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from a tunic panel, tomb of

262

266

268

270

271

273

275

276

277

277

280

fig ure s

11.11

11.12

11.13

11.14

11.15

11.16

11.17

11.18

11.19

11.20

11.21

11.22

Tutankhamun (KV62) (photograph
courtesy of the Stichting Textile
Research Centre, Leiden).
Various seams and hems used in
Pharaonic Egypt (after original
drawings by G. Vogelsang-Eastwood).
A laundry scene depicted in the
Middle Kingdom tomb of
Khnumhotep at Beni Hasan
(BH3) (after Newberry 1893: pl. XXIX).
Various ‘quality marks’ inscribed on
Egyptian textiles of the Dynastic
period, all ﬁve of which are in the
Egyptian Museum, Cairo (after an
original by G. Vogelsang-Eastwood).
A linen loincloth from a ‘rectangular
gable-topped coªn’ at Deir el-Medina
(reproduced from Carnarvon and
Carter 1912: 83, pl. LXIX:1).
Leather loincloths from a New
Kingdom box bearing the name of
Maiherpri (reproduced from Carter
1903: 46–7).
Mummy wearing a V-necked dress of
the sleeveless type (photograph
courtesy of the Museum of Fine Arts,
Boston).
Old Kingdom V-necked dress with
sleeves, from Asyut (reproduced from
Chassinat and Palanque 1911: pl.
XXXIII).
Long tunic from the New Kingdom
tomb of Kha at Deir el-Medina (TT8)
(reproduced from Schiaparelli 1927:
ﬁg. 69).
Detail from a painted wall-relief in the
Old Kingdom mastaba of Ptahhotep
and Akhethotep at Saqqara, showing a
hunter wearing a knotted cloak (after
Davies 1900: pl. XVIII).
Bedding from the tomb of Kha (TT8)
at Deir el-Medina (reproduced from
Schiaparelli 1927: ﬁg. 105).
Detail from a wall-painting in the
Middle Kingdom tomb of Amenemhat
at Beni Hasan (BH2), showing the use
of a cloth grape-juice strainer (after
Newberry 1893: pl. XII).
Shroud of Ahmose Meritamun, who
was probably the wife of the early
Eighteenth-Dynasty ruler Amenhotep
I (Cairo, Egyptian Museum)
(photograph courtesy of the
Metropolitan Museum of Art, New
York).

12.1
281

283

284

285

12.2
287

287
12.3
12.4
288

12.5
289

12.6
289

12.7
290
12.8
291
12.9
12.10
292

12.11
12.12
296

12.13

Old Kingdom butchery scenes: (a)
Scene in the tomb-chapel of Pepyankh
at Meir, showing the throat and belly
of an antelope being cut, the skin
loosened, and the right foreleg
beginning to be cut o¤ (after
Blackman 1914–53: V, pl. XXXV). (b)
Scene in the tomb-chapel of Userneter
at Saqqara, showing the front leg and
heart of the animal being carried away,
and its hide hanging from its rib cage
(after Murray 1904: pl. XXII). (c)
Scene from the tomb of Ptahhotep at
Saqqara, showing the slicing and
pummelling of the animal’s hide after
the removal of its legs (after Murray
1904: pl. XI)
Late Eighteenth- or early
Nineteenth-Dynasty relief from
Saqqara, showing the process of
stretching and scraping of skins
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el-Gebel (after Lefèbvre 1923: pl. X).
Fragment of a turned leg (BM
EA2475) (photograph by Lorraine
March-Killen).
Butt joint (drawing after an original by
G. Killen).
Edge joint (tied) (drawing after an
original by G. Killen).
Edge joint (loose tongue or tenon)
(drawing after an original by G.
Killen).
Edge joint (dowelled) (drawing after an
original by G. Killen).
Coopered joint (drawing after an
original by G. Killen).
Half-lap joint (rebated butt) (drawing
after an original by G. Killen).
Housing joint (drawing after an
original by G. Killen).
Pot stand triple halving joint (BM
EA2471) (photograph by Lorraine
March-Killen).
Bridle joint (drawing after an original
by G. Killen).

349

350
351
351

353

354

357

357

357

358
359
359

359
360
360
360
361

361
361

fig ure s
15.32

15.33

15.34

15.35

15.36

15.37
15.38
15.39
15.40

15.41
15.42
15.43
15.44

15.45

15.46

15.47
15.48
16.1

16.2

Common through mortise and tenon
joint with square shoulders
(Ashmolean 1912.617) (photograph
courtesy of Lorraine March-Killen).
Common through mortise and tenon
joint with scribed shoulders
(Manchester 5429) (photograph
courtesy of Lorraine March-Killen).
Barefaced tenon with single shoulder
(BM EA2479) (photograph courtesy of
Lorraine March-Killen).
Chair stretcher joint with bareface
tenon with single shoulder. (BM
EA2479) (photograph courtesy of
Lorraine March-Killen).
Stub tenon joint on chair back rest
(BM EA2479) (photograph courtesy of
Lorraine March-Killen).
Dovetail-shaped tenon joint (drawing
after an original by G. Killen).
Dovetail joint (drawing after an
original by G. Killen).
Lapped dovetail joint (drawing after an
original by G. Killen).
Common through dovetail joint
(drawing after an original by G.
Killen).
Simple plain mitre joint (drawing after
an original by G. Killen).
Shoulder mitre joint (drawing after an
original by G. Killen).
Double shoulder mitre joint (drawing
after an original by G. Killen).
Butt joint surmounting a long plain
mitre (drawing after an original by G.
Killen).
Half dovetail surmounting a long
plain mitre (drawing after an original
by G. Killen).
Common scarf joint with butterﬂy
cramp locking piece (drawing after an
original by G. Killen).
Tied hooked scarf joint (drawing after
an original by G. Killen).
Spliced scarf joint (drawing after an
original by G. Killen).
Dr Margaret Murray and colleagues
unwrap one of the mummies known
as the ‘Two Brothers’ in the Chemical
Theatre, University of Manchester, in
1908 (photograph courtesy of the
Manchester Museum, The University
of Manchester).
Mummiﬁed detached head showing
well-preserved skin tissue and remains
of hair, eyelashes and beard

362
16.3

362
16.4
362

363
16.5
363
363
364

16.6

364

364
365
16.7
365
365

365

16.8

366

366
366

16.9

366
16.10

372
16.11

(Manchester Museum). Ptolemaic
Period, c. 200 BC (photograph
courtesy of the Manchester Museum,
The University of Manchester).
Wooden coªn for a mummiﬁed cat
(Manchester Museum). Late period, c.
600 BC (photograph courtesy of the
Manchester Museum, The University
of Manchester).
When X-rayed, one crocodile- shaped
wrapping was found to contain four
skulls (three shown here) rather than a
complete crocodile (photograph
courtesy of the Manchester Museum,
The University of Manchester).
Lateral radiograph of the cartonnage
face mask and the skull collapsed
within, belonging to Mummy 1770.
(Manchester Museum) (photograph
courtesy of the Manchester Museum,
The University of Manchester).
A mummy enters the CT Scanner in
the Department of Diagnostic
Radiology, University of Manchester,
and the whole body is subjected to a
transaxial sectional survey
(photograph courtesy of the
Manchester Museum, The University
of Manchester).
Mummy 1770 was unwrapped and
autopsied in 1975 by a
multidisciplinary team at the
University of Manchester (photograph
courtesy of the Manchester Museum,
The University of Manchester).
Completing the reconstruction of the
head of the Leeds Mummy,
Natsef-Amun. X-ray computer
tomography enabled a polystyrene
replica of this skull to be produced
(photograph courtesy of the
Manchester Museum, The University
of Manchester).
Legs of Mummy 1770, revealed during
unwrapping, showing amputations
and prosthetic limbs inserted
alongside the bones.
An endoscope has been introduced
through the chest wall of a mummy to
see whether or not the viscera
packages are present (photograph
courtesy of the Manchester Museum,
The University of Manchester).
A photograph taken through a
microscope to show a worm present in
tissue taken from the groin of a

374

375

376

377

377

377

378

380

381

xiii

xiv

figu re s

16.12

16.13

16.14

17.1
17.2
17.3
17.4
17.5
17.6
17.7
17.8

17.9

17.10
17.11
17.12
17.13

17.14

mummy (photograph courtesy of the
Manchester Museum, The University
of Manchester).
Section through the intestinal wall
showing the remains of a parasitic
worm. ;3,000.
Empty puparium of Piophila casei
(photograph courtesy of the
Manchester Museum, The University
of Manchester).
An adult hump spider beetle, Gibbium
psylloides (photograph courtesy of the
Manchester Museum, The University
of Manchester).
Castor (Ricinus communis L.) (drawing
by N. Hepper).
Balanos (Balanites aegyptiaca (L.) Del.)
(drawing by N. Hepper).
Saºower (Carthamus tinctorius L.)
(drawing by N. Hepper).
Moringa (Moringa peregrina (Forssk.)
Fiori) (drawing by N. Hepper).
Linseed (Linum usitatissimum L.)
(drawing by N. Hepper).
Sesame (Sesamum indicum L.)
(drawing by N. Hepper).
Colocynth (Citrullus colocynthus (L.)
Schrad.) (drawing by N. Hepper).
Nineteenth-century print showing oil
being extracted by the process of
wringing it out of a bag into a pottery
vessel (after Amouretti 1986: 159).
Scene from the tomb of Rekhmira (TT
100) showing removal of honeycombs
from the hive (after Davies 1943: pl.
XLIX).
Molecular structure of a glycerol
molecule and a triglyceride.
Structures of stearic and linoleic fatty
acids.
IR spectra of modern oils,
demonstrating their similarity.
Mass spectrum (electron impact mode
70 ev) of a component from a
trans/thermolytically methylated
sample taken from the contents of a
New Kingdom one-handled pottery jar
with painted decoration (BM
EA4902). The component is identiﬁed
as the methylester of stearic acid.
Total ion chromatogram of a
trans/thermolytically methylated
sample taken from the contents
of a New Kingdom one-handled
pottery jar with painted decoration
(BM EA4902).

17.15
382

382

17.16
384
17.17
385
391
393
394
18.1
395
18.2
396
18.3
398
18.4
403
18.5
18.6
406
18.7

410
18.8
412
413
18.9
416

18.10
18.11

417

18.12

18.13

418

Mass spectrum of one of the
components found on a sample
of the contents of a late EighteenthDynasty one-handled calcite cosmetic
jar (BM EA24708[11]; part of the toilet
box of Tutu).
The component is identiﬁed as
cholesterol.
IR spectrum of modern beeswax
fragment (transmittance spectrum,
infrared microscope).
Mass spectrum (electron impact
mode 70 eV) of one of the components
from a trans/ thermolytically
methylated sample taken from the
black varnish
coating of a shabti of Rameses IX (BM
EA8571). The component is identiﬁed
as methyl tetracosanoate (C24),
indicative of beeswax.
Pistacia lentiscus L. (drawing by N.
Hepper).
Pistacia terbinthus L. (drawing by N.
Hepper).
Cistus laurifolius L. (drawing by N.
Hepper).
Frankincense (Boswellia sacra Flueck.)
(drawing by N. Hepper).
Myrrh (Commiphora myrrha (Nees)
Engl.) (drawing by N. Hepper).
Galbanum (Ferula galbaniﬂua Boiss.
and Buhse) (drawing by N. Hepper).
Molecular structures of some
monoterpenes and monoterpenoids
(after Mills and White 1994: 96, ﬁg.
8.1).
Molecular structures of some of the
abietane and pimarane diterpenoids
found in conifer resins (after White
1994: 98, ﬁg. 8.2).
Molecular structures of some labdane
diterpenoids found in coniferous
resins (after Mills and White 1994:
99, ﬁg. 8.3).
Molecular structure of cis-abienol.
Molecular structures of triterpenoid
components found in pistacia resin
(after Mills and White 1994: 107, ﬁg.
8.5).
Molecular structures of some
triterpenoid components (after Mills
and White 1994: 107, ﬁg. 8.5).
Molecular structures of some
triterpenoids found in myrrh (commic
acids) and frankincense (boswellic acid
derivatives).

419

421

421
434
435
437
438
439
442

444

445

446
446

448

448

449

fig ure s
18.14

18.15

18.16

18.17

18.18

18.19

18.20

18.21

18.22

18.23

Molecular structure of retene, found in
some strongly heated ancient
coniferous resins (after Mills and
White 1994: 65).
Distribution of bitumenous deposits in
Syria-Palestine (Map (a) after Forbes
1955: 2; map (b) after Nissenbaum
1978: 838, ﬁg. 1).
Molecular structures of some
components found in bitumen (after
Mills and White 1994: 57, 58, 60, ﬁgs.
5.1–2).
Total ion chromatogram of a
trans/thermolytically methylated
sample from the contents of a
Canaanite amphora from Tell
el-Amarna. The components are
indicative of pistacia resin.
Mass spectrum of methyl
isomasticadienonate, the methyl ester
of isomasticadienonic acid,
characterised by base peak (B+) at m/z
453 and molecular ion (M+) at m/z
468. From a sample of yellow varnish
on a Nineteenth-Dynasty polychrome
shabti-box (BM EA24711).
Mass spectrum of methyl moronate,
the methyl ester of moronic acid,
characterised by base peak (B+) at m/z
189 and molecular ion (M+) at m/z
468. From a sample of yellow varnish
on a New Kingdom polychrome
painted ‘dummy’ pottery jar
(Ashmolean 1955.462).
Mass spectrum of
28-norolean-17-en-3-one, characterised
by a base peak (B+) at m/z 163 and
molecular ion (M+) at m/z 410. This
compound is found in heated pistacia
resin. From a sample of yellow varnish
from an Eighteenth-Dynasty coªn
(BM EA 29580).
Mass spectrum of nor-hopane,
characterised by base peak (B+) at m/z
191 and molecular ion (M+) at m/z
398. From a sample of black varnish
on an Eighteenth-Dynasty ‘black style’
private anthropoid coªn (BM
EA6661).
Scene of pressing unguents in the
Fifth-Dynasty tomb of Iymery at Giza
(G6020). (Lepsius 1849–59: II, Bl.49).
Scene of pressing from the
Eleventh-Dynasty tomb of Bakt III at
Beni Hasan (BH15) (Newberry 1894a:
pl. VI).

18.24

450

455
18.25

457

18.26
458

18.27

459

460
19.1
19.2

460
19.3
19.4

461
19.5
462
19.6
462

Mass spectrum of methyl
dehydroabietate the methyl ester of
dehydroabietic acid, with base peak
(B+) at m/z 239 and molecular ion (M+)
at m/z 314. From a sample of the
contents of a small Middle Kingdom
calcite jar from Kahun (Petrie
Museum UC7318).
463
Mass spectrum of
tetramethyl-hexahydrobenzocycloheptane, with a base peak
(B+) at m/z 119 and a molecular ion
(M+) at m/z 204. From a sample of the
contents of a small Middle Kingdom
calcite jar from Kahun (Petrie
Museum UC7318).
463
Mass spectrum of one of the
components found in a
trans/thermolytically methylated
sample taken from an unprovenanced
Late Period scarab (BM unregistered);
this component is indicative of amber.
465
Mass spectrum of
7-oxodehydroabietate, the methyl ester
of 7-oxodehydroabietic acid,
characterised by base peak (B+) m/z
253 and molecular ion (M+) m/z 328.
From a sample of a deposit in chest
cavity of a Third Intermediate Period
mummy (BM EA74303). This
compound, found in coniferous resins
of the family Pinaceae, was among
the components identiﬁed in the
sample.
467
Structure of some amino acids.
481
Chromatograms from amino acid
analysis of a modern reference
collagen and a sample of paint from a
wooden sculpture from Deir el-Bersha.
Analysis carried out by high
performance liquid chromatography
(phenylthiocarbonyl derivatives).
483
Structures of some monosaccharides
and uronic acids.
485
Chromatograms from monosaccharide
analysis of reference gum arabic and
gum tragacanth and some samples
from ancient Egyptian objects.
Analysis carried out by GC/MS.
486–7
Chromatogram from analysis of the
binding medium of a Fayum mummy
portrait. Analysis carried out by
GC/MS.
488
Chromatogram from analysis of a ﬁll
material on a stone sarcophagus.
Analysis carried out by GC/MS.
492

xv

xvi

figu re s
20.1

20.2

20.3

20.4

21.1
21.2
21.3
21.4
21.5

21.6
21.7

21.8
21.9

21.10

21.11
22.1a

22.1b

Man’s ‘double-style’ wig from Thebes,
New Kingdom (BM EA 2560;
photograph courtesy of Joann
Fletcher).
Long wig of Merit, wife of Kha, from
tomb TT8 at Deir el-Medina,
Eighteenth-Dynasty (Turin, Museo
Egizio, Inv. No. S.8499; photograph
courtesy of Joann Fletcher).
Short curled wig of Istemkheb, wife of
the high priest Menkheperra, from
DB320 at Deir el-Bahari, Twenty-ﬁrst
Dynasty (Cairo JE26252; photograph:
Joann Fletcher).
(a) False front of hair (‘orbis’) from
Gurob, dating to the Roman period
(Petrie Museum UC7833; drawing by
Sharon McDermott and Joann
Fletcher). (b) Reconstruction showing
how the orbis would have been worn
(drawing by Joann Fletcher).
Diagrams of (a) glume wheat and (b)
barley (after Charles 1984: 24).
Flow chart of pre-storage cereal
production and processing stages.
Diagram of ﬂotation machine.
Flow chart of basic archaeobotanical
process.
Shaduf scene from the tomb of
Neferhotep (TT49) (after Davies 1933:
pl. XLVII).
Ancient Egyptian hoes (after Petrie
1917: pl. XVIII).
Scene showing an ancient Egyptian
plough in use, from the tomb of
Paheri at Elkab (EK3) (after Tylor and
Griªth 1894: pl. III).
Ancient Egyptian sickle (after Petrie
1917: pl. LV).
Harvesting sequence from the tomb of
Mereruka at Saqqara (after Duell 1938:
pl. 169).
Harvesting sequence from the tomb of
Menna (TT69) at Thebes (after Davies
1936: pl. LI).
Storage facility (after Badawy 1954:
p.128, ﬁg. 81).
Generalised summary of
interpretation of ancient Egyptian
brewing, based on and adapted from
several di¤erent sources.
Two general accounts of ancient
Egyptian baking methods, which are
representative of common
interpretations of the process.

22.2

497
22.3

497

22.4

498
22.5a

499

22.5b

505
506
509

22.6
22.7

510

512

22.8a

516
22.8b

517
22.9
521

523
22.10
523
527
22.11

539

539

22.12

The suggested method of ancient
Egyptian brewing presented in this
chapter, based on microscopy of
desiccated brewing residues.
A model for ancient Egyptian emmer
wheat processing, from removal of the
semi-cleaned spikelets from store to
ﬂour milling.
A loaf of bread, roughly made in the
shape of a Horus ﬁgure. Dra’ Abu
el-Naga Shaft No. 6. New Kingdom.
(University Museum, University of
Pennsylvannia 29–87–635)
(reproduced courtesy of University
Museum,University of Pennsylvania).
A rim sherd with a thin coating
of beer residue, from the Workmen’s
Village, Amarna (reproduced courtesy
of the Committee of the Egypt
Exploration Society).
Large irregular lumps of beer residue,
now at the British Museum
(reproduced courtesy of the Trustees
of the British Museum.
Schematic diagram of a cereal grain.
Scanning electron micrograph of a
desiccated ancient Egyptian beer
residue from the Workmen’s Village,
Amarna (sample TAVR92–72)
(photograph courtesy of D. Samuel).
Scanning electron micrograph of the
starchy endosperm of a modern emmer
grain (photograph by D. Samuel).
Scanning electron micrograph of the
starchy endosperm of a modern emmer
grain which has been sprouted for fortyeight hours (photograph by D. Samuel).
Two sprouted grains recovered from
rubbish deposits at the Workmen’s
Village, Amarna (reproduced by
courtesy of the Committee of the Egypt
Exploration Society).
Scanning electron micrograph of
desiccated beer residue from the
Workmen’s Village, Amarna (sample
TAVR93–100) (photograph by D.
Samuel).
A mortar emplacement in house West
Street 2/3 at the Workmen’s Village,
Amarna (after Kemp 1987a: 8).
Drawing of an ancient Egyptian quern
emplacement based on a ﬁnd from
house Gate Street 8, the Workmen’s
Village, Amarna (after Kemp 1986:
3–5, ﬁgs. 1.2–3).

540

541

542

543

543
545

548

551

551

552

554

561

562

fig ure s
22.13a

22.13b

22.14

22.15a

22.15b

22.16

23.1
23.2
23.3

23.4

23.5
23.6

23.7

23.8
23.9

23.10

23.11

The experimental quern emplacement
in use (photograph courtesy of P.T.
Nicholson).
A close-up view of ﬁnely milled ﬂour
produced on the experimental quern
emplacement (photograph by D.
Samuel).
A baking scene from the
Eighteenth-Dynasty tomb of Nebamun
at Thebes (TT17) (after
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Introduction

pa ul t. ni c h ols on a nd ia n s ha w

During the last two decades the nature of Egyptology has
gradually changed, and new technological and socioeconomic questions are now being asked of the archaeological data. With this change has come a renewed interest in
many aspects of Egyptian materials and technology. So
great has this interest become that it is no longer possible
for the traditional Egyptologist alone to tackle such questions as the composition of materials, provenance and the
means by which di¤erent types of artefacts were produced.
Many new analytical techniques have been developed and
applied and the results are now available, providing a great
deal more precision than was previously imaginable.
These new approaches currently being adopted in Egyptology are reﬂected in the structure of this book. Each
chapter has been written by one or more specialists, drawing not only on conventional Egyptological skills but also
on expertise in the natural sciences as applied to archaeological data. All the contributors are either involved in
recent ﬁeld projects in Egypt (not least the important Egypt
Exploration Society excavations at Amarna and Memphis),
or at the forefront of laboratory-based analysis of archaeological materials.
It will be obvious to many readers that this volume has
been inspired by Alfred Lucas’s classic work Ancient Egyptian Materials and Industries, which has long served Egyptologists as a standard work of reference. First published in
1926, Lucas’s book has been revised several times, most
recently in 1962, when it was updated, primarily in terms
of its bibliographic references, by J.R. Harris (see Lucas
1926, 1934, 1948, 1962). Even the fourth edition still primarily reﬂects the analytical work of a single individual
employing the necessarily limited equipment available in
the 1920s (see Brunton 1947 and Gilberg 1997 for assessments of the life and work of Alfred Lucas). Despite the
importance of Lucas’s work, it has long been recognised
that a more modern multi-disciplinary treatment is required, giving not only the result of analyses and technological investigations but also explicitly stating the means
by which they were obtained.
While this current volume will not ‘replace’ Lucas’s
work, and is not intended as a revised edition of it, it is

hoped that it will provide a free-standing source of reference on its subject. Thanks to modern analytical techniques, some chapters will almost entirely supersede those
provided by Lucas, while others will provide updated approaches concentrating on new data and new questions.
The study of ancient Egyptian material and technology is a
vibrant one, with research being conducted by many scholars all over the world (a situation reﬂected in the diverse list
of contributors here). This is quite unlike the situation in
the 1920s and 1930s, when most Egyptologists were interested in linguistic and architectural questions, and Lucas
was one of a relatively small group of scholars concerned
with the analysis of artefacts. As a result of the new vigour
of the subject, this volume will perhaps not enjoy the very
long currency of Lucas’s work but will, we hope, provide a
solid basis for future work.
Here we are fundamentally concerned with the study of
the procurement and processing of the raw materials employed by the ancient Egyptians. The book is not meant to
be an art historical typology of objects produced in any
given material, nor a text book on the scientiﬁc analysis of
such materials. Each chapter is intended to provide an
overview of the current state of research on the material in
question. In some cases, this is not possible, either because
modern research on certain materials (e.g. leather, meat,
basketry) has only just begun or because the quantity of
data has become so great in recent years that the most
meaningful approaches tend to be those that focus on
particular problems (as in the case of the chapters on
pottery, stone and mummies).
The basic structure and coverage of the book were ﬁnalised at a seminar involving most of the contributors in
1994, when it was agreed that chapters on food technology
should be included, as these represent a fruitful area of
research that has almost entirely emerged in the years since
Lucas’s time. The contributors have made every e¤ort to
provide explicit information on the scientiﬁc analyses conducted, since the lack of such detail has been an increasing
problem in judging the value of some of Lucas’s conclusions. It was also agreed that some indication of the
workings and limitations of relevant analytical techniques
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was necessary so that non-specialists would be better able to
judge the results of earlier and current research.
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