


      Natural Science in Archaeology   
Series Editors

Bernd Herrmann

Günther A. Wagner

For further volumes:
http://www.springer.com/series/3703



 



       Rosemarie   Klemm     •    Dietrich   Klemm      

 Gold and Gold Mining 
in Ancient Egypt 
and Nubia 

 Geoarchaeology of the Ancient 
Gold Mining Sites in the Egyptian 
and Sudanese Eastern Deserts                          

 



   Rosemarie   Klemm     
 Institute of Egyptology 
 Ludwig-Maximilians-University 
  Munich 
 Germany   

   Dietrich   Klemm    
  Dept. of Earth- and 
Environmental Sciences 
 Ludwig-Maximilians-University 
  Munich 
 Germany   

ISSN 1613-9712
 ISBN 978-3-642-22507-9   ISBN 978-3-642-22508-6 (eBook) 
 DOI 10.1007/978-3-642-22508-6 
 Springer Heidelberg New York Dordrecht London   

Library of Congress Control Number: 2012948388

 © Springer-Verlag Berlin Heidelberg   2013 
 This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or 
part of the material is concerned, speci fi cally the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on micro fi lms or in any other physical way, 
and transmission or information storage and retrieval, electronic adaptation, computer software, 
or by similar or dissimilar methodology now known or hereafter developed. Exempted from this 
legal reservation are brief excerpts in connection with reviews or scholarly analysis or material 
supplied speci fi cally for the purpose of being entered and executed on a computer system, for 
exclusive use by the purchaser of the work. Duplication of this publication or parts thereof is 
permitted only under the provisions of the Copyright Law of the Publisher’s location, in its 
current version, and permission for use must always be obtained from Springer. Permissions for 
use may be obtained through RightsLink at the Copyright Clearance Center. Violations are liable 
to prosecution under the respective Copyright Law. 
 The use of general descriptive names, registered names, trademarks, service marks, etc. in this 
publication does not imply, even in the absence of a speci fi c statement, that such names are 
exempt from the relevant protective laws and regulations and therefore free for general use. 
 While the advice and information in this book are believed to be true and accurate at the date of 
publication, neither the authors nor the editors nor the publisher can accept any legal responsibility 
for any errors or omissions that may be made. The publisher makes no warranty, express or 
implied, with respect to the material contained herein. 

Cover design: deblik, Berlin
Cover  fi gure: © crimson – Fotolia.com

 Printed on acid-free paper 

 Springer is part of Springer Science+Business Media (www.springer.com)  

Translator
Paul Larsen 
85, Bld. Mal. Leclerc
85000 La Roche sur Yon
France

All photographs, if not speci fi cally marked, are taken by Rosemarie Klemm



   We dedicate this book with gratitude to our 
daughters Judith, Katharina and Friederike 
who always have showed consideration for 
our lives as researchers and who superbly 
mastered our frequent periods of absence. 



 



vii

  Preface 

   In the 1960s and 1970s, the Egyptian Geological Survey and Mining Authority 
(EGSMA   ) carried out a systematic survey of the gold deposits in the Egyptian 
Eastern Desert in collaboration with a team from the Soviet Technoexport    
Company. The work led to the compilation of detailed geologic maps and 
implementation of extensive geochemical analyses. 

 The project succeeded in identifying large numbers of partly economically 
viable gold mineralisations as well as unmistakable traces from ancient mining 
and prospecting activities. This unforeseen  fi nding revealed that former popula-
tions had over centuries mined and prospected the region’s gold ores while 
revealing almost if not just as ef fi cient techniques as the ones used today. 

 Unfortunately though, a documentation of the archaeological heritage had 
not been included to the project, and even after the premature end of the Soviet-
Egyptian cooperation, such issues continued to be completely ignored. In addi-
tion, reports on a number of already initiated subsidiary, geologic projects were 
not submitted. No convincing model for the genesis of the examined gold min-
eralisations was forwarded that might have contributed to the explanation of the 
most noteworthy consistencies regarding tectonics, lithology and formation pro-
cesses that are necessary for the development of adequate prospecting methods. 

 In a joint project with the University of Assiut   , Egypt, our attention was 
drawn to this aborted program. We consequently worked-out an interdisci-
plinary research method by which the following, yet remaining, issues needed 
to be addressed. These consisted of:

   Documenting and dating the hitherto virtually unknown archaeological • 
heritage of ancient gold production sites  
  Identifying and mapping former mining and prospecting sites and ascrib-• 
ing them to the chronologies of Ancient Egypt and Nubia     
  Investigating the geology of ore deposits of formerly exploited gold occur-• 
rences with the aim of developing a genetic model  
  Studying the development of prospecting methods through the course of • 
history       
 In order to do so, three  fi eld campaigns in the Egyptian Eastern Desert 

(1989, 1990 and 1992/93) were initiated in a close cooperation between the 
Institutes of Geology and Egyptology at the University of Munich (LMU). 
Field work had been programmed to take place between the 28th and 22nd 
parallel N. Both already known as well as unknown sites were recorded 
within this territory during our survey. Our work consisted of documenting 
the sites’ archaeological features at the surface as well as the geology of their 
respective surroundings which, whenever possible, was mapped. 
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 Because the distribution of the ancient gold production sites turned out to 
spread far beyond the southern borders of Egypt and well into the Nubian 
territories of NE Sudan, it was only reasonable to extend our  fi eld work to 
regions further to the S. 

 Subsequently, three  fi eld campaigns were carried out in 1996, 1997 and 1999, 
and were limited to a zone between the 22nd and 18th parallels N, in Sudan. 

 In all, we managed to record approximately 250 gold production sites in 
six campaigns. They were dated by means of diagnostic surface  fi nds and 
described with their respective geologic environments.     

 The term “gold production site” denotes not only sites exploiting primary 
gold deposits but also a large number of ones in which gold quartz ores previ-
ously collected from wadi sediments had been processed in the same way as 
the mined ores. Such areas were speci fi ed as “wadiworkings   ” as opposed to 
genuinely mined areas in which auriferous quartz veins had been extracted in 
either underground    (mines) or opencast    (trenches) processes. It turned out 
that at least from the New Kingdom onwards, and especially in the Early 
Arab Period, a large but ill-estimated portion of the produced gold had been 
retrieved from wadiworkings. 

 TM-satellite    images (Landsat) were our most effective cartographic means 
with regard to speci fi c issues pertaining to lithology. Aerial photographs, 
kindly provided by the Egyptian and Sudanese authorities, were also used. 
Later on, during evaluation work at home, for which there had unfortunately 
been too little time in the  fi eld, the higher resolution images of the Egyptian 
and Sudanese Eastern Deserts provided by Google-Earth proved of inesti-
mable value and were subsequently also drawn upon. 

 In addition to the fundamental work by W. F. Hume (1936   ), localisation of 
the mining sites had become possible above all through the internal reports by 
the EGSMA    (Egyptian Geological Survey and Mining Authority) and GRAS    
(Geological Research Authority of Sudan), essentially compiled as a result of 
the joint ventures with the mentioned Soviet exploration  fi rm Technoexport   . 
Internal reports by Robertson    Research Ltd. and its subsidiaries, Minex   -Egypt 
and Minex-Sudan, became accessible through archives in the UK and proved 
extremely helpful too, both during preparation work as well as in the  fi eld. 

 Evaluation of the gathered evidence in the  fi eld and of the photographic 
documents turned out to be very time-consuming. With the present, richly 
illustrated volume, we now hope to furnish an updated assessment as to the 
origin of the legendary Egyptian, Nubian, and no less remarkable Early Arab 
gold. The present study also intends to shed some light on the sheer scale of 
efforts and sacri fi ces the much admired gold from Ancient Egypt demanded 
from its manufacturers. 

 At this point, we would like to express our serious concern about the 
progressive destruction of many ancient mining traces almost everywhere–
especially in the Egyptian Eastern Desert–by modern prospection activities, 
mining operations, and all-terrain vehicles. We very much hope that this 
book will raise the awareness of this valuable heritage of earliest human 
industries.  

Munich Rosemarie Klemm
 Dietrich Klemm
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  1

 In the basement of the Eastern Deserts of 
Ancient Egypt and Nubian Sudan primary gold 
was usually mined in mineralised quartz veins 
and recovered from a previously ground ore 
meal through washing it out as a  fi nely visible 
 fl itter (Fig.  1.1 ).  

 Gold-quartz mineralisations are formed through 
excretion from 150 to 350 °C hot, hydrothermal 
solutions originally circulating in open faults or 
shear zone systems. The widths of the auriferous 
quartz veins    generally vary between few centime-
tres and 1.5 m. To extract them, a wide enough 

      Archaeological Chronology 
of Gold Mining in Ancient 
Egypt and Nubian Sudan                

  Fig. 1.1    Gold particle ( arrow ) contained in a quartz chunk from the El-Sid gold mine in Egypt       
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trench was excavated to hold a labourer in order to 
assure that headway was made. Mining of very 
narrow veins therefore required painstaking, extra 
work for the removal of considerable amounts of 
barren wallrock. 

 To determine the actual gold concentrations 
extracted within the deposits throughout the dif-
ferent periods, different important variables    need 
to be taken into account. First, gold contents may 
 fl uctuate considerably even within very small 
areas inside the same vein   . Therefore preference 
was accordingly given to rich-ore-zones    of which 
today, apart from occasionally occurring abut-
ments, nothing is left. Now and then, information 
from recent mining records can be helpful in this 
respect. Together with and modern analyses they 
may permit rough estimates of the original gold 
contents. Today it is thought that the overall aver-
age gold content in many mining districts had been 
close to 1 ounce (31.5 g) per mined ton of quartz 
ores, although much higher grades    can be assumed 
for certain ore-rich zones. The lower limit for gold 
extraction on the other hand, must have been near 
10 g/t, considering that many ancient, leached-out 
heaps of quartz and sand ore residues (tailings) 
still contain gold grades of up to 5 g/t. At the turn 
of last century many of these tailings were there-
fore re-exploited by means of modern, alkaline 
cyanidation    processes (Alford  1901 ; Schweinfurth 
 1903  ) , which unfortunately led to an extensive 
destruction of the ancient extraction sites. 

 In addition to the mined gold quartz veins vis-
ible at the surface, gold was also extracted from 
quartz ores contained in the weathered rubble of 
the wadi beds and systematically processed since 
the New Kingdom. 

 Because of the arid climate, so-called placers 
or nuggets    only played a secondary role in Egypt’s 
ancient gold mining history. However, at the lat-
est since the Early Arab Period, such placers had 
been dug-out usually in the form of very  fi ne gold 
grains from alluvial sands in the wadi beds. 
Whereas such placer    gold was separated from the 
sand by sifting and washing, auriferous quartz 
chunks extracted from the mines and recovered 
from the wadi beds needed  fi rst to be mechani-
cally crushed-down to a powder fraction before 
the therein contained microscopic gold particles 
could be washed out. 

 In both cases gold dust ready for further 
processing, such as smelting, re fi ning   , smithing 
etc., was obtained. The evidence indicates that 
these processes had actually been carried out in 
specialised workshops in the Nile Valley    appar-
ently rather than at the extraction sites them-
selves. Because this study is only concentrated 
on the gold deposits, further metallurgical    man-
ufacturing procedures will have to be discussed 
elsewhere. 

 The archaeological evidence used for dating    
the human occupation in the mine districts relies 
mostly on the recorded mining and processing 
tools and the therewith associated  fi ndings on the 
processing techniques, be it in underground 
mines ore open workings in the wadi beds. 
Moreover, the mines were associated with nearby 
settlements, where special attention was given to 
features in domestic architecture, such as layout 
and settlement location in relation to the ore 
sources. In addition to the processing tools at the 
settlements, pottery proved whenever available to 
be extremely helpful for such approaches. 

 Epigraphic evidence that may add historical 
dimensions to individual mining sites is compar-
atively rare, and apart from a few exceptions is 
restricted to few sites already discussed in pub-
lished reports    (Gundlach  1977a,   b  ) . 

 Natural wadi erosion but particularly the 
recent soar in off-road, guided tours    through the 
desert, have entailed that very sensitive features 
at the surface are becoming increasingly dif fi cult 
to detect. The sites have also suffered severely at 
locations of modern exploitation and prospecting 
work. We therefore admittedly sometimes  fi nd 
our proposed dates to rely on relatively scanty 
archaeological indications. Such occasionally 
occurring insecurities, are however in a more 
general scope compensated by the high number 
of over 230 visited mining sites. 

 During  fi eld work we differentiated between 
following periods:
    1.    Earliest Hunters Period (fourth mill. BC).  
    2.    Pre-and Early Dynastic Period (“two-hand-

hammer” period) (~3000–2700 BC).  
    3.    Old and Middle Kingdom (~2700–1800 BC).  
    4.    New Kingdom to the third Intermediate Period 

(~1550–1070 BC).  
    5.    Ptolemaic Period (~300–30 BC).  



31.1 “Earliest Hunters” Period

    6.    Kingdoms of Kush and Meroë in Nubia (~700 
BC–100 AD).  

    7.    Roman-Byzantine Period (~30 BC–641 AD).  
    8.    Early Arab Period (Egypt: ninth to eleventh 

century AD; Eastern Nubian Desert: ninth to 
mid-fourteenth century AD).  

    9.    Late nineteenth century – early 1960s.     
 In the following paragraphs a short discussion 

of the geo-archaeological speci fi cs of each of the 
 fi rst eight periods is presented. For understand-
able reasons the last period was excluded from 
this discussion. 

    1.1   “Earliest Hunters” Period    

 In the beginning, the earliest discoveries of gold 
nugget   s in the Eastern Desert of Egypt had prob-
ably been relatively sporadic and fortuitous. Such 
gold placers from the wadi beds are rare relics 
(secondary deposits) from the Pleistocene    that 
had formed in the drainage system around aurif-
erous quartz veins (primary deposits). Nuggets 
are typically much richer in gold than the gold 
from primary deposits. This is explained by the 
“forging” action provoked by mechanical trans-
port of wadi rubble in  fl owing water, which also 
engenders the exsolution of their natural silver    
contents that are present in all Egyptian gold 
deposits. 

 Published analyses carried out on Egyptian 
gold artefacts    (   Hume  1936 ;    Lucas and Harris 
 1962  )  have so far had relatively discouraging 
results as to the gold’s origin    in either primary or 
secondary deposits. Established gold-silver pro-
portions seem to vary unsystematically within 
samples from various periods. Nevertheless, the 
results also show that artefacts often have gold 
percentages ranging between 78 and 85 % Au, 
which thereby are generally higher than those 
within primary deposits. This  fi nding therefore 
seems to suggest the presence of placer    gold, 
although this has so far not been substantiated by 
independent evidence. 

 The fact that gold artefacts    generally remain 
comparatively seldom in the Pre-and Early 
Dynastic Periods is re fl ected by the fact that sys-
tematic gold mining still played a relatively minor 
role in the Eastern Desert of Egypt. This in fact, 

corroborates with the relatively low number of 
mines from this period recorded during our 
survey. Natural gold occurrences were probably 
not methodically sought for as opposed to later 
periods. It may rather have found its way into the 
Nile Valley as placer    gold sporadically bartered 
by desert nomads. Especially golden beads recov-
ered from Predynastic tombs had allegedly been 
smithed from nuggets    and not cast (Petrie  1901 ; 
Quibell  1898  ) . We may therefore hardly expect to 
 fi nd archaeological traces in the  fi eld from this 
type of gold “mining” in the Eastern Desert. 

 The high plain at Umm Eleiga   , however, in some 
respect forms an exception. Through the site’s 
unique deposit situation, it is conceivable that nug-
gets had been gathered here over lengthy periods, 
thus increasing the likelihood of archaeological 
traces in this area. Umm Eleiga is set in a plateau 
crossed by a  fi ne web of auriferous quartz veins that 
had been reshaped in the recent geologic past (prob-
ably during the Pleistocene) by an intense  fl uvial 
activity. This resulted to the formation of up to sev-
eral meters thick rubble layers in which substantial 
gold nuggets    could develop under such formerly 
humid, climatic conditions. The gravel deposits 
were then relocated more recently by desert ero-
sion, which lead to the exposure of the gold nug-
gets. Rock carvings    displaying  fi gurative and 
ornamental designs still witness the early presence 
of inhabitants in this desert plateau. Winkler  (  1938  )  
ascribes this Predynastic group to the so-called 
“Earliest Hunters” of the Amratian    culture and 
dates it to the middle of the fourth millennium BC. 
The up to 80 cm long, carved rocks show among 
others undulating, linear patterns that frequently 
end in spirals (Fig   .  1.2 ). They also speci fi cally 
depict wild animals, such as ostriches    and elephants    
in loosely arranged compositions. So far, no repre-
sentations of animal herds have been recorded 
(Klemm 1985). Between 80 and 100 decorated 
stones are still found in this approximately 50,000 m 2  
large area. Most of the rock art has probably gone 
lost, chie fl y through erosion. The high density of 
the rock art representations seems on any account to 
suggest a long period of occupation as well as to 
some extent an area quite wealthy in gold. 

 As in almost all other gold deposits in the 
Egyptian Eastern Desert, Umm Eleiga had also 
produced gold in later periods, notably the Early 
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Arab Period, during which  fl at gold quartz veins 
striking just below the surface had bee exploited 
in trench-like pits.   

    1.2   Early Dynastic Period    (“Two-
Hand-Hammer” Period) 

 According to our observations, virtually all the 
earliest gold mines are set within similar geologic 
environments. They occur mainly in marginal 
areas rich in quartz-veins along highly weathered 
Proterozoic granodiorite intrusions, or in marginal 
areas of granodiorite, Neoproterozoic    granites. 
Originally, these quartz vein systems had been 
enriched with primary copper sulphide mineralisa-
tions (mainly chalcopyrite and chalcocite next to 
galena, sphalerite and pyrite), which due to surface 
alteration processes had leached out and deposited 
in the form of typical, green malachite    linings and 
other secondary copper minerals along the cleft 
structures of the surrounding wallrock. These are 
easily recognisable at the surface by green stains 
along the wallrock of the quartz vein systems. 

 In the area of study the primary, heavy metal sul-
phides of the quartz mineralisations are often asso-

ciated with some gold. After decomposition and 
dissolution of the former, the latter remained inside 
the quartz in the form of  fi ne  fl akes (often together 
with iron oxides). Therefore the green stains most 
certainly had functioned as dependable markers    for 
ancient gold prospectors (Tawab et al. 1991). 

 However, it cannot be excluded that such deli-
cate, green malachite linings    at the wallrock clefts 
had originally been mined for their copper contents 
only, and that the link between the quartz veins and 
the gold was made at some later stage. This, on any 
account, led to the development of mining and pro-
cessing methods speci fi c to gold ores fundamen-
tally different to the high-temperature smelting 
techniques used in the copper industry. 

 The studies conducted by the IFAO    also involved 
excavations in settlements and mining areas in 
Wadi Dara    and Gebel Mongul   -South, in the N of 
the Eastern Desert (Tawab et al.  1990  ) . One of the 
 fi ndings was consistent with our observation that 
the oldest mining and settling activities in this area 
go back to the Predynastic Period. The excavators 
also believe that exclusively copper ores had been 
mined    in the beginning here and that gold process-
ing had only started at a much later period (Early 
Arab Period, ninth century). The investigations at 

  Fig. 1.2    Stone decorated with wave-line and spiral motifs (signed by whiting) in the Eleiga gold mining district, Egypt. 
Pre-to Early dynastic Period       
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Wadi Dara also produced evidence for early copper 
metallurgy    through the discovery of ancient fur-
naces    (Castel et al.  1992,   1995  ) . 

 Another characteristic feature of this period next 
to the malachite markers    consists primarily of the 
use of unusually large and respectively heavy, 
calabash-shaped, stone hammers    that because of 
their size (length up to 40 cm) and weight (up to 
8 kg) could only be manipulated with both hands 
(“Beidhandschlägel” in German; Fig.  1.3 ). Their 
pounding surface is clearly rounded, and a slight 
depression at the far end was possibly meant to 
assure a better grip. It was interesting to note that 
several such mallets had been discarded just outside 
the mines, all with sharply edged chip marks at the 
blow surfaces. This had probably made them obso-
lete as none displays use wear at the chip marks.  

 The mines themselves, particularly in the case 
of perpendicularly plunging quartz veins, usually 
consist of relatively narrow shafts with noticeably 
smooth    wall surfaces. This in fact, sheds some light 
on the actual extraction methods used in the early 
gold mines, in which the two-hand-mallets 
(“Beidhandschlägel”) were used for making prog-
ress through the mine by directly crushing the 

quartz vein ores to a meal in situ. Weisgerber  (  1989  )  
calls this the grinding ore extraction (“Zermalmende 
Erzgewinnung”) which led to the smooth surfaces 
along the wallrock of the removed vein. The so 
obtained silica powder was subsequently collected 
and taken outside the mine for the following sepa-
ration processes. For the lack of evidence it has yet 
to be established how and whether such processes 
were actually carried out at mine site itself. 

 The heavy, two-hand-mallets are occasionally 
associated with disc-shaped mallets that consist 
of round stone discs measuring between 15 and 
25 cm in diameter. They are usually between 4 
and 8 cm thick and have round, blunt edges used 
as pounding surfaces. 

 A common criterion for the oldest mines are 
usually single, narrow trench pits    that rarely 
exceed depths of 5 m and lengths of 10 m. In 
mountainous terrain they are well discernible as 
elongated incisions in the surface. The mines 
provided just enough space    for one to two labour-
ers to work simultaneously at the far ends of the 
mine and approximately one labourer per meter 
in the central parts of the trench. The yield must 
therefore have been relatively low. 

  Fig. 1.3    Heavy duty two-hand hammers used for crushing quartz ores during extraction. Higalig mine, Egypt       
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 Typically, no settlement traces are found in the 
neighbourhoods of these mines. In addition, their 
geographic distribution is very thin with consider-
able distances between the mines, revealing no 
particular direction of prospecting. This rather 
compelling  fi nding may suggest that the mines    
had been exploited by nomadic groups, and that 
only the striking, green malachite stains had led to 
their discovery. The absence of nearby stone huts 
would support the idea of transportable shelters 
made from organic material, though it is question-
able whether this may ever be demonstrated.  

    1.3   Old and Middle Kingdoms    

 We recorded green malachite linings    along the 
wallrock at all mines we were able to date to the 
Old and Middle Kingdom. They must therefore 
also have been the chief prospecting indicator for 
gold mineralisations in this period. 

 In general, the method of crushing the gold-
ielding quartz at the extraction site itself was 
upheld during the Old Kingdom, although by 
now two new tools had been introduced. One is 

an oval mallet with grooves, weighing between 2 
and 5 kg. Its carved groove served its  fi xing onto 
a bifurcated shaft. The other is an elongated  fi st 
hammer    with a slightly ergonomical handle. 
Since their initial function had consisted of a 
crushing action, the ef fi cient use of both tools 
had relied on their smooth and round impact sur-
faces. Therefore, many had been discarded imme-
diately outside the mines after receiving  fl aws 
through unintentional chipping. On the other 
hand, the strike surfaces on many small  fi st ham-
mers reveal that the miners by now had also 
begun to separate genuine ore chunks from the 
veins (Fig.  1.4 ). During the Middle Kingdom, the 
ores began to be processed    outside the mine, 
which involved stone mortars   . They too, are 
found near the mines and always occur together 
with the pointed hammers. The fact, though, that 
their number remains relatively low, seems to 
suggest that only little had changed in the current 
mining methods. One may also speculate whether 
over the time, many mortars had been gathered-
up because of their versatility. In fact, similar 
objects are still being used today by the Bedouins   . 
The stone mortars have a standardised appearance    

  Fig. 1.4    Fist hammers (on the right) with originally pointed impact surfaces for chipping off ore fragments. Old 
Kingdom, Abu Mureiwat, Egypt       
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and measure up to 35 cm in diameter. In their 
center is a hemispherical depression in which 
quartz gravel was crushed with an appropriate 
stone globe used as a pestle.  

 It is noteworthy that the Old and Middle 
Kingdom gold mines are grouped along the west-
ern mountain  fl anks of Egypt’s Eastern Desert, 
with somewhat higher concentrations in the N. 
They are also located near the traditional pas-
sageways through the mountains to some extent 
re fl ecting a more systematic approach to gold 
prospecting in general with possibly master-
planned expeditions starting-off from the Nile 
Valley. Indications to such expeditions are known 
from epigraphic evidence referring to of fi cials’ 
titles like the text quoting a “leader of the pros-
pecting team” (Yoyotte  1975  ) . 

 From this time onwards, domestic architecture    
within the mines’ vicinities is also increasingly 
observable. As a rule, the dwellings are built in dry 
stone walls, whose construction material had been 
collected in the immediate neighbourhood. Their 

original heights seem to have been quite low. 
Virtually nothing is known about their roof covers. 

 The state    in which the buildings are preserved 
is much dependent on the building material itself. 
Houses built from rounded, granite boulders have 
generally suffered more from weathering and are 
usually in a worse state than those built from  fl at 
schist slabs, or just rocks that are generally more 
resistant to weathering. On any account, architec-
tural features are susceptible to alter very little 
over the millennia and on their own give only an 
approximated idea as to the dates of the sites. In 
this respect small  fi nds are much more useful. 

 The  fi ndings seem to show that during the Old 
and Middle Kingdom the miners continued to be 
mostly constituted of desert inhabitants. One 
indication for this was the exclusive use of 
groove- and  fi st hammers with which the quartz 
rock was crushed directly inside the mines. By 
the Middle Kingdom though, there had been a 
noticeable transition to mortars for producing the 
ore meal required for further processing (Fig.  1.5 ). 

  Fig. 1.5    Mortar from red granite and pounder used for crushing quartz ores. Middle Kingdom, Daghbag, Egypt       
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Grinding techniques involving the mill, however, 
had already been applied in the Nile Valley for 
 fl our production    since the Old Kingdom.  

 The lack of processing equipment and tailing 
sites    in the mine- and settlement areas furthermore 
suggests that the processing tasks had been exe-
cuted near water    sources known to the local tribes-
men, but which are extremely problematic to  fi nd 
today. Tailings    were liable to form around the 
larger water holes already in this early period. 
Their traces, however, have often been erased by 
activities in later periods. Tailings can for example 
be observed at Barramiya    and other gold mining 
districts, where wells have survived together with 
the remains from these early days of gold mining. 

 In assuming a primarily Bedouin tradition for 
the gold mining industry in the Eastern Desert of 
Egypt, the following reconstruction of the gold 
washing process may apply: The gold-yielding 
quartz slurry was  fi rst poured over an animal hide    
(sheep) on which the heavier gold dust got caught 
in the lower layers of the fur. In order to retrieve 
the gold dust, the fur was then set on  fi re, after 
which the melted gold was separated from the 
remaining ashes. The myth of the Golden Fleece    
 fi nds in our view its origin in this process. In this 
respect, Aufrère  (  1990  )  took up an older interpre-
tation for the hieroglyph for gold   , which according 
to him may originally have depicted not a (golden) 
pectoral, as so far assumed, but in fact a device for 
gold processing. He thereby refers to a frame with 
a textile covering, in which the alleged beads 
hanging from a collar are interpreted as dripping 
water (Fig.  1.6 ).  

 As already mentioned, the Old and Middle 
Kingdom sites only reveal little surface pot-
tery, in most cases fragments from so-called, 

red-burnished Medium    bowls, which are also 
known from contemporary contexts at Wadi 
Dara    (Tawab et al.  1990  ) .  

    1.4   New Kingdom    (Eighteenth 
to Twentieth Dynasty) 

 The upper time limit of the New Kingdom to the 
beginning of the Third Intermediate Period at 
around 1080 BC does not result from a conjec-
tured lack of archaeological  fi eld data. From an 
archaeological perspective, there are no signi fi cant 
differences to the time of the preceding dynasties 
in the mining districts. The boundary is rather 
linked to history and to the political and particu-
larly economic decline after the twentieth dynasty, 
which unquestionably affected the organisation 
of the gold mining industry (Helck  1975  ) . 

 With the conquest of Nubia    under the eigh-
teenth dynasty, gold mining had been able to 
expand on a large scale into the southern territo-
ries. In Sudan, gold mining sites predating the 
New Kingdom are scarce and tend to concentrate 
around deposits closer to the Nile. The prospect-
ing criteria had nevertheless been the same here 
as in the Egyptian motherland. 

 When speaking of New Kingdom time in Sudan 
it is noteworthy to emphasize that it means only the 
time span as documented for Egypt, which of course 
contains in Nubia different indigenous periods as 
shown in the Chronology of Nubia (see p. 611). 

 It was only with the exhaustion of the early min-
ing districts associated to the copper mining indus-
try at end of the Middle Kingdom that new 
prospecting methods had to be developed. The 
response to that need had resulted to a scenario of 
systematically targeted prospecting expeditions into 
the mountains with the intention to carry out experi-
mental processing of selected quartz samples. 

 This apparently led to the identi fi cation of a new 
auriferous ore soon after. It consisted of a muted, 
grey vein quartz variety interfused with ore dust 
that thereby was added to the prospecting markers   . 

 Consequently, the geologic environments in 
which auriferous quartz vein systems were 
exploited, multiplied considerably in the New 
Kingdom. By now the granodiorite complexes or 
the granodiorite margins of granite intrusions were 

  Fig. 1.6    Hieroglyph for gold with the phonetic value 
“nub”, representing a pectoral or else a frame used for gold 
washing       
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seemingly no longer the exclusive gold mineral tar-
gets of the prospectors   , but furthermore ma fi c and 
ultrama fi c (basaltic to serpentinite) rock sequences. 

 From this time onwards, districts dominated by 
clastic sedimentary units such as greywackes, silt-
stones, and conglomerates (mainly the so-called 
Hammamat series) were systematically included 
to the exploration work. Such rock sequences, 
however, are often only available in heavily altered, 
geologic surroundings exposed to metamorphism. 
Even in such terrain the prospectors    had managed 
to identify the ores correctly. The fact that even 
modern geologic maps often fail to pinpoint such 
 fi ne differentiations can only increase our esteem 
for the ancient prospectors’ meanwhile recon-
structible knowledge of geology. 

 With the introduction of the grinding mill       to 
the mining industry in the New Kingdom, ore 
processing and prospecting methods improved 
signi fi cantly. Even without the green copper car-
bonate (malachite) stains it had now become 
much simpler to check the quartz veins for their 
gold contents, as sampling and preparation tech-
niques had become more ef fi cient. Prospecting 

was also extended to systematic inspection work 
on eroded ore material from the wadi sediments. 

 Tool marks in the mines reveal that at the 
beginning of New Kingdom ores were already 
extracted with metal chisels   . The number of dis-
carded stone mallets just outside the mines 
decreases to virtually nil. Outside the mine, the 
auriferous quartz chunks were pounded down to 
small, pea-sized fragments on  fl at stones serving 
as anvils   . The gravel was then ground in special 
mills to the necessary grain size that permitted the 
release of the gold. This mill type had been used 
in the Nile Valley to produce cereal  fl our since the 
Predynastic Period (Roubet 1989) without beeing 
employed in the mining industry before the New 
Kingdom. Thus, it is conceivable that by that time 
gold mining had chie fl y come under the direct 
control    of the Egyptian heartland. 

 The grinding mill    consists of a  fl at slab measur-
ing about 30 × 60 cm, preferably of a hard rock, 
and a mobile grinding or runner stone (Fig.  1.7 ). 
The previously crushed ore was then ground down 
to a grain from which the gold spangles were 
separated in subsequent leaching processes.  

  Fig. 1.7    Flat grinding mill and  fi st grinder from the New Kingdom for producing quartz powder. Marahig, Wadi Allaqi       
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 Through use wear, the grinding stone and the 
 fl at slab end up by  fi tting perfectly together, and 
with continuing use wear a depression forms in 
the centre of the slab. As the depression deepens 
gradually down beyond a certain point, the 
ef fi ciency of the grinding process considerably 
decreases. Instead of being discarded, the slabs 
were frequently reclaimed and reused as mortars 
in which ore lumps could be pounded. 

 Similar ore grinding techniques are still being 
used today in Tanzania    (Fig.  1.8 ).  

 The stone anvil    used for the  fi rst crushing pro-
cess, by which the ore chunks were reduced to 
pea-size, consists of a stone block of a highly 
resistant rock   , mostly andesite, dolerite, greywacke, 
or the like. Its surface is usually more or less 
square and measures between 30 and 50 cm, its 
thickness between 20 and 30 cm. Often, the sur-
face displays a depression up to 5 cm deep as a 
result from the pounding action with a conical 
rock hammer (Fig.  1.9 ).  

 This new method subsequently led to a 
signi fi cant development in gold mining tech-
niques in general. The rubble eroded down from 
the mountains into the wadis had been for the 

most received comparatively little transport, due 
to low hydrological activity. It therefore consists 
of relatively coarse blocks that also comprise 
weathering-resistant fragments from former 
quartz veins. With little experience, difference by 
selective testing could soon be made between 
auriferous and barren quartz varieties    in the allu-
vium that were speci fi c to each mining district. 
Quarrying the wadi alluvium for gold involved 
the extra advantage of the possibility to deploy 
workforces    of virtually any size chosen. 

 Along the wadis where auriferous quartz rocks 
were being gathered and processed on vast scales, 
extensive settlement    alignments began to form 
that still today often exhibit innumerable process-
ing mills. According to our own estimates, the 
capacities of such sites could hold up to several 
hundred inhabitants working simultaneously in 
the wadi. This led to the production of enormous 
quantities of ores. In deep mines    by contrast, the 
low capacities determined by the narrow shafts 
generally restricted the number of simultaneously 
working labourers to a range between two and  fi ve 
individuals at the utmost and accordingly the num-
ber of workers involved in the ore processing. 

  Fig. 1.8    Milling    gold-bearing quartz chunks in similar technique to that used during the New Kingdom in Egypt. 
Tanzania, 1991 (Photo credit: G. Borg)       
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 The auriferous quartz rocks are usually 
identi fi ed by a typically grey-brown colour of a 
muted-looking appearance, which in fact origi-
nates from  fi ne ore inclusions and tiny gold 
sequins (Fig.  1.1 ). These rocks were then selected 
for further processing, whereas the barren, 
milky-white quartzes were stacked in small 
heaps to avoid work repetition. Such heaps    are 
occasionally discerned in the wadis under low 
sunlight. 

 Associated to the quarries hereafter referred to 
as wadiworkings are heaps of leached quartz sand 
and even quartz dust that had accumulated around 
wells. Such tailings are often still preserved in the 
terrain (Fig.  1.10 ).  

 Next to the large surface wadiworkings the 
deep mines    continued to be exploited. Many old 
mines still in operation received general enlarge-
ments. New mines were opened, too. However, 
copper oxide linings were no longer a stringent 
criterion for the prospectors   . From now on as it 
seems, systematical testing of the quartz veins as 

to their gold contents became an integral part of 
the prospecting work. 

 In the New Kingdom, Egyptian gold mining    
spread to Wadi Allaqi in Lower Nubia. In Wadi 
Allaqi and its tributary valleys focus was set on 
wadiworkings, whereas deep mining received 
only little attention. This is connected to the con-
text by which the markedly higher erosion activ-
ity in the mountains of lower Nubia led to 
substantially greater deposits of auriferous 
quartz vein fragments and even free gold dust in 
the alluvium. In the wider surroundings of a pri-
mary deposit one regularly comes across wadis 
with evident traces from wadiworkings, appar-
ently resulting to signi fi cantly higher gold-yields 
than possible in primary deposits. With the deci-
sive assimilation of Nubia into the Egyptian 
Empire at the beginning of the New Kingdom, 
this type of gold mining led to a massive increase 
of    available gold, a situation highlighted by the 
amounts stated in the tribute lists in the Egyptian 
temples.  

  Fig. 1.9    Anvil slab and pestle for reducing ore chunks. Neguib, Wadi Allaqi       
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    1.5   Ptolemaic Period (~300–30 BC)    

 To judge by the scale at which the mines run as 
well as by the settlement sizes, the gold mining 
industry in the Ptolemaic Period is also assumed 
to have had a relatively high output. By this time 
though, it had retracted mainly to the southern 
regions of the Central Eastern Desert. In Wadi 
Allaqi and Nubia by contrast, there are no traces 
from Ptolemaic gold mining found by us. 

 This is in contradiction to Castiglioni and 
Vercoutter  (  1998  ) , who regard the site of Derahib 
as the Ptolemaic Berenice Panchrysios, which is 
actually an Early Arab settlement with two tower 
like forti fi ed buildings. 

 New technologies continued to make their 
way into the mining sector of Egypt’s Eastern 
Desert. Shafts were driven considerably deeper    
into the mountains. Especially in gently dipping 
vein systems, mines could from now on be vaulted 
and reinforced by abutments   . The thereby 
signi fi cantly enhanced security inside the mines 
allowed for a deeper penetration into the rock. 
The depth    limits, however, were also determined 
by the ventilation    capacities inside the mines. 

Due to the high variability of a mine’s internal 
architecture, aspects pertaining to ventilation also 
differed decisively. Generally, it is thought that 
the depths rarely exceeded 25–30 m. 

 Furthermore, a new method in ore processing 
was introduced. On a concave   , 70–80 cm long and 
30–40 cm wide millstone crushed gold quartz 
gravel was ground with an apron-shaped runner 
stone   , weighing between 8 and 12 kg, while manip-
ulated with both hands back and forth over the 
entire grinding surface of the millstone (Fig.  1.11 ). 
This milling method increased the ef fi ciency of the 
grinding process considerably in comparison to 
that of the earlier method. In spite of the heavy 
weight of the runner stone, the grinding process 
was less strenuous, as the arc of the grinding sur-
face permitted an ergonomic swinging motion 
based on the inertial mass of the runner stone. This 
method produced an even  fi ner quartz grain, through 
which a higher rate of gold dust was released.  

 This mill type    presumably represents a 
Ptolemaic import from the Aegean    World. In the 
Minoan cities of Gournia    and Phaistos    on Crete, 
we were able to see such mills, although from con-
texts connected with  fl our production    (Fig.  1.12 ).  

  Fig. 1.10    Tailing consisting of processed sand residues. El-Sid mining district, Egypt       
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  Fig. 1.11    Concave Ptolemaic grinding mill with apron shaped runner stone. Hangaliya, Egypt       

  Fig. 1.12    Concave cereal mill from the Minoan city of Gournia, Crete       
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 Another technology transfer from the Aegean 
World to the Ptolemaic mines in Egypt consists 
of a large, circular device    used in the washing 
processes. With a diameter    measuring between 6 
and 10 m, it composes of trapezoidal, 80–120 cm 
long stone segments, in whose centre a groove 
channels the  fl ow of ore meal slurries. The therein 
contained heavy mineral particles then deposit in 
small, perpendicular grooves in the bottom of the 
main groove. Next to the channel, the stone seg-
ments also display aligned depressions to gather 
the heavy mineral concentrates. Two such instal-
lations    were found in the Ptolemaic quarters of 
Daghbagh   . Two individual segments were 
recorded at Barramiya, and Bokari and probably 
an entire installation is preserved at Samut. 

 Similar installations at the ancient silver mines 
at Laurion    date to the  fi fth and fourth centuries 
BC (Conophagos  1988  )  (Fig.  1.13 ).  

 The Ptolemaic Period miners generally contin-
ued the operations at the old mines, dwelled in the 
previously existing settlements, and used the old 
water    wells. However, they extended    the shafts 
and trenches considerably, whereby accumulated 
rock was moved as back fi ll to secure the mines. In 
the extended and above all, deeper shafts it had 
become possible to occupy more miners simulta-
neously. Metal chisels    and mallets were used, as 
evidenced by the tool marks, which in analogy to 
the stone quarries    of this period display more 
elongated shapes compared to those from the 
New Kingdom (Klemm and Klemm  2008a  ) . 

  Fig. 1.13    Circular device for separating heavy metals, fourth century AD. Laurion, Attica       
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 It may be conjectured that wadiworkings con-
tinued to function in this period, although this has 
not been con fi rmed by datable  fi nds, like the 
Ptolemaic mill, in associated, earlier settlements 
along the wadis. By contrast, Ptolemaic process-
ing tools tend to accumulate at the tailing sites, 
suggesting a fundamentally modi fi ed manner by 
which the ore processing was managed. The 
 fi ndings in fact suggest that processing had taken 
place at a central location, usually the well and no 
longer on an individual level around the houses. 

 Ore processing therefore no longer occurred 
in the yet occupied pharaonic settlements, but 
rather in specially arranged courtyards, near large 
tailing sites. 

 Pottery is suf fi ciently attested to from this 
period. Most of it consists of fragments from 
amphorae    (handles and conical bases), cooking 
and domestic wares.  

    1.6   Kingdoms of Kush and Meroë 
in Nubia    (~700 BC – ~100 AD) 

 In the gold mining regions of Nubia, between 
Nubt in the S, Wadi Allaqi in the N, and the Nile 
Valley a great many sites display New Kingdom 
type stone mills. However, they usually display 
evident traces from later reclaiming, usually 
consisting of a central depression in a formerly 
 fl at and oval grinding surface. 

 The spatial distribution of the mills is never-
theless undeniably limited to the New Kingdom 
sites of Nubia and especially the ones near the 
Nile Valley. Only approximate dates can be pro-
posed for various reasons. By the secondary 
depressions in the originally  fl at grinding sur-
faces, the functional reclaim of the mills may all 
the same be clearly labeled as “post”-New 
Kingdom. Since the Ptolemaic concave mill    is 
found neither in Wadi Allaqi nor at any other 
gold mining site in Nubia, its southern distribu-
tion is still ill-de fi ned. 

 Through the introduction of the rotary quern 
(round mill   ) to Egypt by the Romans and 
through the close contact between Rome and the 

Meroë Kingdom, one may on the other hand 
expect that this by far more effective tool would 
have found its way into the Nubian gold mining 
sector, provided the latter still existed on a note-
worthy scale. This has so far, however, not been 
con fi rmed by  fi rm archaeological evidence. 

 The massive diffusion of the quern to Nubian 
gold mining sites  fi rst occurred with the Early 
Arab Period, between roughly the ninth and mid-
fourteenth century AD. Its use, however, remained 
restricted mainly to the Eastern Desert with a 
documented western limit at Umm Nabardi, 
which is about 200 km to the E of the Nile. 

 Assuming that gold mining in the remote desert 
areas was linked to a strong central power, its 
resumption in Nubia in the era after the New 
Kingdom would not predate the twenty- fi fth Kushite 
dynasty that had accessed the throne around 700 BC. 
A lower time limit would accordingly be concomi-
tant with the rising in fl uence from nomadic warriors 
of the Blemmyes    tribe, who around 230 BC began to 
obstruct with increasing success the Meroë mining 
industry in the Nubian Eastern Desert. 

 Sofar, however, not much is known about gold 
mining under the kingdoms of Kush and Meroë in 
the Nile Valley and especially the Eastern Nubian 
Desert. Only detailed archaeological investiga-
tions may contribute to the reduction of the wide 
array of unanswered questions on this subject.  

    1.7   Roman-Byzantine    and Early 
Arab Periods 

 During the Roman Period gold mining in Egypt 
descended into a phase of decline   . In the 
Nubian Eastern Desert it partly even came to a 
standstill. 

 In the Egyptian Eastern Desert, it was restricted 
to some known productive districts near the desert 
routes and water    supply stations    (Hydreuma) that 
had already been established during the Ptolemaic 
Period and were now being developed under the 
Romans (Murray  1925 ; Sidebotham  1991,   2008  ) . 

 The main mining activities during the Roman 
Period between the  fi rst and fourth centuries AD 
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concentrated in the Eastern Desert visibly on the 
well-evidenced stone quarries    at Mons Claudius, 
Mons Porphyrites, Wadi Semna, Barud, and vari-
ous smaller sites (Gnoli  1989 ;    Harrell et al.  2002 ; 
Sidebotham et al. 2008). Even along the routes to 
the stone quarries though, gold extraction was dis-
continued at several, already existing mines. This 
for instance was the case at Fatira (Abu Zawal), a 
station on the route to Mons Claudius built on top 
of a Ptolemaic tailing site laid out around a well, 
near gold mines. No traces from gold mining in 
the Roman period were found here. 

 It was in this period that processing technol-
ogy nevertheless underwent a  fi nal but funda-
mental improvement through the introduction of 
the rotary quern, which continued to remain 
widely in use for the coming centuries until the 
Early Arabic Period in both Egypt and Nubia. 
The earliest evidence    from rotary mills in gold 
mines appears in the sixth century BC, in Gaulish 
Limousin, from where it spread throughout the 
Roman Empire (Cauuét  1991  ) . 

 The rotary, or round mill    consists of a  fl at, sta-
tionary stone with a diameter between 40 and 
60 cm, and an upper, rotary disc with a central  fi ll 
hole and a lateral perforation for the handle 
(Fig.  1.14 ). The rotor disc    is slightly smaller than 
the stationary base-stone. With progression of 
wear from grinding the hard quartz ores the con-
tact surface between the two superimposed stones 
gradually becomes perfectly even, thus produc-
ing an extremely  fi ne powder from which the 
gold content is eventually extracted.  

 Compared to the traditional processing meth-
ods the increased effectiveness of the rotary 
motion    resulted in conjunction with the  fi ner 
quartz powder fraction to signi fi cantly higher 
proportions of released gold. 

 This mill type continued to be used through-
out the Early Arab Period, and today is still occa-
sionally seen in rural communities in the Nile 
Valley and the Eastern Desert for grinding cere-
als. Beyond the Egyptian borders it was widely 
used for grinding both cereals and ores in the 

  Fig. 1.14    Bottom and top halves of a rotary mill (from two different mills). Early Arab Period mining district at Sagia, 
Egypt       
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entire Roman Empire and the British Isles until 
the Medieval Period (Fig.  1.15 ) (Childe  1943  ) .  

 The Early Arab    mines often date back to older 
complexes from the Ptolemaic and New Kingdom 
Periods. New mines though, were also opened. 
They concentrate in the southern sectors of the 
Eastern Desert and as in the Ptolemaic Period, tend 
to group along the coastal strip of the Red Sea. 

 The mines were enlarged and lowered down to 
greater depths. Ventilation limits for breathing 
and lighting were driven down to depths approach-
ing 35 m. Existing mine shafts were therefore 
straightened-out and new ones were excavated as 
straight as possible, often in man-sized tunnels. 

 Whereas in earlier periods, ore lumps had 
been crushed by aid of relatively large anvil    and 

grinding stones and even on the surfaces of run-
ner stones, in the Ptolemaic Period more special-
ised, but much smaller stones were used for that 
purpose. They resemble small, rectangular ash-
lars with rounded corners whose measurements 
vary between 15 and 20 cm by 10 and 15 cm. 
They are mostly from dolerite with which the ore 
was crushed on stone slabs. Because of their size 
and weight, these hammer stones had to be 
manipulated with both hands. Many display 
wear-related depressions on two and sometimes 
(Fig.  1.16 ) several faces.  

 Furthermore, so-called inclined washing 
tables    made from stone, often in a good state of 
preservation, were used in this period as sluices 
to separate the gold contained inside silica ore 

  Fig. 1.15    Model of a domestic round mill in the Museo Municipal of Lagos, Portugal       

 


