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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 finding revealed that former popula-
tions had over centuries mined and prospected the region’s gold ores while
revealing almost if not just as efficient 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

e Studying the development of prospecting methods through the course of
history

In order to do so, three field 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 field work to
regions further to the S.

Subsequently, three field 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 finds 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 specified 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 specific 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 field, 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 firm 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 field.

Evaluation of the gathered evidence in the field 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 sacrifices 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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Archaeological Chronology
of Gold Mining in Ancient
Egypt and Nubian Sudan

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 finely visible
flitter (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

Fig. 1.1 Gold particle (arrow) contained in a quartz chunk from the EI-Sid gold mine in Egypt

R. Klemm, D. Klemm, Gold and Gold Mining in Ancient Egypt and Nubia, Natural Science in Archaeology, 1
DOI 10.1007/978-3-642-22508-6_1, © Springer-Verlag Berlin Heidelberg 2013
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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
fluctuate 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 fine 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 first to be mechani-
cally crushed-down to a powder fraction before
the therein contained microscopic gold particles
could be washed out.

Archaeological Chronology of Gold Mining in Ancient Egypt and Nubian Sudan

In both cases gold dust ready for further
processing, such as smelting, refining, 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 findings 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 difficult
to detect. The sites have also suffered severely at
locations of modern exploitation and prospecting
work. We therefore admittedly sometimes find
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 field 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).

Old and Middle Kingdom (~2700-1800 BC).

4. New Kingdom to the third Intermediate Period
(~1550-1070 BC).

5. Ptolemaic Period (~300-30 BC).

et
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6. Kingdoms of Kush and Mero¢ 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 specifics of each of the
first 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
nuggets 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 flowing 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 finding 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 reflected 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
find archaeological traces in the field 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 fine web of auriferous quartz veins that
had been reshaped in the recent geologic past (prob-
ably during the Pleistocene) by an intense fluvial
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 figurative 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 specifically
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?
large area. Most of the rock art has probably gone
lost, chiefly 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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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

Arab Period, during which flat 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 fine flakes (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 specific 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
findings 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
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Fig. 1.3 Heavy duty two-hand hammers used for crushing quartz ores during extraction. Higalig mine, Egypt

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
(“Beidhandschlédgel” 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
(“Beidhandschlédgel”) 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.
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Fig. 1.4 Fist hammers (on the right) with originally pointed impact surfaces for chipping off ore fragments. Old
Kingdom, Abu Mureiwat, Egypt

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 finding 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 fixing onto
a bifurcated shaft. The other is an elongated fist
hammer with a slightly ergonomical handle.
Since their initial function had consisted of a
crushing action, the efficient 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 flaws
through unintentional chipping. On the other
hand, the strike surfaces on many small fist 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
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Fig. 1.5 Mortar from red granite and pounder used for crushing quartz ores. Middle Kingdom, Daghbag, Egypt

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 flanks 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
reflecting 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 officials’
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 flat
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 finds are much more useful.
The findings 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 fist 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).
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Fig. 1.6 Hieroglyph for gold with the phonetic value
“nub”, representing a pectoral or else a frame used for gold
washing

Grinding techniques involving the mill, however,
had already been applied in the Nile Valley for
flour 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 find
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 first 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 fire, after
which the melted gold was separated from the
remaining ashes. The myth of the Golden Fleece
finds in our view its origin in this process. In this
respect, Aufrere (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,
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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 field data. From an
archaeological perspective, there are no significant
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 identification 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
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Fig. 1.7 Flat grinding mill and fist grinder from the New Kingdom for producing quartz powder. Marahig, Wadi Allaqi

seemingly no longer the exclusive gold mineral tar-
gets of the prospectors, but furthermore mafic and
ultramafic (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
fine 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
significantly. 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 efficient. 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 flat 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 flour 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 chiefly come under the direct
control of the Egyptian heartland.

The grinding mill consists of a flat slab measur-
ing about 30 x 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.
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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)

Through use wear, the grinding stone and the
flat slab end up by fitting 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
efficiency 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 first crushing pro-
cess, by which the ore chunks were reduced to
pea-size, consists of a stone block of a highly
resistantrock, 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
significant 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 specific 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 five
individuals at the utmost and accordingly the num-
ber of workers involved in the ore processing.
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Fig. 1.9 Anvil slab and pestle for reducing ore chunks. Neguib, Wadi Allaqi

The auriferous quartz rocks are usually
identified by a typically grey-brown colour of a
muted-looking appearance, which in fact origi-
nates from fine 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 significantly 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.
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Fig. 1.10 Tailing consisting of processed sand residues. El-Sid mining district, Egypt

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
Allaqgi 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 fortified 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
significantly 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
3040 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 efficiency 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 finer 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 flour production (Fig. 1.12).
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Fig. 1.12 Concave cereal mill from the Minoan city of Gournia, Crete



14 1

Archaeological Chronology of Gold Mining in Ancient Egypt and Nubian Sudan

TONRSL F s

Fig. 1.13 Circular device for separating heavy metals, fourth century AD. Laurion, Attica

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 flow 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 fifth 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 backfill 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).
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It may be conjectured that wadiworkings con-
tinued to function in this period, although this has
not been confirmed by datable finds, 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 modified manner by
which the ore processing was managed. The
findings 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 sufficiently 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 Meroé

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
flat 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 flat 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 Allagi nor at any other
gold mining site in Nubia, its southern distribu-
tion is still ill-defined.

Through the introduction of the rotary quern
(round mill) to Egypt by the Romans and
through the close contact between Rome and the
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Meroé¢ 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
confirmed by firm archaeological evidence.

The massive diffusion of the quern to Nubian
gold mining sites first 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-fifth Kushite
dynasty that had accessed the throne around 700 BC.
A lower time limit would accordingly be concomi-
tant with the rising influence from nomadic warriors
of the Blemmyes tribe, who around 230 BC began to
obstruct with increasing success the Meroé¢ mining
industry in the Nubian Eastern Desert.

Sofar, however, not much is known about gold
mining under the kingdoms of Kush and Mero¢ 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 first and fourth centuries AD
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Fig. 1.14 Bottom and top halves of a rotary mill (from two different mills). Early Arab Period mining district at Sagia,
Egypt

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 final 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 flat, sta-
tionary stone with a diameter between 40 and
60 cm, and an upper, rotary disc with a central fill
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 fine 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 finer
quartz powder fraction to significantly 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
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Fig. 1.15 Model of a domestic round mill in the Museo Municipal of Lagos, Portugal

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
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Fig. 1.16 Globular pounders held with two hands and used for crushing quartz. Early Arab Period, Aradiya-East, Egypt

slurries (Fig. 1.17). Such tables were usually
equipped with gutters and basins to assure that
the water used in the washing process flowed
back into a collecting basin where it was retrieved
before being reused in another sluicing process.
Such installations are often surrounded in a semi-
circular layout by heaps of leached-out quartz
sands (tailings), which due to small hematite con-
tents occasionally jut out in markedly red tones
from the terrain. The inclined surfaces of the
washing tables were probably covered with
sheepskins, which as soon as they were saturated
with the fine gold dust, were probably set alight
in order to concentrate the gold.

At today’s gold mines in Tanzania similar tables
are covered with jute canvas sheets, a technique,
which basically relies on the same principle as the
ancient Egyptian gold washing method (Fig. 1.18).

Given the availability of dependable ore anal-
yses, the ancient tailings have naturally prompted
calculations as to the original quantities of
extracted ores and gold. Estimations by Tawab
etal. (1990) concerning a tailing of 30 m? resulted
to a total of 150 t of ground and leached ores. At
a grade of 10 g/t they estimated a total amount of
1.5 kg of obtained gold. Due to wadi erosion,
such tailings, however, are usually no longer pre-
served to their original extents, and in most cases
unknown amounts have been completely washed
away, placing such calculations under a fully dif-
ferent light.

An essential archaeological feature concerns
the settlement structures. As far as we were able
to observe, the Early Arab settlers only in very
few instances occupied the settlements of their
predecessors. They therefore usually built their
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Fig. 1.17 Remains of an inclined washing table including its backflow channel and collecting basin. Egait-South,
Sudan

own, new houses. Exceptions are the gold mining
settlements in Wadi Allaqi, where evidence seems
to indicate that the Early Arab miners had moved
into buildings dating to the New Kingdom.
Usually though, the settlements are clearly sepa-
rated from the older ones and often form inde-
pendent complexes enclosed by walls, more or
less similar to Roman road stations in the Eastern
Desert. Early Arab houses may also scatter in
open settlements, but then preferably in more
hidden locations off the main wadis.

The houses and huts are generally built in the
shell-facing technique with an inside filling of
fine-grained gravel. Especially in Wadi Allaqi
and the Nubian Eastern Desert, house walls may

reach impressive thicknesses of up to 80 cm and
are therefore often preserved to their original
heights of about 2 m. Entrances are usually hid-
den away, facing the mountain slopes. Towards
the wadi one sometimes notices walled screens.
The settlements are often set in small and closed
tributary wadis, which in addition, may be sealed-
off by defensive structures at the inlets. The house
plans are generally oval to round and rarely dis-
play right angles. Large prayer sites oriented to
Mecca are relatively common outside the
settlements.

A distinct, compact settlement type is encoun-
tered mainly in several areas of the Nubian
Eastern Desert and near the Early Arab site of
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Fig. 1.18 Gold concentrating on a wooden washing
frame covered with jute bags to recover the gold particles,
Tanzania, 1991. Basically the same method had been

Eleiga. It is characterised by orderly house align-
ments and storerooms and a central street run-
ning through its middle. It reflects a relatively
high organisational structure of its building
communities in contrast to the usually observed,
loosely arranged settlements of that same period.
We tentatively attributed these settlements to the
Nubian campaign of the entrepreneur Al-Omari
under the rule of A. Ibn Tulun (~ AD 880) and
described by Al-Magqrizi (according to Urbain
Bouriant 1895-1900).

In the Early Arab Period gold exploration in
Egypt increasingly concentrated in the southern
territories of the Eastern Desert, especially in
Wadi Allaqi and the Nubian Eastern Desert.

applied in Egypt at least since the New Kingdom Period
(Photo credit: G. Borg)

Countless, small, but also large mining com-
munities specialised in exploiting wadi alluvi-
ums, but also wadi trenches and even deep mines,
witness the onset of something resembling a gol-
drush along the pilgrimage route through Wadi
Allaqi to the Red Sea, in Sudan but also over
large stretches of the Nubian Eastern Desert,
including the Red Sea Hills.

According to historical sources, the apex of
this phase occurred between the ninth and elev-
enth centuries AD, from the reign of A. Ibn Tulun
to the middle of the Fatimid Caliphate (Alford
1901), and probably lasting to the middle of the
fourteenth century AD in the Nubian Eastern
Desert (Hasan 1967).



Value of Gold in Ancient Egypt

Since its earliest appearance, gold has fascinated
virtually every culture on Earth. Its reflecting
light, perpetual luster, unfading and invariable
distinctiveness, and its connotation linked to the
sun’s eternity have until today been most likely at
the quintessence of its symbolic value. “The sun
itself, it is of pure gold” (Goethe, Faust II).

In Egypt, more than for its material value,
gold played primarily a key role in the religious
cult, as it was considered the “flesh of the gods”.
Statues of gods, well-guarded inside the temples’
holiest of shrines were in fact made from pure
gold. In the same vein the gilt peaks of high-
standing obelisks warranted direct contact with
the sun, as for instance illustrated by an inscrip-
tion on an obelisk dedicated by queen Hatshepsut
inside the temple at Karnak: “... then my heart
incited me to fashion for him (the God Amun)
two obelisks from electron, whose peaks reach
up to the sky ... thus I covered them ... with elec-
tron, for my name to last eternally inside the tem-
ple, for always and forever.”

Whether opulent death masks from pure gold
like that of Tutankhamen, or the common private
ones covered with leaf gold, the imperishable and
insinuation associated with this metal reflected
the determination of the deceased to safeguard
his existence in the hereafter.

The earliest known gold objects from
Predynastic Egypt come to us in the shape of
small beads, which occasionally appear on neck-
laces, together with ones from other materials
like carnelian and bone. A closer examination of
their slightly amorphous shapes and structures

reveals a manufacture by hammering rather than
casting, thereby attesting that these are actually
small nuggets formed by nature over a lengthy
period through constant relocation of tiny gold
particles contained in the debris of the wadi sedi-
ments. In such humid environments the silver
contents tend to diminish as it is gradually washed
out, thus increasing the relative gold content of
the nugget. Therefore nugget gold is generally
purer than that extracted from a mine.

In funerary contexts these early nugget beads
were laden with spiritual significance and there-
fore rather associated with concepts of eternity
than mere material values. Although the latter
aspect became steadily more important with the
progression of time, both aspects cannot be sepa-
rated from each other in a social or political
perspective.

From the Predynastic Period and the early Old
Kingdom onwards, especially in northern parts of
the Eastern Desert, acquisition and possession of
gold had already been taking place through pros-
pecting and mining rather than fortuitous discov-
eries of nuggets by nomadic populations. At first
however, mainly copper ore deposits had been
sought for, and it was probably only with the pro-
cessing of these ores that inherent gold particles
had been found, which at some later stage resulted
to genuine prospecting for gold occurrences.

Expeditions were sent out to extract the gold
from beforehand explored mining areas where
under strenuous conditions and deprivation mining
could then begin. Gold production soon became a
matter of the pharaoh and his administration. This

R. Klemm, D. Klemm, Gold and Gold Mining in Ancient Egypt and Nubia, Natural Science in Archaeology, 21
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Fig.2.1 Representation of
a golden, bead-studded
pectoral. The three-dot
determinative for minerals
below, denotes the sign as
the hieroglyph for gold
with the reading “nub”
(after N. M. Davies, 1958)

same administration was also in charge of deliver-
ing, counting, and weighing the recovered gold as
well as recording these actions in written docu-
ments. As arule the delivered gold was kept in trea-
suries attached to the kingdom’s most influential
temples. Such lists, no matter their state of preser-
vation, are known from all periods and state the
amounts of gold delivered in the annual balances.
In many cases they also contain information as to
the origins and the quality of the gold.

Hence, any ruler was able to keep record over
his kingdom’s gold possessions and it was he
who had the power to dispose over it.

An inscription on the so-called Palermo Stone
(Schifer 1902), an approx. 6 cm thick basalt slab
of which other fragments are kept in Cairo, had
probably been carved some time during the fifth
dynasty as a copy of a much of older text.
Reaching back to the Predynastic Period the
inscription lists in chronological order the reigns
from Aha (first dynasty, about 3000 BC) to
Neferikare (fifth dynasty, about 2460 BC). In
addition, the list gives important events attached

to the respective reigns. For as early as the sec-
ond dynasty it reads “the counting of gold and
fields”. With the beginning of the fourth dynasty
(about 2630 BC) the list then continues with
repeated donations dedicated to the gods and
their land-possessing temples, but also large
quantities of gold, which according to findings in
the field may now be viewed as gold extracted
from mines.

The hieroglyphic sign “nub” for gold depicts a
gold collar (Fig. 2.1) and is encountered as an
engraving as early as on prehistoric clay and stone
tablets from the sites of Hierakonpolis, Nagade
and Ombos, of which all are located in the mouth
area of the ancient route leading to the Eastern
Desert with its gold deposits (Vercoutter 1993).

Only approximate statements can be made as
to the actual amounts of gold in circulation in
Ancient Egypt. With regard to the quarried
mines, one would need to measure them up accu-
rately in order to get some idea about their
respective yields. Beyond that, it seems however
impossible to attempt any assessment concerning
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Fig.2.2 Scene from the tomb of Huy, viceroy of Kush, dated to the period of Tutankhamun (1333-1323 BC). It depicts
Nubians delivering large quantities of ring-shaped gold ingots and gold dust in bags, each respectively marked with the
gold hieroglyph

the yields of the countless mining pits, known
wadiworking sites, let alone the unknown or
partly-buried extraction sites, while keeping in
mind that these date to diverging, yet undated
periods in history.

In addition, especially for the New Kingdom
we know of substantial gold imports and booty
from conquered countries. From his campaigns
in Syria for example, Thutmose III brought home
the gilt battle chariot of the kings of Megiddo
and Qadesh, and “ten gilt carriages whose shafts
were of pure gold”, and even a princess covered
in gold. Inscriptions inside the tombs of the mon-
arch’s high officials report tribute payments con-
sisting of cast gold ring ingots from Syrian rulers.
This was the most common form of natural gold.
In addition, there are illustrations of deliveries in
bags containing gold dust (Fig. 2.2). The gold
was weighed carefully with specific gold weights,

generally figures in the shapes of cattle (Fig. 2.3).
In the New Kingdom gold (and silver) and cop-
per were weighed with among others, simpler
shapes identified as weights by their inscriptions
(Fig. 2.4).

In order to get some idea about Egyptian gold
reserves, it seems adequate to consult the deliv-
ery lists from administrative and temple
treasuries.

The most common Egyptian weight unit was
the “dbn” equal to 91 g. According to Graefe
(1999), however, this unit was divided by two for
gold and silver, thus corresponding to 45.5 g.
Because some documents cite “large dbn” at
45.5 g and “small dbn” at 13.1 g, the following
calculation is based on Graefe’s (1999) small dbn
in order to avoid implausibly high figures result-
ing from a weight unit at 45.5 g per dbn. For rea-
sons of clarity the following figures are given
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Fig.2.3 Weighing of gold, displayed as both ring ingots and dust (bags) above and below the weighing scene. The text
to the left includes the hieroglyph for gold. Tomb of Paheri at El-Kab, eighteenth Dynasty (Photo credit: C. Hess)

Fig. 2.4 Gold weights of stone with different values. National Museum, Khartoum
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kilograms. The large dbn values also appear in
kg, in brackets behind the first figure:

Hatshepsut (1479-1458 BC)

Endowment to the temple at Karnak: 480.7 kg

(1,669.5 kg)

Thutmose III (1479-1425 BC)

Gold entry from Nubia between the 32nd and

42nd year of reign: 150.5 kg (522.6 kg)

Booty from the battle at Megiddo in the 23rd

year of reign: 39.3 kg (136.6 kg)

Income from a part of T’s reign; raw gold in

different qualities 332.8 kg (1,155.9 kg)

Total allowance for the temple at Karnak, from

46th year: 2,000.6 kg (6.948 kg)

Amenhotep 111 (1388-1351 BC)

Endowments pertaining to two different cate-

gories of gold: 412.4 kg (1,432.5 or 329.9 kg

(1,145.8 kg)

Gold present to Niniveh and Hanigalbat:

1,320.0 kg (2 times 20 talents at 30.3 kg)

Ramesses III (1183-1152 BC)

Endowment to his temple in the temple district

at Karnak: 655.0 or 54.0 kg (2.275 or

187.6 kg)

(according to the Harris Papyrus even for all

temples only 17.8 kg)

Osorkon I (985-979 BC)

Endowment for the

201.0 kg (698.2 kg)

For Amun gold and silver (?) 30,130 kg

(104,650 kg)

Various 65.6 kg (228.0 kg)

Taharga (690-664 BC)

For the temple in Kawa/Nubia over 9 years

15.7 kg (54.4 kg)

According to these randomly selected texts,
gold production culminated under the reign of
Thutmose III which corresponds to the time when
Egypt was at the height of its expansion, impos-
ing its rule over distant provinces throughout the
Near East and Nubia up to the fourth cataract. In
the 31st year of his reign, the annals of Thutmose
IIT mention among others gold supplies from
Syria contained in 41 protected, full bags, prob-
ably gold ore in the form of gold tinsels or nug-
gets (Helck 1965).

The texts disclose that the gold quantities
decreased noticeably during the reign of the

Heliopolis temple:
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Ramessides. By the end of the twentieth dynasty,
a period for which the epigraphic material
remains virtually silent as to gold deliveries, a
full-scale pillaging of private and royal graves
was made public under Ramesses IX in the
Theban necropolis and whose official investiga-
tions for the clarification of the incidents is
recorded in the Abbott Papyrus (Kitchen 1983).

Nevertheless, according to the above list only
a 100 years later Osorkon I disposed over the
largest gold stocks ever recorded, and it is seems
therefore tempting to connect this with the looted
gold from the necropolis and its subsequent redis-
tribution (Stork 1977).

Not included in the above list are the colossal
amounts of gold cited in donation lists. Also, the
numerous archaeological gold artefacts like the
~11 kg mask of Tutankhamun as well as his inte-
rior gold coffin weighing more than 110 kg to
name but a few, make an impressive statement as
to the scale of Ancient Egypt’s gold prosperity
(Fig. 2.5).

We may therefore assume that much larger
amounts of gold than those suggested by the avail-
able texts had been in circulation, considering
especially that over the time this non-perishable
material has the tendency to accumulate rather
than the contrary. Gold objects were melted down
repeatedly and transformed to new artefacts, as
observable by the heterogeneity of the data
obtained from scientific analyses carried out on
different samples from single artefacts (cf. Chap.
4). Even the gold jewelry sold today in Egyptian
bazaars might well contain remnants from the
country’s ancient artefacts.

The available gold was essentially used for
the manufacture of ornaments and jewelry of
all sorts, cultic objects, amulets, and figurines
of divinities. A comprehensive selection of
such objects is found in the catalogue of the
Vienna exhibition “Gold der Pharaonen”
(Seipel 2001). In architecture gold was gener-
ally used for fittings in temple equipment like
doors, columns and pillars, floors, and walls. In
funerary contexts sheet gilding predominates
on wooden coffins, gilt death masks and golden
or gilt grave goods, like jewelry, accessories,
and vessels.
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Fig. 2.5 Inner sarcophagus

of Tutankhamun from solid gold,
weighing over 100 kg. Egyptian
Museum, Kairo

Graefe (1999) gives a compilation of ran-
domly gathered information on the weights of
gold artefacts kept in various museums. They
vary between a few grams to several hundred.
The heaviest object in his list is a necklace from
the “gold-rich” twenty-first dynasty attributed to
king Psusennes.

The higher his rank, the more was an official
able to supply his tomb lavishly with gold and
thereby to lend expression to his aspiration for
immortality. Deserving state servants were more-
over rewarded by the king personally with the so-
called gold of honor, often consisting of necklaces,
bangles or other gold presents.

The wealthiest tombs however, were those of
the kings. Unfortunately, only few have remained
unscathed such as the most notorious one of
Tutankhamun.

Considerable amounts of gold were required
by the king for his foreign affairs and thus were
too, contained in presents for distant rulers.
Manufactured artefacts were not the only nego-
tiated goods but raw gold as well. As revealed
by the Amarna letters (Knudtzon 1964) how-
ever, presents could be demanded in counterpart
by the pharaoh, as in the cases of the princesses
for the harems of Amenhotep III and IV
(Akhenaten).



2 Value of Gold in Ancient Egypt

Master planned and state-ordered pillaging of
graves in Egypt took place during the first centu-
ries following the Arab conquest 642 AD and
ended only by the twelfth century (Rabie 1972).
The subsequent beginning of the so-called gol-
drush in the South Egyptian and Nubian Deserts
is most certainly to be seen in perspective with
the dwindling gold resources from grave looting
in the heartland. At the same time, new and lucra-
tive profits were expected from the numerous
gold producing sites rediscovered during earlier
pilgrim voyages along the routes through Wadi
Allaqi to the Red Sea.

Present-day gold producing sites in similar
terrain situations (mostly wadiworkings) like
those in the Bayuda Desert, in Sudan, may give
some hint as to the yield of the exploited gold.
During our stay at the site in 1999, about 500
people worked there, of which approximately
10 % were women and children. They worked at
less productive locations and were mostly occu-
pied with exploiting the sands.

According to the labourers, the day by day yield
ranged between a minimum of 1 g (for most women)
and a maximum of 15 g per person. The average yield
for one male worker was given at 5 g/day. The annual
work season varied between 3 and 4 months.

Because gold was plentiful like any other
important commodity in Ancient Egypt, the
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country never developed into a trading nation.
Absent luxury goods like ivory, exotic woods and
rare animals were imported from the provinces or
even more distant countries through diplomatic
channels and barter economy.

The fact that gold was accurately weighed
demonstrates that it was a precious material,
although no specific reference value was
attached to it as one might expect in a modern
economy. Defining a realistic value for gold in
Ancient Egypt proves therefore problematic,
especially considering that if ever it had been
fixed to some other reference value, it would
have fluctuated considerably over its 3000 years
of history.

The first although not minted coins eligible
for contributing to an evaluation of a gold price
appear sometime during the thirtieth dynasty,
only shortly before the Ptolemaic conquest in
332 BC, in other words towards the end of what
is often referred to as “Ancient” Egypt. Until
then Egypt had no money economy comparable
to that of today. The economy resembled more
a barter economy and above all, it was guided
by the state that redistributed all produced
goods according to its inhabitants’ require-
ments and its own will to respond to these
needs.



On the Regional Geology
and Genesis of Gold Deposits
in Egypt and Nubian Sudan

Ore deposits are commonly viewed as geochemical
anomalies whose origins are traced back to com-
plex formational conditions in their geologic
environments. Bearing in mind the geologic past
of their immediate and distant backgrounds is
therefore necessary for a comprehensive insight
into the formational events pertaining to the ore
deposits. Understanding such processes is funda-
mental for efficient prospecting with good fore-
casts for success.

The high accuracy of the ancient Egyptian
prospectors, especially from the early New
Kingdom onwards presupposes a thorough
knowledge about the lithologic and tectonic
implications surrounding the processes in deposit
formation, at least as far as the Egyptian Eastern
Deserts and Nubia are concerned. With their
expertise the prospectors had managed to iden-
tify and exploit virtually all significant and out-
cropping gold deposits in Nubia and the Red Sea
Hills in Sudan within a period of 150 years under
the reigns of Thutmose III (1492-1479 BC) and
Akhenaten (1351-1334 BC). Within at least the
Egyptian Eastern Desert this successful prospec-
tion and exploitation however continued until the
end of the Ramesside period because almost all
the major gold deposits of this region display
clear traces of mining from that New Kingdom
periods, and all resumption of mining activities
in later periods in essence foot these workings or
their local follow-ups. It was not before the Early
Arab Period (ninth to fourteenth centuries AD)
that yet another numerous gold mining sites had
been able to develop in the wadi floors

(wadiworkings) of the Red Sea Hills and vast
areas of the Nubian Desert, which indeed do not
seem to reveal any linkage to the New Kingdom
exploitations.

The situation was to a certain degree different
with regard to the copper deposits. Prospectors
had in fact been fully capable of identifying cop-
per minerals through green malachite stains along
the wallrock already in well earlier periods. It
therefore hardly surprises if mining traces at cop-
per deposits may date back to the earliest historic
periods.

When copper mineralisations are associated to
quartz veins in the Eastern Desert of Egypt and
Sudan they also often contain gold. Consequently,
malachite stains had therefore also become an
important criterion in gold prospecting, particu-
larly in the Old- and Middle Kingdoms.

For a better understanding of the development
of local gold deposits and the appearance of
ancient mines, it is necessary to give a short
update of what is known concerning the geologic
structure of NE Africa, and specifically the phase-
rich, tectonic development of the so-called
Arabian-Nubian Shield (ANS).

We thereby do not intend to recount the com-
plex geologic history of the mountainous deserts
E of the Nile, as this would exceed the archaeo-
logical interest of the present study.

Readers specifically interested in the geosci-
ences of this part of the African continent may
find more topic-related references in the appended
bibliography, whereas the following paragraphs
may only be taken as a first introduction.

R. Klemm, D. Klemm, Gold and Gold Mining in Ancient Egypt and Nubia, Natural Science in Archaeology, 29
DOI 10.1007/978-3-642-22508-6_3, © Springer-Verlag Berlin Heidelberg 2013
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The African continent consists of several cra-
tons* joined together by younger orogenic belts.
Most geologists identify the African continent with
four major cratons: the Kalahari Craton, the Congo
Craton, the West African Craton, and the Central
and East Sahara Craton. This, however, is a rough
division, as there are in fact a number of smaller
cratons that are “welded” together by orogenic
zones. This is for instance the case for the Kalahari
Craton, which actually consists of the Kaapvaal
Craton in the territory of the Republic of South
Africa as well as the Zimbabwe Craton, while both
are connected by the tightly folded Limpopo Belt.

In all, seven orogenic events of varying ages
are known to have taken place in Africa during
Earth history (Cliffort 1970).

For the present purposes our attention is essen-
tially concentrated on the East Sahara Craton
(Fig. 3.1). However, Stern et al. (1994) doubt its real
cratonic character as it is influenced in large parts by
the Pan-African Neoproterozoic orogeny. Kroner
(1979) too, views much of the East Sahara Craton in
context with the Pan-African orogeny as a compre-
hensive isotopic rejuvenation and revitasation of the
craton about 600 Ma (Megaannum=million years).

To the E of the West Sahara Craton is the
Arabian-Nubian Shield (ANS) with its gold
deposits Fig. 3.1. It was formed during the so-
called Pan-African orogeny of NE Africa, which
stretches down to the Mozambique Belt in the S
(Vail 1988). According to geochemical isotope
age analyses (compiled in Cahen et al. 1984) this
orogeny dates to 550+ 100 Ma.

According to Abdeen and Greiling (2005) the
ANS is composed of a number of island arcs with
parts of oceanic crust and some continental
sequences. These individual series had been
thrusted onto parts of the African Craton by major
tectonic processes. They thereby collided at about
600 Ma and joined to so-called terranes on the
western Gondwana supercontinent, which today
corresponds more or less to Africa to the W of the
Nile. These terranes partially compose of
extended ophiolites with metamorphic sequences
of mantle material. Today, they appear as
serpentintes, metamorphic ocean basalts, and

* (unusual terms and definitions see glossary)

occasionally gabbros. The terranes furthermore
contain (mostly metamorphic) marine sediments,
mafic and acid volcanics, as well as continental
residues, in other words, they consist of the char-
acteristic geologic units of former island arcs and
their marine basins.

During the submarine overthrust processes
onto the African continent, these terranes had
become intensely folded and thus forming basins
taking up the detritus of the uplifting mountain
units, which today at least in Egypt occur as
greywackes, siltstones and conglomerates of the
Hammamat sediments (partly quarried under the
name of “bekhen” stone since antiquity).

In the entire Eastern Desert of Egypt and
Sudan, these terranes became vigorously
intruded by post-orogenic, granitoid magmas.
Such events were particularly significant for the
present context as the magmas furnished the
thermal energy to set into motion their own
gases and the water contained in the rocks. As
these fluids moved towards cooler areas, they
leached-out according to their dissolving capac-
ities the rocks they passed.

Extremely low contents of gold and other met-
als were thus dissolved and on their thermally
induced ascent precipitated predominantly with
silicon dioxide in open fissures. In some cases
though, gold was able to accumulate to economi-
cally worthwhile concentrations.

In order to reach such grades, the traversed
rocks had to contain slightly above-average
amounts of gold of at least 10 ppb (= parts per
billion), which is mostly the case for ophiolite
serpentinites and basalts as well as for their
weathered products.

The combination of ophiolites (or their weath-
ered erosion bi-products) and later granitoid mag-
mas became an important geologic marker for
gold prospectors. The discussion of the individual
occurrences shows, however, that this seemingly
simple principle is nevertheless constantly
adapted by the geologic reality in the field.

Not least because of widespread volcanic activ-
ity, thick andesite to dacite sheets formed, which
are referred to in Egypt as Dokhan-volcanics that
among others contain deposits of “imperial por-
phyry” (Porfido rosso antico).
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Fig.3.1 Simplified distribution of the Palaeo-Proterozoic
(Old African Basement) and Neo-Proterozoic (Arabian-
Nubian Shield) and Phanerozoic (predominantly chalk,

The schematic map in Fig. 3.1 shows the distri-
bution of the Pan-African components of the ANS
in Egypt and Nubia. It reveals that the ANS partly
overlies the East Sahara Craton. Furthermore,
Figs. 5.1 and 6.1 reveal that virtually all ancient
gold mines are located within units of the ANS.

In the Egyptian Eastern Desert the original, cra-
tonic basement units are almost entirely veiled by
later sandstone and limestone sequences. In Nubian
NE Sudan, both in the area around Duweishat on
the Nile as well as in the eastern Bayuda Desert
(Vail 1988), rock units of the ANS are in supersed-
ing contact with more metamorphic, cratonic gneiss
sequences. The fact that both sequences expose dis-
cordant tectonic stress patterns, and that especially
the much diverging ANS-series are severely folded,
demonstrates that the latter can only have been
thrust onto the craton, where they are found today.

With the therefrom resulting plate tectonic mod-
els for the genesis of the ANS formulated among
others by Al-Shanti and Mitchell (1976) and
through the similarity of the ophiolites with the

tertiary and alluvial sand) units in Egypt, Sinai, Arabia,
and Sudan (Modified after Sultan et al. 1994)

volcanic rocks to island arc volcanics, a so-called
accretion model was proposed. Thereby, island arc
rock-types were pushed together with the ophio-
lites i.e. accreted at the plate-tectonic collision
zones, onto the continental margins. This process
usually occurs in several stages, which are reflected
by separate terranes in the ANS, especially in
Sudan (Fig. 3.3). The terrane borders are often
detected as ophiolite sequences in suture zones,
and their ages are determinable by radio-chemical
zircon analysis. Thereby, according to Kroner et al.
(1992), the latest ophiolites in the W of the shield
(Wadi Ghadir) are dated to 746+ 19 Ma.

The Onib-Sol Hamed ophiolite complex in
NE Sudan for instance stretches across the Red
Sea to Saudi Arabia, and in parallel orientation
further S is the Bir-Nakasib Umq suture
(Fig. 3.3). The alignments of the suture zones
are partly reported to indicate a terrane obduc-
tion from SE to NW (Shackleton 1994; Ries
et al. 1983; Greiling et al. 1994), although
Kroner (1985); El Gaby et al. (1984) diagnose
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an obduction from NE to SW in S Egypt
(Fig. 3.3). As for the Eastern Desert, such com-
pressed folds, which typically occur in nappe
overthrusts, are oriented in a SE-NW direction
(Greiling et al. 1994).

3.1 Stratigraphy of the Eastern
Deserts of Egypt and Northern

Sudan

The here discussed gold deposits exploited in
antiquity occur almost exclusively in the
Neoproterozoic sequences of the ANS in the
Eastern Desert in Egypt and Northern Sudan.
Their phanerozoic covers had been uplifted
and mostly eroded in a balancing effect from
the sinking of the Red Sea graben. The stratig-
raphy of the Egyptian Precambrian has received
diverging assessments. Hume (1934) counts
four sub-units, consisting of “fundamental
gneiss” followed by “middle parashists” and
“acid gneisses” and finally “upper parashists”,
the latter consisting of different granites.
Akaad and Noweir (1969, 1978), on the other
hand, differentiate between an older “Meatiq
Group”, a later “Abu Ziran Group”, and a
youngest ‘“Hammamat Group.” El-Ramly
(1972) distinguish between two sequences also
adopted by el-Gaby (1988, 1990), whereby the
recumbent (earlier) part consists of a Pre-Pan-
African “infrastructure” (= cratonic African
Basement) and the hanging (younger) part
of a Pan-African overthrust “suprastructure”.
Greiling et al. (1994) too, advocate a twofold
division consisting of a “tier 1” (recumbent)
and “tier 2” (hanging), though without propos-
ing any dates. The twofold subdivision into an
infrastructure and suprastructure seems in
essence to be the more appropriate one,
whereby the former (infrastructure) is well
observed in Egypt but only sporadically near
the Nile in the Eastern Desert of NE Sudan
(Fig. 3.2). The following discussion of the sub-
division makes much reference to the work
carried out by Murr (1999), in addition to the
authors quoted above.

3.2  Infrastructure

The age of the infrastructure is subject to contro-
versy. ElI-Gaby et al. (1984, 1988, 1990); Hassan
and Hashad (1990) view it as the eastern exten-
sion of the East Sahara Craton and therefore as
part of the continental crust, which became over-
thrust by the suprastructure during the Pan-
African orogeny.

This contends with the idea that the infra-
structure is merely defined by a higher metamor-
phism of its sequences in Egypt and that it
therefore is not part of the African crust (Ries
et al. 1983; El-Ramly et al. 1984; Bentor 1985;
Shackleton 1994). Greiling et al. (1994), who
argues on behalf of published isotope analyses,
draws the western border of the East Sahara
Craton in Egypt more or less at the western side
of the Nile. Near Aswan, however, the situation
complicates. Especially in Wadi el-Hudi, locally
occurring and tightly folded migmatite gneiss
rather seems to belong to a primeval crust. This
is even more the case for the anorthosite gneiss
in the area of Wadi Allaqi and the garnet kyanite
gneiss at Duweishat, in Northern Sudan (the
hypothetical boundary of the East Sahara Craton
in Fig. 3.3 is therefore much further E in relation
to the units of the ANS as compared to Kroner
et al. 1992). Evidence for an old source area in
the Egyptian Eastern Desert, however, is fur-
nished by a zircon date of 1.77 Ga obtained with
granite boulders from clastic metasediments at
Gebel Hafafit (Abdel-Monem and Hurley 1979).
Nonetheless, other isotope samples from gneisses
at Gebel Hafafit date to 680-700 Ma and can
therefore hardly be attributed to an early African
crust.

A similar situation is observed at the gneiss
dome at Gebel Meatiq (Fig. 3.2), whose core
consists of metamorphic rock and migmatite
gneiss. Together with kyanite, staurolite and
almandine parageneses they testify to a relatively
high-grade metamorphism (Habib et al. 1985).
To the N of the road, between Qena and Safaga,
there are more areas with highly metamorphic
gneisses. Apparently, the observed metamorphic
deformations in the mentioned areas occurred
through intensive overthrust tectonics. There
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seems to be no direct link between the ancient
gold mines and the sequences of the infrastruc-
ture, if one sets aside the few deposits close to the
Nile in Northern Sudan.

3.3 Suprastructure

Whereas according to Akaad and Noweir (1969,
1978), the suprastructure subdivides in two
groups referred to as the Abu Ziran group and the
Hammamat group, el-Gaby (1988) favours a
threefold division, comprising an ophiolite-like
sequence with volcanics of the island arc type,
Hammamat sediments with associated volcanics,
as well as post orogenic granites, which on the
whole matches with the partition by Hume
(1934).

The Eastern Desert of Egypt and Northern
Sudan also preserve a number of almost complete
ophiolite sequences. Garson and Shalaby (1976)
and Langwieder (1993) describe a well-exposed
ophiolite complex at Bir Umm el-Fawakhir in
Egypt. El-Sharkawy and EIl-Bayoumi (1979)
refer to another one in the vicinity of Wadi Ghadir.
Other major ophiolite sequences are also found
in Wadi Allaqi and in the Hamissana zone (Zoheir
and Klemm 2007), in NE Sudan.

The ultramafic components of these ophiolites
are mainly serpentinites derived from classic
rocks of the upper mantle, such as harzburgite and
more seldom of lherzolite and dunite (el-Gaby
1988), in which kneaded chromite lenses may
occur. Along shear- and overthrust zones the ser-
pentinites are often converted by CO,-rich hydro-
thermal processes to talc and quartz carbonate.
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Gabbros associated to these serpentinites are also
generally affected by metamorphism and at their
basis frequently contain pyroxenite cumulates.
El-Gaby et al. (1984) and El-Sharkawy and
El-Bayoumi (1979) describe massive diabase and
sheeted dike complexes in Wadi Ghadir, which
may reach thicknesses between 100 and 200 m.
Pillow basalts of up to 100 m, have been described
by Langwieder (1993) in the area of Umm el-
Fawakhir. These are usually tholeiitic basalts with
MORB affinity, but metamorphically transformed
to now predominantly amphibolites.

Deep-sea sediments are rare, especially in
northern and central parts of the Eastern Desert
of Egypt. El-Sharkawy and El-Bayoumi (1979)
describe up to 200 m thick sediments of clay and
some chert in Wadi Ghadir. Stern (1981) views a
back-arc in environment to be at the origin of the
ophiolites, just as Abdel-Karim et al. (1996) do
for the ones at Dungash.

Among the Egyptian ophiolites, particularly
the serpentinites tend to display elevated gold
values around 25 ppb (parts per billion). Even if
this by far falls short of the lower limit for viable
exploitation, it yet remains significantly higher
than the usually observed levels around 5 ppb.
Langwieder (1994) was able to establish grades
of up to 180 ppb Au for serpentinites sampled at
el-Sid.

It is usual to observe clastic metasediments in
the ophiolite sequences. Sometimes they occur in
melanges together with the serpentinites (Hassan
and Hashad 1990). El-Bayoumi (1984) interprets
them as deep-sea graben fills.

Kroner et al. (1992) obtained zricon dates of
74619 Ma from ophiolite plagiogranites, and
Stern and Hedge (1985) date the Egyptian Eastern
Desert island-arc volcanites to 720-770 Ma.

Reichmann and Kroner (1994) examined sim-
ilar volcanosedimentary ophiolite units with
island arc character in the Gebeit region of NE
Sudan, which they dated with the Sm/Nd-method
to 832+26 Ma.

The actual ophiolite sequences are often
superseded by slightly metamorphic volcanics
with predominantly andesitic chemical composi-
tions. Stern (1979, 1981), El-Gaby et al. (1984,
1988, 1990) and Hassan and Hashad (1990)
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describe them as “younger metavolcanics” as
opposed to the basaltic “older metavolcanics”.
The younger series consist largely of andesite
lava, but also of basalts and dacites-rhyolites, as
well as volcanoclastics (Hassan and Hashad
1990). Such volcanics are commonly compared
with today’s island arc volcanics (Stern 1979,
1981).

Further up the stratigraphic sequence in the
Egyptian Eastern Desert are the partially mas-
sive Hammamat sediments. They consist of cla-
sitic to molasse-like sediments of greywackes
and siltstones with intercalations of partly coarse
conglomerates and little sorted fanglomerates.
These rock series are particularly common in
Wadi Hammamat, and have been quarried virtu-
ally throughout the entire Egyptian history as the
so-called “bekhen” stone used for the production
of finely crafted statues (e.g. the Menkaure
triad), but above all, sarcophagi, cosmetic pal-
ettes, and bowls. As a matter of fact, broken sar-
cophagi that had been discarded at the quarries
have become the eponyms of this wadi [Arabic
Hammam =bath (tub)].

In contrast to the massive and large rock folds
in Wadi Hammamat itself, the Hammamat series
occur elsewhere usually in tight folds, which are
considered unsuited for major works of art. All
Hammamat sediments within the Pan-African
orogeny are slightly metamorphic (greenschist
facies) (Osman et al. 1993; Klemm and Klemm
1993, 2008b), which makes denotations like
“metagreywackes” and ‘“metasiltstones” etc.
seem more appropriate. Because in terms of
chemical composition, the Hammat series consti-
tute only little altered sediment fills from the
older island arc volcanics and ophiolite series,
they also contain their trace elements, such as
slightly enriched gold. Although it exclusively
occurs in the lower ppb-ranges, it should never-
theless be regarded as a geochemical anomaly.
This aspect is relevant concerning the genesis of
the gold deposits and will therefore be returned to
later in this discussion.

The Hammamat sediments also contain alter-
nating strata of intermediary to acid volcanics as
well as dike intrusions of such rocks. These are
generally attributed to the Dokhan volcanics
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(El-Gaby 1984), which are partially interlocked
with the Hammamat sediments but mainly over-
lie the latter. Thereby, the Dokhan volcanics,
which also comprise the imperial porphyry quar-
ries much appreciated by the Romans, coincide at
least partially in terms of chronology with the
Hammamat sediments, even if most are younger.
Genetically, the Dokhan volcanics represent sub-
aerial, extruded dacites to rhyolites, whose later
parts free of metamorphism. Auto-hydrothermal
alterations, as described by Klemm and Klemm
(1993, 2008b) for the imperial porphyry, are
unaffected by this.

Thereby, in part massive Dokhan volcanics
formed in the emerging areas of incipient orog-
eny, while Hammamat sediments including
Dokhan pebbles accumulated in intra montane
basins. In a subsequent compression phase, the
molasse sediments were then folded (El-Gaby
et al. 1988; Langwieder 1993; Murr 1993).

The age of the Hammamat sediments can
only be determined indirectly. A recumbent
Dokhan sample was dated with the Rb/Sr-method
to 616 +9 Ma (Ries et al. 1983), and an intruded
granite inside the Hammamat series to
590+11 Ma (Dixon 1981). There seem to be
two age groups for the Dokhan volcanics, one
established to 625-610 Ma and the other to
600-575 Ma (Gillespie and Dixon 1983). Both
groups also seem to reflect two separate mag-
matic events, which however, due to their close
similarity to each other, are in terms of their
petrography hard to distinguish from each other
in the field.

The described rock spectrum of the island arc
type in the Egyptian Eastern Desert also includes
marbles, whose ratios increase further S. Locally
restricted, enhanced levels of graphite occasion-
ally give them a black appearance. Such marbles
are found in the wider area around Baramiya at
Gebel Rokhan, where Thutmose III is already
known to have retrieved raw material for some of
his statues. Massive and severely deformed mar-
ble banks are for the most found in the western
Gabgaba terrane, in Nubian Sudan. There they
occur in alternating sequences with slightly met-
amorphic rhyolites to dacites with tuffs and
agglomerates.

These series compose more notably of acid to
intermediate volcanics in Nubian Sudan and con-
tain less sedimentary sequences than in the
Egyptian Eastern Desert. Yet recurring petro-
graphic records of slightly metamorphic
greywackes, siltstones and conglomerates are
particularly reminiscent of the Hammamat series
though they are increasingly interlocked with
marbles. These markedly volcanogenic series are
commonly referred to as the so-called Nefirdeib
formation. Equivalent to the Egyptian Eastern
Desert, they exhibit affinities with island arc
characteristics.

Compared to the Egyptian Eastern Desert
where determination of the individual terranes is
encumbered by intensive shearing and overthrust
of the Pan-African orogeny (except the south-
eastern Gerf-terranes; Fig. 3.3), Northern Sudan
seems considerably less affected by compres-
sional tectonics. Thus, the separation between the
western Gabgaba and the eastern Gebeit-terrane
by the so-called Hamisana suture is therefore
much more convincing (Fig. 3.3).

Late to Post-Tectonic
Intrusions
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In order to understand the processes underlying
the gold mineralisations and their prospecting in
the Eastern Desert of Egypt and Northern Sudan,
it is crucial to localise and discern the therewith
connected, late to post-tectonic intrusions.
Chemically, they are usually of granitic composi-
tion, but as a result from assimilation processes
with their hostrocks they often change at their
margins to granodiorite and even diorite. The rec-
ognition of such zones is essential, because they
are areas in which auriferous quartz veins are
repeatedly found. The ancient prospectors had
undeniably been aware of this, especially in the
New Kingdom.

El-Ramly and Akaad (1960) surveyed the
granite intrusions in the Egyptian Eastern Desert
and in doing so differentiated between “older”
and “younger granites”. The older ones revealed
granodiorite to even tonalite compositions, and
strictly speaking do not belong to the granites. In
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addition, at least some of these older granitoids
(granite-like igneous rocks) were reported to be
significantly deformed by tectonics. The younger,
however, turned out as just slightly or not
deformed at all and authentic granites, except for
the ones in the marginal contamination zones
mentioned above. Such categories are also equally
identified in NE Sudan, but still await comparable
examinations. In most but not all cases, the
“younger granites” were reported to be reddish,
probably as a result from fine hematite inclusions
within potassium feldspar components.

In differentiating the granitoids in the Egyptian
Eastern Desert, El-Gaby et al. (1988) proposed a
syn- to post-orogenic group for the older granites
and a late- to post-tectonic group for the younger
ones. According to Harris (1982) the actual
“younger granites” emplaced towards the end of
the Pan-African orogeny. Stern and Hedges
(1985) examined these granitoids with the Rb/Sr
age-determination method and established a date
of 709-614 Ma for the older, syn-orogenic ones
and 596-544 Ma for the younger ones. These
dates match approximately with those presented
by Gillespie and Dixon (1983) obtained from U/
Pb isotopes and ranging at 595-570 Ma, as well
as those by Fullagar and Greenberg (1978) with
the Rb/Sr method revealing an age of 586+9 Ma
(for the Fawakhir-granites) and 607+8 Ma.
Because of its importance for Egyptology, we
here add the date of 565 Ma for the Aswan gran-
ite obtained by Abdel-Monem and Hurley (1978)
with U/Pb method on zricon.

Another, by far more differentiated subdivi-
sion of granitoids was presented by Hussein et al.
(1982); Hassan and Hashad (1990). The relevance
of this subdivision, however, is comparatively
low for the here treated topic regarding the gold
mineralisations, and therefore is presently left
aside discussion.

3.5 Tectonic Control of

Quartz-Gold Mineralisation

Our survey of the ancient gold mining activities
in the Egyptian and Nubian Eastern Deserts
showed that the gold deposits as a rule are strictly
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bound to specific tectonic orientations. These
consist partly of auriferous quartz veins miner-
alised inside gaps that had opened through
extensional tectonics in the crust. Similar
mineralisations could also occur within cavities
that had been prompted through shearing. Since
tectonic stress was the underlying factor for both
opening processes, it turned out that a survey of
the tectonic stress planes in the study area was of
paramount importance in order to understand and
therefore to prospect the occurrence of the gold
deposits. During our field work in the footsteps
of the ancient prospectors it soon became evident
that this principle had been conceived and
exploited, especially by the New Kingdom pros-
pectors. They had manifestly conducted their
sampling by concentrating almost exclusively on
quartz vein mineralisations meeting certain local
and tectonically induced opening orientations.
Quartz veins that did not adhere to these orienta-
tions had been ignored. This conduct is only
explained through a developed comprehension of
such tectonic dependencies.

Being familiar with phenomena related to
complex tectonic processes therefore proved
essential as to the identification of the auriferous
quartz vein mineralisations.

Repeated stress from tectonic compression
and especially extension recurrently resulted to
the opening of gaps in the crust of the Egyptian
and Sudanese Eastern Deserts. The cavities sub-
sequently filled either with magmatic melts or
with quartz mineralisations from hydrothermal
flow. Hydrothermal systems consist of hot aque-
ous solutions circulating in the crust trough joints
and pore spaces whose capacities of holding dif-
ferent mineral solutions vary according to pres-
sure, temperature, and pH level.

Due to the predominance of SiO, in the conti-
nental crust, this is generally also the main com-
ponent in hydrothermal solutions, which once
precipitated is referred to as quartz (chemical:
Si0,). Next to silicon dioxide, hydrothermal
solutions also contain various salts, usually
sodium chloride (NaCl), but also dissolved cal-
cium (Ca [HCO,],) and low concentrations of
metal sulphides, such as iron, copper, lead, and
zinc etc., and in few cases small amounts of gold
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in dissolved sulphide or chlorite complexes.
Depending on the above mentioned parameters,
some of the solution contents may precipitate to
form separate minerals inside the quartz veins.
For example, iron mineralises first together with
sulphur to form pyrite (FeS,), and if arsenic is
available, to arsenopyrite (FeAsS), with copper
it forms chalcopyrite (CuFeS,). Lead together
with sulphur form galena (PbS) and zinc with
sulphur form sphalerite (ZnS). These are the
most common metal minerals arranged accord-
ing to frequency.

Whereas under normal circumstances, even in
very low concentrations such metal sulphides are
easily identified inside the quartz rock, gold usually
occurs only in extremely fine particles no larger
than a few microns (um). Gold is also often con-
tained in pyrite and arsenopyrite in such tiny parti-
cles that it remains invisible even under a high
resolution optical microscope. The ancient miners
had of course been unable to trace and extract such
finely interwoven gold. Only in very few instances
of severe weathering through dissolution of the sul-
phides a very fine, sponge-like lattice of gold was
left behind and subsequently could become recov-
ered. This type of gold always contains some trace-
able iron, no matter how thorough the processing,
and is therefore safely identified with modern ana-
lytical methods. Such iron traces could actually
therefore considered as reliable markers for sub-
stantiating the authenticity of gold artefacts.

Genesis of Gold
Mineralisations in Egypt’s
Eastern Desert

3.6

This short outline of the complex geologic pro-
cesses leading to the formation of the Eastern
Desert of Egypt and Sudan and the emplacement
of anciently exploited gold deposits, is now fol-
lowed by a brief discussion of the genesis of the
quartz veins themselves. It should however be
kept in mind that each individual deposit has its
own unique history, and that therefore are just as
many deposit types as individual occurrences.
They can nevertheless be grouped along the fol-
lowing, general criteria,:

1. Almost all gold mineralisations date at least to
the Neoproterozoic era and the last stages of
the Pan-African orogeny.

2. All gold mineralisations are located in the
immediate proximity of late- or post-tectonic
granitoid intrusions.

3. These intrusions penetrate among others into
mostly folded and often imbricated sequences
of molasse-like sediments and ophiolites,
whereby their margins and roof areas may
chemically change through assimilation of the
wallrock.

4. Depending on the degree of assimilation and
the chemical composition of the wallrock, this
“hybridisation” of the rim and roof areas of the
granitic intrusions leads to the formation of:
(a) Granodiorites, through the assimilation of

predominantly greywackes and siltstones
and conglomerates.

(b) Quartzdiorites to tonalites, through the

assimilation of basalts and amphibolites.

(c) Quartzgabbros to gabbros, through the

assimilation of ultramafites (rocks from
the upper mantle) and serpentinites.

Our geochemical examinations produced gold
grades of up to 180 ppb for the ophiolite series,
and yet 15-25 ppb for the molasse-like sediments
of the Hammamat formation. We also observed
that virtually all gold mineralisations stood in
direct spatial context to such geologic units, so
that according to this genesis model, they may be
regarded as the primary source of gold pre-
enrichment. Mainly in Sudan, another lithologic
relationship to the gold mineralisations appears
in the form of a genetic link to acid rhyolite to
dacite volcanic rocks. There seems therefore to
be a straight connection to former submarine,
hydrothermal “black smoker” vents in analogy to
ones observed today associated to acid volcanics
in certain ocean beds.

In contrast to the aforementioned gold pre-
enrichment in ophiolite and its bi-products
Langwieder (1994); Murr (1999) were able to dem-
onstrate that the original granite intrusions consis-
tently displayed gold grades below the bottom
detection limit of 5 ppb. The adjacent hybrid areas
on the other hand displayed considerably higher,
although fluctuating values of up to 50 ppb.
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In describing the ancient gold exploitations it
became apparent that many were bound to large,
mostly NNW-SSE oriented shear zone systems,
as seen in Fig. 5.91. Within this large shear zone
system alone, are the sites at Hammama, Abu
Had-North, Wadi Atalla el-Mur, Atalla, Umm el-
Esh Sarga, Fawakhir, El-Sid, Umm Soleimat, and
Hamuda. This example clearly demonstrates the
importance of such shear zone systems as pros-
pecting targets.

Actually, gold mineralisations often adhere to
the shear directions, but others run almost per-
pendicularly to them. They are indicative of a tec-
tonic control on the gold-quartz mineralisation
caused by extension, often through the uplift from
massive granitoid intrusions. The extensional
faults occur either along cleavage planes previ-
ously formed in shear zones, otherwise along ac-
planes, more or less in a perpendicular direction.

A common regime for the formation of gold
quartz mineralisations in the Eastern Desert of
Egypt and Nubia is therefore applicable:

Hydrothermal convection is set-off through the
intrusion of large granitoid plutons into frequently,
internally folded, metasedimentary and molasse-
like sequences of the Hammamat type and its
southern variants, containing imbricated ophio-
lites and island-arc volcanics. Low concentrated,
but pre-enriched gold is thereby leached out
together with silica and small amounts of sulphi-
des from the wallrock and transported into zones
of decreasing temperature and/or pressure. Mineral
emplacement then takes places inside the exten-
sion gaps, for the most within the wallrock around
the intrusion, but frequently also within its hybrid
margins or roofs. The decisive factor here are the
vein type cavities that offer ideal conditions for
precipitation, as will be explained below.

Through frequently occurring carbonation
within hydrothermal alteration environments
relatively much CO, activity may be observed
within the hydrothermal system, which is also
confirmed by the results from the studies on the
fluid inclusions. Furthermore, because of the
values close to detection limit persistent occur-
rence of sulphide minerals in conjunction with
the appearance of gold, its transport within
the thermal circulation system probably also

happened in connection with the sulphide
complexes.

Botros (2002a, b) drew attention among others
to the alteration zones generally observed in the
wallrock along quartz veins as possible the indi-
cators for gold mineralisations, though without
developing the phenomenon to a criterion for
prospecting work.

The investigations carried out by Murr (1999)
and Zoheir (2004) revealed various chemo-physical
mechanisms by which concentration of gold occurs.
Furthermore, in a case study on the deposits of
Fatira, Gidami, Atalla and Hangaliya, Murr (1999)
was also able to describe the effect of granite intru-
sions on the mineralisations, which seems univer-
sally applicable to the entire Eastern Desert with
only minor variations.

Similar, detailed studies have been carried
out by Zoheir (2004) at the deposit Um el-
Tuyor in eastern Wadi Allaqi. Much work has
been completed in recent years on numerous
anciently exploited gold deposits in Egypt’s
Eastern Desert, pinpointing crucial parameters
concerning the formation of gold mineralisa-
tions. Thorough investigations by Hassan et al.
(1999, 2004) on data from Hamash and Sukari,
by Harraz (2002) on that from Atut, by Zoheir
and Moritz (2007) on El-Sid, and Zoheir et al.
(2008a, c), on Semna and on Umm Egat and
Dungash (2008b) to name but a few, treating
fluid inclusions from the auriferous quartzes
have substantially contributed to our insight to
the formation processes within each of these
deposits. Next to the determination of the tem-
perature ranges in which the quartz/gold min-
eralisation had taken place, the studies on the
fluid inclusions also revealed important data on
water salinity and gases, such as the most
important one carbon dioxide but also less well
represented ones like methane.

As already mentioned, there is a marked link
between the occurrence of auriferous quartz veins
and the marginal wallrock zones around granite
intrusions. The granites themselves, however,
apart from areas in the immediate vicinity of the
mineralised gold quartzes turned out to have quite
low gold values. The intrusions themselves may
therefore be dismissed as genuine gold suppliers.
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In many cases relatively high gold grades
may be observed within about 1 m distance to
the mineralised gold quartz. However, they
decrease steeply from roughly several thousand
ppb at the vein to less than 10 ppb about 70 cm
away from it.

This anomaly is simply explained through
reactions between hydrothermal fluids and the
wallrock and occurs at almost any hydrothermal

vein mineralisation. Nevertheless, in some cases
exploitable gold grades may also form, especially
when iron is released during these reactions. It
then reacts with the gold-sulphide complexes and
the free sulphur into pyrite or arsenopyrite in
which the gold is contained. Only after the weath-
ering of these sulphide ores, the insoluble gold
remains visible at the vein boundary, and could
thus be recovered by the ancient miners.



Analyses of Gold and Observations
on Ancient Egyptian Gold

Metallurgy

The here discussed gold had been almost exclu-
sively extracted from quartz vein mineralisations.
It is not pure gold but always contains some sil-
ver as well as traces of other elements.

Prior to the field work, we had initially hoped
to be able to compare the data from our own anal-
yses on gold samples retrieved from the deposits
with those obtained from Ancient Egyptian gold
artefacts, in order to get some idea as to the origin
of the latter. Our hopes were soon let down
though, because the investigation of the individ-
ual vein mineralisation and especially the tailing
heaps showed that apart from few exceptions the
annual gold yield of any given occurrence would
have been too low for the production of any
significant artefact in a separate metallurgical
manufacturing process. Such objects therefore
generally demanded a fusion of gold from differ-
ent extraction sites, hence causing a chemical
shuffle of the individual markers of each deposit.

Even if the yields of some important deposits,
such as FI-Sid, Barramiya, Umm Rus, or Sukkari
had been large enough to allow for separate metal-
lurgical processes, the chances of their isolation
from the by far more common, mixed batches would
have been extremely low. In addition, because of the
high value of this material, the re-melting of gold
artefacts was indisputably a commonplace practice
throughout Egyptian history, at least until recently.

Yet chemical fingerprinting of ppb-scale (parts
per billion) combinations of impurities specific to
certain deposit categories with high-precision
analytical methods have turned out to be of little
value in this respect.

Another difficulty connected to the gold depos-
its is that many had undergone mineralisation in
separate stages or generations, of which each dis-
plays diverging trace element characteristics.
Furthermore, it turned out that non-negligible
shares of ancient gold had previously been
released in the deposit through the weathering of
sulphide minerals in which they had been con-
tained in small amounts (such as pyrite and arse-
nopyrite), which resulted among others to the loss
of substantial silver contents. As demonstrated
convincingly by Murr (1999) in the case of Fatira,
the same gold deposit could therefore display
contradictory gold compositions (Fig. 4.1).

In the discussion of the ancient gold mining
sites in the Egyptian and Nubian Eastern Deserts,
our observations are based on both our own and
published data concerning gold contents. At first
sight these, however, display extremely low values
of usually only few grams of gold per ton of mined
quartz and seldom reach or even exceed 30 g/t at
an average. Although we cannot safely determine
the actual gold grades of the ancient mines, which
in most deposits are distributed very unevenly, in
some mines it is nevertheless possible to take sam-
ples from abutments, resulting to reasonably safe
average grade determinations. The latter varies
between 10 and 30 g/t of mined rock. A supple-
mentary constraint is that gold grades may be tied
to certain zones within a quartz vein system and
therefore dissipate completely with depth or just
in a lateral direction. The ancient prospectors cer-
tainly only directed their attention first to such
vein deposits whose outcrops showed at least
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Fig. 4.1 Gold/silver content analysis in primary gold (native gold) samples from Egyptian and Nubian deposits
(analyst: A. Murr) revealing generally higher silver contents in the Egyptian deposits compared to those in Nubia

some traces of visible gold. Rich-ore-zones were
therefore obviously mined first, which means that
these in general are no longer available today,
leaving aside the mentioned abutments. Often,
however, these have been removed as well, occa-
sionally resulting to dangerous cave-ins (cf.
Daghbag).

It is clear that a single quartz ore sample of only
few kilograms may not be taken as representative
for an entire vein deposit, but at best can only reveal
the composition of the gold contained inside it.

A tendency towards decreasing silver contents
in deposit gold from N (Egypt: Fatira and Gidami)
to S (Sudan: Gebeit, Rigag-Sageit and Tibiri)
reveals Fig. 4.1 (Goldanalysis). Currently, the
explanation for this is merely based on assumptions
relating to the different geologic settings. The gold
contents in the Egyptian deposits are primarily
based on hydrothermal exsolution of ophiolite
series and their erosion sediments, in this case pri-
marily the conglomerates and greywackes of the
Hammamat series. The Nubian occurrences by

contrast, derive mostly from so-called SEDEX
deposits (sedimentary-exhalative deposits) bound
to acid (rhyolite — dacite), submarine oxidised mag-
mas. Due to extensive oxidation already on the sea
floor of sulphide-rich, poly-metallic “black smoker”
exhalation products that also contain small quanti-
ties of gold, slight amounts of iron oxide as well as
insoluble gold with reduced silver contents remain.
Through later hydrothermal leaching the gold was
again dissolved, and re-deposited together with
large amounts of quartz inside the vein cavities.
This repeated dissolution of gold probably led to
some loss of its silver contents, thereby explaining
the observed lower silver grades in Nubian gold.

A large-scale and systematic, chemical survey
of Ancient Egypt’s gold artefacts unfortunately is
still an awaiting implementation. The reasons for
this for one the disinclination of the proprietors
(museums and private collectors) to submit their
collections to such investigations, even though
modern analytical methods today are generally
non-destructive. Moreover, high transport and
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Fig.4.2 Data from both, own and published analyses on ancient Egyptian gold artefacts. Hatched field represents aver-
age compositions of primary gold from Egyptian and Nubian deposits (analyst: A. Murr)

insurance costs brought about through the artefacts’
wide dissemination would only add to the already
considerable financial burden and time-consuming
efforts such analyses entail.

Therefore, only preliminary details concerning
the composition of Ancient Egyptian gold objects
can be presented here as referred to in earlier reports
as well as the data obtained from our own analyses.

Figure 4.2 (Gold analysis) displays a number
of examined artefacts arranged in chronological
order. Regrettably, virtually no exploitable data
series are available from the Ptolemaic Period or
later. In spite of their low number, it is neverthe-
less evident that the bulk of the data exhibit a rela-
tively narrow range of chemical composition
between 70 and 90 % wt. Au and 10-30 % wt. Ag.
These values corroborate with the average propor-
tions in the gold deposits of the Eastern Desert in
both Egypt and Nubia. Apparently, the majority of
the Egyptian artefacts were produced directly
from the processed gold extracted from the gold
deposits. The fact that some artefacts have low
copper contents (gold analysis Figs. 4.3 and 4.8)
is explained by the frequent copper sulphides or

resulting malachite concentrations associated with
the deposits, which remained as natural impurities
inside the gold after the ore processing.
Nevertheless, some artefacts reveal significantly
higher gold percentages than normally observed in
primary, or so-called “mountain gold” deposits.
This may in essence, reflect one of the follow-
ing three possibilities:

1. The artefact was made from placer gold like
nuggets from river sediments. Through trans-
port among the river boulders initially silver-
rich gold is continuously “reforged”, while the
slightly more soluble silver decreases, espe-
cially near the surface of the nugget gold. The
gold therefore becomes purer near the nugget
surface. Indeed, the sections of nugget gold
often reveal under the ore microscope slightly
higher reflection intensities at the margins
(gold-rich) than near its centre (silver-richer).
Such nugget gold however, is only found in
rapid flowing rivers with many boulders, which
in the Egyptian Eastern Desert is inferred only
for the relatively old Pleistocene wadi systems.
This strikingly shimmering metal was already
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known to the earliest desert nomads, and prob-
ably even systematically collected. It therefore
hardly surprises to find correspondingly high
gold values in artefacts from these early peri-
ods. Characteristic for this type of gold are
also frequently observed, fine platinum or pla-
tinoid inclusions in these objects, as for
instance those reported by Ogden (1976). Such
at first perplexing findings are nonetheless
simply explained by the geologic environment
with ophiolites in the catchment area of former
nugget producing rivers in the Eastern Desert
of Egypt and Nubia. Low contents of platinum
may be contained in therein occurring serpen-
tinite and similar ultramafic rocks. Through
erosion they can end up in the river sediments
where they are forged with the gravel transport
into the much softer gold nuggets

2. In the discussions of the individual deposits
we repeatedly refer to hydrothermal fluids
containing gold-sulphides that migrate into
fault systems. They first react with the wall-
rock where iron contents are dissolved. Pyrite

5 Ag

(FeS,) and free gold then form in a subsequent
reaction between the iron and the sulphur-
enriched fluids and gold-sulphide complexes.
Hence, small amounts of gold are incorpo-
rated to the growing pyrite lattice and later
released again in oxidation and dissolution
processes of the surface-near pyrite minerals.
The gold is therefore set free, but in the mean-
time has lost much of its original silver con-
tents in a so-to-speak natural refining process.
Whereas with ancient mining technologies
intrinsic gold could not be extracted from
pyrite, it could on the other hand be relatively
easily recovered at the oxidised surfaces of
these alteration zones. In fact, many of the
gold occurrences that had been mined in antiq-
uity and that we were able to visit revealed
extraction traces exclusively within these
decomposed alteration zones, whereas the
actual quartz vein had often remained
untouched by oxidation. In the case that the
gold from such occurrences was processed
and melted apart, its higher levels of fineness
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would accordingly have been preserved. Such
high-quality gold, which excelled through a
more “golden” hue and an improved ductility
did of course not escape the attention of the
Ancient Egyptian goldsmiths.

3. The third explanation is artificial gold refining.
Such processes have repeatedly been described
by ancient authors. The oldest (now lost)
description of an applied gold refining process
in Egypt dates to the late second century BC.
It had been compiled by Agatharchides of
Knidos and preserved as a copy in the
Bibliotheca Historica by Diodorus about
100 years later. His descriptions which con-
cern both, the work processes involved in
mining operations and particularly that of gold
refining, seem however so implausible that
doubts may be raised as to whether he actually
witnessed the processes, or whether this was
only hearsay. In his own experiments, Notton
(1974) was able to demonstrate that the ingre-
dients lead, zinc, and barley bran added by
Agatharchides had absolutely no effect on the
refining of gold other than an undesirable one,
especially as concerns the latter ingredient.
Sodium chloride (NaCl) and earth, or crushed
ceramics used for cementation processes on
the other hand are essential. Accordingly,
silver-containing gold flakes were heated in a
sealed clay pot together with an amount of
pottery shards and rock salt to about 800 °C
for at least 24 h. In a first step sodium chloride
(NaCl) reacts with traces of H,O via HCI with
silver to form gaseous silver chloride (AgCl).
The silver chloride is then diffused out of the
gold via the grain boundaries and fine chan-
nels to deposit at the vessel wall and the sur-
face of the pottery fragments, which in another
operation can be used for recovering the silver
contents. Whether however, such processes
had actually applied to extract silver in Ancient
Egypt, is unknown. In his first cementation
attempt Notton (1974) in any case obtained a
grade of already 93 % Au from an electrum
sample consisting initially of only 37.5 % Au.
Of course, in order to obtain higher grades a
repetition of the process is required.

Through a fortunate incidence, we were able to
obtain a tiny sample of redundant gold foil after
restoration work on a gold sheet applied to the
lower part of Akhenaten’s coffin. We decided to
submit it to electron beam microanalysis, which
produced gold values above 99 % (Fig. 4.3).
Because of the unexpected result, it was addition-
ally examined from all angles under the scanning
electron microscope (SEM).

It turned out that the gold foil was composed
of several forged, porous plates (Fig. 4.4). At the
top side, dense twin lamellae were discovered,
apparently resulting from the mechanical stress
exerted during hammering of the sheet (Fig. 4.5).

At even higher magnifications one sees next to
the twin lamellae characteristic, partially effaced
holes between 1 and 3 pm in diameter (Fig. 4.6)
representing nothing else than the diffusion chan-
nels through which the silver chloride was set
free during the cementation process. In addition,
a widening of the grain boundary is visible.

A comparison of this image with that of a
Sardian (Lydia) gold foil from about 550 BC
and refined according to the cementation tech-
nique (Fig. 4.7), in spite of the different
magnification scales, hardly reveals any differ-
ences, especially considering that the Sardian
plate had not been chased and therefore has no
twin lamellae. Figure 4.7 represents a SEM
micrograph of a gold sheet sample from Sardis
refined in the cementation method. According to
Geckinli et al. (2000), it contains only 1.1 % Ag
(sample 9A).

If one imagines the Sardian gold plate in
Fig. 4.7 hammered out to 5 times its actual sur-
face, then the holes and the expanded grain
boundaries would of course become smaller, and
the features in the image would become identical
to those in Fig. 4.6. Since the described structures
are characteristic for gold sheets refined in the
cementation method, the technique is attested to
in Ancient Egypt at the latest to the reign of
Akhenaten (~1350 BC), i.e. about 750 years ear-
lier than assumed for gold refining at Sardis
(Ramage and Craddock 2000).

The Museum of Egyptian Art in Munich
(Staatliches Museum Agyptischer Kunst in
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Fig. 4.4 SEM image (Scanning Electron Microscope) of a gold foil appliqué from the sarcophagus of Akhenaten. The
analysis showed that it was composed of different gold sheets

Miinchen) generously provided additional, small
gold sheet fragments from the death mask of
princess Satdjehuti Satibu (~ 1550 BC) for
micro-analysis. In this case, values between 94
and 96.5 % Au, 3.5 and 5.8 % Ag, and around
0.5 % Cu were established (Fig. 4.3). Although
the microstructure revealed no clear evidence for
the cementation method, its relative high purity
at least suggests a refining process only for the
production of the fine sheet gold for this high
nobility death mask.

Because the malleability or ductility of gold
increases with its purity, the Ancient Egyptian
goldsmiths had been particularly interested in
working with high purity gold, especially when

it came to making very delicate objects like ultra-
thin gold foils. Since gold hammering is attested
to though iconography to around 2300 BC, e.g.
at the Unas ramp and in the tomb of Mereruka
(Fig. 4.9), one is tempted to believe that gold
refining was in fact practiced already at this early
stage, even if the mentioned representations are
viewed as relative to the production gold foil
rather than gold leaf (Drenkhahn 1976). Yet,
additional data from analyses on contemporane-
ous gold foils have remained unavailable.

A shell pendant dated to the early eighteenth
dynasty, also from the Egyptian Museum in
Munich (AS 5301) revealed contents between 85
and 93 % Au and 1 % Cu (Fig. 4.3).
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Fig.4.5 SEM image of the same gold foil appliqué from the sarcophagus of Akhenaten. The image reveals an intensive
twinning lamination of the sheet’s singular gold grains, apparently resulting from mechanical stress through beating

As already discussed above, its high purity
gold may also have been retrieved from the
decomposed and hence copper-depleted altera-
tion zone along a quartz vein.

This may also be the case for the mentioned
death mask of Satdjehuti Satibu as well as for a
small golden crown and a small nephtis- figurine
with very low copper contents, which both date
to the late periods.

Another remarkable example of probably
refined gold from the time of Ramesses II
(~1250 BC) are represented by the fragments
of a wedding goblet with a bilingual inscrip-
tion in Egyptian hieroglyphs and Hittite cunei-
form for the occasion of the (erased) marriage
between a Ramesside prince and a Hittite

princess. One fragment consists of 95 % Au,
3-5 % Cu, and another of 85 % Au, 11.5 % Cu
and 3.5 % Ag (Fig. 4.8). This object laden with
high political symbolism was most likely made
from refined gold.

Interesting data were obtained from a seal ring
belonging to Ramesses II (AS 5851), whose dif-
ferent parts revealed proportions between 69 and
83.5 % Au, 3 t0 5 % Cu, and 13.5 to 25.5 % Ag.
Considering the importance of this royal object,
the heterogeneity of its composition seems at first
quite surprising (Fig. 4.8). On the other hand it is
only understandable that the goldsmiths had pre-
ferred to use a lower grade gold alloy for this
object, whose purely functional purpose after all
remains evident. As also exemplified by the
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Fig. 4.6 Enlarged detail of the gold foil appliqué from the sarcophagus of Akhenaten. In addition to the twinning
lamellae one also notices numerous 1-3 pm large perforations (SEM image)

diverging gold grades in the aforementioned wed-
ding goblet, the goldsmiths had probably often
preferred to use different gold components rather
than melting them down to a homogeneous mass.

These data of course may hardly account for
making any representative statement on the met-
allurgical methods applied in Ancient Egypt.

The knowledge of gold refining technologies as
early as the New Kingdom represents in any
case a pioneering feat, predating by a millen-
nium the equivalent technical knowhow by the
Lydians, who so far have been viewed as the
inventors of such processes (Ramage and
Craddock 2000).
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Fig. 4.7 Gold sheet from Sardis (Lydia) refined according to the cementation technique (550 BC, slightly modified
after Gegkinli et al. 2000). Note the diverging scale to Fig. 4.6. (SEM-image)
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Fig.4.8 Upper part of a Au
ternary plot opposing the Au
(gold)-Ag (silver)-Cu
(copper) percentages in a
signet ring of Ramesses II and
an Egyptian-Hittite wedding
goblet. Both artefacts reveal
relatively heterogenous gold
compositions which indicate
different smelting phases
(analyst: A. Murr)

’ Signet ring Ramesses Il

’ Wedding goblet

Fig. 4.9 Relief inside the tomb of Mereruka (~2300 BC)  sheet gold. It is not clear however, whether this implied the
depicting a scene (fo the right) with an inscription mention-  use of refined gold, especially as the hieroglyphic symbol is
ing the “beating of gold”, thus hinting to the manufacture of ~ sometimes used to denote electrum, an argentiferous gold



Gold Production Sites and Gold
Mining in Ancient Egypt

The here presented compilation of ancient gold
production sites adheres to their geographic dis-
tribution from N to S, as rendered in the overview
map in Fig. 5.1. It is divided up in seven groups,
which by and large follow the arrangement by
Hume (1936).

5.1 Most Northern Group

5.1.1 WadiDara (Old Kingdom
Settlements and Mines)

Geographic position:
Main settlement: 27°54'53" N, 32°51'02" E
27°55'11" N, 32°51'05" E ?7?
27°55'38" N, 32°51'27" E

Subordinate settlement:
Smelting furnaces:

After our visit to Wadi Dara, a French-Egyptian
excavation team explored the district more closely
in the early 1990s (Tawab et al. 1990; Castel et al.
1992; Grimal 1991, 1994). The chief observa-
tions made by this group are therefore taken into
account in the following discussion.

The mining district of Dara 1 is divided into
two main extraction zones on both sides of the
here relatively wide Wadi Dara running from NE
to SW (Fig. 5.2).

The basin-like situation at this site owes to the
overlapping of two fault systems of which the
older one is oriented in an ENE-WSW direction,
overprinted by a later one oriented in a NW-SE
direction.

The main settlement dating to the Early
Dynastic and Old Kingdom stretches along the
northwestern flank of the wadi (Fig. 5.3) and
consists of three relatively large clusters of round
huts as well as smaller ruins of isolated huts,
about 600 m to the NW.

Two sites are located at the foot of the moun-
tains in which several noticeable NW-SE ori-
ented rock cuts and incsions revealing the former
mines especially on the SE mountain slopes
(Figs. 5.2 and 5.4). They follow mined minera-
lised quartz veins, mostly visible as open
trenches and occasionally as deeper underground
operations.

A closer inspection reveals green malachite
layers along the wallrock of the small and par-
allel running pit trenches, which evidently
points to primary copper contents in the quartz
veins. Such features therefore at first suggest
former copper mining activities, as in fact
confirmed by the excavators (Castel et al. 1992,
1995). They were able to record ore extracting
and processing through the discovery of tools
(grooved stone axes and pounding slabs) and
more importantly, of smelting sites and slags
from settlement contexts. At a distance of about
1.5 km away from the settlement the excavators
located the remains from furnaces on a slope,
which forming a natural wind channel, unmis-
takably authenticated the evidence for early
copper mining at Wadi Dara. The walls of the
round huts cleared by Castel et al. (1992, 1995)
revealed surprisingly well-executed masonry.

R. Klemm, D. Klemm, Gold and Gold Mining in Ancient Egypt and Nubia, Natural Science in Archaeology, 51
DOI 10.1007/978-3-642-22508-6_5, © Springer-Verlag Berlin Heidelberg 2013
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Fig.5.1 Distribution map of anciently exploited gold occurrences in Egypt. After EGSMA (1986) and own fieldwork
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Fig. 5.2 Distribution of Old Kingdom and Early Arab Period settlements and copper/gold processing sites
in Wadi Dara (R. Klemm)

In most cases, the huts had smooth floors with Although there is no clear evidence for gold
rectangular depressions, masoned beds, as well mining in addition to the Early Dynastic and Old
as small niches set into dry stone walls Kingdom copper industry at Wadi Dara, it cannot
(Fig. 5.5). entirely be ruled out either.
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Fig. 5.3 Old Kingdom settlements and formerly exploited copper/gold quartz veins in Wadi Dara (modified
Google-Earth image)
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Fig.5.5 Early Dynastic/Old Kingdom dwelling hut at Wadi Dara with carefully masoned walls. The upper, defensive
wall is recent
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5.1.2 Wadi Dara (Early Arab Period)

Geographic position
(prayer site):

27°54'49" N, 32°52'24" E

About 1 km to the E of the copper extracting site
12—15 huts with partially well-preserved walls
scatter over a distance of 300400 m along the
wadi edge. In contrast to the houses at Dara 1,
these dwelling houses had probably also served
as workshops, as demonstrated by evidence from
various stages of the working process recorded
within their walls. It comprised waste dumps
containing ore chunks, quartz gravel crushed
down to pea-size, powdered tailings, and slags
from smithing, as well as tools (Fig. 5.2).

The abundant pottery and an open prayer
site oriented SE and spreading-out over approx-
imately 4 x 10 m in front of the site, date this
settlement to a later occupation in the Early
Arab Period. However, the whitish quartz
lumps and the tailings unmistakably show that
by now gold and no longer copper was being
processed here.

Four rectangular buildings respectively mea-
suring around 3 x 4 m with 60-80 cm wide face-
shell walls are located in the northern part of the
area. They exhibit stately, approximately 1 m
wide entranceways, in one case with a monolithic
door threshold. At some distance further N are
the remains of another building, adjacent to which
are a grave and a small prayer platform on an
alluvial terrace.

This Early Arab Period occupation zone also
includes a deep-mine forming an elongated, nar-
row cut, which follows a quartz vein leading
towards NW above the settlement, along the east-
ern slope of the wadi (Fig. 5.6). At places it is
8—10 m deep, although much of it is buried under
debris today. The mine was protected against col-
lapse through several rock buttresses. The waste
dump material as well as sections of the mine
itself display a distinctive, green staining. Because
such strikingly narrow mines are typical for very
early mining and in addition, the clearly visible,
green malachite linings at the wallrock had not
only been key criteria for early copper prospec-
tors but also for gold seekers, mining at first was

possibly concentrated on copper. However, apart
from a miner’s dolerite hammer, no further evi-
dence to support this was recorded at the mine’s
surface.

All remaining identifiable surface features in
the area also date to the Early Arab Period. As it
appears, already exploited quartz veins of earlier
copper mines were checked and mined again in
this period, but this time for gold. Nevertheless,
gold was plausibly first and foremost retrieved
from the alluvial rubble deposits in the wadi bed
that had escaped the attention of the earlier
miners.

The geologic surroundings of this copper and
gold mining area consist of an intrusive quartz-
diorite traversed by NW-SE striking shear zones
exhibiting quartz mineralisations.

These distinctly visible quartz veins, whose
thicknesses vary between 0.5 and 1 m, all strike
NW-SE in an almost vertical dip. The mined
quartz is milky white, and the centre of the vein
contains calcite. Among the sulphide minerals,
low contents of pyrite and to a lesser extent chal-
copyrite could be observed.

A water retention complex totally silted-up
with fine debris presents interesting features for
the study the former processing technology. It is
located in a small valley basin in the neighbour-
hood of the Arab settlement (Fig. 5.2) and had
evidently served for collecting runoff after spo-
radically occurring rain showers. Such devices
had been essential for both gold processing and
the availability of drinking water. There are no
clear indications as to the date of this small,
curved dam, although other dams of this type,
which seem exclusive to Early Arab gold produc-
ing districts have attracted our attention.

5.1.3 Umm Balad

About 10 km SW of the Wadi Dara mining dis-
trict one arrives at another vast copper and gold
mining area (Fig. 5.7).

After our survey in Umm Balad, the mentioned
French-Egyptian team again carried out systematic
geologic and archaeological investigations in the
area, producing even more interesting results.
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Fig. 5.6 Narrow trench pit at
Wadi Dara from the Early
Dynastic/Old Kingdom
Period with clear copper
linings (bottom left) and
green stains at the wallrock

In the following we therefore also refer in addi-
tion to our own observations, to its work (Castel
et al. 1998).

The mining area was formerly accessed
through Wadi Qena, a wide wadi further to the W
which is recognised from the mountains. Today
one reaches the site by car in turning W towards
the desert mountains at Ras Gharib as one arrives
from the Red Sea road.

5.1.3.1 Umm Balad 1

Geographic position:  27°51'08"” N, 32°47'09" E

The ruins of 50-60 simple, round huts measuring
between 1.5 and 2.5 m in diameter, lie scattered,
predominantly on the N side of the upper reaches
of Wadi Umm Balad. In this area, the wadi is rela-
tively narrow as it turns E, with its bed heavily
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Fig. 5.7 Settlements and copper/gold deposits in Wadi Umm Balad (enlarged aerial photograph)

covered with river-rounded boulders. Round work
platforms mingling in an irregular arrangement
between the buildings are covered with fine sand
and partly confined by simple stone alignments.
From a distance, they are recognised as white
patches in the landscape. Because of the narrow-
ness of the wadi and especially the relatively high
precipitation, as perceived from the gullies and a
considerable rubble accumulation, the ancient
miners had preferred to invest the slopes for both
dwelling and working purposes (Fig. 5.8).

Tools lie scattered on the ground in- and out-
side the buildings. They were identified as mostly

fragmented cube-shaped anvil stones and rotary
mills, including the rotor discs.

Nearby, in the middle of the wadi is a very
well-preserved installation for washing and
processing stoneground gold ores (Fig. 5.9). It
consists of an inclined stone socle in the centre of
a largely intact water circulation system. Its func-
tion was to recycle water as it ran down from the
inclined surface of the washing table. After being
collected in a semi-circular basin it flowed
through an approximately 6.5 m long, slightly
curved channel back to the other end of the table
where it was gathered in a 60 cm deep shaft.



