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Abstract: The article reports on the results of the
project of non-destructive X-ray fluorescence
analysis of 15 artefacts, deposited in the Egyptian
and Near Eastern Collection of the Kunsthis-
torisches Museum Wien. Artefacts from the sites of
Giza, Kubbaniya, Mostagedda, Tura and Toshka
were chosen, predominantly from documented
archaeological contexts. The periods represented
are Early Dynastic, the Old Kingdom, the Middle
Kingdom and the Nubian C-Group. The finds were
excavated and published by H. Junker and G.
Brunton, yet they were analysed for the first time
only in the framework of this project. The analysis
confirmed the use of copper with impurities in the
Early Dynastic period and of arsenical copper in
the Early Dynastic period, the Old Kingdom, the
Middle Kingdom and the Nubian C-Group. More-
over, on a Dynasty-4 carinated bowl with spout
(AS 7441) was discovered previously unknown
inscription, most probably of the Vizier Seshath-
etep Heti.
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1. Introduction

In many earlier excavation reports from ancient
Egyptian and Nubian sites, the material of the
metal objects was very often determined visually
rather than based on any kind of material analysis.
Yet the specific type of copper alloy used for these
objects is impossible to distinguish by the naked
eye and many previous researchers determined the
alloy purely on the basis of (unspoken) assump-
tions of the occurrence of metals and alloys in
Egyptian history. These early identifications were
published in the literature without any firm ground
in the scientific knowledge of the material. Thus,
an analysis of the chemical composition is often
required to more precisely categorise artefacts that
are determined as ‘copper’ or ‘bronze’ in museum
collections and in early excavation reports. Very
important in this regard are objects with docu-
mented and datable archaeological context.

3 Kunsthistorisches Museum Vienna, Egyptian and Near

Eastern Collection
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Therefore, the two-year project Early copper
metallurgy in Ancient Egypt — a case study of the
material from the Kunsthistorisches Museum
Wien, funded by an internal grant of the Faculty of
Arts, Charles University in Prague, was launched
in 2015. The aim of this project was to collect
more accurate specifications of the alloys used for
the selected material. We have focused on early
Egyptian and Nubian metalwork before the wider
introduction of bronze to Egypt in the 18" Dynas-
ty. The Egyptian and Near Eastern Collection of
the Kunsthistorisches Museum Vienna (KHM)
holds an important corpus of ancient Egyptian
artefacts containing about 17,000 items* and
from this extensive collection mainly artefacts
with known archaeological contexts were select-
ed, resulting in 15 objects that were expected to
reveal important information. Unfortunately, it
turned out that these items were in very different
condition states, which will be discussed later on.
The selected items have been published in excava-
tion reports before, but not all of them were
cleaned at the moment of publication. Therefore,
the information on them in the literature is only
partial.

In museum collections especially rare or even
unique (metal) objects must be analysed either
non-destructively, without any irreversible dam-
age, or by taking only small samples. In the case
of the KHM material, a non-destructive analytical
method was required. Taking samples (using drill-
ing or similar methods) to perform slightly inva-
sive methods was not possible because of the frag-
ile condition of the items and the general policy of
the KHM. Therefore, x-ray fluorescence analyses
(XRF), a non-destructive method, was chosen for
the analyses of the selected objects, yielding the
advantage that the investigations could be per-
formed in the Conservation Science Department
of the KHM.’ The objects had not to leave the
museum which is normally connected with a high
bureaucratic effort and high costs for insurances
or the like. Also, climatic conditions for analyses
performed outside of the museum have to be con-
sidered.

4 SATZINGER 1994.

Preliminary results were presented at the 10th ICAANE
congress in Vienna, in April 2016 (OpLer and UHLIR et al.
2016).

Although XRF may work in a non-destructive
manner, considerable corrosion layers have to be
taken into account in the case of the Egyptian
artefacts. This means that often the corrosion layer
had to be removed on small parts — at rather
inconspicuous areas on the object to reveal the
composition of the core material. Consequently,
this fact limited the number of artefacts that could
be investigated by XRF. The results are presented
in this paper, comprising new information on the
artefacts and on their chemical composition.

2. KHM collection and the selected corpus of
artefacts

Altogether, fourteen artefacts from the 4%, 3% and
the early 2™ millennia BC (Table 1) with a docu-
mented archaeological context were selected, with
one addition of an artefact of known type but only
estimated provenance. In a few cases they are
quite unique, with only a few comparable items
existing in other archaeological contexts. Artefacts
from the Egyptian sites of Giza, Tura, Mostaged-
da, Kubbaniya and the Nubian site of Toshka were
chosen (Fig. 1). The periods represented are Early
Dynastic and the third phase of the Naqada culture
(31 — 29" century BC), the Old Kingdom (26" —
221 century BC), the Middle Kingdom (20" — 18%
century BC) and the Nubian C-Group (the relevant
Phase IIb is contemporary with the Second Inter-
mediate period, 18" — 16" centuries BC). The
selected artefacts are examples of Egyptian and
Nubian metallurgy from the 4 millennium BC to
the early 2" millennium BC. They represent work-
ing tools (two adze blades), model tools (four adze
blades, one razor blade and two axe blades), weap-
ons (two battle axes and a spearhead), toilet uten-
sils (two mirrors) and a functional vessel. Eleven
of the analysed artefacts were found during exca-
vations of the Austrian Academy of Sciences led
by Hermann Junker (1877-1962). Some of them
were published more than a century ago, but
again, they have not yet been subjected to quanti-
tative analysis, and they have often been published
before cleaning. Three of the analysed artefacts

¢ In September 2012, the artefacts from the 42" millennia
BC were documented by Martin Odler using conventional
methods: drawing, description and photography. Some of
these objects are included in his corpus publication on the
Old Kingdom copper tools and model tools (OpLEr 2016)
and are discussed in several articles (ODpLER and DuULiKoVA
2015; OpLER 2015a, 2015b).
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Fig. 1 Map of Egypt and Nubia with the location of the sites from which the analysed artefacts originate
(M. Odler, software by QGis, map by Natural Earth).

were found at Mostagedda between 1927 and 1928
by Guy Brunton (1878-1948) for the British
School of Archaeology. The last artefact, an Old
Kingdom razor blade, is of unknown provenance
(possibly also from Junker’s excavations) but can
be dated on the basis of artefactual analogies.

3. Analyses of early Egyptian metal artefacts
from other museum collections

Although some analyses on early Egyptian metal
artefacts exist and have been published, synthesis

7 ODLER in preparation.

of the results is lacking; the first author of this arti-
cle is attempting it in his PhD thesis.” The results of
earlier analyses will be discussed in depth below.
Here, we will mention several projects with results
comparable to the selected KHM material. On the
whole, there was meagre reflection of these publi-
cations and results in Egyptological literature.

The current state of knowledge demonstrates
the use of almost pure copper tools in the latter
half of the 4™ millennium and in the 3™ millenni-
um BC. The first arsenical copper artefacts
occurred already in the Nagada culture.® Copper,
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alongside with arsenical copper, was used in the
Early Dynastic period, the Old Kingdom, the First
Intermediate period and the Middle Kingdom.
Both materials were used for the production of
tools and model tools,’ vessels and model vessels'®
and other objects. The details of the development
are discussed within this paper; the presentation of
the results on each object is followed by a general
discussion.

The role of arsenical copper in early ancient
Egyptian metallurgy has been long underestimat-
ed.!! This was partly because some important arti-
cles were not published in the usual Egyptological
journals and thus escaped the attention of some
scholars. Historically, the first analyses that identi-
fied arsenic in ancient Egyptian objects were per-
formed for Flinders Petrie on two adzes found at
Meidum."” Widespread use of arsenical copper was
shown for the first time by Michel’s analysis of
ancient Egyptian mirrors and other objects in the
Louvre.® Arsenical copper ought to be counted
among important ancient Egyptian alloys at least
since the publication of the article by Eaton and
McKerrell.'* The material analysed, mostly depos-
ited in the Ashmolean Museum, Oxford, consisted
of objects from Abydos, Bet Khallaf, Diospolis
Parva, Sedment, and Tarkhan, i.e. from ancient
Egyptian “provinces”® On objects from these
sites it has been demonstrated that arsenical cop-
per was the most frequent alloy used in the Predy-
nastic and Early Dynastic periods and in the Old
Kingdom." Since the Middle Kingdom, copper
and arsenical copper were gradually replaced by
tin bronze, although the process was not unidirec-
tional in Egypt. At Tell el-Dabca, G. Philip
described a gradual decline in the contents of the
tin (and thus bronze) in some artefact categories
(predominantly weapons) through time. No clear
pattern associating artefact types and chemical
compositions was observed either."”

We should bear in mind that ancient Egyptians
must have known tin bronze as well, at least from

8 MCcKERRELL 1993.

®  For Old Kingdom tools, see OpLER 2016.

2 RapwaN 1983, although the author did not deal with the
question of the alloys used.

" Even in the handbooks, due to the omission of some arti-
cles, OGpEN 2000, 152-153.

12 PerRIE 1892, 34, 36.

13 MicHEL 1972; Hours and MicHEL 1974,

4 EatoN and McKERRELL 1976.

the Early Dynastic period. The published speci-
mens comprise two bronze vessels of Egyptian
forms from the Tomb of King Khasekhemwy at
Abydos, Dynasty 2,'® and an Early Dynastic to Old
Kingdom fragment found at Buto.”” Yet the proxy
data from Egyptian pigments indicate that tin
bronze was scarce before the Eighteenth Dynas-
ty.? It can be assumed that more bronze objects of
ancient Egyptian provenance will be identified
from 3" millennium contexts in the future.

4. X-ray fluorescence analysis (XRF)

The 15 selected objects were analysed using XRF
in the Conservation Science Department of the
KHM with the p-XRF spectrometer PART II
(portable art analyser II, Fig. 2)*! of the museum.

Fig. 2 PART II analyser (© KHM-Museumsverband).

15 McKEerreLL 1971. I would like to thank the Ashmolean
Museum, Oxford and curator Liam McNamara for access
to H. McKERRELL’s results.

¢ Earon and McKEerRrEeLL 1976, 174175, Table 6, Fig. 10.

7 PuiLip 2006, 212-214.

18 SpeNceRr 1980, 88, Cat nos. 596, 597.

19 PerNICKA and SCHLEITER 1997.

20 JAKSCH et al. 1983.

2 Built within the FWF Project No. L430-N19. BuzaNicH et
al. 2010, UHLIR ef al. 2012.
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The PART II spectrometer is equipped with a
vacuum chamber to reduce the absorption of low
energy radiation in the air. For excitation, a low-
power X-ray tube that can be operated up to 50 W
is used. The focusing of the primary beam is done
by using a polycapillary lens that produces an out-
put focal spot of 145 pm at 5.42 keV (Cr K ). The
vacuum chamber can be pumped down to about 1
mbar and is sealed with a Kapton™ window. Two
laser pointers are used to locate the investigated
spot at about 1 mm distance outside of the cham-
ber (coinciding with the focus of the polycapil-
lary), thus minimising the absorption losses in the
excitation and x-ray fluorescence radiation paths.

The programme WinAxil was used for quanti-
tative evaluation. In the WinFund-routine, the
Compare Mode was chosen for evaluation because
of uncertainties in the transformation of the excita-
tion radiation by the polycapillary. Therefore,
fourteen standards bought from MBH Analytical
LTD, including arsenical copper, were measured
(at least 5 measurements per standard) under the
same conditions as the sample objects and used for
the creation and verification of the evaluation
method.

As it is crucial for the creation of the quantifi-
cation routine using Compare Mode to use stand-
ards whose composition is as close as possible as
the one of the samples, the most important stand-
ards of this set are the arsenical coppers CUAS3
(36X CUAS3, batch A) and CUAS4 (36X CUASS3,
batch A). As, unfortunately, these standards did
not contain the trace elements found in the sam-
ples, other standards had to be used as well. Stand-
ards that include the whole set of necessary trace
elements are 7835.8 (31X 7835.8, batch A), 7835.9
(31X 7835.9, batch A) and GM21 (33X GM21,
batch A, without Se). The evaluation of these five
standards using the created method is shown in
Table 2. The elements of interest are copper (Cu),
arsenic (As) and the trace elements of the items
iron (Fe), nickel (Ni), zinc (Zn), selenium (Se), sil-
ver (Ag), lead (Pb) and bismuth (Bi). All concen-
trations given in this paper are in weight percent-
age (wt %).

As can be shown in Table 2, the error of the
evaluated elements is in a very good range. The
relative error for copper stays below 2 % and is
even below 1 % in the arsenical coppers. For arse-
nic the relative error stays below 20 % for three of
the standards, below 30 % for the rest. The partial-
ly higher error ranges for the standards 7835.9 and
GM21 can be explained by the low concentration

of arsenic in these standards and the presence of
lead, coinciding with the arsenic K line. On the
other hand, as the concentration in these standards
is very low, the As K, line could not be used. Nev-
ertheless, as the investigated objects did not show
a significant lead content, this influence can be
excluded when performing the evaluation of the
objects.

The relative error for the trace elements iron
and zinc can be assumed with + 5%, for lead with
+ 10%, and the rest of the interesting trace ele-
ments except silver with + 25%. The relative error
for silver is higher, because traces of silver cannot
be detected/evaluated using the K lines with the
used setup due to a bad excitation in this energy
range. The L lines on the other hand coincide with
the argon peak leading to higher error ranges
especially for silver as a trace element. The error
range can, therefore, not be estimated well. Never-
theless, silver was evaluated only once in the
objects and a relatively high uncertainty should be
considered.

Although XRF is a non-destructive technique,
it was in most cases necessary to polish small are-
as (app. 3mm in diameter) on the surface of the
artefacts to be able to investigate the core compo-
sition of the alloys as the surface regions were
strongly altered (see Table 1). The areas chosen for
analysis were parts where it was either justifiable
to polish a small section or where uncorroded sur-
faces were visible without polishing (fracture are-
as, etc.).

Nevertheless, some of the objects appeared to
be entirely corroded, leaving only some rather
greyish material for the analysis, leading to the
question of reliability of these results. Some inves-
tigations regarding the influence of the corrosion
layer on an arsenical copper will be shown below.
Nevertheless, as the material investigated is
almost pure copper with only some trace elements
and eventually arsenic in the range from ppm to
some percent, it should at least be possible to cate-
gorise the copper in pure copper, low arsenic cop-
per or high arsenic copper.

A test of the influence of the preservation state
of the investigated spot for arsenical copper was
done on the object AE_INV 7334. The measure-
ment points (MP) and their evaluated concentra-
tions are described in Table 3. The indicated meas-
uring points are shown in Fig. 3. The concentra-
tion of copper varies within the small blank area
from 95.1 to 96.2 % with an average of 95.6 % and
the arsenic shows concentrations from 3.4—4.8 %
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Fig 3 Measuring points (MP) on the mirror AE_INV 7334 (© KHM-Museumsverband).

with an average of 4.1 %. The black corroded area
does not show too large deviations. The copper
value with 96.3 % lies within the error range
whereas arsenic shows with 3 % a lower concen-
tration, but nevertheless gives a good indication
for the amount of arsenic in the alloy. The case is
different for measuring point 7, the brown corrod-
ed area: in this measuring point the concentration
of arsenic is approximately double to the other
points, emphasising once again the importance of
the choice of the right measuring area or the prep-
aration of the measuring spot. Of course, also on
conscientiously selected parts a moderate corro-
sion might be left, producing some uncertainty of
the results, but this should be in an acceptable
range and is a fact we have to accept when dealing
with objects of cultural heritage.

At least five measurements per object/prepared
area were taken for each of the artefacts, in order
to obtain a representative average composition for

22 This phenomenon was described on Egyptian artefacts by

WuTtT™MANN 1986.

the alloys used, as the chemical composition of
historical metal artefacts was usually not homoge-
nous and the concentrations of the elements might
differ significantly even in a single artefact.”> The
results are presented in Table 4. Their interpreta-
tion is discussed in the following text.

5. Discussion of the sites, artefacts and analyti-
cal results

The results of the analysis confirmed in general
the preliminary hypotheses concerning the
alloys used: almost all artefacts were made of
arsenical copper, which is assumed to have been
the most frequent alloy used in Egypt in the 3%
millennium BC. Nevertheless, some surprising
aspects have been uncovered. The results will be
discussed in detail below, dividing the artefacts
into subgroups based on their shape, use and chro-
nology.
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5.1. Tools, model tools and weapons

As tools, model tools and weapons represent the
largest group of analysed early Egyptian objects in
our corpus, let us outline the general trends of the
development of their application and the alloys
used in order to set the analysed tools in their cul-
tural context. In addition to traditional approaches,
we also employ basic statistical methods to evalu-
ate the data on the artefacts in greater depth using
statistical software R.%

Artisan tool kits and single tools with metal
blades started to be deposited in burial equipment
in the second phase of the Naqada culture. The
assemblages comprised of chisels, adzes, axes and
saws exist in two general types of archaeological
contexts. The better-preserved category is repre-
sented by lesser graves with a single tool or a few
artisan tools from a kit. The second category can
only be assumed indirectly and is represented by
the largest tombs with the presence of tools among
a wide array of other artefacts. The extent of such
contexts can be imagined for example on the basis
of a corpus of almost 500 copper alloy tools from
Tomb 3471 at North Saqqara datable to the reign
of Djer.

This approach, to deposit (assumed) full-size
tools in the burial equipment, was custom in the
Naqgadan culture in Nagada II and IIIA-B and
continued into Dynasty 1, i.e. Nagada IIIC. Large
assemblages in the richest and largest tombs did
not represent the craft activity of the tomb owners
themselves but rather symbolised the interdepend-
ence of patron-craftsman and attached craft spe-
cialisation. In such way, they were interpreted
already by W. Davis.?

Although hunting and fighting scenes are fairly
frequent in Predynastic and Early Dynastic art,
weapons were an unusual and marginal category
of the burial equipment.” Violence seems to have
been a prerogative of the elite — the chieftains and
rulers. Only a few metal weapons were among the
objects deposited in Predynastic and Early Dynas-
tic graves; moreover, as we will see below, their
explanation as weapons is highly dubious in some
cases.

2 On the basis of methods presented in Baxter and CooL
2016.

2 Davis 1983.

2 GierT 2004, 82-84, Appendix 6.

5.2. Full-size tools and a weapon of the Nagada
culture and Early Dynastic period

5.2.1. Adze blade from Kubbaniya South (AS 7187)

The earliest object analysed in this project is a
full-size adze blade from a cemetery at Kubbaniya
(Fig. 4). The cemetery entered literature as an
A-Group site, because of the presence of Nubian
culture material datable to this period.?® The reas-
sessment of the sites north of Aswan due to the
presence of A-Group material led to the interpre-
tation that the sites are part of the Naqadan settle-
ment network, with occasional Nubian presence.?’
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Fig. 4 Adze blade from Kubbaniya (the scale displays ancient

Egyptian and modern standard measuring units;
drawing by Martin Odler, Martin Cerny).

The adze blade (AS 7187) was the only heavy
metal tool found in the whole assemblage, other
objects made of copper being needle, fish-hook,
armlet, beads and a rectangle. 53 graves contained
malachite and brochantite.”® The adze was exca-

26 JUNKER 1919.

2 Gatto 2006.

*#  As determined by Prof. Berwerth, mentioned in JUNKER
1919, 90.
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vated in the disturbed Grave P.193 of the Type Va
— a rectangular pit with rounded corners.” The
grave contained fragments of red polished and
unpolished sherds, a fragmentarily preserved big
jar (possibly a wine jar, not depicted in the origi-
nal publication; the determination is followed by a
question mark already in Junker’s tomb register,
we should treat it only as an assumption without
possibility of confirmation), bowls and fragments
of rough ware.*® Other finds were a fragment of an
ivory wristband of oval section, fragments of an
almost complete ostrich egg with an intentional
perforation on the upper side, and garnet discs.>! A
high diversity of objects was found in the burial
equipment, which is important because it can be
interpreted as a mark of a higher status. Based on
the analysis of the A-Group funerary equipment,
we tend to interpret this assemblage as a burial of
a man with Egyptian imports (adze blade, wine
jar??) and Nubian artefacts (an ostrich egg — other-
wise known in children graves in southern Lower
Nubia).* The cultural identity of the person buried
is uncertain: was he a Nubian or an Egyptian?

The adze blade was found covered with verdi-
gris but was cleaned later (removal of the corroded
layer), so that the verdigris is not visible any more
apart from a few spots. It has a well-preserved
metal core, and the surface does not show any sig-
nificant traces of use. The adze blade has a slightly
convex shape with one bevelling slightly dominant
on the blade section. The adze is of early Type A
with a flat head; it can be assigned to Variant A2.%
Marks in the shape of a semicircle and a cross
punched by a pick were found on one of the faces
of the blade during the cleaning.

XREF analyses has shown that this item is made
of almost pure copper with only approximately
0.5% of arsenic and traces of bismuth (Table 4).

We have not analysed the metallography of the
object, but from the state of the preservation of the
artefact and its metal core it can be assumed that it

2 JUNKER 1919: 116, 133, Taf. XXXIX.

3 Unfortunately, no other object from this grave was identi-
fied neither in the collection of the KHM nor in the pub-
lished collection from Kubbaniya in Krakow (SLiwa 1982).

3 JUNKER 1919, 94, 114, 120.

32 NORDSTROM 1996.

3 ObLer 2015a, 97-99, Fig. 7.

3 PeTrRIE, WAINWRIGHT and GARDINER 1913, PI. V: 27, VI: 8.
The object is in the collection of the Manchester Museum,
accession number 5427.b (10804).

was hammered (and possibly also annealed?) into
the final shape after casting.

The object entered the literature as an A-Group
artefact. However, the only similar object, of
which already H. Junker was aware, an axe blade,
has been found in the area of the Naqada culture,
at Tarkhan, in Tomb 1015.3* This tomb assemblage
is currently dated to Naqada IIIA2 based on pot-
tery.?® The possible ties of the adze blade AS 7187
to the Nagada culture are emphasised by the
punched motive.

A punched “sign” on an object occurred also
on an adze blade from the eponymous site of
Naqada, in a shape roughly similar to the letter P
described as a “crook” by J.C. Payne. The grave
was dated to Naqgada I1D1.’¢ Another Early Dynas-
tic object with punched marks is an axe blade, pos-
sibly from Abydos.’’” Legible Early Dynastic
inscriptions on copper tools refer to their owners —
they were interpreted in that way for the inscribed
royal names and also for non-royal individuals. It
is impossible to decide whether the marks on
Nagadan copper tools had the same meaning. The
largest corpus of tool marks was preserved in the
Middle Kingdom Papyrus Reisner II; these most
probably represented place names.*®

In the literature® the blade from Kubbaniya
(AS 7187) has been determined as an axe blade,
rather than an adze blade.** In order to ascertain
its correct tool class, the available data about the
length and width of adzes and axes have been dis-
played in a scatter plot (Fig. 5). Only assemblages
in which adzes and axes have been found together
in the same burial context are involved. In these
cases, a distinction between a rather square shape
of axe blades and a rather rectangular shape of
adzes in ancient Egyptian material culture is
clear. A-Group cemeteries also show several
examples of graves where adzes occur alongside
axes; axe blades are distinguished by a rather
square shape and a flaring of the blade, while adz-

Lisa Mawdsley, pers. comm.

3 Grave 39; PaYNE 1993, 146; the object is in the Ashmolean
Museum, Oxford, accession number AN1895.969.

37 Davies 1987, 27, Pls. 1, 31.

3% ANDRAssY 2009.

3 KUHNERT-EGGEBRECHT 1969, 98; Davies 1987, 28.

40 As adze determined by OpLer 2015a, 97.

4 For the definition of distinction between ancient Egyptian

axe and adze blades, see OpLER 2015a.
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Fig. 5 Scatter plot of axe and adze blades from the A-Group and Naqada cultures and the Kubbaniya blade
(plotted by Martin Odler in R).

es were rectangular and narrower (Classical
A-Group Grave 23 from Debeira,* late A-Group
Grave W 11 from Qustul,”® Grave 1 of Cemetery
142 at Naga Wadi).* Naqadan graves also con-
tained axes alongside adzes, namely Tomb 122
(Nagada ITIC2)* and the already mentioned Tomb
1015, both from Tarkhan. The largest assemblage
where axes and adzes co-occur is a tomb deposit
of copper alloy tools in Tomb 3471 at North
Saqqgara, datable to the reign of Djer of Dynas-
ty 1.4 The scatter plot shows a distinct grouping of
axes and adzes, with the blade from Kubbaniya
clearly falling into the adze group. Therefore, its
correct tool class is adze blade. Another outlier of
an apparent Nagada axe in the cluster of adzes, a
blade from Tarkhan, can also be categorised as an
adze.” The craftsman producing blades had a
mental template with a clear aim of producing dis-
tinct blades. We can thus assume that there was a
dependent variable in form of the ratio of length
and width.

4 NorpsTROM 1972, 123-4, 154-5, P1. 73: 9, 10, PL. 193: 1;
ANFINSET 2010, 163-165, Figs. 6.49-6.50.

# WiLriams 1989, 39, 63, Fig. 27c-f, Pl. 36a-d, 37a-d.

4 FirtH 1927, 214, P1. 22: b 1-4.

4 PerrIE, WAINWRIGHT and GARDINER 1913, 23, 11, P1. IV: 14;
V:25; VI, 3-5, LXVL

46 EMERY 1949, 18-57.

4 Tarkhan, Tomb 1015, now Manchester Museum, accession
number 5427.c.

4 Axes discussed in Davies 1987 and adzes in OpLER 2015a,

with further references.

By careful comparison of the preserved
objects, a few morphological differences between
A-Group and Nagadan objects can be distin-
guished. The square shapes of blades from
Tarkhan and Saqqara, attributed to axes, do not
have flaring of the blade, which occurs more often
on adze blades.*® The only preserved axe blade
with flaring from the area of the Nagada culture is
an axe blade from Abydos.* The only remarkable
difference between the axe blades of the A-Group
and the Kubbaniya blade is flaring of the blade.
Adze blades of the A-Group tend not to have flar-
ing.*® The absence of flaring on the blade would
qualify the blade from Kubbaniya rather as an
object of the Nagada culture. Concerning chemical
composition, axes and adzes from the Nagada cul-
ture have contents of arsenic between 1 and 5%
according to the published results.’’ Regarding
A-Group artefacts, there are blades with arsenic
and bismuth below 1%,% but also blades made of
arsenical copper.™

4 Davies 1987, 28; now in Leiden, accession number RMO, F
1938/8.87.

3% For a detailed list of examples, see OpLER 20152, 98-99.

St McKERRELL 1993; SPENCER 1980, 88.

2 Halfa Degheim, Grave 58, axe: NorDsTROM 1972, 1234,
210, Pls. 117, 193: 1; AnrFiNseT 2010, 163-165, Figs. 6.49—
6.50; Debeira, Grave 23, adze: NOrRDSTROM 1972, 123-4,
154-5, PL. 73: 9, 10, PL 193: 1; AnrINsET 2010, 163-165,
Figs. 6.49-6.50.

33 Faras cemetery: GrIFrFITH 1921, 9-10; SPENCER 1980, 86, PI.
71.
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The question of the definitive cultural attribu-
tion of the adze blade from Kubbaniya must
remain open. The punched mark on the surface, a
trait that is peculiar only to the Naqada culture
and later Egyptian material culture, may favour
the Nagada culture as the place of origin for the
object. Another such trait is the absence of blade
flaring, which is more frequent in the Nagada cul-
ture. However, similar chemical composition and
morphologically similar artefacts occur also in the
A-Group culture. Only a lead isotope analysis
would bring us nearer to answering the question of
the ore source and possible production place of the
object.

5.2.2. Adze blade (AS 6944) and spearhead
(AS 9252) from Tura

Contrasting with the “outpost” location of Kub-
baniya, the cemetery of Tura is located on the
eastern side of the Nile Valley, opposite the
administrative centre of the early Egyptian state at
Memphis. The Tura area is famous for its source
of white limestone in quarries to the east of the
cemetery.’* The Early Dynastic cemetery at Tura
is listed among the sites with elite and lesser
tombs, interpreted as burial grounds of the sec-
ondary and tertiary centres of the state.” In con-
trast to Kubbaniya, metal finds were scarce at the
cemetery of Tura, with c¢. 10 objects preserved.*
Besides the analysed adze blade and spearhead,
the 583 explored graves only contained one other
spearhead,”” another adze, a harpoon, two small
bowls and five probably full-size vessels, one ring
and three armbands.

The adze blade (AS 6944) was found in the
undisturbed Grave 18.k.3, a pit dug out in sand.
The tool was deposited behind the head of a skele-
ton, a plain incomplete blade without a haft
(Fig. 6). The grave contained also a cylindrical
travertine vessel, described as squat (‘gedrungene
Form’) by Junker.”® The adze blade is damaged by
corrosion and collapsing into layers of material. It
has a trapezoid shape with a single bevelled and
flared convex blade, a common trait of Nagadan
and Dynasty | adze blades. The adze is of early

% The latest map of the area, albeit without the location of
the cemetery, in HARRELL 2016, Fig. 1.

55 Konrer 2008, 397, namely the sites of Abusir/Abu Ghurab,
Giza, Abu Rawash, Old Cairo and Tarkhan.

3¢ JUNKER 1912, 54-56.

57 JUNKER 1912, 55, Abb. 74.

Fig. 6 Grave 18.5.3 with an adze blade (after Junker 1912,
Taf. XXXII, upper left photo).

Type A, with a presumed flat butt; more precisely
Variant Al (Figs. 7, 8).” Although the butt is miss-
ing, the tool blade was not much longer than the
surviving part.

Dynasty 1 complete adze blades form a bimod-
al distribution on a histogram of lengths (Fig. 9),
exemplified also by a superimposed density plot.°
With a length of 161 mm, the adze from Tura
belongs to the first group of shorter adzes. Several
size categories of adzes are supposed to have
existed in the Old Kingdom.®! We can see that this
assumption works also for Dynasty 1; presumably,
the shorter adzes might have been used by carpen-
ters and the longer ones by shipwrights. In terms
of morphology, the adze has a distinct flaring of
the blade, which occurs also on Dynasty 1 adzes
from other sites, e.g. from the Early Dynastic
cemetery at Saqqara.®

8 JUNKER 1912, 52, 55, 73, Taf. XXXII, XLVII.

3 ObLer 2015a, 97-99, Fig. 7.

% For references to the find spots of Dynasty 1 adze blades
and source data of Figure 9, see OpLER 2015a.

" ObLEr 2016, 133.

2 For references to find contexts, see OpLER 2015a, 99-100.
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Fig. 7 Adze blade from Tura (AS 6944) (the scale displays
ancient Egyptian and modern standard measuring units;
drawing by Martin Odler, Martin Cerny).

The adze blade from Tura (AS 6944) was made
of almost pure copper (Table 4). As pure copper is
rather soft, the tools were probably made only as
burial equipment. As we have discussed in detail
in the case of the previous adze blade (AS 7187),
the analysed artisan tools (adzes, axes and chisels)
from Dynasty 1 were made from either arsenical
copper or copper with impurities of other metals;
both groups occur in burial assemblages.®

The spearhead (AS 9252) was the only object
found in the disturbed Grave 18.e.3, a mudbrick
structure with remains of wood from the roofing.**
The blade has a lozenge shape with deltoid sec-
tion, the blade tip missing, and a short tang with a
hook. It was cleaned of verdigris in the museum
collection (Fig. 10). With the spearhead from Tura,
we move to another material in the assemblage.
The spearhead AS 9252 was made of arsenical
copper (2.8 % As, Table 4). Its shape is unique in
Egypt, having no exact analogies to our knowl-
edge. Predynastic and Early Dynastic spearheads

% SpeNCER 1980, 88; CowkeLL 1987, 111, Table 1d.

o Junker 1912, 54-55, 62, Abb. 73, Taf. XIIL

% WirLiams 1986, 128, 359, Fig. 170, P1. 64b, 65b; now in the
Oriental Institute Museum, University of Chicago, E23727.

5cm

Fig. 8 Adze blade from Tura (AS 6944)
(© KHM-Museumsverband).

known from the Nile Valley come from the
A-Group cemetery at Qustul,”® Predynastic
Tarkhan,®® probably Dynasty 1 Abydos, Tomb
0.31 (although this object has been also catego-
rised as a leather-cutting knife; it was made of
copper with a half percent of arsenic)®’ and finally
Dynasty 2 Abydos, Tomb of Khasekhemwy, possi-
bly a model with slightly more than one percent of

% PerriE, WAINWRIGHT and GARDINER 1913, 23, 10, PL. I, IV:
6, LXIII; datable to Naqada IIIA2 (Lisa Mawdsley, pers.
comm.)

o Perrie 1901, 8, 24, Pl. VI: 18, 23-26; SpeNCER 1980, 88.
Now in the British Museum, EA67565.
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Fig. 9 Histogram and density plot of the lengths of adze blades
from Dynasty 1. Length of adze blade from Tura is marked by
a dashed line (plotted by Martin Odler in R).

- 5cm

‘ 1 | | I | 1 |

T T
Q 5cm v 10 cm
2 szp 1 §zp 0

Fig. 10 Spearhead from Tura (AS 9252) (the scale displays
ancient Egyptian and modern standard measuring units;
drawing by Martin Odler, Martin Cerny).

% GoLpeN 2002, 229-230, Figs. 14.5, Table 14.1; now in the
University of Pennsylvania Museum, E 14730.
% Hours and MicHeL 1974, 69, Tab. 1.
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Fig. 11 Scatter plot of the spearhead from Tura and of Early
Bronze Age spearheads from the Levant (data points after
Philip 1989, 323-326; plotted by Martin Odler in R).

arsenic.®® Late Old Kingdom to First Intermediate
period spearheads from Dara were made of copper
with impurities and arsenical copper.” None of
these spearheads are similar to the morphology of
the Tura spearhead; most importantly they do not
possess the distinct hook at the end of blade.
Another object, an artefact with a similar lozenge
shape in the deposit of copper model tools in the
tomb of Khasekhemwy, is in reality a sheet model
of a saw blade.”® Analogical artefacts were used in
the Levant: Type 6 spearheads with hooks which
are dated to the Early Bronze Age.”" Yet, the arte-
fact needs not to be an import; the chemical com-
position may indicate that the object is of Egyptian
origin. The size does not correspond either: the
spearhead from Tura is much smaller than the
artefacts from the Levant, as can be observed on a
scatter plot (Fig. 11). The spearhead from Tura is
most probably an object made in Egypt but
inspired by the Levantine form of spearheads with
hooks.

5.2.3. Old Kingdom model adze blades from Giza

Beginning in Dynasty 2, the situation in the use of
copper alloy tool blades in the burial equipment

70 Perrie 1901: Pl. IXA; now in the Ashmolean Museum
Oxford, accession number AN1896-1908 E.631.
7 PuiLip 1989, 323-326, Fig. 16, 6.
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changed in favour of a lesser total weight of metal
and models usually cut out of metal sheets.”” Later,
most preserved Old Kingdom tool blades in the
burial equipment were models of full-size tools,
modelling the practically used objects on a smaller
scale.”® The models retained only some of the mor-
phological characteristics of full-size artefacts,
they were produced by hammering and annealing
to the shape, the same techniques used for produc-
tion of full-size blades. Weapons disappeared
from the burial equipment after the Early Dynastic
period. Old Kingdom ideology of kingship
retained the right to violence against the enemies
of Egypt, and military scenes are extremely rare in
non-royal contexts. This absence of evidence,
especially metal blades of weapons, does not mean
that they were not known to the Old Kingdom
Egyptians; they were rather not represented in the
burial equipment and material culture preserved
e.g. at settlements.

Giza is currently the best known site from the
point of view of Old Kingdom archaeology. Old
Kingdom tools in the form of so-called model
tools are the most frequent category of metal finds
in the burial chambers of the elite.”” They occurred
in the usual combination of chisels, adzes, axes
and saws, with occasional inclusion of razors and
needles, in Dynasty 6 also mirrors. We have ana-
lysed five artefacts from Old Kingdom Giza, four
model adze blades (Z5 C6 8 11 1, Z5 C6 8
I 2,75 C6 6 11 1,Z5 C6 6 11 4) discussed in
this section and an inscribed carinated bowl
(AS 7441) discussed later in the article.

Two adze blades were found in Tomb G 4970
(Z5 C6 8 11 1, Z5 C6 8 II 2, Fig.12).* The
tomb has an L-shaped chapel with two false doors
in the southeastern part of the structure and two
burial compartments in the centre; the larger
southern burial chamber and shaft belonged to the
tomb owner, the official Nesutnefer, active in the
provincial administration and in the administra-
tion and funerary cult of the pyramid town of
Khafra,”” the smaller northern shaft and burial

72 In the royal burial of Khasekhemwy at Abydos (PETRIE
1901, 12-13, 28, 38-40, Pl. XLV: 65-80; Pl. IXA) and at
Helwan KoHLER 2014.

73 For a detailed discussion, see ODLER 2016.

74 MADDIN ef al. 1984.

5 ObLER 2016.

76 JUNKER 1938, 166; JANos (2006, 84—85, Abb. 66) dealt with
the local development in the vicinity of Tomb G 4970.

77 MoreNo-GARcia 2013, 97, 101.

T
10 cm 0

Fig. 12 Model tool assemblage from Tomb G 4970 at Giza
(the scale displays ancient Egyptian and modern standard
measuring units; drawing by Martin Odler, Martin Cerny).
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chamber most probably to his wife Khentetka who
bore the titles of priestess of Hathor and Neith and
of the king’s acquaintance. The decoration of the
tomb was based on imitation of the reliefs from
Tomb G 5150 (Seshathetep Heti) with some minor
changes.”® The inscriptions (also based on the imi-
tated tomb) claimed that the offerings were com-
ing from the settlements of the tomb owner’s
funerary foundation or estate (pr d.7). The offer-
ings were counted by the scribes of Nesutnefer’s
household; food, animals and other objects (head-
rest, bed, sandals, staff, etc.) were depicted. The
finds from the burial chambers can perhaps be
also seen in this context, as provided from the
household of the tomb owner. The metal finds
have been found in the debris of the northern shaft
of the tomb, together with a fragment of a red
bowl and an amphora. The fragments of the
combed ware amphora enabled to reconstruct the
shape of the complete vessel. K. Sowada collected
various datings of the vessel, ranging from Dynas-
ties 4 to 5.7 The most frequent dating of the tomb
itself is early to middle Dynasty 5, but an earlier
chronological position of the tomb is still favoured
by some authors.®

8 JUNkKER 1938, 172185, Abb. 28-31.

" Sowapa 2009, 64.

80 Of recent works, MoreNo Garcia (2013, 97, 101) dates
Nesutnefer to Dynasty 4 and RoeTeN (2014, 429—-431) dates
both Seshathetep Heti and Nesutnefer to early Dynasty 5
based on the chapel decoration. As the vessel was not iden-
tified in any contemporary museum collection, it cannot be
decided whether it was a genuine import from the Levant
or an Egyptian imitation.
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Fig. 13 Superimposed histograms of length of the adze blades
of Variant D1 from the Dynasty 5 and 6
(plotted by Martin Odler in R).

The first analysed adze with a flat butt and a
neck in one-third of the length (Z5 C6 8 II 1),
consisting of 4 fragments, is of Variant D1.8! The
histogram in Fig. 13 depicts the lengths of Variant
D1 complete model adzes from the Dynasties 5
and 6.2 Yet, compared to all model adze blades,
this blade is one of the longest model blades pre-
served from the Old Kingdom. It is an “oversize”
model, exceeding one ancient Egyptian palm (c.
75mm). Such adzes could have been issued from
the royal treasury for the burial equipment of non-
royal persons of high status,® which contradicts
the information stated in the tomb decoration (but
as discussed before, the inscriptions were copied
from another tomb with only minor changes). The
second adze with a rounded butt with edges and a
neck (Z5 C6 8 II 2), consisting of two frag-
ments, is of Variant D4.** The blade part of the
adze is unfortunately broken off and the maximal
length of the adze cannot be ascertained. Both
analysed model adze blades, much corroded, were
made of copper with impurities (with arsenic
below 1%, Table 4). Besides them, the assemblage

81 ObLER 2016, 141-142.

82 The datasets are described and discussed in OpLER 2016.
8 ObLER 2016, 234-235.

8 ObLer 2015a, Fig. 7; 2016, 142.
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Fig. 14 Model tool assemblage from Shaft 315 at Giza
(the scale displays ancient Egyptian and modern standard
measuring units; drawing by Martin Odler, Martin Cerny).
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contained a fragment of a chisel, a saw blade and
possibly also a fragmentarily preserved axe blade
(Fig. 12).%

Two model tools were found later on the east-
ern side of Tomb G 5070 (Z5 C6 6 II 1, Z5
C6_6 11 4). Junker considered the Mastaba of
Shafts 309-316 as a later building than Mastaba G
5070, with a corridor chapel and a rather large
serdab.®® The tomb must have been built after late
Dynasty 5, in the course of Dynasty 6.8” The sup-
posed tomb owner was buried in Shaft 316 and his
supposed spouse in Shaft 315; no information has
been preserved about their names or social posi-
tion. Shaft 315 was found undisturbed, with the
body deposited in a sarcophagus pit sunk into the
floor of the chamber. The body had a faience neck-
lace. Model vessels made of travertine and pottery
lay to the east of the burial, covered with wooden
planks. The tomb can be dated to Dynasty 6 based
on the model stone vessel assemblage.®® The model

8  The assemblage has been published in Oprer 2016 and
before that in OpLEr and Dutikova 2015, Fig. 7: BE6,
selection; the complete assemblage in ObLER 2015b,
Fig. 4.8: BES5.

8 LeaMAaNN 2000, Katalog-Nummer: G302.

8 JUNKER 1944, 46.

8 JIRASKOVA 2016.
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Fig. 15 Superimposed histograms of length of the adze blades
of Variant D2 from the Dynasty 5 and 6 (plotted by Martin
Odler in R).

tools were found at the south end of this concen-
tration, on and beside a ceramic bowl (Fig. 14).* A
miniature mirror was found together with the
model tools; unfortunately, the KHM collection
contains three model mirrors supposedly from
Giza, and it cannot be determined which one is
from this assemblage.”

Both models are necked adze blades of Type D,
the former without a clear attribution to a variant
due to the corrosion of the butt (Z5 C6 6 11 1),
the latter (Z5 C6_6 11 4) of Variant D2°' and con-
sisting of two fragments but beside that preserved
completely. Based on the histogram of complete
Dynasties 5 and 6 model adze blades of Variant
D2, the adze blade is one of the shortest preserved
with only 62mm (Fig. 15).”2 It might have been a
product of the tomb owner’s estate, which could
have included metalworkers.” The first adze blade
(Z5 C6_6 11 1) was made of arsenical copper
(with 2.2 % As), which makes it one of the first
confirmed Old Kingdom model blades made of
this material, with the exception of arsenical cop-
per axe blade from Dynasty 6 Dendera.”* The lat-
ter adze (Z5 C6_6 11 4) contains less than 1% of
arsenic.

8 JUNKER 1944, 61-62, Taf. XIII: a.

% Context G126 in the catalogue of OpLER 2016, also Fig. 46.
' Obter 2015a, Fig. 7.

The datasets are described and discussed in OpLER 2016.
% Obter 2016, 234-235.
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Fig. 16 Model razor blade, probably of Old Kingdom dating
(AS 7925) (the scale displays ancient Egyptian and modern
standard measuring units; drawing by Martin Odler,
Martin Cerny).

5.2.4. Unprovenanced Old Kingdom model razor
blade (AS 7925)

The gifts to the Imperial Academy of Sciences in
Vienna include a rectangular model razor blade
(AS 7925). Based on morphology, the artefact can
be dated to the Old Kingdom; it is a Type A razor
with a symmetrical blade and without a tang, Vari-
ant Al, of a rectangular shape and trapezoidal sec-
tion, with no apparent tang or tang joint (Fig. 16).
It is cleaned, but still shows traces of verdigris and
corrosion in orange colour. This is a luxury coun-
terpart of flint rectangular razor blades and occurs
throughout the Old Kingdom, in Giza from
Dynasty 4 to Dynasty 6 and also in Dynasty 6
Abydos, Balat and Bubastis.”® In the past, they
were often confused and interchanged with Old
Kingdom model rectangular basins of similar
shape (but hollowed out). There is not always
enough information available to distinguish
between these two different artefact classes.”’
From a scatter plot of the lengths and widths of the
verified Old Kingdom razor blades of Variant Al,
we can see that the model blade is rather an outli-
er, narrower than other complete specimens
(Fig. 17). It was made predominantly of copper,
with some impurities, including arsenic (Table 4).
A possible explanation of the rather high number
of trace elements in the above-mentioned models
(the razor blade and the adze blades from Giza) is

% Cited in OpLER 2016, Figure 4.
% ObLER 2016, 178—179.
% Kosusiewicz 2015, 18.
7 ObLER 2016, 178-179.



434 Martin Odler, Katharina Uhlir, Marie Jentsch, Martina Griesser, Regina Holzl and Irene Engelhardt

Dynasty * AES7925 « D5 " D6

50-

40-

Width (mm)
w
<

»

[
=1
.

0 25 50 75 100
Length (mm)

Fig. 17 Scatter plot of the lengths and widths of model razor
blades of Variant Al (plotted by Martin Odler in R).

that they were made from already used and several
times recycled metal. We will return to this issue
in the penultimate section of the article.

5.2.5. Weapons and model tools of the First Inter-
mediate period and Middle Kingdom

Several large necropoleis south of Asiut were
excavated by G. Brunton from 1922 to 1931,
including Mostagedda.”® Hundreds of graves from
the Egyptian prehistory until the Roman period
were uncovered here.” The First Intermediate
period to early Middle Kingdom assemblages of
model tools excavated at Mostagedda can be iden-
tified by the presence of models of battle axes,
lugged axe blades and model spearheads.'® Full-
size metal weapon blades were rare at the site.!”!
Brunton assumed that all these burials were
male.'*

The undisturbed male Grave 5118 contained a
battle axe blade (AS 8124) and two blades of
lugged model axes (AS 8126, AS 8127) (Fig. 18).
The burial was deposited in a shaft with a burial
niche leading to the south. There was pottery in
the niche, but the excavation report provides no

% The published material has been studied again by Stephan
SEIDLMAYER 1990; 2009. See also works of U. DUBIEL (e. g.
2008).

% BRUNTON 1937.

100 Assemblages analogical to the grave with the analysed
objects have been found in eight cases (SEIDLMAYER 1990,
133-139), dated to Phases IIC (Tomb 5112), and predomi-

AsS 8126
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Fig. 18 Battle axe blade and model tool assemblage from

Mostagedda, Grave 5118 (after BRunton 1937, P1. LXI 5,
PL. LXII 3; AS 8124, AS 8126, AS 8127; updated by Martin
Odler and Martin Cerny).

information about its position. Green and red stuc-
coes, possibly from the face mask, were found as
well. A chisel, an axe-blade and model tools (two
lugged axe blades, two adze blades, a cross-cut
chisel, a flat chisel and a saw blade, the last three
with remains of wooden handles) have been found
“at the foot of the coffin, some over and some

nantly IIIB (Graves 721 with a full-size lugged axe blade
and 1814 with an epsilon battle axe; 1621, 1658, 1690, 1693
with a model tool assemblage).

101 Besides the analysed axe, there were similar axe blades
from Graves 1690 and 1814 and a full-size spearhead from
Grave 1920.

102 BrunTON 1937, 108.
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Fig. 19 Scatter plot of epsilon axe blades, data points in
Table 5 (plotted by Martin Odler in R).

under it”.!% Brunton dated the assemblage to the
First Intermediate period, Dynasties 9-11.1%
According to the seriation by Stephan Seidlmayer,
it belongs most probably to late Dynasties 11 or
early 12, to Phase IIIB of the cemeteries.'” The
models from Grave 5118 were among the largest
found at Mostagedda.!®® The occurrence of weap-
ons in the graves was the highest about at the end
of the First Intermediate period; according to Sei-
dlmayer, this can be explained by higher social
esteem for the bearers of weapons in this time
period."”

The full-size battle axe blade (AS 8124) is of a
long straight blade with three back tangs, each
with a perforation and a rivet in it. The corroded
surface does not reveal any marks of use. The
blade has a mid-rib. We have gathered information
on the existing epsilon axe blades (Table 5) and
displayed it in a scatter plot (Fig. 19). One axe
blade from Grave 1749 at Kau is an outlier due to
its rounded shape and its size. Other specimens of
the type are split into two groups, the first includ-

13 BruNTON 1937, 103.

194 Brunton 1937, 103, P, LXI, 5, PL. LXII, 3.

105 SEIDLMAYER 1990, 135.

106 BrunTON 1937, P1. LXI.

107 SEIDLMAYER 1990, 194.

18 Beni Hasan, Tomb 757: GarstanG 1907, 162, Fig. 165;
Davies 1987, 42; Dendera: Scuurz 2003, 246. Both now in
the Ashmolean Museum, Oxford, accession numbers AN
18961908 E.2290 and E.1744.

ing shorter blades from Abydos, Beni Hasan, Den-
dera and all three blades from Mostagedda, with a
length below four Egyptian palms (c. 300 mm).
Larger blades, with a length around five palms (c.
375 mm), come from Abydos, Beni Hasan and
Qau. Both longer and shorter blades occurred in
almost the same chronological phase of the early
Middle Kingdom, and the size distinction is thus
rather caused by the functional differentiation, as
the efficiency of the blade probably increased with
its length.

The blade AS 8124 was made of arsenical cop-
per (with the highest analysed percentage of arse-
nic — 5.9 %, Table 4). Two other provenanced axe
blades of the same variant that has been analysed
are axe blades from Beni Hasan and Dendera,'*
made of arsenical copper also with a rather high
percentage of arsenic.!® Four similar, but unprove-
nanced elongated axe blades from the British
Museum were also made of arsenical copper (with
a slightly lower percentage of arsenic), one of
bronze."” The model blades of lugged axes have
been preserved incomplete, with one lug broken
off from either blade (AS 8126, AS 8127). They
were made of an arsenical copper (1.9 % and 2.3 %
As respectively, being quite similar from their
composition), nevertheless showing the same trace
elements as the battle axe (Table 4). This type was
originally dated as early as Dynasty 6 by Petrie.
The assemblages present now show that this type
did not occur until the First Intermediate period,
and there is no solid basis for dating of the occur-
rence of lugs on axe heads in the Old Kingdom.!!!

The results of the present analysis show that the
models (AS 8126, AS 8127) and the full-size blade
(AS 8124) were not made of the same alloy, mostly
differentiated by the arsenic content in this case.
Similar differences between full-size tools and
models have been identified for the material from
the site of Kahun, a settlement and burial ground
of the pyramid builders of King Senwosret II. Dif-
ferent alloys were used there, with a mean arsenic
content of 1.28 % for full-size tools and of 0.66 %
for models."? Full-size models from the British

109 McKERRELL 1971, with 5-10 % of arsenic for Beni Hasan

and 1-5 % of arsenic for Dendera.

10 Davies 1987, Cat. Nos. 96-100; CoweLL 1987, Table la.
Contents of arsenic was in the range from 2.5 to 4.1 %.

" ObLER 2016, 154-155.

12 GILMORE 1986.
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Fig. 20 Axe blade from Kubbaniya North (AS 9202) (the scale
displays ancient Egyptian and modern standard measuring
units; drawing by Martin Odler, Martin Cerny).

Fig. 21 Vertical polishing marks on axe blade AS 9202 (photograph by Martin Odler).

13 Davies 1987, 30-32.
114 Bierak 1968, 37-38; NAsSer 2013, 143,
115 JuNKER 1920, 120.

Museum were made of both pure copper and
arsenical copper. Other models from Mostagedda
have been analysed in the British Museum, but
they were too corroded to provide useful results.'3

5.2.6. Battle axe from Kubbaniya North (AS 9202)

The second analysed artefact from Kubbaniya is a
much later axe blade from Kubbaniya North, from
the so-called intermediary or mixed group burial
ground of the Nubian population, dated by Junker
to the Middle Kingdom. Later reassessments also
accept the original dating of the cemetery to
Dynasty 12.""* The axe blade was the only metal
find at the cemetery with 63 graves, except for
gold beads in another grave.''> The axe blade was
found in the disturbed Grave 16.1.1, at the knees of
a skeleton (probably lying on its right side), inside
the remains of a wooden coffin. The rectangular
grave was aligned with mudbrick covered with
mud plaster."® The axe blade is segment-shaped,
with two hooked lugs and three perforations at the
butt drilled into the finished blade from both sides,
leaving a bi-conical section of perforation
(Fig. 20). The blade is
cleaned and bears no
marks of use, visible
scratchings are most
probably from the pol-
ishing of the blade
(Fig. 21). Wires holding
the blade on a haft have
been preserved as well,
one in the central perfo-
ration, two others loose
(Fig. 22). According to
the scatter plot (Fig. 23),
this axe blade is a rather
small specimen of its
type, together with axes
from  Ghurab, Kafr
Ammar and Sheikh Far-
ag. Larger axe blades
come from Diospolis
Parva, Kau, Rifeh and
Nubia (Table 6). The axe
blades range in dating
from the First Interme-

116 At the feet were green and blue faience beads, shells for
cosmetics and gazelle bones. JuNkER 1920, 123, 125, Blatt
23,27.
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Fig. 22 Two more wires holding an axe haft of AS 9202
(photograph by Martin Odler).
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Fig. 23 Scatter plot of segmental axe blades, data points in
Table 6 (plotted by Martin Odler in R).

diate period to the Second Intermediate period in
Nubian contexts, but not all of the excavated con-
texts have been sufficiently published, unfortu-
nately including the items of Ghurab and Sheikh
Farag. The battle axe blade AS 9202 was made of
arsenical copper (with 1.5 % As, Table 4), as a
similar axe blade from Aniba."” Most of the 17
unprovenanced axe blades of the same type from
the British Museum were made of arsenical cop-
per, ranging from 1.3 % to 6.7 % As; three of them

7 Grave N 352: AMUL 4698; results in Kmosek and ODLER
et al. (2016b), with 1.75% of As.

18 Davies 1987, 35-37.

19 JUNKER 1926, 73.

120 Bierak 1968, 39.

12l JUNKER 1926, 74, 84.

122 SatzINGER 1991, 102. The skull: Inv. Nr. 5714, Naturhis-
torisches Museum Wien, Anthropological department.

of bronze. Nevertheless, there are doubts about the
ancient origin of the bronze specimens.'®

5.3. Mirrors

5.3.1. C Group mirrors from Toshka (AS 7334;
AS 7337)

201 stone tumuli of the Nubian C-Group have
been uncovered at Toshka. Metal finds were scarce
on the cemetery. Apart from an armlet made of
golden wire circles in Tumulus C 147,' the only
metal objects are the two analysed mirrors. They
were found in two tumuli in the northern part of
the necropolis built at a distance of almost 10
metres from each other. They are from the later
phase of the necropolis.'?

The first mirror from the site was found in
Tumulus C 131 (AS 7334, Fig. 24).”%' The tumulus
had a shaft, with the mirror deposited near the
supposed position of the skull; only some scattered
bones were found from the burial. The skull is
preserved and probably from a woman. The tomb
cannot be dated to a narrower time frame.'”> The
mirror is the heaviest artefact in the analysed cor-
pus, with a weight of more than 1,000 g. It was
cleaned and inclining lines, most probably from
polishing of the object (Fig. 25), are visible on the
frontal side of the tang and on the reverse side of
the disc. The mirror was not cleaned when the
material was published and an inscription on one
of the lower sides of the disc escaped the attention
of H. Junker. It was cut out by a chisel into the sur-
face of the finished disc (Fig. 26). The inscription
was published after cleaning by H. SATzINGER.!Z It
reads: ‘nh-m33-hr jr.n mr ms< Jn n s3.t=f Jtw,
translation: “a mirror for seeing face'?* being made
by the overseer of troops In for his daughter Itu”.
Overseer of army In on this mirror was the only
person with this title and name in the contempo-
rary Nubian sources.'”® Itu was a name of at least
six individuals, four men and two women.'?® The
text was dated by H. Satzinger to Dynasty 13. The
answer to the question whether the woman buried
in the tumulus was Itu remains open. Both names

123 SATZINGER 1991.

124 For the translation of “n/i-m33-hr as mirror, see LiLYQuIST

1979, 66-71.

125 StEFANOVIC 2006, 184, Cat. No. 989.

126 GrATIEN 1991, 40. Because of the year of publication, this
object is missing from this prosopography of Nubians and

Egyptians in Nubia before the New Kingdom.
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Fig. 24 Mirror from Toshka, Tumulus C 131 (AS 7334) (the scale displays ancient Egyptian and modern standard measuring units;
drawing by Martin Odler, Martin Cerny).

Fig. 25 Inclining scratches from the polishing of the mirror
disc (© KHM-Museumsverband).

could occur also in Nubia, yet the inscription must
have been produced by a person using regular
Egyptian hieroglyphs.

We have two remarks on the margin of the
interpretation of the text by H. Satzinger. The con-
text is rather unusual in comparison with other
inscribed mirrors,'?” with an inscription referring
to the object on which it is inscribed. Mirrors were
usually named in object friezes but not on the mir-
rors themselves. This unusual context provides
important information as for the production of the
mirror. The relative form jr.n refers to the situa-

127 Liwyquist 1979, passim.
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Fig.26 Detail of an inscription on a frontal side of mirror AS 7334 (photograph by Martin Odler)

tion, the overseer of army In provided the mirror
for his daughter. The craftsman who made the
mirror is the least important actor in this transac-
tion (assuming that the overseer did not produce
the mirror by himself). In similar cases within
Egyptian culture, the provider is not named, like
in the case of the mirror for the governor’s daugh-
ter in Dynasty 6 Balat.!”®

The mirror is made of arsenical copper (with
3.9 % As, Table 4). H. Junker and also H. Satz-
inger assumed in their original publications of the
mirror that the object was made of bronze. This
assumption, not based on an analysis of the object,
represents an important caveat against the use of
previously published information about objects
without analysing the material itself.

The second mirror (AS 7337) from the site was
found in Tumulus C 134, where an undisturbed
burial of a crouched woman'® wrapped in leather,
with a necklace and a mirror, was discovered
without further details on the position of the body
and the items.”® A red polished ointment jar'*! and
a fragment of the forehead of a bovine skull were
found at the tumulus.’*> The mirror is of a fairly
common shape with an oval disc and a trapezoid
tang made together with the blade. Polishing
marks and possible faint traces of a margin deco-
ration of inclining lines are visible on one cleaned

128 VarLocaia 1998, 87, Fig. 23, Pl. LXXVI, B.

129 According to the new examination of the skull, the female
gender was confirmed (SatziNnger 1991, 102). The skull:
Inv. Nr. 5700, Naturhistorisches Museum Wien, Anthropo-
logical department.

130 JUNKER 1926, 8485, 74, 125, Taf. XX VI, Abb. 444.

B JUNKER 1926, 57, Taf. XXII: 347.

side of the mirror (Figs. 27, 28). The mirror
AS 7337 was made of arsenical copper (with 2.5 %
As, Table 4). A collection of several ancient Egyp-
tian mirrors analysed at the Louvre showed differ-
ent concentrations of arsenic for Old Kingdom
(0.24 % — 7.5 % As), First Intermediate (one mir-
ror from Dara with 2.5 % As) and Middle King-
dom (0.01 % — 2.2 % As) mirrors. The mirror from
Toshka has a similar content of arsenic.'*® Three
more C-Group mirrors and one mirror handle
from Aniba in Leipzig were analysed by the team
in Prague and have a range from 0.6 % to 6.7 %
arsenic.!*

5.4. Inscribed carinated bowl with spout from
Giza (AS 7441)

Besides 14 tools and weapons, the examined cor-
pus contained a single vessel. Copper alloy vessels
were objects of ancient Egyptian conspicuous con-
sumption and have been studied concerning their
typology.'® Their forms and development have to
be viewed regarding the interplay of materials,
stone, ceramics and metal."* The examined vessel
was included in the corpus published by A. Rad-
wan; it was later cleaned and its surface revealed
traces of a previously unknown inscription shed-
ding a different light on its archaeological and

132 JUNKER 1926, 145.

13 MicHEL 1972.

134 Kmosek and ODLER et al. 2016b.

135 RADWAN 1983.

136 This issue was already discussed by Rabwan 1983, for the
Old Kingdom, see also forthcoming Arias KYTNAROVA,
JirAskova and ODLER (in press).
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social context. Moreover,
the analysis of its chemi-
cal composition adds to
the still meagre set of
copper alloy vessels from
earlier parts of Egyptian
history with known con-
tents of elements.'’

An unnumbered mas-
taba at the West Field of
Giza had a limestone
offering table at its east-
ern side, inscribed for the
funerary priest — ka serv-
ant Neferihy. The vessel
was the only find besides
a disturbed skeleton in
the robbed Shaft 261, the
only shaft of the masta-
ba.'®® The bowl, standing
upside down, is probably
visible on a photograph
from the tomb’s excava-
tion (Fig. 29).* The ves-
sel was found covered by
verdigris, and  was
cleaned in the KHM. It
has a small flat base, a
carinated profile and a
spout that must have
been formed separately
and soldered to the vessel
body, which was pro-
duced by hammering.
The spout with a widen-
ing circular section was
situated below the maxi-
mal diameter of the ves-
sel, leading upwards.

Junker defined the
type as Schale mit Aus-
gufirohr, a carinated
bowl with a spout
(Fig. 30).1° The shape of
the vessel is known as

Fig. 27 Mirror from Toshka, Tumulus C 134 (AS 7337) (© KHM-Museumsverband).

0

5cm

Fig. 28 A detail of a possible decoration on the rim of the mirror AS 7337
(© KHM-Museumsverband).

137 Some vessels were included in the material analysed in the

Ashmolean Museum, Oxford (McKEerreLL 1971). A frag-
ment of a Predynastic vessel was analysed recently from
Grave 913 at Kafr Hassan Dawood (HassaN et al. 2015); it
was made of arsenical copper and according to lead iso-
topes, the ore was most probably coming from Sinai. X-ray
fluorescence analyses of ancient Egyptian vessels from

138

139

140

Giza are published in this poster (Kmos$ek and ODLER ef al.
2016b) and in article Kmosexk and ODLER ef al. 2018.

JUNKER 1943, 161 —162, Abb. 51, 54-55.

Photo AEOS 1 5360, deposited at KHM, accessed via
Giza Archives.

Rapwan 1983, 73.
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Fig. 29 Location of the vessel in the shaft of the Mastaba of
Neferihy (encircled; photo no. AEOS 1 5360,
© KHM-Museumsverband).

Fig. 30 Spouted carinated bowl from Giza (AS 7441)
(© KHM-Museumsverband).

early as from the Early Dynastic period. The larg-
est Dynasty 4 assemblage of these vessels has
been found in the structure G7000x at Giza
belonging to Queen Hetepheres.”*! They were
made of “mostly red brown ware of fine texture
with a smoothed brown surface”,'* probably imi-
tating the reddish colour of copper without signifi-
cant admixtures of other elements. Similar vessels
were also found in other Dynasty 4 tombs at

Giza."® A common trait of all these vessels is an

141 REISNER and SmitH 1955, 66, Figs. 73-74; Fartings 1998,
282, Abb. 27.

142 REeIsNER and Smrta 1955, 66.

43 Reisner and Smith denoted them as ‘Group D: Type XXX-

VI. Flat-bottomed bowls and basins with recurved rim and

long tubular spout”: REisNER and SmitH 1955, 84, Fig. 119.

Type B-3 as defined by Arias Kytnarova, Dynasty 5, ARIAS

KyTtnaRrOVA 2014, 152, Fig. 4.40.

145 BARrTA 2006, Class XLVII: “bowls with recurved rim, in
several cases with spout.

146 Based on REIsNER and Smith 1955 and Giza Archives.

144
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Fig. 31 Scatter plot of the diameters and heights of spouted
carinated bowls from Dynasties 4 and 5
(plotted by Martin Odler in R).

upward spout. In Dynasty 5, a similar ceramic
vessel is known from the Tomb of Werkaure at
Abusir, interestingly with a downward spout, open
from the upper side.** An assemblage from the
mortuary temple of Raneferef consisted mostly of
incomplete vessels shaped with upward, straight,
but also downward spouts.'” We have gathered the
available data on the diameters and heights of
spouted bowls,'*¢ and the resulting scatter plot
clearly shows that the examined vessel is much
smaller than the ceramic vessels (Fig. 31). The
question is whether it was a miniaturised version
of the ceramic vessel,'” or whether the ceramic
vessels were cheaper imitations of metal vessels.!*
The find contexts for both ceramic and metal ves-
sels of this type are elite burials, and the choice of
material was probably optional, connected to the
process of the preparation of burial equipment.'’
The form of the vessel AS 7441 is of Dynasty 4
and it is most probably a vessel from this period,
yet the tomb itself is later.

7 For this interpretation of some vessels, see ARIAS

KYTNAROVA, JiRAskOVA and ODLER in print.
148 Following Reisner’s idea, Radwan assumes that prior to
the ceramic and stone form, the vessel had been produced
in metal. Analogous shapes to this bowl were listed
already by Rapwan 1983, 73.
Bigger bowls made of copper of a slightly different techno-
logical solution, with open spouts on the rims, are known
from late Dynasty 6, e.g. from the burial assemblage of
Ptahshepses Impy found at Giza: a vessel on flat base,
Museum of Fine Arts, accession number 13.2948.

149
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Fig. 32 First part of the inscription, composed from several photographs, processed in software ImageJ and its plugin D-Stretch
by Martin Odler (AS 7441).

The examined vessel was made of arsenical
copper (with 4.5 % As, the second highest percent-
age analysed during this project) and it is one of
the first known Old Kingdom vessels made of
arsenical copper (Table 4). The comparable late
Dynasty 6 assemblage from Giza was made of
almost pure copper'™® and model vessels from
Dynasty 6 Dendera were made of arsenical copper
with varying content of arsenic.'”!

The cleaning of the vessel has brought an unex-
pected discovery. During the study of the vessel in
2012, Martin Odler discovered faint traces of hier-
oglyphic inscriptions that were visible only when
viewing the vessel from certain angles (Fig. 32),
indicating that the vessel did not belong to the
tomb owner but to a different person, who bore
significant titles of the highest position in Old
Kingdom administration and was of royal descent.
The whole inscription is difficult to read, the
inscription was damaged by corrosion, together
with conscious attempts to efface some parts of
the inscription (most importantly the name), and
not all parts are fully understandable. The inscrip-
tion was photographed under different light and
filter conditions in the KHM and also by M. Odler,
the images were then processed in the DStretch
programme, a plugin of the software Imagel.'*
The legible parts can be transcribed and emended
as: “z3 [nSwt n] h[t=f], Byty Bty (n) z3b, hty-
[N, jmy-jz, mnjw nhn, Smr w<.ty, hry hb[t],
Jjmy-r k3t nbt [n] nswt p(r.t-hrw??) r“nb Ss3t-

150 MaDDIN ef al. 1984, Tab. 1; mostly with absent arsenic,
utmostly with 0.1-0.2% in a single artefact (miniature
deshret vessel, inv no. 13.2981).

151 Excavated by Flinders Petrie and analysed by McKERRELL

1971, with 1-5% As.

See http:/www.dstretch.com/. We would like to thank Jon

Harman for providing us with the plugin.

153 Jongs 2000, 799. See also DuLikova 2011.

154 StruDWICK 1985, 300-335.

155 JoNnes 2000, 496—497.

152

htp(??)”, in translation: ‘king’s son of his own
body, wvizier, count, councillor, protector of
Nekhen, sole companion, lector priest, overseer of
all royal works, (pr.t hrw offering?) every day,
Seshathetep(?). The title string is arranged
according to the importance of titles, and it is
opened by the prince — king’s son of his own body
— who was an actual son of a king (because this
title could be also of honorary nature, without ref-
erence to the actual offspring of a king).!** Then
follows a “vizier”, the highest administrative posi-
tion of the Old Kingdom state.'™* After vizier, a
rank title count comes.’ The sole companion (of
the king) can be included to the same category of
rank titles."*® It was a rather important title in the
early Old Kingdom, and six holders of it were also
overseers of the work.”” After the first honorific
title, two others with more specific meaning fol-
low, that of a councillor, he who is in the jz-
bureau,®® and protector of Hierakonpolis.”*® This
last one has a religious connotation as well as the
title of lector priest.'®” The lector priest co-occurs
with the overseer of works in the titles of higher-
ranking officials.'”! The overseer of all royal works
is the second most important title in this string,
one of the six highest titles in Old Kingdom
administration (Fig. 33),' with twelve holders
attested from Dynasty 4 and 33 from Dynasty 5.!
Up to now, we know 34 Old Kingdom holders of
both the vizieral title and that of the overseer of all
royal works. The duties of the bearer lay in the

156 Jones 2000, 892; StrUDWICK 1985, 310-311.

157 Strupwick 1985, 224; Jones 2000, 892.

158 JonEs 2000, 49.

19 Jones 2000, 433.

160 JonEs 2000, 781; STrupwick 1985, 315-316.

161 StrRUDWICK 1985, 226; JoNES 2000, 781.

122 StrRupWICK 1985, 217-250; KrEICi 2000; JoNgs 2000, 262—
263.

103 KRresci 2000, Table 1.
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Fig. 33 Title of the overseer of all royal works on vessel AS 7441 (© KHM-Museumsverband, processed in software ImageJ and
its plugin D-Stretch by Martin Odler).

Fig. 34 End part of the inscription with the name of the owner, most probably Seshathetep (Heti)
(© KHM-Museumsverband, processed in software ImagelJ and its plugin D-Stretch by Martin Odler).

organisation of all kinds of work for the king, i.e.
for the Old Kingdom state.

The most difficult part of the whole inscription
is at the end (Fig. 34). The name is preceded with
a possible reference to the pr.¢-hrw ritual. After
the expression < nb follows the name of the per-
son.'* A rectangular sign htp seems to be repre-
sented, with the phonetic complement of p.
Regrettably, the rest of the name of the person is
almost unreadable. The vessel is of Dynasty 4
form and this date can be confirmed also by the
occurrence of titles on the vessel. From the exist-
ing princes, viziers and overseers of all royal
works, the Dynasty 4 candidate for the vessel

194 Generic reference for time in offering formulas is one of
the possibilities (Lapp 1986, 109-110), the other being
naming the specific festival.

owner can be Seshathetep (Heti), as the initial sign
in the spot with the name most probably represents
the sign R 20 of the Gardiner’s Sign List with pho-
netic value ss3.¢. The same titles of the official as
on the vessel are prince, vizier, sole companion,
lector priest and overseer of all royal works.'®® The
mastaba G 5110 of Seshathetep (Heti) was built in
an air-line distance of c. 100m from the rather
small mastaba of Neferihy, where the bowl
AS 7441 was excavated. The recognisable parts of
the name favour the reading Seshathetep.

Yet, we have to bear in mind that the owner of
Dynasty 4 Tomb G 7310-7320 on the Eastern
Cemetery, holding a selection of the same titles, is

195 See table of Dynasty 4 viziers in DuLikova 2011, Table 2.
His tomb was published by Junker 1934, 172-195. Pros-
opography of Seshathetep Heti in Strupwick 1985, 136—
137.



444 Martin Odler, Katharina Uhlir, Marie Jentsch, Martina Griesser, Regina Holzl and Irene Engelhardt

& L abrs Y
(nf ot A4

ZAERUA

8

N
Fig. 35 Complete inscription on vessel AS 7441
(transcribed by Martin Odler in VisualGlyph).

anonymous, relief decoration with his name has
not been preserved.'®® We assume from the surface
of the vessel and the difficulties in reading the
inscription that an effort was made before the dep-
osition of the artefact to efface the inscription on
the vessel and to impede the reading of his name
and titles.

The cases of the occurrence of other names
found in the structures of certain owners were
most often the names of earlier kings in later mor-
tuary complexes and royal names found on objects
in non-royal contexts. The objects bearing names
of earlier kings have been explained as the vestig-
es of the ancestor cults and rituals enabling the
participation of earlier kings in later mortuary
cults, as in the mortuary temple of Raneferef.!”’
Even the presence of uninscribed Nagadan and
Early Dynastic objects can be proven in the Old
Kingdom mortuary temples, especially in the case
of Sahure.

The vessels with royal names in Old Kingdom
non-royal contexts have been interpreted as royal
gifts to non-royal persons within the vertical
social exchange of prestige goods.'® Even in the
absence of the inscriptions, stone vessels can be
interpreted as products of royal workshops under-
standable to Old Kingdom Egyptians.'” The vessel

166 StrUDWICK 1985, 168—-1609.

167 Most recently on the Old Kingdom cases of “remembering
Snofru” and other occurrences of earlier objects in later,
Old Kingdom contexts: Kunn 2014. Earlier objects in the
mortuary temple of Sahure on Abb. 5.

198 Gathered contexts with interpretation in EicHLER 1993,
310-316.

199 SEIDLMAYER 2009, 318-321.

170 BARTA et al. 2009, 267273, Figs. 6.3.161, 6.3.166. A sacred
oil palette (Find No. 150/HH/2002), inscribed for the seal-
er of the king of Upper and Lower Egypt and keeper of
Nekhen Senedjemib (who was buried in Shaft A), has been
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Fig. 36 Bar chart of the results of X-ray fluorescence analysis.

from Giza represents neither of the above-men-
tioned cases. There is a case of a find of displaced
objects in the complex of the sons of vizier Qar at
Abusir South.” From the comparison with other
cases, it rather seems that the object found in the
Giza tomb was removed from its original context,
most probably stolen from the burial equipment
and reused in the burial context where it was dis-
covered. An effort was made to efface the original
inscription and render the name of the original
owner unintelligible.

6. Arsenical copper in ancient Egyptian metal-
lurgy

From the table of results (Table 4) and a histogram
displaying the contents of arsenic in the artefacts
(Fig. 36), it is clear that all objects contained arse-
nic, ranging from trace concentrations in some
objects to artefacts than can undoubtedly be clas-

found in Shaft C of the complex, owned by Iykai. The
complex was significantly disturbed by tomb robbers and
the situation could be interpreted as an intrusion from
Shaft A. The only problematic aspect is that Senedjemib
already had a sacred oil palette in his burial equipment of
Shaft A (Find No. 122/HH/2001). As the burial chamber of
Iykai was plundered more and devoid of finds, it cannot be
ruled out that Tykai also used some other burial equipment
originally for Senedjemib. The inscription on the palette in
the “alien” context is readable, without an attempt to
rewrite the name of the addressed person.
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sified as arsenical copper. The results have con-
firmed the initial working hypothesis that a large
part of the corpus would consist of almost pure
copper or arsenical copper, and was not made of
bronze, as was assumed by the original excavators.

Arsenic enhances the technological properties
of the object, most importantly its hardness."”
Alloys of 2—7% of arsenic have comparable prop-
erties to the similar contents of tin in the tin
bronze.””” Out of the three possibilities of the
arsenical copper production listed recently by D.
Killick,'” ores containing copper together with
arsenic cannot be ruled out in Egypt. A copper ore
with arsenic contents sufficient for the production
of arsenical copper is known from the site Wadi
Tar on the Sinai Peninsula.'”™ However, this site is
located far from the areas with Egyptian presence
on Sinai and it is questionable whether to count
this site among the possible sources. Additionally,
an evidence for the third possibility of co-smelting
is provided by the Site 702B in Wadi Ahmar west,
at Bir Nasib on Sinai. Old Kingdom mixing of
chalcopyrite and arsenopyrite with iron oxide flux
was reported from the site. Further information on
the site has not been published until now."”” Due to
the lack of arsenical copper ores, intentional alloy-
ing of different ore sources is possible and likely
as well.

Increased levels of arsenic were documented
for full-size weapons, for the mirrors and the ves-
sel (Table 4). Exceptions are two adzes with early
dating, from Tura and Kubbaniya. The first arte-
fact categories were already known to be made of
arsenical copper in some cases (analogical speci-
mens are cited in the previous text). Arsenical cop-
per was more frequently used for weapons and
mirrors, yet more analyses of copper alloy vessels
in the future could reveal more cases of the use of
this alloy. The present corpus widens the known
cultures using arsenical copper with the
C-Group." The objects with a low percentage of
arsenic are on the one hand models of their full-

71 McKEeRREL and TyLECOTE 1972.

172 LECHTMANN 1996, 506.

I3 Smelting of antimony-bearing copper arsenates: fahlores;
direct smelting of arsenates; or co-smelting of the copper
oxides with sulphidic minerals bearing also arsenic: Kir-
LIcK 2014, 39-42.

17 HAUPTMANN et al. 1999.

175 EL-GAYAR and ROTHENBERG 1995.

176 Arsenical copper for C-Group material was confirmed also
at Aniba (Kmo3ek and ODLER et al. 2016b).

size counterparts (and might have been made of
already recycled metal), on the other hand the two
adzes with early dating, from Tura and Kubbani-
ya, which contain trace elements that might be
associated with copper mineralisation (arsenic,
bismuth, lead and iron).!””

The examined objects contain the following
most frequent trace elements: iron, nickel and lead
(Table 4). Iron is present in all objects, nickel is
detectable only in eleven cases. The iron contents
might be interpreted as an indication of the use of
oxide ores for the production of the objects (e.g.
malachite).”® In nine objects, a low contents of
lead could be detected, which would enable lead
isotope analysis and furthermore means that lead
accompanied copper and was not added intention-
ally. Since there are several possible ore sources in
3" millennium Egypt and only a few lead isotopes
ratios analysed from this period,” it would be
futile at the present state of knowledge to try to
determine the ore sources for the examined
objects. For the New Kingdom, a period with a
wide array of available sources, the interpretation
of lead isotope analyses is only in its beginning.'®
To our knowledge, at least two teams published
recently a corpus of 3 millennium copper alloy
objects from Egypt with lead isotope analysis
included in the applied methods.'®!

A detailed comparison of the results of various
analytical approaches in the past and present is
hindered by a restricted comparability of the
results of the methods used, which are predomi-
nantly X-ray fluorescence, atomic absorption spec-
troscopy and neutron activation analysis. Never-
theless, the application of X-ray fluorescence
proves to be meaningful in the classification of the
alloys used.

Concerning technology, although corroded, the
artefacts reveal traces of hammering on their sur-
face. Additionally, traces of the final polishing of
the surface are traceable on the mirror disc from
Toshka and the axe blade from Kubbaniya North.

177 Such as in the Eastern Desert or Sinai (ABDEL-MOTELIB ef

al. 2012, 36).
178 PERNICKA 1999, 166.
17 Most of them recently published in ABDEL-MOTELIB et al.
2012.

180 RADEMAKERS et al. 2017.

81 Team in Brussels and Leuven (preliminary results in

RADEMAKERS ef al. 2016) and team in Prague (preliminary
results in Kmosek and ODLER et al. 2016a; 2016b). Final
results recently in Kmo3ek and ObpLEr et al. 2018 and
RADEMAKERS et al. 2018.
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7. Summary

The analysis of 15 artefacts has confirmed the use
of copper with impurities in the Naqada culture
and the Early Dynastic period, and of arsenical
copper in the Early Dynastic period, the Old King-
dom, the Middle Kingdom and the Nubian
C-Group. Eaton and McKerrell’s as well as Cow-
ell’s conclusions concerning the predominant use
of arsenical copper have been confirmed indepen-
dently also on the corpus of provenanced artefacts
from the Kunsthistorisches Museum Vienna.
Arsenical copper was widely used in Egypt before
its (not unidirectional) replacement by bronze. It is
surprising that some Old Kingdom model tool
blades were also made of arsenical copper, as
model tools and vessels made of pure copper have
been almost exclusively known so far.'®? The pres-
ence of arsenic in models and even their classifica-
tion as arsenical copper in some cases may be
explained by the recycling of scrap metal and its
reuse for models. For a better insight into the cir-
culation of copper alloys in earlier periods of
Egyptian history, we need further studies with the
use of a wide range of presently applicable archae-
ometallurgical methods on the material deposited
in the museums worldwide (as recent studies of
ancient Egyptian material in Leipzig).'®*

182 MADDIN et al. 1984; WuTT™MANN 1986. An unclear connec-
tion between the contents of arsenic and general category
of artefact (full-size vs. model) was observed on the Old
Kingdom assemblage from Giza in Leipzig (Kmo$ek and
ODLER et al. 2016a). More data is needed.

Acknowledgments: This output has been cre-
ated within the project “Cultural techniques: mate-
riality, mediality and imagination”, subproject
“Early copper metallurgy in Ancient Egypt — a
case study of the material from Kunsthistorisches
Museum Wien” solved at Charles University in
Prague from the specific university research in
2016. A Small part of the analyses was funded
from the Programme for the Development of
Fields of Study at Charles University, No. P14
Archaeology of non-European regions, subpro-
gramme Research of ancient Egyptian civilisation:
Cultural and political adaptation of the North Afri-
can civilisations in ancient history (5,000 BC—
1,000 AD). Martin Odler would like to thank Liam
McNamara (Ashmolean Museum, Oxford) for the
access to unpublished material, Lisa Mawdsley
(Monash University, Clayton) for information on
the archaeological contexts from Tarkhan, Jon
Harman for providing me with the ImagelJ plugin
DStretch, Veronika Dulikova (Czech Institute of
Egyptology) for a thorough discussion over the
inscription on the vessel AS 7441, Milan Rydvan
for copyediting of the text, and Ivana Smulikova
for the comments on the text.

183 Kmosek and ODLER ef al. 2018.



Between centre and periphery: early Egyptian and Nubian copper alloy artefacts in the collection of the KHM 447

'$)08Jo)Ie pasATeur A} Jo AFe[qUIASSE J} UO Blep dIseq [ 9[qeL

9109 PIJOS
14394 Sy 181 781 LEEL SY ‘99e}Ins paporiod OSIp IOLITW 9ZIs-[[n} dnorn 5 PEl O snpnuny,
9100 PIjOS
8201 L9 €lc 002 veEL SY ‘908}INs papoLiod OSIp JoLIT aZ1s-[[ng dnoin 5 [€] D snnwmny,
9100 PI[OS 71 Kiseukq
6°S1C 9 65 18 T0T6 SY ~ 90BJINS PIPOLIOd SSI]  PedY-dxe :uodeom dzis-[|ng ‘wop3ursy| PPN ['r91 quor
2109 pIjOS
LSt ¥ 8 139 LTI8 SY ‘908JINs papo1I0d peay-oxe [J00} [apowt wopsurs| APPIA 811S quoL
9109 pIjOS peoy-oxe
TLe Lt 43 ¥S 9CI8 SY ‘99e}Ins paporiod :]00) [opout wopsury APpIA 8115 quoL
JOALI O} UO
jutod yue|q [jews peay-oxe
§'6Sc €L 3% 08¢ I8 SY ‘poporiod Ajarnue ‘uodeam azIs-[[nj wopsursy S[ppPIA 811§ quoL
9100 PIjOS ope[q 10zex
L0l T 0¢ s ST6L SY 90BJINS POPOILIOD :[00} [opowr wop3ury p|o umouun
opejq azpe Aj1e0 ‘9 K1seuk(g G1¢€ 3yeys
(44 € 01 9 v 119 9O §Z PapO110d A[2113U 11003 [opowt ‘WopSuTy PIO ‘0L0S D 18 quoL,
ope|q azpe AJ1e0 ‘9 L1seukg S1€ yeys
4 4 11 9 11199 sz PapOLI0d A]a1nua {00} [9pow ‘wop3ury pIo ‘0L0S D ¥e quoL,
[M0q pajeurred panods g fiseukg 19T WJeys
Tr6l (0ustay) 19 S0l 4 IbL SY Papoi100 Ap11ud 19883A (()oz1s-[|ny ‘wop3ury plo  “AYLIRJON Jo eqRISEIN
ope|q ozpe s Kyseuk(q BYJIUAY Y JO 1JBYS
8L € €l 9 TI8 9] $Z Papo1I0d AJaInud 1003 [apowt ‘WopSury PIO ‘0L6Y D quoL
opejq azpe ¢ fiseuk(g BY)oIuayy JO 1Jeys
' Sl Ll L8 I'11 890 §Z Papo1I0d A[aI13ud 11003 [opowt ‘WopSuTy PIO ‘0L6Y D quoL
9100 pI[OS ape|q azpe 1 K&iseukqg
8'TLT 1 |17 191 769 SY 901JINS POPOLIOD 11003 oz1s-[[nJ  ‘porrad onseukq Areg €Y'8] dARID
sIxe 3uofe 9100 PI[os peay-1eads
w ¥ 81 IS1 TST6 SY  I1ews 1dooxd ‘papoiiod :uodeom ozZIs-[ny a1mno epebeN €98 9ARID)
9100 PIjOS ope|q ozpe
916 01 0S VA LSILSY  ‘90®}INS Papoliod ssd| 1[00) dZIs-[[n} a1myno epebeN €61'd 9ABID
@ (wrur) (wrur) (wrur) Jaquinu A10)udAu] 9)E)S UOIS0.LI0D) sse[d 393[qo pue £1039)e) porg EXLIFR]IBEIN
WSIPAL  SSOUNIIY) XEJA  IPIM XEN  Y)BUd] Xy ) ) ’




448 Martin Odler, Katharina Uhlir, Marie Jentsch, Martina Griesser, Regina Holzl and Irene Engelhardt

Standard Mn Fe Co Ni Cu Zn As Se AgL Cd In Sn Sb Pb Bi
7835.8 CV  0.093 0.100 0.313 0.158 69.930 24.830 0.143 0.463 0.087 0.516 0.115 3.150 0.112
MV 011 010 029 018 709 24 0.3 0.34  0.09 046 013 29 0.4
SD 004 0.03 007 001 16 0.7 0.06 0.07  0.01 0.14 0.02 14 0.08
7835.9 CV  0.001 0.408 0.081 0.100 78.480 14.340 0.107 0.34 2.120 0.067 1.480 0.445 1.024 0.81
MV <DL 043 010 0.13 784 138 0.3 036 086 0.12 14 04 1.0 091
SD 0 0.04 001 0.0 04 01 006 011 0.08 0.0I 0.07 003 04 037
GM21 CcvV 0.751 0.129 78.900 5.050 0.464 0.194 0.694 0.255 4.550 1.049 6.990 0.452
MV 0.73 014 775 52 036 0.17 036 019 4.6 1.0 73 0.53
SD 0.15 0.0l 26 02 011 014 0.06 0.06 0.09 006 29 0.22
CUAS3 CV 0.001 0.001 97.080 2.900 0.005 0.009 0.001
MV <DL <DL 975 2.7 <DL <DL <DL
SD 0.6 0.45 0.28
CUAS4 CV 0.001 95.760 3.660 0.109 0.093 0.375 0.001
MV <DL 95.4 37 0.17 0.07 071 <DL
SD 0.8 0.72 0.04 0.03 0.19
Table 2 Evaluation of the standards with the created method (wt %). Explanation of shortcuts — CV certified values;
MYV mean value; SD standard deviation of the mean value; DL detection limit.
R e S
1 small blanc area 95.1 4.6 0.32 Ni?
2 small blanc area 95.0 4.8 0.24 Ni?
3 small blanc area 95.9 3.8 0.30 Ni?
4 small blanc area 96.2 34 0.29 0.06
5 small blanc area 95.8 3.9 0.21 0.05
6 black corrosion 96.3 3.0 0.66 0.06
7 brown corrosion 91.2 8.4 0.33 0.06 Cat++
MV (MP1 - 5) 95.6 4.1 0.27 0.06
SD (MPI - 5) 0.5 0.6 0.05 0.01
Table 3 Measurements on the object AE_INV_7334 (wt %).
Site Inv. No. Artefact Cu As Fe Ni Zn Pb Ag Bi Trac;:i‘i":;e“ts !
Kubbaniya AS 7187 full-size adze 99.3 0.5 0.04 0.04 0.2
Tura AS 6944 full-size adze 99.6 0.1 0.04 0.06 0.2
Tura AS 9252 full-size spear-head 97.0 2.8 0.04 0.11
Giza 7Z5_C6_8_I1_1 model adze blade 993 05 0.3
Giza 7Z5_C6_8_11_2 model adze blade 985 07 01 013 0.6
Giza AS 7441 spouted carinated bowl 953 4.5 02 0.09
Giza Z5 C6_6_11 1 model adze blade 973 22 03 0.08 0.1
Giza Z5 C6 6 11 4 model adze blade 98.3 08 0.2 03 03 Se
Mostagedda AS 8124 full-size axe-head 934 59 03 0.09 0.3
Mostagedda AS 8126 model axe-head 971 19 0.7 0.20 0.1
Mostagedda AS 8127 model axe-head 96.7 2.3 0.7 0.07 0.2
Kubbaniya North AS 9202 full-size axe-head 97.8 1.5 0.5 0.09 0.2
Toshka AS 7337 full-size mirror 970 2.5 04 0.08
Toshka AS 7334 full-size mirror 957 39 03 0.06
Giza? AS 7925 model razor blade 984 03 0.09 0.04 1.0 Se, Bi, Zn?, Ca, Cl

Table 4 Results of x-ray fluorescence analysis of the artefacts (wt %).
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