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Foreword by Evgeniy N. Chernykh

I have been waiting for this book for more than four
decades! When I published ‘Mining and Metallurgy in
Ancient Bulgaria’ (Gornoe Delo i Metallurgiya v Dreivneishei
Bolgarii, in Russian) in 1978, 1 was hopeful that the
impetus given to Balkan archaeometallurgy with it and
the excavation projects in Rudna Glava, Durankulak or
Varna would have resulted in more in-depth analysis of
metallurgical materials that could then reveal the much
sought-after origins of Balkan metallurgy and settle
the debate on independent vs diffusionist perspectives.
It took another 30 years for the first secure evidence
for copper smelting to show up in the now much
cited publication by Radivojevié et al. (2010a), which
ultimately gave way to this monograph and set out the
vision for the Rise of Metallurgy in Eurasia project. While
reading it, I have been personally humbled to learn that
my 1978 book was the main inspiration for pursing the
origins of metallurgy research by Radivojevi¢, Roberts,
Rehren and their team, and I therefore remain grateful
for the honour to being amongst the first readers of this
outstanding scholarly achievement.

This is a major publication both on the evolution of early
metallurgy in the ‘Old World” and on the Central Balkan
archaeology of the 6th and 5th millennia BC. It provides a
highly detailed investigation into the dating, technology
and organisation of metallurgy in the Vinéa culture,
which covers the mentioned chronological spread. The
excavation and recording of the sequences at key sites
of Belovode and Plo¢nik, with accompanying analysis
of the ore and metal analysis from the earlier projects
throughout the Balkans presents a clear archaeological
and archaeometallurgical framework. The radiocarbon
dating programme that follows meticulous excavation
and recording, as well as Bayesian modelling, yields the
much welcome confirmation of c. 4900 BC as extremely
secure evidence for one of the earliest known copper
smelting in the world. The monograph, however, goes
beyond the two key sites, and far beyond the last
major Vinla site publication (e.g. Selevac in 1990 by
Ruth Tringham). The scale and diversity of evidence
presented and reviewed offers a holistic perspective on
early metallurgy and society in the wider Balkan area.

The emphasis on incorporating the broader
archaeological / societal context is clear from the
beginning, and leads to the excavation reports, surveys
and post-excavation analyses at Belovode and Plo¢nik
with an exceptional level of detail, specialist reports
and encyclopaedic knowledge on the variety of topics,
including information that has been missing in the few
publications over the previous decades of exploration
at both sites. The highlights of these sections are most
certainly the confirmations of the secure age of the
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metal smelting activities very close to the beginning of
the 5th millennium BC, as already argued in Radivojevi¢
etal. (2010a), together with the importance of black and
greenores for metal extraction. Anotherhighlight comes
from meticulous research on the connection of pottery
and metallurgical technology, successfully targeting
yet another several decades old scholarly dilemma
on the connectedness of these two pyrotechnologies.
The richness of accompanying research on plants and
animals, various stone technologies and landscape
features offers an unprecedented contextualisation
of the development of metallurgical knowledge that
takes the readership beyond the focus on workshops,
to people - their everyday lives and interaction with
the environment and other communities at the time.
While admittedly the geophysical surveys on both sites
reveal a largely complete perspective on their spatial
organisation, the excavation campaigns at both sites
were naturally far smaller in scale owing to the depth
and complexity of the archaeological sequences at both
sites.

The heavy focus on the excavation methodology,
findings and analytical procedures on materials from
Belovode and Plo¢nik in the first three sections of
the monograph stands as a kind of a final excavation
report on its own; yet the following section provides an
invaluable and very extensive collection of synthetic
chapters on the Neolithic-Chalcolithic in the Central
Balkans by emerging and leading specialists. This
section almost stands as a second volume of this
monograph, whose readership will likely be far
wider than the previous sections focused on two key
sites. As the most precious point that I take with me
is the conclusion on the importance of community
cooperation in performing the metallurgical activities,
and the value of shared household spaces and practices
across the Chalcolithic villages. It also stands in contrast
to much repeated ideas on the emergence of elites and
social inequality in the Balkans, which does not have
much support in the evidence from across the region
(see also Poréié 2019).

Finally, the global perspective section engages in a
stimulating discussion on the place of early Balkan
metallurgy in the interpretation of global early
metallurgies and argues convincingly for the need
to shift paradigms from unfruitful pursuits into the
origins of social inequality to the narratives tailored
to each context individually and with a strong focus
on detailed technological analysis that go beyond
reporting tables with compositional data. The
cutting-edge approaches such as complex networks
analysis reveal a completely novel world of research



opportunities to explore patterns of cooperation, as
means to re-evaluate the concept of archaeological
culture, as well as to probe established ideas, such as
metallurgical provinces established in my previous
work. I am pleasantly surprised by how much these
novel approaches underline and expand the potential
of defining metallurgical provinces on the basis of
shared technological knowledge and I will be looking
forward to future explorations on this topic.

There is certainly no shortage of material for future
research and debate. If anything, the lead authors of this
section set a bold challenge for prospective research
by indicating points that they wish they could have
done within this project (e.g. environmental analysis),
and invite new generations to benefit from their
fully accessible excavation and analytical database in
exploring novel avenues for research. The final points
that come closer to my work target the crucial role
that Balkan metallurgy played in starting the wave of
technological changes across the Eurasian Steppe in
the Bronze Age, which authors mention as yet another
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challenge to address with greater analytical detail
and focus on transmission of the metal production
knowledge.

Finally, what this monograph has largely shown
goes beyond the Balkan archaeology and metallurgy,
and that is the power of archaeomaterials research
in exploring the topics of technological invention,
innovation, and its transmission. From the micro detail
of identifying manganese-rich copper ores as the
primary source of the world’s first metal to the macro
detail of revealing patterns of cooperation amongst
metal using communities, this project sets a very high
bar for any similar research in the future and highlights
the necessity for multidisciplinary research and hence
cuts to the core of what archaeology is: a multi-faceted
endeavour that keeps growing and benefiting from
cross-disciplinary achievements. This monograph fully
owns its title, as much as it will own the shelves of a
global readership for many decades to come.

Moscow, 18.5.2021



Foreword by Barbara S. Ottaway

Most studies of the beginning of the earliest European/
Eurasian metallurgy have centered on the Balkans.
Anyone interested or working in this field had to
master the complex local prehistory of Bulgaria,
Romania, Hungary, Serbia and Croatia of the late
Neolithic, Eneolithic or Chalcolithic period. Much of
this literature was not available in English.

This has now been elegantly resolved by the publication
of the ‘The Rise of Metallurgy in Eurasia’, edited by
Miljana Radivojevi¢, Benjamin W. Roberts, Miroslav
Marié, Julka Kuzmanovié Cvetkovié¢ and Thilo Rehren. In
this monograph the reader will find succinct summaries
of the archaeology and periodisation of these cultures
in the Balkans in clear and very readable English.

This forms the background to new excavations at two
sites: Belovode and Plo¢nik, which have been executed
in exemplary fashion. The digitised methodological
excavation techniques, supported by numerous
radiocarbon-dated events and layers, has produced a
great amount of new information. This not only allows
the authors to date the start of new developments
and activities, but it also provides a precise absolute
chronology for the occupation of both sites.

The wealth of cultural heritage of the Balkans has
been enriched by the many specialists presenting
their post-excavation results of Belovode and
Plo¢nik. This provides much needed information
on subsistence strategies through archaeobotanical
and zooarchaeological results. A study of settlement
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patterns, using geomagnetic data, has given us the
estimates of overall size of the settlements, number of
houses as well as estimated population size of the later
Vinca period.

However, the most exciting results are that both
Belovode and Plo¢nik have provided clear evidence of
the earliest, experimental stages of metal production
using green-black copper ores in the early levels. This
phase was followed by more successful, sustainable
smelting of the same copper ore. Furthermore, it has
been shown that the smelting of copper ore at both
sites was a natural progression of working with green
malachite, used for the production of beads, in the
earliest levels of the settlements.

This, together with the Vinda settlers experience in
pyrotechnological knowledge, gained in the production
of black-burnished pottery, convincingly argues for a
local, independent development of metal production at
Belovode and Plo¢nik. Furthermore, the progression of
metallurgical experience gained by the settlers reflects
their ability and competence in performing the entire
chaine opératoire of smelting, melting and working copper.

The authors are to be congratulated in successfully
carrying through and publishing this ambitious project.
The entire data has also been made available online,
encouraging further research using their results.

Exeter, 24.5.2021



Foreword by Stephen J. Shennan

Since at least the 1960s the Balkan Copper Age has come
to be seen as a salient topic in European prehistory, one
that has to be covered in introductory Archaeology
courses. The reason for this is the extraordinary richness
of its archaeological record. Its settlement record is
outstanding, its figurines striking, its painted pottery
of extraordinary elaboration and its large numbers
of copper axes remarkable. The initial impression of
its exceptional nature that emerged from large-scale
excavation programmes after WWII was only confirmed
when the gold inventories of the burials in the Varna
cemetery began to be published in the 1970s. However,
there was also another aspect of the Balkan Copper Age
that attracted attention: its date. Using his knowledge
of the stratigraphic sequences from recent Balkan
excavations together with the gradually increasing
number of radiocarbon dates and his awareness of
the need for their recalibration, Colin Renfrew, in
his famous 1969 paper in Proceedings of the Prehistoric
Society, showed that the long assumed chronological
correlation between the Vinca culture and the Troy
Early Bronze Age was fallacious. The developments
of the Balkan Copper Age, most importantly the
metallurgy itself, were at least a millennium earlier
than previously believed, and much earlier than the
sources from which they had been thought to derive:
they were autonomous.

In The Rise of Metallurgy in Eurasia Radivojevi¢ and Roberts
and their colleagues offer a compelling new vision of
Balkan Copper Age metallurgy and its significance, while
confirming Renfrew’s claim of its autonomy. The work
is a model of 21st century interdisciplinary research. It
combines question-oriented fieldwork, deep technical
knowledge of metal-making materials and processes
and their archaeological residues, and of the analytical
methods used to obtain information about them. These
go together with a mastery of the archaeological record
of the Copper Age Balkans. The volume integrates the
results of the fieldwork programme and of the analyses
of the material it produced with those of many specialist
analytical publications that various combinations of the
volume’s contributors have produced in recent years,
to produce a synthesis that justifies its title. I cannot
begin to do justice to all its different elements and their
importance in this foreword.

The six questions that provided the agenda for the
project, addressing the ‘how’ and the ‘why’ of early
metallurgy as well as the ‘what’ and the ‘when’ as the
project leaders put it, are systematically addressed
and answered. Understanding the ‘how’ of early
Balkan copper smelting is especially difficult because
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it has left so few traces in the form of slag, while the
furnaces seem to have been no more than sherd-lined
holes in the ground, whose remains are evanescent and
therefore difficult to find. The project has overcome
these difficulties and made major advances in the use
of archaeological evidence for identifying the processes
of metallurgical innovation. It has confirmed the
independent beginning of copper smelting in the
Balkans at ~5000 BCE based on the use of distinctive
black-and-green coloured copper minerals, visible
traits that provide a phenomenological basis for
understanding the choices made by the first metal
producers. The innovative smelting of these minerals,
confirmed by evidence from slag analysis, resulted in
the development of a process that continued in use
for hundreds of years, using ore sources in eastern
Serbia. The recognition of the importance of this black-
and-green colour choice also neatly makes sense of
the appearance of early tin bronze as a result of the
exploitation of similarly-coloured copper-tin ore, as
well as the non-use of less colourful copper minerals.

The consistency of the methods used is one of the
many interesting features of the organisation of copper
production that has emerged from the project, as is
the evidence of the use of multiple ore sources, even
if the famous excavated early mine at Rudna Glava
remains an enigma. Another is the results of the copper
smelting experiments that were carried out, showing
that the process would have needed a team of people
to bring it to a successful conclusion. Even if one of
these team members had more expertise (including
magical knowledge) than others, it is hard to see how
the process could have been kept a secret, as many
have argued in the past. In fact, the authors suggest,
the evidence that pieces of copper ore were found very
widely across the two sites excavated indicates that
every household was probably producing metal. Given
the small scale of any given production event in a hole-
in-the-ground furnace, less than needed to produce a
single axe, they must have been frequent. Knowledge
would have been community wide. Together with the
fact that different communities used ore from the
same sources, this helps to explain the widespread
uniformity in production techniques. Even if details
passed on to other communities were inexact or
incorrect, the possibilities would ultimately have been
limited by what worked. Importantly, knowledge of
the technology was sufficiently widespread that metal
production did not cease with the end of the Vinca
culture but continued elsewhere in the Balkans till the
end of the 5th millennium: it was resilient rather than
fragile in Valentine Roux’s terms (2010).



In her studies of stone-bead making and of the use of
rotative kinetic agenda to make wheel-turned pots
Roux (e.g. Roux et al. 1995) emphasises the length
of apprenticeship involved in becoming an expert -
time taken that effectively excludes them to at least
some degree from other activities. The widespread
distribution of the evidence from Belovode and Plo¢nik
would seem to suggest that copper smelting was not
a specialist activity in the same way, perhaps because
it did not require the acquisition of highly controlled
embodied know-how taking years to acquire, for
example the skill to produce exceptionally long flint
blades. Once the key discoveries had been made and a
successful recipe developed, just about anyone could do
it if they had access to the relevant ores, and there were
no barriers to entry in the form of expensive or difficult
to build installations.

As Radivojevi¢ and Roberts argue in their final chapter,
the recognition that metal smelting was not an exclusive
activity goes a long way towards undermining the long-
assumed association of metallurgy with the growth of
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social elites and the established narratives that follow
from this assumption. This is one of the major outcomes
of their project. It is also in keeping with other recent
arguments (Por¢i¢ 2019a) against the existence of high
levels of social inequality in the Balkan Copper Age. In a
similar vein, they see metallurgy as only one element in
what Iwould call the economic growth that characterised
the Vinca period and the Balkan Copper Age more
generally, visible in increased population, increased
production and circulation of a range of material items,
and the scale of cattle-keeping. Finally, they suggest, their
work demonstrates not the autonomous development of
copper production but an autonomous development,
characterised by the specific technology they describe.

In bringing together the massive amount of research
that leads to these novel conclusions, this volume
forms the baseline for all future studies not just of
Balkan copper metallurgy but of any study of early
metallurgical innovation.

London, 30.3.2021
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Chapter 1

The birth of archaeometallurgy in Serbia: a reflection

Julka Kuzmanovié¢ Cvetkovié

The history of the study of archaeometallurgy in
Serbia begins in Plo¢nik at the moment when massive
copper tools were discovered in the Neolithic layer, in
1928. These tools were finished products, with no clues
as to where or how they were made, or to where the
ore originated. The beginnings of archaeometallurgy
in this region were a major research topic for the
academic Borislav Jovanovié, whose doctoral thesis
was entitled ‘The Metallurgy of the Eneolithic Period
of Yugoslavia® (Jovanovi¢ 1971). While exploring
Rudna Glava, a Neolithic copper mine, he discovered
the foundations of the craft (Jovanovié¢ 1978, 1980); in
Plo¢nik, where metal-cast objects were discovered, he
found its conclusion.

Jovanovi¢’s research led him to suggest what was to be
confirmed much later by exact analyses - that copper
metallurgy originated in the Balkans (Radivojevi¢ et
al. 2010a). He received affirmation for this claim from
the scientific world, initially by Colin Renfrew in the
UK, who had also considered the metallurgy of copper
indigenous to the Balkans (Renfrew 1969). Following
in Jovanovi¢’s footsteps in Serbia, Savo Derikonji¢
discovered Neolithic mines at Jarmovac near Priboj
(Derikonji¢ et al. 2011). In 1995, at the site of Belovode,
Dusan Sljivar found materials later to be identified as
the earliest copper slags (Radivojevié et al. 2010a), then
Dragana Antonovi¢ excavated the Eneolithic mine of
Mali Sturac (Antonovié¢ and Vukadinovié¢ 2012), and
several other copper items were found at Plo¢nik (Sljivar
2006). Finally, Miljana Radivojevié (then an MSc student)
confirmed what Jovanovi¢ had hypothesised back in
1971 by performing in depth technological analysis
on archaeometallurgical materials from Belovode,
Plo¢nik, Vin¢a, Gomolava and Gornja Tuzla (Radivojevié
2012). Perfecting her knowledge of archaeometallurgy
through Master’s and doctoral studies at University
College London (UCL) Institute of Archaeology with
the help of her mentor Thilo Rehren, Radivojevié
expanded and developed the story of Plo¢nik with the
major project that has resulted in this monograph. This
chapter provides a brief history of archaeometallurgy
in Serbia and explains the context within which the
recent project was undertaken between 2012 and 2015.

In 1928, when copper tools were discovered accidentally
during the building of the Ni$-Pristina railway in the
village of Plo¢nik, 42 km from Nis, they were sent,
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together with pieces of ceramic pots, to the National
Museum of Belgrade. The following year, a rescue
excavation was undertaken, which recovered another
cluster of copper tools. At the time, it was believed
that although the copper artefacts were found in the
Neolithic layer of the settlement, they had been stored
at a later date, in the Eneolithic (or Chalcolithic)
era. Indeed, the entire site was considered to be the
Copper Age by the Head of Research, Miodrag Grbic.
The work was published as ‘Plo¢nik-Aeneolithische
Ansieldung’ (Grbi¢ 1929). Many years later, two further
concentrations of copper objects were discovered:
one in 1964, during the digging of foundations for a
wool processing facility and a second in 1968, during
engineering work on the Prokuplje-KurSumlija road
(Stalio 1964; Stalio 1973).

Further research at Plo¢nik, led by BlaZenka Stalio, was
carried out intermittently between 1960 and 1978. This
resulted in the discovery of an abundance of baked clay
material, and another metal tool—a chisel—was found
on the floor of a house feature. The results of the survey
were only partially interpreted; Stalio did not deal
more thoroughly with the copper finds although she
published an article on the third group of tools (Stalio
1964).

In 1973, when a fourth cluster of tools was discovered
at Plo¢nik (Stalio 1973), Borislav Jovanovi¢ had his
research running at Rudna Glava, a group of prehistoric
mines where copper ore was extracted during the
Vinca culture period. Jovanovi¢ laid the foundations for
the study of archaeometallurgy in Serbia, based on his
research of the oldest mining shafts in Serbia, where
Vinla pottery amphorae and other characteristic
material was discovered (Jovanovié 1982).

As there were several sites with traces of ancient
metallurgy, Jovanovi¢ worked with The Institute for
the Protection and Scientific Study of Cultural Heritage
of the Republic of Serbia to establish the Commission
for Cultural Goods of Archaeology and Industrial
Archaeology which, in turn, initiated the publication
of the ‘ARHEOMETALURGIJA’ (Archaeometallurgy)
magazine in 1995. The sixth issue of this magazine, in
1998, was entitled ‘The Oldest Metallurgy of Copper on
the site of Plo¢nik near Prokuplje, a settlement of Vinca
culture’ (Sljivar and Kuzmanovié¢ Cvetkovié 1998a). It
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was dedicated to the discoveries at Plo¢nik. A poster
was designed representing Rudna Glava, ore mining
and the final products, a copper chisel and an axe from
Plo¢nik.

Our own co-operation with Borislav Jovanovi¢ began
in Aleksandrovac in 1993, at the Annual Conference of
the Serbian Archaeological Society. We discussed the
grooved stone bats / hammerstones found in the Toplica
region and in the village of Macina near Prokuplje,
together with Vinla ceramics. These were a clue to
prehistoric mining. With my colleague Du3an Sljivar,
who succeeded BlaZenka Stalio at the National Museum
in Belgrade, 1 started making plans for the renewal of
research at Plo¢nik (representing the National Museum
of Toplica). It seemed to us that the site had not been
fully explored and interpreted. But it was not at all
simple. One of the aggravating circumstances was the
opinion of Milutin GaraSanin, who had created the
periodisation of the Vinéa culture and placed Plo¢nik in
the earlier phase of Vinca culture, and who considered
the Neolithic to be completely explained. In a book
written by Miodrag Tomovié, based on a conversation
with GaraSanin, T read his (GaraSanin’s) opinion that
Neolithic sites were being excavated by curators of
provincial museums in order to fill the display cases
with material! I must admit that this statement angered
me at the time. I respected the Professor’s opinion but
could not agree with it.

When the 600th anniversary of Prokuplje was
commemorated in 1995, a scientific gathering
of ‘Prokuplje in Prehistory, Antiquity and the
Middle Ages’ was held at the National Museum of
Toplica in Prokuplje. This gathering was attended
by archaeologists working on the sites within the
Municipality of Prokuplje, including Petar Petrovié
(then Director of the Archaeological Institute), Borislav
Jovanovié, and my colleague Jovan Glisi¢ with the
Department of Archaeology from Faculty of Philosophy
in Belgrade. When visiting Plo¢nik, Borislav and Jovan,
our colleagues who had explored Vinca culture sites
for years but had not previously had a chance to see
Plo¢nik, were delighted with the almost 4 m high profile
- layers revealed by the Toplica river. In short, one of
the conclusions of the gathering was that research
at Plo¢nik should certainly be continued, especially
with respect to archaeometallurgy, and that this
research should be organised by the National Museum
of Belgrade and the National Museum of Toplica. The
following year, we cleaned up a 30 m profile to clarify
the vertical stratigraphy. By hiking around the site, we
identified the wider area it had occupied.

The next year, 1997, was important because we found
an eyewitness, Radovan Zdravkovi¢, to the excavations
carried out in 1927, and were able to clarify the

conditions of the discovery of the third tool store
(Sljivar and Kuzmanovié Cvetkovié 1998b). Radovan
explained that he had found copper tools on the wider
surface of the trench, in a deep layer of ash. When we
opened a trench immediately beside the foundations
of his house in the village of Plo¢nik, we discovered a
workshop and two magnesite axes. Radovan gave us a
chisel that he had kept as a memento, bringing the total
number of known copper artefacts from Plo¢nik at that
time to 38.

We had previously learned that the findings from
the railway building were not grouped together, so it
was clear to us that this was not another storeroom.
The copper chisel from the trench found in 1978 was
the first indication that the copper objects were from
the cultural layer, from the Gradac Phase of the Vinca
culture (Sljivar 1996). By charting the finds, we saw
that all but one of the copper items were found in the
western part of the site, and concluded that this was
the metallurgical, craft-focussed area of the settlement
(Sljivar and Kuzmanovié Cvetkovié 1997a).

At the end of 1997, a meeting of the prehistoric section
of the Serbian Archaeological Society was held at the
National Museum in Belgrade, and reports from the
excavation of prehistoric sites, primarily Belovode and
Plo¢nik, were on the agenda. The meeting was chaired
by Milutin GaraSanin and Borislav Jovanovi¢. DuSan
Sljivar, the Head of the Research, spoke about Belovode,
and I presented the latest results from Plo¢nik. There
was a coffee break and then Borislav arrived at the
meeting. I still remember how he told us that Milutin
was furious, since what we were talking about ruined
his chronology.

We conducted no excavations during 1999; this was the
year of the NATO bombing of Serbia, and the country
was slowly recovering after four months of air strikes.
At the annual assembly of the Serbian Archaeological
Society, in Belgrade, in his introductory speech,
GaraSanin spoke about the metallurgical aspect of
Vinca culture.

In 2000, the proceedings of the scientific gathering
in Prokuplje were finally published, and a launch was
organised at the National Museum in Belgrade. One of
the speakers at the event was Milutin Garasanin. Others
included Miloje Vasi¢, Director of the Archaeological
Institute, Dragoslav Marinkovié, Director of the National
Museum of Toplica, and academic researchers Borislav
Jovanovi¢ and Ivana Popovié. Most of the meeting was
yet again dedicated to Plo¢nik which was discussed
by both GaraSanin and Jovanovié. At the end of the
official part of the launch, we showed the professor the
monumental head of a figurine, accidentally discovered
at Plo¢nik and a pitcher, both finds from the Gradac
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Phase (Kuzmanovi¢ Cvetkovié and Sljivar 1998). He was
thrilled when he saw and held the finds for the first
time. He praised our work and wished us luck in our
further work. We were very relieved, being aware that
we were introducing changes into already established
schemes, to know that Professor Gara$anin agreed with
our findings.

At the same time, my colleague DuSan Sljivar was
conducting research at Belovode, near Petrovac on the
Mlava, expecting to find traces of copper processing,
since significant quantities of copper ore, malachite,
had been found on the site.

Also in 2000, during excavations at Plo¢nik in November,
we found a piece of copper chisel in a trench in the
western part of the site. The chisel was a sensation.
That was also the year in which the research team was
joined by Miljana Radivojevi¢, an archaeology student
from Prokuplje with local origins in the village of
Macina nearby Prokuplje, where Vinca culture grooved
hammerstones were found, and who had decided to
engage in archaeometallurgy.

We found a further chisel in 2004 and then another in
2007, on the floor of the workshop in Trench 20 (Sljivar
and Kuzmanovi¢ Cvetkovi¢ 2009a). During those years,
a piece of slag—a product of copper smelting—was also
found at Belovode (Radivojevic et al. 2010a; Radivojevié
and Kuzmanovié¢ Cvetkovi¢ 2014). All the pieces were
coming together. We were hoping for more extensive
excavations, and to benefit from international
cooperation and recognition. Our colleague Miljana
Radivojevi¢ travelled to London during that period,
to continue studying archaeometallurgy at the UCL
Institute of Archaeology, where we were hoping that
she would be able to undertake scientific analyses.

During the spring of 2010, Radivojevi¢ and her mentor
from the UCL Institute of Archaeology, Thilo Rehren,
arrived at the National Museum of Belgrade. They took
more samples for analyses from the site of Belovode,
and Professor Rehren gave a lecture at the Faculty of
Philosophy. In the autumn of the same year, at the time
of excavations in Plo¢nik, we held the Second Balkan
Metallurgical Workshop in Prolom Banja. Radivojevié
gathered a team of experts from Britain, Germany,
Bulgaria and, of course, Serbia. The organisers were
the National Museum of Toplica and CRAM (Center
for Research of Archaeological Material, Faculty
of Philosophy, Belgrade). JSC ‘Planinka’, a tourism
organisation from KurSumlija, with whom we had
already established links at Plo¢nik, enabled us to work
smoothly at their business premises. Some important
researchers of European archaeometallurgy were there
with us, at ‘the end of the world’, as Ernst Pernicka
wittily remarked. It was a validation of previous efforts

and the promise of new opportunities for studying the
beginnings of metallurgy in Serbia.

At the end of 2011, news arrived that a large project
The Rise of Metallurgy in Eurasia: Evolution, organisation
and use of early metal in the Balkans had been approved
in the UK, supported by the Arts and Humanities
Research Council. On the UK side the holder was UCL
Institute of Archaeology; the partners from Serbia
were the National Museum of Belgrade, the National
Museum of Toplica and the Homeland Museum from
Priboj. The project would last three years, from 2012
to 2015, with excavations conducted in the first two
years at Belovode, Plo¢nik and Jarmovac near Priboj.
The results would be summarised, and a monograph
would be prepared in the third year. The agreement was
signed at the National Museum in Belgrade, attended
by the British Ambassador to Serbia, the Director of
the UCL Institute of Archaeology, researchers Thilo
Rehren, Ernst Pernicka and Ben Roberts, and from the
Serbian side by the Minister of Culture, myself as then-
Director of the National Museum of Belgrade, and Savo
Derikonji¢, the Director of the Homeland Museum from
Priboj. As a student from Serbia undertaking doctoral
studies in London, Miljana Radivojevi¢ provided the
link between the two teams: she had created the
concept and shaped the entire project with the help of
colleagues who believed in this project and wanted it
to succeed.

It seemed as though our dreams were becoming reality.
Finally, we had the opportunity to excavate for another
two years and then to carry out numerous analyses, the
facilities for which we simply didn’t have in Serbia. It
was a chance for an international team of experts to
study the entire course of copper ore processing from
the mine in Priboj, through Belovode where copper slag
had already been found, to Plo¢nik which had finished
products - i.e. the entire production chain.

One trench per site was investigated at both Belovode
and Plo¢nik. The excavations produced expected
results: at Plo¢nik, a part of the house, an abundance
of ceramic material, tools made of bone and stone, and
two pieces of copper jewellery - alink and a ring. Almost
the same team worked at both sites, including manager
Dusan Sljivar, Miljana Radivojevié, Benjamin Roberts,
Silvia Amicone, Miroslav Mari¢, Neda Mirkovi¢, Milica
Rajici¢, Aleksandar Jablanovié, Jugoslav Pendié, Marija
Savié, Nina Drakulovié, Safa Zivanovié, Marija Svilar,
Jovan Mitrovi¢ and Jasmina Zivkovié (from the Petrovac
on Mlava Museum).

Reconnaissance and recording of the mine at Jarmovac
were also undertaken by the German Mining Museum
in Bochum team led by Dr Peter Thomas. Ground
penetrating radar surveys were carried out at Belovode
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and Plo¢nik by a team from the Roman-Germanic
commission led by Knut Rassmann, in order to
determine the spatial plan and extent of both Belovode
and Plo¢nik.

The final part of the research was an experiment in ore
smelting at the Plo¢nik site, within the archaeological
park. The experiment was designed and organised
by Miljana Radivojevi¢. The team that performed the
experiment included experts from the UK, Germany,
Canada, China, Thailand, Italy and Serbia. Employees
of the National Museum of Toplica also took part, as
well as local residents from the villages of Plo¢nik and
Blace, who had also worked on the excavations. Over a
period of two days and one night, 12 experiments were
performed, in the presence of numerous colleagues
from Serbia, Bosnia and Bulgaria. The experiment was
a great attraction: an event for all of us and a spectacle
for the audience since they were given the opportunity
to participate and contribute.

The bibliographic reference for this chapter is:

Kuzmanovi¢ Cvetkovié, J. 2021. The birth of
archaeometallurgy in Serbia: areflection, in Radivojevi¢,
M., Roberts, B. W., Mari¢, M., Kuzmanovi¢ Cvetkovi¢, J.,
and Rehren, Th. (eds) The Rise of Metallurgy in Eurasia:
3-6. Oxford: Archaeopress.

We smelted copper in the same manner as in prehistoric
times, surrounded by teams of people blowing air
through the pipes made by our colleague Milija Raki¢
out of elderberry wood, and also using bellows made
of goat skin as well as a ceramic cylinder (aka Serbian
sulundar) made of clay. We smelted the copper and then
poured it into a clay mould to produce a small tool and
aring, After the excavations were completed, we began
processing the material and conducting additional
analyses, the results of which are now presented here.

This monograph is far from a final say on the lives of
metallurgists of Belovode and Plo¢nik. Rather, what
is hoped is that it shifts the story of these sites into
well-researched and thoroughly analysed settlements
that will offer inspiration for many more generations
to come. We are hopeful that they will pick up our
leads and do more and better than we did, particularly
empowered with more new technologies and analytical
opportunities. This is for them.



Chapter 2

The Rise of Metallurgy in Eurasia: Evolution, organisation and
consumption of early metal in the Balkans: an introduction to the

project

Thilo Rehren, Miljana Radivojevi¢ and Benjamin W. Roberts

The study of early metallurgy has many aspects and
has, accordingly, taken many forms and foci (Rehren
and Pernicka 2008 and literature therein). Some
scholars have documented the morpho-typological
evolution of artefact types and some have explored the
role of metals in creating social hierarchies, in storing
and displaying wealth, or the more transcendent role
of metals in a variety of rituals. Other researchers are
fascinated by the skills and technical achievements
of the metalworkers and their intangible heritage
as expressed in intricate castings, ingenious
manufacturing methods and elaborate surface
decorations. Yet others study the transformation of
rocks and ores to metal as documented in the slags
and furnace fragments or try to trace the geological
origins of metal objects, as a proxy for the movement
of people, materials, and ideas. The investigation
of ancient mining extends well beyond the field of
archaeometallurgy, with mines for flint, pigments,
precious stones and salt all pre-dating metal smelting,
and quarrying for building stone exceeding metal
mining both in scale and value generation (e.g. Schauer
etal. 2020). This range of interests inevitably implies the
application of a multitude of methods, borrowed from a
host of mother disciplines, adjusted and refined to form
the interdisciplinary field of archaeometallurgy. It also
makes any holistic project both a daunting prospect
and an exercise in interdisciplinary diplomacy.

The Rise of Metallurgy in Eurasia project did not, of
course, spring into existence in a vacuum. The subject
of early metallurgy in the Balkans has attracted
scholarly attention for almost a century and was closely
associated with early 20th century investigations of
Vinla-Belo Brdo, the eponymous settlement of the
Vinca culture (c. 5400 - 4600 BC) (Vasi¢ 1932-1936), the
discovery of metal artefacts at the tell settlement of
Ploénik (south Serbia) (Grbi¢ 1929), and the excavation
of Vinla-style pottery in copper mining shafts at
Jarmovac in southwestern Serbia (Davies 1937). The
Balkan Peninsula, and specifically its northern part,
subsequently became a major focus for scholarship
concentrating on early mining and metallurgy, as
manifest, for instance, in:
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e The excavation of the copper mining sites

of Rudna Glava in Serbia and Ai Bunar in
Bulgaria (Chernykh 1978a; Jovanovi¢ 1971, 1980,
1982), which were the subject of pioneering
provenance studies (Pernicka et al. 1993; 1997).
These two sites were identified as the central
nuclei of the Carpatho-Balkan Metallurgical
Province (CBMP), which has served as a highly
influential model in understanding community
inter-connections across the Balkans and the
Eurasian Steppes (Chernykh 1978b, 1992, 2013;
Chernykh and Kuzminykh 1989; Chernykh et al.
2004; Kohl 2007; Koryakova and Epimakhov 2007;
Kuzmina 2008; Yang et al. 2020). The abundance
of copper deposits and the general richness of
polymetallic veins across the Balkans has been
discussed at length as crucial for early access to
minerals and experimentation (e.g. Bogdanov
1982; Jankovié 1967, 1977, 1982; Jelenkovié 1999;
Monthel et al. 2002; Neubauer and Heinrich 2003;
Pernicka et al. 1993, 1997; Sillitoe 1983) and it is
worth noting that this rich metallogenic profile
still supports a key industry in the modern era in
the region.

The application of radiocarbon dating and,
subsequently, archaeometallurgical research,
which together revealed both the earliest
known dates and the characteristics of copper
metallurgy, and accompanying evidence for
the independent invention of this technology
in the Balkans (Glumac 1991; Jovanovié 1980;
Jovanovi¢ and Ottaway 1976; Pernicka et al. 1997;
Renfrew 1969; Ryndina and Ravich 2000, 2001;
Todorova 1978). The recent analysis of copper
slag at the eastern Serbian Vinca culture site
of Belovode, dating to c. 5000 BC (Radivojevié
2013; Radivojevi¢ and Kuzmanovié Cvetkovié
2014; Radivojevi¢ and Rehren 2016; Radivojevié
et al. 2010a), subsequently reignited the debate
around the multiple inventions of metallurgy
across Eurasia (see Montero-Ruiz et al. 2021;
Pearce 2015; Pernicka 2020; Radivojevi¢ 2015;
Roberts and Radivojevi¢ 2015; Roberts et al.
2009; Rosenstock et al. 2016). Accordingly, the
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Balkans now has the earliest known evidence for

metallurgy with respect to:

1. lead, smelted probably from the end of
the 6th millennium BC (Radivojevi¢ and
Kuzmanovié¢ Cvetkovié 2014) but more
regularly used from the mid-5th millennium
BC in the central Balkans (Glumac and
Todd 1987) and later in the eastern Balkans
(Hansen et al. 2019);

2. copper, smelted from c. 5000 BC onwards
in eastern Serbia (Radivojevi¢ 2013;
Radivojevi¢ and Kuzmanovi¢ Cvetkovié
2014; Radivojevi¢ and Rehren 2016;
Radivojevid et al. 2010a);

3. gold, used from c. 4650 BC onwards in
eastern Bulgaria (Higham et al. 2007, 2018;
Krauss et al. 2014, 2017; Leusch et al. 2014,
2015);

4, bronze, smelted as a natural alloy from c.
4650 BC in southern Serbia and found across
Bulgaria (Chernykh 1978b; Radivojevic et al.
2014a, 2014b; Radivojevié et al. 2013);

5. and, probably, silver, produced by
cupellation rather than occurring naturally,
by the end of the 5th/early 4th millennium
BC in Greece (Maran 2000; Muhly 2002).

e The scholarly tradition—best exemplified by the
Prahistorische Bronzefunde series—of constructing
detailed typo-chronologies of the many early
metal objects, primarily (c. 4300) copper
implements, which were then placed at the core
of archaeological narratives in the Balkans and
the surrounding regions (e.g. Antonovi¢ 2014a;
Chernykh 1992; Diaconescu 2014; Driehaus 1952-
55; Govedarica 2001; Heeb 2014; Kuna 1981; Patay
1984; Ryndina 2009; Schubert 1965; Taylor 1999;
Todorova 1981; Vulpe 1975; Zeravica 1993).

o The discovery and excavation of the spectacular
cemetery at Varna in Bulgaria, still unparalleled
in metal volume, upon which major debates
relating to the existence (or not) of elites and
the dynamics of inequalities in the 5th and 4th
millennium BC have since been played out (e.g.
Biehl and Marciniak 2000; Chapman 1991, 2013;
Chapman et al. 2006; Crnobrnja 2011; Fol and
Lichardus 1988; Hansen 2013a; Higham et al.
2018; Ivanov 1978a; Klimscha 2014; 2020; Krauss
et al. 2017; Leusch et al. 2017; Miiller 2012; Por¢ié
2012a, 2019a; Reingruber 2014; Renfrew 1978a,
1986; Slavchev 2008).

It is still the case in Balkan prehistory that metallurgy is
understood mostly through the lens of copper mining
and the typology and distribution of metal (mainly
copper and gold) artefacts, although this reflects only
two ends of the metal production process. Production
debris such as slags or crucibles, despite their rarity
(and infrequent recovery in the field and subsequent

analysis) in the archaeological record during the
Chalcolithic, provides far more information about
the metal-making recipes, and the transmission of
metallurgical knowledge or ore provenance than the
morphology of the final products or their origins (cf.
Hauptmann 2014; Killick 2014; Martinén-Torres and
Rehren 2008; Martindn-Torres and Rehren 2014; Ottaway
1994; 2001; Rehren 2003, 2008; Rehren et al. 2007). Slag,
a by-product of metal extraction, is a vitreous, usually
amorphous and often magnetic material that typically
contains traces of all components contributing to its
formation, while remaining largely resistant to post-
depositional processes and dislocation (Bachmann
1982). Slags can be found as free pieces but also
attached to the walls of crucibles, furnaces, or ceramic
fragments known as ‘slagged sherds’, as is the case for
early metal production in the Balkans (Radivojevi¢ and
Rehren 2016; Rehren et al. 2016).

Since the 1990s, the deteriorating political situation
in the Balkans hugely disrupted many early metal-
orientated archaeological and archaeometallurgical
research projects in the region. The negative impact
on fieldwork, publications and collaborations has only
recently been reversed, as evidenced, for instance, by
the success and growth of the Balkan Early Metallurgy
Symposia (BEMS) meetings in London, UK (2007);
Prokuplje, Serbia (2010); Sozopol, Bulgaria (2013); and
Targu Jiu, Romania (2015). This upsurge can also be
seen in the continued prominence of metallurgical
research within the festschrifts of major Neolithic-
Copper Age Balkan archaeologists whose students
and colleagues now occupy prominent positions in
archaeological museums, university departments
and resesearch institutes (e.g. Fortiu and Cintar 2014;
Stefanovich and Angelova 2007; Terna and Govedarica
2016). Metal-orientated scholarship is also very
evident, not only in the classic and still influential
conference proceedings published as Die Kupferzeit als
Historische Epoche (Lichardus 1991a), but also in more
recent proceedings from three major international
conferences published on the region: The Neolithic and
Eneolithic in Southeast Europe (Schier and Drasovean
2014); Neolithic and Copper Age between the Carpathians
and the Aegean Sea: Chronologies and Technologies from the
6th to the 4th Millennium BC (Hansen et al. 2015); and Der
Schwarzmeeraum vom Neolithikum bis in die Friiheisenzeit
(6000-600 V. Chr) (Schier and Nikolov 2016). It is however
less prevalent in the most recent conference Formation
and Transformation of Early Neolithic Lifestyles in Europe
(Krauss et al. 2020). All reflect the persistent depth and
influence of German scholarship - and the increasing
use of English in publications.

Narratives on the emergence and evolution of Balkan
metallurgy have always been modelled against
developments in the Near East (or more precisely
Southwest Asia) following a much embraced trend in
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scholarship from the late 19th century onwards that
proclaimed ‘Ex Oriente Lux’ or ‘light from the east’ to
explain the emergence of ‘European civilisation’, as
argued influentially by Montelius (1899) and Childe
(1930). The transmission of farming technologies,
products and practices as well as new pyrotechnologies
such as ceramics from the Near East to Anatolia and
onwards to the Balkans in the mid-7th millennium
BC is, indeed, very well evidenced and clearly
established in both past and more recent scholarship
(see de Groot 2019; Shennan 2018; Whittle 2018). This
earlier confirmation of the ‘Ex Oriente Lux’ model has
consistently created a strong intellectual paradigm
for a Southwest Asian metallurgical origin that only
a few individuals such as Renfrew (1969), Jovanovié
(1971), Ottaway (Jovanovi¢ and Ottaway 1976) and
Todorova (1978) have challenged, arguing instead for
the independent origins of Balkan metallurgy. Against
this backdrop we appreciate immensely the resumption
of the Belovode and Plo¢nik excavations with the clear
agenda of Sljivar and Kuzmanovié¢ Cvetkovié (1998) to
demystify the Vin¢ametallurgy debate despite scholarly
resistance at the time. The decade-long, painstaking
archaeological work of D. Sljivar and J. Kuzmanovié
Cvetkovié¢ at Plo¢nik, and of D. Sljivar at Belovode
with their Archaeometallurgy in the Vinca Culture Project
provided the foundations for our project. Plo¢nik, in
particular, had been known for almost a century as a
major metal-yielding site (Grbi¢ 1929), even though the
majority of copper finds from the site stem from hoards
rather than potential production contexts. However,
it was D. Sljivar’s work at Belovode and his joint work
with J. Kuzmanovi¢ Cvetkovié in Plo¢nik that eventually
enabled the identification of the first real copper
smelting slag from a Vinca culture site (Radivojevié et
al. 2010a). It was their joint early mentoring of one of
us (MR) which ultimately led to the formation of the
current research team. While J. Kuzmanovi¢ Cvetkovié¢
fully participated in bringing this monograph to
fruition, we deeply regret that for reasons beyond our
control D. Sljivar felt unable to join us for writing up
this project. His absence from the team was not for lack
of trying from our side to integrate him, and we put
on record here our debt of gratitude for his important
early work at Belovode and beyond, his mentoring and
full support of our early studies, and the essential role
of the National Museum in Belgrade and its staff for the
study of the early metallurgy in Serbia and the wider
Balkans.

Our interdisciplinary research project, The Rise
of Metallurgy in Eurasia: Evolution, organisation and
consumption of early metal in the Balkans, funded by the
UK’s Arts and Humanities Research Council (AHRC)
connected Serbian, UK and German institutions in
what was, at the time, the largest archaeometallurgical
undertaking in the Balkans and beyond. It drew

together UCL Institute of Archaeology, Durham
University (UK), National Museum in Belgrade,
Homeland Museum of Toplica in Prokuplje, Homeland
Museum of Priboj on Lim in Priboj (Serbia), Curt-
Engelhorn Centre for Archaeometry in Mannheim,
Roman-Germanic Commission in Frankfurt, and the
German Mining Museum in Bochum. This was also an
international team, intellectually and practically led
by a Serbian scholar (MR). Three key debates were
shaping our questions. Firstly, is there a single origin
of metallurgy in Eurasia, or several? Then, how did
pre-existing technical know-how influence and inspire
the emergence of metallurgy? And lastly, how was this
early metallurgy organised across the chaine opératoire
of metal production and use, and integrated across
a range of metals and alloys? From these debates or
research themes we developed six specific questions,
aiming to understand how metallurgy was transmitted
and adopted by different communities across the
Balkans and beyond:

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. Towhat 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?

These research questions were prompted by new
insights gained during the early work at Belovode.
Having identified a smelting site within a settlement
meant that we now knew what to look for, at least in
broad terms. We also knew to look for complex networks
of ores and metals moving across the wider Balkans,
and not to limit ourselves to a single region. And we
also understood how little evidence survived from a
much larger picture, and the need to add more pieces
to the jigsaw (Pernicka 1990; Rehren 2014; Taylor 1999).
We aimed to integrate the smelting in its wider chaine
opératoire, by adding two precursor technologies: the
mining for minerals, and the firing of black-burnished
pottery, the latter long seenas havinglaid the foundation
for metal smelting. We were constrained, as always, by
the usual limitations of archaeological research: the
nature of suitable, accessible archaeological sites; the
financial and time limitations imposed by our (most
generous!) funding body; the assembled expertise of
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the team; and the unpredictable nature of luck (or lack
thereof) that dominates so much fieldwork.

The resulting project fieldwork spanned two seasons of
surveys and excavations at Belovode and Plo¢nik in 2012
and 2013 by the core project team, as well as extensive
geophysical surveys at both sites by project partners
from the Roman-Germanic Commission (RGK). There at
the copper mining site of Jarmovac in 2013 by the core
project team in collaboration with project partners at
the Priboj on Lim Homeland-Museum (Savo Derikonji¢)
and the German Mining Museum Bochum, which will
be published separately (Thomas et al. in preparation).
Beyond the fieldwork, the processes involved in copper
smelting were explored and evaluated in a series of
experimental reconstructions at Plo¢nik conducted
in 2013. Also, metal production debris from the
earlier excavations of the site of Gornja Tuzla (Bosnia
and Herzegovina) were included in the program of
laboratory analysis and will be addressed in detail
separately. Rather than simply focussing only on the
metallurgical remains, the extensive post-excavation
programme deliberately encompassed the analysis of
all material and environmental remains by a wide range
of specialists. At both Belovode and Plo¢nik, the entire
stratified sequence of excavated activities was subject
to radiocarbon dating. For the first time ever, we have
directly dated metallurgical activities in a Vin¢a culture
settlement.

The Rise of Metallurgy in Eurasia project also included
a funded PhD to undertake the petrographic and
compositional analysis of pottery from Belovode and

The bibliographic reference for this chapter is:

Rehren, Th., Radivojevié, M. and Roberts, B. W. 2021. The
Rise of Metallurgy in Eurasia: Evolution, organisation
and consumption of early metal in the Balkans: an
introduction to the project, in Radivojevié, M., Roberts,
B. W., Marié, M., Kuzmanovié Cvetkovié, J., and Rehren,
Th. (eds) The Rise of Metallurgy in Eurasia: 7-10. Oxford:
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Plo¢nik as an integral part of research into pottery
and metal technology. This doctoral thesis examined
the selection of clays, tempers, and firing conditions
with an emphasis on black burnished pottery pre-
dating the emergence of metallurgy. The results of the
PhD (Amicone 2017) are presented within this volume
(Chapters 14, 29, and 43) and have also been published
elsewhere (Amicone et al. 2020). The research also led
to a workshop and edited volume (Amicone et al. 2019).

The long gestation period of this volume was partly the
result of the changing professional circumstances and
rapidly increasing responsibilities of the lead editors,
but also due to the conscious expansion of its scope. We
realised that the traditional format of the excavation
monograph with only a limited discussion of the
newly discovered evidence in the broader regional
context was neither sufficient nor satisfactory. This
was resolved by the addition of thematic surveys of
specific phenomena from across the Balkans that also
offered an international platform to a new generation
of mainly Serbian specialist scholars.

This volume reports the outcomes of the project, the
ways in which we arrived at them, and the further work
we hope will be done, either by ourselves or by others.
The outcomes differ from those we expected when we
started and further questions arise as we reach a close.
As such, this volume is a waymark on the winding road
that is ‘research’. We place it at the mercy of the reader
and hope it will contribute to a better understanding of
the archaeology of early metallurgy and society in the
Balkans.



Chapter 3

Balkan metallurgy and society, 6200-3700 BC

Miljana Radivojevi¢ and Benjamin W. Roberts

This chapter reviews the pre-existing evidence and
interpretations for early mineral use and metallurgy in
the Balkans from the earliest use of copper minerals at
¢. 6200 BC (Late Mesolithic-Early Neolithic) to c. 3700
BC (end of the Chalcolithic). It presents the empirical
and intellectual foundations upon which the data,
analyses and interpretations of The Rise of Metallurgy
in Eurasia project builds. The early metallurgy in this
region encompasses the production, distribution and
consumption of copper, gold, bronze, lead and silver, all
being either pure metals or a natural alloy (tin bronze)'.
The chapter initially defines the geographical and
temporal scope under consideration before evaluating
the archaeological and metallurgical evidence in
relation to: mineral exploitation; mining; smelting,
metals and metal artefacts; and metal circulation.
Following each of these sub-sections is a summary of
how The Rise of Metallurgy in Eurasia project oughtto
contribute to this aspect of metallurgical activity,
setting this in relation to the project’s six research
questions as presented in Chapter 2. The chapter
concludes by highlighting the dominant interpretative
narratives relating to early metallurgy, metallurgists
and societies in the Balkans that The Rise of Metallurgy
in Eurasia project will evaluate, against all the available
and relevant archaeological and metallurgical data.

Geographies and chronologies

The cultural, historical and geographical complexities
within the widely used term ‘Balkans’ (Todorova
1997) and the influence of these upon archaeological
research (cf. Gori and Ivanova 2017) is acknowledged.
For the purposes of this chapter, although we use the
geo-political term ‘Balkans’, defined by the Adriatic
Sea to the west, the Ionian and Aegean seas to the
south (including southeast and southwest) and the
Black Sea to the east, we focus only on those sites that
have evidence of mining and metal production and/
or use during the indicated time frame. According
to the current political divisions of this space, we
recognise these sites as located in the states of Serbia,
Bulgaria, Romania, Hungary, Bosnia & Herzegovina,

! Natural alloy refers to metal alloys produced from smelting
complex ores— in this case, copper-tin bearing ores— as opposed
to those produced by exposing two or more metallic elements to
high temperature treatment through co-smelting, cementation or
alloying of metals, ores, or metallic mixtures (i.e. speiss).
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Northern Macedonia and Greece, with evidence of
the heaviest concentration of metal production and
consumption present in the first four of these countries
(see Figure 1, Table 1). However, due to the nature of
the evidence and the current debates, archaeological
and archaeometallurgical research from surrounding
geographical regions will also be drawn upon
throughout the chapter.

The relative chronological frameworks spanning the
Balkans during the absolute date range of this chapter
(c. 6200-3700 BC) are notoriously complex, largely due
to the accumulation of over a century of scholarly
traditions that have varied significantly. For instance,
in order to avoid confusion, the period related to the
emergence of metallurgy throughout southeast Europe
is referred to here as the Chalcolithic, replacing the
Eneolithic (as used in the former Yugoslavia and
Romania) or the Copper Age (as used in Hungary). The
potential confusion is especially pertinent with regard
to the use of the term Eneolithic by former Yugoslav
archaeologists, defined as starting with the beginning
of the use of metals from the mid-late 5th millennium
BC which, for Bulgarian archaeologists, correlates with
the Middle/Late Chalcolithic period, when metals had
been widespread for centuries (e.g. Todorova 1995). To
facilitate navigation through the various labels used by
Balkan archaeologists for the same phenomenon, we
will adopt the term ‘Chalcolithic’ throughout this text,
and also the (relative) Chalcolithic periodisation in the
Balkans (Early, Middle, Late and Final), as elaborated by
Bulgarian scholars.

The application of radiocarbon dating in the past
few decades and, more recently, Bayesian statistics,
has significantly influenced and strengthened the
independent and relative temporal frameworks for
Balkan prehistory between c. 6200 and 3700 BC (e.g.
BojadZiev 2002; Forenbaher 1993; Georgieva 2012;
Gorsdorf and BojadZiev 1996; Higham et al. 2007, 2018;
Krauss 2008; Krauss et al. 2014, 2017; Lazarovici 2006;
Luca 1999; Miiller 2012; Patay 1974; Pernicka et al. 1993,
1997; Orton 2017; Radivojevi¢ et al. 2010a; Schier 1996,
Todorova 1981, 1995; 2014a; Vander Linden et al. 2014;
Weninger et al. 2009; Whittle et al. 2016). This is especially
true of recent intensive radiocarbon dating and Bayesian
modelling of entire stratigraphic sequences at selected,
well-excavated sites. Major radiocarbon dating projects
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across Neolithic Europe led by Alastair Whittle (Whittle
et al. 2002, 2016; Whittle 2018) have encompassed the
sequences of the Balkan Neolithic-Chalcolithic Age
sites of Uivar in Romania and Vinca Belo-Brdo in Serbia
(Drasovean et al. 2017; Drasovean and Schier 2021; Tasié
et al. 2015, 2016a). A further radiocarbon dating project
across Late Neolithic-Early Bronze Age Greece and
Bulgaria led by Zoi Tsirtsoni has also recently been
completed (Tsirtsoni 2016b). These two major projects are
further complemented by a range of smaller radiocarbon
dating projects at specific sites such as OkoliSte in
Bosnia (Miiller et al. 2013a) and including earlier
dating programmes at Belovode and Plo¢nik in Serbia
(Radivojevi¢ et al. 2010a; Radivojevi¢ and Kuzmanovié
Cvetkovié 2014). The addition of an extensive number
of radiocarbon dates at both Belovode and Plo¢nik by
The Rise of Metallurgy in Eurasia project on the newly
excavated sequences, enables not only a refinement of
the respective site chronologies but also of the broader
chronologies of metal and ceramic pyrotechnology and
Vinca settlement activity (see Chapters 11, 14, 26, 29).

However, there frequently remains an absence of
extensive radiocarbon dating at the majority of late
7th to early 4th millennium BC sites and, invariably,
at potential copper mining sites and depositions of
metal objects across the Balkans. It is still, therefore,
the relative chronological frameworks based on
ceramic types and archaeological cultures, frequently
identified a century ago, whose absolute date ranges
are constantly being refined, as occurred recently
with Vinéa culture ceramics (cf. Whittle et al. 2016).
Furthermore, the emergence of rival national traditions
of archaeological scholarship in the 20th century across
the Balkans has frequently meant that virtually identical
archaeological phenomena whose distribution crosses
modern national borders have been assigned different
nomenclatures, an example being the Starevo-Kords-
Cris cultural complex. K6rés and Cris are the names of
the same river after which an Early Neolithic cultural
phenomenon was named in Hungarian and Romanian
respectively whilst Starcevo is the type site in northern
Serbia. This results in regional scholarship being

Table 1. Relative and absolute chronology for copper mineral (malachite) and metal-using cultures / archaeological complexes in

the ‘core’ metallurgical zone (Serbia, Bulgaria, parts of Romania) between 6200 BC and 3700 BC. Chronological framework largely

based on Schier (1996; 2014), BoyadZiev (1995; 2002) and Whittle et al. (2016). Green font = use of copper minerals (i.e. malachite
beads); red = metallurgical materials (i.e. metal artefacts, slags).

Period C14 | Vojvodina | Central West Bulgaria South Muntenia North-east Black Sea

dates Bulgaria Bulgaria Coast (west)

Balkans
Proto Bronze | 3200 Bolerdz | Cernavoda Cernavoda III Usatovo
Age 11
Galatin Yagodina
Final 3700 Salcuta IV Cernavoda
Chalcolithic Cernavoda I 1/Pevets Cernavoda I
Bodrogkeresztir
KSBh
Late 4100 | Tiszapolgar / KSBh Varna III
Chalcolithic
KodYadermen- | KodZadermen-
Middle 4450 Vinca D Gumelnia- Gumelnita- Varna I
Clezlgalizaic Krivodol-Salcuta- | Karanovo VI Karanovo VI LTINS
Bubanj hum Varna II
(KSBh)
Hamangia
Boian-Spantov Iy
Marica IV
Early 4600 Vinéa D Grade$nica Marica III- Sava /
Chalcolithic Hamangia
Vincéa C Dikilitash-Slatino | Karanovo V Boian-Vidra Poljanica 11
Late 5000 Vinca B Kurilo/Akropotamos Karanovo IV Boian I1I Hamangia IT
Neolithic Hamangia I
Vinca A Topolnica Karanovo I Hotnica

Early 5500 Starcevo
Neolithic

6200 Lepenski Vir III
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subsequently tasked with identifying the connections
between these culture-historical sequences and then
proposing new nomenclatures that integrate the pre-
existing terms.

It is therefore not uncommon to see debates on the
connections between the emergence of metallurgy and
the Gradac Phase of Vinca culture ceramic sequence, or
therelationship between the development of metallurgy
and the widespread graphite painted decoration on the
ceramics of the KodZadermen-Gumelnita-Karanovo
IV (KGK 1V) cultural complex (e.g. Amicone et al. 2019,
2020b; GaraSanin 1994/1995; Jovanovi¢ 1971, 1994, 2006;
Radivojevi¢ et al. 2010a; Radivojevi¢ and Kuzmanovié
Cvetkovic¢ 2014;Renfrew 1969; Spataro et al. 2019; Spataro
and Furholt 2020; Todorova 1995; Todorova and Vajsov
1993). As is now widely acknowledged in Balkan and
world prehistory, the creation of spatial and temporal
frameworks through the identification of similarities
and differences in materials and practices continues
to evade researchers; straightforward explanations are
unlikely (cf. Gori and Ivanova 2017; Roberts and Vander
Linden 2011; Shennan 2013). It would seem inevitable
that, despite well-argued proposals for abandoning
relative typologies and cultures in the Balkans due
to improved and increased independent scientific
dating techniques (Tsirtsoni 2016a), they will very
likely endure into future generations of archaeological
scholarship.

For the purpose of The Rise of Metallurgy in Eurasia
project, we use the available relative and absolute
dating spanning c. 6200-3700 BC throughout the
Balkans. We identify six periods reflecting the
changing characteristics in the metallurgical evidence
that enable questions surrounding metallurgical
origins, development and societal inter-relationships
to be addressed. These are: Early Neolithic (c. 6200-5500
BC), Late Neolithic (c. 5500-5000 BC), Early Chalcolithic
(c. 5000-4600 BC), Middle Chalcolithic (c. 4600-4450 BC),
Late Chalcolithic (c. 4450-4100 BC) and Final Chalcolithic
(c.4100-3700BC). It should be stressed, however, thatin
certain areas there are insufficient modern, published
excavations, archaeometallurgical analyses and/or
resolution of radiocarbon dating for the framework to
be evaluated. Our strongest focus remains, therefore,
on the modern-day territories of Serbia, Bulgaria,
Romania and Hungary (see Figures 1-3), as the core
area of activities related to mineral use and metallurgy.
The majority of the periods used in the chronological
scheme for this article have been employed in earlier
frameworks. The identification of a new 150 year
long period, spanning the mid-5th millennium BC (c.
4600-4450 BC, Middle Chalcolithic), reflects recent
dating and current interpretations centred on the
iconic—and still currently unparalleled—site of
Varna, Bulgaria and the possibility that the site is a
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reflection of a relatively short regional phenomenon
encompassing distinctive metal production and
consumption evidenced by a growth in wealth,
amongst other observations (e.g. Biehl and Marciniak
2000; Chapman 2013; Schier 2014a).

Mineral exploitation

Copper minerals in the archaeological record potentially
represent only copper ores. Ore is a culturally defined
term referring to agglomerations of minerals from
which the extraction of one or more metals is seen as
a profitable action, largely in pre-industrial times (e.g.
Radivojevi¢ and Rehren 2016; Rapp 2009; Rehren 1997).
In other words, what the modern mining industry
considers the economically feasible exploitation of
mineral resources today differs from what prehistoric
miners saw as an acceptable investment of labour.
The significance of this distinction in the context of
metallurgical activities has been raised by Muhly (1989),
who compared the relationship of malachite (copper
carbonate) and copper metallurgy at an archaeological
site to that of haematite (iron oxide) in a cave painting
with iron metallurgy.

Evidence suggests that use of copper mineral and
native copper in neighbouring Anatolia and the Near
East occurred much earlier than in the Balkans. The
earliest example dates back to the 11th millennium BC
Epipalaeolithic burial site of Shanidar Cave, where a
malachite bead was deposited as a grave offering (Bar-
Yosef and Deborah 2008; Solecki et al. 2004: 96). By the
9th millennium BC, native copper and copper minerals
were increasingly worked, as at the settlement of Cayonii
Tepesi in eastern Turkey, a site which also yielded
evidence for the annealing of native copper (Maddin et
al. 1999; Ozdogan and Ozdogan 1999). This settlement
was conveniently located near the rich copper
mineralisation Ergani Maden but the exploitation of
this source has not yet been demonstrated. By 6000 BC,
the use of copper minerals had spread beyond its ‘core’
zone in Anatolia and northern Mesopotamia to the
Levant (Golden 2010), Transcaucasia (Kavtaradze 1999;
Courcier 2014), the Balkans (Glumac and Tringham
1990; Thornton 2001; see below), Iran (Pigott 1999;
Thornton 2009; Helwing 2013) and Pakistan (Kenoyer
and Miller 1999; Hoffmann and Miller 2014). The
strong association of intensive copper mineral use
and agriculture is apparent and has been advocated as
inherently related to the strong symbolism of its green
colour in relation to crop fertility (Bar-Yosef Mayer and
Porat 2008). The study by Bar-Yosef Mayer and Porat
(2008: 8549, Table 1) also showed that copper minerals
were not the only ‘green’ option for the Near Eastern
(Pre)Neolithic communities, since ornaments made of
apatite, turquoise, amazonite or serpentinite were also
sought for their visual properties.



MILJANA RADIVO]EVIC, AND BENJAMIN W. ROBERTS

0 200 500 1000 1500

0 50 100 150 200 250 kn
——— —

Black Sea

Figure 1. Map of the Early Neolithic sites (c. 6200-5500 BCE) mentioned here. 1- Obre I; 2- Divostin; 3- Zmajevac; 4- Szarvas 23;
5- Gornea; 6- Lepenski Vir; 7- Vlasac; 8- Rudna Glava; 9- Balomir; 10- Iernut; 11- Cernica; 12- Durankulak; 13- Ovcharovo I;
14- Usoe [; 15- Karanovo; 16- Kolubara-Jari¢iSte. (map CC BY-NC-ND 4.0 J. Pendi¢ and M. Radivojevi¢)

The earliest evidence for the use of copper minerals in
the Balkans occurs during the transition to the Early
Neolithic (or the emergence of Starfevo-Cris-Kords
culture groups) in c¢. 6200-5500 BC, with evidence
spanning the Carpathian Basin, Moldavia, western
Ukraine and northern Balkans (Bognar-Kutzidn 1976:
70-73). The earliest exploitation of copper minerals
was possibly by hunter-fisher-gatherer communities
(likely mixed with the early farming population
migrating from Anatolia, see for instance Mathieson
et al. 2018), as indicated by samples discovered at
Lepenski Vir, Vlasac and Kolubara-Jariliste (Figure
1), and dated to c. 6200 BC (Radivojevi¢ 2015: 325;

14

Srejovi¢ and Letica 1978: 11-14). The processing of
copper minerals and native copper developed within
the subsequent Neolithic Staréevo-Crig-Kords culture
groups, which mostly produced beads from malachite
[Cu,CO,(0H),] or azurite [Cu,(CO,),(OH),]. In addition
to malachite and azurite beads from Lepenski Vir and
Divostin I (Glumac1988: 460; Radivojevié¢ 2012; Srejovié
1969: 173; Srejovié 1972: 146), similar items were found
in the cemeteries of Cernica in southern Romania and
Durankulak in northeastern Bulgaria, and settlements
of Obre I in Bosnia, and Ovcharovo I and Usoe I in
Bulgaria (Figure 1) (Cantacuzino and Morintz 1963: 72-
75, Figure 28, 18, 19; Pernicka et al. 1997: 44; Sterud and
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Figure 2. Map of the Late Neolithic / Early Chalcolithic sites (c. 5500-4600 BCE) mentioned here. 1- Mlynérce; 2- Neszmély;
3- Csoszhalom; 4- Hérpély; 5- BerettyGszentmdrton; 6- Zsdka- Markd; 7- Hédmez8varsahely-Kopancs-Kékénydomb; 8- Gorsza;
9- Gomolava; 10- Gornja Tuzla; 11- Stapari; 12- Jarmovac; 13- Selevac; 14- Mali Sturac; 15- Divostin; 16- Ratina; 17- Plo¢nik;
18- Merovac; 19- Macina; 20- Belovode; 21- Gornea; 22- Rudna Glava; 23- Hisarluka; 24- Anzabegovo; 25- Slatino; 26- Kamnik;
27- Dimini; 28- Sesklo; 29- Sitagroi; 30- Dikili Tash; 31- Maritsa; 32- Azmashka Mogila; 33- Ai Bunar; 34- Karanovo; 35- Medni Rid,;
36- Golyamo Delchevo; 37- TargoviSte; 38- Varna; 39- Devnja; 40- Vinitsa; 41- Ovcharovo; 42- Radingrad; 43- Kubrat; 44- Ruse;
45- Polyanica; 46- Durankulak; 47- Cernavodi; 48- Izvoare I; 49- Lukavrublevetskaya; 50- Karbuna; 51-Pietrele; 52-Foeni; 53-Zdrelo;
54 - OkoliSte; 55- Stubline; 56- Resca (map CC BY-NC-ND 4.0 J. Pendié and M. Radivojevi¢).

Sterud 1974: 258; Stratton et al. 2019; Todorova 1981: 4;
Vlassa 1967). Lumps and flakes of copper minerals were
also identified in the settlements of Zmajevac in eastern
Serbia and Szarvas 23 in Hungary (Chapman 1981: 131;
Chapman and Tylecote 1983: 375; Comsa 1991: 51; cf.
Bailey 2000: 210) (Figure 1). Malachite beads and copper
minerals are also commonly found in early Vinéa culture
settlements (pre-5000 BC) at the sites of Belovode,
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Plo¢nik, Vinéa-Belo Brdo, Selevac and Medvednjak
(Figure 2), and occur continually until the abandonment
of the settlements, and throughout other, later Vinca
culture manifestations, such as Gomolava (Glumac
and Tringham 1990; Radivojevi¢ 2012; Radivojevi¢ and
Kuzmanovié Cvetkovié¢ 2014; Sljivar 1993-2009; Sljivar
and Kuzmanovié Cvetkovié¢ 1996-2009). Significantly,
at Divostin II (Vinca D phase), malachite beads and a
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Figure 3. Map of the Middle, Late and Final Chalcolithic sites (4600-3700 BCE) mentioned here. 1- Zeng&varkony;

2- Tiszapolgér-Basatanya; 3- Tibava; 4- Lucska; 5- Tiszapolgdr-Hajduinands Road; 6- Moigrad; 7- Lazareva cave; 8- Gradeshnitsa;

9- Ariusd; 10- Dolnoslav; 11- Dikili Tash; 12- Hotnica; 13- Bereketska Mogila; 14- Ai Bunar; 15- Karanovo; 16- Chatalka;

17- Kacica; 18- Smjadovo; 19- Kasla- Dere; 20- Varna; 21- KodZadermen; 22- Bubanj; 23- Melkjur; 24- Ruse; 25- Vidra;

26- Gumelnita; 27- Traian; 28- Alepotrypa Cave; 29-Akladi Cheiri; 30-Poduri; 31-Kmpije; 32- Bubanj (map CC BY-NC-ND 4.0
J. Pendié and M. Radivojevié).

metal bracelet were predominantly found in a group of
large houses (McPherron and Srejovié 1988) and were
interpreted as a possible indication of the higher status
of the occupants on the basis that larger households
would have a larger labour force available to create a
surplus and therefore an economic advantage (Por¢i¢
2012a).

The provenance analyses of most of the Lepenski Vir,
Vlasac and Vinca culture sites minerals indicated the
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use of local sources, predominantly Majdanpek in
eastern Serbia, then Zdrelo (near Belovode, Figure 2)
and an as yet unidentified copper source consistent
with most of the Plo¢nik minerals and metal artefacts
and copper slags from Belovode (Pernicka et al. 1993:
6, 1997: 93 ff.; Radivojevié et al. 2010a: 2784, Figure
10; Radivojevi¢ 2012: 393 ff.). The only securely dated
source where there is evidence for copper mineral
exploitation within this period is the site of Rudna
Glava, in Serbia (Figure 2) where copper mining
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Figure 4. Copper mineral and metallurgical evidence from mid-6th - mid-5th millennium BC. a) typical malachite bead on the

left and a black-and-green mineral on the right (Belovode); b) copper slag from Belovode; c) ceramic sherd with copper slag

overflowing its top, most likely used to line a hole-in-the-ground smelting installation (Belovode); d) ceramic sherd with copper

slag (Foeni); e & f) ceramic nozzle, potentially used for (s)melting (Bubanj, see also in Bulatovi¢ 2015) (adapted after Radivojevié
2012; CC BY-NC-ND 4.0 M. Radivojevi¢ & Lj. Radivojevié).

activities intensify from c. 5500 BC in parallel with
copper mineral use at nearby Belovode (Radivojevi¢ and
Kuzmanovié Cvetkovié 2014; 0'Brien 2015). Importantly,
the inhabitants of this site distinguished between pure
green copper minerals (malachite) used for bead making
and ‘tainted’ black-and-green copper ores for the
smelting charge (Figure 4a). This argument was further
strengthened by the identification of a distinctive lead
isotope signature for the bead minerals and smelting
ores at Belovode, indicating existing knowledge of the
different properties of these materials (Radivojevié
et al. 2010a: 2784). Similar practices of distinguishing
between pure green copper minerals and black-and-
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green manganese-rich copper ores have been detected
throughout the entire Vinca occupation at the sites
of Vinca-Belo Brdo and Plo¢nik (Figure 2, Figure
4a), indicating a similar awareness of the material
properties of these distinctive copper occurrences for c.
800 years across all these settlements (Radivojevi¢ and
Rehren 2016: 215).

In light of this existing evidence for the exploitation
of copper minerals and potential copper ores and the
debates surrounding their interpretation, The Rise of
Metallurgy in Eurasia project retrieved, recorded and
spatially mapped each and every fragment of copper
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mineral excavated at Belovode and Plo¢nik. This
provided the most comprehensive possible range
of stratified samples for analysing and evaluating
patterns of exploitation in space and time relating to
the provenance, selection, organisation and uses of the
minerals/ores and contributing to Research Questions
1,3 and 6 (see Chapters 11 and 26).

Mining

The only copper mining activities in the Balkans
that have been securely dated to the 5th millennium
BC occur at two sites: Ai Bunar in central Bulgaria
(Chernykh 1978a; Pernicka et al. 1997) (Figure 2), and
Rudna Glava in eastern Serbia (Jovanovié 1971; O’Brien
2015). Rudna Glava (Jovanovié¢ 1980, 1982) is the
earliest documented copper mine, not only in Europe
but across Eurasia, and is radiocarbon dated to c. 5400-
4650 BC (O'Brien 2015; Pernicka et al. 1993; Radivojevié
and Kuzmanovi¢ Cvetkovié 2014). It consisted of
eight groups of mine shafts with access platforms, all
following veins rich in magnetite, chalcopyrite and
carbonate copper ores. Near the entrances and inside
the shafts, hoards of distinctive Vinca culture-style
ceramics were found, dating from the Gradac Phase,
broadly between the early and mid-5th millennium
BC (the later dates associated with a prolonged Gradac
Phase in the southern Serbian sites), together with
stone mallets and deer antler tools. Mining activities
at Rudna Glava peaked around c. 5000 BC. Despite this
extensive evidence for mining, no analyses prior to
The Rise of Metallurgy in Eurasia project had confirmed
that any analysed metal artefact from the Balkans was
made from the Rudna Glava copper ores (Pernicka et al.
1993: 2; Pernicka et al. 1997: 143; for opposing view see
Jovanovi¢ 1993; see Chapter 41 for the current state of
research). Having visited and surveyed the area around
Rudna Glava in various capacities from 2009, we contend
that ancient mining evidence at this site survived only
as a result of Rudna Glava not being particularly rich in
malachite. Conversely, Majdanpek, the most abundant
deposit of copper, which has lasted into modern times,
is only 12 km away from Rudna Glava, and provenance
analysis has long indicated Majdanpek copper to be
one of the main sources for Vinca copper implements
(Pernicka et al. 1993, 1997; Radivojevi 2012).

Ancient mining activities are also known from several
localities within Serbia, some potentially dating to
the 5th millennium BC. These are: Zdrelo in eastern
Serbia (near Belovode), Mali Sturac in central Serbia,
Medvednik in western Serbia and Jarmovac in the
southwest (Figure 2) (Antonovié 2014a;Jovanovié¢ 1971;
Pecikoza 2011; Radivojevié et al. 2010a). In Mali Sturac
on Mt. Rudnik in central Serbia, grooved stone mallets
resembling those from Rudna Glava were recovered,
leading scholars to believe that they were of the Vinca
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culture provenance (Bogosavljevi¢ 1995; Jovanovié
1983). More recent and ongoing excavations at this
site yielded additional material that roughly dates this
mine to the mid to late 5th millennium BC (Antonovié
and Vukadinovié 2012; Antonovi¢ et al. 2014).
Furthermore, grooved stone tools, identical to those
discovered at Rudna Glava and Mali Sturac, were found
during field surveys of the Vinca culture settlements
of Madina and Merovac (Figure 2), both situated in
the vicinity of the ore-rich deposits at Mt. Kopaonik
and Radan in southern Serbia (Kuzmanovié Cvetkovié
1998; Radivojevi¢ 1998); these are comparable with
stone tools at mining sites throughout Europe (cf. De
Pascale 2003; O’Brien 2015).

The Mid-Late Chalcolithic (c. 4600-(4450)-4100 BC)
was dominated by exploitation of Bulgarian sources,
predominantly at Ai Bunar in Bulgaria (Chernykh
1978b: 54-75). This source, near Stara Zagora in central
Bulgaria (Figure 2), was much larger and had more
productive efficiency than Rudna Glava, with shafts
up to 500 m long. The material associated with the
site belongs to the KodZadermen-Gumelnita-Karanovo
(KGK) VI cultural complex and is therefore relatively
dated to the mid to late 5th millennium BC (Chernykh
1978a, 1978b, 1992). Metal from Ai Bunar is known to
have travelled long distances within the Balkans, as far
south as Thessaly, and as far north as the northern Black
Sea coast (Chernykh 1978b: 122, 263; Gimbutas 1977:
44; Pernicka et al. 1997; Radivojevi¢ and Gruji¢ 2018;
Renfrew 1972: 308, Figure 16/2). However, the results of
provenance analysis suggested the exploitation of more
than one copper deposit in this period, for example,
that from Medni Rid, in southeastern Bulgaria (Pernicka
et al. 1997: 143-146). The most recent excavations in
this location revealed materials from Roman and later
times, although some indicate exploitation activities
by the communities of the KGK VI cultural complex
(Leshtakov 2013), also supported by recently analysed
metal production evidence from Akladi Cheiri (Figure
3), a settlement nearby. Metal production at this site
is argued to date to the late KGK VI, or broadly to the
middle of the 2nd half of the 5th millennium BC, based
on the typology and ornamentation of pottery found
in the same pit as metallurgical evidence (Rehren et
al. 2016: 207; Rehren et al. 2020). The exploitation of
the Medni Rid ores may have started earlier, given the
finds of late 6th millennium BC malachite in nearby
settlements or its use for making metal items in the
Karbuna hoard which was found in a typical Tripolye A
pot (c. 4700-4600 BC) (Figure 2) (cf. Pernicka et al. 1997;
Rehren et al. 2016).

Rather than being mined, from c. 4650 BC Balkan gold
was most likely collected from river streams as alluvial
(washed) nuggets that had eroded from primary
deposits (Avramova 2002; BoyadZiev 2002; Makkay
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1995: 70). This suggestion has been elaborated recently
in a study of Varna gold, where Leusch et al. (2014)
presented a diversity of different gold, copper and silver
ratios in the excavated gold artefacts, explaining them
as originating from natural compositional variations
in (alluvial) gold nuggets. This in turn demonstrates
that various gold occurrences were exploited for the
making of Varna gold, and possibly acquired through a
well organised gold supply network (Leusch et al. 2015).
Such supply networks also procured copper, Spondylus,
carnelian, marble, serpentinite, long yellow flint
blades (superblades) and other prestige commodities
unearthed as paraphernalia in the Varna cemetery
(Leusch et al. 2017).

In light of the existing evidence for mining, The Rise
of Metallurgy in Eurasia project analysed the trace
elements and lead isotopes of the newly excavated
copper mineral and metal artefacts at Belovode
and Plo¢nik in order to explore their provenance in
relation to known and potentially unknown copper
mining sites (Chapter 41). The project also excavated
the potentially Chalcolithic mining site at Jarmovac
(southwest Serbia) in conjunction with the Priboj
on Lim Homeland Museum and the German Mining
Museum in Bochum. This complex of ancient mines
was first mentioned by Davies (1937) who identified
Vinla culture sherds in one of the shafts. The site
was previously excavated by the local museum
authorities, who discovered an associated settlement
with a Late Vin&a culture phase (Vin&a D) only 300
m away (BunardZi¢ et al. 2008: 86; Derikonji¢ 2010).
The new excavations sought to obtain evidence of
mining activity, stratified samples which would
enable radiocarbon dates, and the analysis of the
trace element and lead isotopes of the copper ores
being mined for comparison to existing results in the
region. The results will be published elsewhere; they
detail the recovery of an antler pick fragment from a
stratified sequence radiocarbon dated to the mid-4th
millennium BC combined with trace element and lead
isotope analyses demonstrating that the mine was
most likely used to produce copper objects in the 5th
millennium BC (Thomas et al. in preparation). All these
results contribute to Research Questions 1, 3 and 6 of
the project although it is highly likely that further
mining sites remain to be discovered along the rich
metallogenic belt running through the Balkans (cf.
Jankovié 1977).

Smelting

Smelting evidence from the Early Chalcolithic is
extremely scarce and mostly constrained to the Vinca
culture phenomenon in the central Balkans (Table
1, Figure 4b-d). Prior to more analytically extensive
studies of the early metal production debris from a
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selected number of Vinca culture sites (Glumac 1991;
Radivojevi¢ 2007, 2012), there was mention of a copper
slag lump from the settlement site of the Anzabegovo
in the eastern part of Northern Macedonia (Figure
1), dated to c. 5200 BC (Gimbutas 1976a), although
this has never been chronologically or analytically
verified. Moreover, in its relative regional vicinity,
though in the valley of Strymon River at the Greek-
Bulgarian border, is the site of Promachon-Topolnica,
which has yielded indicative field structures (‘hollows’
with traces of copper), of which the most important
is a small clay crucible with a spout, dated broadly
to the first half of the 5th millennium BC (Koukouli-
Chryssanthaki et al. 2007: 51, Fig. 7.4). While the
authors reported that the crucible contained traces of
non-slagging copper processing with distinct traces of
heavy burning, no analysis are made available, which
makes its more accurate identification challenging. A
similarly vague situation applies to the situation in
the site of Stapari (Figure 2), where an alleged lump
of slag was dated relatively to within the late Vinca
culture phase (Juri$i¢ 1959). Pieces of ‘greenish slag
resulting from intense fire’ were reported at depths
of ¥6.2, ¥6.4 and ¥7.0 m at Vin¢a-Belo Brdo (M. Vasié
excavations), however no further analysis or details
of these finds are available (Antonovié 2002: 36, note
59). Microstructural, chemical and isotopic analysis
of copper slag and other production evidence from
the sites of Belovode, Vina-Belo Brdo (N. N. Tasié
excavations), Plo¢nik, Gornja Tuzla and Selevac are
the first secure evidence for sustained metallurgical
activities within the Vinca culture and highlight its
role as the core archaeological phenomenon in the
evolution of Balkan metallurgy (Glumac and Todd
1991; Govedarica 2016; Radivojevi¢ 2012; Radivojevié
and Rehren 2016; cf. Covi¢ 1961).

The estimated chronological sequence of the finds
studied by Radivojevi¢ (2015) starts with the Belovode
slags at c. 5000 BC (until c. 4600 BC), which overlaps for
around 200 years with the Vinca-Belo Brdo production
evidence (dated in the range of c. 4800-4600 BC).
Copper smelting took place at the settlement of Gornja
Tuzla for up to 200 years after both Belovode and
Vinca were abandoned (c. 4400 BC). Both macro- and
micro-analytical approaches demonstrate that copper
smelting was, in total, practiced throughout c. 600 years,
with remarkable similarities in the level of expertise
and technological choices, but with clear differences
in the composition of the ores smelted. The striking
detail that underlines the chemistry of ores smelted at
the sites of Belovode, Vinda, and Gornja Tuzla is their
dominant colour: whatever the exact minerals that
were present in the ore charge, they most likely had
strong colours in the range of green/blue (vivianite,
arthurite, apatite, scorodite), and violet (strengite),
in addition to black and green Mn-rich malachite
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(Belovode and Vinc&a only). Such a conclusion has been
corroborated by a detailed inspection of slag matrices
and residual ores found in them. It is also important to
underline that the indicated ores were not necessarily
copper rich ones. Rather, they had striking green/blue/
violet colours that attracted the Vinfa prospectors
(Radivojevi¢ and Rehren 2016: 225 ff.). Although it is
not clear from the analyses whether black and green
minerals were selected separately or as a mixed ore, the
conclusion that emerges from the analytical discussion
is the presence of a common knowledge regarding the
suitability for smelting of distinctively coloured mixed
minerals. Noteworthy is the ongoing analytical study of
slagged sherds and a metal object from the site of Foeni
in Romania (Figure 2), contemporary with the Vinca
culture metal production which, in principle, confirms
similar technological choices for early metal extraction
across the Balkans (Drasovean 2006; Radivojevié et al. in
preparation).

The Vinca culture metal production practice fits well
within the ‘ephemeral model’ of Chalcolithic metallurgy
in western Eurasia (Bourgarit 2007); the individual slags
weigh a little less than 10 g in total (see example in Figure
4b). This is commonly explained by the use of much
cleaner ore at the early stages, resulting in a ‘slagless’
or nearly slagless metallurgy (cf. Craddock 1995).
Depending on the relative proportions of (slag-forming)
dark components in the ore and pure green mineral, a
large amount of copper may have formed with only a
small quantity of slag; this is the favoured scenario in the
recent analytical studies (Radivojevi¢ and Rehren 2016:
227 ff). Of note though is the discovery of a lead-based
slag cake in the undisturbed horizon dated to 5200 BC at
Belovode, and weighing nearly 800 g. As this is a unique
find currently unsupported by evidence for sustainable
lead metal production, it will be addressed in detail in
the ‘Lead and silver’ section below.

The structures in which smelting took place—so-
called smelting ‘furnaces’—are evidenced primarily
by slagged sherds at both Belovode and Gornja Tuzla
(example in Figure 4c-d), which suggest the presence
of a hole-in-the-ground installation lined with broken
pottery. Such installations were possibly operated by
using blowpipes or bellows, where five to six blowpipes
would normally suffice to bring the temperature to
around 1100-1200 °C (cf. Rehder 1994: 221). The only
indication of how these blowpipes may have looked
is found in the ceramic nozzles recovered from the
sites of Bubanj (Figure 4e-f) and Kmpije in Bor (Figure
3). In the absence of any other evidence, the hole-
in-the-ground installations appear to be the only
technological possibility for primary metal production
in the early to mid-5th millennium BC (see Figure 4c,
4d). In addition, although analysed crucibles are absent
from the record, their presence must be assumed, given
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that they would have been needed for (re)melting and
casting of the thousands of heavy metal objects known
from this period. There is a possibility though, to
identify as crucibles two oval, ladle-like vessels with a
short, vertically pierced handle and secondary traces of
firing, from the site of Resca-Dambul Morii, in Vallachia
(Romania, Figure 2), (Stefan 2018: 119, Table VII/1, 2).
These have not yet been analysed, and their context
is still under discussion, although argued to belong
to the Vadastra culture horizon, which dates between
5200 and 5000 BC; nevertheless, this is the closest
potential clue to how crucibles might have appeared
during this period. Curiously, the casting moulds that
are firmly contextualised for the vast number of metal
implements produced in this period are also absent
from the archaeological record (Kienlin 2010: 42 ff;
Heeb 2014).

Copper production evidence is still scarce in the Mid-
Late Chalcolithic (c. 4600-4100 BC), although it is
documented in more settlements than for the previous
period. In Bulgaria, copper smelting evidence comes
from the sites of Dolnoslav, Chatalka and Akladi Cheiri
(Figure 3), all dated to the mid to late 5th millennium BC
(Ryndina et al. 1999; Rehren et al. 2016, 2020). All three
sites yielded crucibles, amongst other finds, although
only the Dolnoslav and Akladi Cheiri examples were
preserved. The crucible from Dolnoslav was a vessel
with an oval plan, round base and 10-25 mm thick walls
(Ryndina et al. 1999); the well-preserved example from
Akladi Cheiri had a similar flat oval base though the
frontal part slightly profiled as a spout (Rehren et al.
2016: 207, Figure 2). Microstructural and compositional
analyses of the Dolnoslav crucible indicated smelting
of polymetallic ores (a mix of malachite with primary
copper ores), which were rich in zinc and lead oxide
(Ryndina et al. 1999: 1066, Table 2). The dominant
presence of zinc and lead in the slag matrix, together
with copper oxide in trace amounts, presents a copper
smelting technology that is different and possibly
more efficient than that encountered in the Vinca
culture with slags rich in manganese oxide (Radivojevi¢
2015: 332, Table 2). The Akladi Cheiri example on
the other hand was for (re)melting: its inside was
contaminated with copper and no other evidence for
gangue elements such as iron, cobalt or sulfur (Rehren
et al. 2020: 152). These are the earliest crucibles in the
Balkans and become more common only from the mid-
4th millennium BC Baden culture in the north-central
Balkans (Ecsedy 1990: 224; Glumac and Todd 1991;
Radivojevi et al. 2010b).

More examples, although not analytically confirmed,
come from the late 5th millennium BC Tiszapolgér
culture cemetery of Tibava (Figure 3), in the form of a
cylinder vessel with a crude inner surface, identified
amongst pottery grave goods (Andel 1958: Plate 1/7;



CHAPTER 3 BALKAN METALLURGY AND SOCIETY, 6200-3700 BC

Siska 1964: 317, Figure 12/5). It was thought to be a
melting pot but was never analysed (Bognar-Kutzidn
1972: 134). Another crucible described as a ‘vessel
covered with blue verdigris and with two small copper
crumbs’ was discovered among grave goods in the
cemetery of Tiszapolgar-Hajdindnds Road (Figure
3) and has been unfortunately lost (Bognar-Kutzidn
1972: 98, 134). The ceramic vessels widely interpreted
as crucibles at Cucuteni A2 and B1 levels at the site of
Poduri-Dealul Ghindaru in Romania (Figure 3) (Mares
2002: 85, 138-139, Table 64/8) have yet to be subjected to
archaeometallurgical analyses so cannot be considered
as confirmed metal production evidence despite the
presence of two copper ingots from the same site
(Monah et al. 2002). A similar situation is encountered
in Sitagroi (phase 111, roughly contemporary with KGK
VI), where an assemblage of thirty-six slagged sherds,
accompanied by copper metal artefacts, present a
convincing evidence for local copper smelting as
well as a distinctively similar slagging pattern to
contemporaneous Akladi Cheiri for instance (Renfrew
and Elster 2003: 306). These sherds are yet to be
subjected to detailed technological analysis.

The hole-in-the-ground  smelting installations
identified earlier in the Vinca culture sites find parallels
at the site of Akladi Cheiri, near Sozopol in Bulgaria
(Figure 3), where an exceptional discovery of 300
ceramic sherds with traces of firing and slag adhered to
them testifies to intensive metal production activities
in the foothills of the Medni Rid copper deposits, dated
to later phases of the KGK VI complex (Rehren et al.
2016). This mid to late 5th millennium BC metallurgical
workshop contains fragmented slagged sherds (that
possibly lined a hole in the ground), associated slags
and the melting crucible mentioned above and similar
to those hypothesised at the Vinca culture sites of
Belovode and Gornja Tuzla (Radivojevié and Rehren
2016). Analysis of slag from Akladi Cheiri revealed
features already observed for early copper smelting,
such as a high degree of variability in glassy to micro-
crystalline slag matrix and the formation of inclusions,
paired with equally varied redox conditions. The
presence of fayalite, clusters of magnetite with matte
and copper metal, copper sulphides, olivine crystals,
delafossite and cuprite across the studied assemblage
speaks of unstable firing conditions during the smelt
and different levels of exposure of the slagged sherds
during the smelting events (Rehren et al. 2020), all of
which are known features of the earlier examples from
the Vinéa culture. More slagged sherds from the mid to
late 5th millennium BC come from the site of Kmpije
in Bor in eastern Serbia (Figure 3), where a slagged
sherd was discovered in association with copper metal
artefacts. Analytical work is underway in collaboration
with one of the authors (MR) and 1. Jovanovié from the
Mining Museum in Bor.
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Interestingly, a piece of slag was deposited as a grave
offering in the late 5th millennium BC Lengyel culture
cemetery of Zengévarkony (Figure 3), Hungary. It was
found in a well-contextualised grave of a middle-aged
woman, together with numerous ceramic vessels and
two pure copper spiral bracelets on each arm (Dombay
1939; Glumac and Todd 1991: 14). Slag analyses revealed
mineral phases of cuprite and cassiterite, copper metal
prills with a significant content of tin, ranging from
0.4 to 37 wt%, as well as relevant concentrations of tin
in slag silicates (Glumac and Todd 1991: 14). Ottaway
and Roberts (2008: 197) discuss this find as accidental
co-smelting of copper and tin-bearing ores since,
compositionally, it predates tin-alloys in the region. The
recently discovered piece of tin bronze foil at the site of
Plo¢nik in south Serbia, dated to c. 4650 BC (Radivojevié
et al. 2013) opens the possibility for the potential
intentionality of the Zeng8vérkony copper-tin slag. In
terms of cultural significance, Glumac and Todd (1991:
15) argue that copper smelting might have had a ritual
role for the community buried at ZengSvarkony. This
view is supported by the discovery of more copper
smelting debris in the early 4th millennium BC Lengyel
culture burial site of Brzec Kujawski, central Poland.

In light of this existing evidence for smelting copper
ores, The Rise of Metallurgy in Eurasia project retrieved,
recorded, spatially mapped and analysed each fragment
of copper slag excavated at Belovode and Plo¢nik as
well as any associated finds and features (see Chapters
11 and 26). In addition, experimental reconstructions of
copper smelting processes were performed to evaluate
different interpretations of the existing evidence in
relation to the creation of metal. Whilst these will be
published elsewhere, the experimental reconstructions
have provided strong evidence in relation to the
extensive and co-ordinated labour and the material
and pyrotechnological expertise required to reproduce
early copper smelting. The results from the excavated
slag analyses and experimental reconstructions enable
the multiple debates surrounding the technology and
organisation of copper smelting spanning Research
Questions 1, 3 and 6 to be addressed.

Ceramic and metal pyrotechnologies

It is important to note that the smelting of copper
ores was by no means 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
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us to the issue of the interdependence of pottery and
metal pyrotechnologies.

The most common question with regards to this
relationship 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.
Earlier studies of Vinda pottery indicated that potters
were not achieving temperatures beyond c. 900 °C (1083
°C is the melting temperature for copper) (Kingery and
Frierman 1974: 204-205). Compositional analysis of the
Vinca culture pottery revealed that all fine, medium
and coarse fabrics were made of low calcareous clay
(less than 6% Ca0) and was normally fired under
reducing conditions below 800 °C (Maniatis and Tite
1981: 73). In contrast, Renfrew’s (1969) suggestion
of a direct connection between the production of
graphite painted ceramics and the invention of copper
metallurgy provided a new explanatory framework. This
pyrotechnological transfer model was subsequently
also advocated by Gimbutas (1976a); however, this
claim was not investigated from a pyrotechnological
comparative perspective until The Rise of Metallurgy in
Eurasia project nearly four decades later.

Frierman (1969) reported a two-step process of
firing graphite-painted pottery, broadly similar to
the two-step process of the earliest metal smelting
reconstructed by Radivojevi¢ and colleagues (2010b:
2777). Specifically, experiments showed that graphite
burns at 725 °C in an oxidising atmosphere, leading
Frierman (1969: 43) to assume that pots coated with the
graphite slip were fired in an oxidising atmosphere up
to ¢. 500 °C or 600 °C, after which the atmosphere for
the remainder of the firing had to be strongly reducing
over a prolonged period to preserve the graphite.
The use of a slow firing process under the reducing
conditions is further corroborated by the evenness
and the black colour of the resulting surfaces. This
is important to the broader debate as the principle
of two-step firing also applies to the reduction of
copper ores to copper metal, however in reverse
order: chemical reduction from ore to metal requires
reducing conditions and relatively low temperatures
from c. 700 °C upwards (Budd 1991), while the melting
of the copper metal requires temperatures in excess
of 1080 °C but has fewer constraints on the redox
conditions. Graphite use and decoration principles
in the Late Neolithic and Chalcolithic Balkans have
been extensively documented (Chokhadzhiev 2000;
Gaul 1948; Leshtakov 2005; Todorova 1986; Todorova
and Vajsov 1993). Whilst cones of graphite were used
to decorate pottery (cf. Gaul 1948: 98; Ryndina and
Ravich 2000: 16-17), the possibility of graphite-rich
moulds being used for metal casting is also speculated,
arguing that craftspeople understood the protective
role of graphite against oxidation of freshly cast metal.
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The Rise of Metallurgy in Eurasia project specifically
sought to address the debates surrounding the
interdependence of pottery and metal technology in
Research Question 2, through a dedicated PhD thesis.
This analysed the excavated ceramics from Belovode
and Plo¢nik in order to evaluate the Vinca potters’
pyrotechnological skills, especially the temperatures
achieved and the control of the firing atmosphere
conditions, and the pyrotechnological technologies
involved in graphite decoration (Amicone 2017;
Amicone et al. 2020b) (see Chapters 14, 29, 43).

Metals and metal objects

In contrast to the fragmentary and copper-orientated
mining and smelting evidence across the Balkans
from c. 5000-3700 BC, recent research has produced
a far greater quantity and quality of data relating to
the creation of different metals by smelting, melting
and alloying and of different forms in those metals by
casting, annealing and cold/hot working.

Copper

Artefacts made of native copper appear in the Balkans
only at the start of the Late Neolithic (c. 5500-5000 BC),
but most have been only relatively dated and their
cultural provenience is debatable. One out of three
such artefacts, a fragmented copper object from lernut
(Horedt 1976; Lazarovici 1979, 2014; Mares 2002), a site
located deep in the Carpathian Mountains in Romania
(Figure 1), has been ascribed to the last phase of the
Staréevo-Cris-Kords phenomenon (mid-6th millennium
BC). A 14 cm-long double pointed awl, discovered at
the site of Balomir (Figure 1), is the earliest identified
implement made of native copper in the Balkans
(Vlassa 1967: 407, 423, Figure 6). It is relatively dated
to the mid-6th millennium BC, around the same time
as a fishhook from the site of Gornea in the Danube
Gorges (Lazarovici 1970: 477). While it is challenging to
distinguish between the use of native copper and that
made of smelted copper ores, Pernicka (1990) argues
that increased concentrations of cobalt (Co) and nickel
(Ni) are a useful indicator of copper artefacts made of
smelted copper. He synthesised Balkan and Anatolian
copper metal artefacts trace element data and
compared these to the analyses of native copper from
the mentioned regions. The Co and Ni concentrations in
native copper (approximately <20ppm) are extremely
low in comparison to much higher concentrations of
these elements in both Balkan and Anatolian copper
metal artefacts (Pernicka et al. 1997: 124, 159-160, Figure
23, Table A3a). Interestingly, a few copper implements
from Plo¢nik show borderline concentrations of Co and
Ni (Pernicka et al. 1997: 147-148, Table A1), which might
indicate their origin to be native copper. There is no
evidence for the exploitation of native gold or silver in
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this period, despite the geological potential throughout
the Balkans (e.g. Jovanovi¢ 2001).

Copper metal jewellery and small tools appear
alongside malachite beads and pendants in the early
5th millennium BC in the Balkans. These are usually
found in settlements and cemeteries located in the
lower Danube basin and further towards the northern
Black Sea coast, such as Gomolava (Brukner 1977),
Gornea (Lazarovici 1970: 477), Cernavodd (Berciu 1967:
53) and Izvoare I in Romania (Vulpe 1957: Figures
72/3; 85/5,6), or Lukavrublevetskaya on the Dniester
(Bognér-Kutzidn 1976: 71; cf. Bibikov 1953) (Figure 2).
Also, a copper metal bead from the site of Dikili Tash
I in northern Thessaly is speculated to be made either
of native or of smelted copper (Séfériadés 1992a: 114).
Noteworthy is the unique context of Gomolava metal
found with some of the deceased in this male-only
cemetery dated to 4700-4650 BC, including copper
beads buried with an infant. Ancient DNA analysis has
shown that the individuals in the cemetery are of the
same lineage, prompting assumptions of copper metal
related to an inherited status in the case of the infant
(Brukner 1980; Stefanovié 2008).

The earliest smelted copper metal implements originate
from the sites of Plo¢nik in south Serbia, Slatino in
western Bulgaria, Devebargan-Maritsa in northern
Thrace and Durankulak on the Black Sea coast (Figure
2) (Pernicka et al. 1997: 48, 72, 131, Table A1; Radivojevié
2012); of these, only Durankulak is a cemetery, while
the others are settlements. The difference between the
artefacts made from native copper or smelted copper
ores lies in the trace element analyses; while objects
made of the latter contain relevant readings of cobalt
and nickel as discussed above, the concentrations of
these elements in the former are close to non-detectable
(Pernicka 1990; Pernicka et al. 1997). In burials, copper
implements were usually accompanied by Spondylus
and Dentalium beads, or bone, clay or marble figurines,
as in the Devnja cemetery in the Bulgarian Black Sea
coast (Todorova-Simeonova 1971: 23-25). One of
the most impressive collections of massive copper
implements comes from Plo¢nik, where 38 copper
metal artefacts were discovered (Antonovié 2014a;
Grbi¢ 1929; Radivojevi¢ and Kuzmanovi¢ Cvetkovié
2014; Sljivar et al. 2006; Stalio 1964). These include: four
hammer-axes of Plo¢nik type, 25 chisels, a copper ingot
bar and a pin, altogether weighing c. 16 kg. They are
a unique and exceptional assemblage of early copper
metal and, based on the most recent AMS dating of the
context of a fragmented copper chisel to c. 5040-4840
BC (Radivojevi¢ and Kuzmanovié¢ Cvetkovié 2014: 23;
Whittle etal. 2016), they are one of the earliest in this part
of Eurasia. Seventeen copper metal tools from Plo¢nik
were studied for their chemical composition and lead
isotopes (Pernicka et al. 1993), revealing an unexpected
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complexity of ore/metal exchange networks. At least
three different copper deposits from eastern Serbia,
Macedonia and across Bulgaria provided metal for their
production. The only closely comparable collection
is that from the Rakilovci hoard in western Bulgaria,
where a total of nine copper metal implements were
recovered from a ceramic pot (Mihaylov 2008).

A further exceptional copper metal assemblage comes
from the site of Karbuna, in Moldavia: among 852
precious objects discovered as a hoard in a typical
Tripolye A pot (c. 4700-4600 BC); 444 were made of pure
copper (Dergachev 2004; Sergeev 1963: 135; Videiko
2004). Significantly, the hoard included two massive
copper implements, one being a hammer axe of Ploénik
type (broadly dated to the early to mid 5th millennium
BC) (see also Diaconescu 2014). The considerable volume
of the find and distinctive typology of its contents
suggest close associations with contemporary cultures
in both Serbia and Bulgaria (Chernykh 1991: 581, 587).
Chernykh (1966: 53-58, 86-88,1978b: 122;1991: 387, 581)
argues that the Karbuna hoard metal could have come
from Ai Bunar, while Pernicka speculates that it might
have derived from Medni Rid in eastern Bulgaria, since
artefacts from northeastern Bulgaria, southeastern
Romania and further to the northeast fit well with
the compositional pattern of Medni Rid (Pernicka et
al. 1997: 141). Interestingly, based on its distinctive
chemical signature, this metal was probably recycled
and traded further north towards the Volga valley and
into the steppes (Chernykh 1991: 587-588, Table 5).

In the northwestern Balkans, the early appearance
of copper artefacts is more modest and accumulated
mostly in the Great Hungarian Plain and Transdanubia,
or the Tisza-Hérpély-Csdszhalom group, Zeleziowce
and Lengyel cultures (Ecsedy 1990: 220; Scharl 2016).
Copper jewellery, awls and chisels come from the sites
of Mlyndrce (Novotny 1958: 28), Neszmély, Csészhalom
or Hédmezvérsahely-Kopancs-Kokénydomb (Bogndr-
Kutzidn 1963: 331-333), all located along or near
the major rivers in this area. Metal artefacts are also
recorded at sites located along the Tisza River and closer
to the Carpathian Mountains, such as the settlements of
Hérpaly, Beretty6szentmarton and Zsdka-Markd, or the
Gorsza cemetery (Bognar-Kutzidn 1963: 331-336, 487).

During the second half of the 5th millennium BC,
the production of massive copper metal implements
flourished in eastern Bulgaria, in contrast to the central
Balkans, after the collapse of the Vinéa culture, This
can be followed archaeologically from the mid-5th
millennium BC Hamangia IV phase (Table 1) (BoyadZiev
2002: 67), when mass metal consumption is reflected
by the exceptionally rich grave goods recovered from
burials in Varna and Durankulak, including both copper
and gold objects (Ivanov 1978a, 1978b, 1988a, 1988b;
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Ivanov and Avramova 2000; Todorova 2002a). Massive
copper implements and gold decorations were also
found in settlements, for example at Hotnica, Ruse,
Kasla-Dere, Gumelnita or Vidra, all set along or in the
hinterlands of the lower Danube (Bogndr-Kutzidn 1976:
71; Gimbutas 1977: 44).

Comprehensive typological schemata have been
developed to track the appearance of specific types of
massive copper implements. Changes in the morphology
of hammer-axes are particularly interesting as they
appear to be related to specific regions across the
Balkans. For instance, hammer axes of the Plo¢nik
type are generally associated with the Vinca culture
(these start to appear in the Early Chalcolithic), the
Vidra type with the north central Bulgarian sites
(associated with the KGK VI), while the Coka-Varna
type is characteristic of the northeastern Bulgarian
sites (Varna culture) (Antonovié 2014ac; Chernykh
1978b; Govedarica 2001; Kuna 1981; Novotna 1970;
Radivojevi¢ 2006; Schubert 1965; Todorova 1981; Vulpe
1975; Zeravica 1993). Importantly, lead isotope analyses
of the late 5th millennium BC Vidra and Coka-Varna
hammer-axes showed that they were made of the same
metal (Pernicka et al. 1997: 94-98, 105-106, 142, Table
3), indicating that there was no relationship between a
metal source and the tool type. The strong preference
for a specific tool type regardless of source potentially
suggests that particular technological choices reflect
the identity of a producer or consumer group.

Scholarly debates regarding Final Chalcolithic period
in the Balkans (c. 4100-3700 BC) have traditionally
been dominated by narratives of a societal collapse
in eastern and central Bulgaria as indicated by a
substantial reduction in archaeologically visible (and

dated) settlements (Kienlin 2010; Weninger et al. 2009).
Metal provenance data also support this interpretation
with a noticeable shift in copper supply networks from
the eastern to the central Balkans, where it not only
continues but also intensifies with the exploitation of
novel sources in the Carpathian Basin (Pernicka et al.
1997; Schalk 1998; Sikl6si et al. 2015; Siklési and Szilagyi
2019). The presence of increasing numbers of copper
objects in the northern Alpine region (cf. Bartelheim
2007; Cevey et al. 2006; Kienlin 2010, 2014; Klassen 2000;
Scharl 2016; Turck 2010), as well as throughout the
neighbouring central Mediterranean region (Dolfini
2013, 2014) provides evidence for the emergence of
other copper industries outside the ‘core’ Balkan region
but still, however, associated with the Balkan sources
(Hoppner et al. 2005).

Copper production rapidly changes in the late 5th
/ early 4th millennium BC with metal production re-
emerging in the central and northwestern Balkans,
shown in the increase of metal consumption in the
Bodrogkeresztur culture and intensified exploitation of
eastern Serbian and western Bulgarian copper sources
(Pernicka et al. 1997: 98-101, 105-106, Table 3). As a
consequence, the earliest metal using cultures emerge
north of the Alps, such as at Mondsee or Pfyn (Kienlin
2010; Krause 2003; Ottaway 1989). In contrast to the
quantity of copper implements, production evidence is
extremely rare and understudied. Cultures of the late
5th millennium BC Great Hungarian Plain produced
the first known metal knives, and massive copper
implements are found in both settlements (e.g. Lucska)
and cemeteries (e.g. Tibava) (Bogndr-Kutzidn 1972: 140;
Hansen 2013b; Siska 1964: 7 ff.; Todorova 1995: 90). One
of the most exceptional collections of metal artefacts
in this region comes from the late 5th millennium BC
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Figure 5: A selection of the 5th millennium BC tin bronze artefacts from the Balkans. a) Plo¢nik foil; b) Gomolava ring; c)
1- Bereketska Mogila, 2- Gradeshnica, 3, 5-Ruse, 4-Karanovo (adapted after Chernykh 1978b: Tables 15/24,42; 18/30; 19/4,7,
Radivojevié et al. 2013).
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Lengyel culture cemetery of Zeng@varkony (Figure 3),
where a large number of spiral copper metal bracelets,
rings and malachite beads were deposited as grave
goods (Dombay 1939: 50-64; Dombay 1960: 75-144;
Ecsedy 1990; 212-218). Of note are the cemeteries, like
Rékéczifalva-Bagi-fld, where the uneven distribution
of grave goods, including copper and gold objects,
potentially indicates a degree of social inequality
(Csanyi et al. 2009) as evaluated across the Eastern
Carpathian Basin by Sikl6si (2013).

Tin bronze

The recent excavation and archaeometallurgical
analysis of a tin bronze foil at Plo¢nik from a secure
context radiocarbon dated to c. 4650 BC (Radivojevié
et al. 2013) revealed the emergence of tin bronze
metallurgy at this time. The compositional analyses
of the Plo¢nik tin bronze foil indicated that copper ore
including stannite (CuFeSnS), a copper-tin bearing
mineral, or its secondary weathering products was the
probable raw material used for making this natural
alloy with c. 12wt% Sn and relevant traces of As, Fe, Co
and Ni (see Radivojevi¢ et al. 2013: 1035, Table 1). This
means that the earliest known tin bronze artefact was
not made by alloying two elements (copper and tin) but
rather by smelting a copper-tin bearing ore.

There are 14 additional tin bronze artefacts known
from the mid-late 5th millennium BC, 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 Ploénik
foil. Twelve finds originate from the Bulgarian sites
of Ruse, Karanovo, Gradeshnitsa, Smjadovo, Zaminec
and Bereketska Mogila (Chernykh 1978b; Pernicka et al.
1997), and two from the Serbian sites of Gomolava and
Lazareva Cave (Ottaway 1979; Tasi¢ 1982; Glumac and
Todd 1991: 15). The assemblage of awls, rings, needles,
borers, and a rod from Bulgaria and Serbia (Figure 5)
has tin concentrations ranging from 1-10 wt%, with
consistently significant levels of lead, arsenic, nickel,
cobalt, iron and gold (Chernykh 1978b: 112, 339, 342-
343, 351-352, Tables 15/24, 42, 18/30, 19/4,7; Pernicka
et al. 1993: 190, Table 3; Pernicka et al. 1997: 70, 121-126,
156, Table A1).

In terms of context, the majority of these finds remain
under question with the exception of a borer from Ruse
that originated from the secure, primary context of a
child’s burial (Glumac and Todd 1991: 15; Pernicka et
al. 1997: 125-126). Despite having different chemical
compositions, these tin bronzes typologically match
contemporary regional counterparts in pure copper.
Yet, their form is culturally and chronologically non-
distinctive, thus offering little information about their
exact provenance. The Plo¢nik tin bronze foil was
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therefore crucial in determining their chronology based
on a common unique chemical signature (Radivojevié
et al. 2013); this, and the fact that no other tin bronze
artefacts are known in the Balkans before the 3rd and
2nd millennia BC (Chernykh 1978b; Schickler 1981,
Pernicka et al. 1997; Pare 2000), make it very unlikely
that these early finds are intrusions from later layers.

Another artefact with relevant tin content (c. 1.5
wt%) and minute concentrations of silver and nickel
in the copper base, originates from a mid to late
5th millennium BC phase in Dikili Tash 1 (Figure 3)
(Séfériadés 1992a: 114-115, Table 12). The trace element
signature of this object is not, however, consistent with
the tin bronze assemblage from Bulgaria and Serbia,
although it was probably also made by co-smelting
malachite and tin-rich ore. A tin-rich slag piece from
the late 5th millennium BC cemetery of Zeng8varkony,
the only technological debris of its kind at the time,
adds more chronological certainty for the production
of tin bronzes mentioned above. Yet, the context of this
particular artefact remains uncertain (Pernicka et al.
1997: 125).

Radivojevi¢ and colleagues (2013: 1040) further argued
that the golden hue of fifteen 5th millennium BC Serbian
and Bulgarian tin bronze artefacts, which contain
between c. 1 wt% and c. 12 wt% Sn, must have been
critical to their value, particularly as these artefacts
were roughly contemporary with the emergence of
the earliest known gold artefacts, unearthed in the
cemeteries of Varna and Durankulak in Bulgaria (cf.
Avramova 2002; Dimitrov 2002; Higham et al. 2007;
2018; Ivanov 1988b; Krauss et al. 2017; Leusch et al. 2014;
Todorova and Vajsov 2001). The importance of the
new colour palette at the time has been emphasised
in detailed compositional analyses by Leusch et al.
(2014), which showed that not all gold items in the
Varna cemetery had the same shade of yellow. We may
assume that the rarity of objects coloured in these new
shades in the 5th millennium BC Balkans might have
dictated their limited production, but also that demand
for them was both social and technological, since tin
bronzes in particular disappear with the collapse of the
KGK VI and related cultural phenomena at the end of
the 5th millennium BC in the Balkans. In contrast to the
tin bronzes, there is currently no evidence for arsenical
copper objects and their production in the Balkans prior
to the early to mid-4th millennium BC (e.g. Antonovié
2014a; Chernykh 1978b; McGeehan-Liritzis and Gale
1988; Nerantzis et al. 2016; Pernicka et al. 1997).

In order to investigate the golden hue argument in
greater detail, Radivojevi¢ et al. (2018) designed a Cu-
As-Sn colour ternary diagram based on an extensive
set of experiments that yielded 64 binary and ternary
metal pellets further exposed to colorimetric analysis.
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Figure 6: The mid to late 5th millennium BC Balkan bronzes plotted against
the Cu-As-Sn ternary colour diagram (100 wt% Cu - 30 wt% As - 30 wt%
Sn corner, see Figure 8). Fifteen artefacts split into three groups indicate
a variety of colour changes, significantly visible after c. 5wt% Sn on the
Cu-Sn axis. Data from Radivojevi¢ et al. (2013: 1035, Table 1); image from

Radivojevié et al. (2018: 118, Figure 12).

The analysis of 15 5th millennium BC Balkan tin
bronzes were then plotted on this colour diagram in
three distinctive groups, based on the likely mixture
of ores other than malachite in the smelting charge:
stannite, high-tin fahlore and low-tin fahlore (data
from Radivojevié et al. 2013: 1035, Table 1). Figure 6
indicates that the stannite and high-tin fahlore group
(12 artefacts, Sn range between 6 wt% and 12 wt%) had
a visibly emphasised golden hue when produced, as
opposed to the low-tin fahlore group where, although
colour change would have been noticeable, it was not
as significant as for those above c. 5 wt% (Radivojevié et
al. 2018: 115-118, Figure 12).

It was therefore concluded that the group of 5th
millennium BC Balkan tin bronze artefacts, in particular
the assemblage of stannite and high-tin fahlore
group, must have appeared significantly different,
aesthetically, from pure copper artefacts, since the
addition of tin increased the golden hue of their
resultant colour. With such a different appearance, it
is very likely that the production of the 5th millennium
BC Balkan tin bronzes was dictated by the demand for
the ‘exotic’ golden colour at the time, or by the pursuit
of its closest imitation, which supports the claims in
the original publication (Radivojevi¢ et al. 2013; see also
Radivojevi¢ et al. 2014a). It is also very interesting that
the shape of the Plo¢nik foil (Figure 5a) indicates that it
was wrapped around an object, which could have been
a pottery vessel or a stone, wood, bone or copper object.
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If we seek inspiration for the use of foils at
that time (c. 4650 BC), metal foils with the
same, golden colour (see Figure 7a) are
found in abundance in Varna burials. The
most notable examples come from the rich
burials 36 and 43, including the (infamous)
golden ‘penis sheath’ (Leusch et al. 2017).

@ Stannite group
@ High tin fahlore
Low tin fahlore

Ryndina and Ravich (2001: 4, Figure 3)
maintain that the provenance of the Balkan
early tin bronze artefacts may have been
associated with local sources, since their
chemical signatures correlate well with
those of copper metal that circulated
in Transylvania, Hungary and northern
Yugoslavia, extending towards Moldavia
and Ukraine. Conversely, Pernicka et dal
(1997: 141) argue that the tin bronze
artefacts they analysed did not fall within
the isotopic range of the majority of
artefacts from the 5th millennium BC. In
her doctoral thesis, Radivojevié¢ (2012)
showed that the provenance of the Plo¢nik
tin bronze foil was highly consistent with
the rest of the Plo¢nik copper implements.
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While the provenance of these artefacts
remains to be explored in future publications, it is
important to emphasise that the information we have
assembled thus far speaks in favour of the limited
use of tin bronzes across the Balkans in the late
5th millennium BC. Furthermore, it is essential to
remember that, although the excavation methodology
used in their discovery varied, the excavators were not
aware of the relevance of tin bronze objects based on
their appearance (the green patina would be similar to
that on pure copper objects), and hence they could not
have been biased in their recording. If anything, these
items were mislabelled as ‘usual copper’ until chemical
analysis showed otherwise, which was initially the case
with the Plo¢nik tin bronze foil. Although this early
use of copper-tin ores to make natural alloys has only
started to emerge in the literature, special caution is
needed regarding claims that involve superficial or
rapid analyses and insufficiently elaborated contextual
evidence.

Gold

The appearance of thousands of small decorative objects
made of gold dates from the mid-5th millennium BC
in northeastern Bulgaria, southeastern Romania and
northern Thessaly (Makkay 1991; Higham et al. 2007;
Krauss et al. 2017). 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
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(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 Durankulak finds are,
for instance, dated to the Hamangia IV phase, between
¢. 4650/4600-4550/4500 BC (BojadZiev 2002: 67). Gold
also appears in more modest quantities in sites located
in the lower Danube basin: Vidra (Dumitrescu 1961:
80), Hotnica (Jovanovi¢ 1971: 37), Traian, Gumelnita
(Dumitrescu 1961: 70-71, 80-81) or deep in the
Carpathians, as in Ariusd (Makkay 1995: 74) (Figure 3).

The most exceptional collection, including c. 3100 gold
objects (and 160 copper implements), however, comes
from the cemetery of Varna I, weighing c. 6.5 kg in total
(Biehl and Marciniak 2000; Fol and Lichardus 1988; Ivanov
and Avramova 2000; Leusch et al. 2017). The volume of
the collection and the range of techniques applied in
its production deserves special attention here. Around
70 of the 320 burials (inhumations, deposits, symbolic/
cenotaph graves) contained gold artefacts ranging from
one item to 990 objects (totalling 1.5 kg of gold) in a
single burial, no. 43. Of 61 graves with gold artefacts, 34
were symbolic / cenotaph, 10 male, 13 female (?) and 4
disturbed (Biehl and Marciniak 2000: 186). Leusch et al.
(2017: 112, Table 2) indicate cenotaphs as the richest
graves, followed by male and then female burials. 1t is
notable that no comparable range of prestige items and
status markers have been found in adjacent settlements,
which do not exhibit evidence for structural hierarchies
or inequalities. Hence, scholars agree that the Varna
cemetery served several local communities of an
unspecified scale, rather than just a single settlement
(Biehl and Marciniak 2000; Chapman et al. 2006; Ivanov
1988b; Lichardus 1991b; Renfrew 1978a).

The Varna gold collection includes a range of decorative
artefacts made of small beads, appliques and sheets.
Although made of native gold, the varying naturally
occurring concentrations of copper and silver in the
golden nuggets exploited resulted in golden objects
having many different shades of gold (Figure 7d) from
white, via yellow, to light pink (Leusch et al. 2014:175,
Figure 11b). Overall, silver concentrations range
between 5 and 45%, and copper between 0.05 and 2.5%
(Leusch et al. 2017). Leusch et al. (2016: 108, Figure
7.8) use the Pt/Pd ratio to discriminate between four
different groups of gold in the Varna assemblage (300
objects analysed in total), which may be indicative of
discrete geological resources, suppliers or workshops.
While any of these scenarios need further research,
the recent discovery of placer gold deposits near Varna
(Yovchev 2014) points to potential regional resources
being exploited at the time.

The artefacts buried in these graves include awls,
chisels, cushion stones, stone adzes, flint scrapers,
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hammer axes and antler tools. A sound case has been
made that these might have been the tools of artisans.
The deposition of such items alludes to the significance
of artisans and crafting for the community at Varna
(Leusch et al. 2017: 118). Anthropological analysis of
one of the richest burials, no. 43, has shown that the
male individual, aged between 50 and 65 years, had
pathological conditions related to squatting and hard
work, particularly to great robusticity of the lower arm
muscle attachments, which supports the interpretation
of this individual as an artisan or craftsperson rather
than as ‘royalty’ (Leusch et al. 2017).

To further contextualise the paraphernalia related
to crafts at Varna I, 122 out of 226 burials have items
identified as tools that have never been used. These
tools are as common as any other object deposited in
the burials. Two potential imitations of objects are also
present in the collection, adding to the assemblage
of artisan tools: a copper pick (imitation of an antler
pick?) and a golden ‘penis sheath’ (a likely imitation of
a tuyére?) (Leusch et al. 2017: 107, Table 1). The latter
has been famously claimed as unearthed between the
thighs of the individual in Burial No. 43, which led to its
interpretation as a penis sheath. However, its original
position was beside the right thigh (Biehl and Marciniak
2000: 186; Ivanov 1988b: 55, Figure 25; Leusch et al. 2014:
168,177, Figure 4a). An alternative interpretation, that it
was an imitation or gilding of a tuyere, has typologically
close parallels with clay imitations from across sites in
Bulgaria (Kubrat, Goljamo Del&evo), Romania (Pietrele,
Radovanu) and Serbia (Bubanj, Kmpije) (Figure 4e-f)
(Bulatovi¢ 2015: 12, Table 11/13; Comsa 1990; Hansen
2009; Lichardus 1988; Lichardus 1991a: 174; Todorova
1982). The idea of gilding is equally interesting, given
that this golden object had two perforations at the base,
indicating that it was stitched to another item, hence
potentially serving as an ornament. Leusch et al. (2017:
114) claim that the item could not have been a tuyére
imitation since the output vent has a wider diameter
than the clay models; nevertheless, imitations do not
need to be exact copies. Finally, if the item was used
as a foil decoration for clay tuyeres, it would fit well
with the practice of working with gold foil in the Varna
cemetery (see Figure 7a) (Leusch et al. 2015).

Careful examination of a total of 300 golden objects
analysed within the Varna-project (led by E. Pernicka)
revealed different shaping techniques applied with
hammers, punches and doming blocks, chisels used for
chasing and parting, conical points for perforations,
and sand, stones, ashes and siliceous plants used for
finishing and polishing. Little is known, however,
about the production debris of gold making. Similarly
to native copper, native gold would not produce
any slags. Casting equipment required a similar
set of tools to those needed for copper processing:
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Figure 7. A selection of gold objects from Varna. a) Sheet-gilded copper bead from burial no. 41; b) Gold bead from burial no.
4 with a hollow body made with lost wax casting technique; c) The ring-idol from grave no. 271 is the earliest known gold-
copper alloy (c. 50 wt% gold, 14 wt% silver, and 36 wt% copper); d) Gold beads with different shades of gold due to the variable
silver content. The silvery beads (top right) from grave no. 43 contain on average 58 wt% gold, 40 wt% silver, and 2 wt% copper
(adapted after Leusch et al. 2014: 167, 175, Figure 3a, 10b, 11a-b; c CC BY-NC-ND 4.0 by B. Armbruster and V. Leusch).

crucibles, casting moulds, hearths and tuyeres
(Leusch et al. 2015). The exquisite craftsmanship
required for making these objects is showcased using
techniques borrowed from copper working, together
with complex casting techniques, to produce three
of the world’s first examples of alloying, gilding and
lost-wax casting (Figure 7a-c). A small group of gold-
copper alloys was found to contain copper content
exceeding c. 30 wt%, which is significantly higher
than the naturally occurring concentrations within
native gold (Hauptmann et al. 2010) and hence implies
intentional alloying (ring idol example in Leusch et al.
2014: 175, Figure 11a) (Figure 7c). A copper bead from
grave no. 41 was sheet-gilded (Figure 7a) (Leusch et al.
2014: 167, Figure 3a), probably to bring up the much
sought-after golden colour, while a hollow and solid
globular bead from another burial was produced using
a lost-wax technique (Figure 7b) (Leusch et al. 2014: 175,
Figure 10b). This bead is the earliest known record of
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a lost wax cast object and predates the spoked wheel
shaped native copper amulet from the site of Mehrgarh
(Pakistan) by as much as 500 years (Thoury et al. 2016).
The amulet came from the Early Chalcolithic horizon
on this site broadly dated between 4500 and 3600 BC,
the authors settling on c. 4000 BC as the likely date for
the emergence of lost wax casting in the far eastern end
of the Iranian Plateau.

The mastery of gold production did not only include
the production of gold objects, but also extended to
the decoration of non-metal objects (like pottery)
with gold. Eluére and Raub (1991: 13) investigated the
technology of gold coating on a large plate recovered
from one of the rich Varna graves, and showed that its
gold layer consisted of natural Au-Ag alloy with c. 7%
Ag, and some copper. After coating, no polishing tools
were used, as this may have removed the gold. Eluére
and Raub (1991: 19) speculated that washed (alluvial)
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gold dust was applied onto a plant glue which covered
a ceramic surface in a process called sintering, which
welded together particles without requiring a liquid
stage (Raub 1995: 247-248). The tradition of decorating
pottery with gold extends into the Krivodol-Salcuta-
Bubanj Hum complex in southwestern Bulgaria /
southeastern Serbia, continuing well into the first
centuries of the 4th millennium BC (Bulatovié et al.
2018; Gaji¢-Kvascev et al. 2012).

During the late 5th to early 4th millennium BC, the
production of gold artefacts shifted towards the west
Carpathian Basin, where gold pendants and decorations
appeared within the late Tiszapolgdr, Lasinja and
Bodrogkeresztdr cultures (Dumitrescu 1961: 92-93).
Gold ornaments of varying size were deposited as grave
offerings in the cemetery of Tibava, in Slovakia (Siska
1964: 332) or in hoards, as at Moigrad, in Romania
(Dumitrescu 1961: 71) (Figure 3). Gold metal from this
period amounts to a total of c. 5-6 kg of extant objects
(Makkay 1991: 119-120); of these the most impressive
is the heaviest golden object currently recorded from
the Balkan Chalcolithic, a 31 cm-diameter disc from the
Moigrad hoard that weighs c. 800 g (Makkay 1989).

Silver and lead

Objects made of silver emerge in parallel to those
fashioned from gold, although to a lesser extent.
Only a few pieces, of unknown context, originate
from the Carpathians (Makkay 1991), while in Greece,
hundreds of small items of silver jewellery have been
found (Maran 2000; Muhly 2002). The richest find is
a hoard from the Alepotrypa Cave (Figure 3) on the
Mani peninsula in Greece, dated roughly between the
mid-5th and early 4th millennium BC (Muhly 2002:
78; Papathanasiou et al. 2018); other sites with silver
ornaments were discovered in the islands of Crete
and Lemnos. One of the large silver pendants from the
Alepotrypa Cave has a distinctive shape: it is circular,
with a central perforation and a pierced suspension

tab; as such, it resembles a slightly earlier golden
counterpart from the cemetery of Varna. There is no
contemporary evidence for silver production, with
the earliest evidence for litharge fragments coming
from Limenaria, Thassos and northern Greece, dating
to the early 4th millennium BC (Nerantzis et al. 2016;
Papadopoulos 2008).

The earliest processing of lead ore in the Balkans
is documented at the site of Belovode, where a
large slag ‘cake’ (Figure 8) was recovered from an
undisturbed and secure context associated with 5200
BC (Radivojevi¢ and Kuzmanovié Cvetkovié 2014; Sljivar
et al. 2012). Microstructural analysis conducted by the
first author of this chapter reveals well formed—and
once molten throughout—fayalitic slag with magnetite,
matte inclusions and droplets of lead metal, which
suggests the use of complex lead ore and would require
temperatures in excess of 1100 °C. Most importantly, it
could not have been made by chance (Radivojevié¢ and
Rehren 2019). While there are no preserved lead objects
known currently from this site, the only contemporary
evidence in the broader ‘Old World’ sphere is the lead
bracelet from layer 12 at Yarim Tepe I in Iran (Merpert
and Muncaev 1987). The results of chemical (qualitative)
analyses conducted by E.N. Chernykh (Merpert and
Munchaev 1972) speak of pure lead metal as the base,
some silver and traces of iron. This suggests the use of a
lead ore of high purity, like galena, or native lead which
is very rare (Patterson 1971). However, without an exact
quantification of the silver content it is difficult to say
which type of lead ore was used. Tylecote (1962: 76)
reported that lead can be smelted easily from galena
by a ‘simple fire’, which possibly refers to the melting
point of lead at 328 °C. Interestingly, the wider Levant /
Northern Syria region hosts some of the earliest known
lead objects in the world, at least from the late 5th
millennium BC onwards (cf. Yahalom-Mack et al. 2015).

The use of lead minerals (for beads) has also been
documented at the Vinca culture sites of Autoput,
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Figure 8. Slag ‘cake’ from the site of Belovode, eastern Serbia, discovered in a context dated to 5200 BC. Compositional analysis
revealed lead metal to be the likely product of the smelt (photo CC BY-NC-ND 4.0 M. Radivojevié).
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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; Vogel and Waterbolk
1963; Quitta and Kol 1969). As such, these artefacts,
together with the lead slag, predate the use of lead
ores at the site of Pietrele (set at c. 4400-4300 BC),
erroneously claimed as the first and only evidence
of lead ore processing in the Balkans (Hansen et al.
2019). The biconical crucibles in question are a very
interesting find and are apparently present in at least
two Chalcolithic Romanian sites besides Pietrele: they
are small biconical objects (c. 6 cm in diameter on
average) with a narrow opening at the top, yet with
inconsistent traces of heating across the discovered
assemblage. The purpose of these crucibles is yet to
be resolved, as it remains unclear what the smelting
of galena (PbS) in such a way produced. Hansen et
al. (2019) dwell on the possibility of manufacturing
a colouring agent, a yellow or red lead oxide, which
would fit with the earlier practice of painting pottery
in the Vin&a culture (e.g. Gaji¢-Kvaslev et al. 2012;
Mio€ et al. 2004).

Miloje Vasi¢ described two interesting situations that
might have indicated the presence of smelting (lead)
installations at the site of Vin¢a-Belo Brdo. The first
refers to finds from 1913, when several ellipsoid-shaped
shallow pits were discovered within a small area at ¥8.1
to ¥8.9 m (this translates into Vinfa A phase in this
settlement, c. 5300-5200 BC), the largest being 2.1 x 0.5
x 0.1 m in size (Antonovié 2002: 35-36, note 60, Figure 3).
Their walls were c. 8 cm thick, and they were intensely
fired only in the centre and filled with soot and ash
in the bottom. A galena bead was identified in the
vicinity of one of these features. Similar shaped shallow
installations were used for lead smelting in the village
of Vinéa (near Belgrade) in the early 20th century; this
prompted Vasi¢ to propose a similar function for these
pits (cf. Antonovié 2002).

Conclusion

In light of this existing evidence for metals and
metal objects, The Rise of Metallurgy in Eurasia project
retrieved, recorded and spatially mapped each metal
object excavated at Belovode and Ploénik, as well as
any associated finds and features. All metal objects
were subsequently analysed to determine their metal
composition, metal provenance and techniques of
manufacture. Given the earlier discoveries of copper
and tin bronze objects at Plo¢nik and copper smelting
slag and lead ore at Belovode, it was important to
explore, where possible, where the different metal
production evidence and objects were placed on each
site and how these may have been organised. This
pertains especially to Research Questions 1, 5 and 6.
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Metal circulation

Analyses of metal objects and the large scale of copper
production during the 5th millennium BC prompted
Chernykh (1978b, 1992, 1997, 2008b, 2008a) to define the
Carpatho-Balkan Metallurgical Province (CBMP) as a
distinctive (and the earliest) technological and cultural
entity, from where metallurgical knowledge was carried
eastward in staged migrations over the following c.
4000 years. ‘Metallurgical Provinces’ (MPs) represent
large interconnected systems of shared metallurgical
technology, trade and exchange, which encompassed
areas of up to a few million km? across Eurasia, and
which lasted for a few thousand years. On a practical
level, they were linked through: i) shared utilisation of
morphologically defined ornaments and implements;
ii) common principles of metalmaking with the
availability of or access to the same ore resources; and
iii) comparable dating. Chernykh (1992: 7) goes further,
making a fine distinction between metallurgical
province and metallurgical foci, the latter of which refers
to smaller-scale regions where similar metal artefacts
were produced by a group of skilled craftsmen over
a certain period. The current understanding of the
extents of metallurgical provinces currently relies on
the growing database of compositional analyses (nearly
120,000; see Chernykh 2008a) and associated datable
materials from between the Adriatic and the northern
forests of Mongolia. As such, the MPs are detached from
the concept of culture, and may encompass an area of
up to 8 million km? and endure over long periods of
time.

The CBMP area included several cultural phenomena in
the northern Balkans and the Carpathian Basin related
to the emergence and spread of copper metallurgy
during the 5th millennium BC, and most notably
around the mid-5th millennium BC, which is defined
as the ‘metal boom’ phase by Chernykh (1978b; 1991;
1992). This province spanned c. 1.3-1.4 million km? at
the peak period of metal production. Chernykh (2008b:
76) distinguished three groups of the 5th and early
4th millennium BC metal-producing and consuming
cultures. The first, ‘core’ group (Butmir, Vinla
c/D, Lengyel, Karanovo V-Maritsa, KGK VI, Varna,
Tiszapolgar, Bodrogkeresztir cultures, see also Figure
10), broadly includes the central, eastern and northern
Balkans and spans over c. 500 years across an area of
0.75-0.8 million km?. A second group is represented by
the Tripolye-Cucuteni culture, which extended from
the Carpathian Mountains to the Dniester and Dnieper
regions, with centres in modern-day Moldova and
western Ukraine, and occupied c. 0.16-0.18 million km?,
while a third group consists of communities occupying
the steppes to the north and northeast of the Black Sea
coast.
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Several technological features emerge as common
to the cultures within reach of the entire CBMP area:
a similar set of classes and types of products, similar
technology of working and (pure copper) metal
composition (Chernykh 1978b, 1992; Ryndina and
Ravich 2000, 2001). The most recent technological
and metallographic study showed that the massive
copper implements from the Vin¢a culture sites of
Plo¢nik were worked in the same way as those from
KGK VI and Varna sites in northeastern Bulgaria
(Radivojevi¢ 2012), confirming the existence of a
shared technological principle (or recipe) for metal
working across the Balkans, in place from the very
beginnings of the 5th millennium BC. Radivojevié
(2012) further observed that the shared metallurgical
tradition, mirrored in the specific technique for
finishing the massive copper implements across the
Balkans reveals that the network of metalsmiths was
resistant to various cultural collapses (like Vinca or
KGK VI), and that it probably existed outside the remits
of archaeological cultures as defined by distinctive
material traits. The study and subsequent publications
relating to the invention, innovation and cultural
transmission of metallurgical knowledge in the 5th
millennium BC Balkans (Radivojevi¢ 2015; Radivojevié
et al. 2013; Radivojevi¢ and Kuzmanovié Cvetkovié 2014;
Radivojevi¢ and Rehren 2016) support the concept of
the metallurgical province as an entity independent of
particular cultural phenomena, and highlights shared
technological knowledge as the key to understanding
the social dynamics of this period. This concept needs
further probing in relation to (extractive) production
and all aspects of the metallurgical chaine opératoire in
order to interpret the nuanced detail of the knowledge
transmission.

Extensive programs of compositional analyses
indicate that the 5th millennium BC metal artefacts
in the Balkans were made of almost pure copper (e.g.
Chernykh 1978b; Junghans et al. 1968; Radivojevi¢ and
Gruji¢ 2017; Pernicka et al. 1993, 1997; Radivojevi¢ 2012;
Radivojevi¢ and Gruji¢ 2018: Table S1), which is why the
trace element signature, along with the lead isotope
analyses, have proved particularly useful for indicating
plausible sources of metal. The Early Chalcolithic
period was dominated by sources in eastern Serbia,
probably Majdanpek, although other outcrops in this
region, like Zdrelo, could also have been exploited
(Radivojevi¢ et al. 2010a). Bulgarian sources, like
Ai Bunar, become active only towards the mid-5th
millennium BC, and are associated with the earliest
copper implements from southern and northeastern
Bulgaria (Chernykh 1978a; Pernicka et al. 1997: 93,
Table 3;). An important point arising from the available
provenance data is the existence of multi-producer and
multi-consumer networks of copper from the early
stages of metallurgical development, as is the case with
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the Vinca culture sites of Belovode and Plo¢nik. While
provenance analyses of copper slags from Belovode
indicate trace elements highly consistent with 16
Chalcolithic copper metal implements found mostly
along the lower Danube, similar analyses of copper
implements from Plo¢nik point to a minimum of three
different copper deposits that provided metal for their
production (Pernicka et al. 1993, 1997: 93-94, 105-106,
Table 3; Radivojevié et al. 2010a).

Provenance (lead isotope and trace element) analyses
of several hundred copper artefacts from the mid to
late 5th millennium BC indicate the use of local Balkan
sources, amongst which the signature of Ai Bunar was
predominant (Pernicka et al. 1997: 117, Figure 20, Table
3). All copper artefacts analysed by Pernicka et al. (1997)
were assigned to ten distinctive lead isotope grouplets
each relating to a particular deposit, a group of
spatially tight deposits or to the same geochronological
unit (not necessarily spatially close). These grouplets
are therefore not sufficiently well characterised to
allow predictions of the exact location of origin of the
smelted metal. The information on grouplets is then
paired with that for clusters (derived from clustering
of trace element signatures) and used together with
archaeological information to ensure the best estimate
of metal provenance (Pernicka et al. 1997). Given the
widespread presence of copper metal implements from
various copper deposits across this region, we may
assume that these local sources were shared among
different cultural groups. There is, indeed, a prevalence
of KGK VI material culture in the ancient mines of Ai
Bunar, however the distinctive chemical signature of
this source is found in nearly one quarter of Middle-
Late Chalcolithic copper objects analysed thus far.

Another distinctive provenance signature is ascribed
to Majdanpek in eastern Serbia, although this deposit
was more intensively exploited in the Early and Final
Chalcolithic. Pernicka et al. (1997) observed large shifts
in copper supply throughout the Balkan Chalcolithic
in the provenance data. For example, the copper in
a significant number of analysed artefacts from the
first half of the 5th millennium BC originates from the
Majdanpek copper field. It is almost absent from the
Middle and Late Chalcolithic artefacts but becomes
a dominant source again in the Final Chalcolithic
(Pernicka et al. 1997: 106). These changes go hand in
hand with the known cultural dynamics at the time: the
use of eastern Serbian sources decreases sharply with
the end of the Vinca culture, while the exploitation of
Ai Bunar and other Bulgarian deposits intensifies with
the rise of the KGK VI, Varna and Krivodol-Salcuta-
Bubanj Hum cultural phenomena. As noted above, with
the collapse of these cultures—commonly ascribed to
an environmental catastrophe (Weninger et al. 2009)
but remaining the subject of considerable debate (see
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Tsirtsoni 2016a)—the eastern Serbian deposits became
more actively used again, followed by the appearance
of the Bodrogkeresztur groups.

More recently, Radivojevié and Gruji¢ (2018) developed
a unique approach to investigating the networks and
dynamics of copper supply between c. 6200 and c. 3200
BC, based on the currently available datasets from
Pernicka et al. (1993, 1997), Radivojevi¢ (2012) and the
project presented in this monograph (see Chapter 41),
including 410 copper-based objects from 79 sites (all
made freely available in Table S1 in Radivojevi¢ and
Gruji¢, 2018)% The authors applied a complex networks
approach, using a modularity maximisation method
(Blondel et al. 2008) in order to explore the structure of
the most densely connectedsites through the strength of
copper supply, trade or exchange links. They identified
three highly interconnected systems—community
structures or ‘modules’—composed of supply networks
that reflect organisation of the copper industry and,
effectively, social and economic ties in the Balkans
between c. 6200 and c. 3200 BC (Radivojevi¢ and Gruji¢
2018: 116, Figure 6). The intensity of algorithmically
calculated social interaction revealed three main
groups of communities that appeared spatiotemporally
and statistically significant: the resulting structures
held a strong resemblance to at least three dominant
economic and social cores of copper industry in the
Balkans across c. 3000 years, traditionally defined as
Vinca, KGK VI and Varna, and Bodrogkeresztir (Figures
9 and 10). Importantly, the complex wiring topologies
of these three modules were quantified independently
of cultural, chronological and geographical attributes.

Besides suggesting spatiotemporal patterning, this
resemblance showed that algorithmically calculated
community structures currently represent the most
precise mathematical model available for identifying
such archaeological phenomena. The dynamics of
copper exploitation, production and consumption
practices reflected closely those of recorded social
interactions for the time and region studied. Although
Radivojevi¢ and Gruji¢ (2018) did not suggest that
metallurgy-related practices were the sole factor in
defining interactions such as collapses or rises of
cultural complexes, their research indicates that these
industries must have been sufficiently powerful to play
a major role in their shaping.

Radivojevi¢ and Gruji¢ (2018) also observed the
selective formation of network ties amongst site
populations in relation to both specific regional copper
sources (e.g. eastern Serbian Majdanpek, central
Bulgarian Ai Bunar) and communication routes (e.g.
lower Danube), as well as their association with either

2 at:

Data also available https://www.repository.cam.ac.uk/

handle/1810/265760
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seemingly ‘monopolised’ (e.g. Bodrogkeresztur) or
‘open-market’ (e.g. KGK VI) organisation of copper
supply networks across the periods analysed (Figure
11). These results are consistent with previous research
on metal provenancing in the Balkans (Pernicka et al
1993, 1997; Radivojevi¢ 2012). Importantly, this study
also indicated an overall tendency for communities
identified as archaeological cultures to maintain
their own regional network of copper exploitation,
production, exchange and consumption. In this light,
metal recycling practices are plausible, although they
may have happened within specific regional networks
of copper supply (or ‘modules’). In such cases, recycling
would not be easily identified in provenance analyses,
as this activity homogenises the metal pool - and if the
metal were coming from a single source or deposit, the
signature would stay the same regardless of the reuse
or recycling process.

This is not to say that modules or archaeological
phenomena identified in this way did not cooperate
amongst themselves. Quite to the contrary, there were
links (see Figure 9) between the modules although these
were not as strong as those within them. Knowledge
of metalmaking spread through these links across
the Balkans from the Vinca culture ‘core’ centre. It
expanded and collapsed along with the rise and fall
of the cultural complexes, but it never ceased to be
practiced. Although the dataset beyond 3200 BC was
not targeted in the networks research, we are aware of
continuing metalmaking practices at the fringes of the
‘core’ metallurgical area: the western Balkans, eastern
Alps, Slovakian Alps, Carpathians (both Transylvania
and Moldova) and well into the Caucasus Mountains, all
arising during the early to mid-4th millennium BC with
copper and arsenical copper production (e.g. Antonovi¢
2014a; Bogndr-Kutzidn 1972; Courcier 2014; Dolfini
2014; Hansen 2013b; Hoppner et al. 2005; Novotna 1970;
Radivojevic et al. 2010b; Roberts et al. 2009; Ryndina and
Ravich 2012; Scharl 2016; Vulpe 1975).

Given this existing evidence for metal circulation,
The Rise of Metallurgy in Eurasia project evaluates the
metal composition and metal provenance of the new
copper finds from Plo¢nik and Belovode in the light
of networks modelling and related interpretations to
metal circulation. This addresses Research Questions 4
and 6.

Metallurgy, metallurgists and societies

In order to re-investigate the interpretations of early
metallurgy, metallurgists and societies, as per the aim
of The Rise of Metallurgy in Eurasia project, it is not only
necessary to build interpretations from all the available
andrelevant datawhich is gathered and analysed by new
and innovative approaches, but also to acknowledge
and critically evaluate the existing narratives that
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dominate the discourse. The relationship between
early metallurgy, metallurgists and societies in the
Balkans has been the subject of extensive and wide-
ranging scholarship (e.g. see review in Kienlin 2010).
This has invariably concentrated upon the proposed
significant impact of metallurgy on the societal themes
of social complexity and craft specialisation, especially
in relation to the emergence or (self-) identification of
elites, as both producers and/or consumers, across the
region.

The interpretative narratives in which early metallurgy,
metallurgists and societies are deeply embedded can be
defined accordingly:

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

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

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

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

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

Each of these five inter-related interpretative narratives
builds on 19th century ideas that equated (pyro-)
technological abilities with societal development within
asocial evolutionary scheme (Dfaz-Andreu 2007; Pearce
2019; Roberts and Radivojevi¢ 2015; Rowley-Conwy
2007). The consequence for scholarship regarding the
Balkans from c. 6200-3700 BC are ongoing debates as
to whether a Copper, Eneolithic or Chalcolithic Age
represents a distinct historical epoch (Lichardus 1991a;
Schier 2014a) and the extent to which metals, elites
and social complexity are inter-related (e.g. Hansen
2012, 2013b; Kienlin 2010; Kienlin and Zimmermann
2012). It is also inevitable that the contemporary
and historical and contemporary perceptions of the
metals involved are influential, with the gold at Varna
leading to narratives of the emergence of wealth and
social differentiation (e.g. Ivanov and Avramova 2000;
Renfrew 1978a, 1986), with copper throughout the
Balkans leading to narratives of technological and
industrial production, distribution and scale (Chernykh
1992; Ryndina 2009), and with lead in the Balkans and
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elsewhere being largely ignored as a low value and
technologically uninteresting material.

It is therefore not surprising that the interpretation
of the life of the prehistoric Balkan communities (and
especially of the 5th millennium BC) has frequently
been influenced by the conventional, metal-orientated
approaches in archaeological research in the area,
even with the rapid growth of settlement, landscape
and environmental research, and interpretational
perspectives. Unsurprisingly, it derived from a
seductive idea that the presence of craft specialisation
indicated the presence of a complex social organisation
(Childe 1950), and that the technology is tightly
correlated with the increase in social complexity (e.g.
Childe 1944; Morgan 1985 [1877]; White 1959). This
notion led to the pursuit of centralised decision making
in any society with metallurgical practice, making the
Balkan case—with the earliest traces of metal making
and the earliest large-scale production and circulation
of metal ornaments and implements—a fertile ground
to justify the advent of highly specialised knowledge
with accumulation of individual wealth and emerging
hierarchy (e.g. Renfrew 1986; Hansen 2013b).

This metal-construct is still frequently dominant in
scholarship, in defining the (elite) socio-economic
dynamics of prehistoric communities at the time.
This is despite the fact that other materials such as
ceramics, flint, polished stone, obsidian and spondylus
(e.g. Amicone et al. 2020a; Ifantidis and Nikolaidou 2011;
Klimscha 2016, 2020; Mili¢ 2015; Spataro 2018; Whittle et
al. 2016; Windler 2018; 2019) were also comparably, if not
much more extensively, sourced, shaped, traded and/or
deposited in settlements and graves prior to, and along
with, metal objects. It is evident that, especially in the
last decade, many major Balkan Neolithic-Chalcolithic
projects have explicitly sought to go beyond traditional
metal-orientated perspectives, especially given the
infinitely larger scale and depth of the non-metallurgical
archaeological and environmental record. This is reflected
in recent syntheses, whether encompassing the Balkans
(Chapman 2020) or the Black Sea region (Ivanova 2013). In
particular, research engaging with population dynamics,
subsistence strategies, settlement practices, and responses
tolocal and regional environmental and climatic change is
thriving (e.g. Benecke et al. 2013; Chapman and Souvatzi
2020; Filipovi¢ et al. 2017, 2018; Gaastra et al. 2018, 2019;
Ivanova 2012; 2020; Ivanova et al. 2018; Mari¢ 2013a, 2015,
2017; Miiller 2012, 2017; Orton 2010; Orton et al. 2016;
Por&ié 2011, 2012a, 2020; Por&ié et al. 2016; Silva and Vander
Linden 2017). 1t is also worth noting that several major,
modern excavation and survey projects of Neolithic-
Chalcolithic sites in the Balkans such as Okoliste (Bosnia),
Uivar (Romania), and Vinca (Serbia) (Drasovean and Schier
2021; Miiller et al. 2013a; Schier 2014b; Tasié¢ et al. 2016a)
have yet to reveal substantial metal objects or evidence for



CHAPTER 3 BALKAN METALLURGY AND SOCIETY, 6200-3700 BC

metal production. However, where metal objects and/or
metallurgical remains are found as for instance at Pietrele
(Romania) (Hansen and Toderas 2012; Hansen et al. 2019),
familiar interpretative narratives relating to metals and
elites are proposed (Hansen 2012, 2013a; Klimscha 2020).

The primary challenge, at least at the broader
interpretative scale, in investigating the origins,

The bibliographic reference for this chapter is:

Radivojevi¢, M. and Roberts, B. W. 2021. Balkan
metallurgy and society, 6200-3700 BC, in Radivojevi¢,
M., Roberts, B. W., Marié, M., Kuzmanovié Cvetkovié, J.,
and Rehren, Th. (eds) The Rise of Metallurgy in Eurasia:
11-37. Oxford: Archaeopress.

37

development and societal inter-relationships of early
metal objects and metallurgy in the Balkans. What this
means in practice is to analyse and interpret the metal-
orientated evidence, not in technological or intellectual
isolation, but in relation to the other practices and
activities of communities living in the region in the
Late Neolithic and throughout the Chalcolithic (c. 6200~
3700 BC).



Chapter 4

The Vinda culture: an overview

Benjamin W. Roberts, Miljana Radivojevi¢ and Miroslav Mari¢

This chapter reviews the archaeological evidence
for the Vinca culture, the broader archaeological
context for the majority of the metal production and
metal artefacts extensively explored in Chapter 3, as
well as for the sites of Belovode and Plo¢nik, whose
investigation forms the core of The Rise of Metallurgy
in Eurasia project. The chapter will provide a lengthy
introduction to the current data and interpretations of
the Vinca culture that are subsequently developed in
far greater detail in the thematic overviews by many
of the leading specialists in later chapters (Chapters
39-52). This monograph seeks to address, at least
in part, the absence of a dedicated synthesis of the
Vinéa culture since Chapman’s (1981) monograph (see
Chapman 2020b for a critical reflection).

The concept of archaeological cultures remains
problematic in European prehistory in terms of
definition and interpretation, yet extremely resilient
in the absence of comparable empirically orientated
alternatives (Roberts and Vander Linden 2011). Due
to competing national traditions of scholarship, the
culture history groupings and terminologies are
strikingly complex in the later prehistoric Balkans (Gori
and Ivanova 2017; Tsirtsoni 2016a). As such, the chapter
explores the historiography and complex debates that
surround the archaeological and temporal definitions
of the Vinca culture. The importance of the Vinca
culture lies not only in the evidence of early metallurgy
but also in the evidence for the expansion of material
culture production and circulation, the intensification
of agriculture and increase in sedentism and settlement
growth, which are all subsequently reviewed. The
chapter concludes by examining past and present
interpretations of the communities who lived and died
within what we now term the Vinca culture.

Defining the Vin¢a culture

The Vinéa culture is a Late Neolithic/Early Chalcolithic
phenomenon, which lasted from c. 5350/5300 BC to c.
4500 BC across the northern and central Balkans and
is fundamentally defined by ceramic types (Porcié
2020; Whittle et al. 2016). It occurs across a large area
of the Balkans (Figure 1), which includes all of present-
day Serbia, the Romanian Banat, Transylvania and
parts of Oltenia, western Bulgaria, eastern Macedonia,
eastern parts of Slavonia and Bosnia and the southern

THE RISE OF METALLURGY IN EURASIA (ARCHAEOPRESS 2021): 38-46

Hungarian region of Baranya. Much of the general
information about this culture is known from research
by several national and international teams, starting
with the seminal work of Vasié (1932-1936), but also
Childe (1929), and many others (e.g. Borojevi¢ 2006;
Chapman 1981; Fewkes 1936; GaraSanin 1951, 1979;
Gimbutas 1976a; Holste 1939; Jovanovi¢ 1971; Markotié
1984; McPherron and Srejovié 1988; Orton 2008; Por¢i¢
2009b; Renfrew 1970; Srejovi¢ 1963, 1984a; Srejovic and
Tasi¢ 1990; Tringham and Krsti¢ 1990a). Regarding the
cultural historical surroundings, this phenomenon
shows strong links with the contemporaneous Karanovo
(phases IIT to KodZadermen-Gumelnita-Karanovo VI)
in Bulgaria, Precucuteni-Tripolye A in Moldavia and
Ukraine, Dimini in Greece, and the late manifestations
of the Staréevo culture and early Sopot culture in
eastern Croatia.

The origins of the Vinca culture are still elusive;
opinions on this issue have traditionally been divided
between advocates of colonisation from Anatolia,
based on typological parallels with the black burnished
ware from this area (Childe 1929; Gara$anin 1973;
Jovanovié¢ 1962; Miloj&i¢ 1949; Schachermeyr 1955) and
proponents of local development (Chapman 1981; Kaiser
and Voytek 1983; Lekovi¢ 1990; Makkay 1990; Markoti¢
1984; Renfrew 1969, 1970; Srejovié 1988; Todorova 1978;
Tringham 1971). While the diffusionists’ argument
favours an external influence in explaining the origins
of the Vinca culture, the ‘autochthons’ rely on the fact
that the Vinca culture territory was culturally preceded
by the Starlevo-Kords-Cris complex, and that there is
strong evidence for local development of settlements,
ceramic typology and stratigraphy. Whilst a major
review of the existing radiocarbon dates highlights
the rapid spread of the indicative biconical and black
burnished ceramics throughout the Central Balkans,
it takes neither side, and indeed seeks to move beyond
these traditional and binary debates (Whittle et al.
2016). Furthermore, neither the north nor the south
of the Vinéa culture ‘potscape’ exhibit notably earlier
dates (Whittle et al. 2016). More recently, Porci¢ (2020)
reviewed the ‘origins’ evidence across the Balkans,
with a particular emphasis on radiocarbon dates. He
highlighted the earlier Western Anatolian evidence
for black-burnished ware (Cevik 2018; Ozdogan
2011) and its presence in the eastern Balkans several
centuries prior to c. 5300 BC. He also stressed the
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Figure 1. The distribution of the Vin¢a culture (shaded) with Vinca sites (red dots) and later settlements (green dots)
(Middle Chalcolithic). Prepared by J. Pendi¢ and M. Marié.

significant increase in the settlement type and size
from the flat (pit-) settlements, typically across 1-2 ha
at Staréevo culture sites (though larger sites exist) to
the rectangular wattle and daub settlement structures
typically across 5-10 ha at Vinca culture sites. There are
exceptions to this broader trend, with several Staréevo
culture sites such as Nosa (Gara$anin 1961) and Luda$
BudZak (Sekere§ 1967) near Subotica and Zlatara near
Ruma (Lekovié 1988) in Serbia and Szentgydrgyvélgy-
Pityerdomb (Bénffy and Sumegi 2011) in Hungary
also yielding evidence of wattle and daub structures.
However, the radiocarbon dating evidence at least
partially undermines evidence of settlement or ceramic
continuities whilst the modelled radiocarbon dates
indicate a demographic decline in the centuries prior to
the emergence of the Vin&a culture (Por¢ié 2020), albeit
one that is not evident until several centuries later
in the eastern Balkans. Whether this can, indeed, be
related to any incoming population—as aDNA studies
on small samples could suggest (e.g. Hervella et al. 2015;
Mathieson et al. 2018)—remains to be seen.

The terminology of the Vinfa culture is yet
another matter of dispute, closely related to the
acknowledgement of the scope of metallurgical
activities within this archaeological culture. The
majority of ex-Yugoslav archaeologists refer to the
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Vinca culture as a Late Neolithic manifestation, while
Bulgarian archaeologists acknowledge it as partly an
Early Chalcolithic occurrence (e.g. Todorova 1978).
However, Miloj¢i¢ (1949: 108) argued that the Vinca
phenomenon was Chalcolithic (or Eneolithic) starting
from the Gradac Phase, a view supported by Covié
(1961: 127-128), and later by GaraSanin (1994/1995: 17).
On the other hand, Jovanovi¢ and Ottaway (Jovanovié
1971; Jovanovié and Ottaway 1976) shared the opinion
that the entire culture was already a Chalcolithic
phenomenon. The term ‘Late Neolithic’ for the Vinca
culture nevertheless remained firmly established in the
ex-Yugoslav literature, despite the fact that knowledge
of the Vinca culture metallurgy has advanced since the
last century (cf. Radivojevié, et al. 2010 and literature
therein). Whilst the authors would advocate for the
use of the term ‘Early Chalcolithic’ for the entire
Vinca culture, it is used throughout this monograph in
conjunction with the Late Neolithic where necessary,
with an intention to facilitate interconnections across
various regional publications and excavation reports.

Vin¢&a culture chronologies
The chronology of the Vinca culture was initially

established on the basis of ceramic typology (see
detailed review and re-dating in Whittle et al. 2016) and
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the stratigraphic sequence of the type-site Vina-Belo
Brdo which has recently been re-dated (Tasié et al. 2015,
2016a, 2016b). Of the abundant typological schemata
(Berciu 1961; Chapman 1981; Gara$anin 1951, 1979;
Holste 1939; Lazarovici 1979, 1981; Lenneis and Stadler
1995; Menghin 1931; Miloj¢i¢ 1949; Parzinger 1993;
Schier 1991, 1996, 2000), the most popular are those of
Gara$anin (1951) and Milojéi¢ (1949). GaraSanin (1951)
divided the Vinéa culture into an early phase, Vinca-
Tordo$ (I and II) and a late one, Vin&a-Plo¢nik (I, 1Ia,
1b), with an intermediate phase called ‘Gradac’ (Table
1) added later, in the mid-1970s (Garasanin 1979). The
other major periodisation, introduced by Holste (1939)
and further developed by Miloj¢i¢ (1949), was based on
the use of alphabetical letters rather than sites (Vinca
A-D with subdivisions). Miloj¢i¢’s periodisation is the
preferred choice in this monograph, however sparingly
used in agreement with the GaraSanin’s proposal. The
spatial division of the Vin¢a culture has also been the
subject of debate with several regional and local groups
defined across its extent. Of these, the most widely
used conventional division is that of Gara$anin (1951)
who identified seven regions with different lifetimes
(classical, South-Moravian, Kosovian, East-Bosnian,
Transylvanian, Oltenian and Srem-Slavonian).

Early Vinéa pottery reflects a combination of three
distinct ceramic traditions: northern with incised band

decoration (LBK and Moldavian-Ukrainian complex),
southern (Anatolian- Balkan) with dark burnished ware,
and a local background of impressed and barbotine
of the Starlevo culture (Chapman 1981: 53; Gara$anin
1951: 63; Miloj¢i¢ 1949: 106; Schachermeyr 1955). This
is also reflected in the appearance of ceramic types
with no immediate predecessors from the previous
period. However, some ceramic styles, such as coarse
ware (with impressed, incised or barbotine decoration)
and painted ware, are well grounded in the preceding
Staréevo culture, and continue to be used throughout
the early sequences of the Vinla culture (Chapman
1981; Schier 1996). The early Vinca culture (Vina A-
B1) also saw the emergence of the black burnished
ware style, typical throughout its sequences in black-
topped (Figure 2a), black-burnished and black-polished
varieties (Figure 2b) (Chapman 1981; GaraSanin 1951).

Vessel shapes in the early Vin¢a phases (Vinéa A-B1)
are characterised by biconical bowls, some of which
are pedestal, and carinated bowls with longer detached
rims, usually decorated with shallow channelling
technique and incised decoration-ribbons often filled
with round points made using a sharp tool (Figure
3a) (Schier 1996). The most dramatic change in vessel
shape and decoration is observed at the beginning
of the Gradac Phase (Vin¢a B2-C1): among the many
new forms are tri- or four-partite vessels with cone-

Table 1. Overview of alternative typological schemes for Vin¢a ceramics (after Schier 1996; Whittle et al. 2016; Figure 2).
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Figure 2. Vinla culture pottery: a) a black-topped ‘fruit
stand’ (early Vinca); b) a black polished three-legged bowl
(late Vin&a (C-D); after Nikolié 2008: Cat. 166, 176).

shaped necks and protruding shoulders, and the so-
called Gradac dishes: conical bowls with thickened
rims channelled on the interior (Schier 1996). These
shapes also occur throughout the later Vinca phases
(Vin&a C-D). Beside vessel shapes, this change is also
visible in the decoration methods and motifs, with a
decline in incised ribbons filled in with points made
with a sharp tool, sporadically replaced by stamped,
rounded dents. Bi-chromatic, rainbow and black topped
vessels disappear from assemblages, and the dominant
decoration technique gradually becomes channelling,
polishing and burnishing (Figure 3b).
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Figure 3. Vinca culture pottery: a) an amphora decorated
with incised ribbon; b) a shallow channelled amphora (after
Nikoli¢ 2008: 261, 264).

From the late 1970s, more radiocarbon dates became
available (Breunig 1987; Ehrich and Bankoff 1992;
Lenneis and Stadler 1995; Obelié et al. 2004; Renfrew
1969; Schier 1996, 1997, 2000; Srdo¢ et al. 1975, 1977,
1987) which, in recent years, have culminated in a major
critical review and modelling of existing radiocarbon
dates for Vinca ceramics (Whittle et al. 2016) supported
by the extensive sampling, radiocarbon dating and
Bayesian modelling of the type site sequence at Vinca-
Belo Brdo (Tasié et al. 2015, 2016a, 2016b) and Uivar,
Romania (Drasovean et al. 2017). This significantly
expanded database of radiocarbon dates has
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Figure 4. Schematic diagram showing the currency of the different phases of Vin¢a ceramics proposed by Miloj&i¢ (1949). The
darker the shading the more probable that a ceramic phase was present in a particular 25-year period. (Derived from Model 1).
(Whittle et al. 2016; Figure 37)

subsequently enabled demographic modelling (Por¢ié
2020). Whittle et al. (2016) place the start of the Vinca A
phase (as exemplified with the type site of Vinéa-Belo
Brdo at c. 5400/5300 BC, while Vin&a B starts around 5200
BC. The highest probability end date for Vinca B1 is c.
5000/4950 BC, which marks the beginning of the Gradac
Phase. The Gradac Phase was an episode between Vinca
B and C, probably lasting for 50-100 years, at least at the
site of Vin¢a-Belo Brdo. Vinca C ended in c. 4850/4800
BC, while the end of the Vin&a culture falls around 4500
BC (Figure 4). The re-dating of the entire sequence at
Belovode and Plo¢nik—which, as sites, span the entire
Vinca culture—by The Rise of Metallurgy in Eurasia project
enables further refinements to the overall Vin¢a culture
chronology as presented in Chapter 37.

Traditional theories on the disappearance of the Vinc¢a
culture relate to violent encounters with communities
related to the Bubanj-Salcuta-Krivodol (BSK) cultural
complex from Oltenia, or the bearers of the Baden
culture (GaraSanin 1979: 204-205) as evidenced by
the widespread burning and apparent abandonment
of major settlement sites. This transition to Middle
Chalcolithic (or mid-5th millennium BC), marked
in culture-historical terms by the Bubanj-Salcuta-
Krivodol (BSK) group in southern and central Serbia
and Tiszapolgdr and Bodrogkeresztir group finds
on the edge of the Pannonian plain and in the river
valleys of Sava and Danube tributaries, appears to be a
highly dynamic process. However, the period remains
relatively poorly understood and the core debate over
changes or continuities in settlement practices needs
to be addressed in more detail.

The first point to consider is what settlement activity
can be identified. As Risti¢-Opaci¢ (Puctuh-Omauuh
2005) demonstrated in her analysis of Vinca settlement
topography and chronology, the Vinca D phase has the
lowest number of newly formed settlements identified.
Yet rather than representing a straightforward decline
in past settlement activity, this trend is largely the
product of archaeological excavations concentrating
overwhelmingly upon earlier, established settlement
sites that have a prolonged existence. Those settlements
dating to the second half of the 5th millennium BC have
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been less extensively excavated and dated compared to
earlier settlement sites. Given that, on current evidence,
the mid-5th millennium BC onwards in the central
Balkans frequently sees the construction of new, single
phased settlements primarily being founded away
from existing Vinca culture sites, as demonstrated in
the area of Madva in western Serbia (Tripkovi¢ and
Penezi¢ 2017), it is easy to see how the shift towards
a less archaeologically visible settlement activity could
be incorrectly interpreted as abandonment or collapse.

The Late Vinca D site of Crkvine, near Mali Borak
provides a potentially instructive case study. It
consists of a series of spaced wattle and daub
structures on a hillock with steep sides above a local
stream, a tributary of Kolubara River in western
Serbia (Mari¢ 2011), representing a broader shift
from river terraces to more elevated terrains which
are far less visible in the landscape to archaeologists,
creating the false impression of little or no settlement
activity. Neither should it be assumed that this period
comprised only small-scale settlements with sites
such as Stubline near Obrenovac (Crnobrnja 2014)
and Drenovac near Paraéin (Peri¢ et al. 2016) showing
clear evidence of the aggregation of inhabitants with
several hundred wattle and daub structures visible
in geomagnetic surveys, albeit in a rather different
spatial organisation.

The second point to consider is evidence of settlement
continuity. Given the underlying culture-historical
framework of the settlement debate, an important
starting point is the mid- 5th millennium BC settlement
of Kalenié Livade in western Serbia which comprises
a single wattle and daub rectangular structure with
a mixed ceramic assemblage that ranges from BSK to
Tiszapolgdr and Bodrogkeresztur and evidence of a
settled farming economy (Blagojevi¢ 2005; Trbojevié
2005). This highlights not only the intensive contacts
between various communities of the region (Parkinson
et al. 2004) but also the problematic issues with defining
them by their pottery. In terms of settlement activity,
Vinca continuities can be seen at sites such as Bubanj-
Humska Cuka (Bulatovi¢ and Milanovi¢ 2020; Bulatovié
et al. 2018) and potential continuities at Bodnjik-
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DruZetié¢ (Zivanovié 2013). Even at the site of Vinla-
Belo Brdo, Bodrogkeresztir graves have been recovered
succeeding the Vinca settlement activity (Jevti¢ 1986).
When considered from a broader Balkan perspective
and beyond, settlement continuities throughout the
second half of the 5th millennium BC at multi-layered
sites in Bulgaria and the Pannonian Plain are well
documented (Por¢&ié 2019a) as are settlements in caves
and other naturally and otherwise protected locations
across eastern Serbia and western Bulgaria (e.g. Boric et
al. 2018, Merkyte 2005; Nikolov 1975; Nikolov 1984). 1t is
clear that a more detailed evaluation of the settlement
evidence undermines the traditional explanations of
Vinca collapse and/or conquest during the mid-5th
millennium BC, thus reflecting the broader trends in
Neolithic-Chalcolithic Balkan scholarship (Por&i¢ 2019a;
Tsirtsoni 2016b), but far more research is required to
explain the transformations that occurred.

The Gradac Phase

The Gradac Phase (Vinfa B2-C1) is of particular
interest in defining the Vinca culture, as it marks
the change in material culture, settlement activity
and, most importantly here, pyrometallurgical
activities. GaraSanin (1990: 12-15, 1973: 103, 1979:
152) inserted this phase between Vinla- Tordo$ IIb
(B2) and Vinéa- Plo¢nik I (C1) (¥6.5 m-¥6.1 m) in
the type-site, admitting, however, that it did not
separate as well in the classical Vinca culture as in
its southern variants. The appearance of the Gradac
Phase, although not immediate across the whole Vinca
culture, is marked with the house destruction horizon
in several sites, an increased number of settlements
erected at more dominant positions, intensification of
elaborated monumental figurine production as well as
introduction of new pottery forms (Gara$anin 1991).
Jovanovié’s (1994) subsequent periodisation of the later
Vinda culture phases is noteworthy as it builds on the
significance of the Gradac Phase, dividing it into three
sub-phases confined to the Morava valley, namely
Gradac I-1II. Gradac I is synchronised with Vinca B2/
C1, as exemplified by Rudna Glava and associated
pottery hoards (Vinfa B2/C1). Gradac II relates to
the disappearance of the Vinda culture further in
the Danube basin and the final settlement horizon in
Divostin (Vin&a C2, D1-2). Gradac IlI is associated with
the longer-surviving southernmost areas of the Vinca
culture and its Kosovian variant in southern Serbia.

The most distinctive traits of the Gradac Phase material
culture are ceramic plates with a thickened rim, single-
handled carinated jugs, so-called Vidovdanka figurines
(Figure 5), voluminously modelled and with a polygonal
face, triangular ceramic altars with deer or ram heads
(Figure 6) and the introduction of graphite-painted
pottery (GaraSanin 1979: 174). Todorova (1978: 30) related
metallurgy in Thracian Bulgaria to the expansion of
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the graphite painting
of black burnished
pottery. This technique
created a silver-like
surface brilliance, thus
potentially resembling
the lustre of metal
objects (Chapman 1981;
138; Chokhadzhiev 2000:
97; Schachermeyr 1955:
133). Graphite painting,
as well as the crafting
of the black burnished
ware long thought to
be connected to early
metallurgy (Gimbutas
1976a; Renfrew 1969),
required mastery
in controlling firing
conditions, in which
Vinfa potters were
exceptionally  skilful.
The darker fabric
pottery was fired in a
reducing  atmosphere
between 700° and 900° C, while both reducing and oxidising
atmospheres were combined to attain a multicoloured
effect (such as black-topped pottery) (Goleanu et al. 2005:
945; Varvara et al. 2008: 10). The ceramic pyrotechnologies
of the Vinca culture are addressed in detail in Chapters
14, 29 and 43 whilst the inter-dependence of metal and
ceramic technologies is explored in Chapters 43 and 52.
The discovery of the early mining site of Rudna Glava
along with new forms of Vin¢a pottery (Jovanovi¢ 1982)
convinced GaraSanin to acknowledge the Gradac Phase
as the beginning of mining activities and hence the
Early Chalcolithic within the Vinéa culture (Garasanin
1994/1995: 17) (see also Chapter 1).

Figure 5. The Vidovdanka,
discovered at Vinca-Belo Brdo
(after Nikolié 2008: 222).

The nature and extent of the cultural change that
marked the beginning of the Gradac Phase has not been
studied thoroughly, let alone the reasons for its varying
magnitude across the Vinéa culture. The most intensive
changes in material and settlement activity during
this phase were exhibited in the southern variants of
the Vinc¢a culture, the south-Moravian and Kosovian
(Jovanovié¢ 2006: 222; cf. Vasié 1911), which led some
scholars to believe that the Gradac Phase was a short-
lived phenomenon of a merely typological character.
However, as noted above, Jovanovié¢ identified three
distinctive stages of the Gradac Phase, based on the
longer lifetime of Vinca culture sites south of the
Danube and along the Morava Valley (Jovanovi¢ 1994).
Gradac Phases I-1II also follow the development of the
Vinla culture metallurgy, starting with the mining
activities in Rudna Glava and intensifying with the
settlement production of massive copper implements,
as seen in Divostin and Plo¢nik.
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Figure 6. A triangular ceramic ‘altar’ with deer or ram head
(after Nikoli¢ 2008: 172, Figure 68).

In the wider region, in terms of relative chronology,
the Gradac Phase is contemporary with the following
cultures: Maliq Ia, Gradeshnitsa III A-B, Poljanica, Sava,
Vidra (Boian III), Pre-Cucuteni I, Hamangia I, Maritsa
V, Dikili Tash II, Paradimi IV, classic (late) Dimini,
Sitagroi 11, Szakalhat, Tisza (transition), Sopot B and
Zeleziowce (Garasanin 1994/1995: 15-16). In terms
of broader interconnections beyond metallurgy, the
typical Gradac one-handled jugs are found as far as
east Bulgaria (Durankulak) or the Turkish Thracian
coast (Toptepe) (Jovanovié¢ 2006: 223-224; cf. Ozdogan
and Dede 1989: 22-23) whilst the triangular altars (?)
with ram heads also occur in central Bulgaria and
the lower Danube (Gimbutas 1976b: 88-89). Jovanovié
(2006), unlike GaraSanin (1994/1995), thought that the
metallurgy was the driving force behind the Gradac
Phase and accompanying cultural changes in the
region; however, both agreed that its origins should be
sought in the 5th millennium BC cultures of the north
Balkans. This debate over the relationship between
early metallurgy and the Gradac ceramic phase is
addressed in Chapter 52.

Vinéa settlement and subsistence

The evidence for settlement in the Vinda culture
comprises the pit structures (Bogdanovi¢ 1988; Marié
and Mirkovié-Marié 2011) and wooden framed, wattle
and daub houses above the ground in larger settlement
sites with longer durations of occupation. Whilst the
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shape and size of pit structure can
vary significantly, at both the Vinca
tells and flat settlements, the houses
are rectangular or squarish in shape
with visible internal organisation
(Tripkovié¢ 2009a). The structures
were usually up to ¢. 10 m?, with
occasional ancillary structures (>10
m?) (Chapman 1981: 60; cf. Cook
1972). Inside the settlements, a food
preparation area is usually located
around thermal structure and silos
(Borojevié et al. 2020), while spaces
for practicing crafts are commonly
found both inside houses and in the
outer yards (Chapman 1981: 63-68).
The evolution in size is noticeable
over time, with houses evolving into
100 m? multi-roomed constructions
at the sites of Gomolava and Divostin
(cf. Brukner 1980; McPherron and
Srejovi¢ 1988; Porci¢ 2009a, 2019b).

The usual settling location for the
Vina culture groups were river
terraces or plateaux, hillocks in
waterlogged landscapes, or hill
slopes near streams; dominant
hillfort settlements are rare as they are mostly
associated with the later phase of the period and less
traversable terrains (Garasanin 1979). The Vin&a culture
communities inhabited a wide variety of soil types,
from highly arable locations to seasonally flooded ones
(Chapman 1981: 84-116). The overlapping of buildings
resulted in tell-type sites, as seen at Vin¢a-Belo Brdo
(Tasié 2005; Vasi¢ 1932-1936) or Gomolava (Brukner
1980; 1988). However, these are rare, as most multi-
layered Vinca period sites do not show the typical
traits of tells, i.e. a prominent mound-like central area
surrounded by thinner archaeological layers. Rather,
Vinca culture sites tend to be horizontally dispersed
settlements, as is the case with the ‘open’ flat type of
Selevac (Tringham and Krstié 1990a) or Plo¢nik (Grbié
1929; Sljivar and Kuzmanovi¢ Cvetkovié 1998a).

There has been considerable debate concerning the
spatial scale of settlements with the seminal analysis
by Chapman (1981) identifying three groupings: 1.0-
1.9 ha; 4.0-4.9 ha and 20-29 ha with accompanying
estimations of populations of 50-300, 200-500 and
1200-2500 people respectively. The conclusion was that
Vinca culture settlement sites were agricultural villages
whose expansion was limited by their food production
capabilities. As highlighted in the magisterial survey
across southeast Europe by Lichter (1993), excavations
and surveys had revealed relatively little about the
spatial organisation of settlements in the region which
naturally limited the critical evaluation of Chapman’s
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(1981) conclusions. In the decades since, these debates
have been re-invigorated by extensive geophysical
surveys of the frequently burnt houses at Vinca
culture settlement sites, notably at Crkvine-Stubline
(Crnobrnja et al. 2009), Drenovac (Perié et al. 2016) and
Bordjo$ (Medovic et al. 2014); by geophysical surveys at
contemporary and comparable settlements sites across
southeast Europe (see review in Chapter 38); and by
more sophisticated methodological approaches (e.g.
Por¢i¢ 2012a, 2019a, 2019b) (see Chapter 40) with the
conclusion that larger settlements such as Divostin,
Belovode, Plo¢nik, and probably Vin¢a-Belo Brdo, may
have had populations of ¢. 1000 people but probably
fewer than c. 2000 people (Por¢i¢ 2019a).

Scholarly understanding of the subsistence strategies
of the communities of the Vin¢a culture have
traditionally been limited by the rarity of excavation
recovery strategies, such as sieving, that would enable
archaeobotanical and zooarchaeological remains to be
identified and interpreted (see Chapters 20-21, 34-35,
and 50-51). Even with the more widespread adoption of
improved fieldwork methods, there are still relatively few
sites from which to extrapolate broader food production
trends (Borojevié 2006; Filipovi¢ and Tasié 2012). Vinca
communities grew domesticated crops such as einkorn,
emmer, barley, lentil, pea and flax/linseed (see Chapters
20, 34, 50) and reared domesticated animals such as cattle,
pig, sheep and goats (see Chapters 21, 35, 51). The higher
proportion of cattle in settlements, particularly males,
suggests the importance of cattle possession in terms of
wealth, while their symbolic role is indicated by the so-
called ‘bucrania shrines’ (Orton 2008; Tripkovi¢ 2007).

Wild plants such as edible fruits and nuts were gathered
and wild animals such as red and roe deer were hunted.
Crops were stored in ceramics, storage pits and
potentially organic bags at settlement sites (Filipovi¢
et al. 2018). The main evidence for salt production
comes from Gornja Tuzla in east Bosnia, located a few
kilometres away from a rich rock-salt mine. Here, conical
coarse ware with elongated feet appeared only in the
Vinda culture sequence and were presumably related to
the salt production (Benac 1961: 50 ff.; Covié¢ 1961: 90,
115-116). Whilst the evidence for subsistence practices
varies slightly in terms of proportions and occasionally
species across different sites, the overwhelming trend in
food production and consumption is one of continuity
throughout the duration of the Vinca culture.

Vinéa craft production

Craft production in the Vinca culture has frequently
been debated in terms of an increase in standardisation
and specialisation, an increased diversity in the forms
and materials involved, and an increase in quantity
(Earle 2018; Tringham and Krsti¢ 1990a; Vukovié
2011; Vukovi¢ 2020). Scholarship has traditionally
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concentrated on widely discovered inorganic materials
such as ceramics (Amicone et al. 2019, 2020; Spataro
2018), polished stone, obsidian, flint (Antonovié et
al. 2005; Antonovié¢ 2003; Mili¢ 2015; Sari¢ 2015), and
metal (Radivojevié et al. 2013 and literature therein;
Radivojevic et al. 2010a) (see Chapters 11, 14, 16, 18, 19,
26, 29, 31, 33, 41, 43, 45, 47-49). Recent research has
also transformed understandings of organic materials
such as bone (Vitezovi¢ 2013b, 2018; Vitezovié and
Antonovi¢ 2020) (see Chapters 17, 32, 46) and shell
(Windler 2018). Yet despite the emphasis on craft
specialists and specialisation, many scholars have
concluded, after fairly exhaustive research, that the
majority of the forms and technologies associated
with their particular material were likely to have been
widely known and practiced and were therefore not
made by highly specialised craftspeople (Amicone
et al. 2020; Kaiser and Voytek 1983). Experimental
archaeological reconstructions have enabled a clearer
understanding of the processes involved, with a firing
experiment showing that the entire range of pottery
found at Vinca sites could be produced without using
a proper kiln (Svoboda et al. 2004/2005; Vukovi¢ 2018a).
The identification of a specialised craft ‘workshop’ in
any material is, perhaps unsurprisingly, a rarity.

The importance of colour in Vinéa craft production and
material culture has been consistently highlighted over
the last two decades (Chapman 2011). Whether evidenced
in the selection and extensive continued use of white
coloured materials for tools and ornaments in stones such
as quartz and magnesite or bones and shells (Antonovi¢
2003; Vitezovié et al. 2017) (see Chapters 16, 17, 31, 32, 45,
46), or the consistent selection of green and black copper-
rich ores for both copper and tin bronze metallurgy (e.g.
Radivojevi¢ and Rehren 2016; Radivojevié et al. 2013) (see
Chapters 11, 26, 41), or the pale yellow, grey or black shades
of ceramics created through different firing conditions
(Amicone et al. 2020; Chapman 2006) (see Chapters 14,
29, 43), the colourful aesthetics in craft materials were
evidently important. This is certainly not unique to the
Vinla culture. The pre-existing networks of long-distance
circulation via rivers in the central Balkans of Spondylus/
Glycymeris shells from the Aegean (Bajndczi et al. 2013;
Dimitrijevi¢ and Tripkovi¢ 2002; Windler 2018, 2019) and
obsidian from the Carpathian Basin (Mili¢ 2015; Tripkovi¢
and Mili¢ 2008) (see Chapter 19, 49) are also strongly
evident in the earlier phases of the Vinca culture. The
subsequent identification of similar networks in copper
across the central Balkans and beyond (Radivojevi¢ and
Gruji¢ 2018) (see Chapter 2) implies at least a partial
continuity in these inter-connections.

Interpreting Vin&a culture communities
The communities who comprised what archaeologists

now term the Vinda culture were farmers living in
settlements that, at certain sites, had a population of
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more than 500 but fewer than 2000 (Por&ié 2019a) (see
Chapter 40). There is no evidence for any proto-urbanism
(Gaydarska et al. 2020) nor specialised military, religious or
administrative centres, thus reflecting the broader Balkan
area during the Neolithic-Chalcolithic Age (Chapman
2010; 2020a; Lichter 2014; Porci¢ 2019b; Reingruber 2014).
The existence of larger buildings at settlements has
generated considerable debate concerning their potential
as the residence of elites (Chapman 2010; Lichter 2014).

It is difficult to evaluate any interpretations of social
hierarchies against the evidence for the funerary record
as there are only two known cemeteries for the entire
Vina culture, one at the early Vin¢a site of Boto$
(Marinkovi¢ 2010) and burials at the late Vin&a settlement
at Gomolava (Stefanovi¢ 2008a). Both exhibit indications
of differentiation among buried individuals, in terms of
grave goods and sex respectively (Grbi¢ 1934; Milleker
1938; Stefanovi¢ 2008b). Single skeleton or cremation
burials, including also partial findings of human skulls or a
mandible, have been found at Vinéa, Potporanj (Garasanin
1979), Parta (Lazarovici et al. 2001), Plo¢nik (Bogosavljevi¢
etal. 2019) and Belovode (Sljivar et al. 2006). Recent analysis
of the Gomolava individuals indicated the possibility of a
kin relationship among buried individuals (Culjkovi¢ et
al. 2002; Stefanovié 2008b: 97). The social interpretation
of these burials is potentially important with differences
between individuals indicated by the grave goods. The
placing of a malachite bead necklace as a grave good in
a child’s burial indicates a social position designated
by birth rather than age. Similar patterns have also
been identified, albeit with far more extensive funerary
evidence, in contemporary cemeteries in northeast
Bulgaria (Lichardus 1988: 93-100). This interpretation,
although based on a limited number of analyses, could
be significant for our understanding of the Vinca culture
society.

Human representation is far more extensively
evidenced than human burial in the Vinda culture.
The evolution of figurines can be followed in relations
to face shaping: from triangular in the early periods,
polygonal in the Gradac Phase, to ornitomorphic in the
later phases (GaraSanin 1979; Gimbutas 1982; Hansen
2007). Figurine production reached its culmination,
and hence the greatest variety, during the Gradac
Phase, and then slowly decreased in quality in the later
Vin&a periods (Gara$anin 1979; Tasi¢ 2008a). In terms
of function, figurines are described as votive offerings
for deities (Gimbutas 1982) or fertility symbols (Letica
1964), although the concept of an ‘Earth Mother’ is
disputed by some authors (Tasi¢ 1973; Ucko 1969).
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The evidence for weaponry and human conflict in the Vinéa
culture remains ambiguous (Chapman 1999a), partially as
a result of the very limited evidence of funerary practices.
The majority of excavated Vinca culture settlements do
have evidence for extensive burning and many had large
ditches constructed at their boundaries. However, this
does not necessarily support interpretations of inter-
group tensions (cf. Miiller 2012). Experimental replications
indicate that house burning could not have occurred
without a significant investment in labour, which indicates
a deliberate and potentially ritual act (Chapman 1999b,
2020b; Lichter 2016; Stevanovié¢ 1997).

The extensive scholarly and political debates over the
existence of a Vinca culture script based on incised markings
on ceramic sherds has been analysed in considerable depth
by many authors such as Winn (1981), Starovi¢ (2004,
2005) and Merlini (2005). Yet, the evidence and logic of
interpretations has recently been argued to be questionable
(Por¢i¢ 2019a). This does not, however, diminish the
importance of the repetitive appearance of a designated set
of incisions in clay (on pots or figurines) throughout Vin¢a
culture settlements, which remains a subject of continuing
interest.

Over the last 40 years, the interpretation of Vinéa culture
communities has been re-evaluated from their culture-
historical origins as a representation of a people by a wide
range of scholars, primarily from the Balkans, Germany,
Americaand Britain, who span many theoretical approaches
(Chapman 2020b; Chapman and Souvatzi 2020; Por¢i¢
2019a). There are recurring themes across the different
approaches, such as identity, inequality, (subsistence)
economics, (long distance) exchange and social complexity.
The intellectual breadth of scholarship encompassing the
Vinca culture communities means that the social agency
of fragmentation and circulation patterns in artefacts,
as innovatively and influentially proposed and evaluated
by Chapman (2000; 2020a) and Chapman and Gaydarska
(2007), co-exists with the evaluation of inequalities with the
nuanced and highly stimulating application of the Gini co-
efficient model (Por¢i¢ 2019a). The modelling of settlement
location selection in the landscape by individual Vinca
farming communities (Mari¢ 2017) can be complemented
by the modelling of potentially related house orientations
across the VinCa and Linearbandkeramik culture areas,
which together almost span the breadth of continental
Europe (Hofmann and Miiller-ScheeRel 2020). This diversity
of approaches and perspectives means that there is no single
vision for what the Vin¢a culture represents in terms of the
communities who lived and died in the central Balkans for
the duration of this phenomenon.



Chapter 5

Introduction to Belovode and results of archaeometallurgical
research 1993-2012

Miljana Radivojevié

The site of Belovode (44°18’42.34”N, 21°24’27.09”E)
is located near the village of Veliko Laole, c. 140 km
southeast of Belgrade (MAP) and lies on a windy
plateau with the eponymous spring running through
the settlement. The location is typical for a Vinca
culture settlement: a large rolling plateau of ellipsoidal
shape at an altitude of c. 200 m, suitable for agricultural
activities as well as cattle breeding in the dense forests
and pastures (Sljivar et al. 2006: 251-252). The nearby
Mlava River runs deep into the volcanic mountain
range called Homolje, which lies within a zone of
primary copper mining and metallurgy (Krajnovi¢ and
Jankovic 1995).

The site has been excavated since 1993 by the National
Museum of Belgrade and the Museum in PoZarevac
(Sljivar and Jacanovié¢ 1996a, 1996b, 1997a; Jacanovié
and Sljivar 2003; Sljivar et al. 2006; Sljivar 2006). Given
that the publication record for Belovode has been
mainly limited to attempts to interpret and explain
archaeometallurgical activities, a more detailed
account of the history of research at the site will be the
focus of this chapter.

In 2010, the site of Belovode received wide international
recognition following a study of five copper slag pieces,
identified as the earliest in the world (Radivojevié et
al. 2010a). Further analyses of archaeometallurgical
materials excavated up to 2009 (Radivojevi¢ 2012,
2013; Radivojevi¢ and Kuzmanovié¢ Cvetkovi¢ 2014)
led, in 2012, to the establishment of one of the largest
ever international collaborative projects focusing on
Eurasian archaeometallurgy'.

During almost two decades of excavations at Belovode,
led by the National Museum in Belgrade, four building
horizons were recognised within ¢. 3 m of cultural
stratigraphy (Belovode A-D, Figure 1). These were
found to correlate well with the entire Vinca culture
sequence: Vin&a Tordo$ (A to B1) and the Gradac Phase
(I-111) (Jovanovié 1994; Sljivar 1993-2009; Sljivar and
Jacanovi¢ 1996b) (see Chapter 4).

! https://gtr.ukri.org/project/D208DC64-842F-4E99-9C9E-248D8185D75A
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The internal phasing of Belovode was established on
the basis of distinctive ceramic typology (GaraSanin
1951, 1973), including locally recognised pottery
variations (Arsenijevi¢ and Zivkovié 1998; Sljivar and
Jacanovié¢ 1996b). At its earliest stages, Belovode was
most likely inhabited by Starfevo groups, as indicated
by occasional finds of late Starfevo pottery. Several
excavated dwellings yielded a great abundance of
pottery sherds, covering all Vinca culture phases,
along with stone tools, obsidian blades, and decorative
items made of malachite (copper carbonate), bone and
precious stones. Malachite, pottery and bones with
green stains, and numerous ‘fired surfaces’ are also
characteristic of this settlement and will be explored
in detail below. The later occupation of this site by the
Vinca culture ended by fire in c. 4650 BC, a practice that
appears to be common not only for this culture, but
across the Balkans at the time (Stevanovié 1997). By the
end of the 4th millennium BC, a section of the site was
briefly re-occupied by the Late Chalcolithic Kostolac
culture, recorded both in the excavated materials as
well as by C14 dating (Jacanovi¢ and Sljivar 2003: 298;
Radivojevi¢ and Kuzmanovié Cvetkovié¢ 2014). By 2011,
c. 430 m? of the site had been excavated through 17
trenches, usually 25 m? in size (Figure 1).

Nine accelerator mass spectrometry (AMS) radiocarbon
dates have recently been obtained from animal bones
from Belovode, confirming the expected Vinca culture
chronological span (cf. Radivojevié and Kuzmanovié
Cvetkovi¢ 2014; Whittle et al. 2016; also see Chapter
37, this volume). The probability distribution for
the beginning of the Vinca occupation of Belovode
indicates a date of c. 5350 BC, while the boundary for
the end of the Vinca culture use of the site is set at c.
4650 BC. Of particular significance here is the dating of
the earliest stratigraphic evidence for the extractive
metallurgy in Belovode, which starts at around 5000
BC; this is currently the earliest secure date for copper
metal production anywhere (Radivojevi¢ et al. 2010a).
Importantly, it coincides with the intensive mining
activities in Rudna Glava, which culminated in around
¢. 5000 BC in the vicinity of this site (c. 50 km).

The mining site at Rudna Glava does not, however,
appear to have been exploited by the inhabitants of
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Figure 1. Plan of the Belovode settlement with locations of excavation trenches by 2011. Prepared by J. Pendi¢.

Belovode; another copper source, discovered at Zdrelo
(Figure 2), c. 10 km away from Belovode, has been
argued to be the most likely candidate according to
lead isotope analysis (Radivojevi¢ et al. 2010a: 2781,
Figure 10). It is notable that a total of nine Vin¢a culture
settlements have been found in the wider catchment
area of Belovode, prompting scholars to propose their
association with the mining and metallurgical activities
both at Belovode and in the wider area (Sljivar and
Jacanovi¢ 1996b). This notion remains to be explored in
future research.

Archaeometallurgical materials up to 2009

All materials considered below were discovered at
the site of Belovode before 2009 (see Table 1). The
majority of the studied collection consists of copper
minerals and malachite beads, while the rest of the
assemblage includes individual slag samples, slagged
ceramic sherds and copper metal artefacts. The sample
size appears small in comparison with the amount of
technological debris (and slags in particular) in later
prehistoric periods; however, it covers a crucial period
in the evolution of metallurgy in Europe and, as a
coherent assemblage, is unprecedented in size, quality
and resolution. In order to address metal production in
the Vinca culture, activities related to copper mineral

use and pyrometallurgical activities are described
here in three distinctive stages of the process: copper
mineral processing, (s)melting debris, and the making
and working of finished metal objects.

All copper minerals studied here are recognised
as archaeological since they originated from
archaeological sites (in contrast to geological minerals
from the mines). Although bead minerals and ores in
this study are both typically malachite, a rationale
to distinguish between these was developed in a
previous study of material from Belovode (Radivojevié
et al. 2010a) and relates to their differentiation in the
technological treatment applied during processing.
Thus, minerals most likely used for bead making at
Belovode (i.e. ‘cold’” processing; Figure 3a) are referred
to as ‘copper minerals’, while those most likely used
for copper smelting (or ‘hot’ processed) will be termed
‘copper ores’.

In this study, copper ores are assumed to include
significant manganese content, as first indicated by
previous chemical analyses of copper production
evidence from Belovode (Radivojevié et al. 2010a).
Macroscopically, these ores appear green and black,
where green comes from the colour of malachite and
black from the manganese content (Figure 3b).
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Figure 2a) Open-cast mine (?) at Zdrelo; b) Entrance at the shaft-hole in Zdrelo (photo by M. Radivojevié).
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Table 1. Study material from Belovode, arranged by analytical number. All samples starting with M
(except for M3, M6, M10 and M35) have already been studied and presented in Radivojevié 2007).

No. | Analytical No. Year |Field label Field context Type of Material

1 | Belovode 3 2007 | Trench 13, spit 14 Household Copper mineral

2 | Belovode 9 1995 | Trench 3, spit 12 Household Malachite bead

3 | Belovode 10 2001 | Trench 8, spit 22 Household Malachite bead

4 | Belovode 12 2007 | Trench 13, spit 10 Household- workshop? | Malachite bead

5 | Belovode 13 2003 | Trench 10, spit 27 Household Malachite bead

6 |Belovode 18 2007 | Trench 13, spit 10 Household Copper mineral

7 | Belovode 23 2001 | Trench 8, spit 23 Household Malachite bead

8 | Belovode 30a, 30c 1995 | Trench 3, spit 5 (Building) waste pit Slagged ceramic sherd

9 | Belovode 31a, 31b 1995 | Trench 3, spit 6 (Building) waste pit Slagged ceramic sherd
10 | Belovode 33b 2008 | Trench 14, spit 15, surface 4 | Household Copper mineral

11 | Belovode 34a 2008 | Trench 14, spit 3 Household Copper minerals from an amphora (3 pieces)
12 | Belovode 131 1995 | Trench 3, spit 6 (Building) waste pit Copper slag

13 | Belovode 134 1995 | Trench 3, spit 7 (Building) waste pit Copper slag

14 | Belovode 136 1995 | Trench 3, spit 5 (Building) waste pit Copper slag

15 | Belovode 154 1999 | Trench 7, spit 6 Household - workshop? | Malachite bead

16 |Belovode M3 1995 | Trench 3, spit 8 (Building) waste pit Copper mineral

17 | Belovode M6 1995 | Trench 3, spit 10 (Building) waste pit Copper metal droplet
18 | Belovode M10 1995 | Trench 3, spit 19 Household Copper mineral

19 | Belovode M14 2002 | Trench 9, spit 11 Household .. . | Copper metal droplet
20 | Belovode M32 1995 | Trench 3, spit unknown Household Radvojey 1Ii:/lallachite bead

21 | Belovode M35 1995 | Trench 3, spit 17 Household Copper mineral

22 | Belovode M12 1998 | Trench 6, spit 10 Household Copper mineral

23 | Belovode M13 2000 | Trench 7, spit 18 Household Copper mineral

24 | Belovode M17 2004 | Trench 10, spit 8 Household Copper mineral

25 | Belovode M20 1995 | Trench 3, spit 2 (Building) waste pit Copper slag

26 | Belovode M21 1995 | Trench 3, spit 4 (Building) waste pit Copper slag

27 | Belovode M22 (a,b) 1995 | Trench 3, spit 5 (Building) waste pit Copper slag

28 | Belovode M23 1995 | Trench 3, spit 7 (Building) waste pit Copper slag

E
E
a

Figure 3. a) Typical bead malachite from Belovode; b) Typical black and green copper mineral from Belovode
(Radivojevi¢ and Rehren 2015: Figure 2)

‘Smelting’ of copper ores refers to the primary
extraction process, where the produced metal was
usually further purified by refining or melting.
Fundamentally, copper smelting can be separated

into two discrete

steps: the reduction of copper ore

to copper metal, which requires reducing conditions

and temperatures

from c. 700 °C upwards (Budd and

Ottaway 1991), and the melting of the copper metal,
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which requires temperatures around and in excess of
1083 °C. The melting or second step in this process has
fewer constraints on the redox (reduction-oxidation)
conditions, while smelting requires an oxygen partial
pressure of less than 1055 atm (cf. Elliott 1976). Thus,
the balance between the two opposing tendencies, high
temperature and reducing conditions, is the key to the
successful smelt.

In the first step, the mineral (typically malachite)
decomposes:

Cu,CO,(OH), — 2Cu0 + CO, +H,0 (< ¢. 500 °C)

and the incomplete burning of charcoal provides the
carbon monoxide which drives the reduction of copper
oxide to copper metal:

2Cu0 + CO— Cu,0 + CO,
Cu,0+CO — 2Cu+CO,

At temperatures < 1083 °C, copper precipitates in the
solid state and forms a porous, spongy, powdery mass,
still mixed with gangue minerals (Hauptmann 2007: 222;
2020). However, although relatively low temperatures
are unlikely to allow for the separation of slag, there may
well have been pockets of higher temperature directly
in front of the blow pipes that led to localised fusion
and partial melting of slag and metal. Thus, copper
that formed during the first step was only transformed
chemically and needed higher temperatures for a
physical change from the solid powdery mass into
liquid metal. The higher temperatures also facilitated
full separation from gangue minerals, resulting in the
formation of slag.

For the full melting of copper, temperatures of around
¢. 1100 °C needed to be maintained for a period
sufficient to allow fully molten conditions to be
reached throughout the charge. Such temperatures
require an installation which retains and concentrates
the heat generated from the fuel within the reaction
container (Rehren 2003). This container can, for both
stages, be a ceramic vessel such as a crucible or furnace,
or a simple hole in the ground leaving little identifiable
structure. Significantly, it is possible that both steps
were performed in the same container or structure,
facilitating the blending of one step into the other. They
may also have been conducted separately, depending
on various constraints originating from the physical,
social or environmental spheres.

The common forms of smelting debris found at
archaeological sites are installations, slagged ceramics
and slags. Technical ceramics (crucibles, furnace
remains, or tuyéres) are particularly interesting for
studying past metallurgical processes as they reflect
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technological choices. The most informative part of a
crucible or an installation fragment is the slag attached
to its walls, as is present on several ‘slagged sherds’
from Belovode (Figure 4b). One of the most valuable
materials for studying metal production at the site
are the small slag pieces (eight in total), discovered
together with slagged sherds in a single trench (No. 3)
(for a typical example see Figure 4a).

Slag is a waste product of high-temperature
metallurgical processes, which ‘collects’ all
unwanted substances or impurities from ores, the
furnace lining and the charcoal ash within the
smelting, casting or alloying systems. Chemically,
it is a solution of molten oxides. Two major oxide
components of metallurgical slags are silica (Si0,)
and iron oxide (typically the more reduced ferrous
oxide, Fe0), which are combined in wide varieties
with elements such as manganese, magnesium or
zinc. Other common constituents are lime (CaO)
and alumina (ALQ,), followed by a number of minor
compounds which contribute to the overall chemical
composition. A slag of optimum composition has
a low energy of formation, a low melting point
and a high degree of fluidity (e.g. low viscosity)
(Bachmann 1980: 118, 1982: 10). Slag can represent
a single phase (glass), although ancient slag is most
commonly constituted of a wide range of crystals.
The newly formed compounds in the ancient slag
are usually referred to as ‘phases’ or ‘crystals’ rather
than minerals, even if they are structurally identical,
since they are formed by anthropogenic processes.

Slag is ideal for studying past pyrometallurgical
activities because it typically contains information
about all components affecting its formation. The slag
chemistry preserves details of the conditions of the
smelt and composition of ores, indicates which metal
was extracted, the contribution of fuel ash, potential
fluxes, and even the design of installations (Rehren et
al. 2007). Moreover, slags are ideal for study because
they are highly resistant to weathering conditions
and are usually accessible for invasive analysis by
archaeological scientists. In the archaeological record,
early slags are typically formed on top of the metal
in a crucible or lined container (Tylecote et al. 1977:
307) and may thus be found as free pieces or attached
to the walls of an installation. However, the free slag
samples can be easily overlooked or mistaken for clay
or minerals, as was the case with copper slags from
Belovode (Radivojevié et al. 2010a: 2779). Also, the slags
from early periods were often crushed in the search
for metallic prills for further refining, making them
archaeologically less visible.

The artefact group at Belovode consists of malachite beads
and copper metal items, Malachite beads were commonly
processed in a series of ‘cold’ shaping techniques, applied
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Figure 4. a) Belovode slag (sample 134); b) Belovode slagged sherd (sample 31b)

in several technological steps. The ornament (bead)
making process starts with a raw nodule of mineral which,
once roughly shaped (but not perforated), is recognised as
a roughout. Subsequent fine chipping creates a preform
or blank, and this is commonly followed by drilling to
produce the final bead shape (Lankton et al. 2003: 16).
Notably, the order of this sequence varies both culturally
and in relation to the materials used. The variety present
within the copper metal artefacts group is particularly
informative for the metallurgical chaine opératoire in the
Vinéa culture, allowing the investigation of different
sequences of production and their interpretation within
wider cultural, environmental and physical surroundings.

All technological analyses were carried out at the
Wolfson Archaeological Science Laboratories at the
UCL Institute of Archaeology, by the primary author of
this paper, and under the supervision of Professor Thilo
Rehren (then UCL Institute of Archaeology, currently
at The Cyprus Institute in Nicosia, Cyprus). Below I
present the main results, while the full dissertation
paper is available in Appendix B_Chs.

Results
Copper mineral use

Malachite beads, pendants and ‘green’ copper minerals
are present from the earliest occupation of Belovode
and continue throughout all building horizons. These
most numerous finds at the site are usually uncovered
and mixed with ash and pieces of charcoal. Other
contexts include house floors, storage jars, ceramic
sherds (with malachite adhered to them), or workshops
within a household. Two such areas in Trenches 12
and 13 together yielded c. 2.5 kg of copper minerals
throughout all building horizons, equivalent to
almost one third of the total weight of malachite finds
discovered at this site?.

% The author weighed all malachite from Belovode for the purpose of
her PhD research completed in 2012 at the UCL Institute of
Archaeology.

Ten samples from the copper minerals group were
analysed, three of which came from the so-called
‘metallurgical’ Trench 3 (Radivojevi¢ et al. 2010a);
the rest originated from various household contexts
(Radivojevi¢ and Rehren 2016) (see Table 1). All samples,
barring M3, M13, M17, 33b and 3, were confirmed to be
malachite (copper carbonate) with significant levels of
manganese in their composition (Radivojevi¢ 2013 18
ff., 2015). The remaining copper mineral samples were
sourced from a vein containing cuprite with copper
sulphides. The small size of all mineral samples (c. 1-3
cm) may imply that they were beneficiated, i.e. crushed
to facilitate smelting.

Significantly, both oxidic and sulfidic minerals present
a common feature: their colour is distinctively black (or
dark) and green (see Figure 3), which is argued to reflect
an intentional choice of a colour that appealed to the
Belovode metallurgists (Radivojevi¢ and Rehren 2016).
The only group of minerals from Belovode that were
not black-and-green were those used for malachite
bead making, implying that colour-coding was a
very important aspect for copper mineral selection.
Although the geological environment of eastern Serbia
offers more than one kind of copper mineral (Krajnovié¢
and Jankovi¢ 1995), the Belovode copper craftsmen
seem to have selected only pure green or black/dark
and green minerals.

i)
0 5¢cm

Figure 5. Stone mallet from Trench 7 at Belovode (after
Sljivar et al. 2006: plate 1/4)
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Two stone mallets, each with a central groove, were
discovered in the context of workshops in Trenches 1
and 7 (Figure 5) (Sljivar et al. 2012: 259, Plate 1/4), and
could offer clues about tools used during processing.
Similar finds from Rudna Glava (Jovanovié 1982) suggest
such tools may also have been used for mining.

(S)melting debris and installations

Charred surfaces with malachite, copper mineral
powder, adhering to fragmented ceramic sherds and
grooved stone mallets are common in household
contexts in Belovode. A few small pottery vessels of
conical shape and coarse fabric from Trenches 7 and
8 (Vinda B1 horizon, Figure 6) also had green minerals
attached to the outer surface however analyses have
shown that these were not crucibles (Radivojevi¢ 2007).
In addition, a fragment of ceramic mould discovered on
the site surface, is thought to originate from the latest
layer of occupation (Sljivar et al. 2006: 259, Plate 1/3).

Two shallow pits rimmed with ceramic sherds and a
burnt layer of clay from Trenches 10 and 13, a Vinc¢a B1

building horizon, are identified as early furnaces by the
excavator (Figure 7), based on comparison with similar
small hearths discovered at Durankulak in Bulgaria
from the late 5th millennium BC (Sljivar et al. 2006: 253,
260, Plate 11/4; cf. Dimitrov 2002). Elongated cylindrical
ceramic forms (so-called ‘chimneys’) with a diameter
of about 20 cm, a reconstructed height of up to 80 cm,
and open at both ends (Figure 8) have been tentatively
linked to these rimmed pits in the ground and, thus with
the smelting operation (Sljivar 2006; Sljivar et al. 2006:
253). Nevertheless, neither of these ‘chimneys’ showed
convincing traces of use in the smelting process after
compositional analyses (Radivojevié et al. 2010a: 2779).

Metal production evidence
Belovode  are

Pyrometallurgical activities at

represented by only eight individual copper slag
samples, four slagged ceramic sherds, and a copper
droplet (metal) sample from Trench 3, all of which
demonstrate sustained smelting activities taking place
at the outskirts of the site. Another pyrometallurgical
situation has been recovered in Trench 9; both will be

Figure 6. a, b) Fragment of ceramic vessel with green powder adhering to its bottom (labelled as Belovode 30ch, Trench VIII, spit 12,
Belovode 2001 campaign, reported in Radivojevi¢ 2007); ¢, d) Bel29 Fragment of ceramic vessel with light green and brown matrix
adhered to the outer walls (labelled as Belovode 26, Trench VII, spit 12, Belovode 2000 campaign, reported in Radivojevi¢ 2007).
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Figure 7. Shallow pit lined with ceramic sherds from Trench 10 (upper left
corner) (Photo courtesy of Dusko Sljivar, National Museum Belgrade, Serbia).

presented in more detail below. These materials were
usually discovered in areas filled with ash, charcoal,
charred wood or stone constructions and mainly
represent an outdoor activity.

Trench 3

Trench 3 (dimensions 8 m x 2 m) yielded evidence
for copper smelting activities throughout the final,
D horizon of occupation i.e. across the entire Gradac
Phase sequence starting in c. 5000 BC (Radivojevié et
al. 2010a). This phase of the Vinéa culture is known to
have lasted longer in the Morava Valley settlements
than in those situated nearer to the Danube (Jovanovié
1994) and, at this site, most likely covers the late Vinca
culture sequence, dated to c. 5000-4650 BC.

The Belovode D horizon, represented in this trench by
materials from a waste pit (Sljivar and Jacanovié¢ 1996a),
includes all finds from spits 1-11, including various
archaeometallurgical debris (Table 2). Thousands of
ceramic finds were unearthed in this horizon alone,
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many of which are diagnostic of the
Gradac Phase in general, for example,
the conical bowls with a thickened rim
channelled on the interior, or tri- and
four-partite vessels with a cone-shaped
neck and protruding shoulder, usually
accompanied by ornaments with typical
incised ribbon decoration (Arsenijevié
and Zivkovi¢ 1998; see also Schier 1996;
Schier 2000).

The slag pieces collected from this trench
are vitrified, strongly magnetic and
green-stained droplets, not exceeding
1 cm in length (example in Figure 4a).
They appear to have been highly viscous
and very rich in copper metal, however
with no signs of crushing in pursuit of
copper metal prills. This may have been
due to their small size and weight, since
all eight samples weigh, in total, less
than 10 g. Given that, in appearance,
these slag pieces resemble (green)
malachite as a result of the corrosion
of the copper metal prills entrapped in
them, it is possible that the green colour
facilitated their recognition in the field
excavations, leading to a biased recovery
in favour of more copper-rich pieces, and
that those without green staining were
more likely overlooked, as mentioned
above (cf. Radivojevié et al. 2010a: 2779).

The green staining on fragmented
slagged sherds comes from the contact
of these samples with the metallurgical
process. The slagged mass is surrounded by heavily
vitrified areas, which appear along the edges of the
studied samples (Figure 4b), but also extend across
their cross-sections. The latter implies that these
sherds were most likely used in a fragmented form
during the metallurgical process. A copper metal
droplet (M6), found in addition to this assemblage,
provides a more complete account of the types of
metallurgical activities conducted in the workshop in
Trench 3.

All metallurgy-related materials were discovered sealed
with building waste such as the remains of house daub,
domestic pottery and animal bones. Notably, in spit 10,
which belongs to this building horizon, two shallow,
rock-lined constructions, indicated as fireplaces were
identified as potentially linked with metallurgical
debris in excavation records. The stratigraphic evidence
related to the earliest slag piece is dated to c. 5000 BC;
the smelting evidence, according to the excavation
reports, continued until the abandonment of the site
in c. 4650 BC.
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Figure 8. a) Reconstructed ceramic ‘chimneys’ from Belovode. Note the marks of secondary burning. (Photo courtesy of Dusko
Sljivar, National Museum Belgrade, Serbia); b) Tentative reconstruction of the smelting installation at Belovode

(after Sljivar et al. 2006: plate 11/5).

Table 2. Study materials from Belovode ‘metallurgical’ Trench 3, arranged by spits.

No. | Analytical No. Year |Context Type of Material Chronology/building horizons

1 | Belovode M20 1995 Trench 3, spit 2 Copper slag Gradac Phase, Belovode D
2 | Belovode M21 1995 Trench 3, spit 4 Copper slag Gradac Phase, Belovode D
3 | Belovode M22 (a, b) 1995 Trench 3, spit 5 Copper slag Gradac Phase, Belovode D
4 | Belovode 136 1995 Trench 3, spit 5 Copper slag Gradac Phase, Belovode D
5 | Belovode 30 (a,c) 1995 Trench 3, spit 5 Slagged ceramic sherd Gradac Phase, Belovode D
6 | Belovode 31 (a,b) 1995 Trench 3, spit 6 Slagged ceramic sherd Gradac Phase, Belovode D
7 | Belovode 131 1995 Trench 3, spit 6 Copper slag Gradac Phase, Belovode D
8 | Belovode 134 1995 Trench 3, spit 7 Copper slag Gradac Phase, Belovode D
9 |Belovode M23 1995 Trench 3, spit 7 Copper slag Gradac Phase, Belovode D
10 | Belovode M3 1995 Trench 3, spit 8 Copper mineral Gradac Phase, Belovode D
11 |Belovode M33b 1995 Trench 3, spit 8 Malachite bead Gradac Phase, Belovode D
12 | Belovode M6 1995 Trench 3, spit 10 Copper metal droplet Gradac Phase, Belovode D
13 | Belovode 9 1995 Trench 3, spit 12 Malachite bead Vin&a B1, Belovode C

14 | Belovode M35 1995 Trench 3, spit 17 Copper mineral Vinéa B1, Belovode C

16 | Belovode M10 1995 Trench 3, spit 19 Copper mineral Vinca B1, Belovode B

Compositional ~ and  contextual  analyses by the compositional analyses, which indicate strong

archaeometallurgical

assemblage from Trench 3

correlations in the ore signature for production evidence,

indicated that they were probably part of a minimum
of three smelting episodes (Radivojevi¢ and Rehren
2015: 22 ff.). This assumption is further strengthened

i.e. manganese and zinc. Manganese is specifically known
for the advantageous chemical-physical properties of
its oxides, which enable an easier reduction of copper

L ]
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ores to metal and slags (Huebner 1969: 462, Figure 3).
The aesthetic aspect of copper and manganese rich
ores (being black and green) has been argued to be
particularly important, as this colour code appears to
dominate the Vinca culture metallurgy of both copper
and tin bronze making (Radivojevi¢ et al. 2013).

All slag-based samples appear very heterogeneous under
the microscope with dross areas (copper-oxide-based
phases) dominating the microstructure (Radivojevi¢ and
Rehren 2015: 16). Other major phases are metal prills,
spinels and delafossite, all of which are embedded in a
glassy matrix (for comparison and detail, see Chapter
11). The co-occurrence of these phases suggests that the
gas atmosphere had a partial oxygen pressure that was
low enough to reduce cuprite to copper metal (Elliott
1976) and was therefore sufficient to smelt copper. The
working temperatures of the smelting systems across all
slag-based samples is estimated to have been just over
1083 °C, according to the fully molten state of copper
metal prills embedded in them.

Trench 9

Pyrometallurgical activities are also recorded in
Trench 9 (dimensions 5 m x 5 m) (Jacanovi¢ and Sljivar
2003). In this trench, spits 21-7 yielded typical Vinca
culture material that corresponds with all four building
horizons at Belovode (A-D). Archaeological materials
found in spits 6-1 belonged, most probably, to the latest
manifestation of the Vinca D phase (cf. Jovanovi¢ 1994).

The use of copper minerals occurred regularly
throughout the building horizons Belovode A-C,
excluding Belovode D and the succeeding, not yet
well-defined, horizon. Of particular note here is spit
11, which yielded a copper metal droplet (M14, see
Table 1). This was discovered in the context of the
regular appearance of ceramic pedestal bowls, typical
of the Vinca A to Gradac Phase. Chronologically, and in
relative stratigraphic terms, it can be correlated with
the early Gradac Phase and, effectively, with the start
of metallurgical activities in Trench 3, dated to c. 5000
BC (cf. Radivojevié et al. 2010a). Interestingly, early
Belovode horizons in this trench yielded Vinca culture
figurines with modelled appliques: necklaces with
perforated disc-pendants (Sljivar et al. 2012: 31, Plate
111/1-4) resembling gold applications from the late 5th
millennium BC burials and settlements in Bulgaria and
Ukraine, Similar examples have also been discovered at
the site of Vina-Belo Brdo (Tasié 2008a: 151, Figure 58).

An unusually large, round slag cake was unearthed in
spit 18 (Belovode 40) and argued as firmly contextualised
within the Vinca B1 Phase (Sljivar et al. 2012: 33-34,
PL. VIII/1)(Radivojevi¢ and Kuzmanovi¢ Cvetkovié
2014) (see also Chapter 3, this volume). Preliminary
analyses revealed that this artefact has significant
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concentrations of lead (Radivojevi¢ and Rehren: 2019),
which may suggest the production of this metal even
before copper; future analysis is expected to shed more
light on this unusual archaeometallurgical evidence. In
terms of absolute dating, the metal droplet (M14) could
be dated to c. 5000 BC, while the slag cake (Belovode
40) may be ascribed the date of c. 5200 BC (Radivojevié
2013: 17; also Chapter 3, this volume).

Copper mineral and copper metal artefacts

Malachite beads occur throughout all horizons at
Belovode and vary in size from 4 mm to 1.5 cm in
diameter. One exception is a deltoid pendant with
perforation found in Trench 1, Vinc¢a A1 horizon. Beads
selected for this study were found related to various
copper minerals, slag pieces, workshop activities or
dwelling structures. They occur as whole artefacts
or fragments, implying the potential presence of a
bead workshop at the site. Some Belovode beads have
undergone mineralogical study, which confirmed the
presence of malachite, with traces of tenorite and
kolwezite (Jovi¢ 1996). Compositional analyses further
suggested the use of rather pure malachite for bead
making, with main impurities being low contents
of iron and zinc oxides, as well as manganese in one
instance (Radivojevi¢ 2012: 306, Table 48).

Both copper metal droplets (M6 and M14) were initially
thought to be copper minerals until their cross-sections
revealed a dark red phase (copper metal) surrounded by
a thick, light green layer of corrosion (Radivojevi¢ et al.
2010a; Radivojevié 2013: 28, Figure 18). The amorphous
shape of the metal phase in both samples indicates that
it was once molten copper, however it is now heavily
corroded due to post-depositional processes. Both
droplets most likely cooled rapidly, as indicated by
porosity holes and cracks throughout the investigated
polished sections.

In addition to these metal droplets, two further copper
artefacts have been identified as belonging to the Vinca
culture occupation of Belovode: a copper chisel and
a bun-shaped metal ingot (Sljivar et al. 2006: 252, 269,
Plate 1/1, 2). Since these were found in the vicinity
of the site, they could belong to the Late Chalcolithic
occupation, as already indicated by the late 4th
millennium BC dates from the top horizon in a defined
area of this settlement.

Discussion

Extensive microanalytical examination of copper
minerals and production debris indicate that, together,
they form a coherent assemblage, largely linked
through significant manganese and zinc content, which
came from the gangue minerals in an exploited copper
deposit.
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It is noteworthy that, regardless of how insignificant
the small amount of slag from Belovode may appear, it
fits the overall picture of rather ephemeral production
evidence in pre-Bronze Age metallurgy (Craddock 2001:
152). The early slags of the 5th and 4th millennium
BC mostly look the same: they weigh hardly more
than a few grams each and reach nut size at most (cf.
Hauptmann 2007: 158); it is not surprising that, size-
wise, the earliest documented slags sit at the lower end
of the range of slag ‘heaps’ identified thus far (Bourgarit
2007: 4, Table 1).

The Belovode smelting installation debris also fit well
the ‘ephemeral model’ of Chalcolithic metallurgy.
Slagged sherds from the site suggest the presence of
a hole-in-the-ground installation lined with broken
pottery. However, none were discovered in situations
related to a hearth or a similar detectable feature in the
field. Hence, it may be hypothesised that the copper
smelting installation was too ephemeral to survive c.
6000-7000 years of post-depositional processes and
took the form of a shallow indentation in the soil, lined
with ceramic sherds. Such an installation was possibly
operated by using blowpipes or tuyéres, where five to
six blowpipes would normally suffice to bring the
temperature to around the 1100-1200 °C needed to (s)
melt copper (cf. Rehder 1994: 221).

The chemical fingerprint of the ore used for smelting
copper at Belovode indicates a strong chemical
association of Mn and Zn, with some Co, Ca and Fe
(Radivojevié 2013: 21 ff.). 1t is likely, therefore, that the
ores used could have been a paragenesis of copper-zinc-
manganese, with some other elements coming from the
attached primary copper sulphide mineralisation (such
as S, Fe) or gossan. Their inclusion in the ore charge may
not have been intentional, but most likely evolved as a
natural consequence of the stratigraphy of weathered
copper sulphide ore bodies (cf. Rostoker et al. 1989: 85).

With regard to the copper droplets M6 and M14, the
structural difference between them results from M6
containing a sulfur-rich phase. Thus, it may be assumed
that the smelted ore in M6 was originally a mineral
combination of copper sulphides (chalcocite) and
oxides (or carbonates). This assumption is corroborated
by the presence of a similar mineral combination at
Belovode (3 and 33b), which suggests that it was these
types of ‘mixed’ minerals that were included in smelting
activities at the site (Radivojevi¢ 2013: 30).

Conclusion

The overview of activities related to copper mineral use
and extractive metallurgy at the Vinca culture site of
Belovode suggests that metal smiths at the settlement
were covering several stages of the metallurgical chaine

57

opératoire. The analytical highlights underlying this
narrative are the compositional connection of copper
minerals and production debris from Trench 3 through
manganese-rich copper ores, the potential presence
of a minimum of three separate smelting events in
Trench 3 and identification of both slagging and non-
slagging events in the earliest context of metallurgical
development at the site.

The black and green minerals (both oxidic and sulfur-
rich) selected by the Belovode miners predate the
earliest documented smelting event at this site,
indicating that they were potentially experimented
with during the first centuries of occupation. This
experimentation, although probably unsuccessful,
could be recognised in sample M6, which contains
molten copper, but also some residual sulfur-rich
phases. The distinctively coloured black and green
copper minerals became copper ores only at the dawn
of the 5th millennium BC, and their smelting is attested
by the strong presence of manganese and zinc in the
chemical signatures of glassy slag matrices as well as
in other newly formed phases in the metal production
samples.

The combination of analytical results and the available
fieldwork data facilitated recognition of potentially
three separate smelting events in Trench 3, one of which,
represented by M6, was most likely unsuccessful. Firstly,
the data demonstrates sustainable smelting activities
during at least the latest building horizon in Belovode
(c. 5000-4600 BC), while sample M6 was produced
somewhat earlier. Secondly, the data shows a similar
technological principle for the slagging events, but also
highlights that the early beginnings of metallurgy were
not producing slag, as previously assumed by Craddock
(1995). still, it was not long before the Belovode metal
smiths optimised metal extraction by producing minute
concentrations of slag, documented at the turn of the
5th millennium BC (Radivojevié et al. 2010a).

It appears that the Belovode metal smiths were aware
of the properties of black and green copper minerals,
knowledge that possibly developed over the course of
a few centuries. This understanding related not only
to manganese-rich copper minerals, but also to those
rich in sulfur, indicating that it was the distinctive
colour of the minerals that prompted their selection
and subsequent smelting. The colour appeal of copper
ores has already been argued to be the most significant
sensory aspect for the invention of early metallurgical
activities (Radivojevié 2015) and the Belovode example
stands out as the earliest currently known in the line of
evidence assembled for the Vina culture.

Small-scale smelting reactors emerge as the principal
technological choice in the copper metal production,



MILJANA RADIVOJEVIC

not only for Belovode but also throughout the Vinca
culture, The minute size of slags and ephemeral evidence
of smelting installations has also been discussed in
Radivojevi¢ and Rehren (2016), who pointed towards
a similar technological principle of copper production
being present across the Vinca culture settlements
of Belovode, Vinéa, and Gornja Tuzla. The smelting
process at all three sites can be generally characterised
by the use of mixed copper ores selected for their
colour, which were smelted in moderately reducing/
partially oxidising conditions in an ephemeral ‘hole-
in-the-ground’ installation. The process was conducted
at all three Vinca culture sites with remarkably similar
mastery, resulting in copper metal probably being
produced in globules together with small quantities of
highly viscous slag; some of this slag formed in direct
contact with already-broken pottery sherds.

Although the Vin¢a culture production evidence
studied here represents only very few of these episodes,
the replication of the production pattern across all
three sites within different occupational sequences
indicates that the level of expertise achieved remained
relatively unchanged and potentially stagnant across
an estimated period of six centuries. The process slowly
evolved into smelting of more complex copper ores
only towards the end of this culture, as attested by the
use of colourful complex copper-tin bearing ores for
making tin bronze objects at the site of Plo¢nik around
the mid-5th millennium BC (Radivojevié et al. 2013). The
distinctive role of black-and-green ores in early Balkan
metallurgy therefore emerges as a key factor to support
arguments for its independent development, as well
as supporting claims about its unique technological
trajectory.

One of the most significant outcomes of the results
discussed here is to demonstrate the potential of
a materials science approach for incorporating
insufficiently ~contextualised materials into an
integrated technological and archaeological narrative.
The lack of precise contextual information is a result of
insufficiently detailed documentation for the Belovode
excavation. Despite careful excavation, records are not
always clear and, unfortunately, do not offer sufficient
information regarding the formation of the site. Since
the majority of field documentation between 1993 and
2012 remains unpublished, relevant contexts for this
study are limited to relative spits within individual
trenches. This has provided only limited information
on the spatial distribution of metallurgical debris
and its relation to the spatially closest settlement
features. Importantly, most of these features originated
from arbitrary units, where the relationships are
obscured and not always straightforward. This chapter
therefore focused on the material properties of a
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variety of excavated artefacts, highlighting important
connections between them from this particular
perspective, rather than relying on a distribution plan
of small trenches scattered across the site.

A further problem in relation to the state of research
at Belovode arises from the lack of AMS data for
specific contexts related to diverse metallurgical
activities. AMS data for this site, recently synthesised
in Whittle et al. (2016), do not offer sufficiently high
resolution to distinguish copper mineral use and
pyrometallurgical processes at Belovode (and other
Vinca culture settlements), nor do they provide direct
dating evidence for the majority of metallurgy-related
finds. Therefore, the temporal analysis of metallurgical
activities presented here has been mainly dependant
on the relative chronology— based on specific pottery
forms—and the conventional periodisation of the Vinca
culture across the entire region. Such an approach,
although potentially not without errors, currently
provides the only feasible contextual framework for
most metallurgy-related samples considered here.

An understanding of the relationship between the
Gradac Phase and the rise of metallurgy is crucial for our
interpretation of this process within the Vinca culture:
the earliest stratigraphic evidence for copper smelting
is discovered at the beginning of this phase and is also
contemporary with the intensified activities in Rudna
Glava, as well as the earliest dated copper implement
from Plo¢nik. The changes in material culture that
follow this phase are a phenomenon common across
the whole Balkan region (cf. Gara$anin 1994/1995) and
will require particular attention for the interpretation
of the origins of metallurgy in this part of Eurasia in
future discussions.

The introduction of metallurgy evidently influenced
other aspects of material culture at this time. The most
important association is, beyond doubt, with pottery
production, such as the conjunction of the appearance
of black burnished ware and graphite painted decoration
with the emergence of metallurgy, which has been
discussed at length (e.g. Renfrew 1969; Gimbutas 1976a),
and studied in detail within this volume (see Amicone et
al. Chapters 14, 29 and 43, this volume) and in Amicone
et al. (2020). Another valuable observation comes from
Belovode, where modelled applications on figurines
resemble contemporaneous metal jewellery from sites
located along the lower Danube and further towards the
northern Black Sea coast (see examples in Dumitrescu
1961; Sergeev 1963). This highlights the importance
of the Danubian communication route for the spread
of metallurgy across the Balkans, also highlighted
in the most recent application of complex networks
methodology by Radivojevi¢ and Gruji¢ (2018).
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The following chapters will explore in greater detail both
the technological and archaeological circumstances
for the appearance of the world’s earliest metallurgy,
providing a more nuanced contextualisation and
chronological framework for the invention widely
argued as the trigger for broader material and social
changes, both in the Vinca culture and beyond.

The bibliographic reference for this chapter is:

Radivojevi¢, M. 2021. Introduction to Belovode and
results of archaecometallurgical research 1993-2012, in
Radivojevié, M., Roberts, B. W., Mari¢, M., Kuzmanovié¢
Cvetkovié, J., and Rehren, Th. (eds) The Rise of Metallurgy
in Eurasia: 47-59. Oxford: Archaeopress.
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Chapter 6

Introduction to Plo¢nik and the results of archaeometallurgical
research 1996-2011

Miljana Radivojevié

The site of Plo¢nik (43°12’35.72"N, 21°21'50.42"E) is
situated beneath the eponymous modern village, 19
km west of the town of Prokuplje in south Serbia and
300 km south of the capital, Belgrade. 1t is set at about
300 m above sea level on the left bank of the Toplica
river, whose shifting course presently erodes away the
estimated 3.60 m thick cultural layer of the site (Stalio
1960: 34; 1962: 21). The village is surrounded by good
quality agricultural land (Chapter 23, this volume)
and thermal springs, and has good communication
routes along the river Toplica. This is the major
watercourse in this part of Serbia, which springs from
Kopaonik, a mountain approximately 50 km away
from Plo¢nik, whose rich iron veins were exploited
in Roman and medieval times (Bogosavljevi¢ et al.
1988, 1989; Bogosavljevi¢-Petrovi¢ and Tomovi¢ 1993;
Bogosavljevi¢-Petrovi¢ 1995; Mrkobrad 1989; Mrkobrad
etal. 1989). More than 50 sites with archaeometallurgical
installations from both periods were recognised
around toponymic places like Suvo Rudiste (in Serbian:
‘Dry Mine’) or Bakarnjaa (in Serbian: ‘Copper-rich’),
indicating intensive metallurgical activities in the past.

The archaeological settlement of Plo¢nik was initially
discovered in 1928, when the first group of metal
artefacts was found during the building of the railway
line between the towns of Prokuplje and Kur$umlija.
Excavation campaigns commenced later the same year
and then, after a considerable pause, continued between
1960 and 1978, under the jurisdiction of M. Grbi¢ and
B. Stalio respectively, both of the National Museum
Belgrade (Grbi¢ 1929; Stalio 1960, 1962, 1964, 1973).
Most recently, field excavations resumed in 1996 under
the joint supervision of D. Sljivar (National Museum
Belgrade) and J. Kuzmanovié Cvetkovi¢ (Museum of
Toplica, Prokuplje) (Sljivar 1996, 1999, 2006; Sljivar and
Kuzmanovié Cvetkovié 1997a, 1998a, 1998b, Sljivar et al.
2006; Kuzmanovié Cvetkovié 1998). Over the course of
two years, starting in 2012, field excavations at Plo¢nik
were carried out under the joint supervision of the
National Museum in Belgrade, the Museum of Toplica
in Prokuplje and the UCL Institute of Archaeology.

Grbid’s and Stalio’s campaigns uncovered an area of c.
1800 m?, to which another c. 650 m? from an ongoing
campaign adds up to a total of c. 0.2 ha explored thus
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far. The estimated size of the uppermost cultural layer
of the Vinca village at Plo¢nik was estimated to be ¢. 100
ha (Sljivar and Kuzmanovié Cvetkovié¢ 1998b: 80). Most
recent geophysical prospection established its more
accurate size to be almost a third of the initial estimate,
as discussed in more detail in (Chapter 24, this volume).

The unique and abundant ceramic finds from the site
inspired Milutin Gara$anin to name the late Vinda
culture phase after Plo¢nik (I, Ila and IIb) (GaraSanin
1951: 12), corresponding to Vinca C, D1 and D2 (Milojé¢i¢
1949). Twenty massive copper implements, discovered
by chance and also during the excavations in the 1928
campaign, prompted Grbi¢ (1929) to entitle the first site
publication: ‘Plo¢nik, eine Prihistorische Ansiedlung
aus der Kupferzeit’ (‘Plo¢nik, a prehistoric settlement
of the Copper Age’). He assumed that Plo¢nik was an
important metallurgical centre that existed at the dawn
of the Copper Age and maintained intensive exchange
networks with other contemporary communities in
the region, such as those occupying Vinca-Belo Brdo,
Gradac or Butmir (Grbié 1929: 7, 18). Nevertheless, these
copper implements, having been unique and isolated
finds from a location remote from the Near East, did
not appeal to GaraSanin as being of genuinely Vinca
culture origin (Gara$anin 1951; 1973: 185). He referred
to them as intrusive ‘hoards’ belonging to the Early
Eneolithic/Chalcolithic Bubanj-Hum culture' which,
in his opinion, succeeded the Vinca culture sequence
at the site of Plo¢nik. Stalio, coming across two more
groups of massive metal artefacts in Plo¢nik, agreed
that they belonged to the Bubanj-Hum culture (Stalio
1960: 35, 1964: 39-40).

In 1978, a single, well-contextualised copper metal
implement was discovered associated with a Gradac
Phase feature (dwelling?) but was only published
almost two decades later (Sljivar 199¢; Sljivar and
Kuzmanovié Cvetkovié¢ 1997a). The resumed excavation
campaign (from 1996) brought more evidence for
dating metallurgical activities at Plo¢nik firmly within
the vinca culture sequence. In total, three building
horizons were identified on the site, all of which

! This would translate into Middle Chalcolithic given the
periodisation of contemporary cultures in Bulgaria, see Chapter 3.
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belonged solely to the Vinca culture, with no detected
intrusions from later periods (e.g. Sljivar 1996: 94;
Sljivar and Kuzmanovié¢ Cvetkovié 1998a). Horizon
Il (the Gradac Phase) yielded a well-contextualised
copper chisel typologically resembling some of the
previous chance metal finds from Plo¢nik (Sljivar et al.
2006: 255, Plate VIII/3). This, and the chisel from 1978
(Sljivar 1996), demonstrated the Vinéa culture origins
for metallurgical activities in Plo¢nik.

The site of Plo¢nik has recently received the first
AMS dates (see details in Radivojevi¢ and Kuzmanovié
Cvetkovi¢ 2014: 17-18). The probability distribution
for the start of the Vinca culture occupation in Plo¢nik
was 5290-5140 cal. BC, with the highest probability of
around 5200 BC. The highest probability for the end of
the settlement is c. 4650 BC, suggesting it was active
for c. 600 years. Significantly, one of the AMS dates
is closely related to the copper chisel (here sample
labelled as Plo¢nik 216, Table 1) (Sljivar et al. 2006: 255,
Plate VIII/3). The preceding context is dated between
5040-4860 cal. BC (95% probability), thus marking the
terminus ante quem for this and other metal artefacts in
Plo¢nik, along with the start of the Gradac Phase on this
site. This is consistent with the beginning of this phase
at other sites (e.g. Belovode, Rudna Glava), placing it
securely in the first century of the 5th millennium BC.

Three building horizons at Plo¢nik correspond to Vinéa
A, B1 and B2 respectively (Sljivar 1996). Horizons I and
1T (c. 2.5 m thick) include massive remains of dwelling

structures (up to 6.5 m in length) and related postholes,
including wide pits filled with ash, charcoal and bone
fragments in the top layers, and including ceramic
fragments characteristic of Vinéa A and B1 phases
(Sljivar and Kuzmanovié Cvetkovié 1997a: 106). The
Gradac Phase is represented by a cultural layer of about 1
m thickness at Plo¢nik, which, at around 0.4 m, exhibited
visible damage due to agricultural activities (Sljivar and
Kuzmanovi¢ Cvetkovi¢ 1997a: 104). Dwelling structures
are intersected with wide pits filled with charcoal and
ash in several successive layers, some with bone and
ceramic fragments in the upper layers (Figures 1 and 2)
(Sljivar and Kuzmanovié¢ Cvetkovié 1998a: 5-6).

As for Belovode, the publication record for the 14 years
of most recent excavations at Plo¢nik has been limited to
attempts to interpret and explain archaeometallurgical
activities. This volume presents a more detailed account
of metallurgical activities on the site. In addition, a set
of samples related to metallurgy from the 1998-2009
campaigns, from seven trenches in total (see Table 1),
was analysed in depth (Radivojevi¢ 2012). The most
extensively sampled is Trench 20 which, in the Gradac
Phase of occupation, yielded exceptional evidence for
the Vinéa culture metallurgy (Sljivar and Kuzmanovi¢
Cvetkovié 2009a).

The studied collection consisted of copper minerals,
malachite beads and copper metal artefacts. A single
droplet (sample Plo¢nik 52) is likely evidence of primary
copper production (Radivojevi¢ and Rehren 2016:

Table 1. Study materials from the site of Plo¢nik.

No. | Analytical No. Exc;:::ion Field label Field context Type of Material
1 |Plo¢nik 43 2007 Trench 20, spit 10 | Workshop Malachite bead
2 | Plo¢nik 51 2006 Trench 19, spit 23 | Household Copper mineral
3 | Plo¢nik 52 2000 Trench 14, spit 10 | Household Copper metal droplet
4 | Ploénik 54 (b, m) 2002 Trench 16, spit 19 | Household Copper mineral and a malachite bead (blank)
5 | Plo¢nik 57 2006 Trench 19, spit 13 | Household Copper mineral
6 |Plo¢nik 63 2008 Trench 21, spit5 | Dwelling structure | Metal sheath/cover
7 | Plo¢nik 65 2008 Trench 21, spit 6 Dwelling structure | Malachite bead
8 |Plocnik 66 2004 Trench 18, spit 7 Stone structure Malachite bead
9 |Plo¢nik 67 2007 Trench 20, spit7 | Workshop Copper artefact
10 |Plo¢nik 69 2007 Trench 20, spit4 | Workshop Copper metal droplet
11 |Plo¢nik 71 2007 Trench 20, spit 7 Workshop Copper mineral
12 |Ploénik 72 (b, m) 2007 Trench 20, spit3 | Workshop Copper mineral and malachite bead (roughout)
13 | Plo¢nik 73 2007 Trench 20, spit7 | Workshop Copper artefact
14 |Plo¢nik 75 2007 Trench 20, spit7 | Workshop Copper artefact
15 |Plo¢nik 143 2004 Trench 18, spit7 | Stone structure Copper artefact
16 |Plo¢nik 145 2007 Trench 20, spit7 | Workshop Copper artefact
17 | Ploénik 207 2009 Trench 22, spit 17 | Household Malachite bead
18 | Plo¢nik 209 2009 Trench 22, spit 15 | Household Copper mineral
19 |Plo¢nik 216 2000 Trench 14, spit7 | Stone structure Copper chisel
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Figure 1. Southeast section of Plo¢nik, facing the river. Note the massive cultural layer bearing remains of dwelling structures
intersected with pits (Photo by Jugoslav Pendié)
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Figure 2. Southeast profile of Plo¢nik: a- dark brown soil; b- light brown soil; c- sterile soil; d- daub; e- ash (after Sljivar and
Kuzmanovié Cvetkovié 1998a: 4)

220). The same analytical methodology was applied as  Results

described in the introductory chapter on Belovode (see

Chapter 5, this volume). Activities related to copper  Copper mineral use

mineral use and metallurgy are also described here in

three distinctive stages of the process: copper mineral ~ The use of copper minerals is evident from the early
processing, (s)melting debris, and copper mineral and  period of this site: green lumps of malachite are found
metal artefacts. All technological analyses were carried  scattered across the settlement as at Belovode, usually
out at the Wolfson Archaeological Science Laboratories  outside potential dwelling features, in the so-called
at the UCL Institute of Archaeology. ‘workshop’ areas. These workshops usually consisted
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of stone structures and the amorphous remains of
floors for which insufficient evidence is present to
ascribe them to either economic or dwelling structures.
Sljivar and collaborators (2006: 256 ff.) reported finds
of lumps of copper minerals of varying size, with
altered structure, porous and mixed with charcoal,
hence associating them with metallurgical activities.
In addition to copper minerals, the use of cinnabar has
also been recently confirmed (Gaji¢-Kvas$éev et al. 2012),
although used in the ‘cold’ process, that is without high
temperature treatment like copper.

Six copper minerals were analysed in greater detail
(Plo¢nik 51, Plo¢nik 54m, Ploénik 57, 7 Plo¢nik 1,
Plo¢nik 72m, and Plo¢nik 209. See Table 1) Two of these
(Plo¢nik 71 and Plo¢nik 72m), come from Trench 20
and belong to the Gradac Phase horizon (the trench
was only excavated to this level). Other copper mineral
finds were sampled in order to provide information on
their use in earlier phases of Plo¢nik occupation. It is
worth noting that all samples found in the field were of
sizes varying between a few mm and a few cm, possibly
indicating that they were already beneficiated and
prepared for further processing.

The copper minerals form two distinctive groups:
oxide and sulphide minerals (the latter only present
in Plo¢nik 72). All oxide minerals are black and green
and, excepting sample Plo¢nik 71, contain copper and
manganese contents in ratios varying from 1:1 to 2:1
in favour of copper (Radivojevi¢ and Rehren 2016: 213
ff.). In addition, the ternary plot of MnO/Zn0O/Cu0
(Radivojevi¢ and Rehren 2016: 15, Figure 5) clearly
illustrates the striking compositional similarity of all
studied minerals to those from Belovode. Sample Plo¢nik
72 contains significant sulfur readings contained in
mineralisation of chalcocite (Cu,S), pyrite (FeS,) and
sphalerite (Zn, Fe)S, besides copper oxide/carbonate
content. Macroscopically, it appears more solid than
the green-and-black oxide minerals although it, too,
has distinctively coloured cross-sections in shades of
green and grey with metallic lustre.

(S)melting debris

The only production evidence discovered at the site is
sample Plo¢nik 52 (Figure 3a), which was uncovered
on the floor of a collapsed burnt structure (Trench 14,
spit 10), directly dated to c. 5040-4840 BC (Radivojevi¢
and Rehren 2016: 220, Figure 8). Sulfur-rich copper
droplet, Ploénik (52), was initially thought to represent
copper mineral, until the cross-section revealed a dark-
red phase mixed with a thick, light-green layer. This
amorphous piece does not exceed c. 1 cm in length.
Compositional analysis revealed a complex structure
of copper-based compounds, predominantly copper
oxides (dross, tenorite), followed by a copper metal
phase. The amorphous shape of the metal phase
indicates that this sample was once molten copper,
however it is now heavily corroded due to various post-
depositional processes.

A copper metal droplet, Plo¢nik 69 (Figure 3b), was
also initially assumed to be a copper mineral, due to
its blocky shape and thick, light-green patina, until it
exhibited a copper metal phase surrounded by a rich
dark-red phase of copper oxides in the cross section
(Figure 4). This, together with porosity holes in its
polished section, indicates an intensive reaction with
the atmosphere during cooling which, overall, points
to this piece once being molten copper metal. The
absence of any other phases but copper marks this
sample as melting, rather than smelting debris, and it
is the closest in nature to sample M14 from Belovode
(Radivojevié et al. 2010a; Radivojevi¢ 2012; Radivojevié
and Kuzmanovié Cvetkovié 2014: 15).

Copper mineral and metal artefacts

Malachite beads of different sizes and shapes were
recovered throughout all horizons of occupation in
Plo¢nik, six of which were selected for the present
study (see Table 1). A bead roughout (Plo¢nik 72) and a
whole bead (Plo¢nik 43) were discovered in Trench 20,
and together with two other whole beads (Plo¢nik 65,

Figure 3. a) Plo¢nik 52, droplet; b) Plo¢nik 69, droplet.
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Figure 4. Photomicrograph of Plo¢nik 69 under plane polarised light. Note the copper metal phase (bright yellow islands)
embedded in copper dross and surrounded by corrosion (green) (width 6.4 mm, magnification 25x).

Plo¢nik 66; see Figure 5) most likely date to the Gradac
Phase (horizon III) in Plo¢nik (Sljivar and Kuzmanovié
Cvetkovié, 1996-2009). A bead blank (Plo¢nik 54b) and
two whole beads (Plo¢nik 43, Plo¢nik 207) precede these
finds (Table 1). The Plo¢nik beads cover only the last
two building horizons (I and IIT) and appear spatially
associated with copper minerals (Plo¢nik 54b, Plo¢nik
72b, Plo¢nik 207), a workshop (Plo¢nik 43, Plo¢nik 72b),
or metal artefacts (Plo¢nik 65, Plo¢nik 66). Typologically,
the beads can be roughly divided into two distinctive
categories: (circular) cylindrical (Plo¢nik 65) and flat
disc (Ploénik 43, Plo¢nik 66 and Plo¢nik 207) (cf. Wright
and Garrard 2003; Wright et al. 2008).

Visually, all copper mineral ornaments exhibit a
thick, light-green corrosion layer, with occasional
macroscopically-visible oolithic formations on
the surface, as in Plo¢nik 43 (Figure 5g). All beads
are, judging by the bright green colour, made of
malachite, and only four survived as finished objects
(Plo¢nik 43, Plo¢nik 65, Plo¢nik 66 and Plo¢nik 207);
the rest are found in various stages of processing
(bead production stages after Lankton et al. 2003). A
roughout (Plo¢nik 72b) belongs to the early stages
of bead reduction. It is a subcircular artefact shaped
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into a bead form and has a shallow indentation in
the middle (Figure 5e). Plo¢nik 54b represents a
tabular preformed, but not finalised, bead blank: it
is flaked and chipped around the edges and shows
traces of drilling from both sides (Figure 5a/b).
These samples contain important information for
the Vinda culture bead-making technology: beads
were most likely initially shaped into form (sawing,
chipping, abrading), then drilled, and finally polished
(Radivojevié 2012).

The drilling process in finished beads is represented
by fully preserved bead, Plo¢nik 66. Bead Plo¢nik 54b
appears to have been drilled halfway through and then
turned, so that the perforation could be completed from
the opposite direction (Figure 5a/b), but the perforation
was not finalised. Rotary drilling from both directions
has been experimentally confirmed to produce regular
perforations (cf, Gorelick and Gwinnett 1990). This was
identified within this assemblage in Ploénik 66 (Figure
5d). The fine drill holes may have been the result of
using a finer drilling tool (a bow?). Although no traces
of polishing were observed on these beads, we can
assume that the final products were finished in this
way as it is a known practice in the Neolithic tradition
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Figure 5. a) Plo¢nik 54b side 1; b) Plo¢nik 54b side 2; c) Plo¢nik 65; d) Ploénik 66; e) Plo¢nik 72m; f) Plo¢nik 43;
g) Plo¢nik 43; h) Plo¢nik 207.
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of bead making in the wider western Eurasia region
(Lankton et al. 2003).

Chemical analyses reveal that the major constituents
of all the artefacts are CO, and CuO, with the majority
of readings compositionally closest to the malachite
formula [Cu,(CO,)(OH),], which contains, besides water,
71.9 wt% of CuO and 19.9 wt% of CO,. Silica readings are
particularly important with regard to different values
detected on the inside surface of the bead perforation,
as they may indicate the use of stone tools for drilling.
An elevated silica content was observed on the inside
surface of Plo¢nik 43 and Plo¢nik 54b, in amounts
two to three times higher than on the outside surface
(Radivojevié¢ 2012). Such readings may imply the use
of stone tools for both drilling and polishing of beads
and pendants, however no such tools have yet been
recognised in the context of these finds.

The most significant discoveries at Plo¢nik thus far
are four groups of exceptionally massive copper metal
implements, numbering 34 in total (Grbi¢ 1929; Stalio
1964; Sljivar 1999; Sljivar et al. 2006). To this collection,
four more implements can be added, all well-
contextualised within the Gradac Phase occupation of
this settlement (Sljivar 1996; Sljivar and Kuzmanovié
Cvetkovié 1996-2009). The term ‘hoard’ was introduced
by Grbi¢ (1929) however, but to avoid confusion they
will be referred to here as ‘groups’.

Group I was amongst objects donated by the Directorate
of Yugoslav Railways in 1928, discovered during the
building works for the railway station in Plo¢nik, at a
presumed depth of c. 0.8-1.0 m (Grbié 1929). Stalio (1964)
terms this group ‘Hoard 1. Sljivar and collaborators
(Sljivar et al. 2006: 254) indicate that it consisted of nine
objects, seven of which were made of copper metal: two
hammer axes (Plo¢nik type), two chisels, two complete
and one fragmented bracelets, and two stone axes made
of magnesite (Figure 6).

Group II consisted of 18 objects, 13 of which were copper
metal tools: one hammer-axe (Plo¢nik type), 12 chisels
and five stone axes made of magnesite. Grbi¢ (1929:
8-9) reported that they were found in the vicinity of a
destroyed ‘furnace’, scattered over an area 5 m wide, at
a depth of c. 1 m (see also Sljivar et al. 2006: 255).

Similar conditions were recorded for Group III: copper
and stone tools were uncovered, scattered in an area
of 5.0 x 0.5 m, at 0.7 m depth (Stalio 1964: 35). The find
consisted of 11 objects, nine of which were made of
copper metal: one hammer-axe (Plo¢nik type), five
chisels, a bracelet, a pin with a forked end, a copper
ingot bar and two stone axes made of magnesite
(Figure 6). The resumed excavation of 1996 took place
in the area of the Group III discovery, unearthing
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dozens of ceramic materials belonging to the early
Gradac Phase, a small rectangular stone structure and
one stone axe made of magnesite, identical to that
accompanying the metal objects in Group III (Sljivar
and Kuzmanovié¢ Cvetkovié 1998b: 82). The owner of
the excavated land also donated a copper chisel to
the National Museum Belgrade. He found the chisel
during the building of his family house, in the vicinity
of the Group III location.

Group IV was found in 1968 during the building of the
Nis-Pritina railway, at a depth of ¢. 0.3 m. It includes
14 objects: five copper chisels, eight stone axes made of
magnesite and one miniature pottery vessel (a casting
pot?) (Figure 6) (Stalio 1973). The casting (?) pot,
however, did not show assumed traces of metalworking
upon inspection by the author at the National Museum
in Belgrade.

Together, the four Plo¢nik groups of metal finds
amount to: four Plo¢nik type hammer-axes, 25 chisels,
four bracelets, a copper ingot bar and a pin, weighing
in total c. 16 kg (Sljivar et al. 2006: 255). As such, they
are a unique and exceptional find of copper artefacts
and, according to the most recent AMS dating, one
of the earliest in this part of Eurasia (Radivojevi¢ and
Kuzmanovié Cvetkovié¢ 2014: 23). Seventeen of the
copper metal tools from Plo¢nik have previously been
studied for chemical composition and lead isotopes, the
results of which revealed an unexpected complexity of
ore/metal exchange networks: at least three different
copper deposits from east Serbia, Macedonia and across
Bulgaria provided metal for their making (Pernicka et
al. 1997: 93-94, Table 3).

Significantly, all finds originated from a single area of
Plo¢nik, which excavators also call the ‘industrial’ zone
due to the thick ash-and-charcoal deposit frequently
encountered in Horizon III. A superbly preserved
figurine head from the ‘industry zone’ was discovered
with half of the face painted lengthwise with a light
grey slip prior to firing (Figure 7). The excavators
believe that the colour effect on its face symbolised the
light (ground) and dark (underground) environments of
early miners’ life in Plo¢nik (Kuzmanovié Cvetkovi¢ and
Sljivar 1998; Sljivar and Kuzmanovié Cvetkovié 1998a).

The recent excavation campaign (1996-2011) uncovered
two distinctive situations that yielded evidence for
a potential metallurgical workshop in Plo¢nik: one
in Trench 20 and the other in Trench 21 (Sljivar and
Kuzmanovié Cvetkovié¢ 2009a; Radivojevic et al. 2013). In
Trench 20, a structure whose contours were followed
over a 6 X 6 m area, appeared at a relative depth of 0.8
m, with a surface filled with rubble, stones, numerous
pottery fragments and several metal artefacts and metal
casting debris. A rectangular furnace (?), measuring 1.4
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Figure 6. Four Plo¢nik groups: a. Group I (complete) (after Sljivar et al. 2006: 261-265).
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Figure 6. Four Plo¢nik groups: b. Group II (only 13 metal implements) (after Sljivar et al. 2006: 261-265).

68 <

i
A
v



3
| 2
5
5
=

5 I|\ 7

4
6
0 (©
S
9
E 10

8

0 Sem

Figure 6. Four Plo¢nik groups: c. Group IV (complete) (after Sljivar et al. 2006: 261-265).
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Figure 7. A figurine head from Plo¢nik, painted lengthwise.

Dimensions (in cm): height 20, face 10.7; face width 16.3;

and neck width 11.6. (Courtesy of J. Kuzmanovi¢ Cvetkovié,
Museum of Toplica, Prokuplje).

x 1.4 m dominated this structure, with massive walls
preserved up to 0.5 m in height (Figure 8), visibly repaired
several times (several clay layers), and with traces of
intense firing. This, along with the discovery of a massive
copper chisel (Ploénik 145; Figure 9), a fragment of a
tool/ornament (?) (Plo¢nik 67), a fragmented bracelet (?)
(Plo¢nik 73), a folded metal sheet (Plo¢nik 75) and copper
minerals (one studied here, Plo¢nik 71) (see Table 2), led
excavators to assume that the structure represented
a metallurgical workshop (Sljivar and Kuzmanovié
Cvetkovié 2009a: 61).

Other finds in this structure included stone tools and
large ceramic vessels, such as amphorae, jugs and
similar water (?) containers. Of particular interest
were ceramic ‘tubes’ (Figure 10), which did not contain
indications of use in metallurgical processes but
resembled the ‘chimneys’ from Belovode (Radivojevié
and Kuzmanovié Cvetkovié 2014). The furnace (?)
remains, although impressive in shape and size, did
not offer sufficient evidence to confirm a metallurgical
function. However, the coincidence of fragmented metal
objects in the same structure could indirectly imply its
use for casting or melting, for example. A comparable
structure was discovered a year later in Trench 21.
Its relationship with a securely contextualised tin

Figure 8. A workshop in Trench 20. Note the rectangular feature (furnace?) in the upper left corner.
(Courtesy of Julka Kuzmanovi¢ Cvetkovié, Museum of Toplica, Prokuplje).
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Figure 9. A copper chisel (Plo¢nik 145) in situ in Trench 20.
(Courtesy of J. Kuzmanovié¢ Cvetkovié, Museum of Toplica, Prokuplje).

Figure 10. A ceramic ‘tube’ (far left) from Trench 20.
(Courtesy of J. Kuzmanovié Cvetkovié, Museum of Toplica, Prokuplje).
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Table 2: Study materials from Trench 20 at Plo¢nik arranged by excavation levels and proposed chronology/building horizons.

No. | Analytical No. Exc;:::ion Context Type of Material ﬁl(‘)l;'?zl‘(l)(;llogy /building

1 |Ploénik 72 (b, m) 2007 Trench 20, spit3 | Copper mineral and malachite bead | Gradac Phase, horizon III
2 | Plo¢nik 69 2007 Trench 20, spit4 | Copper metal droplet Gradac Phase, horizon III
3 | Plo¢nik 67 2007 Trench 20, spit 7 | Copper artefact Gradac Phase, horizon I1I
4 |Plo¢nik 71 2007 Trench 20, spit 7 | Copper mineral (flakes) Gradac Phase, horizon I1I
5 |Plo¢nik 73 2007 Trench 20, spit 7 | Copper artefact Gradac Phase, horizon III
6 |Plo¢nik 75 2007 Trench 20, spit 7 | Copper artefact Gradac Phase, horizon III
7 | Plo¢nik 145 2007 Trench 20, spit 7 | Copper artefact Gradac Phase, horizon III
8 |Plo¢nik 43 2007 Trench 20, spit 10 | Malachite bead Vin&a B1, horizon II

bronze foil and resemblance to a feature discovered
in Trench 20 prompted researchers to argue for a
similar metallurgical function (Sljivar and Kuzmanovi¢
Cvetkovi¢ 2009b; Radivojevic et al. 2013).

Adetailed set of analyses was performed onseven copper
and tin bronze artefacts (Table 1) (Radivojevié¢ 2012;
Radivojevi¢ et al. 2013). Plo¢nik 143, the copper chisel
(Figure 11), was discovered within a stone structure in
Trench 18, together with a stone axe made of magnesite
and a small pottery vessel, all of which correspond with
the beginning of the Gradac Phase in Plo¢nik (Sljivar
et al. 2006: 255-256). A massive copper chisel (Plo¢nik
145) was unearthed in a similar workshop setting in
Trench 20, along with two fragmented pieces of a tool
(Plo¢nik 67) and a bracelet (Plo¢nik 73) respectively, a
folded metal sheet (Plo¢nik 75, see Figure 11), a copper
mineral (Plo¢nik 71), and several stone tools. All of these
were discovered scattered across the same surface, in
spit 7 and in the vicinity of the ‘furnace’ (Sljivar and
Kuzmanovié Cvetkovié¢ 2009a: 58-60). Plo¢nik 216 is
a small, fragmented chisel discovered above a stone
structure outside the potential dwelling feature in
Trench 14, dated between 5040 and 4840 BC (95.4%
probability). The emergence of copper metal artefacts
in Plo¢nik thus coincides with the start of the Gradac
Phase on this site.

All metal artefacts from this site studied by Pernicka
and collaborators (1993, 1997) showed a copper
composition of 99.9 wt% on average. A new set of the
electron microprobe examination of another set of
samples (see Table 1) confirmed these results, barring
the tin bronze foil (Plo¢nik 63). The pure copper
composition is followed by low trace element contents,
most relevantly of iron, sulfur, gold and nickel, in
varying ratios (Radivojevi¢ 2012).

The common microstructural feature of all samples is
that they present a yellow/orange (copper) metal body,
with green corrosion products developing on its edges.
The main metal body shows a residual as-cast structure,
preserved in the microstructure of the copper-copper
oxide eutectic with a-grains of copper (see example
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in Figure 12a). Optically, the a-grains of copper are
characterised by their highly reflective bright colour,
embedded in the eutectic structure with grey particles
within a bright matrix of metal grains.

The major differences among the sets of metal artefacts
analysed stem from the varying combinations of
working techniques, which appear carefully designed
to respond to the desired function of the object in
question. Plo¢nik 67 (a fragmented tool/ornament?),
Plo¢nik 73 (a copper bracelet?), and Plo¢nik 75 (a folded
metal sheet) display fully recrystallised structure and
traces of several cycles of cold working and annealing
(Radivojevi¢ 2012). The only two massive copper
implements examined for microstructure in the most
recent study are Plo¢nik 143 and Plo¢nik 145 (Figures
11a/e, 12b), both of which bear similar small traces
of finishing work towards their tip and on the surface
(Radivojevié 2012). These massive copper chisels display
only slight post-annealing working, which could be
equally ascribed to either intentional hardening of the
tip and along the surface area, or to hardening during
the use of these objects. It could also be interpreted as
the result of intense hot working with continuous re-
heating during a forging process of some duration (cf.
Kienlin 2010).

A tin bronze foil (Plo¢nik 63) was 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, and was enclosed in
several late Vinca culture pottery vessels (Radivojevié
et al. 2013: 1033, Figure 2). Compositional analysis
demonstrated that this metal foil was made of a
complex alloy of copper and tin, along with significant
concentrations of elements including As, Sb, Co, Ni, Pb
and Fe. This securely contextualised find comes from
a single, undisturbed occupation horizon at Plo¢nik,
dated to c. 4650 BC. This date is, according to the field
evidence, the terminus ante quem for the Plo¢nik foil at
present. The tin bronze foil from Plo¢nik is, therefore,
the earliest known tin bronze artefact anywhere in the
world (Radivojevic et al. 2013: 1032).
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Figure 11. a) Plo¢nik 143, a copper chisel; b) Plo¢nik 67, a
fragmented tool/ornament? c) Plo¢nik 75, a folded metal
sheet; d) Plo¢nik 73, a fragmented bracelet; and e) Plo¢nik
145, a copper chisel.

Figure 12. a) Photomicrograph of the unetched section of Plo¢nik 67 under plane polarised light. Note the intensive working

on one side (left) exhibited by the elongated grains, as opposed to the oxide-inclusion abundant on the right side of the object

(magnification 50x, width 3.2 mm); b) photomicrograph of the etched section of Plo¢nik 75 (a folded metal sheet) under plane
polarised light (magnification 50x, width 3.2 mm).
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Discussion

The archaeometallurgy of the site of Plo¢nik has been
the most visible feature of this settlement in all previous
studies, with very little attention paid to the everyday
life of Plo¢nik communities beyond attempts to describe
unique finds, like the figurine head mentioned above
(Figure 7; Kuzmanovi¢ Cvetkovi¢ and Sljivar 1998).
However, metal producing and working activities in the
site of Ploénik offer an insightful view into the life of a
society with emerging pyrotechnology during a time of
major cultural, economic and material changes in the
6th and 5th millennium BC in the Balkans (see Chapter
3, this volume).

Based on the recent analyses of archaeometallurgical
materials from the site, the excavated items cover all
major activities of metallurgical chaine opératoire. The
use of both oxide and sulphide copper minerals attests
to the knowledge of Plo¢nik smiths of the properties
of these materials, and this is further confirmed by
the presence of both smelting and melting droplets
discovered within a domestic context: Plo¢nik 69 was
part of workshop activities in Trench 20, while Plo¢nik
52 indicates smelting of a sulfur-rich copper ore at
another location within the settlement (Trench 14).

The presence of a sulfur-rich copper droplet (Plo¢nik 69)
and sulphide copper mineral (Plo¢nik 72m) potentially
implies that the latter was part of the ore batch used
in smelting activities. The remarkable morphological
similarities between these samples further strengthen
this assumption. This, in effect, could imply that the
craft workers of Plo¢nik were intentionally selecting
copper sulphide minerals with an appealing green tint
and that they were probably aware of their properties
(Radivojevi¢ 2015; Radivojevi¢ and Rehren 2016).

The production techniques employed in malachite bead
making are evidently consistent with the Neolithic
stone bead industry (cf. Kenoyer et al. 1991; Lankton et
al. 2003; Wright et al. 2008). This is best reflected in the
various reduction sequences of bead manufacturing,
identified across different domestic contexts: 1) the
reduction of nodules into roughouts; 2) the shaping of
roughouts into blanks by further flaking, sawing and
rough grinding; 3) perforation; 4) the final shaping;
and 5) the final polishing (Wright et al. 2008: 140).
The Plo¢nik bead production material is particularly
interesting since it could potentially represent
workshop stocks or stored merchants’ goods (Kenoyer
et al. 1991: 57). The distribution pattern of finished and
semi-finished beads in Plonik nevertheless appears
more scattered than concentrated at this site (see Table
1), hence implying limited— if any—administrative
control over the bead production. However, bearing
in mind the small quantity of these finds, as well as
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the lack of sufficiently integrated contextual evidence
within the settlement, the presence of a specialised
bead workshop remains a matter of speculation.

The striking feature of these ornamental artefacts
is the strong preference for the green colour. It has
already been emphasised in previous research that
pure green beads were used for minerals, while
black and green were more utilised for copper metal
extraction (Radivojevi¢ 2015; Radivojevi¢ and Rehren
2016). The same pattern is apparent at Plo¢nik. and is
corroborated by provenance studies from the site of
Belovode, which also indicated two different mineral
sources for bead making and copper smelting at this
site as well (Radivojevic et al. 2010a: 2784), confirming
that these practices were part of a shared system of
values among the Vin¢a culture communities.

A common feature of the metal artefacts from Plo¢nik
is that, regardless of their composition, it was their
function and shape that dictated the combination
of techniques applied in their making and working,
suggesting a good level of understanding of different
material properties of copper, tin, and bronze. All seven
copper metal artefacts studied here were made of high
purity molten copper metal; a detailed comparison
of trace element data from other Vinca culture metal
artefacts indicates that they were very likely made of
metal smelted from copper ores (Radivojevié¢ 2012).
The ores typically had low (but diagnostic) levels of
impurities, allowing their differentiation from native
copper. The tin bronze foil is yet another reminder of
remarkable skills and control over different material
properties of the Plo¢nik smiths. This object was made
from natural alloy, produced from complex copper-tin
bearing ores, and worked at temperatures at least twice
as high as those required to make copper (Radivojevié et
al. 2013). It testifies that the Plo¢nik smiths were aware
of the different requirements of the newly acquired
metal and developed skills in order to master these.

Conclusions

This overview of activities related to copper mineral use
and extractive metallurgy at the site of Plo¢nik reveals
the very close similarities in terms of technology
with those established for the sites of both Belovode
and Vinla-Belo Brdo (Radivojevié and Kuzmanovié
Cvetkovi¢ 2014; Radivojevi¢ 2015; Radivojevi¢ and
Rehren 2016). Particularly striking is the common
preference for the green and black copper minerals
used for malachite bead making and the green copper
minerals, used for copper smelting.

In terms of the field interpretation of these minerals,
it is important to emphasise their domestic use. Only
in the Viné&a culture (from the Gradac Phase onwards)
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can we observe household-based pyrometallurgical
activities. Significantly, some minerals studied here co-
occur with bead-making activities, with no indication
for their use as bead nodules. The distinction between
the bead minerals and ores (‘metallurgical minerals’)
has already been mentioned and will be further
discussed in later chapters in the light of the production
debris and malachite bead analyses.

Although the most convincing evidence for the
distinctive roles of green and black and green copper
minerals comes from the site of Belovode, there is a
great likelihood that black and green minerals were
used to make the (s)melting droplets Plo¢nik 52 and
Plo¢nik 69. The excavations at Plo¢nik, however, have
produced the greatest number of finished artefacts
discovered in groups with others implements, which
prompts us to assume a predominantly consumer role
for the settlement within the broader organisation of
metal production and distribution.

Regarding the organisation of metal production, there
is little field evidence reported thus far that can shed
light on any kind of specialisation or different lifestyles
of occupants of dwellings, with or without evidence of
metal working or consumption. Trenches 20 and 21
revealed unusual square features in dwelling objects that
were termed ‘furnaces’, since there were metal objects in
their vicinity (Sljivar and Kuzmanovié Cvetkovi¢ 2009a).
Although no direct evidence was found to prove this
assumption, the coincidence of these features with semi-
worked objects, as in Trench 20, raises the likelihood of
them being used for metalworking activity. Remains of
a fragmented tool/ornament (Plo¢nik 67), a fragmented
bracelet (Plo¢nik 73), and a folded metal sheet (Plo¢nik
75), together with a well-preserved massive copper
implement (Plo¢nik 145) in a single structure in Trench
20 further suggest that this object could have been
occupied by a metal smith. This workshop setting was,
nevertheless, not used for primary metal production
but, based on the present evidence, possibly only for the
casting and/or repair of metal tools.

The rectangular structure from Trench 20 was also
used for malachite bead making, as evidenced by the
presence of a bead roughout (Plo¢nik 72b). The bead
blank (Plo¢nik 54b) from Trench 16 a few metres from
the metal workshop in Trench 20, may suggest the
presence of yet another bead making workshop.

The quantity and type of pottery assemblage found in
structures from Trenches 20 and 21 has notbeen previously
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reported as different to any other dwelling discovered
at the site of Plo¢nik during the most recent excavation
campaigns (e.g. Sljivar et al. 2006; Sljivar and Kuzmanovié
Cvetkovié 1998a, 1998b; Sljivar and Kuzmanovié Cvetkovié
1996-2009). This theoretically implies that, for instance,
metalworkers in Plo¢nik did not lead a different life to that
of a farmer or, more accurately, that these two roles were
not exclusive. The concept of a specialised metallurgical
workshop appears later in prehistory (e.g. Bronze Age),
and earlier suggestions of the presence of specialists need
to be treated with caution until they are supported by a
more detailed research on site formation (see Chapter 3,
this volume).

Based on current evidence, the crafters from Belovode
and Plo¢nik were each covering different ends of the same
metal making process, which strengthens the likelihood
of their potential collaboration. The lead isotope match of
the Belovode slag samples with the Plo¢nik copper chisel
(Ploénik 216) strengthens this assumption (Radivojevi¢
2012); this will be explored in detail in Chapter 41, and in
future publications. The quantity and quality of collected
and sampled materials is currently unprecedented in
academic work and provides an excellent resource for
studying the emergence, evolution and transmission of
metallurgical skills both within the Vinca culture and
across the Balkans.

As with Belovode, there is a lack of AMS data on specific
contexts related to diverse metallurgical activities at
Plo¢nik (cf. Radivojevi¢ and Kuzmanovié Cvetkovi¢ 2014:
25). Also, as at Belovode, metallurgical activities are
visible only from the start of the Gradac Phase, which
highlights the need for Vin¢a archaeologists (and others)
to investigate the circumstances and mechanisms
through which this particular cultural phase emerges. It
is important to emphasise that metallurgy was not the
only novelty occurring within the Gradac Phase, and that
over-arching social and economic changes are detected
throughout the Balkans around the early 5th millennium
BC (cf. Garasanin 1994/1995).

The following chapters will investigate in more
detail the claims and interpretations stemming from
commendable pioneering work at the site of Plo¢nik,
conducted by Grbié, Stalio, Sljivar and Kuzmanovié
Cvetkovié. We will attempt to give, for the first time
since the start of the Plo¢nik excavations, a general
overview of all subsistence and economic activities at
this site, and we will address the broader questions of
the everyday life of the metal-producing and consuming
communities of the Vinéa culture and beyond.



Chapter 7

Excavation methodology for the sites of Belovode and Plo¢nik

Miroslav Mari¢, Benjamin W. Roberts and Jugoslav Pendié

The goals of the field excavations were dictated by the
overall goal of the project: an understanding of the
emergence of metallurgy in the Balkans at the turn
of the 6th millennium BC. Excavations at the sites
of Belovode and Plo¢nik were focused on settlement
remains in order to identify the copper smelting
installations used. To this end, pre-excavation research
was conducted in cooperation with the National
Museum in Belgrade, the Museum of Toplica, Prokuplje,
and the Museum of Petrovac na Mlavi, to identify
the optimum locations for the trenches. Both sites
have been archaeologically researched in the recent
past (for Belovode see Sljivar and Jacanovié¢ (1996a,
1997a) and for Plo¢nik see Sljivar (1996) and Sljivar
and Kuzmanovi¢ Cvetkovi¢ (1997a)). These campaigns
yielded dozens of metallurgical finds which illustrated
the entire smelting procedure, from raw ore to finished
implements. For the new excavations, trench locations
for each site were based on the distribution of metallic
finds, primarily fragments of copper slag. At Belovode,
Trench 18 was opened between previous Trenches 3
and 17 (Figure 1), both of which had yielded numerous
samples of copper slag (Radivojevié et al. 2010a). Similar

reasoning lay behind the location of Trench 24 at
Plo¢nik, which was positioned based on the occurrence
of metallic finds from Trenches 20 and 21 (Figure 2) in
previous campaigns (Sljivar et al. 2012). A geophysical
(magnetic) survey was also consulted to better pinpoint
the location of possible underground structures.

Project time and budgetary constraints led to a decision to
excavate a 5 x 5 m trench at each site, but this proved to
be only partially possible. Almost immediately, the need to
expand trenches became apparent on both sites, but the
subsequent expansions were strictly limited to include
important structures that needed to be excavated in full.
Ultimately, Trench 18 at Belovode had a surface area of
33 m? whilst at Plo¢nik, Trench 24 was almost doubled to
45 m?, Both trenches were aligned with Magnetic North.
As no previous square or sector grid had been employed
on the site it was decided to use absolute coordinates
expressed in the Serbian National Grid System (a Gauss
Krueger Transverse Mercator 3° projection using a
Hermannskogel datum). All coordinates recorded were
expressed in metric values. Vertical values, also expressed
on a metric scale, were obtained from a fixed network of

Figure 1. Aerial Image of Trench 18 location at Belovode (red) between Trenches 3 and 17 (yellow).
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Figure 2. Aerial image of Trench 24 location at Plo¢nik (red) between Trenches 20 and 21 (yellow)

ground control points maintained by the Serbian Geodetic
Authority, Measurement data was acquired using a total
station Leica TCR705 instrument in IR-fine mode, with
declared precision of 2 mm + 2 ppm.

Each trench was given a unique numeric marker,
following the system of previous excavations; the
trenches were not subdivided into smaller units.
Previous excavation methodology on both sites
included the use of an arbitrary spit system of 10 cm,
until recognisable features were encountered. This
approach was also adopted for the 2012-13 campaign.
Each vertical 10 cm spit was numbered in sequence,
beginning with the surface. The relative depths of
the spits were maintained in order to allow direct
comparison of movable finds on various parts on the
site but, due to terrain contours, this did not necessarily
mean that, for example, spit 5 in each individual
trench was located at same absolute depth. When
detected, individual features were named according
to function and assigned a numerical value (e.g. house
1, pit 1). Prior to the excavations, it was decided to
combine this system with single context recording and
excavation using the natural stratification of the site.
In practice, this usually meant that 10 cm spits were
employed within the same subsoil class, but defined
and distinguishable features were not excavated
using the same spit. Rather, they were excavated by
proper deconstruction of the stratification sequence,
regardless of its depth.
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To facilitate excavations, the team employed workers
from the local population, who were trained by the
previous Site Director of both sites, Duan Sljivar, of the
National Museum in Belgrade. Picks, spades and shovels
were used for most of the excavations, with clods
broken into smaller pieces within the trench before
being examined for finds. Identified features were
cleared and excavated using smaller spades, trowels,
spatulas and, occasionally, dentistry tools. Handheld
magnets were used regularly to search for metallic
evidence in the excavated soil before it was removed
from the trench.

Soil samples were taken from each spit and feature
for macro-botanical analysis. These consisted of
approximately 5 kg soil per spit or feature, or the total
content where applicable. Additional soil samples of
similar size were taken from areas where metallurgical
finds were registered during the excavation process.
These were wet sieved on site before being processed
further. Dry sifting of spoil was not undertaken due
to time and financial constraints, although soil from
several features was roughly sifted in situ. Although
the recovery rate of smaller finds may have been
impaired by using this larger grain methodology when
compared to some contemporary studies in the region
and period, the thickness of the archaeological deposit
and the limited excavation season did not allow for a
slower, more detailed pace of excavations, which would
certainly have resulted in improved recovery rates and
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decreased bias towards larger individual pieces and
numerically dominant categories of finds.

The excavation methodology and recording procedures
were adapted from those developed since 1998 at the
Neolithic site of Belo Brdo in Vin¢a, where the approach
focused primarily on the digital acquisition of data.
As part of the Belo Brdo team for almost two decades
the principal author of the chapter was involved in
the development, testing and implementation of this
excavation methodology and recording procedures, and
successfully adapted them to facilitate both Belovode
and Plo¢nik excavations.

Spatial data recording was performed with an electronic
distance meter device and included recording point
data for individual finds together with a series of point
data representing the spatial extent and characteristics
of detected features. Each spit level was recorded
separately with the four corners of the trench marked
A to D, clockwise from the northernmost point. The
spatial extents of features were later transformed
into shape files using specialised GIS software. This
made post-excavation processing and analysis quick
and widely available to the specialists working on the
movable finds. Relational stratigraphy was enforced
using a simplified Harris matrix (Harris 1989) which
has proven sufficiently robust for sites with complex
vertical stratigraphy (Harris et al. 1993). Digital imaging
was also undertaken, using both orthogonal and oblique
photography, in combination with photogrammetry, to
document individual features and spits. Post excavation
processing of the recorded orthogonal imagery enabled
the production of scaled technical sketches and
vertical section plans, whilst the use of commercial
photogrammetric software allowed the creation of
interactive 3D models, now available in the electronic
repository associated with this book.

During field excavations, movable finds were separated
by class and treated accordingly. Most finds, including
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vessel fragments, animal bone, and stone were not
recorded individually, but a small percentage of ‘study
inventory’ and ‘C-finds’ were singled out based on
rarity and significance. Most such finds were given an
additional field inventory ID or ‘C number’. This class
included, but was not limited to, figurine and altar
fragments, metallurgical finds, polished stone and bone
tools, fragmented and complete chipped stone tools,
bone and/or stone jewellery, and amulets. These were
stored separately from the main body of finds, were
described according to type and function, and were
photographed and drawn to scale. Analysis of these
finds forms the core of the specialist reports found in
the later chapters of this volume and were the most
representative and typical material discovered on both
sites.

Finally, it should be mentioned that cross-referencing
of different classes of movable finds and their feature
of origin was maintained during the entire process
from field excavation to typological and statistical
analysis in order to better understand and interpret
individual contexts. It is our firm belief that the
results presented in this volume represent the best
possible interpretation of the excavations, based on
the experience drawn from field research, various
laboratory analyses, and processing performed in the
post excavation period. All excavation documents are
available in Appendix A.

Appendix A - Excavation data for Belovode and
Plo¢nik (seasons 2012 and 2013)

Avaliable online at
https://doi.org/10.5522/04/14769990
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Chapter 8

Belovode: landscape and settlement perspectives

Miroslav Marié

Belovode region

The modern region of Branicevo (Figure 1), in which
the site is located, lies approximately 100 km east of
Belgrade, the capital of Serbia and has its administrative
centre in the city of PoZarevac. Brani¢evo is bounded on
the west by the Velika Morava river, to the north by the
Danube, to the east by the River Pek and to the south by
a mountain range including the Homolje, Beljanica and
North Kudaj mountains. The area is c. 85 km across from
north to south and east to west, with a total territory of
c. 3855 square km, The difference in elevation between
the lowest and the highest areas in the region is 1255 m,
with the lowest land at 60 m above sea level, whilst the
highest mountain peak (Beljanica) reaches 1336 mabove
sea level, The stark differences across the landscape of
the region enables the distinction of several geographic
units, The PoZarevac Morava region centres on the flow
of the Velika Morava river and the city of PoZarevac
and is predominantly flat terrain (Figure 1, left). The
second largest geographic unit is the Stig and Danube,
the area to the northeast of PoZarevac, delimited by
the Mlava river in the west and the Homolje mountains
in the southeast. This area, although mostly flat, also
encompasses undulating tracts of elevated terraces
and plateaux. Another unit, the area of Zvizd, lies to
the east of the Stig plain and is centred on the Kuéevo
valley with the gold-bearing Pek river flowing through
the centre. With the exception of several river valleys
(the Pek and Tumane valleys being the largest), this
area is predominantly hilly with peaks reaching 400 m
above sea level. The markedly mountainous region of
Homolje forms the eastern and southern boundary of
the BraniCevo region, centred on the town of Zagubica
(Figure 1, lower right). This unit includes the Homolje
valley around the upper part of the Mlava river, but
in a wider sense it also encompasses the Homolje
mountains.

The modern climate of the area is either ‘mountainous’
or ‘mildly continental’, depending on the geographic
setting of the landscape, and was most likely very
similar in the prehistoric period. The winters can be
very bitter and lengthy, whilst the summer is mostly
hot and dry with occasional local showers. The average
rainfall is around 50 1 per m? (Stoji¢ and Jacanovié
2008: 21).
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The soil in the area is very fertile, the most productive
being that in the Stig region. Aside from alluvial plains
and rivers, lower portions of the region consist of
Chernozem soils with slopes and hills being covered
with vertisols and cambisols (Stoji¢ and Jacanovié¢ 2008:
14). Hills and elevated terrains are colonised by beach
and oak forests providing good habitats for abundant
wildlife. In the regions of Stig, and Branicevo in general,
aeolian accumulative formations occur sporadically,
with loess deposits and smaller areas of windblown sand.
A significant proportion of water from the Pek river is
absorbed by the sand, reducing its volume in its lower
course compared to the middle course. These sediments
form under the influence of the dominant wind in the
region, the so called KoSava wind.

Three major rivers of the Brani¢evo region have a broadly
similar direction of flow—predominantly southeast to
northwest—and join with the Danube (Figure 1), which
flows from west to east, at the northern boundary of
the region. The Morava and the Mlava, the two larger
rivers, have distinctly meandering courses. The course
of the Velika Morava was regulated in the late 19th and
throughout the 20th century. The Velika Morava flood
plain played a key role in the area from the earliest
Neolithic period. It is wider than any other such floodplain
in central Serbia and, due to its size and pronounced
meandering, the annual deposition of fresh alluvium
was effectively limited to the central parts of the plain
(Chapman 1990: 27). The course of the Pek, the third
river, also meanders, but its valley is significantly more
constricted by nearby hills, making its paleo-course
significantly narrower than the other rivers. The Danube
is the northern delimiter which separates the Brani¢evo
region from the edge of the South Pannonian plain, but
the influence of the Pannonian climate and winds extends
south into the Brani¢evo region. The predominant winds
are eastern and the BraniCevo region is known to have c.
170 windy days per year (Stoji¢ and Jacanovi¢ 2008: 13). The
hydrographic network of this regions’ central Mlava river
is unevenly developed. In the mountainous region it rises
with springs which evolve into streams and smaller rivers
that form a profoundly dense network of waterways. This
is particularly true of the Homolje mountains area and the
contact zone of Beljanica and Homolje where numerous
springs and founts exist. The Mlava and Velika Morava are
separated by the low-level PoZarevac ridge.
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Figure 1. The Brani¢evo region.
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The Neolithic in the Brani¢evo region

Human occupation of the region is attested
archaeologically from the Mesolithic period (Lepenski
Vir culture) and the mid-8th millennium BC (Srejovié
1972; Radovanovié 1996); it was probably settled during
the Palaeolithic, although the archaeological evidence
is currently lacking. For the early Neolithic period,
the Staréevo communities are known from 11 sites in
total (Garasanin and GaraSanin 1951; Jacanovié¢ 1988),
however the rich landscape most likely supported
many more as yet undetected settlements. The almost
millennium-long Early Neolithic period was replaced
by the Late Neolithic manifestation known as the Vinéa
culture, with 26 known settlements, including Belovode,
now recorded from various chronological stages
(Figure 2; Stoji¢ and Jacanovié 2008: 45). Unfortunately,
only a handful of sites have been researched in detail,
Belovode being among them (Sljivar and Jacanovié
1996¢, 1997¢), as well as ViteZevo (Sljivar and Jacanovié
1995) and Ora§je (Mari¢ 1951). Opencast mining
operations at Kostolac in the north of the region have
also revealed several Late Neolithic sites like such as
Lugovi, Seliste and Cair, but these are not published in
detail (Jacanovi¢ 1988).

The state of research is sufficient, however, to allow
us to extrapolate certain conclusions about the Late
Neolithic settlements in the region. From the position
of known sites (Figure 2) it can be determined that they
were located close to one another, between 1.5 and 6
km apart, which translates to a walk taking between 0.5
and 1.5 hr. The shortest distance recorded is between
the sites of Cair and Mali Grad (Figure 2, top), i.e. 1.5
km in a direct line. The settlements were located on
slightly elevated plateaux, set close to a source of water
(Table 1). Due to the meandering nature of the major
waterways, it is possible that many sites have been
either eroded or buried by the waters of the Velika
Morava, the Mlava and the Pek in the six millennia
since the Neolithic but some sites, like Orasje, Toplik
(Stoji¢ and Jacanovié 2008) or Bresje (Jacanovié 1985),
located between 100 and 300 m from the meanders of
the Velika Morava and the Mlava, may have remained
undamaged owing to the vertical distance to the water
surfaces, which ranges from 1.5 to more than 10 m.

The settlements were also placed on elevated river
terraces that were either flat or mildly sloping (Figure
3) and, occasionally, were even set against the hilly
background (Table 1), for example at Kod &esme in
Poljana and Selo in Similevo (Spasi¢ 1993). Several
settlements are also known to have been placed in
elevated positions, dominating the surrounding
landscape, like the sites of Mali Grad in Stari Kostolac
(Stoji¢ and Jacanovi¢ 2008: 267), Zbegoviste in
Oreskovica (Jacanovi¢ 1988: 119), and Ladne Vode in
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Redica (Jacanovi¢ 1988: 117). The latter two sites can
be dated to the later phases of the Vinca culture and
follow a trend similar to that existing in the central
territory of the Vinca culture, attested at numerous
other sites including Gradac near Zlokuéane (Stalio
1972), Crkvine in Mali Borak (Arsié et al. 2010), Crkvine
in Stubline (Crnobrnja 2009) and others. Another
interesting feature of the Neolithic in the region is the
utilisation of the Ostrvo, the large river island on the
right bank of the Danube, located between Dubravica
and Kli¢evac (Figure 2, top right). At least two Late
Neolithic period settlements existed on this 20 km-
long island: SeliSte, near Old Kostolac (Jacanovié 1988:
114), a long-term settlement with at least three metres
of cultural deposits, and Hrastova Humka, a tell-type

Table 1. Landscape characteristics of Late Neolithic sites in
the Branicevo region.

5 Degree ) Distance
ite no. of slope Aspect Soil type | to zvater
m)

Belovode | 2.988 West Cambisols | 124.935
1 4,196 East Fluvisols | 402.691
2 0 Flat Fluvisols >1000
3 5.031 North Fluvisols | 903.940
4 3.891 East Fluvisols 519.246
5 6.497 Southwest | Fluvisols | 462.940
6 0 Flat Fluvisols | 360.942
7 12.951 | Northwest | Arenosols | 194.042
8 0 Flat Phaeozems | 507.788
9 0 Flat Gleysols 270.440
10 1.512 Southeast | Phaeozems | 88.905
11 7.861 West Phaeozems | 568.170
12 0 Flat Fluvisols | 216.743
13 2.696 Northwest | Fluvisols | 160.554
16 0 Flat Phaeozems | 268.056
18 5.188 Southwest | Cambisols | 243.120
19 0 Flat Fluvisols 615.667
20 4.554 Southeast | Gleysols 338.804
21 8.788 West Cambisols | 241.720
22 4,871 East Cambisols | 174.275
23 6.576 West Fluvisols | 100.529
24 5.904 West Cambisols | 199.769
25 0 Flat Cambisols | 186.547
26 14.369 South Cambisols | 301.690
28 7.657 South Fluvisols | 228.079
29 6.249 North Cambisols | 454.950
31 26.510 South Cambisols | 55.311
32 31.273 West Cambisols >1000
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Figure 2. Late Neolithic sites in the Branievo region.
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settlement dated to the Vinfa C-D phases (Jacanovié
1988: 116). These sites indicate that, although perhaps
not in its present-day shape, the island existed in the
Neolithic, and was sufficiently large and dry enough to
provide for long term settlements.

Table 1 illustrates that, of known Late Neolithic sites,
almost one third (32.1% or nine sites) are found on
cambisol, the principal soil type of the region (c. 55% of
total soil coverage). It is surprising, however, that even
more (11sites; 39%) are found on fluvisols, which account
for only 25.6% of the total soil available in the Brani¢evo
region. Phaeozems, the most fertile soils in the region,
and just 7% of the total area, were also settled with four
known sites, and there is a likelihood that further Late
Neolithic settlements existed in this fertile zone around
the lower course of the Mlava (Figure 4). If we divide
the number of known sites by the percentage of the
coverage of the individual soil type on which they are
found, an interesting relationship becomes apparent
with respect to the site density (Table 2). It must be
noted here that, as cambisols appear in less-accessible
areas of Branilevo, the detection of Late Neolithic
sites may be biased towards more easily accessible, flat
terrain in the river valleys of the principal waterways
in the region. The dominance of sites located on soils
with above-average fertility (53% are located on the two
most fertile soil classes) indicates a strong dependence
on soil cultivation in the Late Neolithic, but also allows
for the existence of specialised settlements, either due
to a particular economy (e.g. transhumance or raw
material procurement) or due to unstable conditions
towards the end of the Vinca societies (the ‘elevated
retreat’ sites of the late phases).

Belovode and its surroundings

The site of Belovode is located about 10 km to the
southwest of Petrovac na Mlavi (Figure 5), on an elevated
plateau above the Busur River, a tributary of the Mlava
River. The settlement was placed between two springs
that join with the Busur about 1 km from their origin
(Sljivar and Jacanovi¢ 1996c; Rassmann et al., Chapter
9, this volume). The central part of the settlement is
nestled between the springs and is the most densely
populated area. The plateau, approximately 600 x 200
m in size, is defined by three steep sides (Figure 6) that
drop sharply towards the springs and the Busur. The
site is located on podzolised cambisol, whilst the Busur
valley consists of alluvial-diluvial soil. The high level
of production that can be achieved on cambisols, in
combination with the alluvial soils found to the west of
the site, provides a powerful foundation for prolonged
crop production with above-average yields, allowing
long-term occupation of the area.

The settlement plan (Rassmann et al, Chapter 9,
this volume, Figure 5) shows the densely populated
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Table 2. Site density according to soil types in the
Branicevo region.

Soil type Soil Number of | Site density
coverage (%) sites

Fluvisols 25.6 11 0.429

Cambisols 55.0 9 0.16

Phaeozem 7.0 4 0.57

southern area of the site, centred between the two
streams that flow at 90 degrees to the course of the
Busur river. Several smaller, enclosure ditches occur
to the east and the west of the central plateau and the
settlement extends further east towards Bikova Bara,
where it terminates with a large enclosure ditch. The
settlement appears to have originated at the southern
side of the plateau and, at some point, extended rapidly
away from the Busur valley. The densest part of the
settlement has confirmed stratigraphy of over three
metres in places, but it cannot be identified as a tell
settlement as it lies on an already-elevated plateau and
shows no sign of a tell bulge. As is the case with Plo¢nik,
the settlement was not restricted by the space available
for expansion. This is clearly evidenced in its eastern
portion, where structures are wider apart with larger
spaces in between, most likely gardens or similar open
areas.

The position of the settlement and its longevity may
be somewhat puzzling if considered on a broader
scale. The site is not located in the valley of the Mlava
river, the arterial pathway through the region of Stig
and Homolje, but rather on the opposite side of the
ridge, facing away from the Mlava. When viewed on
the topographic map of the region (Figure 2), however,
it becomes apparent that the site is just 15 km away
from the valley of the Resava river, one of the principal
tributaries of the Velika Morava river, which is a key
routeway during the entire Neolithic period, connecting
the south of the Balkans with the Pannonian plain in
the north. This side access to the Velika Morava is easily
traversable via the valleys of either the Busur or the
Busur and Durinac rivers, From the valley of the Resava,
at the point closest to the Busur and burinac valleys,
the Velika Morava is only a further 16 km away. Another
possible corridor towards the Velika Morava lies to the
west, via the networks of the Cokordin river and its
tributaries. Several sites of the Late Neolithic period,
such as ZbegoviSte and Konju$nica (Figure 2), are
known in this area, which could confirm this corridor
as the preferred routeway to the Velika Morava.

Concluding remarks
Although interpretation of the late Neolithic period in

the Branicevo region is limited by the number of known
sites, there are clear signs of differentiation in terms
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Figure 6. Terrain slope values around Belovode.
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of settlement location. Bordering the flat plains of
Vojvodina on the north, the region shows influences of
the local manifestation of the Vinca culture, especially
in its early phases, but later slowly incorporates the
traditions of the Morava valley, transmitted from the
central and southern variants of this culture. Both
the extent and the thickness of the settlement layers
indicate prolonged occupation of chosen locations and
thetendency tonucleate and create hierarchy within the
settled areas. Whether this reflects the establishment
of an organised social, politic, or economic domination
remains under consideration, as the intra-societal
organisation and hierarchy of the Late Neolithic Vin¢a
is still somewhat unknown for the central Balkans. The
size of the settlements, ranging between 30 and 40 ha, is
often double the size of the settlements in the Vojvodina
plains, but these may not represent the largest sites in
their respected regions. Recent research in other areas
of central Serbia (Crnobrnja et al. 2009; Crnobrnja 2011,
Tripkovi¢ 2007; Tripkovi¢ 2013) and also in Romania
(Parta, Uivar) indicate that structures had notable
differences in their functions based on inventory, size,
organisation and construction methods. The proposed
existence of shrines and economic structures speak to
the level of specialisation present in the settlement
which, by the end of the Late Neolithic, appears to have
reached a high degree.

The positioning and the longevity of Belovode is, in
part if not largely, due to its hinterland, with abundant
sources of minerals and stone, usually within an
easily traversed distance (15-20 km). The manner of
procurement and the existence of networks can be
sensed in the work of some authors writing on the
origins of obsidian (Tripkovi¢ and Mili¢ 2008) and
copper (Radivojevi¢ and Kuzmanovié Cvetkovié 2014),
but it should be made clear that the majority of the
procurement remained on the level of individual
settlements, especially with everyday commodities,
albeit with certain exceptions (Amicone, Chapter 14,
this volume). It was not, however, the rich hinterland
alone that enabled the long-term existence of massive
settlements like Belovode. The fertile brown cambisol
that dominates most parts of central Serbia, together
with the phaeozems in the Branicevo region, combined
with the primitive wooden ards most likely available
by the late 5th millennium BC (Bogaard 1981: 31),
enabled annual cultivation of crops in the immediate
vicinity. The crops become an increasingly important
part of the diet, as evidenced in the numerous charred
remains recovered across sites of this period (Filipovié
et al. 2018). With this new soil type becoming available
for cultivation and the annual replanting of preserved
seeds, crop yields would have increased. At the same
time, the dependence of an annual deposition of
fertile alluvium decreased, making settled life in a
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fixed location much easier. The introduction of bread
wheat, the most productive type in the long line of
domesticated wheat, and its dominance towards the
end of the Late Neolithic, strengthens this presumption.
Hunting and foraging traditions did not cease, however,
and the woods and brushes remained an important
source of food until the very end of the Neolithic, as
evidenced by finds of wild fruits on other sites of the
period (Filipovi¢ and Tasi¢ 2012).

The existence of long-term settlements in fixed
positions must also have changed local perceptions
of the landscape surrounding them, leading to the
establishment of semi-permanent or permanent
networks of pathways for trade and exchange of both
goods and people (e.g. inter-settlement marriages).
Both Belovode and Plo¢nik are located in terrain that
could be considered ideal for expedient travel. The
Mlava and Toplica river valleys are arterial corridors
that link a major channel of movement around the
central Balkans: the Morava river system. Spreading
from the far south towards the Danube, this truly
pan-European corridor operated since the earliest
time. These riverine routeways are dotted with
numerous sites from the Late Neolithic period, many
of which contain traces of long-term settlements (e.g.
Pavlovac, Drenovac, Slatina). The Mlava valley also
connected eastern Serbia with the lower course of the
Morava river, enabling fast exchange of raw minerals
from the Homolje mountains and beyond with other
regions occupied by people of Vinca traditions. On the
other hand, the Toplica river valley was the principle
connection between the Kosovo plain and the core
territory of the Vinéa period in central Serbia.

The context surrounding the decline of these large
settlements remains unresolved. It is well established
that all the Late Neolithic sites in the Central Balkans
area thus far excavated were destroyed in large
fires together with their entire assemblages, but the
circumstances that led to these conflagrations are not
clearly understood. Some zooarchaeological analyses
performed on a Late Neolithic assemblage from Belo
Brdo in Vinca suggest that, in the late phase, there
may have been an environmental crisis that led to
increased exploitation of unusual meat resources like
dogs or turtles (Dimitrijevi¢ 2006: 252-253, 255). It
can be hypothesised that numerous large, permanent
settlements, gradually increasing in size, may have
become a strain on the surrounding environment,
and on available technology and resources, leading to
a decrease in the availability of food and commodities
that may have fractured a society still highly dependent
on the surrounding landscape leaving it unable to fulfil
demands for resources without abandoning their long-
established settlements.
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Chapter 9

Belovode: geomagnetic data as a proxy for the reconstruction of
house numbers, population size and the internal spatial structure

Knut Rassmann, Roman Scholz, Patrick Mertl, Kai Radloff, Jugoslav Pendi¢
and Aleksandar Jablanovi¢

Introduction

The Vinca culture settlement Belovode was surveyed
over the course of two campaigns, in 2012 and 2013. In
2012, we covered the area of 19 ha with a 16-channel
magnetometer (SENSYS MAGNETO®-MX ARCH). In
2013, a 5-channel magnetometer (SENSYS MAGNETO®-
MX ARCH) was used for smaller areas (covering a
total of 6.6 ha). The survey revealed around 550
characteristic anomalies that can be classified as burnt
houses, and several linear anomalies that presumably
represent ditches. Their distribution demarcates an
area that stretched over c. 33 ha. Within this is a core
area comprising c. 21 ha which demonstrates a higher
and (more variable?) density of house anomalies. The
ridge of the hill in the southern part of the settlement
exhibited the highest house density, a fact that perhaps
necessitated the orientation of the buildings into
regular rows. By contrast, the northern areas exhibited
large house clusters between which were areas having
no characteristic archaeological signature. The latter
presumably represent areas which were without houses
in prehistory.

To put the survey area (c. 26 ha) into perspective,
our data are sufficiently representative to facilitate
the reconstruction of the settlement’s internal
structure. A key benefit of the recent work was
to make available precise data from the northern
area for the first time. Former calculations of the
settlement’s size (at a 100-ha scale) overestimated
the real dimensions (Radivojevié et al. 2010a: 2278).
Crucial for such calculations of the settlement size
are several ditches in the northern and western area.
These indicate several chronological phases at the
site. In light of this, it is very likely that the burnt
houses visible in the geomagnetic data correspond to
different use phases at the settlement (i.e. they were
not all contemporaneous). The geomagnetic data also
indicate differences in the sizes of houses, as well as
in their orientation and in the spatial organisation
and structure of the settlement. Kernel Density
Estimations of houses and daub remains reveal the
presence and location of settlement areas with higher
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densities. The recognition of these patterns is crucial
for the reconstruction of maximal and minimal house
groups and acts as the basis for estimating the size of
the local population.

Geomagnetic survey of Belovode was first undertaken
in the early 2000s in the limited southern area of the
site but was never published. We resumed this work in
2012 and 2013, with an aim to cover large areas of the
settlement and its periphery. Our objectives were to
deliver information on the size and the spatial structure
of the settlement, a valuable approach that would allow
the excavation results to be placed within a broader
regional context. Former surveys at other Late Neolithic
settlements like Uivar (Schier and Drasovean 2004),
Okoliste (Hofmann et al. 2007), Drenovac (Peri¢ et al.
2016), Bordo$ mound near Novi Becej, Serbia (Medovié
et al. 2015), and Crkvine near Stubline (Crnobrnja 2011)
demonstrated the potential of the Balkan Late Neolithic
settlements for geomagnetic research.

Belovode provides a good case study as the entire site
was used as a farmland until recently, allowing survey of
the full settlement area. This is particularly valuable as
Belovode can be used as a reference for the prehistoric
settlement sites of OkoliSte and Plo¢nik, which are partly
covered by modern villages. Nonetheless, the highly
subdivided agrarian landscape at Belovode complicated
the general course of geomagnetic survey. Some areas
are gardens, others are small fields, with only a few larger
fields. These circumstances required the application of
two different systems. For larger fields, we worked with
a 16-channel magnetometer and in smaller fields with
a 5-channel magnetometer (Figure 1). Despite using
two instruments and carrying out two campaigns, the
survey of Belovode remains incomplete as some areas
were not accessible during the two seasons, but the 26
ha area revealed representative data that enabled the
reconstruction of the internal spatial structure, house
numbers and population size. Although there was no
direct evidence of metalworking, these data enable us
to set the archaeometallurgical research within the
broader context of the spatial structure at settlement
level.
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Figure 1. Overview of the surveyed area and the instruments used in the 2012 and 2013 campaigns.

Methodology and data processing

Both the 5-channel and 16-channel magnetometers
(SENSYS MAGNETO®-MX ARCH) were manufactured
by Sensys GmbH, Bad Saarow, Germany. They are made
entirely from fibre-reinforced plastic. Both systems
included FGM-650B tension band fluxgate vertical
gradiometers with 650 mm sensor separation, a 3000
nT measurement range and 0.1 nT sensitivity.

16-Channel magnetometer

The 16-channel magnetometer was mounted on a
vehicle-drawn cart. The gradiometers were set at 0.25
m intervals on a 4 m-wide sensor frame. The vehicles
housed both power supply and data processing
hardware. MAGNETO®-MX compact 16-channel data
acquisition electronics with 20 Hz sampling frequency
were used for data acquisition with Trimble RTK-DGPS
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georeferencing (base/rover combination). With speeds
of approximately 12-16 km per hour and a sample rate
of 20 readings per second, the system provided xyz-
data on a mesh of 0.25 m by approximately 0.3 m.

5-Channel magnetometer

The 5-channel magnetometer was mounted on a hand-
propelled carriage. The gradiometers were set at 0.25 m
intervals. A walking pace of c. 4-5 km per hour yielded
a mesh of 0.25 m by approximately 0.06-0.08 m. The
prospection areas were first marked out using a Leica
DGPS (GX 1000). The rectangular areas ware prospected
in a zig-zag pattern. In order to maintain the correct
orientation, each 2.5 m was marked by a cord. The
interpolation of the measurements along the cord was
based on the distances recorded by an odometer.

Data processing

Use of this new generation of geomagnetic instruments
enabled us to prospect large areas in relatively short
time periods. One challenge, however, was to analyse
the data produced within an appropriate time frame.
A second difficulty was the production of reliable data
in order to facilitate the straightforward comparison
of different sites. Such cross-comparisons require
consistency in data processing and software tools and
could only be accomplished through close cooperation
with project partners. The first level of analysis was
based on commercial software; in the later stages of
analysis, we used open source software to facilitate this
cooperation.

The SENSYS MonMX, DLMGPS and MAGNETO®-ARCH
software package was used for data acquisition,
primary data processing, interpolation and export.
Each track contained measurements produced by the
five or sixteen channels and the DGPS date and was
saved separately. For Belovode, this resulted in 460
tracks. The tracks recorded by SENSYS MonMX were
then imported into the DLMGPS software. To check
the data in the field, we used MAGNETO®- ARCH for
initial geomagnetic map imaging. For more detailed
interpolation, we used OASIS montaj. In order to export
the data from DLMGPS to OASIS montaj, a simple text
file was produced which contained the vertical gradient
(z) as nanotesla values and the measured track and the
number of the probes as shown in Table 1.

Post processing was completed with OASIS montaj 8.
The results were exported as a Surfer 7 file (compatible

with GIS software). The use of Surfer 7 files enables
the user to modify threshold, colour scale and (in
combination with the rich choice of available raster
and vector tools) to produce spatial analysis of the
date. This further processing was done in QGIS 2.6.
Each digitised anomaly was assigned an ID number for
further analytical steps. This is especially important
when features are added to the specific ID, albeit on
different layers (e.g. electromagnetic data and aerial
photography).

Methodological remarks

The geomagnetic map of the settlement at Belovode
(Figure 2) shows many settlement features (especially
houses). While a spatial analysis of those features has
the potential to reveal the size and spatial structure of
the settlement, it should also consider uncertainties
regarding the chronology of the features under study.
Radiocarbon dates from Belovode trace the settlement’s
use over a period of approximately 700 years from 5350-
4650 BC (Radivojevi et al. 2010a: 2778; Chapter 37, this
volume). Excavations on the promontory suggest that
the geomagnetic anomalies of burnt houses are likely to
belong to the latest settlement horizon. The chronology
of the house cluster in the northern settlement is less
clear. Despite the uncertainties outlined, our intention
was to produce an approximate model based on the
maximal extent of the settlement, and support or
negate the inclusion of surface collection and target
excavations on the forthcoming field research agenda.

The ambiguity of the geomagnetic picture can be
minimised by a more advanced exploration of the
geomagnetic data, in which each individual house
anomaly is analysed in detail as a single unit. The
analysis should integrate a perspective on the spatial
context of the ‘objects’, (e.g. houses or storage pits).
As Hillier and Hanson (1984) emphasised: ‘...in talking
about buildings, we need not only to talk about objects,
but also about systems of spatial relations.” If we apply
this rationale to our analysis, we can classify the
orientation of houses, observe how they are embedded
within the greater spatial layout of the site, quantify
the variation in size of each object within a house
cluster and later, as a result of these analyses, compare
the various house clusters to reveal the differences and
similarities between them.

Some of these characteristics (e.g. size and orientation)
may reflect differences in chronology, as has been
indicated by the excavation results from Late Neolithic

Table 1. Exported txt-file with raw data.

x-coordinate y-coordinate nT Track file Probe number
34340748.010 5140263.576 -59.5 fa123.prm 1
34340748.092 5140263.340 -3.7 fa123.prm 2
<&
96 4 —
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10 nT

Figure 2. Overview of geomagnetic data for the whole site.

settlements like Kundruci and Okoliste (Furholt 2012:
14f,; Hofmann 2013: 366). A similar relationship was
assumed by Medovic et al. (2015) based on geomagnetic
data from the Vinca settlement of Bordo§ near Novi
Becej. Figure 3 outlines this analytical framework and
the specific properties of the anomalies as well as their
information content in order to illustrate the workflow
through which geomagnetic date can be set into a
broader analytical context.
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Results: geomagnetic data

Promontory

The focus of the excavations since 1993 has been the
settlement area that lies on the promontory. The
topographical situation of the site is similar to that of a
hillfort (Figure 4). In addition to the c. 180 houses, the
geomagnetic survey revealed three linear anomalies.

< =4
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Figure 3. Diagnostic flowchart for geomagnetic data of architectural elements for the reconstruction of the spatial layout of
ancient settlements.

Houses were oriented in rows, mainly orientated NE-
SW, as was the case both at Okoliste (Hofmann et al. 2007:
56, Figure 7) and at Drenovac (Perié et al. 2016). However,
this is in contrast with the principle orientations noted
at the sites of Plo¢nik (with its main NW-SE axis) and
Crkvine, where orientations varied from NNW-SSE to
NNE-SSW (Crnobrnja 2011: 133, Figure 2). The housing
density at Belovode is comparable to that at Crkvine
and is somewhat less than that recorded at the sites
of OkoliSte or Plo¢nik. The preservation of the houses
varies, as seen in Figure 5. The majority are marked
by concentrations of large pieces of daub generating
a dynamic range of >6 nT. By contrast, on the western
edge of the promontory some houses were revealed, not
by large accumulations of daub, but rather by clearly
visible house walls. We assume that in these cases the
houses were originally burnt like the others but that
the daub had since completely eroded.

Two linear structures cross the western periphery of
the survey area; a third protects the eastern access
to the promontory. In the neighbouring area to the
east, a further double linear anomaly is visible (Figure
4). These linear features are small, having a diameter
varying between 0.5 and 2 m. Only those structures
with widths of at least 2 m can be classified as ditches.
Those that are smaller than this possibly represent
palisade trenches. The selection of the promontory site
in combination with the construction of a fortification
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indicates that the founders of the settlement needed
to protect their community. The maximal house
concentration and the existence of a fortification could
reflect intergroup conflicts on a larger scale.

Eastern periphery

An additional eight linear anomalies were revealed
in the eastern part of the settlement (Figure 6). Once
again, their signatures varied. Only Feature 6 (2 m
width) could reasonably be classified as a ditch. The
density of buildings in the eastern part of the site is
much lower than on the promontory. The thickness of
the settlement layers in this area is 2 m (indicated by
measurements made from a single auger hole (Figure 5).
The data provide a preliminary point of reference for the
settlement duration for this part of the site. Comparable
data are available for Vinéa-Belo Brdo and Okoliste. For
Vinc¢a-Belo Brdo, Schier reconstructed a sedimentation
rate of 1-2 cm per year; shortly after the founding of
the tell-site the rate reached 7 cm, and then only in
part (Schier 2001: 378, Figure 4). The sedimentation
rate at the site of OkoliSte was considerably lower than
1 cm per year (Hofmann 2013). The 2 m sequence at
Belovode indicates long-term settlement activities for
more than 200 years, confirmed by absolute dates for
samples taken on earlier excavations and again in 2012
and 2013 (Whittle et al. 2016: 22-23, Figure 9; Chapter
40, this volume).
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Figure 4. Overview of the geomagnetic data on the promontory in the southern settlement area. Three ditches are labelled.

Northern plateau

Around 270 houses were revealed on the northern
plateau. These cluster in three principal house groups
(Figure 7) in which houses are organised in rows in the
same layout as that on the promontory and, as in that
area, they appear to have been preserved by fire (Figure
8). The magnetic anomalies include a wide range of
shapes, sizes and mean nTs. Overall, the pattern is
different from that of the regularly burnt houses of the
Cucuteni-Tripolje culture (Rassmann et al. 2014: 209,
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Figure 14). These differences may indicate variations
in the size, construction, and destruction process of
the houses by fire (Figure 9). There is, however, some
evidence for unburnt houses (Figure 8B). In contrast
to the probable eroded houses on the western edge
of the promontory, the house floors here are marked
by a ‘shadow’ with slightly higher values from 2-5
nT. In the northwestern area, a small gap is the only
indication of an entrance (Figure 8A). However, we
can use this data to reconstruct a path that crossed
between the different house rows. The main result of
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Figure 5. Geomagnetic results demonstrating the differences in anomalies for houses produced destroyed by fire or well-

preserved. A) Overall plan showing locations of B, C and D (red squares); the location of the auger holes with chemical analysis

(D2 and D4) are also shown; B) Heavily burnt and well-preserved houses in the northern settlement; C) Burnt and eroded houses
on the western slope of the promontory; D) Burnt houses on the promontory in the southern area of the settlement.

our survey is the indication that the overall settlement
area was considerably smaller than originally thought.
Moreover, the houses located inside this area were
divided into three main house groups characterised by
uneven distribution densities.

Analysis and interpretation

In the first stage of our analysis, the characteristic
anomalies were digitised by hand. To evaluate the
results, the team worked independently in Belgrade
(Pendi¢) and in Frankfurt (Rassmann). The results
differed slightly; Pendi¢ classified 578 anomalies
as houses, whereas Rassmann found a total of 556
(see Figure 10). The digitised maps also revealed pit
anomalies besides the identified houses. To minimise
the subjective factor, we established a specific
workflow for the automatic classification of daub (see

100

Figure 11). With the GRASS ‘r.contour.level’ tool, the
geomagnetic data were converted into isolines by 1
nT-steps (Figure 11B). The isolines were compared with
the underlying geomagnetic raster data (Surfer 7.grd
file). In both Plo¢nik and Belovode, house anomalies
were closely correlated with the 6 nT line. The 6 nT-
lines were therefore selected and then converted into
polygons (Figure 11C). By spatial queries we generated
characteristics (area size, mean of nT-values) for these
polygons in the attribute table of the respective shp-file.
The statistical analysis of the house size and the size of
the daub area correlated with each other. The example
shown in Figure 11C demonstrates the difficulties of
defining the exact shape of a house (especially if that
house was not completely burnt or it was heavily
impacted by erosion). In this way, we measured the size
of the daub below the reconstructed houses in order to
obtain more reliable data.
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Figure 6. Overview of the geomagnetic data in the eastern settlement area.

The scatter plot (Figure 9C) visualises the correlation
of both data sets. The histogram of the size of the
reconstructed house areas (Figure 9B) shows the
mean to be around 50 m? however at least two peaks
are likely. More clearly defined are the multiple peaks
in the histogram of daub area size (Figure 9A). As
mentioned above, different house size could indicate
a chronological difference. An increase in the size of
earlier houses has been noted at several sites in the
central Balkans, including Kundrici (Furholt 2012:
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14f.), Okoliste (Hofmann 2013: 366), Divostin (Tripkovié
2009b, 2013) and Stubline (Crnobrnja 2011). By contrast,
other sites demonstrate decreasing size in the earlier
phase, such as at Gomolava (Tripkovic 2013; Brukner
1988, 2002; Petrovic 1992) and Banjica (Tripkovi¢ 2007,
2013). While small houses are present (ranging from
30-40 m?), other final Vinla sites tend to have larger
houses (Por¢i¢ 2012b). Based on the multiple peaks in
the daub areas, we mapped two classes of houses by the
daub size: <20 m? and >20 m* The larger houses were
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Figure 7. Overview of the geomagnetic data in the northern settlement area.

situated within the area of highest house density on the
promontory. They were also concentrated towards the
centre of the house clusters on the northern plateau.

The large-scale surveys enabled the analysis of
similar spatial phenomena over the entire surface of
the settlement, revealing patterns such as the four
principal house groups mentioned above. To validate
our model, we quantified the variation of house
density by Kernel Density Estimation (KDE). The value
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and potential of this method has been well-proven
in various other archaeological applications (Herzog
2012). The mapping of house density marks the first
step towards a more general spatial analysis within a
wider context. To evaluate the density map for houses
we also calculated the daub areas. This procedure was
based on the centroids of both features (reconstructed
houses versus 6 nT polygons) and was completed by
a bi-weighted KDE with a radius of 40 m. Both maps
clearly show the four areas with higher densities
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Figure 8. A) Entrance in the northwestern settlement; B) Area with burnt and probable unburnt houses in the northern part of

the settlement.
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Figure 10. Interpretation of the geomagnetic data.

of architectural features (Figure 12). One maximal A crucial observation is the variation of the house
house group is located on the promontory with three  density within these house groups. These structures
principal groups on the northern plateau. The overall  vary in KDE both in terms of houses as well as daub
size of these house groups is between 4 and 5 ha. They ~ areas. When combined with the reconstructed houses,
are surrounded by zones characterised by a remarkably ~ we can reconstruct smaller minimal house groups
low density of building remains. (sized at approximately 2000-4000 m?) inside these
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Figure 11. Analytical steps used to explore the data. A) Geomagnetic data; B) + 20 nT Polylines; C) 6nT Polygons and
reconstructed houses.

main house groups. The minimal house groups were
constructed on a scale that is often observed on
Copper Age and Bronze Age settlements (cf. Rassmann
et al. 2014; Miiller-ScheeRel et al. 2016). The crucial
question is how many subgroups belonged to a larger
unit? The first indication of the answer to this puzzle
is provided by the variation in the building density
inside these large groups and the spatial layout of
the reconstructed house rows. A rough estimation
is based on available space. For the large groups
(4-5 ha in size) we calculate a maximum of ten
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subgroups (Figure 13). The number of large groups
and the approximation of 36 subgroups can be used to
calculate the upper limits of ancient population size.
The crucial factors within these calculations are the
number of subgroups and the number of residents per
subgroup. To make the calculations, we must return
once again to the available space. If one assumes an
area of c. 140 m for one house, a single house group
would have consisted of c. 12-20 houses. In the Copper
Age sites of the Cucuteni-Tripolje culture, studies
have found house groups comprising 8-12 houses
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Figure 12. Visualisation of house clusters by Kernel Density Estimation (KDE, bi-weighted interpolation, radius 40 m).
Interpolation based on the centroids of reconstructed houses. A) KDE of the house centroids; B) KDE of the centroids of the
house daub.

(Rassmann et al. 2014). Similar dimensions were  Conclusions
revealed by modelling the settlement dynamics in
the Visoko Basin around Okoliste (Miiller et al. 2013a).  The analysis of the geomagnetic data from the surveys can
This study applied a holistic approach to analyse the  be used to reconstruct both the spatial structure and the
interaction between central settlements and those on  upper limits of the settlement’s population size. The first
the periphery. Valuable data for the reconstruction  model forms an approximation based on spatial layout and
of house groups were also generated by the analysis  structure during a stage at which the settlement reached
of satellite settlements like Kundruci with its 7-10  its largest extent. In order to take probable dynamics and
houses (Furholt 2012: 216). When these house group  changes in the settlement history into account, we must
data are combined with estimates of an average of five  qualify that model in the future.
persons per household, the size of a house group can
be calculated to be in the 40 to 60-person range, which ~ Auger holes on the promontory and in the eastern
is close to ethnographic data for minimal lineage  settlement area revealed settlement layers of varying
(Hahn 2012: 35). depth. The analysis of the settlement along more
general lines should therefore be included on the
To extend these formulae a little further, a large = immediate field research agenda in order to accomplish
group consisted of a maximum of 10 x 40 residents.  the important task of setting the indications for early
Considering the four large groups, this gives a  metallurgy within a broader social-economic context.
combined total of 1600 residents when the settlement
was at its largest. If we only take into account the 36 The developments within the settlement are only
house groups with their estimated 40 residents, we  understandableinrelationtothe changesthattookplace
come to a number of up to 1440 residents (Figure 13).  within the site’s surrounding landscape. Our experience
This number is in the same range as that produced  with the Okoliste Project illustrates the great potential
for the Por&i¢ and Nikoli¢ mathematical model for  of combining site and landscape analysis. Future
the population size at Belovode (see Chapter 40,  fieldwork should also, therefore, examine Vina sites in
this volume). Such mathematical modelling allows  relation to the landscape in which they were situated.
an approximation of population change dynamics,  The combination of geomagnetic survey and drilling
which are crucial for understanding demography. In  programs for the investigation of different house
dealing with demographical data we must consider  groups, surface collection, and targeted excavation, has
that populations were highly dynamic (cf. Shennan  the potential to produce high resolution data for the
2000: 812 f.). Therefore, our computation should also  reconstruction of settlement history and to expand our
be qualified in the future. knowledge of the lives of past societies.
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Figure 13. Hypothetical model of the settlement when at its largest extent.
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Chapter 10

Belovode: excavation results

Miroslav Mari¢é, Benjamin W. Roberts and Miljana Radivojevié

The Neolithic-Chalcolithic site of Belovode covers
approximately 40 ha (Figure 1). In the two fieldwork
campaigns of 2012 and 2013, only 31.5 m? was excavated
due to the archaeometallurgical focus of the project.
The trench was positioned on the eastern platform
of the settlement, where previous excavations had
uncovered significant metallurgical evidence in
Trenches 3 (Sljivar and Jacanovié 1997c, Radivojevié et
al. 2010a) and 17, which are located to the north and
the south of Trench 18 respectively. A 5 x 5 m area
was opened in the 2012 season and then, based on the
preliminary spatial analysis of metallurgical finds, in
2013 the trench was slightly expanded with a 2 x 3 m
extension on the eastern side.

The 2.3 m of archaeological layers in Trench 18 are
not the thickest found at the site. In the central part
of the plateau, the stratigraphy comprised 4 m (Sljivar
and Jacanovi¢ 1996a: 55). Such variation mostly reflects
the occurrence of pits in the earliest occupation
horizon of the site. These tend to be dug well into
the natural layer. It can also be assumed with a high
degree of certainty that the outer extents of the site
have significantly thinner occupation evidence than
those towards the centre. This is due to the settlement
gradually increasing in size throughout the duration of
occupation at the site and shown by the geophysical
evidence of several enclosure/defensive ditches that
were, on several occasions, overlaid by wattle and

Figure 1. Geophysical survey of the settlement.

THE RISE OF METALLURGY IN EURASIA (ARCHAEOPRESS 2021): 108-122
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daub structures. It should also be emphasised that the
position of the settlement on a sloping plateau and
the perennial agricultural activity may have led to
significant soil erosion the extent of which could not be
established in full by the small-scale excavations.

The single context excavation and recording method
employed at the site led to the establishment of multiple
phases within the trench. Based upon the vertical
stratigraphy and superimposition of the contexts
discovered we devised a relative stratigraphic sequence
of five settlement horizons (Figure 2). These horizons
are marked with numbers between 1 and 5, with
Horizon 1 being chronologically the latest and Horizon
5 the earliest. It must be noted that these horizons do
not imply specific chronological phasing within the
framework of any of the existing relative chronology
periodisations (e.g. GaraSanin 1979, 1993; Schier
1995), but rather represent the discernible settlement
construction phases in this particular part of Belovode.
A more precise relative and absolute chronology of the
site is explained in Chapter 39 of this volume.

This chapter presents the use of occupation space
revealed by Trench 18 using a catalogue and description
of the key features. As the only wattle and daub
structure (Feature 3) is found at the very end of the
occupation layers, we are quite certain that this portion
of the site can be characterised as a predominantly
non-dwelling area of the settlement. Here, in parallel
to the description of features, we will illustrate the
temporal and spatial contexts, starting from the latest
horizon and moving towards the earliest. Further detail
regarding the excavation results can be accessed in the
Appendices (see Chapter 7)

Structural features in Trench 18

The archaeological remains found in Trench 18 are
numerous. During the two excavation seasons, 51
features were discovered within the trench. These can
be subdivided into several classes and include: a wattle
and daub structure; several pits; multiple hearths and
ash bins; several pottery concentrations; and a circular
structure comprising six sub-oval post holes. Some
of the structures show clear signs of superimposition
as described below but, for the sake of brevity, only
selected structures will be detailed individually in this
chapter.

Horizon 1

Feature 1 was discovered at the border between the
plough soil and the archaeological layers. It comprises
a concentration of pottery fragments belonging to one
larger vessel - an amphora with two (possibly four)
looped handles on the middle section. Within the
widest area of the amphora, the belly, several unworked
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stones were discovered, possibly the original content of
the vessel. It cannot be said with certainty why these
stones were kept in the vessel.

Feature 2 was found at the bottom of spit 4 and is
another concentration of pottery shards belonging to
several vessels although, unlike Feature 1, the vessel
profiles could not be identified in situ with certainty.
Several unworked stones were discovered in the
southeast corner of the feature,

Feature 3 is a rectangular structure made of wattle
and daub and was found at the base of spit 3, in the
northwest corner of the trench and possibly extends
under the west profile. It measured 3 x 3.2 m (Figure
3) but was damaged near the western profile of the
trench and it may well have been larger. Based on the
preserved section, the structure was oriented north-
south with a declination towards the east of about 18°.
Massive fragments of wall daub were fired bright red;
beneath the structure lay the remains of vessels fired
in the same fire that destroyed it. The vessels found on
the structure floor were smashed in situ. Amongst the
debris were two large grindstones as well as several
smaller stone tools and 16 pieces of malachite. No
heating installation or domed kilns were found in the
remains. On removal of the orange fired floor level, the
imprints of wooden planks that had been part of the
floor construction became visible (Figure 4). The planks
were placed parallel to each other and were oriented
northwest-southeast, i.e. perpendicular to the longer
wall of the structure.

No foundation trench or post holes could be detected,
but least some post holes would have been needed to
support the wattle construction of the wall. This kind
of quadratic structure is not very common on Vinca
culture sites, but at least one similar feature was
detected during excavations at Belo Brdo (Tasié¢ 2007).
This had similar dimensions of 3 x 2.8 m, and also had
several groups of in situ vessels on the floor but no
evidence for cooking or heating installation. The lack
of a heating or cooking installation could identify this
structure as a storage feature, most likely related to a
larger dwelling structure located nearby.

Feature 6 is a small, bowl-shaped (?) pit, 75 cm in
diameter and 35 cm deep. The pit was detected as an
oval area of orange daub mixed with pottery sherds,
charcoal and ash. The infill was very similar to the
surface material. This feature is unique due to its
association with metallurgical debris (see Chapter 11,
this volume). Slagged sherds, free slag pieces, metal
droplets and even a copper metal artefact a bit further
away, all demonstrate high temperature activities
happening in this horizon. More closely, slagged sherds
in the zone of burning confirm previous assumptions
about the nature of the earliest copper smelting
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Figure 3. Feature 3: object of wattle and daub with in situ finds.

installations - that they were hole in the ground lined
with fragmented ceramic sherds. The fact that none
of these sherds can be identified as crucibles, and that
in form and nature of contact with pyrometallurgical
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activities they resemble previously studied samples
(Radivojevi¢ and Rehren 2016) show that there is a
consistency in metal smelting technology across the
site of Belovode. Although these hole-in-the-ground
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Figure 4. Imprints of underfloor wooden planks beneath Feature 3.

installations were previously only assumed, this is
the first time we are able to discern them in direct
association with metal production on this site.

It could be hypothesised that the pit contained refuse
from an unidentified burning that occurred nearby.

Feature 8 is a concentration of five pots which were
found next to the southeast corner of the trench in spit
6 but extends further into the eastern profile of the
trench. The vessels were found in situ, and a polished
stone chisel was discovered inside Vessel B. The vessels
include various forms and functions and can broadly
be divided into those used for cooking and for storage.
When the vessels were removed, a small, irregularly
shaped pit was detected in spit 7.

Feature 9 is a large oval pit next to the south profile
of the trench which was detected and excavated from
spit 6. This steep-sided pit measured 2.6 x 1.9 m with
a maximum depth of 1.2 m (Figure 5). The infill of the
pit consisted predominantly of dark brown soil with
daub, ash and charcoal fragments, and occasional
yellow clay lumps. The pit contained a high quantity of
pottery shards, animal bones and several fragments of
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malachite, figurines and a miniature cup. The nature of
finds and the quality of infill indicates that this feature
can be treated as a refuse pit, possibly connected to
Feature 3 to the northwest.

Feature 20 is a sub-oval feature similar in shape to
Feature 8, with evidence of burning, daub, animal bones
and pottery fragments. The longer axis of the feature
is oriented northwest-southeast and measures 1.45 m.
The feature is only a few cm thick. No clear function
can be attributed.

Horizon 2

Feature 16 is a concentration of daub, irregular in shape,
and damaged on several sides by two pits (Features 9
and 19). It consists of the fragments of a destroyed kiln
(or several of them) and is easily distinguishable by
dome and floor fragments found in the debris (Figure
6). The remainder of the feature consists of white ash
and charcoal. The layer was between 10 and 15 cm
thick, and at its north-south axis measured 1.82 m,
whilst at its west-east axis it measures just under 1 min
diameter. 1t is potentially part of Feature 32, a pit with
various infills (see below).
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Figure 6. Feature 16: daub concentration of a destroyed kiln.

Feature 18 is a circular pit filled with the remains of
orange, baked daub. It was cut by the later pit, Feature
9, in its southeast part. The diameter of the pit is
between 1.11 and 1.12 m in all directions, whilst its
depth is around 30 cm (Figure 7). The walls of the pit
were burned to a black colour, so it can be assumed
that the daub was still hot when deposited into the pit.
The fragments most likely originate from the wall of a
structure rather than a kiln. A large amount of charred
chaff and seeds were retrieved from in between the
fragments, as a macro botanical sample.

Feature 19 is a large elliptical pit located in the eastern
part of the trench. The longer axis of the pit is oriented
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northeast to southwest. The top of the pit was detected
in spit 8 as an area of mixed daub, pottery, stone, and
charcoal. The pit dimensions are 3.1 x 1.8 m with a
maximum depth of about 70 cm (Figure 8). Its sides
are funnel shaped, narrowing towards the bottom.
The finds consist mainly of pottery and animal bones,
indicating that the feature was used as a refuse pit.
Most of the finds were found concentrated at the very
bottom. A significant discovery within this feature was
a significant quantity of thermally altered malachite. It
is unclear whether this represents a direct by-product
of a nearby smelting operation or displaced smelting
refuse deposited in this location upon the clearance of
a smelting installation in a different portion of the site.
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Figure 7. Feature 18 and its relationship with Feature 9.

Feature 21 is an oval pit next to the north profile of
the trench. It was detected in spit 12 and is 1.6 m at
the longer axis and 1.4 m at the shorter axis (Figure
9). Several malachite pieces and importantly, two
copper metal droplets were recovered from the pit, as
well as one fragment of obsidian. The feature could be
interpreted as a refuse pit. It is striking that the content
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was very compact and difficult to excavate, most likely
due to the pressure of debris from wattle and daub
structure Feature 3 that lay on top of it. These metal
droplets stand out as the earliest directly documented
metal production debris during the excavation
campaigns 2012/13. They also further confirm the
dating of the original findings of copper slag (c. 5000
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BC), published in Radivojevié et al. (2010), hence leaving
no doubt about the currently earliest documented
metallurgy in the world.

Feature 25 is a large, irregular, rectangular ash bin,
damaged by the later cut of Feature 9. It measures 0.9
m in length and is approximately 60 cm wide Located
in spit 13, it consisted of white and grey compact ash,
orange burnt daub, and pieces of charcoal.

Feature 26a-g was first detected during the excavation
of Feature 19 which it cuts (Figure 10). It consists of
six individual vertical post holes arranged in a circle.
Nearby, another circular hole was detected in the
same spit, but it most likely does not belong to this
feature. The diameters of the holes vary between 25
and 45 cm. They clearly formed the base for a circular
wooden structure but nothing more can be stated with
confidence (Figure 11). One possible interpretation
could be that the feature represents a lookout post, as it
was located towards the edge of the settlement.

Feature 27 is a small elliptical ash bin filled with white-
grey ash, charcoal and small daub fragments. It was
partially damaged by later activity. It measures just
under 50 x 30 cm and is 3-5 cm deep.

116

Feature 35 is a circular hearth with a diameter 26 cm
and depth of 10 cm discovered in spit 13. It is located
close to the northeast corner of the Trench 18 extension
(Figure 12). It has a thin, orange, baked wall and is filled
with white ash and charcoal. An interesting find from
the bottom half of the feature is part of the wall of a
ceramic vessel, which was found against the side and
base of the feature.

Feature 39 was found in immediately southeast of
Feature 35 and is an elliptical ash bin with excavated
dimensions of 25 x 40 cm and depth of 5-10 cm (Figure
12). The bin was only partially excavated as it extended
under the eastern profile of Trench 18 extension. It
contained white and grey compact ash mixed with
charcoal and occasional orange daub lump. It is
without doubt related to the activity conducted in
Feature 35.

Horizon 3

Features 30, 31, 32 and 43 comprise a large pit which
was partially excavated in the eastern extension of the
trench. Its edges were detected in Feature 19, making
of later date. The exact shape of the pit could not be
detected as it extended under both the eastern and
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Figure 11. Feature 26 upon final excavation.

southern profiles of trench extension (Figure 13). The
detected dimensions are 3.3 x 1.4 m, but it is clearly
somewhat larger. It was first detected in spit 12 and
extended as far as spit 17. The infill of the pit consisted
of several different types of soil, including a compact,
predominantly red and orange burnt layer of soil with
lots of fragments of daub, charcoal and ash (Feature
43), This varied infill could indicate that the pit was
in use for a longer period. In the deepest part, next to
the southeast corner of the trench extension, it was 80
cm deep, which would indicate a rather large feature.
The infill consists of various items, predominantly
pottery and animal bones, but a significant quantity of
malachite fragments was also recovered.
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Horizon 4 (a and b?)
Horizon 4a

Features 36, 41, 44 and 50 comprise four kiln floors
detected at the bottom of spit 17 and extending into spit
18 throughout the entire area of the trench (Figure 14).
The kiln floors are not found in situ but are re-deposited,;
they are all disposed of in approximately the same
horizon (between 173.30 and 173.40 m). They do not
seem to originate from the same kiln and, whilst Features
36 and 41 are somewhat compact, Features 42 and 50 are
not. The same character and the similar horizon of these
features indicates that they belong to the same process.
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Features 37 and 38 are two smaller pits. Feature 37
is elliptical whilst Feature 38 is circular. They were
discovered in spit 17 in the southwest corner of the
trench. The infill of the pits differed in content and
colour from the surrounding area. The infills consisted
of grey, compact soil with daub and charcoal fragments.
The area around the features was predominantly brown
in colour. Very few finds were discovered in the infill. It
is possible that both pits are the remains of clay outcrops
used for pottery production or another similar activity.

Horizon 4b

Features 40, 45 and 46 are three short lived hearths
which were discovered in situ. Feature 45 and Feature
46 are elliptical in shape whilst Feature 40 is circular
(Figure 15). Feature 45, which is the best preserved of
the three, is 50 cm on the long axis and 38 cm on the
short axis. Feature 46 could be only partially excavated
as some of it remained under the north profile of the
trench. All the hearths have thin, orange baked walls on
the perimeter and are filled with the original content
of the last firing episode, which consists of white ash
and black charcoal mixed with occasional lumps of
orange daub. Similar features are known from the
early Vinca culture sites of Masinske Njive and Jari¢iste
1 in the Kolubara region, but both sites are currently
unpublished or partially published (Mari¢ 2013b).
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Figure 13. The outline of Feature 32.
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Horizon 5

Feature 47 is a large, irregularly shaped feature, with its
long axis being oriented northwest-southeast (Figure
16). It is 3.1 m long and 1.12 m wide at its broadest
extent. Its depth does not exceed 20 cm. The presence
of only very few finds in the infill indicates that the
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feature was not backfilled but rather left to fill through
natural causes. It is possible that the feature is a clay
outcrop used for extracting raw material, potentially
for either pottery or in construction. The presence of
Feature 49 in its immediate vicinity can potentially
corroborate this interpretation.
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Feature 49, a large hearth, was found to the northwest
of Feature 47 (Figure 16). It was only partially excavated
as it extended under the north profile of the trench.
This feature consists of orange burnt soil along the
walls encompassing black burnt soil in the centre. In
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the excavated part, it was roughly circular in shape.
Aside from a large fragment of a stone there were no
other finds in the feature. The absolute dating of the
feature puts it at the very beginning of Vinéa culture at
the turn of the 5th millennium BC.
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Chapter 11

Belovode: technology of metal production

Miljana Radivojevi¢ and Thilo Rehren

Metal production evidence yielded during the
excavation campaigns 2012 and 2013 in Belovode shows
similar characteristic to the samples from the site
studied and published previously (Radivojevi¢ 2012,
2013, 2015; Radivojevi¢ and Kuzmanovié Cvetkovié
2014; Radivojevi¢ and Rehren 2016; Radivojevié et al.
2010a). These are predominantly malachite mineral
and ore samples, most likely roughly beneficiated (no
samples larger than 2-3 cm in length, see Appendix
B_Ch11), and very importantly, without any significant
spatial pattern in the excavated area of Trench 18 or
its extension (T18ext henceforth). These minerals were
discovered in all areas, whether in living or economic
spaces, inside the dwellings and other features, and
across the excavation spits, which is why they have also
been found by previous excavation campaigns (Sljivar
1993-2009).

During the 2012 and 2013 campaigns, Trench 18/
T18ext, yielded c. 1300 malachite and azurite minerals,
including malachite beads but excluding sherds with
traces of malachite. The uncovered copper mineral
samples have macroscopically similar characteristics to
samples from Belovode: a prevailing number of green
(malachite) minerals with black/dark specs, others that
are more purely green, with an occasional blue mineral
(azurite) (see Figure 1).

The initial number of 14 samples related to metal
production for this settlement (See Chapter 5, this
volume), was expanded and enriched, with ten new
fragments of production debris: slagged sherds
(B23/12 and B47/12/1), individual slags (B24/12/2 and
B47/12/2), metal droplets (Bf21/12, B29/12, B47/12/3,
Bf43/13 and Bf56/13) and a fragment of a metal artefact
(B71/12) (Tables 1 and 2). Of these, B23/12, B24/12/2,
Bf21/12 and B47/12/(1-3) were all found in the eastern
corner of Trench 18, where a surface covered with
ashes, charred and burnt soil (Feature 6) emerged from
the base of spit 5 (where B23/12, B24/12/2 and B29/12
were found) and continued throughout spit 6 (with
Bf21/12 and all B47/12 in the vicinity) (Figure 2).

This cluster also included a copper mineral B46/12,
the fragment of a metal artefact (B71/12) and a sherd
stained with malachite (B62/13), coming from Trench
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18ext (see Appendix B_Ch11l and Table 1). Feature 6
has a distinctive bowl-shaped appearance, with initially
scattered signs of burnt and charred soil narrowing
down to what looks like a pit (Figure 3), c. 75 x 35 cm in
size in the upper part, and 66 cm in length at the bottom.
Given the spatial association of metallurgical debris from
spits 5 and 6 with the work area of Feature 6, and the
indicative bowl-shaped feature it is suggested that these
all comprise a single unit/context. Interestingly, the
whole eastern area of Trench18, including its extension,
appears to be an economic area in which various activities
took place throughout all Belovode horizons (see
Chapter 5). Direct “C dates are associated with Bf21/12
and all B47/12 samples (both through animal bones, see
Chapter 37, Table 1; here in Table 2). In Chapter 37, Mari¢
et al. model the site chronology using Bayesian statistical
method, which combines both the radiocarbon dates and
the relative stratigraphy recorded during the excavation.
These modelled dates are presented in Table 2 and will be
referenced when discussing the dating of metallurgical
samples at Belovode. Of note in this context is that *C
dates for spit 6 (Bf21/12 and B47/12/1-3) are argued to
be less secure than direct dates for Feature 6 (see Table
2), as the latter is a well-defined feature in the Belovode
stratigraphy, and the former comes from the spit layer,
and could easily have been intrusive (See Chapter 37,
Figure 2).

Hence, the modelled dates for samples Bf21/12 and
B47/12/1-3 are associated with Horizon 1a, which starts
at 4818-4693 cal. BC (95.4% prob.) and ends at 4702-
4541 cal. BC (95.4% prob.), or possibly lasts from 4776~
4709 to 4689-4550 cal. BC (68% prob.). Samples B23/12,
B24/12/2, and potentially B29/12, can also be closely
(and more directly) associated with modelled dates for
F6, which starts at 4702-4541 and ends at 4600-4404 cal.
BC (95.4% prob.), or possibly has a span of 4689-4550 to
4572-4481 cal. BC (68% prob.). Overall, a rough estimate
places the activities related to this assemblage in the
47th century BC. The fragment of a metal artefact,
B71/12, although part of the same cluster in T18ext, is
associated with a dwelling structure (Feature 3) rather
than the production assemblage, and hence could be
dated slightly earlier, starting at 4818-4693 and ending
at 4702-4541 cal. BC (95.4% prob.), or possibly between
4776-4709 to 4689-4550 cal. BC (68% prob.).
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Figure 1. Typical copper minerals found in the site of Belovode: a) malachite; b) azurite and c) black and green manganese-rich
copper mineral.

Figure 2. Trench 18 situation in spits 5 and 6, with indicated Feature 6, metallurgical finds as red spots (EDM numbers, see
Table 1) and malachite finds as green. EDM 182: B23/12; 183: B24/12/2; 201: B29/12; 272: B47/12/1-3, Bf21/12; and 380: B71/12
(prepared by M. Mari¢).
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