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Abstract
Most studies of the spread of copper and bronze metallurgy across the Near East rely upon the relatively 
few surviving metal artifacts, most of which originate in mortuary contexts and thus indicate little about 
daily life activities. In recent years, a new method that circumvents the biased metallurgical record has 
been developed using microscopic groove analysis of animal butchering on zooarchaeological remains. In 
this paper, we present and compare our data from the southern Levant and Egypt to assess the spreading 
of copper and bronze metallurgy in the two regions. Our analysis allows for an initial assessment of the 
relative importance of metal versus stone tools for quotidian activities during the third millennium BCE 
in different parts of the eastern Mediterranean. Furthermore, the results have demonstrated that access to 
copper and metal tools for even such quotidian activities as meat processing in the eastern Mediterranean 
was differentiated by social status.

Introduction
Little is known about the rate of change from lithic- to 
metal-based (copper and bronze) technologies and 
how this has affected our interpretations of ancient 
societies. The role of metallurgy in the development 
of early complex societies has long been studied from 
an artifactual perspective. The presence of copper 
and bronze objects in archaeological contexts, such 
as needles, daggers, axes, and mirrors, in sites dating 
from the period of early-state formation societies 
across the Near East, has long been used to point to 
the intensification of resources, craft specialization, 
and social differentiation, all characteristics of a 
complex society (Childe 1930, 1934, 1950; Johnson 
1977; Philip 1988, 1989, 2003; Philip, Clogg, and 
Dungworth 2003; Sanders, Wright, and McCormick 

Adams 1984; Wenke 1989; Wright, Neely, and 
Johnson 1975; Wright 1986). The focus on metal 
objects is, in fact, part of the bias that archaeologists 
working in the region have toward elite and public 
contexts and associated artifacts. Given that non-
elite (lower) strata of early state societies in the 
eastern Mediterranean had limited access to goods 
signaling higher status affiliation (e.g., metals), only 
part of the picture is archaeologically visible. 

There is a growing number of studies across the 
Near East, Europe, and elsewhere in the eastern 
Mediterranean, which demonstrate that stone tools 
continue to be of great importance during the Bronze 
Age and later periods, particularly in non-elite 
quotidian activities (e.g., Blitzer 1995; Carter 2004a, 
b; Dierckx 2008; Eriksen 2010; Greenfield 2017; 
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Khalaily 2008; Rosen 1997). This begs the question: 
what types of raw materials used for making tools 
commonly served utilitarian purposes during this 
critical time in the evolution of complex societies in 
the eastern Mediterranean region?

The quantity and range of ancient metal goods 
having survived degradation processes are likely 
a low fraction of the original deposited amount 
(Greenfield 1999, 2013; Olsen 1988a). This is 
concerning since most studies of the origins and 
spread of metallurgy rely upon the few metal 
artifacts recovered from archaeological context ( 
Chernykh 1992; Levy and Shalev 1989; Moorey 
1988, 1994a; Shephard 1980; Tylecote 1986, 1987, 
1992). In fact, metal finds are recovered within 
a very restricted range of depositional contexts, 
such as hoards and burials. (Harding 2000; Philip 
1988; Tadmor et al. 1995). Moreover, very few metal 
objects come from living floors in settlements where 
they were used in daily life (Philip 1989, 2008; Taylor 
1993). It is thus difficult to document social changes 
(i.e., complex society) based only on evidence from 
copper objects (Eriksen 2010) when stone tool use 
evidence suggests continued use by the majority of 
the population (Greenfield 2013). 

The frequency of metal objects in domestic 
contexts, particularly from the Early Bronze Age, 
is exceptionally lower than that of stone tools. 
For example, the excavations at Tell eṣ-Ṣâfi/Gath 
recovered only two pieces of copper objects among 
hundreds of chipped stone tools from the same 
Early Bronze Age levels at the site (Manclossi and 
Rosen in press; Manclossi and Rosen 2017; Eliyahu-
Behar and Yahalom-Mack in press). In Egypt, only 
5% of copper objects from the Old Kingdom derive 
from settlement contexts, while 95% were recovered 
from tomb contexts (Abreu de Sousa 2020, 86–87; 
Odler 2016). 

An alternative approach has been pioneered over 
the past two decades to explore the impact of the 
development or adoption of metal tools for use in 
quotidian activities in emerging complex societies 
in the Near East. This twofold approach includes 
evaluating and combining the archaeological 
evidence (including objects, text, and iconography) 
with zooarchaeology (analysis of animal remains 
from archaeological contexts). In this approach, the 
ancient evidence of tool use for animal butchery is 
reconstructed through microscopic examination of 
butchering marks on animal bones. These are utilized 
as a proxy measure for the frequency of stone versus 

metal butchering implements (Greenfield 1999, 2006, 
2013). The advantage of this method is that it allows 
for investigating whether metal or stone butchering 
tools were used to service all or only some elements 
of society. By investigating such a quotidian activity 
as animal carcass processing (i.e., slaughtering, 
skinning, dismemberment, disarticulation, and 
filleting), it is possible to investigate whether stone 
or metal was widely used even among the lower 
strata of society in Egypt and the Levant. The results 
allow for contemplating the effect (or lack) of the 
introduction of metallurgy into local societies, as 
well as for an increased understanding of the role 
that bronze metallurgy played in the development 
of complex societies. 

In this paper, we use a microscopic zooarchaeo-
logical approach to document the continued use 
of stone and/or its replacements by metal tools 
for quotidian activities in Old Kingdom Egypt and 
Early Bronze (EB) southern Levant. Slice marks on 
animal bones are employed as a proxy measure for 
the use of either chipped stone or metal (copper-
based) blades for animal butchery. Previously 
collected data from the EB of the southern Levant are 
compared with newly collected data from the Old 
Kingdom in Egypt to assess the use of copper-based 
tools for animal butchery during the Egyptian Old 
Kingdom. This is the first time such analyses have 
been conducted on Egyptian material. Data from 
the Fourth Dynasty pyramid builders’ complexes 
(i.e., the Kromer Dump) are compared with the data 
from contemporary assemblages in the southern 
Levant. The Kromer Dump is used as a case study to 
evaluate the adoption of metallurgy at a state level 
as it is a “company town” designed for support of 
elite state-level activities (i.e., to build the pyramid 
complexes of the Fourth Dynasty). 

Zooarchaeology and Slice Mark Analysis: 		
A Method for Monitoring the Use of Metal 
and Retention of Stone Tools

Slice Mark Morphology
One available way to examine the development 
of metallurgy is through the faunal remains. Slice 
marks on animal bones can be identified as a 
butchering-related slicing activity made with a 
sharp tool, and their criteria have long been defined 
and tested by various analysts (Fig. 1) (Greenfield 
1999; Olsen 1988b; Potts and Shipman 1981; 
Shipman 1981; Walker 1978; Walker and Long 1977). 
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Also, the criteria for identifying tool types, based 
upon the microscopic morphology of butchering 
slice marks, are fairly straightforward and are now 
being replicated with AI and other quantitative 
studies (Abe et al. 2002; Bello, Parfitt, and Stringer 
2009; Cifuentes-Alcobendas and Domínguez-
Rodrigo 2019; Courtenay et al. 2018; Domínguez-
Rodrigo et al. 2021; Domínguez-Rodrigo et al. 2020; 
Kooi and Fairgrieve 2013; Maté-González et al. 
2018). Simply put, there are clear morphological 
differences between slice marks caused by chipped 
stone or metal tools. The impression created by a 
metal or stone knife blade (or flake) on the bone 
can be distinguished by differences in several 
characteristics: apex, wall, and lateral striations (Fig. 
2).

Metal-based tool implements leave a clear, 
straight, deep, V-shaped or |_|-shaped (if dull) 
impression on the bone (Fig. 1A–B). The apex is 
usually straight, and there are few (if any) lateral 
striations. In contrast, chipped stone tools create 
a greater variety of shapes since they are more 
complex (Fig. 1E–G). Thus, they display a variety of 

characteristics depending on the type of tool used 
in the butchering process. Generally, chipped stone 
tools have shallow apexes with rough, wavy, and 
irregular walls. There are invariably one or more 
lateral striations on one or both walls, depending on 
whether it is unifacially or bifacially produced and 
retouched. The variety of shapes among chipped 
stone implements that can be used for animal 
butchery leaves an equal variety of impressions 
on the bone. Stone tool production methods (i.e., 
unifacial, bifacial, unretouched, and retouched) will 
result in different morphological characteristics in 
the groove as they slice into bones. 

Microscopic Approach to Zooarchaeology
All bones discussed in the present analysis were 
visually examined through an optical microscope 
for any evidence of slice marks. Samples with slice 
marks were further subject to microscopic and SEM 
analysis to identify the morphology of these marks. 
Following the protocols set by Greenfield (1999), the 
method was applied to bones from the Levant and 
Egypt to determine if stone or metal-based tools 
were adopted in animal butchery during the Early 
Bronze Age. 

Two forms of microscopic analyses were adopted 
to achieve accurate results. First, a light optical 
microscope was used to initially identify the 
morphology of the slice mark following established 
guidelines (Walker and Long 1977; Walker 1978). 
Next, another level of microscopic analysis was 
conducted using a Scanning Electron Microscope 
(SEM). The SEM provides a depth of field and 
resolution that allows for a much more accurate 
identification of tool type (Olsen 1988b, 358; Potts 
and Shipman 1981; Shipman 1981; Shipman and 
Rose 1988). 

Without microscopy, identifying tool type in slice 
marks is mostly guesswork; this is particularly 
true when fine-grained chipped stone tools (e.g., 
those made from obsidian) are used (Greenfield 
and Marciniak 2019). Greenfield’s (1999) results not 
only refined earlier research but also demonstrated 
that this analysis method can be applied to answer 
broad questions, such as the transition from stone to 
metal tools in butchering across sites within a region 
(e.g., Greenfield 2013) and also between regions 
and continents (e.g., Greenfield 2018). Thus, this 
method is useful for investigating the development 
of metallurgy for quotidian purposes on a regional 
scale. 

Figure 1: Greenfield’s protocols for stone and metal slice mark 
morphology (cf. Greenfield 2013).

Figure 2: Example of a slice mark profile with the walls, apex, 
and striations.
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Based on a series of previous research, it is now 
understood that the transition from stone to metal 
tools for butchering began to occur on a large scale 
only during the Middle Bronze Age in the Levant 
and central Balkans (Greenfield 1999, 2002, 2008, 
2013, 2017, 2021; Greenfield and Brown 2016; 
Greenfield, Brown, and Miroschedji 2021; Greenfield 
and Marciniak 2019), and in the Late Bronze Age 
in central Poland (Greenfield 2018; Marciniak and 
Greenfield 2013). However, certain areas of the 
Near East (i.e., Anatolia) lagged in the transition to 
metal tools for butchering since obsidian was easily 
available and sharper than metal (Greenfield and 
Chaput 2021; Greenfield and Marciniak 2019). Thus, 
it is clear that the transition did not occur uniformly 
throughout the Early Bronze Age but that each 
region must be investigated separately. 

Previous Studies on Utilitarian Metallurgy 		
in the Southern Levant
Early copper-based metallurgy in the Near East has 
its origins in the shaping of metal objects, such as 
beads, during the Pre-pottery Neolithic. Such early 
metal items were largely used for display purposes 
and quickly spread throughout the Near East 
(Greenfield 2008; Muhly 1980, 1988, 2011; North 
1955; Tylecote 1992). During the Chalcolithic, a local 
copper mining and smelting industry developed 
in the southern Levant, allowing for new shapes 
(Garfinkel et al. 2014; Hauptmann 2007; Levy and 
Shalev 1989; Shalev 1994; Shugar and Gohm 2011). 
It has been suggested that the development of the 
early copper industry in Egypt had its roots in the 
Levant and neighboring areas of Sinai, where large 
copper mines are located (Adams 1997, 2002; Adams 
and Genz 1995; Ben-Yosef et al. 2016; Golden 2002, 
2010; Hauptmann et al. 2015; Levy et al. 2002; Philip, 
Clogg, and Dungworth 2003; Rosenberg et al. 2020). 
However, early copper objects have been found in 
Egypt dating to the Chalcolithic, suggesting that a 
local industry had already developed concurrently 
with the Early Bronze Age (Odler 2015). 

While the alloying of copper with other metals 
is an innovation of the Early Bronze Age, most 
copper objects from this period are not yet alloyed 
with tin or arsenic (Hauptmann and Pernicka 2004; 
Moorey 1988, 1994b). Alloying strengthens the 
material and makes it more widely usable for daily 
quotidian tasks. Consequently, it was during the 
Early Bronze Age in the Levant that the presence 
of metal for quotidian tasks began to increase and 

displace chipped stone tools. However, it was not 
until the Middle Bronze Age that metallurgy began 
to be truly quotidian in the southern Levant, across 
the Near East, and beyond (Greenfield 2008, 2013; 
Greenfield 2017; Greenfield and Greenfield 2018; 
Greenfield and Marciniak 2019; Manclossi, Rosen, 
and Lehmann 2018; Rosen 1984, 1997;). 

The transition from stone-based to metal-based 
quotidian technology can be a slow or rapid process 
that differs between cultures. The adoption of 
bronze metallurgy in the Levant has proven to have 
occurred much later than previously expected; it 
took over a millennium from the earliest bronze 
objects for chipped stone tools to be replaced. 
Other types of stone tools for quotidian purposes 
continued in use throughout the Bronze Age 
(Greenfield 2013, 2017; Manclossi, Rosen, and Böeda 
2019; Rosen 1997; Rosenfeld, Ilani, and Dvorachek 
1997). While traditional methods of tool use (i.e., 
chipped stone, such as flint) continued well into the 
latter parts of the Bronze Age across the Near East, 
the ratio between stone and metal objects changed 
over time. In some domains, stone tools were 
rapidly replaced (e.g., prestige or display items), 
while in others, there was a slow replacement over 
time (e.g., food processing) (Greenfield 2013, 2017; 
Manclossi, Rosen, and Böeda 2019; Rosen 1997). 

Studies of stone versus metal use focusing on 
the Levant involved well-curated and temporally 
controlled samples (Greenfield 2013, 2017). Over 
20000 bones from various settlement contexts were 
examined. Initially, the data were not well separated 
within the Early Bronze Age. Reanalysis of the 
stratigraphic associations of remains from older 
excavations (e.g., from Tell es-Sultan/Jericho) and 
addition of new data from more modern scientific 
and systematic excavations (Tall Zirā‘a, Tell eṣ-Ṣâfi/
Gath) suggest that while a few metal slice marks 
appear early in the EBA, it is only toward its end 
(during the latter half of the EB IV) that metal 
slice marks begin to appear consistently, but in 
very small quantities (Table 1) (Eliyahu-Behar and 
Yahalom-Mack 2018; Greenfield et al. 2022). Metal 
chop marks are consistently found only for the MB, 
and in small frequencies until the Iron Age (e.g. 
Tall Zirā‘a, Jordan, Greenfield et al. 2022). While 
daggers and axes appear prior to this EBA phase, 
they are clearly not used for animal butchery since 
they are made of copper. Tin-bronze daggers begin 
to appear in the Intermediate Bronze (Nigro et al. 
2018). Metal knife marks become more common 
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during the Middle Bronze (MB), where there is 
a c. 50% average distribution between metal and 
stone marks (Greenfield, Beller, and Gaastra 2021; 
Greenfield et al. 2016). This pattern coincides with 
the development of bronze knives late in the EB 
(Moorey 1994b). This temporal pattern makes sense, 
given that a bronze knife is much harder and more 
durable than a copper one (Greenfield 1999).

The Development of Metallurgy in Pre-Dynastic 
to Old Kingdom Egypt (2592–2153 BCE)
The Old Kingdom (OK) marks a period of major 
advancement for Egypt, when massive monumental 
architecture requiring plentiful resources and a 
large labor force is commissioned by the kings. 
Also, foreign missions expand borders and supply 
luxury items and resources (e.g., copper ingots) 
through trade resources (Baud 2010, 70; Muhs 2016, 
8; Odler 2015; Rosińska-Balik et al. 2015; Wengrow 
2005, 14, 138). These projects are associated with 
innovative technologies, such as the development 
of a local copper industry to make fine objects for 
the elites to display, both in life and death (Cowell 
1986; Garland and Bannister 1927, 33; Lucas 1927; 
for a corpus of objects see Odler 2016; Ogden 2000; 
Richards 2005; Scheel 1989, 34–46).

Unlike in the southern Levant, visual and textual 
evidence of copper production in Egypt abound 
and suggest that production of copper in Egypt was 
multi-layered. It involved individuals at various 
levels of society, including miners, metalsmiths, 
overseers, administrators, and transporters (Abreu 

Figure 3: Histogram showing the quantitative distribution of metal butchering marks from southern Levantine sites during 
the Early and Middle Bronze Ages. Current reanalysis of the Jericho material suggests that the high frequency of metal in the 
IB is not supported.

Table 1: Frequency distribution of metal slice marks on animal 
bones from southern Levantine sites. Data are derived from each 
of Greenfield’s many studies (summarized in Greenfield 2013; 
Greenfield and Brown 2016; Greenfield, Beller, and Gaastra 
2021). Data from Jericho are currently being reanalyzed with finer 
chronological control than previously published (Greenfield 
2005). Hence, the Jericho data reported here are preliminary and 
not reliable.
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de Sousa 2020, 72–87). Recent studies on the smelting 
practices of the later Middle Kingdom suggest 
that a variety of fuel types were used in copper 
manufacturing (Verly et al. 2021), which would have 
required several individuals at different social strata 
to manage logistically. On top of these activities 
(Delage 2017; Hauptmann 2007, 8), the King’s 
administration oversaw the production of precious 
resources, including copper, and heavily guarded 
its copper stores (likely in a centralized treasury), at 
least in the later periods of Egyptian history ( Cour-
Marty 1997; Desplancques 2006, 157, 396). 

The Chaîne Opératoire of copper development in 
Egypt during the Pre-Dynastic and until the Old 
Kingdom demonstrates that mining, production, 
and distribution efforts were administered by the 
crown and its officials, who oversaw the entire 
operation ( Klemm and Klemm 2013; Odler and 
Kmošek 2020, 152). The earliest mining expedition 
recorded for the Eastern Desert and Sinai regions is 
from the late Pre-Dynastic period (Abdel-Motelib 
et al., 2012; Tallet, 2018; Tallet and Laisney, 2012). 
Another early mining expedition occurred in the 
First Dynasty (likely by Semerkhet) in the Sinai 
region (Lucas 1927, 167; Tallet 2010). Inscriptions 
from mining or production sites suggest extensive 
mining operations occurred through Dynasties 1–6 
(Emery 1963; Klemm and Klemm 2008, 1685; Lucas 
1927). Copper became a highly desired commodity 
by the First Dynasty, and by the Third Dynasty the 
Egyptian court secured “control over the copper mines 
of south-western Sinai” (Wengrow 2005: 147; see also 
Stager 1992, 35). A large number of sites in the Sinai 
and Eastern Desert yielded archaeological evidence 
of early copper working (Odler and Kmošek 
2020, 196). The evidence for smelting and copper 
production in the Nubian site of Buhen, suggests 
that areas to the south were also controlled by the 
Egyptian state, where a copper smelting production 
area comprising three furnaces was found (Lucas 
1927, 163–165; Muhly 1999, 630). However, despite 
the location of mining in Egypt, the royal agenda 
during the Old Kingdom included the control of 
copper mining, production, storage, and circulation 
(Cour-Marty 1997; Desplancques 2006; Wengrow 
2005, 146–147). Rare resources, including copper, 
were purposefully reserved for royal officials and 
individuals from the higher strata of society (Baud 
2010, 72; Tillmann 1999, 314). 

The consumption of copper during the Early 
Dynastic and Old Kingdom is materially evident 

from artifacts in both household and funerary 
contexts. The first uses of copper in Egypt were 
cosmetic (Lucas 1959, 245–249). Slowly, the range 
of uses expanded also to include more functional 
quotidian tasks (e.g., copper chisels for stone 
working). The earliest metal objects appear among 
grave goods during the Neolithic Badarian period 
(c.4500–3500 BCE) (i.e., copper beads recovered 
from Grave 596 at el-Mustagidda; Muhly 1999, 629; 
Scheel 1989, 8), Chalcolithic Naqada I–II cultures 
(c. 4000–3200 BCE) (i.e., axes, adzes, chisels, razors, 
knives) (Needler 1984, 280–282, cat. 180–183), and 
Early Dynastic, Old Kingdom, and later periods 
(for a corpus of Old Kingdom copper objects 
see Kobusiewicz 2015, 1–2; Odler 2016). Copper 
knives resembling those used in animal butchery 
iconography are found in tombs dating from the 
Early Dynastic and Old Kingdom periods (Maddin 
et al. 1984; Muhly 1999; Odler 2016, 66–69; Petrie 
1913). The question is whether they were used 
only to service the elite (particularly in mortuary 
contexts) or for more quotidian tasks among the 
general population. It is even questionable whether 
objects, such as knives, were used in the same 
manner that their name suggests, considering that 
unalloyed copper knives would have been relatively 
soft and easily damaged. 

The adoption of metal-based tools for quotidian 
tasks in Egypt is similar to that in neighboring 
regions in that it was a slow transition over time 
(Graves-Brown 2010, 97). In Egypt, alloyed copper 
(bronze) metallurgy is thought to have been adopted 
for quotidian purposes during the Middle and New 
Kingdoms (Graves-Brown 2010, 83; Ikram 1995, 65–
69; Kobusiewicz 2015, 13). However, chipped stone 
(flint) tools continued being used alongside copper 
tools throughout the Old and Middle Kingdoms. It 
is only in the New Kingdom that bronze technology 
is widely adopted for quotidian tasks (Graves-
Brown 2010, 97). This study is the first of its kind 
conducted on Egyptian faunal remains and is only 
representative of a non-elite context organized for 
and supplied by the Egyptian state (i.e., a company 
town). Despite an increase of copper objects from 
the Old Kingdom, compared to earlier periods, it 
cannot be assumed that the increased use of copper 
reflects the replacement of stone tools, particularly 
in quotidian activities such as animal butchery. 

The disparity in copper finds between elite 
and lower stratum contexts is a gap that must be 
studied to understand the impact of metallurgical 
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development and consumption upon the develop-
ment of Old Kingdom society. Most copper objects 
from the Early Dynastic and Old Kingdom periods 
derive from funerary contexts in tombs (Maddin 
et al. 1984; Muhly 1999; Odler 2016, 66–69; Petrie 
1913), while evidence for household consumption 
of copper is limited to a few isolated finds from 
the Pre-Dynastic to the Old Kingdom (Odler 2016, 
66–69). While it can be argued that the absence of 
copper objects in settlement contexts may be due to 
melting, reuse, or degrading over time, its absence 
or minimal presence in household contexts raises the 
question of what the lower strata of society used for 
quotidian purposes, such as food processing. This 
question is discussed below from the perspective of 
the workers’ settlement at Giza. 

Case Study: Giza and the Kromer Dump in 
Context
The zooarchaeological assemblage from the 
Kromer Dump (KRO) found during excavations at 
Giza, Egypt, is used as a case study to investigate 
the above questions. Austrian prehistorian Karl 
Kromer excavated the site between 1971 and 1975 
and cleared 1550 cubic meters (up to a depth of 6.5 

meters) of a settlement that contained a 4500-year-
old trash dump (midden) on the high western slope 
of the Gebel el-Qibli (Southern Mound), south of the 
Heit el-Ghurab (HeG) (Kromer 1978). The mound 
is composed of trash dumped by the workers who 
built the Fourth Dynasty pyramids on the Giza 
Plateau. It includes pottery, flint blades, mud bricks, 
faunal remains, bone implements, mud sealings, 
and copper implements (Kromer 1978). 

In 2018, AERA re-excavated Kromer’s Dump 
(Sondage 185=Kromer Dump=KRO) and 
determined that it contained the rubbish from the 
nearby seasonal camp of the workers who built 
the pyramids of Pharaoh Khafre, and possibly 
Menkaure, of the Fourth Dynasty, representing over 
a 60-year time span (Lehner 2018). 

Data and Sample Size
The faunal remains from KRO provide a rich 
source of information on animal consumption and 
butchery practices (Redding 2020, 51–54). A vast 
number of mammal bones (35512 fragments) were 
unearthed (Redding 2020, 51). A large share of these 
included proximal and distal limb shaft fragments 
(femur, humerus, tibia, radius, metapodia). 

Table 2: Frequency distribution of osteological elements for each taxon (bNISP).

Element Bovines % Caprines %
Calcaneus 0 0.00% 1 0.61%
Cranial 2 3.39% 0 0.00%
Femur 0 0.00% 3 1.82%
Fibula 0 0.00% 0 0.00%
Humerus 0 0.00% 14 8.48%
Innominate 1 1.69% 9 5.45%
Long bone fragment 19 32.20% 1 0.61%
Mandible 4 6.78% 11 6.67%
Metacarpal 2 3.39% 6 3.64%
Metatarsal 0 0.00% 11 6.67%
Phalanx 0 0.00% 1 0.61%
Radius 0 0.00% 23 13.94%
Rib 19 32.20% 44 26.67%
Scapula 6 10.17% 8 4.85%
Tibia 0 0.00% 18 10.91%
Ulna 0 0.00% 4 2.42%
Vertebra 6 10.17% 11 6.67%
Total limbs (bNISP) 59 100.00% 165 100.00%
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Many of the faunal specimens displayed some 
evidence of butchery, such as slices, chops, and/
or skinning (butchered individuals=bNISP). Over 
5000 specimens were examined (50% of the total 
faunal mammalian assemblage), of which only 
224 specimens had slice marks (Table 2). The 224 
specimens (bNISP) were examined under an optical 
binocular microscope, and those thought to bear 
metal slice marks (a total of 13 specimens) were 
selected for further examination under SEM.

Such butchery extent makes the Kromer Dump 
a valuable assemblage for the study of slice marks 
to determine the nature of tool types utilized in 
the animal butchery process at Giza. In fact, it has 
been suggested that the workers from the quarries 
consumed the proximal and distal parts of the 
animal in a highly nutritious stew similar to the 
“Kawareh” consumed in Egypt today (Ahmed 
and Redding 2021; Redding 2011). The study of 
the vast number of butchered animal bones from 
KRO has provided valuable information on animal 
consumption at Giza during the Fourth Dynasty, 
particularly by those individuals who worked in 
the quarry and may have resided in a settlement 
within the Tafla Bowl. 

Results 
Based on the light optical microscopic and SEM 
levels of analysis, only chipped stone tools, such 
as blades and flakes, accounted for each of the slice 
marks on the specimens. No metal slice marks were 
present on the specimens identified. Furthermore, a 
variety of stone blade types appeared: the butchery 
of sheep and goats was conducted with unifacially 

produced chipped stone blades, while cattle were 
butchered using larger bifacially produced chipped 
stone blades (Table 3). 

The samples studied under SEM demonstrated 
clear characteristics of chipped stone-tool-based 
slice marks. These included the presence of lateral 
striations (either on one or both sides), uneven 
apex, and asymmetrical profiles characteristic of 
unifacially or bifacially produced chipped stone 
blades (Greenfield 2006; Greenfield and Brown 
2016; Shipman 1981). Lateral striations were present 
on one or both sides of the slice marks in all the 
samples examined under SEM. Their presence 
suggests that most of the chipped stone tool flakes 
or blades employed in animal butchery were made 
by unifacial production, without retouch (Fig. 4). 
A small number of marks also exhibited bifacial 
retouch, but these were for butchering of larger 
animals (i.e., cattle). 

Two interesting conclusions can be drawn from 
the current study of slice marks. First, the absence 
of metal-based slice marks on the faunal remains 
suggests an exclusive use of a stone-based tool 
technology in animal butchery by the pyramid 
workers at the quarry settlement at Giza during 
the Old Kingdom. Second, a variety of stone-based 
tool types were adopted in animal butchery. These 
two observations shed light on the tool types and 
their raw material adopted in the animal butchering 
process during the Old Kingdom.

The raw material of the blades depicted in two-
dimensional animal butchery scenes from the 
Egyptian Old and Middle Kingdoms has previously 
been suggested to be flint (Ikram 1995, 63–69). The 

Table 3: Detailed information on each of the butchering incidences examined in the SEM (BI). Note the difference between the initial 
identification under Dino-Lite and the confirmed SEM identification. 
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knife blade in the Old Kingdom scenes that depict 
the slaughter of cattle with a knife is believed to be 
a chipped stone knife (e.g., Tomb of Nianchenesut, 
Saqqara. Old Kingdom, AS5967, Tomb 67, PM III.
II: 696). The KRO case study data corroborates the 
ancient evidence and overwhelmingly demonstrates 
that butchering was also conducted using chipped 
stone tool blades in non-religious contexts. 

Conclusions and Discussion
In the southern Levant, the distribution of metal 
objects vastly differs from that in neighboring Egypt 
during the third millennium BCE. In the latter, metal 
objects are largely recovered in mortuary contexts 
(Odler 2016, 66–69). During this time, copper use 
was limited to elite activities (which is why it shows 
up mainly in funerary deposits) or by the state for 
the construction of Pharaonic projects. However, 
whether the consumption of copper objects was 
restricted to these parameters is unknown. 

In the southern Levant, by contrast, mortuary 
contexts are few and far between (Greenberg 2019, 
336–338; Richard 2003, 175; Steiner and Killebrew 
2014, 270), and most metal objects are recovered 
from settlements (Montanari 2015). While the 
aggregate data from the southern Levant allows us 
to infer the behavior of the lower strata, the data 
from Egypt also allows inference of elite behavior. 
Hence, the data from the two regions complement 
each other. 

Metal as a Mechanism for Change

“Technological change…is not always a 
progressive sequence of innovations but can 
also be characterised by continued use of 
traditional methods or artefacts, and even 
the surprisingly frequent re-introduction of 
techniques that might be assumed to become 
outmodeled” (Shaw 2012:1). 

This statement by Ian Shaw stresses how techno-
logical advancements can be heavily influenced by 
traditional and progressive viewpoints. Indeed, in 
Egypt and the Levant, chipped stone tools continue 
to be extensively used through the development 
and rare consumption of copper tools. This pattern 
concurs with what is known about the relationship 
between technological innovations that ultimately 
replace older technologies (Edgerton 2008, 212). 
In fact, according to the evidence, the adoption of 
newer technologies (in this case, copper tools) in 
the Early Bronze Age was limited to high-status 
individuals or their administrators. 

The Implications of Restricted Access to Metal in the 
Development of Early Complex Societies
Individuals who reside in a complex society 
typically have “differential access to and/or control 
of economic, productive, or symbolic resources and 
the mechanisms of enhancing socioeconomic status 
and the methods of displaying it …” (Richards 

Figure 4: SEM Micrography of a unifacially produced slice mark. LEFT: KRO sample 174, Bos taurus, slice mark found on the 
spinous process fragment, thoracic vertebra. 200µ side angle. Note the clear steep slope on one side (red arrow). RIGHT: SEM 
Micrography of a unifacially produced slice mark. KRO sample 144, Ovis/Capra, slice mark found on the spinous process 
fragment, thoracic vertebra. 200µ side angle. The striations (denoted by the arrows) are present in these images and are 
reflective of a stone unifacial retouched knife.
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2005, 13). The shift from a socially egalitarian to 
a stratified, complex society is driven by several 
factors or mechanisms that serve as agents for 
change. Differential access to metal goods reinforces 
changes happening in the larger society. Metal 
enhances socioeconomic status through differential 
access to resources. Moreover, the distribution of 
copper objects in burials differs among the ranks 
of Egyptian officials (Kmošek et al. 2018, 205). 
The development of metallurgy and the adoption 
of metal-based tools enhances the social changes 
occurring in Egypt and the Levant—it supports and 
enhances the status quo among the higher-status 
individuals and differentiates them from the lower 
strata of society.

Social Differentiation in the Southern Levant
Evidence for social differentiation in the EB of 
southern Levant and metal consumption appears 
to play a role in the development of early complex 
society. In his description of EB II–III Jericho, for 
instance, Nigro stated that

“The emergence of a distinguished ruling 
class, basically evidenced by funerary 
customs in tombs, as well as the functional 
differentiation of public areas within the city 
… point to an increased social complexity 
within, however, the framework of a strong 
concentration of wealth, power and ideology 
in the hands of the emerging elite” (Nigro 
2014a, 71). 

This may explain why the IB Jericho butchering 
data is so out of sync with that of most of the region. 
Differential access to goods, such as tin-bronze 
(Nigro et al. 2018), seems to occur much earlier at 
Jericho than in nearby settlements in the Jordan 
Valley drainage (e.g., Tall Zirā‘a) (Greenfield, Beller, 
and Gaastra 2021). Others discussing changes in the 
Levant from a social perspective also recognize that 
society became more complex socially during the 
EB II and III, particularly in larger cities (Chesson 
2019). However, given the dearth of EB tombs 
across most of the southern Levant beyond the 
Jordan Valley, it is difficult to make pan-regional 
comparisons with Jericho. Each major settlement 
has yielded various copper artifacts, but they are 
found in both elite (Nigro et al. 2018; Greenberg 
2019) and non-elite residential contexts, such as 
at Tell eṣ-Ṣâfi/Gath (Eliyahu-Behar and Yahalom-
Mack, in press; Greenfield 2021). The absence of 

a pan-regional study of EB copper and bronze 
metal tools across the southern Levant impedes 
any definitive comparison with Egypt. The lack 
of EB I–III iconography or tomb contexts in the 
southern Levant does not allow for an in-depth 
understanding of how the use of early metal objects 
coincided with the development of early state-level 
societies. Contrary to Egypt, with its rich mortuary 
archaeological record, it is difficult to distinguish 
between elite and non-elite use of metal in the 
southern Levant. It is not yet clear if Jericho is an 
exception or the rule. If Jericho is the rule, the use of 
copper by elite members of society, as exemplified 
in Old Kingdom society, also becomes apparent in 
the Levant (Nigro 2019, 93).1

Interconnections and Metallurgy
The presence of exchange, particularly of prestige 
items to and from the Levant and Egypt, suggests 
an interregional trade network that included copper 
(Nigro 2014b). Nigro stated that at Jericho, 

“Increasing wealth, reflected into technological 
progress, material culture standardization 
and functional specialization supported the 
city interaction on an extra-regional scenario, 
enhancing exchange of typical Jericho products 
with prestigious items both from Egypt (on a 
route active since EB I), and Northern Levant 
(Syria and the Lebanese coast)” (Nigro 2014a). 

From this perspective, Nigro suggests a world-
systems view of copper distribution routes (Nigro 
2014b), similar to what Algaze (1993) proposed for 
Chalcolithic Mesopotamia. The Levant served as the 
periphery of the copper world (supplier). In fact, the 
recent metallurgical studies of copper objects from 
Early Dynastic and Old Kingdom Egypt (Martin 
Odler, this volume, and previous work) suggest 
that some early copper objects came from as far as 
Anatolia (Kmošek et al. 2018; Odler and Kmošek 
2020, 69). While the use of archaeometallurgy 
to understand the interconnections between 
Egypt, the Levant, Anatolia, and elsewhere in 
the Eastern Mediterranean has proven useful 
for tracing exchange routes, the adoption of a 
zooarchaeological perspective (as presented here) 
complements this perspective—it furthers our 
understanding by being more socially inclusive, 
being able to see that access to non-local goods 
was socially differentiated. Thus, in conclusion, 
we suggest that such resources were more likely to 
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be available to the “state,” elite individuals, and/
or officials or individuals with the capabilities of 
procuring them in early complex societies (e.g., 
merchants acting on behalf of the state). As can be 
seen in our discussion above, the spread of new 
technologies (e.g., metallurgy) is a more complex 
process than previously conceptualized. It requires 
rethinking basic concepts within archaeology about 
the transmission of new knowledge across time and 
space (Straub 2009). 

Based on the results of this analysis from Egypt 
and previous research in other regions, the transition 
from stone to metal tools for butchering began, on 
a large scale, only during the Middle Bronze Age, 
in the Levant and the central Balkans (Greenfield 
1999, 2002, 2008, 2013, 2017, 2021; Greenfield and 
Brown 2016; Greenfield, Brown, and Miroschedji 
2021; Greenfield and Marciniak 2019), and, in the 
Late Bronze Age, in central Poland ( Greenfield 
2017; Greenfield and Marciniak 2021; Marciniak and 
Greenfield 2013). Certain areas of the Near East (i.e., 
Anatolia) lagged in the transition to metal tools for 
butchering since obsidian was easily available and 
sharper than metal (Greenfield and Chaput 2021; 
Greenfield and Marciniak 2019). It is clear, thus, that 
one cannot assume the transition occurred broadly 
in the Early Bronze Age and that each region must 
be investigated separately. 
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Notes
1	 Recent reanalysis of the IB Jericho material 

is now pointing to the absence of metal 
butchering marks in the faunal assemblage, 
and lower frequencies in the MB IIA material 
than previously reported elsewhere (Greenfield 
2005). Hence, for now, the Jericho material must 
be discounted.


