i .s to lc  crve.  r  tè ; ì turc o l  k ! Ì  sr  topogr i rpì ì I

L l Ì ìestoù.  brccc i r  wrs ùsed lòf  r  wide lancly  o l  srnr Ì l
obt i 'c ts  i .  thc Pf !d)Drst ic  p. . f lod in{ ìd inq r r ì Ì rÚl
6gL,rnes.  i ,acchcrds.  o,nrn,cnhì  coùrbs  rd g: ì Ì Ì i , ,g
preccs lPrh ie ,9ro:  pìs .  8:26,  :6 :2r  : ìnd 6o . ,a t ; .  t6 : r2 l
asrc l l  as f ( r  s tonc vcsscls .  l t  wrs anìong r l re car l icsr  s loÌ ì r ,s
u led for  \ rssels .  rs  i r  is  f l rs t  ! t test i  d  jn  thc Naqrdr  I  per iod.
and j l  occuÌs i ( lucnt l r  i Ì ì  the f ì rs  o F.JL|r t ì r  Dtnast ics
al though i t  srs  Ì l re ly  us i .d ihcrer f ter  (only  3 Icw vessels or
v iddle Kingdorì ì  rnd Ncw Klne. lùù darc arc k , ìo$rr ) .
There is  onc sur ! ì !nrg s i r Ìuc o l  hte l ,er  iod drrc (see b-- low
rn l is t  o fe\anrp lcs) .

I  P€rr  shrped nìacchead dat i l ]g  t . ,  Naqld!  ì t t .  l ] .  l r5 . t r
looo BC (hc jght  6.9 cmi  BM EAl2089).

2.  Bo$iof f i rs t  Dyn3sq dr l - -  { roDr AbLr Ra\y lsh,  . .  looo
, j jo  (C! t ro IF44l l2) .

l .  Snral l  jar  f Ìonr  torrb - Ì r90 at  Saqqaf i r .  dr [ ,s  e ure
sec.nd D)rast) .  .  z77a 264.)  BC (Ncw Yofk.  MMA

4. Stahle ofTaweret  dai ing to thc Late Per iod.  a l icr  6oo
Bc (Brv l  EAl5Tooi  see Fig.  2. r9) .

Bìblíog ophy
Heon inr  i r  !1  (1989 r r l ) ;  De t ,uùr r  r rd  ( ! r tsh . ls t r  ( r9921
t i  E) iA l ,Drd  ( r99 t ) :  K l {Jnn,  ind  K lc , , , ,n  ( i991  rS t l  9 r )  A \k , ,
11994 5 ì  .1 )

For .o lou ,  I r in ) t . ! : r !phs  sc  Dc Puf ie r  and Kr r ls l ì r ì rsc !  ( r992:
pLs .8  t+ i  l )  K lc ,n ,ù !ndKleù !ù( ,99 j : f l  6 . r )  .nd  Asnm,99.1 :

r ,qr , .  r , r  r i , i .Jror .  ùhrr i , .  r r r r ! .  o / r ! ,  / Ì i l ,p , " . r . ,n !s  Soddòs
liirt rdr. Pdod ltslt fA]J7óÒ)

Àralachite
Dtjnition
A vivid sreeÌ hydrots copper carbon:te (Cu,lCo,l. loHì.)
mincfa l ,  $hich occurs i ì r  the oxìdat ion zone of  coppcr
orc dcposits, often rììterbanded qlrh bìue azurirc
(Cu,  [Co, l . [oHl . )  and orhcr  copper bear ìng rnater ia ls  sLrch
as grecn to greenish b lue chrysocolh (CuSior .2H.o) .  ì t  is
!  re l r t ìve ly  sol i  gemstone having a Mohs hardncss of  only
1.5 4,  and cf l i .ùcsces in  hydrochlor ic  ac id.

Egyplian sour.ès
Malachi le  occurs both in  ihe Easlcnr  Desert  and in rhe
Snrai  peninsula.  wì th par l icu lar  ind icat ions of  ancic f ì r
lvorkr ìgs,  a longsidc thc pro.ureÌnenl  o l  copper and tLrr -
quoÌsc.  3t  Wrdi  Maghar3,  Sefabj t  e l .Khadln,  Bi r  Nasìb
and Timrìa.  th--  threc fonncr  i11 the Sinai  and the hf ter  in
the wadi  Afabah,  ius i  ins idc the soulhern bordcf  of  mod
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ern Israel, about thity kilomerres nofih ofEilai. Malachite
comprised the majoity of the copper ore at Serabii e1-
Khadim and vadi Maghara, wiih azurite and chrysocolla
occurring in much smaller quantiiics at both sites. The

. prlncipal problem in ìnteryreting the mines in the Sinai is
the lact that many ofth€ inscriptjons do not make it clear
whether turquoise, copper or malachite vr'ere primarily be
ing sought by the Egyptians (or perhaps all three), and
even when they cÌea y staie the objectofthe expedition as
the procurement of nfjt, the ìnterpretation ofihjs term as
turquoisc or malachite is still a marler ofsome debaic (see
Levene 1998). when H.c. Bachmann descibes the Bìr
Nasib mining and smelting regìon, he stresses the faci
that a number oî copper-related maierials were being ex-
ploited simultaneously: 'Bir Nasib, the largest smelting
sit€ in Sinai, is also a place of copper ore and turq.Joise
mìning . . . The small adits visible in the sandsione clifs
su[ounding the smeliing arca . . . show green lumps con
sisting olmalachite, paratacamite and quatz' (Bachmann,
unpublìshed comment, quoted in Rothenberg r9E7: 7)
Descri.ption
ln Egyptian aÌtefacts, malachite has occasionaLly bcen mis
jdeniifiedas green feldspar (se€ MrcRocLrN!) andrt'erdrua,
although ihe latter is clearly distìnguished [,y iis much
higher Mohs hardness (6) and absence ofetrenescence jn
hydrochloric acid.

Uses
From the Badarianpeiod onwards, itwas pÌimarìly mìned
either as copper ore or in order to ìre ground up into
powder for use as a green eye paint. Malachitehas survjved
in PÉdynastic graves not only as a pìgment stai. on cos-
m€t1c paleties and grinding stones bui also occasionally in
the form of quantities of the law material held in small
linen or leather L,ags (as well as the kohl itself stored in
shells, reeds, leaves or jars). usually preserved amons fu
nerary cquipment. The green maÌachite based form ofeye-
paint (Lrdw) secms to h,ìve been uscd only until the middle
of the Old Kingdom, when it was replaced by the black
grlena based form of kohl (nsdnt; see chapter 6, this
volume, for discussion of galena miningi and see also
Hassan and Hassan r98r for an early source of gaÌena).
Thesc groùnd pigments appear to have been mixed with
$'atcr to form a paste and wcr€ probably applied with the
fingers ùn1ìl the inhoduciion of the 'kohl pencil in the
Middle Kingdom. Maìachite was almost certainly also
used, from at least the Fourth Dynasty onwards, as one of
the essential ingrcdi€nts in the producrion ofrhe tntheiic
pigment Egyplian blue' (see Chapler 4, ùls volume). It
was very occasìonally us€d as a green pigment in its own
right, although green frit seems ùsually lo have been pre
ferred for this pur"ose.

Therc are a numLrer of instances of malachite beads,
amulels and inlays in both the Predynastic and Pharaonic
periods. Th€re appear to be only two examples ofthe carv-

ing of malachite into vessels, one complete flask of un
known provenance dating to the pedod between th(
Naqad:ì lll phase and the EarÌy Dynastic {BM EAl6lt6
and the other a ftagment ftom the tomb of the First
Dynasty ruler Djer at Abydos (oxford, Ashmolean 1896-
r9o8 E.rt92). There is some evidence for the trìding ol
malachite wìth Creie, perhaps from the Middle Kingdon
onwards (s€e waren 1995: 5 ro).

Examples
r. Several large, rcughly worked ùeads from cirga,

Predynasiic period (Cairo lE 44488).
z. Diadem ofgold, turquoise, garnetand maÌachiiebeads

from the burial ofa woman atAbydos,late Predynastic
period, c. l25o BC (overall length lr.2cm; BM
8475)2).

j. Small vessel datjng beiween the Naqada III and Èarìy
Dynastic periods, r.lÌ5o-2649 BC (height:5.lcm; BM
EAt6l56).

Bibliography
l ' , r . ' . , ú 2  8 0  8 4 . / o ,  r  4 o o - r ì : O g o . r  ( r 3 l  o - r J : h d .
srn and Hassan (r98r:77 8z); Rolhenberg (1987);Asron (r994:
71 2)i wanen {1995: 5 ro).

Ior coloúr photosnph of a nalachite vessel (BM U6:lj6) ke
Aston G994: pl. ,6c).

Marble
Defnítían
'MarbÌe' is a metamoryhic rock consisting predominatelf
ofcalcite or dolomite with subordinate amounts ofany ofe
wide vadety of other minerals. Depending on the min
eralogy, the coloration can vary lrom pure white io anl
other colour or comìrinatioÍ of colours. Ter.tures ale
usually uniform and contorted intemal lammanons eî

Egyptían sources
I2rge, workable marble deposits areknown from onlyúfte

northwest ofHurghada, at cebel Rokham neù wadr Mia
ìocaìihes in Eglpt, all in the Eastem D€seit: in Wadi

and in Wadi Haimu near Wadi Allaqi. In addinonb
small veins ofmarble occur in association wirh
at numerous sites in ihe Eastem Desert. cebel
provided the ìrest quality marble and was closest to ih€
valley. Consequ€ndy, it alone appears to have been
ín ancient times (se€ map, Fig. 2.r). The ancient
at Gebel Rokham have been destroyed by modem
ing, but the original tailings still exist and have
potsherds ofthe New Kìngdom and Roman period
and Hanel l  r995).

Descripti.oh
The rock fiom cebel Rokham is tue-grained marble
sisting mainly ofcalcite with subordinate amounts of
cite and dolomite plus Ére quartz. Mostspecimens
distinctive thin, cross-cutting veins of iwo ty?es:



lì.eFgÌaj.cd, bru(iri'liee calciteì and .lark grcy. eraphite
bering Lrkrjtc. The carbon and o{ygen isotopic ratìos for
 e rockaÉ +1.45 kt , ,C)ar Ì . t  r r .9r  k l , \o) .  resrccr i lc ty  (scc
Broiv l  ind Harrc l l  1995).  Ì r ì  ternr  of i is  lsokìr  jc  .h ! r  rcrcr
and nucj tc  conrcnl ,  ih ìs  marbìe appcars ro be orrposnon-
all) uniquc rùong the hÌown whjre marbles quarric.t ìn
anoenl  t | res i f  thc Mcdi lc f f lne;rn regìon

Urd5
Tlìe onl! deDronstrxtcd uscs of rhc Cebct Rokh:rm rnarlnc
are liqhrcenth Dtnasfv scu]phn-cs nì.tudxrj.l sevefal shrlr-
es of  l l ru t ] l lor  I I I  rùd a l iw othcr  objects Jrom thc re igns
ofAlher:rrcrr rnd Tutankhanrrn. wlLite martrtc *,as uied
ertcnsirely lor staluary dufin{r thc ptotcrrìaLc arìd RoÌren
Friods lnd upon er3rÌrnrarion sonrc c,t it rIr,! òe foun,:t ro
coDr. t(,n ccbel Rokhanr \,tost of lhis sronc,, ho$,cv1!,
$es prolJrbl,v lìrportcd 1l('n soLrrces in the casLcfn Mcdi
lenr Ì rcar  A qt ì i tc  nrr rb le was occastonat ìy  uscd tòr  srnal t
ressels i r  the E: ì r ly  Dynist ic  pcr ìd l  ì r r  i ts

r l(lìceliìil stxhrerrc of Thlhnosc ll1 6olll D.ù cl' I  i  . l ^  l ' j h , " , r r ,  i . r ,  i r - , .  /  B ,
L L : . . . r  o  . r  o \ , t  .  " r  L J t  . t r 5 o  \ ,

, .  tsust  o l  lh Ì r l r Ìbse i t t  f rorr  Dl rù eL Balur i  rn Ttx,bcs,
t igh l .Èxth Dyr ìasr ] .  . .  r ,+79 _r5 BC ( ta(c [ ì r , - jehr
rSonl :Cai .o l t9o2l7 rest  ofs tatu.  [ t rc is Ì ] i  4 . r .6cnr l :
Nd!  Yor l i ,  Mlv lA o7 2 lo. l ) .

l. ì\'l!r rle vessel lior. rhc \{llev ri.nÌpte of tvr.rn rlura rr
GizJ ForLrdr  Dyr ì rs1)( l )  (hei ! :h t  6._r .nr :  Bosron.  MtA
r 159Jt  Astor ì  ' , j ( ) , t :  5( r )

Bihlìography
Al l ìLd 1,9or :  r .1  ,5)  Lu. t rs  ( r96: :  414 r5) :  RrDrez ud Mar.
i r9, t )  L iL l , t , ì i r  ( r9 l l9 l r  D.  t ì ì l ter  ùrd K. f ts t rd, r fn (  992:  ro8

|  |  . r , , . ,  i  , "  , "
ú Í ù s r  0 r r I ! r ( ) r j )

fÒi ú.!r th.toghplì of J l).ì,stìed sl3Lr st: ncnù) r.d

Mica
Dèjini!;ot1
The hnn nÌi.r ìs Lrscd ro dcscrjbe a groLLp ot porrssìurr
3hmrrosì i icatoni rcra ls ,  usur t tv  lv i th  aÌ r  rd | l i rRùe 01 l ron
and magresìLrm. Ih i .  p inc ipat  t l fcs of  rn j .x  ar .  dark
brr l1 l  or  bhck b( , t l tc  ( I ( [ ] \a  g,Fcl , [o  H,F] .AtS j ,o  

, , r ,  ,o ,our
les\  to  p: ì le  yel lo$,  ìnuscovi te ( i1 l  toH, f l  A lSj ro. l ) ,  cop
r  . r t o .  . i  I  o ' . r  t l  o c  o . , .  |  ( \ '  o  .  ,  A  I  n  , ,
. : ' ' y , r . D . r .  t , . - J . , r ' ,  . r . t . A l t , i H  5 , i o r
r f r \  , '  " ;  r '  , g  p p ,  , r  |  , d r ,  . -  - ,  t - r  I
deariìge. usLraìly splittjns jnLo ver! thìn rr:rnstucerl sheets.
Therr Mohs h3fdness lafics bcts,een 2 xnd l. V/hit. bi.,tjte

fidevarietyol igÌìeous :ìÌd nìcranrorphjc eJCks, phlo;opire
otcur  main lv  rn rnetanìorphic rocks and tepìdot i ie  occurs

only '. ignroùs pcgrnallrcs. lt is possibte that tìre onh form
. , ;  .   . , 4 : ,  " r . r  t _ ) p , q - . .  . . . . r . ,

Eglp l íansaùr. .s
Deposits of nnrscovjlc are recofded at Rod Um cl fJrag nr
the Eastern Dc$rr, althoÙgh rhere js no .:!i.tcnce to irdì
cate úhct lkr  th .se werc explo i tcd ì r r  rnc ic  t t j rncs.  Numcr.
ous or'lcrops ol mica schist (a rock co posed prn ariÌ1, ol
llaky sraxìs ofmica) hrv€ bcen jdcntified in rasiern Dese(,
par t icu lar ly  ì ì r  the Cebel  Sikaj i  fcg ion (sec 11u, , rc  L9l ,+:
ro9-rJ ani l  Aston 1994:  6r-2) .  A deep adi t  c tosc lo  the
Rornan anrclhyst Ìnires ar Widi et-Hu.li, about thirLv-fìv--

o . r ' F  o  h - . t  ù . À . , , r r  . . . . J -  i r  , a l . t r L  .
( r952:  '4)usa ùr ica l l l ine ' ,  bLr t  rhere hrs nor  y f t  t recn ary
ùìodern conirùation as to "4rcthcr this is an ancrcrìt lvork
ing, or cyef as to whclher ir is irdccd ! rnica nìine (scc,
shr{  and larneson r99l :  86) .

Frorn the Prcdynast j .  p- - r ìod ons,ards ln j .a  was usea ro a
snrall ern'nt lor beads, perdants e.d nÌirrors. \,tost suwlv
jng cranìples of s,orkcd r.jca. howeÌer, derive jiorn Uppcr
\ . . l  ,  i p r , ( l  . . , , r  r p  o a . . , , o  ) o o B , ."  ' o ' " e ' , j  " '  o , i i  J , r .  p .
LLrcas (r962: 261) not--s t l ìat  the col lcct jon ofthe Mdropolì .
tar N4uscurl, Ncw Yo.(, rìc]udes Middlc t(ingdoll1 mj.a
pcndrr ls ar a Ncw ì(rngdorn ncc)<lacc rrorporrt i rg

As tur:rs.nica schisi  ls con.:enìod, Asron (r99,1: 6r)
notes t l ree instanccs of vesscls madc f iom lhis marcr i . ì l
(8M 5i |J9, Canbrìdge, Fìtzwit t j r rn 94.r954 rnd Nc\v
Yorl(  l \ , lMA r3.28r6),  al l  dar lng ro the pfc. tynasl ic or Éaf l) .
Dy..rst icperiods.

r .  I  r  ì ,ngular vessel ofmi.a s.hisr.  probably.hr ing to ihe
Predyn3st ic or [xr] l  Dyùrst ic per iods pe,rsuL 9cm;
BM lA58rl9).

z. \,Iìca .ap onanìcnt .xFcd in thc 1orm of four tìon s
hc:ds, f rom Cravc 1o4,+, Turnutus tax al  l (cnna,. .
r75o r55o BC (hclgLt t .6cmt Lcjpzig, Iert  Marr
Univcrsi t j l ,  Agypt isches Muscum 1792).

I. Mrca cap onrarÌents (dispìayed ox! rcsrored cap)froÌ]]
Keùna, r i .  rTto-r j5o BC (heìghtofcap r l . l .nr:Boston
MrA 2o r768)

45

Bihliogrtrphy
l ì( . isner (re2l :  :72 8o):  Fi l lnr h952:
r9j) :  r lcrs (r962: )62 , ;  w.nig

1)rHtrycs ( i951 2Ò: r919:
( r978r  r5Ò:) :  S l raw an. l

FoL.o l .u f  p l io togrxph o f  ! ùr ica schist  ! .ssc l  ( tsrvt  t8r l9) ,  n .e

Microcl ine (emazonite)
Dthrritían
Fcltlsprr is a rnincral group whj.h makes up 6o per ccrf or
the caÌ1h's crust.  Thc group corìsjsts of calcjurr ,  soorurn or
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potassiurn ahrt uosílrares, |rùt tlierc ate two ìnii rypes:
G) sodìum-potassium aÌkali (or potash) Gldspars, majnty
consisting ofmicrocline and olthoclasc (KAtSirOs), and (z)
sodium-calcium plagiocÌase feldspars. Besides the
common pìnÌ(tolight gray alkali leldspars foùnd in granite
and other igncous ro€ks, dìere are two gcmstone varieties:
moonstone (an opalescent form of orhoctase which js
transpareni to translucent and yellowish l,rown to [,]uish-
white) and amazonire (or amazonstone, a torm ot mìcro
cline which is opaque and green ro btuish sreen).
Egyption sources
Amazonite is found mainly in ihe Eastern Deserl in the
area of \r/adì Higelig and cebel Mir,tjfl aboùt lorty kilo
meh.esto thewcst ofcebel Zubara (see Ball r912:272). rtis
àlso found in ihc Libyan Mountains norrh ofTibesri (Dal-
toni  and Monod 1948: r : l ,  r5l  4),  alrhoùgh there is no
proof that the lattcr soufce was actuatly er?toired ìry rhe
ancient Egyptians. Hussein and El Sharkawi (r99o: 561 4)
rcport thai it occurs Ìn pegmarire !€ins int ded into the
gneisses of ceìrel Migif aùd Wadi Cimal, and thar ir atso

constiruent of the metasomarically altered
gneisses olAbu Rushaid.

Description
Amazonite was one of ihe Egyptians si\ most precious
stones, and inscriptions during the pharaonic p€riodoften
associaie it with turquoise and lapis Lazuli. The colour of
amazonite denves from the presence of traces oflead and
crystalline water. ìt has ftequentty L,een confuscd s,jth
oiher green siones such as turquoise or bcÌ)1.
Usrs
Itwas caNed jnto small beads froÌn the predynastic pedod
onwards, with a prrtjcular peak ofpoputarjry in the jewel
lery ofthe Middle Kingdom. tt 'vas atso used lor amulds,
inlay and smallvcssels in rhe New Kingdom
ExampLes
r. Early First Dynasty green amazonite vase, odginally

gilded on the neck, Éom Abydos, .. 29oo Bc (height
7.1cmj BM EA47r4.

z. Small amazonite kohl-pot lrom th-- tomb ofthe three
wives of Thutmose tll, in wad] cabba et eÌ eirud,
wcstern Thcb€s, Eighreenth Dynasty, c. r47.) 25 BC
(NewYork MMAisee winlock r948: 5 i ) .

l. Unprovenanc€d àmazonrte amuler caned in the form
ofa seated anthropomorphic figxre ofAmun, darlngto
the Napatan perjod, .. 765-270 BC (heighr 8.4cmj
Munich, Stratlìchc Sammlu g Agyptlscher Kunst
AS629l).
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Obsidían
Dqinítion
The term obsidiàn is us€d to descdb€ a votcanic gt
lormed ftom magma whìch has cooled too rapidly
mÌnerals to crysrallise. lt is usually felsic in compositj
and is commonly black in colour, although it may
brown, red or colour,banded. Ii has a characrensnc c(
. l .ord.r lTrd, 'ure and d g J *r  rusr-e. ard wr, le op.qup i  ,
mass, iL is translucenr at the edges. lrs Mohs hardness
j- t .5.

Sources
Lucas (1942, 1947) published ihe first subsrantiat co
parisons beiwcelì the physical properies of obsidian (
tects lrom Egypt and samples fiom possible soùrce lo,
tions. He concluded that ihe densiiy and re&actile ind
of most E$?tian objects corresponded wìih sources
Abyssjnìa (modern Ethiopia and Eriirea), but did nor c,
relate with any of ihe Meditcrranean, Armenian or Al
bian sources tested. Since the r96os, mooer! axal)n(
methods such as optjcal emission specrroscopy, neurrr
aciivatlon analysis, x-ray fluorescence and elecron micr
probc analysis have been employed to characrense oDsl
ìan based on iis major, minor and trace eleùrenr conreÌ
Distibution paticms for obsidian from the Medire.ranei
and Near Eastern sources have been outlined (Zarir
r989r 144, but the range ofthese obiects does xor appe
to etend south ofsouthern tsrael or into the Sinai. Obsì
ran sources in the Arabi:ìn peninsula and Eritrea afe n
so weÌl documented, bùt Tykor G996) reports that thi
New Kingdom objecis match the composjtion ofa samp
from Arafalj on the Buri penjnsula in Erirre:ì. Obsi.Lia
fiom sector TKY-5 in the Dhamar-Reda area ìn yem€
also has a high barium content, characteristìc ofthe Eg)T
tian samples, but orher trìce elements prcsenr jn th
Eg?tian pieces coÍespond with the Arafali rathe. ùa
the Yemcni obsidian.

ln an ongoing provenancing study of Egyptian obsidiaÌ
Bavay er al. (2ooo) have us€d tàser-ablation inducrivel
coupled plasma mass sp€chometryto analyse.r vesselfra€
ment fron thc Early Dynastic royal cemeiery ai Abydo
(Bmsscls, Musées Royaux d'Ar er d,Histoìre E48lta), a
welÌ as a number ofarlefacts from Eihiopja and Syria. flr
resuìts indicaie that the northern part ofthe East Africar
Rift Valley in Ethiopìa was the most probabte soùrc€ for r.\i
Abydos v€ssel, given rhat rwo rrace element ratìos (Th/î
and Th/Ul were found to be vcry similar in the rgyphar
and Ethiopian samples, and quite different ùom ihasr
found in the Syrian aficlàcts. The same team is cunenlù
analysing fùrther Predynastic rnd Earty ùrìas tic objects, ai
part oi a more gcneral sludy oftradc p.ìtterns in the Eaíl
Bronze Age (see Bavay 1997).

Thus recent analyses tend io corroborate Lucas' conten.
tion that most ofthe obsidian îound in Egypt origjnat€d in
Eihiopia. It is possible, however, thai different resdb



ùisht be obtamc.l ifsrmplcs lrorì Lowef Egypr {ue J,i.r,
l ised.  srnce r r  Upper lgypLLan s i tc  su.h rs  Abydos rn ighr
have been Ìnorc lihcly to obi.ir obsidirn fiom an Atùcan
sou|.e whereas a Deltr sjte nìight have been morc acccss
ib le 10  ̂s i r t i (  sourccs ( rarùent  Ba\a l  p€is .  conrm.) .  fu .
thermorÉ obsidiaD s.,urccs throughoLrt the Red Scn region
still nccd {ur ther ìrlcstlgatur.

D.t.tlptran
Ncarh ! lL  of t l rc  nnported oL,s id iùì  found ì r ì  Eglpt  is  of !
purc jet black l'arieq. Lu.as rccords oie lìngcr aúÌulet ot
T{cnt} sirth Dyrìasty.lrte, thi. dLrll grey appcarance and
phNical prcterlies ol which corrcspon.l to obsidian liorn
ùl€los rÌ,.1 Ddecd, tle p,eseDcc l)1 s(,Ìne obsidian liorn
Aege ì soufces q'ould rìot bc remarkible ùr tq,vpl durine

Obsid ian ras jmpoùed jnto Eglp l  beginnlng xì  Naqrda I ,
arìd occùrs in ftrc Prc.Lynastic pcfiod as fiakes and Lrhdes
l lnchrdnìs s(  kLc bhd.s) ,  beads.  pcndxnts rnd as one mr
ier ia l  01 f ish r r i l  In i les (zar ins r989:  J6r  5)  obsid i r .
vessels ot flrst Dynasly dan, havc bccn found ir thc laree
Dusldirr'lorÌrb cxcrvalcd b) de l\lorgarì G897) xt Naqada.
.  ' ,  o t , , r .  , . t  o r  I ,  d  i . a o . .  \ r . :  r , . . . . d r )
Obsidìiì dish nì the shapc lr1 a Land r':ìs djscorered ììr thc
toùrL of Dcn fccortlv fc cxcav{n'd by tlre Gcmr. Afchnc"
ologrc! l  lns l  l I tc ,  Cr ì ro.

There is a fot:ìble lx.li ofclrlcnce for obsidirll fiorn rhe
SecoÌrd lo  four lh D|nst j { :s ,  b I l  11 rerpterrs as a ùrr ter ja t
lor  t l t  pupi ls  o l  in la id e,ves beernnnÌg nr  the Fj l rh Dy.ast)
(Salc l ì  a Ì ìd sorrouzr : ìn r987r  no.  :17) .  fu Ì ther  cxarnplc-r  of
obsjdiarùse.l l'or ttlc mlai.L cyi:s of srarues slrn jve liol]1the
Sì{th ll}rìrst"-, whlle obs irn ele inl:r}s of N4ìddlc t(tng
don, ard \c\! l(Ùgdom dxte conrnìonl) d!rìv. fioù coltj s
aDd rnasls ,  a d t | js  usagc cont jnued inro t l ie  Ronran pcr-
iod 1\ \ ra] rwr ight  r927:  E8.  9r) .

Ifode vesscls irì tìrenrng of the nrouth scts woe occ:r-
s,oiìal\ nrlde ol obs ian durxìg lhc Sirrh Dynasty and :r
smal l  rùmber o lcosÌrc t i (  vesscls  ofobsid ian surv ive t roÌn
thc \'liddlc Kinedonì. Second lntcrlne.liate PcLiod arÌd No!
( jn i ldor Ì r  (Astof  r994:  25.  r4c] )  Al ] l l r lc ts  and scarabs were
also Dìade o lobsjd iar ì .  brg jnnìng n rhe Mìddle Kingdonì ,
and thfcc o l rs  ian sculpLurcs of  Mìddlc Kiùgdo.r  dalc  and
fourof ihc Ncw KiDgdorn aLe hr Ì^vn (V/aurwr jght  r927:  E8,
9r :Lrcovan er  d l .  r996:  r74)

I  Pupi ls  of i r la id c tcs ì Ì r  r r )pter  s l iLLres of  Ì repi  I  rnd h is
sor ì ( i ) ,  S ix th Dyr ì3sty,  . , .  2289 46 BC ( ,vera I  hcLghr of
Pef !  I  s t ] tue r .77 m: Cairo j t Io l t  j  Quibc l l  a fd c  ra.ùr
, 9 0 r : p l s .  j o  4 ) .

r .  Obsjdr in and gold muroL hrndle o l  Sì thathor iuncl
Iun her lonÌb rt hhlÙì, inlaid s,ith cornclia., frience
rnd eleclnrù, .Latine to Lhc r--igns of Sl]nusrei ll
Aùìeneùrh:r l  I IL  c .  t897 r , "97 I IC (height  of  whole
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rni r ror  u8cn;  Cairo CG5266j i  jF449zo;  úrunion
192a).

l .  f ive cosmel ìc  vcssels of  Mer i t  f io ÌÙ her  tornb at  Dah
shur,  dar ìng lo  the r , - ìgns ofScrr Ìsr : t  t ì t  Amcnemhar
I l l , . .  r878 r797 BC (hei ! , :h is  r :ngln i t f torn 4 i  ro 70 cmì
C a i r o C C r 8 7 7 2  6 t d e  M o r e . n  r 6 9 5 : p l s . 2 t . 6 o  6 2 ) .

4.  Facc,  exr  rnd f iagne ts  of loorand 1ìcck( l )ofa t i l i ,s ìze
(prcsurì.ìbly conìposirc) stehre ofAmcnlxnep Ìlt lronr
tbc l (af  ak . r .hei te.  , r .  r l91 5 l  BC ( Iàc€, footandncck:
Cl j ro CG4zrol ì  ear :  Boston MfA o4.r94r ;  * r :  Tykor
,996) .
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Olivine (peridot)
D.lìniríon
A s i l icate ùr inera l .  a lso knor ! f : rs  chrysol i te ,  $hich occurs
j r  lwo conposi t ional  subvar jehcs:  i roD r ich layat i te
llcSioa) .ìrìd nÈgnesiunl-ricl fosrerjLc (Ms.Sior). Il has a
Mohs hardress of  6.5 7.  Thc t ranspafcnl  gem var ìerv of
'  ' i r  F  .  |  . ' i  I  J o r  { r "  l : f  r o n  r r -  q - r t - .

Júìdat: *:inl. Peridor (wlÌich rney be cnhcr fayatìrc or
Josler ì te ,  bul  not . r  combrnar lon ofboth)  ìs  co loLÙed velLow-
p .  . t i  , 9 1 , r o r  ] . r  . . , r  |  , . o i  ,  - t  t o r g t r  r h Í . , " 1
appcarantt is a wsnn ,!,-llo\rìslì gfcen (calrsed by a relative
dearth ofìron). Jt almost rls'rys foíns tu mafìc and ultr!
nrrllc lgÌÌeoùs rocks such as serpcnLxììt--.

Olrvxìe oc(  urs conìnÌoùly rs  nì inutc gmins ln  basaì t  aÙd as
sÌrch is loùnd al larious locatiors in rhc [asten and West
enì  dcscf ts .  Howelcf ,  Lhe only knorn lgypt ia f  sour .c  for
th i :  , rgcr  cr ls tx ls  of  p i . r idot  is  the is lar ìd of  Zrbargad (St
John s ìsland) situated xr thc Red Ser. 3boùt eighry kilo-
ùrehes southcast  of  thc Plo lemai .  aDd Ronian por t  o1
B. f r Ì ikc (Co|)ar  r9o8;  l {c1 lc . r  r99Ò: r r9 27) .  The is land
.onsìsts  ìnosl lv  of  rnaf ic  aDd uÌ t ranraf i .  rocks.  and i t  is  ì r ì
lhc la t ter thar  thcpcr ìdoto.curs.  This ishrd ippc:Lrs a lso to
halc bc.Ìr the prùìciprl rnrrcc {]1 peridot for lhc whole
ancient  Me. l i termucan regnrì .  ln  lhc Ronan per iod,  Scip i i )
and Stfabo LIew pcrj.loL as topaz (a rcrÌù now uscd by
gcologLSLs to Ìclc. to a dl]Ierent mircral)

|rom thc Predynaslrc pcriod onwards, ollvire lvas uscd fòr
ies,e l lcr t  (bc{ds.  ferdar ì ts   d amL, lcrs) ,  bùt  per idol  docs
.ot  r tpear  11)  haye been us€d unt i l  ihe Prolornx i .  pe|od,
\\'lÌcr it becamc a popu ar rnatcriaì for intaglios and ca-
bo.txùs. A D E ightccnth Dynasty scara b idcnrihed by lrerric
( r9r7:  8)  rs  per idor  h. rs , ro i , !cr  bcen subj .crcd L.J r Ìúder .
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analysis. Peridot has olten been misidentified as green
beryl (emerald).

Examples
r. tate Predynasti€ (Naqada Il) necklace of olivine beads
. ftom Mostagedda (BM EA6lroo).
2. Late Predlnastic (Naqada II) olivine pendant, forming

part ofan ankÌet from Matmar (BM EA6l695).
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Couyat (r9o8); wainwright (r946); Lucas (r962: 19o,4oz); os-
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Forcolour phoÌogrephof6úecut peridot {as well as crystals and
roush ma$) from st lohn s lsland, see woodward and Harding
(r967:1o).

Onyx see chalcedony

Peridol ser oÌìvine

Porphyry, volcanic: andesite, dacite, trachyandesite
and others
Defnitíon
'Polphyry' is a texiuraÌ term applied to volcanic igneous
rocks which consisl of phaneritìc crystals (phenocrysrs)
floating in an aphanitic groundmass. Volcanic porphyries
occul in a wide variety ofrock types. Those used in ancient
Egypt are mainìy dacite, trachyandesite and especially an-
desite. When the pheno€rysts constitute over 20 volume
per cent, the rock is des€ribed as a 'poryhyry', and if the
phenocrysts make up only Ìo 20 percent, itis describedas
being porphyritic . The naúe ofthe rock type must be ùsed
in €oniunction with 'porphyry' or'porphyritic to indicate
the composition ofthe rock.

Egyptian sovrces
Volcanic porph).ries are widely distributed in the moun-
tains ofthe Eastern Desert and are especially abundant in
the region northwest ofHurghada. Only two ancienr quar,
ries are known and both date from rhe Roman period:
Gebel Dokhan (Mons Poryh'.rites, see Fig.2.20), andwadi
Umm Towat (see maps in Figs. 2.ra b). The sources of
other porphyries used lor vessels in the Predynastic and
Early Dynastic periods (see Fig.2.24 are unknown.

r. Andesite-dacite porphyry from Gebel Dokhan
(Mons Porphyrites)

On the eastern flank of Geùel Dokhan, high on dìe hiÌl-
slopes on thewest and east sides ofWadi Abu Maamel, are
sir quarrying areas collectively called Mons Porphyrites by
the Romans. From north lo south, those on the west side
are the northwest, west lor Lycabettus) and southwest (or
Rammius) quaries {see Fig. 2.2o); and those on the east
side are the northeast, east and southeast (or Lepsius)

Figut r.ra Gebel Dokhoi lMors Potphttit.t, Eostem D6.n,úith
th. southùèst lleli oúow) a\d west (ri,ht aîow) quafticsloú uùril
th. purylishr.d 'inp.nol ondsik-daci| po'?hyry wos tfttodà.
Note the Ronot cauÌúof descehdiig on the ight îon ttu we

quaÍìes. These were all worked from the mìddÌe ofthe first
lo the late fourth century AD. The porphyry varies in com.
posiiion from trachyandesite and trachydacite to mainly
and€site and dacite. Three vaieties were extracted and
these are distinguished by their colour.

variety t putplish.red porphyry
This rock has a purplish'red aphanitic groundmass of
oÌigoclase-andesine and homblende with minor biotite and
accessory minerals (mainly magnetite). The phenocrysls
are medium-grained olìgoclase-andesine (up to I mn
across) with colours of either paìe pink to mainly whit
(northwest quarry) or all pink (west, southwest and south.
east quarries). The groundmass is coloured by haematib

Figu.. 2.21 An.lesite porphyry tesel, lat Ptedy^attíc or Ea y W.
ostic pe.iod (BM EAtto4).



lrcd) aÌìd pieirortit. (pinìtish purl)le), and rhc httef r.jn
eril ls 3lso reslorsiLrle fòf lhe piùk colour oI rhc phcrr)c
nsts. In part ofth-- west qu.rry, a ìJrcc.iat{:d torphfrt $!s
extnctcd. Vrfhq r is the so.c.ìllc.d ìrnperìaL porphyry of
ancie. r  Romc l r ìd  Dost  of  thc fo.k  quarr ied at  Mons
foThtr i tcs rs  o l  th is  l r r ìery.  Thc RoÌr ìans { r l led i l  l rp i j

fd?lttlis (prlplc stonc) an.l jr is lìonr lhis term ih.l lhc
modenr$ords porphvr t '  a ld porphyr j t ic  der ive.

varitty z grttnish bLack porphyry
This foch. $'hich comes only frolr thc easi tluarry and
one ofthe c .av:1ions jn t l Ìe northwesl quarry,  has a
gleenìsh black rphanj l ic grounclnrass, and pale grecn
and white ÌnedirÌln-grained phenocrysts (up tc, 5 Lnnl
across). l l  has thc saìîc rr i feralogy:rs \rar ic i ]  I  e\cept
tlal it licks h:Lerìratìt. 3nd pieùto titc but contains
abundant chlor i te rn. l  cpidole. l t  is thrsc lat ter two

.  p . . -  l ,  . ; r " e r  , o l .  r  r ,  n .

Vuti.tl J: bl&.L parphfry
This iarictv corles only lioìî the northea -qt .lua rry a nd
one of thc cxcaval ions i r ì  thc norihwest qu:rry.  l t  has a
t , r  . . 1  : r i ,  î ' ^ , ,  | L .  f J l .  | è e | |  . r , r )
qhi te rrediurr-  e ra I  ned pheÌrocrysis (Lrp ro r  ùrr l
acfoss),  ar ld the sanre ntìneÌalogy as Varlety 2 ercept
thaIcl  or i teàl ld cpjdole are rare. Thc Romans appar-
enill called it /.ipis lo,ILyfil.s n.ro.

UrrJ
Bri ld ings
All thee vanctrcs rvere qrLrì r icd 1òr crport fronr Fgypt by
t l ìe Romafs who r]s.d thcr.  for p.vcnrcrt  ! rd s.r l l  i ì les as
$el l !s,  in thc (asc of Lhc ìrrper j |L porpl ìyry sùr! ì l  s 'holc
.ohùìù's rnd dmnrs loL hrgei cohmns.

The RornarÉ ÌÌadu crnÌrsivr: Lrsc of the ìmperial porphyw
r . r t ' , , , ^ r l l

srs llso occrìsiolìJllr used for srìlall vcssrìs cLrrring rhc.
Ext l !  Drnxstì(  pi . r iod,alLl ì(u! :h.o F. vD)nrstrcworkirgs
ha\.  ) f t  n:n ìdent i l icd ùÌ the cel ,el  Doldraù xrea lhcv

. .  d - , o . . 1  r p . . "  r r '  o . . . r . t J t .
lhe rock $rs ùot qLrai Ì1cd ancl t l rc abundJnt boulders of
nnpcfial porph)r! fourd rn the nerrbv uad;s were userl
jnsrerd. AlLrrrì!tiveìy, the rlìatcrial for the stonc vL.sscls
mrl  l ravc bccn olr tained f iorr  olhcr local j t ìes ì f  thc | l . , f th
ùn pxrt  ol  Ì [c lastcnr Dusor whcrc thc saÌ i , -  r  ock ivpc cnn
be lourd rs,  tòr cxi f i ìp le,  in \ \ ,adj  Umù Ish in i l rc Fsl ì-
\{elìrhJ rrnge nc:ìr llurgliada

Etntrpks (alL Varietl t)
r  FragrÌrcrì tar)  boq4 wl l ì  vcdical  l lut inq. i forn tomll

Q8o rt  B{ lhs lar ly D, lnast l .  perìo.L ( l rcrghr ro I  on,
djamctcr 2l .7cDr; l ,cr f ic Mrsc.uùi UC5989J

, Halfofa vcsscl  l ìd fr(m the Stcp P)rrùr i .L ai  Sa!!ar: l ,
t r r l l  Dyn:ìsl jc per()d (Criro lE6949t).

I  IoNo of .  drapcd f , t rak. l ìCLrr i .  lorn l t r ly second

cùr tury i \D (BN,r  GRì947.r2 29.u)

4.  Colr r ì ìù  f r lgment  l ronÌ  lg tpt ,  Roruf  pcf lod ( lc .s th
.  J  mt BI , l  CRrsoz.7 ro l ) .

5 .  Busr  c ,1{  RoÌ .ar .n,pcror  (possib l i  N. l i i j r ìurus)  lLoùi
Benhi i ,  . .  AD Joo AD (heighl  2 l  cùr ;  Cairo jFrorT6) .

6.  He.d lcss colossal  seat .d s ln luc,  possj l ) l )  o f  Par locr i ì rc .
f ronr  Alc . ra l ]dr ia ,  RoÌna.  p. r iod {hc i i j l t  2 .82mj Aì i . r -
andnr 59l4) .
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K  e . i ù L  I r d  K l e r r n r  ( r 9 9 l r p l  L 5 r : l n d v a r i . r )  I  N , t . l r ì r l r 9 l ì t
p l .  : r  7r9) i  cr ro l r  {  9 l l8 :  l lg .  92)  Jr id  Mrr(he n d l  ( r98,  f ig

2. Trachyandesite porphyry fiom Wadi Umm Towat

I r  wadi  Ul r Ì rn I ì^rat ,  or  thc sout lwestdn l l : r rk  of  Gcùcl
Dokhau,  js  a sr Ì r l l  Romar qusrr )  ot  i r ìdeter ì Ì rnr lc  i ìge
but  probably d l t i r ìg  f iom the l ì rs t  t$ 'o  c€ùtur ies AD Thc
rock is ! h-.chyandcsìte porphlrf with rnoderate grey, m.-
diùm to coarsc-grairìcd andesjne phrnocrysts (nrost less
thaì I .rr rcross) aÌr.l whire quartz r1ìl\gdùles (up to

- ì l . r J t J r  r . p r o  a  . . ,
o{  andesi re phrs nì i Ì ror  p)r rorcrc and r r .e f fagn. t ì t r .

ThLS Lock was qrLanji-d lor cxport ftonr Fg\pt by tlie Ro
ll]arls but was ljrtlc usi-d. Thc faw hnow. examplcs 1rìclude
snrJ l l  .o lurnr ìs  lnd p ivcmclr i  t i les.  No sculprr rcs arc

BihLiograph r-
S ( r r r c l r g l t ) i C n o l i  ( , 9 l i l ì , 1 9 )  N l r r c i r c i . r d l . { , 9 E 9 : 2 7 6 ) :  B f o * n

f . i  . .1 , rù fhorognphs ! i to l is lx{ lshbs see:  cr ! l i  l ,9 l l8 :  f ig .
9 4 ) i  M J , . l ù Ì . r  d l  ( , 9 E 9 : I ì g  ' r 8 n )

3. Andesite porphyries from other sources

A fuÍ lhcr  lòur  yar je i ies of  andesi te porphyry wi lL  gen
errL lv  whi tc  pherocwsts and b lack groundmass . lppcar
an()ng t ] ] i .  s toncs Lrscd ì r )  the ancicnt  !gypt ians.  l ' l rc  f i rs t
yaiety is (hrf3cLcrise.l by very largc (Llp to J crn lorìg)
rcctxngùlar s'hilc lcldspxr ph.nocrysts, laìrly sparsely
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scailered wìihin thc black matrix (Aston 1994: pl. la T}?e
A; De Puiter and Karlshaùsen 1992: pl. 46), while the
second vaiety contains more numcrous but mùch smaller
(about r cm Ìong) phenocrysls (Aston r994: pl. lbT)?e B).
The third vadety has elongat€d feldspar phenocrysts
(about r 2 cm long) commonly forming clumps of crys-
tals. Some examples also contajn numerous round green
amtgdulcs (Aston 1994: pL 4a Tpe Cj De Putler and
Kaishausen 1992: pl. 54g 25). The fourth varìety is
denseÌy packed wiÌh phenocrysts (most o.5 2 cm long)
having a greenish tint (De Putter and Kàrlshausen 1992:
pls. 47, 54g 26). No quarrìes for lhe frrst three larietìes
have been localed, trut thc rock almost .ertainly comes
fÌom the Eastern Deseri, wherc similar porphyries are
common. For exampÌe, Aston's Type C andesit€ porphyry
exists on Gebel el Hammaliya in thc Esh-Melaha range
near Hurghada. There is no evjdence of quarrying here,
but boulders of poryhyry are abundant m ihe ravlÌìes
draining into wadi Umm Dirra el Qibli and thcsc may
p€rhaps have been used for the small number of objects
which are known. The quar' fo. the loulth variety of
poryhyry has bcen discovered at Rod elcamra, near
Cebel Urf Hamam, in the soulhern Easlern Deseft (Har-
rell and Brovn, r999).

Uses
Aston's Type A porphyry is restricted to the pe od from
Naqada Ill to thc Second Dynasty, and was used forvessels,
maceheads, animal figurjncs and w€ights. Vessels màde
from her Tlpe B variety date from th€ middle of the
Pred)îastic through the Early Dynastic pcriod andpossiìrly
into the Old Kingdom. Aston s Type C porphyry is only
known ftom the Predynastic period and the First Dynasqr,
when it was used for vesseis and animal 6gures, whìle her
Type D variety was used in the Laie Peíod (e.g. two ThirtÌ-
eih-Dynasty statues in the Louvre, see De Putter and Kar-
lshausen r992: r24, pÌ .47).

Examples
r. Jar fiom tomb 1257 at Naqada, dating to the Naqada II

per iod, c.  l loo- lroo Bc (height r lcm; Ashmolean
Ì895.r66), Type B porphyry.

2. Frog statuette daiing trom the late Predyn:ìstic pedod
to the early Firsi Dynasty, r. lroo-29oo BC (height
12.l cm; BM EA668l7), Ti?e C porphyry.

I. Large shouldered jar dating to lhe Early Dynastic per"
iod, c.  looo-2649 BC (height 29.9 cmj BM EAl5698),
Type A poryhyry.

4. Rectangulardish ftom the Step Pyramid galleries, Saq-
qara, dating to the Early Dynastic peiod, r. tooo
2649 BC (Cairo JE88l82), Type A pol"hyry.

t. Dish ftom the Step PFamid galleries, Saqqàra, dating
to the Early Dynasiic perjod, l:. looo-2649 BC (Cairo
lE88l8t), T)"e C polphyry.

6. Hcad of a man with shaved head, dating to the Thirtì.
eLh Dynasty, .. l8o-,+l BC (height r3.5cm; Louwe
Ero97t), Tpe D porphyry.

Biblíography
De Putto and Klr lshausen (r992: r22 4);Asron (r994:rr  l ) .

Prase see qlariz, 4

Quartz (amethyst, milky quartz, prase, rock cryslal,
citrine, rose quartz, smoky quaÉz)
Dehùition
Quaftz (silicon dioide, SiO.) is one of the commonest
minerals in the Eadh's aust. Ìt has a Mohs hardness of7,
makÌng it one of the hardest matedals worked by ihe
an.ìcnt Egyptians. Pure qùaÌlzis eitherwhite, duetoalun
dant mÌnure water-fìlled vacuoles (i.e. mjlky quartz) or,
"'hen vacuoÌe liee, colourless (i.e. ro.k crystar and macro.
crystalline aggregatcs lacking crystal foÌm). Chemical im,
pudties have pÌoduced a wide rang€ ofquafiz gemstones,
each with distinctive colours, pait€rns or ophcal efecrs,
including amethyst, cltrine, rose quartz and smoky quadz.
The coloùrs ofthese geùs can sometimes ladc ov€r tlne.

'Massive' (ì.e. high pudty) deposits olquartz occur in tle
form oftwo diFerent types ofdepost: F)vein quartz, which
js lbrmedìry the intrusion ofa silica magma inio a fracture
(only in igneous and metamoryhic rocks), and (r) cavìly.
61ling quartz, which is formed ìry the precipitation of
quatz inside an open cavity from silìca rich, usuaìly hy,
drothermally charged, ground water (in any kind ofrock).
Rock crystal is the colourless form ofcavity-fiÌìing quadz.
Vein quatz is therefore dìe term used to describe any hnd
ofquatz that occurs in an jntrusive igneous veini it can òe
colourless, milÌ<} white or pink in colour. Wllen it occurs
alone as à white rock (i.e. milky quartz), ii is commonlr
dcscdbedby geologists as'hydrothermal quartz', which ha
rcfcrence ro the abundant water frlled vacuoles that prc.
duce tlìe millq colour. Aston (r994:65)notes that E$?tian
ari€facis made from millry quartz have often been identifi,
ed incompletely as 'crysral (e.g. Ashmolean 1696 rgoE
E.rr44, u85, rz4t 6, \i, 1677) or wlongly as 'quadzile'

(e.g BM EA64l57i New York, MMA 66.99.2; cambridge,
Filzwilllar:., 27 4. t954 .

Bibli.ography
Frondel(r962).

Ì. Amethyst
Dejnil.otl
A translucent violet-coloured, macrocrystalline form ol
qua z in which the coloul is produced by the presence ot
tlace amounts of ferric oxide. 'Amethystine quartz' ls a
compact formation of amet\st, usually streaked and
lu-nèn '"  i r l '  - ,11., . . , ' *"



Fgyptian sources

ameùystine quartz for smaÌl vessels) from the late
Predl"nastic period onwards. The mjnes in ihe Sielc Rjdge
eÌea ofthe Cebel elAsr gneks quarries are a possiblc early
soúcé, althougl all ofthe hown pottery fiom úe quartz-
mining pan of ihe site dares to the Middle Kingdom or
lonar period (see Ergelbach rgll: 69 and Little r9:t:l: 77
for disorssjon ofamethysiìne quartz at Gebel el Asr). An,
odlei early source, dating to at leasi ihc First Dlnasty, is
suggested by the resL ts of a suney in the Wadi Abu Had,
io tbe northern part of the Easten Desert (B omann r 9 95).

f t e  \ r " d r , f l u o  - è " i o  ( o \ F r i n g  c n  d f t J  o l  . .  J o o
s$rare kilometres in the Eastem Deserl, about thiny-lìve
hÌometres souiheasi of Aswan, was the primary locaiion
for am€thyst mining in Egypt from the Eleventh Dynasty
urd the end ofthe N,liddle Kingdom, dudng whìch time
the use ofamethysts in jewellery reached à peak ofpopular.
ity (see Fakhry 1952; Sadek r98o 5; Shaw and Jameson
1991; Shaw in prcss (a)). lt has becn €xploited for its
minerals (including ìr3lrtes, goìd, amethyst and possibÌy
elso mica) since at least the early second millennium BC,
aad modern miners and cllrariers are still exiracting hae
matite and building ston€ fiom the immedjate area. The
ametiyst occurs in cavìties ìn the granite.

'Ihe mines at lvadì el-Hudì w€re rediscovered by ihc
gmlogist l2blb Nassim in r92l (Nasslm r925), but the first
proper archaeological examinaiion olthe slte did not tak€
pÌace until 1919, when it was visited by c.\v. Murray and
Ibrahim Abd€l 'Al of the Egyptian Topographical Suney
(see Rowe r9t9). SiLes t, 6 and 9, in thewesternpal.t ofthe
region, conshiule an area ofintense Middle Kingdom min
ing activity. Siie 5 consists ofa hilltop mìners serrlcment
and an àdjacent ameihysi mine. The L shaped amerhyst
mine at site 5 perhaps belt€r descibed as an open-cut
quarry ìs locrted at the southerr cnd ofthe hilhop settle-
meni. Tte deposits ofamethyst appear to have been com.
pletely worked out in the Pharàonic period. Incorporated
into lhe walls of th€ adjacent settlemeni arc nuÌnerous
rcck-caMngs and ìnscriptions, five of which arc s€curely
dated to the fi.st two years of the reign of Nebrawyra
Meniuhotep lV, the last rulcr ofthe  eventh Dynasiy The
potlery, present ù large quaniitÌcs throughout the settl€-
ment, also dates mainly lo the early Mjddle Kingdom. Sìte
9 is a large rectangular stone buill fori, probably dating io
the Twelfth Dynasty. To the northeast of thc 1òrr are tlvo
amethyst mìnes, whÌle to the northsest ihere is à sholl,
welfpreserved section of anclent rord. Roughly midway
bstween sltes 5 and 9 is a conical hill, th-- summil ofwhich
is decorated with many inscrjptlons and rock carvings,
mainly daùìg to the Middle Kìngdom (site 6). There is
soneevidencc for the continued erploilation ofamethyst at
Wadi elHudi aftcr tlìe Middle (ingdom: sitc rz, for in
slance, is almosl certainly arì amethyst mìne ofthe Roman

were being used in lgyptian i€wellery (and
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During the late Middle Kingdom lhe prìncipal Egptian
amethysi mines may possibly have been located at the
nofthern end of the ceìrel el AsÌ gneiss quarries (the so"
caÌìed Chephren diodte quarries'), aboul si\ty-6ve kilo,
metres northwestofAbu SÌmbel (see Engelbach r9l8:l7ol
Murray r939ar ro5i Lucas 1962: 389; Shaw and Bloxam
1999; Shaw in press (a)).

In the NewKingdom, ameilryst was less commonly used
1or personal adomment, and it Ìs even possible that there
was a temporary dearth ofknown sources. By the Roman
period, however, they had apparenily rcgained then popu-
larity (or availabllity), .rnd, apat from site 12 at Wadi el
Hudi, there are Roman amethyst quarrìes in the Safaga
region near ccbelAbu Diyeiìra (mìdwaybetween the phos-
phate mjnes of wasjf and Umm Huetat), where the am-
€thyst has formed in cavitìes in the red granite following
the coùlses of quartz veins reportedÌy extending for hun-
dreds of metres (Mùrray r9r4: r79; Lucas 1962r U89).  ln
modcm Egypt lhe natur"l res€Ì1les ofamethysts appear to
have bcen lirtually exhausted, and they now have to be
ìmportcd &om South America.

Description
It is dilicult to determine th€ precise character ol the
amerhyst mined at wadi el-Hudi, since the stone is now
completely worked out, bui iudgìng ftom the suniving
Mìddle Kingdom jeweìlery incorporating amethystbeads, it
was of a dark violet hue. The amethysts repoÌ1ed ìry Engel-
bach at lhe ccbel el-Asr gneiss quarries appear to ìre ofa
much paler colour, ànd according to ogden (1982: ro7),
'some Egyptian amethysts are so pale ihey €ouÌd almost
prss lor rose quartz .

Uies
Amethysi was pdmadlyùsed as a gemsione, and is almost
entirely resirictcd to items ofjewellery daiing either to the
Middle Kingdomor the Roman period, althoùgh rherearea
l€winstances ofits useforbeads and smallvessels between
thc late Predynastic period and the end ol the Old Kjng-
doÌn. lt was, however, also occasionally ùsed for small
vess€ls (in the Prcdynastjc and Early Dynastic periods) or
small amulcis lmainly in the Old Kingdom). There is a
certain amount ofevidence forthe tmding ofàmethyst with
Crete from at least the Middle Kingdon onwards (perhaps
in exchanee for such products as anjmal horns, oils and
lichen, see warren 1995: 5 ro).

Examples
r. Vessel from th€ Step Pyramid at Saqqara, dating to the

Nàqada Ill perìod or Early DFrastic period,.. lÌto
2649 BC (height 9 cmr Cairo lE65ar6).

2. Cold, amethyst and turqlroise braceìet from the tomìl
of King Djer at Abydos, Fìrst Dynasty, .. 3aaa z77a
BC ( lcngth r t  cmi Cajro jE52oro).

l. Falcon amulet dating to lhe Old Kingdom, .. 2649
2r52 BC (height r  cm; BM EA578ol) .per jod (shaw and lamcson r99l:  86; shaw in press (b)).
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4. Twelfth-Dynasty gold and anethyst girdlc from the
iomb of Sìthathorìun et (in the vicinity oflhe pyramid
ofSenusret ll at Lahun), dating to the reigns ofscnus-
ret I l  Amenemhat ì l l ,  r .  r897-1797 BC ( lengih 82 cmi
New York, M\, lA r6.1.r6, Brunton r92o).

BtbLíogaphl
Mrrray (r9r4, r9J9!)r Nassim (r925)i Inse]Lrach (r918)i Rowc
(,919)r Faklry (r946, ,952);  Fro.del(196,:  r7,-84rLucas (r962:
ls lJ 9):  Sadek (r980 8t)r  Shaw and Jaùeson (,991);  Aston
(1994: 66 7):  ì lominn (r99tì  wlrren (1995: 5 rÒ)r Shaw in

For coloú photogre ph of thc aù:tlyst vessel Cairo l 1654 r 6 \ee
Aslon (r994:Pr.5).

2. Milky quartz
Dejnitl.on
cloudy lvhite îorm ofvcin quatz, the milky hue ofwhich
is causcd by abundani, disseminated, submicroscopic
vacuolcs or cavities fiìled wjLlì ion-clìarged waier.

EgyptidÚ sources
M ilky quartz is abundant \'lrtually every1\,hcre that there are
outcrops of igneous and metamoryhic bascment rocks in
Egypt. lt is atso a common constituent ofthe modcrn Drdi
gravels between these ourcrops and the Nile valley; rhe
many ancicnt river deposits in the Nile valley conrain large
amounts ol gravel including many miìky quaú clasts.
Accordìng to Ball (r9o7:84 t rhcre are indicatìons of
ancient lnilky quartz workings io ihe noÌ.ih ofAswan.

UsrJ
From ihe Naqada lÌl perìod until the end ol rhe Early
Dlmastic period, mjlky quariz was ftequently caÍcd into
pendants and funerary vessels, the latter particularly at
Abydos and thc Memphite necropolis. It q,as also used for
the model vesscls employed jn the fun€raÌy ceremony ot
the 'openin g of thc mouth'intbe Fourth to Sixth Dynasties,
and be.ame a popular material for inlay and beads in the
Middle lcngdon. Many ofthe red inlays in the jewelleryof
-futanklìamun have been idcntìfled as milky quarrz oÌ rock
crystal placed over a bed ofred cement, probably in imira
tion ofcornclian or red glass.

Examples
r. Late Predynasticor EarlyDynastic statuetic ofa recum

bcnt lion, perhaps from cebelein; c. troo 29oo BC
(length 25 cm; New York, MMA 66.99.2).

2. Miniature vessel ftom tomb E2r at Aìrydos; Sìxih Dyn-
asty,  r .  22to BC (height 8. Ìcmj Ashmolean
r9ro.488a).

Bibliography
Bal l  ( ,9o7: 84 5) i  hrt le (r9lJ,77),  F.ondel F962: 189-92):  I rcas
(r962:4o2-l) jAston G994: 64 t) .

lor .ólour tholograph of r mììkl quaÍz vessel, see Aston
(r99.1:pr.  r ta).

3. Rock crystal
Dejù.ti.otr
CoLourless, transparent form ofquadz, which is sometimes
described as'quàdz crystal , €speciallywhen ri occurs iniE
distinctive six-sided, prismatìc crystal form.

Egyptían sources
Rock crystal is repoÌtedly found in the region olthe West.
ern Dcsertbetween the Fayum and Bahaiya Oasis, as well
as in the Sinai peninsula.

Uscd from the Predynastic peíod onwards for beads ard
small vessels. From the Old lcngdom onwards it was
regularly ùsed for the corneas ofartiflcial eyes on sLaruary
and comns, as well as ror the miniatuÌe vessels servingihe
'opening ofihc mouth'ritual. In the New lcngdom it was
ftequently used for inlày lsometimes over ied cem€ni so
as to imitate cornelian) and as a decorative component of
prestige goods such as w€aponry or funerary e.luipment.
Lucas (19621 4oj) argu€s that Tuianklumun s iron dag.
gcr, with its rock crysial pommel, may have been an ilr].
pori. On the other hand, there appears to be som€ evl.
dence that rock crystal, like malachite and amethys| was
being exported to Crete as a raw material (see Warren
, 9 9 t : 5  r o ) .

Examples
r. Corneas in the inlajd eyes ofa squatting scnbe statue,

Fourth Dynasty,.. 2575 2465 Bc (Cairo CGj6).
2. Amulet carv€d into the shape of a ìraboon, unpro.

venanced, Twelfth Dynasty, c. 199r-r781 Bc (Fitzwil.
ham E.r2r.r9l9).

Bibliography
Frondel F962: r92 4) i  Lucas (1962:.1o2 l) ;  Asroh (,994: 64 , l
wa,rcn ( ,995:5 ro).

4. Other types ofquart2 (rose, smoky, citrine, prase)
Dtfnitíon
The pink (and occasionally slightly violer) coloú of rose
quartz is càused by the prcsence of manganese or tiuniùrn
impurities. Some rose qlrartz contains many iiny Ìuùle
needics which produce a starlike eFect, especially $,hen
ihe gem is cnt as a cabochon (a round or oval stone with
plain, curved sufaces). Smoll quanz is a ìrroM or black
lol1n ofvein quartz, the colour ofwhich derives ftom rhe
presence ofaluminium impuities, while citrineis a yelo$
to yellowish brown form ofvein qualtz, jts colour deriring
from iron impuriiies.

Pras€ is a leek green, semitransÌucent variety ofqu:iz
which derives its colourftom the presence ofvast numben
of minute 6bres of green amphibole minerars such as
homblende or actinolite. Although technicaly it diffen
rrom chrysoprase (an apple-green form ofchalcedony), rn
practice the lwo are easily contused.



Eglptiu saurcc!
No spc.ific anclcnt sorLrcc of rose quaftz in F.gypt tras ycr
been discove,ed. Tfaces ofsrÌìoky qLrartz hxve bcc fourd
in a Rorììar goLd nnre rt Ro1ììit in thc Eastem Dcseft (Ball
' 9 r , : l 5 l ) .

DurìÌì{ thc luìy Dynastic period and thc Ot.l Kìngdorrr.
rosrqùart7 was v,-rl, oc.àsionrllv USe.ì for iUn€ran vcsscìs.

h r , J " '  " d a ,  , ! , r ' ,  . . , . ,

r. Rosc quJrtz roùùd bo oùe.l dìsh fiorn tomb rzoT at
Armint .  f j rsL Dynasry (SD8o),  t .  taaa z77a BC
lCarro i I lond and lVyers r917:p l  17) .

, .  Rosc qrar tz  .y l inder  vesscl  t ronr  rhc v l l ìey templc of
iUe.kaur i ì  ! t  ( ;17a,  FouÌ th D)rast I  .  24c)ó 24728C
lcr ì !o :  Rcis ler  rg l r :  r88 f ig .60.7) .

BihLiol4raphy
Br ( r9r , :  l5r :  r r rordr Ì  { r96,  r3r  e.  r Ì9) :  Lùrrs 1 j .16tr :4o2) l

Quartz diorite srr diorjie, quartz diorite :ìÙd gabbro

quartzite
Dèjnit;o,I
Sedime t rN quartz i tc  ú à saùdstonc in  which thc srrd
qni .s  arc so t ighdy .erncnted by quaf tz  rhar  the rock
breaks: ì . ross the grr i ls  Ia thcr  than aroùrd thcm. th js  is
elso termcd rn orlhocÌurrtTilc. Sorne ilcologjsts prcfer ro
cal l  lh is  ro.k  s i l iccol rs  srrdsLone,  to dLsr i rguish i t  t ronl
mclaùxnîhi. quùtzirc, xlrliough rlÌe quartzite used b! the
o  , i l , 4 . r  , . . . .  1 i .  - , r . r
krm quafTosc sandsroIc ' is  anrb igùous ar ìd shoutd bc
avoidcd as the qLrartzosc could rcfcr to cithcr tlì,- lraftz

Eglpti|n saurc5
Hafdquartz i lcs ! re lv jdc.spreadln Lhc r , rsrcr  a dVcstern
Des.ns and i r rc  atso occasnnr l ly  cncoùniercd in  thc Nl ìc
r r l lc ! .  hr  th€sc p laccs rbrn. ì rnt  quar tz  ccncntat ior  h3s
delelopcd or expose.l oufcrops and in rln: shaIow su )sur.
face o iot l ìcnv ise I r iab le sandsnnes o l  t t ì - -  Nubia Croup
înd rornrgcr  for Ìnat jor ì - !  f  herc arc onlv  rwo known ancnrt
qrLades aud thcse arc ìocr ted rvhere s iL i t icàr ìon has b€eù
nnusual ly  dccp rnd pc as jv f :  ccbel  Ahr ì r r  near  Cairo,
and on rnd bct$een ccbcls ' ì iùgar  a l ld  Cutab ù, -ar  Aswa 
ls€€ Ìnaps jn  F igs 2.Ja and b) .  Thc ro.k ar  Gcbet  Ahmar
l " l . B ,  r \ - ! ,  A ' r J r  "  ' , . u r . . , t  r l t r o o . , r r . o ,
aid i'as worked lorn rhc ot.i t(ingdoÌì o.war.ls Thc
qlúÌtzrlc near Aswan oc.urs ln th,- upp..r pari ol Lhe fim.
sah lormaLion and thc lower part of thc ovcrtyjng Unm
Barnr i l  Format ion (borh u l i is  bc long to ihc Nubja GroÌ1p of
late Cretaceous àge). Thc qùarry worhùrqs on Cebet Guìab

date froÌìr the Ncw Kùredom io the Ronìan period (see fie
2.6) .  Those or  ccbcl l  ing i ì r  and - - lsewhcre nr  rhc arca nay
drte, ln part, ùorì rhc slme rrme but Ììosr of the lisibte
workings rre probabli àssociaLL.d iyith lhc coÙstNcrjorì of
the rearby St Sirncon s rro.astcfy. drtjnq lo the sevcntlì k)
lcn lh cef lur ics AD.

Dtsctiplions
The quartzites rlscd xì arì( ienr Egypt vrr) liorr fifc- Lo vcr)
corrse graur.d, fiequcntly exhibit cross tcddiÌrg, and .ollì
morly co|larÌÌ pebblc rich aycrs. ln somc .ases Lhe
pcbbles frcdonìinatc ov.r tlìe saId grains and the rock is
more con€clly dcrriL,ed 3s I 'sìljccoLls conglolÌrcrate . T|c
prcdonr inrù i  co lorù ìs  brown bur  otLcr  ot ( ,
smal l )  ern:ountcred ìnc lLrd i r rg l ig l r  g Íc1 to , rcr ly  wnrÌc ,
rn. l  !a f ious shadcs ofyel low,  or lnec,  rcd a.d purp lc .  t 'he
difF--rcnt colours .lrc caused by variab c anrunrs or rrrr
oxrdes (hJuÌat i te  and goerhi rc)  ìn  r l ìe  quar tz  cerneut .  \4an
giìùese oxidc-. rre pfoìrablv respo,rsìbLe 1òr thc prrpljstl
co lorahof  in  sorne s: ìmples.

Thc qurnzìtes f.om the hlo \!ìdcì! separate.t !uafries
afe usur l ly  ind is t i .gu is l ì rL, le  rnegrscopn:J l ty  bLi t ,  ìn  rhr ì
secl ion,  thcy d ' Ícr  rnarkcdly i .  rhc roulc t Ì rcss of the sand
grains l].]ùrse fronr Cebel Ahùrarurc prc.tinrlinalcty rourd
k)  s l rbround s 'hcrcas thosc I forr  Aswan ar€ nLosuy aner!ar
to srDarìgular  rn cross sectron. lh is  is  thc only  consistent
d i lTo ercc but  the q pe of ( luafrz  cemerr  wi l ì  3 lso bc. ìef ln i
1 i !c  t in  sor Ì Ìc 's l rnplcs.  Qrur |z  . .nenr  nonÌ ìa l t  o(curs rs
opLic.  ly  cont i r ìLurs ov.r { r ro$, ths or . ìunrLz sand grr ins.
This is  the lypc of  cemcnt  ihat  oc.urs Jr  Aswan : r rd pre
dorìinat,-s ai Cebel AhÌnar. bui al rhe trtrer qùarrl, rhcrc
also occLrrs a rarc lorm ofquartz  cerncnt  thal  appcars rn rhc
for m of .ì fine I polycrystalhre nrosaic fesemblìÌrg cherr. tt
tras also bcel suggcsle.l tfal rhe iwo q!3rri--s cnn be distxr-
guished by tbe pfcscìrc . r  or : rbserKe ofder j t r t  anarase srnd
grxins and che.t pebbles wiih llìe fornrcr o..urring orìt,v ar
As\ !ar  ard t |e  la t ter  occrùr ìDg or ly  at  ccbctALmar These
J r  ' .  , , , ,  o p - .  o L  . a  , |  | . t u o q .  h p ^  - r ,
.ot rlwr!s prcscrìt. l-he cìrcrt pebbles a.e sigrlficarr, h.,w
ev€r, irì that lhcy are theonly dìfiòfcncc befwccrì the !uarry
skmes Lhlt can be r,-.oBnisc.l nìeil3scopìcnuy. lhe chcrt
lì!s ! rÌicfocrlstallìlrc textLrrc and grcyish colour whercas
rÌost ol thc otler pcLrbles (at bodr qLrxri--s) arc corrscry
cr)strllire. nilky white .iunÍz. Trace clcln--nrs hrve aLso
bccrt proposc.l as discriminators and rhey havc shoivn
sonìc pronrisc. I los,ever, rheir reliabiÌitl js qursljonrbt€ for
snra l l  sarnf les i l jven th i .  inheìer l Ìy  var jahlc  conposi t ioù of

Us€J

Quar lz i te  was cmploycd spar ingìy as J .onstnct ion.rà
ter ia l  t ron drc Oìd kìngdorì  onw3ds.  r ts  use was targeìy
limiied Lo doorw:ìv tlìresholds in icrnptes (as in rne morru
aI) teùplc ofdre S'xih Dynasqr King Tctj ar Saqqrra) a1.ìd
wal l  l inn,gs in  bur ia l .hambcrs (as in  rhe rwet i Ìh  Dyrasry
pyr3rn id o l  Kùlg Anìcr ìenrhal  I I I  a t  Hawara) .  I l  was atso
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used extensively for statuary and sarcophagi from the Otd
Kingdom onwards. At rhe cebel Culab quarries ihere js an
unfinished obelisk of Seti r sti 

 

rr silu (Hatachi 1960:
224-)\ 1977: lz-J, p1.6). Quartzite was also the mateíal
used for the rubl,ers wirh $hrch Fsyprran "oodwo,kers
f inishcd ard srnoo,hed pieces or rrml ir .  a process whi.h
was depicted in some tomb-paintings and reliefs (e.g. wild
r966r pl .  CLXXIV|see Chaprer r j ) .

r. Head of an old man, Twenry-fifth Dynasty, afrer 7lo
BC (heighi 2l .5cm: BM EAl788l)  fwhite rockl .

z. Two coìossal heads of Amenhotep r 

 

ftom his fu
nerary temple jn Thebes, Ejghteenth Dynasty,l;. rtgr_
5l BC (height r .  r .2 mi BM EA6 7) {pebbty, l ight grey
and brown rockl.

I. standing figure of prince Khaemwaset, son of
Rameses II, from Asyut, Nineteenth Dynasty, c. r29o
r224 BC (height r.46 m; BM EA947) lpebbly, tight gÌey
and brown rockl.

4. Statue of the god Thoth ìn the form of a baboon;
Eighteenth Dynasty, r. rlgo BC (height 67cm; BM
EAt8) fìrrown rockl.

i. Stelophorous statue of Amenwahsu, Eighreenth or
Nineteenth Dynasty, c. rtto-Ìr96 BC (height 56 cmj
BM EA48o) fpurplish red rock].
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Rock crystal see quartz, J

Sandstone
Dejnitiotr
Sandsione is a sedjmentary rock consjsting predomjnately
ofsand-sjze graìns (o.o61 2 mm) otdetritat (transported)
rock and mineral fragments that are held together by
quadz, calcìte, iron oxide, clay or other cemenrs.

Egyptíon sources
Outcrops of sandstone are widespread in Egypt. They oc,
cur continuously in the Nile valley and on the adjacent
deseÌl plateaux from Esna southward into norrhern Sudan
and are interrupted only at the Nile cataracts where more
resistant igneous and metamorphic rocks crop our. A ioral
ofthirty-four ancient quarries are identified, together with
their ag€s, in Tabie 2.Ì and on rhe maps in Figures 2.ra b
(see Figs. 2.22 2.24 for photographs ofspeciGc quanies).
This rock is commonly descrjbed as Nubian sandstone,
because it belongs to the stratigraphic sequence known as
the Nubia croup. Thequarries may be teniarively assigned

''t4

Fi \ù t l  /  z  <anr  toa .  q .o , ryonth . , ) , tbank  a !  ú?bt t  e t  SJ . ra

Figwe 2.21 Sondstóne quarry nt Nog el-Hoch.

to the following geoìogic formations wirhirr rnN gloup
Duwi (r-4), Qusejr (5-rr and possibly lt-14), umm Bar-
mil (rz 16 and possibly l2), Timsah G7-rE), Abu Aggag
F9-2r) and Sabaya (24-lr). Excepr for the quarry near ùe
Buhen ruins (2E) and the workings at lhe high€r €lev.
atjons near Qertassi (zo), all quarries south of Aswan an
now under Lake Nasser. As rhìs region received relaiively
little attention prior to flooding, it is tikety that there ar€
more quarries than those shown in Figure 2.rb. The sarÌìe
is true for quarries in rhe Westem and Eastern Deserrs.ln
the Nile valley north ofAswan, however, rhe tìst ofquar.
ries is probably Ìeasonably complete_



FWrc r.4 Son.lron. qrarry atèl Maho,nid.

Idenfiryjng ihe quarry oforigìn for s3ndstone obiects is
notpossibìeat present. However, the formation and hence
the general geographic area. can sometimes be established
from th€ grain size and bedding characteristics. This deter-
mination can be made megascopi.ally but large blocks are
needed to recognìse the ìiedding characteristics. For the
quaÍies investìgatcd north of Aswan, no systematic
change in mineralogy has been noted either geographi
celly or stratigraphically. It is possjble that trace element
anaÌysis,may permit more detailed provenance dctermrna-
tions ìrLrt too little is yet known from quarry samples to
€raluate thìs possiblliiy. It seems unlikely, however, tnat
ùis $ould be an effective approach when using small
samples because ofsandstone s great compositionalvarìa-
bility on the scalc ofindividual quarries.

Dasciplians
Virtually nothin g is known aborrt thc characterofthe sand-
fone south ofAswan. From Aswan northward, howevcr,
quarry sanples indicate that the rock almost always con-
hins at leasl Ti volume per cent quarlz grains wìth most of
ùe remarnrng ppftFnrrgF cons sr ing of le d.pJr grr ins
(mainly microcline). The sandstone thus varies ftom a
sub'feldspathic a renite to a quartz arenite, with the former
restsicted to ihe finer'grained rocks. The sandstones are
highly porous and only loosely cemented with quartz, iron
oxides (goethiteand minor haemaiile)and chlorite clay. All
tlree cements are almost always present, and commonly
holiniteclayand rarely caLcite3lso contibute. Because it is
incompletely cement€d, the sandstone is friable and thus
relativeìy easy to quarry and c:rve. Its strength and durabil
it rs imparted by the sparse but omnìpresent quartz ce-
ment, and iron oxides gìve the sandstone its typical

The sandstones encountered in ancient quarries and
lombscome ftom the following six geologic formations (all
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date from the upper part ofthe Creiaceous Period; stages
and ahernative formation names are given in parentheses
and brackets, respectively).
t. Dùwi Fomatior lor 

'phosphate formation l llate Cam-
panìan to Early MaastÌichtian)r almost nothing is
known aìjout this sandstone; il may be similar to the
underlying Quseir Formation.

z. Qusen Farmation lor 
'vaiegated shale'ì (Ear]y to Late

Campanian): very fi ne- to fi ne-grained, flat-bedded and
ripple crosslaminated sandstone.

j. Umm Barnil Fornatíon lot'Taref sandstonel lsan-
tonian to Early Campanian): coarse-grained to mainly
fine- to medium grained, mostly iabular cross-bedded

4. Ti sah Foftn&tion (Coniacian to Santonian): very ìittle
is known about this sandstone; itappeaÌs to be reìative,
ly fine-grained and may be slmilar to the overlying

,. Abu Agag Fornation (Turonian): fine-to very coarse-
grained tut maìnly medium'to coarse-grained, mostly
trough cross bedded, kaoìinitic sandstone with com-
mon, thin granule to pebble congìomerate interbeds.

6. sabav Fo/narion (Albian to Early Cenomanian): rela,
tively littÌe is known aìroùt this sandstone; it may be
fine-to coarse-grained and mostlytrough cross bedded
with occasional conglomeritic interbeds.

Uscs
The earliest known use ofsandstone for building purposes
was tor pavement and wall lining in the burial chamber of
an Early Dynastic tomb at HieÉkonpolis. It was nol until
the Eleventh Dynasty, however, that it was first used on a
monumental scale ìn the mortuary temple of Nebhepetra
Mentuhotep II at Deir el-Bahari in Thebes. Here a purplish
sandstonewas employed along with limestone. The source
ofthis distinctively coloured sandstone, which was appar-
ently not used eìsewhere, may be Cebel el-Silsila wesr or
Nag el-Hammam (nos. 8-9 ìn Table 2.r  and Fig.2.rb).
Sandstone was next used for portlons of a few T,,velfth,
Dynasty temples, including that of Senusret I at Karnak
and others nearby at Qìft and Nag el-Madamud. It was nol,
however, until the Eighieenth Dynasty that this fock be
came rhe prìncipalbuilding material for remples in TheìJes
and other sites to the south. It was occasionally jmported
ìr'ìto the limestone region north ofThebes as, for example,
when it was used lor portions of ìhe Hathor temple and
associated buildings at Dendara, and forthe temples ofSeii
I and Rameses II at Abydos.

The a scenda ncy of sandstone as the building material of
choice coincided with the re-establishment ol royal and
religious authority at Thebes at the beginning ofthe New
Kingdom, and the concomitant discovery that sandstone
was superior to llmestone in ìerms ofthe size and strength
ofthe blocks that could be extracted from quarries. These
attribut€s fàcilitated theconstìÌctìonofenormoustemples
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with longarchitravesjn ihe New Kingdom andlaterperiods.
As a sculptural medium, sandstone was decidedly in

fedor to limestone, which was more duraìrle and coLrLd be
more intdcàtely cawed. Sandstone was, however, easiìy
worked and readily available and thus widcly used for re-
liefs and statuary outside the limestone region. Objects
madc lrom this rock were typicalìy painted.

Examples
r. Osirid statlLe of King Amenhoicp I from Deir eì

Bahad, westen Theìres, Eighteenth Dynasty, c. It25
r5o4 BC (height 2.69 mi BM EA68t).

2. Painted kneeling statue ofthe Theban gcncral Intef,
from hjs tomb chapel h the Assasirregion ofThebes,
Eleventh Dynasty, . .  2o5o BC (height 58cmj Cairo
1E89858 and 9n69).

I. Upper part of a colossal Osirid slafue of King Ak
heùaten, trom easi Karnak, Eiglìteenth Dynasty, .. rlSo
BC (height r . j7m; t .ouvre E27rr2).
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Sardonyx see chalcedorT y

Satin spar see alabaster

Schist see siltstone, greylvacke and conglomerate

Serpentinite (serpentine)
Def'ritiotr
Serpentine ìs a hydrated magnesium silicate ofthc compo-
sition Mg6Silo,.loHL whìch is formed by the alteration of
magDesium'rich siljcalcs by hot water solutions. The three
seryentjne minerals chrysotil€, lìzardlte and antigorite
are ditrerentiated by the degrcc of suìistitution of mag-
nesium by iron. 'Serpentin ite' rocks contain one or more of
these minerals plus minor amounts ofbrucitc, tal., trem
olite, magnetjte and/or dolomile.

Egyptian sources
Scrp€ntìnite is widely disiriìruted in the Eastern Desert-
Some of the larger and more accessible outcrops are nl
Wadi Hammamat and in the tributary wadis ofAtalla and
Umm Esh to the north. Only one ancient quarry is known
and i t  is Roman in date (Brown and Harrel l  r99t.  I t  is in
an unnamed tributary ofWadi Umm Esh near its conflu-
encewith wadi Ataila. A modcrn quarryhas nowdestroyed
the ancient workings but the remains ofstone huts ofthe
Roman period can slill be seen. The sources of the two
different varieties ofserpentinile utilised in the Pharaonic

period are not known, although it is possible that one of
them (Variety r below) m:ìy have come from the wadj
Umm Esh area.

Des.iption
Two generaì vaietjes of serpentinite were used in the
Pharaonic periodr Variety r is greyish to mostly greenish
(often with a mottling ofyellowish and darker shades)widì
black veins or patches; and Vaúety 2 is mostÌy bÌack and
speckled wìth grains of grey or bÌown. Both varìeties may
be hydrothermally altered peridotites.The blackish serpen.
tinite (Variety 2), for example, has a matrìx of antigorit€
showing mesh structure with granules ofiron oxide outlin.
ìng the boundaries oforìginal olivine grains, and scattered
pseudomorphs after pyroxene crystals. Variety r, from the
Wadi Umm Esh quarry, consists mainÌy of fine-grained
antigorite with rare chrysotile and lizardite plus minor
dolomjte (jn veins)ànd accessory minerals (magnetite, talc
and tremolite). The black veins ofmagnetire are particular.
ly prominent when the surfiìce has been weathered to a
greenish'white colour. A translucent subvariety of the
greenish serpentinite was called green noble serpentine
by Petr ie (r917: 2).

Uses
Translucent gÌeenish serpentiniie with black patches was
used for small vessels and amuìets in the Predynastic per-
iod and First Dynasty. Blackish serpentinite was acommon
matcrial for statues and kohl vessels in the Middle Kjng-
dom and Second lntermediate PeÌiod though rarelyoccurs
outsìde this time. Greenish serpentinite with black veins
was used for small vessels from the Predynastic period
(Naqada Il) to the Eighteenth Dynasty. It was also used for
small funerary objects, such as heart scarabs and stoúrt
figures, in the New Kingdom.

The Wadi Umm Esh serpentinite was quarried for ei(-
port from Egypl ìJy the Romans who used it for p:vement
tiles and sculpfures - an especially 6ne example is the
figure of a dog in the Palazzo dei Consenatori in Rorne.
The only known earlier example of its use is a coìumn
drum, still ir 5i,r at Bir Umm Fawaklir, at the eastern end
of Wadi Hammamat, which is inscriìred with the name ol
Ptolemy III Euergetes and comes from a temple dedicated
to this king that once existed at the same localìty.

Examples
r. Bird*haped vessel from romb 89 at Naqada, dating to

the Naqada I I  per iod, c.  l5oo-lroo BC (height 5.5cmi
oxford, Ashmolean r895.2r7i lgreen with black veinq.

2. Kohl jàrfrom the mastaba ofSehetepibraankl at Lisht,
Twelfth Dynasty, c. r99r ry83 BC {New York, MMAì
Igreen with black veinsì.

l. Statuette ofa girl holding a kohl jar, Twelfth Dynasty
(BM ÉA"57,) lsranular ìJlackl.

4. Shaúti of Amenhotep II, Eighteenth D)îasty, r. 1427 r
BC (29 cm; BM EAU'65) Igreen with black veinsl.



t. SÀrú,i of Amenhotep lII, Eighteenth Dynasty, c. U9r-
t BC (rouvre N 649) lsreen with black veins].

Bibliography
AtadandNoweir { r972)r  Cnol ì  ( r988:  r59)r  Marchei , ra i .  ( r989:
29t): De Puier and Karlshausen (1992: rt6-9)i Klemm and
K€mIn (r99lr 176-8)i Aston (,99a: 56-9)r Brown and Harell

u99tJ.
For coloú photographs oftwo larieties ofserpenìi.e used in

ùe Pharaonìc period see Aston F994: pl. r2). lor rhe shab,i
(t!ùqe N 649) and a vesselofsreen serpentine rvith Lrlack leìns
sc€ De l'utier and Karìshausen (r992: pÌs. tr-2), and for polished
slabs see Mielsch (!985: p]. 20 668), cnoìi (r988: fig. r!j),
Marcheis, al. (r989r fig. r29a), De Puttù aúd (arlshauseú (r992:
pì .54h lo, l r , l , ) ,andKletuna.dKlemù{r991:p ls .  r l . r  r l .2) .

Siliaeous sandstone ser quartzite

Siltslone, greywacke and conglomerale
Wnitiotr
Siltltone, grenxacke and conglom€rate are types of sedi-
mentary rock foned from fragments ofpre-existing rocks.
Ihey are classined by th€ Udden-wentworth scale (see
Table 2.1) according to the size oftheir constituent grains.
Cre)ryacke is a poorly sorted variety of sandslone which
contains a Ìange ofgrain sizes in€luding al least ro per cent
sih and clay matrix, and is characteristically dark coloured,
berd and dense.

E pliah sources
The hard green siltstone, grelwacke and conglomerate
used by the ancient Egyptians ìrelolg to the Hammamat
Series ofìaie Precambrian age and are widely distributed in
ùe northern and central parts ofthe Eastern Desert. Only
on€ ancient quarry is known, located in the wadi Ham-
mamat, which was worked ftom lhe Pledlmastic through
the Roman Period (see Fig.2.25). Over 2io inscriptions and
ùumerous quarry workings occur along a str€tch of the
s,adi just over one kilometre ìn Ìength, west ofthe conflu-
ence wiLh wadi At:I1a. A Roman ramp runs up the south
sideofdìewadi, whileon the floor ofthe wadi on the north
side are the ruins of a chapel ofihe Thirtjeth Dynasty. The
green conglomerate workings are in the westem partofthe
quarry, but the most prominent ofthese, where there are
many quarried blocks, dates from the present century. On
som€ surviving blocks (partially broken-up, by twentieth-
century quarry-workers), there are New Kingdom inscdp-
tions,including iwo from the reign ofRameses IV (which is
probably significant given that the conglomerate sarcopha-
gus of Rameses VI originally beìonged to Rameses IVi
Harrell 1992b: r04).

Dtsription
Ihe Hammamat siltstone is composed offairly well-sorted
silt.!izegrains (primarily me3suring o.or-o.o5 mm), while
ùe grelwacke consisis mainly of fine to very fine sand
g?ins (0.06 o., mm) with rare pebbles. The srains are
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Figutè 2.25 Siltstot.Xtèyvackè .luary @ùo||) ii \Votli Hafl
n|nat, E\sten Desèrt.

mostly quartz with minor oligoclase-andesine plagìoclase
and felsìcto intermediate volcanic rockfragments plus rare
muscovite.These are tightly cemented by chlorite and seri-
cite micas plus minor amounts ofepidote and calcite. The
chlorite-sericite matrix was formed ftom the original clay-
rich matrix by €ompaction and recrystallizanon during
long, deep bu al. Some geologists consider that the heat
and pressùre which partially recrystallised the original .lay
to chlorite and epidote are suficient for these to be called
'slightly metamorphosed'; they would therefore append the
preix 'meta- to all varielies, i.e. metasiltstone, meia-
greywacke and metaconelomerate. The colour of the silt'
stone and Cre).racke ranges from dark grey to mainly
greyish green; the texlure is fine, hard and dense. The dark
greyvariety is restri€ted to the eastern part ofthe quarry.

Siltstone and grelvacke may be distingùished by the
visibly granular nature of the grelvacke. In geylvacke, the
sand-size grains are visiìJle to the naked eye and can b€
clearly seen wìth a hand lens, whereas siltstone has a fine
uniform appearance, and individual grains are so small
they cannot be distinguished without a microscope. The
relative quantities of siltstone and grel'eracke utilised
anciently are not yet known, and more accurate identifica
tions are needed. Preliminary indications are that the silt'
stone comes mainly from the .entral part of the quarry,
especially around the tributary wadi on the north side.

In a study ofstone vessels, all five vessels of this stone
which were examined in thin-section (ftom Ciza, Saqqara,
Tarklìanand NaCel-Den)were found to besillstone, as was
a statue ofMenkaura (Aston 1994: 29, 3r, 32). On the other
hand, a series ofFifth- and Sixth'Dynasty royal sarcophagi
from Saqqara (Unas, Teti, Pepi l, Merenra), hitherto as-
sumed to be of basalt, are actually made of grelwacke
(wissa r994: t87).

Silistone and grelvacke have sometimes been caìled
'slate , ihough the pronounced foliation (layeringi and con-
spicuous flaking and spiitting which characterise slate are

r
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abscnl  l ronr  t ì ìe  Wadi  HamrÌanrat  Locks.  The so cal led
's late palc l tcs of  the l , redynast ìc  pcr iod afe achral ly  of
s i l ts tone:  the rock ìs  idcÌ ì t ica l to thàt  used lòr  s toÌ ìe vesseìs
aÌrd stahrary in  thc Phafaor ì ic  p-n iod (Klenìùì  and Klernùr
r 9 9 l : t b . ) ) .

'Schist '  is  another  crroDcous r ìanre which has prcvìousìy
bccl l  appì ied to the Hanrnrar  at  rocks.  Schisr  is  a ìncdìuùr-
lo  cmrsc-gfa ined ùre lanrorphic rock $, i th  pronounccd
ìa lcr lng.  coÌr ìp leteìy L,n l ike ihc l ìnc-graì Ì ì . 'd .  hoùrogeneoLrs
s i l is iorc ard gfcywacke of  wadi  HaDìr  ar ì rat .  DJrk grey
si l ts tone and gfcywacke are occasìonal ly  conhrse. l  s i th  ba
sr l t  a  cr ls ta l l in . ' ,  igr Ìeous Ìock fornrcd d i rcct l r  f roùr  ì rvr .
l ronical l ) ,  ihc El ]gì is l ì  word basal f  actuaì ly  dcr ì les fnn
lhe rncient Fglptian word for siltstone grcls'ackc - bl.ln
t ì r rougì ì  Creek basan a l ]d ht i r Ì  údsdni t rs  (Harrcì l  r995:

l o  l ) .
Thc cor ìg lomer r te qur í ' icd in  Wadì  l l rmnranrar  has an

over: ì l l  grcc l is ì Ì  rppeannce t rur  conta i r ìs  pebbtes ofa $, idc
!ar ìc ty  of  co lours,  inchdìng whi tc ,  p i  k ,  red yel lo lv .
b,oivn. grcc| a|d grer. t'he pebbjcs :ìrc well rù,ded.
range in s iTc Lrp 1. ,  z t  cr ì r  in  d ianreter  wrLh nìost  less thrn

4 cnr  rnd consist  nì3 i r ì l )  o fvolc lDìc rock f ì 'agÌ ì rc  ts  \y i th
lcsser  anrounts of  grani tc ,  c ì rer  t ,  ve in qLrarrz.  quar lz i re ! r ìd
other  rock qpes.  - fhe 

roc l  has an unuual  'd iarnÌcr ic  rcx-
tufc  where the pel )b les i rc  surrouìdrd rnd supporrcd b)  a
nratr ix  o l  coarse to very coarsc-gra i r ìcd srnd conrposj r loù.
a l l )  s l rn i ì i r f  to  that  in  the gre}}3ckc.  Tì ìe coùglonreratc is
t ight l ,v  ccnrcr ì tcd $, i th  chlor i te ,  scr ic i to . ì r ìd  epidote p l rs
. r i r  " r : ' r  o r | .  "  o ' .  I . i r .  J ,  J , r . . ' o v J r . .

Ihc Ronìans had !  \ery des.r ip t ìvc narnc for  t ì ì is  con
glonrerr te:  Jdt is  À. .droÙrdl i rùos (s tone o l  a ì rur ìdred
stor ìes ' ) .  l t r l ian stoncnìaso|s \ ! ì ro r - -cx led s lonc that  had
bccr Ì  brouqhi  to  l i r ly  bv lhc Roùìans, . r l led rh is  rock l , t . . ;a
rù t1.  (út to < i r  hrú ia vcrd.  d [g i Ío ,  !ùd ih is  is  ihe or ig jn o l
thc licqucnt\' encouDte, ed nanrc grocn bÌeccia'. Hoùcvcr,
iD Dìodcnr tcnì ì i rú log\ ' .  1) rccc ia is  a Ìoc l  conrposed of
angular  f ragùoùts,  shereas in  conglor Ì ìcrutes such as th is
one the f r rsnrcnls . ì rc  rouDded.

l r  t l ìe  I r - -dynasr ic  pcr iod s i l ts t ine wrs l lscd fòr  r ì ìc
so-cal lcd sì r te pàle i ies. .nd bcgi Ì ì  nrg in  the Naqada l l
pcr iod : ì ìso lo Ì  skùe vesscls  and o lhcr  sùr l l l  i tenrs such
as bracclc ls  ard spoors.  Dur ing th i .  E: ì r ly  D)r ì ls t i .  per iod
si l ts tone ' { : ìs  l i rs t  crnployed for  s l : l lLr r r r .  ar ìd s i l ts tonc
lessels ar€ paf t ic t l ìar ly  ùurnerous.  Fron]  lhc Old Kinq
dorìì onw:rrds. siìtsloÌrc and qreyrvacke wcrc cmplo,led for
ì r rge objects such as st3LÌraf i .  s tehe,  s ! r .ophagiar ìd r Ìaoì ,
and l ì ì ìs  f iùe,  hJrd stonc w3s par t ìcu lar ly  fa lourcd by
lhc [gypt iar  i : l i te  in  thc Twcì ì ty  s ix th Dd Thi r r ic t ì1
D)nasl lcs.

Only a f$L cxaùrpìes of  the usc o l  gfoc! ì  congìonrerare
are known f ronr  lh . 'Pharaonic per iod.  inchrd i I lg  the inùer
sarcophagus of  Rarrcses Vl  and ihe s i rcophagus o1 'Nec
taùebo l l .  The RonrnDS qLraf Ì  i rd  i t  extensivc ly  {òr  cxpor  t  t i )

I la ly ;  i t  wrs used for  basi Is ,  smal ìco luùrns,  pavemcnl  I
and rarc l l  to f  s tatues.

Exantples
r .  Paìct lc  of  the f i rs t  Dynasr i  k ing Nanner f i

Hìerakonpol is ,  . . looo BC (height  64cn;  Cr
Jt l2r69)  [s i ì ts tone] .

2.  Strhre of  thc Sccol ìd.Dynasfy k ing Khasckhcr ì ì
f lom Hierakonpoì is , . .27oo BC (heig| r  56 5cm; Ci
l [ ]2r6r)  ls i l is ronel

I. Statrc of l\4enkrura and Q|ccn Khamerernebt]' fr
Mcnla l r ra s  p,vrrùr id  cornplcx at  Ciza,  Fourth Dyna
. .249o-72 BC (height  , .4  nr i  Bosron M I rA I  Lr7 l8) l

4 .  Face f rom l ìd  of  inner  sarcophagus of  Ra,neses
f ,om his  toDrb in  the Val ìey of  Kings (KV9) (hei
C o ' , , :  c V  I  A r a o ' l e r . . I . u r ! n r r e . r ( e .

i .  S lab inscr ìbed wi th thc Menrphi te Theolog) .  dar i | l
the reign of the Ttlcnt|.fìftìÌ Dynasq kìng Shab:
l ronr  Meùrphis l lhe so-cal lcd Shlbakr  Stone ) ,  , r .7
698 BC ( length r . l7mr BM EA498) lconsìonreratc

6.  PaÌr  o l  obcl ìsks ofNectanet  o I l  . .360-41BC (heìgf

i9  nr  ard 2.42,n;  BM tAt2 l ,  524)  [s i l ts tone] .
7.  Sarcophaglrs  of  Nectanebo l l ,  . .  160 l4 l  BC ( len

2.98 nr i  BM EAro)  lg feen conglomeratcì
E.  Pto lemaic sarcophagus l id  of  t roop cor  nrarr

Pedi Ì rahes,  f .onì  Tc l l  c l -Muqdam ( length 2. r6 ìn i  P
3delphi l  PA,  Ur ivcrs i ty  Museunr Er6r l4)  lgrcywac

Bibliography
co!)ar  ! , ,d  Mo.r0r  1J9J2)  weigal l  ( r911:  l7  5, ) r  I  ù .as afd l t
( I918)  Andics ( r919) :Shnh ( r942)  co\o, ,  ( ,957) :Dc Pu er
Krr lshrusc, ì  ( r99: :  59 60.  t7  9o)  Han'c l l !nd RroF!  ( r9(
i992b).  Klenrnr  and Kl{ ì .m ( ,991:  155 76)  Asror  ( r994:  2r l -
wiss3 1J994): .nd Hrr .c Ì Ì  ( r995) .

Fo, rokrù thorogrrphs ol polisìn.d sìabs see De t,lrter
Ki r lshauscì ,  ( ,99: :  p ìs  5,1d r6.  t4e r9 g,cy*r .k .  5+r  4 gr
.onqlonrchr t )  and Klenrù and Kleù.r  ( ,99j :  t l  Jz. I  2  g
s! (ke r2. l  s j Ì ts loùc r2.5 6 g, . .n .oùglonrcrr t t ) .

S late scd s i ì ts tone,  greywacke and conglomerate

Sodalite scu lapis ìazrrl i

Steatite (soapstone)
Def'nitiÒtr
Steàt i te  ìs  a rock cor ì rposed pr imar i ly  of thc r ì1Ì Ì€rr l  ta l (
$4r ich the f lakcs o l  ta lc  are or ienled randonr ly  rcsLr l t in !
a ùrassive,  honrogcì ìcoos text lÙe.  When thc ta lc  f la
aLc a l ìgned in layers.  t ì rc  rock ìs  cal ìed ia lc  schisr .  I
js  r  hydrr ted nragncsrurn sì l icate of  ihe col l rposi l
Mg,Siro, . (Ol  l )  $ ì r ich is  charactcr jscd by extreùre sot t ì r
( ì t  can bc scratcì ìed br  a 1ìngernai ì )  and a soapy feel  (he
'soapstonc 

.  thc a l t . 'n ì l t ive name for  s tcat i te) .
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Traveftine ('EglPlian alabaster')
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Fryúr.2.27 Travrrtin. qùonf ih \ladi C.toú. Ean.rh D.sètl.

lace càverns and fissures nr the Eocene limestone bedrock,
and consist of the same material from which cave stalag-
mites,stalactitcs and otherflowslone spelothems aremade.' I  here .s som, . ! roerhe suggest 1g rh:r  hor \pr;ngs rr \
also have played a role ìn thc formation ofthese deposrts.
The travertine occurs in three forms:

(r) an oFquc, mìlky white calc-sinter that is fine grained
(crystals < r mm) wÌh little or no layeringi

(2) a translucent calc-sinter thar is coarse-grained (crystals
r mm to sevelal centimetres across), fiìrrous, coÌoured
in shades of pale brown or yellowish- to orangish-
brown with faint to marked ìayeing; and

(j) a strikingly banded calc-sinter that is an interlayering
ofthc first two forms.

Only the last two types were commonly used in ancìent
Egypt. The browÌish colouing fades to white after expo-
sure to the sun, as ln the crìse of the Muhammad Ali
Mosque in Cairo s Citadel. Thls mosque was buiìt between
r83o and r 848, using exterior and interior veneers ofType l
travertine, and over the last r5o years the exterior has laded
badly. This rock ìs called alaùar,jirs by the Greeks and

Romans, but the original meaning ofthe name was forgot-
ten during the Middle Ages, when it was given its modem
definition aùd applied to a variety ofgypsum superncialy
resemìrling Egyptian travertine.

Uscs
Tralertine was wideìy used from Early Dynastic times on,
wards for pavements and wìll linings in temple passages
and rooms. A particularly well known example of a pav€.
ment ìs in thc vallcy tcmple of the Fourth-Dynasty king
Khafra at Giza. It was also us€d extensively for small Ne\t
Kirgdom shrines (such as those of Amenhotep I/Thùr-
mose I and Thutmose III in the open-air museum at Kar-
nak), and for small vessels from the late Predynastic to
the Roman peiod. ln additìon it was commonly em.
ployed for other smaìl objects such as canopic jars, stalu.
cttes, srdrtis, oFering tables, bowls and dishes. Because
largc bìocks were difficult to obtain from quarries, traver.
tinc was only occasionally used for sarcophagi,large statu.

Exomples
r. Stanre of the Fourth-Dynasry king Khafra Èom Mit

rahina, c.  z5zo ,494 BC (Cairo).
2. Sphinx ofthe Eighteenth,Dynasty king Amenhoiep I,

f rom Karnak, c.  r tz5 Ì to4 BC (44cmlong; Cairo CC
4zat)) .

j. Colossal pair-statue ol lhe crocodile god Sobekwìth the
Eighteenth-Dynasty king Amenhotep IIl, from
Dahamsha, r .  r lgr- '  BC (r .56mhigh; LuorJr5t.

4. Siaiuettc ofAklìenaten from house N48.Ìi àt Amama,
Eighteenth Dynasty, r .  r l '  t5 BC theight r2cmtBe.
rì in AM ,r8t5).

t. Sarcophagus of King Seti I fiom the Valley of Kings
(KVr7), Ninereenth Dynasty, r. Uo6 r29o BC (lengtl
2.84m; London, Sn,ohn Soane's Museum).

6. Statùe of King Seti I from the 'Kamak cachette',
Thebes (heìght 2.l8 mr Calio Cc 42r19).

7. Bust from a statue of King Merenptah, Nineleenth
Dynasty, c. 1224 14 BC (Louvre E25474).
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Tuff and tuffaceous limestone
Defnition
Tuff js a rock consjsting of pyroclastic debris (ash and
cinders) thrown into the air by a volcanic explosion and
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are usually considercd to ìre volcanic igneous rocks,
are also equally volcanoclastic sedimentary rocks. A

in aìr-fall or watcr.laid deposits. Although

h m e s t o n e  r .  a . p d r r e r r l y  I i m e s r n r e  $ h i ( h
up to 50 per cent pyroclaslic debris

geen tutrand tutraceous lìmestone utilised for stone
:lsin the Early Dynastic period come from Gebel Mrn
el'Seyl, ìn the upper reaches of wadi Meìlaha neàr

Mel lah, .  i -  rhe I rLe r  D"seI  (sFe n3p in F ig.  r . rd
photograph in Fig. 2.28). This quarry site was dis-

b) an erpeJrr  or 'Fd b)  H3leì ì  in  r t t4  {Harr^ ì ì  c l
fonhcoming). About zoo smàll workìngs arc scattcred

a three-kllometrelong, rìdgclikc gdàdl. within the
ings "nd " l .o .n Éir .cn sor l , .hop "rea" arrone r l  err

hundreds ofroughed-out vessels along with rhe stoùe
used toproduce them.The toolsare made from locally

d o l " r i t "  a " d  r - e  m o . t  1  ì r r  J ' r e ì J  n t a u ì s

) .  bur .ome,"e '  "  Lhed ro r rkc J sooden hJndì- .
ting ìayers offutrand hrfflìceous limesìoneoccur in

quany and workings are present in l:yers ofboth rock
types.

TtehlFat Gebeì Manzalel Seyl ìs a highly calcareous and
óloritic andesile ash tuff There are two giìdational var-
ieties: a dark green vìtdc tuff and a lightcr oLive.green
vitric-crystal tull It is the chlorìte that givcs thc tufii theìr
green colour, whcrcas an occasional bluish tint is proìrabìy
due to the lumincsccnt properties of ihe calcite. Both var
ieties consrst ofandesine plagìoclase crystals, andesiti. rock
Fagments (lithics), and rare quartz crysrals in a grol,nd-
nass of microcrystalÌnre quaftz and feldsFr (originally
glals shards, but now devitrified and pàrtially replaced by
calcite and chlorite). All ottbe mafic minefals and somc of
dE plagioclase in the lithi. fragmcnts arc also replaced by
d orite ànd caìcite. ln the dark grccn vitric iuft, glass
ùards predominate with fine'grained (less than one mil
linetre) plagioclase crystals making up ìess rhan ll per cent
oflhe rock. Although the originalglass shards have devitri-
6 e d  r o  m i . r o . 1 * : l  i r r e  q u a l z  a n J  p ì r g  o d a . e .  r n  r n a n y
oses the outlines ofthe shards are still vìsììJle. Up to a few

Frcenlofìithic Fagments and qúartz crystals arc present.
Ihe l ighr gr"en v r1..  rv.  al  rr t rdrf t  r .  In ,  onl  nrng o\er

'3 per(ent pìagioclase crystals. It has a grainy surface, due
tothecrystals, whereas the vitrìc fuffhas a smooth surface-
Lels chlorite makes this rock lighter in coìour, and con
spicuous dark specks are commonly prese,rt. These specks
Nre lithic grains and iron oxide ghosts of mafic minerals.
BoÌÌr  tufr '  

 

a 'e '  o '  ìor ì )  LJnJ"J $ i r ì -  ìaminrr.on. \  J4 | | 'g
G o m l e s s l L a n o n c  n r l l i m c l r e  l o r  f e w l . n . o f , ,  n l | m . l r è . .
However, m:ìny vessels were cut from the thicker layers
and so show no bandjng.

Both tuFs arc gradational with tuffaceous lrmestone,
vhiú consists predominately ofsparry calcite with graìns

FiEùre ,.,6 ont lorow) o1 nun.tuus snatt qúoti.sJot coteaftaùs
tui Md ttliàc.Òu\li^tstonè a, C.b.l Matzol.l Sel. Easteu D6ert.

up to one millimetre across. The limestone also has minor
amounts of plagioclase crystaìs and devirified gl,ìss plus
occasional quartz grains and andesite lithics. Secondary
chlorite gives it a light green colour, which is commonly
bluish or, when stained by iron oxides, brownish. The rock
surface appears grainy due to thc coarseness ofthe calcite,
and it exiibits the same conspicuous dark specks as are
seen in thc vitric-crystal tuff. The tuffaceous limestone
closcly rescmbles the vìtric-crystal tuff, and the two rocks
are not easily dìstinguished megascopicaìly. The tuf-
faceous limestone occurs iìr thi.k (up to several tens ol
centimetres), laùination-free layers and so vessels carved
from it rarely show the kìnd of banding common in the
tuff

Another variety oftuffutilised by the ancient Égyptians
is yellowish brown in colour with purple ìrands. The source
of this rock is unknown. In composition it is a lithic an-
desite tuffwitb scattered crysìals offeldspar andbands dch
in iron oxides. Examples ofkrown provenance consist of
ftagments of three vessels from the First-Dynasty royal
tombs at Aìrydos (Aston 1994: 27, colour photograph pl.

5b).
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Tud and tuffaceous limestone have
incorrec l ly .a l led 'vo lcanicash'  (e-g.  Calon Thompson and
cardner r9l4: 87t Petrie r9l7: 2). Ash' refefs to uncon-
solldated volcanic fragments and wììen these are compac-
tcd and/or ccnìcntcd into rock thc rcsult is a tuff Thc dark
grccn tuff may be confused with the wadi Hammamat
s i l ts tone as th€se rocks c losely resemble each other  mega'
scopjcalìy. Ho$'ever, they are easily distinguished with the
aid of dilute hydrochloric acidr only ihe tuf contaiìrs sub
stàntialcalcite and so effeNesces.

Uses
Tutr and tutraceous limeslone was used during the Fìrst
and Second Dynast ies for smal l  vessels,  including bowìs of
var ious types (Aston r994, nos. t , ,59) aùd cyì inders.
Known exaùples of vessels cone fron tombs !t Abydos,
Nag el-Deir  and Saqqara (Petr le rgorb: 41, Aston r994: :7).
Thc vcsscls in thc ccbcl Manzal cì.Scyl quarry, though
crudcly sbapcd and not hollowcd ort, havc lhc forms of
bowls, dìshes and cyl inders.These roush pìcccswould havc
teen carr ied to lhe Ni le val ley for f inal  canìng and pol ish-
i"g

Exafiples
r.  Unprovenanced beaker datìng to the Naqada I I I  or

Early Dynast ic per iod, c.  3r5o 2649 BC (heieht
rz.6 cm: Cambridge, Fi tzwi l l iam E.ro.r994).

z.  Dish from tomb rtr t  at  Nag eì Deir ,  Second Dynasfy, . .
277ó 2649 BC (HeaFt MuseLLm of Anthropology,
University of Califomia, Berkeley 6-rl2).

I. Cylinder vessel froln tlìe Step Pyrarrid at Saqqaf.r,
dat ing to thc Early Dynast ic pcr iod, {r .  looo 2649 BC
(hcight r6. t  cnì;  Carro lE 65422).

4. Purple'srr iped tuffvess€l f rom the tomb of King Qa'a
(tomt, Q),  Umn el  Qa'ab, e.bydos, Fìrst  Dynasty, . .
2770 BC (heighl , l .6cmi Ashmolean ,896 r9o8
E . l 2 l 5 ) .

BibLiography
Lucas 1,962:,1,9 ,o) iAston (,994:26 7) i  I r ! rc l l  d r l .  ( fòì t ì r .

For colour pholographs ofìhe dish froù Nag el Deir (Berkclcy
6 r l , )  and rhelessel l roùAb)dos (Ashnolean r896r9o8 l . l2 l5)
see Aston (r994: pls.  5b c).  and for the cyl inder lessel (Cairo JE
65422)scc  S! ìeh  aùd Sou,o , ,z ia .  ( ì9 i17 :  no .  ,o )

Turquoise
Defnition
The chemical composilion of lurquoise is hydrated phos
phate ofcopper and:r luminium (cuA16[Po 1], IoHìi  aH.o).
Its colour ls opaque blue-gfeen or pàle sky blue and its
Mohs hardncss is i -6.  I t  Iònns as vcìns and nodul€s
usualìy in trachytic volcanic rocks in arid rcgions.

Egyptia sources
The two principal ancìent Egyptian sources of turquoise are
in th€ Sinai pcninsula at wadi Maghara from the Early

Dynastic period to the Middle Kingdom and al Serabit
el Khadim from the Middle Kìngdoìrl until at leastthe Late
Period (see also Beit-Arieh r98o lorevidence ofprehisloric
mìning at thìs si te).

Thc mines at wadì Maghara, locatcd in the south€rn
Sinai, 22i kilomctres southeast of C3iro, were particularly
exploìted during the old and Middle Kingdoms. when
Petrie examjned the site in r9o4 5 he found an Old (ing.
dom hiìltop seltlemenl on the opposite side of the wadi
from the adits and rock-caNnlgs, as well as two unfotified
grolLps ofstone huts on the floor ofthe wìdi, the latteralso
datiÙg to the old Knrgdorn (Petrie and CLrrrelly 1906l
Chart ier-Raynond r988).

The mines at Scrabit  el-Khadìnì (Barrois r9l2;Starrand
Butin r9t6; c iveon 1978: Bonnet dr r / .  1994; Chart ier.
Raymond dr al .  r994; see Fìg. 2.29),  about eighteen l i l0.
meires io the norih of wadi Maghara, were also accon.
panied by rock caned stelae, as well as an unusual asso.
ciated lemple coìrplex dating to the Middle and Ne\t
Kiìrf.tdoùs (ri. 2o4o-ro7o BC). In the temple precìnctsand
tììe surrounding afea, many ro.k-cLrt and free-standìng
stelae were dedicated by mining €xpeditions to the godd€ss
Hathor in hcr aspect of nàr mf3l  ( ' lady ofturquorse )and
thc god Soped 'guardìan of the desert  ways. Among the
results of Israeli work at Serabit el'Khadim and Wadi
Maghara L,eFveen r967 and r98z (BeirArieh r977; Civeon
1972) was the discovery lhat one of the mines contained
equipment concemed with the processing ofcopper. Thìs
6nd has added to the controversy regàrding the ancient
Egyptians precise aims in the Sinai. Many ofthe inscrip
tions at Wadi Maghara and Scrabit cì.Khadim rcfcr lo lhe
procurcmcnt of a substancc called nf3l, which was once
translated as malachite and has more recently been takento
mean turquoìse. It ìs possìble that the main focus ofEg}?.
tian operatìons at these iwo sites was the obtaining of
copper and malachìte, wilh turquoise perìiaps ìreingonlyr
convenient by product of this mining {see Rothenbery
r987t L€vene 1998). It is interestìng to note i this conl€rl
th:rt the survivlng examples of turquoise as a gemstone
actually form qujtc a minor componcnt in Egyptian jewel.
lery, compared wiih the vast quantitìes implied by the
numerous adits, shafts and stelae at wadi Maghara and
Senbil eì Khadim.

Description
Mìned by ihe Égypiians from the laie Predynastic penod
onwards, the greener vaiety of turquoise appears to hale
been highly prized by the ancient Egyplians, who prefered
it to the moreporous ìrluevariety, whìch tends to fade when
exposed to the sun or water.

Uses
Turquoise was used primarily for jeweLlery from tlìe
PrpdinJsr c ro r ì-e C-Fro-Roman pè' iod. f ì^F'F r .  no el l .
dencethat powdered turquoise was used fora pigment (see
chaptcr 4, thìs volumc), although lack ogdcn (pers. comm.



Ba)q  ) rq  t  qna r ' (nndr " r '  5 r rd r  u r r r  I
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jer -Raymond ( I988) ;  Bonùctd4l .  ( t994)r  char l ierRavmonddar '
( r994)r  Levene ( ,998) .

Volcanic ash see tuffand tuffaceoùs limestone

Stone-working technologY

A sreal deal of lhe imPact of Egvptìan civilization derives

froùr the products of stone-working ìechnologv On the

ìarlaesi scrle there are the lechniques ol stone-dresstng
maionry and cìvil engineering emploved in ihe constmc-

tion ofsuch ceremonial buildings as nastaÙds, pvramÌds

temoles and palaces. ln addilion howcver' a substantial

rmou"t ofskill and e"erey wàs cxpendcd on thc cawìng of

stone scLrlpiure and such characteristìcallv Egyphan arte

facts as oliring tables, sarcophagi and stone vessels Final-

l r  r l -prr  rrs a highl l -derPlop.d a èa ofrec\ìro ngy de\oled
'o r l re,  or ' . rsor " l  g"n sro'rrc i rro r l ' rs of Ìeqelr ' rv TlrP

section below pro!idcs brief summarìes of the technologics

associated with each of these iypes of storìc Product C ivcn

thaì this is a wide 3rea, wc have concenìrated both on lhe

provision of bibliographical information anrì on the dis

cussion of recent deveÌoPments

As far a; stone masonry is concerncd ùàr'ìv volumes have

l,ee 

 

oub'r .hed o .L b,ì ìe rhe sun vrng re-narns of

Dt,"rrnr i (  .emprc . ,n, t  -orìU. ql . r l "r  i r  rh.  form ol

iravelle.s acc-tnrs, a.chaeological reports or archirectural

hislories (Badawy I9t4-68 and Smith I958 berng the first

attenlpls to provide comprehensive lìisiorical suneys) Ar

thoueh there have been manv meticulous studies ofsPeci

fic siós or buìldings, onlya few notabìv Petrie's su rvevs of

the pyramids at Cizà and Meidum in I88l  and r892 hàve

focused on the technologicai aspects ofthe slructures On

the other hand, it ìs remarkable that despite Petrie's con'

ccrn with tbe mìnuiiae of many aspects of crafiwork and

tools, hìs general works includc no studv of rhe struciunì

cneineerIns otthe Phrraonic pcr jod- l r ' r .  
e r n  i n  t n .  ì r r . r " r u r e  b c g r ' ,  r o  L e  6 r l ' d  i a  r h P  r c ) ) o "

with Rceinald Enqelbach s studies ofobelisks (Engelbach

r9zz, r9"211, Ludwig Borchardì's manv detailed studies of
pvramid cornplexes and sun temples (e C Borchardt 1926,

róz8l ancl thefirst edition ofAìfrcd Lucas Atr'id'i Egvptiah

t'tox,iot' o",l lrdrrncs (Lucas 1926), which included a

substantial section devoted lo the s.ieniific studv ofstone

worknìg. Howcver, thc first real turning poini arrived in

rolo wìth ìhe publication ofAstidtlt Eglptiah Masonry'lf'

'lilch r"gelbaih collaL,or:rtcd with Somers Cìarke to pro'

dlrcc a detailed technologìcal study of Egyptiln construc-

tion methods from quarry to building site (CÌarke ànd

Eneelbath r . i loì' i l -  
,ner , , 'ou. * ,  a, ,r inrs of Cèorse Rèr"ner rr  C:zr

and elscwhere soon aftcrwardsbore fruit in the form oflhe

6t

rnd Ch"D er 0, '  i .  ,o lur " t  argue. I  rr  I  InJ\ ì -d\ ,  ì ,Prr

used "tràn'rvcb in po$J-r 'd l"rm rr '  r r '  pr"Jrr( l ìo '  of

gar€s.

fuamplcs
I Bracelet consistir'ìg of thirteen gold and fourtecn tur-

quoke icrcirl plaques, each crowrìed bv a fal'on fronì

tle Ftrst-Dynlst,! lomìJ ofKing Dier.rt UmìÌ cl-Qa'ab

Abydos, r. looo Bc (overall leùsth 15 6'rh: Caifo

CG52orol.
z. Goìi pectoraì of Sìthathorìunet. fiom her toùb ai

bhun, nrcorporltìig tutqLroise, lapis lazuìì and cor

n€lìan inlay, Twclfth Dyrìasty l: r8lo BC (heìght

a.rcmi New York, MMA I6 r . l ) .
,  ànld,rrr  ta"d ofH".ìhor ser w'rh an unusuàl lv larse

nuggeì of flùquoise, Twentieth Dvnastv c ro8o BC

ldìarneter ecm; Hi ldcsheim Pel izacus Museunr '  oìr

ìoan from-thc Niedcrsachsische Sparkasscnstiftungi
Egg€brecht r996.76. l ìg.  7r ) .

. .  C o . o  L r . r Ì " r . . h , d d . d  j . ,  J ' d  f F n d J '  |  . n l r i d  $ i h  r u l
q u o F e  - n d  l , r .  1 " . ' t  l i  o l  u r t r o t r  o r o t e n r n c c  '  ' r l

ialing ro the"Iwcnty sixth Dynssrr* or lalcr' after t 6oo

BC (wìdth tcm; BM EAl16r)

BiblioqeDhy
BDlsi  l , -868):w., l l  ( r9o8)i  l 'err ie ard Curcl lv (r9ó6);  Baroú

lrqoT uog r: t : r ì 'omas ( 'qr,)r  Raroìs (r91,)r  Sta nd BÙìin

{r916)r c lère ( ,918)i  Gardiner and Peet ( I952):  cern) { !915)l
iu ias tre6z: +o+ tr  RÒthenb.r8 (r97ó: I979: r l78o);  Gì leon

lglz, ,q ' t+ 'g ' t+ 5. ,978 r98r;  Beìt  Ar ieh ( ì977 I98Ò): ch!f '
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pùblication of TJre Dryrlo pnent of th, Egtptian Tomb d.owt ro
the Accesion af Cheops lReisner r916), and Reisneiswork at
ciza was làter supplemented by the archiiectural recon-
struction of the Step Pymmid of Djoser at Saqqara by
l€an-PhilÌppe Lau€r, whose obseoations sur les pyramid.es
(Lauer 1960) was also inform€d ìJy a sense ofthe funda
mental praciicalìties ofancient stone masonry. Both l.E.S.
Edwards G947, 5ih edn. r99l) and Rainer Stadelmann
(1985) produced general books on Egyptian pyramids
which built on the obsenations of Borchardi, Rcisner,
Lauer and others, including suìrstantial discussìon of the
technological problems encountered by Pharaonic buil-
ders. Christopher lyre (r987)hàs provjded a detajled siudy
of th€ textual and visual €vidence for the organisation of
labour in ilìe Old and New Kngdoms, which includes a
great deal of daia relaijng to quarrying and ìJuilding (par
ticularly covering such quesijons as the composition, man
agement and remuneration of the workforce involved ìn
procudng, transpoting and vr'orking stone, as wcll as the
timlng ofquanfing and conshuction projects).

Most recentìy, Dieter Arnold's Buildíne in Egypt:
Pharaoni': Stone Masor.Ì, pùblished in r99r, is a wjde,
ranging study ofthe data, including meticulous discussion
ofthe survivnìg cvìdence for quaÍying and stone working
tooLs, and sophisiicaied, wcll-illustrated studies of the
grooves and marl(s on stone blocks which can indìcate
many of the ways in whìch drey wcre transporred, ma-
noeuvred into posjiion and interlocked with lhe rest ofthe
masonry. Like Clarke and Engelbach's A\cíent Egtptialr
Masorry, it seNes as rn essential and welcome basis for all
futurc study ofPharaonic stone masonry- Amold'spimary
concem is with the t€chnology rather than the materials;
For a deiailed discussion of th€ diferent types of stone
utìlised by ihe Egyptìans in art and archit€ctufe, see De
Putter and lGrlshausen (r992).

An area of sh-uctwal sione working lhat has still re-
ceived comparatively little treatment is lhe siudy of the
procedures and techniques of rock iomb archjtecture as
opposed to &ee-standing buildings. The Eighteenlh Dlm,
asiy é1irc rock-cut funerary chapels at Amama represent a
useful opportunity to obsc evarious stages in the process,
since they were all abandoned before frna1 use, many of
them at a reÌatively early poìnt in terms ol ancient excava-
tion and decoÉtion. Owen and Kemp G994) have made a
prelmnlary stùdy of the unfinished tombs at Amarna,
noting thal ihe chanìcteristic procedure wàs to cut oui the
firsi pall ofthe outer hall of the chapel at ceiling leveì, and
then to cul downwards iowards the intended floor level,
usually hollowing out 6rst lhe transverse area at the ftont
and then the aisle between lhe colonnades further in. The
stone workers then seem to have gradualy hollowed out
the rcst ofthe tomb ftom the ceiìjng downwards, resulting
in a stepped etrect when the work was stopped premaiure-
1y. The blocked-out oudines of lintels and columns are
olten visible, the latter ìreing cone-shaped initially in order

to accommodate the eventual column-base, as well as l€av-
ing plenty of excess rock for the process of decorative
cutting. owen and Kemp (1994: l) also make the point
that all this initial work seems to have been executed with
a metal bar chisel' (Pendleìrury r95r: I, 72, Il, pl.
LXXIX.l.lo), whereas the nert stage - the dressing of the
surfaces was accomplished, probablyby a different, more
skilled set of workmen, using a chisel with a naÍower
blade, the marks lrom which are visible ìn the form of
shallow chisel marks cut at a greater variety ofangles than
the rougher first stìge chhelling.

Th€ related topic ofthe caÍing ofmonolithic columns,
which was fìrst scientiflcally addrcssed by Engelbadr
G928), in the fòrm ofan exp-"rim€ntal studyofthe method
ofproduction ofa Fifth'Dynasty example fÌom the pyramid
complexofSahula atAbusir, has more rccently be€n €xam.
ined by the Martin Isler G992), following on from an
earlier study ofthe production ofobelisks (Isler r987) and
drawing on his personal erperience as a stone sculptor.
Like Owen and Kemp, he argles that columns were quar.
ried in such a way that the major pat ofa column, obelisk
or sculpiure could be completed ìry a rclatively unskilled
stone-cutter, thus minimising lhe mmbers of sculpton
who would be required at any one tim€ (lsler r992: 54).

Like the creation of stone masonry, ihe ca ing of stone
vessels reached à comparativelyearly peak in ancient Egrut,
and bccame flrmly estaìrlished as one ofthe most character
istic products ofEgyptiàn craftsmen ftom the Predynastic
peiod onwaÌds. Indeed, the great antiqnity ofthis area of
technology appears to be confirmed by the fact that tle
E$"lian term for'crattsman lhm ry), written with adeter.
minarive sign in the lorm ofa drill, was initially us€d only
to refer to those woikers who drilled oùt stonevesseis.

Until th€ puìrlication of Barbara Aston s Ancjert tglp.
tian Stone Vessels ln ry94, the only genenl publications 0n
this topjc were the catalogue ofstone vessels in the Caro
Museum compiled by Frieddch von Bissing (r9o7) 3nd r
typoLogical study of sione and metal vessels by llinden
Peirie (r9t7). A few other publications have appeared in
recent yeals, but all these have concentraled on specili(
p€riods (e.g. el KhouÌi 1978 on Early DFasiic vesselsi Re.
isner r9lr, rglz and Bernard 1966 7 on Old Kingdom
vessels; ei-Khouli dt aJ. 1994 on the vessels from the tonb
of Tutanlúamun; and Lìlyquìst 1996 on second Inter
mediale P€riod and New Kingdom vessels). Aston's shLdt
of the materials and lorms of ancieni Egyptian stone
vessels combines field survey and petrographic analysist0
produce a thorough sludy of chaneing materials and

The inìtial stages ofvessel production clearly consisted
of a proc€ss by which the ftagment of stone was roughly
shaped and smoothcd with stone tools. No monograph has
yet tackled the question olthe means by which the interion



ol rone lessels \\,L.re lrcl owcd out, rlthough a numbcr of
insighrs hrre tccll provided by ethnoarchaeoloeic.l and
e\Teunìcr ì ta l  \h 'd jcs ( l lesre.  nnd l le iTcr  r9EI  Srocts
r986a,  r9E6l ,  ,991) .  hr  19,2,  ThorÌ )as Hcsrcf  a, ) .1 Ro)crr
Heizer  uùdc| lu t (  af  c throgHphir  and te(  |nologicat  shrdy
of tÀe r rodct , r r  rhbastcr  qorkshops i r t  tLe Uppcr  tgypt ian
r ì l lage of  Shc ìJr  Abd cì .Cùnra of  thc ùrsr  bar  i  opposj ie
LtLxor. both i| orcLer to fc.oi(l a un quc. :Ioclern couagc
rndrst r  and r ]  arr  r t tenìpr  to  g l j f  ncw i .s ìe l rLs i r ro
arc icr ì t  tcchf jqLr .s  of  vessel  c : Ì rvùrg, fd dr ì ì t in ! :  (H. !Lcf
and Hci ref  rgtJ l

Der!s  St{ r .ks l r . rs  s tL ie . l  such p i . tor i r l  c ' rdelce rs  Otd
and NcN Ki Igdoi r  I  croei Ìphs rcprcsef i iDi l  boÌ tns rools
(St .cks r99l :  f i l r .  l l  ind depid ioùs of  the usc of the so-
cal led fs is l . rc ! - - Ìs .  ru isL dr j ì l  ( . '  TRTD) nr  !ar ioUs t (ùbs,
ìndùdnrg r | . r l  o f  \4er i . rukr  r t  Snqqara (Sì \ rh-Dlrust , ! i
Ducll i9J8), tfrt of l,ef)nnlilÌ xt Mcir (Tkrlitlr Dvnrstl)
and tho\e of  Ri .  ì rn i ra a l  rhc l )cs rnd tby at  I  hebi .s  ( t ig l r t
eenìh.Dl . rs f )  nr id  lwcr t \ -s i \ th  DyùasLy;  s .c  Sro. l is
J9E6b:  l ig .  r ) .  Or the brsrs o i  su.h dcpi . t ( , rs .  S locks
su(eedcdùr. r  eal ing ùrc.L. r r r  rcp l l ( rs  o l rhr  l igÙre of . iq t Ì l
s tone bor . f  and thc TRTD, thLrs prodÙ.nre aD cxper inrcnla l
l ìmestonc lcssc l .  wl th a height  o l  ro 7 crn and a . l rarneter
ofrocnr  thc ressel  iook 22 hoùrs,  l5  . r jnut i .s  lo  ùúke
l jnc ludj rg lh .  crnr lor  sh{p j  g.  ìnLc.r ior  tubLLlar  dr i t t i rg
and stone bor ing) .  Sto(  ks points o lLr  thaL boiv ( f rvcn ru res
prcdLrce r  t lper ing dr i l l  corc.  \ !hcr .as lhc.  ùse of rhc TRtD
Esul ts  nr  r  pafn l lc l  s idcd .orc,  rs  ìn rhc c: rse ofan uI
cata logucd aìabastcr  gypsùnr vrse nr  t l re  pct r ic  Nluscurn.
Altlrough loN drivcn tubes would halc bcÙr lìve rìmcs
laster ihan lhe lRrD, thcy lvouìd laye provjdcd ùrsuHì.
r ient ìeveragrand controì ,  a  . l  Stocks erper ì rncnts s t ros,cd
thaì the vcsscls could actuiìlly be brokcù by fhc adajt(,r|l
m(hxnica st ress,-s  i r loLvcd i r ì  lLs lng r  Lrow.-  q ,  r S  d ,  o  r " . " .  , . , . i
ledolL le sùioot l r  [g  ]nd pol ishr l Ìg  of thc ! .ssc lborh ins ide
a.d or ts ide,  w| ich took p lacc largc l )  lv l rh thc Ùs,-  oasror Ìes
and qLraLtz send. Thc rnore dcl cirr parts oj tle vesscrs.
suù as lugs hudlcs arr r l  l ips woLrìd Lavc bccr  workccl
ú1h f ine coppef .h jsc ls

Gemttones
FÌom as ur  L)  as lhe Neol i rh ic  per  iod.  rhc tg lpr jans wcr , -
us ing gcÌ ìs tores Ior  je{ . lc f ) .  By the pharxonic pcr iod
ìhev wcrr  caFine and p jof ing : ì  wide val ic ty  of  sroncs,
inc ludjng anrr thyst .  cornel i rn,  chrysoPrase.  ganÌú,  t r rerr ]  a-
tite mìlk! quxtz, sard, jasp--r, mahchite, rg:ìlc, rxjca, focti
crystai, serpcntil;tc. lnpis lazuli, olivirre, lluorspar, n*
quolse,  mrcrocl ì Ìk  ard bcr !1.  t  he eaÍ l icst  belds wcrc pro l )
ablycr t l ted " ' i th  tLe r Ìse oI f l iù t  or  chcr t  Ldts,  bur  as ! , r rLv
as thc Nrqada pcriùl coppcr drills wcr.. Lrejne LrsL.d to
Ffonle the slonc, while coppcf s,ires wcf€ errr)Lovco ro
or tsmal l  gcrrs ,  sorrcrLr Ì res Lei rvLl ìg senr t jons r l ìa t  are sr i l l
Ì is ib leon the stdre Boththedr l ls  r rd wi  fes : ì  ch ieved rhc i r
efect by conÌbmation \\'ith qu.rlz san.l xnd c]nerl abras-

ivcs.  Bf  thc New Kingdonr.  ic ! ìe l  mal icrs w.rc emptol i r ìg
sophisr icat- -d bo\a ' -ddl iDg cquipnrcr t  ìn  ordcf  to . t .vc rhe
d , i l l s .

As wn1ì skùc vcsscl prodùcl on, the study ol ilcmsrof c
. . '  |  ,  | '  i r  e

L3l  wor l i  o fDeùys SfoclG ( r  986( ,  r989) .  Six  TrrcDarì  idr r rs .
d i r l i ls  to  thc l ighkrenrh 3nd NinetecnLh Dynrs l jcs. .or ì ta i f
sccn.s showi Ie t l ìe  dr l l l ing ofstùrc t rcads,  in . tudj I i l  one
j fs l i ìnce of the dr i l lng o l  rhrcc bcrds s rnuì t rneoust f  (ùr
the lonrb of  Rckhrni  ) .  Aìrhoush no afchacologi . r l
.x impl . - .  01 'such rnul t rp le dr i l ls  have sunr lcd Sto.ks uscd
the j f lornrr t ion pfo! i . l - - . l  )v  ùrc s ix  romb-sccnes ro con
shlL. t  a  fL.p l ica nrLr l r ip lc  . ì r iL l  i ind bos,  (h lporhesisìng l t r l l
tl,e bow slìali $,as prob3bly madc li.,rrr sonrc kxrd ofbanr
boo l ike rccd le .e.  Arunda loùrr )  t tc  |o tes roL ox ly  thar
thc Lro l rs  dcpicted j r  rhc tornb of  Rcldì rnnr  l rc fc  longcÌ
1r Ìan those fcprcser ì ted in  o lh€r  k 'nbs ( :Lt  abour r2o.rn jn
lcr ìg l l )  but  a so th l t  the opefators o l  thc. l r i l ls  had t t ren
ingcrs e lnr ìncd 1 l l  thr  bo\ \ -s t r ings. t  rhe f r r  e fd.  I I is
expcr i rneùtr  lvork s lù) ivs thJr  r l ì is  te(  hniqLLc sas cssc| r ra l
fo ,  , ru lLLph d, i lL ing.

Sculpture
In .  ru l lure (  har3cl€r ised bv lhc anonynì i r ì  .J f  the af r is t  : ì1 Ìd
( .af lq ,orher .  ì t  ìs  no doubt  s i i ln i f ìca t  thar  lhose ivho scutp
ted slatrlcs wefc not only fìcqueùtly dcscribecl tr1- rhcìr
poor . l  narnes jn  the cr f i ìons accor .p: rny jng fufer : ì r )
sce.es ol scÙlptors \\'orkshops, but were irlso sornetimcs
.  . \ , i r  o , .  r a , .  ì J r  , . , o t i r  . o
(c.9.  cat iùg.  cr r r ) , - ine of lcr i  { rs ,  or  accornpanyj fg the de
ccasc.l o. hurìtirÌg trips), and wi:re cvidùùlI rakcn on as
indiv ldual  ernployces.  rathcr  t l ì rn  s ìmpl !  being parL of the
pcrlllarìent s,orkfofce ol rhc decexsed. Rosemarìc Dren
{hahn 1,99t  t fcrc for- -  r rgucs rhar  sculprors (and a lso t l ìe
pr j r tcrs who decor :Ltcd stàhres)  wcre h jghcr  nr  sratus rhan
othef  cra l Ìs Ìn n,  : rnd $, . )u ld havc been much nr !c  cro lcry
nr lo lyed wi lh  thei r  e l r lp loyer l

Thr . r , !n ,g ot .  ratù { reated I  . l (x .  aDd pershl l  ,e l i r ionst , i I
l rehre.r  lhc t r i ronc.nùr i is \ ion fgthcw.r  r  i rd  r1t r .s . ! lpror ,  in
lìi. \r.tùe h.Ls rn enrbodnn{rìr of thr pJtron rì,at $rs pÌx{:.d jn lils
tonb 3.d !s  r r r l ì  larmed aù { ,sse. t i . t  p( .ondr t ion f in  l , i !  (or
t rnù.d. r rs te! .c  in  t l ì .  ncx l  sÒr l . l .  1Dre.  a)r lùr  Ì995:  l l9)

Bc.ause of  F$pt i rn arr  sr ic  coùve.r ions,  an( ie. r  d! ,p ic
tions ol scuìptors w.Jrhshops (c g those ir rlìe rightccnrh
Dvnast l  T l ì , - r rn to l l lb  chapel  of  Rekhmìra,  see f ig .  2. lo)
teù. |  Lo shos, the st r tucs in  theiL l in ished starr  evc, i  s , ,  cn
llnrv rre clcarly rt corìrparativeL,! cafÌy stages ìn the process
l l L r -  - r  , e  .  L l . J r o t   r t , . r r " t  o . , o  t l  - \ !  o , r  . r g . .
of stahre canirÌij has sufvivc'd in ihc form oa unlirjshed
scLrlph'.--s ot Inaiì) perjods (e.g. the Twcnry sìxth-D)rmstl
ser ì i -worked l in ìcstone star |c  of  à sr .ndrng man in the
lns i i tu tc  of  Ar is ,  Dchoì t ,  : rnd a numbcr of  ùnFnìshcd
stahrcs of  th , -  

- lh i rd-Dlrasrr -  
krng Djoscl  l rorn h is  Slcp

PyrJmid cor ìp lex at  Saqqara,  no$,  i r  rhe Egfpt iar  Mu-
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Fisúre 2.ta Sceie J'rab the taftb of Rekhniro at Theb.s (TT1oo), showìhg sculptos polishhg and ihsetibihg colÒsal sLdtú6 ofThútúae ltl.

tk

seum, Cairo), and excavations ofsettlement srtes have re-
vealed the contents of several scuÌptor's woÌkshops at the
Eighteenth DFasty ciiy of Amarna. The finds from the
studio ofThùtmose atAmana (Roeder r94r; Krauss r98l)
show that sculptors may have copied plaster 'masks' and
busts in order to standardisethe lacial portiìiture otstatues
of members of the éliie. Such workshops also contain
various palls of composit€ statues, such as separately
caned limbs, torsos, heads and headgear, carved from sev-
ed different q?es ofstone.

These archaeological remains showthal the ìrasic sculp'
ting process was to rough out a cube ofrock, which then
had preliminary drawings executed on all sides, thùs pro
vÌding guidclìnes for the sculprors (which, in the cas€ of
colossal statues, comprisedlarge teams olworkers perched
on scatrolding) as they worked inwards simullaneously
from each side. In the Pharaonic period, they primarily
used stone tools lor the inìtial roughing out, but ihen
gràdu:ìlly employed finer copper or ìrronze tools, until the
flnal minute details were incised with pointed chisels and/
ordrills. As with the stonevessels, the statùes were eventu-
ally polished with rubbing stones and quaÌ12 sand, al-
though the final production stagc was the applicaiion of
coloured pigments.

Summary of methods ofscientific analysis
lntroduction
Rock and mineral deposits are usually heterogeneous or
the scale ofoutcrops and quarries, andsometimes can evel
be qujte variable on the scale of individual ariefacts. Any
petological analysis of archaeological stone must therelore
incoryorate a sampling plan that takes this heterogeneity
into account. Obtaìning a statistically representalive
sample is eàsy for outcrops and qua|Iies bùt not for arte.
facls which would be damaged by srch sampling. Thus
samples ofari€facis tend to be very few (oft€n onÌy one),
verysmall (less than onegram)and iaken from only certail
areas (hidden or broken sides), and consequently may not
be repr€sentative ofthe ot jectas a whole. Any conclusions
based on the:ìnalÍicàl results mustbe qualified according.
ly. lf, how€ver, a megascopic eramination of an aitelact
reveals it to be compositionally unilorm and, in the caseof
rocks, 6ne.grained, then a single small sample will prob.
ably suflìce.

Once a sample of archaeological ston€ is collected, two
questions need to be answered: what is it, andwhere does it
come froml Approaches to answers for these questionsarc
discussed in the next two sections. With the exception ot
megascopic analyses, the analytical meùods describ€dbe.
low can be performed by commerciaÌ laìioratories and, for a

"[ì1,
-Lriì f:
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ldentifcations
Megascapic analyses
Many rocks and minerats can be identifi€d, ai least pretimi-
nanìy.  Lr  a -  egas,opr .  prdm..  r l ror .  Cood senèrJ l  rè-er-
ence book.  s i r r l  F\cr tpnl  "otouf  ohorog, ,phs or  rvp i .a l

: l T ' " * ' " ' .  Mor rn "  . r  d r .  I  Ò /8 r .  re t Jn r   o r r )  J rd
H J  I  9 o a r .  L e . .  ! \ e l l  l L s k J t é a  b L r  m o r c  d u r h u f l r d . \ e
.efe lF. l .  e  bool .  r r  l l " rn a "d H Lr tLu r r  oo { )  tor  n- inerJt . ,
and Ravmond {  oos)  rnd B'Jn dîù t rd,  )  I ,n . ro)  fo ,  ,o ,  r , . .
q r o , T " r d  d d  r e l . i r o n r r  o r n v r d p a  s o o d s u m r  " r y o r r o ,  t .
classrhrrhonq sujtrbl€ for megaqcopic woLk

Equipment and suppljes need€d inctLrde: a hand lens
(Feferably with 5 x io ro x magnificarion and large diam.
etpr  h is  .  ersr  zo mn tor  J  wid,  .  L  rghr  îe d o: .  reul :  a
loot l  b-ush \^  th  . r , f l  b  .  I  e \  ro.  ,  leJning . r r t " ,  ps:  a snr l l
m r g n e , : d i l u r e  r \ o o j  h )  d r o .  h l o r i  a ,  r o  r o r . n .  i n C . r r b o n 3  p
. o n t F n r . , a  q m 3 l l . p l J e  o f  - r g t a z " d  p o r e t a  .  J o ,  . F "  i n e
sÍedl ( \orour :  Jnd.  jo  e, r ine rh-  Voh" sr-ah I  h l |dr  Fss,  à
sr ,e po.  \e-  kn i r "  or  ocn d Di ,  (  a  ,  opp""  o-  bronze .  o  î ,
and.a small plate of gìass. Even bettei are commercia y
av"  aLlF .e ' .  o f  . . - ra - i ipp-d \  r iLFr .  r .p ,e.^n i ing a 
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Mols norone.n s I ,on 2 o o.  poraL e I  ldrom.ters,  used
r o d p , e  m r . è s p . (  f L  g r u \  i  v  ( i  e .  d . n s i b  )  J r e  r t . u . o n " Ì r e Ì -
c iaù-va, . r . ldLr"rnd ca. \ 'o  npFrare.  14inerdrs r rn bè der  i f i  -
e d . l r o î  t r è ,  u n i ^ L p  \ è ,  o r  p h v . r o , l e m i . " l  p , o p F  F .
m(rud ngsomè(on b in ron o i lhe fo lowrng. . r . rn,nal .  t .
tal folm, colour,lustie, streak, cteavage or lracture, scratch
nardness, magnetism, specifrcgravjty, reaciìon ro acid, and
otheIs. Rocksareclassified on the brìsis oftheir composition
(varieries and relariv€ abundances ofmìne.ais prescng ano
t e r - ù . e r g r d  n . r , , é  g r d r n ! 1  1  r d . . o r , r y . r "  r n e o r , , , , L r . ,
ard s - r i ,  ,ure\  cu, l  "s  ro, rJ  ron or  metomurphr,  .o(  k .J .

ThFrers ai  pno -noLs \" f l  è )  of  Jnr.yf i (al  merhods r latcan
porerhaì ly Le rpp|Fd o ro(1. rnd minera,s.  Lhose de.
scribed below are only the ones most commonly used in
petrological studies. Informative summaries of these
methods, with bibliognphies, are given in Tucker (1988:
r9r t54)and Lewis and Mcconchie G994: ra4 84.
X ray powder diîraction (XRD)
Sub-Fam size, powderedrock or minerat samptes are illa-
di"red hr r  \ -ra\ \  rn r  r . -J) powde- drTr",-ol  eter '  Drf .
r r o ,  r o n  o t  \  - r v s  L v r t o î "  r n  t h p  ( a , l a r  s t . L . t u r e " o f  h .
mrnerab present permits their id€ntificarion as welt as a
semi-quantitative determinaiìon of thejr retative abundan,
"-  .  Afìè,  rh.r-ec, io" p.rrogrrpî) .  rhir  s,he tJe..  rprhùd'or idpnl l  ing m . ìér: i \  Frcepr i r  Lh.,  r .e or r ta) î r inera,s.
wherc XRD is superior to thin-sectjoning. Examples ofthe
use of XRD on Egyptian rocks a 

 

jnvoi"e "-esrone ano
i r ( l L d r  B  : d , F )  a n d  M i d c L e t o r  ( r 9 8 8 )  M , d d . e r o ,  i n o
B - a d ì è \  l r o 8 o r  C r m p b e l l  J n d  t o t ;  { r o o , t  i l r r r . . t  " n d
venrùd (r991Ì and Ingràm fr  dl  (1991)

X.ray fiuarescence spÉctrome\ry (XRF )
f iF or tew"r g,:ms or a porder.d ro. r  samp.e Jre rrra
dr" led w rh r .rJ)s i r  Jr x-rr)  f luo.e..ènre jpecrron ercr.
Analysis of wavelengths and jntensities of the secondary
x rays emìtted by the sample permits idenritìcation ofth;
erements present and a fully quantitative determinaiìon of
their relativ€ amounts. The resuìts are normally presented
as w€ighi percenrs of the ondes for the etements (e.g.,
carcium and iron would be reported as cao and Èeó,
respectively). The method works trest for malor ano mmor
elem€nts (those present in amounts exceeding o.oor
wclgnr perc!ènr or roppm) with atomic numb€rs Ìargef
than abouteight. XRF is an essential method for anaÌysing
\ o h a r i .  r g n e o u s  . o ( k (  h h è . è  , h .  g r o u n d m d s s  i ,  u s u d l y
o o . r e  r J r '  " 9 . 9 r  t f  . î  . e ,  r i o i  p F h o g r d p h \ .  T t i n . e c f i o n .

rrc .rr  

 

npeded ho$, vc,.  ro idenri t \  lhe Dhenornsr.  and
ourer i  orrsé, ph"sès jn the"F ro, Ls yf iF i \  r lso J poputar
method for all other rock g?es when an inexpensivewhole-
ro. I  c l  c-nr(al  ,ndl) , i .  rs neeoec. t  xampter of rn" u"e oI
X R r  I n d J d e  t ( l . m n  i n d  k t . m m  1 r 9 8 i :  t g . 9 1 .  H a r r c . l
{ 9 a ) J  " r d  H "  ' " 1 .  a n d  p e n r o d  1 r o 9 1 1  r o r  l . , n e . r o n È  F l
Hrrrdw]: id LoJkrn:r  ( .97l)  for ' rJrFd:ne K emm rr al .
(1984) for quaftziiej and Klemm and Kemm (rggljpartiat
d J r d  o n h  I  J r  d .  B r o ú  n  J r d  H a ' " . U   l " r r  r " ,  ,  L  d .  , , , i e r y
ot rgneaus and metamoryhjc Locl.s.

Sconn in g tlectron mirroscopy ISEM)
Cold or .rrLon-o"red pr. , ; .  o,  ,o.K o- n ""rat 3re -
luminated with an elecuon beam in a lscannrng elech.on
ni.rosropc ,o rF\ert  de.Jl  s ol  gràin morprotogres rnd
, e r u r é (  t o o  s m " l l  t o b è s e F n  1 r h i r . c . t i o ; s  V a g n i t . . -
tions of at Ìeast lo,ooo x are possibte and range up ro

nin section petragr aphy
llììs is the best meúod tor identityjng minerals in rocks,
d€temining iheil volumerric percentages, and describing
therrtexixres. Th€ desciiptions of rocks in thìs chapter arà
based pl imaLi ly on thrn-sechon peiro8raphy.

A ,h|  rF.hon i .  J rhirrv mirron rhr. . .  . l r .è of ." .L
mounted on a glass slide. These can beprepared from rock
J p'  ol"r)  c;7e o" sì-rpF. Lur r  reLhrp n r .  be a, teasr 1e
mil l , îehe. rhi( l  ro r  ommodJte srJnddra eq|.  pmenl
Thr. .e.r ,or.  dre F\am,n.d usrnE a po a sints .  Jrsnl
red.rghl ( ' .F pÈrogtuphi. j  mi(ro.(opé. Cood retérpn,è
book( on thi-  \p( f io r  f  éhogrlrphr "  "  [ht"rs (  |  og7l.  Ne.se
{t99 ).  V{ lènzrF 3i€ Cui l tord {rr80) "nd Va.Ken,, ic.rnd
Adar. Io r4ì- for î innrrL W l l . "n.  rr  ar.  Lc)8.,)  À4:!K-
eî l ie.r  at . . {roE/) and yd, dìer rr  a/ .  1rooo1 to- rgr"o r"  ar d
melarroruhr( rocl"s:dnd S, ì  ol te {r î78. L9Zrl .  Aorm. er, i
{ .oòrì  and cd or lr  t roo{ j  .or sédim^î,rr}  ro.  1".
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roo,ooo r or high--r depending orì the instrument. Thes€
magnifications .rre not only far high€r than those attaìnablc
with petographic microscopcs (normalll at most 5oo x io
7to r , depending on the lcnscs uscd), bur, unlìkc ihin
s€ctions, SEM provÌdes three-dimensional images ofsurfa
.es and thcscarc cspccially useful for investigatìn g textures
arìd grain morphologies. More useful, hoseler, are the
semi-quantitative elemental anaìyses oìrtainable ftom a

r i f 1 ' . d  M h  r n  - . s y  d r  p r r r - r r : 1
analysis system' lEDS). rDS is rery similar to x-ray fìuor-
escen(e spectrometrybut lìas the advantage ol being abÌe to
irradiate a area on à sample spccimcn as small as one
ùicron across. Although dìe resultug clcmcntal analysis is
only s€miquantitaLivc, it can still bc uscful lor ideniifyìng
thc mlncralogy ofa specific graìn. This may be needed, for
examplc, whcn a rarc or unfarriliar mìneral cannot be
ideniilìedin ihin seciioìr.-fhe thin section itselfcan thenbe
exanrined with SEM.

Another instrument sometimes attached ro rne rucro-
scope is the's'avelength dispersive specùometer' (WDS).
This is essentially an x ray fluorescer'ìce spectronìeter but
diff€rs froÌÌ the XRF instrumentaLion in that cxcitation ol
secondary x-mys lrom €lemcnLs rs causcd ty an €leciron
bcam rathcr than primary x.rays. Unlike the EDS, wDS
provldcs fulb quantitative elemental analyses. Exampìes of

BradLey and Middleior (r98E), Middìeton and Bradley
(r9E9), Harel l  and Penrod {,991),  rnsram et al .  ( ,991).rnd
l( lemm and Klemm (r99J: j4 44).

l l  -  F ì e .  I n r  r  ,  , , p  L ,  1 " r  
' p  o b è  )  i .  n o  e

speciaìised ancl eficient combnÌation of a scannìng clcc-
, , . r  n  . , o s o p e  r 1 0  ' 1 ,  t ,  p  "  ! v " \ .  I ,  r g r h  d r . p . r  . r r .  s p n -
trometels. It is the ìnsrrumcnt oI choicc for pcrforming
f J  l )  q u d n r  , " r r ' , ì . , , , r J . r J \ " . o f  m r , r o r  * i / e a r e " s
on rock and mrncral specimens. Elecron mjcroprobe
analysis (EMPA) has been applied to tonaljte gneiss by
Peacock ,t al. G994).

Instrumtntol neutron dctirdtian dfi alysis (I N,LA)
lvhereas the scanning electron microscope ànd electron
mi.roprobe provide elemental analyses ol p3rts of a single
gràin,'instrumental n€utron activalion analysjs' provid€s
the sanìc inlormation lorwholc-rock sanìples. It is especial
ly good for carbonate Locks like marble, limestone and
travertine. For ihese and other rocl( t}?es, the elements
most commonly analysed by this rnethod are those q,ith
atomic numbers 57 and above. Depending on the elements
sought andthe detectionlimits desìred, oneto thifty grams
ofpowdered rock are needed. The sample is placed withnì a
nuclexr reactor or synchroton and irradiatcd wrth ncutrons.
The resulting radioactivily g€nerated by thc samplc js ana-
lysed by a gamma-ray spcctromctcr to determme the
amounts (in paris per miLlion) and rypes ofelements pres
cnt. INAA is €speciallygood for trace element anaìyses but
the large sample sizes requìred oíten makes it inappropi

ate for art€làcts. Examplcs of the use of INAA includ€:
Mcyersand van Zelst (r 977) for l imestonei and Heizer.t rl.
G97l) ,  BowÌnan er at.  \ t98a) and stross r t , i .  {1988) for
cÌuarlzjle.

Atomí( absorptio spectrophototuùry (AAS )
This m€thod is a popul altenative to INA-A lor quantiial
ive whole-rock clemcntal analyses. li has the advanlagesof
providing lower detection limits, requiring only o.r gram
samples, anddetecling more (over 6ft)elements. Samples
are dìssolvedin acidandthe solution aspiraiedinlo a flaire
in the atomìc absorption spechophotometer'. Tle
wavelengths and amounts ofincident lìllht absorbedby the
healed atons indicate the .oncentations (in paÌ1s per mil.
lnrn) .rnd tlpes of elements presenl. A closcly rclaì€d
method, 'flame photometry , d€termincs clcmcntal compo.
sition froÍÌ the wavelengths and inicnsilies ol lighlemitt€d
by the hcatcd atoms. Tlis lailer medìod is normally us€d
o r  y  o " n " l 1 s ,  I  N r . t  d  l .  s r d n d  F L , .  l \ J n p l e . o r  h e r  ' e
ofAAS include oddy r, dl. (r976), and Campbell and FoLk
(r99r) for limestone; Klemm rtal. (r984) lor quaftzite;and
Klemm and Klemm (rggtipatial data only) for virtualy all

lnductivery cÒupled plasma spectrometry (ICP)
Thc atomic absorytion spectrophotometer is now beiùg
rcplaced by the'indu.tively-coupled plasma spectrom€rer
which can analyse more elements simultàneously, and
more rapjdly with lower dete.tLon lìmits. AAS, however, ìs
still superjor for detechonofNà and K. An acidis€d sample
solution is combined with argon gas Ìn radio-&equency
coils to form a higlì-temperature plasma. The atomised and
ìonìsed sample is then ànalysed by cnher of iwo pro.
cedures. IcP-optical (or aiomic) €missìon spectrometry
(ICP-AES or ICP-OES) is simì1ar to flame photometry in
thal thcwavelengths and intensitjes oflìght energy emited
by thc exciied aioms in the plasma are used to identiE tle
elements present. In ICP mass spectometry (lCP"MS), in
contrast, the elements in the plasma are identlfled by a
mass spectromeier. An example ofthe ùse ofICP-AES is
lngram dr al. (r991) for hnestone.

Sta b le isat ap e f actían a.ti an
Isotopes of orysen G6 and r8), carbon (,, and ,, and
sulphur (32 and 14) are now wjdeìy used to charact€rse
carbonaterocL<s such as limestone, travertine and especìallf
marble. The relative amounts (fractionation) of the isolopic
pairs aredeterminedin sub-gram, powdered samplcs usìng
r 'm!".  .pF, rror-rè èr ' .  f t .  31"ìys.s ar.  rrn.- .onsun.ng
and laboù intensne, and so there are relatively few 1abon.
tories offering this scrvice. Examples of úe use of ún
method all involve marble and include Brown and Hareìl

G995) and Harrell (r996).

Thermograv ;m.tic aùaLysis (TC A )
Limestone and rock gypsum coniain minerals that, when



heat€d, elolve gases such as rvater vapour, carbor dioxide
aid sulphur dioride. Tlìrs characterìshc is rÌseftll lordistiD-
$dshurg lno q varicrjes of rhese rocks. in TCA, a sub,
Fan, powdcle.l srrìpLe rs gradualty hearcd wrrhm a .rher-
r 0 g ' , . r î  { F r  J  L  |  ,  . F ,  o r  t .  t , ,  î r o g . F c q  . .  , e d  r r  I  o ,  , ,
w a r h  d F  o l o  o , . l r . , o  r t o .  .  h  h  r  . - . .  , c
t " 1 0 " ,  .  . .  D  " " , . r  ,  l "  r  r ,  " , r  , . . .  l D t  \ t  .
c / 0 ( "  r - / "  1  1 . |  ^ d  i t  . r .  |  -  q l
peratlrre, changcs nr Lhc heal conicnt ofa saìnpte dùc to any
ofa !"rjetr ofpossitrle ft.actìons. Arì --xaìnple ofthe úse ot.
TCA on l i r ì rcstonc is  Harre l l  r rd rcn,od ( i99i1.

Prcvenonce studies

Provenarìcc shrdies seek ro discoler the ar.ent quaIry
supplyrngs rockor  rnnìerat ,  o . ,nt  t t rc  vcry lcast  a local isc. l
geogmpÀic lrea l(Ì areasl whcrc ourcrops of thc sane
ùatcrlal ca be lòùnd. In order lor rhls to L,c fossrLìe, a
conprehensire. d,-trjlc.L gcologjc d.laLase rnust exrsr
rherc all rccli folÌìatìons rnd mincraì dcposrLs rn an rrea
' , " , - , f  , L . J  , J . . p D " t . , r  ,  , r  . . . , r n . . ,  I ,
n à -  o . . t - d , r  | , r ' . o g . " i l ] , i " d . , , r - -  t i  h c
^ p ,  I : n  , r .  d . l  ,  "  . ,  . , . r p ' . , .  . t n v , - - l

s 0 0 ! i d F ,  . o ,  ̂ r  t - j r . l . o \ . , , t g , o  ,  q , . ,  I  s r i J
i ,  ^ o )  o  J , . , 1  , , - ì - "  .  o  l . o u q i .  . , .  -  . , \ ,  l | r  . .rnc coùrù) ,  havc b.cr  publ lshed by Kl i rzs(  h,1dl .  ( r986 7) .lvrlh er?lanxhons prorjd€d bl Hcfnjna , at (r989). For
naps aÌrd^rctùrs on sp(ifi. areas wfthjrì Fgypt, rhc pubti

. , r 0  . r r . f o . t  L  o l , . e , " r  r r r , . .  , l v - i , . g
Author lh should be,  ̂ n l r  fcd

Al l  ùrc major  and nrost  of rhc nruÌoÌ  qLran ics ofancienl
, C  

L h _  
'  .  ' o .  . o , t  - ,  . . , .  a , , ( , , :  , t  , . .  . .

.  . '  , . 1  .  _  . , r  d . r , , . i r
ihc naps ir Figurcs .ì.ra and b a|d 2.2 retfot.,gj(al de

l "  
, ' .  1 "  o . r  " o  I  t . . - q  ,  . , r

, .  .  A  . . , J  , 1 .  \  g ;  .  , ,  ,  . l J .  , , , . 4 , .
, , f l  ' " " , '  q , , ,  t J F . , ,  . r , . , . k - l  , , r  . , .  r ; p , . . . 1

' , , , U 1 ' ' : '  , . . ^ ó , :  l l  r - . 1  . . o .  r - i r ,  , .  , . ,
.  J  l t , , ì  D  o .  ,  , r  J  , r . ,  . ,  , r .  5 1  H  . r -  r  r o  B . u  r
t99t; l l r rrcÌ lafd l j ro\{  

 

(r994)r and Hrrrel l  d l  dt .  ( tòrth,
corì,ng).

Therc Lrvc been relaùyely jèlv a[crnprs !r provcnanc_
r e  i . n i  t o . o  r r .  r : , r i  L "  " o  o i  D , , . .  t o " , J ,  , i

' .  o  r  ' , î r l  "  , l \  .  1 .  .  ' i  1 .  . ,  r o  r r  o . j ,  . p r , ) .
all drr.ljflèfent ro.k rrpes used tòr sronc vessers rrom ùìc
late Predynastìc pcfiod throueh rhe Ol.l Kxrgdori. She
arso conectc.l sorÌe quarrf sampìcs, and bascd on thes€
arìd thc geoloeìcal litcfahùe s,as abte Lo determìÌìe ihc
pÍivenarce of many ol the rnaicrìats Meycrs and van
zclst {1977) nrlesLiglied thc rrace etenìeùt coltenr (by
INAA) ol ìimcstonc artctacts t-rom n mcrous sit--s atong
thc Nrle Rifer, ìJul di.l nor sarnpte ljmcstone ourcrops or
quarfles. On thc ìrasjs of rhe trace eLcmerìt ,signaturcs,,
' " .  

1 ' " , , , "  
" d  r i n e I  r , , r s r , I  r r . - r  . . u n r , .

r i  r  ' r .  I  r .  a r  r ì  , j , -  . . r "  n o r  I  o ,  f  L -  À 4 i d o r c

ion and Eradley (r989) also anatvscd tinìestone arrcfacrs
llom many srtcs behveen Thebes and cìza, and ìnchrded

{ , ,  ,  , ,  i - .  , r ,  " r  r " .  B \  r .  r J . o î t ,
I , i i |  o i . .  n e .  p L \ . S , \ 4 - t  D \  J ,  J  \ R D  h {

.  p .  J ì  l e  o  d ,   r   r  . r r  . r  o r  ,  . r  . r  .  t o  r  . o J r - .  r  o .  d . r  . r l' r q  l , ,  r  .  r  r  T i  , l  " . .  \  \ J o . . .  D . i ,  ,  . 8 e , .  .  " r  J  r " - . "

, f h ^  
, o r . . | | , , . r i o r 5  i | | \ ' .  o  , " n  o  i . o , r ! , , . . r .loneo slarysc's oi quarrzite by Heizer et dt. GqZt, nu""

nÌan ' r  dl .  (1984) and Srross er at.  l r9EE) usjng thrn-sec_
f  o  ì  a p . u r l - , p l  .  . . r J  r \ A r  . r J  L .  k  " r  r  r ' , .  L ' r Jr c r n t  r î r ' ,  ,  r . r  p ,  l , o p r - a h r  \ R t  . , r  c  r a , .  < , , ,  O ' .trom ihc Colossi of À4cnnon in westcLn Thcbes ird
, r . r  , t  "  t / i  e " r t F ,  . , \ . , . o 1 " . . o  ̂  r . r r . F   

 

\ F  t o . l
, . J  u  h  s  r  n l  o n  , \ .

d , . i  | |  | |  .  " .  ,  r  r  . .  r o .  \  \ o .  J  C _ . " .  \ i ,  r . . .
(  o  d I J  r l  c c . L I  r T  r c " r - c u l . u " r ,  . ,  t " , ( , ,
sccron on quarrz ' te  above for  addì i io  r l  d jsc!ss jo | ) .
Mccìl] and Kowatski F977) Lc analys--d rhe INAA data of.
Herzer ci dl. (r971) r'sìug a vafielr* of multjvarjare statisti,

The slrÌdy .,f rhc p.ovenance of the tonaljte gnejss
qùarr ied dur i rg the Roìran ler lod ar  Mons Clarrcì janus,

,  
' : , i " .  , '  .  ,  , .  , , r  L L  , . . o 1 .  . d , ,  p . , .  o t  s  . r . .

was uxdertaten by Davjd percoctffI at. (1994), using
m--gascopìc ard clìemlc!t id€ntitìcatìon. .rhcy 

ernptoycà
XRf lo  conpa.c va ar ions ì ì  y  and Zr ,  and LI ,MA to

l  , n ^  " ,  d , \ p  f  . , r  d  A i  , o .  . r  r o ,  i r o , :  p \   _ - )  r i . , -
ablc to dlstinguish clearly berwce. rhfce principat !ncjeni

. .  
| . . " c  t r , . \ 4 o . , .  r l . t o , , .  D ;  .  n ,

. r r r ' . . a . J  l / )  r h .  . , \ o ì  r - q o  o '   t r , ,  , , , , .  u e m o !

.  
,  ,  ; ,  

. r r d  
, h .  |  . . o l r l ,  j r  è : .  , o .  g r J r  r o  d ,  o r o . r  ,  o r  ,

v . .  c l  , J i  r  $ ,  I  . o i r J  , 1 ,  i , t , r  , | | r  | . e r o r
srtes L1ìan preliously thoLrght (rrrious Ìlo1rum€nts irì
R!mc,-Diodeiìan s Marsolcurn il Spljt, an.t possibty
H . . ; i  \ u n l  d i l  .  t . , L ' . . , .  t . . , . , f  I  .  t . r , 4 . . . j t  n r .
' o  r d . , h  t h F  d . . , r  J  r " n n  - . o  r . . . 1 .  i . - r . .  r n  r  à l s
ìnarl(edl,! with that of orher ureai dcco.ariv-è sroùes such
!s lhe granitc lioìn ^swnn . . a 

 

of s,hìch suggcsrs rhlr
Mons Claudianùs may have bccn a rathef special sione,
pefhaps rest ctcd to rhc enperoL hjmsctf.

There have bcen 1èw provenarì(e srudics of Egyptian
gemstoùes, although sonc reccnt annlysrs has been
r dertakeìr on sarnplcs of beryl lìom the SjleftZùbara
rc 'g idr . ì Ì ,  thc EasLcrn Dcsert .  Crubcssi  c ,  d l .  G9S9,  r99o)
L ' . J  \ c D  " '  J  , r  . .  . " s  . t - " , 1 . . . - , 6 p .  o  .  t r r d ,  , , r  .  , t . "
-  n ó ' . r d .  . o  , t  c r , p  /  . , " - . .  , o r r  a   r  r r ó n  + i t h
othcrs t rorn mnres i l ì  Bra2i l ,  Aùsrr ìa,  Colurrb ia and the

69
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3 . So i l  ( i nc lud ing  mud-b r i ck
a rch itecture)

Introduction

Soil has been one of the mosi rvict--ty uscd building na,
terials since the Neoliihlc, paricularly inarid and scmi arid
paris of the world. Comnonly krmed adobe, jr srìU has
consider.rble potenhal. Almost any kirrd otsoit can bc used
(although somc modification ìs ofterl necessary to a.td
sùeùgth), 1t js.elarlvely easyto workwith, and its pìasticir,
a1ìd chenÌical stability give ìt greai vcrsrtjtìry tt can be
moulded by hand or withjn figid nloutds into bujìding
blocks (brjcks), can bc farnmed betù,een tormwork to create
wal lsdirect ly,  aùdisequal lysuitcdforplaster i ì rgloproduce
srnooth or moL ded finishes. Its vulnerabitiry to crosion
and d amage do, lìowever, createa consiant n€ed for malùe

ance in the form ofreplastering and actual rcparr.
ArchjtectuEì applicarions do nor cxtraust rhe indusrri.rì

uses to whrch soil was pur in ancie t Egypr. It was, of
course, a prxne ingredient oIpottery, and in the shrdl ol
coÌrposjtion and mcthods olhandling rhere is a degree ol
ovcrhp with pottery rcsearch. Ir was uscd in cerrarn smalt
applications wlìi.h also relare more cìoscly to pottcrt mat(
ing in the degree of manipularion of ihc clay that was
involvcd.lhesc rrclude lh€ administntive practice oj sea
lins, and th-- maknre of sma 

 

rnud objccrs, such as
hg1lrines andbeads This secrion is, however,lxnited to soil
arclìitechrfc. Most of th,- evidcnce thar càn be cited in úis
context is afclìaeologìcal, l)Ìrt ir ìs jmportant to note that a
vocabLrlarlol words exists in Egyptjan tcxts $4rjch probàbly
or ccrtainly dcal with soil architcctLrr-- (Badawy r957; Sjm
pson 1961: 16 E,72 8oj Spencer r979a: l  4).  Unccrtain
hes in traDslalion, howevcr, makc lt hard ro use tlese
sources corìstrucrively.

l he mud ìrrick runrs lvhich have bcerì mosr access,Drc ro
archxeolosists have prircipally be,-n construcrions on new
sites, frequcntly in thc desert an.l includjrìg the bdcì(wort
ol lo1Ìrbs. Thls gives a very dislorred frame of rctèrence.
Most building i brick at any pedod w?s done on sjtes,
often long occuplcd, which were siruatedon lhe Foodptain.
Moreovcr, bick architecture in ancient Egtpt nrcluded
huge palace conìpl--xes lvtrich are srill very poorty
documentcd. Even wlìen fiagmenrs are excavarcd they are

normally no more rhan loundations. Wc must makealtc
" r  ,  f  s u , l  L r i d  r g . o , i e n " . t r i r v i n g r i . . i  o  o \ i a
J d .  t  è i g \  .  " ,  J  t o - . , s s  g  F t " L , ,  r ,  " . y  , o r  s t l u , - d
ieriols which utiiised a level of buitding stdlts r,
meagrely reprcsented by what has survivcd. A node
account of soil architecrure in anclent Egypr rs arm(
boùnd not to do jr lustice.

History ofsoil architecture in Egypt

Soìl was used for building in Égypr before rh€ making
mLrd brìcks was developed (Lacovara 1984). Although
precursor to brìck, rhese simpler uscs are bound to ha
contiDued jnto historic peíods. Thus thc practice oIseftn
criss-cross€d twigs in the tops of walls sc€n in some Ner
Kingdom representaiions of houses js clearly related
q r t t  a n d  d a u l  . , i n r . ì J e { D . , r -  '  r : .  ,  r .  v  h  I  L  u  "  .  ! e
l r p .  ' 6  1 , "  O  , g , i F d i  I n  o r : p  r d  r !  " - n p l  " u 1 d J - !
treìrchcs of the New Kingdom or later rt wcstern Theb(
(Hólschcr r9t9: 7r-2). ìVe lìnd its bcginnings at a numbr
l)1 Predynasti. sit€s, at its sinìplest in rhe linjng offire pil
and in thc coating of the basketry and matr(Lg ùrr s?
employed io lnre grarn silos or ro cover clrcùtar hut.bo
toms. Examples are known lrom sefttements wher€ n
morc subsiantial ùse ol soil has bc€n deiecred, suggcsriÌì
thai, ÌocaÌly, this technology mighi have preccdedaîu1tan
indepcndeni structuÌal use of soil. The siies ùr queslor
nrclude ihe mjddlc levels ar Meimda and wadi ìlofkl
omarì) (Ha),es r96t: ro,+ 15, n7i Debono and Mortenser
r99o: t7 20) The rcmaiìrs ofclay coaring to ìnr.nvover
brancheswas leporied at Maadi (Rìzkana 3nd Seeherrg8g
,+o; Rizkana 1996: r78), aìthough at thc same sjtc mui
bricks had also been used Gee p. 79).

At llemmamiyr Norrh Spur, nnr-- hul circtes and I
straight wall 8.2 merres Ìong had bcen buìti lion a mi
ture ol ùud and lìrnestone fragmcnts duLing a pnod
defin--d inrrlally bv scquenc€-dates t5 45 and now lnoira
to have .ommenced during lhe rransirion ftom Bada a!
to Amratian. A radiocarbon datc lor a layer of fi11 ìn one ol
them (re examiÌred jn 1989) is l8 lo 1625 BC (Brunr0r



and Caton Thompson r9z8: 8z 8; Holmes and Friedman
1994 ]18-21, iJ4 i). The imprint ofstalks, pressed verti
cally against the mud on ihc outside ofthe huis whilst still
moist, showed that reeds had been used to give added
height, whilst wooden posis had been sel at thrriy-cen
timetr€ intcffals alóng one lac€ of the straight wall. The
shailorvly sunken hut floors had b€en made of beaten
mud. A slightly mofe advanced techniqu€ was employed
for sinilar hui circles at Meimda 0unker rejoi 45 7;
rglr :44 6; Hayes 1965: ro5 6; ct  Badawi 1978:48 9).
whilst sorne had bccn built from superimposed nngs of
Nile mud, others had uscd rough blocks of rhe same ma
t€rìal containing a binder ofchopped straw. Mud had aìso
been used to plaster the ìnleriors and lìoors of the huts.
Thesehuts belongto thelatest phase of Merjmda (late fifth
miÌ Ìennium BC).

Evidence lor the moulding of brlcks ir1 smàll numbers
for limited us€ appe.rrs quiie early on settlemeni srles m
Upper Eg)?t, sometimes accompanied by evidence rhat
bdldings (often rectangular jn plan) were still pimarily
mad€ wilh re€d walls supported by posls and sometim€s
plastef€dwith mud (waule-and daub). Siies 29 and z9A on
the dcsertat Hierakonpolis illustrate this situation well and
belong to the Cerzean and possibly Amratian periods
(Holmes 1992; Hofrman 198o). Also.rt Hierakonpolis (site
,4) and at several other Gcrzean settlements which lack
elidence lorbrick houses,long narrowbar ìike t rìcks were
used to support clay v--ssels built into brick ììned iunnels
whch were then frred, probably in rhe process ofbrewÌng
be€Ì ( leei  and Loat rgr l :Chapter I ,  pl .  I t  Peet r9r4:7 9,pÌ.
1.8; Celler r99z: 2r-l). The sunival of a wattle and dalLt)
tndìtion long after brick-making developcd leaves am bigu-
ous the odginal maierial ofthe fired claymodel ofa rectan,
gul house found jn a tornb at elAmra ofrhe Cerzean
period (Randall Macìver and Mace r9o2: q2, pL x.t,2l
BaumgaÌ1€l r96o: r lz l ,  p l .  Xl l . l ) .

True mud-brick buildìngs ofthe Predynastic pcriod srill
remain few. Pctde excavated the corner of a waLled mud-
bnck settlemert in the Souih Town at Naqada which
srbs€.Ìuent fieldwork has indicaied belonged mosi prob-
ably to th-- late c€rzcan period (Petrie and Quibell r696: t4,
ti. LLvIXV; for daiing, see Bàumgariel r97o: 6, pl. LXX j
Hassan and Matson 1989: lr2). Bicks werc also used to
line thc budal.bambers ofélitetombs at Naqada (cemetery
T)and Hicrakonpolis (tomb roo, the Decorated Tomb) àt a
time whjch must falì úithin rhc Gerzean period (c. laoo
BC), and on the Umm el Qa'ab (cemetery U) at Abydos in
the period preccding the lilst Dynasty (Dreyer rt al. r996),
buino evidencc of s perstructure has bee found. We can
also infer lhe usc of mud brìck in lhc consruction of
buftressed enclosurcs depicted in rhc aÌ1 of the late
Predynastic period (Spcncet r979a: .

ln north€rn Egypt the advcnt ofmud brick architecture
isone ol rlìe principalsigns ofmajor.ultue change shortly
before th€ First Dynasty. It appears with appar€nr sudde
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nessin excavated sequences ata numberofsites in the Nile
Dclta, including Bùto (von der way 1992, r99l). Brick
fragments lrom here havc be€n compared wìth a remark-
atle use oflong mùd slabs to revet the wall ofan under-
ground chamber at Maadi (Rizkana and Seeher r989: 54 5,
pl. xv.r 2). They measured 5o-65 x 9 ro cmalong their
sides, were probaìrly about ro r5cm thick, and had been
làid in mud mortrìr. It was noi recorded whether straw
temper had been used, but this was ceÌlainly a feaiure ofa
lew fiagments of bdcks foúnd loose ìn other pars of the
settlement. From earlier strata at Buro (Naqada llb ai the
latcst)come severaÌ cylinders or 'nails' ofbaked clayclosely
sìmilar to objects which were used as a form of mosaic
decoration in brick temple walls in the Uruk cr ture of
Mesopotamià. There is lhe inevitaìrle suggestion thar, in
anolher part ofthe site, a brick ìruilding ofMcsopotxmian
style had bcen constructed.

ln general it wouìd seem that bri.k came inro limited
use in the Nilc Valley and probably Delta from at lcast the
beginnjng ofihe c€rzean period, and probabìy before, but
also that watde-and-daub remained the preferred medium
1or most buildings until close to the bcginning ofthe Firsl
Dynasty, when all-bdck towns began to appear throughoui

Thc hàrdening of soil lhroughheating musr have been a
very ancient obseNatlon. The use ofbricks and clay bars in
late Prcdynastic brewing kilns such as at Abydos, the re
suhs of major conflagralions in some of the large Filst
Dynasty tombs which were subscquently repaired (Emery
r96,:rEo), and ofseveraì major burnings oftownwalls and
houses, visible now on archaeological sites (e.g. Tell Edfu,
Elephantine, Abydos and especially Kom ombo), would
have been especially dramatic evidenc€ of the efrects of
burning on brickwork. The wìdespread preference lor un-
fired soil architecture was thus through choic€ rather than
ignorance. This is borne out by occasionaL exceptions, such
as the lired.lay tiles used in sh'eets in Middlc Kingdom
{ortresses in Nubia (Reisnet et al. 1967: rr8 r9, pl. XLIXB;
Emery r t  dl .  1979: 8, r5 16, 15, 69. 19, pl .  928).  From the
New Kingdom onwards these exccptions become a linle
more ftequenr spccialty shaped t rìcks fòr ftiezes on iomL)
fafades (tsorchardi r, al. r9l4; Spenccr r979a: 4o y pL
t7); th€ lining of L,urial chambers at Tell Nabash.r (petrìe
1888: r8-r9; Spencer r979a:44);and on io a little catalogue
ofexanples ftom the Twenty-tust Dynasty lo rhc Hellenis
t ic per iod lSpencer 1979a: 14rj  Petde 19o6r49).  onefactor
jnhibiijng rhe use of fired brick has presumably been the
added cost ofrhe fuel needed for ihe firing, as well as the
reed lor a more suitable (and expcnsive) mortar, whìch, in
the Hellenistic pcriod, was lime.

The composition ofmud bricks

Although 'mud l,rick is ihe tenn most often used in Egyp
toìogy, adobe' has a morc widespread currency. The
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ancient Esypt word for mud bdck, djelre,, passed, via th€
Coptic'rolÌ€ into Arabic as -.Jl,ub(a) and thence
probably into SFnish to give the word adobe (wiesmann
r9r4; Òern! 1976: r8r; Vycìch1 1983: zro rr; Mond and
Myers r9t4:48, n.2; Simpson r963;76, n. r6).

Tlre study ol adobe archiiecture has wide geographical
range and its literature ertends to manuals of use for
constructing sophisticated modern buildlngs in dry envi-
ronments, especially in the USA (McHenry 1976, 1984).
Moden views stÍess the simplicity ofthe techniques.

Adobe buildìngbicks are a very simlle materìal. They are simple
to make, and by following a few rules can belaid b) anyonc with à
strong back, usìng a reasonebLe aúóúnt ofcare. A grat deal of
mislnfomation, mlth, and old wives tales has been circuLaìed
aboúl this great buildnrg material. (McHenry r976:to)

Suitable soils are widespread. They should contain four

coarsesand oraggregate, fine sand, silt, and clay. Any one may Lre
totally absent and the soìl may snll make satisfactory bricks . . .
The aggregate (sand) provides sìÌength, thc fine sand is à filler to
lÒck the gràins Òf aggregate, and the silt and .lay (generally
idertified by paiticle slze iather than chemjcal analysis) acts as a
binder and plastic mediumtoglue the other ingredjents together.
SoÌl s tructures wilh a high pelcentageofageregate (sand)may be
strong when dry, but are more wlnerable to ercsion liom rain.
Soilst.uctures |igh ìn cìa) nay be úuch úórc rcslslantlo water
and crosiÒn, but less strong. (M.Henry 1984: 48) (Also Browr
and Clifton 1978;Húghes r988.)

This is a valuable perspective from which to view the prac
tice of ancient EgDtian buildeú, who seem not to have
worked to a standard lormula. lt should be noted, however,
that the characte stics ofsoils difer to the pointthat expeÌ1
opinionderived from the study ofone region (and much of
the technical study of soil architecture has been done in the
Amedcas) is not necessarily transfèrable to other regions.
LocàÌstudies areessential, and sofar few have been done in
E$?i. Moreover, physical composition is not the only vad
able. 'Soluble salts are a major component ofmost soils and
are as impotantas clayminerals for cementingthe silt and
sand'sized paÌticles' (Hughes, peis.comm.). They, too, vary
àom one region to another. Many ofthose who work the
land develop an inluitive sense of soil character ànd wheth€r
a particular one is suited to bricl-making and, ifso, how ìt
might ìre modifled. Anecdotal evidence and perconal obser'
vation suggestthat in modern Egypt tlìe generally prefered
material, which produces the hardest bricks, is cultivated
topsoil (ùha'.i) which will have seen a thorough mixing of
particle sizes throughregular tumingby the farmer and will
hrre l ren enri thed q rh del i l ,e-arel)  "dded organir  n a
tedal. Other soils can, however, also be made usàble.

The most significant depadures from the norm in
ancìent Eg'pt occured on a minority ofsìtes which were
constmcted in the desert and where local soils ditrered
markedly from those available in ih€ floodplain.ln iurning

to nearby matelials, as ihey ofien seem io have done, ihe
anci€nt builders produced bricks with a ditrerent atpear.
ance from those normally employed, but it is probally a
mistake to consider such bricks as necessarily inferior fot
the job that they were intended to do. They were simpl,
different.

Many naturally occurring soils wÌll require some modificadoi,
more often to deal with the presence of too mùch clay, nthù du
the lack ofit. The soìl abundant in cìay may be modjfied bylh!
addìtìon of sand, coarser àggregàtes, or vegetal tuatter súch r!
slraw, hay, Òr franùre. lt is perheps únrealistic to ht,lo estehljrh
rigid proporlions in view ofthe nature ofthe materiar sources and
the lack of difference in lhe performance ofthe finished produ.l
{McHenry r984: to)

ln order to judge the erlent to which the soil of ancient
Eg)?tian bricks was modified, pafticle anÌlysis is r€qlled
not only of samples ofancient bricks brli also of locaÌ soils
to provide a ìràsis for comparison. A set of analys€s bf
French at East Kanak G984 and at A]nana (1984) has
attempt€d to do just this (compare a sìmilar study al
Lachish in Palcstine, coldberg r979). The conirastingdìar.
acterisrics of ihe two sites make tlìese studies partionaù
valuable: East Kamak is palt of a tell of long occupatún
located near the river and sulfrciently far from the des€rtlo
imply an alluvial origin for the mud ofits bncks. Ameln4
by contrast, was situated on tìe desert edge, and the ancient
brick-makers had available to them a mùch wider variery of
soiÌs. Figure j-r is a summary ofthe rcsults.

The samples were frrst crumbled- once any gnvel fnc
tion and other large inclusions had been removed by ?as.
sing the resulting soil through a two-millimetre m€sh sieve
they were separated by means of the hydrometer method of
particle sìze analysis into three basic components: fine t0
very 6ne sand (2 4 o), medium silt (5 7oi and clay. A
Amama, the natural sediments from the river bank dis.
played a wide vaiety of mix when taken from dillereùt
beds: pale Inowì sand, brown silt and dark brown sihy dry
loam, ihe products ofa comìrination ofseasonal chang€s in
the amount of sediment carded by the Nlle and the chang.
irg velot i ru ol  r ivèr Fow. fhe nost appropn"re (  ompan.or
at Kanak was with agricultural soil used for the manufic
ture ol modern local bricks, a brown silt loam, probaù
aluvial, containing pottery ftagments. ln ihree out oftìese
four samples medium silt was the dominant matenal.

At Kamak, a sample ofeight bricks, ranging in date from
the early second millennium BC to the late centu es BC/
early centuies AD, together with a modem local brick, ga\r
partìcle analysis results showing very small to z€r0
amounts ofclay, and a silt propoÌ1ion that vaded b€tween
28 per cent and 52 per cent. Ther€ is a difference in dr
silt-sand ratio - a re&rction in silt - beiween ihe bdcks and
the single sample ofnatural alluvium from which drey ate
made. Unless the brick-makers were, on other occasions,
choosing soils of6o 70 per cent sandiness, they piesrúr'
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ably added sand to thc mix (rrench's own explanatìon lhat
thcsillis luddled oui during ùandacture is lÌ3rd to envjs
ageon the scrle rcquired). Except for the hvo latest (which
had teen padially fired to an orange browtì colour,7 5 YR

14onrhe Munseil scale), all ofihe ancient bricks and thc
mode bdck and samplc olalluvn,m werc a similar grey-
rsh b,own in colour (,oYR 4/2 I or 5/2-l). A further com'
pansorcones from samplcs iaken at intcnals dolvn strati
graphic trenches in thc settlement slrala (rePresent€d by
Tiench E) which Ìarge paÌt must bc derived from rhe
decayofmud brick struciures. The gcnerally larger propor
torsofsand presumably represelìt thc combined eftccis of
lhe$jnd in deposiling sand .Ìnd rcmoving lhe fìncl silts.

Al Amarna all of the l,ncks sampled were o{ the same
pedod (.. rt5o BC), t utcame from widell dìspcrsed Parts of
the sìte. The most va[uble relòrence set derivcd from the
workmenk Vi11age, r'here blicks coulcl be divided into two
broad groups on the basis olcolour. one, lrom lhe villagc
eùdosure \!a1l and ofthc common sreyish-brown colour,
wasdecmed to have becn made froÌn ll]ud fi om the alluvìal
plainrtlìe other group, ofvarying shadcs of orange and grey
and often luile pebbly, was alrnosl ccrtainLy made fiorn
marllocally dug from quaries adjaceni io the villagc. Nei
rler grout had bccn gilen a straw temper' Thcy difier
principallyfrom lh€ Karnakbricks in the higlìer proporlion
o r ! L ) { ,  o p - , e r r ' J .  l '  r r o ' r ' e " f  . i l  r ' - \ ' o  \
cent), but sLill were generally sandjer th31ì lwo ofthe tllrec
samples from the ìocàl alluvìal beds frorn the banks ofthc
Nile. Again we should accepi inteNenìlon by the brick-
naken. In the case .)1 the marl bricks, compaison wLlh
s01 ce material can bc made rnore confidently than ìs
usuaLlypossible because the quarrics whìch providcd it are
identifiable. A set of rnarl bricks, despìie theìr distinctiv€
appearance, brokc dolvn into proportions of clay and silt
(11.75 18.75 pcr ceni and r5-25 per cent)whichwere higher
than the alluvial bricks but not s ubstantially so. The natural
samples from the quaùi€s (6.25 r2.; pcr cenr .,lay and

28.75 52.5 perc€ntsjli)are aganr soÌnewhal siltierthan the
bricks defived from them but tlìe contrastis less marked At
a scparate but simjlarly located silc (ihe Ston€ Village) the
anallsis ofa single marl brick gave a resull .loser b that
from the workmen's Viliagc quarries. Samples from an
ancientgrourd suface sho\\, asvith its equivalent (Tr€nch
E) at Kaíìak, an ìncrers€ in sand.

Within lhe main parts ol the .ity, which were m ch
closer to th€ course ofthc river, the composition ofbricks
varies consìderably. I roÌn the quantilics ofgrit ànd pcbbles
and tiom the pale ercyish coìour which can so commonly
be sccn in the bdcks it is likely that local desert maierìals
were a common and deliberately added PaÌt ofrhc mud mix
(gravel was not prcsentin the samples analyscd) The ana-
lyses done werc conlìned to loudeen samples of bdcks
which, from lhcir superfrcial appeaÈnce, seemed to be
allLrvial. They showel the same persistencc of clay (1.7t-
rt.75 per ccrl) but a gen€raÌ tendency to greater sillmcss

F8.7t-65 per cent) than ihe alluvial bdcks ftom the
Worl(mcn s ViLlage. Qujte stiking is lh€ vadation in the
silt/sand raiio of threc bricks from ditrerent par|s of the
Snall Alen Temple, thc third sample treing almost idenl
ical in composition Lo one oftlìe nalural deposits from the
dvcrbank. one ancient grour'ìd dcposit frorÌr thc Nofth City
shosed the incrcase in sar'ìd.

Seveullessons can ìredLawnfrom ùese analyses onels
the regular appearance ofa mix in which sandwas senerally
in the region ol 6o 70 pcr cent implyjng that the brick'
makers had a preîeùed rnx, deiectableby the feel ofhand'
fuls ofthc mud, to be achieved eith€r by selectio ofsoilsor
' y t l  a o d r  i o r ^ . d n o .  I - h "  l - "  I r "  r . k  A n J  ' r ' o r n P . '

sor'ì aìso shows that the mear aìrs€nccofclay did noihinder
bdckùaking. A third lesson is lhat, whilst gross colour
difitrences rtì bricks (sometimcs exPressed simpLy by terms
such as 'mar1', 'sandy') can bc a generaì guide to the origin
oftheir soils, it aciualiy tells one littl€ about their particlc
composition, which tends to be the sam€. Colour diffcren
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ccs arc morc thc producr olchcrnical wcarhcrjng. Thus ihc
distinctive reddish-yellolv colour (7 iYR 6i 6) ofthe deserr
marl at Amarna js drLe to a high oxidized iron content.

A fuúherlesson ìs perhaps thatpart ic le sizeanaìysis ola
lew sanpÌe bri.ks o. then own is ìikely to have very linited
value. Bdcks are the products ofgeologìcal cleposils modi
fled by human interlention. To go beyoÌrdrepeati gwhatis
prob.rbly a fairly common basÌc lllakcup, brlck analyscs
r'ìeed to bc part of an intcgratcd study ol solls wlthin thc
gcncral locahy. 11 rhis is ihc cnsc, analyscs which ann to
idcntify sourccs ofraw rnarcrial can bc undcrtakcn which
will take one fir(her iban the quantìficalion oîbasìc con]-
pon€nis. The heary mineral species ihal are present might
rndicate, it they can be jdentified, the source of the sedi
ment, whilst the shape ol'the quartz palt es might distin
guish abrasion by fluvial and/or reolian trrnspo ahon
(French,98,:  277).

The sollrce of the soil uscd iÌÌ Ìraking bricks is coiìnec
ted to the questior'ì ofwlìerethe) were rÌade and who made
them. Som€ soil is nÌvariaìrly requir€d a1 a brilding site 1or
mortar and plasLcr. and onc way ol procccdirìg is to makc
the bricks also at the sjte, assumirìg that there is sufiìcient
empty space to creaie n iemporary brickyard. A common
occasion for buildirg must have been replac€nent of
houses and other consbÌrctions wjthjn exìshng towns. A
proportìon of whole bricks could have been rescued for
re ùs-- from the demolitrrn of the old structures, but the
principàl demolitnD product ìs likely to have ìreen rubble
which woùld tlìen have been availàble for breaking down
into the raw rÌraterial for new bdcks and Írortar. Tlìe likell
hood ol rccycllng is an import3nt factor in any study of thc
composjtìon ol bricks on othcr thanvirgiÌì sitcs.

Soil particlc aralysis oI ùis kind dcscribcs thc gross
materiaL of the t ricks. rxtraneous materiaL, added either
deli beraiely or accjdentally, can often t e observed in ancient
bricks, and can include ash, sherds, fragments from stone
working, and even the occasional beàd or other small alte
fict. Reisner conrments fiom personal observationl

The oDl) material u'hìch is now deliberatel) added lo the mod is
dust and b,oken stras. bI trelerence the sq,eepings oflhe thresh
ìrì g-îoor i |rt .vor sh(ú-srttnìgs, whnh usÈlìy conhìn a (r-
ldh atriouút of*n,d bl{^vl struw, arc or:d lrl foo, frcpl.. (R{,ìs
Der r9 l r :72)

' Ihevalueofaddedtemper is lhat i t redi rects lhestressesthat

aise as ihe bricks shinkàs they dry. Thjs reduces shrinkage
and providesa reinlorcìng structùrewhich ìimils crucking.

P:rrticular ir'ìterest attaches to the rdditìon of vegetal
nÌat1er, especially .hopped stmw and chàff {ancient Eryp
rìan df3, Arabic ribl). To júdgc liom the ìmpressior'ìs of,iàs
lefÌ m ancicnt brìclG thjs was a widespread fòrm of added
temper and reprcscnts a practicc lhal has su ivcd to mod.
ern times. lt was evidenlly a preferred ternper. One New-
Kjngdom model letier contairs a complaint about local
unavailabiliry of siraw for the maknrg of bricks (Caminos

r95,{: 188: ct Sìmpson r96l: 75). Thc old-Tcsrarncnt story
of the failure of srraw delìverìes to the lsraelite brìck.
maker whilsl resident in Egfl)l (Exodus 5:r 19r Nims
r95o; Kitchen J966: ,56) has given added signi f icanceto
ihe practice (aìthough, siùce other forms oftemper can be
just.rs good, the story reflects ancie t prejudìce). Indeed,
despite lnnch expert coÌnÍÌent to th€ coÌìrrary, the
olnission ol straw ls still soÌnctimcs sccn as producing
bricks ofÌcsscf qualiry, cvcn on dcscrr sitcs (c.g. Mcidum,
Borkowski and Majcherek ry9r z7 cf. Nims r95o: ,6). A
robust cornmcni is provided by McHenry:

Stras is sorìctiÌ!.s suggcstcdas a ne.essary nrgr.diert. ll is noll
voradobes madewith reasonableadobe soì ldoù t  needit  l f lhe
organìc contentis too hìgh, or the clay conleDt too low it DaJ be
necessary to add s1llR for stren$h. lnd for speed rn dÌing.

This ls borne out by Clarkc and Engelbach:

\1ith a good slnd and alh,viùm le lthe l,rickììaker] can make
n)lù3ìty hId |ricks, 3.d disto,r: rvith th. .hnfi shi.h in thr
vft1ìcùì parls of Egypt, is cxpcnsi!. . . . ìf thtr. is no ,ibh tle
bricks.re made wilhout it, but sand ls ofien added wilh good
el lect .  (c larke and lnselbaclL rgto:208,  n.2 and 209)

ìn modem Egypt ttl,n js nidely avalìabìe onìy for a tirne
follovjng the hanesi. lor it to have been avrilable rcund
the year in ancient times it woùld lìave been necessarylo
ÌÈìùtain stocks- The city of AmarÌìa, it slìould be noted,
was larg€ly built ofbricks without stmw, the normaltem?er
harnÌe been coaNe sard wilh som€ gravel. The possibility
ofinscct inlcstation o{ thc organic contcnt of brickshasrol
(1o my knowlcdge) been investigated lor Egypt, althoughon
dcscrt sitcs il can lcad to ils iotaL loss from iermiies.

The generally simpLe approach to the dìstribution ol
loids ty ancienl Egyptjaìr buìlders meantthat conpress,ve
strength was the prìme physical requirement of mud
brìcks, which hare normalìy weak tensjìe strengrh (larye
bricks often break in two ifcarried carelessl)). Evenso one
set oftests ofcolnpressive stlength ofFourth-Dynàsty 1nd
bri.ks witlì chrff temper, ànd of mud and sàr'ìd modar
cor'Ìcluded that the resLrhs 'belorg to thc lo\\cst-known
compressn€ strengih valùcs for matedals uscd in architea
rura l  nìonumcnrs lBorkowsld and Majcherek r99r ,9) .
Makingwalls thick obviously compensates, but, apaffrom
this, it is also clear from particular examples thàt walls ol
say thì.q cenlimetres in thìckness, were capabìe of reach
ing heights ofbelween three and four metres and ofsup-
poÌtìngthe addedweight oftwo roofs (Kemp 1995:147-9).
Moreover, modem mud bricks made with similar mix€s 0f
Ìnàterials energe as pefectly adequàte in thìs respecl
(Iathy 1969: 24r-2, 287-8). It is nnpoÌ1ant to reaÌisc tht
thc charactcrisLics ol ancicnt mud bdcks arc likcly to have
aLteredover time, so ihat one is maldng judgements whrch,
lvhilst important ìn assessìng presenl conservahon n€eds
on a mud brick bu;lding, need not have beeù relelantar the
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tine vhen the búcks weremadeand used. Thus a binderof commodirics, is ihe existenc€ of administered ìrdckyards,

Evidence fiom ancient Egypt thai relat€s to brick making, deljvcry (Cdffiù 1898: 59 pl. XXIIt.24 40; Simpson
other than the bricks them selvcs, is not extensive. lt is rarely 1960). A section of Papyrus Reisner I (of lhe rcign of
iÌustrated in tomb scenes. The principal example ìs in lhe Senusret I ) from Naga el Deir also covers several operations
rìid-lighteenth Dynastytomb oÎRekhmìra (TTroo; Davies involvingihe structuraluse ofsoil, includingthe making of
r9l5:pls. XVI, XVll, )(xllÌ; Davjes r94t: 54 5, pls. LVIII, mud b.icks, each opcrariolì being rhe suì,ject ol precìse
LIX, Lx:McldÌ i tadan r9t4:4E; Lhore r954:pls.97 9,ror i  càlculat ion (Simpson r96l:56-E,72-8o),  ì rut  imprecisions
Amold r99r:97, fig. 1.52). There is also a quesiionable in our undeKtandìng of rhc technical vocabulary again
Twelfth Dynasg exampl€ at Deir el Bersha (Newterry hinder ùnderstandìn g.
F69t: pk. xxìV, XXVj Kebs r9z2: rr8). The Rekhmira Being in chaÌge ofbrick-making djd nor ealn a specific
anist changed his coLour convention ftom pìnky grey for omcial title. It is possible, pa{ìcularly in view ofthe fact
bncks as they were being m ade, io pink and white once th ey thai brick-maknlg in tradrrional socieries is a very wide-
wer€ dry and in the hands of thc builder, ar'ì attempt to spread skill, that it was nonnally heated as a form of
conv€ythe substa tial change thal does takc plac€ durlng peasànt labour ing, and rhe n€cessary output sas obiaincd
drying. Th. scene helps to define the meaning ofthe key through whaievcr means of coercion was pnclised ar a
word used for maldng or 'striking' a bick, sbi (Bada\4'y r 9 t7: siven time. In the RekhmÌra bdck-makìng scene (Davjes
6j 4: Simpson 196l: 77-8i Spencer l979a. 3 4. Brick- r94l: t4 5) the labour used is expÌìcitly ìdentified as being
Írakingwas also an occasional suìrìeclfor the wooden tomb foreign captives, their ouiput intended for storerooms for
models ofthe early Mjddlc lcngdon (e-g. Breasted 1948: the temple of Amun at Thebes. civen rhe nature of the
5:,pÌ.46C, from Dejr cl.Bershat carstang r9o7: rlr, fig. admìnistered sector of the ancieni Egyptian ecoÍomy,
rrg,from Beni Hasan;Nims r95..: hg.2). A small nùaber wh ìch was able to transport materials over long d istances to
ofactual ancient bick moulds, all madc ofwood, are known meei thc ne€ds of indìvidual schemes. the existence of
(Petrie r89o: 26, pl. IX.4i r9i7,42 pl. XLVIL5i] David adninister€d brickyards raises the possibilìty ihal som€-
1986rpl. r8iClark€ and Engeìbach rgto:lìg.26lc), some of rimes bricl(s or, ai least, som€ ofthe raw naierials, were
i\em models from temple loundation deposits (Weinstein broughtjn from a distance, and thùs that their composirion
1971: 98 9, z3z, 296, 4r9). The remains have also bccn owes nothing ro local sedimenrs.
ccorded ofat leasi onc place where bricks h ad been mad€ in Perhrps lhe clearest evidcnce lor administered supervi-
ancient tnnes (Vercoutter r97o: 214-16). This verylnnìted sjon ìs the pÉctice of impressing bdcks with an ofiìciaì
documentation shows a way ofworkìng rhat seems to ìre slamp (Fig. l.4a), shich js known from rhc beglnning of
identical to that of traditional brick-maknÌg ìn modern the Eighrccnth Dynasry to as Laie as the Thirrierh (Spencer
t$?t which has often been described (e.g. Clad(e and 1979a: t44 6), th€ Eighteenrh Dynasly providing the
[ngelbach r93o:u o8-9;Reisnerlg] ,r72 l ;PcLrier9l8:4i  broadest spread ofexamples. I fatab ckyard ihc person
NiÌ ìs rgto: 26 7; Spencer r979a: J). wielding the stamp from time to time walkeddown an aisle

meant a more emcìent use ofthe brick maker's rauour. used, the Creat Palace, Kom ci-Nana, the Nofth Palace and

One eshmate of daiLy output b) a pair oîearly modem betu,een fields of recenily made bricks and impressed a
btìck-nakers and a mud mixcr is fiom 4,ooo to 6,000 stamp eve{, lev paces, ihe rcÌarively small number of
(Rersner rgtr: 72 l; comparable to Nins rgto: 27). Since siampcd brlcìG thar $ould result, and their illegr. ar dis
modùn blicks are small lhis ìs Likcly ro ìre a considenble tiburion in loads which mighl be made up by workmen
0ver-estjmatc if rpplied to the numbers pfoduced in carrying thcm away in a ditrerent order from rhat ln which
Phanonìc iimes; on the other hand, ifoutput is m€asured they wer€ visired by rhe stamp wielder, could welt produce
intems of voìumc, the ar'ìcient rate of production is likely the haphazard way in whlch they appear in consiructions.
to have been higher, since the larger mouìds would have lust rìs interesiing arc buildings in which they wcre nor

A question th.ri is bound to arìsc in the case ofa society the crcàtWall aroundthe North RÌverside Palace ar Ama-
i,hich,like that ofancieni Egypi, was much glven to large rna l,cing conspicuous examples. Sho ld we deduce that
lcalepubljc works and to the admìnìsiraiion oflaìiour and not all bdckyards possessed stamps, and see this as evi-
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dencc that the sources of sllpply available to the king did
not all have the same statusl

A possible precursor to thc use olstanps lvas the rracìng
ofa sìmplc design on io ihc top ofa L,rìck by means ofa
finger. Fxampìes have been found on the brÌcks used ìn
Middle Ì(ìngdom pyramids (dc Morsan r895: 49, fig. rroi
A1nold 1979: 7, pls. 2 l; r987: 82, Abb. 40). Firìg€r-m.rrk
ings occuron bicks atAmama, oficn a single diagonat ljrìe
(vis ible ln Njcholson r989: 67, 6g. l . l j  68, f i r , t .  1.4).

Bricks as artefacts

l. rar€ instances ìndjvìdual bricks sewed a specirl need
They werc used as markers tu the coursc of laying out
struchn-es (e.g. parts ofthe Small Aten Templc at Amarna;
tlìe rlignnrenL of the boat slipway at Mirgissa, Fìg. l_8a);
they had a restricted use ìn rìiual coirtexts: brìcks in early
Middle (ingdom temple loundation deposits somdnnes
conlained inscrjbed plaques (ìveinstcirÌ i97J: wii, \4ud
brìcks i Arnold 1979: 5o), and jn Ncw Kingdom tombs'magical' bri.ks were inscribed wiih short texts of prorec-
lion which actrally spccify 'bicks of unbaked clay
(rhomas 1964).

when in dìcjr ÌÌormàl use as a buìlding matcrial ìrficì(s,
as artefacts, are open to sysiematic recordjngby rhc archae
ologist. Spenccr G979a: r) has puL lorwrrda seiofstandard
headings under \\,1ìich brick derails should be rourinely

r. Ihe compositbn ol the bricks, and whethcr bunt or

2. The dimensìons ofthe brìcks.
3. The bonding, preferably describ€d by means ofa Cor

pus ofbonds.
4. The distriLruiìon ol any reed matting or limber tic-

bcams in the brickwork.
5. Thc nature oflhe morlar.
6. Delails of any plaster.
7. Whether staùped bicks occur.
8. Any spccial us.ìges, or br;cks ofspecial fornr

\ { "  $ r ]  . o r  r i J ,  r  [ , r . ]  . r z e s  . . t  . r n , "  n ^ r s u r i r è
ancientbricks is perhaps ihc most obvious ihing lo do with
th€ù. The first ai1Ìr ofbrick measlrrcnÌentìs to idenLily the
o  I p '  |  , , f  d \ r d , r J  | , ù  F . o  , f l . . Ì d . i g .  - n s .  î -
itjally for the purpose of inte.naL cornparisons. îr€sc
usually relate to a siie s chronokr$. Although the poteniial
is also perhaps lhere fof a shrdy ofhow many sources of
suppìy thcre might have bccn for a given building project,
the variables are probably uncontrollabìe. Morcover, bdck
measureÌncnt ìtselfis compljcatcd by tlie nalure ollhe data

Even if bricks are lonned from a rnould that has becn
made true, the result, trorn the tadìtional style of brick-
making, is not a simple geomehjc shape bùr one wrrh a
complex topography that is individual to cach and every

brick. Th€ rcasons lorirregularity lie partly in the shrinkage
that is bound to have taken place as the bricks dded,
particularly since a lairly wet mix is likely to have been used
(if one takes moden tr.rdjtional bdck-making as a guide).
Moreover, each ijme that a mi\ olmud was prepared rk
propoÌtions of ìis constituents are likely to lave varjed
slightly, leading to a slightly diftereni d€gree ofshinkage
A fùriher cause ofirregularity is disturbanc€ whiìst drying.
Modern lraditional brjck-makers tend to lay out their ìrricks
very closc Lo one another. As the brick-maker lifts rle
sooden mouÌd ftee from lhe most recentìy mad€ bnck,
jiggling ìt to priz€ it ftee, it is vcry eàsy for him to bunp ir
against the neìghbouring bick in the previously made row,
dìstorting it slighily. With the largcr-sized bricks favoured
at certain periods ìr the past the jiggling ofthe mouldasii
{as removedwill probably also have disrorred each bickas
soon as lt was made. Furthermore, bricks are nomdìy
made on an earth surfacewhich has notbeen prepared,xìth
great lhoroughness. The undersldes ofbricks can rh€iefore
be more irrcgularthan the othcr laces and bearihehFes.
sions ofloose debris left on the working surface, whiìst r
sllght convexìty sometìmes develops on rhe rop surface
during dryjng.

civen the imprecisions ofmanufacnrre, the proposalto
measure mcient bricks to the nearest milimerrc (Mond
and Myers Ì914: 49i Hesse r97o, r97r, endorsed by Spen.
cet r979a: 47) is not easily met, for brick faces are ofien
not true planes. A dimension exacdy recorded, therefore,
. " r i ' e l t h  a . o n p o , r i . .  A n g l  è v . l  o ' p r F L  s i o n i n .
plies that many measuremenls will be taken ofeach Lndi.
vidùalbrick and lhcn be subjectto a procedure of shtisticrl
r€duction. Furthermore, compleiebricks, thebestbashfor
mcasurement, are available only ifremoved fiom a $all.If
one chooses bricks from the uppermosi pres€ned couse,
whìch will at least otrer complete top surfaccs ro measurc,
one is making the assumption that this arbilrarily choseìr
layer is reprcseÌrtative oî the wall as a whole. A randon
selection ofbricks chosen for measuremenr ftom the wallis
not then possìb1c. lf or'ìe measures lengrhs and breaddx
bclow ùe uppermosr presewed courses then inevitably
thesc dimensions will not come in true pails, but eaù
length and breadth wili bclongto a differenrbrick. Furrlrer.
more, lvcatheri g or the original smearjng of morrar oveÌ
the wall facc often makes it dimcult to discern the orlginal
edges ofthe bricks. My own view, lonned in rhe courseol
trying to measurc larg€ r'ìumbers ofbLicks, is that accuncy
bcyond the nearest half centimetre runs the isk ofleing
illusory (accepted by Hesse r97o: ro4, his objecrion h
roundìng ìreing the tempLation to round lo the same vaLue;
his histograms have half.ccntimetre divìsiors; nore nrs
view, however, thrt the arbilrariness of measurcmert in
miÌhnetres makes it easier io plot indìvidual bricks as I
scatterofpoinis since lew wilì be identical and thusoccupt
the same position on the graph). On the other hand, as
outlined below, one olthe things thai onc is looking fori!



slightbut significant deviatjon ftom a length/width ratio of
,:r,and millimet.e accuracy ìs here more appropriate.

The varìaL,jlity in brick sizes ftoÌn a single nanulacLory
J  L J  . . , i b - r r F .  . o , L r r  . .  r .  g . ' - r l
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rt7o, r97r, r€coÌnÌne ds roo), although o1ìcn in practice
ùemnb€r will be limitcd by thc sìzc and conditìon ofthe
wall iagment m qucs tion. The ra n ge ofva riabìlit) càn th en
beexpresscd boLh diagramntìcally and as a statìstical n1ean.
Tlìe comùon prà.tì.e in the past of sììrply stating an
av€nge size of brick js insufFciently precise r d, rt worst,
can lead to the conflatnl of clinerìsior'ìs froÌn bricks that
were.ot mrde fiom ! rnould o{ the sanìc slzc. II, on tlìc
otlerhand, one is ì terested nì the ofigin3l dinìcnsions of
tle woodelì brick nonlds scd, thc Iigurcs to select from a
gilen batch ol mcasurcmcnts shouid be Lhc largest and not
them€an, in vjewofthe lacl  that a good deaìo{the vaìratrcn
will have been caused by shrinlcage of th,- bn.ks as ihey
dried.

Petie! worl( on the k)s!r site at Abydos represents an
earllpioneeing attempt to reach conclusions on a complcx
mùlt iper iod si te (Petr ie rgol:  jo 2, r9t8: 5).  Hc pr lncr-
palll $lshed to idclìtify conncctions bctwccn walls, but he
was also ablc to skctch oLrl the limils ofvarìance fi-om one
perjod ro anothcr. His iabulated results provìde measure
ments to one lenih ofan in.h, but for ease oi .eference he
J . o i r o d u " d t l  "  " r  ' " r ' ' . f  ì  , " r  i .  \  ' ,  s ' ,
which approximated to an aaerage \lidth in a sel of
neasLuements btrt Nas also chosen so as not to duplicatc
the nomnral siz€ of arìother sct whcrc lhc acLual width
r e ,  I  r , "  ,  g l r  o \  r J p .  l h ,   o r r  r . ì  r z e .  u - - "  -
dud€damongst tlìc annotntions addcd to ihe pl:rns of wa ls.
Many ycars hlcr.  : l  anoiher mult ì-per iod si le ìn Pàlestìne

[rel efFara), Perrje chose lo present the Length rnd widtlr
measLuernents l)1.bricks f.om different s'alls as a scatter of
poinh on a gnph, pre6guring the nluch later worl of
Hesse {Pel l ie rgloa: 2r,  pl .  l -XII I ) .

Ar lmpoltar'ìt cladfìcation ol what hcs bchind lhc takinil
0f brick mcas urcrncD ts lìas bccn prolidcd by Hcssc 1197o,
sùmmariscd jn Hcsse r97,),  based on hìs l ìeld$,or l .  at  the
hrgelyMìddle Kìngdom bri.k foÌlress at Mirsissa nl \ubia.
Ihìs ìs a textbook presentation which should be read by
anione interested in the subject of ùru.i bricks. I Iesse scts
out his d3tr i two waysr as histogràrÌÌs oflength, breadth
and (ideally) thickness, at hall:cc1ì1imclrc inrcrvals las irì
Fig 1.2a, ahhough thcrc ihc njllimetre divisions hale bee|
kepr);ard (as Pcrr ichad doì,e ai- fel l  e lFara) as poinis on a
gnpl where the axes record lergih and breadth (as n1 rig.

t . rb; this is possibLe only when paned measurements of
individual bricks have been re.orded, see p. 84). Civ€rì the
accidenhl sources of variation, when dealing wlth bricks
Èom a single ancient ùanufactorl the range of mcasurc-
ments ought to follow a statisticaÌlynormal distribuiion, and
in lractic€ th€y approximatcly do, enabling a mean to te
Glcuhred, aLong wiih measures ofstandard devìatjon.

s o r L  ( r N c L U D  a R c t s  r E c î u R E )

Normally on an archa€ologìcal site a series of sets of
brick mcasurcments wìll be taken, repr--senti[g indiv]dual
walls or LruiLdnrgs. Ìt is then useful Ìo coùpare the s€ts as a
wholc, with a vie$ to derecling cìusl--rs of slmilar sets and
their separatìon from other clusters. Il€ssc s proccdure is
to represent each set or sampl€ as a cilclc wiih radìus
proportional kr the coeffi cient of correlatÌon bch\,ccn lcn glh
!ìd breadth. Tlìe circles thcrnsclves are piotted on a graph
of length width axes by rclòrcncc to ihe cenlre of each
circlc, which is thc nìcan!aLue ofthe set ofmeasuremenls.
The ccntrc is 3ctually marked by a cross, the lerìgth of
whosc arms represents ihe standarcl devi.ìtiorì (Fig. l.2c).
Tlìis is a ncat ard emcieni graphicaìway ofpreser'ìting sets
ofmeasurements and is suited kr the corÌìÌnon sltuation in
which it has not be€n possiìile to collcct thcm in strici
length/widtli pairs.

Archaeological jùdgenÌcnts bascd on brjck sizes are oi
terì boù d to be t€ntativc. Normally ihe principal aim will
L  o . e p  r r .  i o r  ' r I h  r o , r '  o r a  a . t . r r  d " t  - J , i , p

nÌìnd c)'amplcs in whjch more than one brick source is
cvjdcnt. Tle cause mìght be rhe jnchrsjon ofolder, re ùsed
brjcks. or the sìmulianeous or phased access to the prod.
ucls ofdifere.t brickyards which used dilTerent moLrlds.
lve reallv have no ìdea whether thc slzcs ofbrick moulds
were .lictrted by authority or \,,h€th€r, through convenr-
ence, tliey approxnnated to or'ìe anothcr at any givcn tune.
u/oode brìck moulds havc a limitcd working life and, on a
Ìrajor job, would pfobably havc ro be replaced. ln the end,
as wilh all archacologjcal data, ìrherent unceÌlainti-s
should breed cautjon in interpretatjon (as admitkrd in
\4ond and Myers r91,1:  49) .

B€yondseeking ìnformalionto help inleryrel an nrdivid-
ual ar.haeologicalsite there is the possiblity of €stablislìing
nonns in bdck sizes. peiod b! pedod, which \rill act as a
geùeral guide to absolute dating. Although this approach is
attractìvc, Lhcrc ls littlc rcason for thìrìking ìt io havc much
valLrc, fof lack of consistcncy in the bickwork of ancjent
conslruciions has often been noted. A mod--st Early Dyn
astic tomb ai Annant, built ftom a mixture ofthree diÈer
ent  rypes of  b ick made f iom Ni le s j ì t  and deser t  mar l ,  is  an
enreme case (Mond x d \,lyers r9l7r 24), bút even nìajor
buìldÙgs can dìsplry variatioÌÌs, nÌ size or mateial, or both,
soÌnetiÌrÌcs bÌrt 1ìot always $hcn sltcratioìls wcrc llladc.
EJ{3mplcs arc rhcVal lcyTcmplc o l  Mcnkaura a i  Giza (Rcis-
ncr  rg l r :  7 j ) :  the massìve nud-br ;ck core of the pyrarn id of
Amenemhat l ì ì  a t  Dahshur (Arnold 1987:  ro,82) j  the
morhrary ternpìe ofThÌr t rnose l l l  (Rìcke i9 l9:   

 

4) ;  ihe
platform shrine at Nlalklta South (WataDaìre r986: 6)r the
Memphite tomb ofHoremheb (Martin 1989: 8 9)i site K
(a d site ll) àt M.rlkata. The acceptance of variability of
brick slzcs on thc s3Ìnc plojcct pclhaps rccclvcs some
conlirmatjon in a tcxtual sourcc, lhc brLilding rccords of
Papyrus Reìsner I oflhe ear'ly Twelfth Dynasi), where the
scribe makes a djstirciìon belNeer 'brìck and 'large.size

br ick in  the sameop--rat ion (Sinpson r963:76;ordoesthe
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Figat..l z Bti.k tlota rotu thruhuildings alAnenhot p III: sikf\ [ and K oÌ Mdlkdtù, and Kon.t'Abd to the south olthl'c (based on a stL;i'
by lÒhh M.DdloLdJor the utuirù'itf Mavuft of Pùt\tratlìa). (ù) rlí'rasrans aí niúen\ion s JÒt sitÒ K lvh.ft th. sa!rc. materiat tu,sistù
entirelj: ÒllÒoe bótk'): (b) Poiet {attùs lot khgLh dnì bfta.lths af the thret htìck sanpk\. Ttu.ontiauart ttiaíanat lis.s ftpftsent o 2: j ntir
bttwter Length d tul b adtll: ttu brak.h lnts rctrc\ent th. achuL mta4s ||hich, wiLh th. E aúd K sam|1.s, skt!:6t the ús. oJ btick bouL(ts in ùùuh
ùt bi*h 1p4. softewhat ùÈrcatu thae túìc. ttu wittth; (. ) Plot oJ th. m.ons dnd sttndatd d.tíotion' fat th. thrce samttt', ""d Jor a !1b :t^pÌl
lrÒú litt K hútins íftprc{íonsi .m o rcwL stdmp. NatÈ thdt !h. b i.k' Ji.n silt K ptobùbty rkriv, lroft ttu Lse a[ "LaiU' o1*i* tt,o, on' 't t
ld ) Htstagún aJ knsth:hrcadth úti$ aJ bti.ks [tÒt1 sit. K Nnt that tu ]kok oj fr.qaù.i6 latt, not ot a tutio oj ,: 1 but dturnd ).1 : 1



hiter tenr refer Lo:r slgnr{icartly dìffereùt category, e.g.
hrse squrre €oorinq trricksì). Srncc bi.klvorL Ms Do,
ttxlì1 pìastered eny varìabìli,r* woLrld not acLually havc rc

An an. i r  t  acceptrnce of  non s iandardisat ion r r ì  br ick
sìzes which rnplies siÍrultxneous use of thc products oI
d i f icrcnt  br ic lúnakcrs,  l ìas pÌactKal  ìmpl ì . ! r ìons Jòr  lhc
u.h leologìs l .  I t  not  onìy | r ìa l ics i td i f i ìcÙl t touse br ic l is iTes
rs !  rneJns ot  dat i .g  I l  onc wcr€ t rynìg to l ink ruLrb le of
reùsed bi.ks on a siic to thcif origrlÌal horÌÌc Luilding one
Noùld ì ra! . :  to  (ùs ider  th. t  a  lost  uppcr  p3r t  of  I  w{ l l  rn ight
nor  otcessrr i ly  have used the samc bl icks as sury i l ing
sLrclclì.s of loundatnms.

spcr ì .c l  ( r979a:  ,47 8,  pìs .  4,  4)  hrs prcscnrcd a widc
ra.g€ ofbr lck mcamrerÌ rents i r i  a  ser  jes ofpoint  scat tcrs lo
represe. t  lcrqth and brcrdth.  peúxÌ  by ì rer jod (F ig.  t . l ) .
For th.  Archaic p i . r iod t l ìc  y : ] lucs c lustcr  r rurd r  nom of
rbont  24 r  rz  ors.  Dur ing Lhc Old Knrgdonl  th ìs  s ize
rerrxined ìn use bú Lhc I angc ol slzcs was increased up k)
x nrL!ùùurn of  about  42 r  2r  c l l ìs .  Thcrc l l t r r ,  unt i ]  t l re
Bvaùtnìc tcrxr l ,  the smaLler  s i?es \ \ ,cr .  avoldcd.  a . ì  ì I
s lead thc bford spÌea. lo fvehLes only commcnccs at  aroLrnd

lo :  r5 cms.  Thc pLelèn:r rc t  for  a s izc of  br ick l l ra t  lvas
consld. f i ib l t  larg. f  l lar ì  that  current  in  HgyDt ì .  reccnt
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tin,es was pcrhaps a coÙsequ-èn.e of regLLlaL largc-sca1c

|ubl jc  wofks in  th ls  Ì Ìa tcr ia l .  lhe sìzes range up to Nhat
woùl.l probably havcbccn thc ìargestthat could be made by
simple technìquc wi thout  the úsk of t l i - -m re$r lar  ly  brc ik .
n lg whi ls t  beine handlcd,  i l i \cn thc cxt rerne\ 'w--ak k,ns i le
st rc  gth of rnud br j .ks.

It lìas Lreeù chimed that. throLrghoIl Egyptirx history,
bricks 1:ìll nÌto two sroups: largc oncs for major publìc
worl(s. and snìall ork,s intended for houses and srnall pri
vate ionrbs (Cla (c  and [ngeìbach r9]o:  zogt  Spcnc. . r
, 979i : r I 7) , al tho ugh exarnples ofcross usage occur. Th is is
ì Ihrr l  enough.  m,/ icw of  thc of ten lh inner  walLs . fd
snra l ler  feanrres of  thcìaLtcr ,  ! \ ,hcreas,  $, i t l imajor  Lru jLdìrgs

{up to the scale ofcomplc lc  br icL py larn ids ù th. r  Middlc
Kir ìgdoùr)  a pr j rne .onsidcra l ion $ould harc bccn l ( )s ,  nr
contr ìbuLcqùickìyto the rnrss of  thebui ld i rg.  Larg€r ì r r ìc lG
usc lcss nìoltnr an.l thus r,-du.e shrirkagc dur111g drying,
nnd thc j r  grcatef  area br ings bet t€r  tonding 3nd rhus
grcatc l  s t rcngth.  A.a- \c  which does seem to i l lLrs l r i lc  Lhis
divjded prefèrcncc is pr.,vided xt lQhun. Ìretrje found an
actuxl iroodef nrould which he statcs produ.ed a Lrrick of
28.4 :  r ,1 .2 x  6.64 cm and Lìrcn qLrotcs these d inrensrDs
lòr the brr:l< sìze of Knhun. Pfcsr :Lbl) tLese lre the
in lcr1nl  dn e lsbns of ihe mould,  but  hc d. ,es ro l  nÉk,-
cxpl ic i l  wl Ìet l ìe f  h, -  sepaÌr tcLy.reasurcd b: ì tchcs ofbr ic ls  in
thc $ i ì l ls  for .or ìpar iso l  ( l ,e t r ìe  r89o:  z6 rg l t :  5 j  Gr l f i lh
r698:  59) .  l r  would be ùsefr  to  have th js  i f fo f rnr t ion.  This
sìze is  at  lhc vcq bot tonr  of  thc rarge for  thc Middlc
Kinedom but  Kahur aìso produced a papyrus f ragmef l
lvith r setol.ccoufls conccrn€d with bichs, where the,v are
descÌ ibe. l  ac.ord ing to thei r  lcnglh ln  palms.  Two s izes are
ci lcd,  of  l ì rc  an. l  s ix  palns,  th  us o l  l7 . l  and 44.8 crns.  Sìzes
ir this range are firund in contemporary brick p),mrids,
inc luding thr t  o fSenùsret  l l ,  buì  der  of  l (a l ìun i tsc l l  (Cr i f l
h r h r E 9 8  S g i A m o l d  r 9 8 7 , , o  8 2 i A ù , o l d , 9 8 t :  2 , 1 , 2 9 , 1 r ) .
A rath.r sFcLaliscd casc o{ delib--nte .hoice of i$'o brick
sizes jr the sanrc build|ìg ls illustrrte.l bt sonre Largc F.arly
Drùasti. tombs. whcrc a snìallcr sìzc was us--ct for the
parrdì ìng 14, i< ì r  dccorated a waì l  madc { ronL ì r rge,  br i< ks
( | jg .  I .Lrb i  Lùrer)  r r ; j8 :  1,6g.  r ;  Er ' Ì ìcn r958:  4r ;  r96t j
Spcnccf  r9;9a:zo l ibrù rote Fnrcry r9. l9 :  9o,  Í ig .  5za fòL
i  conlcnìpor : r ry  rxarnple s4rere th is  was.ot  donc) .  ScpaÌ
ar iof  o ls  z .  rccord i rg to the grand--Lù of .onstr l rc t io f  was.
hoùever.  onlvn tcndcl Ìcr  When brr :k  mcasurcnrcnts l ior l
orLe per iod arc grosscd togclhcr  lhcy do not  rdualL\  fonr
Lwo c lustqs.  represent ìùg:r  ìargc and I  s Í ra l l  r rcrm but
spfcad tlern-L--lves Lrehveen tfc 1\ro crtreùÌ€s.

l l  is  ln  lLe ùat l r re of  hr lc l ( lay i fg  1()  scck L()  usc L)n.ks
$ 'hosc lcr ìg lh is  approxùùte ly  h! ìce lhc brcadlh.  [ \eù i f
bn(ks. r i .  i Ì l  la ld i r  thc sune. l i r - -c t ion,e g i l l  as s l fc tchcfs,
in  whi(h thc icr ìgLl ì  ls  prra l le l  k)  the wr l l  fa .c ,  for  a nc: ì r
6r ish a l  thc corncLs in  wLicì r  drc l r r icks doveLar LrrLo orr :
arrc lL. r  t l ì is  r  t io  of  l=2!v wLl l  bc n.cessar , , .  l lowever.
rÌo.leùr fr.lory madc t ficl.s m BrihlrÌ (fòrerarnplq hrvc r
lcngth which is  achral lv  h\ ' lc .  Ì l rc  widt l  p lus t l ìc  t ì ì ick less
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ofonc vcrtical joint to rllow for thc cxtra jo1llt when altcr
nnlc  courscs aLc la ìd as hcaders.  whi ls t  scts  of  reaì
nrcasu.emer ls  l fom sncicr ì t  |gypt  f rov ide corsr : ìn t  prag.

r i .  d - r r o r  r i  t r .  i r  , -  |  r o l r
normrL.  r t  thc snmc Li î rc  ùÌc)  a lso s l rcù a f requenl  tcn-
dorcy for  r  s l ight  s l (c$ 'ncss towards a grer ter  Lengih.  of
bchveen r  lnd 2 cm (Frqs 1.2b.  l .2c rùd I .J) i  iÙ the la t fc l
cach poi  t  represents ar  ivcragc:  i t  is  prcsc| t  in  sorne of
lhc Mirg issa groups (ver .ouf ter  r97o:  106)  l l ìough one
shows i pirado\i.rl tend--rì.y towlrds i gfcatcr wrdth ^l
ihoLLgh r rc iùr t  [gypt iarr  br j .kLr) . rs  icDdcd 1o lcavc r r ì ] r j
r .a l  vcr l i .n l  joxr ts .  a ÌLùr  of  | . r . ters wou d jne! i lab l t : ì . .1r

r .u late i i  surp l !s  o l  sp:rcc over  r  (nìespordins l ìa l f :
quant ìq '  o f  s t rc tchcfs.  Snrce actux l  l ) Ì  (  nroulds afc lcry
rxr , -  w1, . rn.ot  bc surc lhai  t l ìc l  wcrr  dcs igncd to prodLrcc
br jc ls  iv l r rh hrd th is  s l igh l  cx l ra ld Ìgth to rccommodate
rhc: ìddi t ionr l  hex. ler  jo in i .  brLt  thc gcncra l  ùrrss of . lynrst ;c
nìcnsurcnìeùts.er te i . ly  h ints  t l r i t  th is  nr jght  of icr  hrre
bccn s. , .  f i t jurc j . :c  (brse. lon h ' r ì ly  p3 rcd mcasùrernents
honì  : ì  sa 'nplc  o l  loose br icks i .  good cofdrr ion)  scer ì Ìs  n)
tre a clcar dcnonsbatior.

I t  is  a lso possrb lc  to spcculan,  on \ lhe iher  bf ìc l i  s izcs
w,-r-- related to modulcs ol mcrsÙieùrent oflvider applica-
t iox.  Again ihe susgcst ion cor Ìcs l iorn l lcsse ( r97o:  r ro j
Ì97r :  4 l l )  tha l  a lonn ì r  f . i r  br ich s izes of
lcrgth=2 !  wi . l th-4 x rh i . lncss ( r  nnr l t ip le of  seven)
rn ighl  re l l€ct  t le  cubi t  i r  lLs!  at  that  l rmL. .  T l ì i - . .Lo.s |o t
sccnì  1o bc t l ì .  c{sc,  ho$,cvo.  Thl r  f i$ ' : rnc icnt  c i t r t iors of
br ick r rc : ìsr ì rc Ì rcr ts  c \ t rc : js  thern in  lernrs of  x  lcùgt l r

s j len ì r  wholc p: ìLns (Ci i f i t l  rE98,  59:  s ln,pson r96o) .  l , ì
! ie$ ot  the !ar ia t  on i r Ì  br ich s iz ls  at  any on.  pcr iod.  i rnd
r \ r r ì  wj th i r  r  s j fg lc  l ! rg( .  cor ìs t ruct i { , r  oùe rnust  fcc l
doul r t fu l  rs  to i !hetL i - r  s l rndi ì rds 1or  Lrr ì .k , , i r . r ,s  wc,c
cycr  pfescúbed.  fvef  thc cr lnLions i l l  whi lc  paìr rs  r r ìghr
rcprcscìr t  scÌ j l )a l  r rc t r t ìons lor  br  ch s iz ts  r I jch were <on
\ l ]n icnt  lpproxl  ìa l io ìs  r .d  were.ot  s lJr ìd] fds to which
brlcl.mrkcrs hrd to x.ìtrei,-.

Thcr  nra l  chafnctcr is t ic  is  anot | . r  nrcasuf  rb l f  f  fopcrLr  of
br  (s  afd roof i rg rnr tcr ia ls ,  and h ls  the potcr l in l  1òr
en!bt ing the ì . terr i ì  cn\ , i l . ,nr Ì Ì€r ì to f  a nùd br i .k  bui ldLr ìg
to be reconshrL. ted (Frdmlrc iL 1994),  a l t l loùgh thrs re
qul rcs k.orvì r : t lge of  how hìgh roorns wcrc ar ì .1wìrether  the
trLf ld l rg posscssed nrcre thr .  on€ s lofc .y ,  factofs whch
usur l Ìy  h: Ìvc to be est i rnated. ' l ' rad júonal  r isdorn is  tLat
Inud br ick rs  a good i .su lat r ! ,  lc rv ì .g hui ìd ings cool  in
surnnrcr  ind w:r rù Ln \ \ rntc i .  but  t l i is  characienstrc  rs ,  to
some extent ,  dcpcndcnt  on t l ìe  composi t ioD of  lhc br ic ls
n, ìd or  k ,calenvi fonnrcnr .  Pcfsonl l  cxpc,  nK:  ( r lso Spence
r996),  suppo,  ted by rher i î r l  mcasureineùts (unp,L l t jshed
strdy . ì t  Ani l r ru by R.  Hughes) ,  js  thaL l l lúd br icks can a. t
as hc: ìL rcsenoirs ,  f - - ta in ing cold r  ight  tc .mpc.raturcs c lur ing
thcdayin $ i r ì tcr  andìxndayl inrerenrperr turcsduúrìgthe
r r i  \  r  r n r  '  |  , .  t .  . u ,

Bricklaying

I1 was ronnal prx.fi(e not to bujld bricL walls up ftom a
forndation ofstunes b]!t to use brìcl(S 1ìoÍr the outset The
cxccptlons arc a firw desert sìtes (e.g. Kunrmr nr Nxbra,
sonre Dci r  c l . lucdnìa hous--s) .  |or  ihe 6rst  co rseofx{a l lo f
two bricks of nìorc 1n width the lÌicl.s wcrc sonÌctrmeslàid
as headers or thcr long cdgcs. Tlìis $,.s partjcularlv uscful
fi)r ( ompensatìrg òrvari3blf depth nr the t.ench Thcdcpth
of  lbur  . t ionsconld! i ] ry ' i r  gr i .aLdeal ,Fonvntur l l )noth ing
1o s! 'v€ra l  ù,ehes ( r ìg I  r la)  four ìdar io.s  were. :omm0nly
l i l id  \ ! i t |outdoorways being nrrn(cd.  As I  resul t  i rLe. the
uppcr brick$ofk hls beer lost. ihc patLcIn of access a.rcss
thccor t ìmrouslergths of l ra lL caD onl )  b.  gucsscd! t  le .g.at
Nag cì  \ fada] Ì ] rd,  Rol) ic |on rùd Var i l le  J9 l9 l

For ficc-stan.lìng w.ìlls, wheù the t|ickncss o{ the ra
itself s'xs tholrllht to bL. irNuficient butircsscs galc sup
poú thor Ìgh no[ ìa l l !  bu i l t  scparatr ] ly  rnd borded orr l iby
nìor t r r  a .d t lastef .  ln  thc Middle x d Ne$'  Ì ( ingdomsan
mgcl]ioùs ùL-!ns of addlng latcLaì stability n) a reLalrvell
tlÌirì ."r ì(losue, o r ri\cinrcDlNall was to buììcl it on a serlen.
l jnc of  L | tdulat ing lnre.  Examples i rc  l (nown r t  both. iv ì l
(Holschcr  r9 l9:70 Ì r  Vercout ter  r97o:  97 ro|  l rarkfoÌ t
xnd Pcndl i .bury rg l l :  5 ,  p l .  Ì Ì l )  r .d  ,c l ig ioLrs brL i ld iú$
(4, ! r fo f  , r  d l  9a1:  12,  )7.  p ls .  XXXVI,  l l l l :  Pc l r ic  d i r j .
r . ) r2:  4r .  p ls  XXXIX.  XLlV.r )  l r ld  the srLggest ion l ìas cven
beeù rnede that ,  i f  thc la t lcr  cascs.  t lF shape might  hars
had re l ìg jous rsso. ì . r io , ,s  (Arnold r979:  24 t ,  n .  òr) .

Sorre wrlìs of verl gfert lh ckncss were ti,-r.ed úith
nrrrow .lÌxnùels one o, fq'o courscs high (Clarke an.l E..
g i ' lbach Ig lo:  2ror  Spont l Ì  J979i :  7 j .  c i t l r  g  Kanr lk i  Spen
(. r  r979: ì :  78.  Dcr idrraì  l l - - isner  . t  d l .  r967:  r57:  p l
LXXXl l l .  fcpor t ingonMirs issx in Nubia j  Pcndlcburr9y

92.  Smal l  Atcn Tcnìp lL. ) .  ^ l tLotrs l ì  i t  has bccr  sLrggcsted
t l Ìa t  th .y  r ìded thc d ry ing of  t lc  br jc ls .  theyùere rotp laccd
c( lu jdìs t rn l ly ,  as is  ro bc c) ipected.  The b l r ì ld jng ofbnck
walls could involve thc crccrion of wooden sr:affoìding

{].ìLgc post Ircìrs hrle beol found iI fiont ofrùrlor $rlts at
Anrarn3)  rnd a good wry ofx.chor ing j l  ln to the ìJ ickwork
as l t  rosc \ \ould be to f ix  ( ross nrcrrbcrs in to t tù ìp.úr)
holcs bctq 'cc. l ì  thc br jc ì (s  (put lo .L<s) .  l t  ìs  qui1. .  l i lc lv  th3t
ùrar lv  of  thc ch:r fn. ls '  scrved t l ì is  turpose,  lhough ihe
\4 i re issa e l rnrp les shnd oul  as a specia l  case whcrc Lhis
erpl.Ìration does fot 6l

A vcry u,ìdc nn!:e ofpossiblc patlcrns oflaling bicl$ rs
:!ail3blc to :r bicldr)--r especially $ith thicLer walls. The
:rim js al$:Lys to àlotrl th-- darger ofcrackmg lf vcrticaljoinls
,rc stackcd abovc cach othcr. Most s,alls lio'n Dyrastl.
Fevpr alternrlcd courscs of herders .r.d stLctchcrs ofsel
side$'ays (Flgurc I 5 is a cxceptionfrom th€ Ramcsscumn
lvhich aLter  nate headcr  courscs wcrela id on theìr  s ìdes)  Ìhe
.ourscs o[ stet(heF could thcnse]ves be o$sei Lry the
lengLh o l  h: l la  b ckex.h t inresothat  the eract  pàt ten ' \as
rcpcatcd only every-  1ì f th  .ourse (F igs 1.4c,  l .  roa,  I .  r5) .  The
fu I  sc l  o l  ancicr ì t  var ia lbns has been codi f ìed in to
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FíglttJ.5 A .annab "1.tlta.l Òl "úkngtltc st.ps o[ a stdn cust tvos to
$c btieks ldid ón ttur cdg.. as h.r. dt ttu Ro'icss.un (oIrt Thord
1976: to).NoELhth rlù co"rsÈs o[ bti.Ls luírt ah th.ù edg. it tht

a corpus of bonds (Mond and Mycrs r9j4: 47 52, pls.
CXl l-Cxlvi  Spencer r979a:7, r t6 9, pls.  Ì -2o).  I t  should,
however, be normal for the archaeologist to make explicit
the pattern or patterns (bonding)used, and most definjtely
not to draw unmeasured brick slùpes on plans simply as a
spac€-filliììg convention to indicate bickvork. This can
easilydisguisethe fact thai, on larger projects, consideraìJle
variaiion in the Fttern of laying was tolerated, and even
conspicuous dcpartures frorn thc horizontal in courses
which had to pass over uneven ground :rnd instead ran
parallel to the natural slope (Fig. l.r2 = Mirgjssai Reisner rr
al .  1967: ry '  6;  Vercoutter r97o: pl .  VII I i  SerÉ East:
Hughcs r96l:  pls.  XXVIfb, XXIX).  Complicatcd patterns
made it even more diflìcult for the builders ro narnram
accuracy and regularity. An example is the Early Dynastic
palace'faeadc walì inside the town at Hierakonpolis, wlìere
the detailed archaeologisi s plan shows numerous
anomalies in ihe bricklaying (Fig. l.4b; weeks r97r 2).
AnotìÌef case ofìntricatc patterning ìn brick is provided by
the claborate sets of archcr's loopholes ìn some of the
Middlc Kingdom for iresses in Nubìa (Fig. l .uc; Emery.ral .
r979), but the regularitywith which they were laid out raìses
the possibìlity that they were formed rround wooden
shapes. B ricks could also be made to specialshapes, somc of
them cuNed, but this aspect is reseraed for a later secrion.

Palt of the brìcklayer's job was to compenslte for un-
evenncsses, accìdentally dcveloped throueh vari:biliry ìn
brick sizes, uneven foundations, or poor workmanship
(Fig. U.4d); others arose deliberately, when walls wcre ìiuilt

wjth inward-sloping (ìrattered) surfaces or rhe beddng
planes were slopjns or cuned (see pp. 9r-z). Mud bridc
are easy to break or cut in order to provide pieces to frll
small or uneven spaces, but there were a few simple Írda
to employ as well. Bricks laid on theìr long edge added
thickncss toacourse (and wereuseful in making srairoses,
Fig. U.5);wide internal spaces eith€r ìeft open or filled wiù
mortar (Fig. l.4a) enabled wall thjckness to be adjustedand
nreguìar brick Lengths in header courses to be lost to sidt
bricks laid diagonally were also a means ofadjusring tliù.
ness (Hòlscher rgro: 29, Abb. 2T ftorcl 1976: 44J. B(
cause vertical joints were ofteù narrow or negLigible it,À,as
€asier to mainiain regulaity of bonding with brlcks vhich
approximated to the 2: I ratio of length to widrh (see trre
discussìon above on brick sizes). Nevertheless, actllel
examples show that it was sometimes necessary to inro
duce a halfbrick in a sireichercourse ro return the counet
to their intendcd pattern of bonding (Fig. 1.4c, courses,
and rr from thc top). Although walls were nomaìly plas.
tered, many welf preserved examples display considerabl..
care and skill ir achievjngan even pattern oflayìng, and tle
likclihood that the maken of bick moulds somerimes
departed fron the 2:r ratlo to accommodare an erm
header joint adds to the impression that we are often looh
ing at the work ofa skilled trade.

One danger which builders strove to àvoid was the cncL
ing olwaìls through uneven distribution ofloads. A com.

to prevent this was to insert amongst dr
courses horizontal timber beams or narrower poles, bor\
laterally :ìnd longiiudinally, at vertical iniervals that coúld
vary from five io fourteen courses (lhe latter at Elkab; Figr
1.4c, I.rlc). They were particuìarly needed in very ùiù
masses ofbricks where, for the bricks in the interior, cars
ful bonding ofcourses was normally abandoned, and sorne
times even the use ofmortar. Since timbers only startedat
the frrst interval above ground level, a wall needs t0 h

r

Fígure J.6 S.rtion ÒJ níthed paloe lapdL bntkwotk ot Fir!.
DyÙlasty toúb l5o7 at Suqqora. Nore hè inpres\io^s af cylírdi'y'
wootì palcsorer t tops óÍttu niclts.
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presened to a height of a least halfa metre for this to be
d€tectable. The practice was often accompanied ìJy spread
ing a layer of thick grass or reeds over an entire worklng
surface that might or might not coincide wiih thc level at
which the timber was being inserted (Figs l.4a,l.7i Clarke
and Engelbach rglo: 2Ìoi Spencer 9j9at tJr 2, ry'), a
praciice which is probably illustr:ìted in rhe brick-making
and building scene in t1ìe tomb of Rekhmira (firoo),
whete yellow fronds are shown protruding frorr a wall
(Davi€s r94l: tt 6, pl. Lx). Examplcs oftimber and grass
insertions are sumciently widely spread chronologically to
sugg€st that this was a conlinuous tradition in lafger con
structions from the Earìy Dynastic period onwards. The
amount oftimber (probably acacia in many instances) fe-
quired would have been suìrstanìial: an esiimate oa:l,7oo
logs has been madc for Mlrgissa fortress, for example
{Reisner,, al. 1967: rt7, Uronarti). More rarely, vertical
tinbers protected corners (R€isner dt al. 1967: 2r)- ln the
bri.kwork of a Fourth-Dynasry tomb at Meidum (Ùo. 6,
Rahotep) ìogs ofhees up to three metrcs long had ìJeen set,
n€arly upright (Petie r892r r6).

From the New Kingdom onwards builders secm to have
b€gun to understand better the lorces at work insidc very
drick masses ofbrickwork and to have adapted their tcch-
niques. The most obvjous sÌgns are to be seen in later
tenple enclosure walls. These were ìruilt as a serìes of
blocls of brickwork ìn which the brlcks of each alternaie
block iler€ laid in beds that were concave along the wall's
length, the courses of the other blocks being either alì
lorizonal or all convex (Figs l. rl, l.rt). This alternatioÌì was
oftenemphaslsed, too, by alternating the thickn€sscsof the
blocks. lhe term pan-bedding has sometìmes becn ap-
plied. Carcful preparations were made io ensure that thc
curve ofthe bedding-planes was even and regular. At Phìlae
r massive stone bed had been laid out in a curle as a
foundation for the pan,bedding of rhe brick waìl above
{Petrie r9l8: r, pl. lV.r5); at Edfu thc pan-bedded secrions
0fbrickwork stand on a deep foundatìon of horizontally
hid bricks (Spencer r979a: 8r)ì in other cases stonework
leinforcìng thc corners aìso retains the slope of thc cLrn'e
{Spencer r979a: 78). Examples occur between the Nine-
tenth Dynasty (enclosurc wall of the temple of Seti I at
Abydos, Frankfort  rg: l :  r l ,  pì .  XIILr)  and Roman t imes
lhewa]lofthis type at the Kom elSrltàn, Abydos Figure
j.rj - is of the Late Period not the Middlc KìngdorÌ, as
Pelr ie rgol:6,  pls.  XLVII I . I ,  XLIX supposed).  The style was
rpplied to the building of cellular foundaiion platforms
s,lìere the sides wcre also given concave lines in plan (c.g.
Foùgerousse r9:lt; Spcncer r979b), a feature whrch some-
ìimes appears in the plans ofwalls, too (Fig. I.rl). Il also
orne to be used for the walls oftorvns and large houses and
oùer buildings, ai least in Greco-Roman times (e.g. at
knnisin the f i rstcenturyAD, Husselman r979: l l - t ,  p ls.
r2-r{ Clarke and Engelbach rglor zrri Spencer Ì979a: rÌ7;
housemodels: Davies r929: z5o, fig. 14; Éngelbach rgtr: pl.

Fígrtt J.7 Ni.hed bri.kwork an the S.eoad Dyúasty Júherary pa|.
oe ot Abydas th. Shunct el.Zebíb.Itl thc naín no$ofthÒhtnkwotk
ttú ao" pr"aa ta,td t  o ' ,?olol  ptanl n" 'k l -y. .  q gra. .

III). An altcrnative, illustrated by the Medinet Habu ourer
enclosurewall ol Rameses llt, was to run lhe concavebl]ds
perpendicular io thc wal l  face (Fig. I . r ja;  Hòlscher r95r:  I ,
pl. 4r). Concave beds did not replace the use of timber
inserts; they continued to Lre lajd into the bickwork as an
added bnlder (Fig. l . r lc) .

The design is very well suited for overcoming structural
problems: of uneven settlement ofthe underlying ground,
scaling or spalling ofthe surface ofthe t rickwork, distor-
lion as the bricks dried leading ro crackìng, and shear
cracking especiaìly in the case of a foundatìon platform
which is goi,rg to bear thc load of building above (e.g.
claÌke and Éngelbach rglo: 2ro-rÌr  Petr ie r9l8:  ro r2).
Chevrier (r964) has provided mathematical support and
cxpcrirììentrì verilìcaiion, and powerful witness€s are the
tal j  Roman houses at Karanis bui l t  in this way, which
continued to stand to considerabìe heights after thc town
had been abandoncd yet remanred free from crackìng unriì
bur ied in dr ir t  sand (Hussclman r979).

The building of largc tempìe enclosure walls was rn,
cluded amongst the pious acts olkings and formally com,
mcmorated as such, at least from the Eighteenth Dynasiy
onwards (Traunecker 1975). Often made to look ljke the
wal ls of a lortress (Kemp r972; Colvin and Hegazy Ì991),
they were scen symbollcally as providing essential protec-
tion against the forces ofdisorder. It is con€eivabìe, there,
lore, that their design drew upon mlthology, although this
does not preclude ihe possibility that symbolic interpreta,
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tjon was sccondary to a design which arose ùorn practjcal
ut i l ì ty .  Onc erp lanat ion of th is  k ind (Barguct  1962:  l .  2 i
also Spencer r979a: 14 t looks to ari eìemefr of tenple
mytholog], in which each lemplc was thoughl ro starìd
upon th-- prìmacval mound of creation, ne'lty cnìerged
ll'omtlìeweters ofNun. The ùn dula tions of the wall convey
thc wateN envjronÌnc t. An exampìc ar Deil el Mcdina
prescwcs bàttì--ments and a wrlkway along tLe top, and
these actually retaìn lhe urdulatbns ofilÌc LreddìDg planes
of the indiv ldual  seci ions of thc wal l  ànd so emphasise thai
th--y were intcgr.ìl to its appearance (colvin :ìnd Hegazy
r99t). On ùrc other hand, the ernploynrcnt of concàve
bedding at N,fcdinet LIaìm, becausc it ra 

 

rt glrr-angles to
the face, sas ìnvisiblc from the outside.

Whatcver ihe orìgnÌal thoughr bchind it was (ard I
would suppoÌtthosc$ho see it as escnrially a technologjcal
jmproveneùt) we secnì to Le dealing with aù important
ànd dislinctire developmcnt in archilectural aesihetjc, thc
sùbsliiLrLion of cunìnil for straight lines. It appears in large
ìruildìngs where, in co.irast to stone buìli lcmples, the
outlines wcfc Ììot rc strictly djctated by spccilic design
nìodels, rnd thclr general visibiliry would havc bc'en a
slartling contribolion to th-- Lruilt cnvifonment.

Soil for moÉar, plaster, and flooring

Soil provided th-- nroriar uscd tòr laying bricLs, its composr.
tional relationship to the briclc depending to a large exrenr
onlvhether the bdckswe.e made o site, and thUs ftom th,-
same ea{h, or were imported. In the latter casc bricl(s and
lnortar could bc sìgrìfi.antly dìfiirùr, rs s,ith ihc $hitish
moftar of.leserl clay ni\ed wìilì sraw us--cl with alluvial
mud bricks ìn tlìc Eleventh Dyrasry teùrple ai Dcir el
Bahari (ArÌì(rìd ,979: 6, r6, z5). Coarsc filler sù.h as chop-
ped slralv was, howevcr, ofieD.ot rLscd. Cases nave Decn
noted wlìcre gypsrLm appcars to hale been rsed as morar
when adìaccnt  b sronework (M3rt iÙ 1989:9,  r2) .  Ì i  ìs
inportant lo bc sure that rhis \\,as a deliberarc cnorcc ano
not the a.cidental cor'ìsequence of glpsum used for the
bcddingofstoncs spreadine ìnto lhc r'ìoùnally open vertlc:ri
jo inrs ofadjace. i  br ickwork (Mal l inson r995:  f igs 5.6,  5.9) .

Mortarnorrnal ly  formeda bed bencath cacn new coursc.
l i  was o l ten (at  least  in  lhc New Kìngdo'n)  lx i . l  down.s
separate ljlllc pilcs which the wciglìt ofthe ncwbricÌ< s,ould
spread out into circl r. pais (two per brick, Fig. J.4a).
VcrÉcal joinls tcnded kr be very close and wilh lìftlc or ù)
mortar ivlthiD ùìcm. M(reover, whcre bricklvork had con
sidcrabled--pth, as jn pylons, --ncLosurcwalls, and pyramids,
rhe inLcmal brickwork cor d be laid wiùoLrt moriar ar all
(e .9.  Gol \ ,n ì  and Hegazy r99j :  r49,  p l .  I  Ia t  I  Ió lscher  rgt r : t ) .
The plasrcring ofwaìl surfaccs above ground, rffnÌe andout,
made poìntì1ìg' (when thc bricldayer smooths and presses
mortlrr inio all jomts) uÙnecessary. Ncvertheless, Lhc prac
lice $,as known and oc.urs on thc fbùndation courses of
somc good quality bùlldings (at Am:Lùìa, at leasr), rhus

bclow the level ofthe plaste.ing. Whether or not ìr wasùe
intcntion, it woLrld presumabLy have provided a laÍier
J g , l n .  ì '  i I J  l " r  

' . . \ t ,  
F ' , $ " l , , ' i i " .

It is importànt lo distinguish motar &on pìaster.]ley
do djflcrcrìt things and this is rei]ectcd nr comlo$tìon.
Plaster not only improvcs the appearancc of a wall and
helps io protect ìt àgainst weathedng, ii also adds io its
mechanical strcirgth (Petrie r9l8: 6 7). ln composirion
what normally distinguìshes plaster from mortar ls ùe
high concen tra tion of straw, the inclusion of which rcduces
crackiÌrg. Su bsequen t loss ofstraw from insect a ttack Leaves
ii lcry ffiabl-- and, sinc€ it was also ùc normaimeoìum 0n
which panrting was done, wall paintìngs ftom domestrc0r
religious bLÌildings ofmud bdck only sunrive in exceptional
ci.cÌù]]stances. An unusual rÌÌlx of a silr.limc pl3sterMù
straw chaIIhas been jdentilìcd ìrì the Fourih.Dynasq ftnr
tirla ofNelcrmaat and Atei at Mcidum (No. r6) (Borlorvsh
and Majcherek r99r :  ,8  9) .

floors are an aspe.t of soil arclìiteclure ivhìcl rcnd r0
. I l  o ,  I n d r  ú J  ) - '  "  p  l - P c r m P ' t l l '

oficn less straighifofward to deal with, rhe reason being
that it is not xlways clcar how deliberatc thcir creation has
been. Floors .an be delibcrate layers ofmud plasrer overe
base of mud bricks. s4,jch were sometìmcs made spedfr
caììy for 1ìooring and have scts ofdimensions oI their o\er,
often exactll or approxinlati ng a sqLÉre, of beiwccn to ànd
4j cm (Spenccr r979a, ,r9i see also rbove for 6rcd bricl
lllcs used to creatc floors). ln thc case of conlpad muddt
sudac€s over open arcas, however, rhc possibiliry exisls tlal
tlìcy came into existcnce through thc combined action 0f
h alnpljrìg and ofwetijng the ground, a puddling processù
ilseii Suchby products ofhulrran behaviour can recur ow
ihe samc area to produce a lanìinated effcct. D€libedeìy
made ìnud Roof plast-{ probably benefits in thc same,raÍ
that s,all plaster does in bcing given a relatìvely hìgh or.
ganic coniefl, usually de.ìved from chopped stnw, and
bcing appììed in a làirly pìastìc state, thus without thr
addition oftoo much water. Anolher form ofer€,,1a, úus
renderÌÌìg, nidway behvccn the plaster ofwalls andfloon,
was thc surfacing ofsloping revetmenis, such as lhe gladr
ofa fortress (e.g. r t  Mirgìssa: Reisner. t  al .  r967:r54.

Ìhe deiailcd study ofthe composiibn oîfloors leads onr
ìnto a vilal aspcci ofarchaeological interpretaiion, for flour
can coùtain a record notonlyofhowthe) werenade!utalsq
from Ìnateial ih a t sr bsequently becomcs nÌcorporated
them, ol wlì.rt actìvitjcs lvere canied out on then (a
exampicis Hecker r9E6). Theevidence is oft€n
buta techniqùehas been dcveloped foriaking and studing
large th in. scc tions ofarcha eologìcal d--posits ,,1'hicl inchdr
floors (Matlhcws and Postgate 1994). Specìalisi skiìland
access to rn appropnate hboralory are required, but
rcsults (notfrom Egyptian sites) aresoprorrisingasroì
thal lhc tc'chnique could play an importanl par in inreplet.
irg thc rcsults ofexcavation on settlemcnt sltes in tgpr,
whelher jn the desert or on the floodplain.



Onc spccjahscd usc .,1 sprcad soil kxrl a.lvrrtage ofìts
ìubr ica. t  t ropc|1y $hcn wct .  Used ìn col jurct ion wi th
Ìeinforcnrg tìmbers lo tal.c lhc wcight, r l:ì)er of ùu.L was
tìe basis for preparcd ro;rds ovcr which hca!y roa.rs woc
dragged.  lh .  bcs i  preser led e\anìp lc  is  : ì  s l  pw3t  |cxr  t ì rc
Mìddle l(ùrgdom foiress of N,ljreissa i. Nubia $hich h:Ld
enabl€d boats (pfenùrxbl) load,:d of slcdgcs) ro trc lÌa'rlcd

tar  a par l i .u lar l )  . l iÉEcuì t  s t rcn l r  of  the r ìveì  (Fìg t .8 : ì l
Vercor t lcr ì97o:  2o4 r4) .  TLc renrrùrsofs i rn i l r  e \xnrp les
hale been fourd i r1 i  qurr ry : r t  L ì l Ì rù  ùrd beside one of the

ùramjds at  L ishr  (Anìo ld 1991:  i l6  9: )  T l rc<,exrn,p lcs
ùeedto be jn ferp e ied i r  lhc l ight  ofLhc \ !c ì l l inown sceùeof
thetr lnstor tof r .oLossal  s lntuc jn  lhc romb ol  Thut l ìo tep at
D e j r e l l l e r d ú  ( N c q , c Ì , y  [ r l J 9 5 l  r 6  2 6 ,  f ] s .  X l l  X I X i , ^ r
rok l  r99r :  277 8)  rnd a s i rnì  . r  one in the rorrLr  o l  T, !  rL
Saqqrn As i l  is . l ra l rged on i ts  s ledge a nra.  poLrrs \ larcr ,
prcsuftìbly to crìs€ tlìe ghlirg, an efe(t whì.h .ìodcrf
expcnrncnts h i ìvc r rp l i .a t (a l  (Cl rc ! r jcr  r97o:  2o l .

Roofing

An i rnpor t l ì l  $b sect jo f  of t l re  lop ic  ofsoi l  i ìLchi tc .LLùe ìs
rooiùg which tircl ls'o forms: flit roolì ol mud laid ovcr
$oodcrÌ bcaùìs, arrcL r.auLts anct domcs of bricl( Occiì.
s ional ì )  rc lual  rool 's  of  l Ì r . : ier ì t  b l r i ld ìngs hNe sura i led but
moslh llc tools of .'Lro\e grornrd structrues wjll havc col
lapscd.  [ !cr  lh i ' r ì .  :L t  lcrs t  orr  . lcs. r t  s jnrs,  . r ;dcf  r .  1 ì r
rool i .g  can sr i  I  bc lor  fd  3Ì ror ìgst  L l ìc  f ragrk jùs o l 'nrbble.
Ìn the t rs t  th js  l r rs  of ler  bccf  ignofcd bt  . ì rc l ì reologis ts .
As r  resrLLt  t |erc is  i rsLr f ic i i .n l  c ! idcn. .  lor  judgì Ì rg r l ì .
f t la tn 'c  f rcc|urcI  of  Lhc ts ,o l ( i ! ìds,  boÌ l r  by hLSlor  ca l  pcr"
iodandì l  type ofbrL i ldme. lhe phn of  a bÌ r i ld l rg mrghi
so retirr)es poirrt to lhe ansiver: for erarrpLc, raults nccd a
c. fa i r  th ickncss lo  accoùìrno. lan bol l r  thc spnngirg i r fd ,
j f ro t  b: ì ì rn. r .d bI  a p l ra l ì .1  l ru l t ,  t l re  la teraL force th l t  i l
lau l t  crer tes.  Of  t l rc  o lhcf  h i ìnd the preserc--  of .o lùn.s
ùr ight  bc thoLLghl  to  i r ìd i .a lc  à l la l  foo l  a l l lù{ Ìgh th.
thok rooùr  i r ì  t l rc  pa rc .  r i  Medirc t  l  l rbu posscsscd lor ìq
yal r ì ts  rbole rhe utur . rs  (FIÒLs.hef  r9. t r :  lE 9.  p l .  z6;
r95r::91

Fla l  rools  rcqui rc  a r ig id f r rnrwrk of  )canrs to l rk .
weLgì t  afd i .ovcr i i rg  sùr lace lù ì  over  theù io t ro l jdc a
cei l jngor  roof .  Thc c! idcr ìcc fbrucìex l  pr !c l i . - -  sholvs that
thecolcr jng sur f rc i .  could cor ìs is t  o l  a  la)cÌ  of  br ic ls  ( { : .g .
Fmery 949:  74,  1ìg 3f i ;  r96 r :  ,E1 r ,  f lg .  r08)  or  (probr l , l )
moÈcoùnor ly)  ofJ  h)e,  oaf lant  n,ar i - r ia l  ( rhrn polL.s,  r l ìe
.enùalr ibs ofpx l ,n Lcalcs gùr 'd  coarsc gr :LSS, or  wo!r , ì
naLt l r ìg)  .o ! . Ìc .L b)  x  tL j . l  laver  ofmud (Fig.  l .3b;  Pcl f ic
rEgo:  z1 r89r :  8;  Peet  rnd wool ley r9z3:  57 E,  1ìg.  6r
Ffanl i lòr t  rnd P.ndlebury rg lJ :  5 9 n i  La.ovarr  r99o 8.
69.  ,  r |  Kcrnp,  r9E5:  8 Lr ;  Tytr ls  L9. ] ì :  rJ .  r re y lnai rons

Lrut  r re the reconsl fuct lons fc l iab lc l ) .  TLc width of  Ì rns
would dep,-ncl on the thìclrness of thc lxnbcr cross bc'arns
l ih ich.ouì . I  be g jv€n j f i l r .nrcdiat i -  sLrppof t  l ro l Ì ì  c . , lu Ìnns.
Al  Anarra f l l t  roofs were usur lLy rot  more than aboLrt  3.5
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nretr fs  across.  For  acsLl ìL. t ic  rcasoxs the ur ìdersìde,  inc lud
jng thni of Lhc prolrudirÌg bcanìs, could also be plastered
s, i lh  s t rew r ich Inud p lastcf ,  which could thcr  bc pai Ì ì tcd.
wlBr  .c i l ings ard roois  of  th is  k i fd  col ìapsc,  the nud
coycrìùgs brerk iùto pìeces lvhich $'ill conLinuc to retnùr
t l ìe  i rnpressnDs 01'berrns i lnd o ihcf  suppor lLng rnatL. r ia l
(wLlcì r  u, l ì l  ru  r raì ly  r :ve.hra l l l  de.ry) .  Such roonng. l i . ìe .
nrcnts 3rc in ìponrnt  s tnrcturx l  er iden.e rnd should L,c
loolrd for:ìnd 11.c.,rdcd dùrirìg ercalatio..

VnrLlLcd rools  ar i .  bdtcr  docurncnLcd,  par t l , !  bccar Ìse of
theù rse i r  tombs \ rhcrc thcy havc had bet ter .hrnces of
sruvìvr l .  T |e e i r l ies l  c{anrp lcs rccorded come f tonr  the
f  i rs t  Dy.rsq nccropol is  a l  SaqqaLa (Fig.  1.9à=TonìL l5oo:
r | r r y  r 9 1 8  r o z ,  p l s .  r r 6 ,  r z o r  r 9 6 r :  r 8 5 .  f g . 9 C , ) :  d o n Ì c s
have been recorded nr  four th DynasF toÌ rbs at  Ciza (F ig.
j . 9 d : l ù n h e r  r 9 , 1 r : 2 j . l o  J ,  l a t  l Ì Ì i  l . a r s e n  r 9 5 o : A b u . B : ì k r
r9t3.  )29 41) t  f . , f  la tcr  lxaÌ .pìcs sc, -  Spen.er  r979a:  41,
J2 t  6) .  Vru lLs r rc  knoùn to hare covered sprns of  arourd
l ìve nrct rcs (Maf t rn r989 55 6 i  l lò lscLer  195r :  29)  and
nror . ,  o fc  in  lhc nìonurr !  lcrnpìc of  ^r rcr ì l ìo tep sor ì  of
HJfu rer .h iDg 7.7o metrcs (Robichon 3nd Vsf i l le  r9 l6:p l .
X l ;  Sp--r Ì .e Ì  r979ar 87.  fo l lo lv inq Holschcr ,  c j tcs a posslb le
case ofa sparr  of8.6o mch.s ar  Nlcdinct  Habu).  ln  ordcr  to
. rca l .  a  I laL sur facc x l )o le rd j r . , -nt  vaul ts ,  e i t |er  for  I  root
or  for  lh .  f loor  of  xr ì  ùpper s torey.  the ìn iera€nrng spaccs
htd ro bc l i l lcd.  BLicks oL mlnnr :  r re uscd i f  th€ onL)
sL,n,  ! ing cxarnplcs ( I is .  l .9bì  [ rncr l  a I . l  Kì rsa.  r9]5,  34,
17,  f iq  r3 p ls .  6 ind 9 i  Chrzoul i  1964:  14j ,  p l .  XVIA;
llror,-l 11176: *. 4t 2, 47) bul b) Coptlc tùlcs srraìlcr
r ( : l i .v ing vru l ts  wcr i -  bc i fg bui ì t  in lo thcsc spa.cs ìnsL- !d
(c.g.  at  St  Sinreoù s Morrstery i ì r  Asúan).  A fUf thcr   Sc of
l ru l t iÙg \ !xs to c f , -ate reherng i rches to protcct  dool , \ \a ls
orchaÌ ìbcrs iv l , ic l ,  larwi th i r  la ,  gc,nrssesof  nrasof  D (c s
l \ l ln i rLr l t .GoLrt  . ìnd D. lcùze r  992:pìs.  r  r  r9) .

Nlos l  rnc icnL vaul ts  seeùÌ to l r re been o l the f j tched q pc
j f  q  hìch cach nrc { ]1 br icks was là id a l  a  s l ight  a g l .  k)  th i :
Í . r r ì ( !1 ,  so th. t  rhc wci |ht  of  cach nÙr orLe was borne ry
t l rcse r l rerdy ì .  ph.e (F ig l .9r  Vin Bcch 1987:  84.  l t  has
reniarLecl  a l i l jng t rxdì t ior  cspccìa l ly  jn  Nubia (c .g.
N l ì ì c ì r a r n  r g r o : 8 , o ; a l s o F a t h ) , 9 6 9 : , 6 , 8 . p 1 s . 7  r 8 ) . l t s
i r t l f . ì . t ion is  lhat  i t  cn l l ) les vrù l ts  b be consrrrL. ied $ i th-
out  thc ùsc .J f  teùporary suppof ts .  Al thorLgh ofd inary
br jcks c ' l r  scrvc 1or  Lhis  typc of  vaul t .  speciaì  br ìcks rvere
sonrct lnres nrrde Normr l ìy  thc!  hale two d is t i lgu ish
ing chara(teristi.s 

-fhey 
\rcrc Lhjnncr, reseùrLhÌg tiles

( f ig .  J . ,o) ,  rn. l  d id not  r , : .d  ihc s iandard r :  2  lcngrh:* i r l th
rat io .  Spccj r .er ì  d i . rensions:r re 1r  r  2 l  x  t  cm (Mr| tnì
ì 9 8 9 :  5 1 6 ) ;  6 o ;  z : t  x 7 . i  . n  ( c h a ? o u l ì  1 9 6 4 :  r 4 4 ) l

4a r  19 |  17 i  6  cù {Robichon and va, i l le  1916:  l8) l
40 r  20 r  40 r  7.nì  ( f far ì l for t  rg j j r  r4t ) ,  lhe l ls t  t lvo
wìth ; r  s l ìghl l )  wcdgc-shapcd dcsigr ' ì ,  which in  other .ases
was r (  cornpa. ied b,v a s l jght  curvatùre of the edg,-s (Spen
cer r979ar r42,  f ig .  9o) .  Thc o lhcr  charactcr is t ic  was a
scor ì r rg of  one f rce (kr  be ihe nnders id. ) .  or  cvcn of  both
hccs, br draggrre the lìngers dowrr its lcngth durlng

93
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J

Figure 3.8 Us6 o.j sprèatt ríúd ror..s. (a) rn a bl'ii::;#;:)"; ^r';:*';"^:r:':;"::; ;i':,ili-':i-':Li:,:',:;:? !,i:::':ti,i;:n;:,:":!'"f1,:';,#{,îr'tr1

*-u-t'E'�'
(a )

N

o C
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I  ' � .
FWtl.9 Bti.knul\arddan.s.lo)Th..a i.tL.taftpLe,whi.ltor.t!a'ùb' íutf bùtial aL saqqan tomb )jaa. F n* Dy\asty (ali.r Eúùl
i9t3): lb) Brick tsùttnE at tttc Ror1.s.ùn ||ith alt.r'tot. pitching lot doúbl. Òr nùbip|. vdtlt |ùr.t\ laltù rharet 1976); lc) ̂  d,toit oJ ttt.
'Mt. ituwins th. st o.vttt 'u4a,6 oj ttu vauLtins hrí.k,t ld) Dan.d btick .lldF.t dt th. FÒrtth Dvo'tr tÒt1b Òl súeb út ciza (aitr lùnkù

I
I

I
- l
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(b)

Iiiit.l.rÒ Bti.k litlLitgut th. nagozikc! hdd. th. t úptt ol sèti
I at AbtrlÒ:. lu) lùn.tiab aJ pìtdnd vauhins wnh wall; lb) vault end
ú.wíng t 11. us. ÒJ toojng hri.ks Lùn.tl at ight ang|s Lo jtl thr Vac.

rooflng tiles jffound loos€ in rubble duing excavation.
In sorne cxamples of piched vàults the tiles or bdda

wcre hid in lwo (and even up ro Iour) iayels, ofren wirl
altcrnating aneles of hlt (Fig. U.9b, l.9c; lmeryand Klwar
ry3t:a7,Ee. 13, $, f iC.22, pls.6 and 9; Marhn r989: Jr,pls.
46 and r57;Chazoul i  r964: pl .  XIìB j  Franldort  I9l t :  14, pl ,
x l .4iVan Beek r9E7:79, 84. ln a wel lprcservedcel larvault
at Amarna pails ofreeds wcre lnserted treiwcen the ings 0f
the vault (FranKort and Pendlcbury 19lt: i2 l, fig 6).

To what extent hr€ vaults wcre brilt usjng vcrticalaru
ol blick is not clcar. A Sixth-Dynasty chapel ai cizals one
exanÌple, buìll with speciaììy shaped bricks with jnterlocl-
i r p , , g 7  q  d g e s r f g  ì .  J - r  s l  . r  . r 4  4  p l .  r j r ,
r7 r9). The veftical placlng ofthe arcs was necessaryiodre
c.ealìon of an efÌeci oI rounded rìbs on the underside,
\ahich was part ofthe mouldnìg (see the scctlon on special
shapes). Truc vaults are more likely ro rcquire wooden
fòrmwork which will t€mporafiÌy support the arcs. Sets of
square holes for rhc cnds ofwoodcn beams in arc-pat€ns
prcscrve.t in sionc walls at Medinct Flabu probabiy derive
from sùch a buildingsystem, butihc appearance ofthe rc01
andccihÌg (\aas it also ribbedì) is nowlost (Hólscherrg4r:
l8 9, p1. 26, r95r:  29j  Spcncer i979a: 87).  one shouldnot
ule out thc possibility that, for ìarge building proÈcb,
prolessional (or at ìeasl spcclallsed) vauhbulld€rs weft
enployed, who came with thei ow equìpmcnr. Support
woL,ld also havc been needed for arches, commonly tuilr
ovù doonaays, but this could have been ach;eved very
simply, through lhe usc oflengths ofbcnr palm leaf b0r
norc substìntial pieccs of cuned {'ood.

Many cxamples, maìnly fron krmbs, arc also lúos1r
corbel vaults of bricl, in which the spacc was graduù
closed by slightly projecting cach couFe of trricì$ òeyond
the ore ben€ath until the bricks of both sidcs mcr n me
middle (Spenccr  r979a:  ,26 7)

Soil as f i l l ing material

Lar ge buìlding (and perhaps demolition) proi€cts in
Egf pt requircdtheuse oîextcnsiveramps for the
of ìrùiìding maieúals bel{'ecn differeni levels. ln one
metlìod of cons truction parallel walls ora neiwork ofcham.
bcfs were built ofbrick and then fillcd with soil (desertm
al luvir l )  (Badaw' r957: 64 5; Arnold r99r:  86 98; perr ie
r9r2: i5,  pl .  XXXIì) .  A comparable pnct ice was also en.
ployed îor Iòundation platforms of ìarge b ildings (e.g.
lanosi,996) a do.casional lyfòrthicks'a1]s(c.g.Ziermaù
r99l). Îre most notable €xamples come ùom rhe Lxte
Period, when civil and reììgious bùildings were ofi€n set
uponmassivecel lularpedesialsf i l lcdwithsoi l (e.g.Fig.t . r4
Kcmp r977i Petr ic 1888: 5z 6r,  pls.  XLII I ,  XLtV; Hol ladal
r982: jr-r, pl. 40). Thcse ex.rmples noiwithstanding, E$?
tian buìldcrs often display a preference for creating requi

manufaciurc to creat-- ftogging (!ig. t.9c). This keyed the
driedmortaì'on to the otheÌwisc s1llooth su.facc olttì-" brick
ard so helped to prevent shear loads from above sptirnìg it
away, and aìso perhaps augme.ted rhc su.tnrn of thc w€t
mortarby allowìng it lo act on I greatcr surface a.ea (Martin
r9E9: 54. Ìt is important to idenlify fiagnenrs of such

mass (e.g. nì thicì( enclosure walls and rcmple
thrcugh solid brickwork.
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( i it . ,. \à1l, r;i;*:i;.I'  (1 t, 'Y * ,,, ' 'r i l ì.,, i
LDl11 ArchíEct,r.l noùldings in nùd. (a ) Ribbd vaultèd.óof in a FÒutrh-Dvasty chapLl at Ciza which vsed. specid f hould.(t
. Fish. 1,o,4): tb) ia-oultdn,d pan t\frnd ta a Th I d.Dynas', tombfa@d.e (ho.3o7a) dt Saqqdo by waodcn ùns lafet Èmùy ry6,hnilaaphok\iBIhLfotttt\wuttaÌBuh .Iútllth Dvasry laftet Eú..y erat. j9791; p1 ,o^p^it, ni" "1,o U"aai"gnal5ieo
Púnpù noaldinEfot an orkdmt\t@t pÒoL at Maru At.h, Amarna (aILù pet @nd woo èy ,9.j, "9,7s. ,9, pt. Xtixv t r 1; 17 1 ,,i 1g1 c
tdihgs|tan D.r èl.M.dino (af.t Bruyèt.19,6).

5E); G)6E); G)

@
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Some ofthe evidence for the use ofloose soitalso corÌes
ftoÌn building lexrs, although vocabulary diilcultics sti 
hinder translat ion (Simpson 196l:  7l  t ,  78).  rn ihe besr
known (P. Anastasi  I )rhe soi ì is sand, and rhc interyreta t ion
seerns to bc that the removal of the free-ffowing sand
al lowed a heary mass, a colossalsrarue in this case, to be sct
up veft ical ly on i ts pedesral  (Arnold r99r:  70).

Tlk . lJ i rr  h"" b""r  mdd. b) B,d"s rr î57 so-ooj rhdr
r l  "  Fgyp iJn. us, d r t"  r , r .m.J el .r ' r  merhod of,  onst L.
tion, citlng às exaìnples 'platforms replacing pavemcnt in
archaic huts, enclosure walls constructcd of rwo facings
filled in, cofìstructional ramps co sisting ofa neiwork of
colTers in brick filled jn with earth'. tl as I suspect, r1ìese
cramples involved thc lilling of spaces defined ìry penna-
ncntwalìs thcn the term ranrmed earth' is nor approprìarc.
It is better kept for the technique in which earth is rammed
by conìp.ession between icmporary fomwork (usua y of
sood) which, when removcd. ìeaves a sohd constructjon
behìì ìd.The key to success ìs to usean almosr,  but notquite,
dry mix of soi ì  in which ihc act ion of ramming is nor
irnpeded by the Deed to expel a lot ofwater A 13rge anìount
of stfong wooden plankins is reqlired and the means of
hxirg it secufeìy as the rnud is coìnpressed. The resLrtt can
be nìore sol id t l ìan that achieved bybui lding in br icks nadc
by ùìe traditional method. I know of no examptes oftrue
ranlnìe. lear lh construct ionin ancienr Egypt,  but,cspeciaì ly
on damp floodplain sires, thcy might bedifficuìito identify.
A Fourth-Dynasiy mas,.ba at Meidum (no. 16, of  Nefer
,naai) had been 1ìlled with layers of Nile mud, poured in and
left to hardeù beforc : fresher mass was appìjed, (pctde
r892, r  9l8:8),  bui  nor is this a true example ofthe pract icc;
nor the brick quarr) ramp at Qau el Kebir, ììade from
paral lel  br ick wal ls f i l led with loose mLrd (petr ic rglob: r6,
pl .  XXIl .4i  Anìold r99r:91).

Special  shapes end vernacular style

Tlìe Ègyptian architectrrral siyle took its inspiration from
wood rnd plant fonns. We are most familiaf wjth ihe
lonììal ised shapes rs they were reDdered in srone, srart ìng
lvrlh the Slep,Pyf:rmid enclosufe. S poradjc exa mples show,
howcver. that thc saùre oL related fonìs could be repro-
duced ir  nrud as welì ,  soDrcr iù--s through rhe nse of
specially sììaped nìoulds. Fxarnples are vaulrs frorn otd
Kingdom chapels at Gìza, soÌrct imes paiDrcd fed, shaped
ro repÌescnt cuned cei l iÙgs of feed bundles (Fig.
I . ra=lr ishcr r924: r14-7, pls.  t )  2,  t7 r9; Abu Bakr r95l:
r29-4l i  spenccr r979a: 2i ,  142; KùhlÌnaùn r996): .avéùo
.orniccs aùd ior ' .s mouldìngs ! t  Deir  c l-Med,na ano Ama,
rna (Fì9. I . rre.  L g; Spenccr r979a: 142; Frankfort  and
P-nrdìebury rgl t :6-7r Pendlcbury r95r:14r,  f ig.  zo; Kemp
r985, f igs r .4,  r .5,  2.1)r and, again at Arnarna, coìumns of
rounded mud bricks builr around :r central wooden post
and faced wiù f lu led mud moutdings (Fìg. I . rrd=pcn-
dlcbury,95r:  22, ro9).  CLrNed brìcks madc ìn cuwed

moulds were used at Amarna for cotumn bascs (cìarke ar
Engelìrach rglo: zr5i Perìdlebury rgtr: Ìlz) and forcircul
grain silos (personal observation, house e44.r). They a
also attested in vault construcrion (Dcleuze r98r; Minau
Cout and Deleuze r992: 72).

Thc substitution ofmud and mud bricks forsronecou
extend to moulded lotus clump columns with screen wal
(Pendlebury rgtr :  r l9,  pl .  LV.4) and to sratues. ahhou[
su.r'iving examples are exrremely rare: the bu s hear
Ìnodelled in clay, iúo which real horns were jnserred, la
out along thc b3se ofsome FirsrDynasty tombs at Saqqa
( E m e r y  r 9 5 4 r 8 - 9 ,  p i .  v t t j  r 9 5 8 : 6  8 , 7 5 r r 9 6 r : 7 r , p l s . E , 9
statue groups ol pìastered brick added to some ofthe con
dors of the Ramcsseum in the Third Intermediatc peric
(El Achir ìe and Fonquernie r976: rr  r :1,  pls.  XXXrV-XLra
b; Schumann Antelme r9j6.7r-6, ryz 4)r f igures ofBr
moulded in high relief in a ptolemajc shrin€ at Saq$r
(QLribel l  r9o7:rz r4, pls.  XXVI xXIX).

The First Dynasty had also seen, lìowever, the inlrodu,
tion of a styìe of ornamentaì brìckwork used for palac
fagades and thc tombs ofthe éhte which might we 

 

ha!
been ir'Ìdependcntly inspircd by ihe bick architecture c
Mesopotamia. Panelhngand imitation dooways forned th
basis ofthe lower parts ofval ls (Figs. 1.6 and 1.7).  (rn 0n
case the panelled cffect iiselfw:rs achieved by nreans o
pre-cast mud slabs fasrened to the fiìrade by tong woodeì
pegs, an early form of architectural claddjng, Fig
I.rrb= Emery r968). Thc upper parts borecomptexpaitem
which àre known mainly from arristjc representatjons, an(
these, àccording to oneexcavatoÌ, were someiimes moutder
m lnud {Emery r9j4: r j9;  196r:  r8r,  but wjthout i l tusrrÀ
tions). Tìre samc wàs truc of decorative elements ir

Fìgùtt J.1, Pan Òl ttu law.t nry)atrs al the'lvelfrh-Dyoty
oI Mngi$a. Nubia. NoE thè ahgltd h.ddihg-plon6ta tokt thl
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(d)(c)

(e)

FÚn}13 New Kr7don lbd Late Peàod rufrpai' (a) section thraugh the erclÒsbretuall ot Mediret Hob' (ofre. Hólschat D51); (b ) sketch
úWtued bnck crcnetlatio$ at the Lote.PeàodJonrcs on Dorytîoni klond, Nsbia loiet Knrdstad ry66: pl. E<rvo): @ pton ofore @u1e oJ
hi.tcand tiflbet beoh' i^ the enclasure vall Òithe Montu teflple at Katuak ldJtet Christophe ry51: pl. w ); (d) Plot ojtheJouúation bnckwo*
cthr ùorh comù oJ thc Mo^thu t.frple at Koflak. buih over earlier @Estructians (ofrù Christophe ]9y: pls. WI, XV tI ): (e) Reco$|x;truction of
kc.ktrc oJthe east sìde oJ rhc -rhinieth-Dyrasty 

eúclosutè woll ot the Afrun t bple at Kamok (ofet Colvib and HeEozy 199r.

i
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Fisrtt J.14 Cltttat btitk liundotíor ptathm lot thì palut aI
AÌ)ri.s ùt M.rlphi\. vi.t .d t. 1. rÒt1h. Ttt ùthdat o noos wù.

Amarna houses (Franklort  r929: 55,57).  Forr i f icar jons ìn
mLd brick, shich used cuned w:rìls. eiaborate systeÌns of
loophoìes, rnd crenel larcd bat i lcments (Figs J.rr . ,  1.r2,
I . I lb;  ior two survivine exanples see Knudsrad r966: r85,
pl .  ) .XIVa:Goìvin and Hegazy r99l)  provìdcd buì idcrs wj ih
yet a furlher set ofmodeìs.

rn sechon, moulded from mud around wooden core
Amarna (Frankfort: 1929, 52; Frankfort and pendlel
rgl l :  ro;also Fig.I .  d).  Lincncanalsobeusefut.  t thas t
ùotedat Amarna laid over mudcolumns, towhich paint
! n p l r . d  r P e n d l è ì u n  r o q r : . t q t . r n d  F m c n  r | 9 \ 4 .  r t q  r r'x/ ì  r  rrFsar,  hj te,  rurr ì  è1" 'renrs,rom FJrl)  Dyn3sri i  ror
at Saqqara which were .of cxtraordinary str€ngth
weight, obtaìned apparentty by reùforcine the mud I
small strìps or lìar linen and dryjns it wten under g
prcssure . One product was a lintel measurìng, in its bro
state, 6l  t  Ì8 x ro cm.

The tolal  c\ iden.è tor drLni Fc.urrt  derai  rg In r ìu
rol  gfcrr .  Lul .  in r  iew of r5 v| . l r  erd ) i t  h lo de, rv rno of
l r( t  l l ìar rncj .n L,ur ld.rg. f r . . ìuenrty sunrve onJy a. ro
d4iol |c r Ì1i .  rs rut re" l I  surpnsi '  g lhe et |oèn.ecedai
pornts to an awareness by builders of the polential ofr
architecture for producir'ìg both decorative and utilirar
shapes, but whcther thcy employed it ro ìrring nrro ex
cnce a class ofvernacular architecture, prìmarily domes
is inpossjbìeto tell ln the present stàre ofknowledge. Sir
the form s ofbrick buildings woutd have contributcd sign
La n r l )  ro how Jr Llenr tgvpr rFrr l \  looled In s i .  rn i rpr
ant lield ofrcsearch.

The lack of tensile strength in mud can make tancv
\hrp..  J îr ,  r . l r  ro J( h. ,  \ r  !vr.hnJ. O, ,  J Acknowledgements
iar"ì  Ld, ot  ' " i r  .or. .n .r .  In t l  r  ror.  or wood or rooe _ . .

which will normally have survjverÌ only as impre'"'"'. ;" ?' Kdtherrnc sPenc€ kjndìv read a drafrversion of tl
the mud show t lÉt s inìple mcans ro ;ve.co;e th,"  *" ,"  

'hoPr" '  ' "d.TJde manv !" luable suggest ions which I  h
u n d e r s t o o d , a s i n t h e c a s c o f w ì n d o w g r i l t c s , r o u e J r l y s q u a r e , r c o r P o r o t e d I n t o t h e h n r l  l e x t

Figur. j.lt A Ìctiot oI the Lotè p..iod pan-bcddùt .ict6ute úou ol
the Kon tL-Sùhoh, Abydú, huílt avet house wdlts al th. old Kikglon_
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importance ofdiff€rent ìtems, in the endeavour io covel
In lo--nrr i \ "  g"ùg ' rp\  ,  a l .  h i ' (or i .  r  o ,  so,  i
range, and on appreciatìon ofconditions in úe field or

and possìbly serìously distort results. Selection ol a
thus depends ìroth on a historical sensibilily to the

lhe place of storage. The exact original location of
sample within ihe painted sudacc must be recorded,
cause lhÌs is crucial for later interyretaiion of resrÌsl
example, unexpected components may in som€ cases
e\?làined by the direct intusion ofadjacenr pignenh,
contamination from the degmdation pattems ofthose
menis, or indeed later restorations. The condition of
sample remains an importanl consideralion

Ifthe anaìysr is insufEciently sensiiive to the histod
L o n t p \ r J r  d q u e s r . o n . L o i ( e r n i n g a  a m p l e  o  r h F

is insufficienily informed on the methods and potential
:ìnalysis, ih€y remain ùnable as a team to e{tract
data Èom their sample. Moreover, both musl be a$'are
theù analysis is of the noder,l condition of Lhe obj
pigments may degrade over time, producìng new
and losing their origìnal identit, and this possibility
be taken into rLcount. Therefore tb€ screnhhc
ofihe presendyvisible colour otght to fo1low anallsis of
pigment and medium, if any indication of the
coìour value is to be obtained. Distinction of hues is

laboralory testing, and, in the case of non-destruchve
ing, in storage alier anaÌysis.

erally less problematic for polychromatic colouring
tions, as in Dynastìc Egyptian art, than for colouristic

Pain t ing  mater ia ls
L O R N A  L E E  A N D  S Ì E P H E N  Q U I R K E

lntroduction

Thc present colour ol an obiect m.Ìy be du. ro intrinsic
coloration or to coìours applied as paints or dyes, the ap-
pea rance ofwhich may have aìtered since applicatìon due to
degradation. Colour is to be distingxish€d from pigment,
the organic or inorganic coloudng subslance. A paìnt on
ihe other hand is defined as a mixlure of a pigment and a
binding mcdium, and may be applied djrectly to rhe oìriect
or onto a painting ground. Ai preseni, lew analyses of
ancient Egyptian bindìng media have been undcriaken, a
proLrlem which reflects dimculties ofanalysis and limited
availability of well'provcna nced samples. Rcs ul rs of orgànic
a n a . 1 , i .  r "  .  b e  o  Í ( u l r  r o  i n l F  n r e r  b p r J r  ' .  o r g  1 ,  n a
terials inapaint sample may lle duenotonly lo the binding
medium, but also to originrl coatings such as a varnlsh
applied over paint layers, as well as lo more moden addì-
tions (ìrtudjng media àre dlscussed separalely with oth€r
adhesiv€s in Chapter lg, this voÌume).

oncc suffìcient analyses ofbinding media have become
avaìlab1e, it wìLl be necessaryto reunile the ànaltses ofboth
pìgment and medium wiih consideration of the painting
ground, which may bc expectedto affect pigm€nt selection
and texture. This chapier primarily addrcsses the problem
ofidentiryine pigments and, to à lcsser e)r1eni, their prov-
enance, belòre presenting rh€ morc recent findings on
methods used in ancient Egypt for preparing ground, and
above all lhe preparation ofpaini€d pLaster surfaces in the
Theban iomb-chapels of the Eighteenth Dynasty.

Egyptian pigments belorethe Roman p€riodare rn most
insiances inorg:ìnic s bstances, explaining thc extraordi
narily good preservation of colour on many Egyptian an-
rrq'  . r ie.  ànJ nolument5 - fhp (  hen srn ofrno-g,ni ,  ma-
terials has olIered fewer problems lor anaLysts ùan the
ideniifrcation ol organic components of ancient samples,
but ùe researcher needs to ìre aware ofceftain complìca'
tions afiècting all methods ofscientìfic research. Thc ideal
sample comes from an undisturbed stratum of a secureÌy
dated and provenanced obiecti the histodan is required to
help select for analysis the most suìtable itcms, and to
identiry any problems associated with their archaeological

cont€xt. Idcally samples should be taken by the analysl
rather than supplied; at the least the analyst should be
familjar with the particular sampling method, as well
wrth .ondnion '  o èhr-v" l  rn lh"  (as"  o ' f ie  d
and ofstorage in the case ofmuseùm sampling
methods of tfeatmcnt and storage can present a m4
obstacle to cleàn sampling, as adequate recordingof
ment began only relatjrcly recently; ihis creates a
prehistory ofthe monument or obj€ctwhich is ùlknoÌvrl
the analysi before beginning work, but whicì may

tions as in Renaissance and laleÌ Westem European
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Table 4.r. List af chtmicalJòrnulae oJ compaunds cited in th.
text (in aLphdberi. arder)

s, linguistic demarcations of the colour spcc.
ineúal1y refleci cultural and individual seleciion,
subjective and Érely selfconscious; ihis creates a
for some objective scheme of colour measurement.
instumental measurement of present coiour of

E$?tian painted sufaces, scc Strudwick (r99r);
insbumentrìtlon is not available, it is useful to refer

iisual aids súch as the Munsell code to define fields of

An additional problem for compàúson and collalion of
bydiffereniteams is material nomenclature. ln vrew

variaiions in lerminology, Table 4.r lists thc chemical
ofmaterials as named ìry us in this article. with

ìhe dÌemical fomula, it is not possible to guaranteethe

remcnDe'eo mJ- on.  ,  hemr.a l  lo  ruì"  mr)  appìy o

ofone anaìysed sample *'ith anoiheri the list rs a
q . a r d  d o -  n o ,  g / e  d . d ì | "  o f  r h F  D o . . ' l , e  \ r , i

under the nam€s, Frlicularly in the càses of red
(conlainlng haematite) and Eg"tian blue. It should

dun one pigmenl, and that definitions in chcmical

Folide only the firsi step toward ìdentifyìng a ma-

b<hapels, sarcophagi, temples) and walfpainlings
bthapels, budal chambers), raneing lrom the Fifth

British [4useum project ofpigment analysis

from eight manuscripts dating from the New King
to the Roman period have been analysed since r99r by

mid-Eighteenth Dynastyi
Nìn€teenth D)naslyi
Twenllelh Dynasty;

CaSO,
Cu.cl(oH)l
cur(cor).(oH),
CaCOr
SnO.
CúSiO,.2H.O
CoO.Al,Or
(ca.Cu)r(Si ro, )
(ca,cu)s i .o , .
Ca,Mg(coì ,
ùalnly cuprorivaite CaCulSirO,.)with
copper eollastonire (ca.cu)r(Si,o,),

tle alpha iòrú of FeOOH
CaSOr.2H.O

Mgrca(Co,) r
natural earth pigment consisling of
silica (ìn an Eg)?tian.ontert this will
be (luafz)and c1at, colouredwÌth iron
ordc (seered ochre and yellowochrc)
Kre(s01) . (oH)6
At.si.o5(oH)4
general field Ìem for poorl)
charadenscd hydúted ion oxjdes
cu.(coJ(oH).
sodium sesquicarbonate:
Na,CO..NaHCO,.2H,O

the gamma form ofAss
cu.(oH),cl

M.O,
ìhe low temperature form ofAsS
rype ofiron ochrc colourcd by
anhydrous jron oxidc (haeÌnatlle:
Fe,Or)
s io,

Hgs
q?e ofiron ochre colourcd b larious
hydrated forms of non Òide, malnly
goethitc (FcooH)

Egyptia. bìue

by iis provenance and manufacture.
Ite most exiensive single project ofanalysis for ancient

p i g r e - .  o  d a r è  r a .  L r o n  r h a  . o n d L r r . d  1 , "
r98o and r99Ì by the Ma\-Planck Instìtui fù (èr

jn Heidelberg, with thc Egyplological assistance of
Institute ofEgyptology at Heidell,erg Universìrr- 0980-
ùe InstitLlt€ ofAncieni History at Konstanz University

4r "nd rh"  t .h , ,JFL, . .MLseun.  H,  d.s l -è '1 f lo8 ,
see Blom-Bó€r Ì994). This project involved analysis of

ligment samples from painting on slonc surlàces

to the eaù Roman period bur predominantly of
late OId, early Middle and Ncw Kingdoms, with the

ight of the evid€nce lrom Thebes. The sampìes were
in reflective ligh1, wiih scanning elecùon micro-

(srM), and el€ctron microprobe techÍiques (EMPA).

part of a consewatlon project for thc lreatment of
papyi, pariicularly for consolÌdation prior to lacing

removal ofacidic backing-paper, samples of nine col

: u f o r . .  F r o n  r h . , o l l . , r r o n  o f  r h p  D p r r r  n r l  o .
Antìquilics in th€ British Museum, six historical

wer '  rdorrr f ìed rn rhF l-  j rof  " t '  o lo,  '  i ìu"rrJrrol

4. Tweniy-first to early Twenty-second Dynastiesj

t. Twent sirth Dynasty to early Ptolemaic;
6. late Ptolemaic to early Roman.

(These phases may require modilìcation when extended to
other collections, e.s. fusion ol (l) and (a), divìsion of (5)
into earlio and later phases).

Represcniatives olcolour range in each historical phase
werc selecled for sampling and the pigments anaÌysed
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usjng x,ray fìuores cencc (XRF ), x ray d ilTr.ìction (XRD), an d
ex.lminatjon uÌÌder fotarlscd liehr nìicroscope (pLM) ot
partìclcs mounlcd ùr M./tnorùr. Wherc 1ìrrttrer etenìental
anaL)sis úas rcquired, sanplcs were nìounted o. a carborì
bìock aùd exanìincd b) scrfnnìg elecrron miùoscope $ith
cncrgy d,spers,vc x-r3y r .a lysrs (SrM).

Methodsofanalysis used in the British Museum pro.ject

ln the Briiish Museum consc arion proj€ct, the sanìple
was linited lvhcre possìblc to the mjrìinal amount
( -25} 'g) i  where n lake p jgmcnt  lan orsanrc dye on an
inorgrnic sùbsiralc) lvas thought to be prcsent, a largcr
sanrplc (-o.5 mg) was taken iD ordcr to allow scparati{)n of
the organlc dye frorn the ùorganic subshate. tflhe nrture
of the artclàct alìowed, Lwo small sampl€s of each colour
w€re taken, thc fìrst on a gelatin sirjp, ànd the sccond à
pow.l--r sample ofa few particles only, directly inlo a snì:ìll
gclatin capsule. Posjtion ol rhc samplc on the originat
obiectwas recorded on a photograph or xcrox.

Thc limitations ofsmall sample sjze should be borne xì
mìndj if tlle sample is taken 1Ìoùì a less honogeneoLrs
pigmcnt, the resulls rÌìay be mislcadìng. lt shoutd atso bc
noted that a series oflayers nray bc presenr, as has treen
.letected with the ochre alÌd orpirncnt layerìng ofyettow or
Theban tcrÌples, a.d saÌnp]nlg should be se.sftilc to tayer
nrg as well as ground prepalation. In lhe cas-- ofihc papy ,
th€re rs no gfound to bc a alysedi ground has gencra y
be-"rr analyscd less often, exccpt i. snrdjcs ofTheban rolnb

X.rat.fiùaîs.en.e speùrar.opt lX Rr )
XR I ls à non des tftr ctive meihod of analysìs, and is used for
identiflcatbn of thc predominanr elemenis in a pigmenr
srmplc (Goffer r96o)j it can be applied directly ro pigment
mounted on a gelatìr strip. Elenìcnts $,ithìn rhc sampìe
absorb thc nÌcident x rays aùd re emir x-rays, the energies
ofwhìch arc clìaraúerìstic ofthe elemcnts. XRF aralysis
glves a spectfum consisting ofa se.ìes ol peaksj the encrgy
at which peaks occur indicatc rhe eìemenrs presenl and rhe
arca ofthe peaks rcÌates to thcir apprreni abùndance irì rhc

Thc llÍìitrtions of XRf are as Iollows: elemclts tighier
than magnesium (rclative atomìc Ìnass=u4J, suc! as so
dium, cannot be deteclcd $,ithout a vacuum atrachment.
Other elcnìents, iuclùdnìg aluminiuin, silicon. phos
phorus, sulphur and chlorine wilì only be det--cted il pres
er'ìt in substantlal rmounts. Neverthelcss XRf has Lhc ad
vaÌìtage ol offering a rapid meaus of preliminary
ìnvcstigation ()1a pigment sample.

X-tat po||ttct dtÍraction (xRD)
This is a means of cxlmining lhe crysral structures presenl
in  t l ìc  p igment  sample (Col fer  Ì98o) .  As ú i rh XRf,  XRD is

Lrndertaken d ircc tly and non-destructìvely uslnq the sam?ì
on the geLahn stdp. XRD with a Debye Scherrer camer
produces a filìn contairing a serics oflines rtìe posinon
and rclative inlensities of lvhich are .haracLcristic ofth
crysralljnc material of màterials prcsent in rh€ sample.Th
XRD patLenì ofthe unknown subsrance can rhcn be coÌl
p.rred with lines produced by hnown materiats.

The Iìnliratìons ofXRD are as follows: a large Iibraryo
XRD data ìs available for comparison wjrh unlinowns, bù
ihjs library {ICDD) consists primarily ofpanems coll€cter
Irompur,- substances. Ancienl pigment s3mptes are ofteni
mixture of components and may incìude drft and dus
obscudng the id€nLilìcatrcn proccss. Pigmenrs appreooi
gesso or ground laycr cannoi always be samplcd wthou
inclusion of substrate componenls, and the ìatrer may rler
interfere witlì analysis. ll the pigmenr is microcrysralllneo
non crystallrìc, it wiìl not pro.luce a disrin.t XRD pa €m
ill-defiùed paLterÌs may also result fiom pigne.ts whkl
have degraded since applicarlod. In certanì cases, ditreren
co pouncls produce simìlar XRD patterns, e.g. the coppe
chlorides rlacamiLe a d paIaiac:Lmite.

Polarked light ni.rascapf (t,LM)
The sample of powder paticles collcdedÉom thctiglnen
i n  L F g e l , , n , , r . u l .  . . " r  i - d , .  J è  J i i . r o . . o p e
only a limited sample is avaiìaì,le, ìt rs possible to us€ ùr
material collccted on thc gelltin sirip, bur this may br
difiìcult to rcmove. The sample is mounteu o,, a gúsr
nìicroscope slide iusing MeLtmoùnt, a material of know
rclractive index F.66), rnd ìs rhe €xamined in rransmirÌe(
lìghl usnìg a polarised light microscope, ai up to 4ox
(obiccrive) magnìlicàtion. This method allows the re
searchcrs to determjnc the number ofcomponenrs presen
rn a pigme t. Several feàtures ofcach component padidr
can be assessedi the colour, reftacLivc index (iaking intr
accouni that ofthe mountlng medium), shape and slzeot
the paÌlicles becom,- clear in plane polaris€d light, and this
inlonnation can be corroborated and expand€d by subse
quent obsenatìon belween crossed polars. tdentificarioff
a rc nìade by conìparison wth mounted refercnce tigmenh
and in conjunclion with the rcsulrs ftom rhc prcvionsll
descrjbed insh unìcntal techniques The limita iions of PLM
are as lollo$,s: cetajn pigments. such as haematjte and
vermìlion, have similar characterisrics, and this coutd cor
luse identilication if PLM wer-- to be used in isolation
without conlìrnÌatxm from other methods ofanalysis. Un.
usual materials n.ry lie beyond the reach ofthe availabte
refcrence sourccs. Some palc colours may app€àr almost
colourless when dispersed onto a microscope slide and
liewcd at high magnificxtion, as occurs for exampte wilh
smal1 paticl,-s of Eglptian blu€ Therelore ii is usefLrìlo
view slLch samples in rcflected lighr ìrelore examinaton
$,ith transmitted light: PLM r€veals limited informaiionin
the crse ofopaque particlcs, although rhc size and shape0f
lh€ opaqrLe pafticles and thc characterisrÌcs of rny ass0.



.iated ma lcrjals .aú be \eìr infonnati!i.. Vcry lmLù grouùd
pi$re.ts can also pfL.scrt prol)lo.s dùe to thi. nlnulc srzr
ofthc partj.les. lnsuflìcicrìt drta ùny b,- gained i-o!Ì somc
pjgnents farticulirly Egypllan copp,-r pigrnents. Thc lat-
ìù of ten contaìn a rumbcr { )1 phas.s qì th in o.c prr t jc lc ,
and the chara.teristìcs of thc p3rli.l(] s,ilì therefore be a
combinatior of those of each plìascj this can result i'r
lonfusing nÌf.irmatur. as dìscrLsscd bclow 1.,r lgyptian

Results ofthe analyses

Il€ rcmlts ol the ifrlyscs ol plgmeùts on paplrus corn-
bjneNith those f.om carlicr id€rÌtifìcatxms dlLrlng ihc con-
seflatior of coHìns, tonrb-chapcl wall'panrtings hnen afd

\  P '  v r .  , . o . . r l
Togcthcf, lle coùseNaiìon a|alyscs 1f.,1ÌÌ the Ilritish

Mnseum lòfnÌ a -<ubstantial databasc for compafison with
the rcnr l ls  o l  Lhc I lc idelb-- rgproìe. t . ; ìs  $ 'cU as Lhose g iyen
q Luos 1r962) Irom earlier studies, ;Ìnd exicnd thc rarìge
0f studt Ùlo arcas a1Ìd peio.Ls úhìch havc rcccrvcd icss
attention, notabLy thc org3rìic suffa.es panrred in ihe First
millr:Ììrtrùn uC. Ìt shoLrld bc rclnenLrere.l that th e rarìgc of
pallxlng qfourds ard colours availablc fof analysis vafics
fmm onc poflod to another, wilh lhc br.,a.lcst rang,- in the
Neq Ituìgdoùr rnd Ptolenraìc lo Roù3n peiods. lhis is
prrtcularh rnportlnt n consìdefmu lhchistorical ùIplKa
hons of anrl,lscs for the New Kinsdom and Third Inter
medìate P.r od; nì thcse peù)ds. "'jrhout inaìyscs of pig
neDts from organic surf:rces, th-- analyses of pjgnìcnts
ftonl stone sura.c.s alonc Ììright give th. inrpr€ssror lhrL
lhepalette chrnqed:rr rhc cnd .,1 dìc Nes l(iÙgdom simpl.v
because so Ier. Ihìrd ìntcrnìcdiate Peú)d coloured sronc
surlaccs rÌe xvrilabie for snmplxÌg. SnÌÌilafly, the errliest
attef.d appearaÌrces of the less uidcsprc'ad rrineral pig
ì - , . 1 ,  ,  i r L ,  , .  F J q J  o r  ' r i l  . r d l - , , 1  1 - ,
lFllow) wclc lfom the earl,v New Kirìildorn tu thc earlrcr
a llses prcdoùLrÌantly from paì.ted plasler rnd stone
sufa.es.  but  the Br i t ish lv luseun rnr lys is  o lorgaúr(  sunr-
tes sudr ls wooden cofiins hrs rrcs extended tlìc a[cstcd
dalc.Rùgefù hrLr t j tc  and orp i r  cntbacktothe Laie Mìddlc
Kngdom. a peftd forwhìch 1i\\ painted storL- ancL plasier
obFch arc luìhble for s:rnrpling. Most r€ceùtly huntjte
a  L - r  r o o ,  . ì  f  r  J " u l d . r . r r g d o r r  p a  ' ,  s r -

lHq$'ood lòrtlì.où,n,g) rnd n,ore rescarch ìs clerrly

ln the .ortext ol the present book, nratcrial ol thc Pto
lenaic and Roman pcLiods has generaì ly  been excludcd
exccpt when it hrs been ncccssarv to dras, a contrasi wrLlì
usagcatt€sted in the !arious plìas,rs ofthe D,vnastic Period.
Howelcr, lt should be noted that lhc làtcst Dylastic e!ì
deùcecjlcd rnay extend into the Ptolcmaic Period owirg to
the hoùogencily of fùnerrll lvorkshop prodLrcts lll the
fouÌù to third ccnfuries BC (Late Pe od lo c:Lfly PLolcÌnaìc
P . ' o J ' .  , r r  a r  r .  , J J

teria fo. dìslirguishing rnateial frcm before and alief dre
ar iyaì ofAlerandcr thc Creiìt iù [!.rpt ir] 'z BC.

Pigments ofthe Predynastic and Early Dynastic
periods

Pyrolus i tc ,  a xaluraì  bh(k ore oî  mangancse obta inable
lroÌn Sinai, lvas found rt th,- Lower F$ptnn Pr€dynxstic
s j re of  Maadi  (Lucas r962:  J4o) .  and ,n ighl  havc bccn use. l
as a preme.r  or  as c?vcpain l .  lor  Uppcr  E$pt ,  the evrdcncc
js somewhat less scarcc. |lonr C--b--ìein, S.hiaparclli re-
tieved l'�r--.lynasllc pajnlings of lìùnan figures and troals
oD liùen, now prescncd xì thc Egyptian \4useunr, TÙrjn
( l r ìv .  Suppl .  r7r l8) .  Petr lc  rcpor tcd but  d id not  ìde. t i fy ,
pìasLcfcd aÌÌd painted clotf, wilh rcd, grcen, black and
wlìilc pigùrents, an.l lcather paintcd 11ì rcd, grl]cn, bìack (.r
bLu.)  and yc l low,  f ton Ì r redynasi ìc  contcx ls  3t  Naq3.h
( l Ì rcrs 1962:  l ts) .  These p igments on or i lanLc matela ls
worLld bennong Llìr. nost important srLwiving cvldcnccfòr
I  h i  .  \ . ,  1 , ,  r o r o ' ,  .  J ' "  .  .  i i r , , r r ,  f . 9 - r ,  I  s .

The nnrsr exiensi,c Prcdyirxstic printe.l surfacc is thc
bùrirl chlrnber of a rulcr ol the late Naqada Period. at
Fllerakonpolis, ex.avatcd by Quibcll ànd Crecn at the end
l)1 thc nìnoteerùh cenhnt  (see Kemp r97l ) ; th is  \ ! rs  ubse
quenlly dislÌra tled, ancl substantial 1Ìag1n€nts ar--.ljs
playcd nì the lgyptirn Nlrseunr, Caifo. froù this rrcnù
n,cr i ,  Quibc l l  3nd Creer ì  ( j  9oz:  2, )  fepor ted rh3t  the b lack
pigmefts 'do not scerìÌ to be pounded .harcorl . Thcy also
not--ci, brù did nol idcrlìfy, a white pigment. No modcrr
analyses of  Predynast ic  p igments ar , -  avaj ìable to us,  orh. r
thlrÌ -.tudies oî the decoralcd pottery. lhe characterislic
Predynastic pul?le decoratcd bull \fare of the Nr.lada per
lod has been anal,vsed ìn ihe posL.War ped.ìd (tslope r, dl.
r9òr).

Thclc are no recent reports of jdcnLilications of Earl,!
Dynaslic pigrÌÌcnts available lo us. I ucas (r962: ll8) noted
pàjfied nrrd.brick collldoN rnd $'alls wìth black, blu€. red
.nd y--llolv motifì among the first Dynasty mas,r*a tombs
at Saqqara, but also conìrncnlcd that tL,- pigments were Ìrot
idcntifi--d. In addìiioD, hc citcs tlìe ercavltion relorl on thc
Third Dynrsty Ddsral'a of Hcsyra at Sa.lqara (siÌ4or lAll)
rhc nìL,d-brick s'alls ofwhìclì trcar paÌrìrlrÌss nr red, brown,
ycllow and, to a lesser extent, black. gfcen  ìd wlite
(Quib€l l  rgr l :  5-9,  p ls .  v l Ì l  x lV)  ldcnt i l ìcat ion of  rhe
ereen pigrncntwould be ofconsiderable rmpor tancc lor our
knowiedge of thc caLll histor) ofartificìàl green and bLrc
pigments (see pp.  r08 r l  underbluernd sreen).

Pigments ofthe dynastic period
(Fourth-Thidieth Dynasties)

lhe foLlo\rDg discLrssion nrclùdes materìal fronì thc
fourth to ihe Tlìiflicth Dynrìsties, with some comparalive
ùratedal ofthe Ptolcmaic and Rornan periods (fourú ccn-
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tury BC to fourth cc[tury AD). Ahhoùgh iL has ror t'(,!cr
praclìcable at thìs stagc ol rcselrch to.void rh€ .ololrr Lr,v
colour rppfoactr ofih€ ì-ucas Atrcíor Egptian Mút.tial\
dnd /rdúJr-iri, th-- shoriconìings should be notcd: iL creates
a loreìgn arìd anachro.istjc focus or'ì Inslish l.ngLràge col
our tenrs, lc$ if .ìny of which can be said to concspor
exr.tly to thc Eg)rptian pe.ception of colour, and iL fcirÌ
lorc€s the jmprcssi.,n of I srn:ìll rangc of .olours. 11ì
marked.onhast  to  thc grer t  range ofhLres preserr  ì r ì  anI
Thcb3n tornb chapel, Iòr ..xarnple in rhc rnngcs ofbr owns.
reds 3nd p inks.

Al prcscnt, th e .olou Fby.colour app.o..h may be jLrsti6
ed to somc exterLt et least by lhe relatilely srnall raÌìg(: of
maierials used in the paintings of thc Dyniìsric p!.rì.ìd, xs
opposed to thc grcat varìety ìr mixtLrres and lechniques of
appkltìon lt should be emphasised, howelcr, rhar thc
object ofsiudy is not so rnuch sifglc colours, as the vaì.iors
palettes jn rlse 1or partir:ular srrrfaces across the dìflirclrt
pcriods of ancient Egyptixn hjstory. WhclÌ rrrcfc daia bc-
comc a\aihbl,-, ìt will bc .onvenieni to groLlp resulrs of
pjgmcnt xxalyses sccondariì; by <olour and first by work
shop along prrhaps the follownÌglines: sto nc sc U lprLÌr-- !nd
re l ie f i  pa intnìg. ìn ùood (parr jcu lxr ly  th , :  nrncrary work
shops)i pirinLing on pap)-nrs (agair'ì pr;nrrily fLrncnry in
tlìe surviviìrg rc.ord)i painúrg on pl3ster, subdìvidjng xno
t l ìe  dornesl ìc : ìnd fLrderary sphcrcs (sec pp.  i17 19 tor  a
discrLssn)n of thc L lpcs of  pajnt i rg ground).

$'ithil a composition a..ording lo the rùles of Egyp-
tian crnorìi..1 art, each pigrnent is applic.d crenly across
ar oullined srLrlac€, thc artist aiming aL poìyclnornatìc
ef ièc l  rathcr  thàn coloLrr Ìs t ic  shading (Bnrnner ' l raut
,977,  rzr ,  r27 n.  5r) .  Ìhe eìnphasis of the palef tc  rhus faì ls
on the purc and intense coLolìrs, with a conscquc t de
limitatìon lr1 thc ÌnateÌiaLs in Lrsc. TLe priDcipal colouN
nuy be suÙnariscd as three p.jrs: blxct and whilc; r€d
and yelìorvr ard bhre and green; variants to thjs framù
work include brorvn, grey, orange, pjnk aÌrd purpìe. Thc
paxìtilÌg ground plays its p3ft i. selecrion of the rangc
àfd hLrc of colour iÙ eaclì conposition. Whjlc facbrs su.h
as royal privilege ard cconolny are ofief jmportlnt in
lluences on colour cboice, thc rìatur-- of thc panriing
; r  I n d r r l l f  "  u i  . F , F n ,  " l  t . , . ' .  t l . r n p o r  d | ,
of t ì re grorrnd can be seen in thc usc ofpure o lp imcnr lor
ycllow on Ncw Krngdonr royal red qLrarÌzir- sarcophagi
. , d .  o ,  i  r J  ^ '  l I . r d r  n .  I  r . .   p , q
as compared ùith rnjxed oryitL--nt and ochrc or tjnr€stone
nnd sandstone templc rclicfs ot the s:rne pcriod (s--e pp.
,rt 16 undcr yellow). Aivarcncss of backgroLrnd hue and
its efieci on coloùr may be sccn nÌ the preparalion ofclean
plaster walls of toùrb chapcls, and ìrì the apparenrh delib
'  , r '  a r , l  r  $ d  s , t  J , . . r n r g .  . l - . ' r l -  i r  n J
Eighteenth Dynast,v rolxl tonbs, cloking the faded blown
ot an aged papyrus scroll.

BIack

ln almost cvcry analysis of Egyptian pigmenls, black tr3s
pÌoven to bc carboÌ. Lucrs (r962: ll9) estìmatcd Lhat tle
finenessand c\e ness o i pa rijdcs nìdicat--d iha 1 il was soot,
an.l suggeslcd that it had been scraped ftorn cookng
vcs*,|s. one sarnplc of Itack wiìs found b cortain burnr
plant ùrterjJl lrnccs clìaracterislic oi chafcoaì lEton Cof
lcgc, I4yers Collccljon, cofiìÙ deficting Thùtmose ltt t
9 6 0  9 o o  B C ) .

Ì .ucas G962:  J4o)  rotcd the ident ì l ìca l ion o l  a L lac l
pigmcnt m a T$,elfth D!nasty toùb at Benì Hasar as lo
hLsiie, thc nÌangancse ofe found at Sinaj, but rhc analysis
was undertakcn b) spunell jn 1895, and lìnds |o more
recent corroboratioÌr. Neverthclcss, rhe bìa.k or an Figlr-
eenth Dynasq pottcry vessel was more recently identifred
as oxìde of mifgancsc, although hcrc too more informa.
tìon concening thc mctho.l of anaLysrs is nceded (Ìucas
1962:  lE4) .  one colour  . ìn  r  Ranressidc prpvNs (Bf
FA99,t9) lpperred black. but was found b) the present

r l o r  ù L  .  .  d r r  l e r p '  J  l l r "  d  g .  . " r . .  r  p .
ù.hìch may ìrc erpected iD olhcr i star(es elen ìfjl renains
t{r be cxplaxìcd ìÌr detaì1. Ir sulll, tlÌer-- is irlrnosL no evi
{ lcnce for ihe usc ofùrr ter ia ls  o lhcf  than carbon foroòrain.
tug bÌack ir painting durjng thc Dlnastic p--rìod. The ex.
ccptbn is the black pailt rpplied to Iàience objects befoft
lirmg (cl. lQ.?marcz)'k rnd Hedges r98l).

EglpLiun blut
The principal blu,- pigìncnL was lg]piiar bluc, drscússed
here Lrndcr the headings:

(a)  mcrhod ofanalys is :
(b) components a.d method of produ.tionj
(c) texturc and hue;
(d) djsirìbutjon within Eg)"t;
(q patt--rns ofdcgradationj and
(1) altestatiorrs outside lgypt.

Other bhre pigmcnts identìfied in analysis are tr€aredat
thc cnd ofthis section.

Mtthad af anallsís Ègypiian blue is a multi,phase ina.
tefiaì, ànd for this reason XRD may b€ ìÙsufiìc,couv sens
ti\c to .l--tect all co|rÌpon--nts. SimÌlarly, Pllvl cannoth
used to identjfvcach ofdre vàrious phascs presen| Ìr ordel
to gaÌn nìore pre(ìse inlonnation, a sample nustbemoun
ied rn rcsiì and polishcd to produce a cross-se.tbn; ùjs
can thcn bc exarnined amd analysed in a scanning €leùon
mrcroscopc with x ray analysis. llos,ever, esp.ciallt ivhen
d,-aling wjllì pignents taken ftoln objects, the usc ofùis
lcclì que ìs oftcnlimited by the rcqulre.l sampLe siz€.tiÀ

1 p  . ,  J '  r  l , J  "  r  p . ,  r  .  "  l F  . r " r ^ d  r n
lhc qualitl of lhe rcsults may depcnd in part on thrs.



Egllliarì llue u{s idùtì1ìed jn generrl jn thc BriLish N,lu
seunì  cons.Nat ìon p jo j - -c l  ùs ing Pl l \J  $, l th  conl i rmat lon
hoÌn XRD and clcùental .Ìrìrllsis.

Car l to  t t \  osd k1( Ihad oJ pt túkt íÒn Lgvpt j rn b lue rs  a
stnthet ;c  t ìenrent  co l l lposcd o l  \aú. ìus phrses . :ontr ì . j fg
liliLa .oppeÌ afd calciurì1, rÌadc bt lìcaliÌrg nrg'rthti silica,
coppcLrlloy fìlin{:s or : copper orc such às rnala.hìte, lùne
(c]lctrùn oftle) rù.1 rr xlkall such as polash or rrairon
(sodium scsqul .arboùat- -  Nr  CO, NaHCO,.2H O. l , rur ìd
natrLra l l t  occLrrr ing iù  Éi i }pt ) . ' ìh js  rnay be comprfcd wj th
lhedescr jp l ion m Vi tm\ ius (O, i  A,1 l i t . r , r , r  V l l :  ch Xl ,  r ) ,
$here i t is  sa id rhar  r ,adr ' l l  m b lue (p jg,nenf) 'was marì ' r -
fa . tucd:r1 a làctory at  Pozzuol ì  cst lbLishe. l  b)  Veslor iLrs
folloirjrg pro(edurcs found 3t Alexrùdrixi rc(r.lìng to
Vi tnùius.  ihe Veslor jLrs hc lory produced i ts .drr&l rù,D b,v
l rs iùg toqether  sand,  coppcr  l ì ì | rgs and n l t i rm sodr '
(GLrÌ rgcr  r97o,  r2J 4) .  B lom Bóer suggcsts L l ì31 t l Ìe  thee
plir.ipal ìÌìgredients laere caLcitc. rrnl:ìclìitc and quartz
sand,  a l rd comneùts that  th is  substarcc ls  1ì rscd by hc.aLi r rg
and ouglÌl Lhcrclorc. stictl) speakjne not bc lcftìrcd x Iii1
(Bloù BÒei  1994:  62) ;  i l  l ì rs . Ì lso beeù srLggested thal  thc
te. .  f r j t  shouLdbcrcscfvcdlor theiù i t i l l  phxs.of i l lassoL
ghze t roduct lon (scc Chaplcr  iJ ,  th ìs  !o lurne) .  \ever theLess
'bìLre frìt ìs uideìy used in thc Egvptologi.rl lit,-rature xs ;r
s lnonFn for ' lgvpt ian b luc ' i  j I l r i t  is  dc l lxcd as a srnt i : rc . r
pol)cr.!rtallire rnat{:r jJ L, use of lhc tcrnr call bc justifì,-.1 lor
E.slpllaÌÌ blLrc Tìr. r.eltiùg poìnt wirs lo\\,cfed to belolv

74r'C bf lhc rdditnrr ofihe alkall Chcrnic:ìllt rhc nìa]r
drite srLica arìd .àltitc tur rì to oÌ ror iv;r ir i-, ca rbon.d ioxidc

CU.CO IOH).+ts lo -2crco,  -  2cJcnsi ro "  ,  ICO +H

l l ì rs . r ) 'sLalhìc pÌo. lud @fsisrs ot  rcctsngular  b lue
!ry l i ih .  o j icn i ì  rnany ì ryers.  The majoL col l lpon€nt
i  . r ' l ro f la i t i . .  (CrCu)Si ,O-.  lv i th  unreacied qLrar tz ,
often accornpalicd by coppi:r berring wolLlstonlLc,

lcà,cu) , (s ì ,o! ) .  
- fhefc 

arc a ls . ,  varyì rs  arbunts o l  aLkal i
ich ghss l l r  the reìgì r  ofThuLrnose l l l ,  copp--r  ore was
replaced iù at least sonìc cascs by bronzr lìlirrgs, as has
becn dcducc<l  f iorn the presence of  r ln  ox idc,  sno.  ( lx l isch
r t  01.  rgEl :  j l l -5) .  Other  mìnor  componcnts noted by t l re
vai Planck proi€cl iùclud-- pyriie {FcS), titanonagnctltc

1Fe,0 .Fc.TiOj, Lhought to be a resuh oî the usc ol dcscrl
sa.d as !  r lw i t rgrcdicnl ) ,  3nd crss i ler i le  (SnO,) .

Tdtúe antl huè Tììe hardness, texture and fcsrllant .ol
0ùof ÉgIl)tiir blu.. whcn ùsed as ]pigrnentdepend or thc
inihal coDponcnls, Lhe microstructure of thc sjntcrcd

Foduct, and finat pafticlc siz!. aftcr grinding to produce a
pigment. Tite. Bimson and Cowcli G987) crtegorìse l:gyp
tian blue rs .luk bhLe light bluc or diluted liglrt blu--. The
dark llLrc n low in alkalj, rvìth a microslructurc slìowìnq
coarsc crystals of .uproriva e. The light blic is also low in
alkalj, bul thc cuprorivrite crystals are smallcr, ano Í]lr

rnrtel) nrixeds'iih ihe othcr colllpon€rÌts. The diluted liehl
b lue js  h igh nr  a lka l l .  ar ìd as a rcsul t  contaùìs {  larg( Ì
prop.Jr t l . ,  o l  g lass i  th is  renr l rs  ì Ì  a  p: r lcr  b luc nìatcnaL
whrch is also l,ar.ler thrn ihe low al|ali prod cts. Tlìe
glass.rich màterials are oft,-n found jn ilrc Eìghlccnllì D)n-
asta and laLcr ,  and thìs  l ràs been Jssociated q, i th  thc i rd-
unced lcchDologr . , l  g lass pÌodu. t ion at  th is  t inre.  Both l l ìc
light blue and thc diluLcd light blue rr-- thought fo lravc
b.:en prodrLccd by at lcast a t\Lo-stxgc proccss, lvith re$ jrd

ì Ì ìg  of  thc rn!nì  ia l  before r .s intcr ing,  to  pr . , . luce the in t i
rnxte nìilhùe of componcrìts rcvcalcd nÌ therr mÌcro
structures.  ^ny of these nratcr ia ls  can bc i l r . ,ur ìd to lònn a
pigr crt. lgyptirr bhre rvas often thickly applicd, wìth
coarsc p3ùic l€s ùp to 5otrm rcross.  ìu  gcncra l  a h ighel
dcgrcc ol gflndnÌg will produce snraLler pafticlcs, wlìiclì
.ppci r  pr lcr  lhan i l  lhcy wcre.oarsel ) ,  cround (sce Ul ì r ich
,98î. Son,e prlcr bluc samples rvere fotLnd to contain
s4rjt€, generall,v calciLc of grpsiùrÌ, although thrs nrry bc
rcs idru l  CaCO, in  Egypt ian b luc.  ì tscì f  h  sone.rses the
rvlite appeared to be contrnrin:ìtion; lhus on tlie light
ceùdr Dynrstv shrorLd oi a man nalncd AùÌcÌÌhotep (8M
rATlSod) calc i te  ' !as found jn thc Eg)pt ian ì r luc saÌ l rp le.
L ' r r ,  " r . J l - J  . " r  . J . ,  i " ,  r r
possibly 3lrcady prÌ11), iÌl rnhqùitv, and obseNation suggcs-
lcd lhal thc calcrlc had olTset onto the bhr,: are:s dut Lo
pfolorìgcd conL3cl. This a(rbiguous r,-slrlt reflects the rmr-
trtlorrs jn removjng snìirll sa1Ìrples.

ln  x  repor t  on analyscs ofb lue p igrnerr t  samplcs f ronr
t lu  t ìghk.nth D,v.asty Worknìcn 's  Vl l la{ rc  ar  ^mama,
weatherhead rnd Buckley (1989:  206 t )  l ìa \e dra$l r  r t
tentioù to the pres--nt rìsual difièrcncc bcLwccn tur.tuoise
biLrcs an.l otlìer blu,-s, rnd ìhey h.v€ concludcd lronì their
rcsùlts that a turclùoise hue Nrs obt.jnedbv addrng signifi-
caDlly highcr rmoults of soclnrm in the form oI inìpurc
ra l ron.  A s l l l Ì i lar  fa t ìo of  coppcr  to.ak iurn $as noled as rn
r greeù sanrplc, and thc luhrre stud) ol iìrlentioral \':rri-
atjon in hues ofarlificial pigrÌÌents ùeeds to .lemarcate the
obsened turquoìse fronr thc grccn as muclì as from the
blLre. Possiblc cfects of degrrdation on lhc preseùt Lue
nìust  be mted (see Ì ,a t terns ofdcgr3d3l ion ,  p .   o) .

Dìst r ibut iÒrr  Di th i r r  Lg) ,pt  Sptr r r , :LL,  laur ìe and Smith (scc
I  ucas r962:  142)  rcpot  rg lpt iaD blu--  on objects as eaf ly  as
the Fourlh Dynasty and tlìe Max Pìanck proje(t identi6cd il
as the Lrlue pìgnìcnt ln all srmplcs anallscd, from the Fifih
Dlnastv to rhe Roman pcriod, ap3rt fron the grey l)hre
pignents in ihe First lntcrmcdiatc Period toÍrb chapels of
rhe local gov--rnofs Arkhtifi aDd Scrka in cl-\,lo'alla and
Aswan rcspcctilely (Blom Boer r99.t: 7l). Thc blùe on dÌe
a?nlous [ig]ìteenth Dymst] head of Queen Nclòrtitl (Be
rÌjn, AM2rjoo) has alrc been identi6ed as Egyptiarì bÌuc

lwicdcrnann and Balcr 1982). All blue samples in ilc
Britjsh MuseÌrm corìscnation project were likewise found
to be Fspiian []luc, and no tin $,as detected ir1 these despjte
their dat,- (Nelv Kinedom to Ronìan pcri.d).

ì 0 9
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The Theb.rn tomb chapels ofthe mid Eighteenth Dyn
asty provide variable data concerningblue ànd gr€en artifi-
cial pÌgmen1 dÌstributioni Ìn gcncral thcy arc sparÌÌìgly
used on thcse plastcrcd limcstonc wall surfaces, as rn the
toÌnb l)1 TjanlLni (Tt4; Brack and Brack 1977: ro8), and
cxccptjons may perhaps be explained by thchigher ìmporr.
ance of tbe tomb-owner rather than by a chronological
diference, as in the extensive use ofbìue and green in the
onìy slightiy tater iomb chapel ofHoremheb (TT78; Brack
.rnd Brack r98o: r5). IÌÌ a slightly €arlier Thebàn tomb-
chapel from the reign ofAmenhotep II (TTr04), both blue
and gre€n appear in some tustanccs to have becn appli€d
thjnly and rhcn covcrcd by a laycr ofa rvaxlikc substancc
which has now darkened, bui thìs surlace has not been
analysed or dated (shedid r988: , l ) .

Pattums af dqradatioù One of the most ìmport.rnt find
ìngs by the Mrx Pla ck project concemed the degradation
of artìficial blue pigmer'ìts to supedcial green (Schiegl rrdl.
Ì992). According to thcsc samplcs from pamtcd sLonc
surfàces, all old and Middlc Kingdom samplcs ofwhar
sccmcd to bc green pLoved to be originally Egyptian t lue; in
thjs, ihe intense blue cuprorilaiie (Ca,Cu)SjaO,. predomi'
nates, and the green copper wollasionire (Ca,Cu),(Si,O,)
represents a minor component. From the New Kingdom
onwa.ds, the samplesnhich nowappear green were shown
l)y analysis to consist of green ftlt, i which the copper
wolkstonite predomlnates over the lesser component of

Thc ma ìn conclusion ol thcscanalyscs lvas tùat apparcnL
old and Middle ( ingdom greenswerein lacl the productof
degradaiion of ih€ multi'phase synthetic pigment Eg] pti:rn
blue, and that such natural features as planl stems and tree
tops were orjginally painted hght blue. Specifically it has
been shoim that the glass phase in ÉgTtian blùe can
devitrify, resulting in the secondary fomatio of copper
chlodde and/or ùÌalachlte. Thìs not only causes colour
change, fiom bhc to grccn, bul also rcndcrc thc pigmcnt
spongyand ftiablc. lÌì othcrcascs, loss of thcpalc bluc glass
mat not resuli iì the formaiion ofchlorides, but the Egyp-
tian blue will tecome a darker bhre. The source of the
chlo.iCes fo. the first ofthese two degradation pattefns has
not been idenlified; if the glass is chluide rich, some
source lor thìs comporrent still needs to be found. It is also
not clear at what stage ir'ì this decay the degradation prod-
ucts becomc rcsponsiblc 1or thc gcncral huc ,r1 thc pig.
mcnt. It should bc noLcd too that thc small amount of
copper wolla sionite, preseni as miÌìuie crystals jn ihe inler
stìces ofcuprorivajte in Egyptian blue, rvould also be sub-
ìecl to deg.adatìon.

Againsi the bàckground of thes-- discussions it may be
noted that some Old and Middle Kingclomorganic surfaces
are coloured with àpparent emphasis on a strong contrast
betw€en greer'ì and blue; on th€ wooden colÌin of a lady
named Klìuit, from Asyut (BM EA466l4) thc onc lxìc o1

green hìeroglyphs tuns above .r markedly blue wsdjr, el(
pair, and in atleast this nìstance a First lntennediate Perio0
or earÌy Middle Kingdom artist seems to have intended and
ot,a 1.d dis ,  ùlu- "rd gîprì  p gner .  ()1 J o'gar i .
ground. This colÌin is unpublished, and has bccn dated
lrom thc oferìng formula and the stylc ot two statu€ttes
(BM !A45r24 and EA452oo) which are thouehi io tre lrom
the same tomb; the green pìgmentwas showD in analysìsto
be maiachite (see p. xz under'creen').

The sele.tion of pigment and cons€quently of colour
may rherelòre depend in these càses more on the sufac€ t0
be paint€d than the inrended colour symbolism or tle
r"ng of h.  ,onr.mpo-dn p" l  r"  In l rs r . .p".  r .  he
ideniilìcation oftinding media as well as ihe evaluation of
texlure ofpigment may in the tuturc explain the selectior
of ceÌ1ain pigments and thus the presence of colours on
paÌticùlartipes ofsurface, with pos sible variations b€tween
stone, wood and papy1r1s. The pal€ttes ofthe vadous woú.
shops must therefore be dìlTerentiated as carefuÌly as dre
pcriods and regjonal distrìbution of pigmcnts, the $'ork
shops bcing dìstingujshed provisionally as ih€ follolllr$
soft ston€, hard stone, painted plaster, and organic (i! L\e
'un i r  ng r .  o-d ordor rar t  '  furer" r  equin- er

A pale blue glass has also been repoded (Schiegl dt dl
r992);this is produced ftoÍì sìmilarmaterials to those1rsed
for E$?lian blue, but contains no calcium. Il has been
suggestedthat this can degfadeto producc coppcr cìdoúde
ol maLscn1re, rum1ng gr€en.

Egyplian bluc has dark€ned to app€ar now as black on
onc Ramcssìde papyrus (BM E49949). The malachite wit\
Egyptian blue that has teen detected in samples ftom t\e
T$entieih-Dynasty Book ofthe Dead papyrus ofiheroble.
woman Anhay (BM EAro472) appears to be the d€$ada
hon product of a pigment applied as Eglptian bhLe. In
discussnrns ofdegrrdrtiorì it is impoúànt to rcfer |acklo
the object fÌom which a sàmple has been raken. Degnda
tion ofplgments on artcfacts in thc British Museum hîs
produccd a patchl, clearly discoloured appearance, and tt
sccms unlikely that a degradatìon mechanism in a lalnied
6eld could resuLt in an evenly coloured alteration troduci.
Ìn future research ìt may be helpful to define the cntene
rvhereby a colour surface is judged degnded ot not.

Attesrariotls oútside tglpr Outside l$?t th€ same m
pound is four'ìd as the mat€riaÌ lor smal adclacts and ìnìa)I
,d V c"(crn Asr- from th. rmddl. ot rhc Lhud m Llenni
BC (Early Dtnast ic l l l  Period in Mesopolamia).
Asìa is al l.-asi as likely as Eglat (and possibly more
to be the place oforigin forproduclion ofthe compound
, r r e : l  f .  l r L l . " r d o h e  p - à \ r : '  f  r : r é - r \ e
found amlyses establishing its early use as a plgment i
that area (Moorey r985: r88-9lr r994: 186-9 for
sLrch as inlays, 122 9 lor pigmcnts in wall.painringt. It
also an€sted in the Mcditcrranean world from ai lea$
cnd of the Mìddle Bronze Age or beginning of ihe



Bmnze Age. The sampl€s from the Thera ftescoes ofthe
sixteenth century Bc included tin (Filippalds 1978); this
indicates ihat the introduction otbronze filings to replace
cop€r Elings took place eiiher earlier in Egypt tlan is
atlested ìn analysed samples, or ouiside Egypt with ihc
techùology jmpoded back into Egypt ùom the Mediierra-
úean ar€rì in the fifteenth century BC.

It is not certain at what date Egyptian blue began to be
Foduced in Roman ltaly. However, the relevant passages
invitruvìusand Plìny (firstcenturyAD) seem to imply that
manufacture of the material had at thàt time only rccenily
b€en established a1 Pozzuoll (wallert 1995: r79). Laurie
drted the latest examples in ltaly to the se.ond to seventh
centuries AD, bul lhis range has been extended to the ninth
centrLry AD by more receni analyses of pìgmcnts in the
druchofSan Clemenle, Rone (Lazzarini r982).

Bluepignents other than Egrytian blue
Cobalt ì)lue is .ìttested in Egypl lor the Amarna period on
pottery, but not on either the so caÌled .Élatat tlocLrs (in
kmples) or the tomb-chapel walì reliefs of the same period.
A source lor cobalt has been reported lrom Kharga Oasis,
buta ceniral Éuropean provenance is also possiìrle in view
ofdìe lirnited rimespan in usage. Ther€ s€em ro have been
more intensive Aegean Egypiian coniads - either direct or
vra Sria during the reigns of Amenhotep lll and Alk
henaten in the late Eighteenth Dynasiy, and this might
pÌoride the trading network for a short-lived cobali supply
troÌn the far side of the Balkans. Blom'Boer G994: 62)
sùggests instead that the limìt in time may be linked to a
connection betlveen cobalt blue and the sun-cult as inter-
preted jn the reign ofAlùenaten. It should also lre noted
i\al, apart tiom the Predynastic period, pottery vas com-
noù painl€d only in the late Eighteenth to early Nine-
leenth Dynasties, and that therefòre the absence of cobalt as
apigmenl in other pedods might relate more to the choice
of surlace than lo thc availabilily of the mineral within
lget Lucas (1962: 144) mentions a report by M. Toch of
cobalt blue ftom the Fitih Dynast tomb of Perncb from
Saqqara, but he points out that this was laier shown to bc a
nisidentifi cation of E$?tian bìue (calcium-copper silicaie;
seewilliàms r9l2: 27, n. l4).

h lhe lirst lntermediate Pedod tomb chapels of An-
klti6 at efMo'alla and Setl€ at Aswan, the Max Planck
goiect found bluc.grcy pigments consistingof:ì milture of
c a l . r r . . n d , " r t o n  l , l a ,  k  r n d  o ' " I  i , o î - i J r L n , o r r
pound and caLcium carbonatc (B1om-Bòer r994: 71). These
berr gÌeater similarity to the analyses ofgreys than io those
ofblues.

q z  r r r  "  r J . o  d e r i g n ,  e d , l  e , ,  L l P , .  r  n a L u r . l I  o , ,  u r  r g
blùe cìrbonate of copper found ìn Sinai anl the Easiern
Deseft,was repoft€d by F.C.l. Spurell (r895) in the follow-
ing ex3mples: a shell used às a palette in a Foufih Dynasty
r0ntext at M€idum, a cloth over the face ofa Fifth Dynasty
mumny, also at Mcìdum, and a number of [ight enth
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Dynasty paintings', presumably walÌ-painìings. There is,
however, no more recent corroboraiion of SpuÍell's 6nd-
lngs (Lucas 1962: l4o). The Ma-t Planck project (cov€rìng
the Fifih Dynasty to the Roman period) reporled no instan-
ces ofazurite, and it has ìreen concludedthat identifications
ol bÌue pigment as natural azudte are not secure; B1om,B òer
G994: 6r-2) suggests that the appareni absence ofazurite
from the Egyplians' palette wrìs perhaps a result of its poor
quality and impermanence as a pigment.

li should be noted ihat there ìs no evidence that either
powdered Lapis 1azulì or powdered turquoise were used as
" gmerrs. A.(ording to I  u."s (rr6z: J4J-4J. rhe l rpi-  p,g
ment ultrama ne is not altested befor€ the €leventh cen-
turyAD.

Brown

Lucas states that iron oide or ochre was used for the coloLrr
brown, citing analyses of samples daiing to the Fouth
Dynasty, Amama periodand Late Period (Lucas r962:144).
H€ also notes the late nineieenth-century identilìcation by
Spurrell of Foudl Dynasty t ror\Ì1 samples as red painted
overblack. winlock recordedthai the models from the late
Eleventh-or early Twelfth Dynasty tomb ofMeketra at Deir
el-Bahad included brown pìgment obtaìned by vamishing
over a deep yelow ochre. The Ma{-Planckproject identified
ochre (gencralÌy red, but som€times ìrrown oryellow) as the
malPrr" l  u."d for t , rowr îon r .re l , lh DI Jsl  o r le
Romanperiod throughout Egypt. Lucas records the Dalùla
Oasis as a provenance for good ochre.

The B ritish Museum conservatìon proj€ct lound ihat the
brown pigment on one early Eighteenth'Dynasty papyrus
(BM EAro477) was a mixture olhaematite wìth oryimeni
and carbon black. The brown pigment on a Twenty-6rst- or
early Twenty-second 4îasty papyrus (BM EAroo2g) was
lound to contain haematite and carbon black- It should be
notcd thai a green sample .ontaining orpimentyelÌow and
Egyplian blue had lurned brown at the edges on one pnpy
rus of the late Piolemaic or early Roman period (BM
EA99r6), perhaps from sulphurous emissions in the
photochemical degradatìon ofthe orpiment component of

A rcd brom on a Nineteenth Dynasty papyrus al the
Univelsity ofPhiladelphia Museum was identified by XRI
and wet chemical anàlysis as re!lg:ìrwith iron oxide (Evans r,
a/. r98o) . The Max-Planck project lound that a raie beige hue
in samples ranging from the Fifth Dynasty to the Ramesside
period, wiihin Upper Egypt, consistedofà mixturc ofyellow
ochre andwhite pigments; it shouldbe str€ssedthatthe hue
intendedbyihe artist ai applicatìon is notalways clcarftom
these analyses (Bìom Bdet ry94:71 4.

Creen

Although one or two instances of malachite applied as a
green pigment are loom, the ancient Egwtians generally
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employed for this colour a synthetic materialwhich is ofien
termed 'green ùìt' in ihc literaiure (for discussion of the
usc offrit for this product, see p. ro9 in the analogous case
of Egypiian blue). The major phases of this material are
copper wollastonjie and a glassy phase rìch in copper,
sodium and potassium chlorides. li is made in reducing
conditions by mixing simiìar ingredients as for Egyptian
blue, but with hìgher lime, and lower copper content- Two
types ofgreen ftit hr\€ been identified a glass dch form,
and a wollastonite-rich formt both types may be present in
one melt lf mi{ing dulng manulacture was insufiicienr.
Mínor components of green fiit may be pydte (FeS) and
covellite (CuS)fiom a sulphìde-rich coppcr orc.

It has been reponcd that copper chlorides were uscd as
green pigments ftom the Fifth Dynasiy, and that they were
among the tust synthelic pigments used. However, ih€
identification of an adìficial pigment applied as green be
fore the Eighteenth Dynastyhas nowbeen called into ques
tion by the results ofanalyses from stone surfaces by the
Md Planck project. El Goresy (in Schiegl rt al. r992) sug
gests ihat copper wollastonite may hrve been unintention
ally produced in hìehly reducing conditions during sinter'
ing ofEgyptian blùe, bul it shor d be noted dìat the glàssy
phase associatedwith the coppcr wolastonite would havc a
much highff calcium conient. Basic copper chloridc, para-
tacamiteoratacamitc, is lound in analyscs o{ grcenpigm€nt
sa mples from surfaces as laie as lhe end ofTwelfih Dynasiy,
butrecent invesiigation try the Max'PlanckpÌojectled to the
conclusion that atacamite lnay be a degradation product of
aftificial copper pigments, and lhat only a few exaaples of
green earlier than the Nev lcngdom were applied as green,
the remainder being applied as light ìrlue. Schiegl sp€cifl
cally disputesthat copper chloridepigmentswer€ mtention-
aly produc€d before the New Kingdom, and proposes in-
stead ihat they are s€condary lòrmations due to th€
degradation of glassrìch phases in sintered materials;
weathering ofthe alkali-rich glass can result in the forma-
tion ofchloÌides and/or malachite, causing the pigment to
become paìer, spongy and friabìe (see p. no, EelTtian
blue).

An early Middle Kingdom limestone reliefftagment in
the Metropolitan Museumof Art, New York, seems to h.rve
both water and leàves painted with th€ sam€ colouf, à
blue-gr€en. By contrast, the above-cited First Intermediate
Period or €ar1y Middle Kingdom wooden comn of KhuÌt
(BM EA446l4) has one line ofgreen hieroglyphs and iwo
distinctlyblue wrdjar'eyesi analysis has shown the green of
the hieroglyphs to be malachite. This raises lhe question of
whether dilTerenr painting grounds may have recluired dif-
ferent media: thus painting on limestone may have ex
cluded green at a time when painting on wood could use
both gleen and blue.

of ihree analysed samples ofgreen material id€ntified as
piemcni ftom the Eighieenth-Dynasty workmen's Vilage
atAmama, two were lound lo be the gr€en-blue copper ore

chrysocolla (CuSior.2H.o), while the third was an
maierial, 'green liit, simìlar in composition to tle
quoise-hue blue pigmeni samples from ihe same site

On paplrlrs the atificial greenpigment or'greenfit is
p. ro9 under'blue; weatherh€ad and Buckley r989:roE).

pigment ofthe green colour used in the earliest examples
ro.oured i l .ust-at ors.  e, .aL, sì^"d Ly anaìy. i .  ot  he
ing vignette of the mid Eighteenth Dynasty BooÌ of
Dead of Nu (B M EAro477). Green frit was probably àlso tìe
pigment used for the bright gr€en on a Third lntemediah
Period papyrus at the British Museum (BM lA9919).

Blom-Bóer G994: 65) repots also a copper-bearingùt-
rcous pigment ((upfrgJat from Fifth-Dynasty to Twelfth
Dynasty samples as a possible green pigmeni, bul it ran€r5
in coloul from blue to bright green, and ìts original colour
is dilficult to assess; samples comprise basic copper d:lor.
ìde and malachite. This may account for the maìachile
identified as the clearly degraded green on one Thirtieth
Dtmasty or early Ptolemaic funerary papFus (BM
8A9944), ifnot the malachite ànd calcite miftùre on aù
other green ftom the same pa$fls. Malachite was p$/.
dered lor use as an eye-paint, ìrut no instance ofiis useasa
pigment on stone sufaces was found by the Mix-Plancl
projcct in samples ftom the Fifth D)txasiy io ihe Roman
period (Blom-Boer ry94: 64,74 5); il may occu as an
ìngredient or a 'degradation byproduct of the 'green frif
dlscussed above. Malachite has now been found on a Firsl
Intermediate Period or early Middle Kingdom cofrn at tlle
B tish Museum (BM EA446t4) in a conditìon which doe!
not suggest degadation ftom another pigment (seep. tlo).
However, even if malachite was sometimes applied as e
pigment, ùere was evidendy a prefer€nce for green lritat

The M:r{-Plànck project also detected an unexpecled
possible pre-New Kingdom green in samples of modem
red or ye11ow appearancei these were identìfied as an jron
bearingviireous pigmeni, originally green or brown, whjcì
had degraded to the mineral jarosite, with its reddish 0r
yellow hue (Blom'Bder r994r 6:,). However, recent analyse!
L,y Andrew Middleton and Sylvia Humphreyin the D€part
ment of Scientific Research at ihe British MuseLL.n lave
identified jarosite as a pigment in samples from light yel
low colour fields on early Middle Kingdom cofins whele
there is no sign of degradation on macroscopic obseí'ation,
and similar resuhs have been repofed ftom ihe consena.
iion of temple wal1 paintings at Karnak lsee p. 116, undff
'Yellow 

).
The green on a Nineteenth-Dynasty paDrus at dìe Uni.

versity ofPhiladelphia Museum was identifiedby xRF and
wet chemical analysis as Egwiian blue mixed with o4r'
ment (Evans.ú al- r98o). This might account for the arseni(
sùlphide identified lrom a green pigment from ùe Rold
Tomb at Amarna (Iskander 1987), alùough the recorded
XRD data have been found ro ìre more consistent with a
coppr . codpound (weaiherhead r995r 196). From the lak



l lo lenìr icor  RoÌnrn per iod,  the Br l r js l r  Mus--ù j , ,  consena
ho.  pro j ( f  lòùnd ùàt  t l ìc  green cotour  or  a tunary
paptrus llìvl !^9trr6) .o.sisted of [$ptial t)tuc wjth
0 D  "  l  ,  , "  i p , " . |  , , , r , . .  . . p i  . .  i . r .
Ìureoibluc !rd yelloi! to produc!: r grceù sc;n,s to tò r^!
thoseìlew Knrgdoxr rnrc&derts, bui rì.j pariLu { trrL }cr )e
cr ted t f .n  Ure r Ì r lcrvcning r ,ooo years.

Ctey

Lucas retor ls  t l ra t : r  nunbcr  of  four th Dyùxsq an. t  f ìn t ì
Dnúrv srnphs nrcorpor . tcd x grcy obr : r1nect  ry  r r i r i rg

'  |  o l .  |  , r , . , . , .  1
r - L d ,  , ,  r 1  | '  ,  - r . ' , " 1  |  ,  . J  . . ,  ,  o , . r l
the Uppcf Nu )larì site ot KeÌ ma wrs obr.rined fioù i s!nJy
' :  . ' o L  . , ,  , e , , , . , . . .  . 4
ú 1 0 . L t : -  r " , . . . i ,  , p u ,  l .
t i , rns ofgpsuùr wir l  . . rbo|  b l r . t ,  t ronì  t l re  F i l ih  lo  r l rc
T\ înt ie th Dyxrsrrcs,  bu1 nores. : rs  wì th oth! : r  j l rxeo cor
r  I  p , . ' , r  . , .  . ,  ' . , r  -  , .
d d . ' . 1  I '  r  L .  o  " "  ì , ,

0  i , .  ,  , ì o  .  - t .  , , . . - .  t )  |
l r . e  1  | . " . f 1  , h  , i , "  C  , l
a  grq prg l rHr t  r : ìs  idcnr i f ied by XRD as l iaotr jL  L(  rnrxeo
wr l l { l Ì rar lz  (Bl lSchl . r  Di l lcr  and l tnscfr99a) :  i , ,11.

0tonge

tucas ( r962:146) rc lc ,  s  ro rù!  tvscs oforr . ! :e  $hjch tdcr ì t
d . !  . "  d ;  . . d o , '
ofred arrrì yelìow, trut he dos for ideDtit), u,tx]r red or

l " o  
p . . ' ,  , o - J ,  r , , - . . . o , , , o , ,  ^ p i , . , l

Ìn thrs coltrrt The Max planck projed foÙno oralgi: L,r
$nrpLes ÌrD the Sj-\Llì Dynastl to the Rornrn p,-rjod
ttuouqhort tqypt to bc r,-.1 oclÌf-- $,jth of witfl(rlrl $4rìtc
p'gmùns (Bk,nr,Bò,-r r994: t

.lr 
the British N.lùseun conscrvatìon proj.cr thc ofxÌrge

torour  used or  ln  car ly  Eig l ì teenrh Dynasry pap) . r ì rs  (BM
IAro177)r1€s fòlrnd to l,e orynncDl or pirrrertgrr wìlh rc.ì
ron orde: thc orange .olours in oL- Ranìessjuc and orìe
Thinieth Dynastyorcarly p tolem a rc papvrus $.,s ident ìc.l
3s prarerlgar ald that in a late ptoìtnaj. prpvrus (BNf
lA99r6)wls fo l rnd ro b, -  s i rn i lar  ro . . r tgar .  Lr  r l  L-ast  o | i .
liglìteerrrh D,vnnsq funcÌaw papyrus (BM EA99aj8) relt
gar has bcex jdcrìtjfied 3s rhc subslance uscd tor :L fed
0nnge jn l  in  a rùbr ic  that  l ìas noN úrncd nr to lc l ìow
paraLcalgar (for ftrrrher discussion ofrlìts exanìpre, scc Úre
P , ' r o  ,  , , d i  , . . , d  o r  , L , r

L o f r î i r . o n ,  t p J , .  . F p . r 4  r ì , . , . r . .  o r  . _ d

Pink

Lucas 1r962: t.t6) refcrs to rhc fo o$ine idcntitìcaljors of
pDk trgments: Spurrcll i.lenrjfìed i1Ìc pjnl( pajnr used rn
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thc Old i rd Ncw ( jngdorns as a mir rurc of fc . ì  ochr€ and
elq:LiT wlrtc (sce rrerrle rE92: zer srurrcl l  r8es: :;r),
whi lc  Bo.c l ì l fd t  ( r92j :  l r )  Ìcachcd thc sa.rc  con. lLrsù.
( )ncL. f r ì rn i l  t l ì , -  p [ ] i (  pr ìnr  !sed on ihc Ncf ì , f r i r iherd j iom
Arìafnx (Bcdi Ì ì ,  AIV) .  for  r l ì , -  Hdtc. is t ic  ! rd RomaÌr  pc l
n s ,  RL,ssel l  ( r t9 t  4:  t7 t  t ,  )S l : i , - � j :  ( ,7  7r)  ìdcr ì r j f ìe . l - l t , , -
p Ì ìk  corour  r r  a  tonìb pr intnrg lprcs lùnably or  ]  iv l l  or
cc ' l rng)  rs  middù p:r jn ted ovcr  sypsurr  whjrc .  Madder is  a
dfcshLI  obtr j fcd f rom the foors of rhc rnaddcf  ptaÌ r r  Ì r ! t jvc
to P.rs ja. rxd ihc erstcnì  Ì \4e. t i re f r i rncar  (Cafdon: ìnd d l l
Chate le l  r99o:  164; :nd sec.  Chaptcr  r ,  rh is  lo lunc)

lv : rseNar Jrr  
r . ' r . rs  1962:  r i6)  ide| r i r i , -d  r  rare p l l ìn  rs

l inc ly  pol rdcr- {  s l Ìc l l ,  bLrr  r t ì is  h3s r rot  ì rc .cr  cor foborrrcd.

_ 4  
r  \ . l l  |  - r  , - . , 1  d D , r o  r  1 . .  

. o r r ^
I  l r ' o r  - a . r , , ì  

, . r . r i  r o l , i , \  . r  J o . , , .
s t lh  or  lv i rhorr  whi tc  p jgr Ìc Ì r t  (Bt .Jùr  Bócr  199,1:  75)  The
urusìr r l  br i i rhL p in l  o l  the Thi rd ln tc Ìnrcdì ! te  p. f rcd pa
pr s  BM l -A99r. l  r l rs  fo t l r Ì . t  ro .onsìs l  o f  i rn  organi .
subsiancc o lef  i '  g lpsInr  sror Ì r .1 ,  rnd i t  js  possib lc  r t ì r  hrs
r Ì r i i l lù  bc i r r ì  ear l !  exJDrplc of t l Ìc  usc of  rn,ddcÌ ,  fonsjs ter ì l
' l  ' -  , l  o r  "  . r r  r ,  . , . , .  , ,  t , ,  . , , j
r J L  ' ' r  ' r  I  l o -  , r  . ,  r  g  r ^ r  ,
pjfli wjrh r]c\r inorgani. !s ivel irs th. abov..cjrcd org.ìrrj.
rnrlcrirlsj thus thc. pirk rc.d or n funcrÀry pap)rus .,1 rh.:
hte PLolcùai .  o f  cr r ly  Roùìrn pcr iod wls fo[nd lo  ì )e
i . f D r l r o n  ( l l g S )  ( B M  ! A 9 9 r 6 ) .

True pLrrpìe sccrns Dot  to h:L\ , -  bccn uscd in Egypt jan
p] t r r t rng,  a ld rhc colour  is  rot  nHrr io  ed by Lù:as cxcepr

I  
, , :  . - ,  r " . d , . . , p , e . r t  . . . , , . , .  ) \ 4 .' r ' r  1 . . .  1  , r q  t r  t , . d  ,  . e d  L . t r l

efoux.l colour on lLe inside úa s ofeafl) r-wcnty sccorì.1
Dynast,! anrlrr)poid coHìns ír om Tlebes;rhis appcars lo be

'  J  " , '  i . r d g r r s  " r .  '  r  r ,
. , . ,  r ,  , . . t  . . f l |  . ,  I . B  , , V . r u r

Luos G962:  146 8)  d iv ided rht  naLL,r . r l jy  oLLu, , l rg , ron
' \ ' . r i  r "  r . o e  . "  , , . t  o r  N d , .  r -  )  , . r o . i . l -

' i  .  )  |  r . J . . |  h . d r  J  o , . J .  o  r r  . I  r h -
djlisi(,r lÌlay be cxpresscd ìn.liffe.enl t--.rns from rle
geologjcrl st3ndpolrìt; thi- ocìrres are rrÌrong narunt mrrr
crr p'gÌne'rts .oloLrrcd by rlì-- prcsence ot iro,,, ctrner uì€
hyd.ous i Ìon ox ide, 'hnor j lc ,  or  ihc anhydroÙs j ro!  ox idc. ,' l raemaLj tc '  

(T l rorpe an. l  \Vt r j rc ley r954:6 l r  2) .  Ì . i r ronì te js
a con,pone,r l  o Iyel low(xhrc,  rvhercas Ìed oc l ì re co teìns

t ,  J " n '  ì J ^ r  r , r  . - . t  t , , o , r  , o  r o p ; r -  |  , .
. o d r e t \ .  c , t . r - t "  r . ,  i  i , , : .  r r ,
that tlr-- ienl' bacrÌìatirc tcnds ro be r--servedwilhnr Egyptol
ogy 1or tlìc nrineral in its neralljc bìack app
nratcrial uscd for caNing rnto bcads, koht-srjcks, seats and
othcr snall objects (se-- Chapter 2, rhis lotumel.
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The Max'Planck project identifled most visually red
samples as red ochre ftom the Fifth Dynasty to the Roman
period; they noted only a few instances in which haematite
appeared to be used (ranging in date ftom the Sixth Dyn
asty to the First lntermediate Period and Eighteenth 4î-
asty) and they deflned these simply as particularly úch in
ircn oxide (Blom-Bóer 1994: 7t). The analysis ofone red
pigment ftom rhe Eighteenth-Dynasty workmen's Village
at Amarna also indicated the use of haematite (Weather'
head and Buckley r989: zo8-9).

A brighter red colour (closer to orange) can be obtained
by using realgar, an arsenic sulphide. lt should be noted
ihat, iike orpiment, realgar is an extremely lìghlsensitive
pigment; it degrades lo pararealgar, whichìs orange yelìow.
The only uses ofrealgar which Lucas reports are ùndated
relerences to analyses pe ormed l,y Spurreu and Bathou,
as well as the meniion ola sample of orpiment streaked
with realgar which is said to have been found at Tanis
(Lùcas r 9 62: j48) . As far as non Eg)"tian sour.es ofrealgar
are concerned, Barthoux F926) mention St John's Island
in the R€d Sea, while BLom Bóer (1994: 66) ciies Asia
Minor, a suggestion whìch may be backed up by the pres
ence ofthis pigment among th€ cargo ofthe shipwreck at
Ulu Burun (otrthe southen Anaiolian coast), dating to the
late fouteenth century BC (Moorey 1994: 128). The Ma-r-
Planck project found wo Eighteenth-Dnasty instances of
reaÌgarused as orange-red paint at Thebes i the contents ofa
receptacle found in the tomb-chapel of Kheruef (TTr9z)i
and a sampÌe from a wall ofthe tomb ofThutmose lVin the
Valey ofthe Kìngs (KV4l: Blo]r, Bòer Í.)94:73,7 .

Degraded realgar appears io have b€en found at Ama'
rna, this being the most likely identiflcation ol a pigment
lump from an unrecorded locàtion at Amarna which is now
in the collection ofthe Bolton Museum (lo.z4.7o)i it was
sheaked with red and identifi€d as arsenic suiphide
(weatherhead r99t: 19t. Anorher probable instance of
pararealgar (i.e. degraded realgar) is a quantity ofpigment
described by the excavalors as bright orange red' which
was lound in a reshaped pottery vessel ercavated at Amarna
in r9l5 (weatherhead and Buckley 1989: 2r7 r8).

Th€ Brilish Museum consenation project found that
examples ofred paint were made ofhaematite/red ochre in
most instances, but on one Nineteenth-Dynasty pafl'rus it
consisted ofpararealgar with oryiment and a trace ofhaema-
tite (BM EA9949). lt was at one siage reporied ihat realgar
could alter to oryiment upon exposure io light, but this is
now discounted (Douglass et al. 1992). For these reasons
realg is susceptible to misidentifrcaiion in both laboratory
analysis and visual inspection. There remains in addition
the problem ofidentifying pararealgar as a degraded rather
ùan an origìnal pigment (Corbeil and Helwig I995).

on one late Ptolemaic oi early Roman papyrus (BM
EA99r6) an orange red pigment was composed of iron
oxide, while a pink red paint consisted ofvermilion. The
red on a Ninet€enth-Dynasty papyrus at dìe Univercity of

PennsyÌvania Museum (E2775) was identified bXRF
wet chemìcal analysis as realgar (Evans st al. r98o).
lead pigments are not aitested before the late Ptolemaic
Roman period (B1om-Bóer 1994,66).

White

ments in ancient Eg)?t were calcium carbonaie (Ìt
chalk) and calcium sulphate ($"sùm). The Max'
project recorded both caÌcium carbonate and calcium
phate from the Fifth Dynasty to the Roman period, but
found the latter (usually compdsing gDsum and

Lucas G962: l4E 9) repoÌ1s that the only iwo whjte

in vaÌfing proportions) io be the more common
Bòer 1994: 66, 75). In addition, their analyses of
pigmenis from Theban tomb-chapels ofthe Twelfth
asiy and Eighieenth to Twentieth Dynasties rev€aled nag.
n€sian calcite, chosen for its intensiry as a 6rst layer
main pigment on tomb chapel walls (Blom-Bóer 1994:67,

7t).
Blom-Bòer also notes huntiie, a magnesium calciun

carbonàte, as a pigment comparable to orpiment in teíns
of its .luality and brightoess (Blom'Bòer 1994: 67, 76).
Huntite would have beeD desirable as a painting material
not only on account ofits colour, but also lor its adhesive
ness, its small particle size and iis very fine grai4 wlich
would also have ensured a smooth painred suface. It h
attesled in the Persian Cull and occurs both in land sal
tlakes and on the margins ofmagnesium-dch strata, condi
tionsthat can alsobe found in Egypi; the nearest publisled
north Aftican soùrce known to us is far to the west in
Tunisia (Perthuisot ri al. r99o).

l'he Max Planck pmject found huntite to be the úaterial
used for white paint in Eighteenth- to Twentieth-Dynaitl
samples. The suggestion ihai huntite was used iì a
Twelfth-Dynasty sample, from the Theban tomb-chapel of
senet (TT60) is considered uncertain because ol lhe
method of samplìng adopted in that instance (Blorn-Bij€r
1994.7b n. r57).

Huniite was also idenlified as a pigmeni or pigment
component in the analyses of samples of pigments fiom
the wal1s and ftom the painting €quipment of iwo mid
Eighteenth Dynàsly Theban iomb-chapels (TT8o and
TTr04). In both ofthese analyses, which were undertalen
by Fùchs and Burmesier (see Shedid 1988: 166), huniie
was identified in samples eiiher alone or with other pig
ments, notably with calcite or gwsuú in the samples 0f

The British Mùseun consenation pmiect lound huntiE
used for white colouing on a Twelfth-Dynasiy coffin fn&
ment (BM EA46654), an early Eighteenth'Dynasiy shrold
EA7l8o7), and three pàpFi, one dating to the eaÙ Eight
eenth Dynàsqr (BM EAro477), another to the Nineteertlr
Dynasty (BM EA9949) and the ihird to the Twenty-flrst to
Twenty-second Dynaslies (BM EA99r9). The attesled daft



nnge of th€ r'ùiùerxl ìias thrLs been extcfd.d bcyond lhc
l,JcN Kxìgdoùì. altlrcuglL it sìrouìcl l)c noti:d that fhe iìb,
senre o1 lrtcr cramplL.s e or{r tìrc resùhs of the Max
Phndr pr,rjccr ls pfob:Ìbly lo be explaiùed b,v the fe.t thai
rhe Thi rd Intcmcdi : ì t i .  Pcr iod is  r ìoL { . l l  rcpr .scnn.L
aùorg the srr r lv l fg  colourc. l  s to i rc  ùìonurr . r ts  whic l r
iomrthei rprDrÌ l  sources 

-nr .  
p jgnrcnt  i rppc: ì rs  o ùcÌ  !

{o l iure. loblects l ror jd ine a coro l lar l  to  thc scLcctLon o i
orp i . lcr ì t  fo f  t r ì low ar .L rer lgrr  for  rcd: in  g. rc fa l  i toc. I rs
on r r ls l lc I  s .a lc  sLrÉrces or  ì r r  lesser  q lLJnt i ry  rha.  thc
oìLcL Nhl lc  p igùìeùts l t  $orL l .L be Ìexsonxb e ro corcLudi .
lha l  i t  bc longcd 1. ,  t ì ic  nrofc r .s t Ì lc l t \ ì  ar ìd ( )sr l )  pa ef ie
alongside re i lg : ì  |  a fd orp imclrL.

\ \agenrar  i lncrs r962:  149)  idc, r t i f ìe . l  r  \y l , iL-  as pow
dered sh. lL  or  .u t r lc l ìsh bonc:  lhLS has not  bct r ì  coÌ robo.
, led. l .  th js  context  i t  s l rould be noted thr t  rnolhcr  prp lms
of ì ì re Thi fd Lr terùredi l te  l )er iod (BNl  lAroo2g) boLc rn
ìmideÌr t iJ ied whi te which rontaìned cr lc iurn.  phosphorus
ard lo \ !  l r |c ìs  of  ùr{gr ì . rs iur ì r  !ccord jne to the SFM (FDXA)
aralys js :  l l r ls  mlght  srggcst  l iydrory lapai ì te .  iorn bofc.
but  i l re  XR D pat tcr ì  was r ìot  .onsìstcr i t  wi t |  th is  xndihc
matarJ rcnra ins cni i lùra l rc .

f t is  coìour  is  ! rcst  cornùrnly  found to conslst  oty i . l ìo l ,
ochLc. .omprisrlÌg iroù bexring mrterix s noinbly goctlìitc
( rbe a lp lu lò f1n o i  l .oo l l )  a . .L l i Ì .on i tc  ( th .  \eLlow Lo
bro{ .  hvdrous o. \ id . l  logcLhcr  \ \ i t l  var) ing rmour ls  of
c lay ! .d  s i l jceous nì . t lcr  (scc Thorye rùd whi t , - ley r954:
6}1.  !1ore r l r , -h the arsenic sulphidc orpnrcnt  l ìas bcen
lDun. ì .  T l ,us Ì , rJs ( Ì962:  la9 5o)  rcpof ts  fc ì low o. Ìne

lh)drercd ì ror ì  o i  e l  lnd í !om theln lc  F jshtccnth Dyn
arr  orwr ids oryùnent .  a nahùal Ìy  occurr ing arscnlc
sulphjdc.  Hc à lso fc fcrs to thc j .Lor t ìFcaf ion by Rclsfcr
1,9,1:  IV \ i .  292 l )  o l  thc usc o l  sround st r .dstone lor
le l lo{  f ìenenl  : ì l  l (cnÌ ìa.  bùt  th is  re. lu i res .onÉrnra i ior .
Luie (19r t  ideni ì6cd nrassÌcol  {a yc l low oÌ ld !  or lcad)  iD a
sample ofy. ì ìow pisùer t  found on r  p3lc tLc dat i r ' ì { r  to  . .

4oo BC, (Lucrs r962,  J5,  )  whi le  JoLn h.rd idcnt l f ìed !egeta l

)cllo$ pìi+ÌÌ.t]ts rbout a c,-nhùf --ar Lier Thc lcllow xÌ Llìc
Thcba|  lonìb.chapcl  of  Arrnrruser .  f i rs t  nr i f ls lcr  undcr
Hfshepsut  in  lhc cafy l ightccnth Dynrsty ( l ' I r3r) .  was
found \  xR D to bc vc l low ochrc (Dzìobek r994:  JoJ) .

T|e \4ax l , lanck pfo jcc l  idcnt i l lcd as )c l low o.hre the

lrllo$ pigrntrìts on sampìes tionr Finh D,lnasty to the
RorÌarì period, bùt lhe,! found orpirrent rn prrc forÌn or y
0r EiglìLccnth arìd Nù1et,---nth DyDash sarcophagi ol
k i l rgs,  ard on thc {à l l - .  01t | .  tornb of  l  hutmose lV {KV4t) .
0ùe oÎ the rnr jor  f ind ings cJ l  l l ìe  pro ject  lvrs  the rnìxrure of
oryiment and yellos'ochrc npplied to \ew Kingdom tcrn
ple and tonb walLs l  Blonì .BÒcr G994:  6 l -4,  74)  repor ts
lalclnìg ol first ),elìolv odre, rhen orpimcnL a1Ìd firxìll,!

lcllo$ o.lrre agxin on lhe walls ofionrtrs and tcnples i the
Ncw lturgdo1ll, llìus givìÌrg thi: ochre thc ercatcr intcnsity

o l  co louf  characLcf is  L i .  o  f  orp i r .cr t .  l l r js  sr Ìggests a d i f ièL
l ]nt la l  appl lc î l ion of  t fc  I ì iùcraì  deperìJ i rg on the s]ùface
area ilnd/or slalus ol thc ùorìùùrcrÌ1. \fillì regrrd to stahrs,
hoÍ,cvcf, it should bc nol!.d th.ìl aua\'scs of sarnplcs of
vc l low piqnrdr f  l ionì  h lo EighlccrLh.Dtnast) -  Tì reLraù p i
vrte t.rrb chrpels revealcd ro orpimi.nt, whcre:ìs paìrìtilg
nrate i i ! ls  d is .overed in thc sanrc chapcls r l ìc ludcd p igr Ì Ìcnt
l ) lochs i . l .nr l f ì .d  as orr j rnenr  ( f i78,  ronrb-cì rapcl  o l
l lorcr ì ì l ìcLr ,  see Brrc l i  lnd Br ! (k  r . l80r  roo rnd TTr92,
ronìb-chirpcl of lcreruef ree lllom ù()er 99+ tq r rqù.
Tl ì is  suggcsts t |a l  i Ì r  r ) fu  i rs t rn.es orp imeni ,  r  rhough

terhr !s  prcscrL in  Lhc lomb p!ùì t ìngs,  in ight  s inrp ly  not
have bccn dclcctcd. clthcr b€cruse it has fa.ie.l wilh e\po
surc to l iqh l . . rd thcrc lorc has not  scemrd to prc$r t .
<r lorued sur face wonh sanrpì ing,  of  bccrùsc r t  l ì rs  beeù
used in a mì lhùe s ' i th ,vel low ochrc,  and o| ly  thc o.hrc
st rat rùn of the layer  ed appl icat ior  h.s  bccn anaL, \scd.

Wit l ì  rcgar . l  n)  so ln.es for  orp i ì rent  (aì rs€nic suìphldc)
outs ldc lgypl .  Moore)  ( r994:  j28)  . : i tes j t r lar ref ] .  i r  KLrr .
d is lan Corar Ì Ì is  ì r t  l rarL,  as * ,e l l  as Syr i r  and Anato l j r ,
nol iDg t l ra l  orpìmcrt  was par t  of  the.ùgo on ihe Ulu
Bunrr  shìpwrccL mcnLioned: ìbo!e;  err l ier  s ludies s j le
Khrrga Oasìs ard Sl  lohn s ls land nr  the Recl  Sea as poss
ib le p roveú r .cs . loser  to lhc Nj lc  Val icy.

hì  the worknren s VìL la i le  at  Anìarna sanìp los ofyel lo lv
pigùrerÌt wer-- turùid oD analvsis ty SE\4 lo consisr of (r)
quar tz  graùrs wi th a th in i ron r ìch co.1ìùg and (2)  srnal l
rnc lus ions of  ì ror  and t i taù i l rm wi th in the core nratcf ia l .
The chcnìical constitucÌÌts of tLes-- samples therefore ap.
pcar i .d  lo  bc consistent  \ \ i th  thc Ìnost .onrmon yel low
pi ! :nrent  of  the Dlnast jc  pcr iod,  gocth i te or  ye l low o.hre
( \ ler therhead a.d Bucklcy r989:2()9) .  l lowe!- - r ,  another
srmpl-  lom the 1922 cxcavat ion durnps at  t l ìe  Vi l lage
provc. l  to  l )e  orp ime. i .  terhaps der iv lng f ìorn thc decoú
Lion otthe South Iombs rhe tomb chapcls ol 1]Ì€Ìnbers of
ihc royal cou rt $,hich lxy a few kiLonretrcs lo thc souLhcast.

(]1 cvcr grcatcr irnportan.e to the study ol Egyptjan
yel lo ivs is  a segncnt  o l  a  ln Ì lcstone gùld ine bowlon whicì r
q,ere fourd coarsc particlcs of a yellow pignrent vìsuallv
jdent ìned as orpì Ìncn1.  This obtc. l  was lour ìd dì r :arded in a
ucl l  a t  the jndusbja l ; r rea Q1t .4 to thc soùt l ì  o f the centn l
. i ty . r t  Arnunai  in  he.  repor t  on thc f ind,  Veat l ìerh, -ad
(r995:196-7)  sugg-èsts that  ihe orp jncnt  nìay hav! .  bccn
gLouDd coafsc.ly bccatrs.r it ivas inlended for applicatlorì to
wood or slonc obiccts, ir'ì \ie!v ol the fxct that coarscly
appljed orplnrerl \\as loLr d orì a wooden model comn
e{cavated f.onr thc ccntral cìq. V,cadrerherd rlso docu-
nrer ts  a number o{ear l ler  6nds a l  Arnanìa,  inc luding the
loìlowrtg: several pieces of ycllo$' piglrÌ-"nt ercavat--d jn

r9: , Ì  f ro Ìn a house jn the maìn c i ry  (o49.r7) ;  l rasrnents
fòund \ l ih  thc paiù i rg of the Anr; ìma pr inccsscs f ro ln the
King s Housc (UC2262.  2289),  which or ìeìnal lv  contanìed
orpinrent  thal  is  no longer v is ib le (presumabLy 1àdcd on
exposure ro l i i lh t ) t  and arrong the tonùs of  ihe noblcs
(tofìb .hapel of Ahmose :lo. l), whlch ircluded at leasi onc
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instance oforpìment with yellow ochre. She also notes the
presence oforpiment on the papyrus fragments ftom the
shdne ofthe royal statue (BM EAT4roo), and on the lime-
srone head ofNefeftiti from dìe sculptor's workshop (Ber-
lin AMzrloo). Other instances cited as red-streaked or
containìng realgar are identified as degradation ùom real-
gar, and are thus the degradation product pararealgar
raiher than oryiment (see section on'red', p. rr4).

The date ol the earliest use of oryiment is dimcult to
determine, although it is certainly earlier than the Eight
eenth Dynasty. Analysis ofyellow on the late old Kingdom
stele of Shesbj (Louvre E z7.r') revealed a mirlure of
yellow ochre with an unidentifiedarsenic compound, and a
yellow ochre with traces ofsodium chlorid€ and arsenic was
identified from the late Old Kingdom tomb-chapel paint-
l n g "  o f  V e l  F l  i i l o L \ ' è  F  2 5 . 5 4 E :  / E l l e t  t ) 9 o  , 4 .  J . L ) .
These results are stÍildngly reminiscent of the Max-Planck
discovery oflayered ochre and orpiment in New Kngdom
examples, and may carrytheuse of oÌ?iment in Eg}?t back
io r. 24oo BC.

U nequivocal identifications ofyellow as orpiment flx the
latest possible date for iis inirodlrction as the Tweìfrl Dyn
asly, .- rgoo BC. ln the British Museum conseíation
project, orpimentwas foundon a Twelfth-Dynasty cofrn in
the British Museum lBM EA46644), thus connrming the
res lts of an earlier analysis of pigments on two Twelfth-
Dynasty comns in Boston (Museum of Fine Arts, outer
cofrn ofThutnalùt and ftagment 2r.8Ì69 ftom the coflìn
of his wife; Terracc 1968: 167-8). orpiment was also
identified as ihc yeilow pigment on early Eighteenth D'î
asty linen shrouds (BM EA7l8o6 7), papyri ofthe Nine
teenth Dlnasty (BM 8A9949 and 996E), Twentieth Dyn-
asty (BM EAroaTz), Third Intermediaie Period (BM
EA99r9 and roo29), Thi ieth Dl.nasty or early Ptolemaic
(BM 8A9944) and late Ptolemaic period (BM EA9916). In
the case ofthe Nineteenth-Dynasty papyrus BM EA9949,
pararealgar was identifiedas a minor component alongside
orpiment: the iwo occur naiuraÌly togeth€r, and this does
notaffectthe identificaiion of ihe pigment as orpiment. On
the early Eighteenih-Dynasiy papyrus BM EAro477 the
yellow was identified as an a$enic sulphide, ihe exact
sbucture of which has noi been jdenlifred. No pigment
layers have been detected in the papyri. The darker yelow
onthelate Ptolemaic example BM EA99r6 was found to be
pararealgar, a degradation product of orange rcd realgar.
Orpimeni was also the yelow pigment used in a tomb
painting ftom the Theban tomb-chapel of Nebamun (BM
EAj7978), of the reign ofThuimos€ lV in the mid-Eight-
eenth Dfnasty.

Following these analyses ofBritish Museum samples, it
has been noted that the butror duu yellow given by ochre
can often be distingxish€d fiom bight orpiment by pre-
lìminary visurl inspection ofancient examples not faded by
eposure to lìght. Orpiment has a lamin:ìr srDcrure, cre
ating a sciniillaiing eff€ct quìte unlike the matt sùÌ{ace of

(È2775) was identified by XRF and wei chemical analyshat
opiment (Evans ri dl. r98o).

ochre. However,visual identìfication should always be
jìmed by analysis. The yel1ow paìnr on a Nineteenth-
asty paplrus at the University of Pennsylvania M

No[ oiginally identified as jarosite tlìe y€llow

tional instances, from tomb-chapel walls (Fifth to Sixtlì
Eleventh to Twelfth Dlnasties, Lower and Middle

on l- lèvèrù.D) îasb pohery iom el- far i l ì  and nored rt
on-h^ VrnoJn wal l -o3inr  rgs f 'onThe-d The
proieci encounrered additional ìnsiances, and

absence ofknown Égyptian souÌces. HoweveÌ these
noted Cyprus as a possible provenance for the mineral in

were explained as the result ofdegra&tion, and nol

a green or brown vitreous material, perhaps prcduced in
same manner as - ifnot identical in composition to -

Egyptian pigment (Blom Bóer r994: 6j). The analysts
sidered evidence for the use ofjarosite as an original

gested that the odginal matedal as applied would have

other viireous materials used for greens and blues.
hpothesis may now need tobe modifred in thelighr
recent findings such as painting eqripment lbund al

map p. l2). ln addition, Andrew Middleton and

Bntrsh Museum ha,F .deîdfed rs  dros i re thF ì ig Ì l

n J . <  c o m  q l  t l  a r o . r t e u a , r d e n t i 6 e d q r t h o u t r p í ,
degradation, and with note of a possible source for
mineral in the westemdesertatAswan (Le Furr994:4j

Humphrey ofthe DepaÌlmeni ofScientifrc Reseach at

lished analyses). The question ofdegradadon renains,
needs to be assessed againstthe original objects as wel
ì -e  Jnr ly , l ' (a ì  "suìrc :  rherF is  no obviou.  rea,on for

jarosite onthe eaù Middle Kingdom cofrns to be

pigment on several early Middle Kìngdom cofins

ed as the result ofdegriìdation. larosite, despite-being e

Cilding

In the conlext ofpainting, it may be mentionedthat
is àttested on a small nuúber of illusFated funerary

mineral, ought therefore to be considered among the ltt
known Egyptian pigments.

ofNew Kingdom and Late Penod date, notably tlìe opening
vignette ofthe Book ofthe Dead ofAnhay (BM EAro472),
and a large scale vignette in the Book of the Dead o[r
head-goldsmith named Khar (BM EA9949)- Anotler
example earlier in the New Kngdom is found on the Bool
ofthe Dead ofTjenena in the Louvre (Nlo74r de Cenival
1992: 8, 7ol. Although gold leaf is analagous in ùese
instances to a pigment, it is probably best discussedinùe
context ofmetalurgy, see Chapter 6, this volume.

Summory

There appean to bea consistentcorepalette throughoul tlr
Dynastic period, comprising red and yellow ochre, blue ard



geen ariificial pigments, carL,on biack, and calcite or gyp-
sumwhile. Thjs basic palette is supplemcnted fromal leasi
lhe lat€ Middle Kingdom onwards by a less commonly
attested, perhaps less available (imported l)s€r ofmaterials
giving nore intense colour: oryiment foryellow, r€algar for
onnge.red, and huntiie for white. Detaiìed differcnces in
rnestatjons across time, and rcasons lor selection of par
ticllar maierials ln particular cont€xts remarn io be
studied. Other pigments, such as vcrmilion, seem lo have
been inhoduced only in the late Ptolemajc or Roman per,
iod tlese, and the jmplied change in colour àpprecjation
(e.C. ùe use of pink), may reflect Alexandrian rrade and
*change of flora and commodities with the East, notably
Persù and lndia, nther ihan new exposure to ccntral Medi

ftese results con.ern ihe basÌc pigments in the palettc,
andanalysis to jdcntify these inevìiablyfocuses attention on
indlviduaì samplcs. Identification of rhe paÌette aìone can
give the inpression that th€ Egyptìan artisr was constral necl
by a limited palette for block fields of colour. It leaves ro on e
sid€ the qùestion ofdìtrercnthues ofthe same corouronone
objed, where the same bro3d coloú is present in djFerent
hues oòtained either by differcnt materials or by djffcrent
application ol lhe samematerial. There is.rlso ihe qucstion
ofshading within one coiorll fie1d on an object, wher€ tùc
fftisr àpplies the matedal to obtaìn specjlìc effects oflìghr
and shade, volume, or hue. Thick application ofpigmenis
0nFinted plaster givcs darker shades, whilc thin applica-
tion can help to providevirtually transparenteffects, and the
addition ofwhite suppLies lìghter hues; the techniques of
painting also provide different results, as when the painter
draws a half'drìcd reedloosely ovcr the surlàce forthin lines
(shedid 1988: 21 4). These problerns làll into the scope of
athistory, Lrui ihc jdentification ofpigments provìdes ihc
basis for an understanding oftheir application.

The question of the melhods used to prepare the Ìaw
nalerials fequires further study. At Amama, rh€ red and
yellow pigmcnts appear io havc been grourd on stone
rcssels; one pott€ry vessel {'ilh rc-shaped hexagonal rim
contained a brjght orange red pigmcnt (rcalgart), and a
podery vessel bas€ contained an unidcntified yellow pig-
meft, but these are presumably painlcrs pots rathef than
,ess€ls for grinding (wearhcrheadand Buckley r989:2r6
18). The afifìcial pigments at the same sitewerc found in a

uìlbag shap€, indicating the fusion ofthe .aw marcri.rls
orr second firing ofan inìtially fuscd pigmenl, and rhcn
shaped either jn to discs or into round or bowl shaped cakes
0fmaterial (weaiherhcad 3nd Bucklel 1989: 2ro r6)i fu-
ture r€search into thc industrial areas and analyses of6n-
ished and unfinished objccts à d their moulds may reveal
lhe stage in production ai which a distinciion was made
knveen, on the one hand, purc painters' mater ials, and on
Lrre olher hand, plgments or artificial compositions int-
ended for othcr purposes (e.g. inlays, jewelÌery or larger
roorlded figuÌes such as sÀabiis).

P A  N r t N c  M A T E R t a L S  t ì 7

Painling substrates

Thevarious iypcs ofsufacetowhich thc Egyptians applied
pigment may be summarised undù rhe following head-
ings:

Sof shne

Limestone architecturc; sarcophagì and statuary; sandston€
architecture and stahrary (for pottery scc Chapter 5, this

These àre attested for the whole ofthe Dpastic period,
with peaks oî production in the suniving record for the
Ncw Kingdom and ftom the Late Period to the carly Pto
lemajc period.

Hard stone

The royal quartziie sarcophagi of the New Kingdom were
painted inpure orpiment, butfor otherhard stone archrrec-
ture and sculpture the presenc€ ofancient pigment is not
welì documentcd. ln the case of pink granite rehef and
architeciure, thc qu€stionis complicatcd by the nineteenlh,
cenrùry practice ofmaklng designs vìsiblc lvith a modern
pigment, usually of a distinct red hue, for exampÌ€ a Pto-
lemaic naos in the Briiish Museum (BM EArrl4), o which
the rcd pigment is a modern vermilion.

Ploster

The most €xtensively studied painted sufaces from anci€nt
Eg}?tar€ ihe lomìr chapels on ihe West Bank atThebes. In
the Theban nccropolis the local lìmestone js rareìy fine
enough toallow rcliefcaning or oiher manipulation, lhcre-
fore the àrtists generally resorted to preparing a surface of
plaster úpon which thc pigment couLd be applied in timp€ra
rathcr than infd"o sero?, in other wrrrds they ensured thai
the pjgmcnt adhered to thc suface by use oî a ìrinding
medium without rcmoisiening of d1e plaster surface. The
great majorÌty of these painied plaster sufaces are walls
and ceiìings of Eighteenth and Nineteenrh DFasry roml)
chapels, ànd somerimes buial chambeK. Painted Thcban
tomb-chapels are less well attested for ihc Twelfth lo Thir-
teenih and Twentieih io Tlventy fifth Dynastìes, and fewcr
exanples ofpigment analyses are available from rombs of

The Thcban tomb chap€l of ln€ni (TT84 is one ofthe
earliest ìn the Ejghteenth Dynasry for which an accurate
descriphon ofpainting ground and decoration techniqùe is
availaìile (Dziobek r99z: 22 6). The higHy fragmcnrary
rocksurfacewas smoothedand any unev€nness covered by
the r€infòrcing Ìa)€r ofcoarse g)"sum (6ve ro fifteen cen-
timetres ihick)i into tbis mortar some thin lim€stone ilakes
were mixed. Over the mortar a layer ofprobably the same
mateiaì,only lìner, was applied, mostcarefully on the west



$eer adl l ic ia l  p ignìents,  carbon bìec l i ,  ud caìc iLc 'or  gvp-
sul l lwl Ì i lc .This basì(  palet te is  suppl€m€ÌÌ tcd l ronr : r t  least
rhe l i le  l \ ' r idd e King. l ( r r  onwards by a lcss corrmonì1
ai tcsted perhaps Less rvr i lab le ( i | r ìpor lcd ì )s i ' t  or  mrrerr rLs
giljDil Dore in te. s,- colour: orpnncn L fof yel low, rea Lqar for
o , É . , ' J .  r l ,  ,  r  . . 1  |  D  d  d  r - , - r  '

a f tnxt io ls  across t ìmc,  and reaqofs for  scLedion otpar
ticulù rÌratedals m parliclrlar .ontexls r,-rrairì to bc
rhLdicd Olhcr piilrìì!'nts, srLch as lenniliori. seern lo halc
bccr ì  in l roduced or ly  in  l f ìc  l r t f  Ptu lc Ìnai .  or  Rouan pcf
iod;ùìcsc,  afd rhe j rnf l ied c l rnge nì  co lotLr  ?pprcc l r t io .
(e.9. rl,c use of pink) na,! reflect Alcxandrian hide and
*dran.se of lora and conì Ì rodiL ics wi th lhc lns1,  notabLy
Pe^ir rD.l ln.ìia. rltlier llì!n ncir crposure ro ( entnl M.{ti

Thrsc fusul ts  conccr f  th .  basi .  p lgments ùr  the prk ' t tc .
, d  ,  r o , d , , ,  1 , h  '  .  . r .  , r r  ' o r
l!ìdilidLral sanrplcs. ldenii6.atnm of tlìe prlcttc alonL' ciìn
givc rhc r f rpfcss iof  thr t  the hgypt ixr ì  ar t ls t  was cor ìs t r r i fcd
bla l j Ìn i ted palet le  lor  l ) locì (  f ic lds of  co lour .  I l  lc i lcs lo  orc
sjdethe queslrcn ofdì]Ierenl Lucs ol thc sJrne (oloLir on one
obje.t !v]]eri: the saÌÌrc Lrro:ìd colour is prcsert ìD diferent
huer o l i ra j rcd c l thcr  bt  d i l lc r i ' f f  nratcr ia ls  oÌ  by d jJ{urcnt
rppl ìc : r t ion o l  th i '  s i ìnre mater ìa l .  

- fhere 
ìs  . lso tLc. lLres l ior ì

0fslìadrÌg wnhln onc colorr 1ìeld on rn object. wltcrc rltc
arr is t  a fp l  cs rhc nrr tcr i r l  to  obta i Ì i  spcci [c  c f ic . ls  o l  l lgh l
a d sÌnde.  vohrme, or  hue.  ì ì r ìck appì icaLioÌ ì  o t  p ig! ìcn ls
0n painred phsier  g ives . ì l rher  shi ìdcs.  whLlc lh i r  i l tp l i ( r
l ior  ca.  hc lp nr  prov i . l . r ì r tùal ly  t ranspnr i ' f l  c f ièc is ,  rnd the
addi t i  r  o f  lvhì te suppl ics l i i jh tcr  hLlcs;  rh.  t . .h . jqu i :s  o l
pai ì tn ìg dso prov d.  d i f ier  err  fesul ts .  rs  when the p! jn lcr
dn{sa halldrcd rccd looscly over the srù fice for 11rùì Lùìes
lshcdid r98l :  2 l  ,1) .  Thcse prcblcrrs  fa l ì  i , , to  r l ,c  scopc o l
rL l I rs lo11.  br ì t  the ident i f i t r l ior ì  o f  pìgn)cùls  pro\ idcs lh .
basis lor in understrndnrs oftheir rpplic:ìLion.

Th.  { lucst ior  of  thc ùìc lhods r lscd to pfcparc thc raw
mrter i r ls  re(Fi res f iù t l ic r  s ludy.  At  Arr l rn l ,  thc f . . t  and

Fllo* pigm.rìts appcir 1., hive been eround orì storìf
'essrÌs: onc poticf,v vcsscL with rc shape.l heragorrl rrn
{or ì ta l r .d  r  bnghl  o. !nge red p lgrnoì t  ( Ì .x lgar l ) ,  and a
pot tery vessel  base rontx ined aù ur ì idc l l t l { ì . 'd  tc low p g-
f icn l ,  Lrut  these xre presuùrabh p lùì tcrs pots ra lhcr  that
ressels ior  qr i rd i r ìg  (Wrat l ìerhcàd and BLrck lc)  r9ò9:  2r{ r
13) .  lhe ut i f ìc i l l  p j i lnrùr ts  a1 ù.  s : ìhe s i re \ere fourd in  r
nn,rll hg shrpc, rndic:]tLnil the frLsior ofthe  { rìrterirls
0L ! sccord lirxìg ol af inltìrlly fiLse.L pii+nerìt, arl.l thcrÌ
shapcd c iLhcr  i f to  d iscs or  ì r to  rourrd or  ì r rwì  s ì raped caìrc- .
0 lmarcr ia l  ( \ !enthe,hexd rud ] luc lL 'y  r9t9:  2ro r6) ;  l ì r -
turc rcscarch jn iothe i r ìdust f ìa l  d€es x d analyscsl )1 I in-
rshed ard ,nr1ì , r is l rcd oLjccts and Lhi ' i r  nroLr lds nray icv.a l
the strge ùr pÌodu.tiorì rìl lvhicf :ì dlstìnclìon w;rs .rade
beh'ee , où the orÌc hnnd. purc pajntefs nraterixls, xnd on
thc othcr  hand.  prgnrcnts or  r r t j f i . ìa l  cornposho s nÌ t
ended for  othcr  pLrrposes (e.g.  ìnhys,  jewel ler)  or  larscr
mouldcd figufes such as sldrt;s).

Paint ing substrates

Thc v3r ioLrs t -vpes ofsur lacc k)  { l ì ich lhc Egypt ians apf i ied
pigmcnl  lnr -v  Lre summarì led undcr  Lfc  1òl lorv ing head
xrgs:

Soft stone

L. inìcs lonc arrh i te(  h)re;  sar  cophagìar ìd s tatuar- ! :  s .ndston--
architcctlrre rnd strtuxt (1or poltcr-v see Chrpter 5 this

These are l ln  s tcd for  thc $ l ìo lc  o l  lhc Dynast ic  perrod,
wj ih  perks of  prodncl ìor  in  thc sÌ r rv i l ing re(rd for  lhc
\e\ r  Kiùq. lorn and f iom Lhc ìate Per iod b tLe err l t  P lo-

' lhe 
roy. r l  quaf lz i tc  s i r rcophJgì  of  lhe New l ( ìùgdonì  wcrc

pauì tcd i r Ì  purc orp jnrcf  t ,  but  for  otherL. ì rd s tonr  archi lcc-
tLì r 'c  and sculp lurc rhc pr .s .nc ofarc ic ' r Ì t  p ig] l lc r t  is  .o t
\ \ ,c l l .docunìer ied.  ìù  the crsc of  p i fk  grar j tc  r . l ic f  and
archi lcct l r re,  the ques ! r is  cor Ì ìp l ica lcd by the f i reree. th
cenfLù)  pr  rd ice of  rnal ( i Ì ìg  dcs igns \ ' is ib le wirh a rnoden

| ìgme.t ,  usual l )  o fa d is t lnc l  fcd huc,  fo f  cxampl .  a l to
l , -maic, reos ùì  the Br l l ìsh Nl  uscurr  (BM FAr L l4) ,  or ì  wl r ìch
Lhc Ì . .1pigÌ  .n t  is  a nìo. lcr r  vcrr r i l ior .

Thcl l ]ost  c \ tc i ìs ìve ly  shrd ied pajn lc . l  sur faces tuoÌr  ar ìc icr ìL
[gypt irrc thc tonìb chi]pels o. the west Bank al Thcbcs. In
thc Thcban necropol ìs  the locr l  l i rnesloÙe ls  radl  l ìnc
tnoLrgh to a lorv n ltr:fcarvjrg or olhcr nì:rìiprlaiion, lhcfc
fofe the rrtists cerr--úll) resortcd lo prcprring 3 sLrrlacc of
phsterùpou !vlliclÌ th€ pigrncrt coLrld be applìed ì. i.n,).rd
rat lkr  t l ran inJ 'c l io  v . .0,  | r  o thcr  words lhey e rs tU ed that
t l ìe  pì l j lncnt  adhcrcd lo  the sur t t t  by nsr :  of  a ì r i r rd i rg
rncdium $ ' j l lout  re inois iening of  the pì rsL-r  sr Ì r f rce.  TLe
grc:ìt majority ot iLcsc paìnted plasler slrrfaces are wxlls
and cei l ì rgs ofFightarr l l ì  rnd Ni Ì ì r tcr l lh  D)nasLy Lornb-
chapels. ,nd somet j rnes bur ì r l  ch lnbcts.  PainLcd Thcbrn
timrb chrp--ls rre less well .ìttcstcd lor lhc Twcllih to Tlrir
'  r l  . . 1  ' r ' r " . o l .  ' r . l  r ,  ) '  |  , d : .

cx nplcs of  Pl91ì ]cr t  : fa lys i 's  afe i ìv i i iLrb le turr  n,nbs o l

T l ìc  Thcbar lonrb chipc l  of  l reni  ( l ' l  Er)  is  one of  the
cr f l iest  in  the Fighreenlh D,uústy foÌ  which an accuralc
descripiìon ofpaintin{,: ground and decor.rtiorì tech lcl e is
avriLable (Dznll4( 992: ,, 6l The highly liagncrt:rry
ro.k sur l'acc $,as sùroollcd and an) Lrncvcnncss covcri'd by
the reirìtòrcirg laycr ol co3Ìrsc €rpsu'h (lìve to fifteen cen.
L inÌc t rcs th jck) i  i r lo  lh Ìs  nror iar  sonle th in l im€stone f iakes
$,crc nÌLrcd.  o lcr  thc nrof iar  a Latef  of  t robably the sarne
rnr ter i r l .  or ly  f iner ,  $, !s  apphed,  rnost . r r - - fu l ìy  on th--  west
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waÌl ofthe cross chamber, wiih o.r ro o.j cm offineplaster
over ih€ moftar; a thicker layer was applied in the starue
chamber, before the mortar foundaiìon had dried, causing
the cncks in that layer to affect ihe surface also. Before ihe
plasterwas applied, orientation lines were cre:ìted by fljck-
ing a cord over the mortar with a brush giving a line wjth a
thickness of r to 2 cm. The pigment chos€n for these and
other drafting lines was the long lasting red ochre rather
than carbon black, which - althoùgh the mosi durabl€
pigment on surfaces such as papyrus - often seems paler on
painied plaster, perhaps because ofa diFerence in bindine
medium or pigment texture. Over the flne overlay ofplasier,
red grids of scluares were used io gdde composition in
cetain sectjons ody, sùch as the major scenes on the west
wall ofthe cross-room. Red draft figures followed, and the
ìJackground colou was ùenapplied; the grids are visible in
the tomb of Ineni because the background pigment has
fallen away to reveal them. with the drafts still presumaÌrÌy
visiìrl€ throùgh the background colour, the final ourlines
were drawn with a fine re€d, gìving contours which .were

often as thin as o.o5 to o.r cmj the method offilling in th€
coloul is not clear in this instance, because all figures are
finished.

From the same generation of tomb-chap€l decoration,
the Theban tomb-chapel of the vizier Useramen (TT64
provides similar elidence (Dziobek r994: r9 20), with per-
haps an additional layer oflime plaster ofabout o.5 cm over
ihe coafser mortar coniaining limestone splintersj the
orientation lines, here one to thre€ centimetres thick, may
have guided the craftsmen who then applied a layer of fine
plaster o.5 cm thick (o.7-o-8 cm on tlìe south wall ofthe
chamber) upon which any gids were sei. The flgures were
then drafted in red with a o.2 cm reed, and over these rhe
background colourwas painted, followed by the body colour-
ing and, as the final srage, th€ red outlinìng ofthe finished
figlres.

with regard to Theban tomb-chapels TT8o and TT1o4,
Shedid G988: 2r-l) describes a similar procedure lor the
nexigeneration ofpainting on plastered limestone walls, in
the reign of Am€nhotep II; vadations in procedure dilTer
between tomb-chapels and within one tomb,chap€I, evi
denily according to the artists in each leam. ]1ìe variabl€s
lnclude (r) prcsence or absence of gdd, presumably de-
pending on the talent ofthe painter and ùe complexity of
the compositìon, and (z) presence or absence of draft out
lines: tÌìese beingomilted for exampLe inlandscape flor|ì or
smal detaìls inthe loÍghall offiso, butincluded even for
lìgures on a small scale in TTro4- No corrections io ihe red
draft figures are attestedt instead the figures are coloured
directly,lhe final stages being the outline contours and lhe
black elements oî each scene. The flnal oùtlines are ex,
ecuted in red brown, in firo4 andTT8o (cross-room) o.o5
cm for smalÌ and o.r5 to o.z cm for larger 6gures, in TT8o
{long hall) o.ot to o.l cm lor small and o.z to o.4 cm for
larger figures. Any amendments to the lìnal outlin€d fig-

ures could be made simply by painting over them in tle
ìrackgound colonr, at the lasi stage.

From tle briefreign ofThutmose lV come some ofthc
6nest suniving examples of tomb chapel painting, such a5
the Theban tomb-chapeis of sobekhotep (TT6l; Dziobek
and Abdel Raziq r99o), Tianuni (TT7a; Brack and Bracl
1977) and, extending into the r€ign of Amenhotep III,
Horemheb (TT78; Brack and Brack r98o). The tonb
chapel of Sobehhotep has uneven baserock w3lls, perbaps
r€sùhing from a pafiicùlarly poor limestone bed, whicl
even an elaborate scheme ofmol1adng and a final ove ay
of o.r-o.5 cm of lìner plaster could not remove (Dziohk
and Abdel Raziq r99o:27-8). Forthe vamishing of specitu
colours, or entire wall sùrfaces in the case ofTheban ionb
chapel paintings, see Chapter 18, this volume.

SubstantiaÌ fragments of royal and private palace wall
and floor-painlings suÌvive, although not on the scale a1,all.
able up to ejghty years ago; the past roo years have vit
nessed the exposure and general destruction of paìnted
walls of late Middle Kingdom townhouses at l"ahun, and
the painted walls and floorc ofNew lcngdom royal palaces
at Deir el-Ballas (Lacovara r990: 2-l), Malkata (Stevenson
Smiù r98r: 28r-95 with 459 6o nn.2-14) and Anarm
(weatherhead 199z and 1994).

Applicaiion as ùl,oÍfesco (onto wet plaster) is foreign lo
Eg?t, and is one ofthe identifying hallmarks ofih€ AegeaÌ
painters of the late seventeenth or si-rteenth century BC al
Tell el Dab'a (Bietak 1994:45), as at Tell Kai,ri in norrherìr
Palestine, although the precise techniqùe of Westem /,si.
atic mural painters has not been identified by analFis
(Moorey r994: j28-9).

Oryanic surfacet: papvu' wood, textiles

Papyd are illustrated and painted for apparently non.tu-
nera4r conterls in the Ramesside period, and for funerary
texts &om the lollowing periods: Eighteenth earlyTw€niy-
second Dynasty, Twenty sith Dynasiy, Thidieù 4nasq
to Roman period. Another non-funerary €xample is pro.
vided by the paint€d ftagments ftom the 'House of n\e
King's Statue' (siruciure R41.2 in the souiheastern c€nl|ll
city) at Amana, dated to the rcign ofAkhenaten or lhat of
Tutankhamun in the late Eighieenth Dynasty (Schoneld
and Parkinson Ì994). teather rol1s were also somehmes
used tor illustÍated Book ofthe Dead manuscripts in dre
Eighteenih Dynasty. Selection of colour in preference to
black outline drawines, withsome red (the s€cond plgmeni
ofthe scribal palette) partly reflects cost,butalso the facroÌs
of ownership and chronologica y determined pnctice in
rhe funerary workshops. Most Eighteenth D1ìasty ft.
nerary manuscripts bear coloured vignettes, but the 3o0k
olthe Dead ofN€bseny (BM EA99oo)uses only the scnbrl
pigments carbon bÌack and red ochre, apparently because
as a copyisl, Nebseny himself must have compiled his o\eì
firnerary paplrus using his personaÌ scribal pal€t€. In



oìher infanc€s, even a limited cxiension kr the scribal
p3l€te ofbì: ck and red is enough toascrib-'the nanuscripi
to a funerary workshop spccialised in colouring (e.g. lhe
Eiglteenth Dynasty Book of the Dead papyrus of
Nebamun: BM 149964).

TheThird lnt€nncdiaie Peiod ofers a clcar ìrstanc-- of

change in applìcalion of pigments, 3t icast on pàp,vrùs

lNtrlinslii r989). The use ofcolour sccms mostextensiv€ m
ihe Twenty-fìrsl Dynasty, wìth richly coloured antl illus'
traled Book ofthe Dead ar'ìd UndcNorld mrnuscrlpts, lhe
latterdrawingon the LitarÌy ol Ra and creatnrn vi$ettcs. I n
the carly Twenq seco d Dynasry, ihe Book oftlìc Dcad is
gcncrally a hieratìc rìanuscrjpt \\'jth only a singlc vignefie
atthebegÙning, slo$,lrìg ùc deceased offering, and this is

ofien in |lack and rcd only, as are thc ncw UndeNorld
manusciptsofthc pcrjod. draw go thclast ioÌrrhours of
the Book 01 thc Sccret Chamber wlich is ìn tlle UÌÌder-
woild'. BcLwcerl dre l1vo traditions of colour and scribal

Fl€te. thc Book of the D,"3d Fpyrus of Nestaneìrlishcru

lBl'l EAro554) bears one o1 thc most en-'nsive serics of
\ g r ,  r F .  , L  i  \ -  . p . l o r  l t  | . l  . I  i J  J .

It can be seen ftom this suraey that colour usc changed
sharply betveel early alìd mìd Thircl lnlenncdiate Perjod

funeúrypap)rit Lhis may seNe as a reÌr'ìindcr Lhai ihe aùists

usinq colour opcraied wìthin workshops cach with their
o{n tradition, spcci6cally their various historìes ofaccess to
aùduse ol marcrìals.The rafe funefary papyrìofthe lwenq,'
slth D,lllisry (verhoeven r99l: 41 2) inrhLcl-'richly col-
Ourcd Thetran and Her.ìldeopolilan manuscipts, bul also
ìhc Book of ihe Dead ol PsamieLi, nos tu the Vatican
Isptian collectìons. wh iclì is a M emp] rite papyr us cxecuied
onl,r ùr bhck xnd rcd. The illustr ated fù1ìcrary nlanus.r ipts

olthel hirtieth D!nasl-vand Ptol--maic Pefiod have not been

dated by gfoups, but colour seeÌìs again to have been rn
, , p  . ,  ,  n r o  v  r \  n u L . . l ,  .  - o  o l " p  ì  r -  I
cancc { Ior : r  pr€ l i ,n inary lpoLogv sce Nlosher t992) .

Suwrling paìnted woodctt suLfaces are rare b€forc thc
hte old Kjngdon, whcn non royal .olììs bcgarì lo be
de.onted more comnonl) with tainted tcxis 3nd illushr

tjons. l.rorn thc MiddÌc lturgdonr orlwards, woodcn canoprc
.hests wÉre aìso painled, rnd ftonÌ thc Ncw Klllgdom shdút;

boxes. In thc I i rs t  mì l leDniunr  BC, Thcban btr r ia ls  ìnc lur led
a pùfcd woodef stele set ngai st lhc comn wrthùì thc
ìrÌr|lal chanrber. These catcgorics ofobjel:t o$'-r a ,rÌorc or
lessconlinuous tndido $ lthln the lunerary wofkshoPs ol
panlted orcanic surlaccs lÌom the hte Old Kingdom io the

hinled textilcs do noi comÌ(ùly survivc al any Period.
but inciude 1ùid-EjghteeDth Dynrsty drroLrds belriìrg lexts
dd ligncttcs liorr the tsook of thc Dcad. The slùoud of
Rest i .  an EighieeDdr Dynasty noblcwonraf  ( ts \ ,1  [^7]807),
rcucalcd the sanre selectìo of pignreDrs as tLat Iòund on
contcrnporary frurerary papyri. s'ith hurtite for 1!ùile , offj
ùrent for )ellov. t$ptian bluc for blue axd hacrnatjr€ for

r " d  s . 1  :  " r  , 9 " - |  1 . ,  l \ '  ; ' l r r  
' r '  \ ' . r '

introduced into Egypt from western Asia lrom ihe \ew
Kingdom onwards (for colour on textilcs, sc€ Germer ,992,
and Chaptcr Il, this volume).

For the applicatìon of pigmenls to baskehf (in which
pattening ofmaterirls ofdiffercnl kind or age, rather than
artilìcal colou.ing, seems to bc the norm) see Chaplcr ro,
this volume; for taltoos, and cye and skin adonmcnt see
e n  p  " n  r  : r J  r E .  ' o .  t h "  d . " r n r  -  ' J  ,  o ì o L  . I q  o {  l . . r Ì  e

scc Chapt€r 12; a d lor the use ofvarrlish see Chapter 17.
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Pottery
J A N I N ÉD .  B O U R R I A U ,  P A U  L  T .  N I C H O L S O N  A N D  P A M  E L A  J '  R O S E

Introductìoni Lucas and the study ofEgyptian pottery

Luccas ìntended his Ancient Eglptian MateiaLs and lndus

iri$ to servc as a lool for Egyptologists, as à distillation of

tll€ iechnical information they might require. ln contrast,

ùis chapter has b€en writtcn by three Egwlologìsts all of

rhom are ceramìcists regularly working on ex'2lations
ln this capacity they are responsible for the recordjng of
pottery inlhe fì€ld as well as for its an:ì1ysis in the labora-

r o r y  r a l h " u s h  l f e  3 n a b . r '  r r s .  r  n i g \ r  o r è r i m c  L F ' 3 F

n m  o u  L y  o r h e r l .  l h '  d p D ' . " 1 , o 1  o l  r F r r m r '  F V i J è n r F

to ú€ questions sel by the excavation and thc generatìon

of qu^rrons ul- ,h mà\ oFle q'  ' .  'Lfur^ e\.3"al ion

sÍaregy.
This chanee ofviewpoÌnt illustraies a coming ofage for

ceranic studies within Eeyptology. Such was the authoritv

of Lucas, that between the frrst edition in 1926 and the

Foudh edjtion by Harris in 1962, fe$' àrchaeologists under-

tool wide nnging studies of ihe raw matedals used for

Doren.rà\ ' re or of rh.  - , r  ufr .n- ' rng,r  J dis l '  bL' ion'"^. ' , . .  
' - "1 '"a.  |  ìe so k of Rer 'nPr (r tz3l  rnd olr \e '

ilyen (Mond anrl Myers 19l7) consiihrtes the exception to

thh nne. Then ìn the 1960 s th€re began rhe UNESCO
(rmpaisn for the systemaiic su ey and excavation of Nù-

bìaÍ sii€s belore they wcre flooded by Lake Nàss€r' The
(a- D.ren Li ,  olshr i '  ro tnP \  lè \  " l  ev ar,  hr"o ogr"r '  $ i  h

d e " n n  " o * , i r o . , ,  . . \ g o u n d '  p r . n r ' o r r " n "  l F  B ì '

etakand Nordsirom and the anthropologist w Y Adams lt

a-so h e- l rghted a nced for up-to a"re ce-J ìr  thr"roìogiP'
f o r u . " i ' u w e , . a n d  l , ' g e - s , r l e e r ' a r " ' i u n "  t l "  n e t h o d

olosi€s created nì response to the emergencv and their

en-rne putr l"" ' ron (Brel" l  rrb8: l \ "rds rom rî-2:  H"l_

r loe rg :  ldam' roòor h i  3 proloLnd ' l l r r ' ""  u I

naryaspe.ts ofEgyptian archacology, but on 'eramic stu-

dies more than any other' NeveÌthel€ss jt wàs not untrl

1976, (Amold r976) that a chronologìcal accouni ofmànu-

frcturing processes was att€mpted and a comprenensrve
,r.  rÀ""-a in rqer (AJno d Jno Bou' :Ju ' r î r l  l1r ' '
wr,  Lrser) IJr .d ,p".  o, ' .^,  on" . tade drrrng F"ld

ftcoÌdi;g, and related also to representrìtions ol potterv-

Unintentjonaly Lucashad bequeaihedto E$?iologv the
presumption that technology, as defrned in this volume,

was the domain of the specìalist, not the archaeologisi
Research wrìs something to be done in lhe làbonlory' li-

brary or museum after ihe ercavation was oveî one ofihe

mosi usetul studies of New Kingdom Pottery is thai of
\rspl  {rqì8t,  (drr i .d oul on rhe pol e^ \essel '  l ro"n the
hoi*,  ano Lomb. of oe, '  èl-Medind I  r '  a Dr ' i (  ' tud\ ol

the functjon ofpoileryand draws on comparisons beiween

lJrerdn ard oome' "  asser- l  lages ' :  ol  v r  t  .  r  :  ì  u p t  '  r  n r  a t  -

c u ' a r l 1  r e d u ' c d  t ' y  h è  p o o r  .  r a  F  o  r h e  o r r g r n a  h e d

recordins. lt is the ending of ihis ùltimately ùnhelpful

divorce biween 1ìeld recordins and the studv ofmatedals
anrì technology ofpottery making, whichhas permittedthe

. orremporary l ,  o.som'ra ol  .Fr- r i '  s-Ld'es

The raw materials of pottery manufacture
Ertraction

lhe Jivr.ro lJe'w..r ' \ r lF s I  Jnd rJ ' l
well-esiablished in Egt?tian archaeology that to attempt to

change it would be counteryroductiv€ In fact apat ftom

the c;ntadiction of a'sjlt clay (stncily'siLt' and'ciav' are

size ierms, for parlicLes respectively 0.06 o oo2 mil

lime|les and <o.oo2 miìlìmeires in diameter) there ls

lilúe reason lo àlter these terms so long as thev are clearlv

understood (Nordstróm and sourriau r99l: r6o,6C 5)
A'Nile silt' or 'siìt' day js any thathas been depositedby

the iver between the UpPer Pleistocene and the present'

Consequently deposits can occur wel awav from the pres-

ent course ofthe Nìle as wel as within dre moden flood

Dlain. The clay is rich in silica and iron and fires red to

ùrown when frred in an oxidisins kiln atmosphere ln iis

raw state il varies froú grey to àlmost black
'Marl clays, whose defining propefty is that thev are

calcàr€ous, may l,e suìrdivided inlo:

r. Màrl clays originating ftom shales and lìmesione
found along the dverbetween Ésna and Cairo

2. S€condary deposits such as those ftom the wadi Qena
source of the most impoftanl modem ma clay indus-

making in tomb models and scenes.
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r1.  Ihe.e LIay"  del i \e  f ron 'edrr rens w" ' \ 'd  do$l

roe ,var ,  n i r .d  * r t l  ro ' r  "h3 'e '  drd l r l resro e {BL' -

zet IeTà
viLt  c , r rs  normal l r ,  F"p to à L reJm or  $ h rP o our  In

a r  o x i d ' s i r e  a r m o s p h e  e  d l  n o J g h  I e  s ' ( r : o n  n a )

show pink 
"or 

ot""g. 'o"ts These cìays 2re rich in

n r" r " r  ,a ' ts .  .o ,h.  sura("  rs  t rèquènl l \  (o \pred D\  2

hrn la \e,  ofeqo,eq eJ.a l  s  q hr .h qr .  lo  t^  î r  J  whr F

. ; ; " , ; " " " " )  m ' ' r a r e  ,  r o r  a  d '  I J P r 3 ' P  s l p  '  o r r r n e  h v

the unwary' lf frred to a hìgh enough temp€rature' c

rooo'C, th is  coat ìngcanbecomeanoLive 'greencorour

and sufiìciently vitrified to resembÌc a green glaze'

ln addition to these two groups lhere are l(aolin clays

found Df ln.  rD!r r )  3r  A 'wrr '  f ì -e)  *" ro rot  erPlo i tpd u r ' i l

" " . , ' i r  l "  l - " n � * - ' " a r e : l r ' L J . l o v : ' h ,  o o : :  r r r - ' 6 t l ' u t

, ioc, t  ,Ain r" ,  t rv - , ' ,1 'o e\D oirpd rr  'ne we' 'ern decen

",."" . , : r , f . "rg, .  fo", .ne -  'a: l t  ro la e Ro-nan B"l let  a '  d

i ' . r , ' - . , ,  ' " u  r o ) a n d à  D a l ú l r I A v r A ' r l  l -  - s r  l r t e r -

rneo?'e te,rod: B:r l ' l  dnd r"on roqor '  T1 ts -ame oa' t<

.ì ."  - ,"  r , ,*  u*" *"a 'or d (  ra 'or arrDhoirè Lecsard

gourd. found r-hrougrour Fglpr fron \è$ l (rnqdom ro

Sarte trmes (Aston r99b: 9)
rhere; 'ero'nous\"- idl  on In l l^e fdbrrc 'whi( l '  poHers

derived ftom these clays one non site specjfic classihca-

ii." *r'"-., *t'i.t't ," t een Proposedto des'dberhem' is

the Vienna SYStem (PP rlo-12)'-ì 
iì"J"i.*..i'ì".t 3;d silt potters is clearlv evidenr

rnnodern Tsp (81,.knsn rî ' ' �  -  \ ì rhol 'on/ '  d tat ler 'on

' .S.,-  '  "Sni ' i : ,  r ' , " t* .  ,9s;r '  d lrhoJsh Brr"aud rrq8z

"Zi J. . . ' ' ; '  ruror po rcr '  ""  mL.\ 'ns (rr \"  |  '  '1dr\ iduar

íio"". .lr.hu"o1ogiàl "vidence sugg€srs rh€ division ex

i".i. S".t "t r"""t à" r"' as pharaonic times TÌ is easiestto

observe in I-owe' Egvpt during lhe Middle Kingdom (Ar

""ìà''ost' B"".l"i'iqq6) whilst we should be wàry of

t"ti"n-"" ."ulto"-""i"lly dete ninistic view of Egyptian

0.", . i  p-ar. ' ion ". ."èd o L,Fl lsrre rhar rhFrF séFm ro

i i ; ,h; :" ; ;ar" rr  e narure or (erdmic p'odu'rror J 'o 'd

ine to the tYPe of€lay used"t i". f ' íJ 
n'r.  f lo$s r lroush rl- '  lensrl- of rsvp srl l

. f " r " . . *  ' . . )  w i d e l )  a r r r a D l e  r n  a n r i r ì u i h  ' l d ' o ' d l  ; n

r lu ' t rres musr hare n s"d on (o smal l  a s '  dle th3l  thev "re

r"i "., *-*i'"a *.Ueologicallv An excepiion to this is

nieiatonpis, where nneen kilns ofrhe Predvnastic Per-

'"J. '  o" i i i "*  ' - , '  \ r le s.dimea s l -ave l 'een louid rAlìFn

"ì , i ' ia" ' .  ú '  * ' l *  *ou d sereral  v hrve t 'e"n r  "eìahve
'v sinpl i  m,ncr of d;gging Lla) 'om rhe nrer lrrnL( ol

il.*,-,ri-.r'"""a" H;;vei' some care would be needed

i".:'"ra r".".p*"r'g "'wanted vegelaìrle matier or aplas-

ìi. '"",".i4. such aJshell One wav to svoid undesirable

-r,".1"i*""1a rr" . -tÌecl clav that had been left to fonn
:',À "" ,r''. suface as the inundarion receded sùch

i,* ' - i f  h*. '^ lg,*a . l r \  $ourd IrF obv'ousa'  rr  besan

," i '1,  "" '  , .d. 'a� .L '  o ' te" o" ' t rng fro 'r  rhe underl \  ns

f fe  er l raLl  on of  nar l  c lav s porènndl ly  nmre ct

.rred. The bésr-kìow'1 moo"r' sour'e s BJhs in

C"""."-". (Nicholson and Pattercon 1985a)'

miners extract the clay from iarge underground vt

l \è c Jy r .  compo'eo ol  verv 6nè laî inre so (or

r h r r r  h d q  l l  e o p p e , , a 1 ! e o r s o l ì d r o ( k  S o m e h m e s

calcìte run through the mass 3nd the -minels 
l4 h

incorDoratine this malerial because oi the damage

cause du.ing firing Mining takes place vilhout the

"n '  p ' r  p '  opi  or  thor ,ng and as a recuh'o err r ' t jon

o, . . ' . ' t , "  o " .p"  " - r  mo lú '  únen r l : ' ' l l - r : .
'ancl 

collapses ca'rocc.rr' Mìners may work for one

la. group ofpotters, t ut are not potters ihemselves'

" f s? ; . -  . p . . ' " r i - ' i " " ' '  r vp i ' a l  o r r l ^emanr lav i
rtr".. t"y rh1 erra,r is ralen o úe \r l ldgFs bv'

don <.y for prrman pro. e 's ing L) rhe poners .
M r n e d  n r r ' , l r )  s o l  h e ì ' r g h è ' t q u a l r l r a n d r s

i" ; ' ,  r , ' " . . . ,  l ,ur 'ur 'a 'e deposrr '  re '" l t i rg from

stone erosion also occur' such deposits have lre€n

AmJrnd lNr(ho'son rî8or l  Jrd APerimen al lv

be .rrL,br.  ror tore^ mdnur3'rurp. Whi lsr i  is ul i l

; , '  ; , '  l ' "  "" . ;  *"""d oeposrrs would forn rhF basis

.". '"r i*a'.r.r,  r, '  pofing:1du'rn irrs nor unli Ìelv

they might be exploitid from time to time orrnixedv'd!
a".i" i"i"rr"*J ,r'r"r' ,'orking properries (Btissaùd 19

zàí s.a"*" for such mixing is -hard to identil
;haraonic liln€s (No(dstróm and BoÚriau I99l:

iourriau ar al in press) bul there is some ei'lder

uie'ako'  po" '  t  ql l .n * al .  ra8r:  \5) and ìn úe \én (

ào"n " '  qJ" ' i '  1+' . '  ' .S1a: ol"rd MempLr" ofmarì

' r :p" unà '" ,na' . .  ,ppt i .d to \ i re '  h \essels i f ;g t  t ì

Ptimory prccessng

Man\ ar.haeolosjsrs ' r : l l  assume rhar al ì  c la)s dre eÌ19:

rrrcie r-q, bur drr5 ic u ' lqa-anred wh;le hF-p rs

evidenceofitìn the potiery workshop (Fig 5 2)orceru

from'Ayn Asil lsoukiassian et al rg9oi 4J)' tnere{

i - .",r ' ,",  i '  . , i  t  ,* t  .er Prrr r; 'ed uPon Plum Reds

r ,  H e 'a^oîpol i '  {A l l "n | , '  a l  qSo:  5t r '  l -e ! ' tgd i ron ì \

ot"** fry *l'i.ll tt't" .o,rse fraciion of a clay' and any 13

!pio.ti. ;".l".io"" it *,v contain is separated out ftoú

i" . ì ," . '  "r 's". t  t " ' :g,r 'onrs'rsudl l \  ( ' � r r ledou' Inoft

more levisation tanks or pìrs, and the well known poi

scene fioi the tomb of KenamuÍ (TT9t has someii

L"."  ;" ' .*  " , .a .s inLludirg a rè\ ig3nor pool l rol t lm

i.,rii, ,sr'i"".p'.' ' c.n .d,eJ or,q'A,l'11,1: :IÍ,
ì'ííi'."íî """à*e * t eing a pool in which levisared

is being irampled, despite the fact thai sÙch action$

àl"i*'i." lr,i"" "t t""rsation bv mixine up the fine ar

.""."".r"v f'".ti""" t,q'"ad, r99lr12 1l) The workmaÌ
more likely to be mixìng ihe claY

Modern Églptian mad clay potters working as ?art

Lh.  BaL"s rd l . rn p-oLFs.  LhFrr  ù"v 1 se@ral  rdges I

À ' . ,  ; ,  .  r r * r l  up rhe large ro '  k l ike l ' locks of  c ìa)  i



IEúte 5.1 Ho"dte ai NNw Kihgdom dnphotu iaú MètuPt1is. Tht

wlbady i5 nath ÒJ ú Nile day btt .avercd with a th i.k hnl clal :;lít)

osd th. hondb is nade al rh. sane ma.l .lay.

snalìer picces and puì them inlo a shallow circùlar pit,
v/here they are soaked with watcr. Despile the solid appear
anceoftheblocks theindividualclaylamin.reof\\,hìchihey
arecomprised soon begin to s€parate 3nd soficn.

The second stagc ìn this process is to trample the sof
tened clay us11Ìg wat€r bufIalo. An assistant iramples the
material at the same lime as he guidcs the animals, and
vrhìle so doing picks out anI aplastic maiedal such às
pieces ofcalcite which he fìnds undefoot. -rhere are no
rcpresentationsofpharaonicpottcrs usjnganimalsto tread
úen chy, and il is possible lhat this is a reLatively leccnt

introduction. lt ìs also possible that a1l surviving represen-
tations of potters show the preparation of Nile sllt clay,
wherc trampling with animals se€ms to be less common

The third stage in th€ prcpaniion olthe narl clay is its
removal from the outdoor lrampling pit and its depositìon
on the cobbled floor ol thc potter's workshop. This area is a
trampling floor wherc the cLay is thoroughly compacted
(wedged') by staÌnping. This is carried out jn a very
methodicàl manncr, usuaìly $ith two assìstants worldng
around thc pìle of clay whilst siandìng opposite on€ an-
olher. Similar positioning ls clcarly shown in the s.cne
froÌn thc tomb of Bald lll (BHr5) at Beni H.rsan (Holthoer
1977: ll r]i Arnold r991, fìg. lA). During this plocess any
remaininglumps ofaplastjc mate aì and pockcls ol air are
Lcrnoved, leaving homogeneous clay with the consistency
ofbutter (cf. Rìce 1987: rr9). ìt is from thìs prepared clay
thatthe polter makes the Ballas jars for which the region is

ìl should bc noted that this clay has not been levigatcd;
nor has it b€en 'lempered' - dìc additjon of material to
improle its working propefiics. This added matcriaÌ is
usùallt in ihe form of aplasiics such as sand, rock fiag
ments or vegetaìrle matter and has traditionaÌly been
known as tempel' by archaeologists. However, confusion
has arisen lrom the application ofthe t€rm to all inclusions
larger than the clay/silt size Îraction in thc matrix, whatever
iheir origir. Thc term filler' is morc precise in ref€rring
onìy to deliberaic additjons by the potter. Mo.lern potters
alsouse the term'grog but in archaeology grog'hàs comc

c

s

FiEBre j.2 Atasanet.ic ...onsttueLion oJwarkshot 2 dr'Al, Asil, Dokhla Oa'i\. Fitst Iskrh.di@re Pùíorl. The stíppLingreprcserts ìhÒ kili

ibri.aÒunrard ùth b6in lot pttpdrihg ctoy leadíry ta ùorkshop and paù.r'\ dvtlliflg. Nate th. kilns are ddd tÒ bereft lram tb lt."ailing
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to mean the addiiion of a filler comprised ol ground up
poltery,.rnd carc musi bc laken nol to confuse rhc two uses
of ihis term (Hodges 1989: 20; Rice 1987: 476).

Nilc silt clay is also subjectcd to soaldng and irampling,
but alÌ contemporary poiters obserled by Nicholson carry
oul this opcration within a sìng1e trampling pit. The clay is
placed ìn ihe pit and soaked in ordcr to soften il. It is ihcn
trampled by onc or more ofthe potter's assistants. As in th€
prepantion ofmarl clay, aplastic material is removed dur-
ing this process. Il ìs likcÌy that such tomb scenes às exisr
and which show the preparation ofcìay are showing prep
aratìon ill a single pìt at a silt clay worl<shop, and such pits
have bccn discovered at 'Ayn Asil (Soukjassian e, al., r99o:
46 8) and at Amama sites Q48.4 (Kirby Ì989) and o45.r
(Nicholson r995ìr:  r l  r4).

Modern silt clay potters are know.ìl to rdd material to
theÍ clay, and ihis can include ash, lim€, chopped straw,
donk€y hair, anìmal dung (somelimes added accidenrallyl)
or sand. From archacological evìdence wc can add fine
grass, p.ìpyrus hairs (Holmen r990) and calcit€ (Kroeper
1992: lo).  The pot iels at 'Ayn Asj l  in the Dakl la Oasis
added plant ash to their kaolinite clays (Soukjassian, Wutr
-  I n n  " r d  t a n r J l J ,  ,  r ' , î o  z 8 r .  I  h .  ,  , s  J r  ì m p o  1  '
relationshìp bctween clay preparation, frring and vcssel
function and ihÌs will help to determÌnc the nature ofany
added fiìler.

Fille\ fting and function

The fclatlonshìp betwe€n these vùiables is a complicated
one and numeroùs permutations are possible. However,
since fiLlcr materials are a souLcc ofmùch confusion some
trasic rules should be considered (Ry€ r976).

Fiine of poÌs in arì open L,onlìre firing can be very
efective (see p. r:/) bur lacks conirol. Temperatures risc
rapidly, and as a result the steam generarcd ftom moisrure
remainlng in the clay must be able to escape ràpidly jfthe
walls are rot to blister and become delormed, so spoiling
the vesscl. The incoToration of coarse material into the
clayhelps to 'open'the body, thus allowinglhe escapeofthe
steàm wìthout damage to lhe vcssel. As à result, coars€
labdcs are well-suited to firings over which the poiter has
relatively ìitlle control or where a rapid rat€ oftemperaturc
incfease is desìrable. Although this applÌes primàriìy to
bonfire tuings ìi is also rclevar'ìt to simple updraught kil.s
(see p. r28fl and is a common feature ofsili clay pottery
making, ancient and m odern. The open texture ofrhe fabric
aÌso allows greater peneiration oîhot gases, helping ro fìr€
the vessel morc thoroughly and economically

A coarse fabrlc nay also be dcsírable for functional
r€asons, because ofits greater resisiancc to thermal shock
(Cardew r9t2j woods 1986). A fabric whìch has a large
quantity of aplastìc or plant material added as fìller has a
much greater resistance to thermal shock rhan does a fine
fabric. This is because of thc ability of the îabric to cope

$'iih dÌFerential expansion. when a vessel is heared oler a
cooking fire, different parts will become healed and expand
at differeni rat€s and this creates mÌcroscopic clacts. tnr
coarse fabric the proprgation of these cncks is linit€d
since as they spr€ad they meet ih€ voids left from tk
buming out ofveg€table matter or voids suuounding aplas.
1i. in.lusions and so are halted- The strucfure ofa coane
cooking pot can be likened more to a basket ih:n to a rigid
container, in that it is capable ofsomedegree ofmovemenl
as it ìs heated and cooled. The propagation of cracks in a
lìne fabric would lead to ùe sh:ìttering of the vesseL.

Thc exìct nature of ihe 6ler which should le used ir
cookingpots, c,Ìcibìes and other vessels subject to hearing,
has been widely d€baied. It was long argùed that materiak
such as quartz would be unsuìtab1e ìrecalrse oftheir s(TaF
sìon, in the casc of quaÌtz at 571'C, which woxÌd Lead b
cracking of lhe vesscl. It has now been coNincingly shorl,i
by Woods (1986) that ùis expansion does not crack l}e
vcsseltrather, the quartz inclusion sits in a voìd lefr wlenit
shrìnks on cooìing following the firing olth€ vesselandso
is ideally suited to prevent the wide propagation ofcradc
during subsequent heatine. Arnold (r985: zU 9) has con
pared the thcrmal propeties ofvado1ls possible filler ma.
teials, but in practìc€ virtually any aplastic material is
suitable and has been used. In the Egyprian conterl sand, of
which.luartz is thc major componeni, ìs an obvious choice
(see p. r l Ì ,  Marl  c).

As well as resisiance to thermaì shock a coarseoropen
textured labric may be d€sirabl€ for porosity. Tbe larg€ riÀ
still used in Egnt for ihc storage of dinking water ar
examples of coarse siltware v€sscls flred to a temperatureat
whìch vitrìfication is relatively slight. Warer is able io per-

Finer îabdcs can also serve as water coolers, trut rely
thjs purpose on the natural porosity inhereni in
low temperafure flrings. Thus thc fanous Ballas Frs
Upper Egypi have no added filler, but rely on ttrer n
porosìty to cool lhe l\iater. Overlìred examples ofrhese
arc much less desirable as water coolen, and me lrm

the water cool and ftesh. The same prÌnciple ls appliedh
the grdrandJAÈshi.' vessels made in Middle tgypt (Nnhol

meate the fabrÌc ard evaporate from its súÌ{ace, so

son 1995a)ànd used forthe shot term siolageand
ofwater. These vessels are heavily tempercd wrrh
siraw, which burns out durÌng tuing.

tion of the emoresced surface layer makes ihem
more suitable for the storage ofotherlìquids.

a s in the case ofthe pìlgrim flasl(s . They also appear as
tableware (for a review of New Kingdom ma forms

Finer fabdcs, whether marl or silt, are noiwelfsune0
use as cooking vessels, and it is notable that mad
vessels, partìcularly in the New Kingdom, are usually
f o r  . r . i r  s t  c r o r a g e  o r  J  à r g e  s , r l ^  a .  ' r  ' 1 e . " ' e o l

meat jrrs or amphorae (Rose r9E4, Croups rl and24
n ghr  r  s"  Lre r . "d for .  or  r l r .n . r  Inr  prF. ìouq,  o

f - i r1c. . .é BoJ, iàL Jrd Nr,  hol .o,  rr t rJ.  rh .  f iner



Lnd

ted
ùe
as-
rce
iò

'c,
ús

It

)f

rt

rft{:*{!::jfi;llt'1*ir,.,:,ff:fr-#, iiiffi,rî.T,,}{;:z!iii; ;,"," .0", use i n,h€
;;,ti:::l|;?:'ìil,#i"::ilìT,i:p;"1'1.:,:iy lrfl*:::;li,-#:';r*iliff,:'"#,*:lql'.j
m:ln1*;llil,l*li;';ii,,.- *ffi i."1".":'itjilil',r#:i::*:**n,:i":*;ff *r:
,u.;;,",;."";';,;;iit,.,jil:,:"ilì,,"0*119 i.i;i:;ì:!;tu'iìTiî.,Jii,""Jl:J.,î:,*"iXli:fiIî:i:fl,1,î'Jil:ii'à';;;::::i;:i*il::[fi? ;,n:ri:.it*nih:;:lxil,"--",";.:;

*1"rl* li*,:,iff ,, *li *l ili fi lii,*i*td;'i#ii,'i ;ix,,trtr€needrormorecare,,','..""*oÀì1"1,_l"lo-"1ì; fi";,ffi?::#iii","",fi!i:::'[1"#;l:,:i,i:i#:::
Fj+::ff ,t riirf 

'{;T.ì,HixîÌ:':.'.."T:r r"Tilifffh",",Jii*1ff u:s:nrur*.t
ffX1ilii1l*ì:ril:"* 

rhis seems io be as true in ai"g*àtr'"."ii" ù"1,",ì.Jio,,,unou",1.o,,r,"r,n.a,o

*.�lii1",',,^1ry.,':,îrîii,T::;*-r;il::"Iî li's:jih:..t"_."_.i,$q:q;;.f::Ì',ri
;Hiì*ilil:j::"::"il1::r-T:;..*:ll.:,'j.:::T g:;;;',s.;;;ì:;ifi::",'.'.x";:j::"H1ì':.:'J:"i
fr*ji: j j":,Tfi l.iH}r,rt*rri*l';i::rxifu irihnfu .i.:}::"-",x,:tT:!'r::
li:li*":lrd,xi::'"il:llffiT."r"",:ii:ii: ;*il;:;;1".;,ì#.Hxii,ì;i:l'1i'ir'l::i::i*i:
ffii:1iff5f1"""';'i?::';l'x:':,î":illiil:i:l1l: :r'"':rh;!tilì;;;ìi'iffl1li;i'ilh"1*""H::
:#iì5x:ilX,í;;r.;'ffi..i":ffi1llt;:'iil:ì ;i"J,ii:îJí:::"ffi1i:X1',,1:.;Ji.lixl,";*i

:::, 
t,:111'ì8 "h"'iq,", r,. .o"ru*.a *;tr.,,r,,o*i"g. ih.

secon.toryprccessins lT"'"u1"1':T,i\ii;(t:::.T1i:"',r:5."",oJ,::J"J,:
Once cìayÌas been prepared so as to be suitai - 

wnrrqt thc -econd is rhe fo'',-q ora "essel us;ng pressure

f;r;gm1ì*í:;:'";,s"'.::'.1"::*"":"i:iF l:i,:;:il'1"'Ìi.1':# r,:i"':*':,'l;;xl,*lfl11;;;;-*"""u;"' ^,"",d ',,:';;;;;.;:;"''ì; ;.ffi':TJ.T'.ii':i:i"*"#,1ii,[::1"::',,1'.':T
",ilí;;i':;,':;llll,::,:::;',::lTÍ..i"'*:::1 y"'T."'.1'$!lì.#il;1:,:'i:::;i1ir."fi,ìHÌ:'.:i:
Irlìniqu:s.is cove.ed ,i,,,r,- ir,.-i",_:r,""a,ì,jllei"",j ,'"il:ii,ilÌ:::::T,l::Í,.:."-"I!,:--c ' 

.

m*:li: * ilii * ;';*'li,,.,u *i;l; liif ',,,:i",13*,'f ii
fr";1i{{ii,,q:,ù;*qfiil.5_q.iT,1:'s*;'ffi *íjt#lf'l1*ì.:..,'"'i','"Jil j
h::i*","-ll".l,e:ru:,;:11",";*n::i.î ffifix?*:rii:iji":;i"rJi1iffìi15'."m:î0r r , ' ìPpoìe , . " ' ' l . :  T . . , rn 'edù1cr rys , - .p . " , r ,  " , r . ,  " " , i " * ,1  ^ ; : : : :1 .11 : l l î l i ^ "  

t ' r - ,on ter ' .adhn rs

_.1;:illh,r*rj,I#ff;::;fi:":::il"i,Ì li:î:",ltì;:,i:fi;::T,llg:TH;i:,r tr,"H'*
-"1i;:l'-"f";l**:":::::'ds'�oneorspecial,vshap.! E:*if:Íú"i;#?:l'fl":i::::ff;;,::ifll::"":div obie(t - Nichol\où '995,) " pt,*,I ,;:,d" 

'9ò7, and tor the bases of Eighieenih Dynasty

t!l'j,h::r., : L'".t* "É;,;:, '1i";;;";H"l"Jd.,ì:l -1i:"J"',HlTi:!i:'i;:i? 
fJ_ .;."";;:"" ""jil:iil'nT""'f:':?iìl:iii:ti,iil1,il-tr:'ts ;:;'6..,::;iif i1i*t..iilt*i:?Tíl..1:Éi,,,#
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t i .' ' f - ,
- _ _ :  )

l r - ì I  /  i r = ì__ -_rlt l t I \.-__,/ \_/

^ / \ rrl \..- --lo ooo

A fragmcnr of what is betieve.l to be a ìrar has been dir
, o , . r l l r o r  n 1 .  , . o 1 \ J t  i , ,  o t 5 . , . , A n . . n J

a  L - l . ,  h c  t  " \  i g o  D o r  - t , , .  I  o . , r , , . , r r n
wh--e1was used in ttrc iuùìl1g process. Thjs rs evidenin0
onl! hom ure spi.at incxions found on the bases ofsomr
\ F * r  q  ú | , .  L o  |  .  . r  ,  , ,  i  s ,  J \ t . l s .  o t , . o /  J . o !  ! . a d .F q  

 

o r  î e ,  r n .  p f , . . , , s ! , J . I r . . . , r . r r  r . r r r ) . r . o " r
into a .ll]y prepararton pit for re_cycting ar Am3rna sìtr
u,1t.r .

n  l r , l  w ,  . e t  , o r  i o  n t  . r  ,  J  ù i F ,  , .  , r  w .  1  + e
D u \ . r  r - p  . i d " d L . r J  p ^ . r . .  r , .  g  t r  ̂ .  . ù u 1 . 0
D . r . r ' h F h  i . i , t ó n  . f  . t  - " . , r  I  p , .  - , , i .  o . 1 \ . 0 n

^ ' . ' - '  
"  I - r l . l .  : ,  l . h  . ! r .  d n d  . J  , o , ' F  . p 0 l

B . )  { H o l  l o " .  . ,  :  , a  t t  " t d  D l .79 ór .
. 

It should be borne ill Ììirìd rhat vesscts arr ror necessar

1 l  
" , : f , ,  ,  

, , "  i ,  s .  , . " , o , , s . .  r -  i . r ,  r " . J . p o .' I  
P r . r  I ,  n ! d ,  , j , \ . , r 1  . c .  . o n  , \ .  . t  q ,  i . ó r  . . ! 0, 1 " . " - .  A , .  i ,  L  r ,  . o r .  d ,  " r  g , ,  - ,  . r 0 ú

o  . J r  \ t  , i t  , r d .  o , e o p F r  I  i n , . . i d t i r F n . .  r e f t d' '  r  p , . r ' . I n d t . o  \ . , t , - J o  L , - t o l
' , r ' F d  l \  , I  .  I  o i . .  , J  |  , . r .  . ,  , 6 s . r  r t . , , o . . .  d 0 l

J IDrL o o .  '  -d  Jq o,   o .  -n ic  I  J ' . .o ' ,e  "d,  d
oncc a_vesse has been fonrred. by whalever neans Í

1  | | o | | . ' d  r .  r , , , t , "
r : i F .  a , .  q . J F  t r i i .  r p i d o  d  r e r e n n J
d r  

, . o  
\  L :  I  i r  t - J a r . . r .  , - . r " , , . , , , , "  " , r  . t " n

ì  .  r  , F i u r d . , i . .  1 . r . . ; l  , , . " 1  l F , . , , r  , . . . r ,  r  . . 0 r
' " f  

i  ' '  i ' � r ' " r  
' n I c '

I  r  o  r ,  r : l  l  . J r \ ' r q .  , q .  r r .  I  t . " f f o ,  , ,  . u , , , . e

l ' ,  " ,  " , , - o r ' l  , , , ,  . , .  . ' ,  o r r j e
d .  l  o , . '  \ \ ,  F r . , . , 1 ,  . , o  " , t r l

,  r . , p " ,  ,  / , r r  ,  t ,  r ú .
D . .  '  o  t , . .  \ .  , 1 h , . , . . . r "  r t .  r . - r  r J r u r e
once the vcsset is fired. SiìÌihr narks nriy Lc re(( oi me
"p?er pafls ot vessds where handtcs halr touched during

li{'tr t I Pr ..lrÒnr rtÌ tt}jh D),nu\t,t tt\nh alj t a. )ntUdru.

- l l : ,  " , . ' t " u . , r . , , , , , r  . ,  \ ( . . , . , , o . \ , p  , , ,
I  . , , J  

 

l \  r , . ' ' " , r r r  r , i  , r  r l ,
r , " , o , " o  ' , .  p , l  , , i J r  r r F i t  t . . ^ . i
l  \ rn. ,  cr r9r)r  4r 7.r)

I ,  
,  "  " - r r  . i , , i , r .  . r . F i i , , . i  

o r  r L
F , ' r ' . r t  i i - u r r  I  d , r , f .  r , r  . . . r r , r ^ t t . , . c
rn rrc torÌ 

 

ot :L pilot D1:ìde lfoln two sroncs to bi_ ùotlì;ng
nror , -  l t r ln  a tur i t i rb te.   ow! . rer ,  rcccnt  *or ì r  by poret ì
( r99;)  has c. , . r rn. iDgly dcrnoÙsrrat i ,d  thar  rhcsc w! , re cx
paDl( ,or  prodù. iDg t rue throw. potet .  a l ld  rh3t  fur thcr,  

1  
, ,  

l "  :  Ì  ,  , , : .  .  . , ,  , . , . . .  , . , ,  p  . , , . 1, ' l - " - , ' 1 , , " . , " . . ,  o . - o , . . , .  . , . .  . , ^ . " e" r  ' r .  1 , . . , " J  ,  h ^

I  :  
"  B '  |  , '  1 u .  , . . .  a , n r . ,  , . .  4 \p .  o , .  d ,  r l , 1  , . . . r - - - t . - J . , . .  r , , . J r  .

' - l , r  t , , o , r  , r - t  .  ,  o . l
l . ' , . r ' . .  o t  , . , . ' r ' r . .  r l

srùrc r r r ì rch s. r \ r .s  rs : r  t ) .wt ìec l  rnd wjrcel teru.onrL l .a
l ior r  r \s  \ \ ,c l l  as represci t . t jo .at  - - ! idc.cc,  s .hat  rs  bet ievcd
ro Lrc an.  actu i l  Ol i l  Knredonr wh.cì  h.ad has b--en rc_
coycrcí  durnrg the Czechoslo la l t j$  cxca!3t ioàs ar  ADusrr
( \ 'cÙcr  ,9Ì :  55 9)  tn  passi , rg.  j t  shoutd t rc  rorcd r l Ì l t

: ' l ' - . ,  
r " 1  , . ,  , , . a , r o , 1 u  .  P -' .  1  . 1 , - / h o J  o , r ' . "  . ,  , , , . r , " ,  r " , ,

' , r , | . .  ' ^ I , , f ' r  
, , . . , { . . . r  . v ,  t . t .

On.r rssc,ìs hse drìcd rhcy afe corrnonty subjc.ft0
. \ . . . - , , - . r  t o . . \ r h

r  . .  , r  ,  o  t ,  d l .  r .  t . , l . r . F
orùnaged.lùf uìg rhc dl,ing proccss, wjlt bc thrown mtoùe
' "  " - '  , l : i . , r  n '  r . . , , t i r , p . r  p . . . , . .
ì r i , , r . r \ ,  o l  o r r  , ì  a , " s s .  l ,  o  _ r o J " . r

l . o r  "  I  o  .  F l .  v  r '  " r  i \  |  . .  J .   , :  n T r  m
repaùed by Úrc j rs i - r t jon of  a t i tùe wrt  c t3y (Nrchotson
r.995ai 2ó4) lt is also afthis tjnìe lhlt slip can Lrc addedl0

, 
A sltr rs a s usìrensjon oftÌr I e chr, ofiens, h theaddilion

or r prgnrcnt ro pr oducc ! cotour djftcreft ftom thar oitk
.  ay rody tset f .  t t  r ì ì ry  be app ìcd ro c |ange ure sùrrce
, : , " ,  "  , ,  "  .  s i , ,  , .  ,  ,  . e . ^  . ì  . . .  " .  ,  i .
, , ù  - d  . L J  \  " , J  /  I  , .  _ o  ^  L p .  - r  .  p . . F 0

. .  .J  . .  J  |  ,hr  Jq .  _orr
lùrng. An erceflion ìs ttrc poh.hr.,.rc p:tnt--J Iunerarl
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FEre j.4 Middl. Khlioú !d'k ÍÒn Diavatis Pafto lFitzwilliom Muse,m, E.$JEsd. la) Drawing by w. schetuck wiLh rhe arísinal
NnhA dtawrq, (b) , Jot cohpoùsak. Th. hew drawiùs sha4 that tht vdyl wds thrown on the ùh.et oúd, afer dryihs, wos tiftmed ùith a
hihto ftnÒt the ex.6s clor. Rin didn.td E.l.m.

pottery ofthe New Kingdom (Bell 1987). The pigmcnts
$edhave been studied, partìcularly ìry Noll (r98ra and b),
vho re examined some of Lucas' dàtrì as well as by Rìederer
(1974) and Bachmann, Éverrs and Hopc 1r98o) (see also
Chrpter 4, thls volume).

wlen dry, slip may be burnished by polìshing with a
tard, rounded object such as a pebbìe. An unslipped vessel
guface can also be burnished in this way. The efiact of
bùmishing is to compact ihe clay at the surface of the
vessel, which heìps to makc ì1 not onÌy less permeable lo
Iiquids, but also shinìer. It is lik€ly that the purpose of
nuch burnishíng is purely decorative rather than func
tional, and the effect is such thal it has somctimes been
ercneouslydescribcdasa'glaze' by Égyptologists.clazeis
? g l ,s )  o "  Ing  m l ,Fo  l r1 .o  ie  sL  J .p  o l  d  , " rJ l l l , .

aÌtide' (Rice r987r 476) and although applied to faience
FeeChapter 7, this volume)it is not known ftom Egyptian
tstterybefore Roman and more espccially Islamictimes.

ftúiary prccessing: fúng

Pottery firing causes a change in state ftom a plastic to an
rplestic mateial (Nicholson r99l). Until this point it is

possiìrleto addwater to a vcssel and so return it to ils plastic
clay stàte for recycling. After firjng, badly damaged vessels

gcnerally known as 'wasiers are viÌlually useless, al
though ihcy may occasionally be ground up for use as the
type of lìl1cr known as grog. lt should, howevcr, be nored
thal the discovery ol a vessel showing firing cracks or
similar defomities on a site need not mean thal it is a
waster and was thereforc made at the site ofits discovery.
Potters frequently disguise what they regard as minor
laults ìn theirworkby lì1ling them wirh unfired clay, dough
or a fugitìve slip paste (Nicholson r995ar 288, 297).

The simplcst fòrm of firing ìs the 'open , 'bnfire' or
'clamp type. Vessels to be flred are heaped up and ftrel is
piled over and amongst them. They may be surrounded by
a low wall of stones or turl or simply piled up on the
groùnd surface. Occasionally they are fired in a shallow pit
or depfession. Whatever the case, ihere ís relatively Iittle
control over the frring and temperatures usually rise quite
quickly. Tobert G984: r48) provides daia on the tempera
ture ranges of various ìronfirc tuings and from these and
or\e d. r"  r '  brs Le"r pos<iì le ro (àl(uld p r  mF"n m"\r .
mum temperature 1or open firings of 86o'C (Nicholson
r989b: r28).  Debono and Mortensen (r990) have sugges-
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ted temperalurcs as high as 9oo.C. Thls is higher than is
often assumed, but it should not lle lorgotren thar firing is a
function of time ard temperature, and thar the absolure
peak teÌnperature js therefore less imporrantthan the tjme
lor wbich a parlicular temperarure is maintrined. Tem
'pentures ovet r. 600 "C àre ge.erally suflìcient to sinter
cÌay and render it ceramic.

,  
S ì  i l l e d  p ^ r . r " , n J \  J  t F r î p l  , o  r J n r D , l J , e  o p e n  h , r n g s

Dv pr l íng ' rro e \ ,  !s.  r  qr c i  r ' r . ,  r ,  qui ,e ro bè F.Fd fo
longest àt a point ìn ih€ stackwhere ihey are subject to the
most sustained heating, such as on ihe downwind side.-hrs v i l r  . lso J loq  

 

F o DF he"rcJ mon grrduà ) rhan
rho\.  uhpr.  r \e 6r,  i .  nrc,  |  é ,J úto\c rp 

 

pe-Jr|- .è
grddi. l '  nd\ bc .no. '  sn.rc l r  ,"  .o Le c.pF, t .d ,h"t  rhc
' n r r . , s r  l " b  . .  w o . d  b ,  o l . r , . d  a r ' t  n  r o r n r  " r s p , l e s r
temperrturc g.adìcrìi.

Vessels are sometimes removed from opcn firnrgs
whilst thq arc still hot, and after qLrite shoi perlods of
trme, so that ih€y can be coated witlì somethjng to hetp
rerder thcm ìess permeabte. Thjs is o.e *.y i" *t i.i.,

reached relatively easily with a simple updraught kiln, and
the examination of Egyptian pottery by various re-6ring
techniques suggests ihat most frring temperatures were
well lrelow this (Soukiasslan et aI. r99o.67tr.).

Firing atmosphere, 'redox conditions,, can also be in-
potantinfidng. A clean fire, with clear llames and relative.
ly lit e smoke, is one where ùere is ample orygen, and ìs
thus known as an oxidjsingfire. The resuhwilÌ be to oridise
iron dch clays so that they 6re red or reddjshbrown. Atue
wh€re there is little oxygen and a great deal ofsmoke will
reduce iron to iis ferric state yielding black vessels. Most
ancient_Egntian pottery is the resuli ofan oxidisjng lìrin&
although this needs som" q""tin.utio", "in." -o"in ng,
acfually comprise a serjes of oxìdetjon and reductio,
events. The red colou ofmost Nile clays suggesis that the
f l n g  s a . .  o n ,  l u d . d  u  r r h  J r  o \ r d J  r o l  p h r . e .

^ The manipulation ot 6ring condidàns is responsible
for the producrion of the black topped red ware so chanc
teristic of the Predynastic period. Alrhough produced
without ihe aid ofa ki1n, this ìs some of the Èneitpotry
kÌown ftóm ancient Egypt. The exact method ot ih

po.ters car counrer".r t}c perneabiiìry of coarse fàblr.cs
necded ior open firing. Mjlk or resìn may be used by
modern potrers on rhe inside ofthe hot vessel to block the
pores so lhat once cooted it has a much reduccd porosjty.
The possibility rhat such practices may have bcenused in
anhqulty musi tre borne in mjnd when considering the
i r "  .  g d  i o n  u . ! . . . .  ,  o n l .  r  \  L y  ,  i F n , i f ,  , , , / d . r .

,  
A , ì o J 8 h  b u n r ' è  h l r g "  L r .  r c J ( l -  h i p h  H m p - r a r u r e .

i . \  L a n n o t  - F r d r t \  n "  l  r i n  t l r " n  A .  r  - ^ s L l t  d  n  o r e
\ o p l  s r l d r e d r o r " r r r ( ' r o r  .  r \ ^  r l o r a u e   

 

i .  t r  " ,  o r l m o n
l )  u s è J  r q u ì  h o è '  î - .  1 4  S  ,  r (  à  l r a r  f l  a r  . î r o :
vr xiir Nichoison Ì991: 106 r7). This cornprìses a chim-
nc\  kF . (nr i  hrrc  sho.r  upper pa.  r .  sppa J eo ,om r \e
l o \ . e r t r .  r  g r i J d è d  R o o r  o ,  ,  , - q u , j . T h F , . .  - t ,  o J è h , e d
a r F  s l r r l . F d  r n  t h "  L p o . r  p r a  s , t h  t i e . .  n D . n  F n d  f d , I n g
d o $ ,  s  d . J n d "  f , è r c t r  i ,  r h è t o $ F r  p d r  o t  r h e b r r  f h c
hot gàses dsingthrough thechequerinio the snc< notonry
pass between the vessels, but circutate inside them, thusf i l i r g  l l - "  " . J )  r \ o u l i " . " r n  , t  a t .  t . ) . , o .  l , F , ) .

) L L h L p d r  j u g h  L r ì r  . r - . . o î r Ì o n , )  L , u r t t  i f l o : L a n t o r
o i ,  r \ . u n t . . r  n  h è È , r o u r  d { \ . . h o , r n r  r ' l 8 î . . s o u . r . s i : r
{  o t  I  t q a  . t  J r  d  t h i .  r o n  L i n . d  r r r t  h .  s r t r  o ,  , h e
. . r ru '  iL ,1 l iv .  s  th^î  3 gr"  |  . r  dFg .F ot  i lsu l r t roî  rna
| l . r r tn*  hern.àt  " f î ( iFn. \  r t  rn r .  rcss iL, t .  i  ar  op^n
n r ì r g .  i  r t . o  u l o ú s  o  g  " r t F r  l u m t .  r " t  v p " . F l . r u b . t - e d
jn a relatively smatt space. The fire can be fuelted continu-
ously, and the aùnosphere coniro ed sothat a reducjngfire
can be prcduced ifdesired.

S l u d i e .  o f  n  o d e r -  t - e r ? . r " r  D o r r - r  c  { è . c  \ . , 1 o t . o 1 " , d
l a  l ,  F o n  , , 8 o .  \ r .  h o . " o n  , o o . a :  B r  s " a u d  r o 8 , 1  . u g g ^ r
r l - r '  r l  hou!h In-  pmper. fure.  d.  hr . ! "d In I  i tn  |  .ng; ; "1
no bF h igher  rhn r \ "  p"1|n Lî  po"s Lte l fum ,oîp
bunhré l r ing\  r \e  d, . rec of .onr  ot  r ,  \pn ru,  t -  Cré:r . r" î d  r l  è  r i n  F  f o ,  u h r .  h  h  g h  ( a r  L "  m 3  1 -
r r  î ro .  . l ro  greJ,er  rpmperahlcc of  jooo.c rJn Le

: , " , ! .  1 "  r s  r n t n o q n .  L u r  o n e  . , m p r p  r a h o d  u o u l d
ù è r o r  c , l  F r p s s  i n "  e o u c . n g  a , m o . p h e , e  I n  " n  o p e n
nrmg, and then invert it in sawdust or some simjlar me.
d i ' - l  w \ i s r , '  " "  " " i : " . . h o r  J r  l n e  e r d  o f r h e  f i r r r €
r n è  r r s r  . " w d r . r  s  o u l d  a  - a "  o * y g . n  r " , ,  t , " . . . . . r 1
nus 'edLr 'ng the .on to g,\e rhe Jla, l  roppea ef lecr

(Adrmq r988: 2oi MJkundj s l  a/ .  r989)
Aiter aÌessel is fired it js possible to apply a non,perma.

n e .  s r l t  k r n q n  r .  a . [ L g r , r \ e  J r p  o  r r  h l t c n c h . . ; z : 8 9 t .
H o s e v F r .  . h é \ e  r à r e l !  r L r v i \ e  " r , l _ a . o t o g . à t )  " n d ; e
corìnoi\  u. .ed ,o .or(eJ tuulr .  rès, i t  ng f .or 6nng.
\  r . î  rs d,\  olorJ ion or nl i r  or crJ,  I  ins. Su( n crd.t ,  a;
l -  l . r l  h rh Ll  .v s I .h.  arrF, dD -g In ,h;  "Ln i r  or.gL,spd
Dy lne qrÌp tsee p f27)

The composition of Egyptian pottery
Knowledge of pottery composirion, undersrood rn its
LJro?dp"r  sensè.  ro In.  ludc thc .  on oo. j r io i  o ,  

- t t - r .  
s l .ps

p 4 $ . r l  r L  r o o l  i n  r n d F r .  a n d  n g . u J h I a l  p , o , . s . .  I  e e .
J , , r , J . o o g \ .  o  J  f  r r r a m e r , r .  q ! , p s r . o n :  u a .  - 1 e  p o r , 1
l o . à  \  r ì l d é 4 r i l ì p o r t è d l o t h e . i  e a n d r f t l  p  r n F i  t r o r
how far awayl tn conjuncrion with orher propedies 0f
ceramic - shape, t€chnology, function, and decoÉtion _
comp-osìtìon helps to characterise a pottery ìndustry and so
to"define rhe culture whictr proauced it_ efier ovu roo yea*
ol . rL àvdrioi  in thr Nite Va tF).  \^e arè on.y row )egrnning
ro urdc-sr-.d -he mJtf ldl .  Ls.o n Do rery ndLng One-"r.on i .  thr onr\$ir t  : ,  het.sr t t -  -ru y. ,r .  , .u.1., .a6;,
ol  d \ . . .et  {défn.d r .  t"  poreis p,,r .  af ,e,  -nrCiber;
r c , . o r d e d s \ . r e r r r r d l l v ' o r  " l t  o " r r e r ,  1 4 1 q q 6 , 1 1 u r " o o , o *
d F t r n F d , J b r i ,  t ,  a  s . ,  g l e  p r o p e - q  " u c n  a " , u í a . - i o t o u r ,
texiure, filler or hardness rather than by a combinatio, of



Foperties obsened in a fteshly broken cross section. In
luch cases the route back from the fired vessel to the nw
materlal of ihe potter's paste is torluous if not btocked.
Even Fith modem recording it siill r€mains dimcult to
Eac€, as arr ceramicìsts agree (Rjce 1987: 4t7 rù, and
prticularly so in Egyptwhere so lew cenires ofproducrion
heve been found, cspecially lor th€ Dynastic peiod.

fhe rclorion of pottery fabic to cloy

To characteris€ labrics, archaeoLogìsts have raken over
som€ ofihe terms used by geologists ro d€scribe clays, but
ùis practice should noi disguise how differenr th€ two
mai€rials are. Befween the raw clay and ihe f.ìbic, changes
hrve taken place due, in chronological order, to:the porter's
Focessing, which may inrolve removal oî maner lclean-
ing), separàtion ofsize fiactions (levigatìon) or addition of
sold maiter (filler), as well as addition ofwater; the shaping
process,which may orientate rhe ìnclusions in a padicutar
directionj and firing, whìch produccs complex chemjcal
dranges in composition. Even àfter manufacture, further
dranges may occur to alter the .omposition of a vessel
fabdc: during use, v€ssel conlents may be absorbed into the
loresialierdeposition, material ftom the environment may
siÌnilarly become absorbedj and finally excavarìonand posr-
excavatror prccesses such as exposure ro light, washjng,
addsoaking (not usually practised ìn Egypt), and storage in
plastìc bags rnay modify ir.

Ptopetties offabic

Fabrìc,like raw clay, consists ola fine matLr{, made up of
?atides ìn Lhe silt and clay size ft.rction ll.e. >0.060
nilimetres), together with varying qu.rntties and types of
hrgd inclusions. Soriing is a term used to describ€ the size
dishìbution ofparticles, so that well,sorted meals a! even
distdbution of sjze ftactjons. The inclusÌons may have been
deliberately added as filler or be naturally occumng, an.L
ow abilìty to determlne the clay source of the fabrìc de-
pends largely on our being atlc to decìde which they ar€
(?orat and se€her r988).

The signilicant propcrties of a fabdc are Lcxture, i.e.
numb€r, sjze and shape ofinclusions and their disrribLrtion
0uough iìe marrix (Nordsiróm and Bourriau 1991, figs. I
andr)icolou ofihe erlerior surf.rce and fracture; minerat
ndusions (most commonìy limcstone, ochre, mica, îcld-
ryar,quartz, shelland ash)i organic ìnclusìons (commonty
plant renaìns rcpresented as rectanguìar voìds or rod-
shaped nnpressions wiih or witholrr the silica skeleron of
ileplanl fibres remainìng)j porosiry (which maybc defined
bf the percentag€ ofvoids to total volume within a fablic);
andhardness (denned as degrce of resisiance to scra,c[ng]_

Since these propcrties were partly acqujred du.ing rhe
secondary processjng and firìng of clay, if we can unoer-
stand their character we may be able to infer the existenc€

s:trtiT :9 1:9-

Figúr.5.5 Fobttì dtsrúpÌion shèet, fued inÍot Lhe Ènnpte of Nite B,
(phoLogrdt)hed in Figurt 5.6a). Eighteenth Dysasry,Íroú Meúphi\

ofcertain processes and firillg temperatures. To take a site-
spccificcàse:jt has been ar$edthat the plum Red Ware of
Hìerakonpolis was made from a levigated clay, because of
its unifoÌmly fine texture determined by grain sizeanalysis
(Allen et al. 1989: 55). To iake a more generatty applicable
example: limestone inclusions begin to decompose in fir-
ing iemperatures ofabout85o'C and the resulting reaciion
dmsarevisjble, sometimes even Lo thenakedeye (Bourriau
r98ra: no. 148).

Recoding the prcperties of a fobric
The recording ofthe properties ofa fabric may be consid€r
ed as havìrg four levcls, ideally linked by a siatisticaìly valid
simple of th€ same materiaì passing rhrough all. The tust
lcvel is the rccording in the fieìd, museum or sioreroom ()1
all the pottery, using a x ro hand lens. The second is the
collcction and recording in greater detait ofa representative
series ofsherds which illusirate the citeria used for ihe firsi
level classification. Here the essential tools are a binocutar
microscope rnd a camera (Arnold, r98r, sec Fig. 5.6). The
thìrd lev€l is petrographic analysis using mrn secùons,
which allows most ofthe lnclusions in the sand-size frac.
tion and ìargcr to be id€ntifled, and creates more accurare
data for measuring texturc and po.osjry, whilstsening as a
bridge betveen the lowest level analysis F and z) and the
highef (4) (see Hamroush and Zeid r99o). This foudh
le!€I, confirìed io the laboratory, is detail€d compositional



I 3 O  J A N I N E  B O U R R I A U ,  P A U L  N I C H O L S O N  A N D  P A M E L A

Figure 5.6 Sherd breaks photographed through the microscope: (a)
Nile Bz r zo magnifcation, described in Figure 5.5. (b) Mort D x p
magnifcation. Both f om Memphis.

analysis of both matrlx and inclusions, usine a varietv of
chemical and mineralogical techniques and quantitative
data analysis packages to group the samples on the basis of
the results (Pollard and Heron 1996: 2o-8o, ro4-48).

Levels t and z: visual classifcatìon of pottery fabùc
There are several model systems for fabric description in
European, American and Mediterranean archaeol;gy (for
the first named see Peacock 1977: 29-3). The one em-
ployed for illustration here (slightly modified) was used in
devising the Vienna Systern, which offers a framework for
classifying the most common fabric groups found in Egypt
between the Old Kingdom and the end ofthe New fine-
dom. lt is non-site specific so inter-site comparisons aie
made eas ie r .  That  i t  i s  usua l ly  no t  app l i cab le  to  the
Predynastic and post-New Kingdom ceramic industries re-
flects both the uncertain state of (published) research and
the great differences in technology, distribution and raw
materials which both periods show.

R O S E

The Vienna system

The reader is referred to Nordstróm and Bourriau (1993:
r68-82) for full descriptions, illustrations, suggested date
range and source (based upon distribution) for each group.
The criteria used to define fabric properties are shown in
Fìgure 5.5. This method is used in the Egypt Exploration
Society's current excavations at Memphis. The sheet has
been completed for an example of Nile Bz fabric of New
Kingdom date. The quantity ofa particular inclusion pres-
en t  i s  ind ica ted  by  numera ls  r .  z .  3 .  Numbel  m. "n i  t l ,e
particles are scarce and scattered thinly through the matrix;
2 that they are conspicuous and common throughout; l
that they are so abundant as to be touchine each othir. How
eas) it is to differentiate between or subJivide these fabric
groups in a given assemblage depends not only on how well
and consistently the properties are identified but also on
whether and how they link to shape, function, decoradon
and shaping process. Figure 5.5 includes an entry for wall
thickness. r,rhich is not a labric property but proloundly
influences porosity, hardness, colour and texture and Dro.
v ides  a  l ink  to  o ther  p roper t ies  o f  shape,  func t ion  and
manufacture. Fabric groups themselves often form a con-
tinuum rather than possessing sharply defined boundaúes
(Nordstròm and Bourriau 1993: r7o,frg.71.

The Nile fabrics
These are divided into five groups A-E, differentiated by
the quantity and size oltheir most common inclusions, yiz.
sand, plant remains and limestone. Sand is an awkward
term. Correctly defined it means all aplastic mineral inclu-
sions in the size fraction between o.o6o and z.o mm, butis
commonly used by the archaeologist, as here, to apply oniy
to the quartz and feldspar components.

Nile A
This fabric group contains a large amount offine sand, but
no pÌant remains, except for an occasional particle picked
up accidentally. The regular gradation in size among the
par t i c les  o f the  mat r ix  and the  6ne sand inc lus ions  suggests
that the sand is a natural constituent and not an tdded
filler. The fracture colour is usually brown or greyish-brown
without strongly defined zones, indicating a well-controlled
firing of relatively long duration. porosity is moderate 0r
dense, hardness is medium.

Níle B
This fabric group contains varying amounts of fine t0
coarse sand and fine to medium straw. It is subdivided into
Nile Br, which has a fine texture with only scattered file
plant remains. and N ile Bz which shows conspicuous olant
rema ins used as fi l ler. Nile Bz is com mon in aìì periodi and
regions and so shows great variability (see Fig. 5.6a), es
pecially in properties closely related to firing-colour, hard.



ness and porosit). For exarnpÌe, the coÌour ofthc fr.acltLre is
usuall.v brorvn but it r ltay show a black core, or a rcd corc
rvith r, iolet outer zones. Nile Br, however, is much rnorc
restrlcted in all i ts propertìes, and is l inked to vessels with a
parhcLrlar fuuction, nìost notably lhe drinking cups of the
Mìdd1e Kingdom (Arnold, i988: r4o-r).

Nilr C
Tlis fabÌic group corÌtairls a large cìuallt i ty of medium to
coarse plant i.ernains, and is cÌraracteristically the rnost
poorly'sorted and pororrs ofall tÌre Nile fabrics. lt shows lhe
ridest range ofincÌusions, and in additioÌr to plarlt renrains
itnia.v inchrde asìr, bone, shell, l imestouc and sand. Like
Nile 82 it ìs rvidespread and potentially ernbraces severaÌ
lariants. lt is often tised for large, heavy containers with
ren thick rvalls, such as vats f-or. beer- rnaking. The colour of
the fracture varies between grcy-blown and reddish-brown
and there is aln.rost always a blacÌ< corc. Thcrc are often
signs of uneven frring and hardness ranges between mc-
dium and sofi. Thc shapìng is oflen carried out by hand,
using a varìetv of InetÌrods (scc p. rz5).

Nih D
This groLrp contains the range offabrics in grorrps N ile A-C
with the addition of nurnerous l imestone ir 'ìclusions. It
cannot be assurned that the Ìirncstone is a fì l ler unless the
number and angularity of the particÌcs jndicate it, since
there are naturally occuring Iime-rich Nile sediments. Al-
teruativcl,v the potter rnay have mixed Ìris rnajor cìay with
one which was lirne rich. The porosity varies, in part due to
lariatioÌl i Ìr the quantity and sizc of t lre plant rernains, but
the labric is usually very hard and highly 6rcd, showing
zones of red and even violet ìn the ftacture.

NiL E
Ths labric group is cl.ìaractcriscd by abuirdant frne to
coarse, rounded sand incÌnsions. lt otherwise sharcs thc
properties of Nile groups A C and can be subdivided ac'
cordingly. The labric is soft and crumbly with an open
tertre and only medirrm hardlcss. Such fabrics have an
obvious advantage for cooking pots (scc p. r24) and appear
as such during tl ie Middle Kingdorn, but at this timc and
later they are also cornniorr in the easterrl Delta in a wide
range ofvesscls, as a result ofpotlers'using the localgez/rz
sands as a fi l ler. This propcrty is rrseful archaeologically in
the identif ication ofeastern DcÌta products in othel regions

lBour r iau  r996:  z6) .

The marl fabrics
Again divided into five groups A E, these calcareous fàbrics
are nluch more l ieterogeneous than the Nile fabrics, and
easier to distinguish florl one another by eye, even sup-
ported only by a hand Ìens. Howevcr, the precise sources of
ùeir raw material rrrust for the present mainÌy be inferred

fionr the resuÌts of distributiorì sttrdies (ArnoÌd r98r).
Analysìs, even at the fourth level, has succeeded in charac-
terising, rather than in pr overtartcil.ìg, tÌ lem (see p. I l5-5),
except in the casc of cl-Omar.i, 'Ayn Asil and Hierakonpolis.

Marl A
This fabric group ìs defined by its dense, homogencous
matrix, corltainiÌrg fine- to rnedium-sized mineral incÌu-
sions and litt lc organic matter. lt also has a consisterltÌy frne
texture, low porosity and extrerne hardness. lt f ires from
pink to pale grey or olive. lt occurs in four variants. Mar.l Ar
is distinguished by conspicuous fine to mcdium-sized
angular particles of l imestone added to the paste as a fi l ler
(Nordstrònì r9721 54-5 Fabric IVA). The lirnestone usually
shows littÌe sign ofdecomposition - an indicatìon offir ing
iìt i ì low terÌlperature, beìow c. 8oo "C. Marl Az has nurrer-
ous lìne mineral inclusions but no one typc dominates. It
sccms to be very well sorted, suggestiug cìeaning or leviga
tion by the pottcr. Distribution strongly suggests an Upper
Egyptian origin (Bourriau r98rb), probably in the Theban
area. Marl Al appears to the eye to be closest to a moder.n

Qena clay and its source seems to have been in thc same
rcgion. The texture is exceptionalÌy fine and there are very
fèw incÌusions ofany kind. No fi l ler has been added but the
clay nay have been levigated. Distinctive elongated air holes
are present. The fabric seenrs to be consistently f ircd to high
temperatures, .. rooo"C, prodrrcing a characteristic paÌc
green coÌour on the surface and in section. Marl A.4 has the
coarsest texture ofaÌÌ thc Marl A variants, due to the large
arnount ofsand and, in some examplcs, conspicuotis plant
rernains. Fine particles ofred ochre are charactcristic. The
fracture varìes between ìiglrt red and greenish grey and is
often zoned. It shows a considerable range ofporosity and a
hardness frorn uredirrm to crurnbly.

M&rl B
The natrix is hornogeneous but the texture extremeìy
coarse duc to abundant fìne to coarse angular sand, added
as a fi l ler. Porosity is low and the fabric is hard except for
highly fired examples. The fracture often shows a pink core
with grey-green outer zones. Its distribution strongly sug-
gests an UppeÌ Egyptian origin.

Marl C
The matrix is f ine and the abundant, morc or less decorn-
posed 6ne to coarse l imestone particles give the fabric
group a characteristic speckled appearaÌlce and coarse tex-
ture. Sand, added as a fi l ler, is always presenl, as are pellets
ofthe cÌay rnatrix. The latter are probably the result ofpoor
mixing but may have been deliberately added to improve
rcsistance to thermal shock, since cooking vessels are com-
mon in this labric (Whitbread 1986). Most vesseìs have a
grey white firing srrrface and the fracture shows a dark core
with red olrter zones. Porosity is usually low and hardness
always very great. This fabric group, which contaìns three

l 3 l

)
)
3

t
t



I 3 2  ' A N I N E  B O U R R I A U ,  P A U L  N I C H O L S O N  A N D  P A M E L A  R O 5 E

subdivisions, Marl Cr, Cz and Compact, certainly derives
from sources in Lower Egypt (Arnold r98r; r9881. tt is the
most common marl clay in Lower Egypt throughout the
Middle Kingdom and Second Intermediate period.

Marl D
The matrix is fine and homogeneous and the distinctive
characteristic is the abundant fine to coarse angular lime-
stone inclusions, which seem to have been added as filler.
They are usually smallerthan thosein Marl C and consdtute
a smaller percentage (upto 25 percent)ofthe fabric. There is
also sand and rock equal in quantity to the limestone (see
Fig.5.6b). Porosity is low andthe fabric extremely hard. The
texture varies considerably. The surface fires light grey to
green and the fracture is pale reddish brown. The fabric is
used mainly for closed forms, especially amphorae, and is
found all over EglT,t during the Eighteenth Dlausty. Of
special interest are vessels which carry dockets in hieratic
giving date, contents and place of origin, sometimes in
addition to stamps and sealings with royal names. At pres-
ent, distribution patterns lavour a Lower Egyptian source.

Ma.rl E
This fabric should perhaps be considered rather as a variant
of Marl B than as a separate fabric group. It is distinct from
Marl B only in having medium to coarse straw added as a
filler. It is most common at Ballas in the early Eighteenth
Dynasty and occurs elsewhere in a small, specialised range
of forms. Marl fabrics with straw filler ako occr.,, sporadi-
cally at other periods e.g. the Late Roman, where Bourriau
has noted it at Saqqara.

Level 3: Petrogrophic analysis of pottery fabrics
This technique, which consists of examining thin sections
of the fabric or extracted mineral inclusioni in the sand-
sized fraction, in transmitted light using a petrological
microscope, is becoming increasingly useful as a comple-
ment to what is visible to the eye assisted by a hand lens or
low power microscope. It can be a source of confusion iftoo
few samples are examined and/or they are not related to
fabrics already recognised and described in detail at level z
(see Figs. 5.7a and b). Thin-section analysis allows many of
the mineraì and organic incìusions present to be identided.
The silt/clay matrix is usually too fine for thin-section
analysis to be usefi;l but its general character can be de-
scribed (Porat and Seeher 1988: zr9; Hamroush and Zeid
I990: rr9). Petrological analysis introduces gteater preci-
sion into estimates of texhrre and porosity since it allows
accurate measurement of inclusions or voids and their
expression as a percentage of total volume. It can also be
used, with or without refiring experiments, to indicate orig-
inal firing temperatures. by sh.rdy ofthe condition ofcertair
aplastic inclusions (Porat and Seeher 1988: zr9). Theoreti-
cally, the improved detail and precision can be used to

Figure 5.7 Photographs of thín-sectiotLs: (a) Nìte 82 fron Mehrphis
The boundary between the core ond outer zones ís iust vísíble. The sília
skeletons Jrom burnt out plabt remains are visíblc: white graíns an
quaftz ond feldspqrs; black graíns are irot oxíde. Taken under ppL,
(b) Marl D fom Memphis. The fabic ís rích in quqìtz aíd limesrow

fagments. Taken und.er XPL.

subdivide an existing fabric classification, but if the new
sub-dasses were to rely upon criteria visible only in thin-
section, then they could not be applied with confidence to
the assemblage as a whole. A different approach (Nicholson
and Rose 1985; Fieller and Nicholson r99r: 7r-85) is to use
the method to quantify the fabric properties. For examplg
how far do classes represent different potters' pastes and
how far are they a creation ofthe firing process? The nut
step, whether such variations be considered ,accidental, or
not, is for the archaeologist to decide, based upon his
knowledge of the potter's processing methods and on their
relationship to vessel shape and function.

Grain size and shape analysis, as well as the specific
identity of indusions, may help with the difficult problen
ofdeciding which incìusions are present as filler and which
occur naturally in the clay. As a general rule, where numer.
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Sayre 1974; Hancock et al. 1986), to ùose where the im
portant questions were archaeological and grew our of a
current excav,ìtjon (Allen, et ol. r989j Hamroùsh and Zeid
r99o; Ballet and Picon r99o; de Paepe er a\. 1992]|_ A
similar evolution can te seen Éom a single method to a
multi method approach and towards more careful samp-
lingand less reliance on inherited data sets (Redmountand
Morgenstejn r996j Bourriau r998). In forming composi-
tionat groups, Lrìcre is still no consensus as to whether it is
beiter to employ mulii-variant analysis which uses alt the
reliable compositional data, see Fì9. 5.8 (Bellìdo rral. fort
coming) or discriminant analysis which selecrs signifrcant
elements or ratios olelements (Han€ock '' al. 1986; Red-
mount and Morgenstein r996).

It is essential to undersiand rhat the groupings arriv€d
at, iftaken from samples ofboth fired potrcry and rawclay,
are not direclly comparable. The primary and secondary
processingwhich ihe potteryalonc has ùndergone wiI have
radically changed its elemental and mineralogicat composi
tion. A well knoun etrect is the dilution factor which resutts
from ihe addition ofquantitìes of sand or limestone to the
paste. Sand and limesrone conrain smaller amounts of
trace elemcnts than the clay matdx, and adding rhem has
the effect oflowering ihe trace element composition over-
al.lfthisfactoris recognised it can be taken into accounlat
the data analysis stage. This is why compositional analyses
need to be used after other methods have been apptied to
determine vhai changes the poiter has made in his raw
material- Some siudÌes, although not of Egyprian ctays,
have tried to predici them by examining rhe effectofteviga
tion and firing on raw days (Allen 'r /r. r982). Some foÌ1l1s
of discriminant analysis ser our to avoìd rhe problem by
utilisìng elements such as rare earths whi.h are pr€scnt
mainly in the clay matrìx ofthe fabric.

With this car.at,how successtulhave siudies ìreenso far
ìn charactedsing pottery fabricsì Enough compositional
data have been puìrlìshed ty now for any sherd to be
assigned to one ofthree groups: Nile àlluvium: Marl clayj
and kaollnite clay (see Figs. i.8 and j.9). Using accessjbte
tutas yetunpubhshed data (Bellido er rl. forthcomìng)it is
possìb1c to dife.enijate three sub-gLoups among rh€ Marl
clays corrcsponding to Marl B, Marl C and Marl D in the
Vlenna System. It is even easier lo distìnguish Egyptjan
from l,aleslinian pottery by using the large data sets avait-
abl€. However, ithas to be sajd thar an experienced cerami
cist using a microscope on a lresh break can do as much
(and often very much more). A 6ìler such as fine straw is
easy to see, sometimes even by ihc naked eye, butdoes not
always show up in chemical analysìs (by XRF Baltet and
Picon r99o and NdA - in the study refeÍed ro above,
Bellido 'l al. fothcoming).

How successfulhave studi€s ìreen in identifying the clày
sources used by ancient poftersl Thre€ studies have suc-
ceeded, in relation to Hierakonpoìis (All€n ei al. 1989),
efomari (Hamroushand Z€id r990), and'AynAsiì (Ballet

Figurc 5.8 CÒúpositional data: twerry-tuo eLúentaL@úc.rttdti
JÒr t to sampLes ol Ntb silt Jahrics aid 93 sanpLs of Mùrl .tor JobÀ
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andPicon r99o)  (see Fig.5.9) ,  but  each studylooked at thc
Fodlr  "  o '  J  oc l -  d  îdu.r . \  " rJ  rwo or  rh.  s ; tès
Í ' l r rd lonpor.  dnd A) i  As i t r  $pr  p produr I  on .ènrr ,  s .  \o
mal  u p eJ ,  h  ,  .a  u, .  " i rc"d l  .a  r t )  .  learr t  dpt inF",ed
qrre|F,uhs n"v. . .  "en Jn r iguoì-  nr  i  FJr  r \p  rd.  f rppè / l
d  9 o - l  " n d  J  I  h a r e  q u o r " d  " o r i ;  a r  d : " 1 . " "  r  à r n g
l , q 7 a l  

' h "  , h p m i , l r l  " n r ì \ s r s  r r o n e  L o u t u  n o ,  , n d r . a r e  a
Fovenance tor potrery made of Nlle aluvium, ptiocene
days or mi\:lures of rhc two. Tobia and Sayre,s ancient
!ùtery sample was roo smal and unrepresenranve to rr€
Ìexed upon (Bourriau 1998); however, thei evi.lence for
eehomog€neity (in chemical terms) of raw Nite scormenNpas upp^rted b! H!m,oL.h \ lLJ. {r18\r  o,  l l -e d . . , f lLru
!0ì or ro 'e .rdh p em^r ' .  . r  old ,r  d n ooe ,  \ r t ,  sed:
nents, inxhìch he suggested thai Nile sedìment fom]ing
pro.esses had produced an even pattem ofdistribution îoi
Ltese elements ihroughoutthe Njle Va|ev.'Ihree 

subsequent studies, hvo ot modern clays (Han-
ocl et sl. r9E6/r987; Redmount and Morgensreln 1996)
r n d o n e o , d n , . p n  r o . r r ^  r B o  r r r r " u  o o q r h " , " . h "  t . n À . d
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ev.nfu" ì ì ) .a fo$ (onpo, i  jonr '  hngerpÍ" r .  o  t .  esrJb
r ìsnFo ro ' ,  drnerFnl  rcBions.  penod.  Jr  d ,  J \ \ès ofpo,  er}
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dr  poss Lì .  sourrF\  oJ rJw r ì i r .  r , r l  rRedmounr ar  d Moc
g" '  sré: r  r . ,116 7D :  HJmroLsh îoz:  5r)  | |  lh ,s  i \  ro  be
d o . r  i h e n  ' h e . n r i J . r v p  m u s t  , o n - "  t r o r , r l _ r F o l o g r s t .
since it will not come fiom scientists in *" pr."""i ,"
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lrp 'hods J,p rondu.  ed dr  r \è  s"-ne . in . .  r "  ani  . "se.  " "  ;
first step, efforts shoL d be made towards srandardrsing
exrsting refèrence sets ofdata.

The social and economic context ofthe pottefy
industry

The place of rhe potrery industry in tlìe wider social and
e, ,onomi.  .  on 'F4 o '  rn( ,èr l  t -g) .D rJn .o,  ierv i .  r  .LL je.  I
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I n d L s r ' \  l f \ ' r e  r o 8  " :  . , 7 .  r o :  . o 8  1 , .  r o , :  K p m p  r 9 8 r .
s6-  ba) .  In  rh; .  s" .  ion.  rh"  , r r rou.  *" í . *  . r  " " ,a . " ,  " ,r r r -  a d  : 1 i . . i ,  " r d  d r . h J . o t o g , , d t .  : r e , u n s r o F r e o  r 1  - h è
lrght ot po\sjblc modes of producrion

Arlittic ond tertuol evidence

Scen€s of pottery manufacture featùr€ occasionally in romt)
representahons and models from rIe Oìd Kingdom to the
N è w  K , r g d o m , . o t t e c r . d  L \  H o t r h o e r  r o  . .  r  2 J :  , . r s  n o r
.re3r ' t  J '  r t r  . ioq oodF^ manufar turp. and he rour.e.
cìied for the Late pe.iod are not usefut in thjs context)_ Such
scenes.have proved invatuabte tor the understanding of
technologicaì developments, but they reveat less abouithe
cont€rt in s,hich production took place, in terms eirher of
the organisarion of the workshops or th€ìr cconomlc crr.
, . . ' , " : . ,  S u . l  r e r r s  3 . , , , 6 6 n " n v  r h p  s . c  , \  p r o v  o è

r.  se "nd sor etrme\ Li in,prprèt: l , le de..r iptror "  oJ t l_r
padicular acts d€picted, but do nor conh.ibure to the wlder
Lnde.. 'a idr '  I  ntrhe,c, i \  h cj  orc $outd e,{pè.1 trol .1 rhè
r r n è r , r v . o n ? 1 i  i n  ú h r ( h  h . v " , , r  .  l r A  . r p r è s e n r J s , . r _
o | I  ,  o . r t .  o u i . r  d e d r , 3 t e o  t o  n i c  n .  î  e n J n L e  r r  r h c
l r r ì r . l i t e . (  u r s é , . l , r e r  ) .  r h é )  p e , n r ,  n o \ o p " r o  . r u d { i n g
r . r . v r ' r e .  s h r h  q e n r  u n  o u t " . d e  h r s r r r n e s o r \  s u . f d s ,
for example, any form of centratised or state-controlÌed

L n " 1  L . $ o r s . . e n . : o , O , d  t \ r r  r o o n  p o h e t  m r n u f r (
r ù f e r r c  t o u n d  I n , t o " ,  J - , o L  à r i o r  q i , h  " r è n e " o f  ì r e w n g
,nd LJbrr "1d ",  os a r 'en t ,ni , .J rDèio e of !é. .et \ ,
L s u J l  v  t d , "  ( H o l t h o è r  j î 7 - : b _ r o .  O K A  z .  ì  a n a  9 ) .  M o r e
d o u D _ u t  r e o r e . è . . d ' i u n s  s h F r e  i  r .  n o - ( l e " r  t h a r  D o . 1 e D
manufacture is the pncrice depicted, relate the putativà

ìt5

{lnù appear to demonstraie that the difercn.es between
ianples from diFerent sltes are grearer than the vanaxon
m!,ìrnany sing]e groùp orthe margìn allowed for anat).ticat
mo .  L-n ru-rhe. poss,Lr l i  iF.  to.  rh" \ou, (  ing ot . .dir  j rc
open€d up. lven where kilns have not been iocated, it js
usu. l \  oo.sr l , le on "r  ar.  ha.otog (r t  .  r .  ,o idcntrry .omF
/ l ú e . r l l  p o ' e D  w h i . h  r - L . t  l a \ ,  r . n  l " . a  l t  m " d -  g p n
ùallyb€causeit is too hearf, coarse and fragile to have been
*!rih transpoding. Analysis of such pottery g.oups may



1 3 6  , A N I N E  B o U R R I A I J ,  P A U L  N I c H o L s o N  A N D  P A M E L A  R o s E

sc€nes to other industriat processes, such as memr- ano
reaiher workìng (Hotthoer r977: 6_ro, OKAr,1,4 and roJ.
Ì e p r p r n t a t i o n . . h o $  n g r h e r r  e g % l  J  . o ( i d t r o . r o t  p o f c r y
\  ' h  r h p  r t J p t .  p - o r : o r  s .  L r c a d  " . d  D è e r . , o r r : r u F  t o
occur rnto rhe New KlÌgdom, but at aÌ pedods, bakingand

f o u n d  $  l n o L t  " , . o m p a n y i n g  o o , r c D
m a r L J d ,  h r r e .  T h r .  i .  D r n L d  ì  ,  b F \ l  r r c e r i r " o o  L  r , 0 r . " .
trng thai pottely production was such an obvious part ofthe
p r o ,  e r s  r h à ,  . r  i .  - n p  L r r v  i r r  I  , h n  r . p r e . r n , "  r o n \ o t  t o o d
D ' e p ! , r ' r o n .  A f i r  J ì .  , l  p  o m b  o $ r e r  " q u  e o  t , o d  J n d
orrnk In rhe r t ier  l j te ,  nor  rhe €mptres

Voaèl ,ot  por  en sor(s l  op.  t roÌ r  hè Trrst  Inre. -nco:
r r F P c r r o d a r  d  r h è  M r o d l F  K  i g d o î  r H o J  h o - .  r , ,  / . , o  

. r .
5-16, FlBr,2 and 4j Arnotd r99t) are ofinterest in that
thcy_give some indicaiion ofwherc the activjty took place.
I r ,dr l  (a.e. .  por  ing -ppJrenrr)  $J\  cJr  ;Fa oLr  oLrdoars,
, r r  noLgh.o-n. t ,mN in ""  èn.  . . .d  (out tv"-d f tè  r r  I  v i r )
rs-dFpi '  rd  ,n . lose p n{rn ia ro . " rp. . ] r }  mèrr- \ \nrLng
and rnone case srone vase manufacture. tn each case oniy
two individuals are at work.

T h F  a . . o (  " t r o r  o t  p o i l e f  s r t h o t h e r  . r r I J i t ! î . . è \ , o n
' r n u " d  r r  o  l ,  \ , 1 r d d l e  K  l g d o î . O 1 J y r  D è i r p t - B è r s t _ d J r e
potters 

-€xplìcidy associatedwith bakers and brewers iNew-berrv r8^\ :  p , .  X) t \  J ,  d  XX\ ) .  I  h .  del" ,  "q * . r . .  .
rh .èc rombr r r  he n i  JrL!  s  te ot  Beni  I  td ,dn p r .  -  

f rodu,  -tion squarely in an industrial conten. The tomb of
Arer  eîhd (BH / r  r r lorDordtes thpr  anor  gst  dèpr , I .or  s

: : : , "  
" i " : . . . , r  I  r "  , h r  n r n u r à ,  r u , r  o ,  r i n c r  r N . q L , c  fÌò9ja:pt .  X i ) . . tn  the tomb ofBakt  t I t  (BHr5J,  úe pot ters

are,situated betow rcgisrers showing stock-tling oicatrle,
a r d  à t r o v è  m e  r Ì - w o ' !  r g , \ " s b F r ^  r 8 q t b .  p l .  v t t l  t r " r c .
s .cres o l  l ) rùng o\  (Jr  , t  .  omp "e-o,  F r rom pur  e jJ / -nqk-
i n g  ' r  I n è  t o m . ,  o t  K h n u m h o  e p   t  r B U a r .  h e  p o t r . r .  i r F
à g a  r  a \ o .  ' q r e d  $ r U  t L r f i  e  p  e p J r r . r o n  a r  u r s ù . " p e n .
l ry :  b crd-  rnd Leèr-na.L g d,e p.  uréd s. , r ro, ,egrqrè-s
Dèlow lNr \  l ,er ' \  r89{a:  pt .  \Xt \1.  u her l .errncossu(rat ron
w ì L r  r r J t t a ,  t i v i ' i e .  r a  h p r  h i n  r o o d  p - o d L c L r o i  r s  , i g n i f
c"  , ' -  rc t l r r i r  g  d i f fere i .  ,  . .ur  s tan.es of  produ. t inn J l
bî l .  '  Ha.an { rhe ' indepeldèn(F of  }è Do. tc^-nJ l .c , .  "Lt
gesrlngperhaps thar potrery is seen hereas a conmoorrym
rts own righr), or m€rely showing a different tay,out of
workmg space (or indeeda ditÌerent artistic cúlvenuon), ls
rmpossibl€ to t€ll, bur again it is clear that the manufactùr-
mgispar tof theact iv i t iesassociatedwìrhthetombowne. ,s
maintenance in the afterlife, with ihe same tlmrtahons of
interpretaiion.

The tomb of K€namun (TT9l) ar Thebes conlams úe
oÌ l)  rno$ n \e$ Kingdom srer e of po r"D manuro, fure
{ud\.e5 , î jo.  pl .  I  I \J.  |  ì  e n Jnv ot i rs p,r(  ursor. ,  i ,  o i  .  urs'r  as,o.r"rron wi!h .be preparàl io ì  ot  rood aid dr ink rur
n e r p , .  q n  r \ o t J  e d .  J r i n s ,  - r ì r F d  s . è n e  i r a r  o i , - u r " p o . r -
rion on the rear ofa pilar in the outerha . tis relegatì;n to
surh an in.  gnrÉ< "n. b,  ar on p eferres Lhp dunoonrre. r
o l lp depr. t ion orpo. lers Lnroudhout Lhè res ofhe Ne$
Krrgdon ar d teyond. lr ì rhough .(ene. of tood prodLrLro.

are nor uncommon, and otherlorms ofcraft activjty as pad
of the wolk of temple and state institutions are weÌl,af
tested, the manufacture ofceramic contajners rs nor aeprc_
ted. The only otherrepresentations are informal: a mortet ofr h e  p F r i o d .  h o q  i g :  $ o m r n  d o  n g  " o m e r h i n g  r o  "  p o r  ( r  r
:1: ,u 

Hîî .  18 r :  ns. z: .  h" sugsesr.  sh" r .  ,c1;,
I  Jndl.-  r l lho rgf rhi .  i \  unlk.  r ' . r r(  e hsndled po .  arúis
period wer€ almost all the resutt of speciatjsr producho4
seep. rl9 40), and an osracon ftom Deir el-Medina whictr

t f g l " , . - . " . t ^ " 1  
h ^ o , . r i € r a r  q o  t u r  s  o n ,  r r s e t  { H o p ec)ò7à l  g.  r ì  tur Arnoìd r ,rc)ì  ig ,rAr ide-r i f i "s ieh o r k F A  o ò  N ì r L  r n - .  u  î i s t  r l - e r  d è m o n . r r , t e t h a  ! o " e qîJnulJcrure wrs rn tu.r  Faf l  " f  o" i ly t i r" .  ,L.er- , .otarea

I dturP tr t t .  u5 ,  olhrng aLrour r"  f , :mpnork rr  wh ch me
actjviiy took place.

Thc representations avaitable suggest that th€ size ot
p o r e n - n d L r g  $ n r l . r o p .  $ a q  , n  J t  " r  , l  I m e s  L h e
nlooer\  i îow or  tv  o ic  o.  ùo "nen sork ine i i  lhc e. r rb;5h
l l l r r  r . :  the onLr-re l ie t .  a-e J. ]or"  p.obte;Jt i (  ro i , Icrprer
sìnc€ the actions depicted coutd be pertormed at difeìent
Ímes 

_lJy 
the same or differenr persons. tn mosr cases dr

workshops seem to have ìreen situated ourside, Dur clos€ 10
o l e r  r r d  r . ì i p .  r n d  t - a d  s o , Ì , , e c o g n r s a r e e r ì r i ! m e n r à
r u r n l d b l e  o r  s  h e p ì  " \ i n o r  o \ è n  A ' î o . ,  à I  D F  r F l r e , e D .
tahons show th€ poft:T to ìre male, atthough very tilniled

uìr .h .or ld  dì .o LF .  J f l  ied our  t  \  $on èn rÀe \ "*  h n;
woîpn rnd ppr t  Jps .  h i td , . , r .pparen.

ly at work on pots also suggest that jn fact some modes of
prooudron were open to, or made use ol a 

 

avajlable
rdDour sourLès.  We cor  sav \ery t i l rJe morF aDo" úe indi .
!  rdLr ls  $ ho $oa(cd I_ porreruwo t ,shoos. tJ" l rh:  Lre)  \ .d
a.rou ,oL 

."1 
strius " -l.Jr fron .é\1s {to exJmp'è. p. salier

I I, qÌoted in Holthoer Ì 977: r 8). To ;hat exrenì rhis apdied
lo tho.e $orldìg in spe, at i . .  produ.don ,ea,rès i ,  un.
!  own Tha rhn_drd nor.orm parroftr  é .e.ogn iséd soc:al
hrer.  t  hv i .  LìF" fro.r  lhe JL"en(eofrefc.en.F( rorìemùì
thr laried inscriptionat soùrces. Hoithoer G977: 17, Mm4
nored o'  lv d . . r  gle .rele dedic"red Ly a ponei urro hrdno
ofher ritLeq, àr Abydos Ìn ihe MrddLe Kinedom'I  he'e i .  a t i [ rF fur:her rntorrìar ion in,  ern,ng pone$
and pott€ry production, mosrty ofNew Kingdom date, fron

rwdenrc from rh, oia Kingdom.:gger1. q,àn._ ", ,y nr, .
parr ( .p"red 'endjrg krìns p"rhapr ""  J r . .ul  o,  drp i ,1r i .

w\ icronec"n regrr ro rhrow r ight on rne eio-om c
m whrch some potters worked. By far the mosr int(

deliveries ofvessels. There is titile indication ofsi!|ni
.€rdt -  c  produ, I 'or  r r  rhe vr , t :ge r r .e l f :  éxLa!a i ion; \ ,
theÌemains ofa single poner's workshop below hou.se
at the foot of the enclosure wall and àutside the



wher in use, ìrut no more deraìls are knolvn (Bruyère 1919:
,64). lt is impossìble to say whethcr thc installation be-
l0ng€d to those h,ing in the village, or to their suppliers.
Cedainly thc jsolatcd dcscrt location of DcÍ cl-Mcdìna
nakes il eminenlly unsuitable for regular or Large+cale
prcduction, and th ere is nootherindication ofsuch actjlity.

Tte craftsmen also received suppìementary goods on
top ol theiÌ bàsic grain allocation, jncìuding vessels of
ker, and other commodities which were supplied and/or
mre Ìneasured in mnt jars, including oils and fats, beer,
andhoney. The '1rt-jarwas a type ofpottery vessel particu-
larly associated with wine, and is probabl), to be under-
$ood as a two-handled amphora (Bruyòre ry)9. )9:Iar
t\e iype and ils changes in form over ihe New Kngdom
seeHole1989: 87,r8).  Thetype appearstohavebeen the
Foduct of specialist manufacture in a resirictecl number
otcentres, and ils éìite'nature, aìbeìt only as a container,
ìs reflected in the nxture ofgoods sùpplied in it and their
expense However, in general, the Ìnrny texts which relate
i]le lahr€ of commodities ardvnìg àt th€ village fail to
aitilute valucs to pottcry apart, it scems, fiom that of the
vessel contents, emphasjsjng ihe cheapness and availabil'
itl ofthe product.

The very ubiquiiy of pottery as an ess€ntial means of
holding goods probably accounts for the ìacl( ofreference to
jl.one exception is a stele of Rameses II, recounting the
commissioning of a group of professionaì .Ìuarrymen to
make a statu€ (Eyre r987b: r8.l). On it, the king stipulates
ù\at, amongst iÀe lìb ndani supplies lÌe has ordered fòr
iheln were'pots made orthe wh€el, as vess€ls to cool s,rter
foryou in the hot(l) season'. These vessels would presurn
ebly have treen manulacturcd bypottcrs associatedwiih the
great staie institutions of thc Ncw Kjngdom.

Fìnally, we should give bri€f consideraiion to thc possi
bùties that ensted for prjvate trade jn such commodities as
tstt€ry. Small scale transactions in foodsiutrs, as well as in
sjmple manufactured items, areknown ftom the Oìd King
dom onwards, and although pottery has not been expLrcitLy
ftcog"nised as a commodity lor exchange, it is likely that it
drangedhands both as containers and in its own dght (Eyre
t987a ).  2 . t87t '  r t t  -oot who rh, s.  p,s wF è
nndearj as a means ofmarkeijng ìt seems mostsuÌtablc for
snaìl scale domeslic' and 1ocal production, nìiended for
ùe locaì commùnity, rather than state or estate-based
establjshments- These would presuúably have had ihe ca,
tscity to store excess prcdu.tion until requjred, especially
in vjew ol the apparent lack ofv.rlue of the product. By the
New Kingdom, ìt is clear that some goods were made for
ùe marLeti indeed rcmples employed professional traden
or their statr Considcred in thc lÌght oî th€ far greater
complexity of ceramic productionby ihis lime, such imdcrs
nay well have formed ihe means ty which some iypes 01
vessel, not only commodily containers bùt also vessels
dearly not intended lor that puryose, spread from their
antes ofmanufacture.
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Th e a r cha eologico I ev ì d en ce

Themost coÌnmonly recognised featrr€s on archaeological
sìics whìch rcflcct thc prcscncc oîa pottcry-making indus-
try are kìlns (see Nicholson r99l and Hope r99l for a
ì€view of the current evidence), which, although it is not
always cìear nhether for pottery or some oiher industrial
process, are often more readily identifraùle than oiher fea
tures. The identification of production areas ap:ìrt ftom
r h o s "  d  o ,  J r , J  i : r \  l : ì r s  .  r d r .  l J  \ " u g  J  T , L ' r  o
identiry in the archaeological record, Nicholson and Patter-
son r98ta and r98tb), ànd the opportunity to e*ìmine the
instalation in a widcr context is rarcly avaìlable.

Taking thc cvidcncc ofproduction as manilcstcd by thc
identification ofkilns, pottery manufaciure is knorn from
the length and breadth of the Nile valley in Eg}?t and
Nubia, and outside it in the Delta, the westem oases and
Sìnai. Even in the Predynastic period, production at the
Upper Egptiàn site of Hierakonpolis rcached staggering
proportiois' betlve€n c. lSoo-l5oo BC (HolIman r982:
r42). llere fìfte€n kiln complexes have so far been identifi-
cd, and an cxcavated cxample is associatcd with scattered
dom€stic occupation; the poticr's house secms to havc
burnt down on one occasion. Th€ excavated kilns are un.
sophjsticated, bul produced at least three ditrerent ware
q"es in many different forms, catering for ihe needs both
oflhe settlement and the nearby cemeieries. It seems that
some kilns were usedto fire more than one ware, although
tùe coa.se ware was intended prjma.i]y fo)" ihe settlemenl
"  J  r h - , '  J  ì r u ' - i . ì  " d  u "  .  t o  r h . r . n p e r i e . :  o n p r r )
l .  àf i \ "  \  rùÈge..r  r l , rà ful '  d. 'eì"p"d lLiera1.etumi, .
industry had not developed by this stage. This is bome out
at ùe Delta site of Buto (which, however, fell wiùin a
different, lower Egyptian culturaÌ milieù lor much of the
perìod), whcre cem€tery and domestic pottery seems to be
llìe same, dÌFcring only in quantÌtative rather t]l1an qualitat-
ive terms (Kóhler r99z: ro).

Examination ofthe vessels ofthis period have led to ihe
suggesiion that already there was specialised production
(i.e. the output ofa limitedrange ofwares andforms, often
for a specific puryose, and in demand because ofit) as far
backas Naqada Il for certain marl vessels (Mond and Myers
r9l7: 50; BourÌau r98ra: 44). Painted decoration has also
been used as a basìs for ìdeniifyìng cenh.es ofprodùction
and ihe irade networks cmanating there&om (Alcamit
r992i Finkelstaedt r980, r964.

In the late Fifth or eaù Si{lh Dynasty, pottery was
manutaciured in the mortuary temple of Klìenikaus ar
Aìrùsir (verner 1992). Here a small workshop was estab-
lìshed at a date somewhat after the original foundation,
within the funerary t€mple, apparcntly ìn an area of the
ìnt€rnal courtyard scre€ned otr with mattjng. The work
shop had a preparation and storage area with a wheel and
o , h F r  e . c e n l r " ì s  d n d  J  k ì r  I  e J r b y  a  s o  w  r \ i n  r h è  r e î p ì é .
'Ile types produced, as deduced lrom wasters, were beer
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tugs, Dread moulds, stands :nd mìnjatur€ vcssets, whichlypes were presuinabty to sene the cult. Atj ofthe v€sset^pè" hFrF nror lbìr  ot  rq" r  àtrhuugh |  ,"  i  nor nrt , r ,  r-' '  J r l è d :  r h i .  i  h . , d r  .  g r o L p  r . . , . , t ,  "  " a , o ,  , , - , .
P{.1 ro -d rhr.  "sr: t .  shn-nr u _h r' e l '  ,  e n '  F  i n  , \ c  A u r  J '  p a p , I  i  r d o .  u m e n , s  f r J - n  , h ^ , e n  f r ^

: l l 1 \ : . î r  
\ . r , 1 r ' r , :  r o \ p r , ,  ( F p p , ,  r o _ u . 4 r _ ' ,  , o  3roor brrr ,  noirFr!  wheF,.  l r  rF-m. rr , . r  .qr,  l -n ,r ,cTe'rs,  ot  / î -  cL/r  wèr rrr  ' rom 

r ls os I  i \urr . .  {d.
: l - : , s l  l ,  

r " r ,  c r  n s ,  , ì  " r .  .  . , o  n F n r ' o n  u ,  r o o d  f , o , t u ,on ln the same area).

lomogeneiry of slorage ia$ was due to either resrrjcled

ll:1i:l'.1 
.l ."ry " f.* major centres and/or ro a \'lde.spread trade incommoditjes that eftended tlrrougnou ,e.  oLn"\  Cer.r" l ; rr  DruoL,  o. .o.r .d Dr,  hdp" De,,  "o "s r

. . . j - : ,1.1:,  
,n.  . ,and:rdka, ion or orr .pr ruD.. .  H^sF,. ,

w r i r   ,  F  c F d r r i é  q p  h a r e . u e p e . r s  , h r j  . , a n d J r d r s p d

:::: rT.f-dy.:,r 
jn vsrjous pafs af Esypt (as. îol- ^ d  ' , p l F  3 r  A \ r A s r i { i r . . e O t d K ; , € d o f l t o r n  ( o n I j  . e d

- : : : , " , " . , ' ] . 9  
r h F  f r r r r  f , , F r r e d r , .  r . r o o ) .  \ x  f e r n c .

- . : l l  11 1 
,  eh dee,e. , , f .onr,^t  L) ,hé ".3 'r  un ponpru

;:lî:yjrjlih#rl,:.,.?liff l#i.;:***n:::i:hlitix#j#;",1i*;*Tffi
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of.n tolvn al lvljrilissa in Nubia, on Lh,- pcripherl ofthe
r t tLcment ,  but  noth ing fur thcf  js  kro$n ofrhc wo.kshops
lvercouller r97o 79 8r rnd fig. 2t) Tlìc opcn ti,úrr :rp
pears to tJe thc car l iest  cst rLr l is l ì ( rd par t  of r |e  s i te  f rcc.d
ìg the lo | l  bur  i t  is  r ìo t  c le: r r  i f  th ìs  was ar ì  lgvpi i rn

state controll,-d \\orLshop seniDg state ncc.ts, or one ser!
rngan ordxrary populr r io  .

Also D Nubia,  an iso larcd pof lcr 's  wor lGrol r  was drs,
.ovcrcd ri Nag el Baba. i. Aslk,-it districr datnrg fioù ttre
TÍ€llih D}rasLy ùrto lhe Second lnrcrnr:.tìarc peiod (Sjte
, i8  Sàle SÒdcrbergh r989,  265 7t  Hot thoel  r977:  r6_17).
Thjs $as r nrulriple roo!Ì--d cor ptex \\hjch nrcluded cla)
pf t tara l lon r fca-<,  and had !n adìrcent  t ì ln  of rnsophrst i
cated,r-pc. lbttcrr makxÌg toots wcre idcntified, ilrcludrrÌg
p.bLles srggesicd to bi- lor .ompx.tjne the surfa.es ol
lcssels: ttrc palclrc fiom the siic. nor norc.l by Il.,lthoer,
could wel bc a rockcr stanp Iof rhc.Ìccorarion ofvcssets, a
nrc but rttcsted tcchrrluc |r tle C Croup (tor cra rpLe
venig 1978:  r lE. .at .  l . r ) .  Hol thoer i r tso dr . r ,  a t t , -n i jo l r  to  l
so.ìi€lcd stoì. r:t ìn a los,protrudìug wrlt in one roonr,
Nhr.h qls coatcd lvilh an unrdentifìcd trlack subslance.
Tlìis mar hlve bcel a door pivot, bui coutd a so !a!e Dccrl
for nnnc sort ol tÌrrntnbl.. \o wast--rs or unJìrcd shelds
'vcÌe ùentlorìed 3ÍÌongst rhe fìuds; th€ lìrect pouery r.,
lorîre.ìjs a nìix ofNubian handm:ìde C croup, rìrd wheel-
nrade Íafcs, tlìe Lalrcr said 'g€ne.n 

l, to bc lrntortc.t [on]
tg, rpr .  lhc qu,-s i ìon of  nhct t rcr  rhc pular ive hrrntable,
whrclì does not see|ì lo lÌalc bcen uscd in thc rÌranrfacùre
0i C Groùp pottery, rndicaies the DranLrfadurc of,rvheel
nade wrres hcrc of Egyptiarì lincs (of cven L,y [iiyptiarìs)
r  unrnswerabìc. ,  ! l t l rough thc i ihrsr f3te. l  ,Nhcetnradc

prcces from the sirc are, L rusually, open lonns, rallrerrnan
thcrsualcloscd lonns reqLrired tor rtrc jnrpoft ofcommodr-
ties T|erc is a ccftiÌin :rÌllotr.r ol confusioù rn Lnar rhc
spoÌrted )owls fronì thc sìrc. ilìustrate.l aud des.rìb.,.ì un
der the headrg whlrc.l.nrdc, ue dcscribe.l in ttre lcrt xs
possibly .Leriviù!. frorn Old Kngdo|lì lglpirxn vcsscts,
rhrch ùì!v hale seNcd as protoqpes fòr conrenporàry
hdíd,md. pottcrl, e.g in the K€rrla cllthùe arìd jn C
Croùp (habìtation site no. z28 [i...the N:J] et Baba s,oLL
sl ìot l )  r fd  Prngrak .onrcxf  ( rn l  i r l l jcs .  t ro l rhocr  r99r :
b9l. Other lin.ls jn the *,orksìrop, such as bjts ot-ùrrtreu
coppcr and rl]ud ìoom w,-ìqhLs susgcsr rhrr ir also nranufac

Sìrecialist fLrnerrry produ.tron has bcen positc.L torsoùre
.eÌìtes m the l,fiddle Kinedom an.L thc Sialnd t termc.ti
a le l ,er iod,  incìLrd ing Beni  Hasan and Baì las (Borrr r lau
r9óra:6ot  r986 7) .  At  Bù) j  Hasan.  thìs  marer ìa l  ls  d js t in-
gurshed b, ì ,  i is  dìs t l l ìc t ive fòrn is  and tabr ics,  i ts . rua! .nanu.
Iar luúie tcchÌr ìqÌ re,  rnd thc lac l  otchange inthe,r -pcs used
D corìlfast lo the rate of aÌL(rrahon of dornestic rypcs. At
Ballas. a deta e.l.ompa.ìson of the pottery fiorn thi scttìe
ixmi ind .enìcteries identificd rhrec wa.e groups fornd
only rn the setucùrent, 3 d s,af cs common ir lhe cenìcrcry
thai werc Lrnder-represcnted ìn rhe sentc.rnerL (but nevcr
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cxchrsilely prcscxt ir lhe .emctery). Atrhous,, urere rs nor
sum.ìcnt cvjdencoto suggest rlris wàs ihc prttem across lhc
lvhoì€r ofEgypt, it s€ems liLrìv thar tlLjs was the casc.

Lr thc New lcngdonì, rnore cr,ìdencc is av:jlabte. At
Aìllnna. scvcral kilns havc been idcrìtified $ithin rhe resi_
dcnr ìa l  r ì -eas of thc c i ty  (Nichoìsof  r989c) .  both as par t  of
jndustr i r l  aud pf ivatc cstates Oùtyonc of  thcsc,  e46.4,  hrs
prodUced €vidcÌr.e ofarr rssocl.ìt,-d produ.tìon areà, (Rose
1989). ll-{e thc potrcrs work!.d prìrnarity rn sjlhvarcs,
prcducing vesscls, nramli bowls, oftlpcs founcl ùr abLrn.
dxn(e throuehoLrL the. j l )  lhefc$,ere,  h. , rvever ,  i lsoa fcw
Lrnfired marl shcftls from closcdtorm jars. Fùrt1.ìer cvi.
dcnc-- lor pn)du.ilon can t,e found jn sulficc irnds ot'
elcnìents ol tlL- bi-arngs ofpotrer s $,hee s.

F ive such ìJerr ings have been tound (Rosc r989:  po" ,et l
1995): one fronr Q43 4, iwo lrom thc surfacc ofthc South
Suburb, a rnalnll residcntiat area. onc ofuDccrtrir prov
enrncc,  urd onc (Ashm., lern r929. ,+17)  j iom hoL,se Tl6.1r
r r ì  thr  North SuburLr .  ln  prssrr t j .  ù  is  worth not i .g  rhe
nurnberof f iagrnents ofs l ìeeI  bcar i [gs idc t i f iedb]  l ,owc 
inthe Br i t ish Muscumard ondjsplay jn thc Carr l  rmrserLm,
most , lLn lorhr .at i . l ) ,  unproyenanccd.  t t  is  l i le ly  rhat  .nany
othcrs lie, nÌisidenrifìed as door sockets, srnÌders, or nor
identitied at all, ìn olher muscuùs; a IL I tìstxrg and tl.ìeù
co rrcc t i.len tifìcation as srù f:ì cc 6 n ds on ar.:h acotogicat sites
shcrc Lh--irsizc.Ìnd wclghr makc tlrem tikel).to suwjvcwclt,
would probabl) give a bener o!eNie$, of the !!ìdesprcail
narùe ol potter! Ìnrking nr Egypt thar anything €lse.

Nlorc or less conrernporary ù,irh the Arnrrna wor(snop
is one found i r  North Srnai  at  Haruba,  s i rc  A 14,  (O.en
Ì9E7:97 r ( )6) .  l r  inchrded prepaÌ  a r ion areas ar  ld  k i l r ìs ,  r .d
was srhLatcd to easr of aD arca lvhjch q,as apparcntty nol
r.-sidùrtiaL, but iìrcluded nragaznres useit for stori.il graiÙ.'Ihe 

Lypes produ.ed wer-- nostty nrad€ jn tocatty ai,aìt:rUte
clxy. trut the fòfrns wcre draq,n Irom lhc, Nite valtey rcpef
toire, and jncluded valous tlpcs ofbowls rnd kratersj the
wl ìo le radg--  ofdrop shapcd vessets, ,  ta l t  o f lerng sranos ,
and Fowcr pors wìth healy ficquentty pcrforaiccl bascs
bcal lne dccp thumb i fdcntat jors.  The wor(st rop appar-

: , 1 ' .  
. . d . r r  J  , , ,  o t  r , " . r " t . .  o r r . , . .  . r  J  o

J  J  , ,  _ , r r i  o , . , " r o , d  l . r . i  ,  l ] n - r r p , .
othcr fò.tresscs rcross Sinaj, as we 

 

as fo. ofiiaiat co;voys
passrng x.ross the area. Ttìe ofllcjat nalure ofitìc estabtistì
rÌre.t is reflectcd both in its proxnniiy to ttre foruess and rr
lhe o.:currcn( e of beer jar s stanìpcd s,jth caft)uches ofscri
I  a t  a nearby s i ie ,  A 14l .  Thc pradice ofstampr(g uorranan
vessels in  t l Ì is  casc breadcones.  has a lso been noted ar
Amarna. ìD th-- baLcies assocjatcd with ihc templc coù_
f lcx at  Konr c l  \JDa.

Some slight evjdcnce for prodrLctiorì comc-r ftom the
lvest badk al TIL-l,es. The Dcil --l Mcdùrà
aÌready bcen nrc tioDcd; a.d kihrs secm to have Dccn
louÌ,d behlnd ihc mortLrar! renìple of Anenhotcp son of
II3pu, []u1 .o dc.sciprjons arc avàitablc (Varllle and
Robic l rc i  r9 j5: f i9 .  r ) .  lhe Ìar t , - r  may l iave iòrr Ied pa.r  ofa
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New Kngdom industrial area sening the tunerary temples,
which lan ùnder rhe temple-

The evidence from the pottery of the pedod índicaies a
greater diversity in production than seen previously, in
terms ofwares, forms, and surface frnishes, and in cenain
casej specialisation ofprcduction can be confidently sug'
gesred. The uniformity of fabrics used fof wine iars (almosi
certainly dre ,r tjars ofdìe DeÍ el-Medina teÌts aheady
mentioned, see p. rl6i and meat ials, and the standardised
features, dimensions and capacities of the vessels, preseni
ponertul  euiden.e foFper al i -  m"ruf"crurF in a vèry
limited mmber ol centres, probably in Lowei Egt?t be-
cause ofthe clay used. These centres had the capacity to turn
out vessels in huge nùmbers (Hope 1982). Specialist pro-
duction in centes associated with the maior palace com-
plexes has also been suggested lor New Kingdom blue
paintedpottery, both on stylistic grotnds andbecauseofthe
use of relatively rare pigment in the vessels' decoration
(Bachmann et ai. r98oi Hope 1982), and also lor poly-
chrome painted amphorae (Bell 1987) and modelled and
sculpted vessels (Bouniau r982). Certainly in the case ofthe
blue-painted vessels it would seem that they were tradedin
thei own right, since many forms are not suiiable as
commodity contaìners, but even so, what is known of their
distibuiion suggest they only reached rural and outlying
areas very rarely (for example, very few examples are known
trom Nubia). This implies that blue-painted vessels im-
parted a certain status to theil owners. At Amarna, where
excavations have sampled all classes ofdwelling in the city,
blue painted vessels are found everywhere, indùding the
apparently 'poorer' aieasr the main differer.es beiween
areas lies in the quality ofthe decoration. However, poorÌy
and carelessly decorated specimens still occuÍed in what
would o herwise be lhought of a '  eì i te area. of t \e crn

The localisation of certain ma lvares into Upper and
Lower Egyptìan rypes in the New Kingdom enables the
distribution of oiher vessel types to be examined, and re-
sults in the impression that marl pottery was traveling
turther, and as a commodity in iis own ght (Nordstróm
and Bouriau r99j: 175-82). An exampLe is the category ol
'spinning bowls'at Amarna, a distinclive open vesseÌ with
handles aflxed to the base or wall on tlìe inside (Nagel
r938:r83 8). The bowlswere used in the preparation olflax
forplying, and weremost commonly made in Upper Egyp-
tian marl (Mar1 A2). This in itselî is unusual; marl clays
were usually used for closed forms, io serve as commodiiy
contàiners, and very larely lorbowls. A propedy ofthe clay
musr have made them paticularly desirable for iheil pur-
pose, perhaps dreir lack ofporosity, since flai{ fibres are best
phed uher wet.  s i l l \ \ar. . rampìer o-rhe fP'"re rdre in
comparison with the marl examples. How do the Upper
Eg?tian vessels come to be at Amamaì Their association
with a particular craft may, perhaps, indicate that they were
state sùpplìed, bul this seems unli](ely, given their wide-
,pre:d disrr  butron orFr lhp 5rrF "nd . inLe we:vtng ua"

carried on as part of hoùsehold actívities, it seems mo$
logical that the bowls were direcdy oblained by each hoùse
hold, as required, from traders.

Silt'ares are less easy to consider in terms of regiorul
prcduction because of their less distinctive compositi0ú,
but it may be that examination of prevailing modes ol
sudace ireatnent by area as applied to similar lorms may
suggesi different areas of production- For example, ìle
commonest R?e at Amarna, a flat based bowl wiih a sinple
contour and round€d rim, is there invaiably red'slipped. Al
Malkata, an almost contemporary site on the west banl at
Thebes, the same form occurs unslipped as well as red-
slipped (Hope 1989: ro, frg. rh). As well as demonstrating
more localis€d production, it aìso serves to suggest thal
regìorul variation is not to be sought only at tirnes of
political instabiÌity.

A further traceable example of localised producilon
which was traded into the Nile valley is to be found in
cefiain vessels produced in the Dakhla oasis, the fabrics
which are distìnctive (Aston 1996: 9i Hope r987b). Fron
the New Kingdom onwards, a timited range ofvessel foms
from this source were impofied inio the Nile valey, am'
phorae and gourds in the New Kingdom, and cigar-shaped
vessels thereafter. The vessel shapes indicate cleaù nìat
commodiiies were the items being transfeÍed, but as yet,
no synlhesis has been undertaken to look al ihe wares
dishibution. However, work on the ceramics of the Thid
Intermediate Period has identifled the paitern familar
from earlier pedods ofpolitical inslability, the development
ofregionàl sryles (Aston r996).

Specialist funeEry prodtction has been posited for
some centres in the New Kingdom, such as Thebes (Rose
r996: r7o). Herepots ìmitating stone and glass weîe nade
in a dislinctive úarl cìay that is only used for one oùer
vessel type, the deflnitively funelary canopic ials. T}$e
vessel types do not occur either on non-tunerary sites h dìe
region, or in tombs outside the Theban region.

Theie is less information iegarding tlìe potteiy indusq
of the Third Iniermediate and Late Periods. A kiln die
covered at East Karnak, dated from about the seventhlo dÉ
late flÍlh centuies BC, lay in an open space or couriyardin
an indusùial qualtei, not far ftom a residentbl area (Red'
ford 19 8r I 14). No pottery lypes are mentioned as assocraEd
with the use of the kiln. A complex of kilns ai Mempnjs
were built over the forecowt of a Ramesside temple adiac
ent to the enclosure ofthe main temple, but this had gone
out ofuse and dwellings had b€en bnilt in the area (lacqnei
r965:46-5o). There were, appar€ntly, some ùnflred sherdr
bùt no information is available on the q?es.

A fina1, ifuninte4retable, source ofevid€nce which mey
have some beadng on ceramic production may be foundi!
potters and painters marks. The lorrner were madebefot
firing in the leather-hard clay, a]l,ld may consist ofhieF
gllphs or simple designs or symbols (marks made aîer
firing mày have a separate significance associated witÌ



owiers l r i f  ra t |er  th : ìn nìanùfacrurc)  thei r  n l . .arúne jn
most .ases is  obscurct  thcy could,  lò f  cxanrple,  fcpresent
batch rnar rs. thc otrtÈrt of :rù indjvìdu3l potter or \vo.t
dlop, or J fon nis snnr ed o u tput. l f somc .as.s fh e), fc.pre
sent  the vessels crpr . i ry  (BoLrf r i r lL  r9Erc:  63,  ro.  rz3) .
Ho{cvef ,  i t  ìs  c lcar  that  fo l  a l l  vessels wcr€ Ùrarkcd and
eren rvrùr  mrrks apperr  (ornmol ì  on r  parr icutar  q-pe ( rs
lorexarrrpl. oÌd Kingdoù, bread rÌÌouìds, or Nc$ (nrgdonì
mert  l : r rs) .  o t  eveÌy cxanrple had rhcrn.  I t  is  ro be hopcd
ìlìat fuxùc sIrìLlFsis !\'rll ldeùtiD parti.uLrr assocrarrons
behr""en nufks, fonns and tlbÌlcs, arìd perhrps rssist jn
nl€ryret,tjon. Paùriers [ìarks, hierog]yphs or dcsigls,
hale been Dot i .d  on sonre bhre pr intcd \ ,ess-- ls  iD r t ìc  uÌ r
pairttd bard bctween reeLstcrs of dccorarur, brrr agrin
thei rmca, , ing is  rn lc( )wn (Hopc r99, :  l5)

Discussion

Modcs ol toiterr' production havc been tlrc subiect oa.on.
s iderablc s tLÌdy,  both r Ì ì  t l ie  ! fc ic l l t  wor ld.nd i Ì r  ùrcdern
s0. jet jes (Rìce r987:  r8 l  9r i  pca.ock r982:  8-ro) ,  and
iedanr of  Lhc rnodels. r l r l ì i |ed l rc  |sefÙl  guidcs xgajns l
slirh to consLler q'hrt rve krow .,f tlì. jrdustry jn
pharaoni( Filypt ^ corslrairÌirig tucfor rs rhat miìf) .,fthe
prcposed modcs oi productLoÌì oferared \\ithnr r ,,roocrar y
ec0n0'Ìì) rrd arc !ìewed :rsiriùst this bacl.lrop; thjs. ol
úrrsc does not : rpp\ ' to  thc Eglpt ia .  s la lc ,  ! Ì ì .1  hefe orher
taturs rÌìxy be of xÌÌportanc.. Thlt ìraljng bL,eù said, thc
Dllowinil rìÌodts .rn bc cxtr!.red lrom Rj.e s lìst as poss-
ùlrharng rcìcvarre to Lhe trt)prian sltLration:

hoosehoìd bascd or  'domcsr ic  producr lo l r ,  i r  whic l ì
thc n(ds o l  LLc horxehokl  ar- -  nrcr  f ronr  r rs  own
rcsources,  ofLt11 by norncrr ,  wì thout  ut i t is ing
spccLalis--cl equjplnort. Thc rnaì<ers arc non protcs-
sìonal aÌrd carry oirt the aclivjtt wh,-r ncccssaN

- r '  . l r o l  I  r l r  .  i J d o r , . .  i r  c '  r , . t ' . '
t|e poitcrs rÌuuf:rclufc s,jth , !ic$, to trading their
wafes. Nlanota.hùe is not necessaril,! vìtal to ùc
household s sùbsistencc.  The poucr-c make usc of
Dasrc eqrrprncnt.
jndilldual lvorkslops: hcrc potrerl, nÌrìrutacturc,
rNual l l  by men.  's  a y i ta l  sorrce ofsut  s isrcxcc even
f i  n "  J a . l l  , 1 . , . r . r ' )  i . . r i  r r . . .  . r , l

crlly esscntiaÌ to lhc group urdcrtaì(ing ihc activitt.
Th,-se ìndusties arc usÙall) sìrnll arìd ìsolatcd, but
us-- specLalise.l eqLripnent and Lhc workels arLd
worlispacc hale designalcd firnctjons. rhey scrve
the local commurìjtv, and do ùot havc s,elt devctop
cd nÌarheting s)stems.
nuclcated workshops: jrìd^,iduaì workshops arc
groupcd bgethcr to form an industrìal cornplex, iI
which nìar'ìufr.turc is vital to subsistence. Thcy pro
duce a sra dardiscd rarge ofhigh quaLiry products
Lrsine highly d--velopcd tcchnolog).

'allachc.l' specialist producers: pottert (and other
supplicE are prodLrccd f(r jntcrcsL groufs who crn
rnrnìpuhte prodrLcl ion ar ìd demand lh js  mighr
in( Iudc control bv sratc authoriiics or éììte ìndillcL
uals. Thesc workshops can have a conìrncr.irl rotc,
sc l l ine sufpLÌs p.oductron by t r rd ing.

A nu'or problenr is thxt noi evcr) rrDde ofprodudion
is cqualll visibìe ftom thc rvailablc soufces: for erarÌpte, rt
noti.ù,- is thcre uÙeqìLlvocal cvi.len.elòL dornestic produc
liorì, i.e. by thc household for jts ow| consumpLior'ì, al
r l . o ' - r , r , r .  o , . , . ,  I '  i c t o , . . ó  i . r . o t  . , , t .  r p o l
ancc. ll o.e takcs lach of spccialised eq ip]ne tas a nìarker
for lÌrìs rnde ol production, lhc tàctthar sxnple hrndnìadc
vesscls où1,! .orslrLLrte ! sìenificaÌÌt part of tììe ceranric
ouitìrt {]1 the old Kmgdo.r, ir ma) Lrc justìfiabtc to suggesl
t ] [ l  i i  ìs  only  at  ih ìs  l i lnc.  and ear l icr ,  thxt  ore could posi r
ttris tlpc ol produdìon It nìay be siqnllìcaùt rn lhrs corrtext
that  r  commoù \pe o l  cru.Lc ly  fonncd h lndnade jar .
fou . l  j f  a l ,Lrndan.e in  soLrrd ings ar  'Avn As, ,  wcre rnr
marìe or lì rcd rn thi: excalatcd ceramìc lvorkshops (Soukìas
sran r t  d l .  r990:  r44) .  l  h is  rna)  drern rhar  L l ìc fe were o lher
'prolcssionxl 

suppllers ofthis rypc, but jr ìna) ùrsr,-ro Dcan
indica l ion of truc domestjc production. t'he prcporide..ncc
of s,hccl.fìnished of tùrrL-d products th,:reafLcf irdicates
rìon domcstic, proacsslonaì, manuhctLrr--, olrlaìrld by lhc
geDeral populatjo. through obscL[.. nìerns. bur prcsurr
abÌy i .c ludl ] Ìg  úade.

Pottery 'indust.i--s'rrc 
atlesftL fÌ onì Lhc earljesr p.r]ods

considered hcrc. Thev may corìstihrie household rndLrs
i r ics and/o.  iDdì \ , idual  $orhshops,  as for  exanìpte
Hierak.JÌ ì ro l is  and Nag e l  Baba.  T lk  Larrcr  Ì r rcdet  would
s--enr to rìppLyto lhc town b!s.d industrjes of'Aln Asìl and
llepharìtlrÌc, aìthough we have no idea 'vhcthcr the surliv-
nrg kilÌs w.re the solc providefs olcerami.s to rhl]ù t.^ms
(apaù from any funelary pro.luciìon), holv lhey stood in
rchhon io thc ofiì.ial ad ìinistraiion of the rowns they
scrlcd, or how thc goo.ls thrl rhey produccd wi:re rnarkcted

Thc rrxrst easil.r idcùti6ablc rrìod-- ofproduction is rhat
by 'at lachcd specia l is ts ' ,  s ,h ich cx is ted f iorn rhe Otd King-
.Lom onl\:rds. Small potter), workshops probabty ,ìndr-

vidual vorkshops in scalc formcd pùl ofthc estat--s of
étit,- mernbc.rs of society, althouglì 1\,e cannoi say if such
workshops proyi.le.l 1'or :ìll of the esralc's ùeeos: uÌ!, evr
dcnce lends to show poitcry lllainly as an adjunct to provj
s ioni Ì lg ,  and loo l i t t le  is  known aLrour  centraLisar jon of
productior to dìscuss tuft her. Similarly, ihc csrabl jshmenls
rt Abusir rnd Dahshur reprcscnt inclividuat works|ops in
scale, bul were undcr state control, ind thereloreare also to
be recognlsed ls 'atiached specinljsts'. The samc.rppties to
lhc establishments located at cìza, alrhough rhc current
lack ofìnfoúnatiorL gives no idea ofthe scale ofproducti.ìn.

Wh--ther thc New Kìngdoln represcntation in thc tornb
ot KcnaÌrun (-fT9l) shoss his pivate eslarc, or is ir facr arì



I 4 2  I A N  N E  B O U R R I A U ,  P A U L  N I C H O L S O N  A N D  P A M E L A  R O S E

àspeci ofhis admn stative duties is less clear (he was, for
example, overseer ofthe magazine (in') of Amun, Davies
rgjo: rl). However, ihe evidence from Amarna demon
strates that potrery-makine (of a modest scal€ that could
still be described as an 'individuàl workshop ) went on on
the laige pivaie estates ofthe city, and also in industial
complexes'. The latter included pottery-making amongst
other tpes ofmanufacture, and were separate fiom dwell-
ings. Kemp G989: 6o-t suggested thal they could be
understood as rewards given to state officials, who thereby
reaped the benefits of thei output, whilst passing it into
wider circulation ìry various meaff. These estabìishments,
which he equated with ihe in'w ofthe tefts, were therefore
not exaclly pivate resources of the individual, but adminis
tered thrcugh such, and theii output could be used tor state
piojects: th€ pottery supplies for the workmen's Village
seem to have inciuded material from such an establish-
ment. The erlent to which trading iook place ftom surylus
production ofany ofthese workshops is unknown.

Another clear example of 'attached specialist' production
is seen at DeìÌ el-Medina. Here the ciaftsmen may have
l,eer regLla' lv supD ed wirh ponen. but th.re r '  r"  -e, ' " '

to think that this came ftom more than a single workshop,
or perhaps several individual workshops' (the terls Éfer to
'the potter', without any qualification). It is not clear where
these attached specialists wor d have been based, but it is
li](ely that the workshops were under the auspices of lhe
state institution(s) which supplied Lhe village's palnnenis.
The same model probably applies to the pottery-making
establishmeÍts around the Sinai forts.

Specialisation, as manifested in'nucleated workshops',
remains a mati€r ofsomeuncertainty. Marl clay wares have
been considered the most likely candidai€s for produclion
under these conditions, due ro the localised natue of the
cìay sources and their  su ràbr tu for specr6, purDo+s. a" in
vessels from Ballas or Fustat ioday. However, the evidence
from Elephantine and Ar]ìarna, where both marls and silts
'were exploited in the same workshops, indicat€s rhat this
was not always the case, and Bourriau G985: l2) has
pointed o11t some areaswhere marl clays were readily avail
able and ùe whole repertoire of lorms ai certaìn periods
were made in thal material. only in the New Kingdom can
specialisation ofthis ty?e be confidently suggested on the
basis of the po$ery itsell and ii is unfortunate that no
production sites have been found. Whether spe.i.lìserjon is
connected with the growth of urban markets deserves ìn-
vestigation (Peacock 1982: 99).

A dìferent sphere of specialisation is that of manufac
ture specifrcally for funerary use. It seems that, to a con
siderable €xtent, the pottery incoryorated in burials was the
resùlt of manufacture separate from ihat of ordinary do-
mesiicwares. Apart liom noting the existence ofthis aspect
olthe indushy, we know nothing of how it was organised.

As a genenl point, itis ofinterest to note that, according
to our present state of knowledge, the emergence of re-
gional siyles seemto coincide with periods ofthe collapse ol

central contol, al1d disappear at time ofstrong siate control
(that chang€s in potiery styles do not always seemingly 6t
neady with political change has however, been demon.
slrated by Adams 1979). Whether this can be sustained
remains io be studied; however, certain maior changes irl
ceramic production, such as those in the mid-Eighteertl
D)rlasty (Bouriau r98ra:72), clearly take place at a time 0l
profound stabilìty. ln summary, the evidence available sug.
gests that pottery-making was an ubiquìtous part of Ig}}
tian life from the earliest pedods. Manufacture was not
entirely, or even mosdy, domestìcaly-based, although ùe
bulk of poitery in use was sùpplìed from 1ocal sources
Trade in ceramics, although usually as containe$ for
goods, can also be demonskated from the Predlnastic per'
iod onwards. The identificaiion of regional paftemlng in
ceramic styles, paÌticdarly at periods ofpolitical instabiÌity
in lhe Egyptian state, bears out this contention. Most pro
duction, however, remained small scale and scatered, and
economies ofscale do not seem lo have been important dìe
existence of large-scale specialised industdes was a phe
nomenon ofdìe New Kingdom.

Vesselusag€

The products of the ceramic workshops encompassed a
wide range ofvesselsover iime. The vast maioriry cedainÌy
serveddomestic purposes, associatedwith sìorage, prepara'
tion and consrmption of food. Some contained precioùs
commodities, offood and oiher materials, and were desigr
ed lor transpofiaiion. Oiher types served 'dtual' purposes
of varying sorts. Overlapping these are questions of ary
prestige confened by the possession of cefiain poti€ry
types, a matter which has been touched on above.

Identifying the functions for which vessels were made,
and the uses to which they were put (which clearly need not
be the same) is a matter of some difficulty. Documentaq
sources are of little assistance: ancient Egt?lian ierminol
ogy with regard io vessels is too poorly understood to be of
mùch assistance (Mesnil du Bùisson r9l5j lanssen 1975:

407-15), and represeniations in tombs are often schemati'
cally drawn, making identifications with actual pots difi'
cult, even at the level of ideniifying the malerial depicted.
However, in a few cases, information Íiom tomb images
has provided the evidence from which the function of
cedain q?es has been recognised. These include bread
moulds (lacquet-cordon r98I), spinning bowls (Nagel
r9j8:rEl-8), and, more circuitously in reasoning, beer ieÌs
(Holthoer r97Z:86 E); although ìn the case ofthe latterihe
stele of Anymen from A]nama shows a libation of wine
being poured from what appears to be a beer iar (Davits
r908: pl. XXII; see also Chapter 22, this volurne).

lar labels identifying the contents are notuncommonù
the New Kingdom (for example, t€aly 1985). They aî
usually found on marl clay vessels, and it is ftom dE
reg]]lar association of celtain forms with certain commodj'
ties that wine jars and meat jars have been identified (al



though 'wxÌe jars' werc aìso used for other coÌmnodlties,
' \ .  ^ l . , d l r " r  . \ '  , o ' - . r  , ,  q l i  i - " , , r r n .

to wlìlt a latrel 3ctually signilics: is it rf jndicrtbn ofwhat
thc lessel usually held, or is it labelLed b€cause on (nrs
o.caslon it was not ùsed for irs nsual prLrposcl

Thcyessels ihcmselves gjvc sonechLes as ro urerr usagc.
Certall1 fundamcntal dedu.tìons carì be madc où rn-- Dasrs
oft|e clay, surface Lf{.atnent and forrn. Thc tlpc of clay
chosen aflicts rlesscl srhermal propertiesànd irs aìrjtitl io
wììhslard henting. Porosltv nry be dcsirlhle or nor, (1e
peùdjng on intended usage: nodern water storagc vcsseìs,
.ir albw watcr to seep rhrough the waÌls, rl[Ls coo]xìg the
cont€lts bI cvapo.ation c"ll.A, modeln wate. jrrs {)1 nìàrl
clar. do the sarÌc.. In otheì cases. "4reì.c tra$port ol liquids
rs a lactor, pernìcabilitl can bc mìIinriscd by the choicc of
dav the xppl ìcat ion ofa s l ip ,  ard poLìs l ing or  burn ishing
to compact the surlacc (see pp. 126 and rr7) TLre archac-
ological coneìates rhat can be prcdict,-d for ccrtain .,rego.
ies of vcssei fiLnctron, storagc, cookine, food pr€plratìon
rrthout hcat, seNìDeand traùsporL,ha\e bee n s uÌÌrna riscd
Lì,v Rice F987: 218) Egyprian ccramlcs eefcraÌy fìt jnro
these.Jtegor ies.  whìch nced r r f  be nìu luaì ly  exc lusrv€,  and
ol]ler issues nìay cross,cut that ofusagc, such as srahrs or
prcstige . ssocia tcd s,jth ihc owùership ol ccrtajn rypcs.

htre are a nunù,Ì ofvcssels which ljc outsìue L,,c ranse
0lhouseholdand transporr lunctnrns. Thcs€ ùr.tìrde vcssets
0i nrrlal' purpos.., n,.h as canopic jars, and tess obvious
lesscl l)p--s such irs the talL olTering srands of the Ncw
(ingdonr, whìch arc fòu,rd in ch.rpeìs, and (perhaps) rhc
mouldcd arrd sculptcd r , -ssels  ofùe same pcr iod.  F,ùther-
inore, sonì! blue parntc'd vessels scorn ro h:vc ircìuded
dlsthras paft oftheir 1ìrìctio., sincc thci. majn dccontion
r to.cenl rate. l  on ore s jdc of the vcssel . l l is  may not  l ìave
Lìeen thejr solc or --!en prù.ìpal purposc: an exinrplc.ame
Iron the imÍìediate lictrri.,'! of rhc crtrance to rhe
\rorkmen s Villageat Anraf na, r spot forwhich sornc sorrof
nlual connota lion isconceivrble. Othervcssc.ls seeî ro have
rerlcd indùstrial puryoses: sptnling bowls have alreidl
beenme tD.ed,andt lknryster ious f i redogs of t t reN4iddtc
and Ncw Ki .edonrs {Aston r9E9br Nibbi  r987)rcnìa jn io  bc
ro.rrncingl! interpfcte.l. It should bc added lhar rlthough
rìany vesscls have bccn Iòund ìn to mbs used a s cornnrrdìty
tontairers,ll is doubtful wììether this can al$,avs bc talicn to
ndicJte the vcssel's usc nì life. t-he spccialìst manulactùre
0l lu  eúry pot lery,  a l read)  notcd,  n] j l i r r rcs. rg! ins l  th is .

SecondaD, nìodificatjors Lo th-- lesscls also c,ve sonc
duc:rs n) usagc. Bìackenìrìg a d burnùrg orì the e\lcrior

L  , , n . J p  , .  ' o ,  . , , .  . 1 "  |  ' ì p  
t , ,  , ,  ' - i !  s

ùhethcr nrcst exanìplcs ofthe rype slr^v thc sarÌre featuft..
Cooking pot-. ftonr Anìrrna appcar, on ihe basis ot bùrn
ing, to occrlf nr two \,cry dìFerenl Iorrìs, aithouglì both ìn
sihwJre, one a s,ide nìou lhcd r:ai na rcd borvl. and rhe other
arestù1ed short necked globuhr jart ar Malkata thc fòr!rs
rlsed re thc saùe .arìDatcd bosL and another type olbolvl
Nl rLch at  Arnarna is  never  bur  t  (Hope 1989:  14) .  By con
tras l ,  burn ing on th, -  in ter ìor  may iDdjcalc  use as lamps . , f

1or the burnrng ofincensc (the latter bcnìg a turihcr case
whcr€ ihe evidcncc of tomb fopresenraLiolÌs can bc corre
laied wltlì actual vcssel types). At Aùarna, a freqùently
noled feature is the wearing away ofthe slip o the ìntcrior
of a corÌmon typc of bowì. Tlìe rype usually comes frorÌ
.lorncs tic cont--xts, and a possìblc explanaiion Iòr the traìtis
that the wcar r--prescnts the scourtllg ofvessels after usc
The fabric seems ioo soft for the vcssels to bc used for
g indingand any$,ay ston€Í ìoÌ tars arecommonat  the s j te .

rnraììy, analysìs of visible fesiducs, and of invisibte
lraces happcd $,ithin thc structure of the vessel provide
sorne understandnrg of uscs to whìch individual plcces
wcrc put. Howevcr, withoul a large nunìbcr ofexampÌcs, it
wi l l  notprove possib le to gencral ise as ro lhcusuatrangeof
uses 1o which t tpcs.ould be put .

A kcy b rLndefsta ding usage lies ìn srudy of assem-
bhges wilhùr their archaeological coltexl. On settleÌnenL
srtes, this mears thc identificatioù of arca function
lhrough thc usurl archaeological means, aud rhc assess,
rnent of thc occrD .encc of potiery typcs with in ihat frame
w., rk  (Rosc r984,  r9E6,  r987) ,  or  bct rveen corLcr lporar l
s i les (Cofen . t  r l .  r  995:   l - r6) .  Nol  only  may th is  jdcnt i fy
lhc specjfic furctìon of some vessel rypcs, but also indi
calcs wliat 'ttpical ceranrjc rcpcrtoires \rerc h certain con
texts. Ilowever. thjs can be coùplicated by the frct thal a
vesscl s uselil lilè did noi nccessailv end o.ce it was
broken or had fullìlled its o.igjml function. hlge chunks
of vesscls wcre uscd íor structur{l puLposcs, as, for
examplc dr.Ìùrs, sÌl|ìrps. or even to co1ìrai. child buiaìs. tn
rrcdern tirnes, wholc vesseìs arc soÌnetimes buitt into
houses to pfovi.l,- irsulaLioù against hcat and coÌd. tn the
case oftranspo.t wares. lhcs€ could clcarly sene sccondary
purposes nttcr i1ìe cont€nls had been rcmov--d, ìncluding
ns coùtrirers Iòf diffeìe|r colnùrcdìties (with conconìita t
rclabelli.g). Thus, for example, meàr jars have co.rnonly
been lourkl buricd nì floors whcrc they s€rv€d rs undcr-
ground storage chambers.

Shcrds were reuscd for  a mulr i t r rde ofpurposcs.  Ihey
s .  " . o r D " r  . . - J  .  o L '  l J  r s .  r l  o ,  - l  |  . " r ' p . . , . r  , ,  . 1
mucL briclis.l par i, ihis rray hàve becnthe forhllrous resùlr
ofs,here thc raw rnaterial lò.the brìckwas gaih€rcd, but in
son,e.ases tlìc sizeofthc slÌerds includcd make th is appea.
dcìiberate. ftcl were uscd in tlrc late Romrn period as
cl ì in ld. rg j f  lnud-br ickvru l t ing;  r r rda modcrnusage,whicì r
ùay1ìavc been practised anciently, is to scatlcr thenr on rhc
roof to abrrb rainlall. ^ll tlresc practj.es n1ay lead ro ihc
in.orporation of shcrd ÌIaterial inro the àrchacologjcat re-
cord rvhlch docs not play a part in the interprctrtion of
pot teryasrc latedtos j tc l i  c t ìon,ahhoughi tp laysakeyrote
rÌr the rLndcrstan.ling ol the taphononìy ofrhe sitc. Sherds
(ost.aca) wcfc also reused as .Ì rnaterial on ú,nrcn ro rvfrre
llìroughout Fglptixn hìsiory. arìd were uscd lor a.ythÍrg
frorn casual scribb11|g, to leti€rs, corìtradsand orarres, some
ot$hich were undoubtedly larcr transferred ro a nUe casry
stofablcrnedium such as papyrus. Sherds could also treÌrsed
as.onvcnieùt tools .  A leature of rnany habi ia t ìon a d tomb
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sites are sherds ofwhich one ormoreedges have been wom
smooth, andare generallyofa sizethat lìts convenientlyinto
thehand. They seem to have been used lor digging, particLl,
larly olihe kind associated with lreasure hunllng.

The future of pottery studies

Since Lucas wlote, there has ìreen a vast diveÌsifi€ation in
pottery studies, which now encompasses ìroth scientific
investigation of the ceramics themselves and rheir wider
ìnteÌ?retation. li js rvìdely realised thai c€ramics, ìry virtue
ofthe quantity in which they are found (no oth€r mareiaL
approaches pottery in terms ofvolume), and rheù ubiqùity
on sites of aÌl periods and q?es, are capable olr€flecting
economic and social conditions in a way no other aspect of
material culture ofsites can.

This aspect of study is as yet in its infancy for ancient
Eg'"t, and it is wofth stating here th€ sol1s of quesiions
which may be address€d. Firstly, the matter ofchronology.
This is the most fundam€ntal use to which pottery has been
putin E$?t. Vessels can, on the whole, now be rcasonably
well dated, usuallt by the assocjation of comptete vessets
from tomìrs with ìnscriptional matedaL. Scienrific drìting
methods such as thermolumines.ence are irrelcvantin this
coniext, since the error rai€ (turrendy r. rro per cent) is
greater than woùld be uselul for dating in Egyptology (ct
Rice Ì987: 44o-l). However, refrning of the syst€m is
necessary, and this is most likelt to take place by means of
$untified analysis of large quaniiti€s of materiai, record.
ing detajled changes in attributes over time through rhe
stratigraphic record (for €xample, Humm€l and Schubert
1994, ot by applying seriation techniques to cemetery
evidence (for tllle technique, see Rice ry87, q6-7; îor an
example of its applìcation in Eg'"t, wilknson 1996).
When closely contemporaneors bodies of material are
available, compadson may highlight features lhar indicate
differences in fùnction, production area, or starus. Once
regionalor specialised production can be identiEed, mech-
anisms ofkade can more easily be assessed.

A different way to approach the problem is ìry lookingat
changes in the same sots ofvessels or waÌes over rime.
lacquet-cordon (r9E4 has documentedbread moulds from
the Predynastic to the l.ate Pedodand beyond, andftomthis
it is cle that there is a radical change at the end ofthe Old
Kingdom. What is the explanatìon of that changel ls it a
matter ofsocial change, or a difference in economic condi"
tions) Is il a response to technological innovation, ormerely
a matter offashionl Or, again,what explains the resurg€nce
ofinterestin sculptedand decoratedpoit€ryin theearlyNew
Kingdom, an interest last manifested Ìn the Predynastic
periodl Or, does change or innovation in prodrction ofother
tl"es ofmatedal (for example, faience), influence ceramic
productionì Can fall-otr paiterns from produciion areas
demonsùate statùs associated with ceÌtain waresl

In short, one strand offuture work must be to pull th€
ever increasing amoùnts of information together and con-

struct mechanisms lor iis inteÌ?retation. An essential for
this is the production of properly quàntifred daia based 0r
substantial assemblages from well-excavated coni€xtr,
which al1ow for comparison wiihìn and ùetween sri€s. A
numt er ofmethods ofquantification are currently in usein
the fieLd ofceramic studies (Orton r975i ofton e, r.l. r99t.
The most commonÌy used are:

sheld co 'ltí the results ofthìs method are inlìuenced
by the diferential breakage rate of cerain v'"rc
t}?es. For example, fine-walled vessels will lrreal
into more sherds than coarsewares. Also, the typeof
context may ìnflùence the resulis, in thai, for
example, a surlace on which tra6c passes regularly
may have more broken sherds.

Sherd weights: again, r].'e results are influenced by rle
types ofwares involved; in this case heary ware qpes
wìI be over represented (both techniques can be
combined to give an average sherd size, which mry
assist in ìnteryreting site formation processes, for
example that smaller sherds may indicate morc
wear and hen.e longer exposur€).

Estímated vesseL eqùialenisj this uses dms or bases t0
form a measure ofhow many vessels ofa given q/pe
are rcpresented in a deposit, and has the advantage
that it enables compàrison between vess€l mes in
an assemblage wìthout the same degree ofbias aJ
weights and counts. ln it the perceniage ofùe
enant diameter is recorded for each rim or base of
the tt?e. The percentages ofindividual rìm sherds
are added together for eachtype and, divided by roo,
giving a figure for the type which can be used for
comparison with that ofother types.
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6 . Metals
J A C K  O G D E N

lntroduction

The impotance ofmetallurgy thmughout history is under-
lined by our habit of dividing the past into Bronzeand lmn
ages, wiih various subdjvisions ofthese. Such conveni€nt
chronological nomenclatures imply a greater segmentation
ofmetal use in the past than is stricdy true. The periods of
usage ofdiFerent metals and alloys overlapped and there
was often a long delày ìretween the lìrst exploitation of a
new t€chnology and its adoption by society at large. Eg}?-
tian peasants were sti1l ha esting grain wilh flint-edged
sickles r,ooo years after the pharaoh Pepi I had been
immoÌlalised in an over life-size copper statue found at
Hierakonpolis (Cairo lEltol4).

We know little of the prospecting habits of the Egyp-
tians, but they were thorough and perhaps systematic in
lheir  d scovery of , rétal ' i rerou, depo.r.s Fmploy:ng r (o"n
bination ollarge-scale state er?editions and smaller pros
pecting/surveying gro11ps. A graflìto by Thuthotep, a
'reckoner ofgold' around 2ooo BC has been found at the
remote Abrak well some 24o kilometres souiheast ofAs-
wan (de Bruyn Ì955). The prospecton might have lacked
geochemical knowledge in the modern sense, but they had
a praciical understanding of nature. No doubt they could
recognise ihe land foffìations, rock colours and even flora
associated with metal deposits. For exampl€, it has been
noted that the pine Pinus haLep.asis grows patict]larly
abundantly over the copper gossans on Cr?rus (Constan-
tinou 1982), whì]e the presence of acacia trees can reflect
the presence ofcopper and lead ores. Possibly, the associ-
ation ofthe goddess Hathorwjth both mines, as at Timna,
and wiih acacia tÍees is not coincidental. Acacia wood also
served as pit props in some Egptian gold mines - a func-
tion which devolees of Hathor might have found reassur
ing.

ln the ancient Near East, ores were generally treaied at
or near the minesj it is easier to transpod and keep a ially of
ingots thàn bulkier raw maierials. NevertheÌess, the avail-
ability of fueÌ woùld dictate the best option for tleatment
Ìocality. The urban craftsmen were probably lar better ac-
quainied with associatedcraft activities such as faience and

glass manufacture than ore recovery and mining processes.
However we do not know ihe economic oi other factors dúl
decided which ores should be locally treated near the mine!
to produce metals or which if any might be hanspoted for
use in the pigment and glaze industries.

Our underclanding of ancient Egl?tian metals comes
ftom the careful study of surviving examples using, in-
creasingly, the analysis and intemal study made possibleby
technological advances. To date, thousands ofanalyses 0f
Eg'?tian metals have been published (e.9. Rieders r978b,
r98r, 1982, 1983, 1984, r988j Lucas 1962; Fleming and
Crowfoot-Patne 1979). A good summary ofearlier analyses
is given by Riedefer G982) and an overall summary of
results is provided by Kaczmarczyk and Hedges G98r.
There are also numerous other analyses scailered in tle
consenation and scientific literature, while a huge number
undertalen by museums around the world remain unpub-
lished. Most of these analyses have been carned oui 0r
supposed l;lte Period copper alloy objects. Carland noted
tlìat

Amongst archaèologìsts it is ihe practice io assigb any noÌ.ferous
metal object hot found under known and convincing ciromsiar-
ces or noi bearing marks by which they may be dated . . . to tl!
Saitic penod, generally the 26th DFasty. (carland and Bannisr€r
r o l 7  8 ì r

This tradition is stil alive and well. Firm chronological
disiinction will not be possibÌe until analysis of meial 6nds
becomes as standard a practice ín Eg?tology as ii js in
some other archaeological fields. Analysis is no\{ an inh.
gral and usetul part of archaeology and arl history. For
example, Rìederer, on the basis ofhis varìous analyses of
over r,20 o Eg}?tian copper alloy objecis, noted that coúpo.
sition someiimes seemed to vary with subject {RiedereÌ
I978b, r98r, 1982, 1983, 1984, 1988). This ties in wlil
Roede/s eadier observation that forms or poses of deiÌy
figures teÍded to differ from place to place wiihin lgypl
(Roeder 1956). This is understandable. If the statuettes
were usually made at the local temples, lheir attributes aÌd
poses might be er?ected to rcplicate those ofùe cult shtr
es then in use there, while their composiiions wouÌd refled



th€ t Ìadi t io fs  of ,  and cofst ra ints  on,  ihe ìocal  rnetx l
worker  s  as wel l  rs  resthet i .  rnd dour considcrat iors.

Ou l<norvledge of .ncìent sourccs of orcs ard oLhcr
nlhrfal pro.lu.ls is helped b) tlìe publislìed geological st|
dieso{ lg)pt, ìì.ludirìg nìu.h undcrtalcn sillcc Lhc S.c,rnd
\ l ror ìd war or  nrcLr l  o fc  d is t fLbLr t ion 3nd gcochcnì is t r , ! .
Thc rcadcr  is  thLrs d i rccrcd Lo rhc spccl i ì is r  i lco logic . l  l jLcra
turc.  s lar t r ìg  wi lh  .1 'Baz s aDrot .Lcd t  ib l lography (e l  l l r?
,9E4).  loh.  Hanìs r9 l i :  rer is ìon ofAl f ied l , ras ' f iù ìda
me.rll ivor li Ar.i,ri E*ttiLú Mattr;.als lùrrrrriss is, of
.oùrse, still inlaluable and the r--ader is.LirecL-.Ì to tire
olderworks refnorced t ì r . rc .  jn  paÌ t icu lar  to  lhosc rc lat r rg
i0 er.rlrlror fepots arì.1 Îrcrcrìt do.urncntsry soLÍccs

1Lù.as r96r)

Ant jmof)  is  a l ight ,  r r ìght .  whì te rneta l  not  ur l i l ic  s i l !d  in
rmeaÉn.e,  but j t  is  br i t t le  r r ìdbet tcr  s t r i tc . l  to  cast jng,  rDt
neclrrnical worlinrg. Ihe use of ln€tallic r tinon) irì
en.ieùt lgypt has bccrÌ rep.,rtcd, bÌrt sLr.h iÌ]slanc!'s wL'rc
largc l t  d ìscrrd iLcd ì r )  Lr .as on lhc basis  of  v isunl  s t rd,v  ard,
x l ìcrc f i ' rsLblc.  ani ìys js  ( ruc is  r962:  r9t  9) .  f t rs  we can
non'  exc ludc sLLch sLLpposed exrr rp les as the xnt i rnony
porrdcr 'sa ld to ha\c b.or  foLrnd in TutJrkhrnrLn 's  t . rmb
and t |e  ant ì rnony p l r t jns on rn ÒLd l ( ingdorn vessel .
Rexders Ie.Lìr--tled to Lucrs' .oùnnents rrd c!ù also ùote
Lhat  N1e)t i r '  ùrcr .  rc .uÌ r t  Ìc  analys is  of  thc a lnror ì l
p ì r tcd !csscl  conf ì r Ì rcd l l ì { t  t } r r  s . rJr . (  l . ì ) ( r  { rs  l rc lccd
achr l l  r rseÌ ì lc  d e,  : ìhnosl  ccfL: ì in ly .  lo  n i r tur i r l  surJrc. '
ùuLcbmcnr ( Ì -ucas r96z:r98i  Srr  th  r97o:  ro2.  |  ; )

Thf  of  ly  cof  nrnrcd c larrpLcs of  r rc t r l ln  a. f lnrof  l  f rorr
arc le. t  Fg,vpr  fubl jshed to d i ì te , re the smr l l  L)erds.  prob
aLhof fat ìve entnnonv.  of  lh i r . l  l . te l ! , -d ix t - -  l 'er iod . t rL-
qhich i rcn:  formd bl  P( :h lc  x t  Lahurr  arrc l  erra lys( l  by
Glxdstor ìe (Luca- .  r96z;  Crr land aÌ ìd Barr ì is tcr  r927:  l2) .
Th€ iderìlifìcatiorì is supp.,rted br tlÌL. !.ris1.ncc oi occrì-
sro laìcxcì larcd (and : rnalys i 'd)  l ìnds o l  lncta l  ic  af r inrofy
ours idc Fg)pr  ln  \ lcsn i f  As i . .  Traùsrauc.sì !  a .d Ì r l ly
(Cale)  r964r  r l t  6 ;  Moorev i { ) !4 :  24r  2)  Ihe Fcypt ian
beadsrvere probably inryoÌ ts  s ince ant innrn, !  ores o.cur .s
l j t th Ìnre thr .  r . i ru tu hatrs  i r ì  lS!pt .

Sorne l fo  ^gc Lreads f ro i ì r  Tc l ì  . l - I rxr !  i r )  Is f rc l  arc
dcscl i ledb!  Dayton ( r97E:45o)ns tLr ì  ar l  xnonv a l loys wi  th
?bout  66 pcr  ccnl  un an. l  j l  pcr  ccnt  ar l  r Ì roDy.  Al lhough
aÌr l imort  has nol , !e t  L)een t ìund rs a pr i fc ip l l  .oDponent
i f  any ancìent  F.gypt ìan a l loys.  i \e  rn ieht  wel l  expe. t  o ther
e\aDrples of rneta l i .  ant i rnony rn.L ani inrcn, !  . i . ì i  a lk)ys t . )
be ideìr t j lcd es r r ìa l )s is  bc(rncs ìnorc rout ì rk .  As a r id ,cd, ' ,
howeler, we can note thrt objects nìade ofrÌìtinony 3Uo)s
0(asionàll) appear iÌÌ collections that :re rÌodcrn hkcs
niadcol  crs,v .1. i - .as l ' t Ipc-rnc13l .

Anl imony is  co.rnror  ì f  sù. l l  anroufrs  in  ancrent  cof
per  a l ioy obiccts (usu. l \ '  rù ,der  .bout  r  per  cent)  and as a
t race e lement  ì r  Lead.  l t  ìs  a lso foun.L as an ìngr- -c l ient  jn

Lg,lpliaù faieùce fioùr llìe tirre of Thulrnosc JII and ìn
gìass {ronL about tlìc Anìarna pcriod onwards (l(aczmar
czyk . ìnd I  Icdgcs rgt l :  98) .  Ar  ant imony compo, ,nd $,as
also ùscd rs nr occasionaì cycÌaìrt ìn l'g-vpt from th,-
Anìarna pcriod on\aards, but thìs was far less cornror
thrr  hrs gefera l lv  beef  suppose.L a st rn ofxt ra i rs  sccÌr
i fg ly  . lso l rue ìn Mesototamia (Lucas r962r  I96-91
V , .  .  ) ) 4  , ' l .  r " t ,  . r . l - i  . l  l r r r l  r o r ' .
as. rc  or  nr t ivc nr taì ,  wxs rcacl ing lg fpt  f ror ' Ì Ì  lhc \cw
(nLgdoni  onwa| . ls ,  and was pc r3ps sorncl inres conf t rsed

Bronze s.r copper and coppcr al loys

Electrum s.e gold and electrunr

copper and copper al loys

Coppf l  is  a pìDkish yel low nrcta l  that  o. . r rs  nat i re that  is
in  nret r lk  f ( r rn or ,  lar  nrcrc cornÌ l lor l ) ,  rs  coppct-
contlirùrs ores froùr s4ÌiclÌ tlÌe.oppr'f can bc crtrirctcd b,!
pfocedurcs terùÌcd sùeltìng. Coppcr-bcafÌrìg dcposils can
.or ta in coppcr  orcs o l  varyrng conìp lcr i ty : r rd pLr f j i l  and
somc fa l ivc copp.r .  Apart  f ionr  nreta l lurgf ,  thefe ! \ ,ere à
nryr iadoluses for  copperard.opper ores in  rnc ient  tg f , t t :
in  nrcdic i fcs ( ìvescf  r9E7,  r89 9,+) ,  as f ig , r€nts (set .  pp.
r ; j ,  r54,  r t6  rnd Ch. f ter  4 lh is  vohnre)  and as ( , loùr i l ìg

agents iD slxzes rn.lglxss (see p. rj6 7 xtrd Cl ptcrs 7 aùd

Occwrence and retieval
Tlre r ra in copper proc lLrcìng regìons a. iess ib le to the
rn. ì . . t  Fgypt j r fs  ! \ r r i Ì  fhc Éast f tn  Dcs(r t  r . .L  the Slnaj ,
ìndùdjng the Senbi t  e l  Khrdiùì  regjon in  ure southwesi
rùd lùùra in the wr.li ^f.Ìbrlr, ùow prrt of lsrrel. TLe
cpigrapìr ic  cvìdcrrcc only  r . turs b th.  turquoisc fòuùd at
Scrrb i l  c l - l f tad i rn,  bLrr  ùrc fcpor tcd rcmains of  r rFf rs ,
moLrlds. cftrciblcs :ìnd casLrng r]lslallations suggcst local
o r c  l f c a l n r c n l  ( B c j L A r i c h  r 9 8 5 :  8 9  r Ì 6 )  C o p p c r  s : r g s ,
ores.  o u( ib les,  ingor  . rouLds !nd other  Nor l { ing.Lefr ihrs of
OLd rnd Middle KìDgdo.r  date have r lso been forrnd at
vxdi \4aghrrah. soDle twert] kilometres southwest of
Scrabi l  . l  K|a.L j Ì . .  l low! \ ( r ,  jL  is  pos- l ibkr  that  th is  ivas
nrofc a t r .3 t Í rcn l  ccr t rL.  for  orcs f roÍ ì  rhc surr . ,Ù d i Ì ìg
f t .g ion thrn r  mr ior  rn | Ìnìg arca (Pci r ic  r9o6:  5r  2r  Lucàs
1962:  zoz 4:  Bci r -Ar jch r98r :  95 r27) .  In  vLc$ l ]1  Lhc
nrrq l ro ise bìased ef igr  ath jc  mater ì : r l ,  i t  is  dìmculr  lo  d€ler '
mì .e the re l r t ìve ex ients to whì .h rn inì Ìg in  thc Scrabi l
e l  l ( ì radjnr /MaglraÌ rh area s,as d i rccted at  the turqnoìse
(s ' \ .Cl iapn!  : ,  th is  roì rmrc,  for  d iscussion of the inrpì ìca
tiorÌs of tlìc tc ]1 nfJl or rt the copper. I lowever. Ne .rn
notc llÌat llÌc scalc of iÍÌpe1iaì turquolse exploitaiion ìI
\ I J r "  r ' ,  \ , . ! i  r g l o r .  o ' r o  .  r ì t ì  p " . ,  , r |
i rg  examf les of ì ts  use in  Fgypi ì i r  jewel lery.  I t  js  d imcul t
r o  l " l F . -  r ,  " s e  - t  . \  |  I '  p  r  J D  -  p l o , n .  .  , .
use ofgrorrnd tu,  quoìse ln  gì rze making had bccn suggcs,
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tedby Petrie butrejectedby Lucas. Turquoise is an aÌumin
ium phosphate. Aluminirm is commonly found in glazes
due to its presence in sand. However, trac€s ofphosphorus
are also found in some Egptian glazes but have noi so far
been satisfactorily explajned (Lucas 1962: 186-7). Repr€-
sentaEons of turqroise at the mining siles in ùe form of
cones, apparently ofpowder, not nuggets or blocks, tend to
suggest non- jewellery use.

Ourbest evidence ofancient copp€r exploitation in Sinai
comes lrom the Timna mines and smelting sites which
have nowbeen excavated and studied in considerabledeiait.
This mining àrea reveals ihe recoveryand locrl smelting of
copper ores from the €ourth millennium BC onwards and
ùe gradual development ol the merallurgical prccesses
employed. Traces of manganese in a Predtnasti. axe and
protodynastic copper bands hav€ been taken as evidence
thai ihe copper came &om Sinai (Lucas 1962: 2o9). Therc
is Ìitde €ùdence lor continued exploiration of the Sinai
mines dudng the Fjrct lntermediate Period, bur mining
vas re-started in the Elev€nth Dynasty and became exten-
sive in the Twelfth ry'llasiy, with an increasing documen-
taÌf record (Meìlado r99j). Copper nining activity at
Timna appears to have reached its peak during the Nine-
ieenth and Twentieth DrÌasties and r€presents the largest
scale EgDtian copper-mining enterprìse so far discovered
(Shaw r998). The Tinna mines were essentialÌy a series of
clÌindrical shafts which linked underground galÌeries. Ac-
cordine to Craddock:

The mines were sna11, shallow and, althoush lùked únder.
ground, display little evidence ofany overallmining strategy, orol
any knowledge of the possibilitles of lentilation o. drainage.
lcraddockr995:69)

Timna has been associated with the New Kingdom cop
per mines at Atika mentioned in Papyrus Harris (L€vene
1998). Workings at Timna appear to have ceased abruptty
in ihe time ofRameses V. Strangely, there is no evidence so
far lor any exploitation olthe Timna mines in the Late
Peiod - the period when the production ofcopper statu-
ettes and the like in Egypt increased exponentially. For a

general survey ofthe Timna mines see Rothenberg (1972).
ln Egpt itself, copper ores occuralong almost the entire

length ofthe Eastem Desert inio Nubia. There 1s a dusÉr
ofcopper deposits in the Eastern Desed inland ftom Sa.
faga, and between Safaga and Qusei therc are copper ores
with vadous lead, zinc and nickel associations (Nassim
1949: r4l 5o). The extent ofancient workings is stil1larye.
ly unknown, but the lead and zinc contents ofsome oftlre
ores might sùggest an origin for úe high lead levek in
copper glazes lrom Elkab in the Old and Middle Kngdoús
(Kaczmarczyk and Hedges r98l: 235). Copper mines of
ancient but uncedain date at el-Atawi/Wadi Siira (du€ ea$
of L1r{or) might have supplied workshops wjthin lhe rem-
ple compler€s ai Th€bes, where workers caùied out such
ambìtious commjssions as the casiing of the doors for the
temple of Amun at Karnak (as represented in the Eighi
eenth-DFasty Theban iomìr of Rekhmira, TTroo; Davies
r94li see Fig. 6-4. The Ptolemaic bronze foundry recendy
found at the funerary temple of Seti I at Thebes might well
come at the end ofa long tladition oftemple-based metal
working in the area (Scheel 1989: 44.

The Hammash area, nolih east of Aswan, has
chacop)yite (copper/ìron sulphide) ores with some asso-
ciaied gold. The ancient gold and copper workìngs in ùis
region include some which date back to ihe Middle King.
d o m ,  . t n o r  é a l i e r  r k l e m m  a n d  K i e n m  j 9 9 4 l .

On the basis of anaìyses of copper-containing glazes,
IcczmarczÈ and Hedges G98l) have recendy suggesred
lhat the southem Eastem Deseri was already being ex-
ploited in the Middle Kingdom, and perhaps even as early
as tlìe First D),îasty. Simpleores such as malachlre, cuprite
and alacamite (with Lhe deepei deposits ofsulphides with
zinc, lead and silver admixtures) also occul at samiuli ìn
the Eastem Desert, not far ftom Ras Banas (Anwar 19641
89 94). Lucas, folloving Hume, ca ed the mines in rlis
area'the most imporbnt deposits ofcopper yet discovered
in Eg}Tt', and describes the exlensive undeqround wo (
ings and Lhe general copper recovery deritus such as ore
crushers and slag. According to Lucas G962: 206 8), dr
mine at Abu Seyal was 'worked extensìvely' in ancient

Figwe 61 s..L.sÍofl the Thcbah tomb oJ the Eighteenth.Dynastl viziù Rekhtuira (TT1oo), showikg nttalwot*ing, ibcludifle the costibloJ



ìllnes. It has been suggesred that ai lcasr sorne of thc ore
ftom llis aì'ca was trealed at Quban, $hcrc there is abùn-
dant slag. A stclc fiom southcast of As$an refers to thc
ofrciàl Horwho hadbeen instructed b collect'copp--r fronr
the land ofNutrìa dnring the Twclfih D),nrsty (Lùcxsr962:
,o9J.

Thc associat jon of  gold and coppcr  ores is  not  unusuaì  ìn
the Fast€rn Desertand Nubi . r . lhe orc sampìes fo l rnd 3r  the
Old Kingdom smeltìng sitc at BrLhen arc pdmarity nlJa
chitei{ith a low ìron coDtenl, butthey havcbeen r--portcd Lo
have a remarl.ably high gold coùt--.t (cl-cayar and loncs
1989Lr). Ì'he copper derìved liom these ores is atso reporLcd
t0 have nrcludcd gold particles. but in vìcw ofthe ready
solubllity ofeold in copper ihcse resùlts havc been ques-
r ion€d (Craddocl r  and CiL,ml ja Mai |  r99l ) .  The ALrLl  Seyàl
ore, toweyer, appears lo be diflerenl lioùr thar sm€ue.L at
Bulen and a ùue southcrn source lor the latter js tikcìy
(e lcrvar  and lo - -s  ,989a:  j r  ao) .

Literary rcferences io thc irnport of copper jnto Egypt
fton the norlh sccm to occuf first during rhe New King-
do'n (Lu.as Ì962:  zo9) ,  and some of  rhÌs  L!p l ,er  u .
doubtcdly  o ig inalcd in  Cyprus.  Oxhìde ì rgors -  e lorm
charact€ristic of (bul rìot unìque ro) cypriot copp€r exports

are dcpicted ìn the Lomb ofthe F.ighteenth DvÌrasry vizier
Rek|mira at  lhebes (TTroo) .  I f  addì t i { )n,  the lamous
lueck fiorÌ Ulu llurun (TLÙkey) .ontarncd copper $,hì.h js
assum,:d Lo lìave bee. lradcd from Cyprus ro Eeypr rn thc
foul te, -nth ccntury BC (Bass r986:269).

Coppet and its olloys
ìieither nali!e copper nor the copper prodlrce.l by s|]lclltng

o o D  . .  t r . . o o p . l l , \  v , ) :  , , , r .  . l
vadeg of othcr rnetrlljc LrÌìpÙ.jties. rhe nrrue and
amou ts ol s4rich caÙ refiecl rhe geo.lrenìistry of the dc-
posit, lhe metallurgìcrl proccsscs used ìn cxrrlction and
s.etr g, and thc natLÌre and pLÍity of ary []t€ùtional
a l lor ing nÌctaìs.  The maior  lDd ùìnor  e lerneDtat  coÌ Ìposi
Iìon of copper or copper alloy objccrs carr thus provjde
potential chronologica and gcographicaì irìfor.rrnon, 1rl
cllldine evidcncc for authcnticit\'.

Tlìe terù copper !llor' as Lrserlhere covcLs a ivrte rallgc
0fa l lo is  in  s ' l ] jch lh€ predonì inant  metr l  ìs  copper.  rn mc
past the t,-rnr 'broizc was oftcn used iÙdiscrll]Ìùrately to
cover all copper alloys an.l eren copper rlon€. but rhc tÉrÌ m
bronTe is rÌiore corrcctlt limited 1o thosc rLloys which are
pr€domìnant l )  copper aDd t i Ì r .

Coppel
Sonre ofthe earlìesl ci{anìpl--s ofcoppcf objer ts froDÌ tgypt
- snrplc, lhÌÌs) ornamcnts and impìcrnerrts froln as earty
as the Badarìan period Ìniitht possibÌ) hav-- becn rÌadc
hom nr t ìve copper,  i .e  copp€r found in narur- -  jn  metaì t ic
fot]n. not as oLcs. l lowevcL Llìc availabjliry of nativ-- coppcr
jn carl) I$rpt might s,eìl have bccn ov,-rstarcd nÌ th-- !asi.
For cxaùrple an E3rl) D,vnastjc copp--r chjscl found ir
\ubla has a smal l  s i l \er  a.d gold coùreù which ted to j ts

ideniilication as natjve copper. I-ucas, how"-ver fclt that jt
was hjghly unlikelv ihat such a comparrtively largc object
couìd be o l  ratne coppcr .  l le  proposcd the use ofcopper
ore wi ih  a smdl  prec ious Ìneta l  associat ion (Lucas 1962:
2oo r) a vicw rìow supportcdb,v the proved associa tion l)1
copper and gold ilì some orcs as noted abovc.

The sìmplc orde' coppcr ore nìnerals, sùch as nala-
chirc ar'ìd azurjrc (both copper carbonates), have bight
colours tliàt woLrld:trrrct prospcctoÉ and rcqulre only
fai.ly elcmeùtary sìnclting procedurcs. Although cven tor
the sjnìplestores soncpre treàlmenr, sùch as hand soding
; , d ,  r . l  q  , p  p f .  ,  r o r  

' s . u l d , . v  , . . r  r p o e " ,  r .
Ìnaximise the yield (Doonan r994r 84 97). R,-làtjvely tolv
Lcùperàiurcs arì.l initìally slùrple crucibles \aith blow
pipes, later small fumaces, would sumcc. [xperimcnrs
havc slrcwn ihat copper can bc srnelted ùì clay crucibles
with a bank ofi|rce or more i,lowplpes. Up io 90 per cenl
.ecovcr) is possiblc wlth simple oxid€ ores such a rÌúlachjte
and no slag is produccd (Craddock 1995: r:6 7). Thc large
quantìtics of crucible lragrnenls. nìalachjte and aracaùite
and coppcr pdlÌs at Buhcn, but no slag, haye been iakelì to
nÌdicate cruciblc smelting ol coppe. herc nÌ the ta.ly Dyn-
ast i .  i re , iod (c l -Cayar and Jones r989a,  r989b;  craddock
r 9 9 5 :  r l o  f ) .

lf we accept that some ìmpuúties in thc copper, such
as afscnic or  n i .ke l ,  are indicat ivc ofsmel ted copper ores,
not native copper, thc nrtroduciìon of snrelied copper, al
beil fairly lmpure, rnust have occurred in Egypr by atrout
4oÒo BC. In lgypt  the lo$ i ron levc ls  (ayerage o.o l  per
cent) ihal we see in sornc of the earlicr preclynasrjc arÌd
Firsl D,$asty Egyptian coppcr alloy objecis probably rc-
l .  t -  r . o o l  D   

 

, : ; \ r  "  r . -  r r r :  " t " r , . r o r  .  r i r  p . r . .

More emcìer t  product ìon,  and the abì l j r )  to  exploì r
morc coÌrplex aDd lower gÌade orcs, re.luired higher tem-
pi : ra iurcs aùd a t roced| l re terr .ed ' f luxnìg the prcsence
or addìtion of materjals to aìd the nìcltìrg rnd scparatbn
of th-- coppcr. Iror oxìde was ttre gencral flrx. Thc sncìt
xÌg ol'oxide copper ores lvirh iron oxidc results ìn rhc
fò ì ratur  ot  a nìass of  main ly  ì ror  nr incfa ls ,  the s lag,
and the redrLccd coppcr. 

-rhìs 
copper is eithcr produced as

srrall prills lvhic| are r,-trìevcd by crushing rhe mixed
nrass of  cn ers ind s l3g,  or ,  i f  h jghcr  k  rperr rures ove.
lo.ger pcriods are obtainable, r!ìll aornì à fuddtc ln the
bas,- of thc ll]rna.e which rvill cool io gire a plano-convcx
or  bt rn jneor .  CLaddo.k ind Meeks ( r987:  r87 ,oa)  h3\e
dcscrib,-d ihc snnpl,-st qpc.J1 carly coppc|.srnetring shafi
llrfrace as 'probably the sizc and shape oi x smat up-
turncd bucket bul lacldng ìts botlorn.' we nìight àssumc
lhnr bag bellows superceded blowpipes for copper smelt
ùrg. Holvever, therc is little certain eridence lor belloss
fronr Fe,lpt urìtil pot bcllows appear in the \4ìddlc Kjng
don (see p. rf7). lylecorc caÌculated ilìar rhc Dlaro-conve:
ingols produccd at 

'linrna 
11ì rhe more sophisticated shaft

Iullìaces of tlìc Ncw Kìngdon w,-ished b€t$,een abour

r5 l



ì52

three or four kilograms a stightty hìgher eshmate than
Merkel F995:22).

Simple ffùxingwithslag productionwas in use arTjmna
in Sinai by the end olúe lourrh mitlennium BC and was
soon fàirly univelsal in the Easiem Medìtenanean world.
I  .  inh-odL. r ion rn o I  gypr r .  e\  dei(pd by a .h"rp ,  "e .n
- 'oi  le\èls { lo qn a\è-agé of lLrou- o.Ì  per ,  Frr,  .cèn, ro
h:ve occx ed duf lng the se! o.  d Dt r"sh {Cr3ddorÍ  I rE):
C r 3 d d o ( k  a r d  \ 4 , F t . , 9 8 7 :  1 8 /  2 o 4 : ( o $ .  

 

r . ) 8  : c ; J d
dock 1995: r37 4 o). Recenr invesrigation of slags ftom Bir
Nasib in Sinai show the productìon ofunfluxed copper in
Predynastic times and the use of iron ore fluxes by some
unspecified time during ihe otd Kngdom (el-Gàyar and
Rothenbery 1998; Craddock 1995: r3o r) .

Th€ copper prcduced at the Old Kingdom smetring site
at Buh€n has an average iron content aiound o.5 peicenL
(el-Gay and lones r989ìJ) and rhe overlife size Sidh_
Dvrà' ty "rr tue of teoi  I  is.  d,Lord 

 

I  to $ha i .  prob:Lt)'hè n osr Fl i : t r ìe : îaì \ . ' .  'o dare tDe.. ' r  rol8).  atmo.
pure copper with o.7 per cent iron, enoush to indicare a
true fl1xing process, and Ì.r p€r cent nicket. ctadstone
and Lucas also analysed samptes of the pepi statue and
both repoÌted high puriry copper and no rin (iucas 1962:
214).

Vore effr  en-,  ooper proJuLhon u"s possi) te h hén t t-"
. l : S , o u l d  b e  - u r  o f l  u h i t e  n " r e n  r , p o " a - s i , g , u r r a . " s
o'  rh i \  r !  pe ,  Jn proLJLì) be da,ed rn he sir  dr ro t l  è rrnè of
the middie to late New Kingdom. rt is noteworthy rhat the
average iron levels in Egyptian copper altoy objects drops to
around o.14 per cent by rhe Late New Kingdom. There are
various possible explanations for this. It coutd reflect the
introduction oltapped slagfurnaces, the switch to sulphide
rather than oxide ores, or, possiìrly, the employment of
manganese laiher than iron Quxcs utitising the extensive
manganese mìneral deposits jn ihose areas lRothenberg
r97z: 232. BachllÌann ry8o: rol l4).

The introduction of more emcient copper-production
rnernod. Lould help, xp'à r  rhe "xporenr ar in,  rna..  i r  crsr
copper alìoy objects during the Third rntefmediare perìod
and Late Period. Sulphide ores were undoutrredly smelied
by thjs rime, alihough dìe oxide ores, when avaitable, were
also still utilised. The smetting of sulphide ores wj| pro,
duce copper with, in theory, Ìesser amounts of rrace el
cments such as arsenic, antimony and bismuth. For sul
phide orcs, prior roasting is required and sitica, ror srmpry
jron oxide, usually has ro be presenr as a ffù. The fiìct that
concertina bellows appear to have been inù.oduced in ttìe
Near East in the first millennium BC might have ajded
copperas welÌ as iron production lcraddock r995: 18r-l).

Pure, or near-puie, copper is not easyto casr ìrecause it is
prone to gas bubbles and tends lo shdnk, thus producing
poor definìtion, porous casrìngs_ NeveÌ1heless, some sur-
viving Ègptian objecis ofhigh pùrity copper dating right
up to the New Kingdom show that the smirhs were able to
cope with consummate skjll.

when first smelted some of ihe iron ftom the fluÌ wlil
enter the copper which will thus contain several per ceft ol
iron- as seen in Laie Bronze Ag€ copperfinds tuo1n TimnÀ
LF\cl .  of i ror up lo I  o /  pFr (èrr rre
Egyptian copper :ìlloy objects, but hjgher iron levets up t0
ro per cent or so can enter during smetting mate the
copper almosi ìmpossibìe to casr or hammer. The copper
has to be refined to remove atleastthe majodty ofthe lron
It is quite easy to bdng the iron contents down to aroùnd
o s pe'  cenr b) s mpl) re '- ing the ,  opoc- Jnd s(oopingoft '
lhp o\ idiséd impufl  iF( f rom rhe curtr(e of drc melt  An
ingot found in the wadi Araìra, some way ftom Tinna,
shows that jngots lett rhe smelting sjres in unrefined siate.

Copper objects with several per ceni iron occuf spondi.
calìy dght through Egyptian history. Examples include a
rifth-Dynasty amulet (Brunton €t d,. r927:69)witharound
b.5 per cent iron, and a fine, holtow-cast head ftom r
statuette ofa Ramesside pharaoh with arouno 9j per cen
copper, 2 per cent lead and 2 per cent jron (Schoske and
wildung r992, z2r-2). We can probably assume such jror
contents are lortuitous. A coppeicat in Hamburg has b€en
reported to contaìn almosr 12 per ceni iron (Riederer1988:
7). Such an alloy would be exrremety difficujt lo cast and
perhaps needs verification the possjbility of contamina-
tion ol iron from another object or iron wire core suppons
(see p. 159) should be borne in mind. However, \ve can noE
ihe intentional copper alloys with up to 20 p€r cent or more
rron met with in lron Age ttaly and elsewhere (Craddoù
and Meeks r987: i87-204).

_ Nickel is a common impudty in ancieni copper aroy
objects ìrut usuaìly under about r per cent. Higher nickil
contents are most tj?ically lound in zinc-containingcopper
and ùus seldom encounrered in Dynasiic Egyptian objects.
Other |Iace elemenrs in ancient Egptian copper and cop.
per alloys include bismuih and cotralt.

Copper-arsenic alloys
Arsenic js pr€sent in many ore lypes and there are at least
tEces of ars€nic in most ancient Egwtian coppeÌ and
copper alloy objects. Arsenjc presence resulN ù, ne pro.
duction ofwrought coppcr of far greater haÌdness - a vilal
o,ooprry to.  implcmenr. anr:  atso grearJl
ia,  i l i  r tesLasl ingtry\àLsrngúre no.reì nerat rof lowîorc
easjly. The convention is rhat copper objects wjlh nore
than about I per cenr arsenic are regarded as representing
the delìberate use ofarsenic,rich copper ores or the inten.
l r o n d l . o m b i n i n L " f  " r . e r ' .  d n d  ( o p o e r  o r c .  I  \ r u ù , c \  r 9 9 4 :
- 4  ) 1 .  A l m o s l  . F  r i n h  r h è  h i g h e r  a ' s e n r .  l " r e t s w l i c , . a p
pear during the Old Kingdom were noi fortuitous (Kaa
zmarczykand Hedges r98j:71). Up ro 7 per cent was fourd
in :rxes in the British Museum (Cowel 1987). Analysjsof
blue copper-based pigments from more dran-r ro wendated
Egyptian tombs not only confirms the view that this pig.
meni was made from scrap or ìry,product copper as
Vitruyius (De Archirertura VIt, Ch. XI, r; see Morgan r9q)



laier states but also provides corroborating chronolo!.tical
inforÌrìltion. Arscnic is found first in copper-bascd pig
merìls h the Fjfth Dynastl G-l coresy .r al. r998).

Thc lìcquent associarion ofhigh arsenic with low lc!els
ot  othcr  lmpur i t jes js  an argument  in  Iavour of inrent ional
rddìtio.s ratlìer t|an thc use ofan enrichcd ore type We
might cxpcct iìùenlional ùse of àrsenic-rich copper orcs
ftom l. e:rly period lollowcd ilÌ time by dclìberat,- addi-
hoÌìs of arsenic ores to coppcr or copper orcs. llow--ver,

r o , , l ,  , J e l  . d . i r  ,  i . , , r . ' r  p  u r  c r l
inalylical methods.

Arìd,vses havc scldon relealed any definite disccmible
dìficrcn.e behveen arscnic conteni a|d nÌtended usc we
sould crpect bw arscnic levels in obiccts that would bcncfi r
ftom a sofÌ rather thar a hard alloy ì. nìarìufacture. on lhc
other hand, the àtt.a(tivc silveÌ col.rù ofafsor'ìrc rich cop.
per was onc motive for its usc, regardless of rhc liùrction or
mode ofmlru iàcture of the objcct .

^rseni l :  is  sL i l l  preseni  in  r ìo t i .cable amounrs m x nano
lu lof [$pi ìar  coppcr  and coppcr  a l loys in  thc Nc\ !  ICng
donr. I t js  í (mnd ìn copper basedpigneùts up ro Lhc Lrneof
Hi tshcpsut  (e l  corcsy ct  "1.  r998)  Arscrr ic  levels  ln  post
New KrÌgd.ìrr copper alloy are rr-picall,! less thrn nbout I
percenl .  Whcn h igher  lcvc ls  occur  ihcyafL.presuru! ,y ,xr
dre nuìf, foùLitous. However, Rìcdcrcr's aìr:rLyses
lRÉderer  r978b,  198r ,  ,9E2,  r98J ,984.  r98t)  s l rcs,  t l ,a l
Late Perjod cat figÙrines and car heads appear to have hìgh
arscni. (ontents more often Lhan úight bc crpccred by
prlre chln.e Schors.tr (1988) has also referred ro a Lrte
Pcriod.at head wilh a rotreaÌrle nrs€!Ìic conteDt The hvo
higlrcsL ar-.enir Lelels re.or.led b) RÌcderer in post.Ncw
KingdonÌ objects (4.r1 pcr cent ànd 6.19 p.r cent) are borh
in ligurcs of thc voung god I lalpoc.nlcs ind xD rnrenúonar
rolour cholcc seems possible, giver thai childÌor wcrc
rcndered \rith paler skin tlìan adtrlts iù FglpriaÌì rrt.

It is perhaps roÌevant that afscrìic blsed pjgmerìt (orpi
' '  1 "  . . - p r r J l , r l y . r 1  I  . , " .  , o r  ,  r |  , . r è

Ìn lgypl durnrg lhc AÌnarDa Period, lhc very timc at $,tnch
the usr ofarsenìc jn copper alloys bcga to wa.e. Thcre is
no.lrdcrìce thai rhc :ìncient Égr-ptians kuew arscnrc ùì
lneta l l ic  lorm a state ofaf f : Ì i rs  para lLc lcd nr  Nfcsopora 'nì r
lMooÌey r994:  24o) ,  a l rhoush s lLpposcd crarrp,es , iavc
been. i ted Ior  the an. ìe. t  lvor l . l

Artjmony is :ì ftequent associÌt,- of arscrìic ard also
apptxrs rs r trrcc ele.n--nt in nìost Esr-ptian coppo llby
oblcc ls .  ALt imony l ìas a s im j la .  hardcdnrg efecr  io  that  of
arsclri. on ()pper, bLrL the inte.iìonnl ad.lition ofarìrlrnony
js rnlil.cu iÌr rgypt unliÌ tÌìe New K ngdon, aftef shich it
mighthave been used onoccasbn pe rh a ps conlused wiLh
hr. Ancicnt lgyptir. coppcr or copper alloy obj-n:ts witlì
oler xbour r pcf cerit xntinror4 are u LsLLal, buL occasìona1
lerels up io al]nost 4 per cent oc.uf e!en jn lhc kte t,eriod
lntcrlstùrgly. Ricdcrcr's an:rlyscs include only tìve
exar Ì rp leswl th ovcr2.5 percenianl imony lwoofL l Ìcscare
thehlgh arsenic Harpocrates figuri-s lÌÌcÌrtn)ned abovc.
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Coppet-tin alloys
Whcn copper ìs alloyed wiih tin Lhere is a notìccable in
creasc i the hardncss a d poieniial drarpness oî copper
allot tools.rnd weapons. T]le melling t€mperarure drops
Èom r,o8l'C (pure copper) to r,oo5'C 1òr copper wìrh ro
per cent tin. Tin also grcatly increases thc fluidity of thc
molten rnctal, thus facìljlaling castjng. îrc etTects are ror
dìssimilar to those produccd by ars--nic addiriolìs, but are
lnore dramatjc and without lhc vcry real ioxìciry hazards.
Arsenic addìtions, lrÌtenÈonrl or not, permii berier casring
than pure copper, but the largc.scale productìon l]1 fìr'ìe
quality crìstiÙgs mighthave had io a\\ialr the inlroducrionof

As witlì arsenìc, around I p--r cent tÌn is usually iakcn ro
be lhe dividìngline trehvcen accidentnl and deliberate pres-
ence. Tlìc d€liberate addilion oftin (though presumabty jn
the form ol  an orc notmetal l ic lnù tocopperhad oc(ured
i r ì  some par ts  of the Near Easr  by tooo BC. T l |  levels  of
oler r per cent have b,---n found iì scveral Farly Dynastic
obiects *idr thc hlghcst reported lcvels to date bcxrg 7 per
ccnt a .t 9 per cent respectively uì a ewer and basìn Iron
the lomb of the Sccond Dynasry king lGasekhenìwy
(cowcl l  r9E7r kaczmarczyk and Hedgcs r98l :  78) .  wc can
also noLc thàt Berlhelot (r895) lound almost 6 per ceni tjn
ir a Sjxih'Dlnasty vessel. DcÌìberatc coppcr rlrìalloys (trÌre
'bronzes 

)wcro st i l l  dre rn inor lq ù the Middle Kingdom.
Exarnples jncludc the s]lperb Mlddle Kingdom hollow casr
f isure ofa maD, now in the l .ouvre ( r27r5t ,  wùich conta ins
:Íound 5 per cenl tlrÌ arì.1 aboul I pcf ccrÌt arsenic (Dclange
Ì987). Berthelot notcd just over Ì6 pcr ceùt tìn in a Tw€lfth
Dyr a s ty bracelet fra gÌncÌrt fiorn the DahslÌtrr treasurc (Bcr-
thelot  rE95).

Coppcr^ùr  a l loys st i l l  had to shrre rhc stagewìth coppcr
arrd coppcr  arseni r  aì loys m the Nes'K11ìgdorr .  A Thl r l .
rnose ÌV statuet te in  the Br j r ish \ , fuseum (BM t^64564) is
ahno-d pufc copper (Craddock r985), a.d Lucas remarked
that thÉie was slill rnor,- (:opper lhan bronz€ ìn thc tonrb ot
Turaùkhrmun ( l .ucas r962:  22o) .  Wc can a lso nolc thxt  t in
6rst occurs iI coppcr-bascd pignìerrs duing the reign of
Thulnìosc l l l  (e l  corcsy r t  a l .  1995:  l r ) .  f rom the Rarncs
sideperiod orlvrrds, tìn is prese.t in thc nìrjority of coppcr
ai loy objcc ls .  Ix leres i lng ly ,  the arsenic conrcùt  of .opper
.tlloyobjectsdrops dramatìcall) fromthe Nc$' Icngdorn on,
a d is Ì.re aftcr that time. Thc way ì 

 

whìch tm (and l,-rd
scc p. r54) ousls arseÌÌic àl this tinìc ls nrat.hed clsc$,here
ir lhc Old worLd and is a stronil argllm--ni rhat carlier
arscnlc ad.litions wi.fe ìnt--ntio.al Anatys--s of tgyptìaù
glazes also sLos'thal lrr becarne far rnorc rcadily availabtc
.lurìnil llìc Ne$,Kifgdon. This rgrees wirh the suggesrron
lhai  th .  nddi t io  s  k) .opper a l lo !s  s ,ere now c, I  ù ìeta l l jc  r in ,
Ì rot t i r  ores This.or  dalsocxpla intheappcaranceofother
rnùsull tìn alloys nr ù-- Ncw Knrgdom (see p. r7r under
lìn). Tlìe sourcc or sources of thc tiÍ, howevcr, arc snLr
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Thc majonty of Eglptian bronzes have up to around ro
p€r cenl tin, as is generally q?ical in antiquity, bùt there are
occasionalìy higher levels though very rarely over about r6
per cent. There are som€ possiìrle chronological variations
that desene fuÌ1her resea rch. For example, there appears to
tei dip ln averagetin contentinThird lntermediate Period
objects, whilc Ptolemaic and Roman-period obiects more
ftequenrly have higher tin levels than hilherto (Kaczmar'
czyk and Hedges r98l: 9o). Highlin contents will produce
a copper alloy with a silvery colour, indeed a late P€riod
me ít in the Fitzwilìiam Museum, Cambidge (EG4.54.-
1949) is of over 90 per ccnt copper, while its 'Electrum

inlay is actually composcd of a copper tin alloy wiih iust
over 2o Per cent tìn.

Corelations between object tunction and composition
also dese c fufther study. lt is only to be expected thrìt
there should be distinctìons betwcen, say, weapons and
decorativc ob'ects due to workìng properties of rhe alloys
(i.e. some alloys forming better castìngs, and some able io
be hammered and work€d toprovide sharyer,more durable
cdees). Hovever, we can also suspect a far wider range of
less obvious distin.tions, some perhaps based on colouror
susceptibility to surlace lrealments, others due to slm
bolic'reàsons. For example, the programme olanalyses on
tools and weapons in ihe Bilish Museum revealed that
model tools could match the composition of thei func-
tional counteryats, althotlgh the high purity copper oî
three models of agricuìtural tools from Tutanlùamun s
tomb and ofeleven models of tools and weapons fiom ih€
Fifih DFasty suggest that this was not alwrìys irue (Cogh'
Ian ry7t: 64-7: Maddin ri al. t984: ll-4r). The potenrial
colour relationships are paticùlarly intcresting. For
exampìe, among Riederer's recent ànalysis of some r,2oo
E$?tian copper alloy objects, only three statueltes have
over 16 per ccni tin alÌ three are Egures ofthe child-god
Harpocraies. This suggestion ofa link between a pale alloy
(see also copper arsenic and antimony alìoys p. rt2-l)and
ihe rendering of a child'god s sldn, ralses the question
about the lactors involved in alloy choice. Sadly, again, far
too fewexcavated copper alloy objects are propcrly studied,
while those currently jn collections have often undergone
extensiveand frequentìy poorly recorded cleaning and con-
servàtion treaiments which will have often destroyedmuch
ofthe evjdence for odelnal surlace.

In this conte\.t w€ can note recent analyses ol New
Kingdom srirrup-shaped jìnger rings, including unpuìr
lished analyses by the present witer of examples in the
Fitzwilliam Mus€um, which show that they are t}?jcally
true lrronzes with 8 ro per cent tin (sce Citeon ry77:
66-70). It must be assumed that such objecls were pro-
duced wilh, or soon obtained in use, polìshed metal surîa-
ces. The electrum lìke coÌour of the alLoy would resemble
that of lhe similarly shaped gold alloy rings. Thai ihese
ings were intended for use in life is provedìiy the consider
able degree ofancieni wear on some etampl€s.

One conundrum is ihe eÉstence ofcopp€r objects con.
taining between o.r per cent and r per ceni lin. Mrted
copper-tin ores are rare, and analytical evidence from
Timna in Sinai fiom samples ftom various stages in the
copper recovery process suggest ihat even such mimle
amounts might well have ìreen additions. such low l€lels
would have no noticeable e]l€ct on the final hardness oI
working properties ofthe metal, butthey might have facili-
taied casting by deoúdisÌng the alloy (Craddock I98o).

Coppet alloys with lzod
Between r and l per cent leadin a copper al1oy $'ill faciÌilah
casting without detracting from the strength of the alloy.
Thus while up to about 2 per cent lead can Lre foftuitous,
leàd levels as low as r percent might sometimes be delibel'
ate. This is indicated by an apparent correlation oflead
conient with copper-tin rather than copper-arsenic alloys
p-.or ro rhe l rre \e$ Krngdon ,CoqFl l  r . )8-) .  Érd'
examples includc the Second Dynasty copper tin alloy
ewer and basin mentioned above whìch both contain over t

cenerally speaking, the addition ollead to copper alloys
is rar€ before lhe Middle Kingdom and lead levels ovel
aìroui 2 per cent are rare prior to the late Nevr' lcngdom
Thc 16 per cent lead recorded long ago by Flight as being
present in a FouÌrl-Dynasty coPPer alloy statuette Ìs pre'
s u m a L , t  a . : s .  o l  n  s r J l p n  d a l i r g  t r e e  R ' e d e r " r  r . 8 r
table r). However, Iìrstly Phillips did report 8.5 per cent
lead in an Eìevenih-Dynasty object (see Rìederer Ì9Er:
table r), ànd secondly two Eleventh-Dynasiy copper alloy
cylinder seals ofMentuhotep, now in the LouEe, have b€€n
analysed and shown to have a high lead conient (Vandier
1968). Ii has been stated that an jnlaid crocodìle statuette
in Munich (which odginalcd with the same dealer as the
Louvre/Ortiz Middl€ Kingdom copper alloy statu€s and is
thus assumedto be part ofthe same Middle Kngdom find)
is a leaded alloy (Scheel 1989: 44. However, ihe contraÌy
view (Delangc 1987) has now been shown to be correct
(ciumlia-Mair 1996). A leaded aloy frgure in the Louwe
d€scribed as of Second Intermediaie Peiod date (Delànge
1987: 176 7) is perhaps, on stylistic criteria, a later arcla'
is ingwork.

The deliberate larger scale additjon of lead to coppel
alloys is generaly defined as marking the transiiion to the
Lale Bronze Age in archaeological terms. High lead levels -

upto 2t per centor more in somecases lower the melting
point ofcopp€r, ìncrease the fluidity of lhe molten metal
and r€duce porosity. tuound 25 per cent lead can lower tle
m€1ting tempenlure of a copper tin alloy to less ihan
8oo'C. Lead thùs facililated the produclion ofthe ubiqui.
ious cast copper aloy objects of the frrst half of ihe 6rst
mjllenniùm BC, bui was an unwanted presence in alloys
intended lor €dged tooìs or weapons.

There are perhaps occasional highlead objects ftom ihe
Eighteenth Dynasty, such as a vase wiih almost 15 per cenl
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j i î t * Ì t i ; i Fiqùre 63 Plat o.f rhe Ùosy'hap.d
orea at the Dett@ site of Qùntir.

, 
The best-known metal,working scenes are ptobabty

those on the wal1 of Rekhmira,s Eighteenth-D).rìairy tomú
ar ThFbes {Tlroot Thes. show,arrous 51.r" ,  .n ""  1"rr .
scale product ion ot(oppe ar loyobjecrs- f rom úreal l i ralol
l f€ ingots ro lhe ca.. ing of a renple door (Davics 94J:warnwnghr 1944: 94-E: see Fie. 6.r) .

The 
-ubiquitgus copper aÌoy statueites represenrng a

neaf-infinite seledion of Egyptian deities are aimost invàri-
abÌy ftom temple not funerary conte\rs. Enormous quanti-
ties ofsuch statueites have been tound: Garlard and Binnis
ter (1927: 8l), for instance, noted how the draining ofrhe
Lake at Kamak provided atmost a glut of certain ;ieties,,

and simiiar forruitous finds have sometimes flooded
antiquity market since. A cache of more thal roo
dÌo\ f igur inÉs $a, ex(avared ar Noah Saqqrra in
{Fmery r97o).  Unforrunare,y.  despire the quart i ry,  q
and Jtmo)r pr is l ine condit  on of ùese pieces {
examphs fad beer wrapped in l jnen).  a proppr srud)
leLhrology materi3l or sUrfac. has never been canreoor

su(l  cdcles {pJ,dl leted in srore scutpture) docal
.Leslron anv genérat poti() of recvctrng sacred col
al lov ol iel t . .  nr is would suggesr thal is1ple yorL
requirFd a steddy source of nè$l)  mined rdw mareìal .
a review ofEgptian glaze compositions, Kaczmarczyk
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Hollow castings are made by modelling ihe 'wax' around
a .entral core. Hollow casting woúld not only save metal
but, as Becker st ai. (1994) have recentÌy pointed out, it
would also result in less potential shrinkage and tlius ìess
distofiion in the mould. The interior core was perhrìps most
usuallymade from the same sandy clay/organic material as
the investment. Such cores tun black on casting when the
oryanic matter plus any absorbed waxes or resins burn.
Blackened cores ol this type are typical of EgDtian and
other ancient hollowcast copper alloy objects. There is
potential for the dating of such cores by ùrermolumines-
cenc€ techniques (Riederer r978a). other core materials
include gypsum, (presumably plasier suggesting ùLat such
a material might also have been used for some invest-
ments), calcium carbonate in some form or other (conceiv
ably cawed limestone, see Riederer r982r lo) and even
wood (Schorsch r988). Some.oies inside animalngudnes
were intended to be removed after casting, in ord€r to
permit the insertion of a mummified animal (lett s, a,.
' 9 8 5 ) .

Lost-waf, casting was used for copper objects by the Old
Kingdom. The use of casting for large-scal€ objects, such as
t h e  m o r  u t p n t a ,  r a  u e .  o f  , e p  I  " n d  h r .  s o r .  r e n - r i r s
unproven. carland and Bannister G927) s uggested that the
fine shapìng and detail of Pepi (evident in the best photo-
graphs), together wiih lhe thickness of the meial, wouÌd
make hammering a mosr unlikely option. Assembly of
several sepalaie castings would be the only option here, if
indeed casting was used. carland and Bannìster did note
r h F  v  s  b ì é  v e . ! s e n d e n , e f o : a . . e r b l r  r , u m ( a \  s e , -
tions, but presumably hammered components wor d also
require rivets.

Early lost-wax castings include the separately made and
inseted spouis in some Old Kingdom ewers which date
back at least as far as ùe Fourth Dynasty (carland and
Bannister r927i l5 i  Lucas r962:2r5; Schorsch r992).
These, ofcoure, are hollow and thus rcpresent the iniiial
stag€s towards the production of true hollow-cast objects
(No{àl and waly 1998).

Exceptionally fine figural hollow casiings in .opper tin
alloys had appeared by the Middle kingdom as witness
the magnìficent Fayum flnd which included the Louvre
statuette mentioned abovc (p. r5l) (Delange 1987: ,rr Ìl)
and the statuettes now in the Ortiz collection (Ortiz 1994:
cat. nos. jl 7). These magnincent hollow-cast statuettes
show rhe ingenious muìti,part assembly methods used
even as early as the Middle Kingdom. The Lou!rc standing
male figure has slotÌed-in arms and inseried lower legs and
the laree Ortiz 6gure ofAmenemhat ÌlI (Ortiz 1994: cat.
no. j6) has boih a separate wig and arms held in place by
vertical slo$ed grooves. This use offrne, thin walled, hol1ow
casting and mechanically interlocated sections shows a
level of fine bronze working skills hiiheÌ1o not expected
prìor to the Ramesside or'fhird lni€rmediate Period- Here,
as with manyofthe finercastìngs, ii ìs diflìcultto gaugethe

extent ofhand working. The larg€ female consolt fiolnùe
sam€ $oup, and aÌso in the Oriiz collectìon (Odiz 19941
cat. no. l5), is just as flnely hollow-cast wiih a core stil in
place (the wals of the arms being only around four mil.
limetres thick).

Most copper aloy statuettes ofthe Second Iniernediate
Pedod and the eart New Kingdom appearto be solidcasl
Dataì:le examples include one ofthe Second Intermediaie
Pedod, now in Brooklyn, depicting a sqùatting, nwsing
mother, her uraeus and the inscription idendrying drc
g"oup rs J 'o)al  pr rce..  and h"r sor .  f l Ìs i .  a.onsurn.
mat€ one-piece, solid casting, perhaps a copper-tin alloy,
with plenty of negative space and with post-casiing iand
worked deiail and inscription (Brooklyn 4l.rt7).

The deafh ofearly and mid-New Kingdom copper ailoy
figures, either solid or hollow cast, is quit€ remarl(abh
(Vassilika 1997). It is noteworthy ùat the majoriry ofdr
surviving exampLes are royal - although, of course, tÌrest
are the most dateable category and other non-royal
examples might well reside in collections with later as.
cribed dates. The examples include a 6ne, solid-cast knee
ling lìgure of Thutmose lll in black bronz€ (se€ p. 160l
vith gold inlays, which has recently been acquired by the
Metropolitan Museum ofArt, New York (r995.2r; see Hill
r99t and the British Museum statuette ofThutmose IV
(BM EA6a564)which alsoappears to ìre solid-cast. As witl
the New York piece, the arms are separate and located ovet
square dowels projecting horizonially from the shor den.
There is also caretul post casting handwork.

Fineho owcastings, on ihe tasis ofilìe scanty evid€nce,
appeared again at the end of the Eighteenth Dynasty as
witnessed by a black bronze kneeling 6gure of Tutan
klamun now in the museum ofthe University of ?ennsyl
vania, Philadelphia (Fishman and Fleming r98o). In ùe
Ramesside period, copper alloy sculpture began to become
slìghtly moÌe common. Three fine examples can be seenin
ihe Metropolitan Museum ofArt, NewYork. Oneis, agarn,
a kneeling fìg1lre, perhaps solid-cast, thjs time of a nÌn
wearing charactedstic Nineteenth Dynasty garb (Hayes
r9t9:182). Th€ others are a standing figure ofa shaven.
headed priest and a late New Kingdoln, hoÌlow,cast smau
heàd wirh inlaid eyes (Hayes 1959: l8r-t) A ftagmenhry
rather thick walled, hollow-casi figure illustrated by CaÌ.
land ìrears the caftouche ofRameses lV (Garland and Ba$
n\ster r92j :47-81.

As noied, complex objects were tpically made up from
separaie components - sometimes palt cast, part wought

and generally joined by mech:ìnical methods. Of these
mechanical techniques, the simplest example are riveh as
t}?ically used Îor such purposes as attaching vessel end

The most common ancieni joins on figudnes are tlosr
connectingthe anns to the trunk and, as might be €xp€cte4
th€ rypes ofjoin employed tend to mirror ihose found in
woodwork (see Chapter 15, this volume). The simplest an



lust pegs or dowels, but there are also many vadatrons on
lìet€non and morlise joint, often with wedge-shaped slots.
lust wh€n wedge,shaped rath€r rhan straighi pegs or
lenons were developed remains uncedain. A finc Middle
Kinedom m3le figure ìn thc Louvre has straighi tenon
sh0ulder joints (DeÌange 1987: 2rr-rl), as have the oniz
bre€ling figures o{Amenemhat III and his consorl (orriz
I994rcat. nos.l5 and l7). Once assembled, jointlines could
bedrsguised by hammering or burnishing or concealed by
chased derails such as arm bands and shoulder straps.

ln th€ Late Peiod, one-piece castings were more often
used, again.ln part this was a resùltofthe typically simpler,
0lten cruder, forms, ìrut it was also tfte that the Ruidìty of
dre nowpopular heaviLy leaded alloys p€rmitted more com-
plexshapes to be cast in one. When separate components
were required these were mosl often arms - one or both
hing made separately and added, depending on size and
$€. An overlife-size head of a pharaoh now in Hil
desìelmwas formerly identified as a Ramesside ruler butis
in r€aljtl almost certainly a Twenty ninth or Thìrtieth
Dlnas4 pi€c€ :ìnd a rare example of near monumental
hollow casting (Eggebrecht 19 9l: 9 o-4 .

Soldering or bralsing was very s€ldom used on copper
a oy objecis in Egypt during Dlmastic iìmes and perhaps
rèvè br r l l rchrng hé tar ioL. .o-npon.rrs ol  sr l rrJehe\'Ih€ ùse ofa silver soldcr for copper has been reported for
ioining sh€et copper as early as the Fouth Dynasty, when
ùis 1€chnique was uscd fòr ùe copper sockcts of
Hetepheres canopy supporis (Lucas r962: 2r6). The scam
ola copper (or bronze) trumper from the romb ofTuran.
khamun is simÌlarly assembled (r"ucas 1962: 2r6) and the
tdrnique is sporadically reporled lor othcr tlmes and pla-
cesin the ancientworld (ogden r98Ua:67) Bothsilverand
kad were used to plug working defects in an Eighreenth
Dynasty cow vessel a category of object that represents the
nreuse ofcasting for New lcngdom flgural otrjecls lwìn-
lock 1916: 147-56). The presence of solder on Egypiian
copp€r alÌoy stafuettes is usually indicative ofrecent repair
orfoÌgery. Castìrg-onwas sometimes uscd (see below)and
lherecentreporl {)1 the feet ofa Third Intcrmediate Peiod
iemale statuette being 'welded' on might, rarher, ìre an
exanple ofthis (Raven r992).

Roeder noted that the wax models used to cast lhc ubi-
quitous Egyptian copper alloy statuettes, both solìd and
hollow, could be made up from scparately lormed wax
conponenis torsos,limbs, heads and so on. This would
be the natural approach when the figures were be[g erur e,
ly hand.modelled only the simplest forms could be cre
aled ftom a singìe iniii:ìl block ofwax. -rhe improvements
in precision and the possibilities ofmass producrion per
mitted by moulding or casting ihe wax componenis l\iould
be a natural next step and the usc of plaster moulds to
Foduce a series of identical components (or occasionally
corìplete figures) is probable. Receni study ofcopper alloy
figurines in Leìden appears to confirm ihc use of pre

mouldedwarpaì1s in jusi this way (Raven r992).
The Leiden project has also identified another casting

process which is well-substantiated ìn antiquity in general
but seldom r€poded ftom Egypi (carland and Bannister
1927: 69; Raven 1992). This is casting on', a process by
which a delìcieni or missing area of a cast is moulded in
wa! onto the existing metal objectand tlen the whole area
coated with the inveslment and new metal cast in. The
apparent presence ofthe iechnìqueon severalobjects ìn the
Leiden collection suggests that the procedure mighi have
been r€latively common. Another Egyptian exampLe is lhe
caston base (to a raised vessel) recently desc bed by
Schorsch G99r: 145-59). Care mustbe taken in identifica,
tion. It can be difficult to difFerentiate beween casting on
and areas where two way components ofthe orìginal cast
ing antetype were ìoined, perhaps with crudely added or
smeared-over wax. Metallographic study ofa sectron raken
from the area i  l -e L,cn Curoe. ìJ to oL\ ious redconc
seldom resorted to-

Suppori for th€ cores du ng lh€ production ofhollow
castings also needed consideration. Supports were not re,
quircd ehen hollow castings had openings (€.g. on the
underside orthe bodics or at joins in mùlti-part oìrjects),
because the core would have been in direct contact with,
and thus held in place by, the surroùndìng jnvesiment.

Holcs cut in the wax would create contactpoinis beiween
core and inveshentand provide ihe necessaÌysupport. Tlis
mightexplain the mysterious so-cal1cd'dowel holes' both in
the Philadelphìa 6gure ofTutankhamun mentioned above
(p. ,58) (Fishman and Flemins Ì98o) and in a figure of
Min-Amùn in the Fitzwilliam Mùseum, (E49b, r954 Vas
silika 1997), and alihough this cannot be proved in Egypr,
such a technique was later used by creek metal-casters
lHayncsr992:7o 4. Theholcs left in the final casiing could
L , e D  u g g . d o r , o r , e r l . d  u .  d e r  g c s s o : r r d  g i l d  i g .

Late Period copper alloy casiings someùmes retam
traces ofiron wires 'chaplets' used tohold the coresìn place
(Garìand and Bannister r9z7: l9 4rj Schorsch r988).
Schorsch (1988) has recently poinred out that fakes of
Egyptian bronzes often have far more core supports than
lheir ancient counterparts. The r€cent study ofa 6ne larg€
Third lntermediate Perìod hollow-cast female figurine in
Leiden reveaÌcd, rather surprisingly, an intemal iron rod
sùpportwhich passedthrough the trunk and divided dov,'n
each leg to the heel (Raven r99r. The use of iron wire
suppolts in Nev Kjngdom copper aìloy objects ìs unlikely,
but we can note that Renaissance pÌactice as w€ll as recent
forgerics of Egyptian coppcr alloy staiuettes demonstrate
thai rclatively pure copper struts can ìre employed to hold
cores in placc in leaded copper alloys.

Care had io ìre taken in àll stages ofcastingànd finishing.
The fine, thìn-walled hollow castings of th€ Thìrd Inter-
mediate Periodand,less so, ofthe Late Period, were prone
tocofeexpansion and cracldng at the time ofmanufacture i{
the core rerained any moisture. As carland noled, ùis

r59
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means thatnot alÌ cracks and distorrion in such objects can
bea$ribuied ro post burial corosion (Garland and Bannis_
ter r9z7: 431. Hand-finishing of solid castings was quite
practical ifrequired. However, the 6ne, ho ow,walled ones,
perhaps most typically oflihird Intermediare period date,
wór d be prone to damage byanyserioùs mechanicalwork
ing and there would have ìreen sense in inctuding as much
of the Ene detaiÌ as possible on the orjsinal waxmodeL. The
chased detailing ofcopper objects anJthe accuiìte cuting
or sharpeningup ofinlay recesses wor dtre an obvious use
of ìron tools, but the fine Middìe Kìngdom copper aLloy
statuenF,. \ow hdl ,  I  rools sere nor - . . -  ,  . .  . -

' r  hF q ,a.  h or v o, rdnsr p o, ' ' . .  n 
" .  

j i . i . , "  *  , .
Periodfigures is, onaverage, farìretterthan those ofthe Late
Periodwhen, we must assume, the rapid expansion of*Le
indushy led to much mass production of poor-qual jty goods
being produced for temple otTerings. what this says about
changes in Egypti:ìn religÌous pn€ijc€ at a tìme offoreign
rule is outsìde the scope ofthis €bapt€r.

Decorotive inlays and ove ays on coppet olloy objects
The overlaying ofall or part ofa copper a oy object with
gold, electrum or silver sheet is weI known from ancient
Egypt.ln the simplest iechnique the precìous met.ìl sheer is
pressed and shaped over the obiect and hctd in place by
adhesive, mechanical folds or overìaps. -rhe commonest
technique, probably ftom the late N€w Kingdom onwards,
was io gild with extremely thin gold teaf taid over a thin
layer ofgesso. To lacilitare the adhesion ofrhe gesso to the
copper alloy, the object was sometimes roughened by stipp
ling orchisclling (carland and Bannister r927: rgri oddy dt
al. r988) or by glueinglinen ro ihc metatand then applyjng
ihe gesso over thls-

The gold leaf can be extremely thin down to under
o.oo5 millìmerres (Lucas 1962: 2j4. The present wriler
has s€€ncases whcrethe gold leafis ihin enough io àppear
greenish by tansmitted light. The narure ofthe adhesives
used have not been ascertajned but were presumably ordi
naiy anjmal glues or albùmen Gee Chaprer 19, this vol
ume). In one unpublished Late perlod example examined
by the wrjter, minute particles ofbird's fearherwere jdenri
fied in the glue holdjng gold leafto a tead sutrstrate. Thjs
mjght represent ihe use of feather bnshes a suitable
applicationimplementas attestedin medievaUiteraiure.

It has often been assumed that the €ven, btack colour
now seen on some Egyptian copper alloyobj€cts, ìn particrl
lar inlaid examples, was deliL,erate (ogden r98la: caption
io hg. 4.rj Craddock and Giùmlia-MàÍ r99l). Recent re-
search has shown that the etreci, which is essentialìy th€
same as the mor€ recent shaÈúdowork fiom japan, is due to
the addition ola few p"-r cent gold, often containing a little
silver, to ùe alloy. After strìngent cleaning and polishing,
probat ly with a vegetable errraci or juice asperthe Japanese
techniqùe, the object is treated.with an acjd solurion made
lrom such ingredienis as copper sutphate, alum and niire.

This results in a fine, compact and durable bluey-btacl
copper oxide layer. This surface coloration makes an jdeal
backgroundfor inlay work jn gold, sjlver (or eìectrum)and
even copper, and, indeed, this is irs most usual tunction.

The use ofthis technique in ihe ancient Otd World ms
first noted on Roman oìrjects. However, observation and
analysis soon establjshed its use on earlier Classicatpiec€g

such as for the black inlaid strips decoraiing rhe fine$
Mycenaean dagger blades (ogden r99l) and ther or
Egwtian objects from the Middle Kingdom rhrough to the
Late Period (Ogden r99l; Craddock and Ciunlia-Mair
r99t; Craddock 1994r r995t: ciumlia-Mair r996). Mjddle
Kingdom examples of black bronze' include the kneeling
frgure of Amenemhat ltr in thc orriz collectjon (Ogd€r
I  r o 4 :  C r u n  ì i 3  V a r r  r o o b ) .  r  ( - o . o d i l e  r r o  .  ú e
group now in Munich (ciumlia-Mair 1996), and atso
scimitarblade in Munich (ciumlia-Mair r996). This
has a copper alloy ìrlade with a narrowband olblack
eàch sideinlaid with insciptions and d€signs in goldwin
thus relating it closely to ihe well-known Mycenaer
blades. ln the New Kingdom we have the kneehngfi
ofThutmose Ill and Tutankhamum noted aboye (p.

Bìa.r .  Lronzp. "rd ro have up ro alrour I  percpn
and, iypicalìy low lead levels, even ìn lhe Late period.
bronze has been equated with the /rim"-tn (btack
referred to in Egyptian jnscriptions from the eaíy
eenrh Dynasty onwards (cium1ìa-Mair Ì996; CÍ
1998). The recent research on what are probabìy suwi

Once into tÌìe Third lntermediate period and late
examples becme more plentiful.

examples of tusnn tn vindicates the view of carhnd
Bannister three-quarters ofa ceniury ago. îìey noted

arsenic compound (shearman r988) has nowbeen
isee Craddock and ciumlia Mair 1993).

the supposed bìue colour of some ancienr brolzes
i .c"ssa, , l ,  ì  ave Fen i r  gredr  l l " r .  r r "o,  è o he
tion olthe bronze itseìl not improL,ably conau4
(Carland and Bannister 1927: 82).

Black bronzes are probably just one exampÌe of
ancjent tradìtion of deÌìber.rrely colouring or alrering
surface ofancient meials. For example, thi New
cow vessel in the Metropolitan Museum ofArt, Ne'r
mentioned above, has a surface which suggests

se.n s i rh copDèr- f in  and.oooer arsèni .  d  loys (p.
\on F l in ì r  l , - rwepn a l  oy ar  d inrended ,  otour
seems inescapable. However, the idea thar ile
i  r v  o n  d  e ,  h c " k  o ' r  r l o r u s , d l ( o n  o F , D  - l h e

Museum might be due to delibente heatmenr ,À,ro

chemical etching of some q?e pior io the atiadìment
the cow figure (winlock r916).

As noied ìJelow (p. r6,+), pigment has been obsered
some gold and probably silver objecrs ftom Egypt and,

A Late P€riod castcopperalloy situlain ùe M
has an unusual suface layer of a high lead coppu I
This appears tohave been applied by dipping ihe situla



r molten lead-copper alloy and was 'subseqrendy re-chased
and polùhed to simulate silver'(Young r959). The present
ldter has noted what appearc to be a simiiar technique on
& Archalc Creek frgure. Plating silver by dipping in an
elecb]rm aloy is refened to belo,{ (p. 165).

Gold and electrum

Bdglt yellow gold needs no introduction. Admired and
desired for millennia, it was available as a native metal and
required no complex or laborious smelting procedures.
Peùaps the greatesi puzzles are why its employment does
not appear io precede ihai of copper or lead or why it has
úeveÌ been reported ftom a Palaeolithic occupaùon site.

Cold, formed deep within the eadì's crusi, is forced up
thoùgh fissures in rocks to form veins, usually in r1uar,
tsites. This vein orreefgold can be mined, bui it is arduous
r,Ork to break and grind ùp the rocks to release the particles
olgold. Howevcr, nature lends a hànd and over long per
iods oftirne wind, rain and frostbreak up the goÌd ìrearing
rocks and the grains and nuggets ofgold are washed dow1l
into the streams and rivers where ihey congrcgate as alluv-
ial or placer gold. Over futher geological timespans some
ofùis gold is incoryorated into new rock formations.

The mines
thegold-minjngregionsin, oradiacentio, Egyptessential
h stÌeich souihwards through thc Eastem Desert from
tou$ly rhe level of Qena Quseir to as far down as the
Fes€nt sudan border, aìthough there are some sourccs,
oploted in:ntiquity, ful1her nofth in the Eastern Desert.
Sinc€ the gold mines of ancient Egypt were celebrated in
Chssical and in Medieval lslamic times, many travellers to
t g ! ? . . n  r " , " n l  ( e n r u n , s  \ a v - e v p ì o r e d  t h "  r  î i n g  r r e a s .
Ihere was some mining ol'Egyptian gold in the twentieth
centlrly, with a reported production ol almost seven tonnes
betweenrgoz and 1958 (Sabetrt  al .  r976a). ln r€centt imes
tunher geological sùweys have been made, some aided by
sateÌlite photographs, and the renewed exploilation of
É$?lian gold is stlll und€r considerahon.

Documentary cvid€nce shows that the Eg'?hans them
selvesdefined three gold mining regions (Vercoutter Ì959).
the gold from mines in lhe Easlern Dcsert in the Ham-
mamat to Aìrbad regionwas refened io as'go1d oîKoptos'.
Koptos was an important tradjng centre on the Nile which
controlled much of the Eastern Deset produce. Further
souù,'gold ofwawat was obtained via the Wadis Allaqj
andGabgaba. The caravan routes started on ihe Nile at the
fotres of Quban, a seit]ement that might have owed jts
fou.dation to the need to proiect thcse routes and which
wasalso, perhaps a processing cenire for other produce of
L\e arerì - such as copper ore (see p. r54. From stil further
souih, from what is now the Sudan, even parts ofEthiopia,
came lhe 'gold ofKush'.

Suneys underral€n between 1989 and 1993 ìry a com-
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bined Egptian Geological Survey and Munich Universìiy
team studied around rlo ancient gold mining sites in lhe
Eastern Desert over an àiea roughly between the wenty,
second and twenty-eighth palallels (Klemm and Kemm
1994). This research revealed extensive mining activiiy in
the Eastern Desert from Predynastic time onwards and
showed how the iypes of gold deposit exploited changed
with time as recovery iechnicÌues improved.

ln Predynasticand Early Dynastic iimes exploiiationwas
fairly sparse, but spread over much ofthe Eastern Desert
dght down to the region between Aswan and Ras Banas.
The Castiglioni brothers have rcpoted the possibility ofa
Neolithic settlement at the goìd mining cenEe ofDeraheib
in the Wadi Allaqi (unpublished). This setdement was a
major city in post-Pharaonic times and most ofthe build
ings and mining detritus are late in date, brt there is also
Middle Kingdom and pan-grave poltery.

There is little t,1 str" evidence for the direct exploitation
ofan)thing other than Koptos gold in the Old and Middle
Kingdoms. However, the suwiving documentary evidence
indicates that the gold of Wawat, ifnot Kush, played a viial
part in the Middle Kingdom and up to the middle to late
New Kingdom. Examples ofsuch textùal evidence indude
several Middle Kingdom stelae, such as two in the Bdtish
Museum: that olSimunt, discussedbelow (p. 162),andthat
ofSa Hathor. The latter, datingio the reìgn ofAmenemhat
lI, explains how Sa Hathor went io the south to sup€rvise
the gold mining and goLd-washing.

1 i s  e \ o l o  " r  o r  ' o r  . o u r \ e  ì \  g o d  s o u r . e "  m r g h r  s u g .
g€st that the more northerly Eastem Desert mines hadbeen
largcly exlausred (within the capabilities ofpimitive mjn,
ing technology) by the eady days of the New Kingdom.
Whether newly developed mining technologies made the
Éastern Desert mines more economic again in the later
New Kingdom, or whether changing political sltuations to
the south made necessary a re'think about Eastern Desert
exploitation, is unceúain, but cetainly ih€ exploiiation of
Kush gold subsid€d until Napalan times. In the laie New
Kìngdom, the focus seems to have switched back to the
Eastern DeseÌt. The famous map ofthe gold mrnes now rn
the Museo Egizio, Turin (Cat. 1879), one of the oldest
suniving maps in ihe world, dates ftom the Twentieth
Dynasty, and might reflect a resurgence of interest in the
Koptos gold at this period.

1 - , e  i s  s r ,  ì  m u .  h  $ " , \  o L e d o r e , o  l a  r n g t h . g , o l o g r .
."  Jr.h".olopi .d Jnd docLi é,  rà1 e\;den.e 'egard.ng
the exploìtation ofthe vadous gold mines within reach of
Egypt, but Grcavcs and Little's sùccinct words ftom 1929,
quoted by Lucas, siill apply: 'No workable deposits lofgold]
havebeen discoveredthai ihey lthe ancient Egptianslover
looked'(Greaves and LitIle rgzg: rzJ 7).

The gold grains and nuggets in a river bed, or in what
had once been a river ìred, can be recovered relaiively
sìmply. Initially hand'picking probai,ly sufficed, but a more
productive approach was panning in which the sands and
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Iìne gravels ofthe dver bed are scooped up with water in a
pan-like vessel and swirled around. The sand and water
slosh outover thc sides to leave the far heavier gold partÌcles
in the bottom of ihe pan. For larger scale operations, the
sand and water are run down over a sloping washing lable
whick has suitable grooves, ridges or other àrrangements to
trap the gold grains. This proccss is called gold washjng
and ìs also Lrsed in the recovery of vein gold once the
gold-bearing rocks have been broken up and laboriously
ground down to powder. Ancient gold-washing tables have
been reported and illush'ated by Vercoutter (r959)

Although we see represeniations of gold-workers in
tomL, decoration fiom ùe old Kingdóm onwards, ihe ear-
liest representation ofgold recovery is thal in the tomb of
Baqt llI at Beni Hassan (BHr5) whìch dares to .. rgoo BC.
Her€ we see gold ore teing sort€d or washed, perhaps
ground, while a vertical object is possibly some gpe of
gravitlwashing taìrle depictedin plan view (Chappaz r98l).
More rec€ntly the n€wly excavatedtomb otKlìa'y, described
as'goldwasher ofthe treasury ofPharaoh , al Saqqara has
revealed a scene ofgold-washing with whai appears io be
g nding 1l), a sloping washingìaìrle, and melting. This
tomb dates to the time ofRamcses lI (Matin r99l rlr fig.
90; s€e also Fig. 6.4).

cdnding stones, perhaps predominantly of Ptolemaic
and Roman times, can be seen ìn abundance in the gold
mining areas ofthe Eastem Deset.The backbreaking work
and lhe division oflàbour depending on age and gender at
Ptolemaic gold mines was graphically described by Ag-
atharchides as recorded by Diodorus Sìculus (oldfather
r9l5: r2r).lve knowthat in Ptolemaic aÍd Roman tìmes the
worHorce was made up of prisoners of war, slaves and
convicts. Although the descriptions ofthe mine workings
from the Dynastic peiod are far less explicit, the mental
images generat€d ìry Agatharchides comes to mind when
we read, for example, the Twelfth Dynasty stele of Simunt
in the British Museum (BM EA82E). This tells us how he
went to the south tobringback gold forAmenemhai II and
how he made men, women andchildren dig outthe quartz
thencrush andwash it. This stclcdoes raisethe questìonof

F iguft 6. 4 Sc.ke oJ gald praú{ i ng ir th. Rdtus . bmb aÍ Kha' y.
'goldwashù ofthe tftdsbry af Phaúah . ot Soqqan.

the erlent to which vein gold, as opposed to the easierìo.
e\Tloitalluvial gold, was exploited in Dynastic times. There
seemstobe liltÌe evidence for úe mining ofveingoldprjor
to the Middle Kingdom and alluvial goldwas stiìl proìrablya
major source in the New Kingdom and even later.

Once mined, the gold would have been transpoted to
ihe c€ntres where it was to be worked. For security and ease
ofrecording, the gold would have been melted inro ingois
ofsome iype, unless it was present as relatively larg€ nug.
gets. We see the transpoÌt ofboth nuggets and ring jngoh
in New Kingdom wall paintings, and gold has been tlans.
pofted in identical forms in recent times in Ethiopia.

Some import of gold fiom outside E$?t, as tribute or
booty, is probably likely io have occuÍed on a fai y minor
scale throughoùt Egyptian history. We only have documen-
tary evidence for imports of gold from the Nofth' fton ùe
Ranesside pedod onwards, ùùt tangible earlier examlles
might include the t€n gold ingots found with the predomi.
nanrly silver 'el-Tod tr€asure' ofthe Middle lcngdom (de la
Roque et al. Ì951). This possìbly originated in Anatolia (see
under 's i lver '  p.  r7o.

Composition ond rcjning
Gold, as recovered from the ea h (native gold) , can vary
gr.a ly rn ,  onpo.r, ion. T\e predomrndnr J. .o- pa rving
elemeni is silver, which caÍ ìre homogeneously alloyed wjtl
the gold ìn anlthing ftom mere lraces up to 50 p€r c€nt or
more. The copper content of as mined' gold is tnicaÍy
under about 2 per cent, but there are exceptions, and there
will generallybe detectable traces ofnùmerous other meta.
ls including iron, tin and members of the platinum familr

The nature and relative proporiions of the tÉce el.
ements in gold potentially provide an indicaiion of source
or source iype, but so lar there are too lew analyses ofgold
objects or mine samples and, ìresides, there can be con.
sidenble variation in the composition ofnative gold even
within the same mining area, particularly with aliuvial
gold. osman 0995: 8) has recenlly noted that the gold is
more pure in the southerly regions exploited ìry the Egt?.
tians than in the nolth- More precise characterisation of
E$?tian gold sources might be possible in the luture. F01
example, the presence ofantimony ores in associationwith
gold has been noted in the Eastern Desert at Wadi Ballìt
and FawakÌllir (Hume r9l7 and Azer 1966), ànd so we
might srggestthis area as a source for the gold used for tle
sceptreofthe Second Dynasty pharaoh Khaselùemwy witl
its ceÌebrat€d, and previousìy puzzline, smalÌ antimony
content (Lucas r962: 226-T ogden 976).

Traditionally gold with over 75 per cent gold presentis
described as gold. Ifit is a gold-siÌver àlloy with under TJ
per cent gold it is eleclrum, and, according to Gale arìd
Stos-Gale's morc rccent nomenclature G984, gold-silver
alloys with 5 to 50 per cent gold should be termed audan
silver irhose with less than 5 per cent gold are siÌnply



kmed silvcl \rith lo'v gold sec s--ction on sjlver, pp
rio Ì7r). Alrhough ! simptc ternxr.,tosv Iòr nrjnc.ì sotd.
tlns rs, pdhaps. not iì good rcfi(rìon or how rhc allols
tiùe corsjdefcd by rhc Egyptians, or behavcd ruhcn they
{orked ùem or  bur ied them Tt ì , -  t radl rx)n l l  d iv is ion be
ùve., clc.r un and gold rt 7t pcr cori got.t levcl fa s most
nconv€ì |c l t ly  i r  just .bout  rhc r Ì redt in  conrposj r ion tòr
much tsptian gold lvort. Also rhe vJriabtc (oppcr prcs
ence Hll hivc ! maior efl..ct on cotour and the clTects of
bullal lor evcn deljtrcrate post m.nLrtrcturc surfacc trerr-
ment) crn gr€.Ìtly rrlprovc the surfxce colour nÌìd thus
apparc| t  prù i l l  (Osdcn r983b,  r99t)' l  

hc possìb i l i t l  o f  d is t jnguisì r ine b! . tween nanLrar  a . r
nm nr . rde gold s i lvcr  a l loys h is  been rx ised r roÌn nm€ to
l i  e  lWci l ì  r9 t r .  A srn i l l  lcxd content  is  usur l ty  ra l (en 10 De
D . d i  " r .  f ,  , , r a i , . \  r i i r  !  . t  . , - d ! r ,
r "  J  l . r l r .  r r i .  

1 . . , -  ,

logdeù r99l :19)
kor  js  foLrr . l  ìn  r race l$c ls  in  much ancjeni  qot . l  T in,

$hì(h is potcntially pcrhJps a trefter mdjcaror of iource. ìs

\ D  . l l  , ,  r r  \ , $
neededJ. The lin ìs gencrally honìogefcously dlstriburcd jn
lhc ! r . ld  rn solut io  

 

rur  the author  has a lso roreo wn:Lr
?ppeaÌ to Lr.very nrirute ìmchLsiolÌs ofsometypc ofhard tùì
nìuenLin Pto lem:Ì ic  gold objects,  a ld lhc sxùre ù i { rht_*c l t
turÌ ùp rn ciìriier Egyptjan gold. Sjtv,-rl ilre,! inctusurs of
the plah.unÌ qrorip ùìetals rre also exrcnc\.cornmon ln
goldobids l rorn Fglpr  (secpp.  r69-7o)

-  
Thc conposi t ioD . i f  an ancienr  gol . l  ob jcct .an re€e. l

Iourpossble pract jccs:

J Cold can be uscd !s 1òL,rd
,. Gold canl[ve sihtÌ, copp--r, soneiìmcs t]oth arr.l occ:ì.

s ioÌ ìa l  yother  mcta ls ,  at loyedwirh i t  foracsther jc ,  prac-
ùcal  or  e!ùr  í i .audule. f  rcasons.

I. cold cln be p,ùilìcd (.€fincdl and enrptoyed if a pufe
or rì0rr Purc sr!ti..

1. cold crn b. refincd and Lhen aìtole.L down ro rlìe
desìrcd f ineness le lc t  ì )y , : i rc fu l  n ,crsLù€d a. ld j t ions of
s i lver ,  cotpcror  other  Ìnetr ls .

Thesr lour possibilìiics also fcprescnt the chronological
d.leloìrm.nt ol gold Lrsagu. onc. mjght expect the usc of
goldrn as.ùnred (or rs r.clcled) strte ro have becnthe nonn
Jor xch of lgr?lior hjslon. H.,we!er, arhtyscs ot got.t
0bjccLsfr .m Predyna-. t jc t in ìes onwardsshowthal  copteL is
otten prescnt at lcvcls frr above rho-.-- ofnatu.!, xnpurrl)
anda del ihcratc rddi r ion secÌ ìs .enai ì  a  lcahrrc,  atso,  o l
soùrc contemporary Sumcrian goldwo.k The addjrur of
consjdcrable amourrs ofcoppcr to pLodlr.c a {l.ljtre13te red
{o lour  is  seernìngìv an Anìarna pcr iod phcno0eron,  as
noted bclow (p 164) Ne!--rrhcflcss, as r  rtc of thrÌrtr,
cotper lerc ls in goldù.rc I rcar tvalwa,vs lower rhan rhe sr tver
lefels a lact h uc f o. lnosr of ttìc anctcnl world ùp to, and
rndlldrne, Romrn ftrd B,!zaltirc Lirnes.

.  
Thcancjcr t  t :g) 'p t ianshad no\ \ ,a t  ofaccurate lyass--ss i r lg

the corÌrposilioù or gol.l rs rìin,-d ard Ior \\ould lhc). havc
been nble to prcdi.Jor deternìrne thc cyertulr conrposrùoD
ofgold dcìibcf:tely alloyed q,itlì othcr rneraÌs. t.his mcars
that sfindardisnlion and a..uratc lssesslDent of vàhre 13Ù.1.
orltside Egypt, thc possibihty o1 devclopùrg scnsjtrle conl
age) !v€r'c well nigh inpossible bcture mlned gotd could Lr.'rc'rrcd 

to brirg it ro a purc starc. Once refined gol.ì s..1s a
reality, ( arclully wcighed pfoportiorÌs ofolher rncrats .out.ì
be added to provide pre.lefin€d gotd alk,ys.

Tlìc drie ofthe introducLion ofgold retìnùrg rs a rnlrch-
d-- l )atcd mbìcct .  Chappaz F98j)  has pointco our  Lnat  rn

. ' , , . t . , s o . , . r  . , r  L  o l . l v . l  t ^ ,
t r r '  s p  o  , , '  r o o  ' "  o "  .  r . .  o t  r r  , .  ,  . e F  o . , .  . \ o r  , ,  - l
lrlowing alr nrio tlìe crucibìe wirh a btowpipc. For exalnpt,-.
jnÌhe Ncw l(ingdom ronìb of pLr,vemra ar Thcbes (TTl9)
e o l d i  . r r r  ,  r " t , , * ' l r o  "  .  t - - J ' . ,  _ .  p  , . t  o l l
'  l r o h  ' .  f .  ( , . .  .  r " v , .  " r  ,  .  d  ,  " . ,  . p 1  J r  I n  i ó

st ì r r lngthe cruc ib lcwi th onchrdwtLi t r :  b to i r ;ng rhrougha
bloq'pipi: lnt., the cruciblc This woutd ccrtajnly hctp to
oxrd isc ' lny base merals  prcscnt ,  parL ic i i lar t r  i fext ra lead o l
lead ox,.le was addcd (tme cupetLarion). irc,ivever. úere
would be ro signifi.anl toss oj sitver ard thus lìttle il any
overal llìcr--rsexÌ pùfir,v oftypical rs mnÌed Eglptiàn gold.
Thìs means ihal rhe ofrpubìishcd Amarna teficr that rcfers
to tìe drop in wcjqht Rhen thc tflpriarì gotd was pLù
through Mcsotoramian Iìrcs mÙsL i,e assurned Lo refer io a
nrofc emciLr'ìt slher rernoyinq rctuìnrg pro.:ess (tA rol
Monlr  r !92:  r9 2o) ,  l rn t .ss a barch of  rhe eold_coppcr
r l lo , ls  t lp ic i ì  o f the Amarna per jod (see p r6a)  ha. l  been
scf t  ovc ' rseas (osden r99t)

Desplte thrs ^marna lericr, the avaitàblc anrìyricat evi_
den.e sugge,sts rhat reliÌine lvas .or Lrsed if rhe da,!-to day
lcwc lery indusrry betorc the Lare I'elio.t, and was pcrhrps
uÌtroduccd b) lhc l,€rsians. The samc .hronology lvolll.ì
also appcaf true fòr much ofthc ar(ienr Ne,r East and rhe
Classi.:al ìarì.ìs, and relalcs ro thc irrtrodr.tion ol standaf
drsc. l  co i .ag€ ì ì r  Asia Miùof  at  about  thal  L inr .

onthe basis  ofpubl ishcd anr  lscs ( rs  $.cU rs thc wr j ter 's
own lafgely Lrnpubljshed anatlses). Lt appears thal Egyptia|l
; , l o b i -  o r  ,  o  ì - , , ,  t " - o L l  r F r .  { .  F r r r  .  r , l
r ' i ' , , d , r d  p u t J  \  r , . . , J  r . r r  - d  

1 "
obtajncd) with soùre addition ol .opper in sonìe cascs. T|js
copper presunàbly rrrcntìonil can rxng. urr (j ro per
ccnÌ, wrth ttre coppcr levcls a he ùppcr cnd ofthis rang--
pcrlÌaps bcrÌrg rîofe typìcal afrer thc middle N elv KinsdorÌr.
In vicw ofLhe benclìcìal cficcls ol copper nì jmproving the'goìd ( , lour  ofgold-s i lver  at toys,  as norcd at )ove,  i t  mi i lh t
noi be coincidence il there was an xìcreasc ùr copper lercts
l , r  t r " . , " i p o t o , . , o l - r . J g o ,  h  . - i r  , , r . , ,  ,
\ J  I  F ' 1  r  i ' r e  t L r J n  f h c  p J / c r . t c . t r u m  J l l n ) s

Anclc t Egyplian gold p]{iLies ..D rhus range íj-om w,-ll
under 5() per cent up io 9l] fer cent or Ìlore. pLrrities over
about 85 per cent appear to be rare belore ihc Late period,
and r round 70 pcr  c , -n o 85 pcr  cenr  sccn nrost  typ jcal  of

r63
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jewellery of the Middle and New Kingdoms. Berthelot
G895) notes that two examples of the gold from the
Twelfth-Dynasty 'Dahshur Treasure' were around 83-6 per
cent gold, the balance being silver. Copper was less than r

NeveÍheless, some alloys are far less pure and some
gold objects, perhaps often of natural aloys, have silver
levels exceeding the gold (e.g. the audan silver examples
published by Gale and Sios-cale in r984. Otler examples
include a Middle Kingdom shell pendant in the Fitzwilliam
Museum iE.lo2a, 1947) which has just over Jo per cent
gold, about 66 per cent silver and around I percent.opper,
and a similarly low level ofpudty was noied for some gold
foil from the Twelfth-Dîasty bunal of Senebtisi (unnum
bered fragmenisi Frantz and Schorsch r99o). There was a
similarly large range ofcompositions in the New Kingdom
alùough, perhaps, a trend to higher average purities. There
are few ànalyses available of Third Inteimediate Peiod
goìd, brt lhe evidence suggesis much the same pattern as
in the New Kingdom including some low purities. For
example a Third Inlermediate Period verti.al amulet case
in ihe Fiizwillìam Museum has onlyabout 5o per cent gold
{Erz.194o; see Ray r972, ùnpublished analyses by ogden).

Gold purities over 90 per cent, and often around 95 per
cent, only become common in the Late Period wh€n, as
suggested above, refining perhaps began to be used on a
more regular basis. For gold leaf (for use in gilding) there
was an advantage in high purities - the higher the purity,
ihe easier it is to produce thin leaves. More thrìn 95 per cent
purily seems fairly b?ical of later gold foils, such as on
gilded tate Period copper alloy objects. How€ver, samples
ofgold leaf&om Middle Kingdom wooden coffins ranged
in purity from around 85 per cent or so gold dght down to
about lo per cent gold (Frantz and Schorsch r99o). The
recent analysis of the gold leaf on a silver plaque from the
tomb of Nefertai showed it to be of high purity (99.o per
cent) gold (Markowiiz r, al. 1997). This might indicaie the
occasional use ofrelìning in the Ramesside period or if
not, at least the deliberate choice of high pùdty gold for
hammering into thin leal A sma1l gold plaque from t\e
same tomb was composed of8r.7 per cent gold (Markowitz
et al. 1997). HiCh purity gold has sometimes ìreen em
ployed for the ubiquitolrs lakes of Egntian gold oìrjects,
somedating back to well ìrelore World \Var l: some authori-
tíes in the past have even eÍoneoùsÌy assumed that high
purity was a positive sign ol antiquity.

The addition ofcopper, as noted, counteracts the paling
efect ofsilver on goldand ii as usually supposed, electrum
(and silver) were considered more desirable than gold pnor
to the New Kingdom, the early addition olcopper to elec-
trum seems counterproductive. After the New Kingdom
copper might have been intentionally used io 'colrect' the
paÌe colour ofas-mined gold-silver alioys. The high copper
'red golds' used for some of the gold stirrup-rings ofùìe
Amama and immediate post-Amama Period (and perhaps

The highest copper contents in gold known ro the vdler
from posi-New Kìngdom oblects are in thin gold idays ia

melting temperature and makes it easier to cast. This mi
seem tobeone explanation for these solid, andoftenn
ive, red-gold rings;the purer examples are seldom cast

copperalÌoy objects and some diffusion ofcopper from
underlying metal might be assumed. Higher copper levels
are also to be found in some gold solder alloys employ€d oi
gold objects sometimes over 20 per cent copper.

and 'sequins' from the tomb ofTutankhamun. Tle

F$?tirr rings are. "s r r}?e alllost as qell-kno\a,n
C}?rus as Egnt. Alloying copper to gold reduces

insiance rccorded to date is from ihe Eighteenth.
tomb of Queen Tiye and the latesi ihe Twenheth-

In the simplest folms, sheei gold (ranging in ùickness
from th€ ertraordinarily thin to the quite substantial)
be attached to the sudace of other meials and such nI
terials as ivory and wood (see Chapters rl and D, ùi

only for rings) are of some interesl ìn sludies of
relationships. Thele is enough copper - well over 5o
cent in som€ cases (Lucas 1962: zz9, Ogden ryn) -
produce a strong red colour. Copper gold alloys were
for deliberate, decorative pu+oses by the Mycenaeùs

l r  sFéf ls  Jn l i le ì )  thar  gold for l  or  leafcoJd be
to copper alloys ìry a process involving heat and

appìy gold ro srher rn anciFrr f imes. OLje(.s \ , \ere

abour lhe same period {Ogden ,,) ,nd. rntere'trngly

volume) . Thickish gold loil could be held in place by
o- (nmprng rtover rheedgès ofùe oLteLlor into
deliberately formed in the obiect. ln some cases small
or pegs were used. For ihinner foils and gold leafthe easi

the surface or over an intermediate gesso layer (
r9Sla:80).

The use ofinduced colours on Eg)?tian metals such $
the 'black bronzes' discussed above (p. 16o)- is aìso seenin
ihe bright blood oi ùurgundy-red colour gold surÍàce wbiú
was produced by small iron additions lo gold. The plo.$s
was discussed in depth by Lucas, who provided a
phy ofearlier work (Lucas 1962:2j3 4), and ithas
been examined and replìcated by Frantz and Schorscl
(r99o). The bright colou is only a thin suface layer and
thùs was not suitable for many ìtems intended for v/ear.
The best known earliest examples are the beads, rosettes

earrings ot Rameses XI. The technique has so faÌ only be€o
encountcred among .oral  tunerar i  er lurprnen..

The application of gold over copper alloys was notd
brieflyabove (p. r6o). Various plating techniques wer€ usd
but aìl involved the application of sheet-gold as foil or lerl
The use of'fire gilding, using mercury gold amdgmq
was unknown pior to the Plolemaic period.

procedhre was to glue it to the substrate - either dirc.ly

sin( e rhe coppe- a lo) s roo easi l )  de\elop surfa, eo\ des
would hinder adhesion, bùt such techniques wer€ used

times made by fusing, by heat and hammedng, gold
an electrum substrate and úen hmmerins this out
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Cold.working

l t  
' "  p . J , ,  .  . , r c , r . , .  j , . . , . , ,  1

ogderì r9Ela. r{)92r), ajthoueh tIerc ìs stì |  a ùecd tor a taf
more.onìprchensìv. shrdl. As wìrh copp,-f a ors. ,I bur
ùe rìro.st t.lnjrìlc ol gol.t obi,nrs lvoutd hav. paskd

o ,  r -  t , o J | . . , ,I  \ 0 . . '  o J p  . , 1  . r  L o g

l , l ,o:: '" t �1, '*.  ' ! .  ** "1 Lransport rn<l ,ecordrng, anrlerery lrrc rh,t gold was a oled lt ",ouLd Lre ùÌetri.d s.irlì
olher rìetals. Eiuly r:pfcsentations, su.h xs lhat rr ihe
lor l lb  ot  McrerLr la a l  Saqqara { .  2Joo BCI show whotc

,  . t l o s r , r p  r , . t . . ! r o ,  l

,  
u. "."1 - r l"-" , . .  ,s ,,  :  ,  ,  "rt , t  . ,r 4

1 " . . ^ ' . ' , .  
, , . ì  , ,  t  \ o . o . , . , , , u , d r n

,  r  O l  ,  |  ú  .  , , . d .  . r r  " r . r  . r , , !  n r . r  I . r s o t . ,
q ' - r -  . 1  I  , J  I  l o i . . t r .  |  , , t o .  , ,
'  r ' h - r  . q , . ù  t . .  I  r l ]  L l F d , , r o - . r  ,
indrlr0urr conrponcrìts of thc ìeùrlter) Frcn (oùrpoùenrs
slLcn as \ rcs all.] sm]U sotd spheres werc. formed fioll]
slìeet. thi: tor.rcr by varìous cutting, harnmeìing or rs.ìst
urgoperahons rhc talreì by nìdting sÌnall srips or shcct ol' ' 1 . , .  r o  r o r . r r , . ,  . , . r  " . r : r
ù r r s / . ' i r t  . - o , ,  r . . , r \ , .  o  / o , t  . . . .   , , L a  E  o i ,
ine, gora rmuters werc gen-{aly m:ìde by tìand-$orldìrg
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f  l r o J  I  I  d  , o ,  r i 1 C .  I  o , r , , ,  ,
L , o  d , ,  \ ú  p o t " t  r r - J  o r  , ,  . r p . . o . A n \

:  
r s  , d . , J , , ,  . . . i r . / .  , J r  i o , . F r J

,  , "  . 1 , .  ,  -  , r \ , , , 1  , r  * . , . r  r , . , \ . .  r , , J  n .
i l :  .  l ,  h ,  o u , . ,  , r . , ,  " r  I  o q .  , . .  , , , r  |  , ,  " p f t i . -

| . . e , . , u  1 . , . t r  t l  .  I . ,  
. . n ,  F  o .

:  
,  ,11-  , .  

i r  
,o ,_  o . . .  d  . .  , -d , ._o  , r .  -  um, .\ - r i . r , l  r , . r i r  d J  i u . d . r n  h r " . t r o . , r , , s

È n 4  r ' , i  { . L  I ,  . , .  { i , r ,  . .   

 

n p ,  , r  , . r i
l ' r ' '  l o '  , . l o t  ' ,  É J , ' , , . . i ù . I .rn rncrent hmcs, rhrt  js thc appl jcarnD of l l r re t ì ì res or

goìd sphercs on a strect sotd b3ck
i+oun.r.  rrùvc(J. fe(enl srudl of  rn examftc oaMjddle
r\ lngoom grunuhtron (ogdcl r992b: 52 UC6482), revcared ure ipfar,nrt use of a sitvcr based sotdcr altoy, thernode of emplolmdrt of$hìch js n.Jt  yct uDdcrsrood

, .  , " p r .  " d , ,  r S . r , , J u | , . , , ,  V J d .
K , q . r - r  ' d . .  , i .  r '  I  r . r i ! v  . o r  F o i t . .  - J r l , .  I' ' " r  î 1 . .  '  , p u r , , r r  i o . . .  r , 1 .
" t r '  " d  

 

I . |  ì d l  , , . \ . . .  r , , . q d , ,  . , I u . L - . o
' : '  

î ,  
, " T , :  . .  , o ,  i F { , r ' F r . . r  r  . , " u , r r r  |  . s r  " , r o . r {' |  t t  d  t , .  r , . ì i  .  t ,  n o  - , . J  ̂ o r l  t . . r . l _ ! .

Glanulat ron sork ncyer  seems io have bccr  acceprea ror
' l : : : ' , " ' . .  " d . r  o " ì  , . r o j r  p r , i ,  I J \ p i , r  - q l
F n  |  , \  '  . l  s  . , r  t .  - . ,  D i r , t r  . F e r  J'to rcign' techlriq u c.

r 
ln thc a'îhe1_r-pat, rradilural ieweltcry frorn Fgypl, the

rorms$'crehìghsl rnmct ica l  adenwi thsubl leandnor-so
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subiÌe imagery_and meaning, and intays ofcolourcd stones
ff,:::{:::g 

.:",, bro.r.. o, p,smènr ùdn ds selrsL nrs rnédns lhat .s tones o.  co.ourFd gta.s qerc cur  lo  f r  r l -e

Ti"9ì.y"1. 
hè.erinss werF setdon mJde o Fmptoy

prrnLular lv LhoiLe . tone,.  One inreresr ing erL eprjon .o lh;s'a ' î  rs,r  sr: ,&u,:r  Twen iFrh-DenJsrv gotd br jLe,èr sèr
: l l ' l  :  : -c.  

rrèsurà,f  p,e(é {pF,ha6 d po, ishFd nussé,r ofrurquor+-, ' row in HitdeshFin { felrzaeus À.4 ucèum, on toan

:;";:l;'o';"*';ii*" 
"'e spdr (ass.ns';rfuns: Fsser'rc'hr

t*n picmen' $.ac somer.îé. apoted ro eold. " """ : :1
::": 

"Tjnri.9 by L,.rc $ri,er. a goto Jnd siher rs s .,own weruom d, th 

 

d trrermediate or tJle t"Íoo f igurp hra prr, of oU1,Iné gord,bd.lg,ound par ed red b) rt-e "ppti(arion or rFd in r
l l- .1^,"",: :  I 'c"î i ,  ove- " ve\ rnin g."io r,, . ,  i ,npu, .o,
* .T "  l l " i " , ?  

"  ron ) .  neu reo f rhe réd ,np r .u rvp ,s .  I
I o m  r h c ,  t a . ò : c J ì $ o r t d  ( W r , , i a m s  " n d  O C d e .  r q 9 4 ) a n d  r n  b e e r

l : : l : . i l  î : i . " .  sord$ork orabou rhànrr1, , .n"n , .
f  unpuDr jshed,  pn!are col lechon).

,-,Tl1mel j: chsjs y.lrch is ground up €nety, ptaced in a lron

I .oìFnd,:  
conrys ovcr he vFars. ra, iou. rpasons han

::^eifÍ-]oi1r1 
(:.c:!tìè aLsen, eo|ead in fspnansrass,

s:e_-DJor r90 J.  bu'€ s:mplc ejqtandrio.  ; jgnt be.roqe t ì" l rng .ar ge" of rhe a nLién r gasses ano úe anrgo d a. lols uséd In Lglpr.  f t"  r"p".  i .gt , ." ; r .d ,"  r""
:fllj irld 

ln:rìnc reîreerarure" r}ar generah r.ngeot\À'e€n,about 8oo and 95o"C, and in pr"actice a temper

1:111 e:o-r,o9o."c w-o:,1d be neceisaryforfusinga
én"n Fl .  nre n" lor iq ofr tre gota aUoys L, 's.d t  1 .ean
Egl?rirÌ. hoLld b.g n .o n"lt bei\^en abour 9oor,o5o "Cand some ofthe solders used woÙld sran to melrw€x uÌder goo.C. tn practice, Egwtian gold jewell€
objects could not be ena,i,ar.a *i rll.i,'ù" ,?.y *,t.i,im many cases,ùe tiketihood _ thar the goìd conpone!
wolìd srrrr  o disror and . , .n t  .gi"  ,o. ; . ,p"n.
.  

The en"rrel , , ,  g of,opper a oys r .  a.so .nco
Lom hc Thrrd Inrernedi","  p.r i "a ""*rr" ì  f rr , rr* .
oeen no sysiemahc study ro dar€.

!ii:iif.,Hil,,,*+n:."r,..;*'"+j1i,d,,,,_= gfij :::1iiiltH:ri:fl"1i,,"i,::::'',;H":;if.on\ersrn, wi h s ds\ ma, u.ariure a, .". r;; d " ",;y ;:;;;,:";,:,;;ii#:;:..1:,:iìì;:;:ft;î*�
;;;i;5iiljryjL".l,:"",.::1:j"':jt: t:liT. ". ,"o r.*_,n,. ,t íai "l,,_es\o'r.nFrd,j sum asm,shtwe'€r"e(tenam"i.r"*'r,".,,"-.i"r"à-i";# ffi.li:fff#:"iiff,:ffi#,Tî.j"iil:*
:î[.',:'fl;:",'j."';:.',::l;xl'::l:-:"::::,:llJqrua er# "''a ixìil:;;;] ;';*,* oasis in the \loliects h?s been proposea *a *r..,.a a",ì"g,i,;?:#l fi:l" iT":,"ji: flnà.";*'* 

oasis in the w€s

;:1.:ffl:í,J'ji;': ;'.:';:,1;;.1.9{*l .22, and iron-o,e sou'." '.0",, ",,,';Ì1"#;1";::il'fii:
fiì*lt:iii::'n;;;ri.hiir#:#""r{yi ii;::,1:ii:r#ri.t''di'"ii:"nr,Tr:l,1,Tn
x':'n:.i'T:i;1if T':'L: #:r';l.H.tii,;;:i il :i:JT""J::"ilTil'31::nff ';Hi;"ffi :::
;xl'ii"y?il*:""ii+1 ;;ì#:ì.',:ó;:i"):il: i:,Ì:ìix'J?l :ru#mi,n;'***itt: ii:r^r ob,eci js rhe sold bowr r^,."11",",,ì,'si_j,.",jir','li ;:T,:Ti*:i:ff';1"*j.lT:l*:1.tr f",.r:*j".l i l i l1i;1";:l leréùede.orarion,n.rhccerLres coppe.smertins 

..-

3;É*:'îj::i:jlí.1'"'fi1:ll;;:';m:i::1; "";f;*1.:x'"hT;;'�errcre*"dw.,kinesa,wadiA
::,KT"1"Ì:t';ll':".g':"f'::,:il:;'":::.tsl,,'a n";ì".aÀà1ffi;'ilfiì:"T;i:i*:l!iTfii.iJJ

fii'l,h'fi rlijjpiii.*:{*,1tiliH,ri*r$,i;l;fl#il'.tjtir,.fr tron. o ,hp pe, ,orr s rM.n,ei o, : _ ,"; ;.,::1:::i: ::riri$; i.ii:J.11:?-"J.:fi:Ì::".:::i.1*;T
;?:,:li"':1"*""'i;i"Jiiij:ÌÍ'l:':i:q':::-in'�li ' 'D',h(pniuryBc'rhi,.*","dsu,,nr""a,ea,sompndons

f',+ijxin..lfu ,,"p.ili}H,li",,i";,yi".#ù:;":;:ffi a11fi ;;,, j;*,r;*ry**
l"i',:;",i.1:ìiTilr'ilril11i::il,ffi ;Î:***#*,;.,r*il:i"li;::::"i3i''m';*'.,]:-di:rn::ffi 

f [trT:+'".".:':..rF!'ili.liffi1,Hj.i:if:#,.x::;ffTi*ì
empry wlre-bordered tajì t*'u*. ^.."*--^-,11o 

th€ now- from nativ€ iron {te uric imn), o; &o- "-"rt"íl- 'emprywire_borde,edta'reathersorRameses,ram:*,"*t g;3*:llI;:,"ii"ililli.'"?;i,j"'iiilffiii.;l;
ffiiìì"'J!i:::":11'Jd/,?":'.:*:jj:,ì::;111'"1iii,- :::i,:r',""ì";;ú;ì;:i.".'. ,ron did no, provide:J:i::':1i;ì,:"1'::'àff ,rff :l::ti,ffi"i,&i; *:,"uÈ;fu** #H**txfu l.l,J,,'#;#,



noi straightfor$lrd. lìe usually qloted distùrclioì be.
lweùr rnrteoric nÌrd sÌì]clti:d iron is a relatilcl) high nlcì(el
o r .  r  , n  i -  r  ' .  t  o r .  . F  , i .  e . . ,  o ,  I  r q  o  , , . , 1

deriw fro-rÌÌ rmrc srnelicd ores and Long trÌìlc.l mercorj.
r0rì rftetacLs car have mLrch, if ùot mosr, of thc nicket
l"arhel fronÌ ibem. IÌcncc Crrddock has rccenity sxid thrt
' o  o  k r l l  , !  t , o , ,  . . . \ , . , i , " . J , ,

r L '  r l - . t  '  . "  d ,  a o  . ,  . - t  , ,
ùe illùsr (e rtrn rl) DLr(r j. ii oi gj f dcstte Lu. 3 s,s srat(rrenl
l0 t r ,e .o! t r î ) .  (Cj !ddod.  r995a Lo4 3nd 25ar; , :osrd I  ocrs j9o: :
4,' ò1.

0 ihc.  exanÌp les,  such as l ledyr ìast ic  s |ee. i ro.  bcads
1LÌnas I9rr2:  217) ,  r re rcpoÌ tcd to .onta jn 7.1 per  ccnt

:fclì!i. iror is vcq rrrc wor td-wi.Le and, a..of.ìing to a
recent  sLr Í .y  b)  Òaddocl (  G995r) .  oùt)  ar  occu. fcnce on

is a l ld  of fcLrer land $as dct iÙi te l f  erpto i t€d in  t l ìc  pasr .
\ le  must  thus assurnc sorne coi r fus ion ot t . rms in S.heel ,s
suggest ion thr l  lc l ì rùìc  i ron wns i . lpof tcd jn to rg lp l  f rom
lhe lelopornresc and fronr thc N{:ar East ard drat lools of
k l lurc r  on rppearecldÌ r r i r ìg  the Sxi te pcr iod (Schcel  r989:
r l l .

llìc avaìlabiljtl of iror où an\1hi.!: bLrt r l.orlLriknrs or
spradlc s{a lc  hrd to awaiL Lt ìc . levctopnrcnt  of  iLon srnelL.
inq. T]le relaLiv,-lI lare !doption .r1 tliis rcchnolog! o$cs
m0re Lo tlk cor plexiries ofrtìe proccsses rhin to a tack ol
suppljes. sin.e iron orcs are acrurtty abrùrdant lvo .t{vjde
l r0r  prodLìc i ror ì  rcqrL i fcs tempefr turcs ot  around I , roo
. - o r . L  I  t , .  , . ,  r o . , o r a ^ r  . ,  ,  r - .

T le nr l t ia l resul l  o fsr ì lc l t jng j ron ores is  r  rnúc. lmrss of
rc]r, shs and otlcr rìratelats. thjs has ro lll.terg., repeaied
\ " .  , "  d  . , r  I  i p , ^ t  . " r  r ,  L  r i ; r  r r  r  r r

l l  r r ' o l o  "  f : .  I
roÌmi.red llìto sh.pc (r'irh fepe:rlcd x.ncaìjng 1o teep it
{ { , rkablc)ud Joined by hamrÌrer  wctd inq r r  te , , ,pcranrcs
arOund r , roo."C WroLrgl i  ì for ì  o f  th is  type coutd bc nradc

-  l - J r  J  . \ , J p u '  L , r  l r o '  i  L

. , , ' ! " - . , ,  " L ì r  . . r r .  . - . . /
" o ù  ú . F  . t r r  |  .  a r - ,  t  i  , )  .  L , r ,
q?s rLs tefdcÌrcy to berd not brerk.

Thc sciltcred. sutposcdh i.aft), anci.nr tgypùar
e*mples of i ro l  r r rc l r . ts  wcre posslbìv nct r  urg icaì  cur l
osrhes as mÌr(h {s  e!L. le .cc o1 gercrat  or l rurat  arrarrnrent
a l lhough thev hav,-  aI facted corsìdcnL]e iDrcrcst  orer  thc;  " ' ,  I  ' -  , r '
. d d  , , , 1 ,  ,  , ,  . . J , ' . t  - .  I .  o  t , , o )  |  . i

drt. {ound at cirz:Ì and c&rninc.l try Cowlrnd a .t Dc.sch
lsee Lu.rs  r96zr  217) .  Thc rnosl  cetebrarcd ìnsran.e rs  f l re
. n r o  J r o  r e , . , . d , \  , - - . . , , ,  D  . J g  . .

lhe Fourt |  Dvnrsry Crerr  p!Émjd at  Cìzn,  deep wi th in rhe
Ììaronf\ ùrd rcKa cd lfter bhsring. lhlr agc ot this ptcce
has been lhc subject  of  rnucL d jscussioì r  Lùcas,  fo l
" / .  r ' . r r r  e r  , , , r  d . , " r r  , r  , . , , u , . C
d 0 ! , ,  ' r  r d . o ,  o , ,  , , p  r r t  L d . r , : :  .  l
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t . -  \  |  . J - .  , .  . r
,  D , o  :  ! n / ,  r , ,  o

dit.tthn ofút Jori.tl ttùotr]1tht lrrèfts. whit. ttlt bnlk\ttu i:nLk
fttr.r"t' !iùLibl..

A tclv years ago this pjecc i'as cxamincd metaliÙreicatìy
and^a l  c r f l l  d r te  aga in  .hampjoncd (e l  ca la Ì  . i  r / .  1989c :
7t òl). At thc slrnc time. Cu.ldock and Lang cryresscd
somc doubts and ri.cently pubtistìcd r fu 
whi(  h con. ludcd thar  ihe s i fuctur  e and coìnposi t ìor ì  o f rhe
rfor 'strongly 

suggeslcd that the pLalc of rron fiom the
crcat  Pvra l r i id  is . ,1no greatrnLiquj t )  (C.rddo.krnd La.e
r 9 ó 9 r  r 9 9 l ) .

l :  u v o r ' J  o r . . v  |  ,  ,  .  t r .  o i .  ^ 1 ,  -  . a  r .  r , . r t  I
r d t s ,  f  , - - . r o a .  r ' t  o . r , l  . .  1  ^ "  r r  r r  . 1 ,

the Fourth Dylasrl, bur ir secnrs tjkely thxt a han.Lful .,f
ùon oble(1s night havc crlsted ti.Jm rhc Otd Kiredom
.,.lvards. Oa rhc vaLioLìs cìtcd ancicrìt crampt--s ir is d lì-
cu l t  to  co. i ì rn chronotogy or  p.""" , r " . , . .  i , , , , , , , " ,  . " " " " .
Srrxe smaì l  p icces of i ron coutd be b l  products ofcopper
slùelhng usnrg an ;on oride IìLu, thc .,c.asionat prcsence
ofiron ftoÙ, thc rarìy otd Kingdom onwards ls o.ty ro be
expL.cn'd. Ce.erally spcaling, rhere \\rs sornc sporadn
srncltùrg oi iron orcs, lnd productrr ot wrought ìron, nr
the rnc ier ì t  Nea.  Easr  as 1àr  back as thc th i rd mi t Ìern iuùr
t lC,  pcrhaps ccnt .ed où rasrcnì  Ar ìato l j i l .

fhc ìÌrpettls for iroÌr prodùcrion njglìr we I hale dc-
nv-èd l rom.oppcr  smel t ing.  t t  js  nond above lhat  i ron
nire.als rverc added to coppcr ofes rs fiLÀes to rid thc
'  , I  o  o r , ,  ,  . , . t  r  , r r f ,

r  . ,  r  r  , .  . , , ,  , , t  .  o p t .  l
beconr,:s Ljùworkable and thc Lrue lìrìk, jf any, Dcrwcen
.oppcr  afd i ron prodlct iox renÌa ins xÌ  . loubr .  Anolher
possible ljnL ìs ber\c.rn rhc ùrtroductjon of red jron trase.t
elarcs, such as the rcd faicn.e ihar lppears nr New Kxìg
donr Egypt, and the dcv,-loprncnt ot iron orc sncrL g.

I lv  th t 'second hal l  o f the second r Ì r i | i -nni r Ìù BC, ì ron
was beglr Ì I i rg  to. :omc i l to  nìore coÌ l l r ron ùse pcrhaps
manr ly  dcr jy jng f rorn Lhe Hì t r j rc  wortd.  Documenls of the
pcf lod,  such rs lhc '  Amanì !  Ic t rers,  rccount  rhe f inc i ron
obje.ts indu.ling daggers r-{:ejvc.l rr lhe tglptlar colÌrt
r romlrrcr i l  n ' lers (Lu.as r962:24o).  Ol  the rare su.vru lg
N--w Kirìedom lgyprlar cxanrptes, the nìost tuùrous rs tne
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dagger ftom the tomb ofTutankhamur

$;- lli$f #j.:::.Tn:rr: l[ u]:rî;J"JXTl: 
j,[ilJ;"i:: èldrFs 

ì"îL'e'� 
drco rrom ] u'an'

".:';i',;j:,f ;; ::"j,li;.,"'i,'J;ì jjJT,i:ill.\,J
5^,il,;TI : ::;t{, i ";:#;x :::i;; i"; li\éarur  r ' !ecî  nzrde ' lFd "nd ,pmpèred to (onsrderr l , rc

;"1,".;; tili :,il.,-litíj; T T.: "li"J,"lTil,*;
*rmples incìude a pick from paÌestine, identificdas carbu-,;,:x_!:i' ilr ill ::l[ ;1 :;:* t,;, fl ,.;:;,li
iii"ilp:l j:iu:;::,r::"1;ir;i""J:H:::
t::: ;n"T:;,.,:;;1"î J;il :;.t;?;l.l"Ty,*l:
Íd:.iHi. :i:i;1î: ,':;fi [ #i :",TJ'ì::,ff
iJLiti1f.i",.h"'''t 

centurv nc might be r''ore"likeiv

.  
B \  r l e  n , . d d h o f  r h ^  f  r s t  m i  c n n , L l . l  B L , . e  p r o d u .  h o nor rLon had jncreased dra l lar jca[y,  bur  t lp.ea'',ro be Esypt rndeed,,* .;;;#.; ::;:Ttjj;J;

:el- lré".:Ter.alov on". r:s b.en se"n a,. mdror rr..or

t1.!"L"j, r :rilq::" T:1,ifl",,1.T,11tîì':: ."ii,:i1,,44c-ioporamjJ in ' t  e Neo-Babl lorran penod. rh"r .s " iouno

li!:i i:;a; i"t ;.,:i,.,i: J;:::f l,:i.;:r ; rgsl  Srorpof iron or:è(r .  t .om LgWr froî u.  s penod:srL$,! '  ! i r ìosr rs o do,,en rror *oodu o,k:rg,ools,o:nd in
l i i - - : : , , . " ,  

,  d,socrJhon wirr  d we.rè,n As,r.r .  b,on/e

;;;;:i'';;'i;Hliî,'';T :ì:"jî;'iHlîli:l:;
r97-u: . )óì  ìos l . . l  ouror  these rools"rc . reel .  ( raddo,k hast .ent ty  h-gFr\  d i rDp, ,ed Jny doubt  "s  ,o rhe d  henHcrD o.r lc ,group lcraddo,  (  îo \ .  2)or .  t t  rJso secn_c t i (e t )  úal
: i : l : :  l1T" 

. |-:  *.:  inhoolced in,o Lsr?, jn úe rjr-ref loa.  Ho' -$ofk:ng j ron wirh ,hp èd. le ; fgwnJn hdnd-"",Í, i""lTli *",19 h"v" b"en an unprcavr r expen"nc"
,".;:i t i:';;:J"'j);t;T:' :;:l"'j,:,;J :;:?q ì d  t r e , e s u  r  i s . a . r  i o r . C d . t  i r o n  h a ,  h l e r e t e , 3 n . e r o r

f;;::l ?liJ 
"Ji,";:*:*.- "' be gnored as,:r

Lead

\ar  \c  le"d i .  exh.me,)  r "  e.  Lur  read i \  re tJ .  ver)  Fa.y ro
I : : : * î , | . î tn  

r ,hc ma;r  orFs satcnd i read sr , tphid l  or  cerl t r s l | e  { r c a d , d r b o n d l e ) .  I e a d , : n  b e . n ì " l r è d  , r o m  g a t e n Juslng a simple charcoat or wood fire. As Moorey G994:

ie^:Ì,lis-1.ent'y 
noted. thes€ ores are of read y aftacliyemetanc appearancf and woutd have been easjly sponed by

i l ] ," 
pl*0"1"^ c,rtaad and Brnr :srcr rrî2. J. "c rÀelleg

l l i l ì  l _no , r . . e ' , . .  
' \ F  m l r :n  "nc ien r  rgyp , i , n .ouc "as

:::: : i". j ."î ,r," 
ro, ,",a '"o,n ",nj."o, n orQ,," i ,

:1 L:  :d r . : ,oa. ,  cdren3,"d. . ; . " ; ; ; ;#t i
-: l. l  l i  lh" *'ì '  1'" '-rh Lerru'.. "nd c", 'and "nd Brn.
;.ì,: 

.: ' .. ' . ,^ "" 1..k,, es in rhe res or (cartanoand
:_,-""1"':1. î4, ì,,. rh.,e a,e. r,o.",.|.. n,'] "ou. otn..o'e oLat i r i . .  s ,  arered rhroJgh ig) ; i  r , rn* ,  ** ,1.ennre rergrh of  

. [$?t  
.  Ia . ren Dpser For  F\anp,e boùt(e l rusr le "  rd gdìen,  dre fo rnd J,  t rm ChFie ano saîruf i

: : : : ,^: i . ,  :": , : :7 : o ., ,  r r Ha*a r " nd H.s"a r, r r8rr hartercnr11. p:bl i ,hed a rrao of "om. or rrr .  re. ì  or. ,o,n. � , ,

: ;  ^, : l : : "^?:""" : . :" .s iLrrc vr3 rhe w.di  Hanma.ru!
: l l , l : ' : ' . " ,"  Jnd cdle I ,o8r,  h. \"  provrdéd r ts.Easrern Desert galena deposiis.

.,^Ìn 
someparts ofthe Old Wortd, tead was bemg exbacled

j:mjl. oré: dL,rnq. rh: \ixr,- ,nd F, en seve-rh î.ire iaó-L-. r.re smé l ing o-l.3d.hus proL"l, ly p-è ddred lhesmelr
llc-"1 1l:,"1'T '".r" r -**', ", 1,6/6i...-n,p. r" "ra,
lT:.:,"."^,""-"^,jl t1yr.h,"d rron fgv?r i" a horiou ngun
:Î.:u.- "jT:"*".n,)t nc,,"*!,ie."à;";iì ;liiliil!^É\F rr5- d.Naqadd daring o.t  .  rou.rh tn, t i "nnira,gC(Ashmolean 1895rl7). Thi. fl* *-",i.*"'ú*tr **"W

::.:]A,,rjl^:..",,""alysis vindicates petlie.s orjsinat! ,e\  rhd rr  i \ tcrd. indFéa.,  *-r ,"rUr""r . ; ì" ' "  
"" t ' -

'::; *': :l-:'! l':,:;;;":;ì1::.1ì:ffi ?:#;;, .n0. "ì imojt. J,sni..  g"ra ,.0 ,.pp.. f . , i .  ,r-d s,
: i le,,e: ) rhe rFm3"kJrJt! hisn pu;ry o, rre haw,(
l "^.1"9,) "",", .*rr*a ng,i"" l ,  ìàhì," r , .*d'^  ADyoos drd,oDajned by rhe Bnl .J .  N,ru._Ln

I1?.'.'q." ,lur, '" ,8eo 1í<asko ss;r fil. És.,,JDed' .  ro fow had i fs  deta l .  i r  nor  i rs  ér . r i .e  to,m, proc,r

]l-:111q "î, *,1*r. *: ",À.; ;fi 
';;:,í';

oenceorgreat age, but further study ii requireo ro estaLjts antiquiiy.

-, 
LcJd oLtFcls 5ee"n ,o I ave lrcome more rur. rron.rnerrcg 

 

i ingof  rhe Nèw krngdom (C:- l " rd "no Brnnrrc)-7- ro) lor ra.ing.. tor. n_ni ,o""r , .""., .r,  r" ,o.,

l i"l l ', i, l l-,--"19','*.,o.opoF, a|ovs (see p. ì4 5,n ishr.,erare,,o,he rn",e*r"g r_p"" "i ;.irri i"l i iEgypr úomthe New l(ingdom onwards.

-Tir-had 
atto,  "  (pewle,,  , , .  r - , r" ,n1*r.r" ,n r_r, .an*

::l'.fl:':l: Ì: 
r".rer par or h" doman renoop.er7r l .  One po-ib F ' , "*  Ki"Ca"- *"_ì."  "oerow under 'rin'



cJll!imporlcd, eren lrom .luì tL' carly tjmes.
Thcrc Ls a |ug-- literiÌturc on the ìsotopi( ch.t!.r.risa-

ìion of aìcjent Ejlyptlan lcad atd lead containtry alloys

lìndLrding copper allo,vs a'rd sìlver) a,rd thc rcadcr is dl
ftcred to the feleranl gcologjcal rùd Igyptoìogjc.l L]ibli
0gnth ies ar  rd l ì  rcra l  urc (c l  Baz r984;Stos-Galc r995i  Has

san and Hassrn r9E!) .  l r  theor) ,  thc rat ios o l  lhe varrcus

rsotoFs o l  lcad c:n 6neerprnr t  a source and rh l rs  pcrùÌ lL

objects 1o bc lraccd to their ofignì. Sornc fesearcher-r, how-
e|er irc more pessirni-(ti. aboul lhc feaL pot.-ùtixl for llljnc
ideùt l t ìca l ion (Budd d aL.  1995:  141 5o) .  l l ,e  fcscafch ro
dalc on lgyptian r rterial is .onfusfis, b.Jth local rld
imporred lead ar lcad orcs would have appcaL to have
bccr used rn.L the lìn3l word on thc subjc.t has br .o

Ilercùry is a sllvcly rn--tal that is ljquid at teÌiperrlrrrcs
abolc 1t .87"C.  ì t  wrs f ì rs t  obscr lcd soLìd on lhe l lnL 'nscI
cold Chr js lmns drv nr  St  PcLcrsburg ì .  1759.  T lc fc  is  Do
cridcnc. for the use ,r1 mclalììc mercur) ir Phsriofjc
ESpt .  but  the !sc o l  n Ìcrcufy.ompouÌrds for  o lhcÌ  prù
poses is  possib le.  CLnrrb; ì r  (b,  jght  rcc l  mcfc ' , f ic  su lphi . lc)
does occuÌ  tu  Egypr (Sabet  r l  !1 .  r976b).  l l l  severa]  Par ts  ot
u  e  - n . .  L  o i l  u o l c
pignrenl  by: ìbout  lhe f i f th  ceùtury BC (scc p.  t66) ,  ar  l l
hrs even bccn rcported tlút it lvas irì use it Nl esopotatna r n
rh€ rhÍd miL lenni rùn BC (N{oofc, !  r991:  ,55) .

\'lcrcut conrbiùes with gold and silvcr to loùn scnÌi'
l iqurd amalgxrns.  I l ìesc can be.ppl ie . l  over  rn. r r  s i r r l , .L :s

as a p l i t lDgi  t lk  nìcrcury is  !apor jse. l  o{T x l ld  thc rcsLr l t ing
gold or  s j lver  laycr  pol ished or  bunr is l Ìcd.  Thcrc is  l i t t le

e!ìdence for llìis proccss before Hellcnìslì. trnri's .fd th.

earliest exaÌnplLx ftom Eglpt ar,- a hxrÌdlul ofornametts of
ùe I'tolelrllc pcrjod. a.d ìn thc Cìassjcal raì1ìcr thrn r$p
hanidiorn (Vflilli ns ard oeden r9941

Plalinum metals

Tlc platjnum group ofmetals |rcludes plrtinurn ìtsell, Js
welLrs pal ladiurn ruthcniurn,  nìd ium, osnr ìuùr  and rho-
diurr. S,rralì grains conrposed of varnùs alloys l]1 rhcsc
netal\ (with nìincrnloilìcal names suclt 3s osrnirjdìunr,

. , 0  , ,  , J  l  ,  d o .  ,  .  . J ' p . , d  . g o r  ' o n t ' '  i
iionl ficqLren lì) oc.urin aìhLljal g.,ld dcposils. Due to then
hardncss, specifi( gravity rnd chclnical ireriness, they of
len remaìn wìth the gold lhroughoul the sepàntnnr and
neta lwoìk ing processcs.  Thc graLns composed p i r .àr i ly
ofvaiorLs proportìons ol osrnjum, iidmùr arìd rutlìcniLrnì
rerrah as hard white rnctal specks jn the tuIal goldwork.
Such specks, vrryirìg 1Ìorn mi.roscopic to sclcral mìl
hnetres long. are conlmoDly vìsible ùì iÌany c:rlcgofjes of
ancient goldwork, including those ftorÌr ancicnl Egypt (og
ocn r97o.  r977) .

lnclustuns ofthis llpe have b,---ù notcd in Egyptjan gold

by varnrus aùthorilics durìDg the twentlcth centrùf (Ogden
1976), and Pclrie s'as perhaps tlìc Iìrst to descriìre thenÌ
acclLratel}, tcrming ihe inchrsions in a NliddÌe KìÌIgdoll]
goltl scarab osmìrìdiunf. \l,illi:rms (r924) less pf!'ciscly

c l l lcd srch jnc l ì rs jons p là1inunì  mcta ls  ard Lucas ( r962)
{as incorre. t in  assuning thcm io be largeh PlaLinunì  .  l r l
1rìorc recent years, advances in anal,ltical lcchniques hale
pernr i f ted thc tn s ih i  analys is  of  rnaùy such in.hrsìons n1
F.gyphùr xnd o lhcf  gold (ogdc!  1976.  r977i  Meeks ar ld

Tite r98o). Th€sc analyses show thal thcy :rfe indeed prl]
donrùraÌùly osrnlunr ard irtrlirùn, sonetjmes $'ith corÌ'
s iderrb l€ rLr thcr i Ì rm,  rnd lcss cornnìoì r ly  s i th  sorne rho-
.Liuùr. Platxìurn occurs as li1llc more ihàn traccs and
palladiurn hiìs roi yet beelÌ dcLcctcd.

Thc commonness ofsùch spccks ìn Egyptian goldrvork

indjcates lhat the pì31inrm group metal gràxìs arc corr
rìon if rhe gold deposils cxploited by the Egypii:rns !.d

thÌrs nrust ahno-ll ccrtairìl) occrù in lLe gold dcposits of th-'
Fasterù Desert  or  Nubia.  There has bccn no geological

.  J  r o r . r r  t .  , r  , ' ' ' .  , ' ,  1 i
th,- EastcÍì Dcsclt, although it is possrble that it mr) eisL
ùr tlÌis rcgion (see Ogder 1976), gLvcn ih€ facr th3t

(r) the.e arc wcil-l(nowr, (and recenrlt cxPlojied) plarinu, n
metaì oc.r rrcnccs $'ith !:old nÌ whaL js now ìithi{)pia;

(2) there is platrnu,r in niclicl orcs Ironr the islànd 01
Zabargad ls t  john 's  ls lxnd)  1r ì  the RecL Seà,  aboLr l
cighLy l<ilornclrcs sorÌthcasl o1 Bcrcnìkei and

(l) thcrc is rn ur<rrfìnncd rcporr ofsl(h ùretals Ìrì tìrc
Sudan.

Platìnoid lrÌclusjons havc bcen notcd ln Égntian gold-

work rs carl,v as ihe old Knrgdom. noi so frr before that.
Tì,c ìiclusions a,e seeù irì úÌ:ìnI gold objects ftoÌn rgypt
frorÌì Lhcn on fo rhe RornaÌÌ Pcriod and areq?ic.Ìll) pdmar

lll lrldmÌn osmrlrrn nùlÌ!'rìiLrlrr:rllols. However, thc avcr-
rg. proportjon ol ruthenirùn pres€nt secnrs to drop lronr
lhc Mìddlc K ngdom onwards, from olcr 25 per cent to
undcr  lha l  rmorLnt ,  perhaps ì1Ì . ì ica l ing a s ignì1ì . rnt  swi tch
in gold rninnrg regnù (Me€ks and Tile rgEo), mine tlpe or
pciì,rps e!er rdovcry pr,:,ccsscs.

ln t|e nineteer'ìth ccntur-v. Bertheloi (r9oo) idcntilicd
the inlav nr all Egyptjar copPer rllo) bor as somc sorl ot
plarùrtrnr ùìctal alloy. l1 js fot jrnprobabl€ that a composite
phtll|ÌrÌì nuggcl. like those record.d rìorc recently in
I thìoplan st rcnnrs,  was i rud!er tent ly  used ins iead of  3t
clcctrunì onc logde. ,977). ^ n€w cj{anìiraiioD of tLis
illÌal would be,,sefuì

Il is generally assume.l thal plstirunr metàì grains only
occur in alLtrlial, ùot vein gold, deposits. lt is true thal llìc
coìrbìnrtiorì of gold and plaimum metals is àll but urì.
knosn nrpùraLy rccfgold deposits, but corrbilìalions aIe
found nÌ sonÌc sccoDdary deposits .Ì .1 lt is noL uDusual for
gol.l and plaiinum mcia bearing rocls to occrr m proxinl
ity. Platiniferous rocl(s lransversc aurifcrous quartz at

ì69
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Yubdo in Ethiopia and simitar assocrauons are pernaps
likely further noith. The presence of chromite deposits ìn
areas adjacent to gotd mining areas (cubic chromiìe inclu-
srons are also visible in some Eg?tian steatite) and the
,L-.rerou, ( ìu?rt7 \eins l rrrersing.èrp.nt i ,  . tp rocl .  at  hF
è, x/baramrr gotd m;ning ,rea of rhF ta< crn Dé.er
.oJ d ,  om o geologiu, po nr ofvrcs. point lo ptJUr oids
belng presenr with gold reù.ieved using ancìent vein gold
exproitation technology (Sabet et aI. ry76a, olden r97ll.

Silver

J,u:"s 
.usce,r ion úar mu.h rsvp rn. ivrr  pdnnutarty

rar or ue errtrpr pef lod..  wJ. actua v r  naruraraUoy of
silver and gold has been subslantiared by recent studies by
C:le and Sro-Crl .  {  98 r  and ra;shar a and rr , lever,  1r o7a j
i  nrs wds presu| l l rbt i  ndrurrt  aU, an si Ier aom t$pt ian
and Nubian 'gotd, mines.

- 
However, some silver wìth r per cent or iess gold occurs

trom Pred'.nastic times onwards. Since silver còu1d not be
rpar, |ed t  om na urat goloT. i t r  e,  a. tors so eart \ .  rhc srtvpl
r - r r s î d e r i r F , r o m  m i n e r a  o r c s . T h r .  s L c r r a i n l y i m p t i e d  b l
the smalì lead presence in such silver lcate and Stos-calà
r9òr).

Therewas, perhaps, some exptoitation ofsilverores such
as rrgcnt i te {si t rer sLlpl  det In ,nrrquiry bLt mo. ot d e
\ùver probabìy denvès fron read ores. \ r  h.n teao ores Jre
rmèl,ed rhe mut en teéd p odu.ed con ain. r i i  r_àLes or
sr l !Fr.  when thi \  lead i5 îcaled LndFr .ùorg oxidisrng
(ondi l ions lhe lead i . ,  onredéd Lo r:  bdrCè .ead monoxidc- a n d , h e s j l r r \  ì , L é l e i t  J S  r  " h i n i n e  g t o b u t "  o f s  t r F r .
Inl"  oxrdrs.îg p"ocess is te-mpd ,  upe af ion and $r.  a
process also used to remove ìrase merals from silver and
goìd. As $e ":u abore. tead s!,  ré:rs smetrFd in so' l le
Dar\ otrhe Old \  or ld bv r}e sprenrh o, s l \ ih mi enn J,n
B c .  J n d  a n a l \ s ; s  o r  [ $ p r i a l o b i e ( . s < u g g e s r s u ] a t  |  $ d .  .
u s c  o n  a . t e d s r o ( , " s  o n s  \  p r l b c t o r e : b o u r J o o o  B C .

ft  ha" ot 'en bcen ds\umed ulor r ' rc pnmp "ucr source
$d. rhe lFad orF grten, { tead sLtph,dej ;hi ,  h doe. i rdeed.
(onÌarn some srt \e-.  Ho$evFr ùe . i tve- h\ets i r  Lg}?r ian
galena are generaly low (forancient exptoitation methods)
and overrec€ntyears anatysis, studies of early documentary
eladence and everimentation, have indicated that the com-
noqesrsoune.ofsrt \errn rnLiquirv might rJtherrave been
rnF onorsed leJd ores. pdî i (ut" l )  cèrx..r-c ( tead ."rboî
ate). Silv€r obtained from cerussite tpically coniaìns the
nohceaOle amounts ofgold ànd other trace erem€nts that
a r e  r y D i , a ' o f . o  m , . h  s i t r F r  r r o m  ! n  . L i q .  w e , " n  " l s o
nole lhat. i l \er r jghl  up ro recenr r jme. u.ur l l )  ront,  1" J
noticeable iead content. For the purposes of iiotope prov-
enance studies (see p. 168) it is vitat ro note thar this lead
need not always derive ftom the ores themsetves, but mighr
weìl  represenr he tead "dded du. eg a .e6ning process."
^ one of the earliest silver objects irom Egipl is a boxlid
lrom Naqada which dares to the middle of ih; fouÌ1h mit-

lcnnrun BC {Ashmoté".  r8q5 987).  Howeve.,  s 16s4
r n r l r s i s s b o w .  l h r s ' o , o n t , r n : b o u r  r 5  p e r . e n r g o t d a n d i r
rs rrrr  r tmost ce-ra 1ly arr iar sr lvpr from a gold mlrre
(cale and Stos cate 1984. Neverthetess, the iead luwt
*. I .c " . : :""9 dbo\e is pern?p, eviden,e ror a fair ,.ophi\r ica ed ìF:d/sr lvèr prodrcr ion ccnrre rn úr.s arer dur.
ing the fouÌ1h millennium BC. There is some debal€ as to
whether the lead ores of Egypt,s Eastern Desert have sr:lver
contents higl1 enough for successfut ancieni exploilatìon
(cadand and _Bannister r 927: lr;Cale and Stos.calergg4.
Cer"rr  v.  so lar.  kdd i"orooé analvs,s ot a\ iFnt EglFer
srn er oDreLts h3. nor sLpporled Jn rndigerou\ orgin.
- Recent analyses ofvarious ofrhe vessels and i;gots ìn

the Middle Kingdom ,et,Tod treasure reveat retatively pue
silver with gold concentmtions generally under o.iper
cent, (maximum abour o.65 per cent),lead welt under I p€r
'  enl  o îd gpneral ìy undFr o.2 per cenr (À,4eîL roqa:2r_4r.
vanv of rhe oLrecr" have onty minure rrac..  of ,  oppe,.  ùi
uplo4 percer.  copper rn someoLlerrs suggesr" oc.asood
intenrio.al  aUoyine tor Dr+rr.  at  working re,sors. t î"  s i l .
ve w"s ol,!3ined bv Iné rupp afion oion arg"rriterous
mrreral  3.d lerd rsotope srudré. \ho! rhar the sL\erwas
almost certainly impored and a northern creek or sourh
Anatolian orjgin is possible. Mosi Ìecenrty Maxwe[,HFlop
has argued that it is quite likely ilìat rlìe el Tod assenúage
was colÌected by a ruler in noÌrl Slyia and sent íìom theÌE
lo EgW. {N4asel l .H\srop r9o5,.  The cy,rnder.er l"  found
wrtn the rré"sLrc would .  ropod hrs {rorada -98r)

A V ddle K ngdo-n srtrer 6ee",  f rom d jd.aD rus r
copper leveÌ of 26.4 per cent, and Lucas quocs anollrer
object wiù aboùt 66 per cent copper to 34ier cent sitva
rr96, 24.) ì .  Hosevc..  in g"rerat(  oppe, terè,s in sr \er.nd
aurrdr \r lve'  rarelv exfeed dbout ro per fe1. "nd ovFr r  orr
per mnl i< p.obabì) dF Lerdte.ANF$ Kbgdom.dvernq
supposedv w,rrh rbour '5 per .ent in preser I is n rdlf
surpn.;ng I l -  v icw o. lhc. olour : imrtar ir ip i  of  rhp rqomerals
bu'  more rcscarch s nFeded oî his piece rsee p. ?r) .r  ver was workéd .n îu(h the same war as Loppet
r l lo)s Shee=melal  o.r i .ds úeré gene.al ly nrmméreo and
rdised to.hdpé.$hrtè rhreedimersionrt  f igur nescoutdh
cast by the lost wa{process (see above under .coppet). Fine
examples of silver from the New Kingdom inctrlde a rurì.
pet and pomegranate vase from the tomb ofTuranklìamú.
Once silver became less exceptional in EgrT,t, it could be
used rn $eat quantities _ in ihe Ramesside period we beeÌ
of enormous weights of silver staruary dedicared in dre
temples (Becker ', ai. 199,1: 54 n. 3r). However, few han
suÌaived, one such is a superb, hollow-cast silver statuetre
o1 a ?haraoh presenting a figure of Maat (LorNre t274tr,
Zre€ er r188) Olher sLrurving s, ,ver obiecs or r Ì t ln penod
IncrJde rhè mdgrih,ent srìrer ve.sel"  in lhe Rrmasidt'Bubastis ùeasur€' (for a summary and references see 0g
den r99oA). Indicarions of the Ìater abundance of sjlw
include the silver sarcophagi of the Tanite pharaohs (see
Yoyoite r987).



Silrer statuctt€s of deìiies of royaì figrLres afe rare. Re
.enth Beckel  r r  d l .  ( r994)  hnve l is ted and i lLustrarcd sev-- ra l
oltlese ìn lheìr conìprehensive publication ofa 6nc siìver
fatuelte ofa nakcd woÌran ofibe Sairc Peùrd, now rn the
V  o D  i J n \ " , , , r  o l  A r  .  \ " $  \ o 1 . .  h i  p r . .  s . , :
madc ofhigh furity silver (about 96.7 pcr .cnt sjlveL. 2.6
per ceni copper) as a castiiÌg with separarcl) rpplied wig
and.€cklct. The cast rorso has snall squarc silver plugs
cone.tìng caslnìlt flaws.

We.annot  a l$als  assrLnlc ùìaL ancient  s i lver  was int
ended to h:r!c a briglrt, shiny surla.e. The deljbcrate pro
duclio! of r black sudace on Classical silver oulccrs rus
beell th€ $bìectofsome debate in rcccnr yea.s whìle jn the
incicnt Near Fast some sÙch tradìtion is irnplied by rhe
Tahnudicruhrg rgains l  brr rnì  g sulphuron the Sabbnth ro
blackel slher. Durìnil the coùsenation of the fine silvcr
Saite nakcd wonran describcd al,ove, the conservaron
found Black L:bular hexagonal .rystxls in close .ontaci
\úththe sjller . nray be a silvcr sulphide, aithoogh this ìs
nre in rf.haeologi.al contexts. (Bcckc. ir at. r994). This
black sulphide cotlld perhaps be inrcrpret,-.Ias aD origùìat
delibcratc suface. Ifso, the rÌnlrsual lèatlrre ofthe raiscd
nther thîr] incised cartouches on tbc afftìs
planled the) would look ùragùificeDl ir shiD,v sitvcl
agrirsr a blacì( ba.kground. We .an also note that rhc
jnvenjgators lourìd traces ofa briglrt .ed sLrìrsLaùce on the
$ig that appcared to be composcd of iron, calcluù rnd
silicon I hls brxrgs to rnjnd the rcd iron oide pìgmcrr ov--r
a rcrl thin sesso later noted by thc writer on aD Egyptian
qoÌd hexd.lress (scc p. r66).

Tin

linúa soli.llglÌt siLven \\hitc Ìnetrl th a t ìs obraùìed errner
ar r natrvc mctal or derlvcd fioùr varìous orcs mosr
.oùrm.r i , ! ,  ì f  not  invar iably  ln  ar t iqu i ì f - , .ass i rcr i te  ( t rar l
1994).  D,-spl tc  thc use of  r in  as an a lk)yìng maLclú l  rn
roppcr alh)s ftom the Middle Kingdorr onwards, rnc,st
eùlief iìLithoitjes hrvc expressed a bcìlcl that hn orcs do
notoccul  l  Eglp i  lcar lar Ìd aÙd Bafn isrcr  1927:  4)  Hou-
e!er, rhcrc are deposjis of cassiterite, sonìc of hirr s,roc, xr
the lastern Desert and sonìc tnÌ is .ornncrcially mjned

d  , , L r è , r  r . r . 6 , r  t - . - " , t  o J p "
rhalcocite jn smai (Muhly J976). and wlinwrighL repored
placcr tnr deposits at Nahr ÌbrahltrÌ (Wainwrjght r9]4,
r94l 4). Undoubicdl) sorne tin was bci g imported rnto
lglpl rì a liqrLilt, trLrt probxbìy noi all ofit.

EarLllrnolrjccts fronì Egrptrre extremcly fare perhaps
suggesting th.rt tin was gcnerally employcd xì tlìe {oppel
and other indùsties ìn Lhc lorn oî ùinefal ores, not as
metal. Orìe rcccntly shrdied cxc€ption is a srnall she--t iìlr
b?ad from ioìnb l7 at Assasif, ro ghly.ontemporary with
Thuúose l l l .  ADalys is  shol red ih is  ro bc ofh igh pur i t t  tnr
r i lh just  o.6 per  ccnl  lea. l ,  2 . r  per  ccnt  copper and o.4 per
rent  i ron (L i l lqu is t  and B l l  r99l :  65) .  I Ì r terest ingly  Lhc

lcad isotope ratio of this bead has le.l to rhe lcntatrvc
suggcstìon thai thc ti mighi origjnatc in the Taurùs
MounlaùÌs in southern TLrfkey, where, jndced tù o.e (cas-
srteritc) cxlsts and wherc there are rraces ofancrent minxìg
actìvìbr daúìg back lo thc early llronz€ Agc (Yen--r,l al.
r989j  E:r l l  and ozbàl  1996)

Other  car l )  uses of t i r  ìDclude I  ine of larc New King
donì tyfe fronl curob which $'as analysed b)- Dr Ctadsrore
and sholan to bc pure t in  (Petr jc  r89r :  pì .  zz. ro;  Gar land
and Bannister r9z7: 29). Th--re ìs also a well known nask
f ionl  a tomb at  Atr idos (Ashmoìean E2442i  Petr  ie  r9o.1:5oi
Dorglas r989) .  Anal)s is  showed th is  ro bc r r rade f rom an
al loy o i  95 per .enl  t i Ì r ,  4 .7 j  per  cenl  Lead,  hence i t  is  a
low lead pcwtcr. Tin alloys with around t per cent lead
perjràps ì'eprcser'ìting the optinìulÌl hardness are well
loìown if Egypt and elsewhcrc. fionr the Roman peiod
onwàrds. Although the tomb conrcxt points to a late New
Krrg.lon o.ìein for the flask (and Lhe basjc fiartcncd, rwo
handled shrpe c.n be paralleled jn oihcr rnrterials al lhat
period), the possjbjlity that th-- vessel js somehow jnirusi\e

shoLr ld bc borne in mlr ìd.  The conrposi r ion and consrruc-
tron wLth two horizorìtal s€aùrs might lvctl point to a
lat--r, perhaps even lslamic, orlgnr.

Wiih the cxcc.plbn of the above objects, lm objects are
cxtrcrnely rare xì lgypt until Ronìan times whcn rLrì $,ìth
lolv lead.ontcnrs (pewter) L,ecamc quite (onnron 1òrjewel
lcry, vess--ls and somc otherlurposcs, rÌÌclùding soLdcrs lòr
coppcr alloy objects (wllliams r924).

Copp,:r tnr aLloys lvcre discussed abolc with ihe oihcr
coppcr allols. \ve can however note a ring of Nineieenrh-
Dynasq datc analysed by BcÌlhelot which $,as aù alloy of
a l rnostT6 pcr  ceÌ Ì t  tnr ,  s ' i th  arou dr6percenrcopperrndI
per . , -nt  lead (Bcrr tx lot  1695:  r l r -46) .  rhere is  a lso x rnrs
oi possjble Ncw Klngdoìn dare $hich is made ofa rnì-sih,er
a l lo)  (wi l l ian ls  1924;  osden r9E3a:3o r ) .  rhe appi .ar . ì lce
of 'odd'  t in  a l loys at  the t i . re  when the Ls, lpr ians were,
pcrhaps, fìrst l)e.omrng acquairted $ith rÌetallic tin is nor
surpnsLng.

With the erceptioi of I ferv possiblc .rarly, bùt noiì-tgyp
t i : rn,  examplcs,  thc us!  o l rneta l l ic  z ìnc l ìas been l in i tcd to
rcccnt  .cnhi . ìes (craddock r99o) .  ln  th€ i ìe ld of  ancicnt
Fgyplian rnetrllurgy. zmc is only kìrown as a trace elenrcnr
rn so'ì]c copper and lcad alloys. tsoth coppcr arìd lead orcs
in thc EasLcnr Deseftcarì contai[ zin.. As noted above, thc
awilàble €videllce srLegests that zinc úas nor a dclib--ràte
a.ìdition to copper or othcr alloys until piolcnìarc trmes
and, in anv casc, was adcled as a zxìc ore or compound, rnt

The a l l iance ofsc ience

A detailed stLrdy ofthe techniques ofanalysjs n.,$ used on
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ancient metals woùld be out of place here, besides, much of
what has been described in other chapteis can apply eqùalty
to metals. ln bdefwe can note that the scientific merhods of
study as applied to ancient metals include ditrerenr q?es of
microscopy and various spectrographic and other analysis

The simple binocular mìcroscope, generatly providing
well mder roo x magnification allows us to examine tech-
nology and surface detail. lt is a favoudte tool ofthe coÍser,
vatorand curator. Ownership of, or easy access to, a binocu-
lar mr, ros(ope should be an absolule mìn "num
requirement for any museum departmenr or excavation

A metalurgìcal microscope is used to examine prepared
polished surlaces of the metal (tt?ically etched to reveal
inteúal shucture). This g?e of microscope is generally
used at higher magnifrcations (several hundr€d times jn
praclice) and allows ùs to deduce much aboui composition,
modeof manufacture, homogeneityand corrosion and age
ing effects. Generally speaking, only a small, prepared
sample laken ftom the object can be examined. A scanning
electron microscope. which relies on elecilon beams not
light, gives a much greaier range of magnifrcatíon (up io
many thousand times) and a good depth offocus. However,
constrairts includ€ the high capiial and running costs and
size, and also the need to place the observed item in a
vacuum chamber which means that ody relatively smatl
items or samples removed fiom objects can be examined.

Amaiorad!anlagèof r lF )(ànningelé( iroF mi(ro..ope
is the ftequent prcsence of in built anaÌttical features.
Such analysis is usually based on x ray fluorescence. Here,
with úe help of computers, the characteristics of rhe x-
rays generated when an electron beam srrikes the sample
surface tell us what elements are present and, with vary-
ing degrees of accuracy, ùeir relative proporiions. This
type ofanalysis is ideal for homogeneoN materials or tor
small discfete areas such as plated layers, sotders, joins
and inclusions or various phases in merals. A disadvan-
tage is that many metals, including copper a oys can be
very inhomogeneolrs. Lead, for example, remains as dis-
crete 'lakes' in copper alloys, and a series of.point, ana,
ìrses on a ìeaded.oppe, r l lo) (ould er) i l )  sho* .orposi.
tions ranging from no lead to almost roo per cent tead!
So, either a sedes of analyses musi be maoe o tslve a
likely average composition, or some oiher technique must
be used which requnes a more representative sample area

Two techniqres commonly used today on metals in-
clude atomic absorytion (AA) and induciiv€ly coupled
plasma spectroscopy (IcP). For the derails of ihese and
other iechniques, the reader is directed to ilìe retevant
scientific and archaeometric literatùre. In essence, rhese
are modernversioÍs of traditiorul specirograplrc processes
whereby the composition is detemined from the light or
other radiation geneEted by brmìng or vapoudsing a

ThF s. iénr '  q(,rud\ ot  î ]eral  ol , lect.  s a t^uge andporn
tiaÌÌy very informative fleld. The scope can nnge
microscopic observation in order to deremine a
techniques ol gold jewe1lery to x ray diffra.tìon srudies
ídentily conosion producis on copper alloys. No one per-
son, whether scieniist or archaeologist, can be arfir s,iù
all the disciplines appÌicabl€ to ancient metats. Howevet
excavators and curators should at least be al^,are ofrhe gTe
of information ihat can be gained by scientific atudy,
should know whai questions to ask of the scientists and.
during excavation and post-excavation work, feel obligedb
consider what can and sholdd be done to facilitate the frrl
study ofthe metal objects úey flnd.
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Egyptian faience
P A I J  L  f  .  N  I C H O L S O N  \ ( I T B E D G A R  P E L ' T E N B U F C

uct|on

has chaneed since Lucas wlote the 'Glazed w're'

|]n A cie;ì Egpti an Mateàak and Technolagl wirh'.

Ir.- y",, .  "r, lé, *""" 'he roudì Jno lr '  èdi ion of

crs oook ,pp 'ared rmpodanr ne$ <lud Ps oemor_

rn, .  rh. I 'azi .g or ren'P tould al 'e plJ!e usins

ue" orhei ' t ra.  apprr.ahor gLTrng ($her Lhe

ii "opu.a * t" p"tt.'yt rhis made the whole 6eld of

:e stulies ìroth more complicat€d and more excrtlng-

Àscovered *ere the seli-glazing' techniques of 'ef

:na' and tementation" involviÈgihe productiÒn ol

elaze from the Uoay itsetf or by a reaction between the

i"na, gr,"i"g po*a.' "urroundin€ ii (see pp r89-

l i "  *,í" "r i", .  rF,osnit io ì or the'e d;v.rq" r 'Jî-

cut across Lucas' faìence vadants, i'e the system

lù  h"deuelop.o in  order  to ( lJ$ ib a l ì  F$"rrar  lJ  ren '  F

; ry" . r  " , ' ,1 , " , " ' " r .  " " ,  * rd ' l \  rdoDrFd Jr thorgÌh '

ant A' (faience wilh an exlra layer) is stiu a usefuÌ tlpe

below) sirce rr  rs spè. iq '  ro mu'h tgyprrrn la '"nLe

is not iound in contemponry Asiatic faience Variàrt A

r deìiberate innovation made to enhance glaze colours

refine rnodelìing, and is readilv detected in liroken

the other hand, ihere has been little advance $1th

to another issue that exercised Lucas:the origins of

Thus, it is stil1 believed that steatite was the -ftst
to beglazed and, despite Haris s adv,ocacy of the

.t ion oi  el , r ine ' rom \4P\oporamjr {Lr '  a '  r îú2:

,  no.omp"ert :ng 1e* eura.n'c I-r"  beèn fodh(omirg

d such a diffusìonist expìanation'
tlìe middle ofthe r96os' onlv one maior technicàl

I offaience has been published: that by Kìczmarczyk

hedges (1983), which includes a vatùabie appendix b)

" ' l l .  i r . i ." *"*" '" 'ed mosÙ) on rhechem''Jl

i ,"f f""*".,* *, *r., tr ha. nor be"r q;del|,sFd

Es\Dio losrLa '  (  o îmun j ry  Ho$è\er '  Ka(z 'ndrczvk

di"  maJe some ah.m pt  to  em ph" '  sc lhe reìarron '

uÀ?" r"". ","a gr,. i  aîImponarrrhe'newhr'h
abo beer exp'ored Ly relrenbJ'g {rq8 I rnd moré

essays for the exhibition 'Gifts ofthe Nile (Friedman 1998)

l�"'J examinea faience in socíal, artistic and technological

Sadly, a numt er ofd.ìings have not changed sìnce Lucas'

ti-".;ía -*t "a"frr" Jong these is the'coÍect'use of

i . ' - ' ""  "gy. a '  r" ' " '  " imcel l  nored raiFncé l l ' r )  nol  be

rhe ros i , , r ' , I - ' 'e le ' r ì  lor the marerid '  bLr tr  r '  row 50
:"ernin"a " lg lptofogi. '  l i lerJruré rhar r t  rs unl ikFlv robe

., Ì- . .J.a. ^ ' i î " . , ; ,e ' \  o ' ,he,ere\rnr (enn:îolosvsr ir l

remains a valid exercíse

Terminology

Faience is a glazed non-clay ceramic mateial lt is more

correctly defiied as'Egptian faience', in order to differen-

i"i" ': r ". , ,yp' ù potr'a now ."own ds maioliLd

ini n , ' ,  u" t," ' ;  "" ' ;  mJde ir I  renze ir norhe-n lralv

i""a a""*t'"'-") f-* ute medieval times onwards since

ìì.1' r"i".t * i."rilav,o occur in the same archaeological

Lnrre\rc "s F$.Dl ian ls ierce. and ' in.e rhe f  al i rn PoHer)
;"" ;" ;  t . " ;  +ramed majorrc, .  i r  is u 'udr to droD rhe
' I .e! ,D,ran F emenl ol  rhe 'erm \  herrt iérrrng'o hPgìa7ed

no"úì r"v." ' " . i  rhe rràrer i ! '  o(f l rs wrdPì\  in the ancrer l

world. and is well-known ftom Mesopotamia (Moorey

rqoar Lhe \aedire" ' rne"arndnonrF'n LuroDe3<fdr away

a. sior l"rd lsrone;nd toma5 ì  g5ul Voslofr \rsmate ial

,"  ro.   

 

,  *"a" r l l ' * .n r98o: NeMon and Renf-ew r. ,76)

ii"'.i"i" tl'" "i "r *l" tirm 'Egvptian faience would in

these contexts, be polentia y confusing'
As Lucas has discussed, mùch time has been spenr rn

,"euine lhè un.urt !b l iq of lhc rerm fa;en(e for thi(  nor '

c l i  o óducr,  but t  do nor ìnrènd rore\ ies ' r rch'r i t i ( isms

n"re, ex."pr ro empha' ie rhJr onP ol  úen tr ìr '  ha' IrFen

;, ; .  ; ; ' ;  *"" ' ; , ' '  "nd whire r t  î ra) emphrsi* a l jnk

i . i*  *r ,*  p '"0*t i ""  {cee 'hrprer 8 ùi< \olumel rr  ha"

"ìr. r;-a . Jg'*, aa .i confusi;n between these materials

and thek technologY---'r.."", 
**f. fllte rqs6r Tite and Bimson 1987) has

divided ftits into two groups, frrstlv 'blue frits" whose domL

î"n (qs'alLnc Ph3,e '  a cJI ' ium-'oppPr retrasi Ìcare

1.o.", ' .  r  gyp-i , i  L '  *  icro CJo 4Sio,ì  in a \en r imi 'ed
b) Li l "qur.r  3nd Bri l l  {  qrr l  Mosl 'ererr lv hF
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matrixotqlass, and sccondly 'turquoìse blue ftìts ' in which
'h" ,1o,.  inr phJ'è or l ' " r  rhlr  quarr : '  a al ' r rr t . î  s i l r '  3r '

f n o * n  " .  " " ' 1 " ' ' " , '  "  q c " \  o . ,  $ l ' ' , l ^  i '  '  f  ' r  r l r ' e d  f i o m

the copper dch glass mairix The frits can cach be sub

aividei irto coarie-anrl fineretured, the coarse normalv
- F p  e c e r r , n g  l - . 6 r '  s r a g e o f p r ,  o u '  i o r ' w l  x  l  w o u ì d  h F n

, e e r o l n d  ; ' .  I  i c  y  

 

J  m o u r d " d  i n r o r r P l : '  r ' '  u q  d  " c

a piement (Weatherhead and Bucklev I989)'

l "gyprrrr  Lr lu";op",r '  to bF '1 Fg\ ' rr"n in\ '  rhon Jnd

, . ' " . " , g r  .  r r r r ,  "  g ; " , ' " I  J n r t q L  I  r  ' l o ' e l ) d l r P d r o g l d '

Its tex;ure may be so 6ne that it ìs virtualLv indistinguish-

able from glass, especiallv if the latter is 'reathered Ìi is

known by tie old Kingdom and undergoes gndual relìne

ment. becomine in.reasinglv glass like, inlo the earlv Ro

n"n nèf lod l r  ' iàs I  n"wn rn d c C r" l  s ! '  lv ' 'o\  rcoone'

' 9 7 t , : 1 7 1 .  u h r e  r  " r u r  u ' r B o o l V l l  C ' a P e r  \ l  s " p  \ ' f n r '

s a n  r î 1 4  2  8  r 1 1  ' " t " r  ' o  r r  " '  a t  ù l r r n  $ l ' "  r  $ r '

i a t ' *  I '  n , .  h ; e  r o  h . r e  u e e r  r r r e t n d  r r  A  P \ J n d r ' J

DesÉite the possìble contusion with glass the Eglphan

blu;ftits are easily distinguished ftom fajen'e in a broken

sectìon, since rhey lack a core and are homogeneous

throughout, with no seParate glaze hyer'

Faince, frits anrì giass are part ofa continuum ofma

terials which are basid on silica plus varving amounrs of

alkali, lìme and copper' Thev should hosever ìr€ thought ol

as dxtinct matelali in terms oftheir composition' sìnce ì1

would not be possible io turn faience inio frìi or frit into

s l d , . " i n p h  l "  i u r  h n r .  o r  h : g h . r  r F î  D "  J - u r e  h P r r ' î g

í I l "  "aai ' io '  ol  rui l  er ,  ldh $o I  d b'  n ' '  ps\Jry '  'c"  r i te

unpublìshed).

Artistic and documentary evidence

It is not the purpose ofthis chapter to discuss iextual and

doc.nentary eui,ìen.e for faience al anv lengh' not leasi

since ihe id;ntifrcaiion ofmatedals and lechnological pro-

cesscs with specific Egwtiàn words is a noloriously djficuli

",ea. e.ttentiàn sh.,-rld-lnstead be ùawn to the dearth of

informalion on faience

Ftgur. 7 t a \eh, tran tht tonb aJ tbi

+tuoi1 of ttu d:tvw adotutt R tú thÌ nN oÌ

tuk I at íh.hes $\6: c 6q 61a Bc)jthk

show a vo*naú lrí h, nirihsfaú\úi
whí\. asoth.r wtktudtu ltel) itisha r nntl

lvhereàs iherc are many scenes in Egvplnn art

I n { u , D . \ i . '  t o z : \ .  r o l  o r r a a ì  r - ì  O - e m r r l . s h o l

Jppà',nr ' )  gr,  ,dl  C "r  ro l i r  g 'ome'hrng, 'h leznoLìer

oro oL, ' '  ' " . l , i " j r  "n "1, l l .Prrol  i 'w" l léry (r ig 7 r ' t

n d r è l )  r l - " , .  i .  n ; r . .  o m P à ' r ) r r r r '  j \ '  r o  d e ' r  h '  5 0

natuie ofthe scene cannotbe identifiedwith certainty

The EsvDtians referredlo faience as thrl (Nolte 1977:

eranchi ió9s: z+) and more rarelv as L[sÙd the sam€r

*"itr'- íía i"'Lpi. t"zuli Both words are relaied to dN{'

for the properties of'shining, gleaming' or 'drìzding

emDhasi;ine ihe role of faience rs an ariificial gem$mr'

rhis does notneccss"rilv mean that faì€nce was regarded'r

inferior to lapis, or turquoise although the?hras€

lapis is sometimes used (Auftère 199r:46t)
The excavation of toùb shaft 879 at Lisht reveaLed

burial of Debeni (for other finds see Mccovem '' ol rg'

ov€rseer of faìence workers and lhere are also oiher

nerarr' tefis relatine io such individuals The Nine'

o y n . l t u  f u " e r a ' l  p i o l ' u .  " l  q r  |  ' r o r  Q " n n o r  : PDynasty  Iunera ly  PaPyrur  u r  v "  " '  ì " '  { '_ : -

vatican 6a; nellion r987: 3zo, 397; Marucchi r89r)

hìs tìtle as iny riru i1sàl: the directoror orerseer ol tai

-"r" ' .  rr " i : ' r ,  u'.r l  ne e rr '  luoe' 'h'  ro o f i"bl

" ' r i ,  r l )  m P " n t  l a o r '  J , ' u l i  b '  r w h r L l -  b )  r \ p  N e w K i r g

h a d  " l , o . o r p  l o  " l c r  ' o  f r i e n ' P  { A u r r À r p  ' r a r :  d 6 \

footnoteì. The word can also be used lo rel€r to glass'

surely illustrales the way in whìch thclgyplians lhoq

these materials, for their propcdes of brilliance' like

ofgemstones, rather than for iheir aciual composttion'

Two Nineteenth Dvnastyfaience stelae are inthec0

úon ofthe Royal Museum ofscotlsnd one ofthese(r

t ursh 449, Acc. no r956.Itl Fdedmàn 1998: 25o cat



166) belonged to Rekhamun, who hetd the iìile ,laience
m3kerofAmun', again with the t.súd element (see Gaballa
1979:45, ir, and notethathis statement ihatthe Edjnbuqh
Steleis glassjs incorrect, see Nolte r968:7-8). This is noi a
common title, alihoùgh jl is less lare than somctimes
believed.

Chronological developments

Some indication ofthe development offalence rechnology
ìs giv€n below in discussjng its composirion and techno!
ogy. This section attempts to summadse the main devetop-
menis jn faience technology over tim€, and to indicare the
rclevanilactory evjdence insofar as presently known.

The Prcdynottìc peúod

lhe Predynastic peiod was one ofexpe mentation. The
ghzing ofstones was developed using appticalion, and the
glazjng ofcrushcd quartz as an arilìciat mediur! presum-
ably developed irom this. Ii has been argued by peltenburg
(Ì987:20)that faience"working was essentiatìy a cold tech
nology, tobe differenriated ftom glass in which the matcdal
s'as wÒrked hot_ Aithough it will be argued her€ thai the
linl beiween glass and fàience from the New Kingdom
sugg€sts thal ihey were par ofa generalised virreous ma-
terials industry, lt must be admitted that the earliest fai-nce
shares much in common wjth the cold working lcchnology
ofstone. stocks G997) slows in his ston€,workjng expe;j,
nents that it is possible to produce faience paste and glìze
consistent with ancient charactedstìcs from the powdery
b).o,odu, "  otd. l l rng sro'  "  L."os q rh coppè, utes ( .ee
r l  o  C h a p r . r  z  ì i \  r o r J n  e ,  f o r  o : \ L . . i o n  o t  l o m e  o r
Stocks' experimental work).

]]ìe making of a core, and its r€duction ,o snape Dy
abrasion,has leaiuresin commonwith rhe making ofstone
art€lacts. However, this should not be regarded as sul?ris-
ing, sìnce during thc Predynasrjc neither meral nor gtass
technology had been developed. tr must bc assùmed that
úere were advantages to be gained from being aue to
shape a fairly complex piece ftom plasric materials and
dren work jt io tuìaÌ shape, lather than carvjng the whote
|lom stone. S;nìlarly, the glaze on narurat stone, pa.ticu,
latly steaiite, is oficn less brjghr than thar on tajence, and
lie granuìar surface ofthe crush€d quariz musr havc lenr
an added brilliance to the pieces.

Glazing tcchniques for thìs pedod ar€ not well-re-
searched. However, application glazìng is parricularty like-
Iy, and it is possiìrle that efiorescence and even cemenra-
rion 'À€re practiced (Vandiver 1982: r72), atthough there is
nofrm evidence for the latier before the Middle Kingdom.
l l ìcoL,F,-smdde$Fr.n-".  h -n Jt  à d -na,nt\  (ol ìDris-d

As might be eapected at such an early stage ofdevelop,
ment, the composition of rhe materiàl is by no means

E C Y P I I A N  F A I E N C E

\ l r r d a r d r s è d .  J r d  e r " ' r i n r r i o n  o t  t à i e n , F  t r o î  g r d \ . .  : r
the cemeteries ofNaqa& and Tarlùan has shown ilar the
composition of piec€s vaíed even within the same grave
(Kìczmar€zyk and Hedges 198t: 6l-8 and zlo-44). Early
experiments led to the combinaiion of fai€nce wirlì
precioùs metals, as demonstrated by a bead from €l-Amra
consisting of gold foil over à faience paste. producrive
interaction between faience workers and other craftsmen,
assuming they were already specì:ìlised, is an abiding fea
ture of Egypdan faience radillons.

OId Kingdom and First lntemediate peúod

With the Early Dlnaslic Period, tlìe size offaience pieces
increased somewhat, aLihough beads andamulets werestill
the most common producrs. Vessels and small figurines,
some ofthe lalter showing considerable deraiì, wcre also
produced.

For many years scholars regard€d the old Kingdom as a
time when faience production was somewhat stitted, rhe
cxception being the mass production ofthe thousands of
wall-tiles used in the Third-Dynasty Step pyramid complex
ol Djoser at Saqq:ìra. t-au€r (r918, r976) regarded the iiles
as moulded; their width varies consìderabty, bui rhis is not
so surpdsing given that approximarely 16,000 hles \vere
produc€d (Vandiver 1982: r74) and many moulds would
therefore have been required. However, Vandiver has sug
gested a t€chnique which is perhaps berter described as'controlled forming', namely rollingthe p3ste beiween two
parallel sticks in oÌder to control the thickness and lengrh
but l€aving the width lo vary. The back ofthe tite is exten-
sively ground to leave a pj€rced boss through which wires
would have been threaded as an aid in mounting them in
large panels. The rear of rlìe tile often has very little glaze
and suggests ihat they were glazed by emorescence.

Howev€r, these tiÌes are nolongerseen as the peak ofold
Kingdom production, since the discoveryofrhe frnely made
inlays unearthed by ihe Czech archaeolosical mjssion at
Abusir. The inlays and tiles come from the pyramidtempte
of the Fifth-Dynasty ruler Neferefra lvemer r98a, 1986;
Njcholson 199l: 212) and are ofespeciatly fine workman-
ship. Some ofthefaience t ore decorationin gold teal which
\\,as itsell Ìncised. Some tiles €xhibit rhc rechnìque which
was to Decome commonin laicr tjmes, namely ihe use ofa
coarse paste forthe body ofrhepjece, with a finerwhite tayer
underlying the gìaze (as in the Lucas Varianr A). This
technique had aÌready been developed on lìgurines ùom
Hierakonpolis in the Early Dlmastic period. A fill techno"
logicaletamjnat ionoftheNelerefrapìeceshasnotyetbeen
publìshed, bur ii ìs likely rhat they too were glazed by
effiorescence, and rhis merhod sems ro have been used ro
g l J r -  J I I  r h e l ! ' F r ( F d d ' i n g  o r h . E a , l \  D v r : . f i (  I n r o u g t -  l o
t h . è î J o f  , L r .  l ì i r . ,  I n r è n - p d r a c t è r i o d { o - a r  l . r s  " r t  r i - l
has been examined by Vandiver,s (1981) shtrdy and lor
which the technique could ìre asceriained).
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The inlaying ofone faience paste into another, which is
seen in some ofthe Neferefra pi€ces, may have an anteced-
entin the inlays in the tomb ofNefermaat at Meidum. Here
coloured paste was inlaid into stone. Much has been made
ofthis rechnique as an ancestor of faì€nce-workìng, but it is
probably more important for introducing the concept of
inlaying paste than for any development in the materjal
technology. The paste in these inlays was neither fired nor
effioresced, and its importance shouìd not be oveEtated. It
was nol glazing thal was lhe focus of experiment at this
time, bul rather the techniques of shaping- These lech
niques built on the methods of the Predyniìstic period,
making extensive ùse of modelling and surface grinding,
but also introducing the process offorming on a core, and
probablyalso moulding.

Evidence from Abydos suggests thai the production ol
faience went on relatively unhindered during the troubled
tjmes of the First Intermediate Period. This should prob'
abìy not suryrise us, since industries do not necessaÍly stop
duing times of political upheaval, and we know so little
about industrial organisation in ancient Egypt that it is not
possibleto say what ìevel ofindustry this represents, orwho
controlled ìt.

F ecto ry ev ídence : Abydos
The eaÌliest evidence for a faience workshop has recently
coúe to light atAìrydos- Excavations by the joint University
of Pennsylvania Museùm/Yale University/ I nstitute of Fine
Arts, New York University expedition, under the direction
of Dr Matthew Adams, have recently unearthed part ofa
setilement on the edge ofthe area of modern settlement,
not far fiom the Early Dynasiic iemple of the god Kien-
tiamentiu.The sitedates from at least as early as the middle
ofthe Old Kingdom to the early Middle Kingdom, and the

Figrft 7.J OnÈ oI the Locrs 4 kiln pits at Abydos, olttt twvotiú
(loakìngsauth see Fig. 7.,). The bowl-shaped constructior is chatl
risible, liaed vith bricks ond Jrognents oJ pattery: th. halj'ntnl
dine^sìan is ú metús.

laience-working area is not associated with any house or
workshop structure.

vhat appears to be a factory site comprises several very
clear circular features (see Figs.7.2 and 7.1i, in dìe fonnof
bowl-shaped pits, which are ihought to be the remains of
kilns. Some of these have a lining made from broko
bricks, and all are 6re-reddened; there is no sign of any
superstructure. Lenses of ash suggest that some of ùese
features were Lrsed several times.Ifthere genuinely was no
superstmcture, then these areperhaps to be regarded as the
shallow pits beneath what are, in effect, ìronfires. Ihis
'open firing technique is well known ftom ethnognphic
studies of pottery manufacture, bui would need cenei!
refinemenis for the firing of faience. For exanple, dr
faience amulets and beads found at Abydos would need to

Locùs 14

c.-u., -*-/
2 ^*^

Abydos SettleDent Site Project
Op€ration 5. Fai€nc€ Prodùction Area
Locus 14. Kiln Pit Ferure

Ftg!ft 2.2 Otu of lhe kilf pits discúeù i
Locus 14 ot Abyrl$ by the exevotto$ q
joirt exp.ditiou oí the Utiv.rsíbt of
vorio Mss.um, vole U^ive5ity and tl'r
Ltte oJ Fi^e Atls, Ntu Yotk Uniee\ity (sd
7.31.I



h placed inside something to protect them ftom th€ ash
and fuel piled around them. Some kind of lidded vessel
would be the most obvìous container, and as faÌ as I am
aq,are no su€h vessel has been found to date, although it

simply have comprised a domestic jar wiih Iid ntheÌ
a special twe ofvessel, and there are numerous frag-

ofsuch jars lrom the sile.
One badly damaged mud,bick structure was also unear,

E C Y P ' I I A N  F A  I E  N C E

coarser body also became widespread, leading to some
extemely fine, bright glaze effecis. lars werc :lso made in
faience;líke bowls, they draw on forms wellrepr€sented in
potiery. it is chancteristic of faience, and later ofglass, thar
the forms usedare those first developed in pottery or sione.

Decorative iechniques also developed, notably the mix-
ing of trlvo difi'erently coloued body pastes to give a
marìrled effect, which had been a rare cudosity in the
preceding period bùt now became somewhat more com-
mon. The incising and iÌlllalng of faience also became
more fiequently employed techniques. Caretully executed
Ìinear designs in dark paint on a bhre background also
occurred more often, a critical development in light ofits
subsequ€nt popularity for scenic compositions on faience
vessels ofthe New Kingdom.

CÌazes were frequently applied to objecis made up ofa
fine white layer spread over a coarser body, and the rcsult
ing effect can be ofthe finestquality. The giazes th€mselves
were produced by efforescence, and by cemeniation, and it
was is in this period thatthe latter techniqueis 6rstsecureiy
attested. The earliest firm evidence tor this process dates to
the reign ofthe Twelfth-Dîasty ruler Senusret L At Kenna
in the Sudan tlìere is evidence for the application of glazes
as a sluny (Rejsner r92l: rj4-75).

Although faience was more widely used and underwent
rapid development dudng this period, it should nol be
supposed that the use of glazed stone died out. Scarabs
became impofiant during the Middle Kingdom, but most
were made ofstone, perhaps because hieroglphic inscrip-
tions were clearer in sione than in faience. The develop-
ment ofsomewhat harder faience bodies may have parily
b€en an attempt to improve the durability offaience and to
make it appeàr more like stone.

Factory evide ce: Lisht
The excavations olihe Metropolitrìn Museum ofArt at the
Middle Kingdom siie oFLishtbegan in r9o7 and continued
until r9l4,with work in the area around the Noth Pyramid
of Amenenlat I concentrating in the period before 1922.
Intherg2o-zr seasona so,called'glazefactory'wasunear,
r h e d  i n  b u r l d  r g s  A L z  a r d  a r d  A l . J  l r o m  t h i s  J , e a . J m e
numerous pieces offaience, mostly beads, and many hun
dreds of small marl clay balls along with the clay semi-
circles and possible kiln suppo.ts similar to those m€n-
tron€d dbo\ e.

Mostconvincingwas the discoveryofwhat may be a ki1n.
There are photographs of this slructure, bùt ii was not
partjclÌlarly well-recorded and there has been some ques-
tion as io whether or not it could in fact be a graìn silo from
a later period, cutting into the Middle Kingdom lay€rs.
Howeyer, recent research by Drs Dieter and F€lix Arnold
suggests that it may indeed be a kìln. It is a semicircular
siructure with an extemal diameter of aboùt r.t mehes,
built inio the comerofa room, and apparendy filled with an
ashydeposit.

r8 l

,ufacturc. Until ihe lattel can be more cedaìnly assig-
ii seems best to assume that frrings were ofthe 'open'

Nunerous sm:ll clay balls (r. o.75 cm in diameter), yet
be anaiysed, were also discovered. These may be t]le

which may be a kiln. However, this is not yet certan,
it is aÌso possible that it is unconnecied with faience

of those known from Lisht, and perhaps even
Tr"Fir  fun.non i .  îor ( lear.  alùough evrden.e

Lisht and Amarna suggests that they were used as a
on wì1i .h berds were 6red A . la !  d is .  T-om ctr ioos.

f rngpr  rmoré.s onr  ed(happro\rmareiy the5i /eof lhe
balls, may in some way be conneci€d with these discs.

Neyertlìeless. it is clear from the 'kilns . as well as lrom
beads and amulets lound showing evidence of manu-

r is tdLes rhdr  farprce w:s produred at  Abydo.

nanufa.turing processes at this time. The qùestion of
the ìdustlf was organised, and lor whom it was

must remiìin open. However, the presence of
an establishment on a site which was aheady ofgreat
ious significance might srggest that it was in some
reìated io cult activiiies and may have been connected

the rer ts offuture excavatjons maythlowmuch light

Kingdom ond Second Intetmediote Peiod

Dynasry (see below).

techniques oflorming on a core andofshapingover a
or pitnr (a tt?e ofmoulding). Sh:ìpes approúmating

nce. Faience hippopotamus figures were also
at this time, frequenrly decorated wiih scenes of

ic plants applied in a manganese basedpaint.

period marks the $eàtest phase of diversity and ex-
l " r ion s in.  e ùé Pred) .n3sr  iL .  

-he 
\ rdble.ordrnoî<

ùìe f r \ r  ,nrFrmèdiaré aFr iod seer  lo  ha\e acrru
a siimdus to the accelerated development of the craft.

the site of Lisht comes the first known budal of an
of fàience workels, which has been dated to the

In addition to modelling, regular use began io be made

a sphere were sometimes modelled aroùnd a ball of
, a notable example being the popdar hedgehog
ines which seem to have had some magico-religious

VesseLs ofthe Middle Kingdom tend to have thick wal1s,
they were not necessarily clumsily executed, and

some, such as the bowls wilh Nilotic scenes, can be
very fine cÌùality. The use of a 6ne quartz layer over a
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The factory was situated immediately sourh ofthe prob-
able line ofthe south wall ofthe pyramid enclosure. Tomìr
shaft879 was located immediatelynorh ofthe main paft of
building AI.3, and just a little to th€ north ofthe kiln. This
shaft is not or y the provenance ofihe famous Lishr Dol-
phin lug (BouÍiau r996: rro,rr; Mccovern eraJ. r994)but
also the findspot of the comn of Debeni who held the tiile'overseer of faience workers' (see p. r78). Along with a
mention ofsuch a worker on ihe faience stelein Edìnburyh
mentioned earlier, this is a rare reference to such a crafts
man. lt has been suggested thai ihe tomb is relaied to the
workshop, but chronological considerations are not sufi-
cienily fine to make this a certainiy, and the tomb and its
conients are curendybeing studied by I.D. Bourriau and I.
Allen. The presence ofsuch an offi€ial maybe significanl in
àttempting ro identi6, the statùs ofthe industry, andmighr
imp,ìy that at Lisht production lor the royal household was
undeÌway, although not necessarily atthe siie so far identi-
fied.

It is clear, then, that faience production was raking place
ai Lisht in the Mjddle Kingdom, alrhough the preciserech-
nology is not yet known. Examination ofthe laience by the
wnter suggests tbat application glazing was taking place,
along with effiorescence. These pieces comprise mosdy
beads, which possibly derive from flails and amulets.
Cementatjonhas not been identifledwith any certainty.

Factory evidence: Ketun
The site of Kerma in the Sudan is widely regarded as a
centre of faience production, although ir lacks any in sji
faciory evidence. A series of gÌazed quartz pebbles are
thoughi to have served as suppots for the tuing offaience
iiles which were apparently produced at ihe site. Kilnswere
not ceriainly identified, lhe mostlikely being 'too damaged
to be drawn'(Reisner r92l: rll.

The probable 'kiln' stucture appeàrs to have be€n made
&omatruncated potteryvessel, orperhaps a clay conefrred
ií Jttr, a practice known fiom the so-caled bread ovens a1
Amanà and eLsewhere. Reisnersuggests that rhe structure
was heated lrom the oútslde, implying lhat the clay vessel
served as a kind of saggar or separator, pr€venting the
glazes ftom becoming damaged by ash.

There is evidence for the application of glazes as a
sluq' (Reisner 19zt: rj4 T and Reisner L,elieved that
eflorcscence elazing was also practiced. The \witer has
noi penonally examined any ofthe faience from the site,
bui in Reisner's opinion certain of the vessels had been
thrown on the wheel, while oth€is were core fonned. If
correct, Kerma would be the earliestrccorded site ar which
ihe throwing of faience vessels is attested as a more than
occasional practice. Inlalng ofone îaience paste into an-
other is $'el1-atiested herc. This faienc€ is the sul,jeci of
renewed investigaiions and there is evidence of composj-
tionrl overlaps between local and impored matedal
(Lacovara,998).

New Kingdom

This period was the zenith of Egyptian faience-workin&
with widespread, varied production, masterpiece work,
vivid use of polychromy and th€ dissemination of pi€ces
abroad. Ir  [ ,ur]ds on rhé de\elopme.ìrs ot úre pre\ iou,per-
iod, and the better presenation of factory evidence grerdy
enhances our knowledge.

The open-face mould is developed, and attested by many
thousands offlnds (see p. r8l-4)allowing the producbon of
laige numbers ofrings, amrfets and beads. The making of
dngs was enhanced by the development ofa more robust
body which made1lse ofglass in the matrix to fuse ir lnore
fimny. This glass' probaùly results from the emoresceîa
process rather than being a deliberate addition as was once
thought (Kuhne 1969: rr-26). Ar the same time, glass ìÀ1s
also us€d to ertend the range of colours thar codd be
produced in faience. Similarly, some of ihe colorants of
glass alsobecamewidelyùsed, notablycobalt, anrimonyald
lead (Kaczmarkzyk and Hedges r983)which occur from t|e
reign ofThutmose III, the pharaoh generauy credited wiìh
establishing glass production in EgWt. Thus, the establish
ment of glass,making, with its polychrome characterisrics,
greaily afected faience production. The harder faience bodt
may have led to the greater ùse of the maierial lor rlE
produciion of scarabs, the mostmagnilìcent ofwhich vere
rhe commemoraf i \  e sLrrdLs of Amèîholep l l l .

Faience paste was also used to lute faience elenenh,
such as ring shanks and bezels, together and ir is mi

frnd trr t  hF elen cr r .  o a r ing .rp i r
diff€rent colours, or that the suspension loop ofan amulet
is oFa diferent coloùr io ihe amulei iisell The mahng of
these tiny suspension loops is not fully undersrood, rleir
erlremely small size, commonly less than z mm jn djam.
eter, often m€ans that there is no trace of the body and all
that remains is the glaze. In ihis respe€t dìey are glase
objects, albeit with the composiion offaience glaze nther

The luting together of faience elements was not con
fined to small items. The famous l,as-sceplre tuom Naqade
(V&A 4j7-r895) was made in this way, by ioining smaÌl
sections togetheÌ. Similarly, ihe faience Ìotus chalices, dìar.
actedsticofthe New Kingdom, had a joinat the juncdor 0f
the ìrowl and stem-foot (Vandiverand Kingery r987b).

Forming over a parli, ànd around a core continued, as
did ìncising and inlayjng. Th€ inlaying iechnique reached
its height at this time, and can be divìded into two fioad
groups. In one the jnlay is inserted into a chann€l curlnh
relatively dry body material, and the two shrink away fron
one another quìte markedly, leaving a slight groove 3lloùd
the inlay. Vandiver (Vandiver r98l: All7) notes ih3t d
times the body has been allowed to become too dry and tÌE
inlay becomes detached. The inlay could also be addd
more quìckly, before the background was so dry, so lhrr
shrinkageis much iess. Thiscan give the effeci ofa paùkd



tile, acceniuaied by the bl€eding of copper-based colours
intothe background colour which is often white. A kind of
halo eFect is thus produced around areas ofthe tile, notably
folìage. Vandiver GgEl: Ar2o)was unable to determlne ihe
glazing nethod for this type oftile, although the shrunken
irlay q?e seems to be produced by efllorescence, and ihat
cannot be ruled oui here. Both the polychrome tiLes show.
ing prÌsoners, ànd the inlays offish ànd birds produced at
this time are remarkable pieces of craftsmànship. Given
ourpresenl knowledge of faience.maldng th€y wouÌd nov
be s(tremely diflìcult to replicate.

The use offaience in architeciure should not be under'
estimated. This was not conlìned io dìe use of tiles and
bierogllphìc inlays. There $ere also complicatcd floral in.
lays and three dimensional pìeces such as the well,known
grap€ clusrers ftomAmama. Thesewere mould-made, and
could be either flat-backed for altìchment to a wall or beam,
orfuLly'ihrce-dimensìonal, made by joining two flat backed
pjeces together. lt has been suggested that these wouÌd
have hung from thc ceilings of buildings to resemble
gnpes in a vineyard.

Faience oflhe New Kingdom was export€d around the
Mediterranean lPeltenburg r986) and is well-known lrom
cypfts and Crete as well as pafts ofthe creek mainland.

Factary eti denc e : M alkata
Between rgro and r92r rhe Metlopolitan Mùseum ofArt's
expedition io Malkata, the palace of Amenhotep III at
flrebes, unearihed evìdence of laience and glass produc
tio!. This comprised numerous fircd clay moulds, faience
objects and lumps ofcolourìng matter. Although chrono-
loglcally eàrlier, the Malkata finds are noi as welf
documented as those discovered by Petrie at Amarna. No
fàience kllns or furnaces were discovered at either Malkata
orAmarna. Subsequent excavations at the site by the Uni
venity of Pennsylvania and by Was€da Universityhave also
uncovered industrial d€brìs, but not in such great quanti
ties. For the momeni, ihe importance ol thc sitc lies in the
apparent occurrence offaience making alongside gla ss pro-
dùctìon, and in the discovery ofseveral mouLds Iìlled wirh
unfired faience p.rste. These pjeces are now in the Metro-
lol i tan Museum of Alt  (MMA rr.215.666 E) (Frìedman
1998: 257r Nicholson r998), ànd oÍe ofthem has recenrly
been examined by wypyski G998: 265) who believes that
tleconlents may not be faience paste.

Faetory eríd.n.e: Amama
The lighteenth- Dynasty city of Amama, the E$?iian capi-
taldudngmost ofthe reign ofAlhenaten, has lreen central
to ùnderslanding New Kingdom faien.e, and more es,
peciallyglass productjon, €ver sinc€ Petrie's work in r89r
,.In his publicaiion (PetrÌc 1894) a thoughtful discussion
on faience production is gjven, although ihc dìvision be-
tween excavated evidence and interpreiaiion is not always
clear, and certain delails are lacking. For example he men-
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tions finding three or four glass factories, and two large
glazing works' (Pehie 1894r 2t), alihough precis€ Ìocations
lorthes€ are omitted, as is ihejr proximity to one anoiher. lt
Ìs also unclear whether there were also more uror wor<-
shopswhich are not covered in the account.

The ar€a which is labelled 'moulds' on the map pub-
lished by Pehie G894: pl. X)xv) probably represents at
least one of ihese glazing works and refefs to the many
thousands of fired clay moulds used for forming laience
objects, notably amulets and inlays (Peùie 1894: lo). He
thought that these would have been pressed againsi a lump
oflaience pastematerial, and the raised imag€ so produced
wor d have been sliced from the lump and put io dry
(Petrie 1894: 28). He also believed thal they would ihen
have becn coated in powdered glass and fired in order to
glaze them (i.e. they would hàve h.rd an applied glaze).
Although h€ found moulds with paste in them, he assumed
that thìs was the remains of fine quartz body matedal
rather than the resjdue ofthe paste used in efforescence,
since this methodwas unknown to him.

As already noted, no kìlns were located, although there
has been some confusion over this aspect of the work
(Vandiver r 9 8l: A l o) and, despite discussion of the techno-
logical cvidcnce, the remains ofactual worl<shop buildings
ar" noL r" ,orded. I  s prooabF r13 rîe rerr:  r  he e
located in dumps outside the actuàl worldng area, or poss
ibly in some pari of the courryard of the workshop. It
should be borne in mjnd ihal much ofthe work probably
tooÌ( pla.e out of doors, much as pottery production is
undertaken in the simplest Egyptian workshops today (cf
Nicholson r99ta).

A r€cent geophysicai suÍey carried out on the witer's
behalf by Mr L Mathi€son succeeded in locating kìlns or
furnaces just to thc south of the modern warer iower,
belìeved to cover part or a[ of Petrie's 'moulds' area. This
site, O45.r, is currenily under €xcavation and has yielded
what is belìeved to be a workshop producing glass, faier'ìce
and pigments (Nicholson 19951,, r99tc). Discrimìnating
between the evidenc€ for these three crafts is not easy, but
because tlìe large kilns seem to have ìreen subjected lo
rFmpera.ur. .  \ ìgì  . r  thdr I  osè |  éèdéd .or r \ .  p ndLrr io.
offaience th€y arc cuÍently believedto have ìreen ùsed for
glass, vhile a third, less highly vitdfìed, Ìdln s,as probaìrly
used for potrery and perhaps faience.

This dificulty in separating crafts, at least in the New
Kingdom, mày to some extent lle an ariificial one reflecting
our present tr€nd toward dìstinct, ìndjvjdual crafts. The
Egyptians on the other hand, had not long had the use of
glass, and thcy were not only using it as a material in its
own r ieht,  butaccording to Ki ihne (r969:14)andVandiver
(r9Ej: A,o8), also adding it io laience body-màtedal in
order to strengthen it and extend the range of possiìrÌe
colours (se€ also Boyce 1989: 16r; and dìscussìon p. r8r)
T h p y  n  g h r  r h è F f o r è h r r e  e g l d e d J ì  L h e . e , r a f s a s p " r t
ofan ancient vih'eo11s materials' indusiry, and while it is
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imporiant io differentiat€ the technologjcal processcs of
each manulacture we shoùld not be surpised to find that
difterent products mad€ ìn the same workshop were pro-
ducedusjng the same kilns/furnaces, possibly bythe same
group ofcraftsmen.

The Amama work has yielded numerous píeces ofevi
dence ,vhich are still dimcult to inierpret. Among these
are calcareous plast€r trays, usually wìih their uppù surfa-
ces imprcsscd with textile. They may have seÌa€d as drying
iràys for faience objccls, paftìcularly inlays, which ofien
show textìle traces on thcir underside. Petrie also found
this type ofiray, ofwhich lhere are €xaÌÌìples in the Pelrie
Museum (UC4o5694, UC4o57o), although they arc not
mentioned in àny ofhis publìcations. There are also small,
flattened balls of cÌay to irhich adhere tiny faicnce beads,
2 I mm in diameter. These are not ihe calcarcous clay
balls already known from Lisht, but are of Nile clay. ln
some cases ihc beads seem to have been press€d inio
ihem lo somc dcpth, in others they adhere only al iheir
edges. The exact funcijon ofthese balls is unknoM. The
srme is true of numerous picccs ofcoane yellowish plas-
ter often with layers ofcrysiaLline bluc pigment adhering
lo then. Îìis pigment is not yet analysed ìrut Ìnay be
Egyptian blue.

Thcrc are numerous other enigmatic objects fiom the
excavatìon which will requìre fufther study, and furthcr
excavatìon belorc theil tunction ìrecomes apparent. For thc
moment all lhai can be said is that, at ìeast at Amama,
gìass and faience'making sccm to be closely linked and
that this link probably also extends to other pyrotechnicaì
indusbies. Ai present however, thcrc is no elidence of
m€tal-worldng, which would be ? sjmilar tcchnological
activity, at O45.r.

F actory Et' idence : g1 n ttr
ìn r928 the Deparimcnl of [gyptian Antìquiiies unde ook
excavations at the late Nclv Kingdom site ofQantir in the
Dettr (Hamza rglo). Thesc uncarthed more úan ,o,ooo
fired clay moulds like those known from P€tr1€ s excrva
tions at Amana, most of whìch w€rc dcscribed as still
bearÌng trac€s ofthe coloured faience paste thcy had con-
iaincd (Hamza rglo:42). Numerous faiencetiles werc also
uneathed and cylinddcal vessels and'lumps ofthe favour.
ite bÌue colour'li.e. Egyptian blue pigment)were found.

when Hamza (r9:o: 42) sratcs that ' the objects dis-
cover€d make it cefiain that we are facc to lace with a
falence ànd gl.rzìng factory of greal sìzc , he mày well be
collect, but he goes on to make it clear that thcse objects
wcrc not lound in thef pimary context. He points out that
'lhe original workooms had actùally vanished, but the
debris was full othundrcds offragments which jllustrate
the finished obìects and furnish us with almost every stage
and detai l  of the mode ofmanufacrurc (Hamzà rglo:45).
The recent excavations ofthe Ro€mcr-Pelizaeus Museum,
Hildesheim have found similar remains in such a dump
conicxt 14 Rehlen and Pùsch ,997). lnterestingly they

have beenable to identify many ofthem with glass produc,
tion, while some of Hamza s description probabìy refers to
Egyptian blue. This would suggest ihat ihis Ninet€enL\-
and Twentieth-Dynasty workshop probably shared close
afnnities with those at Amama, and agajn illustrates ùe
dimculty of separating the vrdous processes. Once again
no kilns were located, but a series ofcylindrical clay tubes
believed to be the nozzles ofbellows were discovercd. flris
ls quite possible, alihough again one cannot say to which of
sev€nìl industrial processes dìey belonged.The text impliee
lhat ihcy were found in pimary contexts (Hamza rglo: 6r)
but unfortunately there are no plans or photographs ftom
which lo iudg€.

Hamza Fglo: 5r) dghtly singles oui lhe polychrome
tiles as exampl€s ofmaster craftsmrnship. These combjne
numerous colours ofpaste in a single hle, often depicting
their subject in remarkable dctail. Ofp.riticular qualjry are
the tiles representing bound caplivcs.

Another production centre may have exist€d at cwob,
bLrL Petri€ s descriptions of 'several moulds for dngs àrd
amulets and beàds stuck together in ihe baldng' are 100
equìvocal ro bc certaìn (Petrie rEgo: l7i see also Brunlon
and Engelbach r9z7:3).

Frcm theThitd Intetmediate Peúod tothe Roman

By theThird Intermediate Pedod lh€ tcchnology offiìi€nce
produclÌon had become widespread across the N€ar East
and Meditcranean and it can be difEcult to dilrerentiate
Egyptian imports lrom locàlly made copies.

Antìmony and cobalt, introduced in New Kngdom
times, almosi disappcar as constituents of faìence in the
Third Intermediate Period (Kaczmarczyk and Hedges
r98l:2t9). lnterestingly, lhis is also a perìod wh€n tler€ rs
little eviden e ofglass production, and although itdo€snot
dic our (3s was o .e rhought) , ii is certainly h-ue to sat ùat
it canied on at a much reduced scale, and that most oldre
producis were oflowcr quality. Cooney (r98r) has sugges-
ted that lhe production of the mateial known as 'glassy

faience' (Fig. 7.4) may account lor the decÌine ir Class
production. However, thjs materiaì is not well d€6ned, fall.
ing into a ldnd of negative catcgory for rnateials whrch
cannor be safèly d€scribed as either faiercc or glass. Tle
malerjal was widely Lrsed, parlicularly lor shar,is. Tlrc
broM spois which are found on much faience ofthk tìme
are believed io havc b€en deliberately produced as decon-
tion on a variety ofblue-glazed objects (Bianchi r996).

The nationahstic revi\"]ofihe Tw€nty frfth and Twenty.
sixth Dynastjes was evidenccd in a renew€d attention lo
traditìonal arts, including faieÍ ce. A distinctive apple green
colour was introduced, and there was a preference tor high
quality maii faicnce rather than the shjny glazes ofeadier
times. The quality oi som€ ofthese matl pieces, suchas
stslrun hàndles is exceptional, with every element ofùe
wigs and jewellery worn by the deities carefulìy executed.



Frgut. 74 Scaúítug electron nicr^tope phoLograph ol o se.tiotu
thrcugh slas.l iaunce , Îoú a Twùty-fÍh ot Twitt sixth'Ùyasty
shabh IBM EAJlogj); bwea.tèd qúartz shox grey, yr.cipitated
d.vinft ds pole grey, and the ,Jdrk tibgs are on bubbles.

Where a high glaze was required, how€ver, the tate Period
faience-miìkers were capable ofproducing exceÌìent work
wiùanalmost glass likequality.Y€llow glazesbecameposs-
ibleagain through the re'introduction ofantimony as a col
0nú,amove perhaps notunrelated io theincreas€ in glass
incirculation at this time. The making ofshaàtis conhnued
0n a large scale, often wiih incised Éther than painted in
scnptjons. They were commonly glàzed by emorescence or
cenentarion, and could be of a very high standard.

The technology ofthe New Kingdom remained in place
after ìle end ofihe period, bùt poltery-making techniques
were added to the repeÌ1oire- Consequently one 6nds
tlrown vessels and the application of glaze as a slurry.
(aczmarczyk and Hedges G98l: 27o) have suggcsied that
the black glazes which became popular in ìhe Late Period,
and which were produced by the use of reducing kiln
c0rditions,were derived ftom contact with the Greekmer-
cenaies and traders $ho were an increasingLy importanr

la1t ofrgyptìan life, and who were familjar wirh ùe ma-
nipdalion ofkiln conditions in ihe production oftheir Attic
poti€ry. Some evidence for this is to be found in lhe more
vr'idespread use of reduciion in Lower Egypt, close to the
Creel setdements, while Upper Eglpt conlinued lo pro-
duce black by using manganese. The reduction technique
,xas alrerìdy known in Egwt in Predynasiic times, but had
not been widely ùsed on pottery subsequently.
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ation ofpost Pharaonic faience, although the pubÌications
ofNennaand seifel-Din G99t, r994)are excepiions in this
respect. Reliefdecoraiion is a common feature ofPtolemaic
and Roman fiìience bowls and vases, and lhe effect is often
enhanced ùy two-ione glazes- A good example is a faience
bowl recendy acquired ìry the Meìropolitan Museumol Arl
(MMAr988.r8) which may have been made at Alexandria,
from whìch ihe closest paralìels cone (Do. Amold 1988).
The tlvoìone effect here is very clear, the darkblue apPears
to be appljed as an inlay over the turctùoise body colour, and
whenexamined has a slightly matt :ìppearance.

From Plolemaic times onwards, much Lower Egyptian
faience seems to have used n:ìtron as 3n alkali source,
although suryrisingly Memphite faience from this period is
high in potassium suggesting a plant ash souice of àÌkali.

Complicated sculptural pì€c€swere also produced includ
ing a head, believed to be of Augustus (MMA26.7.1428),
whichìs ina particularlydenselurquoisefaiencewrih a matt
fi nish (Friedman r998: 2ooi wpysk r998: 265) The woik-
manship on this piece suggests thal it was hand-modelled,
perhaps afterthe approximate shape had been mouLded The
relierdecontionon bowls and vases was moulded, proìrably
jn ihe manner oflhereliefon terra sigilla,a ('Samianware )
potteÌf.lnthis methodthe paslc orclay is impressed rnto a
mould having the shape ofthe bowl or vase which is then
r€volved on the potters wheel to smooth the inside. Ìn the
case offaience bowls where the interior is also decorated lhis
musthave been separately moulded or incised.

After ihe Creco-Roman period, faience technolog as
taken up by Islamic craftsmen and used to produce a new
generation ofworks, which fall outsidethe scopeoflhìs text
(,f Allan r97l).

F actary er ;dence : Naúkratis
In r 8 84-5 Petrie excavated ai the Greek settlement of Nauk
ratis (modem Kom Gi'€if; Petrie and Gardner 1886), which
dated io the Late Pedod. Although the loundation of the
site is traditionally accredjted to Ahmose ll (57o 526 BC)
archaeological evidence suggests that it dates back to al
least 6lo BC.

H ere Petrie discovered a so-ca11ed scarab factory'making
Egyptian aswel as Egwtian-style faience atefacts. Unfotu
nately however, the detaik ofthis are not weÌl-recorded, and
the publication concentrates on the flnds themselves rather
than their context. Morerecent excavatìons have unearthed
pottery kilns at the sìie (Coulson and Leonard r98Ì).

Kaczmarczykand Hedges G98l:219)also proposea link Factory evidence: Memphis
wirh ihe metal industry, in rhai iheir anrlyses show 1ow Peirie excavatedthe Creco-Roman faience producìng site ai
concentrations of tin in laience in those areas where the Memphis (Petrie r9o9: r4-I5, pls. XLIX, Li r9rl) This site
bronze also has a low tin conceniration ls€e section on has sometimes been overlookedbecame itwas describedas
bronze in chapter 6, thisvolume), whlle Stocks (1997)has for the Production of'glazed potrery', but it seems likelv

Fotosed the same rhing suggesting that metal abraded lrom the excavator's account érd frÒm nnds at lhe Petrie

fton copper drìlls used in stone-working was a source of Museumthatth€ sitewas actually for faience. However,the

someofthe faience materials- forming and firing techniques used to shape vessels at ihis
Relativ€ly 1ittle attention has been paid to lhe examin' time clearly owed much to pottery technologv
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Misfired vessels were discovercd, some with kiln sup-
ports still attached, showing how ihey were stacked in the
kiln. Cylinùical vessels seem to have served as saggars for
firing the objects, and Pelrie F9o9: 14) ecluates these with
the cyÌindrical vessels he regarded as stands for glass frit"
ting pans atAmana, again emphasising the links beiween
these pyrotechnical industries.

At Memphis, sj-! unequivocal kilns were located; thes€
were rectangular, with inteùal sides measuring L,etween
a2" (ró6.7 cm) and 81" 12ro.9cm). The drausht or stoke
hole was more than half way ùp the pro61e, and the kiln
walls are said io have beenheavily slagged above the level of
the stoke hole, but not below it. This pattem is consistent
with the heating patiern ofan updraught kiln. No traces of
a perforated floor or chequerwere discovered, leading Pet-
rie (r9rr: l5) to suggest thai stacks of saggars, some as
much as ro feet (l mi high, were made, and the fuel thrown
between them. The lowermostones receìv€d a lo, 'er 6ring
temperature than those ùppermost. He records thar the
fuel was stnvr which was found carbonised in the slag, and
that there was no trace ofwood or charcoal.

Unfoitunately we cannot be sure whether all of these
kìÌns were .ontemporary, which makes any judgement of
the scale otthe industry uncertain. However,the numberof
wasters from the site, combined wìth dre number ofkilns
(assuming some at least were cont€mporary) aryues lor
some degree of sophistication.

He aìso found traces of the making of blue colonnt
which he assumed was for colouring the glaz€, and which
he b€lieved was roasted in sealed vessels in the kiln, sìnce
he had found 'pills of ihe matedàl at the site. This may
argue for a link with the pigment lndustry, or simply the
making of colorant for this late faience. There is no sugges-
tion here of any link with glass production, ratlìer the
similarities are with pottery production, and analytical work
is needed to establish whether clay is mìxed with the fai,
ence material, leading to a darker t ody colour.

Factary eriden.e: Buto
At the site ofButo (modern TeI el"Fara'in), in rhe west€m
Nile Delia, two rcctangular fumaces were found, and at
least one otthese may have t een use for faience produciion
(Charlesworth r97z: 4t). fne most likely candidate
measures r.6 by 7 metres, but since both suftived only as
floorsit is dimcult to ascertain thei funcrion with certainty.
Kiln suppods (tpacers ) were found at the sile, some of
which frttedscals left on wast€rvessels ftom the excavatìon.
This suggests that vessels, rather than beads or amulets
were made at the site.

Raw materials and primary processing

vandiver and Kinsery G987a: 9) have described faience às
'lhe {irst high,tech ceramic' to emphasise its status as an
artificial medium, effeciiveÌy an ailiflcial precious sione. It
is a non-clay ceramic composed ofcrushed quartz or sand

wilh small amounis oflime and either natron or planr ash,
This body is coated wilh a soda lime-silica-g1aze wlich is
mosicommonlya brightblue-green colourdue to the useof
copper.

Vandiver G982: 162)has determined t]le tpical faience
body to comprise:

92-99% SiO.
Fi% Cao
o.5 l% Na.o
minor quantities ofCuO, Al.OÌ TiO,, MgO and I!0.

This high silica composition is similar to that descriledii
AD rlor by Abù'l Qasim (Allan r97l), and was still in usein
han in the r96os (Wultr e, al. 1968: ro7), showing tlr
persistence of the matedal.

EgWt is rich in readily accessible silica, in the foÍn of
desert sand. However, alrhough it is lik€ly that this soúce
was sometimes used, it ìs probable thai ceÌlain sand so1ù.
ces were consjdered to be superior to othels. lr shouldùe
bome in mind that sand is rarely pure siljca (jnde€d one
geological definition is by paticle size: the Udden.ven.
f s o r ( h  S ( d l e . ,  m m a n d z m m  < e e  T a b l e ) . J . !  r o , : r t i s
generally miyed with numerous impuities such as chall,
limestone or iron. Some of these, norably iron, are not
beneficialto faience production, andcan lead ro a discolour.
ation ofthe glaze. As a result much faienc€ may have useda
non-sand source of silica.

From Petde's excavatìons at Amarna in r89r-2 (Petde
1894) there is some evidence to suggest that a high-$ade
form of silica was produced &om the crushing of qumts
pebbles. Among L\e debris ùom laience/glass factorieshe
discovered quartz pebbLes, some cracked, with drips 0f
glaze. Th€se he ùelieved had originally lonned the floor otu
furnace (Petrie 1894: 26) and he noies ihat the continued
heating and cooling would Ìead to cracking which wouÌd
more easily enable lhem to b€ crushed as a high qualìrt
sour.e of silica. A numb€r ofsuch pebbles are now h llr
colleciion ofthe Petrie Museum, London (e.g. UC4ot68,
UC 46178, Friedman r998r 254). These pebbles wornd
largely be free of impurities and so yield a dean body-
mateial, which had the additional benefrt ofbeing a dazzl
ing white. From the €arliest times faience seems to lìave
sefled as an ariificial precious stone, the opticaÌ qualibes of
the fine qùatz being usedto rcflectlight through rhe glaze
to give the bdlliant effeciofsucha stone. Faience frequendy
has two dìstinct body layers; a coarse,often discoloured,con
covered by a brilliant white layer over which the glaze \À,as
placed. This might its€lfargue for the more limited ar"ilabjl.
ity, or more laborions production ol ihe finer materiar.

Between r and 5 percentoflhecomposirìonoffaienceis
calcium oxide lcao) which, in practical ierms, is l,îe
Natural sources of lime would be limestone or chalk. iì is
not cedain whether the Egyptians derived their lim€ for
faience from this source, or whethei it was added uncon-
sciously as an impurity when using sand. However, Kefer
and Alliberi G97r: Ìrj) state that between 2 and 6 per cent



oftle rgyptian sand ihey analysed comprised calcareous
mat€rlal perhaps implying that it was added unknowingly,
as may have been the case in glass manufactrre. lf how-
ever, crushed quatz was being used then it must be as-
sumed ihai the àddition was deliberaie.

Between o.l and 5 per cent ofthe taience body is made of
ttre allali, or soda (Na.o). There are lwo maìn sources of
thls alkali. The bestknown is natron, a naturally occurrìng
muture ofsodium carbonatc and sodium bicarbonate wlth
sodinm chloride and sodium sulphate, ihe best known
sources ofthis are the Wadi Natrun and the Elìeb area
((aczmarczyk and Hedges r98t: z4l). Similarly etrective is
ùe ash of ccrtain halophltic plants, particulàrly those of the
S\Iícomia lamily. It is possible to deiefminc which source
olalkali was used chemically, by examìning ihc quantity of
màgnesja. High magnesia is indicative of a plant ash
source (see Chapter 8, thìs volume, on cìass).

lhe oùer mateíals found in làience occur on ly in small
anounts ànd are added eìther accidentàlly as impurities or
deliberately to nnpal1 colour io ihe glaze. Cobalt, however,
maybe an exception to rhis (below).

The purposc ofthe silica is to form the bulk ofthe body;
essentially ii is th€ materirl ftom which thc obj€ct sh.rpe is
fomed and is also ihe sourceofthe oplical proper tjcs of the
falence. According lo the brilliance of the quarLz, and
whether a fine Layer has bccn used, the materialwill scatier
light ln diiTerent ways. Unlik€ pofter's clay, ground siljca/
sand isnot easy to form and althouglì the addition ofwater
helps shapìng, the finished object will €rumble once dry.
the addiiion of lime and soda helps to cemcnt the quatz
grainsrogether jn drying, thùs lending the objecta sljghtly
greater mechanical sircrgth than might otheÌwise be thc
cas€. Lucas (r962: r75) found that all(ali or saltwas paricu.
larLy efective as a binder. Howcver, the main shengthen,
jng role ofthese ingredienis is in thc tuing.

Faiencc ls closeÌy related to sodalimc-silicate glasses,
whìch share the same three major ingredients, though in
ditrere.t proporlÌons. In a glass the silica is ihe 'ncfwork

fonner' and the sodium and calcim the 'network modi-
ners'. These latter ìngredients h€lp to reduce the melting
tempenture of the silica and combine wìth it to make a
non-ùystalline material. In faience the ptoportions ofthe
ingredjents are ditrerent, and the highù propoftion ofsil
ica, probably combined with a lower firing tcmperature and
shorter 6ring duration, produce a crystalline matenal.
Hoivever, the neiwork modífiers are generalll' sumcient to
develop some degrec of interstitial glass, which fuscs the

Recent work by Tite rt al. F99E) has examined some of
dre cobalt-blùe ftit loùnd in Petrie s excvations at Amarna
and traditionally assumed lo represeni ihe frrst stage in
ghssmanulacture (Petrie r894:25 6). Peirie speaksofthe
Íilt as a colorani and then goes on to place it in ihe contexi
ofglass manufacture. However, anaìysis of the frit has
sho$rì itto contain significantly less soda ànd ìime than lhe
gìass, but a higher perceniag€ ofcobalt (Tite et al. 1998).

E C Y P Ì  A N  F A  E N C E

Thls suggests thai il cannot have been a first stagc in the
manufacture of glass but that it was iniended only as a
coloranl. Its composition malches more closely wìth the
blu€-bodied 'vitreous faience described by Lucas (1962:
161 4)bur the grain size ofthe quariz ìn the ftirs is greater
than thai offaience. Tite st al. (1998) suggest that this fr;t
was then ground up and added to the faicncebody, render
ing the body blue prior to glazing by either cementarion or
application. Since frit, faience and glass occur in the same
workshops, as shown by the recent excavations at Amarna
site O45.r (see Chapter 8, this volume, on gìass), this must
surely represent a ciose link bctween their production. Ii
would not be suryrising to find that the cylindrical vessels
'which Nicholson et dl. (r997) havc suggested to be noulds
for glass ìngots might be muLti-funciional and have also
seNedin the fiitting proces s. Frit has been found adhering
to some ofthese, but it has not yet been examined and so
may yet prove to be ftii îor glàss making.

The disiinction beNc€n crystalline and non-crystaÌline
vÌtreous màterials is an important one when considcring
the similarityofthe raw materials and any poss;ble inlerre.
lalions betw€en crafts.

Secondary processing: shaping technology

Clay is composed olplaielets, which sljde easily over one
ànother when lubrìcated and whose edges fuse when
heat€d above 60o'C, but in contrast the silica partjclcs ol
the laience body are angular and so do not slìp readily
over one another even when wetted, although this does
facilitate their movemenl. Instead, the typical faience mix-
ture is thixotopicj ì.e. thìck at fìrst and then soft and
flowÌng as it begins to be shaped. However, if shaping is
too rapid the material cracks or splils, thus maldng its
working propedies much less atiractive than those ofpot
ting clay. This apparent dificulty makes its long and con"
tinued use in Egypt, alongside clay ceramics, a1l ihe more

The difficulty ofworking thìs material into shape, and
then handling il for insertion into the kiln have usually
becn str€ssed (cf vergès 1992), however, recent expeí
mcnts by Mimi L€veque (Nicholson 1998: i4 and otheis
have shown that ifthe pàste is veryfine1y ground itadheres
welì, while only the most coane pasie is friabie. A number
ofpossìb1e binding agents have been suggested io help in
this process, notably gum-Arabic, clay and hme. NeiiheL
LtÌcas (Lucas and Hanis 1962: r7t nor Noble (1969: 7j)
found traces ofclay in mosi pharaonic laience, while gum
prov€d too sticky for the removal of objects from theìr
moulds. Furtlìer expe mental work is needed here how
ever. Lucas in fact suggested that alkali played the greatest

r ì r h o  r g h  h e b i r d  i g F f f p ,  o c . u r s p | | n  J , -
ily during firing, when the sodium carbonate combmes
with the sìlica. However, there are problems with thcir
work. Firstly, Lucas assum€s ihat ihe faiencewas 6red and
then glazed, raiher than the lìring and glazing being do.e
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in a sjngle operatjor, which secms, in fact, to have been the

norm. Secondly, although hc found that a mixture incor-

porating 5 ro per cent ofnatron gave thc besl resl ts he

actuàlly fòund lower perccntages in his analyses offàiencc

aftelacts, and was obligcd to account for thìs discrepancyby
sugg€sting that sonìc nat.on would have disappcared

ttrough loss and chcmìcalconìbinalion ìn firnÌg

Tlere r-manx considerable scope for expcrimental

work lo det€rmine how tlÌ€ plasiic properties of faience

were improved. 
-fhis 

needs lo be attempted lol pjeces to be

glazed by each of the three g1a?ing methods and ùsiÌÌg a

raùge ofdiflerent pa iclc sjzes and ìrinding media Those

who hav€ attempted to make faience havc remarked on the

diflìculty of formnrg it, yci mosl experìmental work (oth€r

than thai of Ieveque) has concenhatcd on how the binders

work during frring, rather than on how the material can

bcsi be treàted to îacilitate working. These nìitial working
propertjes are at lcasi as imporlanl as the efects ofEring

The mealìs b,vwhich this rnaterìalvas shaped vary over

time (seeTablc 7.r), Jthough theycan be thought ofasthree

broàd catcgories modelling, mouldÌng and abrasior'ì thc

last ìieíng used in.oniurìciion with the hrst two
Modcllìng might bc free form (i.c. the shole s1ìapc be

ùìg lòrrned by hand), although this is fairly utìcommon.

Morc common is the modelling oÎ a core or rough'out of

thc desired objecl; th ìs can thenìre shaped by abra sìon orce

lL has had the opportunity to drY.
Peltenìrurg (r9E7: 2o) regards faiencernaking as an es-

sentially cold iechnolo$, more akìn to stonc'working than

to glass maldng,whichh€ reìates to metall urgy. This is said

becaùsc rhe glaze was added to, or effloresced ftorn, a cold

worked otject, whilst glass is heat€d ai every stage Since

Predynastic tiú€s thc Egyptians had been caringand glaz

ing solt stones such as ste;Ìtìte (which hardens to'cnstatile'

in 6ring) as well as quartz. Whilc there are cerlainly com
paisons to be made betw€€n the abrasion ofsione and the

abrasion ofa siliceous aggr€gaie ii seems to ihe writer that

the sitllatjon ìs more cornplicaied, and that there is a link

between'hot technology as well as cold ln the New King

dom, glass and faiencc produclion scem to be undertaken

in the samesorkshops suggestingthat theconnection with

pyroiechnology was jusi as strong for faience as lor glass

As noted abovc, according to Kúhne G969: 14) and Van-

diler (r981: AIo8) glass was cven added to ceri?in taie cc

objects. However, às Andrcw Shordand (pers. comm.) has

pointed oui, the presence of extensive intelstitial glàss may

be unrelated to the àddilion of actual glass, and is more
probably simply the rcsultofthe emorescence technique of
glazing. Nevertheless, lhe knowl€dge ofcolorants lor glass

production may have helped to exiend the colour palette of

faience workers (cJ Boyce r989). Giventhe proximity ofthe

tlvo ciafts at Amama they may even have bcen regarded as

one and thc same industry.
Moulding ìs a more sophislicated t€chnique, and allows

the makìng of coÌnplìcated shapes wiihout the nced for

'table7.r. Methods o.f Egyptnlnfaience naù Jì|t:ture throgh
tine (súmn lrised fram vandi.v.r 1 g3t with netr infomati\n

P.riod maìNfacture'
Prn,.ipal fu.tory
glazing method cvideùe

Modeììing
Surfa.c ginding

A?llicat.tì(ì) Noncknon

Oìd Kingdom

Middle
Moudling (?)
Modelling Eflìorescence tisht
Mouldingon a Cementatun Kema
îotm lpot11'l (sudan)
Cor. î(rùlng Alpli.atlon Nó.e hoM

slurry
lncising
lnlafing
ResLshng
PaintinewìtL
Pigmentsxsh

Ncw Kìngdom MoudÌiÌtg on a

Pressingr . ro
openface dóúl.ls
Layeing
Incising
lnÌalingwith
qúaÍrz euÌry
Paintingwith
Pìgmcntwash
Throwing

Efiorescence Maìkala
ApplìcatÌon Amarna
Additìon 01 Qantir
finely!Ò\tdered Lisht

As New Kinedom Alplication Memphis
butwithgreatcr lfiorescen.c NaukdN
use ofthrowing (l) Buìo

Nor.:'lt should be noted that several methó.ls of body
manufacture orglazingmight be usedin combinahon ora



eìlensive secondary worldngby abrasìon. tn this t€chnìque
anodelofthe object is made and jmpressed intowet clay to
give a negatìve ofthe item to be made- The model used may
beofwaxorwood, or it may be a completely finjshedol,ject
rìad€ in another medium which it is desired to copy in
frieirce. ln this way, dngs originally made ìn metal might
&copied in faience. A frnished faience object mìght àlso be
usedtolroduce lhe mould for oihers (Boycc 1989).

Tle clay nould would then be fired ro makc it durable.
oncefi red, the faience paste could be pressed into it, remanr-
ing for a shof time, andthenbetipped outlorfinaldrying or
r.working ìry of sur{ace abrasion before
firìirg.Themouldcor dthen b€ re usedforanotheraltefact.
In this way noulds could hcilitate màss production of
hienceobi€cts, such as amulcts, dngs and inlays.

ltere is one furrhcr icchnique, which may occur fÌom
L\e New Kingdom G. rt5o roTo BC) onwards, namely
wheelùrowing. This technique is certainly established by
tlt Greco Romanperiod, when largeamounls ofclay sc€Ìn
ro hale been added to the îaience body. The resuli of this
technology r,ras the production ofvessels more closeìy akin
ro ùo. produ -d L,)  pohè s. a,1(ì  preurrLì1 rr  in.rer."
in the raic ol produclion.

Secondary processing: glazing methods

Vaidjver (r982) has summarised the diverse accounts ol
faience glazing technques, dividing ihem ìnto three broad
categorles: efl or€scence, cementation and application (see
Íjg.7.t.It should ìre remembered however, rhat these can
beused m combination, and are not always readily identifi
able, as recently siresscd byVandlver (pers. comm.).

Efiorescence

Emorcscence is a so called selfglazing method. The possÌ-
bilityofsuch à process was first noted by Bjnns ri al. (r9t2:
,7r-2) and later developed by Noble 0969). ln it the glaz
ing maierials, in Lhc lorm ofsoluble salts, are mixed vith
therawcrushcd quartz andalkalis ofthebody. As the water
inthe body evaporates so the salis mjgratc to the surfa.e of
t t reobjectto lorm a kind orscum. Vandjvcr (r981:Al4 has
noted that this forms within thirty minutes ofshaping thc
object. The precipitated salts comprise sodium càrbonates,
and to a smaller degree potassium càrllonates, sulphates
andchloridcs, from thenaúon or plant ash (Vandiverrg8l:
Atr). ln 6ring, this preclpitàted lay€r melts and fuses to
leave a glaze whose lhickness vadcs accordnÌg to the
amount ofemorescence developed in drying. It has been
discoveredthat npid drying leads to lhc grcatcst thickness
ofdeposited s.Ìlts, andthus lo the thickest gla ze. Peltenburg
(1987:ro)has noted thatit is most effective for 6ne,grained
bodics.

The recognition ol the various glàzing techniqùes is not
€asy, and there ar€ overlaps between the characteristic fe.r
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Applicotion of Gloze Slufry

Betore Fr,nq Afler F rnq

Cemenlotion ol Gloze

FigurtT.S Th Lhrd methads of|a6n.e Etazins.

tures. However, pieces glazed by efnolescence may show
traces ofstand marks, where the piece was set down to dry,
aswcl asbeing proneto crackingand havinga glazewhjch
is thinncst toward the edge of the piece ànd in concave
areas. similarly, glaze will not be lormed wh€re evàpor
ation was not possible, such as ih€ underside of a piece
where it was in contactwìth the dryìng surfacc. In firing the
pieceis usually stoodon somekind ofsupport, and thls will
usually leave some tlace in the glaze. However, Vandiver
(1981: All) notes that ifplaced on a non-weiling suppori
thcre may be no firing marks, and thus confusion wiih the
cemcntaLion method ofglazing may be possiDle.

In a broken scction across an object the inteface be
iween the glaze and lhe undcrlying body ìs generally nar-
row and well-defined. This is becausc whcre drying has
been Épid the greatest concentraiion of S3lts has built up
o the suface, and when lìred at fajrly low iemperaturcs
the glaze sinlers without soaking into the body. However,
where ovcrliring occurs the glaze ìrecomes less viscous and
so soal$ into the suface ofthe object. The same etrect is
achieved ifa grealer amount offlur, nì this case all€lì, is
added to the ingredienis. Addjtional flux has the efect of
lowering melting temperatures.

l \ à - i r  r  i " r  L i d e r  l ì - e  \ r n n r n g  F e r r r o n  m r r r o q o p ,
rSI N4J ,hoss è4rr s \F i . .er\  ' l  r l  g lr  "  due ro he pr,  s-
ence of th€ alkali salts in th€ body (Fig. 7.6). Those which
havc not reached the suface fuse in ihe body,which has the
etrect ofhardenjng ir 1ìrthcr.
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I t tgl tr t  7.6 Scultt t i t lg f / /alro,ì  nri{rfo5(opt ph(ú(yaph oJ rì  s.. i iol
t l trouglt JaiatLt g/rr: , ' r l  i r1 qlbr ' .s,:1r,, ' .  l ìont on Fightt ' ,r t lh-D1tust1,
1 r ' r s r / r ì . d r r ì l r d  d l  A , , l l r , , l l {  I  P r l Ì  i f  M l l s r l l  r , r  Ua  ì o r  i J ) .  T l t  g l az t  und
irr lr lst i l rrr/  g/rrss slou, r!  polc grrf .  q útt .  ú\ dLttk grcf.  drd r! id! r\

Cementation

A sccond seÌf glaziÌìg tecÌìnique ìs that knou'rr as cenÌcnta-
tiorì. or t lìe Qori-t tecÌrnìtpre'. the later ter-rl deriving fr-onr
the cìiscovery of th is nrethod in usc a t thc vil lagc of QonÌ itì
I ran  in  the  r96os  (WLr l f l  e t  a / .  r96E) .  T l tc  tcch l ique rvas
a lso  s t rLd icd  by  ì< ic fc r  ( r966)  a r ìd  K ie fe r  a rd  A Ì l iber t  ( r  97  r ) .
l r ì  t l r ì s  r ì ì c t ì rod  ar ì  a r te lac t  i s  b t r r ied  in  g ìaz ing  porvde l  w i t l r
a high flu\ corìterìt, irtside a vessel. When the vessel and its
contents are heatecl, the por,vdcr bcconrr-s ftrscd to tlre
object b,v a chenrical lcaction bctwccll i t alld tlìe surfàce of
thc  ob jcc t .  Ihc  t -xac t  r ìa t rL rc  o f  t l l i s  p rocess  is  no t  fu l l y
rLndc |s lood,  a ì t l rough Vaùd iver  ( r981:  A33 l4 )  s t r tes  tha t
tìrc lorv ntelt irtg alkalis presunrably dlarv arvay florn thc
nlixture of calcìruri oxide and chalcoal and *'ct thc qlrtrtz.
After lìr irrg, the fr ',able, unleacted porvdcr is lcnrovt-d lìorn
the  o Ì ) jec t  to  rcvea l  an  cvc ì Ì  coa l i r ìg  o f  g ìazc .  .  . '

A  rangc  o l  cor r rpos i t ions  fb r  the  g ìaz ing  porvder  have
bcor  s l rou 'n  to ,v ic ld  sa t is f . rc to ry  resu l ts  aud the  fo l lo rv ing
conr positiors hale beerr djscovelecl:

s i o
N r O
K O
CaO
M g o
CrrO
A l  o .
Fe O,
P O ,

Total:

1a9/"
2a?a

l%
zo .vo
?,4À

r9/a
69À
t '5o/a

29À

98 .5% (Wu l l l  , ' l  r r l .  r 968 :  r oo )

CaCO, 5a 757"
Bauxite a 2oYÒ
Nitre r5 25% (rnostly potassir.uÌl rì itrate)
CuO frit o rz7"

CaCO, 5 287"
S iO.  zo167o
Na.OCO.  rz -23% ( l ( i c fc r  r966)

The cenrentation glazing pr.ocess happcns gr.adLLallv, so
that tìre fir ing tir le ìs longer than for thc othcr processes,
Wtrll l-et cl. (r968) rccord a twelve Ìrour fìring time with a
sinriìar pcriod of cooling. The lerÌ.ìpelalure was experinien-
tally detern.rined lo be rooo'C.

TÌre rnost irnportiìnt featurcs rcstrìt ing lì-onr ccmcnta-
t jon  are  ( r  )  a  g laze  tha t  i s  cha  rac t is t ìca Ì ly  cvcn  a l Ì  over ,  s ince
the objcct was srLn.orrndcd in tÌrc glazing powder leavilg no
drving rnarì<s, alrd (z) the fact tÌrat the corìceÌltÌation 0f
copper rapidly decreases away fronl the sulf;rce (rvhereas in
emoÌescence and cen len ta t ion  the  cor rccr rL rar ro r r  rs  cor r -
stiut throlÌghout the sanrplc). Srnall objccts. t,vpicaììy ìes
tharÌ r.5 on sqLrarc, which havc beor gÌazed by this urethod
tLstLaììy shou' no fìri1ìg rìlarks, alt l lougÌl l l lere may be in.
dications on Ìalger pieces (Valdiver r98l: Al9). The glaze
rnay solìetirnes be thiclier on tÌre underside ofthe object.

In broken section, the inter-face betlvccn glazc and body
is thick and n'ell-defi ned, bLrt S F M cxa rnination shorvs l ittìe
ì ì Ì t c rs t i t ia l  g ìass ,  s incc  the  g laze  l ias  had to  penet ra te  the
body fionr t lìe or.rtside, ratl ler than gron,ing from the inside
as  i t  does  in  e I ì lo resceùce (F ig .7 .7 ) .

Examination of lgyptì:rn artefacts srLegcsts that this
technicpe rl,as not discovered befor.e the Middìc Kingdorn
( t ' .  zo4o-  r  64o BC) .

Figtrt  7.7 Str rni g r lr . l ro,r ,?rl .rot.o/Jr /Jlologrr/r/r  a/ rì  r .ct ioD
tltrouglt. lùi , t t ; t  gl t : ,d /r l  crrrrrrr la/ iorr. . f |oJ,ì d l i , . I i l f rJl-Df,roiJl
shrbti  l tsM I?Lt61:1): tht glazt sh orvs rs rL,/r i l , : .  qrnl l :  os dnr' [94
orrd L oidr rrr h/rr, : [ .



Applicatìon

Ihe final glazing method is that ofapplication, the method
formerly assumed to be the only one used for faience
glazing (Petrie 1894; Lucas 1962). This was a reasonable
view, given knowledge of the glazing processes employed
for pottery, and was the method used in glazing stone
obiects, which predate faience. It is, however, an oversim-
plified view, which must be borne in mind when consulting
eaÙ accounts of faience technology.

ln this method the glazing materials, comprising silica
lime and alkali are ground to a small particle size and
mixed with water to form a slurry which is applied to the
quartz core. They may be ground together in their raw
state, or be padially fritted and then ground, as in the
production ofa pottery g)aze. Fritting allows the materials
t0 react together in the first stages of vitrification, a pro-
cess which helps the final firing temperature to be lower.
The object can be dipped into the slurry, or the slurry can
be poured over the object. Brushing is also a possiblility,
although Vandiver (1982: 168) found traces of it only on
polychrome faience of the New Kingdom. In glazing pot-
tery it is common to fire the body clay and then apply the
glaze for a second firing but for faience a primary firing
has been found to be unnecessary, and firing tempera-
tues îend to be low so that the glaze does not become too
liquid causing excessive flow.

Applied glazes characteristically vary in thickness, and
may preserve the traces of kiln supports. The glaze covers
all of the object, unless intentionally limited. A tendency
to run and drip leads to pooling on lhe lower surfaces and
thicker glaze on bases.

The interface of body and glaze in this method is not
well-defined, and since there may be little interstitial glass
ùe body itself may be quite soft (Fig. 7.8). Vandiver (r983:
A28) notes that a sharp body-glaze boundary and soft
friable body may result from firing below c. 9oo'c and/or
a flux content up to 5 per cent. At higher temperatures or
geater flux content the body becomes harder as the glassy
phase develops. A thick interaction zone and hard body
result from prolonged firing at peak temperature, notably
firing above 95o 

"C and/or flux above ro per cent.
As with many technological processes, we must remem-

ber that faience craftsmen did not necessarily work to rigid
formulae, and we should not be surprised to find a combi-
nation of techniques used on a single piece. For example,
Vandiver and Kingery (r987b) report that a faience chalice
ofthe New Kingdom was formed from a body capable of
producing an effioresced glaze. However, when the relief
decoration was carved into the surface of the piece it inevi-
tably cut through some ofthe effioresced salts. This would
have left a chalice with only partial glazing, and in order to
correct this, the finished piece was dipped in a slurry ofthe
body material. This was actually using the technology of
application glazing fo an efioresced piece. The new glaze
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Fígure 7.8 Scanníng electrorr microscope photograph of a section
through faierce glazed by application,from o Late Period shabti (BM
RL16322); the Elaze shows as white, the quartz as dark grry, and the
voids as black.

layer was itself effiorescent, and allowed the complete glaz-
ing ofthe object.

'file et al. 9983: z6) have shown that the glaze composi-
tion can be quite variable, and this may be related to
changes in the formation of the body, and vadations in
glazing method, applied regionally and/or chronologically.
The forming ofthe body and glaze varies considerably over
time, and according to the status of the workshop. Those
workshops enjoying royal patronage presumably had better
access to the best raw materials and, more importantly,
greater freedom to erperiment while smaller local concems
perhaps tended toward conservatism (see Kaczmarczyk and
Hedges r983).

Secondary processing: fi ring

Through recent experiments that attempt to replicate the
ancient production of faience, more is now understood
about ancient firing techniques (Vergès r99z; Stocks
1997). Such experimental studies have shown that faience
is fired in the range 8oo-r,ooo 'C. These studies have been
carried out using modem electric kilns and replica faience
pastes and, although they are unlikely to be significantly
different to the actual firing temperature used, experiment
in replica kilns is needed. Such experimentation is required
firstly because kiln atmosphere can play an important role
in firing, and secondly because it is necessary to ascertain
some of the difficulties likely to be experienced in fidng this
material by traditional means.

The difficulty for modern research is that until recently
there were very few kilns known archaeologically. Ironi-
callv. the best-known kiln or furnace is the one mentioned
by various sources (e.g. Vandiver r983: A.3o) as having been
found bv Petrie at Amarna. This oarticular Amama kiln in
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fact nevcrensted and is a hypothetical reconsiructionbased
on Petrie s lìnds. Although recent excavations at Abydos
and Amarna havc supplemented the picture gained fronÌ
e.rrlier excavations at Lisht, Memphis and Naukraiis, ihe
difrerentiatìon of glass furnaces from faience kilns/furna,
ces at Amana still remains problematic.

Sinc€ lew kilns have beer lound, and most ofthose ìn
old cxcavations, it lollows that the opportunity to examine
fuel has be€n limited. However, charcoal fraements have
been found in the r€cent work at Abydos, and fiom Ama-
rna, alihough ìn lhis lastcase the stÌuctures \('iih which the
fuel is assocjated arc more likely to be lor glass production.
The Amarna charcoal has been examined by Mary Annc
Murrayand shown io Lrc of Fiùrs sl.omorus. lt ìs not known
whether it was deliberately produccd, or simply ihe by-
product of incomplete combusijon ofwood Llsed as lueì,
bLLt the fàct dmt some of it takes rhc form of quite long
pieces may suggest th.Ìt it was the fortujlous product of
incomplete combustioù (Caroliìre Vermeeren pcrs. comm.,
based on description given by the writer). Futher work is

Petrie (1894: 26) records the discoveÌ] at Amana of
what he considered to b€ a charcoal-burniìg furnace with
large quaitities ofcha.coalinside it. However, whether this
was correctly identified, and wheiher it produced fuel lor
faj€ncc or glass production, or 1,oth lor ìrdccd some other
purpose) is not known. No anàìyses were carried out on its
contenls, and to datc it has not provedpossìb]e io rediscover
the location ofthis furnace.

Whether or nol charcoal was deliìrerately produced, it is
likely that a certain amount ofwood and domeshc rubbish
was burned in the kiìns, and animal bone fragments are
ccrtainly found among the ash from lhe kilns at Amama.
This is a likely situatbn in a couniry as relatively delìcient
in timber as Egypt, aÌÌd onemustassume lhat considerabl€
efiort was used in ecolÌomising on tuel. Petrie Ggrr: li)
states thai lhe fucl uscd in the Creco Roman kilns at Mem-
phis was st.aw. Although iL is possible thàt straú was
amoÌÌg the tueì used, it seems an unlilGly choice as the
main tuel source, sjnce il burrs quicldy and huge quanli
r icswould beneededfora long f i r ing. Dung mlght also be a
possìblc source offuel, perhaps used in combinarion with
wood, but oncc again experimenlal work is necessaryhcre.

The objects lo bc glazed would probal,ly have been pLo-
tected from lhe srdokeand ash particles ofthe fire in some
way. ln elnorescence and applicalion glazing, the pieces
probàbly stood in deep tnys or saggars, possibly with hds,
to prcvent àsh ftom becomin g stuck to the glaze. In the case
of cemcntation glazìng, they would havc becn buried in
glazing powder, which s,ould iiselfhave been conhnìcd ln
solne kind orvcsscl.

To prevent an all'ovcr glazed object adheing to its sag-
gar or to the kiln, or ìndecd to neighbouring objects, it
wot d usuaìly be necessary to rcst it o some kind of
supporl.

The lorm oflhcse is not knoM, but it can be suggesd
that they w€re somctim€s small cones or bars ofdry
possibly ich in alumina which would help to prevent stick
lng. lt is also possible ihai ih€ numerous smaìl narldef
balls dis.overed at Lisht may have s€rved this purpose, d1e
bottom ofa trxy beìng covered in them, much as modem
potters might rLse alumina powder io prcvent pots sticking
tokiln shelvcs in firing. A numberofmarl clay anmni wae
also found at Lisht and probably sewed a simiLarpuryose.

An alytical tech n iq ues

The technique by which a mulli,part obiecthas be€n rìafl.
lactured may be detemined by the se of convennonal
x'ray cxaminàtion, or mo.e satisfactorily by xero.ndi-
ography, as Vandiver and Kingery F 9 87b) have illustated,
since thjs clearly shows the joins between compon€nts.

Ihe use of lhe scanning electron microscope (SEM) in
determiningthe method ofglazing ftom an examinationof
inte*titial gìass and glaze thickn€sshas already be€n refer.
red to aìrove. Énerey djspersivc (ED) and wavelen$h dis.
pcrsive (WD) X ny analyses can be carrlcd out on d1o3e
instruments equipped lor such analyses Gec Hendersont
conlibution to Chapter 8). The SÉM ìs the most satisfac-
tory means lor the determinrtion of gLazing iechnique,
although examinaiìon under the petrologjcal nicroscope
can also be used. In ihìs method a thin sectio! (o.ol
millimetres thick) is preparcd ftom the taience and exrm.
ined ùnder a polarisìng microscopc so that th€ Ininenl
phases (lnostly silica) and glass can bc ìdentified. sùù
sections may need to be consolidated try th€ additjon ofr
suiiable epor] resin before they are reduced to ihe conecì

For the mosl widcÌy used mod€rn study, however, (ac.
zmarczyk and Hedgcs G98l) employed x ray fluorescence
(XRF) which exanines a small arca of the sudace oftle
object(usuallyr.t x r.5 millimeires)non-d€shrctivelylTite
r97z: 267-721. Pimary x rays are uscd ro bombard n\e
sampLe which Ìn turn releases energy in the form ofnuor.
escent x-rays whos€ wavelengihs are characterjsiic ofpar.
ticularelements. Adiffractioncrystal is usedto separat€dr
wavelengths which can thcn be identified and lhe comen
tratìon of the element measurcd. The technique is be$
suìted to major elements, bul can also detect trace eì.

Kacanarczyk and Hedges (,981: ,o) found ihai cedrin
elemenis, nohbly sodium, magnesium and aluniniun
were besl nreasurcd using atomic absorption spectromeÍl
(AAS) (Tite 1972: 264 6), a method which requircs t\e
removal of a snall sampÌe from the oìrject, twenty nrù
grammes in the case oftheir study. This sample is dissol.
ved and the solution atomìsed in a flamc. Iocused onùe
flame is thc Ìight frorn a hollow cathode Jamp made from
the el€ment to b€ analysed- The lightthus has a wav€lengih
corresponding to that ofthe eÌ€ment ìt is sought 1o exam.



iùr .  Atorrs o1- lhc e lement  absorb sor ìc  o l  L l ic  ì ig l r1.  i rnd th.
r r tcnsiq s nrcasrn ed us i rg r  tLoton r l t ip l icr .  thc qulnt ih
of  ight  rbsorbtr l  l r ìd j (a l ì ìg  Lhc .onccr l rat ion of  the e l
erre. t in  the srr . t l .  t l rc  t r . fn iqu.  i r  b .s l  sr r i r .d  r r ) . r l Ì ro Ì
ar .L t r r .e  e l ' -ùrcùls .  {h ich m;ìkcs L l  i ìn  ide.  (oDrt te l ìe . t to

\ R t , .
Olhc,  1. . fn i ! t rL.s  sLLi t ( ,d  to t l r . . rarn i r ra l ior  o l  g lass t r r l

a lso Lr . : ìppl i i .d  to i r ienre I rc ì  the rcrJ. r  is  r f fcr rcd 1.
Chrprc 3 Ìh is  lo l rùnc.  i ) r  l l r fdr f f  lc t i i ls  o l  ùrcsc.
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p a u L  r .  N  c t s o L s o N  l Ì E c H N o L o c y ]  a N D  J U L t a N  H E N D E R s o N  [ a N A L y s ] s ]

Int roduct ìon and h is lor ica l  summary

Arc icr Ì l  r :+pi ì rn g l .ss ls  arnong rhc f incst  f i .nr  the
rrc icnt  wor ld.  Dcsprr .  1s grrat  te .h. j ( r  coDrp! . tenc,-  ì ts
. r igLÌrs  !nd n( l i r rcbgy : ì r i .  s l j l l  ùnperf€ct1, !  understù)d.
Lu(rs (1962:  179)  notes thal  u4r i lc  g lass may favc ì rcÙr
ùúde spoÌ id ic i l l )  l ) . fo , .  th .  , l t rh  D),usq ( . ,  ,5ro roTo
BCl i t  wrs prcbabìy r  i r lu j toLrs product  resui t jng honr
atL qìts ùr tuì.nl:c ll1.ùrufxdÙe. \rhLlc alicf tlrrt tlnri. tts
produ. t rD $ ' .s  dc l lbr ratu l , { : l lc fburq (  937 L6)  s lnr jhdy
ù.d i ts  t l ( r  . r r l i .s Ì  g lass n)  f r ien(e \ \orkL. fs ,  t l io l rgh l rc
f ra l ics t l r  \ rhrJble DoiDt  thr t  t lese eer lv  occLrrrcrrccs forr r
ro drsLi r Ìc l  regìonal  of  tcnuor{ l  patr .m bur  aÌc s impL!

Borh gLss ! Ì rd hìe. .e $ crc t r€.ùe. l  xs aÌ  r i f ìc ia l  prc(n{ Ìs
nores,  r .d  r l  l . rs t  ì rsotur  as ! 'cssr ls  w.r i  ior r f r i r . l  nc i
ther  devc opcd i ts  oqrr  d ls l i .c t  \c  fcpeù)ne.  .J lhcr  rhey
'  , J r  r ,  ,  ,  I  p ,  , t , . , ,

h , r t l ier  ernphirs iscd by lhe pracl i . l r  . ,1  i l r i t r t i rg  g: ìss
|cssels nr  pai r rud ! \ood i Ì r  l l t r  s l r r r  s ! ) ,  !s  s t ( l re  vesscls
wcfc cop( I .  l -x lnr l lcs r rc  lùrown l ìonì  lonrbs xs r jch as
th i iL  . l  Yry!  xnd ru)Lr  (KV46;  Dr l is  r907:  l t r ;  C. j ro
C(]1686 9) .  lL isaLsocmphaslscs l Ì r .  h ìgh sta lusat tac l red
lo q lass.  i l  was a cornnrodl t , !  f i t  lor  c le 

 

the l r lghcsl  iùd i l id
Ì . r ls ,  so th. r l  !v l r ì1 , -  i t  rn l l  hrv i .  bceù arr  r r t i f ìc ia t  prccnr Ìs
s lo.e i1  shoukl  nor  l je  thorrghl  o l  as ! . ì ìerp ( l lbs l rLÌ ì tc
hnlee.L ( la f f i r !o |  co|s idered i r  to  l ravt  l ter  sLrHìc i rnr lv

a  ,  , i  r '  ' _ r ' r  ' 1  '
l .nrb o l  rut rn l i l r inru l l  ( (V62:  Rccvfs r99o:  2oo) .

BccL G9j4)  l fd  r lcrs  l )ot l ì  srùrnrar  scd hnorn errh
i ìnds o l  gìass,  thouqlr  b1 r9(rz  when Harr is  s  re l ised.d j
hor ol Lf.as's ,h1ttitrrt Egtpti.tn \tat.tial\ Mì IntLú\trn:s
r tpearcd,  rn. ì l ]v  01 ' t l rcs.  hrd brcÌ r  ( lucst jo fed.  rnd l ,e l teù
t Ìù! r  ( r9E7r r7)  g i ! .s  o.L l  1 ì icc l r  occunen.cs f Ìor Ì  tg lPt .
Al l  o f  t l resc i ì rc  Lerds erc.pt  lor  t iyo rùrpro lc Ì r3r ìc .d
Tùel f th  DÌr rs t !  s .J fa l )s .  (sc.  Nl ; ì r t in  i97r :  n ls  4ar  Jxo
r IgSl .  L i lyqúis l  aDd BrLl l  ( r99J:5 7)a lsodiscÙss these. i r l !
o  , '  \ l  ,  o r  l ,  " '  t , , ,  I  J ^
t l r l r r  cr t reùre.r r r r io |  sr r rcc ù[ r ì I  h .k  scr l ] fc  pro\enrn. .

rnc l / ( r  r : rarr i r ì3 t i . ,ù  iù  re.ent  t inrcs,  l ì r Ì . ì  those th i l  hn! !
bcuì  lxrmjned s|cL xs the l ìon hcnd pe.darr  (Btvf
EA;9rr r9) l r r le  t fovcd t . i  be ofothcr  r l ]nr . r ia ls  (1.  I , reesto|c
pcrs.  r i Ìnrn. ) .  P. l lcrbL(s ( r987:  r8)  nr . rkcs r  d is t i r ( i ìor
bct$ccr ì  thcse or . rs loni ì ì  p icces,  whj(h hc cal ls  Stage I  o1 '
g Jss prodùctnrr lrd ihc dclib--fate products oJ SLage 2,
be! , : inn ing at  arour . l  r ioo BC, r l though the scarrbs nì r ,v  t re
aÌr  err ly  oLr l l lc r  of  St lge 2 pfoduct ior Ì .

l r rom Ì ;oo BC ol ivuds.  g lnss i .mcr i tcs as I  rcguhf  i l
h igh \ t !hLs,  pro. luct  i .  Églpt  Iucr- \ ,  l ikc l ,e t r ìe  ( r894) .
L.,ol it for gfanli.d lhat glass wrs Dlddr Lll [gypt fron] its r:ìw
Dì i t tcr ia ls  ! t  lers l  b ,1 Lh.  t i rne ofAnraùìa,  br t  snr(c h is  t i rn . .
opmior has shifti.d Lo\larcL thc !i.!v rlìar thc r.r LLesr g,rss
q'.s irÌport!.l, or rr lcast thlt crrftsnef wcrc brought iI to
csrJbì ish th--  ùrJushl  This ! iew - ! tems f ronì  thc rcal isr t ion
thr Ì  thc c i r r l iest  g lxss is  o l  rcnì{ rhabl .  rc .hnic l l  .oùrpet
er .e.  nppar. r t ly  L lkr  producl  o1 a f i r l ì t  f ledsed xrdustr ) .
l ' �d .n h nrsf l f  beì iered g l iss to h: ìye b--en in t roduccd xrk)
lg lpt  ( l ,e t Í ic  r926:229)and thcD Lldcpcr id{ : f t  !  nranular
fured iher!. oncc it had be( onr. i.st:ìLrìishcrd.

f  u f  t lk j  nrorc,  thc $! rds i l l | r [À l |  r r ìd , r . l | ! ,  aptafcnt Ì !
I  J  r ,  r ' .  u . , r  I  r r . , ' . i r  r - r ' '

a  nd cor Ì re f ronr  Hul | rnn and  ̂ kkrdì !n rcspcct i \e l )  (OpIeD
lrcÌm r973.  l )u t  r { :  rLs.  Fosrcr  r979:  zr ) .  Oppcnhci rn GgTl :
iail) Jrsuls tl,at rhe firsr ghs-. ù,!kers/q,olkcrs rray hrk
beef  brorLght  to lgypf  lò l lo$xÌg thc ( ,mpaiqrs o l  Thut
ùnse l lJ  G479 1425 Bc)  in  Mi t rn l i  rùd r l rat  Phanol
Ì . ( lucst .d f : r ! !  rnater ix ls .  perhaps i ìs .u i le t  or  i rgoLs.  f roxr
\ l r ic l ì  rhe,vs jnpl )  Luor l . t r . l  thc e lass.  Thc 1nnal \  ú  rhLtha ' .
I l1  (8rersr . .L ,  r906:  204)  nrerr io ' r  rndcr  the hrL)  tc  l ]1
Bib) lon.LùrmqthccightL! ! r r t ! jgnotThLLhì ìosc l t I  l r f is
lazr ì i  o f  Lt rby lon which Srni t l r  { r9z3r  2 l l )  corrs rs  io  b.
g rss.  Cl : ìss can . lso Lrc rc lcr rcd n)  rs  srofcs 01 castùrs or
's lo fc  r f  thc l ( i r id  thr t  fows .  inr  n udl r  or ' ; r  Lrd i i  (Taton
I l row.  and Ar. l i - - ivs r99r : -16:Nol t - -  r977a:6 . ,

Ne"fon ( r98o:r76)  s in lcs catcqor jcr l ly  tLar ' t l ìc  [gy] r
t iars (  oùld only  nr l t  o ther  peopìc s ghss , - ren thoLrgh rhcy
couìr l  f rbr t r rc  thc rnost  - -xq l r ìs i lc  i rc l r Ìs  f fo Ì .  i t  .  .  u l , rss.
rnel t in ! :  is ,  ìnuch s i lnp ler  opc.a l io l l  t l ì rÙ g]ass . r rk ì r i l

landj  lhe le l t r i i f  .o 'Ùt  depended fòf  thc l r  brsc r rw i îa .
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ierial, or for an essential ingredientdìereofon imports from
Asia'. The question ofifand when a truly local production
began is cunendy under investigatìon (Nìcholson r995 and
pp. zoo-r, thìs yolume; Nicholson and Jackson, r998).

Stern and Schlick-Nolte G994: 25) point out that the
largest glass vessel known from Egypt (CG 24804 - not
24808 as stated in their text) which bears a cartouche of
Amen-horep l l  \ t4z? t4ot BC) may be of forergn ongrn.
whatever tlìe origin oftlìis padcùlar piece, it is clear that
glass was of considerable importance, and Nolte 1r968: rl)
has suggested ùat glass was a royal monopoly throughout
tìe New Kingdom. Some suppot for tlis view is to be
foùnd in ihe mentìons of glass in the Amama Letters
\EAr4, 25, r48, 235, ?�r4,3zJ, t27 and l3r; for translations
see Moran 1992), where glass is clearly saidtobe impofted
into Egt?t. However, letter EAr4 also mentions glass
among gifts sent by the Egwtian king to the king ol
KaraduniyaÉ (Moran r992: 27-17).

Whether made, or simply worked, the glass produced
was pui to a wide range of uses, and subject to vadous
shaping processes. Among tlìe products were beads, amu-
lets, items of sculptue and vessels. It was probably its
association with stone which led to glass, as with faience,
being used in the making of amulets. Cedain q?es and
colours of stone were considered most efective for particu-
lar purposes, and glass of the same colour seems to have
been credited with the same efects.

\f&ere vessels were prcduced th€y too might se1.re the
same function as their stone or potiery count€ryarts,
namely as containers for perfumes, ointm€nts and cos-
metics. These tended to be more solid than those favoured
in Hellenistic times, and as a result the wide-mouthed
lomìs decline at thìs later date in favou of a range of
miniature 'classical' forms xLch as amphoiskoi and arybal.
loi. Both the containerandits contents were cosdy, and the
Ìabour involved in producing both was great. lt is not
surprising therefore, that in the era beforc glass blowing
ldiscovered in the first century BC, probably in the Levant)
we possess relatively few vessels and that mosr are of re-
markably high quality, ihe work of the most higbly skilled

As weÌl as use lor containers ofhigh value substances,
andan imitation ofprecious stones, glass was alsovalued as
a material in its own ight. It may have been this which led
to its use for sculpture in the round. Such glass sculpture
appea$ to have been an Eg}?iian invention, and the ear
liestpiece belongs to ihe reign ofAmenhotep II G427-r4or
BC). Until recertly the earliest known was a shabrt frgure
(Cairo 5319; Cooney 1960: r2). However, since the time of
Cooney's alticle on glass sculpture G96o) tlìis shaú,i has
been overshadowedby a head ofAmenhotep ll himself, in
blue glass (Coming 7o.r.4) (coldstein 1979), while the
damagedheadofa sphinx may also represent this king (BM
EAr6174). Noionly doesihis point to the acceptance ofthis
novel material for royal portraiture, but further emphasises

tlìe staius ofthe mediumas a possible royal monopoly.
shartt, one of two known, was probably a royal 9ft. ll
notable thàt both date befoie the reign of Amenhotq
when large'scale glass production is flrst suggested ùy
ftom Malkata.

shaàtis require considerably more glass than
vessels, as well as requiring some skiÌ in th€ir
and the same is true of Lhe glass siand of Amenlìotep
F427 r4or Bc) (private colection) which may have
as the base for a figurine (Mehlman 1982: l2). Such
pieces were probably the technological precurson oftle
headrests described below (p. 2o2). Pieces such as ilE
Amenhotep II sphinf, were probably produced by lost-q,ax
casting, the details probably beìng refined on remolaÌ &om
the mouÌd. This ìs contrary to the statement by Stem ard
Schlick-Nolte G994: l4 dìat the techniqrc was úlî0,À11
dudng the secondmjlennium BC.

Smaller objects were also produced in g1ass, ihougl
again sening the same puryoses as examples in other
media. Notable among these is ihe use of elass as intay
(Bianchi r9E3a, r98lb). ln these instances ihe iechnology
as wel as the ùse may have been very much akin io faience
production. The changing relationships between tlìese hto
crafts, and others, through time is a subject requiringtur.
ther invesiigation.

At úe rilJJe of An ient Egtptia.n Materials Aúd l'..,dustid
revision (1962) it was believed that'from c. roSo-4oo BC
glass is almost unknown in Egypt' (Cooney 1960: r9),
However, by lhe late r97os evidence for some measure of
continuit was ùeginning to emerge and widr evidence
suchas a glass inlaidshrine doorofDarius (BMwAl7496)
and a sti earlier one of Almose II (Emery, 1967: r4r.
Cooney (r98r: ll) revised his opinion in lavour oflimited
continuity.ll may be b€tter to think ofthe period rojo 4oo
BC as one ol 'reduced outpllt' and with a lower standardof
craftsmanship yielding vessels such as those lrom the tonb
ofNesikhons, a wife ofPinudjem lI, High Piest ofAmu&
who died during the Iìfth regnal year of Siamún, a Twenq-
tust-Dynasty Pharaoh (r. 974 BC; see Fossing r94o: 20, fig.
12; Kaczmarczyk and Hedges 1983: z6o; Nolte 1968:Taf.
)(XI and )(XVllI). Cooney himself 11960: ') notes ihat
'gÌassy faience', which is knoun ftom the Twenty-secùd
Dynasty onwards, may to some ertent have taken over fton
true glass durìng this perìod.

From the Late Period (7rz-ll2 BC) onwards, Ig'?t \&j
increasingly drawn into the broader Mediterranean worc,
and as a result was more open to the ìnnuence ofdt
Greeks. Moorey (1994: r99) states úat from the Tweniy-
loúth to Twenty s th Dynasties úere is no evidence for
production ofcàst or cùt vessels in Eg)?t, and thai these ele
usually assi$edto Phoenicianworkshops, albeitlargelyoú
stylistic grounds. From around 55o BC (Tatton Bro,rvn eni
Andrews r99r: 42) MediteÍanean glass workùops
flourished and Classical vessel forms were impoÌted inh
Eg}?t as well as made ther€ iNolte r977b).



The raw materials ofglass production

Sùviving texts giving the ancicnt Egr?tian rccipes for
gìass-making or working are as yet unknown, so that the
constituents used must be reconsiructed &om analyses and
ftom lnowÌedge ofearly texts ftom elsewhere.

Modern t€chnology allows the production ofglass ftom
pure silica, which has a melting temperature of over
rToo'C, far in €xcess of th.ìt achievable jn ancient times.
However, the addition ofan alkali (such as soda or poiash)
which sewes as a fll].\, to ihe silica signiflcantly lowers the
meltingiemperature. Accordingto Freestone (r99r: l9) the
addition of 20 per ceni of such flux wodd reduce the
melting temperatur€ to under r,ooo'C. How€ver, the re

Itlng glass is chemically unstatle, and will d€cay rapidly
urÌless time is added lo the miìdure io siabilisc it. lt is this
sodalime-silicate glass which is the first known fiom the
archaeological record.

Prccwement of raw moteúals

Silica is readily available in EgFt, since it is the main
constituent ofthc deseft sand. However, Petrie (1894: 26)
believedthat atTell el-Amarna certain white quadz pebbles
found in hrs excavaiions had once lined the floor ofglass
turnaces and that their continuaÌ heating and cooling
$orld render tlem friable enough to be pulverised as high
quaÌiq, silica for faience and glass-making. Lucas G96z:
i8t howevei, noted the presence of high levels of iron
oides and aluminiùm in the glass produced which sug-
gests ihai ihe source was impure sand rather ihan purc
silica. He also makes the validpoint thatthe ftitdiscovered
by Petrie ai Amama contaÌns impurities inconsistent with
pure silica, so ihat unless the frit was not being used in
glassproduction (which is possible)th€n sand musi be the
sillca source (Lucas Ì962: 186).

FuÌ1her suppo for the view that sand was us€d is to be
fo1rnd in the presence of lime (Cao) in the glass. Asstrian
glass-making terts (e.g. BM wAr2o960) ofthe fourteenth
to tweuth centuries BC (Schuler r96li Oppenheim r97o:
6r) make no mention of the deliberare addition of Lm€
lNe\Laon .98o: r7iJ.  a rho|.gl^ Frr e rrànralor\  sère n rs-
led on this point (Thompson 1925; cadd and Thompson
1916). Sirnilarly, Classical authors - including Pliny also
make no comment on the adding of lime, and yet it is
pt€sentin bothAssyrian and Roman glass. The mostlikely
p r c ì d n : r i o n  s r h r ,  I u " . c d d e d u n . o n s , r o u s l l a . a r  i m p u r
itywiih the sand. This would probablyhave made particular
sanddeposits especially prized for glass,making. The Alnar-
na sand, for example, has ìreen shown to comprise up to
r8.86 per cent lime iTumef r9t6a: 28rT;for comparisons of
E$?tian sands see Lucas r962: 48r and Parodi r908: 25 7).

tucas (r962: r 87) considered ùai the sourceofthe alkali
in lgwtian Class was natron, since he obseíed that soda
(Na.o) frequendy comprjses 15 zo per cent ofthe glass (.f
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Lilquist and Blill r99t). He had difiìculty, however, in
accoùnting for the presence of potash (K.o) in levels ex-
cc€ding those found in natunlly occurring natron. Parodl
G9o8: 28-9) had already made the poini that th€ high
levels ol potash ar$ed against nahon, as Tumer G956a:
284T) notes. Lucas however, followed ceilmann (r955) in
arguing that ihe pres€nceofpotash was a result ofcontamr,
nation ofthe frit by fuel ash. Caley, on the basis ofwork by
Turner (r956a), suggests that perhàps 'the ash ofthe tuel
employed to melt the glass was oft€n ìncoryorated lnto
successìvebatches as one oftlìe rawmaterials (Cal€y 1962:
ó4.

Recent work has shown that magnesia (Mgo) 1€vels in
exccss of r per cent occlr in ihose glasses wiih potash above
r p€r ccnt, and rhis .ombination is indicative ofthe alkaii
sourcebeing from the bùrning ofplant matedals (Hender-
son 1989). The mosl suftable plants lor this purpose are
halophites, notably members of the genùs Salicornia and,
saisola. The species repres€ntcd in Egypt are salsola tzrúa
, pa. \  fat ; ,  o 'a l r  d (  /  rgao.d. I  d$ {roza-14) q i  i rg er.
l i - r  r !  "  ( e i  L 1  . r r l e s  l h a | h e  f r r s t  o i r h . . e  s p e ,  " r  u a .
then common in Egypt, Syia, J udaea and Arabia. However,
T:ickholm and Drar G956) state that its distribuilon ls now
confined to coastal areas :ìnd the northem part of Lower
Egypi. lfthe lìrst glass'makers were brought ftom Mitanni
it is likely tlìat thcy may have loùnd similar alkali plants io
those with which thcy were aheady lamiliar from their
homeland. So far howcver, no specìes ofthe SalsoÌa genus
have been reported from archaeologìcal conterts in Egnt.
Nùmerous otheÌ plants coùld also have been used however,
and the most sujtable in each region would presumably

Thìs so-called'high magnesia' glass (HMG) using plant
alkali is differentiated from glass of the Roman period
which is 'low magnesia' (LMG) and typically has concentra-
tions ofbolh magnesia and potash below r per cent which is
consistentwiih the use ofnaton (see Brill r98E).

The basic glass produccd by these raw materials would
have a greenish or brownish tinge resulting lor the iron
impuritles found in the sand. In order to produce a colour
less glass, or one with deliberat€ coloration it would have
been necessary to add either a decoloriser or colorant ma-
teriai.

ln fact il is much easiei to colour than to decolorise
glass. Despite ihis, colourless'name beads'ofQueen Hat-
shepsut (r. r47l 1458 BC) and her oficial Senenmut are
knoM (BM EA26289 9oi see Reeves 1986). These beads
a,e, onoo, i  io i" lL "rmi l"r  to gld.ses from Atì :  '  î ,  dàr ig
to aboùt a century later (Bimson and Fr€estone 1988: rr).
Some ofthe inlay in the seafback ofihe throne from the
tomlr of Tutankhamun \Ky6z; c. rT) rl2l BC) is also of
colourless gÌass, as are parts ofa paù ofearrings and oiher
items from the tomb. The decolorisermay have been man-
ganese (Mn), a mineral found as a weathering product of
some iron beadngrocks. Three oxides ofthe mineral (wad,
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pyrolusite and psilomelane) are recorded by Petrie from
ancieni sites (Petuie r924: 262) but not known to have been
used (Lucas and Harris r962r 262). N€vetleless, oxides of
manganese are widely distriìruted in Egypt (e.g. ìn ih€ Red
Sea hills and in ouicrops of Nuìrian sandsione), and it
seem! certain that locaL sources would have Deen useo ro
supply the glass industry. This same mineral could also be
usedto giveglassan amethyst-puryle colour, as is showrì by
analyses by Lucas G962: r87) and others. Black could also
be produced by the use of copper and manganese com-
pounds (Neumann and Kotysa r925r 858, 861).

The best-known ol the colorants for Egyptian glass is
cobaÌt (Co). There has been much discussion over the
soùrce ofthìs maierial, with some workers suggesiing sour-
ces as far away as central Eùrope (Dal'ion rgEr; but see
Kaczmarczykand Hedges r98l: jor-2 for rejection ofthis).
Some workers, notably Stern and Schlick'Nolte (1994),
mainiain that the source was Iran or Asia Minor; this may
have been so for the very earlíest blue glass, but Kaczmar-
czyk (1986) has identified the likely source ofthe mineral
as the alumdeposits ofthe K1ìarga and Dakhla Oas€s inthe
Westem Deseft. Here it occurs in associationwith manga-
nese (Mn), iron (Fe), nickel (Ni) and zinc (zn) as weìl as
masnesium (Ms) and aluminiùm (Al). Kaczmarczyk sub
sequently idenlifiedthese del,osits asthc source ofthe w'r,
referred to l,y the Egyptians (Kaczmarczyk r99ri Haris
196r: r85 9). Also norewonhy is Kaczmarczyk's comment
(1986: l7l) that dre 'par.icular hisioric period (New King-
dom)during which coìraltbecame a recognised pigment in
Eg)?t suggests that the use of ihe substance might have
been leamed in Asia, bul it would nol have talcn the
ente4iising Egyptians long to discover theù own source of
the mineralin theù own baclqard.'This would suppod lhe
suggestion that ihe crafi ofglass making was 6rst brought
to Egypt from Asia and quickly adopted and developed by

Kaczmarczyk's analyses also led him to suggest thal the
Egyptian cobalt source was in use only from the sixteenth
untjl the eleventh century Bc. After that date, no cobalt
seemsio havebeen used in EgWt until lhe seventh century
BC, when its occrlrr€nce in glass and faience is associated
wilh ditrerent minerals, suggesting a diferent source. lt is
this later source that is prcbably to be locatcd in lran

\Kaczmarczyk r9E6: J77 4.
Exploitation ofthe alum deposits of Dalùla and Kharga

is known lo have taken place in ancient iimes and there ìs
errensive evidence of mining {Bcadnel I9or, r9o9i Lùcas
1962: 257 9). Lucas was aware ofthe presence ofcobalt in
ihe deposits mined but did not believe that the Egwtians
were capaìrle of er.:tracting it (Lucas 1962: 260; see also
Seenit 1987). Expedilions io obtain alum would presum'
abìy have been under state control, and the value ol the
deposits canonlybe regardedas higherìfthe precious blue
colorantwas exiracted from them afterwards. This may be a
factor in keeping lhe prodúction ofglass as a royal monop

oly. It should L,e noted that the cohlt aluminate in its raw
state is pinkish, rather than blue, in colour and rcquires
processing to render ii usable. This process has beer de
scribed by Noll F98r: 50) and by Kaczmarczyk (1986:

372-l).lt is suggested that the alum uas mixed witlì weter
aÍd natron, planrash or ammonia added to make it slighdy
alkaline. It wolid then be pr€cìpitated, and ihe prcciplhte
heaied at behveen 8oo'C and r,ooo"C to produce the blue
pigment.

Coppercould be used to produce a turctuoise-blue glass.
Copper ores are foùnd in Egypt, particularly ìn Sinai and
vr'ere widely exploited ìn ancient times both for metallurgy
and use:ìs pigmenis (see Chapters 4 and 6, this volume).
class and faience.making may bepractised alongsidepig.
ment production ai Amama lNicholson 1996), and ii is not
sùryising to 6nd copper being added ro glass as a colour.
ing medium. It is the preferred colorant in the glass ex'
cavated at Lisht which proìrably dates io the Nineteefihoi
Twentieth D)Ìrasty (Keller r98l: 25). This may rcpresed
eidrer a different grade of workshop, or dillculties in the
supply ofcobalt due to slacl€ning central authonty.

As well as colourìng translucent ortranspaientglass, the
glass could be made opaque, and/or coloùred whire, by tlÉ
use oftin. The use oftin for this pùryose was ìdentified in
e:ìrly compositonal studies such as those ofNeumann and
Kar'yla 11925:776 Eo, 857 6a) and Parodi G9o8). Lucas
hims€lf identified a lump of tin onde ftom the tomb of
Tutankhamun (KV62i Lucas rgll: 176-7). Antimony (Sb)
was also used to render glass opaqu€ in certain colours,as
well as being used to m:lte yel1ow glass when added with
iron in concenh'ations above impurity levels. Both nanga-
nese and antimony can produce yellows, amber, brown and
black, when used in association with addìtional ircn, and
Sayre G96t) has shown i1ìat úey were used in this $ay
prior to the dìscovery oftheir use as decoloranis (see also
Bimson and werner r969a). Lucas G962: r9t 9) is insist
ent that antimony was readily available oirly as an impurity
in copper in Eg}?t, althoùgh notes thai ii has been detecìed
as a colorant in yellow glass (Lucas 1962: r9o). It may be
one of a number ofglass-makìng ingredients which w€re
not individually recognised, but whose source was prized
for the properties ìts compound matenals impated t0
glass- BdI e, al. G974) record that lhe y€llow colouring of
E$"tian glass used a local lead source, distinct ftom that 0f
M€sopotamìa. Ituczmarczyk and Hedges G98lialso argue
thatantimony oxide might have been used in the makingof
clear glass from the Twenty-sixth Dynasly (see Moorey
r994:r99).

Red glass is paticùlarly diffcult io produce, Ùut appea$
to have been a speciality ofthe workshops ofQantl dating
to around the time ofRam€sses lI (c. r29o 1224 BC; see
Rehren r997r Rehren and Pusch 1997). The colonntused
was evidently copper, and the workshop was probably asso.
ciated with th€ enormous bronze foundry discov€red at dt
site (Pusch r99o). Red glass has probably been unde!.



rccordedby Egyptologists due to its tendency to discolourto
grcen.

Rehrcn F997r t64 5) believes that ih€ red glass was
ptoduced in crucibles heatedby blowpipes to temperatures
arcund r,r5o'C and notes a series of 'hot spols' on the
vessels (whicharethe tr"e elsewhere referred lo as cylindri-
calvesseis oringot moulds). These hot spots have not bcen
obs€rved by Nìcholson on vessels from Amarna itut see
Rehren 1997: 165), suggesting that this method ofheating
nas only applied to vessels used to produce red glass. The
colorantrvas added to ihc molten glass in these crucibles.

Se@ndary processing: the making ofraw glass

0nce rhe necessary raw rnatedals for glass production had
been lrocured, they had to bc combined to lorm a glass. lt
has already been noied lhat ihc melting temperature of
silìca alone (.. iToo'C) was too high to have be€n reached
ùy lhe ancient E$,?tians, and thal the addiiion of flur wàs
necessary, aloÍg with lime as a stabliliser. The combining
ofthese ingredien ts however,would not have b€en a simple
matterlor th€ ancient Egyptians, and indeed glass,making
rcmained precarious well beyond the middle ofthe nine-
teenth century AD (Turner r956a: 298T). It is likeìy that it
sas undetaLen in slagcs as originàlly sùggested by Perie
Í89a:25 61.

The raw maleials would tusthave been ground rs finely
aspossibleand mjxed together. In lhe case ofthe plant ash
any incompletely bùmed matelial would have been re-
noved. once thoroughly mixed, the ìngredicnis would
have been hcated together ìn the process known as 'lrÌt-

hng'. This process is mentioned by several earLy scholars
including Pliny, thc monk Theophilus (tenth century AD)
and Nei (AD 1612). Neri stress€s the impó ànce of the
ingredients reaciing iogethcr without becoming liquid. ìn
other words what is described is a solid.state reàction. WorÌ(
by Howarth zt al. F9l4) has shown úat, fòr a sodalìme
silica glass of modem compositjon, the sand grains àr€
acted upon by the sodium carbonate from temperatures
below 600'C, but that the ingredjents remain in powder
torm below 7oo'C. From aboùt 75o'C the ingredienls
be(oî" . rnl . red og^rh. '  or I  iHed. .o rhàt t lè tr . t  ing
o r o ' e . ' " 1 L e . r i d  r o r r l , e p L , ,  b e r w F è r T s o r r  d 8 i o " C

During the process, the ingredjcnts are continually stir
red though the dùration of this operalion is unclear.
lh€ophilus states thrìt this is for'ihe space ola day and a
nìght'while Ned allows for the space offivc hours (both
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quoied in Turner r956a: 29lT). The duration ofthe process
will depend upon the exact composition ofthe ingredienis,
theirproportions and lhe temperatureand redoxconditions
ofthe fritting furnace (Tumer r956a: 29lT). The purpose
ofthis exercisewas to combìne th€ materials in sùch a way
that much ofthe gas produced in ihe reaction would ìre lost
to the atmosphere. Ifthe process had b€en contÌnued and
the frìt allowed to melt the gases would form as bubbÌes
(known as se€d) in the glass. The viscosity ofihe glass {.1
Vandiver r, al. r99r: 609) would not allow the butbles to
escape leading to a poor quality producl. Furthermore, any
unreacted solid material (known as stones) would remarn
in the finished glass.

After ftitting, dìe finished product would be allowed to
cool and would then be ground up. At this stage any large
unreacted paticles could be removcd. This is much the
same process as that used by the ancient Egyptians to
produce'Egyptian blue' pigment, sometimes known as
'blùe lrit , which was ùsed both as a pigmeni and in the
m r n u f r . r u r c  o ' o b  p . r .  { l i r e  r î a h : - i  e  , i d  B : m , o n  , 8 2
Wealherhead and BuckÌey 1989). Recent work at Amarna
(Nicholson r995) suggests that pigment manulacture Nas
carried out alongside glass production, probably because of
this shàring of technology lbelow).

Petíe believed that the ingredients were fritted ìn pans
ofro" (25 cm) diameter and 1" (7.5 cm) deep (Fie. 8.4. He
based this statement on a ftagment ofa pan of frit from
Amarna (Petrie Mùseum, UCl6457) which clearly
presenes thc profileofthe vessel in which itwas produced.
The frit also shows numerous white flecks of unreacied
. - ; r a  " r d  a  l " r g .  n u m  * r  o t  v è . i ,  t e .  $ t - " r "  9 r . . .  n " d
lormed in the spongy mass. No actuàl lritting vessels are
l(novn to the wíter from Amarna or elsewhere though
' îa ' ì  r \" ,d.  oi  possible example. a rn k nown.

He believed that at Amarna lhe glass wor d then be
melted in vessels'deeper than the fiìtling pans; being aborlt
hvo or ùree inches in depth and diameier' (Petrie 1894:
,6). This clcarly contradicts his first stalement, and is
fuÌiher confuscd in some ofhis later descfiptions (Peirie
r9a, rz1, 1925; see Nicholson 1995: r2).  However,  evi-
dence for these melijng vcssels or cmcibles is dimcult to
find. A piece ofglass which Peùie G894: pl. XIli/no. 40)
believed to presene the outline of thc vessel has not been
c€rtainly identified, but it may be UC25o42 in the Petrie
Museum. lfso, then the pÌofrle is not original and cannot
be used to reconstmct ihe vesseÌ. Nevertheless, it is clear
that somckind ofm€ltingvessel musthavebeen used, and

llgtutc 8.r Pèfit s recoenrùdion oJ th. glass
nakíry ptucès. Patus óÌlrit arc supponed on the
ìtu efl.d qlikdncdl wss.ls ùoù beli.red bl
Ni.hokon ìa be actsal úucíblÒs/ihÈot moùl.ls.
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it is quite likely to have been ofa fairly smal1 size, although
it is an open question as to how many might have been
arranged in a furnace. The temperature at which the glass
melted is still a matter of some uncertainty, but is believed
to have been behveen r,ooo and r,2oo'c. At these tem-
peratures the glass would not have been fllid, but a sticky
viscous mass wiLh a viscosity of roE7.9 or even roEro
which Vandiver et a,. descdbe as the consistencyof ia8 or
even'cheddar cheese' G99r: 609).

At such viscosities, any gas bubbles which formed as a
rcsu1t oflhe coniinued reaciionbetween Lhe raw úaLerars
would iend to become tÉpped in Lhe frnished glass and it is
even possible that the glass might have been ground up and
re-melted, possibly several times, in order lo improve the
quaufy.

A third class of ceramic vess€l described by Petrie has
been the source of nuch speculation. These vessels are
descdbed as 'cylindical jarc, about seven inches across and
frve inches high (Petrie 1894: 2 6). They frequently had ns
ofglass, which hebelievedran from base to dm, suggesting
that they sÌood upside down, and he duly reconstructed
them as stands on which the lrithng pans or melting vessels
rested (r894: p]. Xlll no.64; seealso Fig.8.rhere). Althoùgh
Turner G954) was slìghdy misled by the contradicitons in
Petrie's accounts (see Nicholson 1995: r2), ìt was de to
him that some ofthese vessels actually contained raw glass
and that they could not iherefore have served exclusively as
stands. Many îurther examples with glass on thei intedors
fuve now bpen dr"corpred (e.s. Nrcholson 9y 5t F,g 421
Tumer G954: 44oT) also noted that the interiors ofthese
vessels were treated widr a white slip. Such a slip is ùn-
known fiom any other type of vessel ftom Amama, or
indeed other sites. Analyses of lhe slip by Tumer G954:
44rT) showed it to be high in CaO. This would tustly h€lp to
preveni discoloration ofdear glass by ironcontained in the
clay from which the vessel was made, and secondly -
probably more importantly - facilitate the release of the
glass from the vessel aftercooling, since it seems clear úat
mosi ofthe pots were deliberately broken to extact the glass.

Tumer considered the vessels to be 'melting crucibles'
(r9j4, frgs. za c), and in the alisence ofcertain evidence for
smal ler crucibles lhis may seì l  be )o HowévFr. 1ew evi-
dence suggests that they might have had still gr€ater im-

Excavation ofthe Uiu Burun shipwre& ofthe Turkish
coast has yielded numerous circuh glass ingots contem-
porarywith the New Kingdom (Bass r986, r987; Bass rt al.
1989), in fact timber tom the wleck has rccently been
dated by dendrochronology to 1116 BC (rcported by Eisen'
berg r 9 96: 49). These ingots clearly show con.entric rìdges
and grooves on the ùndersides (Bass 1987: 716 - plate)
which are matched in negative by similar structures on ihe
intedor of the cylindrical vessels from Amana. ThanlG to
the generosiry of Professors Bass and Pulak of tlìe Ulu
Burun projeci a casl of one such ingot was made available

tothew ier and has been found to fit snugly into several of
the cylindrical vesseÌs ftom Amama. Others have recmuy
been examined and loÙllld to connrm thís view (Nicholsor
et at. 1997).

In the opinion of the wrìter, there ìs no doubt that the
cylindrical vessels were ingot modds, although ìhey prob
ably also sened as crucibles and the glass was alo\'/€d i0
coolin them. The colorantmay have been added durirg tle
process or it may have been mixed widr the ingledlenb
from the start. Rehren G997) has noted that similar
moulds knom from Qantir have been found to match an
ingot of (now discoloured) red glass in the Cairo Museum
(JE64296) found ùy Hamza at Qantir in 1928, turther
confirmation of theìr function (see Hamza rglot Relfttr
and Pusch 1997).

Since Petde'stime, and more especialy since the r9tos,
rhere has been a shifi away from the view that glass Í'as
actually made in Eg?t, and towards the belief that ùe
Egntians depended on imported raw material, which n\ey
then simply re-melied (Ne,irton r98o: 176). Althoùgh ml
yet fully published, analyses ofthe Uhr Burun ingols an
said to show them to ìre ofa composìtion closely similar to
Eg}?thrl and Mycenaean cobalt-blue glass ofthe time (3ass
1987: 7r8i Iackson et al. 1998), and given the source of
cobalt mentioned above this sirongly argues for Ne,,v Khg.
dom glass export from Egypt. Consequendy, those vho
argue for the import ofall glass to Eg)?t must satisfactorÙ
explain the presence of ingot moulds from at least as early
as the reign ofAklenaten. One way ofdoìng this wo ldhr
to suggest that colorant was added to impoÌ1ed glass ir
these moùlds (see Rehren and Pusch 1997) but, in tìe
opìnion ofthìs writer, such a iheory seems unlikù.

Ii was long believ€d ihat a series ofelongated ingots witl
a hemispherical cross-section (MMA 26.7.u62 and r8.2.D,
Freer Calery 09.856, V&A Cro 1946, BM EA67o6E-
67070) were ancieni glass ingots, but Cooney (198r) ìas
convincingly showl them to be fragments from the decon-
tion of a mosque. He also notes two Twentieth-Dynasq
ingots with rectanFilar cross section, excavated from Tell
el-Yalùdiya (Cooney r g8r: l2). In view ofthìs evidence, our
only certain ingots are ùìe one from Qantn, those from TeI
el-Yaludiya (not seen by the preseni wliter) and prolably
ùrose from Ulu Burun. A larye lump of blue glass froro
Lishi (MMA 22.r.r204 should probably also be regardedas
an ingot of some kind, althoùgh this ìs less cef1ain. It
should be noted that the te(m ingot is not well-defined, and
that there are probably other lumps ofglass which were casl
in workshops simply for local use, drus having noilìing to
do with an organised glass tade.

once ingots had been produced, they might be transfo.
red to oilìer factories for processing or even be eeorted es
the Ulu Burun ingots might indicate, but whatever the casr
úey would need to be brcken ùp and worked

Understanding of the glass'making process has ìr€en
hindered by the lack ofany actual glass firrnaces dating h
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This techni+re of softening pieces ofglass for
o r ^ v è n  b l o w i n g  i n  l a t e ,  t i m é s . o ! e r  t h e _ r e o r ' n a

ofan artificial pre€ious stone, it is perhapsnot

refered to as 'chunk gathedng' since a heated rod js

to pick up glass chunks for heating. Pincers might also
used in the shaping process.

Given that glass frequently seems to have played ile

n"'".,"'
s \ , * " " . " .

Figr.re 8.1 (Top) Schenatic cras ectlan thtotgh the tecobsttuLrerl
fumace. The srakehole, vith laping thute can b. seer tÒ the ight,
whilst ow aJ th. prctrùdi\g shelres is s..n to the lef. No/? the thicknds
óJ the ú611s dhd tht coúpli.@red bi.k pott.ú. (Battom) Schehotic
diagaft to show the cótuplicdted pdttÈrs oJbn kùotk Jov\d in 'KilÍ 

l'
at site O$.1aú uyd ih the tepLicaluflac.. wary lih\itudlcdt ùh.w
bncks have bern cùt avay Jor clority.

would have been capable ofmaking glass. It has also been
shown that the ftitting stage may not have been necessary.
when combined with the glass finds from building O45.r
at Amama, the balance of pmìraìrility cùrrendy suggests
that they are lhe earliest glass furnaces so lar known from
E$?t, or indeed elsewhere (lackson et dl. r998).

feÉiary processing: the manufacture ofglass
artefacts

Stem and SchÌicL Nolte (1994) have recently identified a
number of ditrerent types of glìss-working used in ùe
production of afiefacts. The simplest of these is that most
ciosely relaied to what ìs now called 'lamp.work', the use of
a concentrated flame to heai glass dudng shaping. These
authors argue that most ancient glass-workers used an
open hearth as sisted by bellows but were unable to achieve
the concenlrated heat used by modern lamp-workers. In-
stead they sofiened pieces ofglass and shaped them over
the 6re, a technique sùitable for the manufacture ofbeads
and amulets. A similar technique might be employed to
press viscous glass into an open-face mould so that lhe
materialcouldbe formed inmuch the samewayas faience.
ln such instances a parting ageni wonld b€ needed, and
Stem and Schlick-Nolte (r994:21)suggestbone ash as one

debaie. Egrctian glass would have had a ùscosiry
ly high to preventitbeing poured in the way one night

ùe continualy heated mould as a powder and
impossible- Instead the glasswould have had to b€

neìred urr i  rhé hoì lo$ , \ :pe was l i rJ .  Th's ra1hare

onemustassumethat powdered glass was again used.

(fo owing casting) are two headresis fiom dre tonb

which were probably made at Malkata or Amama (e.9.
EA65774, and Harden G968: 5r-2) beLiev€s i o be
method used to produce a small seated 6gure of
khamun in blue glass (cairo lE6o7r9).

scdbed gold band (Harden r956: lrgrNewton and
r989r 69). The other pi€ce (Cairo SR644 is dark blue
has the edge banded in gold foil. lt is again lilely dút

Peihaps the most spectacular examples of cold

Trtankhamun. A turquoise example (Cairo
Coll€ction 5lr, Carter's No. 4ola) is made in two parts
joined at the stem, the junction being hidden by I

th€ technique used to cast the delicate clam-shell

basic outlines were cast, and the laceting then ca sd-
raises the question ofhow such large pieces were casl,

appears to have been solid cast ànd then to have lud
Ìohì  i :  o t  ùè èrr l )  f ig ì - leer l l  Dq"s l  (BM

inierior drìI€d out in the same manner as fot a stone
Tle degree io which the efterior shape ofvesselsad
objects was casi rather than cafled is stil a maner of

bronze. This would make poùring into a mould

would amply repay a more detailed s€ientific

manufacture ofceriain open forms, such as the co

find thal it is sometifies worked in dre same way. A

ate elass bowls kno\rn from Malkata and elsewher€.
comprise small fragments of coloured glass tused

pre.  Lr .sor  of  d1è uFl l  l j ]owÌ  ì : 'e '  (Fu 'opFd r )

glass-working was done at the open hearth, and thal
ing could have been caÍied out by buryìng the vessel
embers, rather in úe manner suggesied by Henejn

Stern and Schlick-Nolte (1994) believe ihat viÌtuaÌly

Gout G974) in Lhei study of coniemporary Cairo
worke4. while this view ofopen'hearú working has
to commend it it shouldbe bome in mindthat iisieÌns
ftom the lack of recognised fumaces such as th$e

leasl suchlarge pieces as the headrests might hale been

Moulding was probably ihe technique employed ]n

beginning to emerge at Amama. It is not improbabledút

in moulds placed in a furnac€ and alowed to cool ther,

(e.g. BrookryÌ 48.r62; see Riefstahl r968: pl. Ill).Ihig

technique.Aone-ortwo-piecemoddwouldbeused,aú
produci wor d requìre considerable finishing by
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The technìque tavoured in the most recent study (Stern
and ScHick-Nolte 1994: lr) is lhe application ofpowdered
glassto a pre-heated corc, by rolling ii in lhe glass.The core
would then be heated again to melt the glass, and more and
more applied until several layers had been builtup. This is
a vaùnt ofa suggestion made by Schuler F962: 36) who
attempted to dip a.ore into a suspension ofpowdered glass
and vr'ater. While it is clear that there is scope for further
experimental work, ìt is equally apparent that several
methods mìghl have been used-

From Amarna and elsevr'here come numerous rods or
canes of coloured glass. The màin fùnction ofthese seems
to be for the application of decoration to the vessel body.
The rods were softened and wound around the vessel, but
notas a spiral (a feature offirst-millennium Meditenanean
vessels, see Nolte r977b). They would be impressedintothe
body by marvering on a flai surface (proùably stone), and
were often trailed to make chevrons, swags or feather pat-
tems (for a typoìogy see Nolte 1968: 40 4.

The foot of the vessel would be formed from th€ body
gÌass, and, like úe rim, it might :ìlso be decorated by ihe
application ofrod or cane. Handles could also be added to
vessels. Nolte G968r 3t states that the earlier glass vessels
had handles which were strengthened widì metal inlays
inside the glass \e.9. CG24829 loi see Daressy r9o2).
Fossing F94o; 16), following Daressy (r9o2), a4ues that
the reinforcement was bronze tubing. Detailed technologi
cal study ofthese pieces would be desiiable.

The .ompleled vessel would need to be cooled slowly;
the process known as annealing. Modenpracrice is to have
an annealing oven next to the main fumace, where com-
pleted pieces are put to cool, however there is no evidence
for this in ancient times. Stem and Schlick-Nolte G99a)
believe that working took place over the open fire, and that
it would be within the ashes from dris that the finished
items were buried for annealing. A small ash-fllled hearth
is kno$m ftom excavations by the writer at AÌÌ]larna, b l
there is as yet noihing to connect it with this process. lf
Iúnaces were used in working, rhe pieces could have been
alowed to cool in them. Untìl ùe tunction ofthe Amama
fumaces is turther elucidated, this remains speculahon.

Mter cooling, the ftíabte core would be broken up and
removed via the vessel neck. ln narrow'ne€ked vessels it
frequendy proved impossible to completely remove the
core from under the shoulders of the vessel, and it is often
traces of core which make ancient ÉgFtian glass appear
more opaque than might be expected.

Industrial organisation

It is clear ftoú Petríe's (1894) account, and ftom the recent
work at Amarna site o45.r (Nicholson 1995), that glass
production did not take place in isolation. At Amama ìt
seems that glass-making and glass'working were bolh tak-
ing place in ihe same areas as faience production, and quiie

possibly also the making of blue pigment (W
and BuclCey 1989). There is, in addition, cÌear evidence

ance given is of a specialised vib'eous materials 'quanel

There is, as yet, no sign ofmetal-working in th€ area.
There are stratigraphic reasons for placing siie 04J

the produciion ofpottery at site O45.r, so that the

,n to an ear ly  phase of  t -he derploon ent  o '  qmarna,  s

r .ous produas na) have becn m"nufrctur"d under
thing \ryhich must strengthen the likeiihood that ùe

royal control. Since glass, faience and blue'painted pottery
as well as bÌue pigrnent, can all make use ofcobali, and
since the occurrence of this material is limited, it may l/eÌ
be that where we find clusters of industdes using úi3
limited rcsource they may be doing so às part ofan enter
prìse subjeci io direct state control.

As wel as the use ofcoùaìt, thefe is the mor€ generalule
ofhigh temperatures in the production offaience and glass,
and it may well be that the production ofat least these isro,
and possibly also pigment, might in some wal have beer
regarded as a 'vitreous materials indusÍy' rather th3n as
distinct clafts.

However, ihe distinction between glass-maÌdng and
glass-worldng is here an important one. O45.I has s0me
evidFn.F for bolh of rhe,e. lhougì" rhe e"nphdsr' a" pres.
endy underctood, is on making. other siies at Amatne,
however, presene evidence For glass-working and drcse
may have been undel much less direct contsol. Botce

G989: 16r) and Vandìver G98l: Aro8) note L\e possiòlily
of adding glass to fai€nce finger-rings as a means of
shengthening them as well as exiending the lange ofpose
ible colours. This reinforces the relatiorshìp between glase
and fai€nce-working.

According to Boyce G989: 61 2), 'Both large and slnal

lfaiencel worl(shops could have co-existed in a menner
analogous to that of pottery manufaciure at the site. me
considerable numbers of faience inlays needed for oficlal
buildings at Aúama could have creaied the need for large
organised centres of manufachire, while ine lllaiorityofihe
popùlatìon's requirements were met ìry smaler localised
workshops'. The disiribution of some of these wo*sùop
areas has recendy been published (Boyce r99t. lt was
probably ai these smaller establishments ilìai glass was
worked for rdding ro GiFn.è and pérhaps in .ome -

worked into vessels. The maldng ofthe raw glass may luve
remained centalised at sites such as O45.r, which tlen
supplied glass in the form of glass rod or cane to these
lesser workshops.

It ìs unfortunate ihat we do not know more about Mal
kata, since the workshops there were probably the dired
ancestors ofthe Amarna workshops, and while it is kno,rÌl
that both glass production ofsome kind and faience-mehng
went on at Malkata, their relationship is not known. Mallah
seems to have been the odginal source ofthe congìomeraie
glass bowls kaon]l from nnmerous fiagments at the siL,
and which are the precursors oftrue mosaic glass.



The siteofcurob in th€ Fa)um is also likely io have been
a production cenlre, operatlng from the reign of Amen-
hotep III (1479 1425 BC) to ìhat of R:ìmeses II (c. r29o-
pr4 BC; Tatton'Brown and Andrcws r99r: 14. Peirie re-
cov€red a collection of glass vcssels lrom the site (peide
r89r: 16-18: r89i, rt2 l) but these were ftom clomesirc
contexts, therefore the presence ofthe worlchop iiself can
o y be infcrred. It is possible however, that cùrob sup
pliedglass products to Lower Egypt, notably the royal cour
atMemphis.

As yet the evìdence from Qantù (Rehren and Pusch
1997) does not include actual glass workshop remains, only
ùe debris lron them. Nevcnheless, the detailed work car-
ú€d out on these lìnds has reconstrrcted the specialÌsed
Focess of maLing red glass (Rehren 1997). civen the
natureof the site as the Rammessìde capitàl it is notunlikely
thal these specialised workshops wcre also under royaL
contlol. As at Amarna, there is ample cvidence to sùggest
ùat glass productior'ìwas going on alongsidc the making of
faience objects (see Hama rglo), again suggesting the
possibility ofa morc generalised vitreous maierials industry-

Newberry G92o: Ì56) records r'factory site on ihc east
bank of the Nile, south of el-Mansh.r (near Akhmim in
Middle Eg}?t). lts status as a factoryhas been questioned by
Kell€l F98l: 2o), who assumes that Newberry had simply
b€en told of the site as a source of adefacts looted else-
vr'here. However, Newberry jn fact sccmsto hale visited the
sit€ and lound glass manufacturing dcbris there (r92o:
56). Unfortunately itis not possiìrle to specuÌate further on
ùe nature oflhis sìte noron its connections - ìîany - wth
orher craÍÌs. Tatton-Brown and Andrervs (r99r:ll) suggest
thal ùìs site may have takcn overftom Malkata as lhc mam
$rp?ly cenùe lor Thebes.

T]ìe work of Keller F98l) at Lishthas already ìreen citcd
asjllustrating cÌear difterences beMeenthat site and Ama-
ma, in ihai the predominant colourìng agent for the blue
glass seems to becopper- There are numerous reasonswhy
ùis might be, including preference and chronological dif-
ferences but jt is also possible that lt represents a diFerent
lúd oforganisation, perhaps less directly relaied to royal
control. The large blockofgLass from the site might suggest
glass-makÌng, or at ìeast subsiantial glass"woiking, but
Ì,ithout Iurther elicav:ìtion ii ìs impossjblcto teL

Our evid€nce suggests that faience, glass and glassy
faience may not at alÌ times have been regarded as distinct
materials, but laiher as paÌ1 ofa generaììsed vilreous ma-
terials industry. ln thìs casethe appareni decline ìn produc-
tion after the New Kingdom may be app.rrent io us but not
to the Egptians themselves.

Relaied materials

In llew of ihe confusion which frequently occurs over
fai€nce, Egyptian blue 'frits' and glass, it may bc helpful to
bdefly review these related materials. Recent work (Tiie
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r986j Tiie and Blmson 1987) has resuited inthe divisionof
ftits into tlvo groups, firstly blue frits, the dominantcrystal
linephase ofwhichìs a calcium copper tetrasllicaie known
as 'Egyptian biue (Cao.cuo.4sio.) in a very limited
matrij{ ofglass, and secondly turqùoise blue frits in which
the dominant phase oth€r ihan qùàrtz is a calcium silicate
known as wollastonite (CaSior) which is crystallised from
the copper rich glass matrix (Fig. 8.5). The fÌits can each be
subdivided into coarse and 1ìne{extured, the cuar$e roF
maUy representing the first stage ofproduction, afier $hich
it would l,e ground fìnù and moulded into adefacts or used
as a pigment lwcatherhead and Buckley r989).

Egntian blue appears to be an E$?tian inveniion and,
although ofmuch greatef antiquity, is closely alliedto glass.
Its texture may be so 6ne that it is virtualìy indistinguish-
abl€ &om glass, especially if the latter is weathered. It ìs
known by ùe Founh D)'rasty (Ullrich 1979) and under-
go€s gradual refinement, becoming increasingly glass like,
irto ihe early Romanperiod.It was known to the CÉeks as
Èyaros (Cooney 1976: l7), while Vitruvius (VIl, rr; see
Morgan r9r4) refèrs to it as .asrule"r1, which was belieled
in his time to have been invented at Alexandria. Egyptian
blue, in both coarse and fìne fom, is a frit. This is the
product ofa solid slate reaction similar to that used in rhe
first stages of Egyptian glass manùfrcture. Despile thc
possible confusion u'ith glass, the frits are easily dlsrin-
guished from fàience when a broken section can be viewed,
whìch ilusùates the lack ofa core; they are homogeneous
throughout and have no separate glaze 1aycr.

Egyptian blue may be used both in ihc manùlacture of
objects and as a pigment (Chase r97rj Bayer and wied
mann r976i sec also Chapter 4, this volume).

Figw. 6.5 s.an\ing electron nicroscope photagoph Òf Egyptiar
blú. Jron a Roúdn tuosdn aJ the secohd c.stury AD (BM 8814122).
Unreacted qLdrt. dppe6$ ddrk gr.f, crystok of Egyptiaú bLut os white
and th. glas woni* as light gq.
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Chemical analysis ofancient Egyptian glass and its
archaeological interpretation
lntrcduction

Sìncé Lucas G948) published his account ofancient Egyp-
iian glass, m ch scientiiìc research has been devoted to its
chemical composition. Bùilding on seminal analyticai work
by Famsworth and Ritchie (r918) and Tuner (I954, r956a
ard ìr), scveral review papcrs have beenpublished, discuss'
ing the kinds ofinlomìation ihat can derive ftom Egptian
glass analyses. An early paper by Sayre and Smith 0964
provided clear evìdence for at least fiv€ disiinct composì-
tional groupings, ofwhich Egyptian glasses fell into lhc
'second millennium BC'groùp (sodalime sìlica, with high
magnesia). Despilc some criticism of the PaPer, the group-
jngs have stood the test of time, especialiy for glasses from
reliable archacological conrexts; other compositional mes

Two early papers by Brill (1963, 1968) provide more
cle evidence for distinci compositional groupings of
ancìcnt Egyptian glasscs, which relàte directly to theuse of
discrete combinàtions of raw matedals in the gÌass batch.
Kaczmarzyck (r986) appearedto show that lhere was a link
betlveen the chemical analyses of cobalt and associated
impudties in Egyptian cobalt'blue glasses and laiencc (Kaz-
n';azych and Hedges 1981) and the impuitíes lound in
fg!.D idn a um r ' "u.e o' .o1" ' t .  Olhpr rFvr.$ PrlP' \
which lncoryorale a discussion of ÉglPtian glass technol'
ogy havc been published (Henderson 1985, 1989; Fr€e-
stone r99t. However, ofmost si$iflcance lo this workis a
rcceni comprehensivc survey ofEgyptian glass by Lilyquist
and Bill (r991), whjch includes chemical analyses ofglass-
es dating back to ihe reigns of I-Iatshepsut, Thìrtmos. Ill
and Amenhotep ll (Lilyquist and Brill r99l: 16, table 2).

The techniquet used fot the chemical anolysis of
Egfptian glats
Arc-source emissian spectrometry (AES) end its applications
Early techniqùes uscd for the analysis of Eg"rian glass
involved either destruction ofthe artefact or, at least, ihe
removal ofsamples. Almost all ofthese were convenrional
forms of w€t chemical ànalysis which tended to be time
consumingi wet chemistry involves the dissolution ofthe
material being analysed. They included'classical methods
sùch as gravimet c, colorimetic, flame photometrìc, elec-
trolylic and redox titration determinations.

one ofthese techniques, the one mosl frequently used
for ihe chemicaÌ analysjs of àtìcieni Egpiian glass and
other vitreous maieials (Hedges and Moorey r97t, from
the rglos until about r960, was arc-soure emission spec
trometry (AES). Since spectrometryforms the basis ofmost
ana\tical techniques to be discussed it should l,rieffy be
deflncd here.

spectrometry is a form ofmeasurem€nt in which excir
ìng radiation (for example X rays and gamma-nys) is di'
rected at the glass, and ihe interaction gen€rates
wavelengths of energy which are chancte stic of ihe el
ementsinthe glass. lfth€ exciling radiationis of a sufficient
energ}, such as X rays, gamma-rays, elech-ons or protons,
ionisations chancteristic of the elements in the glass wiìì
occur, which, in turn, will yield paft icles characteristicolìle
material. In the case of X'ray spectrometry the ÌesuLl of
bomt arding à sodalìme silica glass is to produce secondery
X-rays ofsodiùm, calcium and silicon (among others) x'ray
spectrometry therefoì:e involves a primary excitation ofile
sample and spectrometry of the seconda4' radialion; the
spec|logràphrecordsthe componenls in the form ofspecùa.
It is worth noting lhat the process can be non_deshuctive.

Arc-sourc€ emission sp€ctromebf was being used for
archaeological investigalions unlìl .. I96o, when more aa
curalc, automat€d and less destructive iechnjques were
introduced for analysing ancient glass. The technique in'
volved a powdered sampLe. A graphiie eÌechode lvas posi
tioned so that an arc occuÍedbeween electrode and sampLe
causing th€ sample to be volatilised and to emii light The
elements present emitted wavelengths which were re'
corded on a photographic p1aie. The relative intensities of
each line recorded on the photographic plate weÌe meas
ured and could be related io the relative concenEatiomú
the glass;the resl ts were semi qúantitalive, not qrantiht'
n€, bul did often provide a basis lor chemically claslfyil4
the Egyptian glass (Farnswodh and Ritchie 19l8)

This analylical iechnique was time-consuming and de'
structjae. As a rcsult, a relatively small number of analyses
were c.rllied out on the matedals concemed. for exanple'
many ofthe analyses cited 1n An?lyses of Anci.nt Cla:rlf
(CaÌey 1962) were caÍied out using AES.

UsÌng arc-source emìssion spectromciry, Famswoúh
and RÌtchie (19.18: r59) chemically analysed a series of
cobah'b1ue Eighteenth-Dynasty glasses, and attributed tle
colour to the presence of cobalt and copper modified by
manganese in the glass; they explicitly stated ibat Ey
regarded the presence ofcobalt as being a deìiberate addi'
tion (1918: 160). Eàiier workers (N€umann, 19,9;
Neùmann and Kotyga 1925) who used wer chemical tech
niques to analyse Egyptian glasses suggested thàl coptsr
was responsible lor the blue colour and that th€y wen
unable to detect cobalt in the glassi ihe firct cobalt beiú€
us€d in fifteenth-eeniury AD Venenan glasses (Neumam
and Kotyga r9z5: E6r). AES was sumcientb' precise h b€
able to show thal very tow levels ofcobalt,later deterninrd
as..  o.o5 per cenl (see Table 8.rb, analyses 6,8, 15, ro,r i
and 26, p. 2r5, thìs volLrme) were present and produadr
deep cobahblue colour ìn Éighteenth-Dynasly gìass€s.0n
the basis oftheir qùaìitative AES analyses, Farns{odh
Rilchie (1918) went so far as to suggest that Egwtia!
sources ofalum whìch contain traces ofcobah mìght
bèpn uspd Js l l  e  .ou(e o l  lhc (o b l  l ,Fd ng mneral .



carner (r956a and b) aiso suggested that a cobahbearing
ore was uscd lòr the .oloration of Eg'"tian glass (carner
r9t6ar r48). Famsworth and Ritchie's work vas later ex-
panded upon by Kaczmarczyck and Hedges GgEt) and by
&zmarzyck G986) usins x-ray fluor€scence analysis (see
p. ,ro). However, Lucas (r9t4: 2r8) suggested a Persian
source for a cobalt colorani.

At)Mic absorptiDfl sp..troscopy (AAS) and its apphcatto s
A more advanced wet chemicaÌ anaÌ'tical technique is A-AS
(Hughes ei aJ. 1976). This technique gradually replaced
AfS, and in the r97os AAS Nas being used to examinc
archaeological matcdals on à routine basis.The technìquc
inro|r  veq .rn r lar p. i ,  ,  p '"s ro l -n,e o r i -en- +ron
spectroscopy. However thc analysis invoÌves lhe use of a
flame to atoìnise lhe sample. The sample is dissolved in
solùtion which is then inj€cted ìnio a flame. The basis of
the technique is that a hollow caihodc light source for a
specìfic element generates lighi wavel€ngths characteristic
0f that €lement. When passed ihrough the dissolved
saÌnple dispersed in the flame, the lìght is absorbedby the
s"rne ,1, m"nr r  or-  ei  i r  r tc .-- f tp f te d"gr. .  o,
absorption is a measure ofthe concentratjon ofthe particu-
larelemeniin lh€ sample. AAS is a quantitative techniquc,
andinlolves ihe usc ofstandard solutions.

The iniroduction of computer automation has provided
anuch fasier processìng tim€ lordAS. As with all anallti-
cal technjques, however, it is not ahvays stlaightfoNard.
For example, the results can sufiar ùom lnterlerence be
fÀ'een two or more elemenis ìf thcy occur in the sample
together, and solutions have to be made up ìn order to
assess the eÌtent to which the quantitalive resulrs are af-
fecbd (Hughes e, al. 1976). Analysis of glass by Lambert
andMclaughlin F976) focused principally on Eighteenth-
Dnasq glasscs, andhas shown that they conform basically
lo a sodalime'sìlica composihon $ith low magnesia ard

Robeft H. Bdll ofthe Cornirg Mus€um ofclass in lhe
USA, one of the most importani workers in the field of
ancient glass analysìs, uses AAS to conduct most of his
.hemicaì examinations ofancienl glass bascd on the pro
duction ofexcellent glass standards (Brill r972). Bdlt s AAS
r n a l v s , s o l " n r r b è  o l  I g . p r  " 1 F I . r s " s a m p è s  r d r g  , g  . r
daie betwecn the late sixteenth and fourteenth century BC,
proride one of thc most comprehensive data sets for ihe
naterial (Lilyquist and Brlll r99],).111 Stúrlíes af Éarly Egyp.
rictr Glars, energy'dispcrsive x-nìy fluorescent analyses (see
p.2ro) ofpre Malkata glasses bywypyski have been added
to Bdll's analyses (Lilyquisi and Brill r99l:47). ln Brill's
analyses ofancient glasses the level ofsilica is meàsured by
diF€rence, and the resultstotalled to roo perccnt (Lilyquist
and Brill r99l: 40, n.86). Four groups of glasses were
analysed, thrce of them were from Egyptian siles (pre-
Malkaia, Malkata andAmarna), and the fourlh was from lhe
Mesopoiamian sit€ of Nuzi. All three groups of Eg)?tian
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glasses were foùnd to be ofa similar sodalim€ composìtion,
with hlgh màgnesia levels. By comparison the potassiùm
oxìde 1€vels varied widely: in Egyptian cobahblu€ glasses, in
particular, they were found to be lower than in non-cobalt-
l,lue glasses liom Egypt and Nuzi (see p. 2r:l electron-
probe analyscs). It ìs only by analysing this number of
securely daled glass sampies fiom a range ofperiods that
such technological information resuhs. It should be noied
that there are distìnct compositional stnilanttss between
qglpr irn g dr.  rrd rh.r  tound a \uz .  T\p onl l  dir ì"rerce
ìJetween thewo is the lower soda ievcls ofsome ofthe Nuzi
g ì a  F s  , L i  \ q u i  ,  r r d  B r r l l  r t g J :  4  J  a l r h o ,  g h  è \ e i  ú  s
does not separatethem compositionally. This example ofan
analytical proje.t clearly illushales that, although some
potiery Iàbdcs have been chemically 1ìng€rprinted using
AAS, such results are not obtainable for Egypiìan glasses.

x-ray difr actian spectronerry IXRD) dnd its applicatians
Another technìque which was aheady available to workers
in the r95os was XRD; Ìt was used specificaììy to maLe
unambiguous identincations of crystalline material in
glasses. whereas lhe chemical analysis of Egyptian glass
usingAAS destroyedthe sample and removedits structure,
XRD provided a way of identifying the crystals present in
glasses. The cD'stals may be present as undissolved or
paÍially dissolved raw materials such as silca, or as m€
crystals us€d to opaclly the glasses. lne XRD technìque
involves firing monochromatic radiation at the crystalline
material. Thc diffraction of the radiàtion wilh the crysial
lattice produc€s an X-raypattern characteristìc ofthe struc,
turc ofthe crysial(s). Crystals are composed ofÌattices built
upin a regular patterni theilsize and spacing ischaracteis
tic ofthe crystal species. Tlus, whil€ it is possibleto identify
the presence of calcium and antimony oxides by 1Ìsing
AAS, elements which make up the common€st opacifying
material found in Egyptian glass, calcium aniimonate, it is
only l\,ith X.ray diilractìon that it is possible to identiîyth€
crystalline species and to distìnguish beiween the two
forms Ca,Sb,O- and Ca.Sb.O6. Often such crystals are too
small io identifyq,ith any other method.

Some ofthe eaÌ1iesi work on the crystalline nature ofan
Egptian material was carried out on Egyptian blue using
X-my difiaction analysis (Jope?nd Huse r94o). Later work
by Rooksby and Turner lRooksby 1962, Turner and
Rooksby 1959, r96r, 196l) used xRD lo id€ntify defrnitive-
ly a range oI opacifying materiàls for the lìrst iime in
ancient Egtptian and other ancient glasses. Opacity in
Eg)?tian glass, as in other glasses, is dueto the presenceof
a dlspersion ofcrystals in a translucent glass mat x. A1l of
t h e . e o o : , ' ' " n h r r e b e . n r d  n t r f r . d  1  u . i n g \ , J )  d i F - a r
h o î  \ w i  \  s u p p o - r i n g  r m d g r n g  u .  r g  J  s . a n r  r g é l e , r ' o '
microscope; see Figs.8.6 and 8.7).  The opaqu€,rhi te,
turquoiseand yellow E$,ptian glasses all contajnop3cifiers
based on antimony (Turner and Rooksl,y r959, 196r, r96ll
Rooksby 1962; Henderson 1985).
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Fiwre 8.6 Photowicrogroph of calcívm q'Tthnonate crystals ítl

oíài" .iit" fo"n"*thíeitury BC Egvptian flass (t'10'gifcatiotl

x 2,5oo).

migh, sho$' that this mineral had been used as an opaclit

Inih. p.o.".. of heat-treating lead-containing batdles'

,"".,ioi U"*""" lead and antimony would also pro

of"qr" y" o* lead pyroantimon"t" IP!,sP"oZ!.I:
úità4i.. to*tners were used in ancient glassès untìl

.".oní.".t*ry eC (Henderson and Warren 1983' Hen

son rqSsl. Neumann (1929: 835) claimed quite spec

that in fas only found in specimens ofthree opaque

*irrr .p".i*"í. used as decoration from Gurob'Die

irubunesmittel finden sich also nur ín den verzierutr'

esfàdeni nicht aber in der Grundmasse' (Neumam t9z9:

E;;). ;l;;"".. only compounds "f Tti*:11 1"f".'':T
Ií,í",ru u".rr r."nú in op,qu" Eglptian glasses ofùe sec'

ond millennium BC (Brill 1968: 59, table 7: Hendenon

rqSs: z8s-6). Figures 8.8-8.ro are energy-dispersive am'

í;í ;i;p,q"";hite, opaque v+"Y *+.:?1l1:.-.t,lT
í-"-" tf'"tJ.t. r, ."tt ú. t"ttt thit for the white and yellow

J"r* ,Í"." "." significant peaks fgl antilnony. (:!l'-Xl
i;;;il;;;i...é; in the óPaque blue glass a trace of ir

rlî "Ja. it ti.iule, but again the dominant peak is anti'

[oirv. The most likely interpretation, as for lhe specimem

"tt"iír"a Uv N."-ann (1929: 835) is that the tin was into

Jr-r.éd ", "n i-prltity in the colorant; all -t q* 4":::::t
,rr"'iào"trl*i"fa irobably have been introduced widr the

."""ii "."1.", (savre ani Smith 1967: '97)' T: ot
oorribl. v.llo* opacifier that could have been used tor the

ilraì" t'"ut* a"'.oration of the Gurob specimens analystd

t i lrl rírn" *ot td have been lead alú-*lt:' llf19::
iÉ;"út iq6z)' but no lead was detected in the glas

li-"r.íu.ít ptslished by Neumann (r929: 835) so the

results remain anomalous.'--fft" 
t*o io"i. ttates of copper produce two correspond'

ingly different colours in Egyptian glasses: a turqlo$e'bue

col-ou. *hen the cupric (Cu") ion is Present (Bnlt l.g]::

Fiwre 8.7 PhoLonícrograph of leod an\ífionale cryslals itr opaque

u"itol, nínuntltn""tunl Bè Egyprian glass (rfognifrcation x1'ooo\'

The opaci$ing crystals cause the light to be reflected by

the elass and preventlight transmission' tlus causing opac-

iw. t"t.i"* àntimon"ìe (Ca.Sb,O, or Ca"Sb,O6) does not

occur naturally as a mineral therefore antimony needs to be

"dd"d to th. gl"ss *here it can react with the calcium to

produce calcirim antimonate crystals (Turner and Rooksby

iq6;: lt. l" otde, to produce an opaque turquoise colou.r in

ú" eiíit th.."*" procedure is followed as for opaque white

ni"rlr"t, t ", ttt" "nùmony is added to a transì ucent turquoise

Ei"tt ltt,*a of a weakiy-tinted glass' The opa.que yelÌow

Éì"sse, uted by the ancient Egyptians are coloureo anc

ópacified by tle presence of lead antimonate crystals

iio.t.lt ,96r, zyi' A lead antimonate occurs naturaÌly as

;ì;dh;ilí" 1nu,(Éu,ni1,ou1o,oH)), so a trace-imPuritv or

bismuth in ancient lead antimonate opaclhed glasses

r*t l.t *oUa tt".a to be detected using a technique such as

àlectron microprobe or particle-induced X-ray emission)

irot ""a " dull brown-red colour when the cuprous (CuJ

i""[;;"; lH,rghes ,972; Freestone 1987; Guidozt cl'

tlsi).in"i", i-t"! dirri.tiott is necessary to unambigu'

oí.tv laùtiry the oxidation state of the copper m olaque

,.Jii.tt-t to*" gt"ss often used for the decoration .of 
Egyp

tian glass vesse"ls. The crystals causing the op-acity are a

fo.m1f copp.t. either copper droplets and/or the reduceo

i"r* "i *é 
'"ta"' 

cuproús oxide' All Eglptian opaqle rerl

lìr."* *hìJ *'daie the ninth centutBc !"tol F q
ievels of less than 3 per cent oxide: after this date the leaú

oúd" l"u.l, gen.rally .ise "nd a brighter (sealing-wax)

tl"r, .ololrt i" ptod,l.ed (Freestone 19871 yth ú: djlj

ír"* of aiff".à",, dendritic, cuprous oxide crystals in I

gia s r. When Io* l.vel s of lead oxide are presen^t tlere can

i otoUf"- ait*fui"g the copper in the glass-' Replication

opaque red glasses has shown that this can be overcome

lnt óducittg-bet*een I.37 Per cent and 2 29 per cent

o*ia" i" ,ti" glass (Guido et al' ry841 - which has

à"ì.i .à i" "í.i."t Egyptian glasJ' This also provides t)

appropriate (reducingi environment for the precipitation

crystais of cuprous oxide or metallic copper'



c  LAS s  2O9

Figurc 8-8 X-roy specttun Jót .t opaqua
white glasr Íron AMmo showiry xrer
p'ok' abovc backgroubd. Awn Jrob thc 6a-
jot cofrpone s, sodo, lin o silic.. the
glass @rtoiss a siErijca^t be.l ofontinory
beúle cchiub ontituorct. crystak coue

Figure 8.9 x-ray sp.cttun for on opoque
yellow Clo$ frod Atuona showirg Xroy
p.oks abore backgrovrd. The najor conpo-
rcnts arc sadium, cohium, tilicon afld leod
orid*, with signifcont antimoq peoks: the
opaciler ard coloutunt prcsert k lNdd \sti-
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Figure 8rc X-roy sp.cttuI fot an opE
btua dasfon Abotuo 'howircx-toy !.ù
obove backgou^d. ln additior b tl,
conponents (todiró lNato), Iitu' lcrol
dnd silico lsio.) ), the stgnijunt orti,wrl
(sb) peok reJtats the pr.ene oí îal/j�wl
ortirlorot. as the opocijer. Catolt hos M

Net tron actiration analysis (NAA) a.nd. irs a.pplications
A technique which began to be used in tÌÌe r96os, especial-
ly lor ancient glass analyses, was NAA. In order to carry out
NAA, ìr is necessary io have access to an atomic pile to be
found inan atomicreactor. Samples in €apsules, which are
often in powder form, are inadiatedin the atoúicpile for a
defined period of time. This causes tle samples to become
radioactive and to decay according to their halflives emit-
ting gamma rays. The elements with short halalìves obvi-
ously decay fastest. The decay is monitored in a special
counter, the number ofconnts being directly proportional
to the concentration oa the element in the mateial being
analysed. As the sample decays, the results will be dis-
played as a spectrum ofwavelength against peak intensity.
Much ofthe analltical work reported by Salre on E&?tian
glasses, which subsequently formed the basis for seminal
papers (e.9. Sa)'re and Smith 196r and Sayie 1964), used
NAA and led to the recognition for the first time ofgroups
of ancient glass t'?es based on their compositions (even
though only fifteen analyses of second millennium BC
glasses were pubÌished). Thus, the technique - which was
somewhat quicker in terms of the man-hours involved
enabled sayreand smith (r96r)and sa)îe G964) to answer
quite specific points about ancient Eg)?tian glasses, such
as the fact that Eighteenth-Dynast glasses were ofa charac-
teristi€ sodalime t)?e some of whicl at the time wer€
regarded as similar to Middle Eastern glasses ofthe second

x-ray Ituorescence spcctrometry (XRF ) @nd its applicotíors
Non-destructive and micro-destructive techniques luvt
also been used for anaÌysing Egptian glass€s. One of
these is X-ray fluorescence spechometry 6RIi. Similrr
physìcal principles underlie xRF and electron proh.
microanalysis (ÉPMA)t ùe distinguishing chalacterislicis
the primary source of excitation (X-rays or electrons); tle
X-ray spectrometry used is virtually identical. The ph.
ciples ofXRF will be described 6rst (for EPMA see p. ,It),
X-ray nuorescence analysis can be a totally non-desùucùvt
technique. It is a sudace technique of spectroscopic aÌalt
sis which relies on the ìnteraction of primary X-rays viltr
the sample generating a range of secondary X-rays tlrt
have energies charactedstic of €ach of tÌìe elements in thc
sample. lt produces a spearum of energies in dre seme
way as AES. The primary energy source can €ither be r
radioactive material which will generate gamma.rays or atr
X-ray tube. when 6red at the sample the interaction of
energy with the sample !ùill generate secondary X-rays.lù
an energy'dispersive system the secondary X-rays hit r
detector (q?ically lithium ddfted with silìcon) and the sec.
ondary X'ray energies are displayed as a spectrum ofx-ny
energies against intensity in a multi-channel analyser a!
peaks above ba.kground. An X-ray sp€ctrum produc€d b
the analysis of an Eighteentl-Dynasty E$?tian translu
cent blue glass is shown in Figure 8.rr. The figure shovrs r
series of peaks above a background Ievel (produced using
proton-induced X-ray emission). The vertical àds gives tl€
reiative intensity of the peaks above the background level



Figule 8.11 Xrq sp.cttua Jar a tn^slu-
.ett blue glds Jran Anond rhowing xrq
p.oks oboe. bd.ksround. The p.oks for the
thr.e pnacipol únponert, sódiuh lNa),'Iib. (Co) ard silica lsi) arc eisible be.
tw.n ' ond 4 KeV. m. rcnaini\g or col-

and the horizontaì axis ihe emission energy of the peaks
along the X,ray spectrum, measured in Kilo electron votrs
iKeV). tach of the peaks is characreristic of rhe chemicat
elements present in the glass analysed; each etement may
have more than one peak depending on its aiomìc number
(silica has an atomic number of 14 and lead 82i. In Fjgure
8.r it can be seen thar lead (pb) has two lead L peaks
behveen ro and rl KeV labelled as pbl. On ihe other hand
tìere is only one visible silicon (Si) peak at r.619 kevr rhjs
is fora Silicon K X-ray. Further detailed informahon aDoùt
dris t€chnique can be found elsewhere (Jenkins r988).

There are two principal types of X,ray spearomerry:
energy'dispersive and wavelength-dispersive. Energy-dis-
persive spectrometry (EDS) operates by collecting data
from the detector, separaring rhem a€cording ro úeù en,
ergyard drsplavrns hem In.pe(rraì form. Durineenèrg).
dispersive XRF, an X-ray inieracting with the detector pro
duces an electrical pulse proporrional in size to the energy
ofthe X-ray. These pulses are measured and sorted elec-
tonically. During wavelenglh,dispersive XRF, X-rays are
diftacted from the crystaÌ in the spectrometer, rhe angle of
diffraction being determined by the energy/wavelengrh of
the X-ray. The wavelengths are measured sequentially,
since the sorting is done physically rather than electroni
cally. Wavelength-dispersive spechometry (WDS), on the
olher hand, relies on a different means of operanon; tne
spectrometer consists of cryslals whìch cause the secondary
X-rays to be diftacted at partìcular characteristic angles
into the detector. This angle is determined by rne aromrc

number ofthe elemeni. Wirh WDS ihe dispersion ofthe
secondary X-rays is greater than with ED X,ray spec
trometry.This makes it possibleìJoth to separare the X-rays
peaks to a greater exlent and ro overcome some of the
interference effects encountered with EDS. \VD XRF is
therefore generally a morc sensitive rechnique, which is
also able to detect elements ar lower levels. wavelength,
dispersive spectiometry is normalìy slower, simpÌy because
the spe€trometef angle needs to bechanged, and from time
to time also the crystaì in the spectromerer, depending on
what elements are sought.

Wavelengthdispersive X-ray spedrometry is often used
to analyse material that has been powdered and made into
a silicon borate glass bead; ED XRF is normally quicker
but can also involve ihis sample preparation. The bead is
cast so that its lower surface is flai and ofthe appropriare
diameter for ihe beam ofprimary X-rays used for its analy-
sis. Energy-dispersive spectrometry, on the other hand,
can more readìly be used as a totally non-destructive rech
nique and is therefore more appropriare to a museum
environment. However, ifthe sample has an irregular sur-
face and/or is weathered/depleted in any way, it is impos-
srìJlc lo produre a quJnri tJ i jve resuh using LD XRF. I-he
obvious u.e Ior ED rnalysi< in a muscum is ro proùde an
initial qualitative analysis of rhe glass, although the rech-
nìque will only provide an analysis of rhe surface. The
depth to which the exciting energ pen€trates the sampte
when an x-ray tube is ùsed as the source ofx-rays is de-
pendant on the voltage used and also the matri,< composi-
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tion of the material: for a light' úatix the depth ftom
which the heaviest secondary X'ray may escapeto be detec-
ted may be as deep as .. 40 microns, for the analysis of
materials with 'hea!y' matrices (e.9. high lead glasses) lhe
maximum deplh may be r5 microns.

By using ED XRF analysis, Kaczmarczyk and Hedges
(r98j: a6) have discovered the association of cobalt with
manganese, zinc, nickeÌ and aÌumina in New Kingdom
cobalt-blue faience and otlìer cobaltblue objects includìng
glass, with abnormally high alumina concentrations. Ex-
rending the work by Farnsworth and Ritchie GgtE), Kac-
zmarczyck G986), again basing his discussion on the re-
sults ofED XRF analyses, suggested that a source ofalum
with a significant cobalt impurity was used for Egyptian
New Kingdom glass coloratíon. Ifthis suggestion is taken
at face value, th€n the relative levels of impurities in the
6nal glasses are inconsistent with the suggestion (LiÌyquist
and Brill Ì991:ns.78 and 94). Nevertheless the conelahon
between the presence ofabnormal alumìna levels and co-
ìralt in Egyptian glasses needs to be explainedr the most
likely interpretation would seem to be that the coìralt-ùear-
ing alum was purified in some way, just as later, in the
medreraì per iod in Furope. *hen ?aftp (or Ddmascus pis-
ment)was rcastedto remove any sulphur orarsenicbefore
use. This evidence only provides a suggesied means of
changing the constituent levels in the coballbearin g alum.

Scanning-electrck micrcscopy (SEM) and íts eppti.atiats
Another non-d€structive technique is scanning-ele.tron
microscopy, in which the same sizeofobjector sample can
be used as for EPMA (.. r mm or less) (see below). It is
possible to attach both energy-dispersive and wavelength-
dispersive spectrometersto the mìcroscope, but the quality
of the analyses will not ùsually be as high as for a dedicated
electron microprobe analysis. Indeed the systems should
notbe contused - they are different and should be referred
toas an electron microprobe and an anal)'tical SEM respect-
ively. The SEM is primarily used for imaging structures
and compositional variations of materials.

The secondary electron detector measures the electrons
which escape froú tle surface atoms of the sample by
surface geometry, whereas the backsc?ttered detector
builds up pictures of compositional heterogeneity by re
cording the electrons backscattered ftom the sample, a
measure ofthe variation in relative average atomic number
in the area being analysed. The secondary electron images
therefore provide hìghly magniGed images ofthe surface
textures ofmaterialsr ifweathered glass is ofinterest it can
ìre examined in an unpolished state. In the mid r97os this
was the first opportunity to €ramine EgyPtian glass under
hìgh magnification.

Perhaps of $eatest relevance to the study of Egyptian
glass technology was the use ofbackscattered electron im-
ages to provide the first cÌear images of crystals used in
opacifi.ation. Chemical analysis ofa 'name b€ad' ofQueen

Hatshepsut dated to between 1473 and q5E BC was cani€{
our using an energy'dispersive X ray specÍomet€r in I
scanninC-electron microscope (BM EA26289-9oi Binìsor
and Freestone 1988; see also section on procuremenl of
raw materials, p. r97, this volume). The opacifiers lr€sent
in the dark blue glass from a canopic jar dated to 4t rllt
BC and an opaque green Ptolemaic plaque from a founda.
tion deposit, dated to 246-22r BC, were also photographed
using ìhe same microscope (Bimson and Freestone rgEE).
The technique showed the beads to be ofthe high nagnesia
sodalime composition, and also demontrated that boù
glasses were opacified by calcium antimonate crystals (Bi
msonand Freestone r988: figs.1,5).In addition, ofcourse,
the SEM can beused to show great composìtional contrasts
between crystals and ihe matriy material in which they ale
embedded, ùetween Ìayered glasses and between depieted/
corroded surfaces and the unweathered parent material. By
examining cross-sections through materials it js possible io
relate structural corrosion to changes in chemical comlosi.
tion which can, in turn, be recorded photographica\.

lfthe material beinganalysed is glass, glaze oroòsidirn
and does not conduct elechons then ìt needs to be coatedin
order to prevent distortion and de8ection of the electson
beam;this ìs also true for electron microprobe analysis (see
below). The sample size that can be examined under the
SEM is determined bv the size of the samDle chamher.
Since samples are examined under vacuum within an
evacuated sample chamber, space is Ìimited which, in tum,
limits tlìe sample sizes; some stand-alone systems incor-
poratelarge sample chambers. A range ofSEM systerns are
manufactured and relatively large objects can be accon.
modated, up to.. 5 x lcm in dimensions.

Panícle índuced x-ruI emíssion (PtxE)
More recendy lsince the late r 97os) P IXE has been used fol
the analysis of archaeologi€al materials. The features thal
characterise PIXE are its cost and the la€e size of the
instrument. The analltical technique requires a tanden
van der Graaf accelerator in order to generate partides
which are accelerated at high speeds towards the sample,
where they colÌide with and penetrate the sample also al
geat speeds. The technique can be used for X-ray spet.
trometry; in this case the excitation is caused by a Primaly

Anahically, the most signifrcant ditrerence from elec
tron microprobe analysis (EPMA) is that the backgound
producedby PIXE is a factor ofro lower (see Fìg. 8.8).Ihe
background in EPMA arises from white' radiatìon pro.
duced by decelerating electrons. The reason that PIXE
background is lower is that protons bombarding the sample
enter it at great speed and are more massive than electrons.
The net result is that the backgound on which the elemen.
tal peaks accumulate is significanù lower, allowing far
lower concentrations of ùìe components to be detected.

lfthe PIXE sysrem is 6tted with a scanner (a scanning



proton microproìre), then maps of the distributions of a
nnge of elements in a glass sample can be produced,
providing interesting correlations in the occuÍence ofel-
ements in different gìass colours. The technique can ìre
ùsed for the analysis of Egyptian glasses down ro parts per
mi ion, which is generally a factor of ro more sensitive
than EPMA, but the systems are much more diitrcult to
calbrate ùan EPMA.

Inductively.coupled plssna.cmissiot speúroscopy ( IC p Es )
Some fifteen years ago ICPES was added ro the range of
anal)tical techniques used by archaeological scientisis, but
has not yet b€en used for the analysis of Egyptian glass (see
Heiryorth r, aÌ. 1989, Huehes et al. r99\ Harcher et at.
r99t.

flactrcn fti.roprcbz anarysis ( EP MA ) and irs applications
A non.desh'uctive technìque which produces high qualiry
rcsults is eÌectron microprobe analys is, also known as etec-
bon'probe micro-analysis (EPMA). This followed on fron
ùendlliprobe (Hall r96t: rÌo-n; Hall, Sweirzer and Toller
r97t and its early use for glass anaìysìs (Brill and Moll
r961), becoming commonly used, especially for research in
mineral sciences, in the r97os. Micro-samples as small as
o.jrnm can be mounted and an:lysed nondesirucrively,
andifnecessary repeatedly. The technique involves rhe use
of a micro-beam of electrons which is focused on the
sampìe surface using magnetic lenses. Theelechons them-
seh'es are generated using an electlon gun (see Fig. 8.r2i.
lhe interaction ofthe eìectrons with the sample generates
secondary X rays whrch are characteiistic of the chemical
elementsin ùe material.This technique provides an analy-
sisofa shallower lay€r ofglass than with XRF (l 5 mìcrons
compared to .. lo to microns, depending on the condi
tions employed) and by sampling and preparing the sample
carefinly, in general, the quality ofthe results when com-
par€d to ED X-rayanalysis are farhigher, and rherechnique
is consìderably less destructive than WD XR F. The samples
are normally embedded in epoxy resin and polished flat so
that the geometry of the analysis is repeated exacity each
time sampÌes are analysed and so as ro remove suface
roughness. In the process of doing this any weathered
maieriaÌ can be removed.

In the case ofglass ìt is essenriaÌto defocus the beam in
order to minimise or eradicate damage by rhe eÌecFon
beam and the volahl isar ion of ùe sample surface. .  ausinB
elements like sodium to be boiled otr (Vassamillet and
Caldwell 1969; Henderson 1988: 79). In practice dudng
the analysis of glass the beam needs ro be deliberately
defocused to approximately eighty microns. tt is possible to
lo{ate the electron beam precisely on the area ofthe sample
to b€ analysed by moving the sample under a light micro-
scope attacìed to the system until the beaú is located on
lie desired spot. Ifcompositional heterogeneity is suspec,
ted an energy-dìspenive detector attached ro rhe system .an

c  L A s s  2 r 3

Figurc E.E Schetuotíc diogratu (section) oJan eLcrtun miqoprobe.
Note th. nogn.tic l.ssès in the electrcn gu on the Lf. Th. electrct
beon s ÍÒ.ued ot the glas sdhptes nourte.l in o btock oI epo'.y rcsia.
The spechomèter is os the Àght-hoîd side aJ rtu diogan. It úrsístt of
a .ltfrocting .rystdl ond a corbv. me slstefl opctdtes under vo.uuh,
h.rcè the presence ofthw (vocuun) pump!

be used to carry out quick quaiitative point analyses befor€
the quantitative WD analyses are performed. It would be
possible to quanti& the ED results ftom the system (and
defocussing the beam is not necessary) but the levets of
pr€cision and detection achìeved with the wavelength dis.
persive prob€ are of a far higher quality so d:ìere is litrle
point (Henderson r988: 80, table I; Veritó e,41. r994: rabÌe
4. This same point can be made for a comparison berween
the results ftom an ED spectrometer attached to a scann-
ing'electron microscope and those from a wavelength-dis-
persive system in an electron microprobe: the levels of
detection of the WD system are considerably bener. For
example, it is often not possible ro detect cobalt in a cobaìf
blue glass when using the ED sysrem in an SEM , whereas
the leveÌ ofdetection for cobalt in a sodalime glass using
WD analy" is Lan beo.o4 per centcobalt  orde.

Electrcn-mìcrcprcbe anolysis of Eìghteenth Dynatty
glossesffom aúafno

Electron micropmbe analysis is r quanritarivc recnmque,
and given the smali beam úze itis nofmal to analyse three
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to five sPoBls of a homogeneous matenal' hke glass and Trl'te 
s 

I;3-:::li'''T 
oJthe Amarnd slass sanptes tat'n

i::r"ii.::**mì:l::t :;i'lfi '.",.il ;i:,:xi r%
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ì,*.i,"ùi''.l"ap*i*1'*':î9"ii:11:;:T::',[ :j:kilì:l:i,"J,"'"l""[jjiii,iì"";;r,i.à;'",".
i,g,il',lll:i",*""ì1ì:#"Î'l'"lill,;;;;i;;"'�v.'' oì 5.-01" ",-5"' ".'
what it has detected' rhis means that if the anarvsr has AshnoreaD Mùseum'3.?tl'"t"t"'l?:1ft':i"fi:[li'il**

Hif:',"",::;;rr,"j"""1ruiff:i["'J;llil:5:îi: Ui=1r$::i*i;i;,;;;ì;"(6)'".'dn;"r'**
;#:'l"T:;il*iÉ**iii5's$ff rtr il: ;"':"::":'U" ;1i

Ashmolean Museuú 1924 Ir8a 65A) opaqú lale Creen lessel

**+**lil#*,*l**t*,t*lrtw?liq ffi 1*nr:Í:*""".ll""l;s*':rff #:t-

*U1;*3tl*t,,1 ili'.t;ffi $ili:;,;$"ftrer;'.rs:îilr,T5;1"ii:r:Tí
#;$'.ffi ftr]|ffi I",;;iT*;":..gi*K*: *i*'$rrrì'.* *'
it*t*ffúi[fr;*'r*,1*ùi:t;; I,i'iiry,,:"ffi :';',::'r;;s"";;i:*:"r;'""i'xr"
[+*lllil,',r*i]'i..^"':ffi ;s:;'"tlff *ri;*nr,r:::i;i,tr$::'t"i,:11"ì"'.
ff'"',:l$.i'"J:",: .5'}i;:1#:"ì?:'l::i:":'":f *:':*fliìi""r"J,'.#"1'""if;i:':::îl:JH''"''"'
,-$i{ilÉ,É::1;11i:,":r,"$il::if":fiiiit ;lx,l"#*i;,,:,,:rr.:;r:n:,n::r
i:;,:lnu:*:l;uifl,::::'1"::".,::fi:.rii :,1,'.ftn:";:::',)l,l^iÎxi'."*'-o*n*ówn(24,(enhe\

liirxi',*l'l.',millll+5 if; i* r'ru+itr*:il$****'r*
using PIXE however' opaqueveluw uD! n-'-' -. "

nt]ffir*[*l*iM,:;:'Tdft*{{illil+'fti,i-", ili'd
É**#ilf,Èii:d"{*";*[$i*:rtrlqtlirr',*;'*tll*r*r**-'m
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8.rb. Eleúrofl prcbe analrses of 16th rynost! colowed dass sanples pcrfomsd by J. H.nd.rson takeí Íorr corelormtd
h the Ashmoban Musevn, Oxford, excovated by P.tieJrom Ansma, Égtpt (.rpressed as th.. vcBht percentoge of earh
.hn!/nts in the glasses) Fot a f.tll dtscription oI thr v.ss.ls sanpbd see Table 8.t

tz 18r6 r 9
Trùs opaqE opaque TGns opaque olaqúe Trans o?aque Tlans opaque opaque opaque o?aqúe
turq yellow white turq yellow blue turq Colour white blue hrrq yellow white yellow

t8.7 15.6 r7.8 '8.1 r2.g 2r.6 r7.,
4.8 4.1
o.t o.8

64 7.o

CoO ND ND
NiO ND ND
OrO r.4 ND
Zú ND o.rz

&O ND ND
Pho o.o4 6.6

N o E

1-9 4.o
,.9 L2

Ì.8 r.j

t.6 8.E

o.o8 ND

NazO !'.7
Mgo 4.r
Al2O, o-t

SO, o.4
6l.0 6r.1 6j.o 64.ó ,6.r tt.9 6..7

ND

6-9

ND
ND

r8.8
j.6
3.4

6"-t

6_E

o t 6

o ) t
ND

r E 4
4.6

6t.3

o.68
r.6
7.7

tE.9

4.9

60.E

t . f
E.r

ND

o.3t
ND
ND

ND
ND
N D
r. t

' 1 8

2.6
6r.7

o.5

) . 1
8.9

ND
ND
ND

t6s

o.6

o.5

t.t

ND

o.99
ND
ND

ND
o 9 t

ND

\ )  4 .9

4.6 8.9

Cr

CaO r2.8

Cr2Ol ND

o.o5 o.ó4 o.o, a.o7 o.o4 o.) o.o5 Fe2ot o.27
o.o2 ND ND ND ND ND ND

o.6l o-E
o.ol ND
ND ND

o.ot ND
0.o6 ND

r.r 0.69 CoO ND

As2Ol o.o8 ND o.o6 ND

N D
ND
ND

ND

NiO ND o.ol ND

o.1r  ND

o.7 ND
ND ND

r]

SnOz ND
sb2ol o.9r
BaO ND
PbO ND

L f
ND

L)7
N D
ND

o.5 0.86 zno

ND

N D
ND ND

opaque opaqu€ opaque opaque Trans opaqúe
Oloù blu€ white green white purple yellow

Trans opaque opaque Trans oleque opaque Trans
coloú blue turq white bìue rd white blue

il.2o r9.t
MBo ) t
AbOJ t.4
SiO2 62.6
P2Ot o.r
$$$$$Ol o.t7
( l L t
x2o o.9

.C.O 5.7

IuOl o.t7
ClO or5
NìO o.o4
Coo o.El
ZoO

Sì,o, r.21
8rO ND
PbO o.ol

i6.2 16.9

j6.8 65..

N D  N D
o o ,  N D

7.t6 ND
N D  N D

r6.2

6r '9

E.o

ND

N D

ND
ND

4.5
o.6
61.6

2.6
6.6

ND

N D

N D
o 6 l

ND

4.t
o.6
t9.7

o.9
2.t

ND

o.46
ND

ND
ND
o.69
N D
4 t )

Na2O rE.6 r9.r 2o.4 r9.1
Mgo tB 4. t  6 .2 5.o
Ai2Ol o.9 o.9 r.6 2.4
sio2 62.4 62.2 62.2 62.9
PzOt o.1 ND
SOI a.1 o.2
Cl o.j o.6 0.6 o.5
(2o ,.t 4.o 2.7 2.)
CaO 5.2 5.5 52 47
T'O2 o.o4 o.o4 ND ND
Crzol o.o2 ND ND ND
Mno o.ot o.o4 o.o7 o.o8
Fe2Oj o.62 o.t4 o.4 o.,
CoO o.o2 ND o.o8
NiO o,o2 o.o2 ND ND
cúo ot6 r . ry  ND
ZrO o.o2 o.o2 ND ND
As2Ol ND o.o7 o.o5 ND
SnO2 o.o8 ND o.r ND
sb2ol o.17 r.o !.1
BaO ND ND ND ND
PbO r.or o.o4 ND o.l

t9.o 19.7 r9.9
t.2 4.t 4.t
2.7 0.9 t t

t7.S 6t.S 6o.]

2.9 2.r r.6
5.2 7.4 6.r

ND ND ND
0.16 ND o.4
7.6 o.4 o.5
o.rE ND o,z9

ND ND o.06
r .2 ND 0.06

ND ND o.t7
Ò.4 o.o7 o.o7

ND ND ND

ND ND ND
ó.t  ND ND

Nok: Trans - tanslucenti turq = tur€uoise
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(soda-lirne) glass (HMC| see Sa)îe and Smith 1967: 2E5
287) to distinguish them from'low magnesia (soda lime)

slasses',whichwerelatermade in E$?t {LMG); the levels of
magnesia (MgO) are given in Table 8 lb The most likelv
mineral used for the later LMGS was natron (Forbes r9t7'
r4z). AnaÌysis oftwelve sampÌes ofnahon taken from wadi
Natrun and chemically analysed revealed iis truecrystalline
identiry to be 'trona , whìch is a sodium sesquicarbonate
Na.co,.NaHco,..H"O (Bill Pers. comm.). TrÒna also o.-

curs inihe leheiia provinceofLower Eg?t, a sourcewhich
was certainly worked in antiquity During the New King-
dom, however, it has beensuggested that ready-made glass
was imported lrom the Middle East (OpPenheim I97l:260;
andseep. Igt , thisvoÌume). I l isworthnot ingthat lronawas
not only used for glass production but also medicaly as a
detergent and in the process of embalming (see Turner
r956a: 281; see aìso Chaprer 16, this volume) The sodium

rirr  X-ray peak r.  vrsrble ar Lo4r KeV in I  rgurcs 8 8 8 ro
rh. range or soda tNr-o) leveì.  dere( ted is gven rn Table

E.tù.

Silica
Silica in glass'ma]l(ing is provided by sand or quartz
pebbles. To locate sand sources obviously does not pose a
Droblem. but to locate sources which have low mineral
impudties, such as iron beaing minerals, is more dimcult
(Highìey r9Z). Lucas {I948), among others, h's nored ùe
presence of shel fragments in sand whi€h would Poten-
tially have provided a maior source in the glass batch
Turner (r956b) studied the mineralogical composition of
sand from Amama, from the shore ofthe river Nile oppo-
site Luor, and from the Belus river by Haifa in lsrael All
the samples contained variable leveis of quartz (the silica
source), catcite (acalcium source), feldspars, PFoxenes and
ilmenite i the sand from Theìres was the only one to contain
mud and rnica. The sand from Amama contained between

50 and tt per cent quartz, lo and ll Per cent caÌcite, 5 per

centfeldspars, t per cent ù'roxenes and I percent ilmenite,
and can thus be considered a relatively 'clean sand source.

tead (in the folm oflead antimonate, Pb.Sb.O7) was used
from the Eighteenth Dynasty (I5io-rlo7 BC) onwards in
Egwtran glasses, spe.i6cJlly for de(orative opaque )ellow
glasses which were normally aPPlied Io core formed
vessels. The presence oflead was detected by Tumer and
Rooksby G9 t9: r 8, table r B) in glass from Thebes dated to c.
r4io-r425 BC using X-ray diffiaction and confirmed bv
Sayre G964)- Lead has also been detected in faience ((ec-
zmarczyk and Hedges r98l) The earliest historical refer-
ence to lead can be found in Mesopotamian texts alated to
the seventh century BC but thought to have originalÌy
derived from a source dating to the twelftì c€ntury BC (Brill
r97o: Iz4. Norc of tl€ translucent glasses in Table 8.Ib'
nor any other translucent glasses daled to periods befote

the eighth century BC, appears to have been made ftoú
lead-rich glasses. Lead is always present jn glass as a!
oxide; although there is no actual archaeological evidencr
for lead being used as a primary raw material in lgnti.tr
glass productìon, it must have been added at some Poìntl!
the oroduction cvcle and conve(ed into an oxide.

Crystalline lead antimonate, which can be prcParedb
heating the oxides of lead and antimony together *ould
have been added directly to the gÌass as an oPacifier (see
Fig. E.7 and p. 2o8). Work by Bill and co-workers using
Iead isotoDe analysis {BnI d dl. r99l) has shown that
characteriitic sources oflead (gatena) used for EighteenÚt'
Dynasty glasses (for example) presumably exìsted sorne'
where in the Eastern Deset, or Possibly along the coast of
the Arabian Peninsula (Brill I99l: 59) An x-ray sPectrun
for an opaque yellow glass from Amama is given in Figue
8.e. Two lead (Pb) L peaks are visible, as is a series of
antimony (Sb) K peaks.

Celcium
T}?ically, Eighteenth'Dynasty glasses contain caicium ox
ide ìevels of between about 6 t and 9.o per cent 0able
E.rb), and this indeed is also a common leveì of calcium
oúde found in other soda-lime gìasses in the frrst mi en'
nium Bc and the first millennium AD (Tumer l956br4ti
Henderson r98t: 277, r995). Calcium onde is essentiat in
glass as a network stabiliser; a soda-silica glass wouìd iend
to dissolve easily in water.

The surpnsing feature of Egwtian (and oùer :ncient)
soda-lime silica glasses is that the calcium oxid€ level is
almost invariably between about 6 5 and 9.o per cent;the
analyses in Table 8.rb are no exception Had rhe ancient
Egyptians used sand sources which were rìch in shell tsrg'
mìnts, would we expect this repeatable and consistent letel
of calcilrm oúde to enter the glass meltl Bri[ (I97o: ro9)
has suggested that the propo.tion of shel fragmenis is
always the same ìn the sand source, resulting in a relean
able glass composition. lt is however, much more lilely
that, as with ancient metallurgy where consistent Prolor'
tions of Ìnineral-bearing ores wor:ld have been purified and
melted, the different constituents of the sand were separ'
ated so that the shell fragments could be ùsed as a caloum
source, but that they would have been added in measwed
quantìties to the glass batcl.

Impunties
As to the impurity levels det€cted in the glasses, the eÌ'
pected high magnesia was detected in all the glasses ana'
lysed; however another imPurity, Potassium oxide,likely io
have been introdùced with the plant ash used as an alkaÌi, is
present at elevated levels in alrnost aìt the glasses. Three
chemìcal analyses ofblue glasses aU contain relativÙlosr
Dotassium oxide levels at levels of o.9 Per cent (analttis 6)'
;.gpercenl (analysis E)and o.7 Percent (analysis rt);these
blue glasses contain the low€st maglresium levels ofall dìe



Cobalt blue fhe.cherrli.al anatyses of Eighreenth-Dynas,
glasses presented in TabÌe 8.rb include blue sampres wrtrr
elevatedÌevelsofalumjnia of ,. 5.9 percentj theX-rayspectra
tor h!nstu-cenr rnd opactue blu. gtas.es are shown rn Fig
urFs ò. ro-ó.r  i .  This rs a tacrorofÉveor sLr tower rhan found
in other tranducent glass colours. It is also significant that
these cobalt-blue glasses, present as Cor io;s (Bamford
r9Z: 42) JÌF asso(iatcd $irh the impurir ies which Sarîc
(rq64J rnd KjLzmar(4ct and Hedges { j98Ìt  havé deter red
rn New Krngdom vireous marcr ials.  such rs rhe or ides of
mrngrnese. i ron, n.cÌ ,et  ropper and v:r iaolezrn, and lead
i,ear\  ror mangJnese. i ron. nickeì.  (opper and dnnmony are
visible in Figure 8.rr, in addjtion to Àe zinc. rn addition to
lhese. zrnr,n6.;1 ' . t  r , .  shown ro be present in the X.rd)
\pecrrum ror the opaque btue gta.s { l  rC. 8.ro).

Twquoise blue and r.d-brcwn opaque gtasses The rwo ionic
srales ol_copper produce h^o correspondrngty di f ferent rof
ours rn fgyphrn grasses: r  rurquorse-btue cotour u hen rhe
.upri(  {Cu')  ion rs presenl {Br i  

 

r97o: r2o) and a dul l
Drown-red colour when the cuprous (Cu I  ion is presénr
lHughe_s r9l2. Freesrone 1987. Curdo rr  al .  ,98ai.  weyl
{1951: r()4- l j  note\ thar lhe green Lolour is ont)  produced
rn the presenc€ oflead oxide in the glass, however severat
e\ampres ot {hanslulenr -urquoise-green)
glasses with no detedabte lead have been i"""a 1r"Uté8. br.  Af ler brass rs introduced. copper and zrnc rrc of ien
round. lo be asso( rared rn ancienl hrrr ìuorsc glas.es. where
5.rrp Drass has becn inrroduLed as r  coloran,.

All Egntian opaque red glasses which pre-date the
nrnth century BC contain lead ievels ofless tnan I per cent
oxide;after this dat€ the leadoxide levels generallyiise and
r ìrriChrer t.ealrng way) red gtass cotour ii produced {Free.srone I9E7) $rth ùe dereloprnenr otdi f lerenr.  dendri t ic,
cuproùs oxide crystaìs in the glass nther than globutar

l .on aad han\as?,t  tgypHan gtasses $ere (oloured dc
l ibF'arely bv thc probable use of minurF quanrides of man
ganese-b€aring mjnerals such as plrolusiie (Mno,). The
chemical composirions of translucent purple EighieentÌr-
Dynasty glasses (e.g. Table 8.rb, anatysis rz1 snow an erev-
ated manganese oxide levei, apparenrty wirh f€w other ac-(ompanlng imp-ur i i ies. imptying rhrt  a relanvety pure
mrnerar source ol  cotoranr.  t ike prîolusi te.  was used. The
purple colour would be produccd bv the fnvatent Vn ron
In Ihe glass {wcyl r9Ì7.  8).  Manganese. whi(h in larFr
penods rs used as a de.otoranl in gtrss {Henderson r98r.
rs presenr In blue gjasses as an impuriry rnd rn the purple
gldss as a (oloranr.  but rn rhe balance ofgtasses analyseà rt
hrs,erther nor been detected or onty deieoeo ar very row

, 
lron,oxide r. ofren presen. in Eg}T'ban gtasses. and mr)

De useo îo proclu(e a f tanstucenr drrk brown colour,  bu,
generally it occuÌs onÌy as an impurit which is eclipsed by
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glass,sanroles an:\sed .rrongly suggcsf ing thrr  rney were
ruseo usrng a draerenr ptant ash source ofatkJt i .

Thealumina levels in the glasses are mainÌy Derow I per
cent ercepr.  as expertFd. in btue gtasses lsee p. :  r51. Hów-
ev€r Lnree other giasses also con,ain somewhrr hrgher
lelek:drhs,.  j8ar , .6 perccnr loprqu. "hrter anaiysis
, ,  r î  r .o per (ent (opaqué whrret rnd an"t ls is 24 of . r  7oo
{oprque reddrsh l,rown). Agarn ùresc gtasses havp evîdenr-
ly be€n preprred in a sl ighr j)  di t rerent way trom rhe re.r
and úese élevdred atumina levpts are !er)  une\pected in
gasses ol  rhrs rge. espF(ial ìy sampte j8.  which Lonrains an
alumina level more iypicaÌ of Helenistic or Roman glass
lechnology. The most likely interpretation ofihese erevated
alumjna Ìcveì.  is úraÚhcy we,e inrrodu,ed as dn impunty
in the sand used "s a stka source {Marson ,91r:  84i) .  rhe
|ow rumrnd tAets pres_enr in rhe orher gta..es rs rhought
lo be due ro rhe usF of r ìudrt7 rs a ci t rca sourcè. turner
(r95a:444 and Saleh rr sl. (r972) indicare rhar corrosionof
a glass,melting crucibìe coùtd contribure impuriries such
es silìca, alumina, iron oxide, line, magnes; and alkalies
lothe ghss relr .  Howeter.  rhe general lv ronsrstent impur-
rb ip!éls 'n glass from Tett  et  Amama t ink ro ùe use of
differenr gld.s colours suggesrs thar crucrbte Lolosron may
onr) mdke a m,nor .ontr ibulron to the 6ndt gtass r  omposr-
lion: obviously the volume of ttre melt and consequently
dìe size of the crucibte involved will determine wheiher or
nor crucibh.co.roron makes a signi6cant confrrburion to
ùe chemrcat composir ion ofrhe glass.

As noted above ihe prin.ipal colorants derected are as fol_
lows:cobalt  in LJorh opaque btue f t  abte 8. j  b.  anatyses 0 and
òjand hanstucent btue gìas, es {Tabte 8. j  b.  anatvses r5. ,o.
4 an0 zoj:  copper kupric) in rranslu(ent h[quorse 0 abte
ò.rb. rnJl)ses r .  4 and 7) and opaque hrrquorse glasses (r6,
rJand manganese in rhe tran\ lucenr purple gtrss analysed
{laDre ò.rb. anatvsjs rr t .  T}e (oloranr( derFCled in rhe
opaque gl2sses are calcium antimonate in opaque white
gja.s (Tabìe 8.rb. dnrtyse. J 9. n,  r4.  r8.2.à and 2q rnd lhrs
opaof ier comurned $Íh olhcr (olorrnrs: wrth (obalt  in
opaque blue (Table 8.rbanatyses 6 and 8), and wrm copper
m ooaque urquoise {Tabte 8. jb snatvses r6 ,nd ,r l  i ;ad
ùrmonatF rs rhe crysulì ine (olo.anr in opaque yel lo\a
Blasses { l  able 8 rb an3tvses z. s.  rr ,  rz and ,or.  i1 l"  uppr".
grern corour or campte ro is probrbly a Lombinrrion ot
Ì tuow ledd anrimonale Jnd d (opper {(upr ic l  c,een gtass
man-x. 

.Lhe browìish-red sample (2al i (  cotourcd and
oprcrned Dv cuprous oxide: rhe hrgh levet of ron oùde
ddeLted t / .6 per centt  wlt t  havF been added as dn Inremar
redùcrng agent and will atso have alowed rhe copper ro
dìssolve with greater ease {cuido et at. ry8a: z481..fhe
g€nerahon and conrrol ofcoÌour in ancient gtass is by no
means simple. The chemicat envtronment, the redox
equlibria rn t-he fumace and .ubscquenr heat trearment of
úe glasc being dmongsr r le detèrmining lacrors.
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the addition ofcolorants like cobalt and copper to the glass
melt. The common non-Creen glass of later periods is
produced by a mir.ture of ferrous (Fe2+) and feric (Fe+)
ions in the glass úelt  (Weyl r95l :9r;  Bamlord 1982:6;
Sellner r, al. 1979). Newton 11978) was ofthe opinion that
Medieval gÌassmakers were 'at the mercy of the fumaces
they used , so litlle direct control existed over the available
free oxfgen. Egyptians, on the other hand, apparently con-
holled tightly ihe addition of hace or minor quantities of
colorants deliberately.

other opactfe5 The use ofopacifiers in Eg)"tian gìass is
discussed above (see pp. 207-8). The electron microprobe
analyses inTable 8.rb provide data which conformwith the
resulls produced by other workers: opaque yellow glasses
were opacified with lead antimonate (analyses 2, t, Ì1, 17
and r9), opaque white glasses with calcium antimonate
(analyses t, 9. n, 14, 18, 22 and 25), opaque blue, sreen and
turquoise with a combìnation ofcalcium ant'monate crys-
tals and cobalt, copper and iron, and copper respectively.
Often the translu.ent matrices in which the opacifying
crystals sit have a colour which may ìre modified ty the
presence of other i mpurities assocjated with the colorant or
other raw materials. Figures 8.8 8.ro are X-ray spe€lra
produced using proton induced X-ray emission for opaque
whiie, opaque yellow and opaque blue Amarna glasses. It
can be seen that there are major peaks for calcium and
antimony in all three glasses ìrecause calcium antimonate
is the opacifier present. Lead ìs al higher levels in the
opaqueyelìow glass because lead antimonate is present and
cobalt is present in the opaque blu€ glass.

The i'o*ìng Wopefties of Egyptian sodo-lime glasses

The chemical compositions of Egyptian glasses detefmine
their working propertjes (Doremus r994, 99 figure 4. As
we have seen, most Egyptian transìucent glasses are soda-
ìime silica in composition. The lìquidus temperature fora
soda-lime-silica glass containing r8.8 per cent soda,7 per
centcal.iùm oxide and 74.2 per cent silica is 867'C, which
r ises to r ,o60'Clora glasscontaining 17.6 percentsoda, r5
per cent calcium oxide and 64.7 per cent silica (Morey
r964). The former composition is closest to that for second
millennium BC Egyptian gl:ìsses, however a cìoser com-
parison is provided by the work of Brilì F988) where,
despite the fact that the glass dates to the lourth century
AD, the basic composition is similarto other, earlier, soda-
lime glasses (with some important differences in impurity
pattems). Brill (1988, 278 8r) showed rhar lor a typi€al
soda-lime glass of.. 68 7l per cent silica, c. r4-r7.4 per
cent soda and c. 7.4-ro per cent €alcium oxide ('lime ) the
liquidus temperarure was c.9oo'C, the softening tempera-
ture at whi€h the glass could be moulded was c. r,ooo'C
and the mawering and gathering temperatures were r-
r,ooo-r,roo"C. Il is therefore a perfecdy valid assumption

that the softening and working temperatures for an Egq
tian soda-lime silica glass of the second miÌlennium BC
were betweenl:. r,ooo and r,roo'C. The glass wodd tlere.
fore have a reÌatively sholt working time, but since ure
vessels are made with cores, the length of tìme it iook for
the wound trails of glass to fuse would not have been r
problem. on the other hand a range of{generally opaque}
glasses were used in the de.oration of the corc formed
vessels. Someofthesehad a hieh lead oxide level lsee Tabie
8.rb)and would therelore have had a much longer working
time and a lower softening temperature of.. 75o'C, de.
pending on the level of lead oxide involved. The opaque
white glasses used for decorative irailing would have been
more difficult to work because they coniain no detectable
lead oxide, or low levels. These glasses would have been
applied as opaque rods to the surface of the core.formed
vessels (Cudenrath 1994, and would have been continu.
ously re'heated in orderto soften them. This, in turn, coìrld
have led to distortions of the patterns, but the most difficult
part of the operation would have been to avoid distorting
the glass vessel whjle at the same time keeping tllle rod of
decorative glass sufficiently soft to work. The complete
decorated core-formed vessels very rareiy display any signs
that the artisan who made them had problems decoratìng
them.

Chemiccl analysis ond the ìnteryrctation of Eglptian
gloss technology

It is evìdent from the above discussìon ofanalÈcal t€d).
niques that great stides have been made in the develop
ment ofboth quicker and less destructive techniques. Tlìe
interpretation of th€ results has enabled the analyst to
€ontribute to archaeolog in a range ofnew ways. Some of
the earìiest analytical work, by Farnsworth and Rito\ie
(Ì918) showed thai even quaÌitative analyses could enable
the investigator to classify the glasses chemìcally and to
suggest a possible source for the cobalt-rich mineral used to
colour Eighleenth Dynasty Egyptian glasses. Even tlen il
was possible to indicate that the glass lechnology ofùe
Eighieenth Dynasty was well,formed and involved a range
ofprocedures which were standardised by that time.

Any anallrical investigation of Egyptian glass beforc
aìrout r96o, and during ihe time when Lucas was working,
tended to be time-consuming and destructive, using tecl.
niques such as arc'source emission spectrometry. Consè
quently, the number ofchemical analyses of Eglptian glss
was relatively restricted, and the questions asked ofthe dau
were connectedto the fact that statistical rigourinassembl
ìng compositional groupings tended to be lacking. Hov/.
ever, some seminal work was carried out by Rooksby and
Turner for example (Rooksby 1962; Turner and Rooksby
r9f9, ry6r, ry6Jl in the invesiigation of the comlounds
used to opacify ancient glasses using X-ray diffraction and
identified for the first time some compounds only used in



,ncient glasses. In spite of Neumann's (r9a9: 8lti claim
ùat the opaque colours found in trailed-on decoration was
due to tin oxide this is most unlikely in vi€w ofthe work by
Rooksby, Turner and others- Not a single second millen-
Dium BC spe.imen of Egr?tian opaque glass has provided
fifdrer evidence of the use of tin ordde as an opacifier.
Nevertheless Neumann (Neumann and Kotyga r92t: r92)
did estalJlish the basic chemical characteristics ofEgyptian
glasses.

Tumer (r956.)carriedouta further review and substan,
tjat€d the basic quantitative characteristics of Eg)?tian
glasses and lrom this he was able to suggest strongly the
kinds ofprimary raw matedals that were used for making
Égyptianglass (Tumer r956a). He even fefers to the chemi-
calanalysis ofpotential sand sources for Egyptian glasses in
order to establish some of the potential impudties that
could be introduced into the glass (Turner r956a: z8o-r,
tables I-III). Tuner's investigation ofthe glass technology
atAmama (Tumer r954) was the first real study ofwhat can
be descibed as an Egyptian glass production site. This
involved the relationship ofglass chemical composilion to
working properties and eventhe ceramic materials used lor
crucibles. Publication of Ìater Egyptian glass analyses
fiumer r956c: 169, Table lll) daiing to c. 2oo-roo Bc
from Elephantine and Alexandrian glasses showed that
while the soda lime silica gìass technology had persisted
in use, Roman' glass technology had been introduced io
Eg}?t by this time. The main compositional differences
&om glasses ofthe second millennium BC was the use of
glasses containing markedly lower magnesia and potass,
ium oxjde levels due to the probable use ofa min€ral source
ofalkali, like nairon, instead of a plant ash. The other
ditrerence is the occunencc of a generalÌy much higher
level ofalumina in the later glasses, which is likely to be due
tothe use ofa sand source rich in an alumina-rich mineral
impurity such as feldspar or epidote lMatson r95r: 84;
Henderson r9E5: 224. Although tin oxide is unusual in
opaque glasses of the se.ond to first century BC outside
Europe, an opaque white glass ofthis date ftom Elephan
iinecontained o.t4 per cent tin oxide (and no copper), and
therefore may have been opacified by tin oxide (Turner
rgt6crtable I I I ,  r69) j  only X-ray di f f ract ion analysis ofthe
glass would provide unambiguous evidence for ihe pres-
ence of tin oxide crystals. Bimson and Freestone (1988:
rl-rt published the ch€mical and slructural anaìyses of
glass foundation-deposit plaques of Ptolemy I I I and Queen
Berenjce dated to between 246 and zzr BC. These analyses
also showed that a low magnesìa soda-lime glass was in
use which was characterised by elevated alumina levels in
the 'Roman' tradition.

The use of a faÌ more automated technique, neuiron
activation analysis (NAA), led Sare (r96a) and Sare and
Smith (1964 to show how soda-lime Egwhan glasses
fitted into other ancient glass technologies in a global con,
text. Because the technique allowed Sayre to examine relì-
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tive levels of glass impurities in detail, he was able to
pinpoint Egwtian gtass compositions with unusualcharac-
teristics (Sayre 1964). Sayre and Smith G967) also en-
largedTurner's (r954) study ofraw materials used in Egyp-
tian glasses by examining the impuriiy levels introduced by
different raw materials in detail; he was able to do this
because NAA enabìed him to carry out a larger number of
analyses (although only fifteen glass samples ftom the
second miliennium BC were analysed) and lhus he was
able to establish compositional variability lor individual
chemical groupings and also lo indicate any exc€ptìons

The chemicaì analyses of Egrutian glasses by Fleming
and swan (1986) usins a proton probe (PIXE), provided
new data which supported the pattems estabìished by
Tuner (1954) and by SaFe (r96a), emphasising, for
example, that very small quantities ofcolorant-bearing ma
terials must have been introduced in the ancient glass
melts (Fleming and Swan 1986) in order to bring abour a
controlled colouring effect in the glass (Henderson 1985:
283). PIXE is an ideal sysiem for ihis study because it is
capable ofdete€ting very low levels ofmaterials.

Electron microprobe analysis, a micro-destructive tech'
nique which can produce high qualjty resuits, became a
relatively widely used analltìcal technique in the r97os.
The aÌumina levels detected in the electron prcbe analyses
of Eighteenth-Dynasty opaque glasses published here sug
gest that the recipe used for making glass at Amama was
not always the same, and indeed the low levels of mag-
nesia in the cobalt-blue glasses detected (Table 8.rb) sug-
gests that a different source ofalkali was used in making
them (and see Lilyquist and Bill r99t:4r). Other chemical
analyses ofAmarna glasses have been published ty Krihne
Ge6e).

Many ofBrill s analyses of Egyptian glasses involved the
use ofAAS (atomic absorytion spe.troscopyi see LiÌyquist
and BriÌl r99l). Important compositìonal similarìtes were
noted for glass dating to beiween the late sixteenth and
fourteenth centuries, underlining boih that ihe glass used
was the product of a relatively well-established industry,
gìven a relalively Low level ofcompositionaì variation, and
that while the mineralogy ofceramics can sometimes pro-
vid€ a means of'fingerprinting' them, glass can be far more
difiicult to characterise as to its regionalised production
technology.

Complete chemical analysis ofblue and turquoise glass
ingots from the fourteenth-century BC Ulu Burun ship-
wreck, undedaken by B;ll, has not yet been published (cf
Bass Ì986:282 n. t t ;seealso sect ion on secondary process-
ing p. 2oo). In any case it is nol yet clear as to whether glass
was made ftom rawmaterials in Egypta,1d in Mesopotamia
in the fourteenth century BC, or imported &om Me-
sopotamia. Although glass was intentionally manufactured
in westernAsia fromat leastas early as c. 15oo BC (Moorey
r994:2o4 no incontrovertible evidence has been found for
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lhe fritting of glass fiom primary law materials in either
Eg,?t or Mesopotamia, this being the only certain evidence
for primary glass-making at a specific location. Although
the earliest glass has been found in Mesopotamia, this does
not predud€ the possibility that glass was fused ftom pd-
mary law mate als in Egypt later. Further archa€ological
and scientific investigations need to be carried out in order
to investigate this.

If we compare the impurity pattems of magtesia and
potassìum oxide detected in the Amama glasses listed hete
wìth those ftom glasses of the late fifteenth to fourteenth
c€nturies BC and thirteenth to twelftlì centurìes BC from
the site ofPella in lordan (Henderson in pr€paration) and
offourteenth-century BC date from Tell Brak in SÈa (Hen-
derson 1998), as well as Minoan glasses of r. fourteenth
century BC (H€nderson, unpublìshed analyses), it can be
seen tìat the Amarna glasses form a relatively tight compo-
sitional group when compared with the glasses from Tell
BraÌ (see Fig. 8.rl). It will be noted that there is also a very
inleresting compositional distinction between low rnag,
nesia thirteenih. and twelfth-century Pella glasses and the
€arlis high magnesia late fifteentl- and fourteenùr-century
Pella glasses whicl, apart from one, fall close to the Ama-
ma glasses. Thus, although from an early period Egptian
glass displays signs of being a conservative technology
(Liltquist and Bri[ r99]: table 2; see also Tabl€ 8.rb and
Fig. E.r3 here), and to some extent this is also true of
Amama glass, there is nevertheless some compositional
variation, with some relatively high alumina levels occur,
ring in translucent non'cobalt glasses as early as the reign
ofThutmose III (Llyquist and Brill r99l: fiC.57).

The fusion ofglass raw materials at high temperatues
ofup to c. r,4oo "C, and the introdùction ofminute quanti-
ties ofcolorants to the glass in highly controlled ways, are

both a testament to the extremely high degree of skill wlid
was involved in gÌass manufacture in E$?t. Further da
tailed analttical investigations need to be carried out i!
order to establish whether glass was made independenq
ftom an early p€riod in Egypt; questions still remain es b
whether all early E$?tian glass was imported ftom Mè
sopotamia and where the glass ingots found on ùe lllu
Burun shipwecL were originally made, as distincl fÌon
being poured into moulds. It is worth noting however, ù.t
the moulding ofingots offoreign glass in Egypt, for €{poi
to a thnd country would seem an odd practice unless ùq
were being altered in some way, for example by the additiotr
ota local colorant {see section on secondary processingp.
r99). Civen the potential varìatìon in the impurity lewls of
glasses of the second millennium BC in the circum.Medi.
teranean region (Fig. 8.rl), further anallticaÌ reseuch is
essential.
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Papyrus
B R I D C E I  L E A C H  A N D  J O t s N  I A I f

Introduction
'flr€ writing material made from the papyÌl]s plant Cl,
lttus papyrus L. was the most importanl surlace for re-
cording wditen information used by the ancient [$p
tians, and they lhemselves evidently rcgarded it as th€
o r i n " D  w : r : - g - g r o u n d  r g F n è r a ì  a , , o u n r .  o f p r p y r u <  i n
ù . r o , r " { o ' f h a r " o n r ,  t - g \ D  i n , l u d é w o e i i g  6 8 6  7 4 -
rrgrTàckholm and Drar r95o: 99-r4ti Cemi r952i Lucas
tg62: rt7-4a, l64j weber 1969: r-r3; Ragab r98ob;
Drenlhahn 1982; Cermer r98i: 248 50; Manniche 1989:
99 rooi Parklnson and Quirke 1995). Various other ma
teúals were used for [gyptian scripls written with a pen,
$ch as ostraca (that is, ìroth potsherds and flakes otlime
stone), animal sÌdns and taìrlets of wood (or occasionally
olsrone). The earliest €xtant paplns is a blank roll from
ù€ [aù DFastic tomb of Hem,ìka (tomL, ]ol5) at Saq.
qara, dating to the begìnning ofthe third millennium BC:
'circular wooden box . . . A small flan:ened roll of unin-
scibed papyn$ was the sole contenrs' (Emery r9:8r 4r,
pl ,la). Use ofpapyrus was coniinuous throughout Dyn-
astic and Greco Roman Egpt, into the Byzantine and
early lslamic periods. The latest exiani papyrus 1s .rn Ara
bic documeni dated AD ìo87 (Pattie and Turner 1974: 7).
Terls take ihe form of whole rolls, or sheets or srrips cut
from a roll, and, ìn later periods, codices (thar is, books
made up of folded sheets, or gatherings of folded sheets,
much in the nanner of a modem stitched hardback vol-
ume). Prodlrction ofthe wlìiing materìal had declined by
dìe seventh to eighth centures AD, when we see the in-
cr€ased use ofanimal skins (lor example parchment) and
ofpaper made from maceÉtedplant resjdues.

Taxonomy and distribution ofthe papyrus plant

îhe taxonomy of the plant is complcx and need not be
discussed at Ìength here. The genus name is Clp.rus, of
*hich there are more than 6o0 species, one ofthem ìre
ing C. papyrus. The g€nus Cp.r,s belongs to thc substan-
nal ramily of Cyperaccae, or sedges, which in turn belongs
to the larger classification of monocotyledons. These

constitute one of the two great divisions of flowering
plantsi monocotyl€dons contain one seed leal and dicoty
ledons contain two. Clp€rrs papyrus L. ]s the botanical
name given to the plani. The 'L' stands for Linnaeus, ihe
Laiin lorm of the name of the Swedish botanist Linnó,
who lirst classified the planl usìng the reprcductive sys-
tem in his work sps.i.' Plantorum, prlblishei in r7y (t tn.
naeus r75l: I, 47). V.rrious botanisis sinc€ that time have
described it, comparing samples from various geographi
cal areas and naming or re naming the different suìr spe
cies. There are minor botanical differences behveen these,
bur the exact sub-sp€cies used in antiquity for making the
wdting material cannot be assessed with any ceftainry.
Ecological shifis over many c€nturies affecting the content
of Nile water and the surroundÌng soil must have caused
changes, smau or othelwise, in the plants we are able to
examine today. However, certain sub-spe.ies of the plani
do makcb€tter papyrus sheets than others G€e p. 228 9).

Today thc plant in the wild is widely distdbuted over
large swamplands in Ceniral and East Alrica, where it
grows profusely (Carter r95j: l) and also paÌts of west
Aftica lNielsen r98t: r2). ln addition it grows in Sicily,
and has also been lound in Palestine (Tàckholm and Dràr
r95o: 116). It does not grow in the Eg'"tian Nile Valley
loday, other than modern hoticrltúral or commercial
reintroductions. Ho$ever, iravellers ftom medieval times
until the nineteenth century repolled seeing it stjll grow-
ing, particulàrly in the environs of Damietta and Lake
Manzala in Lower EgFt (Tàckholm and Drar r95o: rll 4).
Because ofits disapp€arance, there has b€en some debate
as to whether papyrus was ever indigenous to Egypt, or
mìght have been ìmported theie as a cultlvar (Tàckholm
and Drar r95o: rl9). At the end ofthe eighteenth century,
James Brl,ce, in his T,auels to Discoter the Saurce afthe Nile
1r79o) argued againsi previous $,riterc that neither the
maìn stream of the Nile nor EgWt could have been rhe
proper home ofpapyrus, remarking that it 'seems to me to
have €arly come doM fiom Ethiopia', that'ìts head is too
heaq', and that ihe 'stalk is small and feeble, and withall
ioo tall, the root too shol1 and slender io stay it against the
violent pressure of the wÌnd and curent, and therefore I
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do constandy believe ìt never could be a plani growing in
the NiÌe iisell or in any very deep or rapid river'. (Bruce
r79or V, r-2r l]l Tàckholm and Drar r95o: rl9 40)

Bùce will have been influenced in his accouni by his
quite incorrccl belief that hierogÌt?hic writing felÌ into
disuse before papyrus began to be employed. However,
representationaÌ evidence ìn ùe numerous depicrions of
wild paplaxs in marshes and hunting sc€nes, and the
najor role ofthe papyrus stem as a symìrol, for exampte in
temple architecture, make it implausible lo rejcct the ac-
cepted view that the plant was both Ìndigenous and, in rhe
Pharaonic period, widespread in the Egyphan Nì1e Valley.

The disappearance of the plant from !g)"t could per
haps be eriplained in several ways: ecologicalJy, agricut
turally and culturally. Firstly, the silting up .rnd obsrruc-
tion of the channels and waterways where the papyrus
grew must have been a major factor. Tàchhotm and Drar
F95o: 14l) dlaw atiention to the facfthat cerrain branches
of the Njle in the D€lta had completeìy dried up ,within

the Christian and Early Islamic periods', thus inhibiting
the flow of ftesh v/aier to the papyrus and other plant
habitats and depriving ihe roots oftheir essential supply of
water. The papyrus root-srock is anchored very shallowly
in the soìl and it would be one ofthe 6rst plants to disap-
pear ifits habitat were altered in such a way. Also, rising
salhation ofihe soil, a process which has increased over a
long peiod ol time, may have been a factor. As earÌy as
r9o2, Alfted LlÌcas (r9o2: 8) conducted, for agricùltural
purposes, a survey of the soil and water in rhe Fa)um
Province, to determine the presence of injurioùs salts.
Conditions in the Fayum will be difi'erent fÌom those in
the Nile Valey, bul ii is remarkable that Lucas found rhat
tle salt levels in some soìls were indeed high: over ten
iimes the level regarded io be hannfùl lo crops (see p.
242). It is doubtful whether the character of the warer of
the Nile itself had any L,earing on the plani's disappear,
ance. The chemical .ontent of water in the swamp habitats
ol Uganda, where papyrus still grows wild, is evidently
suìtable lor papyrus growth. In r9il, G.S. Carter carried
oui an efensive survey of the chemical content ol the
waters of the papyrus swamps of Ueanda G95l: 26). It is
comparable to the chemical content ofNì1€ water analysed
by Lucas in the earÌy twentieth century, when testing Nile
water and soil ftom various locations in Egypt for the
Suney Departmentin Cairo (Lucas rgo8rjo 4. Ifrhe two
sets of data are reviewed, chlorine content, absorbed ory
gen and the presence of nitrogenous matrer are compar
able, even taking into account flùciuations due to rhe àn-
nual fiood (in Eg)?t) or rains (in Uganda).

S€condly, Lhe Egwtìan sources of papyrus mighi wett
have simply become depÌeted, since it was used as a raw
matedal fbr many jtems, such as matting, ropes, boats,
sandals and numerous kinds of everyday oìrjed, quite
apait ftom its decorative uses and irs consumption as a
food (Dixon r972; Darby, chalioungui, and crivetti r977).

Tàcl-hoìm and Drar (r95o: r4r 2) poini our that stod$ of
any wild plant utilised for centuries would eventually be
come exhausied, unless carefully cuÌtìvated.

Thirdly, as Tàckholm and Drar (r95o: r44 also noh,
papyrus habitats w€re located ar rhe banks ofthe Nite and
its subsidiary channels and wareruays; iherefore rley
would naturally [,e in populated areas. Here, demand lor
crops and possibly pasturing would eventually have super.
seded the demand for papyms, and the tand woutd han
been put to other uses.

Aside from these ecologicaì and agricultural reasons,
ihe social and political cÌìmare must hav€ played a ?art in
its demise. Ther€ is evidence that the cre€ks controlled
papyrus produchon llewis 1974: rr4), to the €xrenr ofdÈ
stoying plants not within theil ofrcial jurìsdiciion. Tbis
policf was perhaps continued by rhe Romans and i\e
Arabs. lt is dimcult to tell if a failure in the supply of
papiîs, or a new demand lor paperwas rh€ nore respoÈ
sìble for the fact that the use ofpap€r began increasjngly
to suppìant that of pap)rus in the sevenih and eighù
ceniuries AD. Paper could be produced fton the pulp of
several diFerent plants, and ther€fore iis producrìon q,?s
not limiled to certain locations, as presumably was tlìe
case with papyilrs. Once ihe d€mand for the wdting ma.
terial ceased, ù€ few remaining plantations were perhaps
given over to other uses.

The etent to which papyrus was clltivated for naling
a wrÌting ground or for other purposes in ?hanonic
Eg1pt, as opposed to growing wild, is not known. Certainly
the demand lor wlìiing materials in such a bureaucnrc
state must have been considerable, and it fòllows dur
there must have been some control over ihe way in whidr
it was grown and hawested. Anoth€r question thar arises
is whether the uncultivated variety was suitable for mal.
ing the witing mai€dal It is possible that only cultir"hd
pÌants were used for this purpose, while perhaps rhe wild
plants might have be€n us€d lor other iiems, such as rcpe,
sandals and boats. The superb appearance of many papy.
rus ro11s surviving from the Dynastic period suggesb t\al
great care mnst have been iaken in choosing the cored
plant, at ih€ optimum time in its growih. Papyrus ofexcel.
lent quality is knowa equally ftom th€ Eg)?ijan oìd,
Middle and New Kingdoms. Although it has often beetr
stated that the overall quaÌity of pap'î1s wo$ened duing
lh€ creco Roman and Byzantine periods, such a Cedine
cannot be seen to have begun in Pharaonic lgypt, ifaner
tion is confined to the best surwiving examples. Hoverer,
infeior papyrus is also known from al1periods. This mlsr
raise the question of wheùer papyrus was sometimes
made lrom wild stock or even &om a differeni sedge pìerlÌ
(seep. 229), thus producing a poorer quality prcduct.

Also, although Cyperut papyrus L. is the general narne
lor the plant species, there are many sub species. Itey
display only minor botanical diferences, but these mry
afect the quality of the finished \,riting-gound. Tlris was



demonstraied in 1968 when a new sub species of the
plant was loùnd growing wild in the Wadi Natrun, ìlest of
tle D€1ia. Here, Dr el Hadidi from the University ofcairo
found a small population of Cyperus paryrus L., {rorn
whidì he and his colÌeagues subsequently manulactured
some papFus sheets. Although it was possible to make
Miting material fiom these plants, the process was much
hss successful than lhat employing plànts cultivated &om
Ioot-stock available ìn Caìro (Ragab r98oìr: 85). It can be
only a matter of conjecture \a'helher the ancient Egyptians
w€re aware of the advanhges of using a parricular sub,
sp€ci€s for making the \riting,ground, and cultivated it
spcifically for that purpose.

Papyrus is at present cultivaied at several locations in
[gi?t, io supply the tourist trade in painied papyrus
sheets. The 6rst plantation of this type in Eeypt was
slated by Hassan Ragab in 1962, beginning wiih root-
stock ftom the Zoological cardens in Cairo (Ragab r98ob:
Jr), and later with roots of the plant from the Sudan
(R"Cab r98E: 5ra r5). How simil this piant is to rhe
ancient vadety js difficuli io tell, brlt samples ofthis ma,
terial, made ìn i97t, appear io be of excellent quality:
slong, flexible, opaque, of a creamy-white coloù and
comparable to much ancient papyrus. Unfortunately,
mass-production by some manufacturers in reccnt times
has led io ihe addition of chemicals (causric soda and
bleaches)in the manufactring process (Ragab r988: 5r8),
p.oducing poor-qualiiy sheets that are dark, brìiile and
translucent. Microscopìc (SEM) examination of ancieni
and modem papyrus has shown rhat it is possible to idenr
ily tle plant used in some cases (Sturman 1987). It was
Iound that in one modern she€t Cpelrs alopecuroiàes
Rotib., another sedge plant found plcntifully in Eg)"t, had
b€€n used, producing a false papyrus sheet. Interestingly,
when a comparison is made between the ancìent paplaùs
samples and modem samples made îrom C. paryrus L.,
theancient specim€nproves to have a much more ordered
and compact cell siructure than that of iis modcrn
counte+ad. ln lacl ihe ancient papyrus vas as dissìmilar
from the modern papyrus, as the modeÌn realpapyrus was
from the false, suggesting that, iîthese samples were tlpi-
cal, the planr, or the manufacturìng process had been sig-
nihcantly diFerent in ancient times.

Description of the plant

Papyrus is a perennial fieshwater plant. In Egypi, propaga-
'on may l ,e " f fe,  ted l , \  .oot.sto, l  di \  s inn in .pnng ol

sumner Feckholm and Drarrg50: roo).ln modern limcs,
ìhís has ì,een the usual method ofestablishìng new planta-
iions, but plìnts have also been grown sùccessfully ftom
seed (Ragaìr r98ob: 55 6U). The plant itself is tall, green
andleafl€ss. Much ofPliny's description (Nat. Hist. XIIl.22
Drli see Mayhotr r9o9; Rackham 1968) is accurate. He
says,'It has a sloping root.rs thick as a man's arm, and
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IapFrs g-r,  éfulv up wlth rrangrarsices oi ,  "ngLh ofnor
morF thar 3boLr ,  eer.  end.ng In J îeJJ l i l ,e à .hlrsus

iRachham 1968: r4r; see Mayhoff r9o9: 442). A thlasus
vr'as 'a rod calfied by wonhippers of Bacchm fDionysus]
topped by a fir-cone or a clusterofgrapes or 6gs' (Rackham
r968:r4o, n. b). The 'head' to which he refers is ihe umùel,
or Rower head, and the 'root' ìs the basal sheath at the
bottom ofthe stem which is abort 8 cm thick when lully
grown (see Fie. 9.4. oÌd branches die out continually,
leaving a strangled mass of rhizomes. These mount to
about 60 cm above soil level, and ftom them the new
shoots grow. For anchorage the plant relies mainly on thìs
heal,basalmass amongst which there is a rapid accumuìa
tion of dead plant matedal and sedimeni.The roots aÌe soft
ànd able to p€netate only water and water-saturated soil,
dch in humus {Bailey 196l: ttt,2,472 )). Papyrus, as a
sedge, favours marshesand swamps. Shallow water hospit-
aìrle to the plant occurs chiefìy at the edges ofquiet bodi€s
of ftesh water in sheltered areas, in sluggìsh nvers, or
wher€ the ground is at least waierlogged and ftee vr'ater
accumulates on the surface for some period of ihe year.
Henceideal growing places for papyrus occurred alongthe
banks of the Níle or along one of the numerous rrver
branches and chann€ls in the Delta.

Ifthe si€m ofiheplant, triangularin cross-section, is clrt
horizontalÌy and the white pith inside ei{posed, ìt can be
seen that the pith consists of ground tissue in which fibres
are embedded. The ground-tissue ìs made up of paren-
chyma'ceÌls. In shapeihesearethre€-armedcelLs, andthey
are stacked in a honeycomblike n€twork, ìruilding up verii-
cal intercelular air spaces called 'aerenchyma', running
drroughout the lengtì of the stem. ln cross-section the
par€nchyma cells appear to be circularly aÍanged around
the air passages. The parenchyma cells often contain one or
more calcium oxalat€ crystals, tut are otherwise empty
(Metcalfe 1969: 205-6). oxalic acid is foùnd ìn small
:ìmounts in n€arly a plants, and solid crystals ofinsoluble
calcium oxalate are oftcn found in plant cells (Thaicher
r92r: 126). The parenchyma cell walls are mainly cel1ulose
and hemi cellulose.

Para el to the air passages run many fibres, or fibro,
vascularbundl€s, embedded in the parenchymous matenat.
These passages seÌ.re to carry tood and water to the flower
head and give the stem its rigidity and suppofi. The fibres
are made up of rtem cells which carry water and have
lignìfiedwalls, and phloem cells which carry food and have
cellùlosewalls (Metcafe r969: z05 6; Ragab r98ob: l7-9).
It ìs thesefibro vascularbundles which to the naked ey€ are
su, h a p uninent fe"fure of papr,rus shee . .  rurrrng rer -
caly and hodzontally, and it is the parench)îous matedal
that fills and covers this fibre nctwork. Also visible on a
Iìnished sheet of papyrus are iransversal commissunl
bundles, alsorelenedto as'diaphragmcel1s,whichconnect
the vascular bundles (Metcalle r969: zo5-6; Ragab 198ob:
j9 ao). These canbe s€envery clearly by transmitted light,
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1l

(d)

Figure 9.t The stems and flowerheads of papyrus plonts: (a)
whole plant, (b ) tbe basal sheaths, (c) the stems and (d) the
or umbel.

(a)

(b)



and also wiih the naked eye, scattered throùghout ihe ma-

Manufacture ofpapyrus as a writing-ground

As can be appreciated from the siruchÌre oftheplant, it is a
very suitaìrle species ùom which to process this partìcular
kind ofwritìng suface. The vascular bundles sen'e to give
tle sheet iis strength ìiy forming a sn-ucture, in thrs case a
criss-cross netlvorÌ(, and th€ parench)nous material 6Is
and gives body to úis &amework. The lower poriion of thc
stem is used for papyrus manúacnrre (see also p. ,15).
First, itis lhickerandhas more pith. Secondly, Decause me
fibres run the Length ofthe siem, which tapers at the top, it
foÌlows that the fibres are more densely packed at the top,
making this part of the stem more lìbrous.

The only su iving ancient account oFthc manufacture
ofpapyrus ìs given ìry Pliny (Nat. Hjst. XIIl.2l [74-7]; see
Racldìam 1968: r42-5r Mayhotr $a, q2, 4). Thìs prob-
lematic description has been much discussed (e.g., with
bibliographies, Lewis r974r Búlow lacobsen 1976; rJ Bùl-
ow-Jacobsen rt86). Many moden writers (e.g. Lucas r962:
I l8-4o; Lewis r974i U4 69; Nielsen r98t:  58i  Menci r988)
consider this account to be correct in basic method, ùut
ambiguous in detail. However, from cxamination ofthe
ancient examples, and ùom the experience ofvadous indi
ùduals who have made papyrus sheets in more recent
years, such as Bruce (r79o: v. 5, pp. 9 ro), and, in this
century, Gunn, Ibsch€r, Lucas, Baker (Lucas 1962: rl8-9),
Rlìgab (Ì98ob: r l r  50).  Basi le G972; cf . ,977),Leach\r97j:
6-4), owen and Danzing 1r991: l6-8), and, most rec€nr-
ly, Basile :ìnd Di Nataie (1996) and De Bigrcour! alo
Fli€der G996: 4E8 9l), ihe basic method can reasonably
bededucedto have been as follows (see Fig. 9.2):

- Cut the stems into manageable lengths and pc€l
3w:ìy the únd.

- Thinly slice the pith inio slrips longitudinally, along
one ofits three flat sides.
l^ay a seíes ofthe strips onto a board, side by side,
just touching each other, or slighiLy overlapping, to
make the first Ìayer.

- Lay a second similar Ìayer ofstips over them at dght
angles.

- Press or beat the iwo lay€rs together and allowthem

The basic process seems uncommonly simple. How-
€ver, questions of craft practice adse, unanswered by
Pliny s account, or by the varjous pàpyrus making experi-
ments undeÌtaken in modern times. first, there is still
somediscussion as to whether the sirips were butted up to
each oiher, or ov€rlapped. Examination ofancìent mateial
òy tle authors suggests that both methods could be used,
and that in any one pap)ÌLrs roÌl the technique employed
vas fairly consistent.In some badly made ancient papyrus,
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occasional narrow gaps may be observedin one ofihe iwo
layels ofpapyrus, where for a few centimetres the edges of
twostdps do not quite meet.This may have been due to the
use ofslightly damaged skips, raiher than mere careless-
ness in laying the strips dowr.

In modern trials, both methods hav€ been 1lsed, with
seemingly similar results. In his experiments, Bak€r fa
voured butting up, possibly seeking to avoid ridg€s wheie
the two layers overlapped (Lùcas 1962: rl9). However,
papyius stdps, before pres sing or beating, arc made up ola
considerable amountofair whìch is expelled duúng manu.
facture. The stip is reduced aîter pressing and dryine lo
lcss than a .lùarter ofits original ihickness (R:ìgab r98oa:
rr6). This process allows pleniy olscope for ùnevennesses
to be reduced ìry the time that th€ papyrus has dried.
Therefore the dangù of forming ddges is almost negli
gible. Also, overlapping ùe ships would naiurally reduce
the possibility ofthe gaps that could result ifihe stúps were
not butted up to one another suficiendy closely. Baker,
\ o u q e  .  b u n d  r h a r  " b l l  -  l a v i r g  J o w n  r l e  , r r i p s  c o u l d
ensure that no gaps occurred.

Another recenily proposedtheory as to the manufacture
of a papyrus sheet argues that the outer rind was first
removed, and then a needlelike implement was used to
peel offthc pith in an ùnrolLing action, thus obtaining one
continuous slice. Two such ìayerswould then be combined
to produce a papyrus sheet. Hendriks was ihe 6rstto inves
tigate this possibility in detail, and it has become known
among papyrologisrs as the 'Hendriks method or ihe
'Groningen soluiion, as samples wereusedfrom Botanical
Gardens of Groningen Stare UniveNity (Hendriks r98oj
r984; l]f comments ìryTurner 198o; Lewis 198r; Holwerda
1982; Lewis r9E9r 16 ,4. Some experiments have been
caried out with ftesh papFus stems using ìroth the slicing
and ihe unrolling methods and comparing t\em under
SEM and a st€reo microscope (wallert 1989). The result
was that the 'pecled' papyÌus had an uneven surface texturc
that was identifiable under the microscope.

However, applying ihe knowledge gainedto ancient ma-
terial has been less successful ànd ultimately inconclusive.
l  a r o  a o p " a r .  r h " r  r r  i s  n o r  F a . y  r o  p e e l  r l ^ F  p . r h  I n  , h r s
unrolling fashion. Both wallert (1989: t) and Owen and
Danzing G99l: 17)lound jtdifficuli io accomplish wrthout
holes, tears and unevenness in thelayer. However,  

 

15 nor
impossible that ancient crafismen might have developed
such a skil1. Anoiher oìriectìon that has been raised is that
the stem ofthe papyrus plant tapers, however slightly, and
thùs it would be ìmpossible ìry the Henddks method to
produce à continuous layer ìn which the flbres continued ro
run parallel wiù each odìer througholrt the sheet. Ilstrips
are used, the tapering ofeach individual stdp is minimal,
and compensation can even be made for this by reversing
the direction of altenate strips.

A few instanc€s have been report€d of the apparent
manufacture ol papyrus sheets in three layers. Bùdge
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Figureg.2 Stages of pepyrus nabufacture: (q ) sli.citr7 pith into stàps, (b ) laying down the f.rst layer of stnps, (c) laying down the seand

ríght angles, (d.) two layers reody to be beate\ or pressed together.

claimed that the Greenfield Papyrus in the British Museum
(see Fig. 9.3) was wdtten upon papyrus of this kind: 'The

material is composed ofthree layers of papyms, supplied by
plants which measured in the stalks about 4 inches in
diameter' (Budge rgrz: >c<ii-ro<iii). Unfortunately the papy-
rus is mounted upon a paper backing, and the structure
cannot be assessed from a surface examination. lt would be
necessary to remove the backing from the papyrus in order
to examine it over transmitted light, or to lift up the layers.
Neither interference can be justified in the case of a papy-
rus which is in particularly good condition and needs no
conservation treatment. As mentioned by Cemf 1l'952: 3r,
n. ro), Ebers, in his edition of the medical papyrus that
bears his name, quoted Schenk (Professor of Botany at
Leipzig) as stating that coarser papyms was manufactured
from three layers (1875: 3). Schenk seems to have examined
very few samples, and to have noted three layers in a Book
of the Dead in the Leipzig Library. Òernf states that he
himself had nevel encountered a three-layered papyrus.
Biilow-jacobsen (r978) describes a Greek literary papyms,
which is probably ofthe threeJayered qpe.

No example has yet been reported of papyms originally
manufactured in more than three lavers. [l is necessary to

distinguish other reasons that can make papyrus take on
multiJayered appearance. Users of papyri
strengthened and repaired old papyri by pastingonan
layer of ordinary papynrs. This might vary from a
repair patch to a backing sheet the size ofa normal

user, rather than made by the manufacturer.
cartonnage (see p. 243) is often readily identifiable,
ments extracted from cartonnage and composed oftwo
more layers of papl.ms still adhering together can give
impression of extremely thick papyms.

A feature that is quite noticeable is the great
certain papyri of the Late Period or Greco-Roman
There are certainly only two layers but the strips
must have been sliced very thickly. It is widely accepted
the Greek style ofreed pen (which in the Ptolemaic

characteristic has also been noted in papyri ftom a

(b)(a)

(d)
(c)

sheet. Sheet-joins (see pp. 236-7), can occasionally be

normally wide, especially if they are the amateur work

quickly ousted the traditional Egyptian rush pen -

eventually, for the writing of Demotic) was likely to
ture the thinnest qualities ofpapyn-rs, and that this led
general increase in the thickness ofpapyrus. Howevel,

earlier period. For example, the funerary paplT i



Figure 9.j Víews of each end of the Greenf.eld. Papyrus (BM
EA1)5S4: the Papyrus of Nestoîebtisheru , Thírd Intermediate peiod) .

mutwebkhet and Dimutiudu (BM EAro988 and BM
EA74I]6; Quirke 1993: 57, 35), both from Thebes and dated
to c. 95o BC, are notably thick in this way.

Apart from the method of forming the layers, the most
contentious aspect of Pliny's account of papyms manufac-
ture is his reference to the practice of moistening the sheets
with Nile water pdor to pressing, in order to cause the
Ìayers to adhere together. Pliny inferred that Nile water
contained an adhesive. In ancient practice, it may have
been usual, if the papyrus became dehydrated during the
cutting and laying down of the strips ar right angles, to
remoisten the sheet before pressing. Nile water might nat-
uralÌy be used for this, as workshops were likely to have
been located near the plantations. Experiments in recent
years have shown that the layers must be pressed while still
moist. Pliny perhaps misunderstood what he saw, or what
he was told. Now, the adhesive qualities of Nile water are
discounted, and the reasons for the adhesion or bondins of
the two ìayers are more fully understood.

Paplrus does contain natural gums in its cell-sap (see p.
214). Whether this is the principal cause of adhesion in
pap).rus is nevertheless open lo question, and this issue has
been much discussed. Recent experiments have all found
that pressing the layers together was enough to ensure
adhesion (Leach 1975: 8; Owen and Danzing ry93: 37: De
Bignicourt and Flieder ry96: 4891. Ragab (r98oa, cl
r98ob: r5r-6o) proposed that physical bonding is the main
reason for the lamination of the horizontal and vertical
layers. The theory may be briefly outlined.

The pith of the papyms stem is made up of ground
tissueand fibres. The ground tissue consists ofthree-armed
parenchpna cells with air spaces between them. When the
two layers are pressed together during manufacture, t]re air
is expelled, and the parenchy.rna cells are forced together,
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occupying the previous air spaces. They interlock in what
Ragab describes as a dovetail effect. The ground tissue of
the two layers is now effectively bonded together, with a
much reduced bulk due to the expulsion of the air. Ragab
states that, upon drying, the bulk is reduced even further.
This shrinkage causes the dovetail bond to set and dry in a
permanentÌy locked position. The process could therefore
be seen to have considerable similarity to that oftraditional
paper-making (that is, the manufacture of paper from
pulp). Ragab measured the thickness of the papyrus strips
in samples of papyrus ofhis own manufacture, before and
after pressing, and also after drying. The strips after press-
ing were reduced by 75 per cent oftheir original thickness,
with a further loss of 5 per cent on drying. The fibres
remain embedded in the ground tissue throughout the
manufacturing process and form the network around
which it bonds.

Examination ofthe cell structure carried out by Roland
and Mosiniak (r987) resulted in a similar view ofthe capa-
bility ofthe ground-tissue cells to bond mechanically, and
also physio-chemically. They stated that the microfibrils
which make up the cell walls are arranged in a series of
spirals, which enables a highly effective bond to be made as
the microfibrils interlock together under pressure. They
further found the cell walls to be coated with oolvsacchar-
ides. with chemical groups able Lo lorm hydrogén bonds
with other cell walls.

If this is the case, it follows that the beating and/or
pressing of the papyms layers is a crucial part of the manu-
facturing process. Again, we know very little about ancient
practices. Pliny says they are 'pressed in presses', and then
'dried in the sun' (Lewis r9Z4: 3TJ.Modern-day experi-
ments have involved beating the two layers together with a
mallet, or using a roller for the purpose, or pressing by
weights or other means, followedby drying, with orwithout
pressure. If Pliny's account is to be believed, the ancient, or
at least the classical, practice was to dry without pressure,
having pressed the strips together first. One ofthe authors
has made sheets bybeatingthe layers together and allowing
them to dry in i1re air. The air-drying was successful, in that
the layers proved to have adhered well, and no subsequent
distortion occurred during drying. Recent experiments at
the Brooklyn Museum by Owen and Danzing (1991), how-
ever, found that air-drying alone, or just light pressing, was
not sumcient to ensure a good bond, and heary pressing
was crucial. In fact, it seems, whether the sheets are beaten,
rolled or heavily pressed, if this stage is accomplished
efficiently, the papyms can be air-dried. Once enough
pressure has been applied lo ensure tJre bond ben'reen the
two layers, the papl,ms can be dried in or out ofa press. In
procedure, this may have resembled the way in which a
traditional bookbinder today will 'nip' a book in the press to
ensure a good bond when, for example, pasting down the
end papers. One firm application ofpressure or twist ofthe
press will seal the bond and it is then left to dry out under
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less pressure. In view of the ertreme úinness and fin€
terture of some papyms produced in ancient Eg}?t, it ìs
dificult to imagiùe how this could have been achieved by
direci beating with a mallet. The experience ofone of the
auihors is lhat the frbres distoted a little and gaps and
holes tesulted where the papFus had been beaten too
heavily. Itwàs difficlii io achjevean evenpressure over the
sheet, althoùgh this has been accomplished very success-
fully inthe càseofmuch ancientpapyrus. owen and Danz-
ing eryerienced the same difrculties, and found roling a
better altematiye. However, the problems could perhaps be
explained, in both cases, by a lack of acquired skill. It is also
true that úany exianl papyd are not of good qùality and
show the gaps and holes ofinferior manufacturc' There is
no evidenceftom Pharaonic Egypt for any kind ofpress, in
the sense of a permanent mechanism designed to bring
two flat surfaces together and mainiain pressure between
them (for the means employed to 'press grapes, for
example, see Chapter 21, this volume). Such an aPparatus
lorpapyrus could have employed the very simplesttechnol-
ogy, and it is conceivable thar large workshops (if they
exisied)were equipped with devices that were notavailable
to smaller concems. However, it must remain a possibilitt
ihat even the frnest quality papyrus that suNives was pro
duced by ski1tul beating with mallets.

Adhesion by physical and chemical bonding requircs
no extraneous adhesive. Papyrus contains natural gums in
its cell sap, which $'ere analysed by Hepper and Reynolds
(1967) ai the Royal Botanical Gardens at Kew. They found
it io contain galactose and arabinose 3nd a lrace ofrham-
n o s è  T h . " è  J - e  .  î p p  s u g r r .  u \ r r h  o . , u r  t r  m " r 1  v e g -
etable gums and s€aweeds, and are the main consutuents
of several natural adhesives such as gum arabic ard tra'
gàcanth. They concluded that this musl be the cause of tlìe
joining together ofthe tlvo layers. Ragab (r98oa: rla 15)
disputed that the sap played any imPortant part in the
adhesjon. He conducted vadous tests, incl dìng one in
whjch he removed the sap from pap)fts strips by rolling
them, then smeared them with the original sap, and
placed them in a press to dry. They did not adhere. In fact
the modern Ragab m€thod, whi.h successfully produc€s
papyrus sheets in grear quantity, involves soaking and roll-
ìng the sap oùt of the strips completely, to remove aI
soluble carbohydrates. They are then once more soakect
wiih water, to cause the ail ducts to swell again The two
layers are then formed, .Ìnd pressed together. This must
giveweight to the theo4' lhat physical Lronding is ihe main
cause of adhesion. More experimentation would be necess-
aryto come to a firm conclusion abouthow large a Pafi the
natural gums play in the adhesion ofthe two layers, but as
yet no one making papyms has needed lo use exlraneous
adhesive.

A further quesiion aises, however, because mrcro
scopic examination has found starch adhesive between the
layels of ancient pap)'rus samples (Baràndon ,t al. 1975;

weidemann and Bayer r98l), indicating ihàt ihe lgn.
tians could, at least on occasion, use exlra paste as part of
their manufactuing process. Whether or not this \tar
necessary is anoiher question. Weidemann and Bayer ex'
pressly state that starch adhesi,t was found befÀ'een lhe
hodzontal and veriical layers, as opposed io starch grajns,
à quantity of which might be expecied to be Present lrì
plant material. Banandon et al. G97t: 9) obseNed an ad-
hesìve, which they state wrìs probably paste, on ùe inlernaÌ
surface of one layer onìy. De Bignicoutand Flieder (1996:

49o) undertook microscopic studies of ancient and mod-
em samples of papFùs to try to establish whether the
starch derived ftom within the plant, and therefore ap'
peared as starch grains, or was added as pasi€, \À'hicl
would result in its being presert as amoryhous starch ln
the case ofthe ancient samples, this was not a sùaightfol-
ward queslion, as starch grains ìrreak dowÍ over time,
particularly because of the longìerm effects of iempeta'
ture and humidiiy, and thus are dimcult to distingùrsh
from amo4hous starch. However, they concluded ùai
there was no siarch adhesive present ex.ept on samples
which wer€ either sheet-joins or cafionnage.

It is also lo be noted thai, during modern conseflaúon
processes which involve the treatmenl of papyrus in water,
th€ veriical and hodzontal layers do noi delamínate, lut
remain firmly tused together. The adhesives that have been
identified in the ce sap are water-soluble, and so also i3
siarch paste- Ifthe layers were càused to adhere by no other
means ihan by one or both of these adh€sives, some de
lamination would be expected. Howev€r, ihìs does not IaÈ
pen. ln addition, it is well-knowll that the older, ìanh
techniques for extacting papyrus fiom ca onnage, which
included the use ofàcid (see p. 245), especially tended to
caùse the pasted sheet-joins to come apart, but did rci
aFect ìhe paDrus layers themselves.

Two final issues to be discussed here concernìng lhe
manulacture of sheeis are (t) the optimun time for ùe
haflesting of the p1ant, and (2) the oPtimùm parl of ìlr0
use. We have some infonnatìon from the Greco Roman
pedod, outlined by LeNis G974: rol r4), as to when planta'
tions were leased oui, and about cerlain conditions whicl
were laid dowlì to control the harvesting. The plani could be
harr'ested throughout the year, and study ofthe docunents
led Lewis to deduce thai the yi€ld increased ftom Marc!
onwards, June to Augustbeingthe most productive lirne of
y€ar. This might ìre explaìned by the lact thai the Nile
fìoodwaters were highest ftom S€ptember to March By

lune, water-levels would have subsided sufrciendy to glve
access to the plants withotlt the use ofboats, and harvesting
would therefore have become more efficieni and produc-
tive. L€wis, however, stresses that the evidence indicates
r h " r  , J r u e s l r n g d o c o r  t r n u e  t l r o u g h o u  t h e r e : t  r u p r r n
the inundation season.

Lewis also states that in the classical period th€ practrce
was lo bundle rhe stalks into units of one armful or sir
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sù'ips of unilorm width instead of the normally taper-
ing form ofthe ordinary sicm.

iii The slem shouldhave no truises,bends or scralches,
since a brown colour is cetajn to happen in the
affected area.

ii! above all the skin should be tender and have a \ùJ!
white colour ofits lowest part when the acuminate
sheaths are stdppcd out.

(H. Ragab, pers. comm. r975i cf Lewis Ì9E9: 20)

oìrviously, the higher up the stem the morc fìbrous the
pith will become. Phry mentions that 'the choice quality
comes ftom the centÍe, and thence in order of slicing
(Lewis 1974: l7; rJ. Mayhotr ryo9: q4z l; Rackham 1968:
r4r-l). Thc meaning of this passage has been much de-
bated, bui, to judge from his precise wording, he may
possibly mean the innermost portion or heart ofthe pith,
rather than the middle section ftom the length ofthe stem-
Thus he seems to have ìrelieved thar the strips peeled from
nearest the outer rind would be tougher than the materi.ìl
in the cente. However, Ragab states that, once th€ outer
dnd hàs been peeled away, the pith has a homogeneous
structure, and that dìstancc lrom thc ccntrc ol thc siem
makcs no difièrence; either the sialk is good or ìt is nol
(Rasab r98obru9).

In their expedments using planis from the Natural His
tory Museum in Paris, De Bjgnicoud and Fheder F996)
found thal the coLoùr ofthe frnàl sheet depended upon its
thìckness, and ùpon the sp€ed of drying. when papyÌLrs
pilh is eaposed to àir it dàIket1s. This ìs hecàuse, ir-! ihe
presence of oxygen, enzymes corìtained in the pìant
catalyse a serics ofchcmical changcs in rhc phcnoÌs, also
prescnt ìn the plant, ultìmaiely producing cÌuinon€s.
Quinones have the characteristic ofbeing coloured. when
dìe papyrus is dry, this action and the resulting discolora
tion stop. Consequently jt was found that, the finer the
sheet, the qùicker it dded, and the lighter the colour.

Before leaving the question ofpapyrus manufactur€, it
should be noted that work on this subj€ct has been taldng
place fòr many y€ars in Sìcilyby Dr Corrado Basile, toundcr
ofihe Intcrnational Insìiruie ofPapyrus at Syracusc (Basìlc
1972: cf. Baslle 1977 i Basile and Di N a tale r99 6 ) . Th€ plani
and ìts manufacture into a writing ground has a long
history on the island, anda museum devoted to the sul,ject
is located at Syracuse (Basile and Di Natale 1994). T:ick
holm and Drar concluded that the plant was introducedby
the Arabs dudng theù domination oflhe island in the tenth
century AD Ggto: rl5). However, Basile and Di Natale
repot that many auihors1vliting in thc eìghicenih ccntury
AD believed thai ii was introduced inio Sicily during ihe
third century BC, their conclusions based upon archae-
ological evidence of communication between Egypt and
Sicily at this time F994: 7). Today, the pLant grows along
the River Ciani at Syracuse, giving the Papyrus Institute
{Ìesh matedal lor use in ù ials to €strìblish ceÌ1ain aspects of
manufacture, particularly the heatment ofthe freshly cut

papyrus slrips before they are laid down ìn veriical and
horizontal laycrs. Recent chemical analysis ofancient EglT-
tian papyrus samples, organisedby ihe Papyrus lnstitulei!
Sicily, and presently unpublished, promises to yield mucì
jnteresting data on these questions.

iranufacture of papyrus rolls

once papyÌ-r1s sheets had been made, they wer€ joined
together to form rolls. There is no €vidence to suggest tlìat
papyrus was ever supplied in ihe form of separate sheets.
From the latc old Ìcnedom onwards, the hreroglphic
script employed a roled-up papyrus roll with mud seal as
lhe 'delerminative (i.e. a sign indicating the general senst
ofa word)lorwords connected$'ith wrihng. Later, a hiela
glyph representjng a loop of 6bres or string seÍed much
the same purpose, and was widely used in the hierati€
scripr it is generally thought to represent the fibres prìsed
ftom the outsìde ofa papyrus roll, or a s€parat€ sting, to
secure the roll. Substantial papyri se€m normaly to haw
been k€pt in the form of rolled-up rol1s, and not to hr}t
becn siorcd in any folded form. However, ro11s may some.
times have loosened or have become partialLy unroÌed i!
storage, so that parts ofdamaged rolls may appear to have
been folded (see Tait r99ra:20). Letters or shod documeft
appear regularìy to have been kept as small packets, ?rù
dùced by a combination of rolling and toldingi ft€qu€ndy,
they appear to have been deliìr€rately flattened. T1ìe paltetu
o[,h" o\\g,îa\ fo\Js i ot-n ,o\.sp\uou. i^ ul\i\trg
exaÌnples. Users who requìrcd a small pìece of papiru!
appcar to have cut Ìt from a ro11, either before or after
writing ih€ir iext and pieces of papyrus could also be
salvaged from discarded documents. Apart from Plinyt
statement thai there are never more than twenly sheets to a
roll' (Rackham 1968: r44 5; cf Mayhofrrgog: 444), tlere
is some evidence from Pharaonic EgWt to suggest tlat
twenty sheets could form a standard lengù of rol (Bor.
chardt 1889: rzo; Òern! r9j2: 9; rl Sl€at r982).

Rolls were manufaciured when the sheets were dry by
ovedappjng one sheeiover the nexiby approximalely on€ to
hvo ceniimetres, and usìng an adhesive to join thern io.
gether. Again, we have Pllny's accountofhowthis was done
(Lewis 1974: 40 \ .f. Mayhatr r9o9, 445; Rackham r96E:
r48 9). He states that paste was used, made fromthe flnesl
flour,.rnd allowed to stand fora day (Seider 1976), and also
that carpenter's glue (probably an animaÌ glue) and gun
(probably a vegetable grm, srch as gum arabic) were too
brittle for rhe task. Thìs makes soundsense, as anyonerrho
haswork€d with paper-relaled materials or in the bookb-nó
ing trade could confirm.ln their recent analyses ofancienl
papyri, De Bignicou and Flieder G9 9 6: 49o) have identifi.
ed staich pasle on samples at sheet joins. Pliny then goes on
to saythat when the joins had been pasteddown they $erc
'flatteÍed with a mallet and lightly washed wilh paste, and
th€ resdting wdnkles were again remov€d and smootled
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doeshavea natural sheenonits surface,and someDemotic
papyri in particr ar appe to hav€ a yellow patina. How
ever, there is no seftre evidence lor any such applicanon,
and on close inspectionthis can ofien be seen to be sùrface
dit or a n:ìturaÌ graininess. One ofthe authors has exam-
ined foul papyri under ihe stereoscopic microscope (x lo);
a modern example made by Ragab in 1974, an illustrated
Book ofthe Dead from the early Eighteenth Dynasty (BM
EAro477lr, c. r45o BC), the Lìte Period lamrnraiions o/Isis
and Nephthys IBM EAror88/l, 6. loo BC), and a Demotic
text (BM EAroTÌo/2, r. 55o BC). To ihe naked eye, the
surfaces ofall fourappear€d tohave a different appeannce.
The Ragab example was cream and almosl matt, the Book
oflhe Dead darl€r wì1h a slight sheen and the Late Period
and Demotic examples had a yellowro brown, slightly shiny
sufa.e. The ycllowness of the Demotic example was curi
ous, as il had grains on the suface, pàticularly along the
joins, and it was dificult to lúow ifrhis was due to over-
enihusiastic pasting ofthe joins, or to dirt, or even to the
lighl paste wash mentioned by Pliny (Lewis r974r 44.
Otherwise, however, under the microscope the surfaces
were all comparable, and ihe sheen appeared to be in the
very stmcture ofthe material itself, dedving from the gluti
nous naturc ofthe sap. Even though in his modern practice
Ragab washes out the excess starch and gums from his
papyrus, the plant still reiains much glùtinous material,
ihus imparling the characteristic lustre. The other author
has observed a distinctive yellow pàtina on one surface of
many Roman period papyd ftom Tebiunìsi it would have
been the oiginal ìnside surface ofthe rol1, but was subse
quently rhe outside suface when the roll was reused (see
Tait 1977:xi). This surface often shows considerable signs
ofhandling in use; but it is nevertheless possible that the
basic overall yellow shade is due to the natuiìl ageing ofa
layer ofpaste on the suface.

Media used on papyrus

The Egyptians regularly used black ink for pen rritten
material. Red ink was fteely used alongside black in many
kinds oftext, for €xample to distinguish headings (Cerni
1952: 24). Many papyri, chiefly religious (lor example, the
funerary Book of the Dead), are illustrated, and the colours
used for this may range lrom simply black alone to a wid€
variery ofcolours. The pìgments us€d for rhese purposes
are colered in Chapter 4 ofthis volume, and il is necessary
here to mention only features ofth€ subsiances used that
are relev:rnt to the study ol papyrus.

The bla& ink employed during the Pharaonicpenod has
to date almost invariably been found to be carbon black
(Lucas r962: l l9 40; Green r995:90).  Carboninkis made
by paÌ1ial1y burnìng organic matedals (lor exampÌe oil or
woodi therefore the products obrained are rarely pure car'
bon, bui a1l contain mineÉl impùritìes and hydrocarbons).
The carbon deived lrom it is mi{ed wiih a binder, most

probably a gum such as gum aral,ic (Lucas 1962: 6;Gr€en
and Leach r99l: 4), io make a solid cake or'w:tercoloul.
This ìnk is very stable, as anyone who has worked upoú
paplri ìn the many collections around the world can testit.

li is noi certain when metallìc ìnk, commonly caled
'non-ga1l ink, was tust used, bùt Reed G972: f) reports
tlìat it was in by the seventh century AD.
Iron gall ink ìs made by miúng oak-galls (containing gal.
Lotannic acid) with iron sulphale (a liquid, also knot,n as
green vitriol or copperas) to produce a witing fluld (fenou!
gallotànnate) thai on exposure to air produces a black col.
our ùrough oxìdaiion, and becomes feÌric galohnnaie
(cettens and Stout r966: r22).

Some inieresting analysis has been undertaken quite
rec€ndy lo ascertain the type ol ink us€d on Demotic and
creekterls dating ftom 252-98 BC in the collectionofile
Louwe (DeLange et al. ry9o). The PIXE (Proton Induced
X-ray Emission) method ofanalysis was employed, haviry
the advantage ofbeing a non-des tructive method. Altlough
the method is not s€nsitive io carbon, carbon ink codd ìre
deduced by its lack ofmetallic elements comparcd lo roD.
gall ink. The r€sults ofdìe analysis were suryrising in Llai it
was found that all the Demotic terts were wiiten vitl
carbon ink, and that all the creek texts, apart Èom one,
were written with metallic ink. One Greek teit was dated as
early as z5z BC. Thìs is therefore ihe earliest analysed
example ofL\is type ofinlkon papyrus in lg)?t. it was abo
jnteÌesting that the use of metallic ink was diecdy asso.
ciated wíth the wrìting implement, i.e. a Éed len in ile
Greek texts, whìle the demoiic te'.1s weÌe always writien in
carbon ìnk wiúì a rush pen of traditional Egypijan ine,
somewhat resembling a brush (see Tait 1988). Also the
content of these metaÌlic inks was slìght1y unexpected,
sìnce many different metallic elements were found, su8.
gestìng that the ink had been made with a wide vai€q of
components (Ménei r99o: v. r, p. 64). One significad
finding was that, udike the more modem iron-gal inl
which shows a substantial presence of non xnd sulphur,
these ink sampl€s had a marked lackofsùlphur, alùoughit
was erpected to be found in the same propoÌtion lo iror or
copper. There was also a predomiÍ:nce of copper as oÈ
posed io iÌon. This in turn ledto speculation on the meùod
ofink manufacture, and th€ efects ol ageing, suggesliúg
that perhaps carbonates instead of sulphates were used

T r )  ì - r \ é b e e n  r . o - p o - J r e d r n r o a  g " s o '  l  q . i d
manufacturc. It has :ìlso been proposed that Lr1e sd?hur

which coùld have dìsappeared overtime. Iron-gall inl
with age, a characteristic brownish appearance, unlike
bon ink, which appears much blacker.

The analysis referred to aìrove fonnd that
drawn from close obsewation with th€ naked eye
borne out by scientific analysis. One of the authors
noticed examples of metalliclooking inks on M
papyri ftom the Chester Beaity Collection, dated frorì
third or foùÌth cenruries AD, and also on BM IAIo95I,
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does noi darken when ex?osed to light, but lightens dra'
matically. Reflectance measurements with Perkin-Elmer
5515 Ultraviolet-visible (UV-Vis) spectrophotom€ter taken
ìrefore and after light ageing (twenty-€ight days in Mícro-
scal light-fastness lester) ofa sirip ofpapyrus shoÌved a 4.r
per ceni increase in reflectance (lighiening) at 4t6nm
(creen and Leach r99l: 14).

However, papi'rus can discolour or darken with age.
Reflectance measurements taken before and after heat
ageing (twenty eight days at 70"C) showed a j.6 per cent
decrease in reflectance (darkenins) at 436nm. Veide
mann and Bayer came to the conclusion that the darken
ing of papyrus is dúe to the higher polymerisation of the
lignin content, as lignin is a less stable .omponent than
celldose.

M icro-orgonitms

Beine an organic material, papyrus is susceptìb1e to micro'
biological degndation. Cellulose, lignin, and the sugars in
the cell sap ofpapyrus can be used by micro'organisms for
groútl. ln the early r97os, Kowalikand Sadurska (r971) of
the lnstìtute oflndustdal Organic Chemistry in Poland did
ex'tensive work on the study of microflora that grow on
pdpyrLs. using Jn..pr I  sdnp es lom ,:  10 rs n ,-cLî,
Càìro. A very wide iìnge ofmoulds and fungì were found
on the materiaÌ. They concluded that certain fungì are
specific for papyrus and also asp€cts of Egyptìan climatic
condiiions. Many faclors have an inlìuence on fungal
growth: moisture, temperature, acidily or alkalinity of the
material or its enlironment, and Lhe presence ofnutlients,
i.e. nitiogen compounds, ftom the material itselfor from
its environment usually, in the case of papyrus, ftom the
soil. The rese:ìrch carried out by Kowalik and Sadurska
found that cetain micro-organisms could grow within a
wide pH (acid/alkalinity) range: pH 4-ro.oo for those
growìng in th€ prcsence ol ammonium nitrat€ and phos-
phate. The lemperatures required for growth were, how-
ever, relativelyhigh, 24 6'C being suiiable for many. Fun-
gaì growth is extremeLy desiructive io papyrus, as il
decomposes il. H owever, these tests on ly jn dicate the possi-
bìlities of mpid growth in ceÌlain Fepared conditions. Al
though many micro-organisms were isolated ftom the pa
pyri, spores will always be present on everything in the
natural world. lt is the actual growlh of a fun$s that
presents a problem, and good environmcntal conditions
will not encourage growih. Also a valid commcnt on these
results was made by Nielsen (1985: 9o), that the samples
used for the tests had been in museum storage lorapproxì'
mately thirty years, therefore it was noi clearwhelher con'
tamination wàs dùe to the nature ofthe exc;rvauoa src or

Banik and Stachelberger G987) state that the high salt
contenl of Egyptian soil (see p. 242) has a preservative elTect
on papyrus, as lhe salÌs inhibit mìcrobiological growth.

They state that, where sodium chloride is Fesent in r
,  on, èîrddon ofover 6 per,  ènr very fèw î  ,  ro-org"nr jm!
can survive. However, alihough the alkaline soil of ÉgTpt
may well have a preservative efect againsi micro-biological
dc,er;oratror. nould grout,ll has teen found on papyri in
various collections (Kowalik and sadurska r97l;
weidemann and Bayer 198l; owen and Danzing r99r.

Attock by ìnsects

Papyrus is very vulnerable io insect attack. Mosi co ections
have examples of the results oftlìe ravages of jnsects.lhe

regular patlerns ofdamage are indicative ofactivity taking
place while dre papyrus was still rolled. Cockle (r98ji r57)
states that ancient users of pappus were aware ol tlis
danger and applied c.dnún, a resinous erdact fiom the
iuniper, to prevent bookwonns ftom attackíng the roll.
Many papld in lhe Bdtish Museùm and Petrie Musem
colections show evidence of insect àftack (see Fig. 9.6); one
of th€ arthors, on 1lnrolling a papyrus in Ì992, found a
dead ins€ct still inside. Fortunately the problem is not a
coniinuing one. Activity dies with the insect, perhaps eveú
before discovery. If papyri are sior€d in Cood corditions
ihere is no reason why they should be re-infested.

Detetiorotion duing sncient use

Another factor which will have a beaing on the condition
of papyrus rolls is the use to which they were lut in
ancient times. If the rollwas consùlted as a refercncev,ork,
for exàmple the Kahun Medical Papyrus in the Pehìe Mr.
seum (Kahùn, Vl.r; UC. l2ot7; Cnfith 1898: t; pls. f6),
it will already have been srbjected to considemble wear
and tear. Sometim€s repàns made in anci€nt times, often
wiih a sirip oflresh papyrìrs, can be obseffed Gee p. ,lr).
A good examplc ofthis is ihe Rhind Mathematical PapFus
in ihe British Museum (BM EAroo5T and BM EArooS6;
RoL,ins and Shute 1987). Palimpsests are also found, botl

Figur.9.6 A pantus bcdtikg a litttgy ih hietutic IBM ÉA1o819,
Eighte.kth Dyúasry), which has beetu subject d to inect auacb rfi,ih
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Eg!pl jan pap)f i .  \4ost  co l l f . l ro ls  o l iLhr{ î r i r lc . l  p : ìpt r i  (e .g.
l l r t rsh \ f rscurr :  Donnì thomc r986:  ,1 :  Louvlc:  \ , l i r I j
r99o:  l l r /  v ,  2 l t  ÌJrooklynr  Olvcn a ld Dx.z i i ì t  r99l ;  Lcìp
zìgr  weid i . rnann aÌ ìd l layer  rgEl)  h! \c  exù.p l i .s  o i  the
d.grrdr t ìor  o{  .oppcr  brse. l  p i i l rncr ÌL The .o lorL i  d: ì f lcrs
Lo bro$n or  b l rck rnd c lLse,  s tanxrg i |  ar i .L   oUnd r lc
p igùìer t  Ier  s i r r i lar  lo  a l )ur .  ,  rs  i t  is  f rer lu-- . t ly . r l lcd,
sol rc t iùr rs  i r )  lhe to int  oJ a cor l f le l i .  d is i r ì tegfa i ìon l r1 '

Ì r igmcnt  !ùd pJ lyrLrs r r  lhc ! rea.  l 'hc proccss wrLl  hr ! .
bei lurb. fofe the tapyrLrs sas ur ì ìo l l .d .  ; ì |d  coÌrseqùent l ,v
thf  s taLr  nì !y  a lso ha\r  i i t lccLcd sùùolrndjng are ls  of ihe
ro l .  This  l ) ,pc of  degrrdal ion rs  . l is t i rx t l !c ,  and t rpìcal  of
tLe p ignrcnL vL.r . ì i .gr is ,  o Ì  coppcf  ac. ta lc  (Bani l  r9t9) .
l los 'e lc l  ina lys is  of  p i i ] t re f ls  or ì  prpt r j  l t  tL i .  Br i t ish
Niu$arn Ìr,s rol !ct fcsuÌted ìn thi. rdcrÌtificrtjor oJ vcrdi
g l 's  !s  the green p igmeùt  rLsed,  ind morc spcci f ì r  rnalys is
o l  thcse par t lcu lar  grc. Ì rs  \oùld n.cd to Le crr r ied our  ro
asccnaiÌì \rhethe. thc d.gúdatidr is LD lact .ìue to thc
pri.scn.c of copf er ncctntc.

B] | ]c  nÌ ixed Ni th yc l low Las . l '  6 | j Ì i . l !  Lrc. !  ider i j f ied rs
a gri.lrn pigrrcrl o. p:rfrrus ar so frr thc blue pigmcrr
l ,as l f !ar  i rb l i  Lrcer  lorùrd ro bc [$pt i l r  r luc (Crcc l  r99t i
!nd se.  i r lso Clúf teÌs  4 aud 8,  tL ìs  vohrrrc ,  for  d iscÙssi r r r
of  Lq. l t i l i l l  b lu. ) .  This  gr .ef  ro]ouf  is  .oppe.  b iscd,  rx . l  i t
l ( r r  t rn b l i rc l i f | ,  P0t i ( Ì r l r Í l ,v  i ì fourL. l  thc cdgcs o i  t lk :
p! ìnte. l   e ] ,  bLLl  not  iv j th  thc chl ract ( r is t j .  bufn d is
cuss:.l rbovc A lÌ)-p.,tbcsis th.t Drr) lto pù1 of ihc lviÌv
o  J  L . , , , .  . l  , , ,  p  | | , .

J r s f i r l . t r i - { r l p ì r ì d e ( A s . S , )  l s a l s o p r c s c n l o n t t ì ! r p r p } r Ì r s a s
r  )c l lo \  p igrnenl ,  11Ìc L. rccss sulphrr r  g ivc l ]  o f fb)  i t  lns idc
th.  p: rp) fus ro l l  rn lv  rc : . l  { i th  t l ìe  coppcr  p igùrer ì i ,  a .d
r : r rse t lc  b lach--n i rg e lcc l .  T l ì is  r .x ,v  cxpl i in  r l ìc  Ì rndoùl
Iess of  thc Lr l . rc l i . : r ì ì .9 ,  as i t  or .Lr fs  j r  r  for i (crb l )  h lpLaz
r  hs l r  o Ì r ,  or ì  sorne grcens and L lues but  not  o1l Ìers.
I rd.cd,  fh f  inco rpatrb i l j ry  of  orp i ] l rc l t  wi th o[ ìcr  ro lorù s
coxtrir rnrg .op pcr or lead hrs bccn kno\n l,I pùnters sm.e
t l Ìc  Ív f r ì tc .n lh.cr ì t Ìù  y  AD (see H; ìdc)  r97or  87) .  rcs ls  are

, , I  i r  r .  1 " .  , l  .  D  r ' , V 1 .  " ,  | ' r l
r l lcnrpt  kr  rùrders land t le  beìrav iour  o l  oryrr rLe,  r ,  aru
Dorf  s 'or l i  is ,ù ' .cssary bcfo;e conclusìons caù be rerchcd.
Ho\ !c ! ( r ,  i r ) i t ì r l  e4er lnrcr ì ts  hxve shoivn rhar  copper col
orù: i  b l rc lcn ùr  pro l imi ly  to  orp i Ì ÌFnt  A s l r ip  o l  pap)rus,

Pr jnt .d wi l l Ì  coppcr  .o ours 3r ìd oTirne. t .  rvas covcr , -d
o!{rr, )Lrl hilj ol tlr,- stri| lvrs lcft Lrircoreredj thrs arca .li.l
r ( ) t .L isp l i r l  thc bhckeniùg cnccL,  sùggcst jng lhrr  Lhc sul
pl[rf Lad .c:rclcd wìt]r thc .:oppcr rc1.,ùr o ly lvhe| Lrn:ìble
to L l .xsc j lsc l I  iu to thc !hrospherc.

In sene,r l .  r l ì  pLgùe, ì ts  ! ,e  l ì .b lc  ro cra. ld , ìg and nak.
t l ] l l  i ìù . lqener r lonsct  o l  br i t t lon:ss duc 11)  Lhe loss ofbìndcr
o lcr  thc ycxrs.  Addi l iora l ly ,  t l ìe  p ienre. ls  lhcùs€h,es s 'ere
of icn coar  y  grornd and t l ick l ,v  rppl jcd,  whjch is  es-
pe. ìa l l )  not ìceable in  thc casc of t l ( :  b lxc p igrncr ì t ,  and so
th.  oss of thc b in. le f . i in  nr3kc t l ìese pìgmenrs c lerr  rnore

Deteriototion caused by envionfient offnd site

Thc corditjons m wlìiclì the prplri luvc bcdr prescncd
bcfore discolcrf will also alIcct thejr stirlc of !er,-rn rnon.
NIosi  l ì rcLs ofpapvr i  can,  vcry lùrseLt ,  bc i l i \ , ided i r to  hvo
tvfcs ol .ontexl: lìrstl) lhose fòund jr lolnbs atld buri]ls,
ard sccondl) those foufd by cr.avat n s,jthjf thc .,crupr
tion laycrs 01 tdvri sites. or uì rubìrish dumps. Thc exact
provenrncc\  or  prpyÙ now rn rnrscuni  or  ì ì [ . lc  co lLt .
liors often rcrnair urceriaif

ì)apyrj forn.l xÌ tornbs hrve o|l thc whole fered bclti.f
llÌan tLose foufd b) cx.rvatxnr. ln gerìcf:ìI, it ca. tre sard
thr l  lhe only |ap)- r i  that  s iùr ìvc rc larr l r l ) '  n ì txd are ( r )
fìLnc'|lrr,v pap,vrì prcscrlcd ùì thc tomb a.d (,1 lrcnNes or
pc.rsonal ìibnrìes d€positcd nr erfeplìonal c.,ùditnns
. .  , |  r ,  . r l r  t r " . " r : -  r o r  . r , .  r
ablv  s t ib lc  rc lah.e humidiq aDd rùnpc.ature,  t |ev arc,  ro
an .xicùt, pr.,t.cted both fronì hùnrlr int--rfercncc and
tÌoùr the enviÍrnúÌcnl. 1ìonr ihc f,iillìtcerìth 4frsty on-

"  l r g i l r ! !  r , r l , , r n r . f ! c t où r . d r . 1 . ' i u r . L fh i . f r i r . i i r . i r è r : t r r l i . r  r l r . l
r .  n r ! . . p1 l i r l .  Lo  r r ) r . , , , r , ú  r f  c \ . 0ss  ùú i s r t r .  i s  f n  s . f l r  l h . t  r , e  . ' l ! )
y , L r i r i v . r úLLB Ì r1  r r d . i f o : ' L , r  i !  t L r  l i r ! r  r f . I e rg t . r f . r r : .  L re  ùed r l
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wards, rolled-up funenry papyi were often plac€d along
side the body, in the wrappings or upon lhe shroud. In
burjals ofthe Late New Kingdom and Third Inicrmediàte
Period, fun€rary papyri might be pul ln a separate con-
tainer (a hol1ow osiris 6gure of wood) or placed by the
b o d ) .  l r . h e  R '  t ì a n  P e r r o o  s h o r  f u r " r a r y  p r p ! r i  $ e r P
ofien placed wilhìn ihe comn. The most common tpes ol
deterioration ìnthese cases are insect attack and stainìng of
the pap,.ri. stains are caused by resins used in the mum'
mification and burial ceremonies, and perhaps excrelions
ftom the body. Some stains are blackened and almost
iarlike, and unlortunately can obliterate Paft of the terl
Examples ofthis typeofstaln canìreseen on numerous late
Books ofthe Dead (e.g. BM EAroo48/r ,)

Papyri excavated &om archaeological sit€s are found in a
widevadeiy ofconditìons. In settlemeni sites, when condi-
tionshaveL,een sufiìciently dry, they lend to surive only in
a ftagmentary staie, often havingbeen used as scrap papcr.
Some have been discovered in houses and temple com-
plexes (mostnotablythe massive finds ofihe Creco-Roman
period from the Falum and Middle Egypt) whjle orhers
have been founC in refusc deposits The Mìddle Kingdom
Ramesseum PaDrì (Quibell I898: li Gardiner 1955: Bams
1956) were found in a box under mud-brick magazines at
the rear ofthe New Kìngdom mortuary templ€ olRameses
Il (the Ramesseum) apparently deliberately deposited ìn a
modesi Middle Kingdom tomb-shaft, and nol in one ofits
burial chambers. The HelGnakhte letrers were found in a
tomb'passage in the Eleventh'ryîasty cemetery at Deir
eì-Bahad, probably discarded there as rubbish (lames r962:

4, althoueh Goedìcke G984: :t 7) sees then rs. dossjer
discarded, unread, after having being stolen.

The condìdon olthe materjal varies greatly The Rames
seuú Papyri are ineùremelypoor conditiondùeto decom
position ofthe constituents ofthe papFi, probably caused
by a damp atmosphere. Several fragments among the col-
leclion are best descrìbed as dust. In the case of all ex-
cavated maledals, fungal and insect dàmage can occur' as
well as contamination by dirt and debris. If the papyri have
been torn ùp in ancient times before disposal, and then
buriedbeneaih successiv€ layers ofiubbish, those sheets or
rolls compressed at the ìrottom ofthe mound becomeeven
more damaged.

However, one of the problems commonly associated
with papyri found under the soil is contamination with
salts. The presence ofsalts on papyi was firsi rePort€d ìn
the early twentì€th century when crystals on the Rainìér
PapyrLrs were analysed by Barth lRathgen r9o5: I5t, who
found a high percentage ofpotassìum and sodium chlor-
ides in the crystals. The presence ofthis kind of salt con
iamination manilests itselfas crystals on the surface of the
papyirls, wheÉ it can be seen with ihe naked eye or ob-
served through the microscopeas small encrustations, em-
ùedded in the maierial. When salt panicles effioresce, due
to lhe absorytion ofmoisture from the air, il is very detri-

menlal to papyrus, sinc€ the particles form widrin dre
physicaì str-ucture ofthe maierial, lhus deshoying ihe sù'

when Bridgeman G97l: r6) examined various samples
of ancieni (unprovenanced) ftagmeniary papyri by radi
oeraphy, he suggested that the sali whjch he oìrsened ir
one sample was 'within the very frbres of the plant ma-
tedal , and cons€quently had been there prior to manufac'
ture,laken up through th€ roots ofthe planiiisell ftisirue
that lhe Egplian soil is high in saìtcontentìn ceÌtain areas,
and that plants contain sma1l amounts of chloine in the
cell sap, dueto the absorptìon of soìuble chloides from dìe
soil. Sodium is also presenl in small propotions in neadv
all plants. However, judging ftom the analyses ùndertaken'
the content was not large enough to accoùnt for the sall
emorescence (Niels€n 1985i to4-4o) Nielsen rndertook r
grcat deal of work on the problem of salts in papyrus and
thef possitle source. She examined papyri from Faturì
town-sites (including many deriving &om rubbkh-tipq,
which are now in the coll€ctions otthe National Libraryin
Austria and th€ Carsten Niebuhr Instittlt€ in Copenhagen,
concluding that the salts in the papyi probably resùlted
from contamìnation bythe sojl in whìch ihey were buied
These papyrÌ were found to be sometimes high in soluble
salts, rp to 13 per cent, pa icularìy sodium cNoride (Nief
sen r985:r25). That the soil oflhe Fa)'um itselfis especiaÌly
high in salt content was demonsirated as early as r9o1,
when Lucas undedook an investigation into the soiÌ and
water of the Falum Province, for agiicultural pwposes'
because the soilincertain areas had deteforaied suficienl
ly to cause concern. He found the soil io contain sodrum
chloride and sodìum sulphate atvarious leveìs at concenha'
tions ofup to 5.1 per cent, over o.5 per cent being consider"
ed injurious for crops. After his analyses, Lucas (r90r)
came to the concìusion that inigation water in the lqum
was not the source ofsalt in the soi1, but th:ìt th€ ultimale
souice was the desert sand, and the liúestone and clays
th3t underlie il.

Nielsen examined whether the manùfactuing process
ofpapyrus coùld have contdìrured to the presence ofsaltsin
it, most pafticularly jf the strips were re-wetted pnor to
beating or prcssing. Ifthis was the case, and the source 0f
the water was the Nile or one ofits canals, then salis inùe
water could be the sotlrce. It is difficult to assess from Lhls
distan.e ìn iime whether the Nile water contained soluble
salts in any signiflcant propodion. Nielsen states that, ir
published waler analyses, no chloride content over o.2 per

cent is found- This is borne out by the studies caried out by
Lùcas (r9o2: Io, r9o8: 26, l2). Thus we have no reason io
thìnk that the paD'rus aìrsorbs saÌts ìn this way Nìelsen
also considered whether the source ofthe s3lt was the pìant
itsell and analyses showed this not to be lhe case in the
sample that she examined. The stem oftheplant contaiùed
only o.l per cent sodium and o.2 per cent chlorine ofùy
weighr (Nielsen r985: r18).



Excavation has also unearthed many finds ofcartonnage
containing papyri. Cartonnage is the term used for a tfpe of
mummy casing, made of gesso incorporating layers of
papyms or linen or both. The layers are glued and moulded
together, the outermost layer of gesso being painted. The
papyri used for this purpose were old documents, with a
wide variety of texts on them; consequently their value to
the papl'rologist was significant. The practice was largely
confined to the Greco-Roman period, and so lies beyond the
scope of this book. However, there are hieratic texts (diffi-
cdt to date on palaeographical grounds) used in the mak-
ing of some cadonnage, and the practice may have begun
somewhat earlier. Apart from being subject to the normal
forms of deterioration of organic material, the adhesive
between the individual fragments of papyri, and between
papiti and gesso make cartonnage especially attractive to
insects (Wright r98o: zr).

The last type ofdamage concerns carbonised papyri. The
largest set ofsuch material was discovered outside Egypt at
Herculaneum (see p. 239), but carbonised papyri have also
been found at the Delta-site ofTanis, where Flinders Petrie
found about r5o carbonised papyri in 1884. They had been
placed in baskets, and most of them were about three-
quarters burnt to \À/hite ash. Additionally, they were
crushed by other material, and had cracked, as well as
providing a nest for mice (Petrie 1985: 4z). In 1993, further
carbonised rolls were excavated at Tanis by the Mission
Frangais des Fouil les de Tanis (e.g. Brissaud 1993: z,1994:
z-3; Ménei r995).

Conservation

The chieftasks facing the conservator of papyrus in mod-
em times concern three issues: repairing the damage done
to pap).ri by unsatisfactory or delelerious methods of con-
servation and storage adopted in the past; addressing the
problems that still arise in modern papyrus collections;and
treating papyri that are newly excavated or otherwise dis-
covered (modern surveys with bibliography include Cockle
r983 and Fackelmann r985).

Ea y treotment

Collectors of Egyptian antiquities, including papyri, made
their acquisitions in various ways in the eighteenth and
nineteenth centuries, sometimes acquiring items during
their travels and at other times obtaining them by means of
direct excavations of tombs or town-sites. The details ofthe
original transactions are mostly unrecorded, therefore the
provenances and subsequent histories of these objects are
notknown. Papyd were frequently cut up and sold to one or
more collectors, or coffins were separated from their con-
tents, as is evident from the distribution of related sets of
objects throughout the collections ofthe world. This type of
handling could only encourage mechanical damage, frag-
mentation and loss. There was also a common practice of

P A P Y R U S  2 4 3

making 'false' rolls by pasting together disparate paplrus
documents into a roll-shape (see Fig. 9.7) and selling them
in that form, evidendy in the expectation that an apparent
roll would command a higher price than fragments. An
early conservation register of work at the British Museum
includes an entry for 1838 which states that, having re-
moved the outer cloth from a roll, '[ find it to be a complete
imposition being nothing than a parcel of fragments laid
together to give the appearance of a perfect roll' (Quirke
r99S: 17ol.

The primary interest ofa papyrus roll for early collectors
and scholars was lhe text it contained, therefore most papy-
ri were unrolled as soon as possible after acquisition. The
basic method was to dampen the roll, either by wrapping it
in damp blotting-paper, linen, or cotton wool, or by ap-
plying steam, or by contriving some kind of humidifying
chamber. When the outer convolutions were flexible
enough, these were laid flat betlveen dry blotting-paper
under a glass or weight, and the next section was dampened
in turn, and so on until the end of the roll was reached.
Plenderleith and 

'Werner 
$97t: 44-71mention subsequent

pressing between thymol-impregnated blotting-paper for
several days (cf PeÍie r9o4: 93-5i Rathgen r9o5: 154-6;
Lucas r9J2: rJo-7).

Some substantial collections of papl'ri awaiting detailed
study have traditionally been kept in paper folders. This
method ofstorage should never be considered as more than
a temporary measure, since the papl.ri are inadequately
supported and protected. Also, the malerial can be made
accessible only to scholars with some experience in hand-
ling papyrus fragments.

Some early treatments of papyri cause problems for us
today. This need imply no criticism of the methods used,

Fígure 9.7' Made-up' or false' papyrus rolls, sone wrapped in linen
(BM, unregístered; dales of constituent mo.teiol range from the New
Kíngdorn to the Coptíc period).
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since many items were saved with the matedals and
methods available at the time. Today we have better infor-
mation and techniques at our disposal.

In the nineteenth century, the commonest treatment of
papyri was to back them onto paper, card, or linen as they
were unrolled, or soon after; they were then cut into coi-
venient sizes for mounting between glass and board.
\I/here there was text on the back, a gap w"ould be left in the
backing paper and the mounting_boàrd, so that it could
remain exposed, leavìng this area unsupported and un_
pro tec ted  -  a l though somet imes tex t  on  the  back  o f  a
papyrus  was over looked (e .g .  Andre \Às  r99r ) .  Unfor tunate-
ly  the  maler ia ls  used lo r  th is  mount ing  were  a lmost  invar i_
ably deleterious. From the first halfoflhe last century, the
use ofwoodpulp instead ofrags to produce large quantities
of paper resulted in the productión of mucÈ material of
poor quality. The addition ofvarious fillers and chemicals.
par t i cu la r ly  a ìum lpapermaker 's  a lum:  a lumin ium su l_
phate) and rosin, which were used together as a size, tended
to increase the acidity of the paper. Not all papyri were
backed in such a way. Some were repaired wìth strips of
gold-beater's skin (thin animal memúrane), or with court
plaster tabs (pieces ofsilk with an animal glue adhesive, the
pdmary use of which was as first_aid sticking_plasters).
Poo-r qualit l  transparent papers ofvarious rypes i,ere popu_
lar tor repaìring papyrus. and many examples can bi seen
in collections roday, in which the paper haì become brittle
and weak. Already at the beginning of the twentieth cen-
tury, Spiegelberg (r9r7: y, n. 4) lamented rhe state of the
Demotic My,thus papyrus in the collection of the Rii_
ksmuseum van Oudheden. Leiden. which had been com_
pletely overlaid with ,papier végétal' in the first half ofthe
nineteenth cenfury; this is now badly discoloured lsee
Raven r98z: 7z; and cl Griff ith and Thompson r9o4: 3, on
P. London-Leiden). As backing paper deteri-oratei, it
weakens and becomes sensitive to fluituations in relative
humidity and temperature, and cockìing occurs (see Fig.
9.8); over time, the movement of the bacling paper cause"s
stress in the papyrus. This can lead to crackine and frac-
tures, and can cause the papyrus to ìift in someàreas, with
the consequent danger ofthe loss ofsmall fragments. Many
of the fragments backed or repaired by earìy techniques
were misplaced, or else whole sections ofthe papyrus were
misaligned. Subsequent attempts to arrive at a better at_
rangement ofthe fragments have oíten been made difficult
or impossible by the odginal attempts at conservation.

We have little direct or detailed information on the
methods and materials used in early papyrus conservation,
although one early account, dating to ig3é_42, has surviveà
among the records ofthe Brit ish Museum (euirke 1995).
Also at the British Museum, a Late period f;"r^ry íí;;-
rus, the Book of the Dead of Irtyru (BM fa99rz; q"iit e
1993: 42]. is said to have been treated with an .ethereal
solution ofhydrogen peroxide,, to try to improve the legibil-
ity of the papyrus, after ,thymol paper, hid been app"lied:

Figure 9.8 The papyrus of Nesmín (BM EAtotgg/4, Late peiod).
This papyrus has writihg on both sides; ít hos been iniaid into a píea of
poor quality brown papet with stríps of gelatin at ,orh ,id. l1v
papyrus is cracked and jlactured as the brown paper has cockled.

this information comes from a note by Aìan Shorter. who
worked in the British Museum Laboratory (Shorter r9lr.
This particular example is in a very so.ry corrdition, aníle

Papyrus 
is cupping and flaking offthe backing paper. Asit

had also been varnished. very possibly prior to the heat
ment mentioned, it is difficuit to assess how much of the
damage was done by the hydrogen peroxide.

Another treatment was to cause the papyrus to adhere to
one side ofthe glass mount itselfby rrbbirrg w"r- *oon
the.gìass and laying_the papyms upon il. According to
Karngen (r905: r55), the practice in Berlin was to coat both
inner sides ofthe glasses with a thin layer of,Vaseline,. The
Ramesseum Papyri furnish examples ofsome ofthe worst
types of treatment practised at one time. It has to be said
tha t th is ma terial is particularly fragile, a nd has text on boù
Iront and back. The task of separating and mounting the
iragments would have understandably presented probierns
for the famous Hugo Ibscher, to whom much oi the ma-
terial was entrusted (he worked on various papiTi at the
Berlin Museum from r89r, and also on variouì óther Euro
pean, collections). Both Gardiner (1955: 2_l) and Bams
(r956: xi) warmly praised the work hé Írad been able to do.
Two of the fragments were mounted on celluloid filrn
(whether or not by Ibscher himself is not known), whiù
sub_sequently ignited spontaneously, and they became bad.
ly disfigured..They now belong to the Brii ish Museun"
although the dama ge was done before their arrival there. In
vjew_ofthrs_disaster, and the general fragility ofthe group,
the British Museum accepted the papyri only on con-dition
that Gardiner publish them first: hence tle summary na.
ture of Gardine^r's volume (r955). lbscher also used geiatin
nrm ro mount tragments, sometimes witi cellulose nitrab
adhesive. One of these documents (BM EAto754/C) has
been analysed recently at the Briti;h Vfr.."*,'"oú tlel
adhesive identified as cellulose nitrate (Thickett 1992).ltii
certain that it was treated by lbscher in ,9o5, ", 

-hÉ.t 
hd



his name and the date on the gelatin film. This type of
adhesive with the trade name 'Zapon' was widely used at
one time in the restoration of many museum objects (Rath-
gen r9o5:  r68-7o8) .  In  a  so ìu t ion  o famy l  ace ta te .  i t  was
used to 'strengthen' archival material. Lucas (rg:)2; ry21
refers to the strengthening of papyms with a ,dilute sol-
ution of celluloid', in this case very probably meaning
cellulose nitrate adhesive, although he mentions that thii
was rarely needed. The terms celluloid and cellulose nitrate
are often used as if they were synonymous, but we here
refer to the frlrrl as celluloíd, and to t]re adhesiye a s cellulose
nitrute. FiIm made from cellulose nitrate was marketed
under the name 'Celluloid' in the USA (Koob r98z: 3r). In
its early formulation the film was particularlv unstable
chemically: hence the problem ofthe possibil iryof sponta-
neous combustion. The reactions are complex: in the first
stages of degradation, nitrogen dioxide gas is given off,
which itselfspeeds up the degradation. If the gas is able to
build up, as in the case of early celluloid film stored in
conlainers intended to be airtight, the reactions are acceler-
ated further, sometimes resulting in combustion (Edge e,
al. r99o). Cellulose nitrate adhesive, beinq in a less concen-
trated form. is unlikely to react in this way, aìlhough il does
become insoluble over time, thus causing other problems.

Of the Ramesseum Papyd treated by lbscher (and later
by his son, as the work went on into the rgzos and r93os),
onìy two were mounted on celluloid film. Most were at-
tached to gelatin with cellulose nitrate adhesive, or were
probably stuck by bmshing the gelatin with a little warm
water to make it tacky before laying down the paplrus, as
no adhesiye is visible. One example ofthe use of cellulose
acetate film has been identified (creen r99l), but the rest
were attached to waxed glass, or mounted between glass
with no support or adhesive.

Salt contamination was observed as a problem from
early on, and Rathgen (r9o5: r55) says that salt crystals were
picked offwith tweezers. Lucas (r9J2: rl2) states that the
only way to deal with salts was to soak the pap',rus repeated-
ly in pure water until the wash water tested free ofsalt.

For cartonnage, all the early methods used to separate
gesso from papyri involvedthe use ofacids, which dissolved
the gesso layer more or less completely. Lucas (1912: rl4)
records that 20 per cent acetic acid solution was employed;
at the Sorbonne the use of hydrochloric acid is reported
fWright r98o: z7).

Carbonised papyri presented a particular problem in the
past, as they still do. Although one might expect the ma-
terial to be beyond repair, as indeed some of it is, carbon-
ised papJri have frequently been unrolled, and text re-
veaÌed. The black ink, in suitable lighting, is still legible
against the background ofthe papyn_rs, which can take on a
grey and 'metallic' colour when it has been subìectedto verv
high temperatures. Many ofthe Herculaneum papyri were
apparendy unrolled by means of an elaborate machine,
devised by Antonio Piaggio, not long after their discoveryin

P A P Y R U S

r752. Ifwe understand correctly, the process involved slow-
ly unrolling the layers onto a sheet ofthin animal gut, dilute
adhesive being used to relax the roll, and to attach the layers
to the sheet (Gilberg 1988). This technique was not univer-
sally successful, as might be expected in the case of such
fragile material, and sometimes large pieces of the roll
broke away. Pehie (r9o4: 94) gives advice on the handling
offinds ofcarbonised papyri, probably recording his experi-
ence at Tanis. He states that 'the objects should be removed
from the site by undercutting the earth below and around
it'. Later, the individual rolls can be separated using a fine
knife and wrapped in soft paper, and 'wrapped thus careíul-
ly, a few to a box, they can be transported safely'. Two ofthe
hieroglyphic papyri from Tanis came to the British Mu-
seum (Griffith and Petrie 1889), where there are also two
small rolls and a box ofuntreated fragments. The section of
ùe Brirish Library which was formeriy the Brit ish Museum
Department of Manuscripts still has untreated material
from Tanis, but the present location ofapproximately fifty
frames of unrolled fragments is unknown. There is some
documentation ofthe treatment received by this material:

The papyrus fragments have been mounted in frames
fo_rmed by two sheets ofglass, held apart by a thin piece
of cardboard round the idses to allòw foi wrinkles in
the papyri; both sides of which can thus be seen. The
fragm€nts are kept in place under the glass with shell-
lac. The task of mounting the papyri was a simple,
although a delicate one. lhe .oîk-úad been crusired
flat, and so consisted of a series of flakes, each the
same breadth as the crushed roll. The flakes were re-
moved with a paper-knife from each side of the roll
alternately, the order thus obtained being fairly correct.
In some cases it was found more conyenient to divide
the roll in the middle, and, beginning from the centte,
to take -fl-akes alternately from each half. (Griffith and
Petrie 1889: z)

Pa py r u s co llecti o ns: o n go i n g d ete ú o rcti o n

When papyri have been in museums or private collections
for many years tìeir condition wil l havi been affected by
the environment in which they have been slored or dis-
played. All forms of deterioration, whether inherent in the
material itself, or due to the nature of the conditions in
which they survived before modern discovery, or mechan-
ical handling, or previous treatment, will be accelerated by
unstable environmental conditions. One form of deteriora-
tion, namely over-exposure to high lightìevels, will actually
catalyse breakdown of the papyri and some writing or
pa in t ing  med ia .

We have already seen that exposure to light, particularly
ultraviolet light, causes pap''ri to lighten or ,bleach' (Green
and Leach r993: rr). This is due to photo-oxidation; light as
a form of energy will cause chemical breakdown óf the
cellulose molecule (Thomson 1986: 193-5). papyri that
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have been subjected to this type of degradation become
irreversibÌy weak; at worst the dbres "nitfr. i"t". ifrrì iU,
cellulose materiaÌ readily turns to dust at tn" , l ignì;ri
movement.

_ Light can also affect the media used on papyrus. The
inks on Egyptian papyri, being carbon black'a,.,é ,ed iro,.,
oxlde, remain stable, but iron-gall ink, being an acidic
product, lerric gallolannate, is less stabÌe. Most pigments

!Y"9  
" "  Fgypt ian  papvr i  a re  minera ì  p igm"nrs  Jnd ar "

l g r r r - r a s t .  r t t h o u g h  \ e r m i l i o r r  a n d  v e r d i g r i s  d r e  k n o r \ n  t o
darken (Thomson 1986: rz). The most ùght_sensitlve pig_
ment  i s  o rp jmcnt .  a rser r i ,  t r i "u lph ide .  ,+ .  S ,  1 r . "  pp .  J1 i .
24rJ .  I  n l<  na< tong bceÌ l  knowrr .  a r rd  res t .  , -u r rc r t r l y  Le i r ig
undertaken at the Brirish Museum confirm tfr"i ". i, i i""ì
l a d e s  c ; , r r e m e h  q u i c  k l v .  a n d  u  i l l  e r c n t u l l l y  l o . e  a l l  c o l o u .
\Ànen eÀposcc l  to  l igh t .  Thc  re la t io r rsh ip  L rerweer r  lhe
amount of l ight needed to effect the change, and the time
lactors involved has yet to be established. O.pin,ent àe_

i,t*.. 
oh?lî.h:-ically to arsenic triorid", A,,ó,, *h;.hi,

almost whrte in appearance (Creen r995). th"r" "r"
examples ot papyri in the Brit ish Museum which have lost
a ì l  l ì r c  ve l low bordcrs  conr rnor r l v  t l rau  r  abore  or  be lo rn  the
l e x l s  o l  t l r e  B o o l s  o l  t h F  D e a d .  f h e  l a c t  r l r a t  t l r i s  i s  d i r e c r l y
caused by exposrtre to Ìight can be see,r wher., one compares
one frame that has been on display with another that has
1.,, lt9T 

thc same papyrus roÌl: thc yellow pigÌnent has
invar iably faded. Realgar, an orange_red sulphide"ofarsenic
v€ry slnrltar to orpitncr.tt, is also subject to photo degrada_
t ìon  (see p .  219) .

"  
Re la t r re  I . t r rm id in  p lays  a  l r lge  par r  r r r  lho  s f f i61p5sppqs

o l  s d r t s  t ì l  l r r o . c  p d D ) " i  $ l t i , . l t  a r c  L o | ' l r m i r ì d , c L l .  I r  r n a | l i -
t c s t <  t t c c l l  r s  s r  n a ì ì  J e p o . i t s  i r n  l , e J d e J  i r r  t h e  p r p l  r  u . ,  o r  r s
crystals on the strr.fàcc, or, when the papynts is contained in
a  rnount ,  as  a 'b loorn ,on  the  g ìass  mount ,  rough ly  match_
1Ìrg thc shape of the rnounted fr.agment (see Fig. 9.9).Arralysis of this bloom on the glass has indicatej' t l íat- ít(  o l r i Ì s t s  n s \ n l l t i a l l !  o f  s 9 1 1 1 , , n ,  l r , o r i d e  1 \ r e l s _ r r  r i . / 8 5 :  t o 4 _

11:  
V ,  Danrc ls  pers .  (o r , l l . r . .  t ( rq ( ) l  d rL l  o t l , " ,  s , r - r t r ; , ' r )

exanìlnatrons known to us have led to the same conclusion.
This 'bloorr.i '  

fornts because of saÌt r.nigration, as thc
papynrs takcs up rnoisture lrom the air. It.thà papyrus takes
in rÌìorc moisture than it can absorb, it i l l f  p".. tf.,.o.,gì.,
the rnaterial, irÌ i ts aqueous state, dissolving and .";;yì;;
sa\sNì\h ìt, u\ìmate\y to ìhe surface of th" f,rpy.r,r, *h",:"
i t  wilÌ cornc into cor.ìtact with the glass o, ir. i ir.,g p"p.r.
Sometilrres it passcs through the backing paper to tÀeglass.
T l i i s  i s  q , h a t  w e  s e e  a s  a , h a l o ' o r . b l ó o r n , o n  t h c ' g l a s s
mount.

Thus constant changes in reÌative hurniclity (RH) wilJ
encourage salt efflorescel.ìce. Light and temperature wilì
also play a part in this as thcy alter the RH (Nielsen r9g5:
to4 17). Nielsen did tests to establìsh how lar the blóorn
was caused by these three environrnentaÌ factors, and
found that although a high RH predictably resuÌted in a
bloom on the glass, ì ight exposure also had an effect by

l , ' e ' t ,  t . 9  
^ l a p l , t , " h t r r \ a g t  

o f l t n  I l y t ,  I B U  F C t o t  - ú  ) 4  U i d d l l
^ t n e t l a F t ) .  l ' h a t o o ! n p l t  I , t t  . t t o , , , .  i t  , n , i &  a  n o r , t t .  w l i . h  t , a ,  d , ) t l .
r t  L J  a  b . h n t t  o t t  t . t t t  t n ,  r o J  t t t l E t a . . .  p h o , o g t a f h  

ú ) , t t o t u  t t t ( , t ^ t d l
o l  Íut  út .ntd  td t  o t t t ,  tv t t l l  t fu I ) loatn
t i t  out t im oJ thc papy,  r , ,  

'  " ' " " " '  ah the gla5s corr tspandínglo

causing changes iÍì tell.rperature ofup to +rr "C and in tum
changcs in RH ofup to 42 per cent. Bloom resulted on all
samples. exposed to lighl even ai a \ow RH setting. fhus
papyri displayed lor r.nany years at high l ight ìevels-wiìl be
subjected torr'ariatiorìs of temperature and iH that c"n only
errcourage this type of sah migration. Nielsen,s tests in-
\o lvcd  mounr i t lg  pap\ rus  f ràpmet t l s  L :e rween g la ,s  and
p , a . r n g  l n c m  Ì n . I  e n \ i r o r ì m e r l  w i t l ì  r h e  R H  a t a  c o n s t a l ì L
low, constant high, or at a fìuctuation, aÌÌ at zo .C. She then
set the RH at la, 50 and 8o per cent respcctively, and
trairlcd direct l ight on the mounts frorn Ìampì switcúed on
and offat six-hourly intervals.

Papyri with salt efl lorescence do not always display this'bloom'on 
the lnount, but salt deposits o. .ryrt"Ír r,.

visible under the nicroscope and sornetimes to the naked

( a )

(b)



eye. Aside frorn the amour'ìt ol salt in thc papli whclr lhev

arr ivc inar  uscum,thercasonlor thei rd iJ lererr tbchnviour
m:y bc due to lhc ra ie ofdry ins durnrg a fa l l  i r r  Rl  l  ln  the

case ofobjccrs which drt out dowly over a long perìod of

time (i.e. thc RH falls slowly arìd srcadìl,v) srhs tend to

migratc to lhe edges or  dePosì t  thcnrselves on materra l  ln

.ontact  1n ihe .as! '  o f  mar l , !  pap,vr i .  ghss l loq 'ever , i f lhc

RH fa l ls  rapid l )  3nd an obje. t  d f ics quicu) .  sa l ts  xre r Ì ìo te

l i lc \ ' to  c ,ysr . ì l l isc ceDtra l l ) ,  o f  o.  t ì , r  sur làce of the object

lD Thjcket t  pcrs.  conùr.  r995) .  u 'hs lcver  thc rcasoJrs,

somc prp,vri can hale a vcr,v marked bloo.r o 

 

thc glrss

s4ìilc the pÌpyrus  selfsccnrs to slu! no salt ellorcscence

and uk. .  r f r i . r  ì f  the l3 l lc t  .xse thc darger  ìs  nol  n lways

Lrnmedixtc l ) -  v is ib le {s  Lhc cDsta ls  can he rer !  snra I  bul

sr l t .  s ta ls  repeat€dl )  refor  r . ; ìg  wj lh  .harrgcs i f  RH, 31ìd

over  a nurrbef  ofvca|s,  lv i l l  c tcr tur l ì r 'd{magc th"  t issLrc

rnd shal ter  the suf tac i -  ì r re lers ib ly .

M od en co n seru ati o n p ro ced u rcs

Thc aplrror.h lolvards a r.lr a co !ogical co lle.tnrrs 1od:r-v, has,

of .ot rÉe.  c l ìanged snÌcc the t ìnr .  whcn most  oblcc ls  in  our

coLlect iors \ \cre acqui fcd.  lLe lc fdent \  ìs  now Ìo$ 'ards

Dùmrrrr r  in ier l t ' rcr rcc.  in  order  to nr l i l t r i  lhe in l "gr ìLv

of thc . ,b jcct  rnd of : ìny e l idcncc L l  can y i t ld  \auch Lepat t

Bor ì (  cof t inu.s lo  bc needed,  lhc d i f lerc .c  now bcnÌg úai

t le  mrter i r ìs  uscd rnust  conlornr  to  .onseNrhorr  s t . r

dafds i  th is  rnc i rns that  thc)  must  bc . ì r i ' rn i .J l ly  s t rb le .ùd

h3vc goo. l  agcins proPcrt ies,  arrd t f . i r  fhu i Ì  appl icahon

sl,oukl lr rcvcrsiblc.
Grext  cnrphnsis ìs  no\ \  pLr .ud o l l  Passi le  corser l r l ror ì

b) , - r  ra lorLr ins to xchie le sr t is fac lory . ì r l i ronnrct ta l  c . ,n-

dì t tu ìs  lor  sbragc. ìnd d jsph! .  Thc re.ornrncrrdederìv i ron '

n r e n l J ò r p i ( k ) r i { l 3 r l  i s  5 o  6 o  p i ' r . e n t R l l  a n d x t e r r ì P c r a

tL, fcofrg"C(12'C) ( ì r !d lc) ,  r99l :79)  ^hhough45 t tPer
ccf l  RH is  sal Ìs iJctory for  p:pyrus,  danagc ran Lc caused

Lr\ flrrhratjng (orlditjorìs, particulrfl,! wherÌ thos.' 1ìu.tu

aLiors x fe rapid l . ig lù lc \ i ' ls  aLso arc o lcr rú: ia l  nnport rnce

Prp,vru- .  is  subiec l  to  phoio degrad: i r ion whcn crposed lo

higì r  l igh l  levels .  and sonre pìgmcnts ] Ìsed on i l lust ra lcd

pxt) r i : ì rc  l ìg l r t  sLì rsL1ive.  pxr  t i . r rLanl  oryùncni  Lt rsr ! .om

ù\cr Ìdcd rhat  such pìqmerns shorr l . l  r ( ) l  bc crposed l . i  l ight

h \ c l s  r b o v . 5 0  l u r .  a l d  t l ì i r l  t h e  U V . o n l e n t  o f  t h c  l i g h t

s l ro[ ld  bc ìcss ihr ] ì  75 | r icro$at ls  pcf  lùr r rc f  (Brrdk)

r 9 9 l : 7 9 )
' lh f  pr i f . rpal  rersc,ns for  thc dc| ! ì iorat ion o l  t r fyr l

h ! !e lJccn oLrr lùr ' rc l  in  t l r i '  prer ' ìoLrs scct ìon, I  L  of toursc aì l
( ) l le . l lors I re. l iJ l . rcnf  rù.1w l  have d i lT. rùrr  problerrs .

rrLgc. u'cll prcscLvcd Bools ol-ihe Drkl nc.d a diffcrcnt

rpproach l ìoni  that  rppÌopr ja le to b. ìd ly  Prescrrcd and

]r:ìgmentrry c.lcnlrte.l nr3lcfial. Larl) trcatrn"ùls 3nd srrl)

s i .qr ì .n t  r i ì r lscLrm exvi fof  nref ts  { fch i lc .hLrx l l )_  . l ]d  . l i

m.r i ( r ì l )  \ i l l  !a Ì !  enor tnoL's t ) .
l rungus lnd i  sc. t  r t t i ( l (  cat ì  bc a sernus Problerr  lor

orsenalors xnd. ' r r : ì to ìs  aì i l tc .  rorhùrxt t l t .  Lh is  is  not

oncìr a lnajor probLem for coìlednrrs ìn tempetatc c I

m3tes. Howcvcr, ìnfest.rtion c.n occùf wÍen new obiects

arc: rcqui red whlch are a lLc:dy ùr fes lcd,  or  Ì r i inrLd.an

dcveLop i fh jgh RH ln icro-c l ìmates br j ld  LrP ìn prr l ìcu lar

areas.  Most  l i rngal  growrh wi l l  on\  occur  abolc an RH of

65 per  ccnt  and a tcnìpcrature l r1 20 ' ( l  (Din i . ' ls  and R{c

r99r :4) ,  a l lhoùgh thc spores fot rnd on pxp,vrr  apperr  to

f rc fc f  h i i lher  te  pcrahrres ard hìgher  Rl l  lKosal ik  a1ìd

Sadurska r97l :  r9) ,  ihereforc c  r  ! ì ronncn taì  con t ro l  is  vcrv

irnportnnt in ordcr ro dis.ouragc bolL jnscci a.li\iq' and

lvl:rn) fiùìgicides that hnve be"rì rrscd in thc pasl are

lodat  considcred unacccplable for  l lc r l th  an. l  Safcq rea

sons.  In  thc past .  a f icr  t rnro l l ì r rg 3 p iPyrus,  l t  wns p laced

bet" .er  th ,vmol  ùnplcgfated b lo l l ing papcr  lor  several

days pf ior  io  Ì ìorùì r ing ( ì r lendeLlcr th . Ìnd wcnrer  r . l7r r  46)
Howelcf. th-- efccliveness o1 Lhlnd ls questiiùablc

(Ko\ \3 l ik  an. l  Sad' r rska 1971:  r9) ,  lnd thcYc is  e l jde .c  ro

show that it calr yeLlow b.'Llì pap-'r 3 d PersP€rx in thc

prcscnce of l ight  (Danie ls  and Boyd 1976).  As Ixr  xs p i 's t ì

c idcs are conccrne. l ,  thc Br i f is l r  Muscurr ,  \ t ì r ic l ì  s t iL l  ac

qui res ùrù.h organic l ] Ìa lc | ia l .  now t rses m- 'dìy ì  t r rorn i .L"

gas,  onc of  the pcnni l lcd pest i . idcs,  or  ù i l rogcr  anoxra

Freezi Ìg js  a lso a dhod ùsed Iot  ccr ta i r r  ar ìc facts j I  thc

Brì t ìsh Mus.rùn and other  l rscums.  a l thoLrgh i t  is  not

rdvrsrble fo, unsLablc irares 3nd ghLes (Drniels rnd R:ìc

r99r :  5) .  
' Iests prove l l ìa t  papyrus aùd mounts crn be

f ioz i ' f  i f .e f ia1n measures ar i ' taken (L! 'ach r99i r  r5ó)  but

rs  yet  lh is  r  aLhcr  drast ic  acLion hxs ùevcf  been neccssary for

Lrsc on pxpynrs More fcccnt l ,v ,  argon i lns was uscd in the

l . ibrar t  a t  Nlo lnr t  Athos (Koesl ler  an. l  Mrt the$s 199.+) ;  lhe

grs ìs  ùscd ro dcatc a loq,  o\ ,ngen,  or .noxic  c f ! l ronmdìt

s 'h ich k j l ls  rhe nrscct  pests b)  su l locat ior l .  Thc use of ì  cr t

gascs is not ne\!: nrlrogen lìas bccf rLscd 1or man,v le.ìrs
r rost  notably ùr  thc agr icr ihLrr3 l  ìndush) E\ lerrùr ! Ì ìLs Lrs

i r Ìg  hehùn g ls : ì te  (LÌ r r . r ì t ly  p laDned r l  the lv let roPo l lan

Nluseurr, Ncw Yor li.
Th.  rnost  c f iè . t iv€ $a- \ ' to  euard a i la inst  l )o th lorr rs  of

bio d,-teÌìor:ition is b:rsic good hoLrseLreePùIg and stafi

a{r iencss.  Regular  insfer  t io Ì r  o f  lhc coLLect ions i r Ìd  (  le !ù '

l i rkss.  i fdone , , rethodi . r l ìy ,  w, l l  cnsùc nrLDxÌu.r  r ìsL of

ùf .s lJ l ion oÌ  ùror ld gro\ t th .  Evcf  ìù . l i f i ìcu l l  f  l rn ìatcs ?1]d

nr  Lhc cas,-  o{  co l le . t ior ìs  which have 1ìo enl i ror ìùrcnta l

cor t ro l ,  n [ rch can be acf ] t ' recL by ( fca l inq a i fH. ,w.  This

rcdu.es Rl l  : rnd prevents Lhe foÙn. ì t io t  of rnìcr . , -c [mates

when l l  cornes to dc i l inq lv i t l ì  pap)r i  which hJ le e ' i

dence lr1 moùld erowllr, tlkr ùroLrld dqosiL should bc

brushcd away (a ù3sì(  rnd bbcr  g lo lcs shoLr ld bc wot t t

for  I  lc ; ì l th  ard S!Jr ' ly  reasor ' ìs) .  I l  the mxtcr i3 l  is  ver  )  f ragi lc

it ùÌa) be txlen 3wiìl wjtlr fìnc lw.czcrs or:ì scalìrelì tlÌc us€

ol  nrasni f icJt ion ( i  ù l rgt r i ly lng larnp,  r ì ign i f !ùrg goggles,

or  nr ioos. .Jpc)  ls  rhvals hc lpfu l  . rnd the rcnscr la lor .ar ì

i . rsr re lh ' rL i ì l ì  the. l tposi ts  hale bccr Ì  rc . roved Thlsoper

aiur  s l ìoLr ld be dor Ìc  j r r  r  sefar  atc  arca s ' j t l l  dr ìs l  . iha. l ro

. i ,  , o , t ,  , .  , - ,  J  r " , t | r |  . t ,
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the Brirìsh Museum couecdons, but unsorred excavation
material may have deposjts. Evidence has been noted of
prenous mouldgrowth (or a better rerm woutd bemjcrobi
ological deterioration) on papyti from orher coltections,
where partial dampness at some time jn the past has
caused a nouìdy stain. However, jf dried out rh;roughly
after repair and srored in rhe corrcct environmental condi-
tìons, the papyrus should not deteriorate íùrther.

Papyri that have been sùbjected to insect attack are
characterised by holes ortunnels where rhe insecthas b€en,
and thcy may somerimes have very large areas of toss.
O-ccasionally this pÌoves usefut for rc-orìentating fragments
ofa roll, when theinsecthas created aregularpattcrn tn the
convolutions of the rolt while earing its way through the
papyrus (Hofrmann 1994). rn some iìstances the insect
appears tohave confinedits movemenrs to a singte layer of
papyrus (e.9. Tait r99ra: 20).

In the British Museum collection ihcre are sti 
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Gee p. 2al). They usualìy presenr a larg€r, ìniact, pie;e
around the outsjde ro cover ihc scraps tnside; àther
examples are known whjch ar. made up of fragments
masking a stitrcore ofsome oiher marerial. Three ofthese
have been 'unroll€d', or sepamted by the British Museum
DepartmentofConseryation jn r€cent yeaÌs. TL€ merhod ìs
very simple and invoìves the introducdon of coniroÌled
l-L 1 rd h. lo l loqèd L) J-\  Ing àr d pressrng of hc Ìr  . rràl
|  îe crr Ì  ,s ro i . rociL, F enoLgh mo,j ture ro .otuLit i_ lhe
adlesive.betwe€n the papyrus tayers, wìthout harming the
inks and pigments, so thai the layers can be physiialty
scparatecl. A certain amoùnt ofmoisrure is also needed to'rela{'the prpyrus, that is to màke it flexibte enough ro
? d l j g F _ r n d  r o  î . r  F n  r  o L r  i n r o  i t s  o r i g i n r .  s h r p F  S ; p d F
r ì o n  o t  ' h .  t d ) p r s ; .  J , , o r n p l i " n e d  w l t h  f s r , , , è r .  o r  w i t h
whatever tool suiis rhe conservator, and rh€ lndividual
p nes_,-r '  C'"JJ, h b, eas.J r$d).  , t  rs npLFr.ary lo.e
humjdify from time io time as the outer ìayers are removed_
The ftagments are lhen laid between two pieces ofbtoning
paper with an interteaving layer of .Bondina, or simila;
ndl.n: t .  to a( Js J. .Lppod !nd o.rop t_he prp,,ru.  t rom
r d n F f l n q r o r h e i .  L î d p r J  p . r c o . p t r r .  g t J . .  J r  d  w e . r h l .
I . r .  L r L o t r r n g  D a o e r ,  d n  b e  ( h a n g e d  a  r e g | . t 3 r  i n r p r " t .  u  r  i t'hF papyru, i \  d \ .  \1u, h drr.  dirotoJr"Lroî àrd otJ Johe_
ive can be removed in this way, as ir is drawn out of the
papyrus into ihe blotting paper in its aqueous form.
Straightforwaid rotls are approached in very mu.h the
same way, which is noi untike rhe earty method olwlap-
ping in.damp blotiing paper or linen, and teaving perhaps
ovemrght, except rhat the intÌoduction ofmoisrure is much
more controlled.

To achieve conrolled humidjfication of papyrus, rwo
aids have been lound parricularìy useful: the-use of an
ulirasonic hùmidifler and rhe applicarion of a màteriaÌ
known by its tlade name of.Core-Tex,. The ulirasonic

humidifier produces water vapoú by sptjtrng me warer
into very fine dropiets. The equipment c;nsjsts ofa sm3lt
water tank with the sonic appararus belovr, and a funnet
ruming from it, carryìng the water vapour. This prcduc€s
moisture in a much gentler way than even theinest of
.prd!s.  ì r"p\  rus r  Jn be hJn drf ied,.oqt,  andgenrty" i lher
l , )  drr ,  Lhng rhe !ao"ur f low d A rtr  or io |  è "Lie, I  or by
creating a humidÌty chamber and channelling the ni;t
insidc. The othe. m€thod mentioned uses a layeiofpoìpr
rafiuorethylene membnne (core-Tex), which is laminared
onto a polyester felt backing. This membrane allows orty
gases and vapour to pass through ìt, so that, when itislaid
over a damp Ìayer (damp btotting paper or capillary mat-
ùngl,watervapou can pass rhrough ro the papyrus, whìch
rs lard_on top. AC.ìin, a humidity chamL,er can easiìy be
made bf placing the layers jn a h.ay and coverrng wlm a
pie€c ofgLass, or by clipping a pot)1h€ne sheet overir. ]lìs
1s partìcuÌarly useful lor small fragmerrts, as úey can De
prcked out one at a time to be cleaned and repaired. It is also
valuable lor small rotls or layers oftamìnated papyrus, as
l l ^ n  a r  b e s c p r r "  F d  i , d g e s d n d  e p l * p d  n . e r r . v a "
l l o r e  n u m r d r h , l r r  o n  i .  1 e . - $ a n .  F o -  l , . g " r  p J p ) . ,  1 , ,
wil not fit in a tray, the same tayers are usecl but a piece of
glass can be lajd on top. The amount ofmoisrure passing
through can ùe controlhd try more or tess extensjve wetting
ofthe damp layer. Distilled waier is always used rn papyrus
conscfr'ation, to avoid the varjous impudtjes preseniintap

_ Papyi thar are not too fragjle _ by which is mean ìrar
the materìal is substanrial enough ro vithsrand a miniml
amouni of handling without djsinteglaiion can De re-
paired. Small fiagments can be picked up with rweezers,
but larger pìeces are always moved by holdlng firmìy be
tween two sheets ofplate gtass, with an inierteaving layer
Deh^, èn lht  pàp!rìr ,  ànd the glss ds a rJppon.  

 

drsrol .
oL-ed di ' la.  r ,"cru,ed n srr ,gnéd. ,o,  k l ;d . ,"a.eo o.
brìttle,.the papyri can be treared fairly srraightfordardly.
Humìdification to relax the papyri is preced;d by iestjng
ihe_inks for fugìtivity. The inks are usuatÌy stabÌer only à
J r g h l ' L g r h v , ^  r s s o m e r  î e . f o L n d . t ,  r  ú r . h  p r o p e , , " . e r n
humidilìcatior and physical handting this js ;ot a probtem.
Before humidification, surtace dirr cin be renovid wltn a
soft bmsh. once relaaed, ifthe papyrus is creased, cockted
or mtsaligned it€an be genily manipulared into shape. Ttìis
rs otten done over a light rabte, where rhe fibres of tbe
v€rtical and horizontal strjps can be seen. At this point,any
djrt or deposits may tre removed. This should not include
stains.or resinous deposits, e.g. fiom a ìrurial, whìch may be
regarded as lorming part of Lhe object. Lumps of dirt, if
necessary, can be picked of with tweezeis. Once the papy,
rus is realigned, it can ìre repaired. Repairs are made wiù
smàll pieces, 'taìrs , of japanese paper and wneat,stuo
paste. Long fibred, good quaÌiry rapanese paper is strongj it
can be toned wirh water colours ifdesired so that ùe úbr
are not ov€l noticeàble when attached to the papyrus. GIu.



ìerr-ft€e wheafstarch paste is widely used in conseÌ'r'ation
and is a good reversiblc adhesiv€. Smsll taL,s c.rn be laid
olerdìe fractures to rejoin them inthe correctposition and
the paplms is then presseduntìÌdry. Again, much dirt and
discolouration is removed by àbsorption into the bloiiing
paper during drying. Where dift or deposits obliterate the
tert, shich is more ljkely with cxcavated matedal, caretul
use of tireezers and very gentle rollìng ofdamp cotton wool
buds oler lhe area, in lhe direction of thc fitres, can suc-
cesslùÌly r€veal the text. lt is always àdvisable not to over-
dean, fintly in order to avojd damage to the ink, and
secondly because the absorptjon of diri inio the bÌotling
paper very often Ìneans that on drying-oul ihe tert is much
cÌ€arerthan it may halc appearedwhiìe wct.

Fragments ofpapyrus often become displaced. Thìs can
be due to rh€ condition of ihe roll iiseu if lt has been
subjected to insect altack it may have falleninto lragments
In addition, separating thc layers of a made-up roll only
leaves us,,vith a considerable number offragments whìch
may, or may not, comc from the same document The
pliLologist may b€ able tc judge from dìe text which frag-
ments may join up, bul foÌtùnately it is also possible to
match up the hodzontal and/or vetical fibres ofthe papy
rusinodertore-or ientatetherol lordocument,ev€nwhen
tlere has b€en a certain amount of loss. Because of the way
ln which papyrus is manufactÌrred, each shect has a fibre
pattern which can be seen through transmitted light, with
or wilhout magnification. Even papyri which are too thick
to be viewed through transmitted light can have a visible
su ace fibre pattern. By lining ùp matching fibr€s either
honzontaly or veriically, it ìs sometimes possible to get an
exact placing ofa fragment, although the area immediaieÌy
around it may be lost. The sheeriojns may also prove
helpful.lfwe know the approimate dimensions ofone or
tro sheets aheady, for the purposes of
orjeniation that lhe remaìning sheets will be of approxi
mately the same size (e.g.-talr 1975: 2q). Sheet joins arc
noIlnaLly erìsily recognised, as the horizontal fibrc pattern
changes, and the join is slightly thick€r and darker when
vjewed by transmitted light because ofthe overlap. How
ever, she€t-joins can bevery dimcdtto idenlify in damaged

Many papyri in collectìons have been backed by paper of
inferior quality, which has led to .oclding, the lifting of
small fragments, and fractures. lf nccessary, and wherc
possjble, these backjngs are removcd. In most ..ses ihe
papFi àre very fragile and need to be relined with archjval
quality materials (lapanese papcr and wheat-starch paste),
Nrth the advantage, at least, lhat the frbr€ pahern can be
obseraed ihrough the new lining. Ifthey are strong enough,
dìe paDri are not relined, but may be r€paired with labs
only. To effecr the s3fe removal ofa backing, the papyms
musl be ad€quately supported dudng the rcmoval and
while applying new repairs. A facing technique has been
developed at thc Bitjsh Museum (walkerrgE8), whichhas

made it possible to remove backings safely. The technique
has also proved satisfactory forillustiìted papyd (Leach and
Creen r995).

Very friat le p.ìpyri sometimes need to Lre consolìdated
often lhis canbe doneeffectively byhumìdifying the papy
rus slightly, just enough to reactivaie the gxms, Îollowed by
pressing. Another successful meihod has ìreen io spray on
an aqueous solutìon of fùnori (o.5 per cent), followed,
agaìn, by prcssing. Funori is a glutinous exlract ofthrec
sea$'eeds,which contaìns galactose, alsolound in the natu-
ral cell sap ofpapyrus (Levring 'r al. r969: ll5) Funorì has
beenused in lapan as an adhesive for many cenruries, and
is widcly employed in paper consemtion (winter 1964:
l�e)

The pigments on an illusiraied paDrus may te flaking
or crumbling- In this case a suitable consolìdant mùst be
applìcd io reattach the pìgment particles to each other and
to the paplaus. Theconsolidants ús€d in consenationsuch
as Idugel G, Paràloid B72, andisinglass have all ìreentesied
ai the British Museum in recent years: j sìnglass was found
to be the mostefective (Leachand Green 1995). It is slmosr
pure collagen, the UK supply being made ftom the swim
bladdels olvanous tropìcal 6sh (Foskett 1994: rr) lt is a
good adhesive, and has a mail appearance which does not
J l  è r  r n e ,  o l o u .  o f r l p  a  n c r e n  I  p i g r " n r .  s  I  c n  " p o '  e d .

when salts are lound to be present on papyri, theycan, if
crysiallised on the surface, be removed with fine tweezers,
working under magnificarion. waler-soluble salts may be
removed using distilled water, followed by pressìng be'
tween dry blotting paper to rcmove the solùbt ised salti buì
this is not neces saiìy possible ifthe papy111s is very fragile
Again, not all salts are soluble, and the only safe praclice, if
the salts cannot be rcmov€d or removed completeìy, is to
store ordisplay the papyrus in stable conditions oftempera-
ture and RH, with suitable light levels. Salt manifesting
itselfas a bloom' inside a glass mount containing papyrus
can L,e remedied by dismantling the mount, wiping the
bloom olTthe glass, and re-mountìng. However, this is nor
aìvays practicable, or safe for lhe paDaus. Alowing a ìittle
air to circulale inside th€ mount is helpful in comtatting
this problem. At lhe Austrian National Liìrr3ry in Vienna, a
small gap is left in the binding tap€ at the corner oteach
glass papyrus mounl, and the mount is ihen placed wìthin
a paper folder, as a dust cover. These parhculaimounts are
compantively small; therefore the method is feasible as
well as successful. For colections with mùch larg€r paDri,
enclos€dincorrespondingly larger gÌass mounts, where the
papyri are constantly consuhed, and L\e momts subjected
to considerable h:ìndline, this method is unfonunately not
praciicable.

It is widely - although not universally agreed that
paplrus is best stored between iwo sheets of glass, held
iogelher by some form ofadhesive tape binding. Glass has
several advantages. lt has been ùsed lor the storage of
papyrus for almost two centudes without any apparent
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undoubredty be de\e ioped.
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made ih€ etrort io identify the materiats used, but neverthe
less have notrelrained frompuìrlishing ilt founded speci6-
cations. In many cas€s ir is impossibleio discernthe djfer.
ent spe.ies macmscopìcally and a micrcscopic study ofrhe
cross-sectionorthe epidermpattems to idenijfy ptantpafis,
and the shrìpe and size io identify fibres, is necessary. The
worÌofGreiss G957) resulied in the most important publì-
ntions on the subject ofplant materials useJ for basietry.' Í ìp spe. i6,  Jr ior.  nor oî \  ot  rhF ohir  spe.,é..  bur a so ol
l h e p a l r p d .  i . o f g r F a  i n p o r J n , e . T h u s  t r . , r r r r  p a  n
frbre'which is frequently encountered in the literahrre,
might refer io date palm leal leaf-sheath fibre of tlìe date
paln, shredded lruit stem ofthe datepatm, ortodom-palm
leaî

Palm leafand grass are by far the most irxponanr ma-
terials for making baskets and mats. Theleaves oftwo palm
specres are used: the sideleaflers of the Ìarge feather_
shaped leaves ofthe date palm (phoenix da.bllifera), and
, r n D , o f , h e  L î . l  r p e d  é r \ e . o r  | î e d o m  p a i n  ( H y p t a l a .
l i ' rbai ,4.  A rhlrd ,rdigcrìo t  pélm spèr e,.  Mcdúia aryùs.
se€ms not to have been used for basket making, note also
dìat for Lahn names cerm€r (i985) is foltowed;atternaiive
names and the €xtension indicating the botanist who
nained ùe plant can also be found in Germer. The tong
rigid midribs ofthe date palm leaves are used for makinè
roofs, doors and scr€ens- At present there is an entjrà
indusry makng the so-calledgdrrrd into crates, cages and
furniture, ìrut this does not occur untit ihe lare Roman
period. Slmilarly, the fibrous leaf-sheaths oflhe date patm,
lÀe most important material for rope-maL<ing at presenr,
w€re not usedwidely untilihe Creco-Roman period. ln rhc
Predynasiìc and Pharaonic pedods, gnss was used instead,
b-ngemplovèd srd, ly no onty ro, n",( l r  g,opp 1,.  , t .o
l o  ú "  b u n d ì F .  n d  . l d n d s  r n  f s i n F o  " n a d  1 9  a n a  t e
bundles in coìled bask€try. These tall iough grasses are
often r€fered to as hal,à, an Arabic term us;d for both the
species Desmostachp bipin araand tmpùata qtindnca.

Among the Less common materìals used for making
baskeiry are reeds, sedges and rushes. The culms ofreedi
are used for matting and making stoots, tabtes and screens.
Both the culms ofordjnary reed phragnites conmÚnis and a
iall bamìroolìke Ìeed, An ,do do"a' have been identified
(Creiss r9t7:148-9),  tut  rhe former occurs much more
often lhan the latter. Arunda danax is no\\adays used for
Ìnakng shopping baskets vrhich are light ye ow and have a
glossy appearance. These baskets, made ofthe split culms
in a stake-and strand techniqu€, àre a retativety recent de.
yelopment. Not on ly the crnms af Phragmites conmwt\ rne
common reed, are used, ìrut also the teaves, identitìed by
Creiss in a matting fragment from et Omari (crejss 1957:
ro7). The leaves of a third type oîreed, Saccharum sponta-
nrrn are used also for maldng soft mats (cl Greiss 1957:
r49, who uses the indication Sdccharun bifLorum) r}ìis rced
should not be confused wÍh sugar cane, which has treen
introducedand culiivat€d in Egypt in modem tjmes.

Therc is a wide varìety ofs€dges used foÌ making t ask-
FfD:îd ndlÎ ing. t leùè.r l rown b"ing Clpl f , rpapy,".  or
w h i c n  r h e , h r . k  , , i " l g u l J ,  ( J ' m  o ,  ; , ì r  i i n p s  o f  r À e  " p ,
derm are employed in making baskets, boxes, cofins,
.rmp'e I  rrnrtL é rno sdndal.  Orîcr specres. mo\ ' ty .de, l i .
ipcl in rr l t ing dte: ()p?tu,alop?tùro,d"\  C on"t ta,us C
conglameratus and C. schimperianrs. Sedges have tong, leaf
less stems which are quire spongy inside, ihus making
them eminently suitable for making mats.

Rushes are less fl€xible than sedges and wer€ used ftom
the Predynastic period through to rhe present for making
floor mats. The splircÙìms are also used in coiled basketry.
ln the Roman pedod a whole new set oftechniques were
t erng erp, urFd nJ:nh wi h rust Fs. -hc "p.,  ie.  occun ing
in Egypt Are I mcùs ngidus and I . acutus.

The shrublìke plant CrnraÍ.a l'la,erjts was used mainly
in the Earìy Dynastic period lor making basketÌ, cofrns
and Lrru.rp..  O'her l" ]are1al". ,"ed e"p., i " t t '  rn rr .  pro-
du, I  on ol  n J ts.  lu rni fu re webbrng Jnd net. .  rre v"rr  rrde
a f  H ú  I L i a u r  u . i t a t i s s m u n l  o r .  t r o n  r l è  ( , r e c o - R o î a n
period onwards, cotton (CossfpiÍm sprries). For a list of
identified applications ofeach plant species as known at the
r i n c o l p J b  c " f o r  j e p  t à . k h o t n . . a r .  { r 9 4 r  b 9 ) .

T h ,  p ? p a r _  o n  o f ( h e  r : u  r a r e r r a . , a n e s  i r o n  h a r d  1
arry lceruana pratehsis, leaî. sheath lìbr€s ofthe date palm,
rushes, s€dges and grasses), minimal (patm leafwhich is
cut mto sirips, soaked and sometimes boited wirh dyes) to
extensive (llax and corton).

fechnìques

s InFt lng ì ,J. !er.mrrr.rg ,  he drf f . ,ei  l )er iod. nf  t  Cyp.' i3n h.sror) !olvesdi\ !ernir  ga qerenr e(hnrquès l ,as.d
on basketry lound in museum colleciions, in the titerature,
and items recordedon site, ar excavations of wjdelyva+ng
date. Artelacts in museum collections are often badly prov,
enanced.lt is hazardous to drawconctusions lrom descrip
tions of the lechnìques and maredats in ihe literature,
becausethe termiÍology used is olten inconsistent and the
identification of the raw materials inaccuraie. The terms
plaitingar ,),.avíng, îor ìnstance, are often used as synonyms
îor ìraskefmaking and may refer to a numìrer ofdifferenr
iechniques which bear no relaiion to plairing o( weavmgrn
the technjcal sense ofthe wo.d, e.g. ,si.aw ptaitì"g for wiat
seems to be a twined grass mai, .à small plaited basket,
de.cf lbing '$rnFd Lrg" made o grJss . , r ing. so\en grJ..
o l à i r e r s o r ' d .  w \ . \  r r e  I n  t l r l r  î d d è  i n  l h e ( o i t i n g r é . n .
nique (respectively: Petie rr a,. rgrl: rli Bonjoanni 1987:
| | 2  à r  d . " r o n  T l  o m p . o i  " r d  C a ' d 1 e r  î 1 4 .  c a p . i o r  q . l  ì
p l .  r ^ i i i )  O r h e r  n d r . 3 , i n n , . u . h  r .  a r  o \ : t  b r s " e r  o '  l h e
usual kind (Peet and woolÌey 19 2l: 74) are notmisteading,
but just uninformative, although the photographs were
clearenough to reveal rhat the baskets usually found inthe
Amarna Workmen's Village were coiled baskets. Orher
àuthors are much more trustworthy. Carter, ror msEnce,

255
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Fígure rc: Neolithic coiled basketfrom the Fayum.

ì:asketry was found, but the basketry and matting tech_
niques incorporated in the atchitecture show the same
techniques as the earlier periods. The descriptions and
photographs published in Junker,s (r929) preliminary re_
ports leave some doubt as to the exact technique and ma-
terials, but the large grain silos, buried in the sround were
probably made in the coiled tech n ique. The iden tif lcation of
the bundle material as Arund.o donqx, a stiff bamboolike
reed, is puzzling, however, because this species cannot be
bent into coils as small as those visible in ìhe photographs
(funker r9z9; pl. Vb). Greiss apparently a-o"Utà ini,
identification too, because he states that confirmation ofthe
identifiation is required (Creiss r957: 148-9). Although the
text seems to reler to the culms. it is possible that onlv the
leaves ofthis large reed species *ere used tor makins silos.
It seems likely that lhe siìos were covered with coil;d l ids
(funker r91o; 44, pL Illal. Housing seems to have been
made largely of oval pits built up wiih maúing screens. of
which funker found remains in r93z (Junker ì9 32i 52, 53,
pl. IIIb). For this t'?e of screen, made in a bi;éin; te;ú_
n ique.  bo th  pa lm f ronds  and reeds  are  eminenf lv  su i tab le .
The_cuims are ìaid out paralleì. or put verticalìy ín the soft
mud-plaster and are made into a coherent wall by tying
them to tw'o or more levels ofhorizontal culms, thus fórml
ing cross connections in the middle and at the toD of the
ver t i ca l .  c lose ly  spaced cu lms (F ig .  ro . r i ) .

Many basketry finds in museum collections, which are
supposedly from the Predynastic period, show extremelv
fine workmanship that is unsurpasied in any later period. i
very fire matting fragment, aìlegedly from the predynastic
period and presently on display in the Egyptian Museum in
Cairo (provenance and date are unknówn, no registry
number is visible, but the fragment is on display in the

Predynastic section, room R/U 51, together with the twined
fragment IES+S+6), is made in the pierced technique:
culms ofrushes have been pierced and i flax yarn has been
pu l ìed  th rough rhe  para l le ì  s tems (d  F ig .  ro . rh ) .  F rom the
same general period dates an extremely finely made twined
matting fragment made of grass. The rows of twining, in
S-direction, are-widely spaced (five centimetres apart). Frag-
ments of coiled basketry from Maadi show an "ìr"llu fir,-"
workmansh ip  (R izkana and Seeher  r989:  p l .  V t . i1 .

Most basketry and matting remains from the predynas_
tic and Early Dynastic periods are, however, from funerary
contex ts .  In  many o lder  pubì ica t ions  mat -bur ia ls  a re  l i s te j ,
unfortunately seìdom specifying the materials and tech.
niques used (e.g. Petrie and euibell 1896: ry,23,25, z7).ln
many cases culms of reeds or sedges seem to have been
used, which are connected with supple strands by either
binding or twining (e.g. fmery r9!8: pL nrb aid, nza,
Greiss r957: ro7).

The walls ofa funerary chapel in the First_Dynasty tomb
Jso5 a l  Saqqara  (Fmery  r958;  ro ,  p l .  z6) .  were  no t  made o f
reeds, but of much more flexible grass matting, in which
bundles of grass were made into a fabric by widely spaced
rows of twining. Since S35o5 was thought to be an élite
tomb, the 

^occurrence of simple twined grass maning as
wall cover for the chapel is surprisurg.

Via the sequence dates of petrie a number of basketry
techniques, also from a funerary context at Tarkhan, occu;-
dng in the Early Dynastic period, can be quite closely dated
(Petrie rl dl.. rgtj: 6. 4-41. Apart from the rwined and
bound reed mats, two techniques are commonly found
among the burials at Tarkhan, which did not occur in the
Fayum, Badari and Merimda: bound coffins and woven bed
matting. From gtave loo4 came a ,basket burial,. It was
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Fígrrt 'a I CÒnn.lttioh lraú)íhg aÍ ttu biútlin| t.ihúirtut af th.
bask.tt), .Òfra Joanl at Tatl,.haù (displùy 1 iú too,1 R/U t1 oJ th.
ugtptidtl Múv u tu, Caùo. ùnnrnher.d) .

p làced in a recess,  b icked aooss ihe mouth.  ( .  . .  )The
bashet and body wefe crrrjed lntaci to rhe Caìro \4useum
(Pctri-- it dl. r91l: 24, pì. si). The oval baskerry comn was
made in a bùÌding technjqÙe ìn lhree parts: base, sides and
lid (currenily 01ì dispiay in room R/U rr ofrhe Egyptajn
Muscuù,, unnulnb-Ìed). The sidcs were made by coiting a
bundle of papynls stems (CtpsrLs pdp),rLs) and rying the
next row to the lower coilwith !n ìIleguhr, but flexìb1c twig
oí Ceruane prutensis. ra.h hvigwas uscdto lieon€ hatfknoi
ol whjch the ends \\,ere held in ptacc by ihe nett knoftcd
i"'ìg (rig. ro.l). The rcctangular base and tid ot rhe comn
w€rc made by lolding the papyrus bundle sharply rt thc
edgc of the rectanglc and l(notùrg each bundle to ihe
previous one with the flcxible twigs. A First.Dynasry brsk-
etry cofir froll] Helwan was made comptetely oùt of
bùfdles oî Cerua u prarrrsis, tìed with rwigs of the same
matenal (Creiss r957: ro8). CoaNe First Dynasty baskctry
was madc by linkìug loops of, probabty, paìm lcafaround a
coÌ led bundlc ofgrass ( [mer1 r954:  66,  p] .  3z) .

Woodenbed framcs were woven wjrh matting nì a widc
\ J  . ,  " h e " \ r n q t " r  .  r . .  |  , è t  . t . D )  " " , . , , r i H e r )
'  l d r -  , J  q - ,  )  "  e  

 

i ' e d .  q è r .  o  r  J  h  , r .  t r  À e r e
diljded into eight djfercnt types on the basis of rhe bed
matting and th€ connection behvecn the matting and the
b€d (Engclbach ìn Pehìe d,  d l .  rgr l :  2 l -4) .  The bed ma i t ìg
was rnade of twisred rushes, paìm teator thongs ofleathcr.
Thc weavìng patierns of rhis early bcd matiing sere as
varied and intricate as rhose known ftonì rtìe New K gdom
or latcr. l he photographs in the rgrt pubticabon show two
differcnt patterns: a tabby with four pàratlcl sua,ros, naoe
wrth S.Lwisted srrands ( rushes accordnrg ro Engetb3clì,s
descnptro but thc appearance is nìore thar ofpatm leaq
and, secondly, a nvìll paitern wove. *,ith ts,o paraitet sZ2
strnìgs madeofunL(lìown materi.rì, probatrìytsrassorpapy.
rus lÙd. Thc Ìnàke,up ofrope is siven ln a formula s4,ich
indicates the direction ofspin, ply and cable, as we .rs thc
number ofsirands involvedithus sZ2 string is madc oftwo
sùands, plied iì Z direciion, each ofwhich has been spun
in S-dìrcction (sce Chaprcr Ìr, this volume and u/enddch
r99t :  jo  zJ.  F igur€ ro.4 shows a nuÌnber of  tabby_ and
ts,ill úeaving paticrns that occur nÌosr ficquenlty in
ancieni Fglpt. Tabbicsrre paLterns ir whjch the shift in ihc
palten js thc srme as rhe .unìber ofstrar'ìds, twiÌls have a

Figkr. iÒ.4 weating LratÌeris Ò..bn.ihg mon Jr.qrúntt n uMù.
Lgtrtian lsúítùre hauins, 'tqbbies: 

(a ) \ 1/ 1\tt t apen, S rw'ted don.
paLh L l (b) \,/,\\, optù. s twi:Ltd daú pdln k6l: O \1/q\\4
.taed. zswn lux yrrh. TDtils, 1d) l,/:ìlr.loyd. srùak; don.
toth LeaJ, wnh paxùL \hít: l.) ì 6/61 l, .loel. :s, g, a, !n"s, ùntr
pottd" shtÌ: A V/6\\t ct6.d, s.twkt.d dÒn.patft I.dJ, ùúh pdtùn

shift which is smaller ihan the number ot slrands, ivhkh
grves the pattern an obliquc appearan.e. Bothwealirgand
plaiting patterns can be indicated wìih a lormula: \r/r\Urs
thc pattern'under r - over I with a shilÌ ofone (a simple
tabby). Examples of fwill parcrns are: \2/r\\, uúd ,
over 2 wlth a shift ofonc , \6/6\\2 

.under 6 - over o wuh a
shifi oftvo'. An asymmerical twilt pattern is for insrance
\1/6\ \ r 'under r  -  over  6 wi th a shi f t  o fone (see Fig.  ro.4
and wendri.h r99r:65 6) Also ftoma Firsr-Dymstygrave
was a mat, probably woven ofgrass cutms and leaves. Ttìe
excavators published a phoiograph ofthe oìd mar togeiler
with a modern Egyprian l'aslf,rà mai. to sllow 1ne exacr
sìnlilairy of the work, cntireiy Lrnchanged in sryl€ during
7,ooo years (Petrie i;t al. r9Ìt: 25). Thc onty d;fcrence
seems to be thc Ìnaterial used: rushes raiher than grass
Ahhough th-- appearance ot the mars is strjkingly siÌniLar,a
study oft€chnical details, súch as thc selvedgc:rnd 6nùh.
ing ofI of the bundlcs could have silcn vahubje infonna.
tron, srnce it ls in such deiails thal lhe exact production
sequcnce can be inferrcd and local ùrdiiions may become
apparent. -Thc 

pholograplìs and d€scrjptions, unforrumre
ly, do not registcr such dctails.

Old Ki Étdom baskelry shows the same gener.rt rang€ of
re.h.iqu€s as thc earlier mateirl: all baskets arc maoe n
Lhe coiled technjquc, mars ar€ woven or twined, turnituft
nathng is woven ìn lhe woodcr'ì frames ofìreds, ch:irs and
. t o o - .  h I r . d  , d p  - a J "  o  . t .  , !  , n r I  p r . m p F .  o l
s t  .  h  d , , e  t o  |  \ e ú .  I . : - y d o  

 

À ,  "  J l . o  -  i d - n - y . " r )
.ommon during the old Kingdonì, judging fton then
trequent depiction ìn rorÌìb paìntlngs lsee imiiaiions



o. 2!ìr .  \o J(ruJl  Prample'  h:vè been publ isned Lur iu" l

L, f ' "  l " ' f*  rr ,  *a. * . ' "  presFnt :  '  l " r  gF ' lu3r t idec 'nsrde

every house, these twìnedbags wereused outsìde ànd were

,.ora i ineao.. , l r" , l "n ofou orat i"a"r ier bags bt '

, . t "  t , ,s". i .h L,3ps a p depr, ."d rn old r \rnSoom omb

p"i.ti.gi r,"t tl'*" i'*" "ot been found in anv archa€ologi-

The r,rnd;ne r ' .h" i ' lu" oi  rh '  bJr lv D)na'rr '  'oÉn' i "

noLfo:nr l  r  r i re old Xingdon and nor s lhe Pred)na'r ic

por. .a.rH'ng r ' th ' t raué shrch trrrs ro be d ur: îue
'1"d, 

"" '  * ,  "" t"g i . '  " .  ovnrctrL pe iod or lsrèr '  AlrhoJgl-

r le sewn p.ar '  r . .hnrqu'  does nol o$ ur unrr l  ùF C e( o

n""- o"t .a ." .n* i , .  plairrng <eens to l 'a\e dc\" looeJ

fron wÉaving <ìuring the old Kingdom but this technlque

', . , t  '  +.nì""a ,nì i" t ,"  CrF-o Ro"nan pe'rod èrLhér '  The

"wnrne'  ot  K,huru s lun'ra 'y boar (J 'om ì-  s P} ' fan' id (  on-

DIex at Giza) are plaited in 3 wìÌl pattem (V/l\\r)' out ol

;h"i;; i" b€' foùr parallel rows of single culms of

. .* ' .  L" 'g. ,1,"" , ' t i *  . l  -h 's 'ndhing wer" found rn he-r* 
r ,  , ía fare beer "rorpd in d rerrbv roo'n The

n"*.* '  ""  ai .pt""  ìn Ù, boaL nu'eum dr ( ' i la s bor

a" '" .Jr, l  *"  '  o".ag*,"d hac " roralwrdrh of (ro '  m f l r"

oner-al ' . rg.h rs roi  I  ro$t Deidu'elhe sgl le '1r hacro

.o"o'  r- 'o ,oi  "ae^ rL i .  nor '  le 

 

i f rhe widrh ol  60 Lî $" '

' l ' "  suna"ra, so r trar a I  u l lDcI o 'sfnps o'rhis wid j  $erP

hstenedparalìel to each other in order io cover the wooden

prl i+de und.r qhr.h l l^e rowerc $erè ""dred
'-  

M"' ;  ' r" ' "c rglptrs r  b! 'kerrv from r ' 'hreologiral

.r"" .  "  "r  rÀ ùingdom a"L'  "nd "spe"a l \  rh.  lsre

ilght"*tL o].*q ""*^rds, both from tomhs and settle

.l"tr. rr'" ." "a i".t'"ique was ùsed to make al1 of the

household basketry found during excav'r1ons rn rne

wo*ment V rage'at,lmama in r92r-z and in 1985 6
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Pee' and $ ool le) (r9)r :  pl  )c( ' /ar oub' ;shed ole phoro

e , a o h o r  "  t J s k e  : n . e w r  p  J r r s  r F c h n i q u e  T h i ' b a " t p r $ J s

írotably a later contamination, its date either contempor-

:ry with ihe late buials, or perhaps even with the excava'

,ií"", r'".""".,r.'" *"'t -en used the same qpe ofìrasketry

to move the sand. The fact thàt the basket seems to have

beer madp ofdare oalm leal  wh: lF dl l  Lrghreer! 'h-D) nastv

i , , r ." t '  ro ,na , '  e." , .a uer.  rr 'de o oom-p' lm le ' f  ot

In rare cJse'  p"pv- 'us sfrergrheî< Lhis "u'pr( ion DJring

i" .  * . ,* , i " ."  i "*"a b) B"rry Keîp in he to8o'  no

oiaited basketrv *as found (cf wenddch 1989) The mats

i-- e-*"" were all made of grass, eiiher woven or

tlvìned. These mats were ùsedas floor mats' sleeping mats

anrl  awning'  whrle op'1 vined n1ars $rrè reL'ed J"

'"" f" t  * , ' . ' i ,  (Fig o ral  c 'oseìv rwined bags 'nade of

oorn oi lm 
'eat and gra" '  s. . i rg po'<ì l r ' )  senFd to rarsport

l'"".i *.i"r''t" ." aJ"t.v ]lack (Fig ro 5b)' as is stjÍ wideÌv

à""J i .  igyp, a.  prsenr '  
' rh. ,e dats the '  osélv tu:ned

;; ; . ; ' . ;à" o '  ìh" " ,r"h"ar l-  nbre< or rhe date parn

f'"i""".r. rf'" r'-trl* -ade of grass or dom-palm leafwere

well worn. tn seneral there is a striking absence of date-

" , i - r " " i - ' L r " " q * " , " "  u o ' l m e n ( \ r l l r g c  F ' a s m c n r s o f

wrneo see<l Lag. ue'e toLnd 3< qél l  rq sFve< {r  gs ro 5(

and ro. ld. , I  t -eer and uool ln r02l pl< Xx/4 Xxl l /z

""" :n" i  I 'e ro.5d represcrr '  d d { ' r"nt  r"rn of aired

e.d- l ' ; .  'É, '  In hé ' rev. dèP'Lreo ir  PPe'"nd \roolret

'Tl1" 
f , ,"*Lr} ol  Dej '  P -vedina hds t 'eèn pLblr 'hed b)

G o , r l a l  1 . 9 8 r 1 : : l L s h s r e d  ú r t h  ( l e a r  d t u w r n g '  a  l " r g e

"r. i . ,  . fa 'q"*",  " . l " ic.re"arp p+senrpd and '  la '"r l ìed

Gourlay was handìcappedbyihe low sìandard ofexcavahon

and reeìstration ofnmyère's excavations and h's rcftaiEed

i'.'" .i"."r"ti"" "',1'. aate ofthe firrds The resuli is that

i ,*r .{ t  i . " .  hé \ew K' lsdo' î  'nd rhe rro'Fmaic penod

,rF p . ,en' .d roge.h'r  a.d grren rhe recnni 'a '  rnnovat ons

' . i r i "  c*,  "  n". , .  p. .oo lh r '  hm'r" the u'ef ' r t"ess of t l re

orfr f" . t l "" .  t .  a". .  ' t  "  r" ,  t  rhar no rdenh6(dion of lhe ra$

mareria, .  s given lhr s r l 's îot  kroq n r f  lwined basker< in a

in '*"1-"À , . ,  t  .  q" '  rFig. ro se) 'hould bè d3red ro rhé

le* r inedom o'  much larer '  By ra'  rhe larg"s- group.ol

i,*f..o "!.a i" f'."*--nt€r1s at Deir el-Medina are coiled

L,a"r<e.s rn, *rde r" .ge ofsrzes rnd snrp" Mosr f tequcnr

aLe roùnd and oval baskets \'T th conical licls- 
irr"r. ,r. also úanv surÌ'iving baskets from funerary

contexis, for instance from the lombs ofQÌreen Meitamul

{DBìq8' ,  R"mose dnd H"lneicl  (ha { f i8) rFd TLr"n

l h a m u n  t K V o z ;  
- t h r e e v e n ' 3 r g e ( o i ' e d L ! c l F  s ' o n ' 3 r n e d

Oueen M€riiamun's wardrobe. The coiling has a reguLar

moearar.e be.aus" . | .e nir(h 'usr prcks up rhe wndél

. i* t ,"e tL" pre\ iou"ow ra hèr úJn srnhing irro rhe

o.vioui  bund'"  t . I  Fig ro bd " 'd Jr '  The Ùa'kers 3re

i"" .a "u", '  ,oo"nr, l in"ne, rn dranerer and approxi-

n"tely Ihé sa. lp rr  heighr '  
" Iwo of the'n 'u ' l  Lave t lpir

. ì ieh.h .onu,r r 'd ' .  "  t ' i -h are esi  lg on a "upponing ndge
'; ;?ei  by ,n ey,r ,  rhe 'nsrde óf rhP l"sker '

Fi* , ' to . ,  r - .apt ,  oJ k ia?d'a kd1 ta |  Òp'a l t 'v in 'dq- t ' ta \

"i'..-"i""*a a"^a" i, s "' : tb, '@ 't\ tw a?a 4o ttns ta-dt tatÒ

ior.r',, t oo",tt *in,i:,,a t'ol d op'n\ twfta !'vt gid Al

wlnrd rh, etsy:te n bosLa; Ú) op' nll twnù cdriÙ \tL
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Ftgure tu 6 Eranples afcÒilùl bask.tty: (a) stit hrhrcugh tb previ
ors ùtnd.t (snoath awaùa@| (b) sú.h ttmt,gtl the ptui.us
winrtù aad bù"dk (sronsù than ù): l. ) .oloùrcd ùùdùs lortuing a
b a t . r r , d t t ? t : . r r ' o .  Ò  t . L L ?  o ,  t a b " \ ) t . . U o  t t , . g t t " n : " .
o4d .dp  D t_ t . a f  t :  I ,  I  J .  Ò to r , ,  4  r . . t  ;  . t a ,  î .  t o . , , ! , , o ,  ,  , p  

J t  t o . l
bos|.rtuoket s nif.h (||iidinE wXh t id\ spac.à stit hes ); (g) .oiting
ovù orúnùtly ahè ùntl tva btufld|s; llt) d..ardtir. ru,Ìts Lov.núg
tht lazt bdskd.ndkù \ stit.h ; (i ) ap.n coititL'. us.t1 6 decÒtutiott oJ

One basLet has two more ridges on tlìe inside, to hetp
maìntajn thc shape and possibly to hold two trays as inrcr-
nal divisions. The bundles, with a djameter of r.5 .m arc
madc ofgrass and jn one case ofrhe teaves ofthe ordn,aÌT
p e d  l l r  u  i n d ,  | - s . .  n r F r i r  g  r r d  t o , J i r  g  l | ì  p , J r e  h . . " . e o

b u '  d l ,  s .  , ,  '  . r s r  o . r " n . s i d " . r i D  o t  d o n p  .  t p
Some ofthe wìndlng slrips are coloured blue and rcr:l and
' \ r  r d d " r " L r h o r J A o J  o r  r c _ . r o J F r , r z o  q .  B d n d C .
p  e r r r l l v  o r  d i , p l d !  : r  r o o m  R  I  r b  , " \ .  u  8 1 , /  . 1  r
simílar fashion, bul more lavishly decoratedwith a patrcn
ofcoloured winders which continu€s on the lid, is a larg€
cojlcd basket ftom the earLy Eìghreenrh-Dy"asg tnmb of
Ramose and Hatnefer. This basket, l8 centimctres high
and about 45 cenhmeires ìn diam€ter, ìs on display in lhc
Luor Museum (lournal no. i.r8, cairo lE 66,04, for
photograph sec AnonyÌnous 1978:6o no. 2o9 B).  The
maiied fumilure a d the small basker shown in the same
photograph rrc from Deir et-Medìna. The use ofcotoured
winders js sometimes also figuraiive: rhr€c tong necked
animal figures, osirìches or giraffes, which stand our in
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D_eir cl-Bahad). Another a".o.atiu. "f".t i" tt "."g"i"-,"se
of larger stitchcs, over two búndtes rarher Lhan one, olter
arranged iù vertical lines over the cntire body ofrhc bastei
(Fig. ro.6d, e.g. courlay r98,:  p] .  XVl l t  D-F).

Tindc un h. rorLJ ot K,h .  Fx, a,  "  ed {  S. -pdr.  i
. 4 o r  r n d  r u u  . n o s  l )  i n , h e T u r i r  v L . . F u n   L . h l | . { e t .
the variety ofbasketry items, the craftmanship ofrhe bask
cLmakers and the impoúancc ofthis commodityin anci€irr
socìety. Th€ baskets containing househoìd ìreùrs, sucn as
lood and clothing, were round or ovat coijed baskets of
sevcral sìzcs, somerimes d€corrred with rìbs of ìarger
stilches ard closed wirh coùicat tids (Bonioanni 1987: fit.
A largc bàg of knotless netting li ed wjrh dom-nurs was
pàrl olhis supplìes for the after life, as were thrcc small,

"  " !  L "  " t :  v , r l  .  o n o r , l r r ' .  A  ' r n e  v  s o \ F n  5 . " e p  1 s
' r  d l d . .  o  J t ,  d  ú ; r h  J r  I r t r .  d t p  i ,  d , i r  I  p J . . . r .  r  n q  
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stools wjth úaticd seats and a iable madc of dare-patm
midribs coveredwìrh papyrus cutms were amongthe furni
iure in the tomb (Bonioanni r987: ro8, r44, r47).

The tomb ofluiankhamun coDtaincd ri6 baskers, alLof
lhem coiled. They range from smatì containers inwhjchalt
kinds ofloods sere srored lsec section on fLùrcuonp.2or,
to unÌrsual specimens such as decorared ìrorùe-shaped
bàskcts and a round, coiled basker wiLh separare stips
ùrterweaving the wìndcrs (rìg. ro.6e). tn conirast wìrh
these lìnelymade oìrjecis arethe loundarjon deposiis ofthe
Kìosk of Thutmose lll in the Asasit Among these are a
nLmb€r ofbaskcts, crudely made in whai could b€ ca ed
the lazy basket maker's stirch,r .tuickty covering the bundle
l\iith a wrapping srralìd, whìch is stirch€d inio ùre prevrous
bundle at long inrcrvals (Fig. 10.6l). These iterns were
, lo" 1l  r  ot  n:d. .o De u ed L-.  " ,  .e |  , , .  rprd r- .  hniqu"
r e  L r l r  i  \ . " 1 .  "  ' j e ,  , d r d .  f u r  l " m o r " ,  r t - " ' " s 1 .  , h o w
no wcar marks at all (currently disptayed ìn th€ E$rjan
Muscum in cairo, room R/U ,+9, Lrnnunbered).

It has been mentioncd that ìn rhe creco-Roman peiod
thereis a large slìift in bask€tÌftechnj.tues. Sew. plaitsand
st.rke and-strand baskeis were prcvìously unruoivn, pmr.
xrg occurred rarely in Phanoric Egypt. On ihe orherhand,
ihetladlional Egyptian techniques did not disappear; basL
etl] fiom Karà.is, Qasl ltrim, Abu Sha'ar and Berenìk€
(wcndrich r995; wendrjch and Veldmeijer r996) show a
conúìuity within thc long tndidon which runs fton ihe
Neolitlìic uniìÌ at least the New Kingdom. This js r€flecied
in thc occurrence of coiled baskctry used inside the houses,
woven grass mats lor slecping, bound mauing for screens,
woven bed mauÌng, twined mats as awnings and cÌosely
twined bags for outside us€. Innovations in coììing tech
mques are the use ofstitches alternating over one and hvo
bundÌes Go.6g) and rhe use of decorative wrapped paii€rns
over a roughly cojled foundarìon made in the .tazy bast €t_



make/s stitch' Go.6h). The use olwidely spaced decorative
rims on coiled baskets Go.6i), also a variety ofcoiling, has
nol leen attesied until the third century AD (Qasr lbrim) .
A?art from innovations ofexisting techniqùes, a number of
new techniques were introduced which, by th€ first century
AD had taken over a large pal1 ofthe 'niche' of the tradi-
tional Pharaonicbasketry. The mostimporlant ollhese was

llaiting. Continùous plaiting, which occurred rarely in the
earlier peiods, ìs used widely in the Greco'Roman period,
for Ìnaking small d€coraiive containers, fans and mats (e.g.
Petrie 1927: pl. XLI, 16z, 163). Coiled sandals were com-

?leiely repÌaced by plaiied sandals. The sewn plaits tech-
nique, which did not occur at all before the creco-Roman
period, is from then on widely used for making floor mars
and flexible baskets (e.g. Perie 1927: pl. XLI, 167, 168).
There are local ditrerences, however. ln Middle Egypt ihe
sewn.plaits l,askets replaced the twined bags, but ihe sewn-
plaits matting did not r€place the woven mats. ln Nubia
bodl the baskets and mats are nowadays made in the s€wn-
plaits technique, the origin ofwhich is at preseÍtùnknown.

Judging from the many texls about Christian monks mak-
ing this q?e ofbasketry le.g. ìvipszycka I986: I17-44) iis
s?read was fast andwide. Today it ìs still the most common
qpe of basketrl found jn the streets of Cairo and rural
Eg}?t alike.

A nerÍ q?e of decoràhve basket ìn thc Gr€co-Roman
peúodwas the stake and shand qrpe. The stake-and strand
baskeis, which ìn ancient Rome were made ofquite sturdy
and rigid materials, such as willow rods, were in Lhe Eg)?-
tian version quite refined because ofthe thin ànd relìtively
flerble nshes used (e.9. Petrie r9z7i pl. XLI no. 16r, XLII
rÌos. 172-7). Anoth$ developmentofthe late Romàn period
is tìe occuÍence ofpìercedbaskeiry made ofthe midrìbs of
tle date-palm leaves. This technology gradualy replaced
the phanonic production line of fùmiture and crates made
ofbound reeds or palm midribs,lined wìth palm"leafand
lattened paplns cùlms (e.g. Peirie 1927: pl. xll nos.

vo 4.
As a general conclusion it can be said thai there is a cLear

continuity between neolithic, Predynastic and Phàraonic
cultures, which is ìn contrasi with the basketry revoluhon
hking place in thc Greco-Roman period.

Ite range of tools necessary to make basketry is Ìjmited.
Cojled baskery is made with the help ofa smalL needle or
awl to make the holes in the bùndle lhrough whjch the
vrapping leafcan be pushed. For f ined basketf à simple
ftame is used, the formof which depends on the dgidity of
tle materials. Il reeds are made into a mat, the frame is
formed by ile reeds themselves and only two fi{ed points,
for ìnstanc€ two pegs in the groùnd, are nceded to fasten
rhe siart of lh€ mat. Twining with fìeib1e matedaLs re
qulres a simple loom, consisting offonr wooden pegs and

Ft,ute ú.7 Mat ndket frotu thr tomb af Kheq it BeLi Hasdtu
lBH17).

two cross baÉ holding the w3rp. The production oî twined
matting is depicted in tomìr r€1iefs ofthe old and Middle
Kingdom (DBz;Fig. ro.se). A sÌightly less simpleloomwas
ùsed lor weaùng floor mats wiih grass ortushes. AÌthough
the loom still consists offour pegs in the ground with two
cross bars, the wary is run through a hea\y beam wirh
ho1es, which is used to bear the weli. A mat-weaver is
depicted in the tomb of Khety in Beni Hasan (BHr7; Iig.
ro.7). The loom consists of foùr pegs in the ground to
which cross bars have been fasiened, holding the tension
on lhe warp, which is running ihrough a hea9, ìream in
fiontofthe mat-maker, who is sitiing on top ofthe frnished
part of the mat. As Crowfoot lr9ll) points out, thìs is a
problematic depiction, since the act ofsitting on the finish-
ed mat would disiurt, the tension ofthe wary threads. She
ìs also puzzled by the yellow and green strands in ftont of
the weaver, wondering if an unknown technique ofweav-
ingftomtwosjdeswasdepicted. Fromrhestudyofmodern
mafmakers it is clear that the weaver is sitting on lhe
finished mat, but suppofts his weight, by somethinglike a
wooden plank on two bricks, running underneath the fìn-
ished paft ofthe mat in order not to influence the tensìon of
lhe wary. To have his raw matei:ìls close at hand he puts
them on ihewarythreads in ftont ofhim, jusì as is depicted
in the tomb of Khety. Tle yelos,and green ìrlocks are the
result of weaving with young lgreen) and slightly older
(ycllow) rushes in a block pattem. A tool which might be
used in weaving mats is a hook with which the rushes are
pul1ed in order to tighten the weft to a greater extent.
weaving on an existing frame (a wooden ìred or chair),
involves even less tools. Tle warp is mounted around or
through holes ìn ihe wooden frame. The weft is ìreat€nwiih
a stick and perhaps some tapering wooden pegs are used
lor diffcrent lasks: as an awl to open up the edges, or to
make space for the w€aving string in the last phase ofthe
process, when the fiame is almosi filled.

For binding and plaiiing no tooLs are n€cessary, other
than a pot with water to soak the palm leaf For the sewn'
plaits technique a large needLe is ùsed. A ro cmlong flat
model is known in modern Nubia, and a 1o cm-longround
model is atlesied in moden Middle Egypt. The identifica
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while the passive system is ùsually handled far tess. Often
 e passive\vsrem i \  r ig id or,o-np,etét)  tued. An e\"mpte
of rhe lairFr i .  weaung: ùe pa*l ,e .ysron. rh.  -arp. , .
hxèd : ' l  a Ioom. white r l  e atrrve sysrem. Lhe wefL consrsì.  ol
a strand which is woven up and down the warp strands. in
the case ofweaving, the passive system consists of a nùmb-
er ot etements, namely the parallet srrands making up the
warl', while the passive system is one elemenr: ihe mar
maker weaves the strands one by one.

In coiÌing ihe active and passive element are oriented
pdruì leì  ,o eaLh orher {  rer boLh fo o$ r,  ú,  49-noremèrr
trom rhe ccrrrF ot lhe base .o r te rrr  of  ú;  baster) In
weaung the active and passive systems arc ori€nted at a
nght angle.

- Twinjng is very similar to weaving: the passúe sysrem rs
lormed ìry a number ofeÌements, forinstance a number of
prr" ì ìcì  cLr lms of reed. "  r  u-nber of p"rr ' let  sr, ;ngs or a
rumir.  o1 par: l le l  ,urdtes ofgra., .  The.e ar. .  r , r ,À.a Uy
I n e  r c Ì r v è  è l e m è n t  r u n n i n g  3  J n g t r a n g t e ( f r g s r o . , c r r d
ro.5). The active element consists oî two mtmoers, nso
sùings which tuist around the bundtes and aroud each

_ Plaiting is a technique in which both systems are active.
This is tru€ for continuous plaiting, as well as for the first
production stage of the s€wn-plaits technique: long strips
are plaìted out ofstÍands orpahteafor bundtes ofgrass. in
rhe se.ond strgp rhé pldr ed srr  p i ,  rhe passi!e sy.rern.
" " " i  , . - " : " .  w r r h  r  " r - i n g  { r h e : c r r v è  . } " r e  ì ,  j n t o  d n
ongoing fabric (Wendrich ry9\, 59_641.
_ Looping arornd a corc is:tso a two-system technique: a
bundle_of, for instance, grass is fixed in a coil by a sirand
which forms a loop around the bundle and tinks into the
loop ofthe previous coit. li r€sembtes coiling, in that the
two systems follow the same direction, {ro(r cenre ro nm.
Il is distingìished from coiling because the movement of
the active strand is differcnr

No aì l  re hnrr ups are t$o."!stFm re, hnrqJes. looping
t \ À  t n o u r  a  c o r p ) . ' o r i n s t a r  ( e .  i s d o n " s r l h o n e s h r n d o n l )
The coherency ofthe net is caused ìry th€ twisr in the palm
leafwhich results in slightly stiff loops which retain their
shape. Apart trom on€- and two-system techniques, there
arF at.o iFr hniquF. wìrì  three o norF s\stp"ns An è."rnp p
or d rhree{\slem rwining tecl  i i . ìue r .  st_own in f  g.  ro.JF.
Two passiv€ syslems are tayed out cross-wise, the strands of
sysiemone being sandwiched between two layers ofstrands
o f s v s r e m  h { o  T h e y r r e ( o n n e , t p d b }  a r h r r d  a i  l i \ r . s y \  e m
wîr.h fw]nps in beh^een he st, l r -d" o, . )"rèn oné and
around the double layer ofsbands ofsystem two.

Bind.ng-o..  uA as " h^o- or lhrFe .vsrFm echniquF. An
è\3Tptè ot ué 'ormé i .  the tredyn:srrr  rof f in ,rom far
Ì<han, which is made by fixing a bundte ofpapyrus culms in
a coil \À'ith knotred twigs (Caim, Egptian Museum room
R/U ) lFig.-ro.ì t .  A r l  .èe-!srFm brnding rechniqre rs
r o u r  d . n  r o o ' { o n s t - L , r i o n ,  d n d  w i n d . s ( r e F n s  ( l  r g . , o . j i ) .
In this case there are two passive systems: a screenolreeds
is Ìayed out, and a number ofcross bars are layed on rop of

this. The two passìve systems are connected by a third,
a, t i \e.  s)srem:\^-rh sh i19 or husted pajm teafthè reeds rre
xeo io tt'le cross-trars

Piercing is a two-system teclnique in which the passive
system is pierced by tlìe aclive sysrem. The acrive;ysiem
crn be f lg id r .uch i .  rhe cdse in rhF grf frd crrres. turnirure
and bird."ge\) o.  f leruble. as in ùé predlTdsh( m"tr in€
l .agmelr whi(h (onsisrs o para tel  srems o. rushe..  sewn

Further distinctions can be made for the active and ù€
pdrive s)srem ."parr le[ .  .or instance. b] spe(i furg lhe
sprLe trehveer the spJnds and the r igidi iy ot  rhe srrdnds.
T\ r .  al  reLhniques.an be. rrssi6éd r,cording ro rhe same
criteria, which makes irpossibteto frnd out which combina.
hons do and which combinations do noi occur. Finding
explanations for the empty classes is what makes such à
classification an important heuristic root, raihe. than justa
set ofpigeon holes (see wendrich r99r and forthcoming).

Terminology
'Looped basketry' r€fefs to the looped shape of the active
system, while'coiled basketry'refers to rhe passive sysiem
whìch is Fúed in a coit. ,Stake and str-and' baskerT de_
s. r'bes the flpxibili \ of úe lwo \)sren\ (rig-d shkes, flex.
iblc shand.r.  Lu- i r  tad. onprr.esa n u mt . i  ofh.hr jqup,:
twjning, weaving and wating (the la$er ìs a form oftwj;ing
mth three or more elements). Wickerwork, a rerm used
otten as an alternative lor srake-and,stnnd basketry, refen
to the materìal used (wicker L,eing an old term for wllow
rod') .  l t  mrv bF (Ìear úr,(  ihe rermirolo$ J.eo r ùis.  ard
m:1) o'her pubt i ."r ion.onbr. lphl  i , r I  bur.onsisrcnt.  {
consrstent terminology is based on a consisteni cÌassii.a.
tion, but it is debarabie wherhei a consistenttermìnologyis
nA esiaru.o erFn p-efèraLh. A ern aotogy, omprisingaU
aspFns ,r \ tu(h J-F ol  rmportar,  e i r  di ,c.rnirg or e t"Lî.
nique from anotherwoutd resutr in termswhich are multi.
composite and, therefore, often unreadabÌe. ti is acceptabie
to use and, if nec€s-sary adapt existing terms, as long as
these are clearly defined and, preferabty, accompanieà by

_ Although a generally known basketry term, wickerwoik
has not b€en used above. The reasonforihis is that wicker-
work is an English term, refenjng to a material, \villow,
$ hi, h ha- nèv"r b+n uséd tor naL;ne br.kers :n I gvpr ind
r5.ng ihrs re m Aokes a îrsrcJdrng iTdge ot tg)" l ian
ìrr . ler- .  I  ol  ou ing Lhi.  t rne of rc:sonrng bnng" ro trghr he
rosr îporrJnr npakness of borh reim noìogv and rne
underlying classification: it is a consirucrion v,,hich not
nec€ssadly complies with the world ofthe E$,?tian basker
maters. Wh.r uor,r  ng wrrh ore.ea dar I ,gWti"n l ,askcl
maÀer\ rr  becone. paintuÌ ly.  ear rh:r  nFither a Furoren.
rf l ( .  ror d neutrJlsv,rFl laf ic tFr lrnino og1 r. ina..o.dan,p
wrlh mod.rn tgvpl iJn ìrJsterw JassrÉcarion telatonewlt î
the ancient Eg'?tìàn terminology and the classification
which silently underlies it.



Function

As lhls chapt'J hrs ìfdiciLcd, basket rnrkers jn :Ìncìcnt
EgIpt  had a i runher ofmatcr i ì ls  aùd techniqucs ro c l ìù)sc
lo ,  rcsuhing i I  mrts  and baslc ts  widr  d jFer i . r l  prop.r
l ies.  Ihc l rotcr t jes of  b lskds rnd nì r ts  whi .h afc oI  rn
por tance for  thL. ì r  f i l rc t ions are s izc,  sLxpe,  f le i jb i l iq  aDd
lhe st rce bc$ccn t l Ìe  shrnds.

Despi te thc lact  that  r ìost  of ihc r ; ì !v  nr : lc i l rs  ùs-- . Ì  R.rc
I lcr iur  t l ie  brskel \  thcr ìsrhes Nere nol ,  duc to t le  k Ìh
| iqùe employed.  In paùicuìar ,  .o i l jng rcsÌ r lLs i r  s t rong
bisLcts $. i th  r jg id wal ls .  Rigì . Ì  . ra teaLs,  such as re, - . Is ,
pap)rus cuhns and mìdr ibs o l  dr te p! l . r  e .vcs.  wcre us-{
tor  thc l foduct ion oahl i r ìcd oL boùn.L s. rccrs.  ( r fap)doors,

Coj lx ìg is  ùoL or ìy  the Ì ro\ t  l ìcq!eut l , ,  o .orr r i Ig  tcc l Ì
rn}Ìe, bnt also llÌL' rn)st versrtilc. Colle.l bxsl(cls havc
leer  lound xì  var ic t t  o l  s iz .s  r rd shi ìpcs.
Thcy rverc rnaLr ìy ,  o i  pol ìaps e ler  i . r .Ls i !e , r ,  t rse( , , r .
s i lc  the l ,o , rser  Pl r fso l Ì r l  b- - longings and je\ur , )  w( ,c
kcpt  iù  srn! lL  dccorat ivc basl i { : ts ,  l r rsc s t . j Ìag.  l ) rskets
i fcrc lhc aì ìc ì { : f r  Fgtpt i rn cqui ! ! ìent  oî  ouf  Lncl ì  chset .
Th. conLrlts .l the .oìli.d biìskets in the iolnb .i1 Tutan
khanrun (K\r62)  l i re  an unprcssior ì  o [ lvhaf  ]ypc o l  soods
Nere stofcd ! ì  l )ask. ts .  

- fhc)  
l :o l r ta i rcd spi (  es,  dr i i .d  l iu i ts .

seeds,  doùì . Ì ìn ts ,  {heat  rnd bfcrd.  A hfge coi lcd d ish,
r i th  nr ternal  d iv is ioùs .ontaìDcd dor Ì  núts,  à sc l lcd l incn
b! ! : .  r  f ra i+rcì Ì t  o l  brr :ac l  and a l i1 \  s . fds. ' ìhe b i ìskcts
nr ìgd l r  d : l lnctc f  f ronì  ahoLr l  ro to 5o c--ùt j rnetrcs.
There were th i rq- t1\o rorù id basl (ets .  c ight) r  or ìe ovat  bask.
.ts. often witlr sljghtl! c.Jrìical lj.ls, $'hlch rcstcd on rn
cxLra cóì l  o Ì r  thc i rs idc o1 t l ì t  r in  rnd ih fcc bor t le  shafed
traskcLs hvo.l!rhìch conhnÌcd clfied qrnpcs Pulscs (leD
tlls ind chiclgeat vcrc not stor.d in b,skels bur ùÌ pots
(Reevcs r99o,  2o1 7) .  orco ' r rsc,  t ì ,e  l l rse tora l  o lL) l rs i (ets
in the lomb. of rhirh therc wcfe libr-- tha. arìy oLhcf
k ind ofar lc l ìc ls  is  rùr l i l (eLy 1o rcn. .cL a n(rmr l  houschold
sllullion. bul jl d.,rs show the ìDlporlrncc of brskeiry as
s lor lgc (Dfa l rcrs.  Pot  s tùÌds lnd thc fLms . ì f  sre les $crc
also coi led ù.h l lc  thc grn ls  of  s ic lcs and st rarrns were

Th.  !af ( ty  jn  spaci l rg o l  thc act ive r fd prss ivc e lerner ts
maìnlt rcllc.ts the fiùrclìon ol lwùre.L basl(efry. For tlÌc:lrid
ofsievcs bollÌ dr-- r( tirc ind passi\c clernents oflhc rwi e.l
grid rveLc clcùl,v spr.ed, th€ sjzc .,f the strands and the
spJce )eh\ccn thl]nr ylDjng wjlh thc íÌùctnrr ofthc sicvc.
Tìre f inest  gf ids $ere hr ì .ed out  o l  ànnnal  hr i . .  Twi fcd
bags we,e l,surlli ùa.l', of grrss or prlllÌ lexf and, whcn
loosll)hln]ed, quLLc llexible. Usjng lhc saùe ùratenals and
Ì€chrìique, brLt pulljng Lhe tNiling strands riglìlly, resulted
ur . losel l  tù ined s l i [  ]nats,  used,  for  instancc,  xs srddles
Tlvin.d Laslietr) was uscd rnairly outsìdc lhc house for
car-aìng sccds, grrnr afd othcr comnoditjes or for nÌoviÌìq
pots, lì:lncsle.L plaDts, c.rlh or du.rg on donkcy.b3ck. ln
tlìe l,tolernaic pcùrd. rnost ofthc 1ì1Ìctions offwincd bask
elrywere lakcnoverby selvn plajts basketry,with rhc crccp
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llon of th,- llrge hviDcd donkel blgs which ar. -rtill usrd
widcl,v todry.

Thc lilnctioù of mars is ofLùì dificult to ocrcrmne,
becaLrsc rhcy rre used ard rc,used for a larg. nLrnìbLy of
pu,poses.TwnÌed srass n,atswcfcfo ' r rd rc  usedas Loof ing
ùaterial. bul Lhcy di.l not end up thcrc rùÌhl after lhcy had
bror  lLsed extcnsivc l f  .s  f foor  rn: rc .  Thick,  $o!c, i  , !ars,
wlÌich could bc casil), rolleil up. wcrc probabì; used as
sleepùrg nrats, but llìc c.,ùtcxt in s4rj(| thcy úcre founcl at
Amarna susgests thal lhcy $,ere rlso used as awrings
(wcndLich r98r)

Thc correlatjo. bchvccn Iunctnù and aspects lr1 size,
s|apc, llcribiljty r.d spacing is not a snrple hnc:Lf oùe.
Fthnorrchicologicll research shows that the function o1
baskets is ofLcn very specific, and Lhat túdjhon plays an
inrporiarl roÌc. furlhùmore, t|erc is a di1Iererx�e beRccn
lunct ior  rnd Lrsc:  a basl€t  r r iuht  bc uscd for  something
ot l Ìer than i tso{ncia l l iù Ìc t i ( , rafdthcrcarcr Ì r , ! , !srances
of  re us,-  ofbaskcls  aDd r ì ìa ts .  for  orher  purposes t l rn  thei r

Producers and users

whowerc thc peoplewho nradcand use. l th. :  baslcts) Both
i. lhe Anarna W.ìrlinn:n's VilLagc and thc tomb ofluran-
khamur iKV6z) large qìrant i t ies \rcrc fòrùrd. 1he quesrion
of who used bashctry is th--reforc casjly ans$oedr evcry-
bo.l). Althouilh thcrc were diJlcrenccsbcLwcenthe relatirc-
h .oafsel]- coiled arìd wcll worù haskeis froln ùre wlrKers
:nd tle fìn--lv decornlcd baskets fiom the rolnb.

Atc lat i !eideni i l ìcal ionoftheproducersisalsopos-. ible.
Thc production of baskclry iù\'olves a nunbcr of strges.
Galhcrnrg x d prepaing thc raw rìat,-rjlls was probably
part of llì{. tasli of the baskcL-rlÌaker. for sorrc nra(crars,
such :rs grass, oÌ palm leaf, ihis c.ìn be done alL ,vea r Lound,
ùlìcnever thc nccd i-<telt, bÌrtothcrÌnaterials, such as rushcs
rr sedges havc to begrtherednla ccr iain tnneofyear:nd
are dr ied and slorcd unl i l  nceded.The r jmc spcntoùhanesi
i r ìg arìd stdìng requifcs.ì  cdajn ler.el  ofprofessional ism

Mrkìùg.ojled baskclry .loes not rcquirc a spccial work
shopt it can be nradc arìlwhcre, thi: onl) tools r'ìe.esslry
bcxÌg an awlo, needle and pcrh:rps a knìfe. Alrhouglì itìs a
irnre consLrrÌiùg pr)cess. cojlmg can be iÙterruprcd al aI)r
tinre. Smcc the baskets sccnì to havc been used only lnsìde
the houscs jr sccnÌs likell tha |cy wcre made b) worncn,
te hrfs nraìnly lor their oùn rlsc and lvhenever lheir orhcr
txsks left ihcnì tinÌe. Twining and wcavnrg on the orhcr
hard,,equì.c thc usc of loomsforwhicl ì  a lvorkspace has io
bcsct3prn.- fhis suggcststhrt twìnedmarr ing, hvined Lrags
($'hich rre senn oul ol nìats) and wolcn rnatrirg we.e
rnade b) part  or ful f rxìrc profèssionals.  Ì t  is a rrootpoint
as to whc.thcr r'-- should conclLrde from rhc nìale rnat
mrkerdcpicted ìù the tomb ollGety rt BeDj Hasan (BIL7)
(Mìddlc Iúìgdorn), rhat thesc rnats rveregenerally made by
rnale brskct-rnàkcrs. Ihe produccrs ol sewn plaìts baskctfy
probably werc p3rt or fuU inne prolèssbnalmales. Tlìis is
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Introduction
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Sheep'swool

TLe errlì--stkùowr d€pictiofs ofsheep in Eglpl arc Lhc rock
dt:lwnrgs ofn'lld berbary sheepìf sorùhcrn Fgypt and Lowcf
Nubia Nhich appear to ihtc from lhe Neolithic or carly
lr.dlrìasLi. pL'rìo.l. ln addilbn, two spe.:ies of domesiìc
sÌreep are dcpjclcd xÌ Ph3raonic torÌrb paùrtirll]s an.l reljefs.
The oldcsr lypc o1 shccp (Or ir l. |1gi pt p al na a.u- p I u.Ls) ht\s
kù!r .  L{xrsely  spi r r l ì !ng horns Nhich.onr . .  oLr t  thc s i . lc  of the
skùll. lt is likel,! that ìts $ool $,as coarsc. Thc oLhef fonn
(Orirlldt}rrd d.elrt/d.a) has horîs lvhich dclcl.ip d.,wrì
\lerds xnd cun far\[rds, $4rì]e lcepìng close to thc hcad.
nrr wool is sluler thrn rhù aî ovis laùgipts palafta.gtp.
t ;n . r j ,  $ i th  dìs t ì r Ì . t  { r ìd  regLLla. locks an.L i i  is  l ì l (c lv  f l r .L  iL

lloudcd rtr$nal)l) soo.l so)l stritrble for we,vrng.
l rhrs beconrcJ l r  cs labhshcd' f ic t  thr t  the rnc ier l t  l rnp

t i r rs  d id not  us.  wooì .  Thrs,  ho$c!cr ,  is  a rn isco cept i ( , r
b lscd or  s .vcra l  cor ì1rncnls bì  rhss i r l l  au lhors,  nota l ) ly
l leú lohrs ùr  the f i f th  (efùrr  BC rnd Pì | ] t i rch m thc f i fs t
renhr ìAD(rs ts i tL . t  Or i r id(  1)  HcfodolLrs s tatcs ' l t is ,

l ìoBÙcf .  cor t fary to rc l ig ìous rLsaq! .  lo  bc bufcd Lr ì  , r
lvool lc Ì ì  gaf ÌncÌ r t ,  or  tu  wcar wool  j r  I  tenrp c (Hisronrs l l :
3r). Thc prohibitiorì on {ool. ifit exist,-.l, rtpears ro havc
at Ì l ìed onl )  1 l )  p fLcsts s i l ì .c  I  IerodotLÌs a lso.omr. .nts  thai
lav pcoplc, l rspcci3 l l f  ìouÌ Ìg rnÙì ,  worc l iù Ìhùì i rswi thr
f i i .ge hJnqjns i ] ro l rnd lh i . lcgs i ìnd cr l lcd .d ld j , ìs ,  rù.1 x
I rh i le  woolLer  gar  nrenl  on lop of i t  .

\v tu l  ar ìd wool len rcx l i l .s  w.rc lnown I ionì  tL .
frdlrustic o w!rds, r.d vrrious ercrvriors rccord wool
l io i ì  s Ì ,cL ear l )  .oùt , - {s .  Ih lLs Pet , ie  ard Qrubcl l  ( rE9r :

+)  rc lcr  to  Prcd)nasl l .  b fo i r r ì  ar ìd $4r j t . r  ùd)L lc f  kr j i tcd
stuf i 'a t  Nà. Ì . ìdr ,  rùì le  Zal ì  Srad ( r95r :  44)  ìnent ions J

/ P ^ '  r u  ì '  f r  r  J  i |
lùsl D,!nasL1 brLfial at l li.lwan. A IìÌrd ol wool frnr Kalrùr
shi . |  wrs or ig innl ly  dalcd to ùrc Nf i . ld lc  Kìr ìgdorn l rs
re.enth been ìrdìocr.bon drtcd lo lh.. Roll]an period
(Corihe peis. connn.). lronr ihe Ncw Kllrgdorn comc scy.
cral cranÌllls ol woolltrì t(:xiilcs e\(!!ak'd borh frorr thc.
NIa in Ci l ! . rnd lhc Worhnen s Vi lhge at  Arnarna FiDr l ly ,
tlìe rurmumrnilicd body of a,i urrlcuvn man. s'as found
rrapped iD shccpslLrìs irì an urÌriìark.d coflin !rithnr the
rcvr l  { , .hc of  rnLrnìnr ics i ì t  Dci r  c l -Bahar i ,  ] 'hebes (An
,heùs ! {185:  67,  p l  86)

Coat hail

A srnal ì  nurnber ofgor i  h ! ì r  fext ì les havc bccn fo ln. l  a t
anocrìt [gyptian sit,-s. Several of then] comc fronì thc
$rorkrnùr's Villase, ̂ rnarna (trshlood r985: r92): orìc ol
thcsc was rnad!' Iiont darl buvn lìrir \rhile the others
rete of crîanr'coloLrrcd Hbres. The r!ùge ofcoiour sugsests
thxt either the goats may h:Lvc bcc| plebald or perhaps
severx ld i f lercf t .o lourcd goaLs wcrc bc ing r .afcd.  lù  fa( t ,  à
s!ìlpaintùrg in the Middle Kirgdorìr tolnb (]1 l(llmllll
hotep r t  Beni  Hxsan (BHl)  depic is  goats wi lh  l lccccs

r  E ,  r  L E s  2 6 9

ranging fronì black 1o crcarÌ (CLifiìth r896: pl. lll). Piebrld
gorts are also pofifaycd alongsidc bla.k-or white-lÌaired
goats of  a pai f ied papyrus dat ìng to thc mid.Lù,c l l ih  c€r ì
tury l lc  (BM lAroor6) .

Patmfbre

Palrll llbrc conÌcs liom thc bast or bafÌ( of certain trees,
fo iably  lhc prLr  l rcc.  I l  is  rsra l l )  brown nì  coÌouf ,  hafd to
the touch afd br i l l lc .  l1  is  not  cornmonly found ùì  co ùec
tnù Rìth textiLes froù thc ancjcnl world. bùl sonÌc pie.cs of
cloth íroÌ. the lvofknrcr s Villagc at Arnarna had a scric.s
of  possib lc  paìm f ibre Loops woven in lo thern (E: ìs t i \ood
r985:  r92) .  l t  shol r ld  be rnr te. l  that  some author i l ies usc thc
tcr ln  .o i r ' to  refer  to  paìrn 6bre,  a l though i t  s t f ì ( t ly  rc fòrs
or ì l )  to  thc l ìùskof  lhc.o.oùut ,  which is  not  r r t ive lo Égypr i
lhis tcrnl is lhcrcl.,rc aloi.led lì€re.

Crass and teeds

lìr,- ùs,- of erass and reeds for rnaitxril is dcs.rib.d ùì
ChaptÉrf  ro,  th is  voLtrnn: j  l t  js  possib lc  rhat  lhcsc l ìbrcs \ f f ( .
.ìlso usc.l for tùtiles, althoueh this js rnri.ertajn. N4ìdgleÌ
stiìlcs lhrt solne Predynasti. frbics were pr obably ofe.ass
or  rc i 'd :  'Thc rn l . roscopic s t ructLrre of thc 6brc js  s ìnr i l r r  fo
l h r l  u s c d r n s o n ì c B r d r f i r n c l o t h s .  . .  l t i s l p p a r e r ì t ì l s o r n e
fibroviscrl:u lissrc nol ur anl \!ry relxted to ffrx (l\loùd
lnd Nl lers r9 l7 r l t  4r ) .  Hc a lso dcscf ibcd somc tcr t i lcs as
'spu.  f ronr  fccd f ibrcs ' . : r fd  othcrs rs  lnadc f rom )ar Ì rs  of
grass o,  ,eed l ìbre ' .  As Ì .ucas ( ,962r  r l9)  hìmscl fnorcd.
r Ì ìuc l  more Èorkìs s i ì l l requì ,ed on tL js  sLrb jcc i .

Truc bast  I ìbr i .s  jdcnLi l icd wiL l ì  ancicnt  Eglpt ian t tx t iks
lnc lLrdc hcmp (Bnrnlon r9 l7:  145;  LL1.as 1962:  149)  and
úùr ie ( \4 idgle l  r9r2:  6)  bui  thcsc idcnl i l icat i .J is  r re ot
certail and nore lvork nceds lo bc carricd ouL orì thc
t .x t i lcs j I  qu.st ion.

The nrn jor i ty  of  : ìnc icnt  !g , !pr ìan tL 'xr i les r re of ì i len shi (  h
is made tìom rhc basr lìbrc, llax. Flai is x rÌrel]]ber of the
rn i "Lro.  fami ly ,  ofwhìch therc arc twclvc gcncfa lcàt l ing
ald a; r r lsoù r982:  J l ) .  A l lhough thc i lcnus ln ! l11 has 2 lo
specìes, only a leu ùe olr6e for the producijorì oltcxlÌli.s.
rinura is an anual herb with alternatifg, lanceolalc lcavcs
along tlc ùrtirc lcngth oftlre stem. Ihe llowers have 6ve
pela ls  whLch can bc whi te,  b lue or  purp le.  lhefr rL i t isa
caIsrLlc torm cnclosing tcù seeds.

f lax js  ro i  a  n. l ìvc o l  E i lyp l ,  a l though lLs usc datcs back
l r )  the f rehìsto. ìc  per iod and i t  is  possib lc  that  i t  wrs
irnlofted inkr Egypt frorn the levant (Gcrmcr 1985: ror)
l r  '  ' p  , . f  9 "  : r e  l e l i , r " d  "  , . . .  L , r  9 o v , ,  , , 1



Predynastic E$?t: the oldest is LinL,m bienne Mi:!.. lex
Línun angustifoliúml which grows to one metre high and
h,ìs smalÌ, white flowers. Evjdence for ihe early use of this
type of tu-{ has been found ìn the lorm of a flax crìpsu1e
(tomb looo/obiecr t) at rhe predynastic site of Badari in
v ddìe Lg!p lBrurrnn dj  J Crron. tho-npson ,o28: r ,J/
f h . < e ( o n d t u p p o f / r n , n k r  o * n f r o m  p r e d r r r s r i .  r  g y p r  i .
Linum úsíto,tissimum,which again grows to about one metre
high, bùt it has small, light blue ffowers. Ìt js this form of
Itnum which became the main source of flax in ancìent
times ln somc tomb-paintings, the flax flowers are repre-
sented by a hne ofblue painr, which probably indicates ihar
Linum usitatissi.mum, rarher rhan rir n ,ie "e, was being
depicted.

Tùrning the flax plant into a pieceofcloth is an elaborate
process, which took a long rime to develop, but ir can be
shown fiom excavated rerliles fìom the Fayum region rhat
a variety oftypes oflìnen ciothwere beingproduced by ihe
Neolithic period (..5ooo BC; see Calo;-Thompson and
cÀrdnet r91+ 4a, $,46.49, 5r and 9o).

Soù'ing and hanresting
The task of sowing flax secds was caried out in rhe middle
ofNovember following the annual inundation of rhe Nite
Valley. There represenratìons of sowing
srenes in Old and Middle Kingdom tombs, thus allowing
ih€ process to ùe foilowed and reconstructed. Often th;
sowing orcereal grain and flax is showncombined, as in lhe
Middle Kingdom tomb of a man called Unrna at Sheiklì
Srrd r i  V ddl"  Fgr"r  rromb /r :  rce Dr\rcs I  ror pt .  XVI)
q here d îrrr  is dèp rrcd ,  oì  e,  Line speds ,ron rhe sro.e-
rooms watched over by rwo omcials who note the amount
on a wriiing board (see Fig. rr.2). The seeds are then taken

io the fields. In borh casesthe ground has been preparedby
a tcam oforen nul l rng a olough. Ho$AF, rhF ma1"owì-g
cereal grain uses an overarm action, while the man scatier.
ing the flax seeds uses an underarm movement which is
tt?ical for the sowjng of this crop. Finaly, flocks of anj-
maìs, usually sheep, are sent into the fields in order to
trample the seeds into ihe ground.

Flax plants take aboul rhree months to mature;oncerùe
flowers have died away and the seed heads appear, tte
plants are almost ready to be harvested. The riming ofrtìe
h r n A  i n g r s  î p o r l d n r . L e , r u . e ù r e a g . o f  t \ e p "  r i a f l e . r s
I  p  L s e s  r o  $ h i ,  ì -  h F  f i b . p \ . a n  b e  p u r  t Ì r u .  r f r f e U r x

plants are hawestedwhile still young and greenihenafine
ter.tile can be prodrced, and if jt is hanesied when stighrly
o de. hen rhe 6lrrcs "  e surrJbte tor J gcierd..  good qurt i . j
. l o , f .  H o \ { è \ p r .  r f  r ì  è  h " n é . r i r g  r a , è s  p l d p  q r e n  ú p
plants are old, then rhe resulting flax is usable only for
coarse.loth and ropes.

According to vadous iepresentations of flax haftesting,
such as the New Kingdom romb of paheri àt Elkab (EKti
Tylor and crjffith 1894: pl. ltI), borh men and women were
involvedìnthe process. In each case, a bundle offlax stems
were gral,bed in both hands and then pulled out of úìe
ground. The flax was puìled raL\er rhan cuL, trr oroer ro
o L  d r n  r . l o n g : r d  . r - J i q h  r  t è n g  h  o r  h b , e  J s  p o ( . i t h .
lhen rhe p rnr.  ierp rrcd in lo Lundle. "nd Jt  "w"d ro dt .n
the sun. This stage was also porrayed ìn the rom} of

- After the flax plants had been thoroughly dried, the seed
heads wer€ removed, using several differcnt methods of
siripping or 'rippling' the h€ads. They were ofren sirn?ly
removed l,y hand, but the paintings in the romb of paheri
show flax stems being pulled between the .t€eth, ofa long

Figrrc ú 2 sceùe shavinE th. sowín! oJ$axIran thc pdínted àeórorion ofth. Middt. Kitgdon tÒmb of utoma ot sheikh soid (tÒnb 2r).



toald or rippling comb, an example ofwhìch was excavated
tom tle Middle Kingdom town,siie ofKahun (Manchester
Musern A(c. No. ú8(or.  A .  i ,n i ldr borrd rrn s t ine eqt- p
?€d ' r iú r  , landr L d"pr.  red in ln" \èq Kingoom tom , or
Menna at Thebes (TT 69; Petde r9r4: 95 6). The seeds of
dre flax (linseedg were saved for severat re:ìsons: m oroer.o
sow the following y€ar, to produce linseed oil, and possibly
also as a formof animal food.

Pftlonnsúe lax for spinnins
In order to follow the various processes ìnvoÌved in prepar
ing flax for spinning it is first necessary to understand
something about the nature ofthe flax plant and, in parricu-
l , oflts stem, which is made up of several layers (Catling
and crayson 1982: 'l 5, fies. I 4). ofimporiance ro me
production of flax are the fibre bùndles (pericyclic fibres),
Ìrhiú lie between the phloem and the cpidermN and cor
tex. fhe bundles contain befween tweniy and ejghly fibre
alls (or ultiúates) separated by narrow girders of paren
chyÌna cel1s, and itìs rhese fibres that are us€d ro make the
doù. In ord€r to release the fibre ir is necessary to l,reak
dotÀî and r"mo' è, l^e o-hcr tayer.  or ce tr .  -1.  prepar".  ion
ot lLx ror 5pirn ng (,r  Lé d '  ded inro '$o p-o(Fj.e. :  I  l
ilÉ refting, cleanjng or scutching (i.e. the removal ofthe
hud, outer cell layen ofthe flar stems); and (2)the rwrsrng
ofthe lundles offla,t frlaments lnto a rough, preliminat

The second stage in the process of preparing the flax
stems for spinning is ihe beating or btuìsing of the plants
to separate the fibres from th€ wooden parts ofthe stem.In
the Dynastic period the flax was probabty laid on a large
stone and beaten with the maÌlets, buiihis stage is unfortu-
nately not shown in any of rhe ancient r€presentations_ The
ercavations of several sites have yielded wooden mallets
which may have been used for this rask, and such imple-
ments were still being used for ihe same purpose in the
Upper Egypiian village ofN:ìhya during the rglos (Crow-
toof r93r: J4).

In order to remove any resistant frbres teft over after
fetting and beating, th€ lengths offlax were eirher beaten
with a largewooden Fan (o.'bar'), to shake out a 

 

the loose
pieces, or passed between rwo sticks held in the hand
( scutching'; see Fig. rr.U). The latter r€chnìque can be seen
in ihe Middle Kngdom tomb ofDagi (TT rol)andthe New
Kingdom tomb of Thùtneler (lT ro4j Davres rgrl: pr.
)C{XVII; Davies r927b: frg. 4

spinníng: producíng a Linen thread
The ancient Egptians had two rechÍiques for making a
thread: spinnìng and splicing. Spinning is the twisting
together of a frbre or 6bres in order to prodìrce a Ìong,
cohesive length which is sliehdy elastic. As the length of
individ1lalfibres can vary from about I cm (e.g. in coton), ro
more than iwo metres (in jute), different rechniques of
preparating and spinning have been developed to cop€ with
thesevariations. It would appear both from actual finds and
f ion reprF.ei  rr ion" rhar he re(hniqre or spirrrng .1
ancient Egypt was divid€d into rwo distinci, bni related,
proces ses: firsdy the flax flbres were given a loose twìst, and
s€condly they were aciually spun in order to produce th€
thread.

Oncethe flaxfibres hadbeen scutched they were passed
on to another inidvidual who transformed them into rough
but orderly lengtlìs by rolling the threads either on the

With regard to the frrct stage: once the seed heads have
been rcmoved iiis n€cessaryto rot or'rei the fu_r stems in
ordeito remove the hardouter bark or.odical tissre ofthe
p ] a r l .  T h r s  r .  u . L , l h  * l ' A e d  b v  p J . i r s  r h e  s r è m .  i n
slowly -unning *a er:  rhe ìergr\  of  dt ìe ror $î i . \  th.
siems stay in ihe water depends on the iype of flax and the
tenterature ol ihe water, bur ten to fouÌ1een days is nor-
mal. After the outer bark ofthe flax plants has deleoorareo,
the siems aie removed from the water and aÌlowed to dry in

- . . . ' . - - . . ! - 1 / . . 1 -

f f i /-
Ftgu.ú ) Detdit of o wall-pdiúting is thè tomb chúpeL oÍ Dosí ot rheb.s (TT1o,, showihg the pfttiúiiary yep^rutian oJ.fi^x : rh. secohd
úohah froh the lef is prcbabq sphcinslor together rathet Lhan prepatitug it for the mot. @;wnti;hd] ,pinnitg oj thè fbres.'
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t h r e l -  o . o r  a . F m i , i r ( u t à " . o r n  o t à c e d d i r - . r t )  l  i o n t  o t
ne perqon. the\e 'orm. ,aì  ì ,e

induding that of Thùthotep at Deir eÌ-Bersha (DB2) an;' h o r u r  D r g i d n d  f  L m c t e " " r T h . r e s , . e F  t _ i g  j r  ì )
r r e n ' \  \ r d g e o .  L h e p n , F .  i s r h e ! \  i d r r p o t  r o u g t  t )

spun lengrhs of flax ejther inro balls, as rn the Eleventh

lynasy l3T.! 
of 

5hety aJ Beni Has.rn (BH r7; Newbeny
ró94: p1_ Xllt), orinto coì]s, as in thc tomb ofThuthotep ai
Den el-BeIsha, which seems to show seml,spun tengìhs
Ué "9, oi led !nd hF 

 

oJ.sed Lî,oLgh lrr   

 

rerr : t  toop in J
r , o s i  r N c q U ^  1 n . J . . D t .  \ X \  t t  f t "  w o m " î  .  h a n d s  r ;  . h r .
f . re or hetr  ro h- ro rr l - .  suegcst ng thdt s i  .  wos- r o . r e ] | n g l 5 c h b . È \  É i , r s o r  î e r . "  1 , . . à u q  , r  r " I o L -
mal lor flax 6bres to be moistencd bcfòJe Derng spun, uì
order to produce a coherent ihread. usualìy by ;ftìns;h;
h ,  g ^ p ,  p n o ,  o  . i n r  r e o r  L r  n  o r s r " r  r g  h n  h  r , " , i o i , "
ol  la\  w.rh al i ra rro.n he no,. ,h.  InF -.mF t ì ]ernod
p r o ( t r  $ r . : h ì ì ò F , r  g , . ^ J L ,  r o m " r  i r  r e r a i n a r . u " o
u D p t r , g \ p t  J r  d  h ,  s r d " l  u r  t  . l ) 1  p o  r U v e l )  r i p n t  ) .ard two vìtlages - Nahya alld Kurdasseh werefamous for
rne women who spin through the mouih, (Crowfoot rgjr:
 -t.

s , r  î : r e  - , 1 ,  r - ,  h . ì i !  r . " f r t r i  I n g , o g e r l F r d  n u l l u p -

: '  
" , . , .  , : , . .  s r r o r s .  , ,  n r  , L o u .  h r p  d  _  s  r  a d e  u r  o r' h r . è d i . r i n , r  

. . g " s :  r " ,  r h " d . - $ , g - o r  o t  r h e i i t , F s  ( L lh .  r q : . r i r c o ,  h e  I  L * 5 . ; 1 6  1 , , , 1 .  " , n d  n g , , f  , , e  h r e a d .
u n . è r r .  . p  ' d t c '  . e ,  i n  r o . r o r  h p  o r r . , r . r p u l . o r d " " * .
oùt (artenuation, drafting) a tew fibres at a time &om the
mass held in the hand or on a separate holder ordistafi. Asrhe sp'  dle L-rc h. .  . rr^" h^r I  or t i r  |  .  .dJ_d \r  I  ,
r h F r e r ,  r l l . .  h ^ ì s t - d  h , e " d  I ' e . o i n d t è r \ s r o t p c . r " r o' h e  h r . n d  i .  $ o ,  , d  o r  t o  |  , " .  p i n d t .  r h d t , , . I n r o  "  L , J l
) p L r   

 

, F _ d .  . d ,  L r i  J r q  L " o  J ,  I .  i n C  5  s p u n  ( a n r r -
. , o , k w s F ) . 7 - . n u r  r , l o . o r s p r .  o r  |  . p , r n  { n "  " p i n J  q i , t ,
I  e r  oJ r t-e .  èn'rr ì  ì ,  

 

o ." ,  t -  ler er , lJ i r  dì ,  g ,he d èr
tion ofspin. rn generat, when two ormore spun ihreads are
re spun (ptyed) togeiher, itis jn the opposire drrecnon ro rhe
ongÌnal spìni rhus, tor example, an S ptyed yarn may oe
made up 01 two or more Z_spun rhreads.

. ,  
\LmF'ous rorn r  "r  t -rno .n 

 

. r ing hr\ .  b"en aèv, topFd
r r - o u g r , o , r  ' h e  w o , l d .  " n p l o / i n g  l  r ; r g e  o r  r r o s  f r o n  a

I n o , p  r o r o ì e \  f o  n ,  L s  , s  L o s t . ,  h J ,  d .
s t  n d  e "  o  d  . r à  I .  I  h .  t 4  n  4 .  s p  , n i n g- î r j p n  F n r .  u . - d  . r  " i . r ,  n .  t g )  ,  i .  , h .  t  

 

d  " p r n d t . .  A
r  I n o - s p . d ,  I  n J d ,  J p o t r \ r  , ì  r r h e . h "  r o r  , p r d " r "  d
a weight (the whùl), wjih rhe Ìaner acting likc a fly w'heel,{ è F p  d  u p  r h r , 1 . m F n t  r r o f , h e s p i r  u h e n r . L g ( . e n r
lprp'h oi  h ?jd ì-r ,  ù+i p.ooL, -d ,1e "p idt .  r  sropted
d n o  h . ' h r , _ J l . . w r o o p F d " - o u n d t l " . 1 . _  | , ( r o s  o o . ; r J .
vogelsJng.Eà\rwoud r992è: J r7).

A wlde variety ofmaterials were uscd for making whorls
in ancint Egypi, i.duding limesrone, trave4úe, cray and
wood (examples includ€Amarna 2r159 in ìimesrore, 2rlr17
rn trav€Ì1rne, 2rlM7 jn ctay ànd TA85.WV. no. 1784 in
wood). Mosi ancjent Egyptjan whork a;e eirher discoid or

dom*shap.J.  T le o js ,  rorm wouto apperr  lo  be rhè o lapsr
oJ Lhe \o drd l  J .  bpèn foJno at  prèhi" ro.  ,  sr"s  suLn a.
Kol  w In t l  r  Fd!u"n {Crron.  rhol lp .or  Jnd c" .dn. l
a t4:  {1) .  The do"ne s.  l ]ped whort  "ppe"-d dr  úre e1d of

r h . v , ' d L l  c K i n g d o î r n d  $ d s i n w i d p . p r F a o  . s e L )  t h p \ e v
( ì rgdom. , ì -  shdDp ot  he u l  or l  rno ; ts  prer  rsè ro.  dùon
oi  r îF rhà ' t  ,  j  \3" \  dèperJ ing upo.  o.3t  cL tom. n
r q \ p r ,  r h ^ s h o r  s r .  u , u d  ì \  p J r ( p d  à t  I n c  o p u r r t - è , h a t .

l * ' "  
" " " 0  . , .  o l r e n  s . .  u r p d  t o  r h e  r o p  o t  t h e . L r t ì  b )

means ota groovecutinto its sìdearound which th€ thr€ad
was secured, probably wìth a hatfhitch knot.

Some whorls havc been found io have marks cur into
their sides, rncluding three wooclen examptes from Ama." n i .  n r  F  r - \  I n q  d n  c t o r g : l e d  V  o n , , s . d r :  a i o t h é r  w  f  r n
\  dnJ "  l - i rd  b,  .  f lnq "  rF\ rdna e $ th run ho,  zont" l  t i .er
rvogr .nr  I  td .  uood roo4:  . r r .  tg .  ,uJ.  A ,  t "  v  e,p,a l r .
tron tor these marks js rhat ihey were used to idenriq, rhe
tools Js ihe property  uf  a parncu[ar  sp inner .

_ - - A ì ' h o u g h  
d . o i ( r r o n s  o r  m ,  r  . p  r ì i l g , r r n  . o r  - . k r n g

rer .  o-è fnowr-  t ron romb\ of  he O d t tnqoo.r ,  r  i . .  no l
r ,  i  r , L e l \ 4 i J d l . K i n g a o m r t  r r  r c p r c s " n , a r i , i r . o  . o n r  r n g' |  p - d  l o r . l o r h  L r n  l e  r o ; n o .  t h é r p  a . "  . h . e e  . r 5 r c
methods ofspinning known ùom these depictions whjch
ano w€re apparenfly ìn usc during the Middic and New
Kngdom 

.gasped 
spindte spinning, support spìndìe

sprnnrng and drop spindte spinning.

Crasped spíndle spinníùg tn this method, a prepar€d rove
r s  p q s s r d .  t  o u g h r r . n g o  n \ , r r c u p p o 1  . u . n à . d t o . k e d
< ' , . r . J r d  . h e n  s p u n  o 1  J  ì d r g p . p r n d t F  g . o . p e d  n  L o r h
n r n o q .  r h r ' e ( h r  i . l r . F  s . l . n s r  , r  r î e  r o m L s o  B d n l l l
" " 9  

Y . .  
, l  B , .  H a s : n  r ' " m " .  B H , ,  J ,  d  1 7 )  ú n c . e  a

o f , ( e o  .  h .  r  r .  , . e d  t f  C .   . ! r )  . r d  

 

h . r a m L o f  t L u r .
nerer at Thebes (TT r04) whcre a dng is visible (Fig. rr.1ù).

suop,aa Vadtc r . , r r ; ,g  fhrs .e.  nn: !u.  i rvotres s-pp61
t r  g ' h e . p r r  d l " w r i . ,  i  m o \ e "  t r r h e r o m L o t  M e r v { d t j 1 7 ,
a maÌÌ ,s shown-sitting back on one heet white dr;wing';
roÌ -  

l :o , i  : .Do, . .hroLqt  h.s  Ì " r r  Fanc ànd .p jnnins $ h a
" p r n d l . . h e  d  - r  h j s  ' : g h t  ì - r n J  r t - r g .  j  a ( , .  I , i . p o r . . t , F  h . r
r n c . | g h  t r  t h ' L t .  ) r r n  h e $ r .  p  n o u ,  n g u
eùner by a nct or màfmaker.

D, ,op, .ptadk.p i rnFe r r  :h . rh i rd re,  hn,qre r r "spinde;s
' "  h d , , n  h e  r h r g h  a n d  , .  r l  " r  r  r o t r è d  r o  d r o p .  T h r s  * " r ,
i \  dppi .  ted i  "  ìun ,c .  o rom \  notrb l )  rhosè of  B"kr   l
é .  d io ] t tv  " r  B.n;  H"srn.  \orm. l )  t fe  sp in . r .  . r ,nd on
lhe ground,.ìrur sometim€s they are shown standing or
!  o ,  k"  : ,1o d( '  ro  a,  hrpre a gre"re hpigbr  {  ee t_ is  . . . rd) .
u r p n  î e  s p  i n e r .  r r p  \ h o s i  w , r h  o r p  o r  s o : o . o t i e d' . p i r ' ] r g L , o u l r  

b \  t h ,  ; a { T i g .  |  4 b ) .  s p  i r r n g  b o w l s
nalF rot . l  one ro sa loop.  or  hrnote.  sFt  r .heLo-omof
ú , r e \ : ì r ' ( f F .  " 1 d  \ \ o o t r e v  r o z { :  , . .  u r .  n .  , ' ' l 5 9 t s 4
ròsoórro|_o '  .n6t  9-  . rz :  \oges 

 

g l - " . r$ooo ,987 E8.-x òó1.  séT -spL.r  dna rut  v  .Du,  ù reJds " r "  p" . .ed
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tal11r Miúl( KhlrLlÒút tt"nb al xh.tl at BÙtt Ha'a1 lRI tl7)) (b)

ìli, n.. i<,,grJo. ront "l Ttttntitt út Thùa lrlroll; l') r'rt

u'r.1rlJ,. t<irrgl"orrr 1oúú 4 Khètl dr aúi ildsdr (NH)7)t (à) l"

ii,l,tL, t<t,.ian," ,o'"t','1tt ùthatq ùt Dtì 'l |,ù!i1' IDB'): () tht

Àtùl.ll. (irg/on Lonlr ù/ D!ÀL ttl nt B i Hasa^ ltstt1j)
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lailer is composed ofthreads ofdiff€reni colours which do

noL Drss l ror;  senedg. ro sFl\edge bur drè I  r ' r icd b3'  k rnd

i ' , , ' , .  ' " ."* .r ' ' "g ""b wrr l -  rhe parr of  rh"-wa'o that ts

rcqurredfor"parr:cula'  prhP'narea onlv r  f '$ e\aÌple'

" i ì . " , i l " . . -*  ' .  ,  "p*rD wea'P nr\P so lar been 'ound

'n eqr" '  " ta 'no.,  " t . , . to '  iJred úr lh ro\aì rornh< se\crr l

oi".!r'*.," '...'"'",1 L\ carÌer rnJ NewberD from rhe

iombofThutmosc Iv 1KV4l;Thompson r904: r43 4) one

ofùe lextiles bears tlìe carlouche ofAmenhotcp li (Cairo

I[  r6r2b, doverarì  rJpe.rD) wnrle anorh'r  hJs '  ground

à""r*a ", ' r ,  torus tud. Jnd qowrrs lLa: o l t  aur26:

ltompson I9o4: pl r) A further example worked ìn slit

tapestq wea;c, derives from an unknown lomb in the

Val ley ofthe Kings (Cairo lE 24987i Daressv.I9o2: lo2 I
pl. t.vlllr tt incli<tes a block Pattern and a line of hicro

elt9hs sel  wrthin a ver l icJL column- 
À nu-U, r  o '  erampl"s ol  l rPesrrv $'avP hrtè DePn

identìned among thc textiles from the tomb of Tutan'

tr'amun rxve:tl rrrese include several instances of slii

faDestÌa (òatlr€r nos: l67j (lE 62626) 46'c \lE 62674'

\ 6 7 Î  l l  b / ) 7 \ t  s o u  l l l -  u ) ( ' u ! ) )  q r g  { l t  l o / { / ì 4 / r o )  \ o l

îÉ'" ,roxuit  - .1d Jl  o,b4i)  ont or do\èrar led tJne' tr)

15af1lL z9'r  ra orrr '  a hone L' lanket of colr 'c or benr '

i . i t ' " p . . , 0  i j , ,  i r t  u r q o 2 e ) r  a n d  J  r o r m  o  o P e r ' $ o r k

taDesrrv l ,  re (JE lo/ l / ]4/ tr))
ln addrlron ro rhe lépe.rry rèxlr lPs [oJnd I  ro\r l  lomDs

se,eral  er"r"pl .s *Pre lound rn rhe F:ghreénth Dvn! ' t \

. . "  "r  t f , .  " : . f , i , . .  '  ruìa l - f l  8 i  S, hrdpJrPlÌ i  r ' l : - t  rr"  lud

inga piece of material of unknown use which has two l:ìrge

so"ua,'es ofìooping s"t in a tapestry'woveÙ ground (Turin

l"ius. Eeizio inv suppl 85:8; Donadoni Rove 1988: 2Il

6 n . , o ' !  1 6 "  * , o u  a  r s  J F , o ' r r c d  $ i r h  d  P r r - " ' r  o f l o r u '

ni"" ," , ' ,a Uù, Jnd a'  r ì r  'h '  'as '  or rhe horcP ìJlantèr

irom the tomb ofTùtankhamLtn ihe design is workedin a

bent.weft' system which later became a charrcreristìc fea-
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ture ofcoptic tapestries These New Kingdoú finds irldì-

cate that túis typ; ofweave has a much longer history lhan

rinally, there is one pìece ofcloth (Carrer no 2'e ÌE

i o l t i q l ! r ) t h r r h  h . s  b " n  w o v e n  r n  à n  u r u ' ' t a l v a r i a r i o n

;r ' raDe:r^ *. , 'e.  aL\ordrng ro lmery s $ea\e '  lassih r

r ion s)crem rt  i .  a rorm oi  open_$ea\e laPeslrv lFmery

ioee,A+t. s. f".,Ì'"**er' no near or exact parallels to this

type ofcloth have been found
A small number of texlìles with warp-Patterned tvpe

desiqns have been recorded lrom various New Kingdom

sour"ces.This type ofcloth has been vaiouslv dcscribedas a

douÌrle weavel compound weave; tablet weave or a warp-

Dattcrn weave a"d it is one of the most complex of the

iueaves used in the Dvnastic penod The weave is a warP

faced form in which rhe close-pressed warps make the

paiiern *l e tUe wert thread is concealed ReÌativ€Ìv few

àetails are known about lhehistoryofthis tvpe ofweave ln

e " . " ' " f  i '  i ' , . f ; " " . a  r o L , e a n  r m p o r e d  o ' m I ' e ( a u s è s o f r r

i  , . , "  l l . , 'ntr  beer round ìn rhc Lombs of members of rh '

.ov"ifu-iryirtlng to tr'e New Kingdom There are severaì

s;rvivine textiles in this tvPe ofweave one example now

in theVictoia and Alilert Museum London (VAT25r'I92r)

*a. lound br Carter in rn Fighreenrh Dynrsty lomb Jl

leb".  (rog. l ' ,ng r , 'nuood rqo4 pl  {8l  l r  is made tro-n

.."'* À*ira h"as a simple geomerric pattern in blue

rrr.*", *a -a *t-t, repearing over four throws ofthe

weft. Since ihere are several, rePeating weaving faults it

rna) ùe suggested rhrr lhe t lo lh wd' woven using two

r '"aar.  'ooJlna " sh"d rod or oo" ' ib lr  rhreP heddle rods

(see secrion on Looms P 276).' 
rh. socaìled'Hooà Textile' (VA T2I I94o; Crowfoot

'el l  4 j  5) ,s possrbly trom lhebes rnd prot 'ab\ darPs o

' í"  "r .*  r  "eà.- ,  ; '  hr '3 rr iangurdr pahFrr in bìue ard

nrnral lìax. The textile is woven in a warP facedweave but

Ftsud t'.\ ctoa.up aI \ade itu wo.plakd

'tiLt dai-t,d wnh a biad in Èd lnadJ'tj
ard blue (iúdisottn) lL.íden RMo úo tf
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the main pattern ìs produced by substifuting weft for warp
threads, whìch arc rhen used to form a long fr;nge.

A w:rp,tàced t rald, scwn onto a saddtectoth, ;as found
on a muùmified ho,se cxcavated in front of the Ttreban
tomb ofthe Eighte.nth,Dynasry omcial  SenenÌùLrt  ( f i7r;
Lansing and Hayes r9l7: ro_l I ,  14, f igs. r4 r5).  Among rhc
text i les i ì  rhe romb ofTurankhamL,n (KV62), such b; ids
wereused ro decorrie the sìdc ofonc ofrhc kjng,s eìaborate
bag tuùics (car icf  no. 167i,  IE 62626) as wetì  as a nunber
ot the decorared col lar- form hrnics (Cartef nos.2ro, lE62b44: 2raa, lF.626$) (Fjg. rr .6).  one ofthe targest and
nrost elaborate examptes ofthìs q,pe ofwork ìs thc so cal ìed'girdle of Rarnescs l rr ,  whjch is now ìn the Liverpool
y ' , . : ' ,  "  

1 v   \ 8  r p È  . a  r .  m r a s ,  e .  s . /  - n . l | p .  ì r ì
r . ì g r r d r r r r p . . s t r o r n  r - t u 4 8 . r   

 

w i d r h , r t  r s d F ( o r -
atcd si th zig-zags, dors and rows ofan0r signs ìn btuc, red,
yeìlow, green and undyed fiax.

Sometimes ihe aùcìenrwea!,ers alsouscd a con.ìbination
ofvaf ious weaving rechniques, as ìn the case ofone ofrhe
sasbcs in rlÌe tonìb of Tutankhamun, the back panel of
which was woven ir a slit-tapestry rechnjquc whilc the rest
s-J\  Fj{ . \ . r  ed in ,  w"rp .rcèJ tJt ,b) w"J\/  rC".re-  o.  roof
, E  n n  D 2 o 4 7 )

At  t l ìe  beginning of  dìe Mìddle Kjngdom a form of
weaving now called wertlooping appeared. This techniquc

involves lìfting or looping the wefi rhread up above the
surfaceofthe cìoth at regular interals, producjng an effecr
srmrrar to modem towellìng; the Egyprians aìso .reated
r ì ' l \ d t .  o i , r F r n s  u .  r g  t o o p s .  r r . t u d  n s  c h A r o n s ,  d i a .
'nord. r I ' i  Landr.  Onè nf,hé eart iest Fxan-pres of,hrs ry?eofcloth, woven wjtb short loops, comes from the collectwe
burìal ofsjxty soldiers ar Deir et Bahari in westcrn Thcbes,
d .  i n g  n  r h F  r e r g n  o f  r h "  L t è ! e | | r h . D ) n d s D  r u J é .  M n n .
r r i o r e p  I I  l W i n l o t l  j 9 4 l :  1 r - 2 .  n g .  l .  p t .  t o B t  .  m r L .
rèrr t .c qFft  Juund in other \ . t rddle Krrts,dom toin )s i r  the
rmmedÉte vicinity (winìock r94r: l2). The use of weft.
loop ng.orr inusweìì  inro rhe NFs | \ rnrdom Jnd LoJìen
r o r . r . d  I n  J \ . o ( . J t  o n  $ i t ì  L é d d i n c .  s h e r è l o o p p d L l o r n  s r s
used rs a mattr€ss (as in thc tombofKha at Deireì Medjna,
see Schìaparelli ry27: pt. rc5), alihough nr this laier in
stance ihe loops are usually long. Cloth wirh Iong loops
(s imìla r to the -symmetrical or ghiorde knot in consh1]ction)
was also uscd for matrìng, such as that touno oncnanorr2o
i n  h F  r o ' . L  o f  - ì , r t " n  

 

a m u n  t h " . p r i n e i r r n . s o f r n p t o o p .
ìng $ourd hdvè rpen u\ed to Lushion thF novc.nenr o,rhe

A va riety. of vriiten and representational sou.ces srLggesr
that nvo basic fypes oflooms were tn use in rgypt byìhe
Eighteenth Dynasfy: the ground (or horjzontat) loom and
the vertical (or fixed-beam)loom.

The grcund (ot horizontol) loom

Thc groundìoom has a simple construction, consistingofa
horjzontaì wrrp strerchcd in its tength beiween two ìreams
lRoth r95rj Barber r99r 8l-9r), th; tatter benrg generally
kepi in pìacc by a pair ofpegs driven into the ground (Fig.
rr.7). The warp threads are divided jnto two scts: r U 5 7 9ek, aùd 2 4 6 8 ek. By lifting up one set ofthreads using a
\.dJìe rod G srr(  |  wrrh :  row oftong toop. aFrcnèd lo rr j  a
. .1-eo i \  Lr,  Jrpd rheF,sror shr.h s adt ieà ih.  n,rL,r , tsn€o.
The ( ourr.<l-ed r .  obr"rned ìrv pu 

 

rng up d se(ond heddh
r o d  o r b )  ' r d n i d u a l l v  I ' f r r n g . h e  r r r r p  c n d s .  t n u .  t i f h n B  r h e
second set of threads. The weaver starts at one end ofrhe
wary and works until the otherend is reached, moving the
posit ionofthe heddleas needed. In order tokeep thewarps
in place, the groundloom weaver Lrsed a warp_spacer,
consisting of a long rounded bar with slots cur rnro u at
regular jn iervals (see Petrie r9r7:pl. LXVI, nos. rlt_6).Th€
length ofdoth-wovenon a ground loomwas limiied ontyby
the amount ofthread spun, às the web or warp rhread was
simply wrapped around the warp beam and unwound as
ne€ded. Thus it was not necessary ro have the two sets of
pegs set lar aparr in order to weavelong lenglhs ofclorh.

.  
A paint jng e\e( u 'ed on an eJrt)  predynasric oorrèD bosl

romb dt Brdari  {Tomb no. l8o.r :  pelne
Museum, UC 9547; see Brunton and Caton-Thompson

.,s( - " 6 \r -rp @,, d b, a,d, t.a on tt\ . irt.dE . "hd tan { cdlt
o t  a '  r ,  h04 tú  taúb J  f , tan \ha \_n  tKv6. l  ,aa i ,a ,  t  t  ,  ) t ,oJ



FWrr ú.7 Bnd\ ey. vitú oI 4 {auúd loan Jrom th. MrJdle Kítus-
dontatub af Khiú\hot.p ttI, B.si Hdsdn lBHt).

r9r8: 54, pl. XLVÌI6, no. 7ok) is one of the oldest Near
Eastern represenlations of th€ ground loom. The painiing

shows four corner pegs holding two bcams, one al erther
end, with the warp runningbetweenthem. A small amount
ofwoven cloih can be seen ai one end and three bals are
shown across the middle, possiìty the laze rod, heddle rod
and a beater ofsome kìnd. The laze rod was used to keep
the order of the warp threàds. lt is possible that a long,
stsaighi lalh found in ihe Mìddle Kjngdom town nfK.hun
was such a rod (Roth rgir: 22, 69. 2o)i measuing I24 cm
inlength, t.2 cm in width, and 2 2 cm in thickness il has
notches at both ends.

To sùpport the heddlc rod, two'jacks'were used, one on
either side of the loom. lt is ììkeìy that large siones were
sonerlmes used for this purpose,l,ut a nùmber ofwooden
jacks have been found, inclùding several excava ted at Kahun
(ManchesterMuseum, Acc. no.5o), whichvary in size hom
about 20 40 cm in height, each with a large notch cut out of
the side on which the heddle rod rested

A nLmber of shaped sticks, commonly call€d sword-
bearers', have also been found (e.g Leiden, RMo Air47a)i
these w€re used to beal in the weft thread after ithad been
passedthrough one ofthe sheds.ln mostcases, one side of
the long edge has become worn and shìny due to constant
contact with the warp. ludging from the rePresentatjons of
swords in various tombs at Beni Hasan and Thebes, the
shapeand size ofsuch sticks could varyconsiderably (New-
be!Ì tr89l :pl .  )GIX; Davies r948: pl .  15).

Large wooden combs, found at a nùmìrer of E$?tian
sites, wer€ probably used to beat in the wefi threads le g.
L€Ìden, RMo AHr47a; see Vogelsang-Eashvood 1994: lìg

4l: Petrie r9r7: 54, pl. txVI, nos q8-54). Th€re is, ho$'
ever, somedoubtabout lheir exactage and it is possible that
they are Roman in date. veaver's combs are usually abott
twentt centimelres long, ien centimeEes wide and about
four c€ntimetres thick, with t€eih cut into one end, and a
handleplacedat the other.It ìs not cleàr whether the use of
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such comt s wiL\ one or both q?es ofloom, although the
Ìatter would seem the morelikely.

on€ ofthe characteristìc feaiures ofcloth wov€n on the
ancient E$ptian ground ìoom is a selvedge or weft-fnnge
which always appears on lhe left-hand side of ihe cloth.
Depìcrions ofclothes ìncluding such fringing are common
in the Middle Kingdom but less so in the New Kingdom
(see the Eighteenth-Dynasty paìntjngs in tomb TT2r at
Theìres, showing User andhis wife; Davies l9rl, pls )svl
and )GVll l ) .

The groundloomhas continuedinuse until lhe present
day in certaìn more remole regions of the Near East, al-
though in rec€nt ye.rrs its use has declined A virtualy
identical loom was used in Sudan in ihe late tlventi€th
century lor the prcduction oflong lengths ofcoarse cloth

r r | .  o î  a n d  N 4 , !  .  r t 7 9 : i y  b z , . O n e - e r ' o '  f o r l l e s u n i \ a L
of r i i .  rypc of loom i .  rhàr ;r  r"  sui làDlè lor Lhe ' tp ot
nomadìc people, because it can be easiÌy packed and then

verticol (or fxed two-beam) loom

The second form of loom depicted in ancieni EglPtlan
tombs is th€ vertical loom or fix€d two beam loom (Roth
' ' )S B"tL"" 0, t ' :  r rJ rrr .  A. the 1àîè suggesrc lhc

r h r e r o s  $ e r e  \  r è r r h F d  v e d h a l l ) .  r n '  e : d  o f l n P  h o r ' 7 o r  r a ì
tensionemployed in the ground loom (Iig rr'8). The wary
ends were wrapped around iwo beams (lhe top or warP
beam, and the lower, breasr or cloù beam). The loom was
either placed vertically orleant against a firm oìrject such as
a wall, and weavers stood or sat ai the base of the loom,
working upwards. The warp was releaseddùring the weav-
ing process, by either tuming or loweing the warP beam

FigLt ú.8 Det@íl of d poi\ting dèpictirya v.úi.dl lò.m in rh. N@
Kingdoh rambrhapel Òí ThutTJú at Theb.s (I'r 1Ò4
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possjb le sourcc o l  b luc was the s€eds and pods of  srLnt

\A.a.ía "iloti.a) lvinlock (r9.1r: 6) suggcsts that a lati'
Eighteenth Dynnsty blLrc lcxtilc was probaìrìy clyed nìth
'the jui.e ofthe suùt berry'. but no fLrrtlìcf cvldence $,as
given to sùptorl this sugseslìor

R.ds $et  not  onì)  pr  oduced by ochre,  but  : ìso by pìant
dycs orìc of the ùÌ.ìst impoftant of \rhìch s'as nìaddcl

{RLrbra / i r . rof rm; see Loret  rgJo l5 :  2 l  t2 ;  cefmer r992:
8 9.6t  7o) .  Thc nìa i r ì  co l . ,L , r ing nrgrc. l jcnts,n mad. ler
are chenricals known as anthra.tuùroùes nrcst notxbly
al iz l in .  This  dye p lant  $as jn t rodrced into lgypt . lur ing
ihe Lìghteer l l r  Dvnast l .  probably I roÌn thc Lcvar ì t
(Cerner  ,98r :  48) .  Fraùples of  n,3ddcFdycd c loth l ìa !e
be€r) {ouÌìd rt num--rous sit€s Egypiiar sitcs, sumnÌarlsed
bi  cenùer (1992).  othe,  knowD soufccs of  fcd d lcs d ' r r -
ing thc Dyraslic pcriod arc safilow--r (anr,ham&s Ii".,orulrs
r l  henl ra ( l rLrson;d a lbu at  L.  " t t rùt ìs)  and i ikanei  {Ar1-
. rùu l rnctof r i ì i  scc Lorc l  rg lo 5:  2 l  l2 ;  Cerm--r  r992) .  In
addi t ion,  l r  is  possib lc  thaL thc l ic lcn archì ì  or  orsei l le
(RoiLclld l,rioria) :rnd thc Lnscct kcnncs (l(drno..or1.r r.r
nil;o) Ìrxy hrve been rLsed as red drcs, ìruL this is rÌor

A snì3 l l  nurnLrcr  of  text ì les here a,vel lou ' ish coìoLrr  and ì t
js possjblc tlìat ùe! rr.Ìy lurc been dyed. So far, howcvcr,
the actu: r l  dycsLuf is  hare rxn been idcDt i f ied,  a l though thc
potertlal sourccs arc ag3ln sal:Howcr (Cú,1hd'nùs li,.torilj
L l rnd possjb l )  porncgfrmtc lPunr:a gtaMh"n L l .

As note.L above, ihe tvo mosl cormno 

 

d)eshrlTs asso
ciated wì th l .gyf i i rn  rext i les arc lndieot i .  and a l ìzar in.
Both of these substances rre obtaì.ed froin pìants whlch
afc not nalì\'€ to lgypt. lh--y s,ere proLr.bly first lnporLcd
I ìom thc Lc!ant  at  sorne poi l f  .Lur ing the Fìghl .enlh Dyn-
asD. So far  fo  dyc p lants hare b, -erL f t rund in anv Dynast ìc
period tonrbs, dcspitc thc lnct thlt Ìrany ontrrr . wdc
array of food p lar ts ,  sp lccs ar ìd l lowcrs.

Dyeing methods

Al thougl ì  f l i  ìcrs  Pctr jc  ( i9o8r  l Ì .  pLs.  XlV,  XXXVa) cx.
cavared ;  d \c ' \ \ ,orks at  Rornxn Ath ib is  so far  nothì re has
been found which cìn srLisftctorlly be .lesciibecL rs a dle
nqv,orkshop f ronr  af  ar ìc i i . r l  Eglp l ìan corùcxr .  ro{ever ,
ì t .aù bc. ledl (ed í ioù1srù-v l ! i fg  lcx l i lcs that  four  d i f ferent
mcthods of colouirlg .loth vere rLsed jn thc Dynaslic per
iod.  Thc o ldest  r i ìe t l to . ì  is  'sDrear ì .g.  s 'hcrc l r rc  colouf  rs
l j lc ra l ly  sprcad,  possi l ) ly  $, i t l ì  the a id of  a ì redlunr  such a
. la l ,  Ì rud or  honc! .  onto t l ìe  c loth.

I  F r o  , o r  . p ì  \  .  , .  r " " ' . ;  J  r n 6  r  " .  "  I
i I  order  to ext ract  i fd igotxì ,  bc.a sc j t  Ìnust  f i rs l  be
orìdise.l in order io trodLrci'r colour. Thc solutiol nr the
dle lxth is .alle.l the vat and is colouflcss AIicl tlìe fìbres
:lrc dipped irto tÌre lat they are hrùrg up if thc op..rì wlìcrL.
thcy colnc in to cor ì tact  { i th  r j r  an. l th ìs  car ìses thc nc.css.
ar l  o l ìd is : lLon.  Wi th in a few seconds ofbeìng jn  ihe oper
ai r  the f ib fcs lurn b l | |c .  L ì  order  to cr , -ate a dark b luc fhc

hbfcs must ìrc rc-dipprd i to the .lle bath and !f can
sometimes t:lke up to lcn dips befor!'the requir--d colou. is
a.hieved. Most blucs uscd nÌ anci€nt lgypt irould |ave
been produ.ed ir thìs rnanncr.

Al izar i . ,  on the o iher  h:nd,  has Lo bc dycd nÌ  rùother
Ììarì er. lt ìs rn xdìeciive dIe Rhìch mcans that a ÍÌorda t
or netallic sah nee.ls to beadded to thcdyc.bath ll1ordcr lo
l ix  thc d lcstuf f to  the f ibre,  thread or . lo th This rypc ot
dlelng js callcd acjd .,r 'no vat .llein{r. tither lhe mor
danl ìs applicd direclly to the fìbres, thr--ads or cìoth llìem.
selves or  i f  caÌ r  bc addcd to thc dyc bath.  By 6xùrg the dye to
r l  , r e  L e , o l  .  r . d . r  I  J ' r o , l r q  . .  " ,
Ivlordxnts r.-- nowadays uscd $ith rnany dye plaùts. includ
iÌÌg Ìrrcst of those producìng a rcd or ycllow colour. The
cxact  p. r jod when Egypt j rns star led lo  usc mord3nts rs
o p , r .  o d o r L  L e . J , -  ,  . . . , I n .  . o . . I  r  e  r . .
urally xÌ th€ lgyptian san.l can mak€ it dil]ìcull to dctccL
sucb subst i ì r ìccs.  Nclcr thcìess,  i t  is  ì ike ly  thal  the Fsypt jars
used ahrnr. which is a rstLrrxlly oc.ùr.ing salt (cernrer

hr  a.L. l j t ion to dte ing b lucs and rcds,  thc lgypt ia ls  a lso
c{n ied out a pro(ess called doutrlc dycing (rwolay€r dyeing
or loppirg), s,hereby 1ìbres, ihreads or cìolh wcrc 1ìrst dled
one colour  . ìn . l  then dyed.gain wì th a d i f ièrcnL d)cstuf i  in
ofdcf to obtaiì anothercolour. |nrpLe, for exaÌhple is madc
fion, rcd rrìd blLrc, whlle gieen is made using yellorv and
bluc. It js noL clcar whetlì€r the first clye bath s,outd havc
be--n !  vat  lornì  arrd lhc sc.ond ar  'ad ject ìve dye'  or  the
.eversei eìthe. is fensible. Rarc cxaùples ofdouìrle dveiùg
have been found ai varìous sitcs ll1 Eglpt, lncludiÌrg the
worlínerì's Village at An,afna. one purple rlìfcad (no. rr r5
in thc crtalogue oft--xtjles fron ihe Won.mcn's Vill3ge), for
cxamplc, had been.lye.l with nrdiqoiìn ardalizarln (Tcxtilc
oo.  r5o7 N r7 7 i  Ccrùìcr  r992r  70) .  l t  is  unusual  to  J ìnd
linen which has bccn dycd while at the fibre stage. The
Lglplìans usually dycd clrher spùr threrds (in whjch case,
wlúte patches cù sorrelirÌcs bc sccn irì llìe thrcad cor-- if it
is  s l ig l ì t l )  unsprùr)  or  woven c loth.  ln  thc laucr  .xs€,  whi te
arcas caù sornetim--s be see. beneath thc pl3c€ iyhere a
wnrp lhread pxsses over a weft, so prctcclxìg L1ìc lo$,cr

Other techniques for decorating cloth

A nr isconccpt ion s l i l l  pre la l ls  thal  thc ancìent  lg tpt i rns
wore plaìù garrn,-nts and that thcir houscs conta!ìed oll)
undcc.Jrat€d clolh. lt is trlÌe that garlncrls wcrc olirn Lrsed
:ìs a bacldrop Lo chbo,ate jewelLery, but the,! playcd 3
.ompler ìenlarv,  13lhcr  th3Ù second!ry ro le.  As can bc sccn

' r , r F  i 1 .  ^  . ,  h r ,  r o a .  g
!qrptian te{tiles and garrncnls rvcrc by rrc rn,-aDs aL\aays
plajn. Tlre lgyftìans also had :ì numbcr ofother rn,-thods
lor  decorxt iùg and ernbel l ish ing c loth,  so1ne ofwhich r - - .
dcrcd it llÌore bril]iantly ilhite, lvhìle oùcrs addcd to its

279
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i#,\:j":",: :T;' f ;[ :r!#::,;X:i lii#;,i." *'

arourd the neck opening ana armtotesoieacl tunic. heèîurordén i \  worGd in r .o. ts of red. Durpte rbtu" l  dndùnoyed lLnen.

*s$r*n*+**X*ti'"it'* sig}*"h frft#l;::!:j.*;"ftif
ffifnd**ffi Hi*ffi il*r+gtrk11iry*jffi
**tftf ,'5*ffi 

'H'fl li'fr i*::'r"#i:ri''":'iì'"i'ír'"r'i:":
.;r mhr;*6; *"rtdl *qllfiil*jtffi dl
d-m*ffirof*ffffi
É: "*,1*,1:fi 

'',i,",,"il H,�*",..,,,';,,lr rij;"I: iii r i;*:t [ _ * íJl rr,;
$ìr{im,r*ffi n"niffi;:.,:.:;:t';;$$1+11i,pf1*f4t'E+r_}rk{13
ffi "rllri:]#:i*'';:;*::*.ttr'r i:";:l$#:l;##*1;,r"xft +"fli1,t"à*#

.". î l ' -T:,: l l i  
"*.hi.  h dpoFlrrs in ,he \^\^ tu1eoon

;il: :::",1:xì";jì';*ii,,;# ;;: lff #'ilffi:r ( l1rmun s h i (h hd\e b+n dc,  ord,ed w, .h Drnels or  dpp|eo.  o l h  l . e .  f i g  I t . ' o j .  I n o n e . r . p a v 1 ] t t u r . r r " L e e n , , e " t e d
o 1 ] r  o i  \ r r p !  o l  r e d  a n d  b u e , , o L h  o n  a  n a r u r a t  g r o u r d

l i . , l " l  
' î ' q ; . , | | "  r r  " ,u r ! , r .  rhp  s i /es  o ,  h .s r ipsh ,u .

Dpcn-cdr  prJtv  I '  pd t "ger  hc ro gr \e d e dppea,rn.  e oI  rhe
- f11: :  1 , "q,  

A.r  p{amprr  uf  3ppt ique rould l r r  Amarnrsnnq' , lhr '  úc re.  nnr Íu.  l ] î r "  .or  t , r , .  l ,enr  .6nLro6 ,oro lar  ' , ro 'hrng {Frs\ood ro8r :  r18_91.  a l rhor_gh r } re.mr l ,( , /a  ot  thc AmJrnr  . r :not .  n" :n.  .har  i f  r \  not  L jpar
: : : : .  

* :  rerr i te  in  quesr ion w3" berns d"(or ,  ed orsrmpi \  repaj r€d wr ih J  dred prece of  matetr j .

^ ,  
Ano,her  lorn o l 'qpDl iq. re wJ\  , r  e  usF o.d îe,enr  wddìs

or  DrJrds In order  to d. .orJte oLicc-s.  u.u" t "  g, l r l ] " ,  o .



Ftguter.ló Cl6ùxp ÒÍ oppliqr, dttl Èúbtoitl.ry Jton d túúe pdncl
lco et ha.1a1p; Caùo,lE 6,619), tÒnb olTutaikhansn lKv6,).

Vanoustypes ofbraidswere in us--in ancienl Egypt. Some
times they hàve small ftinges .rlong thei longitudinal
edg€s, in which casethe braids were placed alongthe outer
€dg€ ofa textile. on other occasions, howev€r, there are no
fringes and then they are usualy found ejther sewn across
thedothoragaìn down the cdges. The size ofthe bralds can
vary fron about o.5 io I cm. Bands were used jn a similar
manner to the braids, but they are much wìder; one ofthe
besl enmples of the use of brnds can be seen on the
embroid€red bagìunic ofTutankhamun me tioned above
(Cader no. l67ji Cairo lE 62626). A further ex,ìmple is
found on the horse blanket from thc tomb of scncnmut
(TITriransìng and Haycs r9l7: ro n, 6gs. 14 r5). Elabora-
tely decoraled L,ands in red, blue and nalural have been
sewn dom the sides oflhe garment, both at the ftont and

pleating was àlso used to decorrte g.rrments, .rnd the
oldest examples seem to be horìzo tàlly pleated dresses
&tìng to thc Old Kìngdorn (Ricfstahl r97o: 244 9; HaI
1985: 2j5 45). one of lhc most claborate cxamplcs (Cairo
lE 'l5rl), probably dating to the Middle Kinedom, has
three ditrereni q"es ofpleating: the first is a sìmple set of
pleats a fe\r cenlimetres apart; the second is a series of
closely set pleats which actlrally touch each other; and the
tlírd is a section ofherringbone pleating in which fìIstly
vertical lir€s w€re pleated and ihen sccondly, at legular
inren"ls, horizonial lines q,ere pleated to creatc l\jrde
lands with a chevron paltern. Alihough lhis example indr-
cates ihat the Egptians were capable ofcomplex and dec
onlive forms of pleating, it is still not clear exactly how
they achieved this. ln some cases, it is likely that the linen
vras lvetted and then pleated by hand so that the pleats set
iniopositionas they dded. ft is certain, howev€r, that every
tjme a pleated cloth was washed it rvould have had to be
r".pl"and vhr.h qould h"re tren \cry trme{on!uming.
Another possjbility js that pairs of L,oards witb a series of

f É x f r L E s  2 8 r

raised ateas, similar to those now used on cigar making
boards, nere employed, although it has been suggested
that such boards were in fact used lor crushing spices (R.
Janssen pels. comm.). A third suggestion is that eìther
dilTerences in the spin directions of the w€li thr€ads or
cha g€s in the weave density have becn used to producc
the effecr ofperman€nt ple3ting. A1l ofthese ideas need to
be further explored before any defin iie answer can be given
concerning methods of pleating.

Seleral suNivìng linen textiles, dating ftom the New
Kingdom onwards, were pàinted Mth designs of varying
degrees of complexity. Sometimes these tetiles had secular
uses, but on other occasions they se€m to have been rnt-
€nded for funerary purposes. With regard to s€cular usc, a
length ofpainted cloth was found with a chariot in thc tomb
ofTutanlrhamun lcarter r2a lrl; cafto lÉ 627 46 and nr lrli
see Littauer and Crouvr'el r9E5: pls. xVIÌ], XX, XXI); the
material has two simple, blue lìnes painted on it and was
placed belween the floor ofthe chariot and the side wall of
the frame. ln this positìon the tenile woùld hàve been
subjectto hard wear and it is likely that it was necessary to
replac€ it ftequently, hence, presumably, the simple
method ofd€coration.

There are numerous examples of textiles which have
been elaboralely paìnied in ord€r to represeni jewellery
(r-eiden, RMO Al 48j Raven 1997: 6a , and such fake
jewels were often placed around the $dsts of mummres rn
imitation of bracelets. There are aÌso less eiaborately
paìnted examples of cloth bearing the outìine of a god,
commolìly oslds, which rvere usually ùsed as shrouds (e.g.
thc Osids shroud ol'Ncsirisct, datìng to ihc New KÌngdom,
sce winlock ry26: 28, ng.,i Raven r99l: 64. By thc
Greco-Roman period, more eÌaborate painted shroudswere
in use (t.eìden, RMO inv. AMM E; Vogelsang-Easwood
r99$ 6),  F,g. ia4.

The care ofcloth

ln ancìcni timcs ii is likely lhat textilcs and cloihes w€re
maintained more car€fully ihan today, holes iended io be
mended rather than discarding the garment. Some textiles
appear to have been mended three or four times before they
were rejected or made inlo something else- Although there
is no direct elidenc€, it is likely that th€ care oftextiles and
clothing was in th€ hands of women rather than men. lt
was, for instance, a suitable job lor women to carry out
while looking after chìldren, as it could be easily interrup-
ted. Sewìng,1ìke spinning, is normally a group activity and
thus has a social function in binging people logether to
make a repetitive task less boring.

O  é  o f  h è  l è ú  w r i  r è n r F l e , F n . e s r o s é w i n g J p p e n , s  î ,
Nineteenrh-Dynasty letter written to Pennesetto\ry, \rhich
was found at rhe villag€ of Deil el-Medina (o.DM rlri
w€nte r990, no. 249). Thjs leiter describes ihe sewing ol
various garments, including iunics and possibly sleeves,
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l l : l  
- l :  , hpn  i n rFsdeo  ro  be  ù \ .o  ro  " . î u , , .  o rhe

o ! ì e . I s .  I n i r u d  r g s o n è b r s t p r s .  L h d f l  w è à r .  h , u  k i t r .  Js r - a . r  s r i . t r o n .  u n i .  , n d t \ h a . l  . , , ,  ì l h F p a i , o , J , F \ . \ r r
exchange forl hvo baskets and two sieves..

Sewingequipment

A  s l , . d \  o f r n ,  i p n t  f g , D t  : r  . . w  r g . . l - o s s  d r "  J  r e , r t , , - t )\ m a I  r à  r g -  o f  - .  h n r , , u n .  " n d  .  r u ,  r u . : t  o e  a i L .  s u r h  r .

: : :n"" , : ' :d  
he, '  .  !  " "  Ls.o |  |  s . , ruàr  on nor  onr)  reh.(  rqr e  r P G l  , ^ i )  n d r i o s  d n g r  o ,  î d ' F r i d l s  t h . r  " \ a r t 3 . , . "  l r,  u"r .  v  nol ìe. r  tF\ r :  F j ,  qL -es "  o iF,  renr  %rge , f .ern.

t r " m  à  l  i .  s , t I  r .  t  u  a . s o  r h e  w " , . i 1  u  t r i .  t r  , e r , t p "  q e - e
u ! e o ,  -  r h F  o . . r c n ,  u o .  d  l r p a r r , u t a r  i r t . L s r , à r F "  h e
lo.  

hr '  sJrnenrs $,  r  ndde In d.  \ rmp,e d noiné,  osp o s s  D l e , u  l h  d r J r e .  d  f e r  ' h a r  r "  l o r i n g  ' , c i r e ,  
n p h a -

. , Ì 1 " - f i l : 1 " 0 " ' " ' '  r F \ d ' i o L s D D ' ' o r ' e ú  s d F , :  r s
] - . , . , . .  

* . : .  , o  l o o l  r '  L h F  , " n s r  o f . a s I  p  . . r  I . p m c Ìuseo rn ancient Egypt.
An rmporrant pojnt to rcm€mber when tooldng atancienr Egyptjan garments is that al1 sewing tasks ìvere

i"  
d ""1 ^ ldrd - ' r . , .  ue-,  r  o n è!,   . . .dr dF. ,res o,Lc p,o, e.  s o o rrodu.è F,JL,o,r ,e deLor

: ,111: ìÉ, 
'  I  he b:.r .  .nr ion".r  ,  o,  . ,srrd or à nFed,,  ,

. ] 1 1 , . " , , " " . : , L r  
i ,  s , m p t H n  e ,  , . r  s " m e t c , d  a t  h " r g ,

r rF !  rqD y  o Í  r r  :  ó '1  s  sFr r  dprF loDed o  hF,o  v  i l t  rh .  r .s r

s L L . r . 3 . e s  n ; d c o L t  o t  t c r g r h .  o t  p " p \ j u .  r o r t e d u p a n orrsr"ned a.rouìd the îrodte vi_h ,  p. ,  "  or " , i , rg " .r .
l l  

' "01".{"  
1"" Kingdor ron-D or rhc Jr.  hi ,cn (ha "1dI s ertr  M.ìr  rm8: s,  hran}e r  . î ,7 f ig.  0.  Dof"do"rr o ú | |  r o ó ò  l . g .  z 8 s .  t u .  . r  " r . s u p p t .  8 r . , , 1 :  I n - i  c o n .ra'ned scverat coppeL needles

, s N i - , r g  D  "  \  e - "  r o r  ( o m n o n h  r . e d  i f j n d e c d d t  a _ lra,nougn L nrh ,r  oi  f tsronrl l \  found Frh Inorn" ) lu,  ̂  r f lo'  ì . ,1n. i . :d the ,  ìo,h wd. sinorr heto in th" h"nd ,n oroerro ( ,  Fp |  è \" f lous etpmer r .  o.r  g"rmer, rogdhe- whrtcthe! r ere berng strr.hed.

--.Scrssors 
did notdevelop until aboui the 6nr cenruryAD,

:.1"'::1.,i:1..,":&i*.to sussesr that the ancjent !e?.
:::.ì . i*j:" s nrrarr. "he".. ord nor "pp.ar ir rs)p.u' ] r r  rne t  o lcndr  per iod.  or  po"srLt i  c \ér  Í  e  Homal
D ù ì o d  r r e , r  p  .  o . - : r  8 r .  B c t " r e , h r s  d a  e  I  i c , t " t y  l h "  n er t rp r " ' r \  s  rp i \  ro e . lorh or  us.J d rha.p q. r r  .o  ,  r r  rL
, r r r r g r  

,  L r s  s .  r e  m r d .  ì r )  . i , r  p \  t F ! r : r g r h . , i o , h , J . r a n
Dî-sF^n n^r  pàint : ig  Èon rn.  Lgh, ,  enr l_.Dr,na.ry  om.or
r n :  f l z . r r  R p !  î  j , r  I  r  r o o .  D ! ! i p .  r î 4 { :  D t .  I  v J / .  o r  r h Fo r r  e .  h d n d . . h q p e d  3 , F a .  " " . . . . . . ,  l - t i . . .  r .  e  p , o b . b y

l : : :  
h : ì ! " "  

i  " :  . " . h a  r o w .  " r o r , d n  r r , , " j e g  + o
conrrot ro be exerted

Jn SFnp,r l .  sFwing rn.eao b" .  (ommon5 n ra.  . -oî
a - o  ) - p u n  t r n e n  r h . r J d s  s h , , t  s , , e , /  o t v e d .  d l L î o u g h
v a l |  , o 1 ì : : c r , : .  d . , h , e e . p i \  ! J r ' r  r r è  o ( , a \ | o  d ,  )  r o l n d
i s c . \ j n  r H o o t  f r r l  a q 4 : u z  a , .  T j  F  ) d m  t r - r . a  , n . , r e

l ; " i ,  
. . ' . . . 1 "  a  rmr  ro .  od , \F ,o  ( , _  o .8  rnm, .  u .ua  r'ne r rene."  of  t t  r  sFs 

 

g threJd.  r ' re .  mJ r . ,eo,  or  $" ,sr rqh ,  i  ckFr  rhàr  thc m"t"nJ '  Dc:rg s"ued.  Al though
r.hè l l  . rd , ra g.nFr: t t r  Lnd\pd on."  ondt , )  "  (otoùpd

: j ' i  
" .  " , ' '  rFd o,  Lì r  ,  r . r  be s- .n on ,e\  r tes espp, . r  ir n o s e , d d  r d  t r u - n  r \ .  \ . s  K i n g o o r n .  f l - e  L L c  r F r , t i e l

,  -  l i  
rdd ro l  ru Fìp rF.Jt . .  -nade r ro l  p , . , . -6 ,  n- " " :  . " : '  L . o n l . . ,  o p D p ,  r n d . , t , " r  n " . o t F i  i " , è  r , p e nrouro r r  sr 'es l .hr .LghoLr l_g\p .ha.  iangF j ,  d .Jmcrpr'  on d leh n- ì l rn- . t ,è .  ro .  ,  enf , Ìè ,  .F r r  g  , r  ,  rpFdtc.

: . ' : " * " Î ' J ' è r - F  
' ) ' .  D l  L X V  r o s . ( , r -  o o :  v o e , t - r s

l l i } " "o  ' r " ,  .1 ,  6r .  r r  - , .  d , ì . r ,  r ,  \pF,  or  m- , : ,
l : : : : ì q . p r e u + d i r  

r n . i e l ,  L s \ p . e " , r  r f l À  ; n c J d ' R F ' .q '  r L ' ,  n o n  "  r d  . L J t , . ,  o l .  r , ! \ , , ì g q h p n u \ è d o r . , o t h .
r rna 

 

. r r "  
nFFdte.  p4rnr_d ar  Lo h r rd.  J | |d  w rh one end

pterccd (New york, MMA 2Ul)j needtes rhai wer€ datrened

i l l Í J " " .1 t '  : " . " "g t l | J  r :  p  ,  ,Leo h . ,  F | |J  ( rF ;o . ,K  \ a u  |  î r  |  ò , ,  " - d  5 n d ' l \  r e e d l . .  t " " r  s . , e  t o . a e a  o v c i

: : " ] . , " -  Í l o  
" h J r p  - r  r t  F  o r " F r  r r F , d ,  L  R N 4 o  L  r o J T

r ò o t .  I n  l d d i  i o n  r o  , h F  s . r , ,  r + d h .  u  p d  r o r  r t r r 1 g

l^l ' l- l l ls", 
"1" sF, " a, JrJJr'r. s., i{ h u"rè pror,rbr) u edrorsewÌngup the jncisjons on bodjes durjnsrhe mummifi-

canon process (e.g. r_eiden, RMO AB Ìa( j .

,  
\ o o , d " r .  m o .  p . o p r .  r  e  . , r r ' ,  t n g e r  , . p  o r - , 1 , n  u , . ,w n r e  s " $   

 

; .  r , u r  t h e  " n .  r . r r  L g \  p  i d l | .  , , s ,  ; , . ,  g ,  ,  g u " r o r
nJoF or '  o l  \ ro e q hr  h $pr .  .e .a i r  p td,  e {  .h  , . r  o t l  L--ec,s:  J  /  qe r . rc  h-D\  |  r , , )  " r " l .1Dlp r .  t ,noqn t ror  I  r5hr
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nc. t7).

l i  o , d e  t o  I p e p  t h r  n ,  p c i n  " a r e  . h e ]  $ e r F  o | ' p , ]  . , o , e d
' r < n " t  . d . è . . ú h i , l - l : v ^ ' , e - . t o u . r J , .  

i d n )  r , p J  o . t e n. . l l l^:: :-: �F1�i" c n.. dr, .  n F\ à"e n "d, I .on a ,".,e0 o,s ù D s r r n , . .  . ' , l L d i . r q  r h _  /  o  o u  n g u o - " o  " t , - d  d h o , -
row.d oLr  prF.e ot  anrnr : t  L"r r r  " r  a  Jn,  gr l  q1 , . . ,J  - r , .

%ur,d drìoìg I  F - . t r tc.  ,n , ' , -  , i r"or ,  " , f , "  o,  . ia" rU.o m D  o t  t L r 3 i J J a r ì u n  s r .  n e n d ^ d  u . r n  :  w h t r e  , h r " a o  ]
r : J e $  \ o r i . . V e t , r n D o ' r , r  

o , . r 8 z : r -  , " ,  U , " , * t  , , ,z ìó 42 ind winìock 19411

Sewing technìques

The ancient Egyptians used a naÚow range ofsiiiches forlunchonal lvork such as sewing seams aíd nendìng gar-mel,s Tl"Fs, "n rh. runr ne.r . , ,  h.  o,en r. .  Jrr .  r ,  r{rned. r j i n .  r , , t  o l d o  l o . î o r  d " r ,  r g , r m t a r  r o r \ d t  t o . m F l yr.r-os I  r .  s$,s da-r r  g.  Ort \  d l jn i  .J rJngt nl  r , -ucar c.L ts.  "1.  I  d.  " ,  r , r"  : .d h.m. h"ré used r.  "n.  ienl' 1 1 " '  " , .  
l ^ , . o î n o n  o r  r h c s e

^:: : .^"y ' I l l *o 
hpn s . imp', ,op.n) 5eJm.. o o rdp.

..11::*1 
. " 'n:, ,".: l l l". 

- on ,h. DÚ d., ( pFnod
I . ' 1 : " " . ' î . "  

o r  L 1 _ r d .  è r .  . d t ì " n d o , c r ( J \ . s e r m r f c e
'  1 , , ' - . ^ - ,  , , , 1 l  

9 : . . " " . : '  
- e t )  u . r d o ,  , , e m \ o r i , o . . : n s

v rcr a Lrrdrd sr.  dddèd to d gJrr,er I  oie o. sé,er" iF . ' r ,  t L e \ h " s u v J . d a p , r d i n g o n , h è n J r L r . o f ú " , . . o
" . : . : : " : l l l : * * i , , w " . r o b e d , r d , h . o .   
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Ptolemaìc or larer jn date and thjs may reflcct a creek or
Roman inRuence.

v ! n  l g v p : r r s h p r  s c  d u  . F o r  h e r r  a p p " 3 . , 1 , p 3 n 6
cspecially the state of rhejr ctothes_ u is noL surprising
ilìeretore to frnd dcscrìprions such as rhis rag ofaiilr, o;'shabby lojncloth, on Nirìeteenth Dynasry osjraca (Òerny
r9jo l5:r9; \Vente r990, no. 218; O.DM j54i Wente J99o,
no. 245), or indeed to see th.3 crre a.corded to many textites
and garments.

The Ioundry

Asanextensiontothecaretakenoftext i lesandclothing, ùe
laL,.dry played an importanr role in the |fe oîmost Ègyp-
tuns. Nevertheless, rhis does notmcan rhat thc washerman
was held in eqLÌalesteem ln ihe Mìddle Kinsdon text, Ire
reaching of Duafs Son, Khety, r:I,e man who w*hes th€
laundry is described as someone to be piiìed (atthough ìi' l o u ì J L r e r u p o r . à r , r r . o r d  " g è n , F r - L , r . r " , p o I , o  .
o r  r  I  o  o , , . . i o | h , , t h .  r \ " n  t l - J r  o t  h ^  . .  

 

, F ) :

And lhe ilas1ìernan washes o. the stiore
ànd nearby ls the crccodilc.
'!rther, J shat eave the flowinE lì)watci
Sats his $n and daùghrer,
r o ,  r , r  - ,  r h ,  , . ,  F , J n  F , . . n r -  | ,

ùorc so than any orhertrade
shile l,is food is nìxed vith shit.
There js no parrofhin ctean,
whiÌc he puts himsel|rmongst rhe skirts of
a woùan who is in herreiod (?)
rJe wceps, sFndn,g the dav al rhe wasnDoaìo
He is iotd: .Dnry Clothesl
u ^  ,  .  - f  ^ -  . . - . . , n d ,  . . ,  , , , , o r - .
{ r r r  r  i s o n  r 9 9 f  7 5 )

ThF,w": l  er t ì "n J- . ,  b .  d rn r l  .s  o:s"as.  ua proLaLt i  .
N o r r p r  . _ r .  h e d  , o  t r r g .  r s t r t r  o r  . . o m -  L  

 

J .  . l r s  $ o r .
$ d s  . ,  - n i r à r  r o  t ì - J r  o r  t r c ì F r  d . p r . , " d  î , . \ è r t  V d d l c
K i  g , l o ] |  p  e , s :  B e . i  , J .  r i r u l l 1 L , B H - " , d J J r n d r \ ,
New. kingdom tomb of lpuy at Dcìr el-Medin; (TT2,7;
Newberry r89l: pts. Xl, XXtXj Davìes 1927ìr: pl. XXVIU:
see Fig. rr.r2 in rhis volumc). rr is tikety, howev;r, tha he
womcn irom smalter esrabtishments also washed the tinen
of their household.

. .  
'  . .  k  + r  I  o - n  r  l p n " r  d " r i n e  r o  h .  r F i g  r o f  R . " ì - . .  s

r '  t  r i s J \ h p r n , , q , r p " ì , , " s s : p n . J  o p J r , r l : . r o u . p -

holds in the Workmen s Viltage at Deil el-Medina. Varìous
queshons are raised in ihe tetrer to ihe scrÌbe Amenemope
abort the work ofone ofthe villàge washemen. rt woLdd
secm that several complajnts had been made about ihe
mans rnatrenlÌon to his duticsj .Has ihe €unoryman
washed or noi: rt was onìy sjx ()) households rhat pharaoh
d i 'gr èJ lo I  a \ùs .e,  .  I  .  I  r ,  LFe.r " .  s:gnéd, irr  orse.
I  or ' r . .  s i$o drrs snr l  r ,krrd r t  r"e noLseho'd. p,  I  dr)
(o.DM l4j  wente r99o: no. r9j) .

A valuable source of ìrrfornation aLrout the range and
amounr of work caried out by -""t --"n .o*.i fro*
Iaundry Ìisrs inscrib€d on oslraca (potshcrds or rrmeston€
cnlpsl. h some cases thc tjsts provìde informahon about
the number of ganìents sent to be washed. ln other
'  \Jn Dl-s .  h.  n" i  LL, sr |  , . , ,  gr sJb,.  gàrmF- s hJre
DFe r pdI i ,  d nnro r-F. rrd.  { \og- 'sJng td.rsood rrgrb
ro5 14. Various garmenis can be idenlifred on';uch
sherds, includìng a toincjoth, a tunic and a sasnt om€r
iiems ofdorhing recorded on the ostraca probably inctude
skifts and kilrs

,  I  rJgrng- 'rol l  I  r .  -epr,  r ' .  ns of lne $rsî i rg or . torh on
rhF q r l t -  ot  .ève,r,  ron Lr l  àTel.  nfo,fr- . r t  aa.-r  "r  Be' l r
H " v ' r  a n d  D e r r  i  V è d r n J .  h e  b : s r ,  o , e , e 5 . . n p . r r . . o
I  J r e  L è e n  t h e  w n  e  h r o u g h o L l , h c \ 4 r o d t e d r  d  \ p \ \  ( n g
duì s.  Tl-c f  . ,  .J. l  $"" ,o odmp, I  , t - ,  ,  to(n rrd .  en rub
rl  toss l , l \  v i  I  r  dÈ-rÉer I  o sore , . i rd Dur nB lhe
D \ r a \ r , ,  | e n u d  t , "  t - g \ t r . .  , .  $ - r e  r b , "  t o  L s e  \ 3 , r o u !
r d n l r Ì d è  e r g e  .  s u r h  " "  r " r , o r  1 r  r r  L  J r s o d " l  p o a . h
r n o  l r e - p r r n l  ! à p \ u t . t g p o n a n o  o f u , : a a t ,  I . T t p  u " -  a l
natron tor washing clothes js incidentally indjcated in rte
letter aLready quored above: As for Nakhtsobek, I found no
natron jn his possessìon atthough you had given hi1n
rsor. l  . .  A. s.rFrtair  In- | î"so' ]  ,or r lc l
d r l r \ .  r l  - \ . n " l l p r o t  r r . r J  - o r ì  r o r  r r .  { ) r ,  t o  h .  r O .  D M  j . 4 :
wenre 199o:rìn r9r)

. Oncc the clorh had bcen rubtred wiih a detergent itwas
beaten with sticks or wooden ctubs on a stone or a woooen
base ofsome kind. ft was ihen washed in $,ater, rìnsed and
lvlangled. The la_st task is depjcred at Beni Hasan (BHr,
wherc one cnd of the ctorh is shown to have been wrapped
J r o L  , d . J  n o .  s h r ì è r h F o h e - q J . I  - 1 ,  t h , c r e d r \ , w u e r r y
r E . ì . p ì  \ \ l x j  T l r - d J m D , , o h s a .  t e n  " f . r o d l  n r n .

The variols lengihs ofdoth were laid rìar on the ground
and then held in place around the outer edges wrth slones.

Figul. ú.i2 A laundry scene rlepiàd iú
th. Midtlle Kirydan tamb of KhLLúhottú
at Behi Hason (BHl).



fte drying ofcloth is poúayed in a scene in the Twellih-
DFasty tomb of Sar€nput I at Aswan (Miiìler r94o:
Abb.r4; Vogelsang-Easiwood 1994. )9, h8. 63). DryinE
items in this way wodd also have had the elTect of sun-
bleaching the various lengths ol mated:ìÌ. Once ihe cloih
was dry, it could be folded andthen stored until needed.

Textile marks

Mosr Egyplian textiles bearno markings, although a sìgnifi-
cani number of marked eramplcs have been discovered.
The function of such marks is noi always clear, and we
must look to the size, appearanc€ and positioning of such
marks to gain an underciandjng ofiheir puryose.

Some Ìnarks are hieroglphic or hieiìtic inscriptjons,
,xhile others are more abstract in formi almost aI were
placed in a corner ofthe material lvherc they would have
been unobtrusive but easy to check 1c.9. Eastwood 1985:
r99, fig. ro.n). It would have been hard to remove such
marks without leaving some traces of their original pres-
ence. The function of the various marks can be divided into
ùree $oups: weaver's/maker's marks; owner's marks and

The idea ofa maker's mark is quite common and can be
foúd on many ancienl objecrs. In the casc ofiexiiìes, the
m a r k  ,  w o v . n  w r l l  a r  " \ h a .  r l - . k è '  ) d r n  . r d  r .  r . . : ì  \
made up ofa series oftines which travel no more than 3 few
centimetres into the cloth ìrerorercturning. From a distance
ofa netre oÌ so th€ mafks cannotnormally be seen.The idea
dratsuchmarks may come fiom a weavingatelìeris perhaps
suppofted by the fact lhai severalpieces ofcloth bearing the
same mark, but of different qualities, were found at the
WorhÌen's Village at Amarna (Eàstwood r985: 199).

L?rge quantities of qmastic-period cloth have been
fouìd bearing the mark/Írme ofthe owner. Some royat
doth even has the regnal year ìn which the màterial was
produced. It is likely that this was done not only to keep a
check on the amount and quality ofcÌoù within an eslab-
Iìsbment, but also in order to idenh4' the owner when the
doth was sent to be laundered- Sometimes names were
painted in black ink,whjch did not easily wash out, as in the
case of the marks on ieniles found in ihe buriaL of the
so-called slain soldiers ofMenluhotep ll at Dei el B:ìari

fwinlock r9a5: 2t-]2, pls. xvl XX). Ìn other cases, thc
marl was eiùer embroidcred or woven inlo the cloih. For
example, a tunic wrapped around the body ofsetì Il borc
the name ofMerenptah, a son ofRameses lI, cmbroidered
in red and blu€ thread (Smith r9r2:74-5, diag. 16). Sjmilar
ly, several of ihe loincloths from the Eighteenth Dynasty
tonl of Kha at Deir el Medina (Tr8) were embroidered
wiih his name, while other ilems were inscíbed with his
nane in ink (Schiapar€ll| rgzT frg.62]l. weavers' marks,
inscnbed in ìrlack ink, were also found on thiiy of the
seventy si-\ lengths of cloth recorded ftom the Eighteenth
D)Ìr:ìsty tomb of namose and Hàtnefer (ihe parents of

' r É x r r L € s  2 8 5

Senenmut) in lhe Sheilnh Abd ei-Guma rcgion ofwestern
Th€bes (ransing and Hayes 1937: 26; Poter and Moss
r964r 669);one ofth€se marks was a p.iv:ìte nam€ (Bolti),
while the rest refered io ihe state or temple stores.

A number of textiles have distinctive pattens woven or
embroidered inro cloih with a blue or red thread (Leiden,
RMo AU l8ei Vogelsang Eastwood 1994: 4r, fig. 66). Al
lhough located unobtrusively near rhe corner ofthe cloth,
the colours ofthese marks make them considerably more
sirriking than the w€avers marks descdbed above. lt is
possible that such marks were used on large areas ofcioth
such as beddingor curtains, rather than on clothìng where
they would have been more apparent.

The last group of marks to be mentioned are the so
called'qualiry marks'which are usually added to the corner
of a piecc of cloth with black ink (Vogelsang Eastwood
1994: 4r, 69. 67; and see Fig. rr.rl). Normally there are two
î a r ( s . o n e . e r  r b o \ e  l - è o r h e r .  l r .  l l . " ì )  ì - r .  l h è  J p p . F

most qlnbol Épresents the institute which owned the
c1oth, perhaps:ì temple, while the lowermarkmay indicate
the quality ofthe cloth.

Folding and storage ofcloth

The study of how cloih was folded in ancieni Egpt is of
interest beca se viriually every counrry has developed its
own method offolding mat€rial and clolhing. The diFerent
styles offolding are related to ùe range ol mateiial used,
the iypes of garments worn, and the methods of texiile
storage. ln countries vr'here large linen cupboards arc the
main form ofstorage, clotÌì is often lold€d so that there is a
neat fold line with a1l ihe ends and sides of the mateial
hidden. on the other hand, in places where cloth is stored

Ftgùre 11.11 vúnobs qaality natks íúscriberí Òh Eglptiafl t xtiles aJ
the DrBnic penód, 6ll j"e al which @re in rhe Egptiah Mrseún,

fr,
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in baskets, ii is more appropriate to have a small, flal
surlace area, in order to store grea ter quantjtjes.

. Several diferent methods ofsioring cloth ar€ known to
rrw F.-ì  Lsd in rh" aonr,  rg,pr.  Ine rp,hud u.FJ
d e p ,  J e d n o  o r l v o i r h è " \  

 

J b t e i a i , i " . b u r r t . o o n ú c
srzead type ofcloth in queslion. In the walt paintings of
the.Eighreenth Dynasry romb of Rekhrnira gr,ooy, itotr,
is depìcted ìn the form of Rat tengths of materìal, long
lcngths ard t undles, as we 

 

as having been packed in targ!
sacks.and ìoxes (Davies ì941: pls. )C{X, )Oar , LVt, LVti).

Foldedcloth was also piaccdin tiddedbaskets, aswas the
casc with some ofthe rextiles found in thc New tcngdom

- o n 1 l o ' (  " à i q l  s w l f . v e . | r { r T 8 : s , r  i a p a r e t r  r o :  . r ! .
ó o ) .  t r  n o r .  " t  . t , o  r t F .  i t ,  u n .  J r  ,  r " . .  t o t l  w r \  , o . Ì é t : m c \
stored rn boxes. ìn the Otd Kjngdom nasríra of Mereruka
at saqqarà, th€re arc severaì paìnred reliefscenes showìng
scrvanh carrying ìengths of ctoth and chesis conlaining
cloth {Dúell 1918, p1. 72). Somerimes special h.ìen chesi;
{ , r è  . o d ó  L s L r ì , .  h a \ i r g .  q : u p ( t  t o r n  w ,  :  1 . "  o
knoD\- ' �  or i  "r  d l l " . r" i r  p rr  a p"ve. î ì - .  )4 hÉ J-) A
rcpc orstring could be looped around the knobs in orderto
lasten the chest securely. Sevcral such hncn chests wcre
found ln the tom b ofTutanktamun, some ofthem incìud-
ing hsts on lhe lids which described the contenrs. Accord-
r g r o r h .  i n n r p i o n o r  , \ . . . J  o n è . i e s r  l (  r i r o   

 

r , . s o o B l
ongrna y Lonrar ed

The box ofld, wood . . .
wratis ìn ù belonqnrg b the rronse ót-Repcììing thc.Bowmanl
RoyaÌlinen trepared as nt, various sDlfgàrme,)rs

Royaì ìinen trcparÌdas ht,',dgl.garmenrs

Royalli.{,n ?repared as ht.longsd garùents

Royal lìnen pr.pared rs nr, Ìor8 shjfs 7!

Total of varjoos choi.c tinen 
l9i

It should also be noted that fòìd marks in a sament could
indjca tc _status 

j th us, the Thìrteenth Dynasty group sramc
ol Sàisobek and her two sons (Lciden, RMo AST 47) in_
cludes thc depiction ol deep lold lines on the kilt ofonc rhe
sons, whilc his imùaculately presscd attìrc is uscd to in.li
cate wealth and starus.

The uses oftextiles

n :  u r .  " t  , , o h  I n  r n , r . r  |  , g \ p r  , J )  b "  J i \ r d , d
oLlow. ,  u l l . .  g  \o,  . . "1 o d ouls ide - ,  ono , i  ;  

. r i .

Clothing

in various waysi this group includes kilts, skjrts, ctoai$,
shawls andmostdresses. Cut io-shape garments tendtob€
srmpletnangles or redangles, sewn down some ora 

 

ofthe
edges and fast€ned with riesi these garments inctude loi.
ncloths, tunics, and one parrlcutar type ofdress. Therels no
evrdencc to suggesr ihat the garments were normallyclose.
I r  l d i o r d l ,  f  I n d v d r à l  f g L r " .  S . m i l a r r , .  u g " - n e r r .
l ron l l -e D\.rsr ' .  ler iod L.ve t ,"er . ,oro"d *,h p"ds.
darts or complex shapìng, etemenrs which are common o
modem clothing.

- h an.jent E$.pt - as in manyother cuttures the rlpes
ofcìothes wom by indjviduats reflect th€ir socràl status. tn
g€neral, the more clothes a person wears, the higher ìs his
or her social positìon. Diffcrences ìn rank werc also in
djcated more by the quality ofthe ctoth worn than by other
fàclors, such as Lhe way in which a earment was consnuc.
ted. Loincloths and tunics worn by;orkm€n rended to be
mad€ ot a shong and soljd ctoth (Vogelsang-Iastwood
î, ,{ :  ro r2).  hhrì .  ì -o"e b"tong ig ro l ]  phd,Joh .1, |  . "
I  i  J n \ h à  n u r '  s " r "  m r d e  . o m  J  f n è  " t n  o . r  . j J k . ' i l e ,
l'n€n (Carter no. 4tgj lE 29ll/laAoa bj ihreaq counr or ll,
$ a r D \  " r J  r -  w e l .  p ^ ' ,  F n t r n  " l  . e , .  f h F t , a .  ( c o n . l r u c t i o n
o  " l l  o '  l l  e s p  g d r m e i  s .  \ a s a ,  I  q " . r i m , a . F g d r d p " . o ,
.r . ru. .  L nìr \e mode-n gar-nFnrr.  dnL .  lg ipLian,torhe.
s p r .  '  h . . d ( r e  s c d  L v  f . w  \ " n J t i n n "   

 

t h ,  s r ,  , J "  h e )
were made, and forms tended to remajn the same olerrong
pefiods. Changes more commonty occured fintty in thi
wa) that garments were draped around the body and sec.
ondLy in terms ofcombinations ofdìferent garment lypes.

LainclÒths, kilts, sLins, aprons, sashes and Archuro

Loincloths werewom by most ofthe poputarion (male and
f€ma1e) for viÌ1ualÌy the entjre Dynasric period. The ìoin_
cloth rs a sjmple garment, pal1 ofwhjch is wrapped around
lhe waist while the rest is dlawn behveen the Ègs flogeìsang Easiwood r99t: ro lr: see Fig. rr.14); ir is, however, a
' " r s d  i l e g " ' m p n  $ ì - , , h , 4 u l o b " s o -  l , y  r . s -  - 1 . 6 . . o n " 0
o-  !  to  Fd  J t  he  t ro r ' :  I  pd  r t  r ì - "  lop  w i  h
undcr other gàrmcnts. One ofthe more unusual garmenis
rn thc ancient Egyptian s wardrobe was the ìeather loi,
1,  arh hhr"h e"m. 1,"  orì-  cr rhe rew nme. or , . , - . . .
$ h i , h w " , e , n r , o d u c . d  " . o  l $ p .  t , o n  . , . r , r .  " i r , " ,  , ' r :
,r.r Ersd. It was most populaf during the New tcngdom
ano wàs onLyworn bymen, particularty soldiers, sailors and
sewants. One survivìng exampÌe was found in a painr€d
b . \  Ù p ! '  r g  r h e  n " n e  o r  V r i h .  D r i , B o .  o n .  V F A  o , . , o j 5
i  r f l . r  rool :  zr.  -  see Fig. ' r  rsr Thcr" $.re àt.o oèpiL.
hons in the tombs of pharrohs and high cour ofrchts,
showing loinclorhs being worn by semanrs and omcìals
(e.C. Davi€s rglo: pl. XVI).

rhebasicformorEsyptiancÌothìnscanbedjvi.reo*,"*" ,""îil""."!l#:i:Til""J:llili,:;""'i#llj$:::Ti;
Iiiì:tiii.iiSiti-itî"?':,J;liil.y,:'j;xTi,t,'ó ?ft::,nj*;gn;:;j"T""j:j:*;.J";ljff"::1



Figurtú.11 A lih.n LotncLoth I' oh a r.eta hgùlat gable topp.tl eoJnn
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cloth altached to a beìt, sash or band which is fastened
aroùnd the q'aist. In general, the apron panel only covers
the geniial region. Aprons can be simple triangular sh:ìpes
or elàborately ornate pleat€d items shich extend from th€
waist to the ankles. Two such are known from the tomb of
TulankhaÌn n, one bcing madc ol bcadwork (Cartcr no.
269c (l) til) and thc othcr of metal inlaid with glass or
gemstones (cal ter no. 256j,  lF 6o685).

Representaiions of kilts and skirts can be found datrng
back to prehiskrric times. A kilt is a wap around garment
rvorn by men, which covers part or all ofthe lower lì.rlfof
the body (Vogelsang-rastwood r99l: '-7r). A skÌÌ1 ls a
similar garment, but is worn by women. Thes€ garme ts
can vary consÌdcrablyin both sizc and lorm. ln somc cascs
they are simple itens which only covered the hìps, bui
more extreme fonìs oFkìlts and skirts could cover all the
$'ay l'rom lhe chest to the ankles. Aìthough the basic con
struction of lilts and skirts was similar, in general ldlts
werc more elaborate than skits. Sometimes the mens
short ldlt was pleated, as potrayed in the painted reliefs of
thc Fifth-Dynasty mastaúa ol lúafkhufu at Giza (Simpson
r978: 69. z9), and someLrmes the pleating extend€d fiom
half.way around the front to ihe mìddle of the back, as
d p p i .  F d  I n  , h .  \  \  h  D ) n .  r )  # d . r , & ,  o r  l d u l  r l  \ , q q r r .
(Macramaìlah,915: pl .  xx).

ln addition to the simple ldlts described abole there rs a
s€cond lorm of kilt loown as a sash ìdlt, which became
làshio able in the New Klngdom. It was worn over other
garmcnts, notably the tunic (Vog€lsang-Eastwood r99l:
65 74. Thcrc wcrc two basic methods of wapping the
sash kì1r the first methodinvolves a lenelh ol'c1oth which is
wrapped around the hips once and ihen tied with a simple
haÌfknot at the Èont, as illustrated in the Ejghieenth qú
asty tomb chapel ofRamose al Thebes (TT5j; Davies r94r:

Fìgute új5 L.dth.t loìncloths I otu a Nù KìkgCÒ', ba, b.arih| th. iatu. oI Maiheryt i. Tht clÒth on the leli ú tÒv iL th. .ÒLu.tiaù aJ tht
MùeùD o/F;nc Ads, Bonor (acc. na. ot.lalj), bùt the preyAt loratiot oJthe arlter is unkno||b.
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pì. XxXII); the ends are rhen allowed to hang decorarively
dowr tbé Íont.  t r  rhe \écord melnod one end ofrhe sash
i.  al lo$ed ro h:rg do$n ,rom the $Jisr ro tusr aDo\e thp
knee..  as rn lhc st i tuere ot \ebnefer ( temp. R"meccès  .( u r r c n | | o c a  r o n  u r k n o $ n  W r l d  r î 7 r .  p , .  J l ) .  w h , t e  l h F . e s l
or rhF '  lorh i .  wrJpDed Jround lhF hrps { trom térr ro r ighr)
and then hrcked jn at the top.

rasnA dre tong. ndf iow ìFngrhs of,  torh $hr. t_ we,e
wonr qround he wJisl  f tey qFre ot.n usFd lo se(ure
rnorrer garmenr. suLh "s a Ì i l r  or.krrr  {Vogctsang [dsl
wood r99l: 72-87). rhey can be made ofrope (car;arvon
J n d  f t 1 è r  r q  j 2 : o l  L \ l \ ,  r ) .  !  p , J i n  t è n g l h  o t (  t o r h  ( l e i d e n .
RMO Crl .  n_o. 2ooj or " i rh :  i r rnge foioecoratron lcanerno. rornr. ,  S:shes de.orr_r.d wrrh rapè\rry.$ed!e dF. Fnswcre lound rn rh. omb o. tLrrnkhamur (CJder nos 2rtr ,
Cairo lE 62641 zrCC,lE 62646).  A more; laborately made
sash.is the so-called .girdle of Rameses rrr Gee p. 276).
Another form ofsash, comprìsing a back panel wìth four
red streamers, was lound in the iomb of Tutankhamun
(KV62) (Crrrer no. root )E 626aj l

.  
Th. Ar.hJi(  s Jp-Jround rsorFol theotdest Fgypt an

.Iolhing 1pe. of t l -e Dvnd.r iL pe-od. tr  uàs worn In a
srmrrar manner by trorh men and women, although in
goneraì rh" fe-nd,e ver.  on *a. murh tong. j  rhrn rh"r of
mer {vodetsd' ,g. frsfwood rora: 88 q4t ThF ef l f t tof3nqrLhar,  r \ -ap.Jround Lan 1," reLreared usinC J .rng,e rc,' r n g r e o f  i  l o l h  T h e r o p c o r n e r o t  h e m r l . r a t r s d r a p . J o v . ,
the ìcfr  shouloer.  The ctorh is.hen pJ,sed
trne. rrcund thc ìrodv Jno urdc|he rrns endrng near rhc
lèl  arm.pl l  Tlp h^o top, ornc-s rrF treo rogct l -er on lhc ler l
snouroer.  grvrrg rhe imp.essio| |  ot  a st-outder srràp t le
garmentwas then sometimes kept in pìace wirh a sash.

Tl 'e dress- i \  d gJrmenr spe.rf i .3 t \  \  orn b) somen:  
gènerd )-hr.  ( ,osèt\  ro t ì -e upper prr l  ot  the body rrd hls
ertner a f lowrnq or !  r igh t)  f i r r ing.trr ,  (Vogct.ang Lasl
wood i9qì o1. .29ì.  I r  $as t ì -e nosl .o,nmor form o[

lemale clorhing rhroughout the Dynastic period and was
sorn b) al l \4omcn reg3rdless or t t -eir  sociatposir ion. f ìere
$cre lh.ee basjc dress f t?É.:  srdp.droLnd dressps, V-nFcl.
ed dresses and beaded dresses.

. Wrap-around dresses were made out oflong lengths of
r loth and rere wrappeo around rhe body ir  var ious $ays to
produce diferent effects. They can be divided inro two
i!"es. \ imple and complF\.  The . impte wrrp.around dress- dèprcled in Eglpr ian arr fom the Otd Krngdom ontrards- wrs macle our ot c tengrh ofcJoth wrapped bÚ$een one
dnd rhree-rrme.;round the body. depending Lrpon ùe
amount ofcloth availabte. The end ofthe cloth was tucked
l" 

, l  t l ._ ,9p (sep depidions in úe Eighrerrh-DyÌrarry
lomb ot Rekjìmir.  Jr Thebes; o,,  r .*  .  qaf,  pt .  Urvl ina r l
couro l ,c sorn ér,her wi lh or without \boulder slraps.

, .  
compìèr $ rap around d,esses JppFdred dunne;he New

K'ngdoÍ:  lhev.ould be m3de oJ ofoneor rwo tengú)of
cloth, and their prjncipal lorms a.e porrrayed on à tev
Kingdor srFleln re Bri t -sh Vusem rLÀrr, :ó: ,  ies r9:6. pl
x l l .  r94r:pl .  X)t  Thevwcre kìonpd. rucked rrrorsprrream
placewirh a sash, or a wirh a combinarion of ihese fasrening
methods. On the basis ofsurviving examptes andthe stud!
or r .prescnrrtron. i r  ! \ouìd appear rhar rhe.e arc r$o fo-rns
or V-necked dress: steevel€ss and steeved

The sleeveless form has a deep V necktine and two
exampres are knovr'n. One was found spread over ùe
mummv ofa wom"n tReisner r()4z: 4s, 2.  pl .  42 Roúì
reòó -o 7: .èe f ig.  j j  r6) and wa. de.,  r i l ,cd tJ) rhe exca
v . r o - ,  C F o r g e  R e r s n F r  t r c ) 4 z : 4 5 ) 1 .  J s  r l d , s e s h e e t o t I n e n
.  .  l a i d o \ t r r h c b o d ! . l o o t i r g t i k e a h r n i c w i r h r \ - s h a p e d
ne(k. 'eavr ' .g érms dnd lhc lower p"rr  ofrhé lcg. exposeo
unlortundtpl)  rhis Fxdmpte wrs dFsrrovéd dLring úre
c\dminalron ofhe mummy. therélore i t  is no, cenajn now
the gar n enr was l l 'ade. q serond erample was round rnore
r . ( e r l l !  r t  S J q q r r a  { M u n r o  r î 8 J :  r 0 2 _  

 

b u r  i r  w a s  i n  a n
errrc 'nett  Door !ond:r ion.r trus lgarn prevcnt ing rnya' la,y.
srs ot consLruct ion methods

The V-necked dress wirh sÌeeves was a cut-to,shape,

Fiswe r.16 M unhy w.dnng a v.nèckcd drtss o[ th. stè.,etess trpe (úÒw dèstroyed ).



usuaÌly pleated garment (Rìefstahl l97oi Landi and Haìl

$79: Hall ry8\ Vogelsang-Eastwood r99l: rlt 25; see
Iig. rr.r7). At le:ìst fiftecn ancient Egyptiàn exampies have
b€enexcavaled, ranging in date from the Fifih to the Elev-
enth Dynasty and dying out by.. 2ooo BC.

Seaded net-dresses were made out ofbeads strung to'
gether ìn geometric patterns, usually diamonds. So turonly
two have been identified. The first was found nì Mastaba
c744oz at ciza and probably datcs to the Fourth Dynasty
(Boston MFA 27.rt48; lick I988iand the second was fouDd
ina Fifth-Dynasfi tomb at Qau (tomb 978; Petrie Museum
UC ,7741r Hal l  r986: 6a-5).  Tbe Qau exanple was made
up of à series of beads arìd the breasts wcrc covered and
accentuatcd by two sm:ll caps made out of tlue faiencc
wit} Inipples in black (sce also Kamal Igor:34,36; Brunton
t 9 2 7 : t , 6 4 1 .

T E X Ì L L E S  2 8 9

Tùnic' shawls and cloaks
The tunic or bag iùnìc (flss) w?s made up of a long rec
tangle ofclorh foìded in halfand sewn up thc sjdes (lanssen
1975: z6or Hall l98ri Vogelsang Eastwood rg9, r1)a 54:
see Fìg. rr.r8). Therc are iwo forms. Th€ full-ìength tunìc,
coverjng the body from the shoùlders to ihe calves or
ankles, was worn by both men and women. The halftunic,
stretching from the shoulderc to the buttocks (or, lcss
frequently, the knees)was onlyworn by men. Both the hali
and full-ìength tunics were worn by themselves or with

occasionally tunìcs are lound with sleeves, which were
construcled by two basic methods. ln the flrst method.lhe
sleeve is madcoutofa singlelcngth ofcloth which narrows
lowards thc wrist, as in the case oftwo exampìes from lhe
Eighteenth'Dynasty Workmen's Viìlage at AmaÌna (nos.
2674 and 56o ìn the unpuìrlished catalogue of textiles
from the village; see also Hall I98o: 29). The second form
ofsleeve is again shaped, but this time there is a flat seam
placed at the centre of the back of the sleeve (Vogelsang
Eastwood r99l:  r l7,69. 8/4).

Most surviving tunics arc plain, but various decorative
elements are known to have been used. The basic forms of

Figu..ú.18 Longtú i.IîÒn the New Kingrlotu tanb oJKho ot D.ú
rl Medi@ (I-f':Tun\, Musea Esìzio, Ibr. suPpl. 6ta)

Fígwe ,t7 ald Kingdam v.iúked dre{ víth sl.èr5,lron AsyuL
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decoration are:ftinging along the botiom edge (pctde Mu-
seum UC zE6r6ci and Brussels E.62o5), the use of col
oured bands vr'oven into the clorh along rh€ selvedges and
transverse edges (Leiden, RMo EÌ), veriical or horjzontaÌ
bands woven into ihe ganneni (Carrer no. z6ra, Cairo
lE 62706; Cader no. 5oj, JE 62257), andthe us€ ofcoloured
bands sewn onto the garment along atl ofthe edges ofthe
garment and amund the neckhne (carer no. 167i, ,E
62626; see also Schiaparelli 1927, fig. 69). tn addltion,
beadwork, sequins of gold and faience, applied pattern
bands, and embroidery were sometimes used to decorate
tunics (s€e p.279fi., decorative rechniques).

Shawls and cloaks are outer gaments worn by both men
and women (Vogelsang-Eastwood 199l: r55 68)rthey nor-
mally consisted of a square or recran$ ar pi€ce of ctoth.
shawls only covered the upperpar oflhe body, whit€ ctoaks
were much Ìarg€l and covered most ifnot alt ofrhe body.
Shawls were wom over the shodders and allowed ro hang
down the back. Two basic tpes ofcloaks are lúo,/rn io hàve
been worn in ancient Egypt. The firstwas a simpte length of
.loth wrapped aroundrhe body, oneexample Deù,gaproro-
dynastic fiCurine of a woman (Ashmolean E.l26i euitelt
rgoo: I, pl. lX). The second form was made lrom a tength of
cloth with two tìes knotted on one shoulder (Davies rgoor I,
pl. XVll; Davies r94E: pl. )LXVI;see Fig. rr.19).

Legtngs
There are three pairs ofleggings in ihe Eg}?rian Museum,
cano @os. t l1l26l19 and rjlÌ/26118). They aremade fron
a long rectangle of cloih folded ìn half and sewn (overlap
seam) down the back, each having a single, very tong tie
knotted to the front top; this tìe was probabty wrapp€d
several iimes around th€ leg. At the bottom, and set of-
centre, ihcre is a V,shapednotch cutoutofthe matenal. To

Figure 11.19 Detail Jron Ò painÌed wall-rdíef in the Old Kibgdoffi
rtàsfaba oJ PrahhótÈl @nd Akheth.tep at Saqqdro, showtng a nunar
w.drinE @ knÒucd tloak.

date no representations of Eg}?rians wearing ihese gar.
ments arc known. In the late Eighteenth-DFasty tomb of
Ay (KV23), however, there is a depiction ofa table bearing
various items, including gold colla$, gloves and whaihave
been described as 'collars )' (Davies r9o8: pÌs. )axx X)cxr)
:ìlthough they may actualìy have been leggings.

A k€rchiefis a piece ofcloth whjch covers part or a 

 

ofthe
head (Vogelsang-Eastwood r993: 169-78). In generat it is
made out ofa singÌe piece ofcÌoth, usualty rectangular, kept
in pla.e with a headband of some kind or tied with a piece
of stdng at the back of the nape (e.g. Copenhagen, Ny
Carlsberg clyptotekAE lN 67oj Davies r916:It, pt. XCVII).
More elaborate versions, worn by kings and princes (ihe
Éàat headdress), were made out of iwo semicircutar pieces
ofcloth sewn together (e.g. Winlock r916; New york, MMA
o9-r84.2r7 2r9: Caner no. 46i, 29bl34l)oa-d). ̂  sepàr
ate he or tape was sewn to the centreìopofthe semicircleof
clolh which was used to fasten the garment to the head.
Several examples ofthese kerchiels were recorded ftom rh€
tomb ot Tutankhamun (KV6z).

Combinatians of diîercnr garmenLs
The ancient Egyptians used various combinations ofrhe
garmel s des( nbéd rìrov. f tF,r  i re of ìo h ,"xes va, es
chronologically. Men in the Old Kingdom might wearsome
combination of loincloths, short wnp-around kilts, tong
na(owapmns, sashes andlongcloaks. Ìn the MiddteKing-
dom they often wore loincloths, wrap-around kilts ofvarj-
ous lengths, long, narrow aprons and tiangutar aprons,
sashes, short shawls and long cloaks might be worn. New
Kingdom male atdre includedloincloths, wap-aroundkitts
ol various lengths (someiimes rwo worn together), sash
kilts, idangxlar aprons, iunics, sashes, knotted and wrap.
around cloaks ofvarious kinds.

Women in the Old Kingdom wore Ìoincloths, skids of
vrìrious lengths, wrap-arcund dress€s (usually simple
torms), V-necked dresses, sashes and long cloaks. tn the
Middle Kingdom ùLey often wore loinctorhs, ski s ofvari-
ous lengihs, wrap-around dresses (usualty simpte folms),
v-neck€d dres ses, sashes and long cloaks. Their New King-
dom wardmbe comprised loincloths, s1dfts of vanous
lengths, wrap ùound dresses (both simple ano contrex
forms), sashes, tunics and long cloaks.

Household uset

Textiles were very wideÌy used ìn ancieni Egpt, and con.
stituted an imporiant p:ìrt of Egyptian daily Ìife. perhats
the most oblious and familiar use ofcloth was within the
househoìd. Although it may be presumedthat marenal was
us€d lor curlaining and wall-hangings, it is difficulr to find
actual evidence. other household uses ranged from
cushìons, curtains and beddingro more prosaicitems such
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as spice bags 3nd lamp wicks. Although it is likeLy that the
ancie'r  tg)? d s Lr.ed ,  undrn5 and uaì l  .orer rgs. es-

!€cially on ihe inside of the buildings, no examples or
depictions ofsuch items have yet been found.

one ofthe more famiìiìr, modern uses of textiles is that of
iovels made in order to dry either an object or a pelson.
Thele are numerous examples of ancient te)'liles with all
overpatterns of looping, similar to modem teny-towelling.
SeveraÌ such cloths were found in the mass burial of sixty
soldiers at Deirel-Bahari (winlock r94t: l2), and two other
t€xtì1es of this q?e were found in an Eleventh-Dynasty
o m b a r l h F s " m F \ r r e ( r o m b  n o .  D B S r J . W r n l o . k  r 9 4 j  J 2 :
Riefstahl r944r 16 17, fig. r9). The texriles have a pattem of
drevrons /  g /rd( dnd bdrds otdiT renr wrdth.

Cushíans
Ancieút Egyptiaú repîesentatìors includc depictions of a
variety of,  u.hron..  l \prè wFrè Jl  leJsl  lourdiPFrènr $3)s
ofusjng themrlong, lounging cushions for which a reúile
tlov ln the Victoia and Alìrert Museum may have De€n a
cover (VAT2ir.r9zr; Davies rgot: I, pl. VII), chair cushions
(e.g. rhe tomb ofHuya at Amana, EAr; Davies r9o5:pl. IV),
slool/chair cushìons (as depicted in the Theban tomb of
User, TT260; creenl€es r92l: rlr, pl. )(XI) and footstool
oshions (e.9. dìe iomb of Huyar Davies r9o5: pl. lV). A
foolstool was found in ihe Eìght€enth-Dynasty tomb of
Yuyaand Tulu (KV46i Cairo CGl675); ii is made from two
roughly reciangular pieces ol linen tighdy Fcked with
feaùen. The size and solidilyofthis cushion sugeests tlìat
it was used as :ì lootstool of some kind. A possibìe long
cushion orpillow, made outofred leather and stuffed with
bìnrush dowÌì, was found in the Eighteenth D)îasty tomb
of Ramose and Hatn€fer àt Thebes (Lansing and H.ryes
r9t7rr6; Porter and Moss r964: 669).

Beds
Ancient Egwtian beds were made up ofrectangular frames
mounted on foui Legs. The base was madeftom an interlac'
ing stnlctuie of rope, sometimes woven into intricate pat'
terns. On top of this m:rtting there was a length of cÌolh
seÍing as a maitress which had a deep pile made ftom
numerous closely+et loops as in the ìJed lrom the tomìr of
h(ha (TT8i Schiaparelli 1927: 11, f'9. ro5i see fÌ9. rr.2o).
Over the piled cloth \a'ere pla€ed morel€ngths ofmaierial to
act as covers or sheets. It is likely ihat in wmter-hme
additonal layers were used, and possibly a woollen blanket.
Instead ofa pillow a headrcst, usually made from wood,
was placed at the head ofthe bed.

Vorèéìabo.d ebéd. migh be.urourded by raropier
A led canopy was placed inside the tomb of Hetepheres,
nother of ihe Fourih-Dynasiy ru1er Khufu (Reisner and
Smith 19'5 : 2l 7). It measures about l.20 meùes in length,
2.to metres in width and 2.2o meires in height. It was

Figut.11.,a Beddítgfob ìh. todb of Kl& (\-t8 ) at Deú el Medina
(Tùtiú, Meseo Egízio, Inv. Súppt. E6,9-36).

decorated wìth gold, andaround the ìnside ofthe iop beams
there are smatl copper hooks whìch may well have held the
drapes covering the top ofthe canopy and hanging down its
sid€s. Unfortunately, they have not surived, although they
may originally have been plac€d in a long ìrox which was
found in the que€n s iomb.

Bags
As with modem L,ags, the size, range and functions of
ancient Egrutian bags were ertensive. They were used for
canyingspices, aswel as smallamounts ofgrain, and were
made ftom lenglhs of cloth folded ìn halfand sewr dowî
the sides (Leiden, RMO AU 44. Cloth sacks foi carrying
cumbersome or numerous oìrjects were also in 1lse, judg-
ing from depictions in a numberoftomb-paintìngs, such as
those in the Eighteenth-Dynasty iomb of Nelerhotep (TT
49; Davies rgll: pl. XViII).

The EgFtian hierogl}"h for a lamp wick, (cardiner 1957,
sign type V2) clearly shows the basic form ofthe ancient
wick, which was made by twisting a length of cloth or
Iìbres, and then allowing the length to twist back on itself
(Easrwood r985r202, 6s. ro/r5). The wickwas then allowed
to ffoatin the lamp oil.

The use ofcloth as part ofa seal has a longùadition in Egypt.
Sealswere not onlyused within tombs to lasten and secure
doors, ìrut they were also 1lsed inside houses, palaces and
lemples to secur€ workshops and more particularly store-
rooms.ln addition, ihey were used on commodities such as
jars, wjth the material placed over the opening of the jar
before dropping a plug of clay in place (e.9. Leiden RMo.
F.r9t7ll].4). A second length of cloth,{as sometimes placed
over the clay plug. Occasionally a ìrloù ofclaywas placed at
ùe ends and ùen an impression ofthe ownei's mark was
made by pressìng a s€al into the damp clay.
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Uses outside the home

The uses of textiles outsidc the home ranged From irems
such as rhe cloths used to cover an object io sacks for rhe
iransportation of grain. One of the most wideÌy used
methods ofextracting oils and ildces was to strain the liquid
through a piece of clorh. such str.ainers would have been
strongbùtfl exible, and d€pictions ofrhe production ofwjne
indicate that two lorms ofctoth wine slramers were useo
(see Chapter 2t, ihis volume). One end ot rhc bag could be
tied to a tued support, while the orher was fastened ro a
pole, which was lhcn |wjst€d by severat men as depjcred ln
ihe tomb-chapel ofBakt lìt at Benj Hasan (BHr5j Newbery
r89l: pl. VI). ln the second method, troth ends ofthe bag
were tied io poles and two groups ofworkmen wrung the
bag ìry tu.ning rhe potes in opposite directions as in rhe
scene porrayed in the iomb chapcl ofAmenemhal at Beni
Hasan (BH2j Newberry r89l j  pl .  Xrr;  see Fig. r i .24.

Another use for cìoth strainers was in thc production of
oils {see Chapter 17, thìs volume). There are severaL New
Kingdoìnand later tomb Ìeljctswhich show ihc producrion
ol perfume oiìs. ln most cases the s€eds or flowers are
plac€d in a cloth bag. These trags are nor as targc as thosc
us€d for winc-making, but ih€y were wrung ,n me same
way as wine bags. A fragmeni ofretjefdating to rtìe pto,
lemaic perjod (Turin 167l) depjcts rhe extfiìction of lity
essence by this means.

Terliles were also used in the equipping ofanimats and
lhevehicles drawnbythem. Donkeys lvere onc ofthe main
packanimals ofth€ ancienrwortd and to protecLrhei backs
the animals werecovcredjn a ctoth. Backctoths ofrhis tlpc
have been depicted in numerous tomb-chapels ofthe Néw
Kingdom, allhough no actual examptes of thjs date have
been found. A saddle clorh of the first century BC was
found atthe Red Sea coastal site oîeLrseir et.eadim (Vogel
sang-Eastwood r99o: r97). tt was made trom numerous
ìayers of small fragments ofctorh sandwiched betveen two
layers ofcoarse material. Cloths made in an identicaì man-
n€r are in use for donkeys in rural Egypt today ànd it is
probable that the back cÌoths ofthe Dynastjc pedod were
made ln the same way. Occasìonalìy more valuabte ani,
maÌs, such as cows and bùlìs, are shown wearing a cloih

Fiyft ú.21 D.fail Jram a wall pdintirc in rhe MiddJ. Kagdon
tofrb of Am.nenhùt at Besi Hdsan ( BH, ), showtig the ùse ol ù ctat l

covenng on their backs as in the Si\th-Dynasry tomìr ofki
at Deir eÌ-caìrrawi (Davies r9o2: pì. XIX). tn sùch cases it
would seem that thes€ ìrlankets were designedio sress the
animals' impotance, rather ihan having a more practical
lunction as in the case ofthe cloths descriìred above. An.
oLher form of animal irapping are the blaù(e$ worn Dy
horses duiùg the New Kingdom. The remains ofsuch a
holse blanket (housing) dating from the N€w Kingdom
were found in associìtion wit\ thc mummifiert horse
buried jn front oflhe tomb olsenenmut at Thebes (TT7rl
Lansingand Hayes rglT:figs. r4-15). A large pieceofctoth,
wirh wide bands sewn onto it, was used. EtaborateveGions
of this true of cloth can be seen in repÌesenrarions of
TulanLhamun and Rameses It, riding theìr chariois into
war. Such textiles afe also depicted on the hunting chestof
Iu ' .  núa .L '  rcrd, r  no. -r :  C.rro lE L,rau7r.  |  .s dl .o
DruDérl .  ,h" rrot l  È ler ìc aom he lon b ot lur-n.
k h d r r n  r C a d . r  n o  . . , :  I  t -  o r o o r F r  q " .  r l . o p d | '  o t  "  h o r +
b l " î < e t  T l  r  "  i .  a l . o  d  d e p r ,  r i o i  o f "  I  o r . e  b  d n i e t  n r h p
Ejghteenth-Dynasty tomb chapet of Kcnamun at Thebes
(TT9lr Davics rglo: pl .  XXÌt) .

Another use lor textiles in relation to chariors is that of
coverings for thc floor oîthe vehicÌe itself, upon which the
occupants could stand. Several texriÌes ha!€ be€n found in
the tomb ofTutankhamun (associared with cnano$ nos.
r2o and r2r). one cloth is covered with a dense tayer of
toops, and 1t is likely that th€y were used as a spingy layer,
cu shioning some ofthe ìiouncing movement ofthe chariots.

-  C ì o Ù  w J s  a r ' n  u s " o  o n  r n ,  r . r  r f g l p r . " r L o " r s . o , i î a r i l y
or sdi  s rnd dwlr i '  s" ì ru p,ol ,r t , t '  r t .o ror sL, l -  D rpoq.. .r ,

covenngs over merchandise, although ar preseni there is
little information àbout the latt€r more minor uses. Mosr
informalion aboùt Eglptian sails derives îrom funerary
models and various representations of boats in tomìr.painr-
ings. In most cases rhe sails are shown as large sheets of
cÌoth, one ofwhich w:ìs recenrty found re used as a set of
mummy-wapprngs when a mummy was unwnpped in
the Musée des Beaux Afts, Lyon (Goyon and Joss;ir988l
129-12). The bandages were removed and taid out, and by
malch1ng various structural details (seams and hems) ir
was discovered that rhe cloth origina y came lrom a shaped
sail.The great wooden bo3t found in a pit near the pyramid
of Khufu lsee seciioÍ on boat-buildinÀ in chaprer 15, mN
volume) included fouteen poles which werc fitted jnto
holes along the sides of the boar fosard of ttìe cabin
l laîd. l -orn î-4:  {1.  Abl, .ooj .The..potè\q"rooiCinal lv
u.ed lo hoLd up r lJrgL Js n ing. pre.u'ndrty rrd" or ,  oúr,
underwhich the king and his entourage could have sat.

AlthoLrgh there are severaì reîerences in Églpuan rens
and representations to the use ofcloth or matting tenis, no
tents appear to have survived or have been recognised as
such. Tents were mainly used by the cour or by soldiers
wl ìé on rhe novG. Vi l i r rrv rer r ,  r inctuding a pos.rue
-ol ]Fd upexdnote,arédèpcredo- frdgncnt.ot ret  Fl  -rom

ihe late Eighteenù-Dynasty tomb ofHoremheb ar Saqqan
(Martin 1989: 17 8, 44 and pls. za, z9 and 35i, and tley



also leahrrc ùr lhe depi.txms of the BalLlc of Qr.lesh in
se!€ra lof  thc tcmplcs ofRameses l l  (wrcszins l i  192l  .121
l l ,  no.  92a)  Thc usc o i  Lcr ì ts  by t ì r :  Nelv Kìùgdorn coufL is
i rd icatedor one of t ì rc  boundary stehe (ste le F)nt  Anì  11a,
\ rere there js a referencc lo ir tcnt rÌrx.le ofnrattiDg (Davrcs
rgoi j : lz ) . ln  xddj t ioD.  1 l ìc fc  Ls a br ief l ì t ' : rary referercc to
cour icrs oÌ r  t lL '  r rc le who us.d tcnLs:  b l r  h is  home of .Loih
or brjck . ln Lhc \'liddìe Kinedonr work Sdti,r oJ thr 

'/t 
./.s

lsee l ichthcrn r97l :  r88) .
f legs p la)cd ar  i rnpor tar t  par t  jn  rhe dccor . r t jon of

tenltles and p3Liìccs xì a cieut lgypt The,! \rcrc l1sed botlì
on the outs ide o l  lhc bui ldùig ! I . l  erorùrd j f  lcmi l  .ouf t
rards.  lor  enùp1. .  rn. ì  dcf ì .1 i ( ! r  o fo e o l the ! r laccs l ì l
Anìarn!  l ì l l rs  r re shoi r  I  l r ì  su.h. r  couryxr  d lDr l ies rgol : t ,
p l .y ! f \ l l  Snr i t r r ly  rhere arc nur Ì Ìcrou- .  depic i ions of  Ncs,
Kingdor i  teùr  es rahich h i lc  1r . i  scLs o l  f lags s ' t  rg. i rs l
ure out . I  pv loùs (Davjcs i . )o l :  l .  p l .  XXVII ) .  Rrùreses l l
descr lbes Lhc i . rc . t ior  01 's inr i la f  laepolcs dur i l Ìg  t ì r , -  re
designlng:r l rd cxtcr ìsxù of ihc cast . fn  par l  o1thcTcùrplc  of
Amùr at l(i nak: vcr\ gr cat Hagst!]lls l crecled thcnr nr the
.obleorrhard n { ront .J fh is  tempLe (Spenccr  r9E4:ro) .

The use of  de.o| î lcd c lot l Ì  lo f  n ìcnt i l icxt ior  prr Ìoscs bf
mi l i t ! ry  fo Ìc ' :s  is  w. l l  kr ìowD Jrorn raÌ ( )us h is tor i .a l  sorr r
tcs i r ìd  i - .  s t i l lpr ! . t ised Fach s i .c t ion of the ancient  lg ,vp
tian rrrn! used stxl.Lrrds as:r mcans ìr1 klcùtih.ahon rrd
thq ar. usùallv tortrat.d as plircÌùcs $ith pairs of
s t r r :amcrsfh.cd Lokr t l ì  lDr l ies rgol :  L  p l .  )  ,

'Eeonomic' 
functions

Thc !ù. jent  Fg, lp t iars d id not  l ì r \e .o i Ì ra! r - -  1ùr t i l  rh .  cDd t )1
lheDl rsticfer jod, tlrcrcforc Ìì.ist traÌìsa.til,rs srrc bascd
on a baf t . r i Ì rg  s , !s t .nr  n shich t lc  roreh r rhre of  nrost
oblccts $as krcwn to both sel ìc f : ìnd p l l rc l ì rser .  S1ù pLuses
oian, !  goods \ereunLal l l  rar i . fcd ur  ordcr  to ùra lc  up ary
deh. icncjcs.  and c ld l Ì  ar ìd rnade uf  garnrcI ts  p laycd rn
jDpor iaf l  roh wi lh i Ì r  th ìs  b l r ter ing sys lcm. Al l  wrges ùr
an.ie.t fe,lpt lvi.fc pard nÌ Lnr.L ft--qrLent t iD lòo.Ìstufls,
bnta lso jn  mefalsarcs,  t raskctr t  or  kr r t iL{ :s  ( r l rhough i l  ls  D. ,L
clrlfwh.:thef thesc goods sh.,ùld Lc resxi ded !s w.ges or as
tat io  s .  se--  j rnsseù Í )75:  .155f i ;  Kc l l Ìp  r989:2J7) .  Ih f lc . rc
larioLrs direct r,-feren.es 1l] ilarmcnls bcirg gir.| as $,,ges
Pap,vrLrs TuÙr r88r  Rods selenly .c ight  i tcùìs of  . ldh or
. lorh lng as thr  wrees of  r  group oamcn (scc r lso O.Caùo
,5to4t  ja fss i . r ì  1975:  492) .  Cloth afcL c lothxìg wcrc a lso
lnúngthc jtcms slrrìt bl Ran(s.s lX n) the ti.t|i-r.wcarùÌg
Nu r ians ' ,  r f  .ord ing to Papyrus Cr i ro C D (wertc  r99o:  1Ìo.

lE) nì whi.h t1lo earnìi.nl t,lpcs are referfed io spccì6cally:
1re1ì t !  f iv , -  l t r ,c lo th i fg  (p lob. ìb ly  k i l rs)  o l  3 , , . lo th.  r rd
l$cr ì t )  f l ! .  tun jcs of  snrooth c loth .

I r :ddi t io  to b-- ine used as $ngcs or  rar ioùs text i les
Nerc a lso uscd ùì  a d i r - " . t  marrcr  to  acquirc  . , thcr  objects.
A Ni f  c lecnth-Dl l l rs t l  lc t tù  [ r !n  the v j l ] iee r t  Dci r  e l
\aedì ìa (O.DM rz5t  Weùte r99o:  no.229) was sùr ì  to  a
l rorùan . r l led HcnuludicbLr ,  . ìskùrg l Ìer  to  a. !u i rc : r  t | |n ic
on behaLf  of  the scndcr  ' rn  cxchange f t r  the braceler  and

havc ir lirrnishcd tu rne Linl ten days (scc also o. DÌ\4 r85i
Janssen ,975:  279.  28r) .  ̂ r rc ther$ay in  $hich large l ìouse
hol.ls lnd tenìplcs nÌight hrve rcquired texti cs was bl
using the so callcd 'Lradcr\' (nftiD). ìhese lvere mcn who
lfaytìlcd trp rnd down llìc \ilL' lvith surplus goods pro.
duccd où th-- estates, hndnìg therÌr for objects thai $'crc Lrì
shorl sùpply within the houscholds or tcxrples.

l Ì l .onìchad tobc foun. l l ' .om var ioLrssoL[cesùrorder  to
supporl fotal crperi.liture slr.h as thc courL,lcrrples, build
i r  t ^ i t , , r  . , .  J ì "  , ,  " , o ' l r ,  r r  , o r  ' . '
rx ised tbrough country wide tàr  ìe \ ies,  paid in  lhc for Ì Ì Ì  o f
aniùra ls  and goods up ro. ì  c€r t l iÙ vxhre (Kenrp r99r :  217) .
An e{nrple ot. this 1ò|lìr of ta\ation .an bc sccn Ir thc
wal l  paint ings of  dìc  Ei i lh tccÌ ì t ì r  Dynxsb t r rnt )  of  Rckh-
r Ì Ì i fa  at  Thcbes ( Ì ' I roo:  Davjcsr94l :  p l  YùXl) ,  where ihc
'rcc.,fder' rùd scribeof ih. rccordcr'ol the town of wrh si-r
(sorrh o l  Abidos)  afe shoRn de i lcrxrg Incn surH, ts  rs
wcl t : rs  lcngths o l  l i rnr  t lo th sonre carr ìcd xÌ  3 chcst .

ìn  .ddi t lon to ùs i rg. ldh rheady i l r j l : rb lc  nì  a house
ln) ld.  the wcavxÌg . ]1  ìeùgths of  rnatcf ia l  was so[ ] . t ì Ì rcs
comrr iss iorcd Iòr  spc. , l ] ì f ìc  purposcs,  j f . lud j rg th.  rùtnÌg
of lar.l. ÌI one of lhe cnrlv Middle Knrgilom Hekarìal{l1lc
lctters' r farmeì \rritcs lo his soùs tcllinq thcm fo lrJvf
sonì . . lo t l ì  wovrr ì  and fo usc i t .  L l  Ì ìcrcss{ry,  to  re. t  snne
lJnd:  I  - . r i . l  "Weave ì t ' . : ì rd  l l r i -y  shr l l  hLe i t  L th-- . lo th l
lvhcn it h3s beeù v!lu,-d in N.bcscyct arÌd rcnt lal.l againsr

,  "  l r '  . , r  . .  r .  :  |  ) ú : : l
As wcl l  i ìs  rcw c loth,  i t  lvoùld Jfperr  lhat  ihcre was x

tlnj!jrg trade ir sccord-h.ìrÌd textiles sorne ofwlìiclì carùc
t ionr  pr i l r te  houscholds,  rvhcrr :  t ì rc  sc l lne ofcxccss na
LcriaL xr ordo to pufch:sc .,thcr ìtcùrs s,rs ùot urusu:ì1. A
Ncw I(in!:.lom story .ecoLrnLs thc trle ofa woman wlro scnt
hcr scrvxnt out to the nraf(cl in ordcf to scll r length ol'
c lo t l ì ,  p . rhaps a r loak.  brr t  wrs unablc to nrke the snle
Lr i .cJusc o l  i ts  poor  co.d i t ion ( j rnsscn r980) .  1r  is  r lso l iLre lv
ihli sonri. .]1Lh. clotL pres--nted for salcal llìc ùarkcts had
been fobbcd llorr vartuus tornbs. This toint is rcflccted ir1
soùn l lvef t ìe ih.Dyl l3st t  t | ja l  r , -cords of  tor ìb-robbcrs.
Arnon!: the nunìerous 1lcrns stolen from various tombs was
' royr l  l in , { r ,  , r l  l i fcn,  good Uppcr  Eg,vpi ian l i ren.  ro l lcd
:Lnd bound.  vr r i rnrs ganrcrrs [1. , r3] l  61;  skenrs of  thrcad

l rora l l r '  (Pcet ,91o,  8.1) .
l  p  r . r  r .  . .  |  " r ' j . . .  I

ru  crs 1o cach o lh. r  in  order  to cement  thc i r  rc l3t ioùsl i ips.
When the Mi tannian l i iùg lÙslnat tx  seni  h is  daLrgl Ì ter  to
rr.y the pharaoh AklìL.naterì, the dos'ry jnclLrdcd nLLllìcr
oùs grrnrcnis  nud othcr  lc i t i lcs (Amarna ler ters EA14:1nd
25:  src Mo n 1992:  l? .  l ìo) .  Snnihr ly ,  sura iv ing records
s13tc thxt  Athenaien scnl  lhc Bab! lonian l r ing,  Bur-
Dabur iash l l .  x  bta l  o f r .og2 i tcnìs o l  l ine c ldh ( te{r i les
:rnd clothcs). In addit(rr to cloth bcjng gnen as pxÌ1 of a
dowry or oflicial gitt. it is lik--l) that ljncn lvas also used to
pry obligatìon gilis. Tlìese afe lrifts which wo|ld havc
aÌ  jser  oLLt  of  a dLr t )  or . ,b l igat ion n)  someone c lsc.  symbol is
irìg the debt owed by onc pcrsonto another.

Terliles were probabll olieiì olrtained as boo$ lrorÌ
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ano iooh or olhn. rrDpdir  urc.  l r  ,n, , . , . " ' ; j ì t , , " ;  

t lo '  
R"t igio, ,  u," ,
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*" possìbilrties, the leconà

:1il',l"Ìi'::'Jffifìf:L':Ì:Ì::#J ::1,r:'11' Arth"'sr th.;;;;ì;i;;r clothing the sods was ofien
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.""p;,i*.a;."-."i:";,;;:;;;:h:;"ì"i"i.!,*l i,:xì*:.,:"T[H:"..jj:*"'ffHînitin;il:$:i;",Hil::[?ì:iJ.i]',*":*:::::lfir:rj :"'n.s"u", -J"Ji"gì';.,ip'"g" "r Horus rtotaÌr, adffi:::*:",T'îi,ti""ii::'";'l;,"*'*"(P.Ed; ;;'";;;;";;1Í"ii:{i;:?"^ffiffi:fi:il"i:Í
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the land ofTait, :nd one 01 lhe earliest rctereùccs to thrs

eoddess appears in Uttera ce 4r7 of tlte Fifth- ;rnd Sixth

ó*. . t '  pv-mid lcxrs,  {hcìe sh. ' is . lcscr ibed as c lorhùIg

. \ ' ' D p ; \ r l ' L  J .  '  o , l  ' : :  \ \  l :  l '

ù r " , O , F I D  |  \ ' '  ' '  l  l l

clothes you. sìre lifii you up to the sliv in tlìis her namc oI

( ì te '  (Faulkner  r969:  r l7)
Nlost uÌcierlt Es!pti3n l)urials .o|taìrÌcd ìtcms whrch

werc re!:irded as essentìrl in thìs life and thLrs qÌrallv

irrLoorturl jn thc next Thesc ol,jecls ilclu de'L potterv fòo'l

,ari. a,snctìc ircm-. tools and ireapols as wcll as tcrtiles

" n c  1  , r ' . :  .  L r r . , . l r ' , * J  
' i  J  I  l  r ' ' l

j n  r o r n o t . o . r r  " .  i ' l ^  d  r ' r  J c  d  r " ì '

as cloth beure Ir:pp-'cL aloutrd .uts of Ùrcit and othcl

toodsLufs. Thì qùa|tiry of cloLh found nr a t(rnìr carÌ be

coùsìderrblc. lì lns been estimarecL llìat Walr' esì3le rnarl

agù 10 thc early l\liddlc ÌtuìgdorìÌ vìzicf MeL!'tfa h:ìd r

tt,l nf t,. *,unt. "t"r..s of ckrth in his t'ùÌb (willloc[

,q4o, , ' ; : i .  u , . lud l "g t : l  'qr : ì re rn i . t Ìcs ' ' f ì inen i round rhe

bodr. thc 'e.t ben,s mad" up ofpnds and leÌ€lhs lr1 cloth

rvlich rangecl l, t-rigrh from 2.56 to 2j 6 metrcs lhc tomL)

of l r tankharnLm ((V62) contarr red aL least  ' loo i lcms o1

cloth nrchrdjtg clothurg, corc'rs fof ritual IìguÌcs lincrr

aùON quNcrs. LxmP wi.ks and lhe lrnppjngs ft)r a 'harjot

l\roqclslri{.Fastwood xnd Kcnìp I999)'  
r ien:rLnelcmentrn thef i r rnìshLr ìgof  t ì reto lnbwas the

comf. Ì1s wrs trslraìl) covcrcdNilh r ìargc lcngth ol cloth

!r nall lhc lctìeih of whìch could van ffor| lwo or three

mLi"s ro a l ' , r i t * "nL-" ,  depeDdir ìg on ho$ i r  \ ras ùscd ln

rcDrercntat ions of  lLr tera ls  the pr l l  ìs  usual l t  shol tn as a

s|lrll Djece ol .lolh, so lhat tlÌi'cofiin undcrnealh is slill

usiblc.'tlLc prìl wns xlso fte(lucntl)' pri lcd rerl rs thjs

col t iLr rFrs associ i ì le . l  wi th d€i th a d rcgcr ìc ì r t iÓn, ' Ì ì t l !n

lihamunrvas buLLcd ùsrcìe thrce coflìns a sarophagus rnd

forr  shr ims.  The seco|d sLt lnc was etrc losed by a t lame

covere.l with ! largc sheet of clolh nìade orrl of scvcrel

lcngtlis ofmalcriJl sc$.r together an.l dc( oralcd wilh gold

roset tcs to rcprescnt  s tars (Car l " Ì  |o  209i  Cairo lE

" i  
"  , ,  r " o \ '  d

strnctirlts around, thc bod) SoùÌctimes only one cloth

$as Dhccd on lhi'n1ù rn) and iÌì other inslxrìces sclcral

{ . re uscd.  Nfost  s l l fouds consisLcd o l  3 s inglc  ler rgth of

o  r  ' ,  , , n -  l  , . u r  n r " l o c -  o l  e ' r r  "  '  r r o r r  " l  L l

n r , ,  r h  p  l  .  p r "  r r o i  I  P "  r '  n " r ' ì

:sre l l  as thc jnanrc of the dece. ìsed (stc  Quirke ' r  i l l  r99t) '

O.cxsronalll' a.iual garnìcnts wcre uscd as shroÙdi|g; thc

Li lh leeÌr th.D)ùasq bùr i rL o l  Rar iose ar ìd Hrrnefer  a i
1 r '  '  " "  r i r  '

thc outer la\er of bandages arorrnd thc bodv ''l Hahrefer

I t , r  , , -  r l .  ,  .  ,  r  / o  f o  , '  .  \ 4 o  . ' 4

, ,  i - '  l o ' r J  r -  - ' r - ì o

shroùd. coÌrÌprìsì g a lj cn sh€cl sprcad-over the bandrgcs

andthcr fastcned in placc by tiesúolcrr torlhc lurPose a

exmole ol rvliich irrs ;lsr lound oler the rnÙmnr) of

Hatr Ì ; fer  (Cairo lF ar62r8) .  Thìs q-pe of  shroud is  o lLc l l

f E x f L t E s  2 9 5

decorated wilh r paintc.ì iìfe size fìgure lr1 Osiris, whìch

mar be eitlìcr a simpie orÌtlnÌc executed iù bb'l itk or a

nLore --laboratc paintmg Occasidnlry othcr go' s or hÙîan

{or[rs are depìcted (eg Leiden, RMo AMM 8) A nìore

unLrsual 1òrm of shrou.l, ìakìng the shap" ol a hrrman

bcjns. colere.l the bodv o{ lìre Ncw K1Ììgdorn quecn Ah-

'rose Mcritamun, wÌro s'as frobablv thc CÌe31 Rolal wìfc

of thc car l )  l ightecnih Dynasty ru ler  Amenhotep I  (Hr lcs

r . )9o:  t4 ì  scc r ig .  r r .22)-îr."i" 
*"" "aLi."s s""rccs of cloth Lo bc used 1òr

rnùnm) bandrgrrrg, dcpcndnìg o Lhe h arloal r€sorifces

to be spcni  oI  the tuneral  (sce Bcnsoù "  a i  t979i  Wi ld

ro"o.  and se"  a lso chapter  r6,  th is  volu lùe)  l î  nrost  cascs

rí,1 i"""'n,ln"'" "'"a o1.l cloth and clorhing which wer'

torr uo and rvrappcd ùoÌrnd thc body 
-fhe 

T$'enry-ìhÙd'

oy",'iv ","mmy of a priestess crlled Aùkhefenkhonsu

was wrapPcd in at ìcast tweìve ltrnics 3nd onc ortwo croa(s

rNrrìonal NlrLseum of Dcnrlllarl(. CoperrlÌailen Ac' no'

ìolE). oìd cloth and cLothes fbr baidag'es aìso foLrrcd pan

of Llìe ìisL of acquisitìons prior to rnÌLrtary acrrvrncs Ln

ùrliciDatiof oflosses ln a TweÙticth Dtnasty lcit"r' the

- .  I " ,  l o ' J r  ' - , r l - l ' r  " l  o o r

, , ,  1 "  r ' J ' ,  J r i  r l  s ' r  a  ' ì  o  '  '  r r r  I

lornL of  nnìv s t ips . , {nd dor ' i  le t  Lhen go to wssle ( ì )

forthcy shaìì be made into baìrdages Nrth whLch to $rap ùp

men' lNo.  loo Went€ r99o:  ró2)

Ir mor. influcntial households ìt Nas possiìrle lo obtarrl

s'lìat sas calle.l srrìctjfied nru[ìml wriptnÌgs' fhcse

werc tlre old clolhing ofthc gods" describerl :bove nÌ the

sccr ionon.e l ig ious ùscs (Andrews r984:25)  l l l  Spel l6r  or

thc Coflin lexts. thcre is a relerence 1o such sarmenls

whidrhave bccn uscd to mak-'bandascs for rhe dead: Yo 

are drcsse.l irr the pure garmenls of ltah nì the casl ofl

sar  nÌcnts 01 Hat l ior '  {De Buch r935:  I258)

fh. ùù.,unt ol clotlì used dtÙ g lh" nrunÙilìcatior

proccss was coùsiderabìc lt wrs reqrrir"d 1c, pack the Lodl

in orderto speed up thc dehydrahon pro'css and lo prevent

tlÌc bodr fi om benlg accidcntallv cr ushcd (A dIews 19ó4:

zo 6). iino, bags fillc'd wirh natton werc nlso pl:r'ed rnsi'Le

ùÌc btxlv. After tÈ.r torPse had becn ìn nairon 1òr forÌ,v davs

v ,  r d |  |  o r o h ' r ' ' " r ' d  d 1 ò  J

- J \ ' ,  . \  '  e ' r r ' l l , - . '  ,  1 r | n J  l r  ' J  i "  o  r h

tlLrgged wilh .lolh. The acluaì \afapping oflbe bodv bcgan

ot'*ì eft"", days later' At this Poinl àll drc 'l'rh needed

was Dlaccd nlto various pilcs arorrnd thc rooÌì The piles

. \ c r e  I  L -  d ' e "  l o r J . o  \ "  r '  l  - r ' r r o  r J p F J

L , r ' d "  o r  ú ' d a  ' q p ' d '  ' g l o r ' l '  ' ' r r o J J  l -

. ,  .  r r  . e  l  l . l  . \  ' - ; i r  s  r \  l _ '  i  r -  r d  r o r  '  -  L r

r - r l \ '  , r '  ' "  , l  I  t \ r  o '  " ' "  e r '  '  -  D J  {

zr, pl. 2,). Gra.lualy the wholc bodv was wrapped ln ban-

,  ,  . ' o , J  o l  .  I . h  u - l o l ' ì  , r  . " r  r i r ' - r  r '

'  . , . . l l  r " l ,  r " J r  r o '  ' r  I  r v $  1 r  r P !

*rixtitutc was matle oLLt of a roll ofclotlì Often worn an'l

.hmased .loth was used lor l,andagnÌg the bodv ilself'

while thc oùtcr baùdages wcre nìade ofmnlerial in a lretter
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r i cùr . ' , r  
,5h : id  

u  
l "ho  

t  u \ . i lud t , r .  t t t .  . va .  p tobabt t  Lh?

::l:"i,::;i,' 
FiE'"'4'h Dt4a tt 'utu \II 'r\at p t t'� " ro is'tb

A !  id_e rungF of dnimats. rFprrtes and bird. were ak
mummrhed {Andrew. .985: (J4_51. In thc begrnninC onl(  Frr jn 3n jmJt\  wFr mummr6ed. norabh rrms a_d g"es,
rrui ,r \  co!\s.  (  ro.odiìesdnd falcons. but br rhe talèrperìods
wìoè range o! a r jmJt5 we-e mummr6cd inctudinC snàker
5sh. ' - ] i .c.  gaTcle. b: l ,oons. dogs and car.  fhF "o.èotctoù
dunng lhe mLmmrf iLa on ot rnrmrls hu, )er nor beer
studied in detaìI.

Conclusions

Untr l  (omprrJt vely .eLerr lv rhe .rud) of rexr i tcs hJr
lrggFd tehind rì-r l  oJ olhe, tg\pt ian nare.rat,cmarns.Th(
study ot Egypiian ponery, for example, was initiated over
roo ycJF "go In (  ontr  J.r . 'hF cJr 'v reporrs r i rét)  dedt rrú
I .r |  e.  provrdrng nntr oc,Jsion3l referen.cs ro.mummi
L, lo 'h or .  implv l rne| l  .  The si i l :arron, l . rngFd .ome$nat jn- n . e r f l \  t u ,  n r r e  ì  r c n h r r . q h e n  r a r r o u .  s c h o l a r s , . u c h a s
w a l r e ' M i d g F J y  L r n g  R o t l - .  G r r ( e c r o w t o o t " r d t a r e .  L t i 7 a .
Frh RiFf.r"hi  éJch tooi  :  .p. ,  i6,  rnrFrest rn t" \  Ies. AÍrer

r l r .  S e ( o n d  W o ' l d  W a . .  h o q e v e r . . h n r e  u a  t o r s o m p r r m p a
generaldearrh ofinteresr in the subject.

. DuÌing rhe last fcw d€cades of the rwenuern cenrury,
hè,e h3. t  cèn J núrrth (hdrge in .h.  r  h i rude of rgyprolo-

grs' �c to\rrds rhe cfudv ofdn, ipnt te{h,è. Oneofrhemajor
rqr ro-s rn thic (hdnpp rs hdr t l -e Eg\ protogrsts lhèrrsFtve,
s n o  o n . e  r o . u r d  p  m d , i t y o n  r h e  p h i t o t o g r , " t  J n d  r e i g .
rous r \pa ls ot Fgvp. idn ,  r l rure. hare be8ui lo a.,  epr me
,r. i  t t  at  'hp n r ,ef l3l  (r . l tur.  o,  hc ph3"aoì ir  per iod rs
worthy of equal attention.

Changes ,  r  rh" !vJi  rbtè le( hnoto$ for rh{ 3n.tysi ,  ofî ! r  rF,ha!è Jlco plavèd "n i .nporlcnr -ote in rh".rud) of
these objects. Untit the deveìopment of minrurum or non-
dcstructrve scienlific tests, many museùms wer€ relucrant
lo Jl lN rpxlr lè.  ro.bè usèd for the Jnalysi .  ot  hbre. oroyes.

lnî  ì . t?, .1 
i .  (hdnsins bu, rhe Hrosins .ompte ry or

rDaj l rrLal 'e\hnrquc< t-as meanr I  har t t -erF i .  an ev"r.s iden.
rng gap between rhe speciatist in the field and th€ person
Ìho 

rc rnaJy. inC he oL, iF\ rs:  un,or,uralL t)  r l  r .  t ikpt)  rhd,
lhr\  grp $ i l l  widen furrher in rh€ fuiure.

_ Despitesuch problems, the futureofthe studyofancient
Fg!pr i"n ,extr les looLs 'Jr t rol ' ]  gtoom). The,e r .  an e\eF
growingawarenessof theirintrinsicinteresiand theirvalue
bothto scÀolars and io th€ generalpuìrlic. Moreimpodantty,
rDiormation about textiles is now more wideÌy avaltable,
whiclì means rhar fururegenerations ofstudents wjll reathe
that piecesofl ìnenarc muchlnorethan simplyiawoldrags.
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Leatherwork and skin Products
C A R O L  V A N  D R I  E L - M l J  R R A Y

lntroduction

lver since Lùcas emphasìsed ihe impotance and quality of

leather in Phanonic Egypt, in his ground-breaking Ancitnt

ÍBvltian Materials anA hrdusiri.s Egvpt has tended 1o be

ràlarrled as the origin of a technical expertise in this 6eld

Li\,€lv deDicljons ofwork scenes ìn tombs ancl lhe preserva-

don ófLiiehily cotou'ed and complex iiems ofleatherwork

trave contributea to the perceplion of iarge-scale and tech-

noloeically advanced skin processing ski[s As the Fesent
study progressed, however' ìl became clear that Pharaonic

skjn processlne, f"r from being innovatìve, remained es

r n h a x \  N p o h L h r ( , , r t s r . L \ n o l u g ) . r n a  c l ' i n  p r o d u c t ' * e r e

o r t " ' n i ' , 1  . p o " " n  t ' n r o n p d r r \ o l  r o L e \ r  t p " a a d  f i b r e '

t-eatheiworkine only came inlo prominence ai tìmes of

increased inte;adonal contacì or when pastoralist in-

t deis brought their own tradjtions with them lndeed'

true leather - in the sense of a watcr'resistant, impetÌ-us-

cibl€ troduct tanned with exrrads ofvegetable origin was

virtually unknown in Eglpt untiÌ the massive technological

chanees inùoduced in the Greco-Roman pedod "

fhe skin prorlucts of the Pharaonic period, although

here refereito as 'leather', are in fact oniv lightlv cured

ho-called 'pseùdo'tannages'): rhe belief in the pre'eml-

nence of Egpt ìn leather technology although widespread

in the tediat Iierature, appearc to deive more from the

unparalleled conditions of survival than ftom scientific

analvsis. These exceptional condilions have, however' re

sulted in the sunivai of considerable numbers ofadelacls

rr'hich not only rcveal the many puÌ?oses to which skin

oroducls could be put, but also indicate the varielv of pro-

iessine techniques whìch $rere availat'le in antìquitv ln

contrait to the ancienr lealher that has sluvived in the

vaterÌoesed conditions of norihwestern Europe, E$?tian

shn priàucts haue ofte" been pr€served inlact wirh rhe

sewing thread still in place thus permìfting a much b€tter

lTeònicaly, the term'lellher'is restrictcd to the PtÒdutts of(I) rannirg

i.e. the t€tine of skìn wiù tan.in exrúds ofvegetaLrle origin and (2)

r.mrs, wnnh';eic$ ro trcrrÌnent ùitlì alum othcr rr'cess's rre de

6ibedvanouslt as curing ór'pscudo_tannqer

rpp'e( i r , ior or lhe prod,r(  t ror rà hnrque' Orhe" a'pe( '

s u . h  d . l f e  " s r o u n d i n s  u s e  o t , o l o u t  a n d  r h P  Î r n n F r  r r

which hishlv sophisticated effects can be produced bv the

simolest-meihoàs, nee,ì to be more widelv recognised and

are certainly dirctly relevant to all archaeologicaì research

ìnto Dre-industrial leather technology The wealth and var-

iery;fthe fin{ìs from Egypt are a forcetul reminder ofihe

limitrìlions which clìmatic condìtions place oÍ oùr assess

menl of leàther technology at other pedods and in other

regions where dilTerential preseflation mav severely distort

the matedal record.

Sources

Much of the surviving aitefactuaì evidence for Egptian

leather-workine derive; ftom tombs, the equipment ùom

which cannot sìmply be regarded as a rcflection ofdailv life

in all ils aspects, palticltlarh in view of such fàctors as th€

cer€moniàl and symbolic naiùre ofth€ removal or reten-

tion of footwear in the presence of deities, ldngs or

superiors. Simiìarly, the symbolic and cultic significance of

tomb and temple depictions means that snch scenes need

to be ìnterpreìed with caution and in a clear historical

peÉpective (see Chapter 22 lhis volume in paÌlicular) but

ihis does nol mean ihat the activities themselves bear no

relatìon to contemporary praclice
Settlement sitei such as Middle t(ngdom Kahun and

New Kinqdom Gurobotrer amore balanced pictur€ ofdailv

life, but ihe situation is complicated bv the faci that Dvn'

a<l | .  pèIod z ' lpfrLls fror "u, h s res havP of ièr l 'e 'ome

mivà rp r ;Ln Ro"ìano ( opn oc.upr ionoelr  is Lrtor 'u

n r r " , v , r i r < p n m a r i l l  i n r h e ( d ' e o f t h e o - g r n i ' s  L r s l ' e t r y '

foot earanàiei1iles thai the dating ofìndividuaL items is

controversial Thus only one of the sandals from Gurob

ilustrated byThomas (r98r:pl 5r/47o; Peirie Mùseum UC

28ìro)dates to lhe Pharaonic pedod while the restare late

Roman. Similady, an indigo-dyed wool sl€ìn ftom Kahun

was rec€ntly analysed and shown io be Roman (c€rmer

c)q/:  5,  î1.  
- fhe exlel  of  \  rch (o' ì -al l '1 ' r i ' r  rdrse\

doJbts d. r ; rhe "JúFnri .  rr)  o r l  e P"éd\n"( l .  rrnrFn d

Gebeleiù, whichis discussedbelow (see p.lot Becauseof
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(a)

L E A f H E R W O R K  A N D  S K I N  P R O D U C T S  3 O I

Amarna-period slaùghteryards show decapitated catde with
hides hung or laid out neatly, indicating that, by the làte
Eighteenth Dynasty, the hid€ was now a recoenised slaugh-
terhouse 'product' in its own right. Catlle hides in Nubian
ard Nubian infllrenced graves retaìn rhe horns, and these
must still have been ldled with the vedical throat cùt ofthe
Old Kingdom tradÌtion (se€, for insiance, the laid'out ox
hide Ìn the tomb oflny at Gebelein; Donadoni Roveri r989:
r82-l) .

The slaughter of small animals such as sheep and goats
is scarcely ever depicted bul these could be suspended to
drain the blood, therefore flaying was easier and clean€r
(Ìkram 1995r 49, frg. 16). rhese skins can also be r€moved
intactby inflatingthe skin and pummellìng it free from ihe
carcass (so-called 'cas€d skins , see Mann 1962: io8 9).
For pùryoses orher than water bags (see p. lo9), this does
seem to be a Nubian iradition. There is, lor instance, a
qurvcr m"de from " ,a. .d gazeììe . l in froa- ùc Coprir
Ìev€ls at Qasr lbrim, wiih lbe legs shredd€d into decorarive
iass€ls (BM EA7zl42).

Byproducts

A further reason for the marginal position oîÌeather may
ìre that skins were more useful for the production of glue,
whìch was evidenily required in very lalge quàntities in-
deed. The prolonged boiling necessary for glues made
from animal bones and horn piths might have limiied
their use in Egpt, but the collagen contaìned in skin
rcjects, trimmings and the fl€shings, removed while
preparing skíns for cudng, is more accessible, with the
best results oìrtained at a temperature of only 60 65'C
G4o-r5o'F). The main problem in hot climates is to cool
the res lting'soup'sufficiently, but Lucas descnbes a cast
.ak. of  ar m"l  elue from rhe |  ,gl^ree'  r \  Dn. I  Js hle
difereni from modem examples (Lucas 1962: 4-5; Mann
r96t r)7 E).

The oil ertracted lrom the foot bones of caitle and sheep
(neatsfootor cow-heel oil) is the thìnnest of all animal fats
andis stillhigNy valued in the skin-processing trades both
for cudng skins and for subsequent lubrication (cunling).
Wîérh. '  r t  df .- foot or l  $J. r . tualy erpìo,ed ìr l  hé
Egypiians is unknown, although small scale extiactíon is
apparently possible without the prolonged boiling at high
temperatures recommendedby Mann G962: 64. Concen'
hatjons of metapodia in archaeological contexis could
fonn a clùe to ancient nealsfoot oil production, butmost of
the certain evidence for its er'?loitation is posrmedieval
(Mann r962: 16r-2; Serieanison r989).

Sincws can be used in sewing, and can also be twìned
inio thick€r cords. Such uses seem to be most common ìn
Predynastic andpan grave leatherwork and most sufliving
sewjng thread is ofvegetable origin.

(c)

l|E*te r.1 old Kinglon bútchÒry srehes: (d) Scehe ìn the Ìanb
chapel aJ Pqyankh aI M.it, showing the thraot aúd betty of an
a .lapebeiigcuÌ, th. skie laosehed, ond the nght for.leg begrnirE ta
br rut ol lb) sase in the tonb-chapet af Usemtter at sdqqaú,
sho[bq the lront leE an l hran oJ tht d\imdl bei\ cdftied dvq, dnd
itshidlhdryi\E liam its nb .d!t lc) Seene îoft thÒ tonb aI Ptahhotep
dt soqqan, showìig he sLicing and p"nneLling aJ the ahiftot\ hide
afer th! r.na,al oJ its legs.
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Skin lypes

Ofthe matedal examined, cow hide is most commonlyused
for sandals, whilst Eighteenrh-Dynasty coloureo snoes are
geneialiyofgoatskin. Van de Mieroop (r987:l) notes that ìn
\4esopotémra. sl in.  ro be Lolou ?d greFn rr .  dt$r ls sppri
t .d "s gor.  An Jndared ."hl  hrbe in r t  F A\\mote: i  Mu.
seum G95o.2ro)is made ofthe compteteback leg ofa smalt
rodent; gazelle skin was used for the delìcare, open_worK
lnaùer loir ,  iorh" olrh.  N.q .(  ngdor ie.g. B\4 LArlu4.
s.è vogF sJno tasiwond ,ooa: r6ff  for turthèr " j*dnptp.J
and the gre€n stained skinofa lyre inrhe Riiksmuseumvan
Oudheden, Leiden (Leemans r84or t, 469). scr:ìps ofred
"1" 'red 9a,. .  ìè st in w"r" uvd d. edging. tor J go"r.  . j j l
numn \  aDet r .  the t . r  rp f \4 rsèJm tor don rt  C 29848J.
on th€ whole, sraining and surface decay frequently compli-
cate the identification ofthe ànimat spe€ies.

Judging by the numerous depictions, hai4, skins (cow
as weìl as €xotic felines) were used for quivers and shields
in both the Middle and the New Kingdom with sirìps of
dìfferently coÌoured hair decorative\ arranged. Eìotjc
skins are a siandard teature in New Kingdom ùrDùre scen
es (e.g. those in the iomb ofRekhmira TTroo, see Davìes
r94l: pl. XXIX) though this is no indjcation ofhow fre-
quent they actually were in real tife. The Fou(h-D)îìasry
pdn€ess Neferiiabet is d€picted, on a funerary sr€te fiom
her tomb at Ciza (now in the Lourre), wearing a feiching,
iight fitting leopard-skin robe which tooks rìrher tike an
imitation, and in Tutankhamun,s iomb there are ìroth real
and imitaiion leopard skins (Vogelsang Eastwood pers.
.orr"r .) .  An rn' i  .  p sur ate rs p o\rd^d 1,,  rh.  .pires o
he (ro.od le.skir  out"r .ole or a Middt- (  ngdot nro-

layer sandaì lrom Kahun (Perrìe Museum, UC 7498). The
Bdtish Museum possesses a riruat garm€nt made of a
complete crocodile skìn (cured, but noi tanned) from
which ihe snout and claws have been removed (BM
GR547j). Radiocarbon daied to the rhird or fourh century
AD (8. Wills pers. comm.), it was cut and prepared dudng
the Roman pedod exactly as now recommended by thi
Food-and Agiculture organisation lsee Mann r96o: r78
and Iìg. 7a). The small size ot the garment hai excìred
comment but is consistent with dimensions ùom other
clothing survivals.

Other schoÌars mention hippopotamus hide, bur the
witer has not been able to identify ii in the mat€rial exam
ined: in view ofthe lhickness and the amount of fat in the
hide, it would have presented the Egyprian leather worker
with considerable technical problems. pig skjn is similarly
i:rtty, it is also edibìe and has an imporrant role in ihe
pieservation ofporl< (in remperate ctimares at leasr). More-
o v è r .  . h e  h d  i r .  p F n F t  J t " t h . o u p h I n c è n r i r . . - n ! h i . t a r e . ,
l .J\  r  I  hol . .  shFn l-e .kI  i .  depirred. pig sfun qas.
thFr. 'ore r" .el)  u.ed lo led-hèr bFfo.F the taté medieval
oerod. úhen Lne in.rèa. rg use or (hèm cat pro(e5.ps i ,
leather-workjng began ro make such use more practicabte.

Skin pÌocessing

Depictions in Egyptian tomb chapels illusùate highy selea
n\é momérrr o '  . in pro,p.. .ng. ignonng rhe "senh, l
DLr unctea r.  stages ot Lte"n:19 !nd dFprlrr ing. \4an) ot ùe
noisome processes described in tlìe handbooks are in fad
posl-medieval (e.g. liming, puering and bating, see Mann
r96oi Se4eantson 1989) and the varions cudng metlìods,
although often laìrorious, re+dre lewei applications of
simplerorganic and mineral prodrcts. tn phaIaonic Egnt,
some store may, ìndeed, have been set by th€ whitish
producis achjeved by the pseudoìannages.

skins could be depilated with urine and ash, or wittì
pastes of llour mixed wirh salt; these also acr as srrnpre
presenatives, and in some cases would seem io be the Limìt
ot Egyptian 'Ìe,ìther' producrion (se€ Lucas r96rj l8_9).
I ì^e.Faúrer chcni.  u.A. Br! !o{r îJr raa8r \uggp,.eo Urat
úe n lg r  le \p ts  o t  é " \  t t /4?n .  r . -  pc .  .Fn  )  wh;ch  wFre
indicated ìry most ofhis anàlyses were probably associated
with thìs preliminary cleanine, since these substances
would not be removed in the subsequent curirg processes.
Bravo does not specify what exactty he means by canari,
which Literally means 'ash , ìrut may aìso mean ,iye, (i.e.
water àlkalised by lixiviation - ,teaching, of vegetabje
ashes) and hence may perhaps refer io a mineral sait. Ttìe
lime (mLs) which he notes is probabtya chalk butkìng, and
not a d€pilant, for, as Reed (rt72: rl5j points out, rherc ar€
no ancient rcferences io úe useoflime in tanning.Indeed,
rts use is not ceÍainly documented until ihe làte medieut

Of the processes described below, onty vegerable tann-
ing is a permanent and irreve$ible process: a1t the otler
treatments are in facr 'pseudo-tannages, resulting in semi.
tanned or cured leathers, none of which witl survive vet
conditions (which is why such producrs do nor survrve rD
the lvaterlogged contexts of northwestem Europe, see
Haines r99r; Sykes r99l ro-r4. Rawhide dries to a haÌd,
yellowwhite horny subsrance (desiccated collagen). ]}e
sever€ shrinlage on wetting ìs a property exptoired in ihe
u s n  o ' r " w h  d e  r o r  r o u i d e d  . o i  J j n è , .  r p p L r  è  r r j l  p s
l0 -)  dnd e.Dè. ial ì )  rrs rse ds .rshines to,  roo.s tJJ-r iun
ioints or the iying up ofpoor quaijiy coffin planks (we[,
ilÌustrated by two O1d Kingdom examples from c€belein:
Tuin Museum inv. sup. 11954 and 11964; Donadoni
Roveri  r988: 66, pl .  96).

S m oki n g (al dehyd e to nnqge)

fhere are numerous erhnogrrphx parJt iel .  .or he p.ocess
o'  smoking Jni 'nal  s l ins. and I  i "  deqni.ely rhesrFd in
Prehistoric Enrope &om the Late Neotithic onwards. Since
dre skin becomes stitr, smoking is usualty practised ìn
combination with latlbrain application. Expedmental woù
undedaken by Professor Dr croenman-van Waareinge
(pers. comm.) revealed that burning wood releases atr



dehvdes and phenols, the latter being responsible for the

rr à positive-reacrion to standard tests for vegereble tan-

nins {phenols) which are occasionally noted

F'r',t oils lfot/oil cuting)

nì€useolfats ór oils ìn curing is depicted qujte trequ€ntlv

in tombs of all periods, in the form of scenes of men

dippiùg skins, b;ih haired and depilated, into iars' then

Drliine rhe skins over a lleam (à process known in ihe

iear\eitrade as staking ) and ruìrbing them with a stone or

some oL\ertool {for:r selectìon see Drenlúahn 1976:7 8)

Cors,oFnnb hF 1", , ,  ol  e\  oe' .e r" ,  In l  Fr"ror in \eg_

eiable er1iacts for either dyeing or tannjng ihese scenes

obvlouslr depicl oil-curing ln the 'satire ofúe Trades' (a

Twelfth Dt'nasty composition in which a scribe presents

hlDercritical descriptions of a variety of trades), the sub-

since in the leathei worke/s vessel ìs actuallv sp€cified as

Th€ lrocess of curìng wiú fat or oil'r depends on an

oxidisjng reaction which is siimulated by kneading and

nanilulation, hence ihe usual association ot rmmcrsron

and siaking. ln view of the Egvptian artists apparent relùc-

u : , , " r o d e p . , ' m " s " i  o r " ' " r  o  s  n e ' ì ' n  *  r a p i r - s L n s  i n

I t r e " e s . € r p . r ' - p r o L , r b )  r " r k r n g  f a r '  \ v  n  r \ '  " h à  J t -

tedstic sLicker (a blade with a smaLl trìangùlar hole preven'

tine the blade irom clogging) and pounding dressings into

iheìkins with whai is sometimes d€scribed as r 'stone but

whjch mav be a hard bundle of leather snippets (e g UC

<ror in túe pctrie Museum, whìch is perhaps ftom the

íliddh rinedom town of rahun). Altenalivelv thesescen"

*mav show the rcmoval ofexcess oil rather than culting

fat anà flesh from tìre skin prior io processing ('o"ra, lor

eanple, Kìebs r914: r67; Forbes 1957: 24) The interpreta'

tion oi such scencs tu the literaiure js clearlv coloured bv

lhe assumplion that vegetaìrle iannìng w3s known at thrs

penod.
M e ' o D o l " m  . n  '  r " '  a r  \ ' ' . '  ( i  F  d o ,  u ì r P r r '  d 3  r ' é

f tom vi"r , l  oerror l  of  vc.opor"mi"n h ' rorv ìÈ prng

m o u n r o t r - h  o - m o d r  i ' q d P l  . ' r e d ' o  I  ' h - Ù r r o r J ' $ o r l '

s h o o q .  a n d  r \ .  e " , o s  p r , d r r ,  e J  I n  h " n r  ' r t o . o r r J i n  l d l

r f e r " n . e , r o o i - o  e .  : r g p ' " p . 3 o o 1  a n d ' r r - s u u l d ' r è m

tobe the usual melhod ofdealìng with sldns in antiqulìy

Mann(1960|4t, refe ìngto'rawhìde leather) dcscribcs a

paste offlour, ta1lou', fal and sali (in the proportions 7:7:2rÌ)
it'l.t', *ltn ,r''" subsriiution of oÌl would rescmble lhe

Egphan p:FLdo r" r  g rFcul Ing i r  a \ ' r lou r l  $ì- i  é

oi là," .  i "  ' , rn".  bo ì  .np,ol 'Js ,  rro \-  or l '  rnd fat '

used rn p o.* ng L'-J1 d"hî u '  h\druìv 'r  '  úàtrrr
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damp conditions (pH > 6 t giring a bìack geiatinous mass

which dries to a glossy substance, resembling resin with

which it is often confused (Cronyn r99o; 266; Landmann

r o o  :  t . l  (  d r a . F  r F " t l , o î s  a : r n  n  P r J l '  n ' � v ( r u ' e s i m  l s r

p'Lcy a" '  ay and rhe dè.omposrt ion of ra\  hid" and oJed

ieathers 'nay be one 'eason for the apparent under-repre-

sentation ofleatheNork in tombs Cater and Mace (r921:

r2ri, comment on the poor staie ofthe leather from Tutan

kh;mùn s tomb, which thev accuratelv descriÙe as 'untan

ncd In eeaerr l ,  ,è 'ndr\"  suLI- Js "  pJrr of lè"rhet s"ndJ's

rthesewíe,dherine o hè t 'of lomor rhel 'ask' tand (ould

not be renoved) . (Cafier and Camarvon r9I2: 72)' are

indicatìve of geiatinous decav and hence, indirecdv' ofoil

Br;vo rroiEr .  on' ,dèr"d rhJr t$o ofhi '  samPìès {Turin
Nluseo Fgrzro. suPol nos 7b8r 3nd 28rì  unforrunarPl\

undated, had beenoilcured bnt analyses cannot differenti

ate between lhe oil ùsed for curing and tìat used in frnish

ing (clrrrying') leaL\s which has aheàdv bèen treated in

some other fashion

Parchment

P!r.hmenr rsProdu,ed from depj l ' red l igh' l \  'ured'kins

w , r i  ,  s u r d c ; b u L b n s  o f ( h 3 l k  q h h h  a ' é  " r r e ' ' h e d  q h r l e

dflins. Parchment is ùv definition stretched, but a simiìar'

fle{ibie, product can be obtained through manipulation in

combination with pastes offlour, chalk and fats such as egg

\o, o '  brains lR"ed 19 ) r i9 20) old Kingdom s'ene"

,pp. " '  r ly depi.r ing stzl ing Jlone mat LF rèpre'enf ing

su.h a pro,.*  (e.s.  rht  romL ol  Shedu ar De'ha'ha: 'ee

rcrr i .  ,b.)r .  pl .  xIr l .  S 1." B,avo \ro48) found relaf ivPìv

high valuís fór calcium in the samples which he analvsed'

onà tr.g. "-o""t' were also present in a shoe in the

AshmoÉan tEz+ro, see Figs. 12U, i2.rt' the whitish

leather from Egypt is most probably prodúced bv such

aDDlications, and not, as is so ofien assumed alum lawed'

A'few New Kingdom tomir scenes show skins being

stretched on a frame, whìch might mean rhat the Eight-

een th-Dvnastv B ooks of thc De3d were the first terts lo hàve

been written on true parchment (Drenkhahn 1976: 7' no'

lx; Martin 1987: no. 68; l', Mann 1960: frg 78i and see Fig'

rz.z). As is io be expected, tests lor tannins on an f,ight

eenth-Dynasty roll in the British Museum proved negarve'

bùt there is no indicatjon of ihe cùdng method actuallv

used (Leach t99t.

*Far/oilcúineisaÈodes.ribcdrs tàtt!s!rg or''hamoisLng' allhoùgìr

m e r r c l . '  ' e r - o  o F  o l '  '  " p  r '  F J i

h . r i " "  r . , ' , . . . . . -  L ó  '  , ó '  . o i n a  
' " , ' "  n  r ' r E ' "

i.úed skin wilh trt or oil to mprove ft PliJlilìt)

Minetul cuùng

A n D l i c d r i o n "  o r  n ' r n "  d  e r r  h s o  i n o " l e m r n r è ' o î p o s r _

tià" ,.. "r"f"l in dehydraring skins as well as acting as

mild preservativ€s for ras (green) skins in hor climales

Resulis are unpredictable ànd the variety of constituents

lmainlv common salt, NaCl and calcium compounds) rs

àiffic.ri to "natyse. tn combination with the oiher pseudo-
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tlough as things stand, and on visu3l cvidence, it is likely
dút tle process was unknown in E$pi uniil the creco-
Roman period. Vegetàble tans are complex polphenols
0ccuring ln two groups, the hydrolysaL,le tannins (pyrogal-
lols) found in such sources às oakvood, calls and sumac
l€aves, and the condens€d tannins (catechols) found in
acacia,nimosa and pìne. The most common tanning àgent
ir Europe, oak L,ark, coniains both types of polyphenol
(Bicueyr994.

Vegetable ranned leather varies in colour d€pending on
ih€ o{ùacts used, but, in contrast to the whiie or yellowish
Foducts ofpseudo rannages, tends lo be darker dìrough
the entlre thicl(1less of the sl<in, ranging from ochre lo
rcd-brown. The characledstic dark colour ofcreco Roman
footwear is causcd by ìron reaclions in the soil, a reaction
vrhich also takes place in walerlogged contens, and whjch
fonns the basjs oftests for lhe pr€sencc oftannins (Danìels
r99t;and see p. 16). lootwear daiing to the period c. 90
BC-Ioo AD, ftom the Roman phase ofoccupation at the
Lower Nubian settlement of Qasr lL,rim, is of ianncd
leath€r, while earlier rnd later native footwear is gencrally
ofnwhide (personal examinarion). By the early Christian
l e l e l , . r Q " s  l b ' r m . . J r  o r l . l ' è , c - J . / l . c q h " ' F  I  g \ p .
are of red'brown or black tanned hide. Bravo Ggll: 87,
t9a8) was clearly puzzled by ihe total absence ofvegetable
hnnirs fÌom his analyses: later compilers - including
rucas (196r: la, signjficantly not ciling any of his own
analyses) - were less cautious and simply ascribed mastery
oftlìe 1€chniques to the Egyptians.

T h e f i î r  . , o ' d . o f r t p  r . " o f o a ì  g a ì ì , i r  r r r n i n e d p p " d l
in Greek sources in the fouth century BC. According to
tau (19671 56) vegetable tanning is first mentioned in
dassical literaiure by Theophrastus (H. Plant.Ill8.6, 9.1,
4.1, r8.t and IV 2,8.), although the linguistic dilTerenti
anor bètsFen shoenrler.  and t"nnnr.  vhr.hrppèa's 1
th€ frfth cenlury suggesls that in lhe creek world the
se?arate prccesses may have been known earlier. Few of
tlÉ oher sources conceming vesetabÌe tanning (cited by,
among odrers, Forbes r957r Reed 1972; Thomson 1984
date from before the 6rst century Bc.

Contrary to the impression conveyed by the secondary
literatwe, ihere is no evidencc for vegetable tanning ìn
Mesopotamia at an earher date. The gen€rally quoted texts
refer io the He enistic pedod or later, and ihc translalion of
b&raiÍ as 'oaÌ( galls' (see CAD H; .or,ra Sigrisi r98r; and
much ofthe ìertiary literature) has long been discredited.
Ihe Mesopotamian evidence for the terminology of veg-
etable tanning is discussed by Stol (Ì981: 514 5) and Van
SoÌdt (r99o: tzr 57, esp. 147) ìncluding the argumenr that
Purratu=buratu=maddet. Van de Mieroop (1987) prov-"s
witlont doubt thai &Lrdt, (Sumerian r.n-.na) is madder
(Rubid ,rlctor"n), which was grown in Syria and Anatolia
on a consid€rable scale, its shoots and roots being used io
colour boih textiles and skrns. Van Soidt (r99o) not€s dìat
in dre late second millennium BC at Ugarit madder rs never

s K r N  P R o D U c r s  3 o 5

lable pt. The tetminalogical d.ssaciatioús between madder
and alum in Mesopotamía (af.r Van rler Mi.roap q8T 54 .

B C

liuratu + analiarum madder+alun

ú'híb+al la ì l rum madder+alum

attested without alum (gal,ú) and usually occurs in relaiìon
to flax. The r€ferences to aLum in lhese terts again point to
iis use as a mordant. Van de Mieroop (r987r r5l 4) extends
ihc lìnÌ( berween madder and alùm back to the Ur IIl/lsìn
period, i.e. c.2ooo BC (às far back as the nature of the
surviving texis allows), reconstructing the terminoÌogical
association shown in Table r2.r.

Thus all texts cited in support oftanning with oak galls
in fact describe dyeing with madderand jls mordant, alum.
ln northen Europe, tanned leather first seems to appear
with the Roman conquesl and any prehistoric skin prod-
ucls havc survived às a resùlt ofexceptional conditions such
as frozen deposits, dry salt mines or bogs, where it is
subjected ro a kind oîsecondary tannage. In Europe, as ìn
Eg)?t and Mesopotamia, simplc curing methods must have
been the norm. ln part, the latc acceptance oftÍue leather
t€chnology has to do with ih€ protracred and complet pre-
limin.rry working ofthe hides and skins, the large installa-
tions required, the length of time necessary for complete
penehation ofthe liquors (up to two years for ox-hides) and,
conscquently the high l€vel ofskill and investrnent that was

A protlem in ihc discussion ofthe history of hue iann
ing is the sialus of lh€ so-called 'Predynastìc tannery' at
Ceìxlein, where goatskins, supposedly awaiting process
ing, were found together wlth large quantities of acacia
pods. AÌthough such pods are still used ioday in local
tanning industries, acacia aÌso has many other uses (see
cermer 1985), so the presence of pods and leaves alone
does noi automatically indicate that vegetable tanning was
teing praciiscd. How€ver, the excavator of the site at
Gebelein, Schiaparelli (r92rb), seems to have succeededin
convin.ing Bravo (r9:l: E6), and throrgh him many
others, including rucas (196r: l4), and ihus the 'earliest

tannefy ìn the world' has become an established fact, even
though, as Bravo himselfnotes, there was no evidence for
vcgetable tannnìg in ancient E$?t, prior to his analyses of
material lrom ihjs site. ln fact, the exceedingly summary
repori of Schiaparcllì's excàvations makes no meniion of
any tannery', whiÌe later accounts stressthe long historyof
occupation of the slte, with a major expansion under the
Ptolemies when the ganison also housed soldiers ofcreek
extraction (Schiaparelli rgzrb: rz6 8; Donadoni Roveii
I989: rj4-6). The C reek connection may be the signilìcant
faclor here: Ìf corr€ct, this could ieveal the way in which
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si \"  .ol lFr ion ot lerúer tot ì  Amr.1, in .hF Agrp .c jres
Mrseum, Berlin could mean that such work only came into
fashion afi€r the Eighteenih Dynasty.

Nowall too often obscured by dark decay products, these
technicaìly simple, but ertremely labour-intinsive methods
must h,ìve produced bright and highly eflective decoration.-rcsut l ' :L l \  rhe e\pl .n:r f io- for the pè,s:ste.rce oJ 5uch
lrborioLs re,hods i .  lhdr .otours.outd onh Le "ppt ied lo
complete sldns and ihai the complex methods oasraining
and gilding (on the more intracrable vegetabte tannea
leather), common in the Copric period, w€re unknown.
I n . r e a d  p J h e r i .  $ è r e  a ,  h i c v è d  l , \  c u H i r  g .  d n :  î g i n C  a r d
lrmè ( or"uming .  rrhrng or gluing. Aopt ique rs $"stefu
ot lc:rhrr  s ir ,  e avers a." dup. irareo and snrppF r t rom
opén-ho. larFdi\Jrdèd.Th. - .Fgrtars, rrpsot reoBoatol
gazèl lc sl  in used ro cdg" rh" wi i  e r"ul  de m:rr t-
lrraces, with theÍ block-siamped presentation scenes, make
ùse of such ìefi-ovels. Tooted and stamped designs were
useclonvanous items, sùch as quivers and archers guards.
Lavish use ofstamps and tooled lìnes on sandal jnioles is
characteristic of the Roman period.

Histor icalsurvey

The Predynostic and Eorly Dynastic perìods
(c. 550o-2649 BC)

The very survival of anlrhing as fragite as leather from
Predynastìc graves is quite remarkable: even more remark-
able is the car€ that Flinders petrie rook in the excavation,
cùration and puìrlication of these fragmenrary and un-
prepos sessing organic marerials. In rhe predynastic period
- 1n contnstto ihe DFìastic -leaiherwas widety used, and
was also handled with considerabte sldlt and contìdence,
although in the absence of scientific analyses the exact
nature of the curing methods is unknown. Brunton and
Caton"Thompson (1928: ao) commenr on goai and ante-
ropeskinBJrmer r .  d 'rdwrrpprngs iom trFdlma"r i ,  graves
: ,  B r d a r i .  . l i n  ( l o r k ,  L . r n g  s o r n  p r i r a n t y  b )  u F , , .
_ Predfnastic garments seem to have been simpte, some
b€ing fastened wirh toggles made frorn bone, teeth or
lusks (e.g. Peùie and QuibeÌl rE96: pl. LXlt, no.28 with

F\ture D.4, Diogrcmm@tic se.tiab derdit aJ muhicoloured sfips edg_
tneanan4d.tfoft Anama (UC 1593 .Nattos.at (u,t"g..10
t5 mm wide) .

is a_common decorative technique, atso used ur qurvers
endlFes (Zjegl€r r978: rrl). Simiìarlytaìrorjous is a disiinc
tiye t€chnique apparently favoured in the later Eighteenth
D1nasry and used on footwearas welì as on tumjshings and
other goods ftom the ciry at Amarna_ Thin leather sr;ips of
ùglrh d;f lp Frr uidrh. a è cuper îpos.d ,o gr!è ve.)
mÍow lines of alt€mating colours. Somerimes these are
nade u! as separaie stips up to threecentjmetreswid€ and
cut into suitable lengths, butuslrally ih€ywere individua y
sewn to the backing. Despite being r€m.rrkably fiddty to
sew, with aìlihese dif€ren hìcknesses, stjtchjng could be
t€ned to give extra effects, such as the zig-z:rgs and ruffles
0ncedam ilems trom Amama (Fie. 12.a).

t  rger p3i le-ns wè e r .hie\Fd bv 3Dpl iqué. $,r , ,  upen.
cork reveal i rg di f i . .er I  v coloured bdctgro'  nds. In r  rcr o.
ùe knife slips, delìcate tools were not employed and the
patierns are &equenlly iregular and coarsety execuied.
lzurher mo.arL tron Lr.rJq (onr.r t . .  and
r ' .a,  havè been J .LLsrrrut"  lor orhFr îarFr iJIs.  crpFr i r l t )
iewellery (Schiaparelli r92ra: r4), such as a set ofleathei
plaits Í,ith spacers (BM EAzlo5g). eueen lstemkheb,s
iunerary ient wiih its multicotoured patchwork and etabor
ate appliqués may also come into ihis category, tor it is
swply roo ho- and arr lcss ro'  "(  rul t  u,è ,n I  Cvp-.  " t  t -oug I
ledlhpr lcn s rrc qèl l  adested rn úre Ron-ar tpr iod in
Europe (van Driel-Muuay r99o). on the other hand, the
lack of recognisable pieces ofcoloured mosajc in the exren-

í;/
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iúpr€ssion from surivals is of a restricted Énge of
leaùer producis and th€ simplest ofmanufacturing tech'

ques.
Domestic skin products from the Middle Kingdom town

ofKahun seem to be confined to rawhide axelashings and
moulded úwhide contajners such as a rectangular ùp
containing fat and an ovaì bird tray, both now in the Petrie
Mnseum (Peirie ry27: pL 46.37; 47.76; uC 7116, 7128).
Rennants of stitched leather were found in a slaùghier-
house.cum'workshop at the Middle Icngdom fortress of
Mngissa in Lower Nubìa, togetherwith unworked skins in
associaiion with tethedng siones (incorrectly described as
anchon) and wooden pulley whecls (Nibùi 1993: fig. rI,
Vila r9?o; r89-9o). This suggests the processing of the
skins by some simple and rapìd method (oiling)) directly
after slaughter, and ùen their immedìate use rn view ol
tle lwenly.iwo wooden shield grips fbund in rhe sàne
rooq úìey were probably used for shìcld manufacturc at
Mirgìssa. The wooden pulley wheels mighi even poìnt to
thesuspension ofcarcasses io ensure cleaner flaying. The
nanowstips ofstitched leaiher arc a sìgnificant find, given
tlat d€pictions and models at this iime show shÌelds made
ofditrerently coloured ships sewn together, as welL as of
Bingle hides. Îe Middle Kingdom tombs at AsFl, for
ìnstanc€, include a wooden boss and spjne, Presumably
derivìng from a decryed hide shield, and wooden shields
and quivers painted to resemble animal skins or coloured
st i tsofhide (Chassinar and Palanque r9I I :pls l I /2,XII /3,
XII I / r ,  Xl l l / l ) .  winlock G945: p1. IV) also discusses
elamtles ofhide wrist guards.

Casedskins have a very long hìstory ofuse, and are siil
vridely employed in the Ncar East 3s waier contalners
Sm3Ìwaterskins crrri€d on poles are depìctedin tombs ol
th€ Middle and New K gdoms (e.g. the Tweìfth Dynasty
bmb of Khety at Beni Hasan, BHrTi see Newìierry and
Criffith 1894: pl. XIV) or could bc slung over the shoulder
0nhunhng expediljons (as in thc Twelfth Dynasly iomb of
Senbi I, no. Br ai Meir, see Blackman r9r4 5l: l, PI VII)
and a fragment of ihe tied nozzle of a goatskin bag was

Fesefled at house Q46.2 in the southern palt oflhe Eight-
€€nth'Dtrasry city at Amama (Berlin, AM, ,9'2lrl no.

784.ftewareÌ Lags used by the Roman-peÌiod qú.rrjers at
Mons Claudianus w€re ìarger, cmploying .omplcx waler

lroofserìns as well as shaped pouring spotlts (sce Fig. t2 6
and Vinterboiiom r99o: 78 84. Thrs is iusr one example
ofr calegory oîequipm€nl which must have t een common
orRomanmiliiary sites throrÌghoutthe Empire, but which
h?s only been preserv€d in ÉgJ."t.

r.eather balls, madc of between four and twche seg
ments, eitler in alternating colours or plain white, first
aptsar in Middle Krgdomgravcs, such as a ycllow andred
balftondre Twelfth Dynasty cemetery A at Riqcìa (Petrie
Mueum, UC:lr4l l ,  see rì9.  I r .7).  Anthes Ggal:  66)mcn-
tions a s€t of sjx bdls, cach comprising four segments
Three of the balls are gLcen and red, the others rcd and
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whìte (rhe latter being described as 'ungefiirbi', ie the
naturally white, cured skin).

The pon-grcve culturc

ln manyrespects the pan-grave culture ofthe Second Inter-
mediate Period (r. 1640-1512 BC) represents the conrmu-
atjon of Predynastic traditions and skiÌls outside Egypt
proper, but with an even stronger pastoral emphasis (e.g-
the role of catile hides and heads in the burial ritual, see
Donadoni Roveri 1988: r8z-3). Pan-grave leather goods
share many tràits with contemporary and laier Nubian
producls. The quality of leatheNork in the pan graves
excavaied at Balabish and Mostaeedda is extremely high
exploiting complex decorative techniqùes - similar to those
usedìn Nubia (see ìlilliams r98l: 65, pl. 106) io enlance
awide rangc ofitems, such as gannents, containers, covers
and pouches (wainwright r92o: 28-9, pls lll, lV, XJ/2;
Brunton r9l7i r.lt. A number of the women's graves jn

cluded fringed leather cloaks (sometimes stained red),
\ùhile solle ofthe men s graves included piercedkiits The
(JrFlui  sr ' {ning. sorFl: 'nè. Incolpo-r i r  g l rads o' ler
adds to L\e decoraiive effect, in particular when small
pieces ofleather have been used in the manner of patch-
work (wainwrighr r92o:p1. XI/4. Pan-gnve footwearis tbe
same as that found in Egyptian burials of the Dynastic
period, bul ihe pan-gravc examples arc usually more neatly
frnished otr(see Fis. r2.8a).

Among the most tpjcal pan-grave leather products are
Ìobate archers' braces, which, although diferent in overall
siyle compared wilh those current in the Middle oi New
Kìngdoms, carry purely Egyptian stamped and tooìed de'
signs (Brunron r917: Ir7, p1s. D(Xlv/rc, txxv/49;wain'
wight r92o: pl .  XII / r- l i  Raven 1988:84 5, found to-
gether wiih a self bow and six arrows). Most drawmgs
ignore the hole at the lop of the loìJe, through which a cord
ìs looped round thc thumb. Similar designs, ìJut in a dif
fèrcnt medium, appear 2,ooo years later in Nubia on the
gold and siìver braces in Meroiiic and X-Group tombs (see
FmeÌ] r9l8: 42 ), Ee. 86). The strong, stitched .on-
taineÉ lound in gnves at Mostagedda were interpreted by
Btunton (r9U7: ilo) às milk pails (.J. BM 6l22li and sce
Fig.r2.8b).

fhe New Kingdom andfhid Intermediote Petiod (c.
1S5o-712 BC)

Leather was more widely used in the Eightecnih Dynasty,
perhaps partly as a r€suli of lhe introduction of the new
weapons technology from the Levant. Colour became in-
creasingly important and elaborate decorative technìques
added to the impression of wealth and display, although
technolosically, the methods ofskjn processing remained
unchanged. Drenlùahn (r976: r:to) not€s thai unlike other
processes, the manufacturc of chadots combined several
skills and lnatei.rls in Ìniegraìed workshops which made
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FigLre D.6 Chora.teósti .Letuehll of Ranak-p.rioa water skhsliam Mobs ctaLdiahus. kale j:2.
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figwe 8.7 Sir-s.sftent tud tnd yellow l.7th.r bou fon èl.Riqtla
(Pdìe Muserú UC 3i 43t vith segtuent patt rn. SÚLe ): 2.
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black (t), with green, pìnked edgings in !?icaly New
Kingdom fashion. A quiver from the Eighteenth-Dynasty
tomb of Maìheryri in ihe Valley ofihe Kings (KVl6, dating
to the reign ofThutmose III) is unùsual noi only for ils
almost pefect preservatior, but also for its lìnely executed,
cdsp, d€signs in raised relief(block stampedf), revealìng a
quality of workmanship which has rarely survived
(Daressy r9o2: pl. X, nos. 24o7r-2).

Associated with Nubhn mercenades in the Eighieenih

rynasty, and springing ftom the pan grave tradiiion of
pierced leather (see p. lo9), are the gazelle-skin nei kilts
or loincloùs (e.g. BM 21999, 2i64). The very deljcate
nets of sufliving examples can hardly have sefled to pro
te.t'lin€n loincloths, and they should perhaps be re-
garded as elhnìc markers (Vogelsang-Eastlvood I99l: I6-

14. Noi all such work dates to the Eighteenth D)a1asty: a
laie Roman-peiod tanned-skin hair-net from Akhmim

lBerlin, AM 10619) is identical in constrùction to the
'loincloths' bùt circular in shape (and a similar Roman
netted 'turban' of brown and red wool is descrilxd by
ìvi.lock r926: lr-2).

Tl-F lFdúèltor l .  f rom ì-e F ghteer rh-Dyn"sty ( i  \  a l
AnrJnJ. much ol  qhi(h i .  now presened In l l^"  Agy?-
tisches Museum, Berlin and the Ashmolean Museum, Ox-
ford, is of particular importance in establishing the range
of leather goods used in a domestic contexl in the New
Kingdom, especially as frnds are in manycases traceable to
specific rooms (Borchardi and Ricke r98o). Sandals are
common in aI houses, as are the rawhide lashings oftool
hafting, some ofconsiderable length and intricacy. Larger
ftagmenis, suggestive offirmishings or covers, reveal the
widespread use ofcoloured borders and appliqué designs
on items of household use. From house N5o.r come at
least four sandals, three tool lashings, assoÌted thongs and
straps, odd thongs bound together as handles, several fìag-
ments oflarger obj€cts edged with colourcd strips, a large
piece of rcd rawhide with a green palmette appliqué

taJ

Figútrp.8 (a) o \andal (BM EAq,16:Erdve 31,o; length 41flfl)
and lb) ÈihJorc.d loop fon @ nitk pdil (B M EA6t22t; srov. t t J3;
hng;L c.1t6 ún), bath Iram Móstdgeddo.

the form of arm guards and quivers. The brightly coÌoured
guards, as depicted in tombs, aie tied àt wrist and elbow
eùd, ìn contrast to earlier t)"es, cover much ofthe lower

ann. Non€ seems to have sùrvived and they may have been
ofpadded tel1ile.

The tubular arow'quivers ofthe MiddÌe Kingdom w€re
replaced by lapered, round-boitomed l"es, sometimes us-
jng complete animal skins. Though now almost invisible
under gelatinous decay, a red quiver in Berlin (AM 12476)
conbines openwork appliqués and couchwork with panels

of superimposed coloured stips in red, white, green and

à \ ) (  ,
\,\ ,/. \\ t

Ftgùft1,.9 L.athe. ane|à.tÎon Atua a (Berlib, AM). Scdt l:,.
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Fi1ne 12.11 Evptian sdúals: (o) EteúnÌh'D4asry sohdat (BM EA41674:lNnÈth tlnn) lb)Two Eight"nrh Dviasty childrcn s sdîdats

Èon Andna lB.ttitu, AM;leLgth 46 and 15onm) k) Lat; EAhIee'Lh eanv Nnet'enth Dvros|r alaret saúdl wíth t'd stùirÒd s'rface
'i*'à"liíì^ii 

t;n;a"i,,aite,-e$ 
p1a.ù'Je Li'i tavrpad'tzd *'datw'Lh |'h'�tz coatskin ihsotea tudstaitutroÙtsíd'poinr

"@w.fiotu 
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Figtft1r4 Gre.b ankb boots wirh Òtoùred pau?ns dbd cùt oút!. coúpasìt ttcohsttuttian bdrd or BM EA44a8/9and Ashnol.an Er$a

lhgh oJ sote: 1t3-1aÒ nft) .
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a pale link and the resinous decay products or ih. onier

soie are suggestive of oil cured hide.
Only during the Nineteenth Dlalasty does any real sign

olfashion change tecome noticeable, with the appearance
ofnaÍow, colouful, sandals, with long, recurved Pornts
(Fig. rr.rrd).Apairbelongingto Tanut, a singeranddàncer
ofAmun have a yelow edging, green shaps and red goat'

slin ìnsole over a haìr padding and can be dated to the
Tv'enty'6rst Dynasty (Gall 196rr 106) Sùch sandals are
apparenìly nlst wom by women, but depictions from the
Twenty.second Dlnasry also show men with recurved toes
ofsuch dìmensions that the point ìs attached to the ankl€
stsap. Such sandals occur more commonly in lìbre, as do
theendosedsandaìs. In funerary scenes, the size ofthe curl
isseemingly related to status. Perez Die and Vemus (r992:
69. !) note a scene in a Twenty first- or Twenty-s€cond
Dynasty tomb, showing a servant wearing modesr sandals
lefore a seated personage with stupendous cùrled toes

ln tl€ Roman pedod, poinled sandals again Lrecome
feshionalle, but Pharaonic pedod examples can be ditrer-
entiat€d by the use ofcured, not tanned,leather, the eared
otting lattern, t\Ío or three lines of through stitching
roundthe edges,lhe us€ ofcolour and th€ attachmeni ofa
tiangle in a conirasting colour io the oniside of the .urled

to€ (Thomas rgEr: pl. tt47o Pharaonic, 511469, 47r Ro-

Shoes coveringthe entire foot were much less lrecluent
and may noi have appeared until the very end of the Eight-
eenth Dynasty- From lbe sizes ofihe surr'ivìng examptes,
all belonged to women and girls, and they were aPParenlly
never depicted in tomb decomiions one group of coloured
shoes or ankle boots with long curled pointsattached separ
ately (rigs. 12.r2band 12.rl)is paticúlarly interesting. Two
virtually identjcal pairs were ex.rmined, one in the Bdtish
Museùm (BM EA44o8-9, unprovenanced) and another in
the Ashmolean (E24lo). The provenance ofthe Ìatter paìr is
given on the ìnvenlory card as the late Eighieenth or early
Nineteenth Dynasiygravev2 at Abydos, alihough ùey are
not menhoned ìn the rather summàryaccountofthis !omb,
with its remarkable pottery. Their sma1l size, however'
accords with the fact that a fourteen'year'old girl was
buried there (Ayton r, al. r9o4: 49 50) SchiaParelli
(r9rra: figs. '5, 38) describes green ankìe boots found in
burials in tbe Vall€yofthe Que€ns The only pair of pointed

shoes recovered ftom Deù el-Medina derives ftom tomb
r186, which coniaineda re-used cofin olthe second halfof
the Eighteenth Dlmasry (Bruyère 1937: 65, fig. 33 middle
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r99j for desciption of the method) . This method is quick
and simple, which should mak€ widespread application
feasible foi the first time. Because ii relies on a spot colour
change, it is pafticularly appropriate for use on painted or
stain€d items, since ihe coloured surfaces can be separated
from the body of rh" l "arher fo,enrial ìv ùLs i '  3 very
pverful tool in the search for the first repìar use of
hnnins in leather processing in EglTt. However, consider-
ing the migration of copper salts dght through rhe Ash-
moleen shoe E24Jo, revealed by XRF, but invisible to ihe
eye, fir,"ther res€ar.h into the depth of p€netration of col-
ordngagents is perhaps called for (see Fig. rr.r5).

Alum plays a vilal role in several, unrelated technologi
cal processes: analyiical results should not, therelore, be
hleryreted in isolation. Consideing the importance ofthe
subsunce, a programme ofresearch centred on alum/alu-
niniuln itselfwould be desirable. ln paticular, the exploi'
htio, of rLtian alum needs to bc úoîe cìosely dated. At
Fesenl anaLyses are sc.rrce- Although difficult to deie.l
widr x.ray fluorescen.e sp€ctroscopy, aluminium can be
dplecr.d s rh d s Jnnrng etF..ron rnr,  ros, ope u. inc ele-91
dis?enive x'Iay analysìs (EDxAi V. Daniels pels. comm.).
oùer techniques sensjtive to aluminiùm coùld also be
aptlied, but jt js importanl that aluminìum is actively
soughi in all anaLyses of É$?tian leatheruork otherwise
essentiìl information on skin processing meùods will bc

Methods used fòr the identificaiion ofcolourìng agenis
0n t€xtil€s are €qually applicable to leaiher goods as both
mireral and vegetable coiours could be used (cermer
1992).The XRF scan in fìgure r 2.r5 idenlifies the mineral
based colours c1ear1y, as well as one ofthe substances (Ca)
used ai some stage in processing, ìiùl does not reveal
details ofthe curing method or whether aÌum was us€d.
Furtlermore, account ne€ds to be takcn of the overlap
h€tween mordants and curing agcnls.

Éntrenched assumpijons as to lhe antiquity' ofmany
subshnces and the processes using them have severeìy
hampered scieniific investigation. ltcan only be hopedthat
aLeightened awareness ofthe importance of ùndertaking
analysis within a cle:ìr chúnological fram€work wil stimu-
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lry), r9a8) and for transtarions of the rtatian. with the
exce?tion of Figs rr.5, 12.6 and 12 15 the drawings were
produced by B. Brouwenstijn and B. Donker (lnsitute of
Pre- and Proto-hisrory, Amsterdam).
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