McDONALD INSTITUTE MONOGRAPHS

Ancient Egyptian gold

Archaeology and science in jewellery
(3500-1000 BC)

Edited by Maria F. Guerra, Marcos Martinon-Torres
& Stephen Quirke




Ancient Egyptian gold






@ McDONALD INSTITUTE MONOGRAPHS

Ancient Egyptian gold

Archaeology and science in
jewellery (3500-1000 Bc)

Edited by Maria F. Guerra, Marcos Martinon-Torres
& Stephen Quirke

with contributions from

Wolfram Grajetzki, Maria F. Guerra, Marei Hacke, Mona Hess,

Susan La Niece, Quentin Lemasson, Lindsay MacDonald, Margaret Maitland,
Marcos Martindn-Torres, Nigel Meeks, Gianluca Miniaci, Brice Moignard,
Jack Ogden, Claire Pacheco, Sandrine Pages-Camagna, Laurent Pichon,
Matthew Ponting, Campbell Price, Stephen Quirke, Martin Radtke,

Uwe Reinholz, Ian Shaw, Jim Tate, Isabel Tissot & Lore Troalen



Published by:

McDonald Institute for Archaeological Research
University of Cambridge

Downing Street

Cambridge, UK

CB2 3ER

(0)(1223) 339327

eaj3l@cam.ac.uk

www.mcdonald.cam.ac.uk

‘ @ @ @ @ McDonald Institute for Archaeological Research, 2023

© 2023 McDonald Institute for Archaeological Research.

Ancient EQyptian gold is made available under a Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 (International) Licence:
https://creativecommons.org/licenses/by-nc-nd/4.0/

Content within this publication is licensed under CC BY-NC-ND 4.0, with
the exception of: © The Trustees of the British Museum. Shared under a
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International
(CC BY-NC-5SA 4.0) licence. © National Museums Scotland. Shared under a
Creative Commons Attribution-NonCommercial 4.0 (CC BY-NC 4.0) licence.

ISBN: 978-1-913344-13-9

On the front cover: Analysis of the gold cylindrical amulet from Haraga at The Petrie
Museum of Egyptian Archaeology (UC6482) using a portable XRF spectrometer.

On the back cover: Details under the SEM of the triangular designs of granulation on
the tube of the cylindrical amulet from Haraga.

Cover design by Dora Kemp and Ben Plumridge.
Typesetting and layout by Ben Plumridge.

Edited for the Institute by Matthew Davies (Series Editor).



CONTENTS

Contributors

Figures
Tables

Editorial foreword

Part 1
Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Part 11
Chapter 6

Chapter 6.1

Gold and goldsmiths in ancient Egypt

Gold, an exceptional material
Maria F. GUERRA

Why gold?

Exploiting gold sources

Towards a gold metallurgy?

From grain to object

Centres of goldworking in ancient Egypt: Egyptological questions and sources
STEPHEN QUIRKE

Archaeology of procurement and archaeology of production

Bronze Age Egyptian written sources on procurement and working of gold

Interpreting ancient Egyptian depictions of metal-working

Concluding questions

Jewellery in Egyptian burials
WoLrrAM GRAJETZKI
Three level system of Egyptian burials
Chronological overview

Jewellery manufacture: an Egyptian quartet
Jack OGpEN

Wire

Engraving

Gold cladding

Enamel

Reflections on gold: colour and workshop practices in Egypt
Maria F. GUERRA

A question of colour

Making colourful strings

One object, several goldsmiths

Gold, another colour

Gold alloys, chance or circumstances?

New analyses of ancient Egyptian jewellery
Analytical approaches to Egyptian goldwork

Analysing gold jewellery

Maria F. GUERRA

Chapter 6.2 Goldwork under white light and X-rays: inferring technologies

Lore TROALEN & MARIA F. GUERRA

Xi
xiii
XX
xxiii

O =W

27

29
37
57
67

75

75
76

87
88
95
96
99

105
105
108
112

114
118

131

133

137



Chapter 6.3 Egyptian gold jewellery under the SEM-EDS
Maria F. GUERRA
From optical to electron microscopy
Imaging with SEM
SEM-EDS microanalysis

Chapter 6.4 Elemental analysis of goldwork with portable XRF equipment

MaAria F. GUERRA & MARCOS MARTINON-TORRES

Chapter 6.5 New analytical development for the analysis of Egyptian jewellery at AGLAE:

mapping hard soldered joins and PGE inclusions
QUENTIN LEMASSON, BRICE MOIGNARD, CLAIRE PacHECO, LAURENT P1CHON & MARIA F. GUERRA

Fast mapping with PIXE at AGLAE

Analytical challenges

Estimating the depth of analysis

Homogeneity of the analytical data

Limits of detection

PGE inclusions on hard soldered joins

Conclusion

Chapter 6.6 Double Dispersive X-Ray Fluorescence analysis for the provenance of gold
MARTIN RADTKE & UwE REINHOLZ
D?XRF
D2XRF performance
Application
Conclusions

Chapter 6.7 3D imaging, colour and specularity of an Egyptian Scarab
Linpsay MacDoNaALD & Mona Hess
3D digitization
Evaluation of 3D reconstruction methods

Chapter 6.8 The corrosion of precious metals: the case of Egyptian goldwork
IsaBeL TissoT & Maria F. GUERRA
Corrosion of precious metals
Corrosion of Egyptian goldwork
Characterization of the corroded surface
Intergranular corrosion and stress corrosion cracking
Conclusions

Chapter 7 The early jewellery

Chapter 7.1 The early jewellery analysed

Maria F. GUERRA

Chapter 7.2 Introduction to sites
WoLrrAM GRAJETZKI

Abydos
Qau and Badari

Chapter 7.3 Predynastic and Early Dynastic goldwork from Abydos

Maria F. GUERRA, NIGEL MEEKS & STEPHEN QUIRKE
Predynastic diadem from tomb 1730 at Abydos
Beads and gold foils from 1st Dynasty tombs at Abydos

vi

143

143
144
147

149

153

153
154
155
155
157
157
158

159
159
161
164
164

165

165
167

175
175
177
179
183
183

193

195

197

197
197

201

201
206



Chapter 7.4 First Intermediate Period goldwork from Qau and Badari
Maria F. GUERRA, MARCOS MARTINON-TORRES & STEPHEN QUIRKE
Polychrome strings with cowrie-shaped beads
The large beads
The amulet pendants
Making small ring beads
The gold alloys

Chapter 8 Middle Kingdom jewellery

Chapter 8.1 Jewellery in the Middle Kingdom

Maria F. GUERRA

Chapter 8.2 Haraga tomb 72
LoRrRE TROALEN, MARGARET MAITLAND & MARIA F. GUERRA
The gold jewellery
The gold alloys
Conclusion

Chapter 8.3 Riqqa tomb 124

LorE TROALEN, MARIA F. GUERRA, MARGARET MAITLAND, MATTHEW PONTING & CAMPBELL PRICE

Manufacture and restoration
Analytical data

Chapter 8.4 Objects from excavations at Haraga, Lahun and other sites
Maria F. GUERRA & STEPHEN QQUIRKE
The objects from Haraga
The objects from Lahun
Objects from Naqada and Buhen
The gold alloys

Chapter 8.5 Granulation in Egypt and the cylindrical amulet from Haraga
Maria F. GUERRA & NIGEL MEEKs
A question of technology?
Granulation in Egypt
Technical study of amulet UC6482

Chapter 8.6 Jewellery from Abydos excavated by Garstang
Maria F. GUERRA, LORE TROALEN, MATTHEW PONTING & [AN SHAW
The analysed corpus
Technological study
The gold alloys

Chapter 8.7 Middle Kingdom jewellery in the collection of the Petrie Museum

Maria F. GUERRA & STEPHEN QQUIRKE

Chapter 8.8 Necklace British Museum EA3077 said to be from Thebes

Ni1GeL MEgks, Susan La Niece, STEPHEN QUIRKE & MARIA F. GUERRA
Chapter 9 Second Intermediate Period jewellery

Chapter 9.1 Jewellery in the Second Intermediate Period
Maria F. GUERRA

vii

215
215
219
222
226
228

245

247

249
249
255
258

261

261
264

267
267
270
272
274

279
279
280
283

287
287
288
291

297

303

313

315



Chapter 9.2 The Qurna burial
Lore TrRoALEN, JaMES TATE & MaRria F. GUERRA
The Qurna gold jewellery
Gold alloys from Qurna
Joining technique
Conclusions

Chapter 9.3 Second Intermediate Period jewellery in the collection of the British Museum
SusaN La Niecg, GianLuca Miniact, MARET HACKE & MaRriA F. GUERRA
Technical description
Gold alloys and joining technique
Conclusions

Chapter 9.4 Jewellery bearing the names of Ahhotep and Ahmose
MaARria F. GUERRA & SANDRINE PAGES-CAMAGNA
The jewellery construction
The gold alloys and the joining technique
Conclusions

Chapter 9.5 Second Intermediate Period jewellery in the collection of the Petrie Museum
Maria F. GUERRA, MARCOS MARTINON-TORRES & STEPHEN QUIRKE
Jewellery from Qau
Jewellery bearing the names of Kamose and Seqenenra Taa
The gold alloys
Conclusions

Chapter 10 New Kingdom jewellery

Chapter 10.1 ~ Jewellery in the New Kingdom

Maria F. GUERRA

Chapter 10.2 Jewellery from tomb 296 at Riqqa
Lore TROALEN & MARIA F. GUERRA
The group of jewellery
The gold alloys and the soldering process

Chapter 10.3 Making pennanular ear ornaments in Egypt
Maria F. GUERRA
The ribbed penannular earrings
Penannular earrings with one tube
The gold alloys
Concluding remarks
Appendix: Ribbed penannular earrings with triangular tubes

Chapter 104 Finger-rings
Maria F. GUERrA, SusaN LA Ni1ece, NIGEL MEEKS, STEPHEN QUIRKE & LORE TROALEN
Rings for the fingers in Egypt
Swivelling finger-rings and signet rings in the collection of the British Museum
Finger-rings supposedly from the Royal Tomb at Amarna and comparators
New Kingdom finger-rings with wires

Chapter 10.5  Jewellery reportedly from the Royal Tomb at Amarna

LorE TROALEN, MARIA F. GUERRA & MARGARET MAITLAND

viii

317

317
318
322
326

327
327
331
332

335
337
340
343

345
345
349
352
354

359

361

363

363
363

369

370
374
376
380
381

387
387
389
394
404

411



Chapter 10.6 New Kingdom strings in the collection of the British Museum 419
NiGeL MEEeKs, SusaN LA NIECE & MARriA F. GUERRA

String EA14696 419
String EA66827 424
The gold alloys 429
Chapter 10.7 On beads, pendants, scarabs and chains dated to the New Kingdom 433
Maria F. GUERRA & STEPHEN QQUIRKE
Technological study 433
The gold alloys 439
Chapter 11 Towards a conclusion: Qurna in context 449
Maria F. GUERRA
The Qurna collar and the use of hard soldering in Egypt 451
Egyptian tiny beads and the Qurna child’s necklace 455
Puzzling Qurna earrings 457
The whitish and heavily worn Qurna girdle 465
Egyptian gold alloys and the Qurna group 468
Final remarks 475
Appendix 1 Map of Egypt with cited sites 481
Appendix 2 Egyptian chronology 4th millennium sc — ap 395 482
Appendix 3 Kings cited in text, with tentative dates, by dynasty 483
Appendix 4 Sudan chronology 484
Appendix 5 List of objects analysed 485
Appendix 6 Index of objects analysed 489
Appendix 7 Mlustration credits 496

ix






CONTRIBUTORS

WOLFRAM GRAJETZKI

University College London, Institute of
Archaeology, 31-34 Gordon Square, London WC1H
OPY, UK.

Email: w.grajetzki@ucl.ac.uk

Maria FiLoMENA GUERRA

Centre national de la recherche scientifique,

UMR 8233 (Monaris), Sorbonne Université — CNRS,
4 Place de Jussieu, 75252 Paris Cedex 05, France.
Email: maria.guerra@cnrs.fr

MAarer Hacke

Swedish National Heritage Board,
Riksantikvarieambetet, Kulturvardsavdelningen,
Box 1114, 621 22 Visby, Sweden.

Email: marei.hacke@raa.se

Mona Hess

Otto-Friedrich-Universitdt Bamberg,

Institut fiir Archdologische Wissenschaften,
Denkmalwissenschaften und Kunstgeschichte,
Am Zwinger 4 (Villa), 96047 Bamberg, Germany.
Email: mona.hess@uni-bamberg.de

Susan La Niece

The British Museum, Department of Scientific
Research, Great Russell Street, London WC1B 3DG,
UK.

Email: slaniece@britishmuseum.org

QUENTIN LEMASSON

Centre de Recherche et de Restauration des Musées
de France, Palais du Louvre — Porte des Lions,

14, quai Frangois Mitterrand, 75001 Paris, France.
Email: quentin.lemasson@culture.gouv.fr

LinDsaY MACDONALD

University College London, Department of

Civil, Environmental and Geomatic Engineering,
Chadwick Building, Gower Street, London WCIE
6BT, UK.

Email: lindsay.macdonald@ucl.ac.uk

MARGARET MAITLAND

National Museums Scotland, World Cultures
Department, Chambers Street, Edinburgh EH1 1JF,
UK.

Email: m.maitland@nms.ac.uk

X1

MAaRrcos MARTINON-TORRES

University of Cambridge, McDonald Institute
for Archaeological Research, Downing Street,
Cambridge CB2 3ER, UK.

Email: m.martinon-torres@arch.cam.ac.uk

NiGeL MEEKs

The British Museum, Department of Scientific
Research, Great Russell Street, London WC1B 3DG,
UK.

Email: nmeeks@britishmuseum.org

GianLuca MINIACI

University of Pisa, Department of Civilta e Forme
del Sapere, Via Trieste 40, 56126 Pisa, Italy.
Email: gianluca.miniaci@unipi.it

Brice MoIGNARD

Centre de Recherche et de Restauration des Musées
de France, Palais du Louvre — Porte des Lions,

14, quai Frangois Mitterrand, 75001 Paris, France.
Email: brice.moignard@culture.gouv.fr

Jack OGpEN

Society of Jewellery Historians, Scientific Research,
The British Museum, London WC1B 3DG, UK.
Email: jack@striptwist.com

CLAIRE PAcHECO

Centre de Recherche et de Restauration des Musées
de France, Palais du Louvre — Porte des Lions,

14, quai Frangois Mitterrand, 75001 Paris, France.
Email: claire.pacheco@culture.gouv.fr

SANDRINE PAGES-CAMAGNAT

Centre de Recherche et de Restauration des Musées
de France, Palais du Louvre — Porte des Lions,

14, quai Frangois Mitterrand, 75001 Paris, France.

LAURENT PicHON

Centre de Recherche et de Restauration des Musées
de France, Palais du Louvre — Porte des Lions,

14, quai Frangois Mitterrand, 75001 Paris, France.
Email: laurent.pichon@culture.gouv.fr

MaTtTHEW PONTING

University of Liverpool, Department of
Archaeology, Classics and Egyptology, 12-14
Abercromby Square, Liverpool L69 7WZ, UK.
Email: M.Ponting@liverpool.ac.uk



CAMPBELL Price

The University of Manchester, Manchester Museum
Department, Oxford Road, Manchester M13 9PL,
UK.

Email: campbell.price@manchester.ac.uk

STEPHEN QQUIRKE

University College London, Institute of
Archaeology, 31-34 Gordon Square, London WC1H
0PY, UK.

Email: s.quirke@ucl.ac.uk

MARTIN RADTKE

Bundesanstalt fiir Materialforschung und -priifung,
Richard-Willstatter-Strafse 11, 12489 Berlin,
Germany.

Email: martin.radtke@bam.de

Uwe ReiNHOLZT

Bundesanstalt fiir Materialforschung und -priifung,
Richard-Willstatter-Strafse 11, 12489 Berlin,
Germany.

xii

Ian Suaw

University of Liverpool, Department of
Archaeology, Classics and Egyptology, 12-14
Abercromby Square, Liverpool L69 7WZ, UK.
Email: Ishaw@liverpool.ac.uk

Jim TATE

National Museums Scotland, Chambers Street,
Edinburgh EH1 1JF, UK.

Email: j.tate@nms.ac.uk

IsaBeL Tissor

NOVA University of Lisbon, LIBPhys, Campus da
Caparica, 2829-516 Caparica, Portugal.

Email: Isabeltissot@fct.unl.pt

Lore TROALEN

National Museums Scotland, Collections Services
Department, National Museums Collection Centre,
242 West Granton Road, Edinburgh EH5 1JA, UK.
Email: L.troalen@nms.ac.uk



Figures

1.1
1.2
1.3
1.4
1.5
1.6
1.7
2.1
2.2
2.3
24
25
2.6
2.7
2.8
2.9
2.10
211
212
2.13
2.14
2.15
2.16
217
2.18
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10
411
4.12
4.13
4.14
4.15
4.16
4.17
4.18
4.19

Au-Ag-Cu ternary phase diagram showing the relation between composition and colour of the alloy.
Tomb 15, Beni Hassan: workshop scene where different types of objects are plated and gilt.
Formation of the main types of gold placer deposits.

Gold panning in Lusitania (from De Re Metallica) and a modern pan containing gold nuggets.
Amounts of silver in gold grains from mines in the EQyptian Eastern Desert.

Tomb of Wepemnefert at Giza: scene showing metallurgical processes.

Representation of some solder alloys in the Au-Ag-Cu ternary phase diagram.

Web of operations in Roman gold mining at Trés Minas (2nd century Ap).

From ore to object: metal production sequence.

Gold-mining sites in Eqypt assigned to the ‘Old to Middle Kingdom’ phase.

Identified Old to Middle Kingdom sites of copper, gold and lead extraction.

The Balat workshop at phase 3, rooms 7-8 at right, 5-6 at left.

The Balat workshop: distribution of ceramic finds related to metalworking.

Ramesside jar rim sherd with start of the verse on the sculptor and goldsmith in the Teaching of Khety.

Locations of inscriptions with smnty titles in expedition areas.

Unprovenanced limestone stela referring to ‘the chapel of the goldsmith Keky’.

Glazed steatite scarabs inscribed for the goldsmith Nebipu and the overseer of goldsmiths Saptah.
Stela of the head goldsmiths Panehsy and Paramheb.

Miniature votive stela of the goldsmith Khonsumes.

New Kingdom chapels among the Old Kingdom monuments of north central Saqqara.

Papyrus of head of makers or fine gold-leaf Neferrenpet, with gold foil decoration.

The context of metalworking depictions (melting, pouring and hammering) and necklace-stringing.
Depictions of metalworking in the tomb-chapel of vizier Rekhmira, 18th Dynasty, Thebes.
Depictions relating to gold working in the tomb-chapel of Khay, Saqqara.

Crucible from Badari 4964, c. 2100-2000 Bc.

Categories of EQyptian burials: three steps of burial equipment types.

Examples of Old Kingdom funerary jewellery: two diadems and gold wire with beads.

Amulets, found in burials at Qau and Badari, First Intermediate Period.

Necklaces from the burial of Mayet with a torque-like string.

Necklace of Wah.

Burial of Nubhetepti-khered with the typical jewellery equipment of a high status person.
Objects from the jewellery box of the king’s daughter Sithathor at Dahshur.

The broad collar of Senebtysy, especially made for the burial.

Wire drawing showing how the wire is compressed and elongated by wire drawing.

Gold bracelet from Mostagedda. First Intermediate Period.

Detail of the bracelet in Figure 4.2 showing break.

The construction of strip-twist wire.

Detail of the wire and granulation on one of Tutankhamun’s daggers (18th Dynasty).

Gold and lapis lazuli scarab ring (17th Dynasty).

Detail of the ring in Figure 4.6 showing the seams on the wire.

Drawing showing how strip drawing curls a strip round into a circular section.

Magnesite jar with gold lid. From the tomb of Khasekhemy at Abydos, 2nd Dynasty.

Detail of the gold lid and binding wire on the jar in Figure 4.9.

Detail of the twisted wire ‘ropes’ on the jar in Figure 4.9.

Detail of the wires on the jar in Figure 4.9.

Gold wire diadem from the tomb of Senebtysy at Lisht, late 12th to early 13th Dynasty.

Gold base from a scarab ring with the name of Ameny from Lisht, Middle Kingdom.

Detail of the ring in Figure 4.14.

Gold base on a gold and amethyst scarab ring of Senusret Il from Dahshur.

Detail of the engraving on the ring in Figure 4.16.

Detail of the base plate on the ring in Figure 4.6 showing chased inscription and recent scratches.
Two of the pendants from a New Kingdom Egyptian collar found in tomb 93 at Enkomi, Cyprus.

xiii



4.20
4.21
4.22
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
6.10
6.11
6.12
6.13
6.14
6.15
6.16
6.17
6.18
6.19
6.20
6.21
6.22
6.23
6.24
6.25
6.26
6.27
6.28
6.29
6.30
6.31
6.32
6.33
6.34
6.35
6.36
6.37

Detail of a gold and glass (perhaps enamel) pectoral from the tomb of Wendjebaendjed.
Detail of a gold and glass (perhaps enamel) pectoral from the tomb of Wendjebaendjed.
Detail of the enamelled disk in the centre of a gold bowl from the tomb of Wendjebaendjed.
Gold shell-shaped pendants from several tombs, some inscribed.

Detail of the pectoral of Sathathoriunet with the name of Senusret I1.

Components of different colours in a string of beads from Badari, tomb 4903.

The four bracelets from the tomb of king Dijer at Umm el-Qaab.

Second bracelet and one of the "hour-glass” beads in the bracelet.

Broad anklets and bracelet of Sathathoriunet, 12th Dynasty, Lahun.

One of the ring beads from the Qurna child’s necklace.

Details of the beads and separators strung in Sathathoriunet’s anklets and bracelet.
Detail of necklace British Museum EA3077, said to be from Thebes.

Feline-head shaped hollow gold beads from two girdles.

The ropes of motifs in two items from the tomb of Tutankhamun.

Reflectivity spectra of copper, silver, and gold and estimated reflectivity of several Au-Ag alloys.
Detail of string of beads from tomb 7923 at Qau.

Elemental composition of objects dated from Predynastic to First Intermediate Period.
Compact high-resolution video microscope with colour image sensor.

Strip-twisted wire in a Roman Period earring, showing the helical seam and the hollow interior.
Roman Period bracelet and X-radiograph of its pair.

X-radiograph of string of beads from Haraga, tomb 72.

X-radiograph of finger-ring NMS A.1883.49.8.

X-radiograph of finger-ring NMS A.212.12.

The main emissions by bombardment with an electron beam and radius of interaction volume.
Part of gold pendant in the form of a hawk with spread wings under the SEM.

SE images of a detail of pendant N 1855A.

SE images of granules and wires in pendant N 1855A.

SE images of pendant N 1855A, showing details related to the production of the granules.
SE image of a detail of the edge of pendant N 1855A.

CNRS portable XRF spectrometer, showing the positioning of the beam spot.

UCL Institute of Archaeology handheld XRF equipment.

The handheld XRF equipment of the C2RMF with its lightweight stand.

University of Liverpool handheld XRF equipment.

AGLAE external microprobe: location of the six detector, exit window, and video microscope.
Elemental distribution of Ir by PIXE in colour scale.

Elemental distribution of Cu, Ag, Au, Ir, Ru and Os by PIXE in colour scale.

The developed setup for D?’XRF measurements.

Cu Ka peak for 0.1 mm and 1 mm beam size and using the second-order reflex.

Effect of energy dispersion of the pnCCD chip for an Au standard at the BAMline.
D?XREF spectrum of NA-Au-30 at the mySpot beamline.

Six views of scarab UC11365 illuminated by a circle of 16 flashlights.

Photogrammetric imaging setup with scarab UC11365 on target board.

Positioning scarab UC11365 on the baseboard of the UCL dome.

Photogrammetric reconstruction and detail showing erroneous cut by craftsperson.

3D point cloud generated by the colour laser scanner.

3D reconstruction from photometric normals.

Comparison of point cloud from photometric stereo reconstruction and laser scanner.
Measurement of gold band on a scarab.

Colorimetric coordinates of 10 measurements at different positions on the gold band around the scarab.

Image of scarab, with enlarged detail showing sampling locations for gold and steatite.

Intensity distributions from 64 lamps for a single pixel for steatite and gold.

Image components derived from processing the original set of 64 images: (left) albedo, (vight) normals.
Image components: (left) specular quotient, (vight) specular colour.

Scatter plot of specular vector angle vs normal vector angle and specular vs albedo colouts.

xiv

100
100
101
106
107
107
108
109
110
111
111
112
113
114
116
117
117
137
138
138
139
140
140
144
145
146
146
147
148
150
151
151
152
154
155
158
160
162
163
163
166
166
167
167
167
167
168
169
169
170
170
171
171
172



6.38
6.39
6.40
6.41
6.42
6.43
6.44
6.45
6.46
6.47
6.48
6.49
6.50
6.51
7.1
7.2
7.3
7.4
7.5
7.6
7.7a
7.7b
7.8
7.9
7.10a
7.10b
7.11
7.12
7.13
7.14
7.15
7.16
7.17
7.18
7.19
7.20
7.21
7.22
7.23
7.24
7.25
7.26
7.27
7.28
7.29
7.30
7.31
7.32
7.33
7.34
7.35
7.36
7.37
7.38

Fitting of flank and Lorentzian function and function generated.
Original photograph and rendered image, both illuminated from same hemisphere coordinates.

Detail of Early Bronze Age archer’s armband, displaying a reddish corroded layer with iridescent effect.

Iron Age earring with stress-induced corrosion and crack in an Early Bronze Age diadem.
Corroded surfaces of a cartouche-shaped box and 12th Dynasty beads.

Fragments of corroded gold foils from burials excavated at Abydos, North Cemetery.
Fragments of wood with gold leaf excavated at Abydos, North Cemetery.

Gold foils with heterogeneous coloured surface and homogeneous red colour.

Gold versus silver contents obtained by uXRF for a gold foil with heterogeneous coloured surface.

Ratio Aul/Ag versus S content obtained by uXRF for corroded and non-corroded areas.
FEG-SEM-SE micrographs of the heterogeneous corroded area of Abydos foil fragment 2.6.

FEG-SEM-SE micrographs of homogeneous red corroded areas of a gold fragment from Abydos and Haraga.

FEG-SEM-SE micrograph of the Haraga bead fragment with heterogeneous surface.

SEM-SE micrograph of the intergranular corrosion and corrosion products of the cartouche-shaped box.

Diadem from intact grave 1730 at Abydos.

Detail of diadem showing the tiny gold beads, with table of measurements for select beads.
Details under the SEM of the small gold ring beads in the diadem.

Method for making small rings.

SEM details of the small gold ring diadem beads.

Silver versus copper contents of the gold alloys used for the diadem compared to Predynastic jewellery.

Two of the four pieces of gold foil thought to be from Abydos tomb B10.

String of beads recorded as from tomb 500 at the funerary enclosure for king Djer.
Ball-shaped gold bead and biconical gold bead in Abydos tomb 500 string.

Scraped surface of the biconical gold bead suggesting a shaping or finishing process.
Silver versus copper contents for gold beads and foils from Abydos and other items.
Silver versus copper contents by date for the same objects.

Silver versus copper contents by date as in Figure 7.10b, adding hypothetical alloys.
String of beads from tomb 7923 at Qau.

Small ring beads from string UC18092 under the SEM showing production details.
The four cowrie beads from tomb 3053 at Matmar.

A detail of the string from tomb 4903 at Badari and of some of its gold beads.

One of the ribbed tubular gold beads from Badari tomb 4903 under the SEM.

Ome of the barrel beads from Badari tomb 4903.

Detail of string from Qau tomb 1030 showing several gold components.

Two of the spherical beads in the Qau tomb 1030 string.

Some of the gold beads from tomb 7777 at Qau.

Details of the decorated gold barrel bead from Qau tomb 7777.

One of the gold amulets in the shape of the god Heh in string from Badari tomb 4903.
Details of the flattened and rolled wires in gold Heh amulet from Badari tomb 4932.

Amulet pendants in the shape of a quail chick with crown, from tombs 5270 and 5281 at Badari.

Detail of string from tomb 3029 at Matmar, showing several components.

Details of the legs of bird amulets from Matmar tomb 3029.

Detail of gold string UC20649 from Badari tomb 4915.

Ankh-shaped, Taweret-shaped and bee-shaped amulets from Qau tomb 1030.

Ring beads from Badari tomb 4915, and one of their visible PGE inclusions.

The ring beads from Badari tomb 4915 under the SEM.

The tiny beads from Matmar 3029.

The tiny beads from Qau tomb 1030, showing variety of colour and shape.

Some of the ring beads of string UC20896 from Qau tomb 7777.

The variety of the small ring beads from Badari tomb 3306.

Silver versus copper contents for jewellery from Qau and Matmar.

Silver versus copper contents for jewellery from Qau and Matmar compared to other objects.
Some of the rings of a gilt copper chain from the tomb of king Khasekhemwy, Umm el-Qaab.
Silver versus copper contents of small ring beads from Qau and Badari.
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Silver versus copper contents obtained for the bird amulets analysed.

Silver versus copper contents obtained for the bird and tiny amulets analysed.

Silver versus copper contents obtained for all amulet pendants analysed and button seal UIC34110.
Unprovenanced button seal-amulet with details.

Silver versus copper contents obtained for all the analysed beads except the small ring beads.
Silver versus copper contents obtained for all the analysed amulets and beads.

Silver versus copper contents obtained for First Intermediate Period jewellery.

The gold jewellery from Haraga tomb 72.

Representation of a daughter of Ukhhotep 1V, in his tomb-chapel at Meir.

Blue faience female figure from a burial at Deir el Bahari, Thebes.

The three gold catfish pendants from tomb 72.

Details from three strings from Haraga tomb 72.

String of biconical and ball beads and X—radiograph revealing various densities.
X-radiographs of two fish pendants, revealing the construction of each.

SEM-AEI micrographs of pendant NMS A.1914.1079.

SEM-AEI micrographs of pendant NMS A.1914.1080.

Silver versus copper contents obtained by analysis of the strings from Haraga tomb 72.
Silver versus copper contents obtained by analysis of the fish pendants from Haraga tomb 72.
PGE inclusion in pendants NMS A.1914.1080-1.

Gold objects from tomb 124 at Rigqqa in the collection of the Manchester Museum.

Surface scratches and cracks of the restored pectoral and modern wires in the pendant.
Details of the winged beetle pendant.

The suspension rings of the pectoral and the winged beetle pendant.

Details of the shell shaped pendant, with visible surface scratches.

Silver versus copper contents obtained for the jewellery from tomb 124 at Rigqa.

Fish pendant from tomb 520 at Haraga, with a detail of the fish’s body.

Fish pendant from Haraga tomb 520, showing the head and the copper-based tail.

Gold cowrie pendants and cylinder amulets with gold caps from tomb 211 at Haraga.
Details of the gold cylinder amulet from tomb 211 at Haraga.

Details under the SEM of granules soldered to the cylinder.

Detail of the pierced hole (modern?) used for suspension of the gold shell shaped pendant.
Restrung beads and amulets from Lahun, with a detail of the gold bead.

Details of the two ends of the gold bead in the string from Lahun.

Private-name scarab of steatite mounted in a gold sheet.

Two scraps of gold foil with decoration from royal tomb 8 at Lahun.

Lozenge shaped gold bead from the EQyptian fort at Buhen (Sudan).

Private-name scarab of amethyst set in a gold plinth, acquired during excavations at Naqada.
Black jasper scarab set in a gold base plate, from excavations at Nagada.

Silver versus copper contents obtained for the gold jewellery and foils from Haraga.

Silver versus copper contents obtained for the gold jewellery and foils from Lahun.

Silver versus copper contents obtained for the gold jewellery from different excavated sites.
Silver versus copper contents obtained for gold jewellery and foils from Lahun, Haraga and Rigqa.
Cylindrical amulet UC6482 from tomb 211 at Haraga.

Jewellery with granulation from Mereret’s burial, Dahshur.

Cylindrical gold amulet pendant from Lisht North.

Hollow cylindrical gold amulet pendant from Saqqara.

The cap, suspension ring, and triangles in granulation of amulet UC6482.

The cracks on the surface of the Haraga cylindrical amulet.

SEM-SE image showing triangular geometrical designs of granulation.

Ome of the analysed triangles in granulation and composition of the granules and solders.
Gilded objects from Abydos tomb 381.

Fragments of gilded wooden artefacts from excavations at Abydos, tombs 533 and probably 432.
Gold mount for a heart-scarab, from Abydos tomb 405.

Details of the gold heart-scarab mount.
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Cylindrical pendant amulet with gold caps from Abydos tomb 459.

One of the gold rings of the Abydos 459 cylinder amulet.

The gold caps of the Abydos 459 cylinder amulet.

Gold and electrum beads from Abydos tomb 492.

Silver versus copper contents obtained for the gold leaves and foils from Abydos.
Silver versus copper contents obtained for gold leaves and foils from Abydos, Haraga and Lahun.
Silver versus copper contents obtained for all the gold objects from Abydos.

PGE inclusion at the surface of the Abydos heart scarab mount.

Details of cylindrical case amulet UC52202.

Gold cowrie shell shaped bead with two holes at each end restrung in string UC8971.
Cowrie shell shaped beads in the girdles of Hepy and Sathathoriunet.

Some of the gold components of string UC8973.

Some of the gold components of string UC36475.

One of the barrel beads in string UC36475 made from gold foil.

Some of the small ring beads found in deposit 1300 at Sidmant.

Silver versus copper contents obtained for Middle Kingdom gold jewellery.

Some of the many PGE inclusions visible at the surface of gold cowrie shell shaped bead in string UC8971.

Silver versus copper contents of Middle Kingdom gold jewellery.

Components said to be from Thebes, restrung as a necklace, British Museum EA3077.
One of the cowrie shell beads, and the X-radiograph showing the spheres inside the beads.
X-radiograph showing the mounting of the two fish pendants.

Details of the two fish pendants.

Ome of the sidelock pendants, chased after mounting the upper gold sheet.

Front and X-radiograph of the papyrus umbel pendant with a god Heh amulet.
Cloisonné work of the papyrus umbel pendant and the body and arms of the Heh amulet.
SEM image of one of the spherical beads of gold foil.

Silver versus copper contents obtained by SEM-EDS for the components of necklace EA3077.
Point analysis tracking across the edge seam solder of a cowrie-shell shaped bead (EA3077).
Ahhotep’s group of jewellery and weapons exhibited in the EQyptian Museum, Cairo.
The Qurna adult’s jewellery set: necklace; bracelets; earrings; girdle.

SEM micrographs and X-Radiographic plate showing details of Qurna jewellery.

Silver versus copper contents obtained for the jewellery from the Qurna burial.

PGE inclusions in the adult’s earrings and necklace.

SEM-AEI micrographs of the adult’s and child’s earrings.

X-radiographs revealing details of construction of the adult’s jewellery.

SEM-SEI micrographs of the adult’s girdle.

SEM-BSC micrographs of a ring from the adult’s necklace.

Heart-scarab of king Sobekemsaf.

X-radiographic image of the heart-scarab of king Sobekemsaf.

Details of the Sobekemsaf heart-scarab.

Details of hieroglyphs on the Sobekemsaf heart-scarab.

Finger-ring with lapis lazuli scarab, EA57698: at right the inscription on the underside.
Details of finger-ring EA57698.

Details of the wire of the shank of finger-ring EA57698.

Spacer-bars inscribed for king Nubkheperra and queen Sobekemsaf, EA57699 and EA57700.
Detail of the hieroglyphs incised on underside of spacer-bar EA57699.

PGE inclusion at the surface of king Sobekemsaf’s heart-scarab.

Gold jewellery in the Louvre Museum bearing the names of Ahhotep and Ahmose.
Details of the Seth amulets.

The as-cast finishing of the inner side of the signet ring bearing the name Ahhotep.
Details of the closing system of the cartouche-shaped box bearing the name Ahmose.
Details of cartouche-box bearing the name of Ahmose.

Details of one armband lion, showing PGE inclusions and corrosion products.

Details of the chased decoration and tail of one armband lion.
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Silver versus copper contents obtained for the jewellery bearing the names Ahhotep and Ahmose.
Silver versus copper contents obtained for Second Intermediate Period jewellery.
Gold jewellery from tomb 3757 at Badari and tomb 7352 at Qau.

Details of the mounting of crescent bead from Qau tomb 7352.

Details of the coiled wires from Badari tomb 3757.

The double tubular bead and barrel beads in the string from Badari tomb 3757.
Different forms of barrel beads in the string from Badari tomb 3757.

Some of the barrel beads from Badari tomb 3757, showing marks of wear from use.
Some of the quite regular small gold beads from Badari tomb 3757.

Details of one of the tiny Badari 3757 beads.

Ring and barrel beads from Qau tomb 7323, with PGE inclusions and marks of wear.
Unprovenanced oval gold pendant bearing the name of Kamose.

Details of the Kamose pendant showing the suspension ring made by rolling the gold strip.
Unprovenanced gold shell pendant with the cartouche of king Taa.

Details of the cartouche of king Taa on the gold shell pendant.

Details of the inscription on the Taa gold shell pendant.

The guidelines of the motif and the cracks in the Taa gold shell pendant.

Silver versus copper contents obtained for the jewellery in the Petrie Museum.

Silver versus copper contents obtained for the Second Intermediate Period objects analysed.
The gold necklace from tomb 296 at Rigqa.

One of the three ribbed penannular earrings from tomb 296 at Rigqa.

X-radiograph of the necklace and detail of the joining of the beads.

SEM-AEI micrographs of several beads observed in the necklace.

Details of the scarabs and scaraboid bead in the necklace.

SEM-AEI micrographs of one ribbed penannular earring.

Silver versus copper contents obtained for the gold items from tomb 296.

One of the ribbed penannular earrings from tomb 1371 at Deir el-Medina, Thebes.
Closing tube sheets in several ribbed penannular earrings.

Ribbed penannular earrings from Riqqa with V-shaped gold sheets.

Details of ribbed penannular earring N2084 with hollow round tubes.

Gold hollow penannular earrings with one round tube and PGE inclusions.
Penannular earring with hollow tube and suspension system.

X-radiography of a gold penannular earring with hollow tube.

Details of a penannular earring under the SEM.

Silver versus copper contents obtained for the gold penannular earrings analysed.

Silver versus copper contents for gold penannular earrings and Second Intermediate Period objects.

Mounting of a scarab swivelling finger-ring according to Vernier.

Middle Kingdom finger-ring from tomb G62 at Abydos.

Finger-ring EA37308, with details under the stereomicroscope.

Finger-ring EA2922, with lapis cylinder in gold mount.

Swivelling mechanism and the long wires wound around the shank of finger-ring EA2922.
Finger-ring EA4159, with detail of the chipped edge of the faience bezel.
Details of the swivelling mechanism of finger-ring EA4159.

The Ashburnham finger-ring with construction details.

The Ashburnham finger-ring: tool marks left by sharp engraving/chasing tools.
Finger-ring with carnelian wedjat-eye A.1883.49.8 and X-radiograph.
SEM-BSE details of finger-ring A.1883.49.8.

Finger-ring with a cat on a plinth EA54547 and X-radiograph.

Details of the finger-ring EA54547.

Finger-ring with frog and granulation A.1883.49.2 and X-radiographs.
Details of the finger-ring A.1883.49.2.

SEM-BSE detail of finger-ring A.1883.49.2.

SEM-AEI details of finger-ring A.1883.49.2.

Gold finger-ring with frog figure, Cleveland Museum of Art 1916-658.
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Finger-ring with frog and granulation EA2923.

SEM-BSE image of finger-ring EA2923 showing details of the granulation.
SEM-BSE images of bezel, end shanks and hammered wire of finger-ring EA2923.
Areas analysed by uPIXE on finger-ring A.1883.49.2.

PGE tiny silvery coloured inclusions at the surface of finger-rings A.1883.49.2 and EA2923.
Finger-ring AF2462, with a detail showing the thinned shank entering the bezel.
Detail under the SEM of the shank of finger-ring AF2462.

Creases visible at the surface of the coiled shank of finger-ring AF2462.

Finger-ring UC12689 with details of construction.

Finger-ring UC12683 with details of the gold pivot wire wound around the shank.
The tool marks of the inscription of signet ring A.1965.362.

Gold signet ring N747 bearing the cartouche of Horemheb.

Sharp linear tool marks on the bezel of finger-ring N747.

The small spindle soldered to the cup terminal of the shank of finger-ring N747.

The coiled gold wire decorating the shank of gold finger-ring N747.

Finger-ring in openwork wire UC58121, with details.

Silver versus copper contents for New Kingdom and Ahhotep’s finger-rings analysed.
Signet finger-ring NMS A.1883.49.1 with the name of Queen Neferneferuaten-Nefertiti.
Gold sequin A.1883.49.6 with detail of embossed design with piercing back to front.
Gold foil fragment NMS A.1883.49.15.

Ear-stud NMS A.1883.49.9 and its construction under X-ray.

Details under the SEM and stereomicroscope of ear-stud A.1883.49.9.

Details of beads in string A.1883.49.13, showing the modern mounting.
X-radiograph of the bead composition NMS A.1883.49.13.

SEM-AEI details of string A.1883.49.13.

Silver versus copper contents obtained for the Amarna Royal Tomb New Kingdom objects.
Wallet bead string EA14696 with X-radiographic view.

The pairs of holes for cords in two of the beads in string EA14696.

String EA14696: wallet and duck beads and large PGE inclusion.

Details of wallet beads in string EA14696.

Details of duck beads in string EA14696.

String EA14696: the two types of duck-shaped beads and the X-radiographic image.

Duck-shaped beads in string EA14696 with large hatched wings and dot-punched decoration.

Duck bead in string EA14696 under the SEM.

String EA14696: the snake’s head terminal and the lotus terminal.
Details of the lotus terminal of string EA14696.

PGE inclusion in components of string EA14696.

Reconstructed bead and pendant necklace British Museum EA66827.
Details of necklace EA66827 components and X-radiography.

Details of drop-shaped pendant in necklace EA66827.

Details of inlaid nefer-shaped pendants of necklace EA66827.

Details of a nefer-shaped pendant, assembled like a closed box.
X-radiographs of a spherical bead and nasturtium seed bead.

SEM images of small ring beads in necklace EA66827 and diadem EA37532.
The group of jewellery of the Khamwaset find, Serapeum, Saqqara.
Details of the loop-in-loop chain E2990A.

Details of a nefer-shaped pendant from Sidmant tomb 406.

String of New Kingdom components from Madinat al-Ghurab, UC45602.
Details of the scorpion-shaped pendant in string UC45602.

The biggest scarab in string UC45602.

The smallest scarab in string UC45602.

The heavily corroded hollow metal scarab in string UC45602.

Gold sheet with the throne-name of king Amenhotep III (Nebmaatra), UC12323.
Some of the gold components of string E22658.
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10.90 Details of string E22658 showing diverse beads.

10.91 The variety of forms and dimensions of the tiny gold beads in string E 22658.

10.92  Groups of tiny beads in string E22658 of different types, dimensions and compositions.
10.93  Silver versus copper contents for the New Kingdom objects analysed.

10.94  Silver versus copper contents for New Kingdom objects.

11.1  The two coffins of a young woman and a child excavated at Qurna by Petrie.

11.2  The gold jewellery worn by the woman buried at Qurna as shown by Petrie.

11.3  The fastening system of the Qurna collar.

11.4  Details of small collar EA14693.

11.5  Choker of gold rings from Asasif, Thebes.

11.6  Details of the ring beads strung in the Asasif choker, showing one PGE inclusion.

11.7  Ring beads strung in the Qurna collar, with tool marks and smoothed surfaces.

11.8  Silver versus copper contents for Second Intermediate Period and New Kingdom base and solder alloys.
11.9  Silver versus copper contents for the base and solder alloys analysed in this volume.
11.10 Some of the irregular tiny beads in the necklace of the child buried at Qurna.

11.11  Some of the very regular tiny beads from Qau tomb 7923.

11.12  The so-called earrings of the Qurna child, under the stereomicroscope.

11.13  The reverse of the pectoral from Middle Kingdom tomb 124 excavated at Rigqa.

11.14 The beaded penannular earrings from Qurna as shown by Petrie, and with a detail.
11.15 One of four ribbed penannular earrings excavated in 1911 at Birabi, Thebes.

11.16 Early 18th Dynasty beaded penannular earring from Mandara, Dra Abu al-Naga, Thebes.
11.17  Pair of gold spiral rings from Asasif, Thebes.

11.18 Gold sheets closing the triangular tubes of the earrings from Deir el-Medina, tomb 1371.
11.19 Gold sheets closing the beaded tubes of the earrings from Qurna.

11.20 Detail of the ribbed penannular earring from Rigqa (Manchester Museum 6146).

11.21 Earring from Asasif and fragment from a hinged bracelet or belt from Gaza.

11.22  Earrings and scarab from city grave 2 at Tell Ajjul and the scarab from Qurna.

11.23  The group of jewellery from burial A1, Pit 1, Courtyard CC 41, Asasif, Thebes.

11.24 Two of the chased wallet-shaped beads in the girdle from Qurna.

11.25 One wallet-shaped bead and some of the barrel beads in the girdle from Qurna.

11.26  Barrel beads from Second Intermediate Period strings from Badari 3757 and Qau 7323.
11.27  The heavily worn gold mount of lapis lazuli scarab bearing the name of Ahhotep.

11.28  Silver versus copper contents for the Qurna jewellery with comparative data.

11.29  Silver versus copper contents for the Qurna jewellery and gold objects from Nubia.
11.30 Silver versus copper contents obtained for the Second Intermediate period jewellery.
11.31  Silver versus copper contents obtained for the New Kingdom jewellery.

11.32  Ratio Cu/Au as a function of ratio Ag/Au obtained for Qurna and New Kingdom jewellery.
11.33  Silver versus copper contents obtained for the Middle Kingdom jewellery.

11.34  Silver versus copper contents obtained for all the tiny beads analysed in this volume.
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1.1 List of gold minerals, after Boyle.

21 Early Egyptian gold-mining chronology, after Klemm & Klemm.

2.2 Types of settlement at mining and quarrying sites, after Shaw.

2.3 Old Kingdom Buhen material possibly related to copper-working, in the Petrie Museum.
2.4 Operations for obtaining copper archaeologically attested at Ayn Soukhna.

2.5 Inventory of the storage-vase from the Qantir workshop sector.

2.6 The great word-list of Amenemipet, section on artists, compared with the evidence from Qantir.
2.7  Manual occupations described in the Teaching of Duau Khety.

2.8 Different word-contexts attested for ancient EQyptian designations of artists.

29 Titles, in expedition areas, incorporating the element ‘prospector/purveyor of metal ore’.
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Attestations of coppersmiths in Sinai inscriptions, after Gardiner et al.
Attestations of named goldsmiths by object-type.

Middle Kingdom sources for named goldsmiths, after Ward.

Middle Kingdom sources for named overseers of goldsmiths, after Ward.

Middle Kingdom sources for named section overseers of goldsmiths, after Ward.
New Kingdom sources for men designated as overseers of goldsmiths.

New Kingdom sources for men designated as head goldsmiths.

Old and Middle Kingdom metalworking depictions, by date.

New Kingdom metalworking depictions, numbering after Drenkhahn and Prell.
Summary of Old and Middle Kingdom metalworking scenes, after Drenkhahn and Scheel.
Summary of New Kingdom metalworking scenes, after Drenkhahn.

Words for metal in inscriptions accompanying metalworking scenes.
Conversations in Old Kingdom chapel scenes, after Scheel.

Words spoken without replies in Old Kingdom scenes, after Scheel.

Jewellery types in the late Middle Kingdom.

Effective penetration depth of Au, Cu and Ag lines: PIXE, XRF and EDS.
Results obtained by SEM-EDS and puPIXE analysis of gold pendant N 1855A.
Results obtained using handheld XRF for three gold beads from string UC26275

Depth of analysis calculated for four typical Egyptian gold alloys at our experimental conditions.

Depth of analysis calculated for four typical PGE inclusions at our experimental conditions.
Results obtained for selected areas from centre to rim of the biggest PGE inclusion.
Results obtained for the PGE inclusion and the gold alloy.

Results obtained for the PGE inclusions, hard solder alloy and base alloy.

Qualitative comparison of 3D representations.

List of the objects studied, with their identification, accession number, and collection.
Results obtained by yPIXE, SEM-EDS and uXRF for the studied objects.

Results obtained for the three layers in the blue corroded area of fragment 2.6.

Results obtained for the base alloy and corrosion layer of foil fragment 2.4.

Results obtained for the composition of diadem from Abydos tomb 1730.

Data published by Gale & Gale and Payne for Predynastic items.

Composition of foils UC35689, gold beads in string UC36517 and comparators.
Hypothetical native gold alloys and artificial silver alloy.

First Intermediate Period jewellery analysed in this chapter.

Results obtained for the jewellery from tomb 7923 at Qau and tomb 3053 at Matmar.
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Editorial foreword

This volume aims to present a wide range of
perspectives on early Egyptian goldwork, integrating
the complementary yet distinct approaches of archaeol-
ogy, materials science, jewellery and Egyptology. On
one level, our primary task has been to present new
analytical data on the manufacturing technology and
elemental composition of dozens of artefacts preserved
at six European museums. At the same time, we have
sought to anchor and contextualize this new informa-
tion based on current research from three perspectives:
an introduction to the fundamental geochemistry and
material properties of gold, a reanalysis of historical
sources and of goldwork manufacturing-techniques,
and a guide to the key analytical techniques employed.
In this way, we wish to ensure that the volume is
accessible to specialists and students from different
backgrounds. We anticipate that this body of material
will provide a rich source of information for further
interrogation and discussion in the future, and our
concluding chapter offers a first synthesis of some
key points emerging from this new research. There
we focus particularly on the findings that seem to
us most significant, alongside open questions and
suggestions for future work. In so doing, we explic-
itly highlight some of the many strands beyond the
scope of the work presented here, hoping that they
may provide pointers for others. We emphasize that
the volume is addressed not only to those interested
in the archaeology of Egypt in the timespan covered,
but equally to scholars researching past technologies
and archaeological goldwork elsewhere, who may
find technical observations of broader scope that could
prompt cross-cultural comparisons.

In spite of the substantial amount of data com-
piled here for the first time, it is important to remind
ourselves of some potential biases that are inherent
to this work and may thus skew our interpretations.
The most important of these concerns the selection of
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objects. This project starts and, in many ways, remains
throughout its course with the exceptional group of
gold jewellery buried in Qurna, on the west bank
of Thebes in Upper Egypt, with a woman and child
whose names are unknown to us, at some point in the
17th or 16th century sc. Today the Qurna group is the
most important Egyptian assemblage in the National
Museum of Scotland, Edinburgh. In 2008, curator Bill
Manley with materials scientists Jim Tate, Lore Troalen
and Maria Filomena Guerra launched a programme
of new analyses of the goldwork from the group.
Already in this first investigation, the scope extended
to comparison with jewellery from the preceding and
following centuries (Tate et al. 2009; Troalen et al.
2009). With funding obtained from the CNRS, Guerra
could then expand the range of collections involved
in collaboration with Thilo Rehren at UCL, to include
the UCL Petrie Museum of Egyptian Archaeology and
the UCL Institute of Archaeology with its laboratory
facilities, as well as the National Museums of Scotland
and the British Museum as project partners (CNRS pro-
ject PICS 5995 EBAJ-Au). On the initiative of Jim Tate,
contact had been established already with colleagues
Matthew Ponting and Ian Shaw at the University of
Liverpool. As a result, the Garstang Museum is also
participant in the wider project, together with the
Manchester Museum, through the support of curator
Campbell Price, and the Louvre Museum, through
the support of curator Hélene Guichard and the late
Sandrine Pages-Camagna, material scientist at C2RMF
(Centre de Recherche et de Restauration des Musées de
France). We wish to emphasize here the fundamental
role of Sandrine Pages-Camagna in crucial stages of the
project; without her participation the project could not
have achieved a significant part of its aims — notably
comparison between the Qurna group and the nearest
securely dated examples of royal goldwork from the
reigns of kings Kamose and Ahmose.



Other institutions participated with the provi-
sion of access to particularly specialized equipment:
AGLAE facilities at C2RMF, Bundesanstalt fiir Mate-
rialforschung und —priifung, and LIBPhys at NOVA
University of Lisbon

With this new support, the research agenda was
able to grow organically, adapting to fresh questions
emerging from preliminary results, while contingent on
the artefacts present in museums that were accessible
to the project. Indeed, the history of the collections has
been a significant factor, both enabling and constrain-
ing our research. The Louvre collections contain a
range of jewellery from early excavations in Thebes,
including representative material from the late second
millennium sc settlement Deir al-Madina, and major
works from 16th century royal burials uncovered
during fieldwork directed by Auguste Mariette. The
British Museum and the other participating museums
in England and Scotland also preserve a mixture of
material from documented excavations and earlier
undocumented collecting practice. Here colonial his-
tory frames the kinds of material available. During
and after the full British military occupation of Egypt
(1882-1922), the Antiquities Service of Egypt under
French Directors permitted officially recognized insti-
tutions to excavate in Egypt and, in return for the
enrichment of the Egyptian Museum Cairo, to take a
share of finds from excavations. Following division
of finds in Egypt, excavation funding bodies based
at Liverpool (since 1903) and London (since 1882)
distributed finds to dozens of sponsoring museums
(Stevenson 2019). The university museums in Liver-
pool and London were among the major recipients

of these finds, and also hold substantial excavation
archives. The Qurna group itself and several other
sets of jewellery analysed during the project are unu-
sual examples of this pattern of dispersal, where the
vast majority of items distributed belonged to the
types of objects found in large numbers in fieldwork.
The project was therefore able to investigate objects
from a wide social spectrum, from palace production
(Qurna group, Haraga fish and cylinder, items of
kings Ahmose and Kamose from Thebes) to finds in
cemeteries of regional rural towns and villages (Qau,
Badari, Matmar). At the same time, in expanding the
chronological scope of analyses forwards to the New
Kingdom and back to the late prehistory of Egypt, the
participating museums could not cover every social
group for every period. Most notably, and perhaps
surprisingly for those outside the museum circle, these
collections hold none of the major goldwork from
the age of the great pyramids, the mid-third millen-
nium sc. At that period, the concentration of power at
Memphis around kingship separates the royal court
from the regions, and this is reflected in the tombs of
the period and in the distribution of finds. Gold and
gilt ornaments are more prominent in burials at the
Memphite cemeteries: Giza and Saqqara. The single
outstanding assemblage of Egyptian goldwork from the
mid-third millennium sc is the unparalleled burial of
material related to Hetepheres, mother of king Khufu;
the finds are on display in the Egyptian Museum Cairo.
Egyptologists from Cairo, Vienna, Boston, Hildesheim
and Leipzig directed excavations at Giza; their muse-
ums received a share in finds (Manuelian 1999). The
museums in our project, from Paris to Edinburgh,

Table 0.1. Numbers of artefacts (museum inventory numbers) analysed by site and period.

Dyn 1-2 First IP Middle Kingdom Second IP(-Dyn18) | New Kingdom ? Total

Memphis 2 2
Riqqa 4 7 11
Haraga 13+1? 14
Lahun 5 5
Ghurab 1 1
Sidmant 1 1 2
Amarna 8 8
Qau area 15 20
Abydos 4 2+2? 3 13
Nagada 2 2
Thebes 2 2+7? 4 15
*Qurna 12
Buhen 1 1

? 1 5 22 30
TOTAL 4 16 36 45 3 136




are not on that distribution map. With this and other
lesser gaps, our sample, however extensive, cannot
and does not claim to be random or representative of
an underlying population of ‘Egyptian goldwork’. On
our chronological range from fourth to second millen-
nia Bc, there are peaks and troughs in the frequency of
artefacts, and we encourage the reader to keep these in
mind graphically, in order to assess our interpretations
in context and to develop their own further research
agendas (see Table 0.1).

Another delimiting factor in the selection of
objects derives from our focus on technique, direct-
ing our attention predominantly to jewellery, rather
than other gold elements such as the prominent use of
sheets for gilding larger substrates of wood or plaster.
Gold foils were included for comparative purposes,
particularly in the investigation of composition, but to
alesser extent. Furthermore, within the rich repertoire
of Egyptian gold jewellery, we took a particular interest
in select assemblages, starting with the Qurna group
itself, and within these certain specific features, such
as the small beads found in the child’s coffin and the
adult’s girdle. While these are fascinating manifesta-
tions of both technology and consumption, they are
not necessarily representative of a broader corpus.
We would also emphasize that we sought primarily
artefacts with well-recorded archaeological contexts, as
these evidently allow for more robust inferences, and
provide the most secure foundations on which to build
further research. Where the museums could provide
access to material not from documented excavations,
but acquired before 1970, we have included certain
items if they helped to complete gaps in understanding,
as a secondary circle of supplementary information. In
each such case we have done our utmost to investigate
their authenticity and source, but undeniably any
interpretation based on an unprovenanced object will
have to remain tentative. Indeed, one of our analyti-
cal investigations demonstrated the risks in building
historical conclusions on material without documented
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excavation context; a gold shell inscribed with the name
of king Taa, who reigned close in time to the Qurna
group, presents disconcerting features more consistent
with modern rather than with ancient manufacture.

A final and equally important constraint con-
cerns the background and expertise of the editors and
contributors to this volume. While together we span
interdisciplinary breadth, and have found synergies in
our research, inevitably there remain areas beyond our
interests and access, and indeed beyond the time scope
of the project. For example, our data may be used as
a starting point to address issues of provenance, but
targeted consideration of the extraction methods and
possible geological sources of gold is not addressed
in detail in this volume. Instead, much more empha-
sis has been placed on issues of technology, and the
application of the results to a concluding interpretation
of the Qurna group. We look forward to seeing how
others may take up such topics, and feel sure that the
woman and child of Qurna will continue to pose new
questions.

Finally, for the opportunity to share our discus-
sions and findings with a wider research audience, we
would like to express our gratitude to the McDonald
Institute for Archaeological Research for including
this volume in its series.
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Chapter 4

Jewellery manufacture: an Egyptian quartet

Jack Ogden

Research in jewellery, both art-historical and technical, can
enhance our understanding of connections and chronology.
Here are discussed the four aspects of Egyptian gold working
where questions are raised concerning cultural connections.
These are wire, engraving, gold cladding, and enamel. Wire,

A century ago Flinders Petrie complained that ‘Gold
seems to blind the eyes of excavators to everything
else, and is as detrimental to publication ... as it is
demoralizing to the workmen who find it" (Petrie
1927, 1). A far more recent British Egyptologist exca-
vating in Egypt, when asked by the present author if
he had found any gold jewellery, answered in words
to the effect “Thank God, no’. This attitude can stem
from worries about security and unwanted public-
ity. Indeed, the lure of ‘treasure’ that draws in the
crowds to exhibitions of ancient Egyptian jewellery
in museums worldwide is almost the antithesis to
sober archaeological practice. But jewellery cannot
be ignored as an important category of artefact for
study. Research in this field, both art-historical and
technical, can enhance our understanding of connec-
tions and chronology.

The first to consider ancient Egyptian metals in
detail died before his work was published. This was
the metallurgist Major Herbert Garland, best known
as Lawrence of Arabia’s explosives expert. His post-
humously published book Ancient EQyptian Metallurgy
is missing the originally envisioned chapter on gold
and silver because his notes on these metals were
‘too scrappy to be of any real value’ (Garland & Ban-
nister 1927, Preface). Garland’s contemporary Alfred
Lucas, chemist at the Cairo Museum, dealt briefly
with the conservation and composition of Egyptian
gold jewellery, but despite his close familiarity with
much of the jewellery in the museum, including Tut-
ankhamun’s, he commented little on its technology
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one of the most basic of jewellery components, is made using
different techniques; engraving appears, surprisingly, in
designs on some early Egyptian gold objects; gold cladding
was used to change the aesthetic appeal of objects; and enamel
requires the use of particular technologies.

(Lucas 1924 59-66; Lucas & Harris 1962). The same
year that Howard Carter discovered Tutankhamun’s
tomb, 1922, Caroline Ransom Williams, described as
the first professionally trained woman Egyptologist
in America, completed her exemplary catalogue of
the ancient Egyptian jewellery that had been in the
Henry Abbott collection prior to being purchased by
the New York Historical Society in 1860 (Lesko 2004;
Williams 1924). Williams was greatly aided by John
Heins, a gold and silversmith in the Department of
Fine Arts of Columbia University, and their research
into Egyptian jewellery technology provides us with
our earliest detailed study. At this same time in Egypt,
Emile-Séraphin Vernier (1852-1927), expert on ancient
jewellery for the Institut frangais d’archéologie ori-
entale in Cairo, was publishing the three volumes of
his catalogue of the jewellery in the Cairo Museum
with many comments on construction (Vernier 1907;
Vernier 1907-1927). Petrie must have had Williams’
and Vernier’s work in mind when he noted that the
observation on methods of manufacture of jewellery
was ‘justly recognised now as a necessary part of any
catalogue’ (Petrie 1927, 1).

Petrie’s words seem to have fallen on deaf ears
because little was published on the subject of Egyptian
jewellery technology in the 1930s-1950s. The resur-
gence of interest in ancient jewellery manufacture
really only came after the mid-1960s and then mainly
in the field of Classical jewellery. Noteworthy here was
the work of Reynold Higgins, Herbert Hofmann and
Patricia Davidson, and Andrew Oddy (Higgins 1961;
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Hoffmann & Davidson 1965; Oddy 2004?). Since then,
the study of ancient jewellery technology has grown.
Cyril Aldred discussed Egyptian jewellery technol-
ogy in the early 1970s, as did Carol Andrews almost
two decades later, although neither in great depth
(Aldred 1971; Andrews 1990). The present author has
provided coverage of ancient jewellery technology in
general and some summaries specific to Egyptian gold
working (Ogden 1982, 1990/1, 1992, 2000, 2011). Other
recent work includes the study of the jewellery of the
wives of Thuthmosis III in the Metropolitan Museum
of Art, New York, by Christine Lilyquist and her col-
leagues (2003), research on Egyptian jewellery in the
National Museum of Scotland by Lore Troalen and
others (2009), and analysis of Middle Kingdon and
other gold by Isabel Tissot and others (2015).

It is not necessary here to provide a summary
of the development of jewellery technology in Egypt,
even if there were the space to do so. The basics of
jewellery making in the ancient Old World in general
have been covered in the works just mentioned and a
wider study by the present author is in preparation.
What can be looked at here are four aspects of Egyptian
gold working where questions are raised concerning
cultural connections. These are wire, engraving, gold
cladding and enamel.

Wire

One of the most basic of jewellery components is wire,
whether as applied filigree, chain or serving functional
use in specific components such as attachment loops.
Today most gold wire in jewellery is made by what is
termed ‘drawing’, whereby a thin rod of gold is pulled
through a series of holes of diminishing diameter in
a steel plate — a draw plate. The gold is drawn out,
made both thinner and longer. Drawing in this way
has not been unequivocally identified on gold wires
in Europe or the Near East world prior to about the
8th century ap and so the presence of drawn wire in
gold objects purported to be earlier than this is usually
taken as a near-certain indication of incorrect dating
or forgery. As Petrie noted more than a century ago,
‘Drawn wire has not been found in any ancient work’
(Petrie 1910, 90). Drawn wire can usually be identified
by the fine parallel striations that run along the length
of the wire; the microscopic ridges and less commonly
scratches caused by minute irregularities in the draw
plate perforations. The more sophisticated the wire
drawing equipment, the less prominent the surface
striations. The drawing in Figure 4.1 show schemati-
cally how with wire drawing the gold is squeezed
into a smaller diameter, compressing and elongating
its whole structure.
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Figure 4.1. Wire drawing showing how the wire is
compressed and elongated by wire drawing.

In antiquity, the most basic way to make a
round-section wire in gold was to hammer a cut strip
of gold to near-circular cross section. This technique
was used throughout antiquity especially for larger
diameter wires, such as those in some earring hoops.
At the hands of a skilled craftsman, the resulting wires
could be remarkably regular. Even so, cutting the ini-
tial strip of even, near-square cross section from gold
sheet with a chisel or blade was not easy. One way
round this was to cut a thinner, wider strip and fold
this in half along its length before hammering or bur-
nishing this to compact it into a regular section wire.
This mode of manufacture, however, could result in
some delamination. An early example of this is seen
in a bracelet in the British Museum (EA 62468), dat-
ing to the First Intermediate Period and excavated at
Mostagedda (Fig. 4.2; Brunton 1937, 101-2, pl. LXVII,
no. 3). It was found on a woman’s wrist. This takes
the form of two wire hoops joined as a knot at the
front. Carol Andrews noted that ‘The break in the wire
shows that a flattened cavity is present in the centre.
Two seams are visible on the surface’. (Andrews 1981,
49, no. 276). This break, shown in Figure 4.3, reveals
delamination and the likelihood that it is a hammered
or burnished, folded strip.

For much of antiquity, round wires less than
a millimetre or so in diameter were made by the
so-called strip-twist technique. Here a strip of thin
gold sheet is twisted and then rolled between two
flat surfaces as shown in Figure 4.4. The resulting
wire can be of very even cross-section and usually
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has ‘seams’ spiralling along the wire, visible to a
greater or lesser degree. Strip-twist wire was widely
distributed from Europe to the Far East prior to the
introduction of true wire drawing. Some authorities
have distinguished between strip- and block-twist
wires (first perhaps Higgins 1969). The former made
by twisting a thin strip, the latter by twisting a strip

nearer to square in cross section. These do result in
wires with slightly differing appearances, but to use
different modern terms implies some deliberation on
behalf of the original goldsmith, something I consider
unwarranted here. Since the only difference is the
width to thickness ratio of the initial strip, choice was
probably fortuitous, the goldsmith working with the

Figure 4.2. Gold bracelet from Mostagedda. First Intermediate Period. British Museum EA 62468.

Figure 4.3. Detail of the bracelet in Figure 4.2 showing break.
89



Chapter 4

gauge of gold his work demanded; there is no clear
demarcation to justify separate terms (Ogden 1991).

The first to describe the strip-twist technique
were Williams and Heins (Williams 1924, 39-44). They
noted the spiral ‘seam lines’ on several examples of
later Egyptian jewellery and illustrated Heins’ replica-
tions of this wire type. Figure 4.5 shows wires with
the characteristic spiral ‘seam’ of strip-twist wire on
the handles of one of Tutankhamun’s daggers. This is
from a photo by William J. Young, formerly head of
the Research Laboratory at the Museum of Fine Arts,
Boston, taken at the time of the Tutankhamun Treasures
exhibition at that museum in 1963. The presence of
strip-twist wire on Tutankhamun’s dagger does not
prove that it was widely used in Egypt then since a
foreign origin is often suggested for these daggers.
However, wires that appear to have been made by the
strip-twist process have been noted by Lore Troalen
and her colleagues on Amarna Period jewellery in the
collections of the National Museums Scotland (Troalen
et al. 2009, 121). I have observed strip-twist wires on
a pair of gold hair- or ear-rings of typical Tuthmoside
type from Egypt and on a scaraboid swivel ring of
New Kingdom Egyptian form, although found in
Enkomi, Cyprus (British Museum 1897, 0401.276). We
can ignore the strip-twist wire Cyril Aldred noted on
an ear stud said to be from Amarna and of the New
Kingdom because this is almost certainly of Ptolemaic
date and is a fairly standard Classical Greek or Hel-
lenistic type of ornament (Aldred 1971, 78, 209; Ogden
1990, 1, 177). Aldred said he knew of no pre-New
Kingdom examples of strip-twist wire and Williams

Figure 4.4. The
construction of
strip-twist wire.

and Heins considered the technique to be ‘late’. This
is where the history of gold wire in Egypt begins to
get intriguing.

We might expect strip-twist wire in Egyptian
gold jewellery by the Middle Kingdom, because I
have seen it in goldwork from Troy, from a century
or two around 2000 Bc, and in gold jewellery from

Figure 4.5. Detail of the wire and granulation on one of
Tutankhamun’s daggers (18th Dynasty). Photo William
J. Young, after Smith 1965, fig. 38.
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Figure 4.6. Gold and lapis lazuli scarab ring (17th
Dynasty). British Museum EA57698.

Pre-Palatial Crete of about the same period. Indeed,
there are gold wires in Egypt of pre-New Kingdom
date with spiralling seams, but examination suggests
that they may not all be strip-twist wire as we know
it. An example is the wire on a 17th Dynasty gold ring
set with a lapis lazuli scarab in the British Museum
(EA57698; Fig. 4.6), recently studied by Gianluca
Miniaci and his colleagues (Miniaci et al. 2013, fig.
2). Here the seams appear to be at a lesser angle than
typically seen with strip-twist wires and in places are
doubled and the direction of spiral is not consistent
(Fig. 4.7). These are not characteristics expected with
strip-twist wire.

To consider this puzzle, we need to go back to
even earlier wires and to the first researchers to study
them, again Williams and Heins. They showed that a
strip of gold could be pulled through a perforation in
a sheet of metal so that it was folded into a tube-like,
reasonably compact, circular section wire (Williams
1924, 40). Hein’s replication experiments demonstrated
that wire produced by the “strip drawing’ technique
could have almost straight or gently spiralling seams.
Strip drawing is not true wire drawing in the modern
sense because the strip is smoothed and bent into
a round section (Fig. 4.8), not stretched out with
significant distortion to the internal structure of the
gold. More recently, Diane Lee Carroll and then Jamie
Hall have carried our similar replication experiments
with strip drawing. They found that no great force
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Figure 4.7. Detail of the ring in Figure 4.6 showing the
seams on the wire.

is needed and the wire can be pulled through holes
in any suitable material, such as a copper-alloy plate
held in the hands (Carroll 1970; 1972; Hall 2010). The
wire so produced can have straight or gently wind-
ing ‘seams’, the latter caused by slightly twisting the
strip as it is pulled, which facilitates the process. If
the starting strip is nearer to square cross section, the
process still works. The corners are rounded over and
there can be multiple seams (or rather grooves) along
the final wire, often gently spiralling, seemingly as in
Figure 4.7. This is not drawing in the modern sense
because the surface is just rounded and smoothed,
and the process requires very little force; the internal
structure is not stretched. A perforation in a stone

Figure 4.8. Drawing showing how strip drawing curls
a strip round into a circular section.
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bead would work equally well for strip drawing, but
the gauge of ancient gold wire is usually far narrower
than the holes in early stone beads.

The earliest example of strip-drawn wire cited by
Williams and Heins was on the gold cover of a stone
vessel from the 2nd Dynasty tomb of Khasekhemwy
at Abydos and now in the Museum of Fine Arts in
Boston (01.7287; Williams 1924, fig. xxii, A). This is
thus securely dated to around 2700 sc. I recently
examined the similar gold wires on two further jars
from the Khasekhemwy tomb, which are in the British

Museum (EA35567 and EA35568). One is shown in
Figure 4.9 with a detail in Figure 4.10. As can be
seen, the covers of these vessels are held in place by
a binding made from pairs of wires twisted together
to provide what is termed a rope. The binding on
each cover was made from two such lengths of wire,
doubled back on themselves, looped together and
then twisted. They pass twice round the cover and
the four wire ends are twisted together. The clay seal
on these ends only survives on one jar (EA35567) and
part of this, the twisted wires and the way the wires

Figure 4.9. Magnesite jar
with gold lid. From the tomb
of Khasekhemy at Abydos,

2nd Dynasty. British Museum
EA35567.

Figure 4.10. Detail of the gold
lid and binding wire on the jar
in Figure 4.9.



Jewellery manufacture: an Egyptian quartet

were looped together as can be seen in Figure 4.10.
The wires had to be looped together before they were
twisted. They were twisted into ropes with different
direction of twist, which provides an attractive her-
ringbone appearance where the two ropes run parallel,
as in Figure 4.11, a detail of EA35567. This reversing
of twist direction seems to have been a deliberate
aesthetic choice since it is seen in the Boston and two
British Museum examples. The wires here are about
0.35 mm diameter and have seams, often multiple
seams, which run essentially straight along the wire.
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Figure 4.11. Detail of
the twisted wire ‘ropes’
on the jar in Figure 4.9.

Figure 4.12. Detail
of the wires on the jar
in Figure 4.9.

The wires on the second British Museum jar (EA
35568) are about 0.4 mm in diameter and have one
or more longitudinal seams. In one place (lower left
of Fig. 4.12) a seam spirals quite steeply, in another
it is almost straight (half way up on right in Fig. 4.12)
but this variation is due in part to distortion when
the wire was bent back and twisted. The wires on the
two British Museum jars look the same as those on
the Boston jar as illustrated by Williams and Heins.
The presence of seams that go along the length
of the wire, as in Figure 4.11, can sometimes resemble
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the longitudinal lines on modern drawn wires, as
Carroll noted, and this might explain why several
early observers were convinced that the early Egyp-
tians were familiar with true wire drawing. One such
was Vernier who concluded that it was “certain and
evident that the Egyptians employed wire drawing
from a very ancient period” (Vernier 1916, 40-2). The
same year that Vernier made that statement, the Met-
ropolitan Museum of Art, New York’s excavation at
Lisht in Egypt were published (Mace et al. 1916). The
expedition had discovered the late 12th to early 13th
Dynasty tomb of Senebtysy, a woman of high status
and, as was usual in those days, the Museum received
a division of the finds. One of these was a remarkable
gold diadem, which contains in excess of six metres
of round wire (Metropolitan Museum of Art 07.227.6;
Fig. 4.13). The original excavation report refers to the
diadem as being ‘of three independent sections of
beaten gold wire’ (Mace et al. 1916, 58). The diadem
was examined a couple of decades later by Arthur
H. Kopp who had been appointed in 1932 as the first
chemist at the Metropolitan Museum of Art, New
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York, a position he held just six years before he was
tragically killed there in a laboratory fire. According
to Nora Scott, who had joined the staff at the Metro-
politan Museum of Art in Kopp’s day and eventually
became head of the Egyptian department, Kopp had
examined the Senebtysy diadem microscopically and
noted: “plain evidence that this wire had been cut from
sheet and then drawn — square edges are seen here and
there, and even shear marks at right angles to the wire
axis, while longitudinal streaks plainly show evidence
of drawing’ (quoted by Aldred 1971, 86-7). What he
describes sounds very much like strip-drawn wire
where the starting point was a near-square-section
strip. My own observations of the wire of the diadem
are that it certainly appears to have traces of seam lines
that vary from straight along the wire axis to spiralling
at a slight angle. Another argument that the Senebtysy
diadem is of strip drawn wire is the remarkably long,
continuous lengths of wire used. Strip-twist wire is not
easy to make if the initial strip is much more than a
dozen or so centimetres in length; with strip drawing
the lengths can be far greater. We can also note that
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Figure 4.13. Gold wire diadem from the tomb of Senebtysy at Lisht, late 12th to early 13th Dynasty. Metropolitan

Museum of Art, Acc. no. 07.227.6, Rogers Fund, 1907.
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the binding on the Khasekhemwy jar (British Museum
EA 25567) were formed from two lengths of wire, each
getting on for 40 cm long.

There seems little doubt that the wires discussed
above, characterized by one or more seams going
near enough straight along the length of the wire,
sometimes spiralling slightly, represent a technique
distinct from strip-twist wires. That this was some
form of strip drawing, as first postulated by Williams
and Heins and a characteristic of earlier periods, being
gradually superseded by strip twist wire after about
2000 sc. Williams and Heins also identified the wires
on the 19th-20th Dynasty gold diadem said to be from
Saqqara (now Brooklyn Museum 37.702E) as being of
strip drawn wire and their photograph shows wires
very similar to those just discussed (Williams 1924,
pl. iv, d). If correct, this appears to be a late survival
of the technique.

Whether or not strip-drawn wire was initially an
Egyptian innovation awaits study of gold jewellery
from neighbouring lands. Unfortunately, Western
Asiatic gold-working techniques have received less
interest than Egyptian over the last century. A start-
ing point would be to study more of the wire in the
Sumerian jewellery from the Royal tombs at Ur in
what is now Iraq, excavated in the 1920s and 30s and
now divided between the Iraq Museum, Baghdad,
the British Museum and University of Pennsylvania
Museum in Philadelphia. Kim Benzel has recently
written on the materials and technologies of some of
the Ur gold jewellery but although she describes the
strip-twist wire-making technique, she does not seem
to have unequivocally identified it in the objects she
examined (Benzel 2013, 2016). My own examination of
several Ur gold items have revealed mostly hammered
and burnished wires and simple cut strips, but also
some circular section wires that observation without
strong magnification suggests might be strip drawn,
such as a gold chain with lapis lazuli beads now in
the British Museum (ME120585). Further research
on early Western Asiatic gold wires is overdue. The
apparent lack (so far) of strip-drawn wires at Ur, but
its use at Troy raises questions regarding chronology
and connections.

Engraving

A hand-worked design on gold, an inscription on a
ring bezel for example, can be produced in one of two
ways. The gold surface can be deformed or ‘chased’
with a small punch tapped with a hammer, or be partly
removed with a sharper tool, which cuts a groove. In
the latter process, termed engraving, the tool can be
pushed with hand-pressure alone, or tapped with a
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hammer. In his study of traditional metal-working in
Iran half a century ago, Hans Wulff described both
hand pressure and tapping being used by a metal-
worker engraving signets (Wulff 1966, 38, fig. 47).

It is usually considered that engraving was
impractical with copper alloy tools; they were too
soft (in the case of copper) or too brittle (in the case
of cold-worked tin bronzes), and so engraving only
came into use in the wake of iron. There is engraving,
presumably with iron tools, on some Mycenaean gold
contemporary with the Egyptian New Kingdom, but
engraving does not appear to have been employed on
gold jewellery in most of the ancient Mediterranean
world until the 1st millennium sc (Ogden 1998). The
engraved depressions on the Mycenaean rings are fairly
shallow, U-shaped grooves with striations along their
length caused by slight imperfections on the cutting
edge of the tool. Similar tool marks can be seen in later
classical jewellery, such as some Hellenistic and Roman
gold rings, although even into post-Roman times such
designs were still often chased rather than engraved.

In Egypt, there is a surprise. The designs on some
early Egyptian gold objects appear to be engraved with
sharp, angular tools. The Middle Kingdom scarab base
of Ameny in Figures 4.14 and 4.15, found at Lisht in
1913-14, is an example (Metropolitan Museum of Art
15.3.135b). This clearly has sharp, rather angular cut
depressions. Another provenanced example is a gold
and amethyst scarab ring of Senusret III excavated
by de Morgan at Dahshur in 1894-95 (Metropolitan
Museum of Art 26.76.756; Figs. 4.16 and 4.17). The base
plate here has cleaner, more parallel sided cuts, but
the striations left along the bases of the depressions
left by a sharp engraving tool and the abrupt ends of
the channels are clearly visible. Somewhat rougher
engraving can be seen on the bases of some First Inter-
mediate Period gold button seals, but I have not seen it
yet on New Kingdom or later Egyptian goldwork. It is
just possible that the designs on the button seals were
deeply scratched using a flint tool, but the sharpness
and form of the tool marks on the Middle Kingdom
gold scarab bases were undoubtedly produced with
hard metal tools.

If sharp engraving like this could be produced
with copper alloy tools, then we would expect to find
similar engraving used widely in the ancient world,
which we don’t; if it required metal tools other than of
copper alloys, what might these have been? One possi-
bility is that some tools of iron, probably meteoric iron,
were available in Egyptian royal workshops. Meteoric
iron can and has been used for serviceable blades in
many parts of the world. There are instances of iron
from early Egypt, mostly probably meteoric (Lucas
& Harris 1962, 235-9; Rehren et al. 2013). Another
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Figure 4.14. Gold base from a scarab ring with the name
of Ameny from Lisht, Middle Kingdom. Metropolitan
Museum of Art, Acc. no. 15.3.135b, Rogers Fund, 1915.

Figure 4.15. Detail of the ring in Figure 4.14.
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possibility is gold mixed with a significant amount of
copper, the result being an alloy that can be as hard as
mild steel (around H, 140). Such alloys were certainly
known in Egypt, as we will see in the next section,
but I am not aware of any tools made in this material
surviving from there. However, small gold-copper
alloy tools were discovered in the Royal Tombs at
Ur, Iraq, thus of late 3rd millennium sc date (la Niece
1995), and similar gold-copper alloys were used for
chisels and other implements in Pre-Columbian South
America (Scott & Seeley 1983).

I have not seen engraving as on the Middle King-
dom rings in later periods in Egypt. For example, the
inscription on the gold back plate under the scarab
in the 17th Dynasty ring in Figure 4.6 was produced
in the more conventional ancient chasing technique,
although the removal of accretions from the depres-
sions in recent times with a sharp point has left a
plethora of disfiguring scratches (Fig. 4.18).

Gold cladding

Gold-copper alloys have an attractive salmon-pink to
reddish hue, which might explain their use for some
New Kingdom signet rings of so-called stirrup type
(Lucas & Harris 1962, 229; Ogden 2000, 164). However,
there were other advantages in the use of such alloys —
they are far easier to cast than more conventional gold
alloys. Casting is the production of a metal object by
the pouring molten metal into a mould, a process rarely
used for gold jewellery in ancient Egypt or elsewhere
in the ancient Old World because the usual range of
relatively high purity, yellow gold alloys are not easy to
cast. Unfortunately, many cataloguers wrongly assume
that any sturdy gold object was cast. Compared with
the yellow gold alloys, the gold-copper ones have a
lower melting temperature, flow better in the mould
and are less prone to porosity. For example, while a
typical gold alloy used in pre-Late Period Egypt will
have a melting temperature between about 1020 and
1040 °C, the typical gold-silver-copper alloys used for
some of the stirrup rings will melt around 900 °C. Thus,
we find cast jewellery in reddish gold-copper alloys
widely spread, from the Chalcolithic Balkans to South
America (Personal observations and Scott 2012 passim).

The reddish gold stirrup rings of the New King-
dom in Figure 4.19 are cast in one piece. Indeed, the
hardness and brittleness of such alloys would make
hand working almost impossible. The pale greyish
coloured gold-silver alloy rings of this type (‘electrum’)
were also typically cast, but the higher purity yellow
gold Egyptian gold stirrup rings were seemingly
typically produced by hand working the hoop and
bezel separately and then soldering these together.
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Figure 4.16. Gold base on a gold and amethyst scarab Figure 4.17. Detail of the engraving on the ring in
ring of Senusret 111 from Dahshur, Middle Kingdom. Figure 4.16.

Metropolitan Museum of Art, Acc. no. 26.76.756,

Edward S. Harkness Gift, 1926.

Figure 4.18. Detail of
the base plate on the ring
in Figure 4.6 showing
chased inscription and
recent scratches.
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Figure 4.19. Two of the pendants from a New Kingdom Egyptian collar found in tomb 93 at Enkomi, Cyprus, British
Museum, Acc. no. 1897,0401.535.

Higher purity gold stirrup rings that appear to have
been cast in one piece thus deserve a second look —
the fakes are often made this way. One example was
sold at auction by Christies, New York, in December
2003° for a record price for an ancient ring. The pre-
vious owner had purchased it in a London auction
earlier that year when it had passed almost unnoted
among the collection of antiquities and other objects
formerly owned by the late Gavin Todhunter. Tod-
hunter is said to have begun collecting intaglios and
other works of art in the 1940s and continued to do
so until the 1970s. It is not known when the present
ring came into his hands, or where he obtained it,
and so, under the policy of the publisher, images of
it cannot be presented.

The unknown origin of this ring, its apparent
one-piece cast construction and seeming high purity
raised concerns about its authenticity when I first saw
it. Then there was an accident with a fortuitous out-
come. The purchaser at the London auction took the

98

ring to the Assay Office of the Worshipful Company
of Goldsmiths in London to be analysed. They started
to make a minute scraping on the underside of the
bezel, but a small area of the surface became detached
revealing that the ring was actually of a reddish
copper-gold alloy with a thin, purer gold cladding.
The exterior was about 92.4% gold with 4.2% silver
and 3.3% copper, the interior 68.4% gold with 3.7%
silver and 20.5% copper. This interior composition is as
expected for a New Kingdom red gold stirrup ring and
thus extremely reassuring regarding its authenticity.
The cladding of a cast red-gold ring to make it look
like purer gold does suggest that an appearance of
purity was a greater consideration than the aesthetic
appeal of a pink colouration, and it raises questions
about the construction of other one-piece Egyptian
stirrup rings of yellow gold. Stripping off a bit of the
surface of them is obviously out of the question and
X-rays may not reveal anything, but a simple specific
gravity test might well be informative.
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New Kingdom Egyptian jewellers seem to have
been adept at plating high purity gold over lower
purity alloys. An example previously published by
me was an early 18th Dynasty Egyptian ear- or hair-
ring of penannular, tubular form (Ogden 1982, 80,
fig. 4.79). This was formed in two halves from a sheet
of a gold-silver “electrum’ just 0.12 mm thick over
which was bonded a layer of only slightly purer gold
averaging about 0.025 mm thick. A minimal saving
in material seemingly justified the extra work. The
bonding together of the gold and electrum to make
the sheet from which the hair-ring was constructed
was not a complex procedure, but it is unclear how
gold sheet could be applied satisfactorily over the
varied topography of a cast stirrup ring. There seems
to be too abrupt a change from core to surface to be
explained by some deliberate enrichment technique
such as dissolving out the copper from the surface
using an acidic substance and then burnishing the
resulting higher purity surface. Versions of this surface
enrichment process were widely used in the past in
both the New and Old Worlds. The hardness of the
gold-copper alloy core would seemingly rule out work-
ing the bezel design with punches after the outer gold
surface had been applied.

Further examination of the New Kingdom Egyp-
tian gold stirrup rings as well as other gold objects from
antiquity would be useful to determine the various
approaches that were used to give a pure gold appear-
ance to ornaments of alloyed gold or base metals, and
to ponder what this can tell us about ancient economic
and aesthetic values. Clearly destructive testing is
inadvisable, but there are many fragmentary objects
which can be studied. Indeed, with gold as with other
categories of object, broken fragments often provide a
wealth of examination opportunities for the researcher.

Enamel

Enamel is glass. Not glass that is cut and set into jewel-
lery, but which has been ground up finely, placed in
a hollow, cavity or ‘cell’ in the metalwork and then
heated until it melts and fuses in place. The Egyp-
tians were highly conversant with glass manufacture
at least from the early New Kingdom onwards and
were extremely fond of polychrome inlaid gold, so
it is necessary to ask why ancient Egyptian enamel is
so elusive (Ogden 2009). Alfred Lucas, for example,
noted various earlier misidentifications of glass and
stone inlays in Egyptian jewellery as enamel, stating
that “‘enamel, however, was not used in ancient Egypt’
(Lucas & Harris 1962, 116-17). Cyril Aldred suggested
that the red inlays on a vulture pectoral among Tut-
ankhamun’s jewellery might be enamelled, but Emily
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Teeter’s microscopic examination revealed that the
enamel-like appearance of the inlays was due to the
presence of ‘a soft material which has a distinctly resin-
ous odour’ (Aldred 1971, 221; Teeter 1981).

In some cases, what appears to be enamel in
Egyptian jewellery is crushed frit mixed with a binder,
what Marc Rosenberg erroneously saw as a precursor
to true enamel (Rosenberg 1921, 12-14). One of the
examples cited by Rosenberg was the Egyptian gold
broad collar found in tomb 93 at Enkomi, Cyprus, along
with other jewellery including a ring of Akhenaten
(Marshall 1911, 367, no. 581). My examination of this
object confirmed that several of the cells in the lotus
terminals and other components do contain a crushed
blue frit, apparently coloured by cobalt, mixed with
an organic binder of some sort. Two pendants from
this group are shown in Figure 4.21; the blue material
is clearly seen in the lower recess on the right-hand
pendant. However, this material is not the actual inlay,
but a typical backing material for inlays. In several of
the components of this collar, this material retains the
impression of the missing inlays, in some the original
inlays of greyish-blue glass are still in place over the
backing.

While there remains a real possibility for some
enamel among New Kingdom Egyptian goldwork, the
only Egyptian gold objects of dynastic date which I
have seen so far, which I believe to have a good chance
of being true enamel, are two objects found at Tanis,
now in the Cairo Museum. One is a pectoral from the
tomb of Wendjebaendjed, an important minister in the
Third Intermediate Period (Montet 1951, 82-3, no 773,
pl. 54; Paris 1987, no. 79; Ogden 1990). A detail of this
is shown in Figure 4.20. The whitish inlays appear to
be conventional cut inlays, but the bluish-green glass
appears to be fused in place, or at least applied in a
semi-pasty state. It now shows some crazing. Certainly,
it follows the contours, particularly the irregulari-
ties of the corners, of the cells very precisely and, in
places, seems to overlap the cells. The long section
horizontally across the centre in Figure 4.20 shows this
most clearly. Other pectorals from Tanis may contain
similar inlays and one, that in Figure 4.21, also from
Wendjebauendjed’s tomb but which I haven’t seen in
person, was described by Montet as containing enamel
(Montet 1951, 76, pl.49).

Another possible example, also from Wendjebae-
ndjed’s tomb is a gold bowl (Montet 1951, 82-3, cat
773, pl. 54; Paris 1987, no. 79). Here the decoration in
the centre is an inset motif in the form of a complex
rosette (Fig. 4.22). At close range, but sadly, so far not
in the laboratory, at least some of the inlays appear
to me to be enamel and the form of this rosette, the
design and its colour palette are reminiscent of six
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enamelled gold rings found in a hoard of jewellery in
a Mycenaean tomb at Kouklia, Cyprus (Catling 1968).
These date to about 1200-1150 sc. Herbert Maryon
described the construction of these rings in some
detail and there is no doubt that they are enamelled
in a version of the cloisonné technique (Maryon 1971,
170-1). The Cyprus rings are a century or so earlier

Figure 4.21. Detail of a gold and glass (perhaps enamel)
pectoral from the tomb of Wendjebaendjed at Tanis, Third
Intermediate Period, Acc. no. JE 87740, Cairo Museum.

Figure 4.20. Detail of a gold and glass
(perhaps enamel) pectoral from the
tomb of Wendjebaendjed at Tanis,
Third Intermediate Period, Acc. no.

JE 87740, Cairo Museum.

than the time of Wendjebaendjed, but a reuse of the
bowl, or the mounting of an imported older motif on
it, are not impossible. His tomb contained numerous
reused precious objects including objects with the
names of Rameses II. The bowl bears an inscription
noting that it had been presented to Wendjebaendjed
by Psousennes, but its position on the rim would not
exclude the possibility that it had been added then.

The apparent lack of ancient Egyptian enamelled
gold other than a handful of possible examples requires
an explanation. One reason was presented by glass
expert Edward Dillon more than a century ago in an
article in the Burlington Magazine, where he says ‘the
reason the Egyptians had no true enamels is simply
this: they were unacquainted with the application of
lead to form a readily fusible glass.” (Dillon 1907). Lead
oxide in glass and enamel has several useful functions. It
lowers the melting temperature, makes the molten glass
really fluid so it flows and bonds well, and it makes the
coefficient of expansion of the glass closer to that of the
surrounding metal — if the glass and metal expand and
contract at different rates during firing and cooling the
enamel is liable to crack and flake off. In general, there
is little evidence for lead in glass prior to Roman times.
There are some exceptions, primarily with yellow glass,
and Christine Lilyquist and Robert Brill have shown
the use of yellow glass containing lead in Egypt from
at least as early as the time of Tuthmosis III (Lilyquist
& Brill 1993). However, yellow glass is hardly well
suited to being set into yellow gold.

Opaque orangey-red glasses owe their brilliance
to high lead, but these are not known in Egypt, or seem-
ingly elsewhere in the Mediterranean world, until the
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Third Intermediate Period (Bimson 1987). This glass
owes its red colour to copper and cannot be used as
a true enamel because if it is ground and remelted it
turns green. The only way it can be inlaid in metal
is to heat it until it is just soft when it can be pressed
into place. I am not aware of any use of this technique
on gold in Egypt, although some use in copper alloys
in Late Period Egypt seems possible. Ancient copper
alloys could not be enamelled with more conventional
enamels, because the alloys had too low a melting
temperature. Incidentally, it was the lack of any red
inlays in the Wendjebaendjed pectoral in Figure 4.20
that first drew my attention to it and suggested that
something might be different about its materials. Red
inlays would be expected in a conventional inlaid
Egyptian pectoral.

Lack of lead is not the whole answer as to why
we do not find Egyptian enamelled gold, because the
fine enamels on gold, which we find in other parts of
the Old World from the 1st millennium Bc and into
Middle Byzantine times, generally lack significant lead.
Important was heat. Enamel must melt and flow at a
temperature lower than the melting temperature of the
gold itself. For a good bond, enamel needs to be heated
to slightly above its melting point, to its ‘maturing
point’, in order to spread evenly into the exact shape
of the setting. Paul Nicholson and Julian Henderson
have most recently said that ‘the softening and working
temperatures for an Egyptian soda-lime-silicate glass
of the 2nd millennium sc were between ¢ 1000 °C and
1100 °C’ (Nicholson & Henderson 2000, 218). Some of the
poorer glasses might have melted around 870 °C, even
less, but these would not produce good glassy enamel.

In practice a temperature getting up to 1000-
1100 °C would be necessary for a good enamel on gold
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Figure 4.22. Detail of the enamelled
disk in the centre of a gold bowl from
the tomb of Wendjebaendjed at Tanis,
Third Intermediate Period, Acc. no.
JE 87740, Cairo Museum.

using the then available glass. Ancient Egyptian gold
purities can range from under 50% up to more than
90%, but around 70-85% seems typical of most jewel-
lery of the Middle and New Kingdoms (Ogden 2000).
The typical gold alloys used by the ancient Egyptians
would start to melt between about 1020 °C and 1040 °C,
so in practice Egyptian gold jewellery objects could
not be enamelled without the very real risk, in many
cases likelihood, that the gold components would
start to melt or come apart. As the Mycenaean and
possible Tanis examples show, a few accomplished
jewellers were able to choose their alloys and control
their furnaces, but the wider absence of enamelled gold
is explainable. It is probably not coincidence that fine
polychrome enamels in gold only came into common
use in the ancient world about the time that there
seemed to be systematic refining for gold alloys. The
refining of gold permitted greater control over the gold
alloys used in jewellery, rendering their behaviour less
unpredictable. The ability of the Medieval goldsmiths
to enamel quite debased gold alloys without using
lead-containing enamel has to be admired and may
point to a significant improvement on the ability to
control the heat source (Ogden 2020).

In Eastern Mediterranean world and up into the
Black Sea, enamelled gold jewellery becomes commoner
after about the 5th century sc, particularly in Classical
Greek and Hellenistic Greek jewellery. The occasional
enamelled Egyptian ornaments in gold we encounter,
such as wedjat-eyes, typically belong in the Ptolemaic
or early Roman Periods (Ogden 1990, vol 1, 178, 190,
210-11). Arielle Kozloff described a group of bird and
animal figures in sheet gold with cloisonné enamel
decoration: a falcon in the Walters Art Gallery, an ibis
and lion in Boston, a sphinx in Athens and a lion in Cairo
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(Kozloff 1976). I would agree with Kozloff, and with
Lilyquist (Lilyquist 1993, 37 note 25), that the objects
cannot be any earlier than the Ptolemaic Period, but I
am not convinced that all are ancient. I have not had
the opportunity to examine any of them in detail, but
William Young's analysis of the Boston lion, as pub-
lished by Kozloff, is not reassuring. The lion’s body is
apparently of pure gold, with neither silver nor copper
detected. This would be highly unusual in antiquity,
though it is quite common with some older Egyptian
fakes. Also, the inlay material had lead as a major con-
stituent; something which would be highly unexpected.

We also find enamelled Egyptian motifs in Phoe-
nician goldwork, some perhaps predating the mid-1st
millennium Bc and there is the magnificent Meroitic
enamelled gold jewellery from what is now Sudan.
In the Meroitic work, which dates from the 3rd to
1th century Bc, we find a whole range of enamel
types (Markowitz & Doxey 2014, 148-51; Lacovara
& Markowitz 2019, passim; Ogden 1989). The origin
and relationships of this Meroitic enamel work is still
uncertain, although the earlier goldwork from Nubia
might owe as much to Phoenician and South Arabian
as to Egyptian influence. One can imagine Phoenician
trade routes from Southern Arabia passing across the
Sudan and up to the Phoenician centres on the North
African Coast, avoiding the Persian Empire, which
then included Egypt itself.

The above has presented a look at just four aspects
of ancient Egyptian jewellery technology that raise
questions and prompt further study. Such study will
tell us more about Egyptian goldsmithing traditions
and, providing such research encompasses neighbour-
ing lands, reveal much about cultural connections. It
is also important to reiterate Petrie’s comment from
almost a century ago — that a description of methods
of manufacture of jewellery should be ‘a necessary
part of any catalogue’.

Notes

1. The 1932 2nd Edition has only minor updates.

2. Oddy 2004 summarizes, and gives a bibliography, of
his work on the manufacture of wire over the previous
decades.

3. Christies, New York, 11 December 2003, sale 1313,
Ancient Jewelry, Auction 11, lot 336.
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3500 Bc and 1000 Bc, integrating the distinct approaches of archaeology, materials science and Egyptology.
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royal centres, such as Riqqa, Haraga and Lahun. A final discussion of the Qurna group provides an agenda
for future research.
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