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The Old Kingdom of Egypt (Dynasties 4–6, c. 2600–2180 BC) is famous as a period of the builders of 
the largest Egyptian pyramids. It is generally accepted that the evidence on the use of copper alloy 
tools from this era is meagre. Martin Odler gathers the textual, iconographic and palaeographic 
evidence and examines Old Kingdom artefacts in order to revise this view on the use of copper 
alloy tools and model tools. Furthermore, he provides updated definitions of tool classes and tool 
kits, together with the context of their use. Besides rare specimens of full-size tools, the largest 
corpora of the material have been preserved in the form of model tools in the burial equipment 
of the Old Kingdom elite and were most probably symbols of their power to commission and fund 
craftwork. Moreover, the size and elaboration of the model tools were probably connected to 
the social status of the buried persons. The long-standing division in the Egyptological literature 
between full-size tools and model tools is questioned. The ancient sources also enable to show that 
the preservation of material culture from the Old Kingdom was largely dependent on a conscious 
selection made within the past culture, with completely different settlement and funerary contexts 
and a conspicuous absence of weapons. The volume is completed by co-authored case studies on 
archaeometallurgy of selected Old Kingdom artefacts in the collection of the Egyptian Museum 
of Leipzig University, on morphometry of Old Kingdom adze blades and on the finds of stone and 
ceramic vessels associated with the findings of so-called Old Kingdom model tools.
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is 91 HV0.1. Microhardness of the intensively worked 
razor ÄMUL 5513 with the average content of 3.6% 
As has a surprisingly high value of 157 HV0.1. The 
standard deviation of the measured microhardness 
values is caused by the inhomogeneous structures of the 
artefacts, from the point of view of inclusion distribution 
and non-uniform thermo-mechanical processing. The 
results clearly indicate that microhardness depends more 
on the thermomechanical processing of the artefacts 
than on the content of arsenic, in accordance with the 
results of other studies.826 The production technology of 
the selected artefacts was probably divided into several 
individual steps consisting of alloy preparation, casting, 
forging and recrystallization annealing operations. 
Various combinations of these operations could have 
resulted in very different mechanical properties of the 
final products, depending on the different functions of 
the artefacts. We have not enough data to compare the 
thermomechanical processing technologies of working 
tools and their models, because all microstructural 
analyses involved working tools.

Conclusion 

The results of the analysed collection of artefacts from 
ÄMUL provided insight into the fields of corrosion 
deterioration, material composition, microstructure 
features and mechanical properties of Egyptian working 
tools and their models dated to Dynasty 5 and 6. Out 
of the set of more than thirty artefacts from the Giza 
necropolis, only eight artefacts could be sampled for 
the purposes of the analysis, due to the considerable 
degree of corrosion deterioration. The metallic cores 
of the other artefacts were completely transformed 
into corrosion products. The corrosion products of the 
analysed artefacts consist on the one hand of a mixture of 
copper oxide minerals (cuprite and tenorite) with higher 
amount of arsenic, and on the other hand of a mixture of 
copper chloride minerals (atacamite, clinoatacamite and 
paratacamite). The corrosion products contain a certain 
portion of sand particles, represented by quartz, gypsum 
and rutile. The chemical composition of the alloys in the 
analysed set indicates a fairly consistent composition, 
corresponding to arsenic copper alloys containing arsenic 
up to 3.6%, iron up to 0.5% and admixtures of tin, silver, 
nickel and lead. There is only one exception – the razor 
ÄMUL 2131, which contains higher portion of arsenic, 
tin and silver and surprisingly does not contain lead. The 
chemical composition of the working tools and their 
models seems to be unstable in the proportion of arsenic 
and there is no visible correlation between the chemical 
composition and the function of the artefacts. Two out of 
the three examined microstructures were annealed and 
contain slip lines on the surface. The third microstructure 
was fully worked and contains a large amount of slip 
lines. An As-rich γ phase in the intergranular regions 

826   Pereira et al. (2013); Lechtman (1996); Junk (2003).

was documented in one case, related to the presence of 
inverse segregation during solidification after casting. 
Two types of inclusions were identified in the structure 
of metallic cross sections. The first type is represented 
by mixed oxides of copper and iron, and the second 
type by copper-iron sulphide inclusions with a portion 
of selenium, tellurium and lead in some cases. The 
results of Vickers microhardness tests of three artefacts 
are comparable with the results obtained earlier by other 
authors and confirm that the hardness of the artefacts was 
intentionally achieved by mechanical hardening rather 
than by the alloying effect of alloys with a higher portion 
of arsenic. The techniques of casting, alloying, hot or 
cold working, annealing, final cold working and surface 
finishing were used in the production of the artefacts. 
From the obtained results it is not possible to distinguish 
which technology was used for the production of the 
arsenic copper alloys, but at least the artefacts ÄMUL 
2129, 2131 and 5513 were made from rich sulphide 
ores, which is indicated by the presence of selenium and 
tellurium. 

11.2. Morphometrical and statistical case study of Old 
Kingdom adze blades

Martin Odler827 and Ján Dupej828 

Introduction

The tools of geometric morphometry have been used 
in anthropology and biology for decades now. On the 
other hand, their application in other fields, such as 
archaeology, has been somewhat slower. Geometric 
morphometry is the quantitative study of shape with 
the application of multivariate statistical and geometric 
approaches in the evaluation of the data. The historically 
earlier traditional morphometry used distances, lengths 
and angles to describe a particular specimen in the set. In 
contrast, geometric morphometry (GM) describes shapes 
using landmarks. The term originates in geography 
and refers to a well recognizable feature used for 
navigation. In GM, this term is used for an anatomically 
significant locus, present and repeatable in all the studied 
specimens.829 Each specimen in the set must be described 
by an equal number of landmarks, placed in these 
anatomically equivalent loci. This property, referred to 
as homology, is crucial for a successful application of 
statistics on the data.

The configurations of landmarks describing a specimen 
are generally in random locations and orientations 

827   Czech Institute of Egyptology, Faculty of Arts, Charles University. 
This study was supported by the Grant Agency of Charles University 
within the project GA CU no. 38715.
828   Department of Software and Computer Science Education, Faculty 
of Mathematics and Physics, Charles University; Department of 
Anthropology and Human Genetics, Faculty of Science, Charles 
University.
829   Bookstein (1997b).
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11. Case studies

Context Site Part of site Structure Owner Social status

AR6 Abu 
Rawash

Cemetery F, Old 
Kingdom necropolis Mastaba F 19 unknown unknown

AR7 Abu 
Rawash Cemetery H Rock tomb H1 unknown unknown

AR9 Abu 
Rawash

Cemetery F, Old 
Kingdom necropolis Mastaba F 21 1-kA=f legal department

AR10 Abu 
Rawash

Cemetery F, Old 
Kingdom necropolis Mastaba F 21 1-kA=f unknown

A2 Abusir AC 22: Pyramid complex 
Lepsius 24

Burial chamber of 
pyramid Lepsius 24 most probably queen royal family – queen ?

A15 Abusir Cemetery of pyramid of 
Nyuserra

AC 10: Princesses 
Khaemerernebty and 
Meretites, and Kahotep

KA(=j)-Htp high-ranking dignitary

A17 Abusir Royal cemetery AC 25: Tomb Q Nx.t-sA-Ra.w royal family – king’s son

A21 Abusir Royal cemetery AC 24: Lepsius no. 25/2 unknown
royal family – king’s 
daughter or sister of 
Hanub

A28 Abusir Djedkara’s family 
cemetery Tomb AC 15 3kr.t-Nb.ty

woman from the royal 
court

A31 Abusir Abusir South AS 68d, Tomb of Nefer Nfr-1wt-1r.w
priestess, wife of a high-
ranking dignitary

A32 Abusir Abusir South Tomb AS 67 Nfr-Sps
high ranking dignitary, 
department of 
organization of labour

A37 Abusir Abusir South AS 27: Tomb Lake of 
Abusir 5, Shaft 2 unknown unknown

A40 Abusir Abusir South AS 17: Tomb of Qar Jr. QAr legal department
A41 Abusir Abusir South AS 17: Tomb of Qar Jr. QAr legal department
A45 Abusir Abusir South AS 22: Tomb of Inti Jn.tj legal department
A46 Abusir Abusir South AS 22: Tomb of Inti Jn.tj legal department

A48 Abusir Abusir South AS 22: Tomb of Inti Jn.tj anx-Pp.y
department of royal 
documents

A49 Abusir Abusir South AS 22: Tomb of Inti Jn.tj anx-Pp.y
department of royal 
documents

Ay1 Abydos Middle cemetery Tomb 918 unknown unknown
Ay11 Abydos unknown unknown unknown unknown

Ay14 Abydos Middle cemetery, 
Garstang tombs Tomb 747, A.09 unknown unknown

Ay18 Abydos Temple of Osiris Building west of 
structure H settlement –

An1 Aniba Cemetery N Grave N 958 b unknown unknown

B15 Balat Cemetery of the 
governors in Dynasty 6 Mastaba III 8Sr.w II governor of the oasis

B25 Balat Cemetery of the 
governors in Dynasty 6 Mastaba II JmA-Pp.y governor of the oasis

B28 Balat
Palace of governors 
in Dynasty 6, ka 
sanctuaries

Ka sanctuaries, first 
alignment of service 
structures, zone west, 
Room 11

settlement –

Ba4 Bubastis

Tombs of season 
1970, west of the El–
Mu´ahada road and 
to the east of the Cat 
Cemetery

Tomb 161 Mr(y)-Mr-n-Ra.w
rank title, no further 
data

Dd5 Dendera Old Kingdom necropolis Tomb 304 Mrw (?) unknown
Ed2 Edfu Old Kingdom necropolis Mastaba IX unknown nomarch ?

Figure 235: Old Kingdom contexts with complete adze blades. The category of social status was 
determined by Veronika Dulíková (1).
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EK1 el-Kab

Silo concentration at 
the north-west corner 
of Nekhbet temple 
enclosure

silo L settlement –

EK2 el-Kab Old Kingdom necropolis Tomb of Kaimen KA(=j)-mn.j
hem-netjer priest; only 
partly survived titulary

G5 Giza West field, Cemetery G 
1200 G 1201 Wp(j)-m-nfr.t royal family – king’s son

G10 Giza West field, Cemetery G 
4000 G 4610 A unknown unknown

G20 Giza Eastern cemetery of 
Khufu G 7530-7540 Mr(y)-sj-anx royal family – queen

G25 Giza Pyramid complex of 
Menkaura

Valley temple of 
Menkaura, Magazine 
III-6

Mn-kA.w-Ra.w king

G33 Giza Central field G 8260 BA-bA=f-3nmw-bA=f royal family – king’s son
G34 Giza East field G 7560 unknown unknown

G35 Giza West field, Cemetery G 
4000 G 4140 Mr(y).t-jt(j)=s

royal family – king’s 
daughter

G37 Giza South field
Mastaba V (Junker) / G 
IV S (Reisner) / Lepsius 
52

N(y)-anx-Ra.w unknown

G39 Giza Central field G 8250 unknown royal family – king’s 
daughter ?

G41 Giza Central field G 8980 1tp-WtT
rank title, no further 
data

G44 Giza West field G 5232, Shaft A unknown unknown

G46 Giza West field, Cemetery G 
4000 G 4631 Nn-sDr-kA(=j)

priestess, wife of high-
ranking dignitary

G50 Giza West field G 4920 7n.tj high-ranking dignitary

G53 Giza Central field Mastaba of Shaft 559 unknown unknown

G55 Giza West field, Cemetery G 
6000 G 6051 unknown unknown

G57 Giza East field G 7112, Shaft A unknown unknown

G59 Giza West field, Cemetery G 
6000 G 6010 Nfr-bA.w-PtH

priest, steward of the 
great estate 

G61 Giza West field D 20, Shaft 1 6p-m-anx titles connected to pr-aA, 
jry xt nswt pr–aA

G63 Giza Central field G 8656, Shaft 585 4:Sm privacy of King
G66 Giza West field D 37, Shaft 1 Ra.w-Hr-kA(=j) legal department

G68 Giza West field, Cemetery G 
4000 G 4520 2w(j)=f-wj-anx sphere of entertainment

G69 Giza Central field G 8402, Mastaba of 
Shaft 648 unknown unknown

G71 Giza Central field G 8853 KA(=j)-apr
legal department, 
chief of one of six 
administrative pillars

G86 Giza West field G 4733, Shaft E unknown unknown
G92 Giza Central field G 8640 anx-HA=f - QAr department of treasury

G97 Giza West field, Cemetery 
2300 G 2381, Shaft A Mr(j)-PtH-anx Mr(j)-

Ra.w 5pss-PtH Jmp.y
vizier

G98 Giza West field, Cemetery 
2300 G 2381, Shaft Z unknown unknown

G107 Giza West field Shaft 316 at G 5070 unknown unknown

G109 Giza West field Mastaba of Setka and 
Ptahhetep, Shaft 890A Ct-j-kA=j, 1tp-PtH legal department

Figure 235: Old Kingdom contexts with complete adze blades. The category of social status was 
determined by Veronika Dulíková (2).
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G112 Giza West field Shaft 315 at G 5070 unknown unknown

G119 Giza Central field G 8172 anx-ma-Ra.w
royal family – king’s son, 
vizier

G123 Giza unknown Context III unknown unknown
G124 Giza unknown Context IV unknown unknown

M2 Meidum Old Kingdom necropolis, 
north part Mastaba 6 1tp-Ra.w royal family – king’s son

Mr1 Meir Southern Cemetery D Tomb of Pepyankh, the 
Middle 1w.t-jaH

priestess, wife of the 
vizier

QH4 Qubbet el-
Hawa Rock tomb necropolis Tomb QH 35e, Burial 

chamber β SK II 4Ab-n=j
high-ranking provincial 
dignitary

S2 Saqqara Pyramid complex of 
Wenis Tomb of Ptahshepses 5pss-PtH royal family – king’s son

S4 Saqqara Teti cemetery Grave 240 in Mastaba of 
Kaemsenu unknown unknown

S7 Saqqara Teti cemetery Tomb of Ankhmahor anx(=j) (?)-m-a(.w)-1r.w vizier
S8 Saqqara Teti cemetery Tomb of Mereruka Mrr.w-kA unknown
S10 Saqqara Teti cemetery Pyramid of Iput Jp.wt royal family – queen
S14 Saqqara Teti cemetery Tomb of Khentika 2nt.j-kA vizier

S20 Saqqara
West of Netjerykhet 
pyramid complex, Polish 
concession

Tomb of Nypepy (Tomb 
XV), chamber of Shaft 32 N(.y)-Pp.y privacy of King

S22 Saqqara
West of Netjerykhet 
pyramid complex, Polish 
concession

Tomb XLI unknown unknown

S23 Saqqara Teti cemetery Tomb of Semdenti 4mdn.tj
department of 
provisioning, storage 
and redistribution

S24 Saqqara Pepy II cemetery Mastaba near pyramid 
of Pepy II WAS-PtH privacy of King

S27 Saqqara Pyramid complex of 
Netjerykhet Complex of Netjerykhet NTr.y-Xt king

S28 Saqqara Pyramid complex of 
Netjerykhet Complex of Netjerykhet NTr.y-Xt king

X1 unknown unknown unknown 4nfr.w king
X5 unknown unknown unknown Wsr-kA=f king
X6 unknown unknown unknown Wsr-kA=f king

Figure 235: Old Kingdom contexts with complete adze blades. The category of social status was 
determined by Veronika Dulíková (3).

with respect to one another. Therefore, the information 
contained in these landmark coordinates includes not 
only the shape and size of a particular object but also 
the location and orientation of the object at the time it 
was digitized (with respect to a coordinate system). This 
introduces considerable unwanted variability into the data 
and, therefore, individual translation and rotation, which 
must be in some cases removed by performing a rigid 
alignment. Generalized Procrustes analysis (GPA)830 is 
ideal for this task, as it calculates rigid transformations 
(rotation, translation and scaling) for each specimen 
that would ideally align the landmark configurations 
(in least-squares sense). The landmark configurations 
transformed with these fitted rigid transformations are 
ideally aligned and suitable for further processing. 

830   Gower (1975).

Unfortunately, many biological objects offer very few 
landmarks, which makes them difficult to analyse with 
landmark-based methods. This is both due to uneven 
coverage of the particular specimen and placement error 
of landmarks on non-salient features. We face a similar 
problem with archaeological material, such as the 
outlines of ancient Egyptian adzes. The shape consists 
of a smooth butt and a blade, usually with blunt edges. 
There are no obvious landmarks. These situations are 
usually addressed using algorithms that place landmarks 
automatically, according to specific rules, which are 
then considered homologous and used as if they were 
identified manually. Such landmarks are dubbed 
semilandmarks. 

We have applied GM to represent the shape of 199 
complete Old Kingdom adze blade outlines (Figure 235). 
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Furthermore, we have used multivariate statistics to 
compare the form831 and shape832 of the adzes within these 
representations across the periods and sites. Before we 
approach the description and interpretation of the results, 
it needs to be noted that a thorough reassessment of the 
category of models and full-size tools will be possible 
only if more analyses of the chemical composition of 
the material itself are published. From typology alone, 
we cannot infer sufficient information about the division 
between models and full-size tools. It can be inferred that 
very small objects are models and rather big artefacts are 
full-size tools or their models (different possibly only 
in alloy). But artefacts of a middle-size between these 
outliers can have traits of both models and full-size tools.

Related work

The adze outlines were digitized as closed curves. 
Several approaches handling automatic landmark 
placement on such curves have been proposed. A simpler 
class of algorithms places semilandmarks according to 
a common rule. Several of these rules have been tested 
and the resulting representations analysed in terms of 
their discriminative power for sex estimation.833 Two 
automatic semilandmark placement rules and four other 
methods of deriving shape variables have been tested.

If the curves are more irregular, more sophisticated 
methods such as sliding semilandmarks need to be used.834 
The curves are represented as semilandmarks that are 
initially automatically placed on the curves, for instance 
using equal curvilinear increments. This procedure 
is iterative, repeating two stages until a satisfactory 
alignment has been achieved.835 The first stage aligns the 
curve representations using GPA and calculates the mean 
curve by averaging the corresponding semilandmarks. 
The second stage refines the representation of each 
curve by sliding the semilandmarks along the curve in 
such a way that would minimize the alignment error. The 
implementations of the sliding semilandmark method 
vary in this aspect. Some use the Procrustes distance 
as the error metric,836 while others used TPS bending 
energy.837 A lengthy discussion of these approaches is 
beyond the scope of this paper; a good comparison has 
been presented by Perez, Bernal and Gonzalez.838

Material and methods

We have used 199 outlines of ancient Egyptian adzes. 
These outlines were digitized in Morphome3cs (www.

831   Form is defined as a shape assessed together with size.
832   Shape is defined as a shape assessed with the mean size of the 
specimens.
833   Velemínská, Krajíček, Dupej et al. (2013).
834   Bookstein (1997b).
835   Perez, Bernal and Gonzalez (2006).
836   Andersen, Bookstein, Conradsen et al. (2000).
837   E.g. Bookstein (1997a).
838   Perez, Bernal and Gonzalez (2006).

morphome3cs.com) using closed cubic Hermitian 
splines.839 Furthermore, two landmarks were placed 
on each outline, one on the butt and one on the blade 
midpoint. The landmarks served only to pre-align 
the shapes and accelerate the convergence of sliding 
semilandmarks. No shape information was inferred from 
these landmarks. Sliding semilandmarks represented 
each curve with 30 landmarks homologous across the 
sample, which we will refer to as the form. We have also 
created a representation called the shape, which is the 
form rescaled to a unified size. To calculate the size of an 
object, we used the widely accepted metric, centroid size 
(CS), where  is the landmark coordinate of a specimen 
and  is the centroid of these landmarks (Figure 236). 840 
The following analyses were performed twice, once for 
the shape and once for the form.

The dimension of each specimen is still high. Some 
statistical methods, such as the Hotelling’s T2 test, require 
that the dimension of the data not exceed the specimen 
count of the smaller group. A dimension reduction 
is therefore usually performed after GPA or sliding 
semilandmarks. The most commonly applied method is 
the principal component analysis (PCA),841 which finds 
mutually independent directions in the dataset with the 
greatest variability. Using those directions, the data 
set can be transformed into scores. Depending on how 
structured the data are, they can be represented with a 
handful of principal component scores while maintaining 
most of the variability. We visualized the PC scores in 
the first two principal components in scatter plots.

The question of how many principal components should 
be kept is a nontrivial one, and many rules have been 
proposed that address it. A good review is presented by 
Peres-Neto, Jackson and Somers.842 We have used the 
broken-stick rule to ascertain the amount. According to 
that rule, both form and shape are sufficiently represented 
with four principal components.

We have used MANOVA to assess the dependence of 
the shape and form on the period and site where the adze 
was found. MANOVA, however, does not specify which 
groups are responsible for the differences. Therefore, 
we use nonparametric two-sample Hotelling’s T2 test 
to check whether specific two group means differ. The 
statistical significance at the level α = 0.05. The statistical 

839   The data were entered by Bc. Markéta Kobierská, and we would 
like to thank for her invaluable help in the project.
840   Bookstein (1997b).
841   Bishop (2006).
842   Peres-Neto, Jackson and Somers (2005).

Figure 236: Formula of centroid size.
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processing has been performed in the 
open-source statistical software R.843

Finally, we plotted the mean shapes 
and forms with groups by averaging 
the corresponding semilandmarks 
within groups.

Results and discussion

Form

The PC analysis of the form of adze 
blades (Figure 237) has shown that 
the size of the adze blades, which is 
mostly expressed in PC 1, is the decisive 
component in the corpus covering 97.51% 
of its variability. The cluster of most adze 
blades is probably reflecting the existence 
of a category of model blades with minor 
differences in size. The cluster of adze 
blades under the factor loading 100 can be 
explained by the existence of a category 
of model blades of a regularized size. 
Outliers occurred throughout the Old 
Kingdom, representing full-size blades 
and their models in Dynasty 6. The PC 
analysis of adzes according to the sites 
shows that the largest adzes have been 
found at Giza, Saqqara and Balat (Figure 
238). The range of adze blades from Giza 
covers everything from the smallest to the 
largest adze blades. 

Figure 239 displays the effects of the first 
principal component, which is the size of 
the adze blades in this case. The second 
most important principal component was 
the width of the blade with 1.77% of 
the variability in the corpus, which was 
confirmed also by the archaeological 
evidence (Figure 240). 

The enlargement of adze blades can 
be observed on the mean shapes of the 
periods. The adze blades were getting 
progressively larger through Dynasties 
4–6; the butts were larger and the 
blades wider in Dynasty 6 (Figure 
241). The variant means reflect the 
difference in size among the variants; 
Variant D4 is significantly larger and 
with wider blade than other variants. 
The mean shapes of Variants D1 and 
D3 are smaller than the mean shape of 
the adze blades (Figure 242). 

843   Team RC (2015).

Figure 237: Form of Old Kingdom adze blades, results of the PCA analysis for 
periods (Ján Dupej, © Faculty of Arts, Charles University, Czech Institute of 

Egyptology).

Figure 238: Form of Old Kingdom adze blades, results of the PCA analysis 
for sites (Ján Dupej, © Faculty of Arts, Charles University, Czech Institute of 

Egyptology).
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Figure 239: Form of Old Kingdom adze blades, effect of the principal component 1 (Ján Dupej, © Faculty of Arts, Charles 
University, Czech Institute of Egyptology).

Figure 240: Form of Old Kingdom adze blades, effect of the principal component 2 (Ján Dupej, © Faculty of Arts, Charles 
University, Czech Institute of Egyptology).

Figure 241: Form of Old Kingdom adze blades, mean forms of the periods (Ján Dupej, © Faculty of Arts, Charles 
University, Czech Institute of Egyptology).

Figure 242: Form of Old Kingdom adze blades, mean forms of variants (Ján Dupej, © Faculty of Arts, Charles University, 
Czech Institute of Egyptology).



255

11. Case studies

The differences among the sites are displayed using 
the site means (Figures 243). The mean shape of the 
Old Kingdom adze blades is closest to the sites Giza 
and Abusir, which comprise the largest corpora of the 
material. Yet nonparametric two-sample Hotelling’s T2 
test has shown that there are significant differences even 
between Giza and Abusir. The mean shape of Saqqara 

adze blades is larger than the general mean shape, which 
can be explained by high social status of the persons 
buried at Saqqara and possibly better access to the copper 
sources. The adzes from Abu Rawash, Abydos and el-Kab 
were smaller than the mean shape, whereas the adzes from 
Balat were larger, which once again shows differences in 
the production of Old Kingdom adze blades. 

Figure 243: Form of Old Kingdom adze blades, 
mean forms of the sites (Ján Dupej, © Faculty 
of Arts, Charles University, Czech Institute of 
Egyptology).

Figure 244: Form of Old Kingdom adze blades, mean forms of the 
parts of sites (Ján Dupej, © Faculty of Arts, Charles University, Czech 
Institute of Egyptology).
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Differences are apparent also if we compare tools according 
to the parts of sites (Figure 244). Forms significantly larger 
than the mean form come from unprovenanced contexts; 
in these cases, we suppose a presence of full-size blades. 
The mean is exceeded also by adze blades from Balat and 
from the West Field at Giza, Cemetery 2300; both site 
parts are from the reign of Pepy II of late Dynasty 6. The 
adze blades from the royal cemetery at Abusir and Teti 
pyramid cemetery are slightly larger than the mean form. 
The forms from the Central Field at Giza are roughly 
comparable to the mean, while the adzes from other West 
Field parts than Cemetery 2300 are below the mean. The 
adze blades from Abu Rawash and the Middle Cemetery 
at Abydos are also significantly smaller than the mean 
form of the adze blades. Morphometry has confirmed 
differences in the size of adze blades. Morphometrical 
analysis shows significant dissimilarities in the shapes 

of the Old Kingdom adze blades from the 
individual sites and parts of sites. These 
typological differences need to be confirmed 
by the analyses of the chemical composition 
and supposedly different craft traditions at the 
Old Kingdom sites.

The categorization of full-size adze blades, 
gilded model blades and model blades was 
included in the descriptory fields of the 
database on the basis of the artefact size. 
Full-size artefact blades were significantly 

larger than so-called model blades (Figure 245). Gilded 
model blades were longer than the mean shape. They 
have occurred in the burials of high officials from the 
Teti pyramid cemetery. 

Shape

The digitized adze blades were ‘normalized’ in the 
following phase of the analyses, disregarding their size. 
The results of this morphological analysis sensu stricto 
are somewhat surprising, because they did not provide 
clear groupings or clusters of the adze blades throughout 
the Old Kingdom, except for the slightly clearer case of 
wide adze blade edges in late Dynasty 6. The morphology 
of adze blades in itself does not seem to be a sufficient 
basis for the dating of these artefacts.

A rerun of the principal component 
analysis provided another set 
of principal components. No 
apparent clusters occurred for the 
periods; the better represented 
adzes of Dynasties 5 and 6 appear 
along the loadings of the first 
component on the x axis (Figure 
246). No apparent grouping is 
visible on the PCA diagram for 
the Old Kingdom sites, either 
(Figure 247). The most important 
component, with 68.45% of 
the variability of the corpus, 
was the width of the blade (this 
component was second in the first 
run of the PCA, after the size of 
the adze blades) (Figure 248). The 
second component with 9.30% of 
the variability covers the size and 
width of the adze butt and neck 
(Figure 249). The period mean 
of the adze blades is closest to 
the shapes of the adzes from 
Dynasties 5 and 6, which comprise 
the bulk of the specimens (Figure 
250). The variant means are 
mostly influenced by Variants 
D1 and D3 (Figures 251). The 

Figure 245: Form of Old Kingdom adze blades, mean forms of full-
size blades and model blades (Ján Dupej, © Faculty of Arts, Charles 

University, Czech Institute of Egyptology).

Figure 246: Shape of Old Kingdom adze blades, results of the PCA analysis for 
periods (Ján Dupej, © Faculty of Arts, Charles University, Czech Institute of 

Egyptology).
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site means are closest to Abusir and Giza; the adzes 
from Balat and Abydos were wider, the adzes from 
Abu Rawash and el-Kab narrower (Figures 252). The 
shapes of the adze blades from parts of sites clearly 
differentiate Dynasty 6 adze blades (Giza, Cemetery 
2300; Saqqara, pyramid complexes of Netjerykhet; 
Abydos, Middle Cemetery; Balat). The most numerous 
adze blades from the Central Field at Giza and Abusir 
South had the greatest influence on the mean shape 
and are closest to the mean (Figure 253). Older blades, 
even from early Dynasty 6 (Teti pyramid cemetery) 
or earlier (the West Field at Giza, except Cemetery 
2300; the East Field at Giza) tend to be narrower 

than the mean. The form and 
shape of the Old Kingdom adze 
blades show that full-size blades 
were generally wider than plain 
and gilded model blades (Figure 
254). Altogether, the PCA of the 
shape of adze blades points to the 
importance of the size of adze 
blades in the interpretation of 
their morphology and, most of all, 
chronology in the Old Kingdom. 
Interplay of different variables 
will require further statistical 
research in the future.

Social status

If we compare the form of the 
adze blades by the social status 
of the buried persons (Figure 
255), a pattern of increasing size 
emerges with a higher social 
status, with most of the high 
ranking officials844 having adze 
blades bigger than the mean form. 
The sharpest divide is between 
high and low rank officials. It is 
also interesting to note that adze 
blades of royal daughters are 
smaller than the mean form of 
the adze blades. When reduced to 

shape (Figure 256), differences of adze blades are less 
visible, with exception of two late Dynasty 6 adzes of 
governors of oasis Balat.

Conclusion

The case study of Old Kingdom complete adze blades 
has shown that morphometry can provide significant 
results. The differences in the size and morphology 
of the tools can be evaluated on the basis of 
statistics, using controlled and repeatable analyses. 
Morphometrical analysis confirms differences in 
the synchronic and diachronic phenomena in the Old 

844   Viziers and holders of the six highest titles in the Old Kingdom 
administration – Strudwick (1985).

Figure 247: Shape of Old Kingdom adze blades, results of the PCA analysis 
for sites (Ján Dupej, © Faculty of Arts, Charles University, Czech Institute of 

Egyptology).

Figure 248: Shape of Old Kingdom adze blades, effect of the principal component 1 (Ján Dupej, © Faculty of Arts, Charles 
University, Czech Institute of Egyptology).
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Figure 249: Shape of Old Kingdom adze blades, effect of the principal component 2 (Ján Dupej, © Faculty of Arts, Charles 
University, Czech Institute of Egyptology).

Figure 250: Shape of Old Kingdom adze blades, mean shapes of the periods (Ján Dupej, © Faculty of Arts, Charles 
University, Czech Institute of Egyptology).

Figure 251: Shape of Old Kingdom adze blades, mean shapes of variants (Ján Dupej, © Faculty of Arts, Charles University, 
Czech Institute of Egyptology).

Figure 252: Shape of Old Kingdom adze 
blades, mean shapes of the sites (Ján Dupej, 
© Faculty of Arts, Charles University, Czech 
Institute of Egyptology).
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Kingdom. An increase in the size and width of blades is 
observable on the corpus, while significant differences 
among the sites indicate different approaches of the 
craftsmen in the production of model and full-size blades. 
The next phase of the research needs to be focused on the 
chemical composition of the artefacts and the supposedly 
differing Old Kingdom craft traditions.

If the material culture found would be presented in 
comparable way (which is not always the case in 
excavation reports) and certain rules of the publication 
of artefacts are applied to material culture (not only in 
the case of metal artefacts), it will be possible to do 
morphometrical and statistical studies not only on the 
intra-site but also on the inter-site level. 

Figure 253: Shape of Old Kingdom adze blades, mean shapes of the 
parts of sites (Ján Dupej, © Faculty of Arts, Charles University, Czech 
Institute of Egyptology).

Figure 254: Shape of Old Kingdom adze blades, mean shapes of full-size 
blades and model blades (Ján Dupej, © Faculty of Arts, Charles University, 

Czech Institute of Egyptology).
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Figure 255: Form of Old Kingdom adze blades, 
mean forms of the social status categories, 
as defined by Veronika Dulíková (Ján Dupej, 
© Faculty of Arts, Charles University, Czech 
Institute of Egyptology).

Figure 256: Form of Old Kingdom adze blades, 
mean shapes of the social status categories, 
as defined by Veronika Dulíková (Ján Dupej, 
© Faculty of Arts, Charles University, Czech 
Institute of Egyptology).
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Lacovara, P. 1988. No. 7. Set of eighty model vessels. 
In: S. D’Auria – P. Lacovara – C. Roehrig (eds.), 

Mummies and Magic: The Funerary Arts of Ancient 
Egypt, 77–78. Boston, The Museum of Fine Arts.

Lallemand, H. 1923. Les assemblages dans la technique 
égyptienne et le sens originel du mot menkh. Bulletin de 
l‘Institut Français d‘Archéologie Orientale 22: 77–98.

Laroze, E. and Garric, A. 2013. La technique du sciage 
des joints dans la maçonnerie ptolémaïque en 
grès. Bulletin de l‘Institut Français d‘Archéologie 
Orientale 113: 239–282.

Lashien, M. 2013. The chapel of Kahai and his family. 
Australian Centre for Egyptology Reports 33. 
Oxford, Aris and Phillips.

Lauer, J.–P. 1936. La pyramide à degrés. L´architecture. 
Tomes I–II. Le Caire, L’Institut français d’archéologie 
orientale.

Leclant, J. and Clerc, G. 1990. Fouilles et travaux en 
Égypte et au Soudan, 1988–1989. Orientalia 59–3: 
335–439.

Lehner, M. 2002. The Pyramid Age Settlement of the 
Southern Mount at Giza. Journal of the American 
Research Center in Egypt 39: 27–74.

Lehner, M. 2007. Introduction to the Gallery III.4 
excavations. In M. Lehner and W. Wetterstrom, Giza 
reports, volume 1: project history, survey, ceramics, 
and main street and gallery III.4 operations: 183–
192. Boston, Ancient Egypt Research Associates.

Lechtmann, H. 1996. Arsenic bronze: dirty copper or 
chosen alloy? A view from the Americas. Journal of 
Field Archaeology 23: 477–514.

Lechtmann, H. and Klein, S. 1999. The production 
of copper–arsenic alloys (Arsenic bronze) by 
cosmelting: modern experiment, ancient practice. 
Journal of Archaeological Science 26: 497–526.

Lembke, K. and Schmitz, B. (Hrsg.) 2011. Giza. 
Am Fuß der großen Pyramiden. Katalog zur 
Sonderausstelung. München, Hirmer.

Lemonnier, P. 1986. The study of material culture 
today: Toward an anthropology of technical systems. 
Journal of Anthropological Archaeology 5: 147–186.

Lepsius, R. 1849–1859. Denkmäler aus Ägypten und 
Äthiopien. Berlin, Nicolaische Buchhandlung. 
Accessed via: http://edoc3.bibliothek.uni-halle.de/
lepsius/start.html.

Leroi–Gourhan, A. 1943. L‘Homme et la matière. Paris, 
Albin Michel.

Leroi–Gourhan, A. 1993. Gesture and Speech. 
Cambridge, Massachusetts & London, MIT Press.

Levy, T. E. 2007.  Journey to the Copper Age. 
Archaeology in the Holy Land. San Diego, San Diego 
Museum of Man.

Levy, T. E. et al. 2002. Early Bronze Age metallurgy: 
a newly discovered copper manufactory in southern 
Jordan. Antiquity 292: 425–437.

Lightbody, D. I. 2008. Egyptian Tomb Architecture. 
The archaeological facts of pharaonic circular 
symbolism. BAR International Series 1852. Oxford, 
Archaeopress.



282

Old Kingdom Copper tools and Model Tools

Lilyquist, C. 1979. Ancient Egyptian Mirrors: From 
the Earliest Times through the Middle Kingdom. 
Münchner Ägyptologische Studien 27. Berlin, 
Deutscher Kunstverlag.

Limme, L. 2008. Elkab, 1937–2007: seventy years of 
Belgian archaeological research. British Museum 
studies in ancient Egypt and Sudan 9: 15–50.

Limme, L., Hendrickx, S., and Huyge, D. 1997. Elkab: 
excavations in the Old Kingdom rock necropolis. 
Egyptian Archaeology 11: 3–6.

Linacre College, Oxford (2006) Oxford Expedition to 
Egypt: Scene–details Database [data–set]. York, 
Archaeology Data Service. doi: 10.5284/1000009

Lloyd, A. B., Spencer, A. J. and el–Khouli, A. 1990. 
Saqqâra Tombs II: The Mastabas of Meru, Semdenti, 
Khui and others. London, Egypt Exploration Society.

Loeben, C. 2014. III. Stiftung Niedersachsen, Hannover: 
Schenkung Pelling/Zarnitz. In M. Fitzenreiter, C. E. 
Loeben, D. Raue, and U. Wallenstein (eds), Gegossene 
Götter: Metallhandwerk und Massenproduktion 
im alten Ägypten: 321–334. Rahden/Westf, Verlag 
Marie Leidorf.

Lucas, A. and Harris, J. 1962. Ancient Egyptian Materials 
and Industries. 4th revised edition. London, Edward 
Arnold.

Lucas, G. 2012. Understanding the Archaeological 
Record. Cambridge, Cambridge University Press.

Lythgoe, A. M. and Ransom, C. L. 1916. The tomb of 
Perneb. New York, Metropolitan Museum of Art.

Mace, A. H. 1909. Naga ed–Dêr: The early Dynastic 
Cemeteries of Naga ed–Dêr. Leipzig, Hinrichs.

Maddin, R. et al. 1984. Old Kingdom models from 
the tomb of Impy: metallurgical studies. Journal of 
Egyptian Archaeology 70: 33–41.

Málek, J. 1999. Egyptian Art. London, Phaidon Press Ltd.
Maragoudaki, E. and Kavvouras, P. K. 2012. Mycenaean 

shipwright tool kit: its reconstruction and evaluation. 
Archaeological and Anthropological Sciences 4: 
199–208.

Marangou, C. 1991. Social differentiation in the Early 
Bronze Age: miniature metal tools and child burials. 
Journal of Mediterranean Studies, 1: 211–225.

Maravelia, A.-A. 2006. Les Astres dans les Textes 
Religieux en Égypte Antique et dans les Hymnes 
Orphiques. British Archaeological Reports, 
International Series 1527. Oxford, Archaeopress.

Marchand, S. 2009. Abou Rawash à la IVe dynastie: 
les vases en céramique de la pyramide satellite de 
Rêdjédef. In T. I. Rzeuska and A. Wodzińska (eds), 
Studies on Old Kingdom pottery: 71–94. Warsaw: 
Neriton.

Mariette, A. 1889. Les Mastabas de L’Ancien Empire. 
Fragment Du Dernier Ouvrage, Paris, F. Vieweg.

Martin-Pardey, E. 1989. Die Verwaltung im Alten Reich, 
Grenzen und Möglichkeiten von Untersuchungen 
zu diesem Thema. Bibliotheca Orientalis 46: cols. 
533–552.

Mathieu, B. 2006. Techniques, culture et idéologie. Deux 
exemples égyptiens: les navires de Kaïemânkh et la 
toise du foulon, in: B. Mathieu et al. (eds.), L’apport 
de l’ Égypte à l’historie des techniques. Méthodes, 
chronologie et comparaisons, Bibliothèque 
d’étude 142: 155–167. Le Caire, L’Institut français 
d’archéologie orientale.

Mauss, M. 1973. The Techniques of the Body. Economy 
and Society 2(1): 70–88.

McDermott, B. 2004. Warfare in ancient Egypt. Stroud, 
Sutton Publishing.

McFarlane, A. and Mourad, A.-L. (eds.) 2012. Behind the 
scenes: daily life in Old Kingdom Egypt. Australian 
Centre for Egyptology Studies 10. Oxford, Aris and 
Phillips.

McGuire, R. H. 2002. A  Marxist Archaeology. New 
York, Percheron Press.

McKerrell, H. 1971. Metal analyses by radio-isotope 
non-dispersive X-ray fluorescence in Egyptian 
Department, Ashmolean Museum. Oxford, The 
Ashmolean Museum, unpublished document.

McKerrell, H. 1993. Results of radio–isotope non–
dispersive X–ray fluorescence analysis of predynastic 
Egyptian copper. In: J. Crowfoot Payne, Catalogue of 
the predynastic collection in the Ashmolean Museum: 
256. Oxford, Clarendon Press.

McKerrell, H. and Tylecote, R. F. 1972. The working 
of copper–arsenic alloys in the Early Bronze Age 
and the effect of the determination of provenance. 
Proceedings of the Prehistoric Society 38: 209–218.

Meeks, N. 1993. Surface characterization of tinned 
bronze, high–tin bronze, tinned iron and arsenical 
bronze. In S. La Niece and P. T. Craddock 
(ed.),  Metal plating and patination: 247–275. 
Oxford, Butterworth-Heinemann.

Mesoudi, A. 2011. Cultural Evolution: How Darwinian 
Theory Can Explain Human Culture and Synthesize the 
Social Sciences. Chicago, University of Chicago Press.

Messiha, K., and Messiha, H.. 1964. A new concept 
about the implements found in the Excavations at 
Gîza. Annales du Service des Antiquités de l‘Égypte 
58: 209–225.

Michałowski, K. et al. 1950. Tell Edfou III. Le Caire, 
L’Institut français d’archéologie orientale.

Michel, F. 1972. Analyse de quarante miroirs appartenant 
au Département des Antiquités égyptiennes du Musée 
du Louvre. Annales 23 (Laboratoire de recherche des 
musées de France): 34–46.

Minault–Gout, A. and Deleuze, P. 1992. Le mastaba 
d‘Ima–Pépi. Tombeau d‘un gouverneur de l‘oasis à 
la fin de l‘Ancien Empire. Le Caire, L’Institut français 
d’archéologie orientale.

Miron, E. 1992. Axes and adzes from Canaan. 
Prähistorische Bronzefunde. Abteilung 9, Band 19. 
Stuttgart, Franz Steiner Verlag.

Mogensen, M. 1921. Le mastaba égyptien de la Glyptothèque 
Ny Carlsberg. Copenhague, Nordisk Forlag.



283

Bibliography

Mogensen, M. 1930. La Glyptothèque Ny Carlsberg: 
La collection égyptienne. Copenhague, Levin & 
Munksgaard.

Montanari, D. 2015: Metal Weapons in the Southern 
Levant During the Early Bronze Age: an Overview. 
In K. Rosińska-Balik; A. Ochał-Czarnowicz; M. 
Czarnowicz; J. Dębowska-Ludwin (eds.), Copper 
and Trade in the South-Eastern Mediterranean. 
Trade routes of the Near East in Antiquity: 67–76. 
Oxford, BAR International Series 2573.

Montet, P. 1925. Les scènes de la vie privée dans les 
tombeaux égyptiens de l´Ancien Empire. Strasbourg, 
Imprimerie Alsacienne.

Montet, P. 1928. Byblos et l´Égypte. Quatre campagnes 
de fouilles 1921–1924. Paris.

Montet, P. 1933. Contribution a l´étude des mastabas de 
l´Ancien empire. Kêmi IV: 161–189.

Montet, P. 1938. Tombeaux de la Ire et de la IVe dynasties 
à Abou Roach. Kêmi VII: 11–69.

Moores, R. G. 1991. Evidence for Use of a  Stone–
Cutting Drag Saw by the Fourth Dynasty Egyptians. 
Journal of the American Research Center in Egypt 
XXVIII: 139–148.

Moorey, P. R. S. 1994. Ancient Mesopotamian Materials 
and Industries. Oxford, Oxford University Press.

Moussa, A. M. and Altenmüller, H. 1971. The Tomb 
of Nefer and Ka–hay: Old Kingdom tombs at the 
causeway of king Unas at Saqqara. Archäologische 
Veröffentlichungen, Deutsches Archäologisches 
Institut, Abteilung Kairo 5. Mainz am Rhein, Philipp 
von Zabern.

Moussa, A. M. and Altenmüller, H. 1977. Das Grab des 
Nianchchnum und Chnumhotep. Old Kingdom Tombs 
at the Causeway of King Unas at Saqqara excavated 
by the Department of Antiquities. Archäologische 
Veröffentlichungen, Deutsches Archäologisches 
Institut, Abteilung Kairo 21. Mainz am Rhein, 
Philipp von Zabern.

Müller-Wollermann, R. 1985. Warenaustausch im 
Ägypten des Alten Reiches. Journal of the Economic 
and Social History of the Orient 28: 121–168.

Münch, H.–H. 2000. Categorizing archaeological finds: 
the funerary material of Queen Hetepheres I at Giza. 
Antiquity 74: 898–908.

Murray, M. A. 2011. Archaeological Science 2009. In 
M. Lehner (ed.), Giza Plateau Mapping Project. 
Season 2009, Preliminary Report, Giza Occasional 
Papers 5: 153–171. Boston, Ancient Egypt Research 
Associates.

Myśliwiec, K. 2001. West Saqqara Excavations 2000. 
Polish Archaeology in Mediterranean XII: 107–119.

Op de Beeck, L. 2004. Possibilities and Restrictions for the 
Use of the Maidum-Bowls as Chronological Indicators. 
Cahiers de la Céramique Égyptienne 7: 239–280.

Naville, E. 1914. The Cemeteries of Abydos. Part. 
I–1909–1910. The Mixed Cemetery and Umm el–
Ga’ab. London, Egypt Exploration Fund.

Neustupný, E. 2010: Teorie archeologie. Plzeň, Aleš 
Čeněk.

Nigro, L. 2010. In the Palace of the Copper Axes. 
Khirbet al–Batrawy: the discovery of a forgotten city 
of the III millennium BC in Jordan. Roma Studies 
on the Archaeology of Palestine & Transjordan. 
Colour Monographs I. Roma, Università di Roma 
„La Sapienza“.

Nigro, L. 2015. The Copper Axes Hoard in the 
Early Bronze IIIb Palace of Batrawy, Jordan. In 
K. Rosińska-Balik; A. Ochał-Czarnowicz; M. 
Czarnowicz; J. Dębowska-Ludwin (eds.), Copper 
and Trade in the South-Eastern Mediterranean. 
Trade routes of the Near East in Antiquity: 77–83. 
Oxford, BAR International Series 2573.

Nordström, H.–Å. 1972. The Scandinavian Joint 
Expedition to Sudanese Nubia. Vols. 3: 1–2: Neolithic 
and A–Group Sites. Stockholm, Läromedelsförlagen.

Northover, J. P. 1989. Properties and use of arsenic–
copper alloys. In A. Hauptmann, E. Pernicka, G. A. 
Wagner (eds. ), Old World Archaeometallurgy. Der 
Anschnitt: Beiheft 7: 111–118. Bochum, Deutsches 
Bergbaumuseum.

Nunn, J. and Rowling, J. 2001. The Eye of the Needle in 
Predynastic Egypt. Journal of Egyptian Archaeology 
87: 171–172.

O’Brien, M. J. and Lyman, R. L. 2000. Applying 
Evolutionary Archaeology: A Systematic Approach. 
New York, Kluwer Academic/Plenum.

O’Connor, D. 2009. Abydos: Egypt‘s first pharaohs and 
the cult of Osiris. New aspects of antiquity. London, 
Thames & Hudson.

O’Connor, D. 2014. The Old Kingdom town at Buhen. 
Edited by Patricia Spencer. Egypt Exploration 
Society, Excavation Memoir 106. London, Egypt 
Exploration Society.

O’Neill, B. 2015. Setting the Scene: The deceased and 
regenerative cult within offering table imagery of the 
Egyptian Old to Middle Kingdoms (c.2686 – c.1650 
BC). Archaeopress Egyptology. Oxford, Archaeopress.

Odler, M. 2013. Medené nálezy z hrobového komplexu 
rodiny princeznej Šeretnebtej [Copper finds from 
the burial complex of the relatives of Princess 
Sheretnebty]. Pražské egyptologické studie [Prague 
Egyptological Studies] X: 62–64.

Odler, M. 2015a. Adzes in the Early Dynastic Period and 
the Old Kingdom. In K. Rosińska-Balik; A. Ochał-
Czarnowicz; M. Czarnowicz; J. Dębowska-Ludwin 
(eds.), Copper and Trade in the South-Eastern 
Mediterranean. Trade routes of the Near East in 
Antiquity: 85–109. Oxford, BAR International Series 
2573.

Odler, M. 2015b. Copper Model Tools in Old Kingdom 
Female Burials. In M. S. Pinarello; J. Yoo; J. 
Lundock; C. Walsh (eds), Current Research in 
Egyptology 2014: Proceedings of the Fifteenth 
Annual Symposium: 39–58. Oxford, Oxbow Books.



284

Old Kingdom Copper tools and Model Tools

Odler, M. in preparation. Copper Finds from the Tomb 
Complex of Inti. In M. Bárta, M., B. Vachala, B. et 
al. in preparation. The tomb of Inti, Prague, Czech 
Institute of Egyptology, Faculty of Arts, Charles 
University.

Odler, M. and Dulíková, V. 2015. Social Context of the Old 
Kingdom copper model tools. World Archaeology 47 
(1): 94–116. DOI: 10.1080/00438243.2014.991805.

Ogden, C. K. and Richards, I. A. 1923. The Meaning of 
Meaning: A Study of the Influence of Language upon 
Thought and of the Science of Symbolism. London, 
Kegan Paul.

Orthmann, W., Matthiae, P, and al-Maqdissi, M. (eds.) 2013. 
Archéologie et Histoire de la Syrie I La Syrie de l’époque 
néolithique à l’âge du fer. Wiesbaden, Harrasowitz.

Ottaway, B. S. 1994. Prähistorische Archäometallurgie.
Leidorf, Espelkamp.

Pantalacci, L. 2013. Balat, a frontier town and its archive. 
In: J. C. Moreno Garcia (ed.), Ancient Egyptian 
Administration: 197–214. Leiden, Brill.

Parker Pearson, M. 1999. The Archaeology of Death and 
Burial. Phoenix Mill, Sutton Publishing Ltd.

Parkinson, R. B. 2009. The Tale of Sinuhe and Other 
Ancient Egyptian Poems 1940–1640 B.C. Oxford, 
Oxford University Press.

Payne, J. C. 1993. Catalogue of the Predynastic Egyptian 
Collection in the Ashmolean Museum. Oxford, 
Clarendon Press.

Peet, T. E. 1914. The Cemeteries of Abydos. Part II. – 
1911–1912. Memoir of the Egypt Exploration Fund 
34. London, Egypt Exploration Fund.

Pereira, F., Silva, Rui J. C., Soares, A. M. M., and Araújo, 
M. F. 2013. The role of arsenic in Chalcolithic copper 
artifacts – insights from Vila Nova de São Pedro 
(Portugal). Journal of Archaeological Science 40: 
2045–2056.

Peres–Neto P. R., Jackson D. A., and Somers K. M. 
2005. How many principal components? Stopping 
rules for determining the number of non–trivial axes 
revisited. Computational Statistics & Data Analysis 
49: 974–997. doi: 10.1016/j.csda.2004.06.015.

Perez S. I., Bernal V., and Gonzalez P. N. 2006. 
Differences between sliding semi–landmark methods 
in geometric morphometrics, with an application to 
human craniofacial and dental variation. Journal 
of Anatomy 208: 769–784. doi: 10.1111/j.1469–
7580.2006.00576.x

Pernicka, E. 2015. Provenance Determination of 
Archaeological Metal Objects. In B. W. Roberts and 
C. Thornton (eds.), Archaeometallurgy in Global 
Perspective 2014: Methods and Syntheses: 239–268. 
New York, Springer–Verlag New York Inc.

Petrie, H. and Murray, M. A. 1952. Seven Memphite 
Tomb Chapels. London, Quaritch.

Petrie, W. M. F., Brunton, G. and Murray, M. A. 1923. Lahun 
II. British School of Archaeology in Egypt and Egyptian 
Research Account 33. 26th year. London, British School 
of Archaeology in Egypt; Bernard Quaritch.

Petrie, W. M. F. and Quibell, J. E. 1896. Naqada and 
Ballas. 1895. British School of Archaeology in Egypt 
and Egyptian Research Account 1. 1st year. London, 
Bernard Quaritch.

Petrie, W. M. F., Wainwright, G. A. and Gardiner, A. 
H. 1913. Tarkhan I and Memphis V. British School 
of Archaeology in Egypt and Egyptian Research 
Account 23. 19th year. London, Aylesbury, Hazell, 
Watson and Viney, Ltd.

Petrie, W. M. F. 1892: Medum. London, Nutt.
Petrie, W. M. F. 1898. Deshasheh 1897. Memoir of the 

Egypt Exploration Fund 15. London, Kegan Paul, 
Trench, Truebner & Co.

Petrie, W. M. F. 1900. Dendereh 1898. Memoir of 
the Egypt Exploration Fund 17. London, Egypt 
Exploration Fund.

Petrie, W. M. F. 1901. Diospolis Parva. The cemeteries 
of Abadiyeh and Hu 1898–9. London, The Egypt 
Exploration Fund.

Petrie, W. M. F. 1903. Abydos. Part II. Memoir of the Egypt 
Exploration Fund 24. London, Egypt Exploration 
Fund; Kegan Paul, Trench, Trübner & Co.

Petrie, W. M. F. 1907. Gizeh and Rifeh. British School 
of Archaeology in Egypt and Egyptian Research 
Account 13. 13th year. London, British School of 
Archaeology in Egypt, Bernard Quaritch.

Petrie, W. M. F. 1917. Tools and Weapons. London, 
British School of Archaeology in Egypt.

Petrie, W. M. F. 1925. Tombs of the courtiers and 
Oxyrhynkhos. British School of Archaeology in 
Egypt and Egyptian Research Account 37 (28th 
year). London, British School of Archaeology in 
Egypt – Bernard Quaritch.

Petrie, W. M. F. 1939. The Making of Egypt. British 
School of Archaeology in Egypt and Egyptian 
Research Account 61. London, Sheldon Press.

Petrie, W. M. F. and Mackay, E. 1915. Heliopolis, Kafr 
Ammar and Shurafa. British School of Archaeology 
in Egypt and Egyptian Research Account 24. London, 
School of Archaeology in Egypt; Bernard Quaritch

Petrie, W. M. F., and Brunton, G. 1924. Sedment I–II. 
London, British School of Archaeology in Egypt.

Petrie, W. M. F., Mackay, E. and Wainwright, G. A. 1910. 
Meydum and Memphis III. London, B. Quaritch.

Petrie, W. M. Flinders 1900–1901. The royal tombs 
of the First Dynasty, 3 vols. Memoir of the Egypt 
Exploration Fund 18; 21. London, Egypt Exploration 
Fund, Kegan Paul, Trench, Trübner & Co.

Petschel, S. 2011. Den Dolch betreffend. Typologie der 
Stichwaffen in Ägypten von der prädynastischen Zeit 
bis zur 3. Zwischenzeit. Wiesbaden, Harrasowitz.

Philip, G. 1989. Metal Weapons of the Early and 
Middle Bronze Ages in Syria–Palestine I–II. British 
Archaeological Reports 526. Oxford, Archaeopress.

Philip, G. 2006. Tell el–Dab‘a XV: metalwork 
and metalworking evidence of the late Middle 
Kingdom and the Second Intermediate Period. 
Untersuchungen der Zweigstelle Kairo des 



285

Bibliography

Österreichischen Archäologischen Institutes 26; 
Österreichische Akademie der Wissenschaften, 
Denkschriften der Gesamtakademie 36. Wien, Verlag 
der Österreichischen Akademie der Wissenschaften.

Piacentini, P. 1993. Zawiet el–Mayetin nel III Millenio A. 
C. Pisa, Giardini.

Pike, K. L. 1967. Language in Relation to a Unified 
Theory of the Structure of Human Behaviour. The 
Hague, Mouton.

Porter, B. and Moss, R. B., assisted by E. W. Burney. 
1974. Topographical Bibliography of Ancient 
Egyptian Hieroglyphic Texts, Reliefs, and Paintings. 
III. Memphis. Part I. Abû Rawâsh to Abûṣîr. Second 
Edition Revised and Augmented by J. Málek, Oxford, 
Clarendon Press.

Porter, B. and Moss, R. B. 1981. Topographical 
bibliography of ancient Egyptian hieroglyphic texts, 
reliefs and paintings III-2: Memphis. Part 2: Ṣaqqâra 
to Dahshûr. 2nd, revised and augmented ed. Oxford, 
Oxford University Press – Griffith Institute.

Preucel, R. W. 2006. Archaeological semiotics. Oxford, 
Blackwell Press.

Preucel, R. W. and Bauer, A. 2001. Archaeological 
pragmatics. Norwegian Archaeological Review 34: 
85–96.

Quibell, J. E. 1898. El Kab. London, Quaritch.
Quibell, J. E. 1913. Excavations at Saqqara (1911–12). 

The Tomb of Hesy. Le Caire, L’Institut français 
d’archéologie orientale.

Quibell, J. E. 1923. Archaic Mastabas. Excavations 
at Saqqara 1912–14. Cairo, L’Institut français 
d’archéologie orientale.

Quibell, J.E. and Firth, G. 1935. Excavations at Saqqara: 
The Step Pyramid, Cairo: L’Institut Francais 
d’archéologie Orientale.

Quirke, S. 2003. ‘Art’ and the ‘artist’ in late Middle 
Kingdom administration. In S. Quirke (ed.) Discovering 
Egypt from the Neva: the Egyptological legacy of Oleg 
D. Berlev: 85–106. Berlin, Achet–Verlag.

R Development Core Team. 2011. R: A Language and 
Environment for Statistical Computing. Vienna, the 
R Foundation for Statistical Computing. Available 
online at http://www.R-project.org/. 

Rademakers, F., Verly, G., Delvaux L. and Degryse, P. 
2016. Egyptian bronzes at the RMAH. A first look into 
the ancient Egyptian bronze collection at the RMAH, 
Brussels. Poster presented at 41st International 
Symposium on Archaeometry, Kalamata (Greece). 
Accessible via link: http://www.academia.
edu/25778414/Egyptian_bronzes_at_the_RMAH.

Radwan, A. 1983. Die Kupfer– und Bronzegefäße 
Ägyptens. Prähistorische Bronzefunde, Abteilung II, 
2. Band. München, C. H. Beck Verlag.

Randall–MacIver, D. and Mace, A. C. 1902. El Amrah 
and Abydos 1899–1901. London, Egypt Exploration 
Fund.

Redford, D. B. 2010. City of the Ram–Man: The Story of 
Ancient Mendes. Princeton, Princeton University Press.

Rehren, T. et al. 2013. 5,000 years old Egyptian iron 
beads made from hammered meteoritic iron. Journal 
of Archaeological Science 40 (12): 4785–4792.

Rehren, T. and Northover, J. P. 1990. Selenium and 
tellurium in ancient copper ingots. G. A. Wagner 
and E. Pernicka, Proceedings of the International 
Symposium on Archaeometry Heidelberg: 221–228. 
Basel, Birkhäuser.
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Web sources

Collection Online – The British Museum: https://www.britishmuseum.org/research/collection_online/search.aspx
Giza Archives – www.gizapyramids.org
http://www.giza–projekt.org/Mastaba/Mastaba_D20.html
http://www.giza–projekt.org/Mastaba/Mastaba_D20.html
http://www.giza–projekt.org/Mastaba/Mastaba_D203.html
http://www.giza–projekt.org/Mastaba/Mastaba_D207_208.html
http://www.giza–projekt.org/Mastaba/Mastaba_D24.html
http://www.giza–projekt.org/Mastaba/Mastaba_D37.html
http://www.giza–projekt.org/Mastaba/Mastaba_D44.html
Oxford English Dictionary, entries spear, n.; harpoon, n.: http://www.oed.com/
The Egyptian Museum Turin, Collections online: http://collezioni.museoegizio.it/

eMuseumPlus?service=ExternalInterface&
The Museum of Fine Arts, Boston, Collections online: http://www.mfa.org/collections
TLA – Thesaurus Linguae Aegyptiae: http://aaew.bbaw.de/tla/index.html
UCL Petrie Museum Online Catalogue: http://petriecat.museums.ucl.ac.uk/
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