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The thesis is focused on the reconstruction of the chaîne opératoire of copper in ancient Egypt 

from its earliest occurrence in the fourth millennium BC until the end of the Middle Kingdom 

(c. 4000–1700 BC). As copper was the metal most widely used in ancient Egyptian society, its 

study can offer statistical “big data” otherwise rarely available for ancient cultures. 

 This topic interested already J. F. Champollion and K. R. Lepsius (Lepsius 1872). The 

standard lexicographical work is until today (Harris 1961), and for copper also (Graefe 1971), 

with important palaeographic updates by (Herslund 2011, 2015). The Nile valley itself did not 

have any natural ore sources, and expeditions to Eastern Desert and Sinai were necessary for 

the procurement, as well as was the exchange with the areas further away vital (Seyfried 1981; 

Eichler 1993; Altenmüller 2015). The ancient Egyptian institution storing copper and other 

materials was so called Treasury (pr-HD) (Desplancques 2006). The metalworking craft was 

studied in the context of other crafts (Drenkhahn 1976; Quirke 2003), and in the specific context 

of the metalworking scenes (Scheel 1985, 1986; Davey 2012). Among the most prolific 

iconographic sources on the copper objects are the so called object friezes (Jéquier 1921), 

besides their occurrence in two-dimensional and three-dimensional renderings of other crafts, 

again the most important is (Drenkhahn 1976). Copper artefacts themselves were published in 

the form of catalogues (Petrie 1917; Kühnert-Eggebrecht 1969; Lilyquist 1979; Radwan 1983; 

Davies 1987; Philip 2006; Petschel 2011). Archaeometallurgical analyses were rather 

infrequent, with some exceptions of important analytical programmes (Cowell 1987; Philip and 

Cowell 2006; Rademakers et al. 2018). The author of the thesis contributed to the discourse in 

several aspects (Odler 2015a, 2015b; Odler and Dulíková 2015; Odler 2016, 2017; Kmošek et 

al. 2018). The thesis represents an attempt to synthesize the knowledge on the use of copper in 

ancient Egyptian society, bringing new insights and interpretations. 

After defining the subject (Chapter 1) and addressing general theoretical issues (Chapter 

2), the history of research in the periods under study from the Badarian culture until the end of 

Middle Kingdom is discussed in Chapter 3 in the form of a bibliographical essay, dealing 

consecutively with written and iconographic sources, archaeological sources (material culture, 

i.e. artefacts), and archaeometallurgical sources. Then the analytical regions in the thesis are 

presented in the form of an inventory of the sites and sources. 

Three large groups of sources are then discussed successively. First, the main terms used 

for copper are established in Chapter 4. Copper was named bjA and read [byr] in the periods 

under study (Takács 1999, 50–92, 273–275, 2001, 122–126), while an interpretation as 

arsenical copper with a low and high content of arsenic, respectively, is proposed for so-called 

Asian copper and Hsmn. In the Middle Kingdom, the term Hsmn begun to be used also for tin 
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bronze. The word for crucible was bD(.t) and the word for metalworker (incorporating both 

metallurgists and smiths) was bD.ty. There is no substantial Egyptian evidence from the periods 

under study for the current Egyptological reading of copper as Hm.t and metalworker as Hm.ty, 

which are both mistaken. The confusion was caused by the two similar words in ancient 

Egyptian, presumably of a single origin. The original meaning of bjA was “hole in the ground”, 

thus also “mine” and materials mined in the ground, such as copper, also bjA, with slightly 

different pronunciation and etymological analogies. The word bjA as a mine denoted originally 

any “hole in the ground”, including e.g. wells, and the word is often determined by a sign of 

“well”, in Gardiner’s Sign List as N41. This sign is also read in ancient Egyptian as Hm. 

Although (Harris 1961, 61) claimed that “none of the words of the bi- or biA- roots is ever 

written with N34 ideogram”, it was demonstrated that these instances are, in fact, many, and 

even combined writings of N34 and N41 do occur. The research of this type is possible only in 

last decades, as the publications render by photographs and drawings correct and precise form 

of the hieroglyphic signs. 

Traditional Egyptological written and iconographic sources (including palaeographic 

ones) are then divided into several consecutive stages of the chaîne opératoire: the 

procurement, initial processing and transport of the ore through expeditions and exchange; the 

storage, revenues and transactions with unspecified copper; metalworkers as the social group 

responsible for copper processing; and, finally, the use, reuse and discarding of copper objects 

in the periods under study, incorporating professions working with copper artefacts, together 

with presumed foreign material culture present in Egypt. Gradual regionalization of their 

provenance can be followed in the sources, in total counts 402 tombs, stelae, literary works, etc. 

While the Old Kingdom sources are clearly skewed towards Memphis, Middle Kingdom 

sources are well distributed over Egypt and many of its regions. 
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The main new findings of this chapter include clear information from the sources that 

copper was processed not only by craftsmen under the royal administration and its ownership 

was not restricted to the administration, either. On the other hand, copper was mentioned more 

frequently in the written sources as an important item of individual property only in periods of 

social unrest such as the First Intermediate Period, as e.g. claimed Governor Ankhtify from 

Moalla: “I have obtained this coffin and burial equipment with my own copper” 

(Vandier,Khafaga and Vandier-d’Abbadie 1950, Pl. XVIII). Another evidence of unusual times 

is a Dynasty-8 donation of temple equipment by a priest, because the usual practice was a 

donation by the ruling king (Goedicke 1994; Altenmüller 2015). Metalworking specialists 

could own their tools and enter market exchange with their products. However, metalworkers 

and other craftsmen were gradually losing their social standing through the periods under study. 

The highest representatives of the craft were literate, being specialists in metalwork and rituals, 

as they produced the statues, the images of the deities (Goyon 1959). 

Less traditional and seldom studied archaeological sources (artefacts) are discussed in 

Chapter 5, once again in the order of the chaîne opératoire. It is demonstrated that some regions 

with archaeological evidence of copper mining, especially Egypt’s Eastern Desert and Nubia, 

are lacking written sources, i.e. expedition inscriptions (Klemm and Klemm 2013). Known 

workshops are then briefly discussed. The main technological change in the production had the 

Temporal and regional distribution of the archaeological contexts, n = 2,253. 
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form of a change in the use of moulds: earlier specimens of moulds were adapted for the 

production of copper slabs and sheets, which were then worked into the final shape; later ones 

already had the shape of the final artefact, which was then further processed. However, in the 

case of crucibles, their main dimensions developed only little throughout the periods under 

study, most recently studied by (Claes,Davey and Hendrickx 2020). Copper artefacts are treated 

as a source of a serial nature in the chapter, demonstrating regularization of their shapes. 2,253 

archaeological contexts were included in the study. Some of the artefact categories are quite 

numerous, from the periods under study was preserved 1,597 chisel blades; 1,231 axe blades; 

1,097 vessels; 1,025 adze blades, 611 mirror discs. 

Since the weight of the preserved artefacts was influenced by corrosion, their proxy 

measures of dimensions were used for the assessment of their regularization and 

standardization. However, a comparison of the dimensions of the artefacts to known ancient 

Egyptian measures of length shows an unexpected approach to these measures, with dimensions 

being usually either shorter or longer than the expected ancient Egyptian value. This is true not 

only of artefacts that were practically used and gradually shortened by the use (chisels, adzes, 

axes, saws) but also of artefacts that presumably retained their original size from the moment 

of production (mirrors, vessels). This approach to the regularization of the artefacts is 

unexpected and deserves further study. 

Kernel density estimate of the heights of complete axe blades, n = 430 (plotted in R). 
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Kernel density estimate of the heights of complete mirror discs, n = 225 (plotted in R). 

 

Finally, Chapter 6 discusses evidence on the provenance of the ores provided by the 

natural sciences, the chemical composition of the artefacts and their other properties, again 

divided according to the stages of the chaîne opératoire. Although 962 artefacts and ore pieces 

have been analysed from the periods under study, some of them repeatedly, it is shown that this 

is only a fraction of the total counts of the objects as presented in Chapter 5. 

 

Yet even this fraction gives a statistically sound sample of the analyses, establishing the use of 

arsenical copper as the main alloy for practically used tools and weapons in the periods under 

study, with the gradual advent of tin bronze, used side by side with arsenical copper, during the 

Middle Kingdom (although ancient Egyptians had known tin bronze before and used it for the 

production of vessels). 
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Temporal distribution of the main alloys, n  = 962. 

 

The material was coming predominantly from Eastern Desert and Sinaitic mining 

regions (Abdel-Motelib et al. 2012), and seldom from elsewhere (Feynan, Anatolia). The so-

called “Hyksos” are not solely responsible for the introduction of tin bronze in Egypt; it seems 

that Cypriot sources played an important role already in the Middle Bronze Age. The lack of a 

significant number of lead isotope analyses of ores and artefacts and the lack of a significant 

number of analyses of the artefacts themselves going beyond the present-day focus solely on 

the provenance and chemical composition are identified as the main problems of the current 

state of research. 

 

The number of the published lead isotope ratios for copper ores, potential sources for Egypt (Natural Earth). 
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The analysis of these source categories creates a synthesis of the social context of 

copper. The main findings of the thesis are presented in Chapter 7, a synthesis is chronologically 

divided according to the periods under study and, within them, according to the stages of the 

chaîne opératoire. Then, the described reconstruction of the past is briefly compared with the 

models of the development of metallurgy in the ancient Near East and the presumed “Egyptian 

exceptionalism” is assessed. In the fourth millennium BC, Egypt was one of many rich regions 

of the Eastern Mediterranean with a somewhat belated wide application of metallurgy. In the 

fourth and early third millennium BC, we can observe recurrence of similar phenomena over 

the Eastern Mediterranean. A particular trait that is analysed, is the occurrence of the copper 

artisan tool blades in the rich graves of the social elite. These blades occurred north of Caucasus, 

in Maykop culture, in eastern Anatolia – in the Royal tomb at Arslantepe, in southern Levant – 

in the Cave of Treasure at Nahal Mishmar, in Egypt (Davis 1983), and in Nubian A-Group rich 

graves of Naga Wadi, Qustul, and Sayala. The artisan tools were symbols of the attached craft 

specialization and ancient Egyptians elaborated complex religious ideas about the tools and 

crafts, in the framework of the Opening of the Mouth ritual (Fischer-Elfert and Hoffmann 

1998). The thesis brings into the context evidence from the Pyramid Texts and Coffin Texts, 

proving that these ideas were significantly complex already in the Middle Kingdom. 

In the third millennium BC, there were arguably fewer rich regions in the area. The 

depictions of the weaponry in the Old Kingdom funerary temples provide evidence that 

Egyptians had a good idea about the range of weaponry used abroad, and from time to time, as 

proven by the biography of Weni, militarily intervened north-east of Egypt. 

In the Middle Bronze Age, Egyptians were aware of the weaponry used in the Eastern 

Mediterranean and their range of weapons used responded to the wider situation. Weaponry 

became an important part of the conspicuous display of power by the Middle Kingdom elites 

as other originally royal prerogatives (Doxey 1998). Weapons started to be depicted among the 

burial equipment in the so-called frises d’objets, on coffins and in the decorated burial 

chambers. Several scenes of siege of fortresses and other scenes of personal guards of nomarchs 

depicted the usual weapons of Middle Kingdom infantry. A literary hero, Sinuhe, proved his 

warrior prowess with a range of weapons in a fight with a giant from Retjenu. In the material 

culture, conspicuous numbers of the battle axes were found at late First Intermediate Period and 

Middle Kingdom sites, as can be seen on the last two maps. 

The thesis is complemented by appendices (photographs, drawings, plots, maps, tables) 

in which all the sources significant for the analyses are presented and cited. 
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Distribution of Egyptian battle axes from the late First Intermediate Period and Middle Kingdom in Egypt and 

Nubia and a detail of the middle Egypt. 
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