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The Rise of Metallurgy in Eurasia (Archaeopress 2021): 601–618

As outlined in Chapter 2, three key lines of enquiry 
shaped The Rise of Metallurgy in Eurasia project and 
underpinned the research questions. Firstly, there are 
competing views about whether metallurgy in Eurasia 
had a single origin or arose in multiple places. There 
are also different perspectives regarding the ways in 
which pre-existing technical knowledge influenced and 
inspired the emergence of this new technology. Further 
discourse relates to the manner in which this early 
metallurgy was organised across the chaîne opératoire of 
metal production and use and developed across a range 
of metals and alloys. Each of these three themes are 
fundamental to early metallurgy across the world (see 
papers in Roberts and Thornton 2014). These are areas 
of investigation with a deep history of scholarship and 
a wide range of competing explanatory models. 

That these lines of enquiry can be re-evaluated in 
the Balkans is due to the integrated theoretical and 
methodological approach of The Rise of Metallurgy in 
Eurasia project, which has extended the scientific 
investigation beyond the ‘when’ and the ‘where’ of 
early metallurgy to include explorations of ‘how’ and 
‘why’. The project sits firmly within an emerging 
trend, highlighted by Thornton (2009) as a paradigm 
shift and evident in global early metallurgical research 
published in a special double edition of the Journal of 
World Prehistory (Thornton and Roberts 2009 and papers 
in volume 22) and subsequently in Roberts and Thornton 
(2014). There is now an identifiable convergence in 
the scholarship of early metallurgy towards the need 
to define and analyse the theories and underlying 
evidence surrounding concepts of invention (see 
papers in Roberts and Radivojević 2015; Frieman 2021) 
and innovation (e.g. Burmeister et al. 2013; Maran and 
Stockhammer 2017 Ottaway 2001; Rosenstock et al. 2016; 
Scharl 2016; Frieman 2021). In addition, there is a much 
stronger expectation that all the available evidence—
from ore sources to finished objects—is analysed using a 
more holistic approach (cf. Ottaway 1994; Shimada 2007), 
and that results are then compared, contrasted and 
integrated with comparable analyses of contemporary 
craft production and consumption in other materials 
and in broader societal contexts (Miller 2005, 2007). 

This dynamic academic environment inspired the six 
specific research questions that underpinned The Rise of 
Metallurgy in Eurasia project:

1.	 How did the mineralogical and technological basis 
for early metal production in the Balkans emerge 
and evolve during the 6th–5th millennia BC? 

2.	 To what extent was metallurgy related to pottery 
technology and production, and how did pre-
existing technological knowledge influence the 
emergence of metallurgy?

3.	 How were ore sources, smelting, and casting 
connected and organised?

4.	 Where did the smelted metals circulate? 
5.	 What metal types were being made and how did 

these evolve?
6.	 Was there a close relationship between ore 

sources, metallurgical technology, and artefact 
types?

This chapter begins by considering the first two themes 
described above, surrounding the origins of metallurgy, 
and addressed through research questions 1, 2 and 5. We 
then turn to the final theme relating to early metallurgy 
and society with research questions 1, 3, 4 and 6.

Origins

Scholarship debating the origins of metallurgy in the 
Balkans dates to the early antiquarian period in the 
mid-19th to the early 20th century (Childe 1944; Grbić 
1929; Von de Pulsky 1884) and consistently equated 
technological advancement, as expressed through 
evidence of pyrotechnological abilities, with temporal 
and societal change (see also reviews by Pearce 2019; 
Schier 2014a;). This model also acknowledged the 
unique historical circumstances that may have dictated 
variations in the dynamics of innovations, and in their 
adoption and adaptation (Childe 1951). The mid–late 
20th century saw the proposal of two highly influential 
ideas that are still structuring the current debates: 
the identification of local metal-using communities 
representing new Balkan Copper Age, Chalcolithic or 
Eneolithic societies (e.g. Gimbutas 1980; Jovanović 1971; 
Lichardus 1991c; Renfrew 1969) and the introduction of 
metallurgy through an external population group, as 
represented through archaeological cultures migrating 
into the Balkans from the East (e.g. Childe 1929; 
Garašanin 1973). 

The continued importance of Balkan metallurgical 
origins in archaeological scholarship is evident 

Chapter 52
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in the use of some of the earliest applications of 
radiocarbon dating in world archaeology to challenge 
existing ‘Ex Oriente Lux’ interpretations with a model 
of independent invention (Jovanović and Ottaway 
1976; Renfrew 1969, 1970; contra Wertime 1964, 
1973). Debates on early metallurgy in the Balkans 
and Anatolia/Near East rapidly divided scholars 
into advocates of either independent invention or 
of migration/diffusion (see Bognár-Kutzián 1976 
for a summary). Although highly controversial at 
the time (Makkay 1976: 263), early radiocarbon 
dates have now become widely accepted. The 
independent invention model for Balkan metallurgy 
was subsequently reinforced by the quantity, 
typology and metallurgy of cast shaft-hole axes 
(Charles 1969), the ability to calibrate the new 
radiocarbon dates using dendrochronology (Renfrew 
1973) and the stratigraphical demonstration at the 
excavations at Sitagroi, Greece, showing that the 
Central Balkan Vinča culture preceded the Early 
Bronze Age of Anatolia (i.e., Troy I) by more than two 
millennia (Renfrew 1979: 139). Further supporting 
evidence accumulated during the 1970s with the 
excavation and relative dating of copper mines at 
Ai Bunar (Chernykh 1978a, 2008a) and the discovery 
of substantial numbers of the earliest gold—and 
copper—objects at the cemetery of Varna in Bulgaria 
(Ivanov 1978b; Ivanov and Avramova 2000). The ‘Ex 
Balcanae Lux’ model (Todorova 1978) represented a 
new paradigm and caused a widespread re-appraisal 
of the origins of early technologies in the region (see 
Sterud et al. 1984 for a summary). As Thornton (2001) 
dryly noted, the major advocates for an independent 
invention of southeastern European metallurgy were 
also the most adamant diffusionists for Neolithic 
subsistence and the origins of the Indo-European 
languages (Renfrew 1987; Gimbutas 1973). 

In addition to dominating the agenda for the ‘when’ 
and ‘where’ for the origins of metallurgy, Renfrew’s 
(1969) suggestion of a direct connection between 
the production of graphite painted ceramics and 
the invention of copper metallurgy also provided 
a new explanatory framework for the ‘how’. This 
pyrotechnological transfer model was subsequently 
also advocated by Gimbutas (1976a), however, this 
claim was not investigated from a comparative 
perspective until nearly four decades later (Amicone 
2017; Amicone et al. 2020; see Chapter 44). A partial 
model for the ‘why’, that went beyond the hindsight 
of assumed ideas of value and desirability of metals as 
used by both advocates of independent invention and 
diffusion, was provided by Glumac (1991). He made the 
connection between the use of copper minerals for 
decoration and early metal use in the context of the 
Balkans – an approach subsequently extended across 
Anatolia and the Near East by Thornton (2001). The 

early use, across the Starčevo and subsequently early 
Vinča culture occupation horizons, of a specific type 
of copper minerals (black-and-green manganese-rich 
copper carbonates) that were later smelted to produce 
the earliest known copper metal, has most recently 
been shown to be a unique technological trait of 
Balkan copper and tin-bronze metallurgy, reinforcing 
the argument for independent invention (Radivojević 
et al. 2010a; Radivojević 2013, 2015).

There are consequently three definable, yet partially 
inter-related, models for the mineralogical and 
technological basis underpinning the emergence of 
metallurgy in the Balkans during the 6th–5th millennia 
BC (Research Question 1). All are primarily focussed on 
copper minerals/ores and the ambiguous relationship 
with ceramic pyrotechnology (Research Question 2). 
Underlying each of these models are the motivations 
of the people involved in identifying, selecting and 
smelting copper ores and their knowledge of and 
relationship with pre-existing pyrotechnologies. 
However, it is argued that the singular and uneven 
focus of early metallurgy scholarship has served 
to obscure the presence of polymetallism whereby 
multiple metals were being produced, circulated, used 
and deposited by the same communities in the same 
region at the same time (Radivojević et al. 2013). The 
mono-metallic perspective also serves to significantly 
underplay the deliberate manipulation of metal 
compositions whether by using complex ores or the 
addition of other metals, thus creating differences 
in colour, hardness and castability. It is therefore 
imperative to adapt these three models when 
evaluating the evidence for lead, gold, tin bronze and 
silver in the Balkans (Research Question 3). Each of the 
models will be evaluated against the pre-existing data 
as well as the new evidence from The Rise of Metallurgy 
in Eurasia project regarding minerals and ores, Balkan-
Anatolian connections and pyrotechnology.

These models are:

1.	 The migration of individuals and groups from 
the east with the necessary knowledge relating 
to the selection of copper minerals/ ores and 
expertise in pyrotechnology.

2.	 The transmission, via existing socio-economic 
networks, of knowledge and expertise 
relating to copper ores, copper minerals and 
pyrotechnology from the east into communities 
in the Balkans.

3.	 The independent invention of metallurgy by 
communities in the Balkans who exploited the 
rich abundance of copper minerals and their 
knowledge of them and, through time, adapted 
their pyrotechnological expertise to smelt 
metal. 
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Ores, pyrotechnologies and Balkan-Anatolian 
connections

Evidence suggests that use of copper mineral and 
native copper in neighbouring Anatolia and the Near 
East occurred much earlier than in the Balkans as 
detailed in Chapter 3. This chapter also highlighted 
the frequency of copper minerals recorded at early 
Vinča culture settlements (pre-5000 BC), including 
the sites of Belovode and Pločnik, as demonstrated in 
earlier excavations (see Chapters 5 and 6). The Rise of 
Metallurgy in Eurasia project confirmed the presence 
of copper minerals in the pre-5000 BC phases at each 
site (see Chapters 11 and 26) and the careful excavation 
and recording techniques further demonstrated that 
copper minerals were extensively sourced, identified, 
selected, carried back to settlements and manipulated 
in the centuries prior to any evidence for copper 
smelting (cf. Radivojević 2015). 

It is beyond doubt that the practice of using green 
minerals was transmitted to the Balkans from Anatolia, 
particularly given its association with early agricultural 
communities and attested migration and other 
movements (e.g. Ammerman and Cavalli-Sforza 1971; 
Brami 2017; Furholt 2017; Ivanova 2020; Mathieson et al. 
2018; Racimo et al. 2020; Rosenstock et al. 2016; Shennan 
2018; Silva and Vander Linden 2017). However, whilst 
the first model of migrating individuals and groups 
from the east is strongly supported with regards to 
identifying and exploiting copper minerals in the 
Balkans, the question remains as to whether the ability 
to undertake copper smelting derived from the same 
source. 

As detailed in Chapter 5, the archaeometallurgical 
analysis of five small copper slags from Trench 3 at 
Belovode, together with the radiocarbon dating of 
the excavated horizon in which they were found, that 
provided evidence for copper smelting at c. 5000 BC 
(Radivojević et al. 2010a). The further evidence of two 
copper metal droplets found in a sealed refuse pit in 
Trench 18 at Belovode (Feature 21, see Chapter 11), 
excavated for The Rise of Metallurgy in Eurasia project 
and dated to the 49th century BC, provides a more 
contextually and chronologically secure dating for 
copper smelting but nonetheless confirms the earlier 
interpretation for c. 7000 year-old metallurgy. Beyond 
the Balkans, the closest evidence to the copper smelting 
to Belovode comes from Tal-i Iblis in southeastern Iran 
in the early centuries of the 5th millennium BC; this is 
only relatively dated to as it comes from the excavation 
of spoil heaps (Frame 2012). Until very recently, the 
assumed metallurgical activities at Çatalhöyük had 
stimulated scholarly debates due to an unusually early 
date of c. 6500 BC for a find that appeared to contain 
features of a metallurgical ‘slag’ (Cessford 2005; 

Mellaart 1964; Neuninger et al. 1964). The argument 
that the Neolithic Çatalhöyük communities were 
possibly smelting metal has since been discussed in 
the literature and found both support (Hauptmann 
2000; Hauptmann et al. 1993; Strahm 1984) and open 
caution (Birch et al. 2013; Craddock 2001; Muhly 1989; 
Pernicka 1990; Radivojević et al. 2010a; Roberts et al. 
2009; Tylecote 1976). A full re-analysis of the original 
metallurgical ‘slag’ from Çatalhöyük and revised 
contextualisation showed that this sample was a burnt 
copper mineral, probably deposited as a green pigment 
in a burial and subsequently baked during a destructive 
fire event in the dwelling in which it was discovered 
(Radivojević et al. 2017). 

Further fieldwork evidence for copper smelting in 
Anatolia dates from late 5th / early 4th millennium BC 
occupation of the eastern Anatolian site of Değirmentepe 
(Lehner and Yener 2014; Mehofer 2014), although no 
analytical evidence of this find is known to the authors. 
In the southern Levant, the more secure evidence for 
copper smelting dates to the later 5th millennium BC 
(Golden 2010, 2014; Klimscha 2013). To the west, the 
earliest evidence for copper smelting in Central Europe 
and the Central Mediterranean also dates to the late 
5th millennium BC (Dolfini 2013, 2014; Höppner et al. 
2005; Scharl 2016; Turck 2010). The potential early 5th 
millennium BC date in the Western Mediterranean 
at Cerro Virtud, southeast Spain remains disputed 
and over a millennium earlier than any other copper 
smelting site in the region (Gauss 2013; Kunst 2013; 
Montero-Ruíz et al. 2021; Murillo-Barroso and Montero-
Ruíz 2012; Rovira and Montero-Ruíz 2013; Ruíz Taboada 
and Montero-Ruíz 1999). For copper smelting alone, the 
evidence in the Balkans pre-dates neighbouring regions 
as well as those further afield and supports the third 
model, i.e., the independent invention of metallurgy.   

As highlighted in Chapter 3, the smelting of copper 
ores was not the earliest application of pyrotechnology 
in either the Balkans or Anatolia. The transmission of 
ceramic forms and pyrotechnology from Anatolia to 
the Balkans occurred from c. 6600 BC, with ceramic 
production and consumption subsequently being 
extensively practiced and developed by early farming 
communities (Amicone et al. 2019; de Groot 2019; 
Spataro and Furholt 2020). Given that this process 
started around 1500 years before the earliest evidence 
for metallurgy in the Balkans or elsewhere, it leads 
us to the issue of the interdependence of pottery and 
metal pyrotechnologies (Research Question 2). The key 
question is whether the ability to create and manage 
high temperatures (exceeding c. 1000 °C) could have led 
to the transformation of copper ore to copper metal. In 
their research on the interdependence of pottery and 
metal technology at the Vinča sites of Belovode (Chapter 
14) and Pločnik (Chapter 29) within The Rise of Metallurgy 
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in Eurasia project, Amicone et al. (2020) (Chapter 43) 
dismissed the importance of high temperatures in 
pottery firing for proving this relationship in terms of 
the mastery of the Vinča potters’ pyrotechnological 
skills. Instead, they highlight the more critical skill 
of controlling firing atmosphere conditions. The 
production of a functional pot required temperatures 
only in the range of 600–700 °C, and not in excess of 
1000 °C. It is contended that previous scholarship over-
estimated the role of firing temperatures in seeking the 
best fit with the model of interdependence between 
pottery and metal technologies. 

The findings from The Rise of Metallurgy in Eurasia project 
(see Chapter 43) do not, however, preclude that other 
advances in pyrotechnology, such as mastery of fire 
control, could not have laid the groundwork for further 
technological advances such as copper extraction. The 
only hypothesis from previous scholarship on pottery 
pyrotechnology that Amicone et al. (2020) (and Chapter 
43 of this volume) confirmed was that of Frierman (1969) 
and the two-step process of firing graphite-painted 
pottery, broadly similar to the two-step process of the 
earliest metal smelting (Radivojević  et al. 2010b: 2777). 
The theories of graphite-rich moulds being used for 
metal casting used to counteract the oxidation process 
(Gaul 1948: 98; Ryndina and Ravich 2000: 16–17) remains 
to be confirmed archaeologically. However the roughly 
contemporary emergence of both copper smelting and 
the practice of graphite decoration at the dawn of the 
5th millennium BC makes them equally likely to have 
influenced each other. This is particularly valid for 
settlements with strong evidence for metallurgical 
practice and adjacent graphite deposits such as Pločnik, 
on which Amicone et al. (2020) (and see Chapter 43) 
build their case. Hence, these technologies are rather 
seen as ‘close cousins’, clearly impacting each other, 
highlighting the need for future programs to date the 
emergence of graphite painted pottery in conjunction 
with early metallurgy in the Balkans. 

It is notable that the emergence of graphite painting 
and copper smelting technology take place at around 
the same time as the appearance of a distinct phase of 
the Vinča culture called ‘Gradac’ (Vinča B2–C1). This 
phenomenon has been mainly characterised by the 
following: changes in pottery styles; house destruction 
horizons at several sites; an increased number of 
settlements erected at more dominant positions; the 
intensification of elaborated monumental figurine 
production (Garašanin 1991); and the intensification of 
mining activities at Rudna Glava (Pernicka et al. 1993; 
Radivojević and Kuzmanović Cvetković 2014). This 
pattern of a shift in some settlement and living practices 
has been identified across the Balkans at around the 
same time (Garašanin 1994/1995), prompting Jovanović 
(2006) to argue that the emergence of metallurgy was 

the driving force for the observed change. While current 
research, including this monograph, can certainly 
confirm that the emergence and intensification of 
copper metallurgy exhibits correlation with the changes 
in a number of material and dwelling practices, more 
studies to include dating and archaeomaterials analysis 
is required to explore the causation behind these 
phenomena across the Balkans (cf. Radivojević and 
Grujić 2018a).

When this evidence is evaluated against the three 
models outlined above it can be argued that, whilst the 
knowledge and practice of selecting copper minerals 
and the pyrotechnology to make the ceramics derived 
from early farming communities moving from Anatolia 
to the Balkans, the smelting of copper ores occurred 
independently in communities in the central Balkans. 
The nature of the pyrotechnological pathway that led 
to the smelting of copper metal remains unclear, as The 
Rise of Metallurgy in Eurasia project has demonstrated 
that the temperatures and conditions required to 
create contemporary and earlier ceramics are not 
transferrable in a straightforward manner. 

Invention, innovation and polymetallism

In a special section of the Cambridge Archaeological 
Journal (Roberts and Radivojević 2015), we argued, 
alongside other authors analysing ceramics, gold, iron 
glass and glaze from across the world, that the processes 
of inventions in early societies could be evaluated in 
terms of pyrotechnologies. This contrasts with the 
reluctance of most archaeologists in recent decades to 
engage with the concept of invention. This is not only 
due to the partial nature of the archaeological record, 
which frequently reveals earlier dates for defined 
phenomena as investigations intensify, but also to the 
intellectual baggage of technological determinism. 
The social evolutionary schemes of Lubbock (1872), 
Morgan ([1877] 1985) and others, whereby ‘inventions 
and discoveries stand in serial relations along the lines 
of human progress and register its successive stages’ 
(Morgan 1985: vi), casts a long shadow. The continued 
influence of a classification scheme of technological 
stages within social evolutionary schemes (cf. 
Childe 1944) has contributed to this intellectual 
unease. The more recent exploration of the socially 
constructed underpinnings of modern understandings 
of technology and a more in-depth recognition of 
technology as a socially embedded phenomenon (e.g. 
Dobres and Hoffman 1994, 1999; Lemonnier 1993, 
2012; Schiffer 2001) has reinforced the suspicion that 
the concept of invention is an anachronism. This 
suspicion is reinforced by debates over inventions 
within archaeology that begin with scientific criticisms 
of the proposed earliest dates for a phenomenon, but 
can rapidly become mired in academic, nationalist, 
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and post-colonial politics. The danger of drifting into 
‘Originsland’ as eloquently deconstructed by Gamble 
(2007: 61ff) is ever present.

Invention is frequently defined as the discovery of 
a new idea, material, or process, deliberately or by 
chance (cf. Renfrew 1978b). An invention may include 
a radically new product as much as a recombination 
of technological components in a novel manner 
(Basalla 1988; Nelson and Winter 1982; Weber et al. 
1993). Alternatively, an invention may involve the 
application of an existing technology to a new purpose 
(Fleming and Sorenson 2004; Henrich 2010). The three 
stages of the process of invention (gestation, cradle, 
maturation) very rarely take place during the lifetime 
of a single inventor (Lienhard 2006: 165). It could 
take a few generations of inventors who contribute 
to accumulation of knowledge before the invention 
is sufficiently perfected to find a wider acceptance. 
These contributions are commonly mirrored in a high 
frequency of failure and unintended outcomes that 
occur over a period of uncertain length. Therefore, the 
biography of a past invention would have often started 
a couple of decades or even centuries before it became 
visible in the archaeological record. It is also often the 
case that inventions cannot find any economic use 
until other ideas that are yet to be discovered render 
practical what was once considered a ‘long shot’ 
(Wiener 1993: 145).

It has been frequently argued that when an invention 
affects the evolution of the system and is successfully 
transmitted within a population, and beyond, it is 
recognised as an innovation (e.g. Henrich 2001; O’Brien 
and Shennan 2010a; Ottaway 2001; Renfrew 1978b, 1986; 
van der Leeuw and Torrence 1989). A technological 
innovation is not usually only a monolithic entity, but an 
‘amalgam of units’, or a ‘recipe’ containing ingredients 
required to make an object (Lyman and O’Brien 2003; 
Mesoudi and O’Brien 2008; Neff 1992, 1996; O’Brien and 
Shennan 2010b). In a technological context, this recipe 
is a list of what, how, and when to make something, and 
for how long (Krause 1985). 

Michael Schiffer (2005, 2010, 2011) proposes a more 
nuanced definition of invention, arguing that invention 
is ‘the creation of an idea or vision for a technology that 
has performance characteristics—often use-related 
ones—differing from those of other technologies’ 
(Schiffer 2011: 36). The emphasis on invention as 
the idea, rather than the materialisation of the idea, 
is more common within industry and commerce 
where ‘invention is the first occurrence of an idea 
for a new product or process, while innovation is the 
first attempt to carry it out into practice’ (Fagerberg 
2004: 3; see Schumpeter 1939). However, there remain 
disagreements within these disciplines, as there are 

within archaeology, as to whether invention should 
also encompass the realisation of the idea (e.g. Rogers 
1962, 2003; contra Wiener 1993). Similar ambiguities 
and debates in the definition and evidencing of an 
invention also underlie the development of modern 
patent law (Pottage and Sherman 2010). Indeed, 
the intellectual history of the terms ‘invention’ and 
‘innovation’ reveals ever-shifting definitions, meanings 
and applications relating to the societies in which they 
were used (Godin 2015).  

The archaeological record reveals the materialisation 
of ideas and therefore, from this perspective, the 
innovations rather than the inventions (see Jones 
2004; Ingold 2007; Lemonnier 2012; Malafouris 2013; 
Meskell 2005; Miller 2005; Renfrew et al. 2005). However, 
it is argued that the time-depth of the archaeological 
record can, with sufficient data resolution, provide 
the possibility of investigating the accumulation of 
knowledge or process components preceding and 
underlying the invention of a particular technique 
or material. These would be observable through 
experiments, re-combinations, or re-applications 
(to a new purpose) over a period of several decades, 
centuries or millennia (Basalla 1988; Henrich 2010; 
Lienhard 2006; Weber et al. 1993). Taking invention 
as the appearance of a new idea, process or material, 
the differentiation between an invention and an 
innovation within pyrotechnologies is potentially 
far less ambiguous than in other aspects of past 
human activities in the archaeological record. The 
conceptualisation of invention as a process—rather 
than a singular event—as has been extensively 
explored in archaeology by Schiffer (2005, 2010, 2011: 
57–85) for mainly modern technologies. Invention and 
innovation in archaeological interpretative models, 
including those relating to the origins of metallurgy, 
have also been critically re-evaluated more recently 
by Frieman (2021). These more nuanced approaches 
enable the anomalies to be placed within the choices 
and sequences of transformative actions underlying 
pyrotechnology. The selection of black-and-green 
copper ores for smelting as opposed to the pure green 
minerals for decoration by communities in the Balkans 
represents not only a process of invention, but one in 
which choices and sequences can be identified.

Given the presented evidence, while the practice 
of sourcing copper minerals and native copper 
originated outside of the Balkans and was brought 
into the region—presumably accompanying other 
broadly contemporary materials that were being 
exploited such as obsidian—the development of copper 
metallurgy took a technologically distinctive and 
independent route in the Balkans from as early as 6200 
BC (Radivojević 2015). The very moment of ‘invention’, 
though, is difficult to pinpoint but is certainly not later 
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than 5000 BC, when we already see the developed and 
repetitive process of smelting under similar redox 
conditions and with similar ‘recipes’ across the Vinča 
culture sites (Radivojević and Rehren 2016). From this 
perspective, the invention of copper metallurgy could 
have taken place any time between 6200 BC and 5000 
BC, but most likely during the second half of the 6th 
millennium BC. 

But what was the process of invention of copper 
smelting?

Prior to The Rise of Metallurgy in Eurasia project, Radivojević 
and her colleagues had shown, in extensive analytical 
studies across the Neolithic and Chalcolithic Balkan 
sites in recent years (Radivojević et al. 2010a; Radivojević 
and Rehren 2016), that the use of copper minerals for 
decorative purposes and for copper smelting involved 
different selection practices and intent based on 
colour. The identification of dual selection (pure green 
copper minerals vs. black-and-green copper ores) not 
only indicated aesthetic differences, but also varying 
compositional requirements, implying that copper 
smiths distinguished between the material properties 
of differently coloured minerals. Such a technological 
practice and clear distinction between minerals for 
ornaments and those for smelting has not yet been 
identified in Anatolia or in the Near East. This was the 
foundation of Radivojević’s (2012, 2015) claim that the 
preference for the black-and-green appearance in the 
selection of copper minerals by Late Mesolithic/Early 
Neolithic communities in the central Balkans from c. 6200 
BC prompted early experimentation and subsequent 
copper smelting. This selection process is particularly 
evident in the abundance of manganese oxide in the 
post-5000 BC Vinča culture copper slags, which is known 
to facilitate the formation of a melt under the variable 
redox conditions that one would expect from hole-in-
the-ground smelting installations (Huebner 1969: 463; 
Radivojević and Rehren, 2016: 221 ff.).

The results from The Rise of Metallurgy in Eurasia project, 
which recorded the extensive presence of copper 
minerals throughout the entire sequence of Belovode 
and Pločnik, demonstrates that the hypothesis on 
consistent selection of black-and-green copper minerals 
holds up for the newly discovered workshop (F6, see 
Chapter 11), while malachite beads show a mixed picture 
of selecting pure green and black and green minerals for 
decorative items. These results, however, reinforce the 
major tenet of the claim for the independent evolution 
of Balkan metallurgy: Vinča culture communities were 
intentionally selecting black-and-green copper minerals 
for copper smelting over the course of 600 years, and 
these were sourced in eastern Serbia, uniquely for all 
early copper smelting sites across Serbia and Bosnia 
(Chapter 41). While the exact locations of these deposits 

are not certain, we know that they are multiple to begin 
with, and contain cobalt and nickel mineralisations 
that have, incidentally, already been detected in the 
ancient mines of Rudna Glava and Majdanpek (Pernicka 
et al. 1993). Even though the pursuit for these deposits 
remains a task for the future, the results of The Rise of 
Metallurgy in Eurasia project reinforce previous analytical 
investigations (e.g. Radivojević and Grujić 2018a; 
Radivojević and Kuzmanović Cvetković 2014; Radivojević 
and Rehren 2016) by providing a higher resolution of 
insight into the connectedness of the early copper metal 
making Vinča sites and local deposits, as well as their 
networks of supply across the Balkans. 

The selection of lead ores and the application of 
pyrotechnology to them, evidenced from the c. 5200 
BC lead slag ‘cake’ at Belovode (Radivojević and 
Kuzmanović Cvetković 2014) and the use of lead ore 
for beads at Autoput, Selevac and Opovo in Serbia and 
Donja Tuzla in Bosnia—in all cases in horizons that 
end in 4500/4400 BC at the latest (Glumac and Todd 
1987; Quitta and Kol 1969; Vogel and Waterbolk 1963), 
as detailed in Chapter 3—is too often overlooked. This 
is particularly valid when claims for the ‘new earliest’ 
are made, as with lead ore processing in Pietrele, which 
emerges after the end of the Vinča culture (Hansen et 
al. 2019). It is, however, evident that the knowledge, 
pyrotechnological experiments and establishment of 
craft and material practices surrounding vibrantly 
coloured minerals and later ores, whose metallurgical 
properties could only have been distinguished by 
their colours (black, green, blue and violet), were 
fundamental during the centuries spanning c. 6200–
5000 BC (Radivojević 2015). 

A consequence of the colour preference in (complex) 
copper ores is the tin bronze foil (Pločnik 63), as detailed 
in Chapters 3 and 6. Excavated from an undisturbed 
context, on the floor of a dwelling structure next to 
the likely copper metal workshop at the site, about 
1 m from a fireplace, the foil was enclosed in several 
late Vinča culture pottery vessels (Radivojević et al. 
2013: 1033, Figure 2). This securely contextualised find 
comes from a single, undisturbed occupation horizon 
at Pločnik, dated to c. 4650 BC. This date is, according 
to the field evidence, the terminus ante quem for the 
Pločnik foil at present. The composition indicated that 
stannite [Cu2FeSnS4], a copper-tin bearing mineral, was 
the probable ore used for making this natural alloy with 
c. 12wt% Sn and relevant traces of As, Fe, Co and Ni (see 
Radivojević et al. 2013: 1035, Table 1). As detailed in 
Chapter 3, there are 14 additional tin bronze artefacts 
known from the mid-late 5th millennium BC Serbia and 
Bulgaria; however, these finds only occurred together 
in what appears to be a short-lived tin bronze horizon 
in the Balkans based on geochemistry that links them 
with the Pločnik foil. 
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When the Pločnik foil date is evaluated against 
the earliest evidence for tin bronzes in Europe, 
Anatolia, and Asia (Pigott 2011; 2021; Rahmstorf 2011; 
Radivojević et al. 2013), claims from two discoveries 
require detailed consideration. These are the assertions 
about the 6th millennium BC emergence of naturally 
alloyed tin bronze artefacts from the sites of Tel Tsaf 
in Southern Levant (Garfinkel et al. 2014) and Aruchlo 
in Georgia (Hansen et al. 2012). The Tel Tsaf metal awl 
was discovered in a secondary context (burial in a silo) 
in what is currently claimed to be a largely Middle 
Chalcolithic horizon, broadly dated to between 5100 
and 4600 BC. The authors ascribe the metal awl to the 
late 6th millennium BC (Garfinkel et al. 2014), despite 
the fact that: a) the skeletal burial had enough datable 
materials available between the individual and the rest 
of the burial offerings; and b) even if the secondary 
context is truly Middle Chalcolithic, its characteristics 
are more indicative of the end of the silo’s use-life, at 
best, 4600 BC. The analysis of this heavily corroded 
awl ‘with no original metal left’ (Garfinkel et al. 2014: 
3), conducted with portable ED-XRF, implied an Sn 
content between 3.5wt% and 7wt%. While the authors 
acknowledge that these figures may be overestimated 
given that tin is known to be relatively immobile 
in most burial conditions compared to copper and 
hence usually found enriched in corroded layers, the 
questions remain: how much tin was there, and was it 
enough for the smiths working with it to detect any 
difference in the performance of the artefact, or in its 
colour? 

Comparative analysis of tin bronze artefacts using 
handheld XRF and EPMA (Electron Probe Micro 
Analyser) indicate that the former technique can differ 
around 20% from the true metal body values when 
applied to the metal surface cleaned from corrosion, 
or c. 70% or more when performed on the corroded 
surface of the same object (Orfanou and Rehren 2015). 
Although we do not know exactly the effect of the 
burial deposits on the enrichment of tin in the Tel 
Tsaf artefacts, estimates based on the reported XRF 
analysis in Garfinkel et al. (2014: 4, Table 1) indicate that 
the true value of tin content in the Tel Tsaf awl could 
potentially be between c.1wt% and 2wt%. While this is 
a speculative calculation with many unknowns, with 
such a composition the Tel Tsaf awl would still qualify 
as a tin bronze but without any indication of intentional 
alloying, which is a key factor for the foil from Pločnik in 
Serbia. The colour range of the awl would barely differ 
from that of common contemporary copper artefacts, 
even with up to c. 5wt% of Sn content (see Figure 6, 
Chapter 3 this volume), which suggests that the process 
of its making, if truly contextualised towards the end of 
the Middle Chalcolithic, probably made no difference to 
its appearance at the time. In addition, the performance 
of the awl would be dependent on the reduction in 

thickness by working, which is unknown due to the lack 
of any preserved metal body. The Aruchlo bead from the 
Neolithic site in Georgia is also optimistically set too 
early in the date range (5800–5300 BC). The handheld 
XRF analysis of this heavily corroded item with no 
metal body preserved reveals a compositional structure 
of what looks like predominantly malachite mineral 
with relevant impurities of tin, arsenic and iron, which 
are comparable with the polymetallic mineralisations 
in that area (Bastert-Lamprichs et al. 2012; Hansen et 
al. 2012). In sum, the claims for the early tin-bronzes 
in the Levant and Georgia in the 6th millennium BC 
require more rigorous analytical probing in order to 
substantiate their currently published interpretations. 
There is therefore no compelling evidence that either 
the idea or the technological expertise for the tin 
bronzes in the Balkans derived from communities or 
networks beyond this region. 

In order to understand the why there is a tin bronze 
foil at Pločnik at c. 4650 BC, it is instead necessary to 
understand the impact on copper of major impurities 
such as tin, arsenic and antimony. The resulting metals 
not only melt at lower temperatures than pure copper 
objects and are easier to cast (Lechtman 1996; Northover 
1989;) but also transform their colour into different 
shades of bright yellow, whose range has recently been 
experimentally demonstrated (Radivojević et al. 2018b). 
The key, however, is the use of black-and-green copper-
based ores, such as stannite, which is argued as the 
starting point of experimentation with the new metal 
in the Vinča culture context (Radivojević et al. 2013). 
It is possible that this colour selection process meant 
the exclusion of grey-coloured copper fahlores, such as 
tennantite and tetrahedrite, whose successful smelting 
would have produced arsenical copper, a metal that is 
not present in the Balkans until the mid-4th millennium 
BC (cf. Chernykh 1978b; Pernicka et al. 1997; Radivojević 
et al. 2010a). Nevertheless, there are indications for 
the use of hydrated iron-arsenates, such as the green/
blue scorodite [FeAsO₄·2H₂O], which precipitates from 
the primary ore of arsenic, arsenopyrite [FeAsS], in the 
copper smelting process in Gornja Tuzla (Radivojević 
and Rehren 2016: 219, 225 ff, Figure 7h). This rare 
occurrence of utilising arsenic-rich ores has been 
convincingly argued to be due to the selection of an 
attractive mineral colour, which is admittedly the same 
rationale for selecting stannite for making tin-bronzes 
in Pločnik. Given the highly experimental nature of 
early metal technology in the Balkans being, we may see 
more arsenic present in the copper smelting process in 
future excavations, even if only as a colourful addition 
to the smelt.

As detailed in Chapter 3, the appearance of thousands 
of small decorative objects made of gold also dates from 
the mid-5th millennium BC in northeastern Bulgaria, 
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southeastern Romania and northern Thessaly (Higham 
et al. 2007; Krauss et al. 2017; Makkay 1991). Although 
the gold from the cemetery of Varna I is claimed as the 
earliest known (dated most recently between 4690 and 
4330 cal. BC) (Krauss et al. 2016), there are earlier uses 
of gold ornaments (although not as securely dated) in 
the Varna II cemetery (Todorova and Vajsov 2001: 54), 
as well as in the cemetery of Durankulak (Avramova 
2002: 193, 202, Table 24; Dimitrov 2002: 147). The 
earliest gold from beyond the Balkans is in the form 
of eight gold and electrum rings from Nahal Qanah in 
the southern Levant, dating to the late 5th millennium 
BC (Gopher and Tsuk 1996; Klimscha 2013) with all 
other finds across Europe, Anatolia and Asia dating 
to the 4th millennium BC or later (Meller et al. 2014); 
there is no evidence for an external transmission of 
the idea, technology or metal into the Balkans. Colour 
manipulation is revealed in the carefully controlled 
alloying of copper with gold to create a specific colour 
palette from c. 4550 BC at Varna, Bulgaria (Leusch et al. 
2015). As Radivojević et al. (2013) originally proposed, 
the mid 5th millennium BC sees a polymetallic horizon 
in the Balkans which is driven by a desire for specific 
colours and pyrotechnological experimentation. 
These metallurgical inventions and innovations were, 
as was long ago recognised by Cyril Stanley Smith 
(1981), motivated more by cultural aesthetics (‘desire 
to beautify’) than efficient functionality. 

Early metals, metallurgies and societies 

Despite scholarly critiques for over a century, the Four 
or Three Age system—depending on which scholarly 
tradition is followed—remains firmly embedded. 
The emphasis on the transition from stone to metal 
technologies, as identified across the majority of 
Europe, North Africa and Western Asia by a Copper, 
Eneolithic or Chalcolithic Age (cf. Pearce 2019), has 
often ensured that the appearance of metallurgy is 
connected to broader political, social and technological 
changes (Roberts and Frieman 2012; Schier 2014a). 
The influence of modern value systems mean that 
early metal and metallurgy was inevitably ascribed a 
high value by scholars relative to other contemporary 
artefacts and technologies in other materials. As 
reviewed extensively in Kienlin (2010) and in Chapter 
3, the direct consequence was that, even prior to the 
discovery of early metal production evidence, specific 
interpretative narratives of metals and societies 
rapidly became embedded in scholarship. Drawing 
on the pre-existing evidence as well as new evidence 
from The Rise of Metallurgy in Eurasia project, this 
section addresses not only Research Questions 1, 3, 4 
and 6 on the organisation of early metal production 
in the Balkans but subsequently re-evaluates the 
interpretations around early metallurgy and metal, and 
their relationships to the societies involved.  

Sourcing ores

The extensive provenance dataset dating from the 
5th millennium BC in the Balkans (cf. Pernicka et al. 
1993, 1997; Radivojević et al. 2010a; Radivojević and 
Grujić 2018a), paired with fresh analysis of materials 
excavated within the remits of The Rise of Metallurgy in 
Eurasia project (see Chapter 41) largely confirmed the 
previous indicators for the sourcing of copper ores 
during this period. The higher resolution approach to 
exploring the early copper supply routes in the Balkans 
highlighted two important points: a) the significance 
of several east Serbian copper deposits (some yet 
unknown) for the early phase of metallurgy evolution 
in the Balkans (Early Chalcolithic, c. 5000–4600 BC), and 
b) the super-connectedness of metal producing and 
consuming sites in Serbia, Bosnia and Bulgaria, along 
important communication routes.

Both lead isotope and trace element analyses (Chapter 
41) of metallurgical materials from Belovode and Pločnik 
reveal the complex dynamics of copper acquisition 
routes between c. 5200 BC and c. 4450 BC in the Balkans. 
Overall, the Balkan Chalcolithic communities were 
utilising copper from at least six (or seven) copper 
deposits, two of which are still unidentified. These 
are: Majdanpek, Ždrelo, Ai Bunar, Medni Rid, ‘Group 
of 16’, ‘Cluster #8’ and potentially Rudna Glava (or 
an associated Co/Ni rich mineralisation). Of these, 
Vinča culture communities were not using metal 
from Bulgaria’s Medni Rid, while Ai Bunar’s copper 
has only been used during the extended occupation 
of Pločnik, or beyond c. 4600 BC. While these deposits 
were identified based on most artefacts clustering in 
distinctive groups, the list is not exhaustive. 

Of particularly interest were the consistencies of trace 
elements with metal production evidence from Rudna 
Glava, the earliest dated copper mine in the world thus 
far, with c. 5500 BC being the proposed date for the start 
of mining activities at the site. Although the mine has 
confirmed signs of Vinča culture mining (Jovanović 
1980), no copper metal artefact has yet been confirmed 
to come from this mine. This is despite the partial 
consistency of metal production evidence (slags from 
Belovode, Vinča and Gornja Tuzla), with the best match 
regarding Co/Ni content amongst the known copper 
deposits in east Serbia. For future research, it would 
be important to analyse Ždrelo ores for trace elements 
and pursue similarly rich Co/Ni mineralisations in the 
region which, altogether, may offer clearer pointers as 
to which deposit (or deposits) provided the black-and-
green copper ores that were consistently smelted in the 
Vinča culture sites (cf. Radivojević and Rehren 2016). 

Regarding the interconnectedness of these early 
metallurgical sites, the direct 14C dating of materials 
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associated with metallurgical materials from Belovode 
and Pločnik provided, for the first time, high-resolution 
evidence of the beginning, evolution, and end of 
metallurgy in these settlements and, most importantly, 
data on the cooperation between these communities 
concerning access to copper ores. For instance, the 
close consistency of Belovode production evidence 
with copper implements from Pločnik, or similar 
correspondence of copper minerals from the earliest 
levels in both sites pinned to the 51st century BC, 
reinforces the assumption of their close connectedness 
and involvement in sharing metallurgical knowledge. 
Equally, the matching data from smelted copper in 
one horizon and malachite associated with another in 
Belovode speaks to the presence of consistent supply 
networks throughout the occupation of this settlement. 
Both of these sites exhibit more connections with Vinča 
and Gornja Tuzla, indirectly or directly, as well as along 
the lower Danube route, which was highly important in 
the exchange of metallurgical knowledge and/or ores 
and artefacts. 

Making metals 

What, then, did the copper smelting process look like 
in the first 500 years of this practice in the Balkans, 
based on current analytical and field evidence? In the 
absence of any other smelting installations, the current 
model of metal production inferred from the hole-in-
the-ground ‘furnaces’ (cf. Radivojević and Rehren 2016; 
Rehren et al. 2016), including F6 in Belovode elaborated 
here (Chapter 11), speaks to the large quantity of extant 
copper metal artefacts being produced in multiple 
individual episodes. These smelting episodes could have 
been made more efficient if many were undertaken 
simultaneously, within each (or between many) 
participating household or, more precisely, within one 
or many of the backyards of individual dwellings, as this 

was an outdoor operation. The production efficiency 
would depend upon the smelting charge (ores + fuel) 
and the ability to maintain the redox conditions. 
While the final result could be anywhere between tens 
and hundreds of grams of copper metal, it is unlikely, 
based on the current evidence, that the heavier (1 kg 
plus) copper implements were produced in a single 
smelt. The fragmentary evidence of melting crucibles 
in Bulgaria and, possibly, Romania, suggests that this 
metal was remelted and cast (Rehren et al. 2020; Ryndina 
et al. 1999; Stefan 2018). We can observe evidence for 
the latter only from metallographic examination of as-
cast objects (Kienlin 2010). 

In 2013, during the excavation campaign at Pločnik, the 
first author ran series of smelting experiments based 
on these early reconstructions of metal extraction 
process and, with her team, managed to successfully 
smelt copper from local ores. One clear outcome of 
these experiments (the full account is currently outside 
the remit of this paper) is that, in order to be successful, 
the process demands a community of people working 
together in a range of co-ordinated roles (Figure 1). 
Six people were required to operate six blowpipes with 
ceramic nozzles on their tips (see Figure 4e-f, Chapter 
3). These individuals were regularly replaced, as fresh 
blowers were needed every 15–20 minutes in a process 
that, on average, lasted 60 minutes. Meanwhile, a 
seventh member of the smelting crew (‘master smelter’) 
was engaged in maintaining the fire or regular charcoal 
charge. An additional, critical, member of the team was 
– a drummer! Well-paced and uninterrupted air blowing 
into the ‘furnace’ was crucial for the success of the smelt, 
ensuring that the desired temperature was reached at a 
rate that prevented the copper metal ending up in the 
slag. With a large group of people participating, it was 
impossible to maintain the air flow without a unifying 
rhythm. This phenomenon has also been observed in 

Figure 1. a) Copper smelting experiment in Serbia in 2013 aimed at reconstructing the earliest metal extraction process based 
on archaeological and laboratory reconstructions. Note six blowers, one drummer and one master smelter (upper left), with 
two people in the back waiting as a replacement for the blowers; b) Ideal reconstruction of the hole-in-the-ground smelting 

installation from the site of Belovode in Serbia. (Photo CC BY-NC-ND 4.0 J. Pendić and M. Djurica @Reuters).
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experimental reconstructions of African iron smelting, 
where drums were used to regulate the use of bellows 
(cf. Chirikure 2010; Humphris et al. 2018).

These smelting experiments prompt us to consider how 
control of the smelting knowledge was exerted, if at all, 
and how the personal relationships between the many 
participants shaped the smelting technology. They 
also raise the question of how strict the replication of 
the ‘recipe’ could had been in this environment, and 
whether the variations that we see in the composition 
of colourful ores used for copper smelting (Radivojević 
and Rehren 2016) could be explained by human factors, 
such as trial and error processes. The experiments also 
prompt other questions:  how was trust developed 
and what kind of ties or rituals were connecting the 
participants in the metal production process? In the 
absence of any indication showing this was a full-time 
occupation, were they all members of a specific group 
within a community which co-operated specifically 
for metallurgy (a ‘cooperative’?), or simply a mix of 
family, neighbours, and friends helping each other 
during the metalmaking ‘season’? Given the scarcity of 
evidence for any hierarchical structure in the Balkan 
Chalcolithic communities (cf. Porčić 2019a), what is 
the likelihood that they were organised as a collective 
grouping – with everyone given equal decision-making 
power? As Iles (2018) has convincingly demonstrated 
in her ethnographically informed study of the social 
landscapes of iron metallurgy in Africa, globally 
influential interpretations that invariably portray 
African metal smelting as a secret and exclusively male 
activity, do indeed stand up to detailed investigation. 
Future exploration of these nuances in both fieldwork 
and laboratory settings will allow us to gain more 
insight and reveal a more complete picture of how 
past smelters operated and interacted within the 
boundaries of their personal, social and environmental 
surroundings. 

Why do we not see these hole-in-the-ground ‘furnaces’ 
in the field, other than through the indirect evidence, 
such as slagged pre-fragmented lining sherds (Figure 
4c-d, Chapter 3)? Figure 2 shows that these structures 
are hardly recognisable only nine months post-
smelting, although this assumes that the ‘furnace’ is 
used only once, which may not have been the case in 
the past. Nevertheless, these structures are ephemeral 
by the very rapid nature of their construction: in our 
experimental case it took a maximum of 30 minutes to 
dig a shallow hole and line it with sherds, potentially 
with the addition of clay as a binder. These smelting 
installations were clearly not intended to be durable, 
but rather to be ready for operation in a relatively short 
time. As such, they could have been built anywhere on 
or off the settlement site, the only evidence of their 
existence left for subsequent archaeologists being 
the ores, slags, slagged sherds and potentially metal 
artefacts. 

This brings us to the question of how many smelting 
installations or ‘workshop areas’ we can estimate were 
present, based on the current evidence. In the case of 
Belovode or Pločnik, both of which we studied in detail 
and excavated, it seems very likely that that every 
household produced some metal in their backyard or 
communal area. This is corroborated by the extensive 
evidence for hundreds of copper ores found in every 
context, every feature, every dwelling, and every 
communal area across both sites (see Chapters 5, 6, 
11, 26 and 41). These were predominantly manganese-
rich, black-and-green copper ores, which we know 
were used for copper extraction (cf. Radivojević 2015). 
Slag and slagged sherd finds were notoriously rare at 
both sites (and beyond) prior to The Rise of Metallurgy 
in Eurasia project and its targeted methodological 
approach, however an excavation recovery bias must 
be taken into account: slag is essentially dark grey or 
brown, and small, crushed samples are not discernible 

Figure 2. a) Installation from Figure1b post-smelting; b) Installation from Figure1b after 9 months. (Photo CC BY-NC-ND 4.0 J. 
Pendić and M. Radivojević).
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in the soil. A salutary lesson on their potential 
invisibility to the excavator is that the small, less 
than one gram per sample, copper slags at Belovode 
were only identified in the field because they included 
some remaining copper metal with green patination 
(Radivojević et al. 2010a: 2779). These finds were held 
for 14 years at the National Museum in Belgrade in a 
box mislabelled ‘copper minerals’ because, at the time, 
nothing was known about the copper smelting in the 
Vinča culture save for how these early slags might 
have appeared. This experience highlights the need 
to include magnets (to detect Fe-rich slag matrix) 
and sieving as regular practice in future excavations 
targeting Chalcolithic sites in the region and beyond, 
otherwise evidence for early metallurgy could easily 
be missed. 

The widespread presence of copper ores at Belovode 
and Pločnik calls for a different interpretation of 
metallurgical activities at these sites, with implications 
for other sites with similar evidence. We would 
argue that the pursuit by archaeologists of an early 
metallurgy specialist ‘workshop’ and an individual 
‘smith’ reflect a romanticised—even mythological—
ideal that may resonate in Childean narratives but is 
simply not reflected in the reality of the archaeological 
and archaeometallurgical evidence. With high-
resolution fieldwork integrated with laboratory 
analyses and experimental reconstructions, a very 
different perspective emerges.

This new interpretative framework for Vinča culture 
metallurgy comprises:

1)	 multiple production episodes due to the limited 
scope for mass production using the hole-in-
the-ground ‘smelting installations’ or furnaces; 

2)	 collective and co-ordinated actions by groups 
of people, from the acquisition of the ore 
through to the production stages;

3)	 community-wide accessibility to the knowledge 
and practices of metal production; and

4)	 the absence of a single ‘specialist smith’- due to 
lack of evidence.

On this last point, there is a lack of differentiation in the 
general material culture assemblage in the excavated 
dwelling features. In addition, even at the Varna 1 
cemetery, Leusch et al. (2017) argue convincingly that 
there are considerable challenges to any confident 
identification and interpretation of a given grave as 
specifically belonging to a metalworker, whether 
through the associated artefacts or by osteological 
analyses. In further support of this notion, papers in 
Brysbaert and Gorgues (2017) demonstrate that the 
interpretations of a specialist craftsperson’s societal 
identity in European prehistory through the evidence 
of their crafting activity are diverse and complex 

– showing that there can be no straightforward 
analogy with ethnographic case studies from other 
continents or myths from other societies emphasising 
the separation and status of the smith (cf. Budd and 
Taylor 1995).

The results from the excavations at Belovode and 
Pločnik emphasise instead the spatial, material, 
and technological integration of craft activities 
that encompasses the contemporary production 
of ceramics, polished stone tools, flint blades and 
metallurgy by individuals and groups, all within the 
broader settlement context at each site. The creation 
and/or shaping of these inorganic materials also 
occurred within the vicinity of cereal processing, 
animal butchery and other food production activities. 
There is no straightforward distinction between what 
might be classified as specialist as opposed to non-
specialist craft activities either at Belovode or Pločnik 
or in the broader discussions of craft activities in the 
Central Balkans during the late 6th to 5th millennium 
BC (Chapters 45, 46, 47, 49). As highlighted by several 
scholars (Kuijpers 2018: 231–237; Molloy 2008: 174; 
Molloy and Mödlinger 2020), there is a difference 
between a specialisation (i.e. a skill at a specific 
activity) as opposed to a specialist (i.e. a person who is 
focussed exclusively on a specific craft or activity) and, 
as will be argued below, with the possible exception 
of elements of Varna goldworking (Leusch et al. 2015), 
that a community with specialisations rather than 
individual specialists underpinned craft production in 
the Balkans during the 5th millennium BC.  

Using and depositing metals 

The excavations at Belovode revealed 12 copper 
mineral ornaments, two copper metal droplets and 
one fragment of a finished copper metal artefact (see 
Chapter 11) whilst the excavations at Pločnik yielded 
13 copper mineral ornaments, one copper metal 
droplet and fragments of five finished copper metal 
artefacts (see Chapter 26). The copper metal artefacts, 
like the minerals, are—where it is possible to identify 
a form—small, ornamental, and, as beads and rings or 
bracelets, apparently designed to adorn the human 
body. Given the archaeological contexts in which 
they were recorded, they have been analysed and 
interpreted within the context of copper production 
and circulation (see Chapter 41). Their fragmentary 
condition means that, whilst the copper mineral/
metal objects may well have had an extensive use-
life, as for instance with the loop or ring (C_P1/13) 
and bracelet or wire (P13/13), no current wear trace 
analysis approach (Dolfini and Crellin 2016) would be 
able to identify this. 

Yet, the presence of these small ornamental copper 
metal and mineral artefacts raises two important 
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considerations: 1) the recycling of copper; and 2) the 
types of objects being produced. Regarding the former, 
it is currently not possible to determine the extent of 
recycling as a practice during the 5th millennium BC in 
the Balkans. The recorded copper artefactual evidence 
from the region—estimated by Ryndina (2009) to be c. 
4,300 artefacts but likely to be higher (Chapman and 
Gaydarska 2020)—is neither a reliable indication of the 
extent of copper production nor of recycling (Taylor 
1999). The archaeological and archaeometallurgical 
evidence at Belovode, and especially at Pločnik, implies 
that the recycling of copper metal objects most likely 
occurred, even in the broader sense of mixing metals, 
repairing etc. When placed in the broader context of 
the compositional evidence and network analysis (see 
Chapter 41), the recycling that did occur must have 
been within, and not across, identified networks of 
supply. These supply networks have been extensively 
discussed in previous research (Radivojević and Grujić 
2018a), where it has been convincingly shown that 
the complexities of copper supply (be it from a single 
or multiple sources), include a high degree of cultural 
homogeneity. Each of the connected communities, 
i.e., the cultures or horizons labelled on the basis of 
spatially and temporally coherent material culture 
and/or settlement practices (e.g.,Vinča, KGK VI or 
Bodrogkeresztúr) stuck to their own trusted sources 
of supply and acquisition. This kind of regularity 
in supply chain resulted in artefacts with similar 
chemical composition clustering within so-called 
‘modules’; these modules ultimately display either a 
consistent smelting of the same type of copper ores, 
or a homogenisation effect as a result of recycling ores 
from multiple resources but within a module (or an 
archaeological culture as data demonstrated). Hence, if 
we take this homogenisation effect to reflect a potential 
recycling practice, it was an activity that followed the 
same community-orientated connections and practices 
as the primary production of metal objects.

Regarding the second issue—the nature of the copper 
objects being made—the debates surrounding copper 
artefacts are dominated by the discoveries and 
analyses of large axes, especially during the second 
half of the 5th millennium BC to which the majority 
of those recovered are dated. As recently highlighted 
by Chapman and Gaydarska (2020), the depositional 
patterns of copper objects are dominated by large 
tools found in the landscape beyond settlements. This, 
at least partially, reflects a major recovery bias with 
small ornaments far less likely either to survive or to 
be readily identified when compared to large copper 
tools invariably found as ‘chance discoveries’ in the 
landscape. The near absence of an archaeologically 
visible funerary practice across the Vinča culture 
(see Chapter 4), where copper ornaments may have 
been worn, as evidenced at Gomolava (Stefanović 
2008), means that it is primarily in excavations of 

settlement sites that copper ornaments are found and 
recorded. However, without a detailed and systematic 
methodological approach such as that undertaken by 
The Rise of Metallurgy in Eurasia project, it is possible that 
small ornaments could have been missed. For instance, 
the excavations at Belovode resulted in the first 
discovery of a copper metal object at the site despite 
c. 15 years of earlier excavations employing a different 
fieldwork approach. It may also be the case that 
copper ornaments were more widely recycled by Vinča 
communities and that it is fragmentary evidence of this 
wider practice that has been uncovered. Nonetheless, it 
seems very probable that early copper ornaments were 
far more widely made, circulated and worn than has 
previously been appreciated. 

Interpreting metals 

The interpretation of early metals and metallurgy 
in any region around the world must contend with 
narratives that were frequently well established 
in scholarship prior to the discovery of any clear 
supporting archaeological or archaeometallurgical 
evidence, as highlighted in Chapter 3.  To re-cap from 
Chapter 3, these are:

1.	 The knowledge and expertise relating to 
production of metal represented a technological 
revolution. 

2.	 The knowledge and expertise relating to 
metallurgy was restricted to specialist 
individuals who practiced in relative secrecy 
and held a distinct and elevated status. 

3.	 The properties of metal objects—whether 
hardness, lustre and/or colour—ensure that they 
are fundamentally and consistently desirable 
and valuable to the predominantly farming 
communities.   

4.	 The production, circulation and consumption 
of metals was integral to the creation and 
maintenance of elite status and identity in 
farming communities. 

5.	 The invention and/or innovation of metallurgy 
impacts significantly upon the social, political 
and ritual lives of the farming communities.

Each of these dominant narratives will be critically 
evaluated against new and previously existing evidence 
with the underlying aim of building a new framework 
of interpretation from the primary data, i.e., ‘bottom-
up’, rather than from long held theories, or ‘top-down’. 

1. Technological revolution? 

Perhaps the most pervasive narrative is that the earliest 
metallurgy represents a technological revolution that is 
comparable to the domestication of plants and animals 
or the emergence of cities – influentially termed the 
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Neolithic and Urban revolutions respectively by V. 
Gordon Childe (1936). As has been highlighted in the 
extensive debates surrounding the conceptual and 
archaeological complexities of these latter phenomena, 
especially with respect to southeastern Europe (Chapman 
2020a; Gaydarska 2017; Gaydarska et al. 2020; Ivanova 
2020; Shennan 2018; Porčić 2019a; Whittle 2018), defining 
what might constitute a technological revolution is not 
straightforward. From a pyrotechnological perspective, 
it is argued to mean going beyond the ‘deliberate 
processes utilising the control and manipulation of fire’ 
(McDonnell 2001: 493) or more simply ‘the use of fire 
as a tool’ (Bentsen 2013) to enable the transformation 
of matter. This requires a shift in the community 
perception of the natural environment, as specific rocky 
outcrops, riverbanks and coasts are newly understood 
and exploited for the appropriation of raw materials in 
pyrotechnological processes (Boivin and Owoc 2004).  

The concept of extractive metallurgy, just as any other 
idea, had multiple origins. In addition to other places, 
it found fertile ground to develop within the Vinča 
culture phenomenon. It evolved through experimentation, 
demonstrated by the presence of black-and-green 
minerals and ‘slagless’ extraction prior to the earliest 
documented smelting, but also by the selection of 
compositionally different yet similarly coloured ores. 
The Vinča culture metalworkers also developed an 
understanding of the smelting process and applied it 
in a consistent manner throughout the centuries of 
practice. The Vinča culture communities must have had 
social institutions in place to provide logistics for the 
distribution of metal implements to markets that desired 
these objects. Metallurgy de facto transforms the matter 
and is, as such, the first pyrotechnology with completely 
transformed products. The road to this invention is clearly 
demonstrated in the shift in the sourcing, collection and 
use of copper minerals for decoration and use of copper 
ores (minerals smelted to gain metal) to produce metals 
by communities in the Balkans. However, given that 
copper smelting was preceded by the pyrotechnological 
production of ceramics (de Groot 2019) and paralleled by 
the production of graphite-painted pottery (see Chapter 
43), to what extent does it constitute a technological 
revolution of the kind that is expected to create a major 
and immediate impact upon societies?

Given the small-scale characteristics of metal production 
in evidence for the first half millennium across the 
Balkans, it is only with the hindsight of the metallurgical 
developments that would, several millennia later, 
impact upon world history, that this initial development 
could be viewed as revolutionary. In a seminal and 
highly influential paper, Budd and Taylor (1995) argued 
strongly for early metallurgy in Eurasia to be understood 
within an interpretational framework that drew on 
anthropological ideas of ritual and magic rather than 
the application of modern industrial and technological 

standards. Whilst the social evolutionary concepts of 
V. Gordon Childe can certainly be abandoned, it will 
be argued below that their replacement by a ‘ritual’ 
interpretation is contradicted by the archaeological and 
archaeometallurgical evidence. 

2. Special smiths? 

The ‘metal smith’ of later prehistoric Europe has been 
variously interpreted in scholarship as ‘nomadic, a 
reviled outsider, elite in status, a mediator of wealth, 
a shaman or a proto-scientist’ (Molloy and Mödlinger 
2020: 169; cf. Eliade 1962), in a debate that primarily 
concentrates upon evidence from the European Bronze 
Age. Once again, the influence of V. Gordon Childe can 
be felt due to his interpretation of itinerant smiths 
whose movements between tribes were responsible for 
the diffusion of new ideas, technologies, and practices 
(Wailes 1996; Trigger 1986). Subsequent critiques of 
‘Childean smiths’ have emphasised issues including 
the lack of ethnographic parallels, the over-emphasis 
on full-time specialisms, the lack of a ritual framework, 
and the need to incorporate kinship (Rowlands 1971; 
Budd and Taylor 1995; Kienlin 2010; Rowlands 1971). 

The identification and interpretation of the ‘smith’ 
in the European Chalcolithic and Bronze Age is far 
from straightforward. Major surveys of the funerary 
evidence thought to constitute ‘metalworkers graves’ by 
Jockenhövel (2018) and Nessel (2012; 2013) – neither of 
which encompass the Chalcolithic in the Central or East 
Balkans – have consistently highlighted the complexity, 
ambiguity and rarity of compelling evidence. When 
evaluating an extensive range of evidence for smiths 
across Later Bronze Age Europe (1500–800 BC), Molloy and 
Mödlinger (2020) argue persuasively that metalworking 
was widely practiced and embedded within, rather than 
isolated from, the social lives of the communities involved. 
This is also the conclusion reached by (Găvan 2015) in her 
analysis of metal and metalworking evidence found in the 
Bronze Age Tell Settlements from the Carpathian Basin 
(c. 2500-1500 BC). The evidence excavated at Belovode 
(Chapter 14) and Pločnik (Chapter 29) implies that this 
integration of metalworking and community life occurred 
from the earliest metallurgy. 

The only potential evidence for an identifiable ‘smith’ 
in the Balkans during the 5th millennium BC lies in the 
re-interpretation of the famous ‘prince’ from Grave 
43 at Varna, who should now be more appropriately 
designated a ‘smith’, buried with his range of tools, 
including the mis-interpreted penis foil (Chapter 3). It 
is perhaps not coincidental that it is in Varna where the 
techniques of gold production, such as gold alloying, 
lost wax casting and gilding, are technologically 
unparalleled across the Balkan region (cf. Ivanov 1988a; 
Leusch et al. 2014, 2015). Yet these rare and complex 
specialisms in gold technology need to be understood, 
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not only in the light of far more widespread metallurgical 
specialisms across the Balkans (see Chapters 3 and 41), 
but also alongside other archaeologically identifiable 
specialisms in other inorganic and organic materials, 
domestic plant and animal management, and settlement 
construction (Chapman 2020a). The widespread 
evidence for archaeologically visible specialisms across 
the communities in the Balkans, let alone those that 
are far more difficult to discern in the archaeological 
record, should be distinguished from the presence of 
specialists (Kuijpers 2018) where the evidence in any 
material or practice is far more limited. Within this 
broader perspective of specialisms throughout small-
scale farming communities, the relationship between 
‘specialist’ craft production and elites, as has been 
frequently proposed for early metallurgy in the Balkans 
(see Chapter 3) becomes difficult to sustain (Brysbaert 
and Gorgues 2017).  

Beyond the use of metal objects for daily activities, the 
communal nature of metal production in settlements 
and the relative lack of inequalities within those 
settlements provides support for the notion that 
investment in craft production may have been prompted 
by demands for ceremonial communal activities. 
Spielmann (2002) illustrates ethnographically that 
economic intensification, and even craft specialisation, 
can evolve to meet an increased demand for food, 
exchangeable items and paraphernalia required to take 
part in collective ceremonial events. In an extensive 
review of social complexity and inequality in the 
Chalcolithic Balkans, Porčić (2019a) notes that trends 
in the development of copper metallurgy and other 
crafts, the circulation and production of items of exotic 
raw materials, household size, cattle husbandry and 
population size all increase in the 5th millennium BC 
in comparison to the previous period. However, these 
markers remain at levels too low to ascribe to them the 
rise of inequality. He builds on this, arguing that the 
presence of craftspeople is not sufficient to claim the 
existence of an elite that supported them, nor that the 
economy at the time was directed from a single centre. 
Rather, the incentive for craft specialisation (in our 
case, metallurgy) came from a socio-political arena and 
as such might, for example, have developed to supply 
the need of all participants in ceremonial events that 
involved metal tools. 

3. Desirable properties? 

The theoretical justification for elevated interpretative 
status of the metal objects in the Balkans is invariably 
justified by the distinctive forms produced, together 
with their material properties of hardness, lustre and 
colour. However, societies across the Balkans in the 5th 
millennium BC preferred brilliance, colour aesthetics, 
precision and geometric thinking. This preference 
dominates the material culture of the time (Chapman 

2011) and has its roots in the Mesolithic period in the 
region (Chapman and Richter 2009; cf. Srejović 1972). 
Well-executed craftsmanship, bold colours, dramatic 
shapes and symmetrical design can be encountered 
combined in single objects in the 5th millennium 
BC Balkan material culture. For instance, a high 
degree of standardisation is seen in the production 
of flint blades from the Bükk culture (Vértes 1965), 
remarkable geometric precision in the pottery of 
the Cucuteni-Tripolye culture (Washburn and Crowe 
2004), spectacular craftsmanship in the gold-decorated 
vessels in the Varna I cemetery (Ivanov 1988b), and 
outstanding painting techniques in the silver-sheen of 
graphite-painted pottery of the Karanovo-Gumelniţa-
Kodžadermen (KGK) VI cultural complex, and beyond 
(Todorova and Vajsov 1993). 

Hence, dazzling metals on the one hand and glittering 
black-burnished ware on the other represent only 
some of the spectacularly crafted objects in the wider 
context of the 5th millennium BC material culture in 
the Balkans (cf. Chapman 2011). What emerges as a 
pattern is not only the lustrous colour spectra, which 
continued to expand over the course of this period with 
the discovery of gold or tin-bronze, but also a specific 
pursuit for the ultimate expression of a completely 
homogenised brilliance only achieved with metals. In 
this light, the emergence and spread of metals—first 
copper, and in succession gold and tin bronzes—may 
be the best illustration of such a quest for the decisive 
material statement at the time. Radivojević and Rehren 
(2016) went as far to call this period the Age of Brilliance, 
to emphasise the importance of the production of 
highly reflective objects (e.g. metals, metal powder 
decorations on pottery, graphite painting) as an integral 
part of both cultural and technological identity. 

Yet, the value of these properties may have varied 
during the 5th millennium BC. More generally, we 
see the majority of Vinča culture metal coming out 
of domestic contexts, while just after the mid-5th 
millennium BC the prevalent context for metals is 
burial grounds (Radivojević 2006). Examples from the 
domestic context emerge as heavily worked and even 
deformed (Šljivar et al. 2006), while implements from 
burial contexts at Varna or KGK VI burials are mostly ‘as 
new’, or with minimal traces of use wear. A future study 
in use-wear analysis of these implements would reveal 
a much needed high-resolution picture of consumer 
behaviour with regard to metal implements.

4. Kings of metal?  

The evidential basis for the debates connecting metal 
objects to societal elites in the Balkans tends to centre 
upon the cemetery site of Varna, Bulgaria which rapidly 
came to be considered the Type-site demonstrating the 
relationship between early metallurgy and a high level 
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of social differentiation (e.g. Ivanov and Avramova 2000; 
Renfrew 1978a, 1986; Ivanov and Avramova 2000) and 
Chapter 3. Whilst not diminishing neither the site of 
Varna nor the related research, the quantity and quality 
of the metal evidence has completely overwhelmed 
ongoing and, indeed, increasingly circular, debates on 
early metals, elites and social complexity in the Balkans 
(e.g. Hansen 2012, 2013b; Kienlin 2010; Kienlin and 
Zimmermann 2012). 

Whilst there is no doubt that there are substantial 
differences in the treatment of individuals across the 
Varna cemetery as discussed earlier (see Krauss et al. 
2014, 2017), there have been few cemeteries excavated 
in the Balkans dating to c. 5000–3700 BC that are of 
comparable size (e.g., Durankulak, Bulgaria) (Todorova 
2002a), and none that are comparable in metallurgical, 
or indeed material, extravagance in their grave goods, 
especially beyond northeastern Bulgaria (Lichter 2001). 
In the pursuit of markers for individual wealth, the most 
commonly cited example is the individual in burial No. 
43. Yet, this burial is one of three skeletal graves in the 
assemblage of the 11 richest (or Group A), the other 
eight being symbolic graves or cenotaphs (Leusch et al. 
2017: 112, Table 2). An interpretation of the symbolic 
graves suggests that wealth may have been deposited 
as an expression of ‘collective social identity’ and, as 
such, did not reinforce the social order but was made 
by communities to strengthen their ties with the dead 
(Biehl and Marciniak 2000: 202). This theory is supported 
by the fact that none of the deposited items had been 
used (some were even crudely made), and there is 
no evidence from the settlement research to show 
hierarchy or any form of strong social differentiation 
akin to that assumed in the cemetery (Ivanova 2007; 
Leusch et al. 2017: 113). By highlighting that the Varna 
cemetery was the end product of a dynamic process that 
mobilised all available resources to define and display 
the community’s identity, Biehl and Marciniak (2000) 
approach the point that we are making above about the 
cooperative nature of metallurgical production in the 
Balkans.

Beyond Varna, the quantity and size of copper tools, 
primarily axes, known to have circulated in the Balkans 
is drawn upon when relationships between metals and 
elites are explored (Klimscha 2020). Ryndina (2009) 
estimates that the amount of metal circulating in the 
region translates into c. 4,300 artefacts whilst Chernykh 
(1992) proposes 4.7 tonnes. The amount of extant 
copper metal artefacts discovered across the Balkans 
in the 5th millennium BC outweighs the contemporary 
mining and production evidence. In addition to the 
beads, fish-hooks and awls already known from the late 
6th millennium BC, this period witnessed an outburst 
in the production of massive copper implements—
such as hammer-axes, chisels and bracelets—from 
the very beginning of copper smelting practices at 

c. 5000 BC. However, the figures, artefact discoveries 
and distributions reported need to be considered with 
caution as the number of extant copper implements in 
the Balkans predominantly date to the second half of the 
5th millennium BC and may simply represent specific 
depositional or recycling practices (see Chapman and 
Gaydarska 2020; Taylor 1999). This is certainly highly 
significant when contrasting the Balkan evidence with 
that for metal artefacts known from the European and 
Near Eastern Bronze Ages (Radivojević et al. 2019) and 
potentially also earlier. 

In the absence of any indication of centralised decision-
making or elites, or even the presence of noticeable 
differences in wealth, it is safest to assume that the 
wealth we can identify belonged to a household unit, 
or groups of households representing an extended 
family, a clan or, indeed, a cooperative community. An 
interesting find from the Vinča culture site of Stubline 
potentially sheds a novel light on this perspective. 
Forty-three clay figurines were recovered together with 
eleven miniature clay models of (copper) implements 
in seven or eight spatial clusters (Crnobrnja 2011; 
Crnobrnja et al. 2009). These figurines were found 
arranged (Figure 3) in front of a large domed oven inside 
a dwelling structure, surrounded by ceramic materials 
typologically characteristic of the Vinča D2 phase, and 
dated to c. 4650/4600 BC (Crnobrnja 2011: 132). Forty-
two figurines are identical in design: crudely shaped 
cylindrical bodies with a bird-like head, in contrast 
to a single large example that was made with more 
technical skill. All have a hole in the right shoulder; 
some of these holes presumably held the tool handles. 
However, not all the figurines have tools associated with 
them, implying that possibly these suffered from post-
depositional processes. Unlike the figurines, the clay 
models of the implements were meticulously shaped 
and polished, with particular attention paid to fine 
details. Their form even allows for the distinguishing of 
different types of tools, such as hammer-axes, pickaxes, 
long tools with a blade, mallets and a macehead or 
‘sceptre’ (Crnobrnja 2011: 134). Interestingly, some of 
the miniature implement models in clay are strikingly 
similar to their contemporaneous counterparts in 
copper metal, the Pločnik hammer axes for example, 
while counterparts for the macehead or ‘sceptre’ are 
found at Divostin II (House 13) or in the form of a gilded 
hammer axe at Varna 1 (burial No. 4) (Leusch et al. 2017: 
113, Figure 7; Porčić 2019a). 

Whilst the figurines at Stubline are undoubtedly 
important, exactly what they represent has been a 
matter of debate. The tall figurine with a macehead 
(status marker) may be interpreted as a representation 
of anything from a highly ranked individual to a deity, 
the presentation of a (equal) community with carefully 
and distinctively designed miners’ and metallurgists’ 
tools may represent one of our ‘cooperatives’ seen 
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through the eyes of the artisan at the time. If the 
possession of copper was considered an indication of 
prestige or wealth, then the Stubline figurines may 
well show us that it was equally distributed within a 
practicing community. Finds like this tell us who the 
owners of these tools were not likely to be: ‘kings’ or 
any kind of gender-exclusive community. 

5. Societal impact? 

With all the above evidence, we are increasingly 
witnessing a much more critical approach to long-
held Childean ideas regarding early metallurgy, such 
as its close associations with emerging elites and 
major societal transformations (e.g. Bartelheim 2007; 
Biehl and Marciniak 2000; Chapman 1991; Kienlin 
2010; Kienlin and Zimmermann 2012; Lichardus 1991c; 
Porčić 2012b, 2019a). The data presented here lead us 
to conclude that the invention of copper metallurgy 
at c. 5000 BC appears to have had very little impact 
on society at the time. However, the polymetallic  
(r)evolution with novel metals such as gold or bronze 
and a vast expansion of metal production and circulation 
from the mid-5th millennium BC played a significant 
role in individual and group identities. In the context of 
its early emergence at the sites of Belovode and Pločnik, 
we see a partial transformation of pottery production 
(diversification of forms, or recipes, see Chapter 43) 
and moderate changes over time in diet, subsistence 
and dwelling habits, which by being correlated with 
the presence of metals in the lives of the Belovode and 
Pločnik communities, do not offer enough information 
to argue for causation of these phenomena. 

The considerably nuanced view presented in this chapter 
and throughout the monograph adds a particular 
value for future explorations of the societal impact of 

metallurgy. At a broader spatial and temporal scale, we 
can gain clearer insights into the relationships between 
metallurgy and metallurgists and the organisation 
of these communities across the Balkans – not by the 
vague identification of a metal-using ‘elite’ but by 
exploring how metal relates to broader demographic 
patterns, settlement densities and connections 
between communities. Belovode and Pločnik stand out 
for sharing the same supply networks and/or deposits 
in relation to copper mineral or copper ore acquisition 
from the very beginning (51st century BC) until the 
end (46th century BC) (Chapter 41). During this time, 
both the technology of copper making and the copper 
supply are consistent and unchanging. The dominant 
mode of production remains the hole-in-the-ground 
installations, implements are made from almost pure 
metal in a selected number of types and even finishing 
techniques (annealing + hot/cold working) remain 
the same. The continuity and consistency of copper 
smelting technology suggest that such knowledge in 
the Vinča culture was likely passed on as an ‘all-in-one’ 
package within a potentially conservative tradition. The 
transmission of knowledge was perhaps kept within 
a particular lineage of craftspeople, or a cooperative, 
where skills were most likely passed from a senior 
member or parent to the offspring or apprentice? (cf. 
Shennan and Steele 1999). 

The size of a learning network has been shown to be 
very important for skills transmission in traditional 
and prehistoric communities (Henrich 2004; Powell 
et al. 2009; Roux 2008; Shennan 2001). As for any 
innovation, the spread of metallurgical skills within 
the Vinča culture required a sufficient number of 
learners. Given the consistency of selection practices of 
black-and-green ores and copper smelting technology 
throughout c. 600 years, this appears to have been 

Figure 3. A selection of the Vinča culture figurines from the site of Stubline. The central figure has a clay model of a sceptre; 
others have clay models of hammer-axes. (After Crnobrnja 2011: 140, Figure 9; copyright by A. Crnobrnja).
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stable during this period. The learning network of 
Vinča culture metalworkers ceased to exist at Belovode 
and Pločnik (and also Vinča and Gornja Tuzla) around 
the mid-5th millennium BC, with the end of the Vinča 
culture, so mysteriously marked by an abandonment 
of these and other settlements in modern day Serbia. 
Nonetheless, the continued production of massive 
copper implements across the Balkans throughout the 
entire 5th millennium BC, suggests that this learning 
network possibly continued to grow in other parts of 
the region. 

Recent research has revealed a clear increase in the 
population of settlements during the Balkan Chalcolithic 
(Porčić 2019a) and, by extension, in population 
densities at settlement sites (Rosenstock et al. 2016). 
These two trends would have significantly enhanced 
any production activities that required communal and 
cooperative dynamics – as can be demonstrated for 
metal production. When integrated with the evidence 
from network analyses that communities were 
frequently and regularly cooperating in the production 
and distribution of metal artefacts (cf. Radivojević and 
Grujić 2018a), it is clear that the societies in the Balkans 
provided an institutional and technological context 
within which metallurgy was able to thrive. However, 
there is no evidence to suggest that metal played either 
a causal role, whether in creating a larger and more 
densely settled population in the region, or in the inter-
connections spanning the many communities, as both 
trends can be seen to emerge in the 6th millennium 
BC (Porčić 2019a). The influence of metallurgy and 
metallurgists on the diversity of partially overlapping 
and fluctuating communities across the Balkan societies 
may instead have been in the development of existing 
areas or the creation of new areas of cooperation and 
connections within and between communities. It is only 
when (as here) metals are compared to other widely 
distributed materials and technologies that both pre-
date and are contemporary with metallurgy—such as 
obsidian and graphite-painted pottery—that their role 
can be more thoroughly re-evaluated. Our evidence 
makes it increasingly problematic to argue that metal 
defined the organisation of these communities. 

There is, however, a notable increase in wealth during 
the 5th millennium BC in the Balkans. Orton (2010) and 
Orton and colleagues (2016) indicate a general increase 
in the number of cattle bones in faunal assemblages, 
which may have been partially due to investment in 
the social arena, with cattle representing a form of 
wealth (cf. Russell 1998). Moreover, the difference in 
wealth can be seen in the presence of status markers 
such as the macehead (sensu Siklósi 2004; 2013) from 
Divostin II, found in House 13, which also differs in size 
and assemblage from other excavated houses at this 
site (Porčić 2009, 2012b). The same applies in relation 

to the presence of large houses and households in 
settlements like Divostin and Stubline, which Tripković 
(2009a) argues to reflect the existence of extended or 
multi-family households. The creation of larger basal 
units (such as households) and many levels of decision-
making is at the core of Porčić’s (2019a) argument that 
Vinča society was most likely organised as a sequential 
hierarchy (sensu Johnson 1982), or with decisions 
made by consensus within a household group, before 
a representative would negotiate on their behalf at 
a village level. This kind of organisation enabled a 
relatively egalitarian decision-making process. In this 
context, the interpretation of large buildings with 
house floor areas between 100 and 200 square metres is 
of great significance. As there is no evidence to suggest 
that such buildings were homes to local elite or were 
temples (Chapman 2010), they can perhaps be seen 
as communal buildings that enabled the working of 
sequential hierarchies, as their size fits the low level of 
integrative facilities (Porčić 2019a).

The Eurasian context

We now see that, across Europe and Asia in the 5th and 
4th millennium BC, the introduction of different metals 
and technologies varies across three geographically and 
geologically neighbouring ‘heartlands’ of metallurgy: 
the Balkans, Anatolia and Iran. For instance, in the 
Balkans, the polymetallic ‘revolution’ occurs around 
the mid-5th millennium BC when, after c. 500 years of 
making only copper (and possibly lead), we see gold, tin 
bronze and, most likely, silver being produced before the 
end of the millennium. In Iran, early metal use starts as 
in the Balkans (with copper and some lead). however, 
despite evidence for the silvery alloy CuAs from the early 
5th millennium BC, true polymetallism occurs in Iran 
towards the end of the 5th millennium BC and beginning 
of the 4th millennium BC with a complex range copper 
alloys, gold and silver; tin-bronzes do not appear before 
the end of the 4th millennium BC. For Anatolia, native 
and/or smelted copper is the primary choice until the 
mid-4th millennium BC, when silver-like alloys first 
emerge (CuAs, CuAg), followed by tin-bronze at the same 
time as in Iran (data from Lehner and Yener 2014; Leusch 
et al. 2015; Radivojević and Roberts 2013; Radivojević et 
al. 2013; Roberts et al. 2009; Thornton 2001, 2007, 2009, 
2010). The different intellectual traditions, languages of 
scholarship and contemporary politics in each region 
has meant that, despite geographical proximities and 
interconnected underlying geologies, early metallurgical 
research at a broader pan-regional spatial scale is 
significantly under-developed. Yet, the fundamental 
conclusion drawn from these comparisons is that there 
is no single narrative for metal technology that unites 
these neighbouring regions , or indeed the adjacent 
metallurgical ‘heartland’ of the Caucasus (Courcier 2014) 
into a single entity in the 5th or 4th millennium BC.        
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Just as no single narrative unites the evolution of 
metallurgy during this period, neither does a single 
narrative explain and interpret the societal impact 
of this technology. We acknowledge that many 
interpretative models that include the emergence of 
elites and social complexity as a direct consequence 
of making and trading metal artefacts drew on far less 
data of a lower resolution than is available in the 21st 
century. It is on the shoulders of intellectual giants 
like V.G. Childe, T. Wertime, C. Renfrew, S.C. Smith, B. 
Jovanović, E.N. Chernykh and many others that we 
stand and build a new, more nuanced view of what 
modern archaeological perspectives on The Rise of 
Metallurgy in Eurasia meant for farming communities in 
the Balkans during the 5th millennium BC. 

First and foremost, the emergence of metallurgy was 
a technological revolution. Like no other before, it 
transformed matter from ore to metal and demanded 
a skilled manipulation of fire in order to yield workable 
results. It built on and interacted with the exceptional 
crafting of shiny and colourful artefacts from clay over 
the course of the 5th millennium BC. Its value differed, 
both from earlier to later centuries and from the places 
of production to the places of consumption. While the 
produced metal objects may have played a significant 
role in various ceremonies, the early onset of production 
itself was very likely a community effort that took place 
in shared spaces, probably with music and accompanying 
rituals. This ‘cooperative’ practice is further underlined 
by the absence of evidence in the excavation record for a 
specialist in the Vinča culture and beyond (with Varna as 
the exception rather than the rule). 

The increasing wealth of the metal producing and 
consuming societies in the Vinča culture may have 

been influenced by metallurgy, although probably 
not to the extent of causing increases in population, 
livestock management, expanding households or 
possession of other commodities, and we see no 
clear evidence that any of these factors worked 
independently. This brings us to a novel narrative of 
the evolution of copper metallurgy in the Balkans, the 
only independent feature of which lies in the invention 
of this technology with a particular choice of crucial 
ingredients, such as black-and-green copper ores, and 
following a unique technological trajectory within 
the Vinča culture community to begin with. However, 
detailed excavations, high resolution materials and 
networks analysis of archaeometallurgical materials 
indicate the importance of communal practices and 
cooperation, which also emerge as the main points from 
analysis of other aspects of material culture, including 
examples from across the 5th millennium BC Balkans 
– most of them previously underappreciated for their 
explanatory powers. 

Hence, we propose that the strength of shared practices 
and cooperation should be brought to the core of future 
archaeological inquiry on the topic of early metallurgy 
may pursue in the future, in the Balkans, across Eurasia, 
and globally. As highlighted in the subsequent chapter 
(Chapter 53), we take inspiration from major recent 
developments in the understanding of the processes 
involved in the global domestication of animals and 
plants, which is now thought to have taken place 
independently in sixteen geographical centres (Larson 
et al. 2014). We also recognise that, following Graeber 
and Wengrow (2021), with access to new and better 
data it is imperative that we use it to critically evaluate 
our own ideas and established interpretations, as well 
as remaining open to braving new explanations.

The  bibliographic reference for this chapter is:

Radivojević, M. and Roberts, B. W. 2021. Balkan 
metallurgy in a Eurasian context, in Radivojević, M., 
Roberts, B. W., Marić, M., Kuzmanović Cvetković, J., and 
Rehren, Th. (eds) The Rise of Metallurgy in Eurasia: 601–
618. Oxford: Archaeopress.



The Rise of Metallurgy in Eurasia (Archaeopress 2021): 627–678

A

Adams, J.L. 1988. Use-wear analyses on manos and hide-
processing stones. Journal of Field Archaeology 15(3): 
307–315.

Adams, J.L. 1989. Experimental replication of the use of 
ground stone tools. Kiva 54 (3): 261–273.

Adams, J.L. 2002. Ground Stone Analysis: A Technological 
Approach. Salt Lake City: The University of Utah 
Press.

Adams, J., S. Delgado, L. Dubreuil, C. Hamon, H. Plisson 
and R. Risch. 2009. Functional analysis of macro-
lithic artefacts: a focus of working surfaces, in F. 
Sternke, L. Eigeland and K.-J. Costa (eds) Non-Flint 
Raw Material Use in Prehistory: Old Prejudices and New 
Directions: 48–50. Proceedings of the XV World 
Congress of the International Union for Prehistoric 
and Protohistoric Sciences, Vol. 11, Session C77. 
(British Archaeological Reports International Series 
S1939): 43–66. Oxford: Archaeopress.

Albarella, U. 1995. Depressions on sheep horncores. 
Journal of Archaeological Science 22: 699–704.

Alberti, G. 2013a. An R script to facilitate correspondence 
analysis. A guide to the use and the interpretation 
of results from an archaeological perspective. 
Archaeologia e Calcolatori 24: 25–53.

Alberti, G. 2013b. Making sense of contingency tables 
in archaeology: the aid of correspondence analysis 
to intra-site activity areas research. Journal of Data 
Science 11: 479–499.

Alberti, G. 2014. Modeling group size and scalar stress 
by logistic regression from an archaeological 
perspective. PLoS ONE 9, e91510.

Alberti, G. 2015. CAinterprTools: An R package to help 
interpreting Correspondence Analysis results. 
Software X(1–2): 26–31.

Altmaier, A. and C. Kany. 2002. Digital surface model 
generation from CORONA satellite images. Journal of 
Photogrammetry and Remote Sensing 56: 221–235.

Alimov, K., N. Boroffka, M. Bubnova, J. Burjakov, J. 
Cierny, J. Jakubov, J. Lutz, H. Parzinger,  E. Pernicka, 
V. Radililovskij, V. Ruzanov, T. Sirinov, D. Starsinin, 
and G. Weisgerber 1998. Zinnbergbau in Mittelasien. 
Eurasia Antiqua 3: 137-199.

American Society for Metals. 1979. Source Book on 
Copper and Copper Alloys: A Comprehensive Collection of 
Outstanding Articles from the Periodical and Reference 
Literature. Metals Park (OH): American Society for 
Metals.

Amicone, S. 2017. Pottery Technology in the Vinča 
Culture at the Dawn of Metal Age. A View from 
Pločnik and Belovode. Unpublished PhD dissertation, 
University College London.

Amicone, S., P. Quinn, N. Mirković-Marić, M. Marić, and 
M. Radivojević (eds). 2019. Tracing Pottery Making 
Recipes in the Balkans, 6th–4th Millennia BC. Oxford: 
Oxbow Books. 

Amicone, S., A.R. Mathur, R.D. Pavitra, N. Mirković-
Marić, I. Pantović and J. Kuzmanović Cvetković. 
2020a. Beneath the surface: Exploring variability 
in pottery paste recipes within Vinča culture. 
Quaternary International 560–561: 86-101. DOI: 
https://doi.org/10.1016/j.quaint.2020.04.017.

Amicone, S., M. Radivojević, P.S. Quinn, C. Berthold and 
Th. Rehren. 2020b. Pyrotechnological connections? 
Re-investigating the link between pottery firing 
technology and the origins of metallurgy in the 
Vinča culture, Serbia. Journal of Archaeological 
Science 118: 105-123. DOI: https://doi.org/10.1016/j.
jas.2020.105123.

Ammerman, A.J. and L.L. Cavalli-Sforza. 1971. Measuring 
the rate of spread of early farming in Europe. Man 6: 
674–688.

Amov, B.G. 1999. Lead isotope data for ore deposits 
from Bulgaria and the possibility for their use in 
archaeometry. Berliner Beiträge zur Archäometrie 16: 
5–19.

Amov, B.G. and V.N. Văkova. 1994. A summary of lead 
isotope data for ore deposits in Bulgaria, in H. 
Todorova and P. Popov (eds) Проблеми на най-
ранната металургия. Sofia: Трудове на Минно-
геоложкия университе.

Andel, K. 1958. Pohrebisko z doby medenej v Tibave 
na Vychodnom Slovensku. Slovenská Archeologia 6: 
39–49.

Antonijević, I. and P. Mijatović. 2014. The copper 
deposits of Bor, eastern Serbia: Geology and Origin 
of the Deposits. Annales Géologiques de la Péninsule 
Balkanique 75: 59–74.

Antonović, D. 1992. Predmeti od glačanog kamena iz Vinče. 
Beograd: Filozofski fakultet, Cenar za arheološka 
istraživanja.

Antonović, D. 1997. Use of light white stone in the 
Central Balkans Neolithic. Starinar 48: 33–40.

Antonović, D. 2000. Predmeti od glačanog kamena sa 
Belovoda. Viminacium 11: 23–34.

Antonović, D. 2002. Copper processing in Vinča: new 
contributions to the thesis about metallurgical 
character of the Vinča culture. Starinar 52: 27–45.

Antonović, D. 2003. Neolitska industrija glačanog kamena 
u Srbiji. Beograd: Arheološki institute. Posebna 
izdanja 37.

Antonović, D. 2011. Industrija glačanog kamena na 
lokalitetu Crkvine: primer sonde 5, in M. Blagojević 
(ed.) Kolubara 5: 195–212. Beograd: Republički zavod 
za zaštitu spomenika kulture.

Bibliography

Bibliography

https://doi.org/10.1016/j.quaint.2020.04.017
https://doi.org/10.1016/j.jas.2020.105123
https://doi.org/10.1016/j.jas.2020.105123


Bibliography

628

Antonović, D. 2013. Predmeti od glačanog kamena sa 
lokaliteta Livade u Kaleniću, in M. Blagojević (ed.) 
Kolubara 6: 23–36. Beograd: Republički zavod za 
zaštitu spomenika kulture.

Antonović, D. 2014a. Kupferzeitlichen Äxte und Beile in Serbien. 
(Prähistorische Bronzefunde, Vol 9, Band 27). Mainz: 
Akademie der Wissenschaften und der Literatur. 

Antonović, D. 2014b. Manufacturing of stone axes 
and adzes in Vinča culture, in S. Vitezović and 
D. Antonović (eds) Archaeotechnology: studying 
technology from prehistory to the Middle Ages: 77–88. 
Belgrade: Srpsko arheološko društvo.

Antonović, D. 2014c. Examination methodology 
for ground stone artefacts, in S. Vitezović and 
D. Antonović (eds) Archaeotechnology: studying 
technology from prehistory to the Middle Ages: 13–27. 
Belgrade: Srpsko arheološko društvo.

Antonović, D., K. Resimić-Šarić and V. Cvetković. 
2005. Stone raw materials in the Vinča culture: 
petrographic analysis of assemblage from Vinča and 
Belovode. Starinar 55: 53–66.

Antonović, D. and J. Šarić 2011. Kameno oruđe sa 
lokaliteta Crkvine u Stublinama, Starinar 61: 7–22.

Antonović, D. and M. Vukadinović. 2012. Eneolithic 
mine Prljuša – Mali Šturac: archaeological and 
geophysical investigations. Starinar 62: 95–106.

Antonović, D., M. Vukadinović and A. Cicović. 2014. 
Praistorijski rudnik na lokalitetu Prljuša, Mali Šturac 
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Zemaljskog Muzeja Bosne i Hercegovine u Sarajevu 50–
51: 124–126.

Benecke, N., S. Hansen, D. Nowacki, A. Reingruber, K. 
Ritchie and J. Wunderlich. 2013. Pietrele in the 
lower Danube region: integrating archaeological, 
faunal and environmental investigations. Documenta 
Praehistorica 40: 175–193.

Bentley, R.A., T.D. Price, J. Lüning, D. Gronenborn, J. 
Wahl and P.D. Fullagar. 2002. Human migration in 
early Neolithic Europe. Current Anthropology 43: 799–
804. 

Bentsen, S.E. 2013. Using pyrotechnology: Fire-related 
features and activities with a focus on the African 
Middle Stone Age. Journal of Archaeological Research 
22: 1–35.

Bebber, M.R. 2021. The Role of Functional Efficiency 
in the Decline of North America’s Copper Culture 
(8000–3000 BP): An Experimental, Ecological, and 
Evolutionary Approach.  Journal of Archaeological 
Method and Theory. DOI: https://doi.org/10.1007/
s10816-020-09497-0

Berciu, D. 1961. Contribuţii la problemele neoliticului în 
Romînia în lumina noilor cercetări. Bucureşti: Editura 
Academiei Republicii Populare Romine.

Berciu, D. 1967. Romania: Before Burebista. London: 
Thames and Hudson. 

Berdenov, S. 2008. Kazahstanskie mestorozhdeniya 
medi i olova i ih razrabotka v bronzovom veke 
(Kazakh sources of copper and tin and their 
processing in the Bronze Age, in Russian). Izvestiya 
Natsionalnoy Akademii nauk Respubliki Kazahstana. 
Seriya obschestvennyih nauk 1: 42-55.

Bibikov, S.N. 1953. Rannetripolskoe poselenie 
Lukavrublevetskaya na Dnestre. Materialy i 
Issledovanija po Arkheologii SSR 38.

Biehl, P. and A. Marciniak. 2000. The construction 
of hierarchy: rethinking the Copper Age in 
Southeastern Europe, in M. Diehl (ed.) Hierarchies in 

https://doi.org/10.1086/592234
https://doi.org/10.1086/592234
https://doi.org/10.1007/s10816-020-09497-0
https://doi.org/10.1007/s10816-020-09497-0


Bibliography

630

Action: Cui Bono?  :181–209. Carbondale (IL): Center 
for Archaeological Investigations, Southern Illinois 
University.

Birch, T., Th. Rehren and E. Pernicka. 2013. The metallic 
finds from Çatalhöyük: a review and preliminary 
new work, in I. Hodder (ed.) Substantive Technologies 
at Çatalhöyük: 307–316. London, Los Angeles (CA): 
British Institute at Ankara, Cotsen Institute of 
Archaeology.

Biró, K.T. 2014. Carpathian obsidians: state of art of 
Central European obsidian research, in M. Yamada 
and A. Ono (eds) Lithic Raw Material Exploitation and 
Circulation in Préhistory. A Comparative Perspective in 
Diverse Palaeoenvironment. ERAUL 138: 45–67. 

Bitelli G. and V.A. Girelli. 2009. Metrical use of 
declassified satellite imagery for an area of 
archaeological interest in Turkey. Journal of Cultural 
Heritage 10, Supplement 1: 35–40.

Blagojević, M. 2005. Keramičke posude iz ranoeneolitske 
kuće sa lokaliteta Livade, Kalenić. Kolubara 4: 31–78.

Blažić, S. 1985. Prilog poznavanju ostataka faune sa 
arheološkog lokaliteta ‘Golokut’. Rad Vojvođanskih 
muzeja 29: 33–35.

Blažić, S. 1995. Ostaci životinjskih vrsta sa lokaliteta na 
trasi auto-puta kroz Srem, in Z. Vapa (ed.) Arheološka 
istraživanja duž auto-puta kroz Srem: 331–346. Novi 
Sad: Pokrajinksi zavod za zaštitu spomenika kulture.

Blažić, S. 2005. The faunal assemblage, in S. Karmanski 
(ed.) Donja Branjevina: a Neolithic Settlement near 
Deronje in the Vojvodina (Serbia): 74–76. Trieste: 
Societa per la Preistoria e Protostoria della Regione 
Friuli-Venezia Giulia.

Blažić, S., and D. Radmanović. 2011. Fauna 
kasnovinčanskih staništa Crkvine i Belež. Kolubara 
5: 239–250.  

Bleed, P. 2008. Skill matters. Journal of Archaeological 
Method and Theory 15: 154–166.

Blondel, V.D., J.-L Guillaume, R. Lambiotte and E. 
Lefebvre. 2008. Fast unfolding of communities in 
large networks. Journal of Statistical Mechanics: Theory 
and Experiment 10: P10008.

Bloom, R., R. Crippen, C. Elachi, J. Zarins, N. Clapp 
and G.R. Hedges. 1997. Space technology and 
the discovery of lost city of Ubar. IEEE Aerospace 
Conference Proceedings 1: 19–28.

Boardman, S. and G. Jones. 1990. Experiments on the 
effects of charring on cereal plant components. 
Journal of Archaeological Science 17: 1–11.

Bocquet-Appel, J.-P. 2002. Paleoanthropological traces 
of a Neolithic demographic transition. Current 
Anthropology 43: 637–650.

Boëda, E. 1990. Identification de chaînes opératoires 
lithiques de paléolithique ancien et moyen. Paléo 
(2): 43–80. 

Boessneck, J. 1969. Osteological differences between 
sheep (Ovis aries Linn.) and goat (Capra hircus Linn.), 
in D. Brotwell and E Higgs (eds) Science in Archaeology: 
331–358. London: Thames and Hudson.

Boessneck, J., H.-H. Müller and M. Teichert. 1964. 
Osteologische Unterscheidungsmerkmale 
zwischen Schaf (Ovis aries Linné) und Ziege (Capra 
hircus Linné). Kühn-Archiv 78: 1–29.

Bogaard, A. 2004. Neolithic Farming in Central Europe. An 
Archaeobotanical Study of Crop Husbandry Practices. 
London: Routledge.

Bogaard, A., J. Bending and G. Jones. 2007. 
Archaeobotanical evidence for plant husbandry 
and use at Ecsegfalva 23, in A. Whittle (ed.) The Early 
Neolithic on the Great Hungarian Plain: Investigations of 
the Körös Culture Site of Ecsegfalva 23, Co. Békés: 421–
445. Budapest: Institute of Archaeology, Hungarian 
Academy of Sciences.

Bogaard, A. and P. Halstead 2015. Subsistence practices 
and social routine in Neolithic southern Europe, 
in C. Fowler, J. Harding and D. Hofmann (eds) The 
Oxford Handbook of Neolithic Europe: 385–410. Oxford: 
Oxford University Press.

Bogdanov, B. 1982. Bulgaria, in F.W. Dunning, W. 
Mykura and D. Slater (eds) Mineral Deposits of 
Europe. Volume 2: Southeast Europe: 215–232. London: 
The Institute of Mining and Metallurgy and the 
Mineralogical Society. 

Bogdanović, M. 1988. Architectural and Structural 
Features at Divostin, in A. McPherron and D. 
Srejović (eds) Divostin and the Neolithic of Central 
Serbia: 35–142. Pittsburgh: University of Pittsburgh. 
Kragujevac: Narodni muzej Kragujevac.

Bogdanović, M. 1990. Die Spätneolithischen Siedlüngen 
in Divostin, in D. Srejović and N. Tasić (eds) Vinča 
and its World: 99–106. Belgrade: Serbian Academy 
of Sciences and Arts, Centre for Archaeological 
Research, Faculty of Philosophy. 

Bogdanović, M. 1992. Iskopavanja na neolitskom 
naselju Gruža u Grivcu. Glasnik Srpskog 
arheološkog društva 8: 41–45.

Bogdanović, M. 2004. Naselja Vinčanske kulture. 
Arhitektura, in M. Bogdanović (ed.) Grivac. Naselje 
protostarčevačke i vinčanske kulture: 157–204. 
Kragujevac: Centar za naučna istraživanja SANU 
i Univerziteta u Kragujevcu, Narodni Muzej 
Kragujevac.

Bognár-Kutzián, I. 1963. The Copper Age Cemetery of 
Tiszapolgar-Basatanya. Budapest: Akademiai Kiado. 

Bognár-Kutzián, I. 1972. The Early Copper Age Tiszapolgar 
Culture in the Carpathian Basin. Budapest: Akademiai 
Kiado. 

Bognár-Kutzián, I. 1976. On the origins of early 
copper-processing in Europe, in J.V.S. Megaw (ed.) 
To Illustrate the Monuments. Essays on Archaeology 
Presented to Stuart Piggott: 6–76. London: Thames 
and Hudson. 

Bogosavljević, V. 1989. Uvod u rudarsku arheologiju na 
Kopaoniku (oblici starog rudarstva i metalurgije). 
Journal of Serbian Archaeological Society 9: 86–93.

Bogosavljević, V. 1995. Mining hammerstones of 
Prljuša-Mali Šturac site, in P. Petrović and S. 



631

Bibliography

Đurđekanović (eds) Ancient Mining and Metallurgy 
in Southeast Europe: 37–44. Bor, Belgrade: 
Archaeological Institute Belgrade, Museum of 
Mining and Metallurgy Bor. 

Bogosavljević, V., K. Penezić, J.   Jovanović, and S. 
Stefanović. 2019. Human jaw bone from the Late 
Neolithic Pločnik site: A multidisciplinary approach. 
Zbornik Narodnog Muzeja (Belgrade) 24: 9–30.

Bogosavljević, V., D. Mrkobrad and D. Bogosavljević. 
1988. Istraživanje srednjovekovnog rudarstva na 
zapadnom Kopaoniku (okolina Kiževaka). Naša 
Prošlost (Kraljevo) 3: 9–48.

Bogosavljević-Petrović, V. 1992. Okresana kamena 
industrija sa neolitskog naselja Divlje Polje: katalog 
povodom izložbe ‘Tehnologija obrade kamena u neolitu’. 
Kraljvo: Narodoni muzej Kraljevo. 

Bogosavljević-Petrović, V. 1995. Arheometalurški 
kompleksi na Kopaoniku (Archaeometallurgical 
complexes in Kopaonik, in Serbian). Journal of 
Serbian Archaeological Society 10: 58–71.

Bogosavljević-Petrović, V. 2011. Redukcija kamenih 
sirovina na lokalitetu Crkvine – sonda 5 sa 
arheološkim celinama, in M. Blagojević (ed.) 
Kolubara 5: 213–238. Beograd: Republički zavod za 
zaštitu spomenika kulture.

Bogosavljević-Petrović, V. and J. Marković. 2012. 
History and current studies of petroarcheological 
data from the Neolithic and Chalcolithic in Serbia 
Bulgarian e-journal of Archaeology 2(1): 51–66. http://
be-ja.org/article/history-and-current-studies-of-
petroarcheological-data-from-the-neolithic-and-
eneolithic-in-serbia/

Bogosavljević-Petrović, V. and J. Marković. 2014. Raw 
material studies of West Central Serbia. Journal 
of Lithic Studies 1(1): 55–71. DOI: https://doi.
org/10.2218/jls.v1i1.823.

Bogosavljević-Petrović, V., J. Marković and Lj. Rašković. 
2012. Savremeni rudnik magnezita ‘Lazac’: izvor za 
arheološka proučavanja. Naša prošlost 13: 79–96.

Bogosavljević-Petrović, V. and A. Starović. 2013. 
Balkanski kremen iz zbirke za stariji neolit 
Narodnog muzeja u Beogradu. Zbornik Narodnog 
muzeja, Serija: Arheologija 21(1): 77–108.

Bogosavljević-Petrović, V. and M. Tomović. 1993. 
Kasnoantički rudarsko-metalurški kompleks 
na zapadnom Kopaoniku. Journal of Serbian 
Archaeological Society 9: 236–240.

Bogucki, P. 1982. Early Neolithic Subsistence and 
Settlement in the Polish Lowlands. (British 
Archaeological Reports International Series S150). 
Oxford: Archaeopress. 

Boivin, N. and M.-A. Owoc. 2004. Soil, Stones and 
Symbols: Cultural Perceptions of the Mineral World. 
London: University College London.

Bojadžiev, J. 2002. Die absolute Datierung der neo- 
und äneolithischen Gräberfelder von Durankulak, 
in H. Todorova (ed.) Durankulak, Band II - Die 

prähistorischen Gräberfelder von Durankulak, Teil 1: 
67–70. Sofia: Publishing House Anubis Ltd. 

Bojňanský, V. and A. Fargašová. 2007. Atlas of Seeds and 
Fruits of Central and East European Flora: the Carpathian 
Mountains Region. Dordrecht: Springer.

Bökönyi, S. 1970. Animal remains from Lepenski Vir. 
Science 167: 1702–1704.

Bökönyi, S. 1974. The vertebrate fauna, in M. Gimbutas 
(ed.) Obre I and II: Neolithic Sites in Bosnia: 55–154. 
Wissenschaftliche Mitteilungen des Bosnisch-
herzegowinischen Landesmuseums, Band 3, Heft B 
(Archäologie). Sarajevo: Zemaljski Muzej.

Bökönyi, S. 1976. The vertebrate fauna from Anza, in 
Gimbutas, M. (ed.) Neolithic Macedonia: 313–374. Los 
Angeles: University of California Press.

Bökönyi, S. 1988. The Neolithic fauna of Divostin, in 
A., McPherron and D. Srejović (eds) Divostin and 
the Neolithic of Central Serbia: 419–445. Pittsburgh: 
University of Pittsburgh: 

Bökönyi, S. 1991. Prehistoric animal remains from 
Bubanj-Hum at Niš. Starinar 40–41: 89–94.

Bökönyi, S. 1992. Animal remains of Mihajlovac-
Knjepište: an early Neolithic settlement of the Iron 
Gate Gorge. Balcanica 23: 77–87.

Bolomey, A. and S. Marinescu-Bîlcu. 1988. Industria 
osului în aşezarea cucuteniana de la Draguşeni-
Ostrov. Studii şi cercetari de istorie veche şi arheologie 
39/4: 331–353.

Bonga, L. 2013. Late Neolithic Pottery from Mainland 
Greece, ca., 5,300–4,300 BC. Unpublished PhD 
dissertation. Temple University, Philadelphia.

Bonnardin, S. 2008. From traces to function of 
ornaments: some Neolithic, in L. Longo and N. 
Skakun (eds) Prehistoric Technology 40 Years Later: 
Functional Studied and the Russian Legacy: 297–308. 
Oxford: Archeopress.

Bonsall, C., M. Gurova, C. Hayward, C. Nachev and N. 
Pearce. 2010. Characterization of ‘Balkan flint’ 
artefacts from Bulgaria and the Iron gates using 
LA-ICP-MS and EPMA. Interdisciplinary Studies 22‒23: 
9‒18.

Borić, D., B. Hanks, D. Šljivar, M. Kočić, J. Bulatović, 
S. Griffiths, R. Doonan and D. Jacanović. 2018. 
Enclosing the Neolithic World: A Vinča Culture 
Enclosed and Fortified Settlement in the Balkans. 
Current Anthropology 59: 336-346.

Borojević, K. 1990. Analiza Paleobotaničkih 
Makroostataka sa Arheoloških Lokaliteta u Srbiji. 
Unpublished MA dissertation, Department of 
Archaeology, University of Belgrade, Serbia.

Borojević, K. 2006. Terra and Silva in the Pannonian Plain: 
Opovo Agro-Gathering in the Late Neolithic (British 
Archaeological Reports International Series 1563). 
Oxford: Archaeopress.

Borojević, K. 2013. New plant evidence from the Middle 
and Late Neolithic in central Balkans. Paper presented 
at the 16th Conference of the International Work 

http://be-ja.org/article/history-and-current-studies-of-
http://be-ja.org/article/history-and-current-studies-of-
https://doi.org/10.2218/jls.v1i1.823
https://doi.org/10.2218/jls.v1i1.823


Bibliography

632

Group for Palaeoethnobotany, Thessaloniki, Greece. 
Abstract in Book of Abstracts: 99.

Borojević, K., D. Antonović, J. Vuković, V. Dimitrijević, 
D. Filipović, M. Marić, K. Penezić, B. Tripković, V. 
Bogosavljević-Petrović and N.  Tasić. 2020. Use of 
space in a Late Neolithic/Early Eneolithic building 
at the site of Vinča-Belo Brdo in the Central 
Balkans, in N. Tasić, D. Urem-Kotsou and M. Burić 
(eds) Making Spaces into Places. The North Aegean, the 
Balkans and Western Anatolia in the Neolithic. (British 
Archaeological Reports International Series S3001): 
157–168. Oxford: BAR Publishing.

Boroffka, N., Cierny, J., Lutz, J., Parzinger, H., Pernicka, E. 
and G. Weisgerber 2002. Bronze Age tin from Central 
Asia, in K. Boyle, C. Renfrew and M. Levine, M. (eds.) 
Ancient Interactions: East and West in Eurasia, 135-159. 
Cambridge: McDonald Institute Monographs. 

Bourgarit, D. 2007. Chalcolithic copper smelting, in S. 
La Niece, D. Hook and P. Craddock (eds) Metals and 
Mines: Studies in Archaeometallurgy: 3–14. London: 
Archetype Publications. 

Boyadžiev, Y. 1995. Chronology of prehistoric 
cultures in Bulgaria, in D.W. Bailey, I. Panayotov 
and S. Alexandrov (eds) Prehistoric Bulgaria (Vol. 
Monographs in World Archaeology No. 22): 149–192. 
Madison (WI): Prehistory Press. 

Boyadžiev, Y. 2002. Die absolute Chronologie der neo- 
und äneolithischen Gräberfelder von Durankulak, 
in H. Todorova (ed.) Durankulak- Die Prähistorischen 
Gräberfelder: 67–70). Sofia: The Bulgarian Academy 
of Sciences. 

Brami, M. 2017. The diffusion of Neolithic practices 
from Anatolia to Europe. A contextual study of 
residential construction, 8,500-5,500 BC cal BC. (British 
Archaeological Reports International Series S2838). 
Oxford: BAR Publishing.

Breunig, P. 1987. 14C-Chronologie des vorderasiatischen, 
südost- und mitteleuropäischen Neolithikums. Wien: 
Fundamenta A/13, Böhlau Verlag, Köln. 

Brochier, J.É. 2013. The use and abuse of culling 
profiles in recent zooarchaeological studies: some 
methodological comments on ‘frequency correction’ 
and its consequences. Journal of Archaeological Science 
40: 1416–1420. 

Bronk Ramsey, C. 2009. Bayesian analysis of radiocarbon 
dates. Radiocarbon 51: 37–60.

Brovkin, V., S. Lorenz, T. Raddatz, T. Ilyina, I. Stemmler, 
M. Toohey, and M. Claussen 2019. What was the 
source of the atmospheric CO2 increase during the 
Holocene? Biogeosciences 16:  2543-2555.

Brown, B.M. 1987. Population estimation from floor 
area: a restudy of ‘Naroll’s Constant’ Cross-Cultural 
Research 21: 1–49.

Brukner, B. 1962. Praistorijsko naselje Beletinci kod 
Obreža. Rad Vojvođanskih muzeja 11: 89–122.

Brukner, B. 1977. Beitrag zur Feststellung des Beginns 
der Metallurgie und der Aeneolithisierung. 
Archaeologia Iugoslavica 18: 9–12.

Brukner, B. 1980. Naselje vinčanske grupe na Gomolavi 
(neolitski i ranoeneolitski sloj). Izveštaj sa iskopavanja 
1967-1976. Rad Vojvođanskih Muzeja 26: 5–55.

Brukner, B. 1988. Die Siedlung der Vinča-Gruppe auf 
Gomolava (die Wohnschicht des spätneolithikums 
und frühäneolithikums – Gomolava Ia-b und 
Gomolava Ib) und der Wohnhorizont des 
äneolithischen Humus (Gomolava II), in N. Tasić 
and J. Petrović (eds) Gomolava – Chronologie und 
Stratigraphie der vorgeschichtlichen und antiken 
Kulturen der Donauniederung und Südosteuropas. 
Internationales Symposium, Ruma, 1986: 9–38. Novi Sad: 
Vojvođanski muzej.

Brukner, B. 2002. Die Vinča–Kultur in Raum und Zeit: 
61–103. Sarajevo, Frankfurt A/M, Berlin, Heidelberg, 
Knj. 30: Godišnjak Akademije nauka i umetnosti 
Bosne i Hercegovine, Centar za balkanološka 
ispitivanja.

Brukner, B. 2003. Vinčanska kultura u prostoru i 
vremenu. Rad Muzeja Vojvodine 43–45: 7–28.

Brysbaert, A. and A. Gorgues (eds). 2017. Artisans Versus 
Nobility? Multiple Identities of Elites and ‘Commoners’ 
Viewed through the Lens of Crafting from the Chalcolithic 
to the Iron Ages in Europe and the Mediterranean. 
Leiden: Sidestone Press. 

Buckley, M., S. Whitcher Kansa, S. Howard, S. Campbell, 
J. Thomas-Oates and M. Collins. 2010. Distinguishing 
between archaeological sheep and goat bones using 
a single collagen peptide. Journal of Archaeological 
Science 37: 13–20.

Budd, P. 1991. Eneolithic arsenical copper - heat-
treatment and the metallographic interpretation 
of manufacturing processes, in E., Pernicka and 
G.A. Wagner (eds) Archaeometry ‘90: International 
Symposium on Archaeometry: 35–44. Heidelberg: 
Birkhäuser Verlag. 

Budd, P. and B.S. Ottaway. 1991. The properties of 
arsenical copper alloys: implications for the 
development of eneolithic metallurgy, in P. Budd, B. 
Chapman, C. Jackson, R. Janaway and C.A. Ottaway 
(eds) Archaeological Sciences 1989: Proceedings of a 
Conference on the Application of Scientific Techniques 
to Archaeology, Bradford, September 1989: 132–142. 
Bradford: Oxbow Books.

Budd, P. and T. Taylor. 1995. The faerie-smith meets 
the bronze industry - magic versus science in the 
interpretation of prehistoric metal-making. World 
Archaeology 27: 133–143.

Budden, S. 2008. Skill amongst the sherds: understanding 
the role of skill in the early to late Middle Bronze 
Age in Hungary, in I. Berg (ed.) Breaking the Mould: 
Challenging the Past through Pottery. Prehistoric 
Ceramics Research Group Occasional Paper 6 (British 
Archaeology Reports International Series S1861): 
1–18. Oxford: Archaeopress. 

Buder, I. 1984. Uticaj vojnih činilaca na razvoj 
fotogrametrije. Zbornik radova, Vojnogeografski 
institut: 89–99. Beograd. 



633

Bibliography

Бугарски, И. and B. Иванишевић. 2014а. Оживљавање 
изгубљених крајолика. Гласник Друштва 
конзерватора Србије 38: 252–254. Београд.

Бугарски, И and В. Иванишевић. 2014b. Примена 
аерофотографије у српској археологији. 
Саопштења XLVI: 251–263. Београд.

Bulatović, A. 2003. Nalazi vinčanske kulture sa Fafosa i 
Valača. Vranje: Narodni Muzej.

Bulatović, A. 2007. Vranje: kulturna stratigrafija 
praistorijskih lokaliteta u Vranjskoj regiji. Beograd: 
Arheološki institut, Vranje: Narodni muzej.

Bulatović, A. 2015. The phenomenon of prehistoric 
ritual pits: several examples from the central 
Balkans (in Serbian). Starinar 65: 7–35. DOI: https://
doi.org/10.2298/STA1565007B.

Bulatović, A. and C. Jović. 2009. Leskovac: kulturna 
stratigrafija praistorijskih lokaliteta u Leskovačkoj 
regiji. Beograd: Arheološki institut, Leskovac: 
Narodni muzej.

Bulatović, A. and D. Milanović. 2020. Bubanj. The Eneolithic 
and the Early Bronze Age Tell in Southeastern Serbia. 
(Mitteilungen der Prähistorischen Kommission, 
Band 90). Wien: VÖAW.

Bulatović, A., M. Vander Linden and M. Gori. 2018. 
New AMS dates as a contribution to the absolute 
chronology of the early Eneolithic in the central 
Balkans. Starinar 68: 19–32.

Bulatović, J. 2010. Ostaci faune iz zatvorenih eneolitskih 
celina na nalazištu Bubanj kod Niša. Unpublished 
MA dissertation, University of Belgrade.

Bulatović, J. 2011. Ostaci životinja iz kasnovinčanske 
jame na nalazištu Vitkovačko polje. Kruševački 
Zbornik 15: 237–272.

Bulatović, J. 2012. Eksploatacija domaćih životinja u 
kasnom neolitu i eneolitu na području centralnog 
Balkana. Studije slučaja: Vitkovo i Bubanj. Glasnik 
Srpskog arheološkog društva 28: 279–300.

Bulatović, J. 2018. Arheozoološki aspekti društvenih 
i kulturnih promena na centralnom Balkanu u 
petom milenijumu pre nove ere. Unpublished Ph.D. 
dissertation, University of Belgrade.

Bulatović, J. and S. Milošević. 2015. Životinjski ostaci 
iz potkapine Mokranjske Stene, in A. Kapuran 
and A. Bulatović (eds) Mokranjske Stene: kulturno 
nasleđe Negotinske Krajine: 41–55. Negotin: Muzej 
Krajine.

Bulatović, J. and M. Spasić. 2019. Životinjski ostaci sa 
neolitskog nalazišta Grabovac – Đurića vinogradi. 
Zbornik Narodnog muzeja 24–1 (arheologija): 63–84.

Bunardžić, R., M. Bunardžić, S. Derikonjić and P. Gavović. 
2008. Topography of Polimlje. Belgrade: Republic 
Institute for Heritage Protection. 

Burmeister, S., S. Hansen, M. Kunst and N. Müller-
Scheeßel (eds). 2013. Metal Matters. Innovative 
Technologies and Social Change in Prehistory and 
Antiquity (Menschen - Kulturen - Traditionen 12, 
ForschungsCluster 2), Rahden/Westf: Leidorf. 

Burton, J. 1984. Axe Makers of the Wahgi, Pre-Colonial 
Industrialists of the Papua New Guinea Highlands. 
Unpublished PhD dissertation, Australian National 
University.

C

Cameron, C.M. 1990. The effect of varying estimates of pit 
structure use-life on prehistoric population estimates 
in the American Southwest. Kiva 55: 155–166.

Campbell, G., L. Moffet and V. Straker. 2011. Environmental 
Archaeology: A Guide to the Theory and Practice of 
Method, From Sampling and Recovery to Post-Excavation 
(second edition). Swindon: English Heritage.

Camps-Fabrer, H. 1966. Matière et art mobilier dans 
la préhistoire nord-africaine et saharienne. Paris: 
Mémoires du Centre de recherches anthropologiques 
préhistoriques et ethnographiques. 

Camps-Fabrer, H. 1979. Principes d’une classification 
de l’industrie osseuse néolithique et de l’âge des 
métaux dans le Midi méditerranéen, in H. Camps-
Fabrer (ed.) Industrie de l’os et bois de cervidé durant 
le néolithique et âge des métaux. Première réunion du 
groupe de travail no. 3 sur l’industrie de l’os préhistorique: 
17–26. Paris: Centre national de la recherche 
scientifique. 

Cann, J.R. and C. Renfrew. 1964. The characterisation of 
obsidian and its application to the Mediterranean 
region. Proceedings of the Prehistoric Society 30: 111–
133.

Cantacuzino, G. and S. Morintz. 1963. Die 
jungsteinzeitlichen Funde in Cernica (Bukureşti) 
Dacia 7.

Cantoro, G. 2012. A free set of tools for automated 
imagery rectification. ISAP News 30: 9–11.

Cantoro, G. 2015. Aerial reconnaissance in archaeology 
– from archives to digital photogrammetry, in A. 
Sarris (ed.) Best Practices of Geoinformatic Technologies 
for the Mapping of Archaeolandscapes: 103–114. Oxford: 
Archaeopress.

Cappers, R.T.J., R.M. Bekker and J.E.A. Jans. 2006. 
Digital Seed Atlas of the Netherlands. (Groningen 
Archaeological Studies 4). Eelde: Barkhuis 
Publishing.

Carneiro, R.L. 1986. On the relationship between size of 
population and complexity of social organization. 
Journal of Anthropological Research 42: 355–364.

Carneiro, R.L. 2000. The transition from quantity to 
quality: a neglected causal mechanism in accounting 
for social evolution. Proceedings of the National 
Academy of Sciences of the United States of America 97: 
12926–12931.

Carter, T. 2009. L’obsidienne Égéenne: caractérisation, 
utilisation et culture, in M.-H. Moncel and F. 
Frohlich (eds) L’Homme et Le Precieux. Matières 
Minérales Précieuses de La Préhistoire À Aujourd’hui 

https://doi.org/10.2298/STA1565007B
https://doi.org/10.2298/STA1565007B


Bibliography

634

(British Archaeological Reports International Series 
1934): 199–212. Oxford: Archaeopress.

Carvajal-Ramírez, F., A.D. Navaro-Ortega and F. Agüera-
Vega. 2019. Virtual reconstruction of damaged 
archaeological sites based on Unmanned Aerial 
Vehicle Photogrammetry and 3D modelling. Study 
case of a southeastern Iberia production area in the 
Bronze Age. Measurement 136: 225–236.

Cassana, J. and J. Cothren. 2008. Stereo analysis, DEM 
extraction and orthorectification of CORONA 
satellite imagery: archaeological applications from 
Near East. Antiquity 82(317): 732–49.

Cermanović-Kuzmanović, A. and D. Srejović. 1992. 
Leksikon religija i mitova drevne Evrope. Beograd: 
Savremena administracija.

Cessford, C. 2005. Absolute dating at Çatal Höyük, in 
I. Hodder (ed.) Changing Materialities at Çatalhöyük: 
Reports from the 1995-99 Seasons: 65–100. Cambridge: 
McDonald Institute Monographs, British Institute at 
Ankara. 

Cevey, C., D. Günther, V. Hubert, K. Hunger, E. Hildbrand, 
M.-A. Kaeser, E. Lehmann, N. Müller-Scheessel, M. 
Wörle-Soares, C. Strahm and S. van Willigen. 2006. 
Neue archäometallurgische Untersuchungen zum 
Beginn der Kupferverarbeitung in der Schweiz. 
Archäologie der Schweiz 29: 24–33.

Çevik, Ö. 2018. What follows the Late Neolithic 
occupation in Central-Western Anatolia? A view 
from Ulucak, in S. Dietz, F. Mavridis, Ž. Tankosić 
and T. Takaoğlu (eds) Communities in Transition: The 
Circum-Aegean Area in the 5th and 4th Millennia BC: 
506–512. Oxford: Oxbow.

Chapman, J. 1981. Vinča Culture of South-East Europe: 
Studies in Chronology, Economy and Society (British 
Archaeological Reports International Series S117). 
Oxford: Archaeopress.

Chapman. J. 1990. The Neolithic in the Morava-Danube 
confluence area: a regional assessment of settlement 
pattern, in D. Krstić and R. Tringham (eds) Selevac. 
A Neolithic village in Yugoslavia (Monumenta 
Archaeologica 15): 13–44. Los Angeles: University of 
California Press.

Chapman, J. 1991. The creation of social arenas in the 
Neolithic and Copper Age of South East Europe: 
the case of Varna, in P. Garwood, P. Jennings, R. 
Skeates and J.Toms (eds) Sacred and Profane. (Oxford 
Committee for Archaeology Monograph 32): 152–
171. Oxford: Oxbow books. 

Chapman, J. 1999a. The origins of warfare in the 
prehistory of central and eastern Europe, in J. 
Carman and A. Harding (eds) Ancient Warfare: 
Archeological Perspectives:101–142. Stroud: Sutton.

Chapman, J. 1999b. Deliberate house-burning in the 
prehistory of central and eastern Europe, in A. 
Gustafson and H. Karlsson (eds) Glyfer och arkeologiska 
rum: En vänbok till Jarl Nordbladh: 113–126. Göteborg: 
University of Göteborg Press.

Chapman, J. 2000. Fragmentation in Archaeology. People, 
Places and Broken Objects in the Prehistory of South-
Eastern Europe. London and New York: Routledge.

Chapman, J. 2006. Dark burnished ware as a sign: 
ethnicity, aesthetics and categories in the later 
Neolithic of the central Balkans, in N. Tasić and C. 
Grozdanov (eds) Homage to Milutin Garašanin: 295–308. 
Belgrade: Serbian Academy of Sciences and Arts. 

Chapman, J. 2007. The elaboration of an aesthetic of 
brilliance and colour in the climax Copper Age, in F. 
Lang, C. Reinholdt and J. Weilhartner (eds) Stephanos 
Aristeios. Archäologische Forschungen zwischen Nil und 
Istros. Festschrift für Stefan Hiller zum 65. Geburtstag: 
64–74. Wien: Phoibos. 

Chapman, J. 2010. Houses, households, villages and 
proto-cities in southeastern Europe, in D.W. Anthony 
and J.Y. Chi (eds) The Lost World of Old Empire: The 
Danube Valley, 5000–3500 BC: 74–89. Princeton (NJ): 
Institute for the Study of the Ancient World.

Chapman, J. 2011. Enchantment and enchainment in 
later Balkan prehistory: towards an aesthetic of 
precision and geometric order, in A. Hadjikoumis, 
E. Robinson and S. Viner (eds) The Dynamics of 
Neolithisation in Europe. Studies in Honour of Andrew 
Sherratt: 153–176. Oxford: Oxbow Books. 

Chapman, J. 2013. From Varna to Brittany via 
Csõszhalom – Was there a «Varna Effect»? In A. 
Anders and V. Kulcsár (eds) Moments in Time. Papers 
Presented to Pal Raczky on his 60th Birthday: 323–335. 
Budapest: L’Harmattan. 

Chapman, J. 2020a. Forging Identities in Balkan Prehistory: 
Dividuals, Individuals and Communities, 7000–3000 BC. 
Leiden: Sidestone.

Chapman, J. 2020b. The Vinča group – (Almost) 40 years 
on. Quaternary International 560–561: 5–19. 

Chapman, J. and B. Gaydarska. 2007. Parts and Wholes: 
Fragmentation in Prehistoric Context. Oxford: Oxbow. 

Chapman, J. and B. Gaydarska. 2020. The deposition of 
history in prehistory: copper objects on sites and in 
the landscape. Proceedings of the Prehistoric Society 86: 
139–163.

Chapman, J. and E. Richter. 2009. Geometric order and 
scientific principles: a view from the Mesolithic, 
Neolithic and Chalcolithic of central and south east 
Europe, in G. Bodi (ed.) In Medias Res Praehistorie. 
Miscellanea in Honorem Annos LXV Peragentis Professoris 
Dan Monah Oblata: 21–58. Iaşi: Editura Universităţii 
‘Alexandru Ioan Cuza’. 

Chapman, J. and S. Souvatzi. 2020. The Neolithic of 
Southeast Europe: recent trends. Annual Review of 
Anthropology 49(1): 123–140.

Chapman, J. and R.F. Tylecote. 1983. Early copper in 
the Balkans. Proceedings of the Prehistoric Society 49: 
373–379.

Chapman, J., T. Higham, V. Slavchev, B. Gaydarska 
and N. Honch. 2006. The social context of the 
emergence, development and abandonment of 



635

Bibliography

the Varna cemetery, Bulgaria. European Journal 
of Archaeology 9: 159–183. DOI: https://doi.
org/10.1177/1461957107086121.

Charles, J.A. 1969. Appendix I. A metallurgical 
examination of south-east European copper axes. 
Proceedings of the Prehistoric Society 35: 40–42.

Chataigner, C. 1998. Sources des artefacts Néolithiques, 
in M.-C. Cauvin, A. Gourgaud, B. Gratuze, N. Arnaud, 
P. Poupeau, J.L. Poidevin and C. Chataigner (eds) 
L’Obsidienne Au Proche et Moyen Orient: Du Volcan À 
l’Outil (British Archaeological Reports International 
Series 738: 273–324. Oxford: Archaeopress.

Chernykh, E.N. 1966. Istorija Drevnejsej Metallurgii 
Vostocnoj Evropy (History of Ancient Metallurgy of 
Eastern Europe, in Russian). Moskva: Akademija Nauk 
SSSR. 

Chernykh, E.N. 1978a. Aibunar - a Balkan copper 
mine of the fourth millennium BC. Proceedings of 
the Prehistoric Society 44: 203–217. DOI: https://doi.
org/10.1017/S0079497X00010136.

Chernykh, E.N. 1978b. Gornoe Delo i Metallurgiya v 
Dreivneishei Bolgarii. Sofia: Bolgarskoi Akademii 
Nauk.

Chernykh, E.N. 1991. Frühestes Kupfer in der Steppen- 
und Waldsteppenkulturen Osteuropas, in J. 
Lichardus (ed.) Die Kupferzeit als Historische Epoche: 
85–88. Bonn: Habelt.

Chernykh, E.N. 1992. Ancient Metallurgy in the USSR: The 
Early Metal Age. Cambridge: Cambridge University 
Press. 

Chernykh, E.N. 1997. Kargaly, Zabytyi mir (Kargaly, the 
Forgotten World, in Russian). Moscow: Izdatelstvo 
‘NOX’. 

Chernykh, E.N. 2008a. Formation of the Eurasian ‘steppe 
belt’ of stockbreeding cultures: viewed through 
the prism of archaeometallurgy and radiocarbon 
dating. Archaeology, Ethnology and Anthropology of 
Eurasia 35: 36–53. DOI: http://dx.doi.org/10.1016/j.
aeae.2008.11.003.

Chernykh, E.N. 2008b. The ‘steppe belt’ of stockbreeding 
cultures in Eurasia during the Early Metal Age. 
Trabajos de Prehistoria 65: 73–93.

Chernykh, E.N. 2013. Nomadic Cultures in the Mega-
Structure of Eurasian World. Volume 1 (in Russian). 
Moscow: Jaziki Slavjanskoi Kulturi. Translation into 
English by Irina Savinetskaya and Peter N. Hommel 
and published also as Chernykh, E.N. 2017. Nomadic 
Cultures in the Mega-Structure of the Eurasian 
World. Boston, MA: Academic Studies Press with 
LRC Publishing House.

Chernykh, E.N. and S.V. Kuzminykh. 1989. Ancient 
Metallurgy in the Northern Eurasia. Seyma-Turbino 
Phenomenon (in Russian). Moscow: Nauka. 

Chernykh, E.N., S.V. Kuzminykh and L.B. Orlovskaya. 
2004. Ancient metallurgy in northern Eurasia: from 
the Urals to the Sayano-Altai, in K.M. Linduff (ed.) 
Metallurgy in Ancient Eastern Eurasia from the Urals to 
the Yellow River: 15–36. Lewiston (NY): Edwin Mellen. 

Chernykh, E. N. 2021. The Cultures of Homo: Challenging 
essays about humankind’s multi-million years history. 
Moscow: TAUS.

Childe, V.G. 1930. The Bronze Age. Cambridge: Cambridge 
University Press. 

Childe, V.G. 1929. The Danube in Prehistory. Oxford: 
Oxford University Press. 

Childe, V.G. 1936. Man Makes Himself. London: Watts and Co.
Childe, V.G. 1936-37. Neolithic black ware in Greece 

and on the Danube. The Annual of the British School at 
Athens 37: 26–35.

Childe, V.G. 1944. Archaeological ages as technological 
stages. Journal of the Royal Anthropological Institute of 
Great Britain and Ireland 74: 7–24.

Childe, V.G. 1950. The urban revolution. The Town 
Planning Review 21: 3–17.

Childe, V.G. 1951. Social Evolution. London: Collins. 
Chirikure, S. 2010. Indigenous Mining and Metallurgy in 

Africa. Cambridge, Cape Town: Cambridge University 
Press. 

Chokhadzhiev, S. 2000. Development of the graphite 
ornamentation in the Copper Age (in the light of 
evidence from the Struma cultures), in L. Nikolova 
(ed.) Technology, Style and Society. Contributions 
to the Innovations between the Alps and the Black 
Sea in Prehistory (British Archaeological Reports 
International Series 854): 97–112. Oxford: 
Archaeopress. 

Choyke, A. 1997. The bone tool manufacturing 
continuum. Anthropozoologica 25–26: 65–72.

Choyke, A. 2001. Late Neolithic red deer canine beads 
and their imitations, in A. Choyke and L. Bartosiewicz 
(eds) Crafting Bone: Skeletal Technologies Through Time 
and Space. Proceedings of the 2nd Meeting of the (ICAZ) 
Worked Bone Research Group, Budapest, 31 August–5 
September 1999: 251–266. Oxford: Archaeopress.

Choyke, A. 2013. Hidden agendas: ancient raw material 
choice for worked osseous objects in Central Europe 
and beyond, in A. Choyke and S. O’Connor (eds) From 
These Bare Bones: Raw Materials and the Study of Worked 
Osseous Objects: 1–11. Oxford and Oakville: Oxbow 
Books. 

Choyke, A. and J. Schibler. 2007. Prehistoric bone tools 
and the archaeozoological perspective: research in 
Central Europe, in C. Gates St-Pierre and R. Walker 
(eds) Bones as Tools: Current Methods and Interpretations 
in Worked Bone Studies: 51–65. Oxford: Archaeopress.

Christensen, M. 2004. Fiches caractères morphologiques, 
histologiques et mécaniques des matières dures 
d´origine animale, in D. Ramseyer (ed.) Matières et 
Techniques. Fiches de la Commission de Nomenclature sur 
l’Industrie de l’Os Préhistorique. Cahier XI: 17–27. Paris: 
Centre national de la recherche scientifique.

Christidou, R. 2001. Study of bone tools at three late/
final Neolithic sites from Northern Greece, in A. 
Choyke and L. Bartosiewicz (eds) Crafting Bone: 
Skeletal Technologies Through Time and Space – 
Proceedings of the 2nd Meeting of the (ICAZ) Worked Bone 

https://doi.org/10.1177/1461957107086121
https://doi.org/10.1177/1461957107086121
https://doi.org/10.1017/S0079497X00010136
https://doi.org/10.1017/S0079497X00010136
http://dx.doi.org/10.1016/j.aeae.2008.11.003
http://dx.doi.org/10.1016/j.aeae.2008.11.003


Bibliography

636

Research Group, Budapest, 31 August–5 September 1999: 
41–47. Oxford: Archaeopress.

Clason, A. 1979. The farmers of Gomolava in the Vinča 
and La Tene period. Palaeohistoria 21: 42–81.

Clason, A. 1980. Padina and Starčevo: game, fish and 
cattle. Palaeohistoria 22: 142–173.

Collard, M., A. Ruttle, B. Buchananand M.J. O’Brien. 
2013. Population size and cultural evolution in 
nonindustrial food-producing societies. PLoS ONE 8, 
e72628.

Colominas, L. 2013. Specialization or re-utilization? 
Study of the selection documented in a bone-
working refuse. Assemblage from Roman Baetulo 
(Badalona, Spain), in A. Choyke and S. O’Connor 
(eds) From These Bare Bones: Raw Materials and the 
Study of Worked Osseous Objects: 88–95. Oxford and 
Oakville: Oxbow Books.

Comşa, E. 1973. Parures néolithiques en coquillages marins 
découvertes en territorie roumain. Dacia XVII: 61–76. 

Comșa, E. 1990. Complexul neolitic de la Radovanu. 
Cultură și civilizație la Dunărea de Jos 8: 7–126.

Comşa, E. 1991. L’utilisation du cuivre en Roumanie 
pendent le néolithique moyen, in J.-P. Mohen and C. 
Éluère (eds) Découverte du Métal: 77–84. Paris: Picard. 

Cook, S.F. 1972. Prehistoric Demography. Reading (MA): 
Addison-Wesley Publishing Company.

Corns, A. and R. Shaw. 2013. Lidar and World Heritage 
Sites in Ireland: Why was such a rich data source 
gathered, how is it being utilized, and what lessons 
have been learned? In R.S. Opitz and D.C. Cowley 
(eds) Interpreting Archaeological Topography: 146–160 
Oxford: Oxbow Books.

Costin, C.L. 1991. Craft specialization: issues in defining, 
documenting and explaining the organization of 
production. Archaeological Method and Theory 3: 1–56.

Courcier, A. 2014. Ancient metallurgy in the Caucasus 
from the sixth to the third millennium BCE, in B.W. 
Roberts and C.P. Thornton (eds.) Archaeometallurgy 
in Global Perspective: 579–664. New York: Springer.

Craddock, P.T. 1995. Early Metal Mining and Production. 
Edinburgh: Edinburgh University Press. 

Craddock, P.T. 2001. From hearth to furnace: evidences 
for the earliest metal smelting technologies in the 
eastern Mediterranean. Paléorient 26: 151–156.

Craddock, P.T. and N.D. Meeks. 1987. Iron in ancient 
copper. Archaeometry 29: 187–204.

Crnobrnja, A. 2009. Neolitsko naselje na Crkvina u 
Stublinama. Belgrade: Muzej grada Beograda.

Crnobrnja, A. 2011. Arrangement of Vinča culture 
figurines: a study of social structure and 
organisation. Documenta Praehistorica 38: 131–147.

Crnobrnja, A. 2012. Group identities in the Central Balkan 
Late Neolithic. Documenta Praehistorica 39: 155–165.

Crnobrnja, A. 2014. The (E)neolithic settlement Crkvine 
at Stubline, Serbia, in W. Schier and F. Draşovean 
(eds) The Neolithic and Eneolithic in Southeast Europe: 
New Approaches to Dating and Cultural Dynamics in the 
6th to 4th Millennium BC: 173–186. Rahden: Leidorf.

Crnobrnja, A., Z. Simić and M. Janković. 2009. Late 
Vinča culture settlement at Crkvine in Stubline: 
household organisation and urbanisation in the late 
Vinča culture period. Starinar 59: 9–25.

Csányi, M., P. Raczky and J. Tárnoki. 2009. Preliminary 
report on the cemetery of the Bodrogkeresztúr 
culture excavated at Rákóczifalva-Bagi-föld. Tisicum 
38: 13–34.

Cuénod, A., Bray, P., and A. Mark Pollard 2015. The “Tin 
Problem” in the Prehistoric Near East: Further 
Insights from a Study of Chemical Datasets on Copper 
Alloys from Iran and Mesopotamia. Iran 53: 29-48.  

Čuljković, B., S. Stefanović and S. Romac. 2002. 
Upotreba PCR-а u fizičkoj antropologiji- 
utvrđivanje pola (The application of PCR in 
physical anthropology- determination of sex, 
in Serbian), in Zbornik radova sa I simpozijuma 
antropologa Republike Srpske: 23–31. Banja Luka: 
Društvo antropologa Republike Srpske.

Cuomo di Caprio, N. 2007. Ceramica in Archeologia. Roma: 
L’Erma Bretschneider.

Custer, J.F., T. Eveleigh, V. Klemas and I. Wells. 1986. 
Application of LANDSAT data and synoptic remote 
sensing to predictive models for prehistoric 
archaeological sites: An example from the Delaware 
coastal plain. American Antiquity 51(3): 572–588.

Cvetković, N. 2004. Motel Slatina – Paraćin Trench: 
Gasovod II, Analyses of the Neolithic Fauna, in M. 
Vasić, P. Vučković and B. Cvetković (eds) The Central 
Pomoravlje in Neolithization of South East Europe: 75–82. 
Belgrade: Archaeological Institute. 

Č

Čađenović G., D. Rašković and M. Bugar. 2003. Vitkovačko 
polje u praistorijskom periodu. Naselje vinčanske kulture. 
Kruševac: Narodni muzej.

Čović, B. 1961. Rezultati sondiranja na preistorijskom 
naselju u Gornjoj Tuzli. Glasnik Zemaljskog Muzeja 
(Sarajevo) 15/16: 79–139.

D

Dammers, B., A. Franz, R.G. Sobott and K. Bente. 
2012. Erste Ergebnisse archäometrischer 
Untersuchungen zur mittel- und spätneolithischen 
Keramik von Uivar (Rumänien) unter 
besonderer Berücksichtigung der 3D-µ-Röntgen-
Computertomographie, in B. Ramminger and O. 
Stilborg (eds) Naturwissenschaftliche Analysen vor- und 
frühgeschichtlicher Keramik II: 33–57. Bonn: Habelt. 

Darvill, T. 1987 Ancient Monuments in the Countryside: 
An Archaeological Management Overview. Swindon: 
English Heritage.

Davenport, W.G., M. King, M. Schlesinger and A.K. 
Biswas. 2002. Extractive Metallurgy of Copper (4th 
Edition). Oxford: Pergamon. 

Davies, O. 1937. Ancient mining in the central Balkans. 
Revue Internationale des Etudes Balkaniques 1: 405–418.



637

Bibliography

Deer, W.A., R.A. Howie and J. Zussman. 1992. An 
Introduction to the Rock-Forming Minerals. Harlow, 
London: Longman. 

de Groot, B.G. 2019. A diachronic study of networks of 
ceramic assemblage similarity in Neolithic Western 
Anatolia, the Aegean and the Balkans (c. 6600–
5500 bc).  Archaeometry 61: 600–613. DOI: https://
doi:10.1111/arcm.12450.

De Pascale, A. 2003. ‘Hammerstones from early copper 
mines’: Sintesi dei ritrovamenti nell’Europa e nel 
Mediterraneo orientale e prime considerazioni 
sui mazzuoli di Monte Loreto (IV millennio BC - 
Liguria). Rivista di Studi Liguri 69: 5–42.

Derex, M., M.-P. Beugin, B. Godelle and M. Raymond. 
2013. Experimental evidence for the influence of 
group size on cultural complexity. Nature 503: 389–
391.

Dergachev, V.A. 2004. Karbunskiy klad, in M. Videiko 
(ed.) Encyclopedia Trypilskoi tsyvilizatsii. Volume 2. : 
213–214. Kyiv: Ukrpoligraphmedia. 

Derikonjić, S. 1996. Neolitske Zajednice Polimlja. Proboj: 
Zavičajni muzej.

Derikonjić, S. 2010. Tragom jarmovačkih rudara. Catalogue. 
Priboj on Lim: Homeland Museum of Priboj.

Derikonjić, S., M. Radivojević, E. Pernicka and Th. 
Rehren. 2011. The Vinča culture mining complex 
in Jarmovac, southwest Serbia, in A. Hauptmann, 
D. Modarressi-Tehrani and M. Prange (eds) 
Archaeometallurgy in Europe III: Proceedings of the 3rd 
International Conference, Deutsches Bergbau-Museum 
Bochum, June 29 – July 1, 2011: 39. Bochum: Deutsches 
Bergbau-Museum. 

Deroin, J.P., F. Téreygeol and J. Heckes. 2011. Evaluation 
of very high to medium resolution multispectral 
satellite imagery for geoarchaeology in arid 
regions – case study from Jabali, Yemen. Journal of 
Archaeological Science 38: 101–114.

d’Errico, F. 1993. Identification des traces de 
manipulation, suspension, polissage sur l’art 
mobilier en os, bois de cervidés, ivoire, in P. 
Anderson, S. Beyries, M. Otte and H. Plisson (eds) 
Traces et Fonction: Les Gestes Retouvés. Actes du Colloque 
International de Liège: 177–188. Liège: ERAUL.

d’Errico, F. and M. Vanhaeren. 2002. Criteria for 
identifying red deer (Cervus elaphus) age and sex 
from their canines. Application to the study of 
Upper Palaeolithic and Mesolithic Ornaments. 
Journal of Archaeological Science 29: 211–232. 

Дероко, A. 1950. Кулич и Рам каструми 
на римском Дунавском лимесу. Старинар I: 169–
173. Београд.

Дероко, А. 1951а. Смедеревски град. Старинар II: 59–
98. Београд.

Дероко, А. 1951b. Град Голубац. Старинар II: 139–149. 
Београд.

Deschler-Erb, S., E. Marti-Grädel and J. Schibler. 2002. 
Die Knochen-, Zahn- und Geweihartefakte, in A. de 

Capitani, S. Deschler-Erb, U. Leuzinger, E. Marti-
Grädel and J. Schibler (eds) Die jungsteinzeitliche 
Seeufersiedlung Arbon / Bleiche 3: Funde: 277–366. 
Archäologie im Thurgau, Band 11. Frauenfeld: 
Departement für Erziehung und Kultur des Kantons 
Thurgau.

Dewar, R.E. 1994. Contending with contemporaneity: a 
reply to Kintigh. American Antiquity 59: 149–152.

Diaconescu, D. 2014. New remarks about the 
typology and the chronology of the Pločnik and 
Čoka copper hammer-axes, in W. Schier and F. 
Draşovean (eds) New Approaches to Dating and 
Cultural Dynamics in the 6th to 4th Millennium BC. 
(Prähistorische Archäologie in Südosteuropa 28): 
221–241. Rahden: Leidorf.

Díaz-Andreu, M. 2007. A World History of Nineteenth-
Century Archaeology Nationalism, Colonialism, and the 
Past. Oxford: Oxford University Press.

Dimić, V. 2015. Traseological markers on ground stone 
cutting–implements from Lađarište site near 
Vrnjačka Banja. Glasnik Srpskog arheološkog društva 
31: 39–73.

Dimić, V. 2013a Analiza glačanog i abrazivnog kamenog 
oruđa sa lokaliteta Lađarište kod Vrnjačke Banje. 
Naša prošlost 14: 31–56.

Dimić, V. 2013b Petrološka, trasološka i funkcionalno-
tipološka studija glačanog i abrazivnog kamenog 
oruđa sa lokaliteta Lađarište kod Vrnjačke Banje, 
Odeljenje za arheologiju Filozofskog fakulteta, 
Univerzitet u Beogadu, Beograd. 

Dimitrijević, S. 1968. Sopotsko-Lenđelska kultura. Zagreb: 
Archaeological Institute, Faculty of Philosophy.

Dimitrijević, S. 1974. Problem stupnjevanja starčevačke 
kulture s posebnim obzirom na doprinos 
južnopanonskih nalazišta rešavanju ovih problema. 
Materijali X: 59–122.

Dimitrijević, S. 1979. Sjeverna zona, in A. Benac (ed.) 
Praistorija Jugoslovenskih Zemalja (Prehistory of Yugoslav 
Countries): 229–362. Sarajevo: Centar za balkanološka 
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