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These conference proceedings launch the new publication series Oriental and European Ar-
chaeology, OREA, initiated by the series editor after the institute of the same name was found-
ed at the Austrian Academy of Sciences. It was endorsed by the publishing committee of the 
;���	�	;�����6����	
���������	Z���������<��;�
�	Z������	�	Z;��������	��$_�����������
quality of the new series is ensured by international peer review and integration into an active 
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networked research at the Institute for Oriental and European Archaeology and present it as a 
consistent collection. 

OREA deliberately considers the core zones of cultural developments in Europe and the Orient 
to act not as counterpoints, but rather as a common cultural bracket, in which undoubtedly very 
��ZZ�
��� �<������ ��� ;
	������ ��������� ��� �	�� ��;	
���� �����	;�����$_�� ��������
specialisations of the various branches of archaeology and their corresponding regional foci are 
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and authorship from both European and Oriental archaeology to consider and discuss these cul-
��
���
��������<
������		����	���
$'����	
�����@������
����
��;
	��������;�
����	Z
the institute, the series concentrates on the prehistoric and early historical periods in human his-
�	
<$_����
�����	;���	�������������;;
	���������	�������<��;;	
��	;��������������	��
of basic archaeological research in this area. Monographs, primary publications of excavations, 
detailed studies, interdisciplinary and archaeometric analyses as well as conferences and manuals 
are equally welcome. 

The OREA series starts with this volume, Western Anatolia before Troy. Proto-Urbanisation in 
the 4th Millennium BC?, which arose from the homonymous symposium in Vienna in 2012. The 
�
������@������	����������
�������	��
���@	Z��@�
����	�	���������Z
	�����th millennium 
BC – before the start of the Bronze Age in western Anatolia – in the context of the neighbouring 
regions of south-eastern Europe and the Aegean up to the Caucasus. The authors of this volume 
discuss fundamental cultural, ecological and economic issues. The compilation sheds new light 
	�����;�
�	�������������������;	
�����Z	
Z���
�
����
�����
��������������������������-
ful discussions during the symposium, for which I would like to thank everyone involved. 

My sincere thanks go to the co-editor of this volume, Mathias Mehofer, the Kunsthistorisches 
Museum in Vienna, and all the organisers of the event, in particular the team of the ERC project 
Prehistoric Anatolia. Financial support for publication was provided by the Austrian Academy of 
Sciences, the University of Vienna and the European Research Council (ERC). The rapid produc-
tion was enabled by two people: Angela Schwab, who designed the layout of the contributions, 
and Estella Weiss-Krejci, who oversaw the general editing. I would like to take this opportunity to 
acknowledge their commitment. I intend that this new series about Oriental and European archae-
ology will attract interested and avid readers as well as numerous active authors with innovative 
and pioneering research. 

Vienna, 19 November 2014
Barbara Horejs

Series Editor
Director of the Institute for Oriental and European Archaeology
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����	����<�;	����Western Anatolia be-
fore Troy – Proto-Urbanisation in the 4th Millennium BC?, which took place in Vienna from 
November 21 to 24, 2012. 

The initial idea for this conference emerged whilst discussing the role of metals in the Cop-
per Age in western Turkey during our excavations at Çukuriçi Höyük. On the one hand, due to 
the sparse archaeological data published for the 5th and 4th millennia, further conclusions seemed 
premature. On the other hand, the archaeological picture of western Anatolia has changed funda-
mentally in the last decades, as there are long-term excavations in place that have been contribut-
ing new and important information to this old debate. The time seemed right to bring together 
specialists of western Turkey and the neighbouring regions to discuss new data in the light of 
socio-cultural processes in the period before Troy. Furthermore, following the results of the ERC 
research group (ERC project Prehistoric Anatolia), it appeared high time to focus on this period 
as it had been frequently neglected in the recent dynamic prehistoric research in western Turkey. 
The intermediate millennia between the archaeological focus on the Neolithic (and early Chal-
colithic) of the 7th and 6th millennia BC with ground-breaking results and publications on the one 
hand and traditional research on the Early Bronze Age in the 3rd millennium BC with new input 
from important key sites on the other, remained more or less neglected. 

The symposium in Vienna was organised with a narrow chronological focus on the 4th millen-
����!9�������	����������
�����;��
�Z
������������������������	�����;�
�	�$���
���
	Z����
����	�����;�
�����������	Z�
����	�	�<��
����	&		�	�<��
����	�	���<��
����	���-
allurgy and climatology were invited and discussed various cultural phenomena, some of which 
stretch from across the Balkans to Mesopotamia. Moreover the contributions included a vast 
amount of new archaeological data and inspiring ideas about how to deal with this yet so nebulous 
period in the future. 

Important key sites at the central Anatolian Aegean coast are presented and discussed in this 
volume, offering insights into the results of new excavations and ground-breaking new data for 
the 4th millennium BC. The western Anatolian sites discussed in detail include Çukuriçi Höyük 
~!$"	
�#����������'���"�
��	�>*��	�~�$�	�����!����_�;�~�$[��	\��]^$_���������
����6_�;����~*$������$'�������	�����������
��<��������Y�����;
��������������������
the middle and late Chalcolithic Troad (S. Blum), meanwhile B. Weninger and D. Easton discuss 
the Early Bronze Age chronology of Troy on the basis of pottery seriation and radiocarbon re-
sults. The Carian region is discussed by a re-evaluation of data previously recorded from Iasos 
(C. Gerber). This new collection of western Anatolian sites demonstrates convincingly that the 
region was permanently settled and indicates that the main developments of the following Early 
Bronze Age period were rooted in local, regional and intra-regional processes taking place in the 
4th millennium BC in western Anatolia (Fig. 1). 

The symposium aimed to shed light on these developments and focus in particular on the for-
mation of centres of regional and supra-regional importance that emerged in western Anatolia and 
its neighbouring regions. It was therefore more than enlightening to discuss our region in relation 
to the broader geographical context of the Balkans, the Marmara Sea, the Greek mainland and 
Crete. The gap of knowledge about the 4th millennium BC (and the second half of 5th millennium 
!9��������
�_�
�����
����@���<�$�&�	\��������	�����	Z��	�;���
����
��;
	����	�
a macro-regional scale. Integrated in a crucial critical discussion of data, he suggests that maritime 
contacts between central Anatolia and the northern Balkans might have taken place through the 



Introductory Remarks10 

Fi
g.

 1
 A

rc
ha

eo
lo

gi
ca

l s
ite

s i
n 

Tu
rk

ey
 w

ho
se

 e
xc

av
at

io
ns

 re
su

lts
 a

re
 p

re
se

nt
ed

 in
 d

et
ai

l i
n 

th
is

 v
ol

um
e.

 A
dj

ac
en

t a
re

as
 a

ls
o 

di
sc

us
se

d 
ar

e 
sh

ad
ed

 g
re

en
 (d

es
ig

n:
 M

. B
ör

ne
r)

.



11 Introductory Remarks

Black Sea, being quite aware of the chronological discrepancies. The western Pontic area in 5th 
millennium BC is characterised by well-organised rural societies, although a ranking of sites with 
	���	������������
�����	�<�������������������$^����
���
�
����$*������������������
impact of craft specialisation on social transformations, the application of innovative technologies 
��������������	���������	�������	@�
%�����
���	�$_����;����������
��;�������������
comparable to western Anatolia in the succeeding millennium. The general dynamics of this period 
are discussed in broad terms by S. Hansen, who characterises the “second half of the 4th millennium 
!9��	��	Z����	���������������;��
����������	
<	Z��������<����;����	�	Z;	@�

unknown until then”. A cluster of key technical and social innovations can be observed in the Near 
East and western Eurasia. Future research in western Turkey could pick up Hansen’s results and 
discuss the various elements of this bundle of innovations that were perhaps adapted and partially 
�	�������	��	��	6�����
����
����
����������<�����	���}�
�<!
	�&�����	�	������<$_��
Balkan-Carpathian region in the 4th millennium BC is discussed by R. Krauß in the context of the 
Baden and Corded Ware cultures with new data from the site Foeni-Gaz. 

The role of the Aegean in the 4th millennium BC and the current state of knowledge are ana-
lysed and debated in several contributions which include a range of new data from northern 
Greece to Crete. Recent chronological studies by Z. Tsirtsoni offer a re-evaluated and clear order 
of the transformation that took place in the Aegean. It includes problematising visibility in archae-
ology – an important aspect that should also be included in future discussions of western Anatolia. 
E. Alram-Stern adds an important focus on the distribution of pottery technologies and styles as 
well as on metallurgy to describe an already established Aegean network in that particular period. 
*��Z�
���
�	
�;	����	�����;
	�������;����	�	Z�	����	
��������	����������
	���Z	
���-
cations and wells in Late Chalcolithic times. The role of Crete in the emergence of long-distance 
trade networks is pointed out by Y. Papadatos and P. Tomkins. Their interpretation of Kephala Pe-
tras as early gateway community offers ground-breaking new insights for understanding the role 
of coastal sites and their strategies of raw material procurement. P. Tomkins furthermore offers a 
broad overview of essential cultural developments and their chronological order in Crete from the 
Neolithic to the Early Bronze Age II. 

The third main aspect of the symposium was the integration of archaeological data from the 
different regions with environmental and climate data as well as the reconstruction of subsistence 
strategies and high impact technologies. A broad geographical synopsis of climatic and environ-
mental changes in the 4th millennium BC is provided by S. Riehl, K. Pustovoytov and H. Othman-
li. Their diachronic analyses of archaeobotanical data of various sites lead to agricultural models 
for the period with a long-term shift from a protein- to a carbohydrate-dominated plant diet, 
probably related to an increase in aridity. Additional information about subsistence on regional 
levels in this volume is offered by A. Galik. His comparison of new faunal data revealed regional 
���;�
�������������	������������	��������9����	�����������	Z!�
�Y�"�<���������
���
Höyük that are interpreted as being caused by the differing natural environments at the Marmara 
Sea on the one hand and the Mediterranean coast on the other. The important large cemetery of 
���&��;�������������� ��������	Z�	�����<��	����	
��������	���������
���	��<���������
isotopes. L. Welton not only provides new radiocarbon data for this already intensively discussed 
necropolis, but also new evidence for transhumant pastoralism and its role in the social economy. 
I. Gatsov and P. Nedelcheva summarise lithic technology and raw material procurement strategies 
by presenting their lithic studies of various sites in the Balkans, the Marmara region and the east 
Aegean. U. Schoop draws our attention to the potential role of textile production in Late Chalco-
lithic Anatolia and its presumed socio-cultural impact in terms of economy and personal prestige. 
The development and role of metallurgy is discussed in both a broad and a narrow chronological 
and geographical context. E. Pernicka presents a broad geographical overview of the current state 
of early metallurgy between Mesopotamia, Asia and continental Europe including recent evi-
dence dating to the 5th and 4th millennia BC. M. Mehofer provides new data from Çukuriçi Höyük, 
revealing intensive metallurgical activities in the 3rd millennium BC that are probably rooted in 
the Late Chalcolithic period. 
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The symposium was organised by the ERC project Prehistoric Anatolia and the Vienna Insti-
����Z	
�
����	�	�����*������~�'�*�	Z��������
���<	Z������$�	
��������������	
����-
sational support we want to express our gratitude to the ERC starting grant Prehistoric Anatolia, 
the Institute for Oriental and European Archaeology (OREA) of the Austrian Academy of Scienc-
es, the Austrian Archaeological Institute (ÖAI), the Vienna Institute for Archaeological Science 
(VIAS) and the IDEE – Forum for Interdisciplinary Dialogue, University of Vienna. We would 
like to thank Sabine Haag and Georg Plattner for the friendly hosting of the symposium in the 
Art History Museum of Vienna (KHM) as well as Anton Kern for the interesting tour through the 
Natural History Museum of Vienna (NHM). The professional assistance by Christoph Schwall, 
Felix Ostmann, Johanna Traumüller and Maria Röcklinger ensured a perfectly organised sympo-
sium. Further editorial and linguistic work for the publication of the conference proceedings were 
carried out by Silvia Hack, Maria Martinez, Katharina Rebay-Salisbury, Estella Weiss-Krejci and 
Doris Würtenberger. We also would like to express our thanks to all anonymous reviewers for 
their valuable comments and suggestions.

Finally we warmly thank all authors and discussants for their inspiring contributions, which 
greatly enhanced our knowledge about the complex cultural processes and interactions that took 
place in the 4th millennium BC. We hope that this volume will both offer a rich variety of new data 
and models of interpretations for a broad audience and will inspire further investigations into the 
Late Chalcolithic period in western Anatolia and beyond. 

Barbara Horejs, Mathias Mehofer
Vienna, 12 May, 2014
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Ourania Kouka 1

	����
��'�In relation to political and economic structures and social dynamics, the 3rd millennium BC on the north 
and east Aegean islands and in the western Anatolian littoral has been characterised as homogenous. This assessment 
has been established through extensive site-excavations on the islands of Lemnos (Poliochni and Myrina), Lesbos 
(Thermi), Samos (Heraion), excavations at Troy, Liman Tepe and Bakla Tepe, as well as through less extensively ex-
cavated sites, such as Mikro Vouni on Samothrace, Koukonissi on Lemnos, Emporio on Chios, Asomatos on Rhodes, 
ð�®��6¦���Y_�;����®��6!�\��
�
��Y�����
���"�<�������������$_��
�Z	
������;�;�
�����	����������<;
�����
older (Poliochni and Myrina on Lemnos, Tigani on Samos) and more recent (Heraion on Samos, Miletus) archaeologi-
cal evidence of the 4th millennium BC, and discuss aspects of spatial organisation, economy (technological advances 
and trade networks) and society (social differentiation) within the wider cultural framework of the Aegean and western 
Anatolia in order to trace structures that may predate the emergence of 3rd millennium early urban structures in the 
aforementioned landscapes. 

(��$�� �'�Greece, Turkey, Aegean, western Anatolia, 4th millennium BC, architecture, technology, trade, emergence 
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The 3rd millennium BC on the north and east Aegean islands and the west Anatolian littoral is 
synonymous with the Early Bronze Age (henceforth EB)2 and demonstrates a cultural uniformity 
in political and economic structures and social dynamics. Such a characterisation stems from ex-
tensively excavated sites, such as Poliochni and Myrina on Lemnos, Thermi on Lesbos, Heraion 
on Samos, Palamari on Skyros, Troy, Liman Tepe and Bakla Tepe, as well as less extensively 
excavated sites, such as Skala Sotiros and Limenaria on Thasos, Mikro Vouni on Samothrace, 
�	��	�����	�����	��}�;	
�		�9��	����	���	�	�^�	����ð�®��6¦���Y_�;��¦�®��	���
��®��6!�\��
�
��Y�����
���"�<�����������_��®��6����Y���'��	�~���$��$3 Archaeological 
evidence from all aforementioned sites led to the recognition of a distinct cultural unit in this 
part of the Aegean that contributed to the formation of a cultural koine since the EB I.4 Despite 
the cultural uniformity, only certain sites reached the peak of prosperity in the long EB II period 
(2700–2200 BC). Such sites possess evidence for participation in land and sea trade networks 

1 Department of History and Archaeology, Archaeological Research Unit, University of Cyprus; email: ouraniak@
ucy.ac.cy.

2 *����
	�	�	�������;�+�	�����������$�����������������$�$���	������7� 0����$�$
3 Kouka 2002, 2–7, maps 1–2; Myrina: Dova 2003; Archontidou – Kokkinoforou 2004; Philaniotou 2010, 309–312, 
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thaki 2012; Limenaria: Papadopoulos – Malamidou 2012; Koukonissi: Boulotis 1997; Asomatos on Rhodes in the 
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Pecorella 1984.

4 Kouka 2002, 299.
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(Anatolian Trade Network,5 Great Caravan Route6) related to tin-bronze technology and the ex-
change of prestige goods, new ceramic technologies, symbolism and ideas. Due to population 
increase, settlements like Troy IIa–g, Liman Tepe V, Bakla Tepe-EBII–III/early, Poliochni Green–
Yellow, Myrina, Thermi IV–V, Heraion II–V and Palamari II–III were expanded following a new 
architectural plan. Such expansions may also be a result of the abandonment of smaller neigh-
bouring settlements within their respective regions.7 These new settlements were reinforced with 
��
	��Z	
�������	����
������������
��@�������������
	6
���	��$������	����<���<����	�-
munal buildings of economic or political character and indications for craft specialisation, social 
��
��������	�����;�
�	�������	�������<��	����$8 These features were observed within the 
framework of a multi-criteria analysis,9 which led to the designation of the above mentioned sites 
as settlements with – mutatis mutandis – early urban features, or local centres in these respective 
micro-regions. Needless to say, they can by no means be compared to the early urban centres of 
Early Dynastic Mesopotamia (Uruk, Ur) whose landscape and the economic dynamics differed 

5 [��	\����� $
6 }Z����0$
7 �	���������//�7��$
8 �	�������$
9 �	����������]�7��//$
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entirely from the Aegean Sea. The cultural interaction and competition among the stronger island 
settlements of the east Aegean and those of the western Anatolian littoral led to the abandonment 
of some of the settlements (e.g. Thermi).10 However, others, due to their geographical location on 
crucial trade sea routes and also through their more or less active participation in the Minoan sea 
trade network prospered even more during the Middle Bronze Age through the Late Bronze Age 
I (henceforth MB, LB) (Troy V, Mikro Vouni, Koukonissi, Palamari IV, Liman Tepe IV, Heraion 
VI, Miletus III).11 

This paper aims to present evidence from the Late Chalcolithic (henceforth LCh), in particular 
from the 4th millennium BC, from selected previously excavated (Poliochni and Myrina on Lem-
nos and Tigani on Samos) and more recently excavated sites and studied material (Heraion on 
Samos and Miletus)12 of the north and east Aegean and western Anatolia in order to investigate 
the LCh past of these glorious settlements of the 3rd millennium BC. Therefore, settlement pat-
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Aegean and western Anatolian littoral and the rest of the Aegean.
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��	����@����	���	Z����	�$13 The 
location of these sites indicates an intensive use of the natural harbours of the island. Extensive 
and extremely fertile plains which occupy two thirds of the island surface form the economic 
basis. At least three large 3rd����������!9~�$8����]� � ���ô�������<;	;������� Z	
�����
harbour settlements organised in insulae emerged in the excavations of the LCh sites. These sites, 
Myrina in the west, Koukonissi in the middle and Poliochni in the eastern part of the island, were 
involved in bronze metallurgy and trade. In addition to the already well documented settlements, 
one can suspect the presence of many more small villages and farmsteads distributed over the 
Z�
����;�����	Z���������$_������������������Z	�����������
�����Z	Z����th millennium BC, 
could have acted as economic satellites of the three big harbour settlements.14

Poliochni, Black Period

Excavations conducted by the Scuola Archeologica Italiana di Atene in the 1930s and the 1950s15 
���@	���;�
�����������;��������	Z�	��	����~� �7���ô����@�������
�������/5���8 west 
of the EB settlement indicate that the LCh17 settlement, Poliochni Black Phase, was extensive 
consisting of free-standing, circular (2.80–4.5m in diameter), apsidal, and also rectangular stone 

10 Kouka 2002, 300.
11 �	������7� 08$
12 The results of the preliminary study of the material from Miletus and Heraion by the author will be presented 
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$_���th and 3rd millennia materials derive from excavations directed by B. and 
�$6%$�������
$_���th millennium BC materials from Heraion, Samos were excavated by the author in 2009–
���7~�	������7� 0 � 08�$
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Kouka 2002, 34–45, plan 2. 
�8 Tinè 1997. 
17 9	��
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the term Late Chalcolithic (LCh) for the east Aegean islands due to their cultural similarity with LCh settlements in 
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buildings (c. 5 × 3m) towards the end of the LCh. They consisted of stone foundations and a su-
perstructure of mudbrick.18 The discovery of three and seven successive architectural phases in 
the deep trenches beneath the EB I–II/late Megara 605 and 832 respectively, and the trenches east 
of the peninsula19 point to an active settlement with continuous use of a space with a diameter of c. 
200m. The smaller one of the circular constructions most likely served for storage, like in Myrina 
and Miletus (Fig. 2A).

The pottery from these phases was homogeneous and comprises of coarse open storage jars 
with brown to red brown, light burnished surfaces, and medium coarse, dark, highly burnished, 
hemispherical cups with loop handles, shallow bowls, footed bowls, bowls with rolled rims and 
horizontal tubular handles, as well as jugs with white, linear painted decoration.20 This ceramic 
assemblage, with the exception of the footed bowls which depict a local favourite, is similar to 
those of Myrina-Richa Nera,21 and also to further east Aegean island settlements (e.g. Emporio 
VII–VI, Tigani IV, Heraion–LCh), as well as to assemblages from sites on the western Anatolian 
coast (Kum Tepe IB/3–4, Liman Tepe VII, Bakla Tepe).22 

18 For a detailed presentation of the architecture of Poliochni Black see Kouka 2002, 34–41, plan 2. 
19 Tinè 1997, 52, pl. IX.
20 Bernabò-Brea 1964, pls. I–III.
21 Myrina-Richa Nera at Meteorologikos Stathmos, Phases I–III: Dova 1997, 289–292; in Dova 2003, 101–108, pha-

ses 1–2 are designated as FN and contemporary with Poliochni Black. 
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Habitation of the LCh period in the region of Leschi Axiomatikon, located on the rocky peninsula 
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excavations conducted by the 20th Ephorate of Prehistoric and Classical Antiquities.23 The penin-
����@��������������������>�������	������~�����Z	
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��������24 in the 
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was extended from the peninsula (Phase IV or Phase 3)25�;�	���������	Z^������
�~������
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foundations.28 The LCh Phase II included free-standing, round and apsidal buildings (diameter 
3.8–5.5m).29 Phase III revealed parts of rectangular houses with stone foundations and two stor-
age buildings. A stone-constructed, round storage building (internal diameter 1.50m, external 
�$����@������������@	;�
���<���	��@�����������		
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construction to the round storage building.

The pottery production of Phase I includes dark burnished, rolled rim bowls, small pyxides 
with pressed bodies and tunnel lugs and baking pans (i.e. cheese pots), that are not known from 
Poliochni Black but known from Kum Tepe IB-3. The assemblage also contains bowls with verti-
cal rims and carination, carinated bowls with out-turned rims and tunnel lugs that are well known 
from the earliest stage of Poliochni Black.31 The pottery of Phases II and III comprises coarse 
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Z�������
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rims, carinated bodies and horizontally pierced lugs below the rim, footed bowls, rolled rim bowls 
with or without horizontal tubular handles, hemispherical cups with one or two loop handles, and 
#���@���@����������
;���������	
���	�$32 Based on the architecture and pottery the habitation at 
Myrina is contemporary with Poliochni Black and points to homogeneity in material culture and 
economy that extends from the east to the west part of Lemnos. 
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the only extensive, fertile plain of Samos. This plain is located in the south part of this extremely 
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see Kouka 2002, 21–22. In a more recent study the excavator undertook a new periodisation for the settlement at 
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rescue excavations at Androni, east of the peninsula of Meteorologikos Stathmos, and were dated to the Poliochni 
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mountainous island.33 According to this evidence prehistoric habitation on Samos dates back to 
����������	
9������;��<���<��
������������	��������
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reion (Ancient Samos).34��@���������	
��	Z���*��
��^	��	Z���*������
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7km west of Pythagoreion, shows that Tigani, at least during the LCh, was not the only settlement 
in the expansive plain of Pythagoreion, opposite of the Maeander Delta.35

Kastro-Tigani

_�� �� ']9� ���������� �� ����
	6_����� ~������ ']'�� @�� ��������� �<�$�
��� ~�/�5]
�/7�������$����&��~�/80]�/85�$78 The material was studied systematically and published by 
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Tigani IV lacks architecture, but some stone paved areas and stone concentrations occur.39 The 
pottery includes forms in coarse wares such as baking pans (cheese pots),40	;����	
���#�
��41 
��;�	
������
�;	��		����;	��@������Z��������
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���������$42 The lat-
ter ones typically comprise of a thick brown or red burnished slip. Besides burnishing, pots were 
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arranged holes.43��;������<;�	Z��;�	
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riskoi that were also found at the cemetery of Iasos.44 Tigani IVa included medium coarse, red 
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bowls with black pattern burnished decoration.45 In Tigani IVb brown polished conical bowls, 
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���� �� ���<47 and 
marble,48 apparently imitating EC I marble beakers found in EC I graves, as well as beakers found 
at the EB I cemetery at Iasos.49��
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�50 that are mainly known 
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51 were also found. 
Similar conical beakers were also observed at the 4th millennium sites of coastal and inland west-
�
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2002, 280–284, maps 28–31.
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���53 is also of importance, a type that was produced among others 
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leaf-shaped arrowheads made of obsidian from Melos abundantly occur.57

The aforementioned material chronologically corresponds with Emporio VII–VI, Liman 
Tepe VII–later phases,58 Beysesultan LCh 2–4,59 Attica–Kephala Culture and the early Rachmani 
Period.8� While the pottery production is typical for the east Aegean, the marble vessels, the obsi-
dian and the ring pendant indicate contacts with the neighbouring Cyclades. Moreover, the Kiliya 
���
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imported to Tigani due to its symbolic and prestigious value.8�
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�
continuously inhabited though the 3rd millennium BC (EB) Tigani was abandoned before the end 
of the 4th millennium BC.

Heraion

Heraion was one of the most glorious sanctuaries of Ionia, dedicated to the goddess Hera, and lo-
cated on the southern coast of Samos, which is the biggest, most fruitful and best watered plain of 
the island. Since 1911, excavations of the Deutsches Archäologisches Institut (DAI) have brought 
to light impressive buildings and votive offerings from the Sanctuary of Hera which date from the 
Early Iron Age through the Late Roman periods (1050 BC–400 AD).8�
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Heraion-Late Chalcolithic

In trenches excavated between 2009–2013, north of the Sacred Road, directly north of the 1981 
excavation, stone foundations belonging to long-room rectangular houses with one to two rooms 
�	������������� ����������;�����	Z �����
������ �	 Z�
����	@������������	
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were exposed. Most of the architecture was located within the ground water level.8/ The founda-
tions date to the Phase Heraion I and earlier, namely to the early EB II and EB I (EB 1–5) (c. 
3200–2500 BC).70 A sixth cultural level, dating to the LCh, located directly on sterile soil among 
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and below the EB I–II walls (0.20m below sea level) was investigated in 2011.71��
���
�9�
����@�
�����	��
�������7	�������
����	��~�$������$70����	@���������	�@�������
����;�
� ���}!''' ~"�
��	������ ����!~"�
��	��'���	������	��
��>Z	
�������	�@����
were established, some meters north of the EB levels mentioned above. Based on the erection of 
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the Imvrassos River we may assume that the LCh settlement was extending west of the river and 
directly to the coast. 
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of the EB I–II walls. As a result, no walls of the LCh were found, however house remains includ-
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slabs. Due to the rapid rise of ground water, excavation conditions were desperate – despite the 
continuous use of water pumps.
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sions.72 The assemblage includes orange, reddish brown to black coated and/or burnished hemi-
spherical bowls with thickened rim, bowls with rolled rims, deep bowls with inverted or everted 
rims,73 bowls or pyxides with vertically pierced lugs,74���;�	@��~���$7��75 cut away spouted 
#���]�	�����	@�������������	
�����������]�08�	���
6������#�
�@�����

	@��
�����	

everted rims and unpierced lugs,77 as well as tripod cooking pots78 and cooking pans (cheese pots) 
~���$��$79 Observations on the surface treatment can be hardly made, because the pottery was 
waterlogged. Therefore, no pattern burnished or white painted decoration could be distinguished. 
However, the pottery is comparable with those found at the neighbouring settlement at Tigani 
IVb,80 at Emporio VII–VI, Liman Tepe VII, Bakla Tepe and Miletus I.81
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Thessaly.83 

Habitation at Heraion, north of the Sacred Road, continued until the mid-3rd millennium BC. 
The 1981 and 2009–2013 excavations exposed parts of the EB settlement consisting of long rect-
angular houses and a communal storage facility.84_������������@��Z	
�����@������	��6�����
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was also the case at Poliochni and Myrina on Lemnos, Emporio on Chios, Liman Tepe and Bakla 
Tepe. In the mid-3rd millennium BC, the settlement became much larger and extended to the west 
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communal buildings and developed into a local centre in the south part of Samos opposite to the 
Maeander Delta.58 

72 Systematic study of the pottery is currently in progress. Therefore, these observations have a preliminary character. 
The material presented in this article was drawn by A. Kontonis and photographed by C. Papanikolopoulos.
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Miletus is located on the mid coast of the western Anatolian littoral, at the delta of the Maeander 
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�
from the Department of Geography of the University of Marburg, in the area of the Temple of 
Athena showed that during the LCh (3500–3200 calBC) the site was not covered by the sea, there-
fore, well suited for settlement activities.87 Around 2500–2000 calBC, during the late EB II and 
the EB III, the local sea level in the Latmian Gulf reached its highest position (about 1.30m below 
sea level) and created an archipelago-like coastal landscape. A similar pattern is evident on the 
southern fringe of the Lion Harbour embayment, around the later Sanctuary of Apollo Delphinius, 
where shallow marine sediments cover cultural debris from the LCh.88 Therefore, the habitation of 
the LCh was extended to two small islands located 300 to 400m from the coast.89 
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1994–2004, brought to light six successive architectural levels dating from the LCh through the 
LB.90 Due to the high water table level excavation was only possible by using the Well-Point-
System to pump the ground water out of the trenches. Miletus I dates to the LCh and Miletus II 
�	�������}!'']'''$*�
�<��������������������9���������	�@�����������������
���	Z
Delphinion, under Heroon III and west of the Bouleuterion.91 Between 3000 and 2500 BC the 
�9�����������������
��	Z���������_��;��@���		����<���������;�	;������	�	��
to higher grounds during the EB I and the early EB II. The area of the Temple of Athena was reset-
tled at 2500 BC, when this area turned into an island once more.

Athena Temple-Miletus I
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and two terrace walls.92 Circular storage buildings are typical in the east Aegean, as noted above, 
in the case of Myrina and Liman Tepe VII,93 as well as wattle-and-daub technique.94 However, 
the distribution of pottery over the entire area of excavation indicates an intensive use of this area 
during the LCh.
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pans (cheese pots),95 tripod cooking pots with legs with rectangular ends,/8 and pithoi~���$ �$97 
Medium coarse wares consist of light brown, red and black burnished, hard baked pots, such as 
shallow conical bowls with vertical lugs,98���;�	@��@��� ����
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��~���$8}���$102 The above presented ceramics, most of which are highly calcareous 
with organic inclusions, date Miletus I to the Anatolian LCh (Kum Tepe, Liman Tepe VII, Bakla 
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��	�6�9��$103
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	��������	�������������104 indicate close contacts of Miletus I with the Cyclades.105 
Obsidian artefacts were also found in the area of Heroon III,��8 as well as in the wider vicin-
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���#�$107 Melian obsidian was found not only in the western Anatolian littoral, for example in Li-
man Tepe VII, Bakla Tepe108��������<��Y9����109������	����������9�����Z
	�!�<�����-
tan, Aphrodisias,110����	
�
������<Z
	�����6_�;������������$111 The extremely high percent-
ages of Melian obsidian in Aphrodisias and Beycesultan suggest that Miletus had a key role in the 
contacts between the Aegean and inland Anatolia during the LCh (but also in the EB),112 and may 
well have been the main distributor of Melian obsidian at least in the valley of the Maeander. If 
so, Tigani and Heraion were apparently the last insular links in the obsidian trade from Melos to 
the inland of western Anatolia via Miletus.

The settlement of Miletus was located beyond the island of the Temple of Athena during the 
EB I–II/early. The area was resettled during the EB II/late–III.113 Despite the extremely limited 
evidence of Miletus II, ceramics of high quality, e.g. depas cups used by the local elites, Early 
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and the Anatolian world in late EB II–III Miletus.115 
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The archaeological evidence from the settlements at Poliochni, Myrina, Tigani, Heraion and Mi-
letus and further data from older and previously published excavations in the east Aegean islands 
and western Anatolia,��8 as well as data from more recent excavations presented in this volume 
display a good background for outlining the main cultural aspects of the 4th millennium BC.

On the islands there are coastal sites, located on either low peninsulae (Poliochni, Myrina, 
Tigani, Emporio) or coastal plains (Heraion). They are more (Poliochni Black, Myrina II–III,  
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furthermore analysed by Vassilis Kilikoglou, Demokritos Archaeometry Laboratory at Athens.
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of Melian obsidian in Aphrodisias was 57%, while in LCh 3 reached 100%.
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Heraion-LCh) or less extensively (Emporio VII–VI, Tigani IVb) and intensively used settlements, 
based on agriculture and animal husbandry. They consist of successive phases of free-standing, 
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terns are present in western Anatolia where small (Kum Tepe, Liman Tepe, Miletus) and big set-
tlements (Bakla Tepe) usually show more than two successive architectural phases.117

Thus far, archaeological evidence does not indicate any communal buildings in the east Ae-
gean island settlements, for example restricted and protected enclosures, as was the case on main-
land Greece and the Cyclades.118 The erection of massive terrace walls in Emporio VII–VI that 
enclosed a street leading to the community well is the only indication of communal effort.119 On 
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over the area from Attica and south Euboea up to Siphnos and Paros.121

The pottery technology is similar in both the east Aegean islands and west Anatolia, as coarse, 
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nished pottery that was initially decorated with pattern burnish and later with white painted linear 
patterns.122 Cooking pans (cheese pots), simple or tripod cooking pots, conical bowls with pierced 
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spite some expected, local peculiarities.123

Craft specialisation includes in situ specialised production of chipped stone and obsidian (e.g. 
Liman Tepe VII)124�������#	
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from Lavrion in Attica.128

There are active trade networks between the east Aegean islands and western Anatolia. Cen-
tral and southeast Aegean islands, in particular Chios and Samos appear – primarily due to their 
location – to have been important links of an extensive obsidian sea trade network from the Cy-
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Beycesultan and Aphrodisias,129 point to a well-established obsidian trade network. 
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ble conical beakers. Moreover, extensive trade networks brought to the east Aegean islands and 
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and marble (Tigani) and leaf-shaped arrowheads from the Cyclades (Tigani, Heraion, Malkayasi 
Cave)131 as well as a marble schematic head of a Steckidol (Heraion) of Thessalian tradition and 
a clay ring-shaped pendant from Mainland Greece and the Cyclades (Tigani). The exceptional 
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alities in the east Aegean and western Anatolia in the 4th millennium BC. A similar phenom-
enon was also observed from Macedonia to the Peloponnese and from the Cyclades up to Crete, 
where a symbolic code emerged in the late 5th and became more pronounced in the 4th millennium 
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gaederopus, clay, copper, gold and silver (e.g. ring-shaped pendants), copper tools,132 leaf-shaped 
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Based on the aforementioned interpretations we can conclude that in the 4th millennium BC 
a cultural koine was established in the east Aegean and western Anatolian littoral, predating the 
koine of the EB outlined at the beginning of this paper. The east Aegean-western Anatolian koine 
of the 4th millennium BC had an agricultural subsistence economy and was, also thanks to the 
development of ship building technology, in a vital cultural dialogue with the societies of the 
central and west Aegean. This dialogue fostered obsidian and metal trade, as well as exchange 
	Z ;
������ 	�#����$ _�� �th millennium BC settlements in our study region began to display 
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on important trade routes, emerged as political and economic micro-regional centres a while 
before the mid-3rd millennium BC (e.g. Poliochni, Myrina, Emporio, Heraion, Liman Tepe, Bakla 
Tepe, Miletus). Sea routes, established in the 4th millennium BC were further employed in the 
3rd millennium BC and established a complicated net of cultural interaction spheres within the 
Aegean during this millennium (e.g. mainland Greece and northern Peloponnese with Attica in 
the EB I, Cyclades and Crete in the EB I/early EB II, west Aegean Cyclades and east Aegean in 
the EB II, Cyclades with southeast Aegean in the EB III). 
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lication of the 4th and the 3rd millennia BC material deriving from the excavations in the area of the Athena Temple at 
Miletus. These excavations were sponsored by the German Archaeological Institute, the University of Heidelberg, and 
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��' Providing a link between the Aegean and the high plateau of central Anatolia, the valleys of western Anatolia 
played an important role in the spreading of settlements and cultural interaction in prehistoric times. In western Anatolia, 
the Meander River and natural passageways extending towards its south are amongst the most important factors causing 
interregional communication. Tepecik, which is located in the plain of one of the southern tributaries of the Meander, 
the Çine Stream (Marsyas), provides evidence for continuous settlement from the Chalcolithic to the end of the Bronze 
Age. In the stratigraphy of the mound, Level IV belongs to a Chalcolithic settlement with domestic structures. Local 
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burnish pattern vessels constitute the richest group. Zigzag lines and crosshatched panels are the most widespread 
decorative tradition on bowls and jars. Apart from the pottery, a diverse and wide array of bone implements, a chipped 
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region.
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In recent years, archaeological research carried out in western Anatolia has shed new light on 
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newly discovered settlement of Çine-Tepecik has contributed new data to the early period cultures 
in the area. In the past, the prehistoric cultures of western Anatolia have been discussed using very 
limited information and data. Conclusions have generally depended on archaeological informa-
tion from short-term excavations and surveys. Recent systematic excavations allow the archaeo-
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perspective. In light of this research, the settlement models/structures and burial customs of the 
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chronology. This paper focuses on recent results concerning the prehistoric period from Tepecik 
and the site’s cultural relationships during this time. 
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that runs in a southerly direction through the Meander plain to the Çine region. South of the Me-
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virtue of its geographical position, with its natural passageways between these mountain ranges, 
the Çine Plain connects the Aegean coast with central Anatolia. Tepecik lies in this large plain to 
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�;������<����
��;	����	�$_�;���������
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extending from north to south. Excavations of the mound have provided important insights into 
what are still little-known prehistoric cultures in this region (Fig. 1).

1 Hacettepe University, Ankara, Turkey; email: sgunel@hacettepe.edu.tr.
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The excavations at Tepecik, undertaken since 2004 with the permission of the Ministry of Culture 
and Tourism, demonstrate uninterrupted settlement from the Aegean Late Neolithic to the Bronze 
Age. Before excavations began the surface of the mound was destroyed by machine-assisted earth 
removal. In addition to agricultural destruction, illicit excavations have caused further damage 
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periods were found on the surface.2 The mound was also used as a cemetery during the Hellenistic 
period.3_��;
���
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and II 2 of the settlement date to the 2nd millennium BC. The cultural remains of Levels II 2 and II 
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In this stratigraphic development of the mound, Level III revealed remains from the Early Bronze 
Age while Level IV contained remains from the Chalcolithic period (Fig. 2). 
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At the mound, the cultural layers of this later period were located at the lower levels of the Bronze 
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wall. To the west of the mound, beneath Level II, red and burnt mudbrick deposits characterise the 
beginnings of the Early Bronze Age and earlier periods. Level III could be clearly traced because 

2 ��������5���77���$0$
3 ��������8����;�������������5��5��;��� ���������5���7����$7���������/���/���$�$
4 ����������� ]�/��������������0]�7�����$�]��������������8/]5����������;
���$

Fig. 1   Location of Çine-Tepecik in the region of the Çine River.
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the remains of a rectilinear building were well preserved (Fig. 3; building 1). The foundations of 
the northern and eastern walls of this building were constructed using large stones. The walls, 
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only a length of 12m of the eastern wall of the structure has been uncovered. The dimensions of 
this structure and the thickness of its walls suggest a substantial building. A dark grey slipped, 
burnished jug fragment recovered from this building probably belongs to a beak-spouted jug and 
is Early Bronze Age in date. The Early Bronze Age pottery wares from this area are characterised 

Fig. 2   Stratigraphic development of the mound.

Fig. 3   The excavated area with Early Bronze Age and Chalcolithic remains; Building 1 from Level IV.
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Fig. 4   Pottery and grindings stone in the southeastern area of the building from Level IV.
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blades and stone axes were also recovered from the same deposit. 

Burnt mudbrick fragments from the early phases of this building clearly demonstrate a 
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from these earlier deposits belong to a different ware group and represent pottery belonging to 
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are frequently observed. Bowl handles with knobs were recovered in great quantities within 
these deposits (Pl. 1B). This structure (Building 1), which belongs to Levels III and IV, must 
date to the transitional period from the Chalcolithic to the Early Bronze Age. Remains from 
even earlier periods continue to the north and northwestern sections of the building. Among the 
ceramics, bowl and handle shapes correspond to the local pottery tradition of Tepecik. Various 
types of decorated handles can also be seen within the pottery repertoire. ‘Cheese pots’ have a 
wide geographic distribution during this period and some examples from Tepecik have lugs with 
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burnished pottery, motifs such as oblique lines, crosshatching and zig-zags are common (Pl. 2). A 
burnish pattern consisting of parallel diagonal lines was applied either on the interior or exterior 
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documented (Pl. 2A). The crosshatched motif on vessels is among the most popular decorative 
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This early settlement on the mound also extends towards the west outside the 2nd millennium 
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walls, which probably belonged to a single structure, were constructed forming two rows 
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structure there are architectural remains in a circular plan. These buildings measure 1.12m north-
south and 1.20m east-west respectively. Some of the stones used in their construction were placed 
vertically. Jar fragments and grinding stones were situated between the stones walls. Among the 
pottery recovered from the circular structure and fragmentary walls, were grey wares decorated 
with pattern burnish on the interior surface, with crosshatched lines in panels and a dark grey 
burnished bowl with horizontal arched handles on the rim, as well as grey ware jars with handles 
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the interior surface display the characteristic form and decorative style of the earlier part of the 
Chalcolithic period. Motifs such as crosshatching are well known in both western Anatolia and 
the Aegean cultures during this time. The shapes, as well as the motifs, correspond to the pattern 
burnished pottery tradition of the western Anatolian coastal region. From the same area come 
pottery fragments decorated with parallel grooved diagonal lines and semicircles on the body 
of the vessel, and fragments with an incised decoration. Furthermore, a wide variety of textile/
mat impressions are displayed on the bases of vessels from Tepecik, also observed on similar 
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suggest that the architectural remains, as well as the adjoining areas, must have served a domestic 
purpose.
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Local Pottery Styles
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and form, are distributed widely in the Meander region and over the entirety of western Anatolia. 
Regarding the Chalcolithic pottery, the best parallels to the grey pattern burnished bowls, in 
terms of both form and decoration (crosshatched motifs placed in panels at regular intervals 
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III,13 ��� ��;����14 parallel diagonal lines and zig-zags are also known. Additionally, horned 
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Beycesultan LCH 3.22 However, another pottery based chronology exists for the Troad region.23
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Middle Chalcolithic period. In terms of pottery these are contemporary with the surrounding 
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also represent a culture that covers periods earlier than the Late Chalcolithic of Beycesultan. The 
pattern burnished pottery from Tepecik is comparable to that from different areas. This assessment 
demonstrates the relation of Tepecik to the eastern Aegean islands as well as to Thrace in the 
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Chalcolithic periods in a chronological development similar to the pottery repertoire of western 
Anatolia and the Aegean.
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Manufacture of Lithics
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Marble Figurines
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The Tepecik examples presented here belong to the Chalcolithic period. A reevaluation of the 
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in the inner western region. In the coastal region marble conical vessels, dated to the Early/Middle 
Chalcolithic, are known from Urla-Liman Tepe.   The tradition of conical marble vessels in the 
Aegean has a chronology extending to the end of the Neolithic in one of the Cycladic islands, 
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marble vessel fragment from Tigani IV phase, on which only the rim and the vertical handle 
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At Tepecik, the remains of Level IV represent the tradition of decorated pottery, bone and 
stone tools and the chipped stone industry of the Chalcolithic Age in western Anatolia, providing 
extremely rich material. These assemblages reveal a chronology parallel with the culture of the 
Middle Chalcolithic period (in the Aegean chronology Late Neolithic).8�
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advanced local ceramic tradition. The bowl and jug decoration tradition is understood to have been 
widespread. The burnished, encrusted and incised decoration has a very rich motif repertoire. Such 
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features, decoration styles also play an important role in the chronological discernment. Tepecik 
pottery tradition runs parallel along a chronology with both the Early/Middle Chalcolithic cultures 
of western Anatolia and the Late Neolithic cultures of the Aegean world. Sickle blades make up a 
high percentage of the lithic assemblage at Tepecik. This density indicates that the Tepecik people’s 
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parallels with western Anatolian and Aegean examples. This evidence sheds light on the diffusion 
sphere of Chalcolithic culture, one that extends into Tepecik, and the Menderes region. Finally, 
the early settlement in Tepecik has made an important contribution to the regional archaeology, 
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favourable position in the southern area of western Anatolia, Çine-Tepecik is interpreted as a new 
centre located between the Aegean and central Anatolian regions during the Chalcolithic.
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B. Handles with knobbed, horned, incisions and encrustation.
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Pl. 2   A. Sherd pertaining to a grey ware pattern burnished bowl with crosshatched lines;  
B. Pattern burnished pottery with zig-zag, crosshatched and diagonal lines.

Pl. 3   Redware pattern burnished jar with diagonal lines.
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Christoph Gerber 1

	����
��' Research in prehistoric Caria (in the Latmos Mountains and in the Carian Chersonesos) led me to take a 
closer look at the prehistory of Iasos. The outset was the discovery of a marble vessel fragment almost identical with 
the examples of the necropolis of Iasos found on the Carian Chersonesos in a presumably Chalcolithic context. The 
prehistoric necropolis of Iasos was excavated in the 1960s and its pottery comparisons were published in great detail 
by the excavator D. Levi and in a 1984 monograph by P. E. Pecorella. The dating from Late Chalcolithic to the begin-
ning of the EBA occurred in a time, when the settlement of central and western Anatolia seemed impossible before 
the beginning of the EBA. The ‘Chalcolithic’ in central Anatolia was termed ‘EB Ia’ by W. Orthmann in 1963 and 
placed at the very end of the 4th millennium BC. Likewise the ‘Chalcolithic–EBA’ terminology still used by Levi was 
�����������¡}!��]���<���	
����$"��Z������
<����
���������
�	����������Z�����������<$_������������
of the Aegean eastern coast can be traced back to the Neolithic and in northern central Anatolia to the Early Chal-
colithic. Earlier dates have to be reevaluated. Neolithic and (middle) Chalcolithic pottery are both present in Iasos, 
therefore, the evidence used to date the prehistoric necropolis to the Late Chalcolithic will be the main focus of this 
;�;�
$*;��������<���������	Z������������	Z���9<�����������
���������;���@����������9����	���������
the EBA levels at Beycesultan will be addressed. To a large extent, the material culture of Iasos belongs to the one 
known from the Cycladic Islands and to a lesser extent to that of Anatolia. The Carian Coast and the offshore Aegean 
Islands belong in the (middle) Chalcolithic to a very homogeneous culture (Latmos, Samos, Chios) that shows sur-
;
�����������	�	
���
�����
������	���~�����"�<���!�<��������������&��;��$_���	����;	
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be presented and the dating of the references cited by Levi reevaluated. The contribution will close with a position 
on the implications of this interregional connection of the Carian Chalcolithic during the 5th and 4th millennia BC.

(��$�� �: Iasos, Chalcolithic period, settlement history, pottery assemblage, connections to Black Sea littoral
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����������$� They illustrate 
that western coastal Anatolia was settled by at least the Late Neolithic/Early Chalcolithic.3 
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ing the Neolithic and Chalcolithic periods in westernmost Anatolia – and are located north of 
ancient Caria.

The early settlement of Caria is still poorly understood. Researchers at Miletus and its hin-
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3 Terminology: the former ‘Late Neolithic’ is recently seen as ‘Early Chalcolithic’ along the Aegean coast, cf. Peco-
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under the direction of D. Levi in the 1960s.6 *�
��< ���� Z
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����������*�;�Y����Y@�
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$0 The discovery of the Latmian pre-
historic rock paintings by A. Peschlow in 1994 led to new insights into the Carian Chalcolithic.8 
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that there were not only isolated, single objects, but also early settlements. The discovery of the 
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have occurred in a short period of occupation sometime during the middle Chalcolithic.10 Nearly 
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on Chios.11 Surprisingly no remnants were found from the Neolithic/Early Chalcolithic nor the 
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ered at both sites at the escarpments of rocky hills. The Acropolis of Loryma is situated at the 
easternmost end of a ridge where pottery sherds and obsidian fragments indicative of a settlement 
were found.�� At Bybassos, the easternmost of the three rocky hills known as Oyuklu Tepe show 
traces of a Chalcolithic settlement.13�
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sults mentioned above a reassessment of the date of the necropolis of Iasos and also of its prehis-
toric settlement seems appropriate.14�
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< – stay in a long tradition which 
shows a development from Chalcolithic slender pointed vessels to broad conical beakers in the 
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	�&����~��$��$16 The exact chronology of this development is not settled so far, and 
the existence of ‘intermediary’ forms has to be proven. The fragment from Oyuklu Tepe seems 
to have an intermediary form: not pointed, but also not as broad as the examples dated to the 
EBA. This led to a reconsideration of the prehistoric necropolis of Iasos. P. Pecorella published 
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paper is an addition to this volume in respect to the Chalcolithic settlement of Iasos.
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and two tall beakers that resemble the marble beakers and are obviously pottery copies of them 
(Pl. 3.8).�

D. Levi published the preliminary reports in the ‘Annuario della Scuola Archeologica di At-
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comparisons which range from the Aegean and Cretan ‘Neolithic’ to Troy II without subdivid-
ing them into periods. The closest links for the four-lugged jars are from Samos, Chios and the 
Dodecanese. According to western Anatolian terminology, these sites date to the Chalcolithic. 
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detailed dating of the assemblage. Pecorella in his summary of the chronology, on the other hand, 
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only the ‘Third Millennium’.�� Of course, typical Late Chalcolithic manifestations like the white 
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not be invoked for a dating of the whole assemblage just to the EBA.

Most of the comparisons made by Pecorella point to the Aegean, this is not surprising because, 
in the 1960s when the necropolis was excavated, virtually no prehistoric sites in southwestern 
Turkey were known. Since the publication of Pecorella in 1984, new excavations and research 
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can observe different phases with their own stratigraphy: 1. the ‘Late Chalcolithic’ (LC1–4) from 
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single level of phase LC4 – all of which seem to be in architectural continuity as expressed in the 
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and many reconstructions in each phase at Beycesultan. This should be a caveat to correlate both 
stratigraphies one-to-one. Additionally, we do not know what happened between this ‘Late Chal-
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Pecorella compares the most conspicuous pottery form in the cemetery – the four lugged jar 
– with the Cycladic stone vessels (Pl. 5A). The jars from Iasos were decorated with white paint-
ing, but in most cases it has decomposed and is only discernible as mat traces on the otherwise 
lustrous surface. This decoration has a long tradition and is known from the ‘Late Chalcolithic’ 
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intermediary assemblages. The remaining forms are either too common for a closer dating or too 
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In summary, this pottery assemblage has no close comparisons with neighbouring regions. A 
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was assigned to the Neolithic by Pecorella (and Levi). It is a very typical vessel with red slip, ver-
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���Tunnelösen) and a disc base (Pl. 6A.1).31 A closer inspection of the 
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They belong to the largest prehistoric pottery collection from the settlement at Iasos. After re-
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sherds remained: one handle fragment with a knob, another mushroom-like handle and a handle 
that was plugged through the body of the vessel (Pl. 6B).36 The incised decoration has close af-
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to the same period.70 Then of course we have the large assemblage of the necropolis, which may 
be dated very ‘late’ in the Chalcolithic. 

This demonstrates that even a seemingly non-datable collection of sherds can be split up into 
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���	���comparanda are available. De-
spite the tenuous prehistoric material recovered and published, it is conceivable to suggest a con-
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and it gives us a hint on the settlement activity at this site during the 5th and 4th millennia BC. 

The settlement on the acropolis, a rocky outcrop overseeing the sea, may be adopted as typi-
cal for the Carian coast in the Chalcolithic Period. At the Oyuklu Tepe at Bybassos, which was 
presumably used as a cult area in the Carian Period, we found prehistoric remains in rock clefts 
or displaced at the foot of the hill. A similar scenario was encountered in Loryma. We assume that 
during the Chalcolithic Period Oyuklu Tepe may have been at the end of a bay just like Iasos is 
still today. 
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(respectively silex), which is not locally available. Emery is found as gravel stones in the area 
of Pinarcik just west of the Bafa plain at the east end of the Bafa Lake. Emery is a metamorphic 
bauxit (cf. Metabauxit����
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is present in Iasos, though it is not described as such in the literature and is generally described as 
‘black’ or ‘basaltic’ (as Pecorella did in the publication of Iasos). An excellently preserved emery 
��&�40 was recovered together with the ‘Neolihic’ pottery in Insula II. Emery tools are not datable 
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– and these remains may be assigned to the whole Chalcolithic period. 
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Levi – with Pecorella following him – showed some close comparisons with sites in central 
Anatolia. The chronology of this region was established by W. Orthmann in 1963, with his mono-
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Hornaufsatz) are replaced in Tigani II/III by the so-called samische Stabhenkel, which constitutes 
a vertical rod which begins on a pierced lug on the vessel body and ends above the rim in a mush-
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The most conspicuous parallel is found in the incised decoration of Tigani III. They consist 
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L. Thissen proposes that the most conspicuous Aegean parallels that are all remarkably similar 
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vessel shapes, tab handles raised above the rim of hemispherical bowls, and horned handles with 
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material in Western Anatolia. It is not impossible that these contacts occurred through seafaring.
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close parallels in both regions, but whole assemblages are too distinct to postulate a tight con-
nection between the two (or the three) regions. Nevertheless, many of the comparanda cited 
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chronological assignation of the necropolis of Iasos in the Late Chalcolithic, however, remains 
open to discussion, as do the nature of relations between the southeast Aegean and north central 
Anatolia. 
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common in the east Aegean, vessels of the so-called ‘cheese pot’ type with a characteristic row 
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but the latter is less well represented in the Aegean. The similarity of both of these features is 
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�����45 – shows characteristics of the Aegean parallels. It is low and seems to be open on one side, 
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and particular to the Sioni Culture – a Late Chalcolithic culture which eventually evolves into 
the so-called Early Transcaucasian Culture. The Sioni Culture is dated to either the late 5th or the 
early 4th����������$���������	�����
��������	�����¢���	�������_
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and therefore may represent a local development, the presence of ‘cheese pot’ related features is 
striking. They may be alien elements because of their variation from site to site.

Southeast Aegean – northern Anatolia – Transcaucasia – and 5th–4th millennia: What ties them 
together? One interpretation may be seen in the shifting metallurgy of that period. The Carpatho-
Balkan metallurgical province represents the climax of metal production in the Balkans at the 
end of the 5th millennium. It is followed in the middle of the 4th millennium by the Circumpontic 
Metallurgical Province,�0 and characterised by the spread of arsenical copper both in the Near East 
and Middle Europe.48 Several reasons for this shift were proposed, but the most convincing relates 
�	�����������������������������<"$_	�	
	��$49 While a number of reasons may account 
for this shift from west to east in the copper sources: the shared similarities in the pottery aspects 
between the east Aegean, north central Anatolia and the Transcaucasian Area may be relics re-
lated to the search for new copper sources in the mountain ranges of Pontos and Caucasus – and 
perhaps in western Anatolia. The later legendary Argonauts may have had predecessors in much 
earlier times. Of course, there is no direct relation between the pottery traits presented in this pa-
;�
���������
��Z	
�	;;�
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can be correlated.

In summary, the main aim of this paper is the reassessment of the early settlement history of 
Iasos. It can be shown that it may range from the early to the very late Late Chalcolithic. One 
�
	�;	Z;	���
<@����Z��������	����	Z�������	�^������<�����	���������9����	������$
In this period some close parallels to north central Anatolia and north Anatolia are evident, and 
also (but less apparent) to the south Caucasian region. The nature of relationship between these 
areas remains to be established, nevertheless, a plausible explanation may lie in the search for new 
copper ore resources. The prehistoric settlement of Iasos represented in the ‘prehistoric necropo-
������<���
����
���������9����	���������������}�
�<!
	�&����$

During the whole Chalcolithic Period Iasos may have been an important Carian site, perhaps 
linked to the interregional exchange at the fringes of the Black Sea. The importance of Iasos in the 
9����	������;�
�	�������	���������������
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	�����9����	�������	}�
�<!
	�&�
Age, since almost no remains from the EBA were detected during the excavations.
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cally quite normal (or extreme) spread of the 14C-ages, on the other? To illustrate this problem, in 
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periodization, there is another interesting observation by Easton,70 namely, that there appear to be 
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Troia Ia:  Charcoal in Stochastic Order
GMCWM 10000 Iterations 
Best Fit Endyr: 2880 calBC
5 yr Data Bar Separation

Simulated Errors:
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± 10 BP CalCurve Error
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Mansfeld correctly shows Blegen’s Troy IId and IIe as subphases within his lowest bundle of 
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for tell-sites all over the Near East and southeast Europe and, as it appears, the range of values 
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1 "�6�75�7 nd charcoal %0$77 75�/�77 7�$7� 05$ � 80$ �  nd

2 "�6����� nd charcoal %0$��8 75/��77 �0$/� 05$�� 0�$7�  nd

7 ��6�7� III ? charcoal --- 70 ��/  nd nd nd  2038 ± 40

4 !��6��7  -- short '��$�	$/�/7 788 �8� nd nd nd  2062 ± 40

5 !��6��7� -- pees  '��$�	$/�57 787 �8� nd nd nd  2086 ± 40

6 !��6��7/ III ? charcoal '��$�	$/�5� 75� �0� nd nd nd  2110 ���

7 !��6��70 -- pees '��$�	$/�5� 707����� nd nd nd  2134 ± 40

5 !��6��75 -- charcoal '��$�	$/�5� 70���5� nd nd nd  2158 ± 40

/ !��6���8 III seeds '��$�	$/�0/ 7/���/� nd nd nd  2182 ± 40

�� !��6�7�� -- charcoal '��$�	$/�0  708��8� nd nd nd ���8���

11 !��6��78 -- charcoal '��$�	$/�0  70������ nd nd nd  2230 ± 40

12 !��6���/ IIg ? peas '��$�	$/�0� 75���8� nd nd nd  2254 ± 40

�7 !��6��7� IIg ? peas '��$�	$/�0� 707 �8� nd nd nd  2278 ± 40

14 "�6���0� IIIa  seeds G6.1056  3797 ± 25 31.94 93.30 94.80 2230 � 50

15 "�6���// *67 '� charcoal }�> $�0´�� 7//7�/� 7 $�7 55$8� �/$5� ��� �7�

16 "�6����/ S-6 III charcoal }�> $7� 7575�7/ 7�$�� 55$5/ ��$7  �����7�

17 "�6� �88 S-7 III charcoal }�> $��� 70/��7� 77$ � 55$/  �5$/� �����7�

�5 "�6� �85 S-7 III charcoal }�> $��� 75/��70 77$ � 55$/  �5$/� ��� �7�

�/ "�6����� S-7 III charcoal }�> $80 75� �7  77$/0 5/$�  ��$7� ���5�7�

�� "�6����8 S-7 III charcoal }�> $85 7/�0�75 7�$�� 5/$�  ��$7� ��7��7�

21 "�6����0 S-7 III charcoal }�> $0� 75//��� 7�$�7 /�$7  �/$/0 ��7��7�

22 "�6� �80 S-7 III charcoal }�> $�05 70 ���  77$�/ 55$�/ �/$/� ��70�7�

�7 "�6���78 S-7 III charcoal }�> $/� 70/ ��8 77$ � 55$�� ��$�� �����7�

24 "�6���70 S-7 III charcoal }�> $/7 70/8��� 77$   5/$7� �/$0� ���7�7�

25 "�6� ��8 *6/ III charcoal }�> $��� 78� �8� 7�$ 5 5/$0� ��$�� ��7��/�

26 "�6� ��0 *6/ III charcoal }�> $�8� 70  ��� 7�$08 55$�  ��$80 ��0/�7�

27 "�6� ��5 S-11  charcoal }�> $�0� 70/��7  7�$�� 50$00 ��$0� �7�7�7�

�5 "�6�7/7� S-12  charcoal }�> $7�0 7/0���7 7�$�  50$ � ��$ � �7� �7�

�/ "�6����5 S-12  charcoal }�> $7/7 ��88�70 7�$�� /�$ � ��$�� outlier

7� "�6�� 07 S-12 charcoal }�> $ 5� ��88� 0 7�$0  /�$   �/$/� outlier

7� "�6�� 0� S-12 charcoal }�> $ 5� 7/55�7� 7�$8� /�$�0 ��$�� �780�7�

7� "�6�� 8� S-12  charcoal }�> $  � �����77 7�$0/ 58$0  �/$�� outlier

77 "�6�8077 IIb4? charcoal }�$88� 75� ��� 7�$70 58$�� 78$�� ��77�7�

7� "�6�807� IIb2 charcoal }�$0�� 7/7���8 7�$�5 55$�� 78$ � ��00�7�

7  "�6�807  IIb1 charcoal }�$87/ �� 5��� 7�$�0 5 $�� 7�$�� ��/ �7�

78 "�6�088� IIb1 charcoal }7$7/ ������5 �/$�/ 50$ � �/$�� � ���7�

70 "�6�/5�7 !!
B� charcoal ��$80 =N=O�P�LL �/$   �0$�� �/$�� � 70�7�

75 "�6�/5�� !!
B� charcoal ��$85 7/7���7 �/$�8 �0$ � �/$�� � �7�7�

7/ "�6����� !!
B� charcoal ��$8/ 7/0��7� �/$�� �5$�� �/$�� � �/�7�

�� "�6�85�� Ij charcoal %7$�05 ��07�70 ��$7� 0�$�� �0$ � � ���7�

41 "�6�857� Ij charcoal %7$�88 ���0��8 ��$�7 0 $ � �5$7� � � �7�

42 "�6�7877 Ii charcoal %�$5� ���5��  ��$�� 0/$ � 8�$�  outlier

�7 "�6�75�7 Ii charcoal %�$�0  7/ ���/ �7$/� 0�$ � 87$5� �  7�7�
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:�G 0
��� � ��
�� �
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� Behälter Nr. B���	&��
H��I

-�&���
H�I

�J �K �� ���	&�
�
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44 "�6�75�� Igh charcoal %�$�78 �����7� ��$�0 88$0  8�$�  �8���7�

45 "�6�758� Igh charcoal %�$�/8 7/58�75 ��$/� 07$0� 85$0� �8� �7�

46 "�6�75 � Ig charcoal %7$�/� �� ���� ��$�� 0�$�   5$0  �8�8�7�

47 "�6�75�5 If charcoal %7$��  ���8��� �7$00 8/$��  /$�� �85��7�

�5 "�6�75�� If charcoal %7$��  ��75� / �7$00 8/$��  /$�� �85/�7�

�/ "�6�775� Ief charcoal 97$�8� �����77 ��$�    $7   5$�  �0���7�

 � "�6�75 � Ie charcoal %7$�75 ���5�85 �7$ � 85$ �  5$ � �0� �7�

51 "�6�75 � Ie charcoal %7$�80 ��8�� � �7$�0 85$7�  5$�� �0���7�

52 "�6�78�5 Icd charcoal 97$��7 ���5�75 �7$ �  �$ �  0$8  �008�7�

 7 "�6�78�/ Icd charcoal 97$��7 ��55�70 �7$ �  �$ �  0$8  outlier

54 "�6�7/7� Icd charcoal %�$��  7058�   �5$7� 00$�� ��$�� outlier 

55 "�6�70 � Icd charcoal 97$��� ��5��7� �7$50   $��  0$�� �0/0�7�

56 "�6�7/�/ Icd charcoal %�$70/ ��5 �7� �5$75 00$8� �7$0� �5�5�7�

57 "�6��/�8 Ibc charcoal %�$�� ��85� � �8$�8 0�$�� 7�$�� �57/�7�

 5 "�6��� / Iab charcoal %�$��5 �� 8� / �8$ � 8�$0  ��$�  �580�7�

 / "�6��/7  Iab charcoal %�$75 �7�8�7� �8$7� 0 $�  ��$�� �5/0�7�

��
��?pinus brutia,��8
������!��$% $78 $¡'�������+Begin Id (or younger), with ~121 not-dated outer rings. 
8� "�6��0�8 ‘Id’ charcoal �� �6��8� ��77��/ �0$�0 05$� �5$� �5�7���

61 "�6��8�� -- charcoal ����6�� � �� 7��5 �0$�0 05$� �5$� �5�7���

62 "�6� ��7 -- charcoal ��7�6���� ��� ��  �0$�0 05$� �5$� �577���

87 "�6��8/5 -- charcoal ����6��7� ��5���� �0$�0 05$� �5$� �5�7���

64 "�6��858 -- charcoal //�6���� ��55��/ �0$�0 05$� �5$� �507���

65 "�6��/70 -- charcoal /086/5  ��/���� �0$�0 05$� �5$� �555���

66 "�6��80� -- charcoal / 86/8  ��0���0 �0$�0 05$� �5$� �/�5���

67 "�6� �/  -- charcoal /��6/ � �78/��0 �0$�0 05$� �5$� �/�7���

85 "�6��8�  -- charcoal /7�6/�� �787��� �0$�0 05$� �5$� �/77���

8/ "�6��/�  Ia charcoal %�$�8 �7� �5� �8$�� 0 $7� ��$�� �55��7�

0� "�6��/�0 Ia charcoal %�$7  ��//��� � $ 5 0�$�� 7�$�  �5/��7�

71 "�6��/�� Ia charcoal %�$ � ��75�70 � $8� 0 $�� ��$�� �/���7�

72 "�6��� 5 Ia charcoal %7$�7 ��� �5� ��$ 7 8�$�� ��$8� �/�/�7�

07 "�6���8� Ia charcoal %�$�78 ��00��� � $/7 8�$8� ��$7� �/�5�7�

74 "�6���8� Ia charcoal %�$��/ ��5/�8  �8$�� 8�$8  ��$7� �/�0�7�

75 "�6����7 Pre-I charcoal % $� 0 ��0���  � $�/ 0 $0  /$ � -- 

76 "�6����� Pre-I charcoal % $��7 � 85��0 � $ � 0�$7� /$7� --
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The Early Bronze Age Chronology of Troy (Periods I–III): Pottery Seriation, Radiocarbon Dating and the Gap �//
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In Quest of a Missing Era in Eastern Thrace – Dilemma of the 4th Millennium �� 
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(��$�� �' West Pontic region, 5th millennium BC, tells, settlement patterns, specialised crafts, raw material exchange, 
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Pietrele24

Thanks to modern prospection methods it is now known from the site of Pietrele in Romania that 
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Copper
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We do not have enough consistent information to interpret the structure of the society in the 
5th millennium BC, but the few glimpses gained thus far allow a better comprehension of the high 
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The implementation of such specialised crafts most likely led to the growing need for an in-
ventive and creative workforce, not only able to organise, but also to explore, transform, design 
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Nonetheless, the richness of the graves and the wealth of the tells does not automatically in-
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No ranking of sites can yet be established for the 5th millennium BC in the lower Danube re-
gion, and no one urban centre that held exclusive control over an entire region and its resources 
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Svend Hansen 1

	����
��'�The radiocarbon revolution has profoundly changed the chronology in prehistory and illustrates that the 
4th millenium in western Eurasia was determined by a bundle of technical and social key innovations such as wheel and 
wagon, the domestication of the horse and donkey, and the breeding of woolly sheep. Furthermore, new metals (silver 
and lead) and new copper alloys appeared, and the production of metal goods expanded. New weapons, foremost long 
daggers and shaft hole axes quickly became widespread and were used by a new social type of warrior sharing a simi-
lar ‘language’ of representation: the mound over the single tomb containing lavish grave goods and large stone steles. 
These elements of social and technical change were not distributed in Europe as a ‘package’ but followed different 
paths. Their distribution, combination and recombination in the 4th millenium supported a kind of homogenisation in the 
3rd millenium. This picture challenges our perception regarding the political and social organisation of these societies. 
Until now archaeology has attempted to balance the evaluation of its material culture with anthropological schemes 
of the neo-evolutionist school. Prehistoric societies are generally assigned to the level of chiefdoms, somewhere in 
between Palaeolithic bands and ancient states. The application of this scheme to the development of the Neolithic as 
well as the Bronze Age, however, arouses strong doubts as to its operative value. There were many ways – not just 
	��]��@�����������
����	������������	;���	��
�������	�������@�	������
������;
����;�����	�������¢�����<$
It is, therefore, advisable to loosen the strong ties between archaeology and ethnology, for it is archaeology that ob-
serves long-term developments whereas the actual temporal depth of ethnological studies is, by contrast, quite shallow. 
�
����	�	�<����
�������	�
��	Z��������������	;�������;������;������������������
�������	����������$
Hence, instead of imposing presupposed universalities about forms of social and political organisation upon the past 
the archaeological material should be interpreted free of generalisations.

(��$�� �' Southeastern Europe, Neolithic, Chalcolithic, social evolution, neo-evolutionism 

The radiocarbon revolution caused a deep-going change in the chronology of prehistory, par-
ticularly the complete revision of the 4th and the 3rd millennia BC chronology. This was not a 
��;�
������	

����	�+���;����
�����	���
�@��	�;�����<���@$_	����
���������<������
between the 5th and 3rd millennia BC it seems fruitful to draw attention to the technical and social 
innovations that occurred during these millennia.

Technical innovations played an important role in V. G. Childe’s concepts of cultural develop-
ment in prehistory. Childe maintained that key technologies such as the wheel, the ox-cart, the 
sailing boat and metallurgy were the decisive preconditions for the emergence of complex socie-
ties (the ‘urban revolution’) in Egypt and the Near East.2 Doubtlessly, metal played a major role 
in Childe’s concepts, and this is in accordance with a much older and broader tradition in historio-
graphy: namely that metals played the decisive role in technological and economical development 
from the Bronze Age onwards until modern times. For Childe, the introduction of metal marked 
the end of the economic independence of farmers and villages. In his view, mining, smelting ores 
and converting metal by casting and forging it into tools, weapons, vessels and ornaments were 
fulltime specialisations.3 Consequently, the division of labour was connected with social control.

The Urban Revolution was a crucial point in history, and for Childe all important technologies 
then spread from the Near East to the Mediterranean and temperate Europe.4 This kind of ‘ex ori-

1 Eurasien-Abteilung des Deutschen Archäologischen Instituts; email: svend.hansen@dainst.de. 
2 Childe 1982 [1942], 97.
3 9��������/�/ 5��05�0/$
4 9Z$9��������/�/ 5����7����$
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ente lux’ diffusionism was criticised by C. Renfrew,5 when he claimed an independent invention 
of metallurgy in the Balkans in view of early radiocarbon dates from the cemetery of Varna. Yet, 
A. Sherratt sustained Childe’s considerations by introducing the concept of the ‘secondary prod-
����
��	����	���@����������¢����������������}�
	;���;
�����	
<$6

For the last 20 years, technical innovations can be dated much more precisely thanks to cali-
brated radiocarbon dates, which have changed chronology, particularly that of the older periods 
between the 10th and the 2nd millennia BC (Fig. 1@G

_���
�����	����	��	�;������	�������@������¡��	������^��	����	��$_�����
�����	Z
the domestication of sheep and goat, pig and cattle took place between the 9th and the 7th millen-
nia. During this time span several other major Neolithic technologies such as wheat cultivation, 
;	���
<6�������@��������	���6������������$@�
����
	�����$_���
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also referred to as the ‘Neolithic package’. Certain inventions of the Early Neolithic in the Near 
}����	6	���

��� Z	
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and – starting in the 7th millennium – transferred to other regions in the west and east of the Fertile 
Crescent. In the case of the Neolithic period, it seems clear that in many instances the Neolithic 
mode of production was introduced by settlers seeking new land.

The development of copper and gold metallurgy during the 5th millennium BC is especially 
noteworthy.7 From a technical point of view, copper axes were not more effective than simple 
stone axes. People with copper axes could not cut trees in less time than people using stone axes. 
Hence, the question arises as to how the spectacular start of copper mining, production and con-

5 Renfrew 1969.
6 Sherratt 1997.
7 Pernicka – Anthony 2010; Hansen 2011.

Fig. 1   Scheme of innovations. The diagram does not contain single inventions like Pre-Pottery Neolithic sculpture, but 
instead the large scale distribution. Datings are not precise (graphics: S. Hansen – A. Reuter).



The 4th Millennium: A Watershed in European Prehistory 245 

sumption at the beginning of the 5th millennium BC can be explained. What was the motivation 
for these activities?

To a certain extent the answer is quite simple. The career of metal is built upon its practical 
advantages, which were evident from the very beginning when this material was used. It was pos-
������	
��������������	��	Z����@	����;
��������������$'�������	�����
������
��¡
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cled’ material. Every broken axe could be melted down and a new one could be cast (Fig. 2). With 
the recasting and production of a new object, a new technological property entered the world, and 
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��
exhausted. It could be used and reused again and again for recasting without any serious loss of 
substance. This property had enormous economical and social consequences. Unlike stone, metal 
could be amassed in a useful way. It could be utilised for different purposes, and it was adaptable. 
According to necessity, ornaments could be melted down to make swords or axes for bracelets. 
Everything could be reused, and normally it was reused. 

In a wider geographical perspective it is true that, in general, metal was neither the precondi-
tion for the rise of complex societies nor was metal production always linked to control by ruling 
institutions. However, in western Eurasia metal played an important role in the emergence of 
���
�
�������	�������$����<������Z<��;����	
������ ��@����������@����
���;��<����
important role from the beginning. Each of them had many consequences. 

I would like to emphasise the mental, intellectual or even philosophical consequences. Nev-
ertheless, exploring the enormous technical and social opportunities offered by metal technology 
can be seen as a challenge to the thinking process. Nothing is known about how people in the 
Neolithic period perceived their world. The widespread attempt to enter the Neolithic world of 
ideas mostly projects the modern way of thinking onto the past. Nonetheless, I would assume that 
a new material with so many outstanding properties had consequences in nearly every sphere of 
perception.

The reality of recycling a substance that could never be exhausted was probably connected 
@����������	Z;�
�������������¢��������$9	;;�
�	�������������<�������$�����	@��
	Z

Fig. 2   Metallurgical cycle (graphics S. Hansen – A. Reuter).
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���������	���	���������Z
	������;
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-
ties. The immortality of the powerful person 
was an obsessive idea in Bronze Age Egypt 
and perhaps prior to that time as well. Excess 
and immoderateness (Maßlosigkeit und Un-
mäßigkeit), which K. Marx8 connected with 
money is already visible in grave 43 in Varna 
with more than one kilogram of gold. 

In the 5th millennium the stone and antler 
weapons were quickly replaced by metal forms, 
which had a lot of practical advantages (Fig. 
3). It was possible to increase the size of weap-
ons, an attribute that was restricted in stone. 
This is true especially for all dagger varieties. 
This revolution in weapon technology was one 
of the crucial advantages of the new material. 
At the end of the 4th millennium metal workers 
were able to produce swords with sharp cutting 
edges; this technology was in use until the in-
troduction of the gunpowder 5500 years later. I 
shall return to this point below.

A second complex of innovations (Fig. 1) 
can be dated to the 4th������������;��������<
the second half of the 4th millennium, an in-
novative period with new metals, new weap-
ons, as well as the woolly sheep, the wheel 
and the wagon, and the domestication of the 
horse. In the Near East writing and urbanisa-
tion changed the way of life. 

Perhaps the most interesting transformation 
in Europe took place in the centuries between 
3500 and 2900 BC. After the basic technolo-
gies, pottery production, house building, etc. of 
the Neolithic, in the second half of the 4th mil-
lennium further key technologies were intro-
duced. This is primarily the period of Childe’s 
‘urban revolution’, and partly overlaps with 
Sherratt’s ‘secondary products revolution’. 

The transfer of knowledge and how these 
innovations were integrated into the old sys-
tem is not so easy to elucidate. Each innova-
tion had its own problem. For example, in the 
case of technical innovation we should recon-
struct the process of production (la chaîne opé-
ratoire), and ask whether certain innovations 
require special skills and knowledge. Who is 
�����������	����	���	��;
	�����Z
	�������	����	������	@����<@�	�@�������
	-
duced? Which social or ideological implications were related to a certain innovation? 

8 Marx 1964, 255.

Fig. 3   Tools and weapons made of copper and bone/
antler. Copper items from Varna on the left side, bone 
and antler items from Pietrele on the right side (drawings 

after Todorova 1982, photos: S. Hansen).
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All of these innovations spread over Europe in an idiosyncratic way, which means that they 
were not part of a ‘package’, but could be composed in different ways. The wheel and the wagon 
were introduced around 3500 BC in the area between Mesopotamia and the Atlantic. The do-
mestication of horse and donkey in the late 4th and early 3rd millennia essentially transformed the 
perception of space and time. This form of domestication led to a revolution in warfare in the 3rd 
millennium, as can be seen in Ur (Fig. 4). The appearance of the woolly sheep was the starting 
point for the textile revolution of the 4th millennium: woollen textiles were one of the economic 
foundations of Mesopotamia.9

'�@��� �
��< ���������� ��������� ���	����	�� �������@����� ������	Z ��� th millenni-
��!9��������������������
�����Z	Z����th millennium BC daggers were produced by cast-
ing. Thereby, arsenical copper (as much as 10% arsenic) was likely an essential element for this 
process,10 ��
	���@�������Z	
����	�	Z���������
�������������� �������@��� ��������
could be diminished. Flaws in massive axes could be disregarded, but they were quite a problem 
when present in daggers with thin blades. Namely, when a blade is sharpened, the bubbles are 
exposed, and show that the blade is still pitted and notched rather than smooth and sharp. 

It is generally assumed that naturally occurring copper and arsenic ores originally derived 
from sulphidic ores. However, another proposal based on substantial arguments suggests that sup-
plementary elements were intentionally added to copper for the purpose of changing the qualities 
of the material.11 In several cases attention has been drawn to alloys or metal compositions that are 
�;������	��
����	�#����<;��$�	
����;�����������
�Z	��������������
<��*����	��~'���<�
�	������	Z�	;;�
@����$ «�
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�����	Z;�
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$12 
Hence, one is tempted to conclude that the metal craftsmen knowledgeably sought out different 
kinds of copper, and further, that the silvery sheen of arsenic bronze was chosen for daggers. In 
the meanwhile, it has been possible to analyse Arsenspeiss.13 This enabled the reconstruction of 
the technical procedure used to regulate the amount of arsenic to be added to copper. Arsenical 
and antimony bronzes opened new paths in metal production, especially for weapons. Neverthe-
�������;	
���������������������@�
����	������	���
�����	Z����������	�	�<$��
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sels made of copper or bronze were part of the grave goods in richly furnished Maikop kurgans 
(Fig. 5) in the 4th millennium BC already. The existence of such high quality products implies that 
they were in great demand; therefore, enabling the existence of craft specialisation, which was 
necessary for the production of such cauldrons.

Beside these technical innovations there is a bundle of social innovations, which belong to a 
new type of ruler, whom I shall call the ‘hero’, but whom one can also refer to as the ‘king’. The 
idea of such a king is offered in the Gilgamesh epic, which leads us back to the beginning of the 

9 ����
������8$
10 ��#�	��//7������$78
11 ���������//8� �/$
12 Pearce 2007, 84–85.
13 Rehren et al. 2012.

Fig. 4   Ur, grave 779 (photo: S. Hansen).
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3rd millennium BC.14 Before Gilgamesh and his friend Enkidu departed for the cedar forest they 
went to the smiths and amourers: “Great celts they cast and axes each weighing one-hundred 
and eighty pounds; great daggers they cast, one hundred and twenty pounds each blade weighed; 
thirty pounds the guard at the grip; thirty pounds of gold to decorate them. Gilgamesh and Enkidu 
each carried six hundred pounds”.15 With their new weapons Gilgamesh and Enkidu set off for the 
cedar forest in the west. There they slew the guardian of the forest, Humbaba, and cut down the 
valuable cedar trees, which they subsequently sent down the Euphrates River to Southern Meso-
potamia: a striking example for the violent usurpation of valuable raw materials.

Such heroes are probably represented in the large steles, which were erected and distributed 
since the 4th millennium from the Caucasus Mountains to the Atlantic Ocean. They display weap-
	����	�����������
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����~���$8�$'���
astonishing that these steles extended from the Caucasus to the Atlantic.16 A. Vierzig has prepared 
her PhD on these steles at the Free University in Berlin and gathered information about more than 
thousand steles from the literature. In the last years, a surprisingly great number of these steles 
�	������������������@��������	���������������;	���	
���$17 These monuments continue 
to impressively stand out in the landscape (Fig. 7).
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is astonishing to see similarities not only in the grave monument, the tumulus, but also in details 
related to burial rituals between the Adriatic coast and eastern Anatolia.18 

At the end of the 4th millennium a new dispositive, both technical and social, was established 
for a few centuries or perhaps for millennia, like the states in the Near East. Viewed against this 
backdrop, it is an enigma that the role of western Anatolia in this process is not yet clear. It is 
simply not plausible that Anatolia merely stood on the margins during these dynamic centuries. 

The excavations in Çukuriçi Höyük have offered an important contribution to our knowledge 
of metal work in the early 3rd millennium.19_��������	@������	
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14 George 1999.
15 George 2003, 201.
16 Casini 1994; Philippon 2002; Pedrotti 2007. 
17 E.g. Ciugudean 2011; Martínez Rodriguez 2011; Nadler 2011.
18 Primas 1996.
19 Horejs et al. 2010.
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scale settlements as well.20 Two awls with pyramidal shafts are interesting, because the shafting 
principle is well known in the second half of the 4th millennium around the Black Sea. A dagger 
���@������	���;����
�	Z�����
;
	�����	����	�������}�
	;�$�Z�;���������
�������	���
for casting ring-shaped idols, which are common in the Balkans during the 5th and early 4th mil-
lennia. A wire made of lead is remarkable, for it might indicate silver production. A lead frag-
ment from a late Chalcolithic context in Pekmez Höyük near Aphrodisias was mentioned by T. 
Zimmermann in a 2005 publication.21 In another paper, he argues for dating the small hoard from 
Beycesultan from layer 34 to the time span between 3500 and 3300 BC.22

20 Schoop 2011.
21 Zimmermann 2005, 194.
22 Zimmermann 2005, 256.

Fig. 6   Arco, Italy. Stele with representations of 
weapons (photo S. Hansen).

Fig. 7   Ginestous, France. Stele in the landscape 
(photo: S. Hansen).
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The most impressive collection of late Chalcolithic metal objects (Fig. 9) was recovered from 
���������
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western Carpathian Basin and Italy. The daggers belong to a widespread type. In Pietrele on the 
�	@�
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addition to the human skull, a dog skull was also found. The dagger was twice folded and placed 
between the legs of the deceased. Typologically, the grave should be dated to the late 4th or early 
3rd millennium BC.
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Fig. 10   Pietrele, inhumation grave (plan: M. Toderas). Fig. 11   Pietrele, dagger (photo: S. Hansen).
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In all adjacent areas metallurgy played a 
prominent role: in the Balkans and Greece, in 
the Caucasus and the Near East. Considering 
the lack of evidence of the wheel and wagon 
in Anatolia, A. Sherratt wrote: “Ihr Kleingläu-
bigen, warum seid Ihr so furchtsam? It is still 
one of the characteristics which distinguishes 
British from Germanic thinking in archaeol-
ogy that a Forschungslücke is for them an ob-
stacle, for us an opportunity. A gap in evidence 
is something a German archaeologist cannot 
cross. It is an insuperable barrier. For the Brit-
ish prehistorian, however, it is a challenge to 
the imagination, to extrapolate a plausible re-
construction from the nearest kind of evidence 
available, and by the application of general 
principles”.24

There is one geographic region, in which 
all the above mentioned innovations can be 
observed in the second half of the 4th millenni-
um: the northern Caucasus. The famous grave 
in Maikop has been dated to the middle of the 
4th millennium. Nearly all of the grave goods 
are without analogy. The comparative objects 
that have been quoted in previous literature are 
all much younger. In addition to the precious 
vessels and beads, a set of bronze tools was 
part of the funerary furnishings. One piece is 
¢��������������+��	�$���<�Z�@�	�;�
�-
sons from sites in the Caucasus, but also from 
Eridu and Susa are known. Indeed, even tools were widely distributed through trade networks.25

The younger phase of the Maikop culture, the Novosvobodnaia phase, is assigned to the sec-
ond half of the 4th millennium. A number of ‘elite’-burials is known from that time. A tool and 
weapon set (Fig. 12) is present in all of them, similar to those in the grave at Marinskaya.26��
��
vessels, golden ornaments and beads made of precious stones could also follow the deceased into 
the grave. Daggers were important and 60 cm long swords were now produced (Figs. 13–14), 
comparable to the sword from Klady.27 It is worth mentioning that swords were also already used 
in Arslantepe during the last quarter of the 4th millennium.28 

On the other hand, the shaft-hole axe played an important role, as well. Two such axes (Fig. 
� �@�
�Z	�������������
��������Ó��$29 It was an innovative weapon that was used until the 
����!
	�&����$'�����nd millennium BC, shaft-hole axes were distributed over a vast area, be-
tween the Near East and northern Italy. A small shaft-hole axe (Fig. 16) was deposited as an offer-
ing in the Sile River near Treviso in the Veneto.30 Elsewhere I have argued that the archaeological 

24 Sherratt 2003, 419.
25 Hansen 2009a; Hansen 2010.
26 ����	
	��Ó]����	����5$
27 Rezepkin 2000.
28 Frangipane 2004.
29 "�Ó��	��/07$
30 Carancini 1984, 197.

Fig. 12   Weapon and tools from the Marinskaya kurgan 
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Fig. 13   Klady (after Rezepkin 2000).
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Fig. 14   Klady (after Rezepkin 2000).
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Fig. 16   River Sile near Treviso (Museum Venice; photo: S. Hansen).
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detectability depends upon deposition practices.31 Shaft-hole axes were used in the Caucasus and 
they are also known in the Carpathian basin since the late 4th or the early 3rd millennium BC. Yet, 
the deposition practice was different in both regions. In the Caucasus the axes were a component 
of the grave whereas in the Carpathians they became part of a hoard (Fig. 17). The largest hoard 
found in Vâlcele in Transylvania contained more than 40 axes, or perhaps as many as 55.32 In 
regions that did not have comparable deposition practices, broken shaft-hole axes were melted 
down and the metal was reused for other objects. Moreover, the distribution map of clay moulds 
for shaft-hole axes also shows that their presence in the archaeological record depends upon 
depositional practices.33 
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New weapons, foremost long, well cast daggers and shaft-hole axes rapidly became widespread. 
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of representation, i.e. the mound over the single tomb containing lavish grave goods and the large 
stone stele. Sometimes even children and adolescents had to follow the dead potentate into the 
grave; thusly power was exerted upon the living.

The second half of the 4th millennium is one of the most earnest chapters in the history of 
mankind in the Near East and western Eurasia, a time characterised by an expansion of power 
unknown until then. The new forms of power were not simply the result of technological devel-
opments. New technical procedures were implemented by new positions of authority, and the 

31 Hansen 2009b.
32 Soroceanu 2012, 109–111; Szeverényi 2013.
33 9��
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support and selection of new technical procedures were in the interest of power and remained 
connected with it.

This picture differs to some extent from the one that has been drawn until now based on eth-
nographic analogies. It is a tradition going back to the 19th century, which conceives that native 
societies of the 19th�����
<���Z
�������*	���������	
*	������
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of ‘Neolithic societies’ when he describes the type of native societies without written language 
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were the common denominator of humanity.34
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to E. Service35 and others, evolutionists were interested in the cultural development of societies. 
Moreover, they arrange societies into a certain order from ‘primitive’ to ‘developed’, from ‘egali-
tarian’ to ‘ranked’, etc. However, in actuality these ‘developments’ are not observable anywhere, 
because ethnological observations essentially only refer to the last couple of centuries. Therefore, 
considerations about the development of prehistoric political systems are based exclusively upon 
contemplations on plausibility, that is, how a development might have been. And therein lies 
their weakness, for they cannot explicate the transition from one to the other system. Thus, they 
argue with the alleged advantages of the respective ‘more developed’ systems, such as stability, 
which supposedly impelled a necessary development. Drawing from ethnological observations 
	Z��ZZ�
�������¡�	����;	
�
<��<;��	Z�	����	
��������	�	��������	�����������	����	�����
set up a seemingly logical sequence, which was altered to temporal succession (for example, the 
Melanesian ‘big man’ and the Polynesian ‘chief’). 

Until now archaeology has attempted to balance the evaluation of its source material with 
anthropological schemes of the neo-evolutionist school (e.g. Service and others). Inevitably this 
has mostly led to the same result: prehistoric societies are generally assigned to the level of big 
man societies or chiefdoms, somewhere between Palaeolithic bands and ancient states. The seem-
ingly plausible and unambiguous application of this scheme to the development of the Neolithic 
as well as the Bronze Age, however, arouses strong doubts as to its operative value. Obviously, 
societies developed in many and different ways during the 12,000 years after the end of the last 
Ice Age. Early forms of the state emerged in western Eurasia and in Egypt as early as the 4th mil-
lennium BC, while the population in Australia long maintained ‘egalitarian’ societies, well into 
the 20th century. 

A way of looking at archaeological material should be developed that is free of cultural univer-
salities. Namely, there are many ways – not just one – in which egalitarian societies develop into 
��
�������	�������$'�������
�Z	
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��������Z	
����	�	Z�
�����
authority, to loosen the strong ties between archaeology and ethnology; for it is archaeology that 
observes long-term developments, whereas the actual temporal depth of ethnological studies is, 
by contrast, quite shallow.
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thereby name the discontinuities in history. 

	�#��$�� &������'�I am very grateful to B. Horejs and her team for the invitation to the conference with so many 
�������������������	��$"�
�'@������	�	��;
����<�
��������	!$�	����
����!$"��@�����$�&�	\����$^���-
gruber and T. Soroceanu for earlier discussions and their suggestions. Many thanks are extended to A. Reuter for editing 
the illustrations. E. Schalk checked over my English text.
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Raiko Krauß 1
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��' The 4th millennium BC in many ways is a time of change in southeastern Europe. After the discontinuation 
of tell-settlements in the Carpathian Basin and the eastern Balkan area one can see the formation of archaeologically 
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economy. Simultaneously, burial rites show a tradition whose roots lie as far back as the 5th millennium BC. Against the 
background of the changing settlement pattern, the transfer of technical innovations over wide areas of Europe is also 
noticeable – such as the use of the wheel and wagon, as well as a generally increased use of animal labour. Compared 
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monopoly leadership in the production and use of metals. At the end of the 4th millennium, interrelated cultural groups 
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Age culture. On the basis of new radiocarbon dates from a late Baden settlement in the west of present-day Romania, 
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Aegean and the Final Neolithic in central Europe will be discussed.
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connect the two occurrences. Chronologically, the ‘Baden’ phenomenon occurs before Corded 
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is now time for a renewed discussion concerning these relationships. 
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1 Institute of Pre- and Protohistory and Mediaeval Archaeology, Eberhard Karls University, Tübingen, Germany; 
email: raiko.krauss@uni-tuebingen.de.

2 Korfmann – Kromer 1993; Furholt 2003; Kromer et al. 2003.
3 Stadler et al. 2001.
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on the cultural relationships between northwestern Anatolia and the Carpathian Basin.7 

7 Krauß – Ciobotaru 2014.
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The series consists of four AMS-dates from three cattle bones and one sheep bone, dating to the 
�5th to 26th centuries BC.
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Site/Reference Lab-Code Context
Material 
(species)

14C-Age [BP]
�13C

Phase
[‰PDB]

Foeni-Gaz22 1 Hd-29516 Feature 5 �	��~�	�� ���0��5 –21,2 Bad./Kostolac
2 ���*6��5/7� Feature 3 �	��~�	�� ���8��8 –27,2 Bad./Kostolac
3 ���*6��5/7� Feature 3 �	��~�	�� ��77��  –20.2 Bad./Kostolac

 4 MAMS-11203 Feature 3 �	��~	���� ������0 –17.3 Bad./Kostolac
Bronocice23 1 DIC-1792 3-B4 charcoal ��5����� n.d. �~!�����

2 DIC-1740 10-B5 charcoal ��5��8  n.d. �~!�����
3 DIC-1795 4-B3 charcoal ��/����� n.d. �~!�����
4 DIC-979 56!0 charcoal �����8� n.d. �~!�����
5 %'96/05 1-A5 charcoal �� ����  n.d. �~!�����
6 DIC-1794 86!5 charcoal ��8��0� n.d. �~!�����
7 DIC-543 2-B2 charcoal �7����7� n.d. �~!�����
5 DIC-361 39-B1 charcoal �������  n.d. '�>�~!�����
9 DIC-977 �6!5 charcoal �7���   n.d. '�~!�����
10 DIC-1736 56-A1 charcoal �77��8� n.d. '�~!�����
11 DIC-1797 6-B2 charcoal �7���0� n.d. '�~!�����
12 DIC-1739 95-B1 charcoal �7���0  n.d. '�~!�����
13 DIC-541 54-B1 charcoal �����5� n.d. '�~!�����

 14 DIC-717 29-A3 charcoal �����5� n.d. '�~!�����
��������	
��� 1 %��6�775� ;���85/ animal bone ����� � –19.3 EC-Baden
�����������24 2 %��6�775/ �
���70�;����5/ human bone �����7  –19.2 EC-Baden

3 Deb-13245 grave 50, pit 2019 human bone ����� � –19.7 EC-Baden
4 %��6�7750 pit 426 charcoal �7��� � –24.5 EC-Baden
5 %��6�7758 pit 2596 animal bone �77��7  –19.4 EC-Baden

 6 %��6�775� pits 1072-1096 animal bone �78���  –20.2 EC-Baden
7 Deb-13292 grave 67, pit 426 human bone �75���  –19.7 EC-Baden
5 Deb-13374 pit 1036 animal bone �7/��8� –19.9 EC-Baden
9 Deb-13244 pit 203 �	��~�	�� �����8� –20.3 !	��
�&
10 Deb-13412 pit 1612 �	��~������ �����0� –19.9 !	��
�&
11 %��6�7�58 grave 79, pit 2635 human bone ������  –19.4 !	��
�&
12 Deb-13411 pit 2060 animal bone ��� ��  –19.5 !	��
�&
13 Deb-13395 grave 74, pit 2614 animal bone ��8�� � –20.3 !	��
�&
14 Deb-13379 well 1, pit 1099 human bone ��5��0� –20.6 !	��
�&
15 Deb-13277 grave 23, pit 426 n.d. � ���8� –19.9 !	��
�&
16 Deb-13291 pits 2327-2346 animal bone �  ��5� –20.4 !	��
�&

 17 %��6�77/5 ;��� 5� animal bone �85���  –20.9 !	��
�&
Budakalász4 1 �}^�67 �� �
���� 5 human bone ��0���� –22.6 !	��
�&>!����

2 �}^�67 �  grave 174 human bone ��� ��� –21.7 !	��
�&>!����
3 �}^�67 �7 grave 75 human bone ��/ ��� ]�/$5 !	��
�&>!����
4 �}^�67 �/ �
���705 human bone �7���7  –19.6 !	��
�&>!����
5 �}^�6�708 grave 19 human bone �70��7  –20.1 !	��
�&>!����
6 �}^�67 �0 �
����5�� human bone �70 �7  ]�5$0 !	��
�&>!����
7 �}^�6�75� �
���757 human bone ������� –20.5 !	��
�&>!����
5 �}^�6�70  grave 13a human bone �����7  –21.6 !	��
�&>!����
9 �}^�6�70/ grave 252 human bone ������� –23.1 !	��
�&>!����
10 �}^�67 �5 �
����5�� human bone ��� �7  –21.5 !	��
�&>!����
11 �}^�67 �8 �
����5�� human bone ��  �7� ]��$5 !	��
�&>!����
12 �}^�6�700 grave 142b human bone ��8���� –22.3 !	��
�&>!����
13 �}^�6�705 grave 230 human bone ��8 ��� –22.9 !	��
�&>!����
14 �}^�6�75� grave 403 human bone � ���7  –21.0 !	��
�&>!����
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In the northwestern Carpathian Basin region, in particular, signs pointing to a symbiotic rela-
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Baden tradition rather than the later, customary cording.27 In the northern Carpathian region, it is 
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In the second half of the 4th ��������������������
��!�����
���	������	
��6�	����	@-
���
���
�<����� ��;�
������
����
����� ��;	
�����	���������	�&	������@��� ����	
��
Aegean and the Carpathian Basin. The spread of Bratislava-type dishes were evaluated as evi-
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Maran has also suggests a general relationship between the north Aegean and the Carpathian 
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with Classical – Baden.59 Following the reevaluation of presently available 14C-ages, we know 
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Fig. 6   SE-Europe at the turn from the 4th to the 3rd millenium BC. Sites of Late Baden and Kostolac cultures 
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Eva Alram-Stern 1

	����
��'�This paper deals with the cultural development of the Greek mainland and the Aegean from the Chalcolithic 
(Attica-Kephala Culture, Athens North Slope phase) to the beginning of the Early Bronze Age (Pelos Culture). This 
period is visible in the landscape by an augmentation of sites in areas neither favourable to agriculture nor settled in 
earlier periods. This augmentation is seen in connection with the adoption of a new agricultural system and as the result 
of a higher frequency of relocation of settlements. The few architectural remains so far excavated show a delimitation 
of settlement area by walls and ditches. House plans point to a high variability in house architecture. The Chalcolithic 
also sees the emergence of new burial customs including extramural cemeteries. Throughout the Aegean, the pottery of 
this period has a quite homogeneous character from a technological point of view. Already during the Attica-Kephala 
Culture crusted ware and scoop-shaped vessels are distributed over a wide area. During the Athens North Slope phase 
so-called Heavy Burnished Ware with its characteristic shapes becomes frequent throughout the Aegean. The highly 
prestigious eating or drinking bowls of type Bratislava appear from the Balkans to central Greece and so-called ‘cheese 
pots’ are widespread throughout the Aegean. Such distribution of special purpose vessels points to similar technological 
developments over a wider geographical area. Concerning metallurgy, lead isotope analysis of copper objects indicates 
a close relation between Aegean metallurgy and that of the Balkans but also a growing importance of northern Greek 
sources. Copper is exploited in the central Cyclades on Kythnos and Seriphos as well as in Laurion in Attica; silver 
Z
	����
�	����*�;��	����	���������;	
�����$��������������	�	Z��;�	�����	�	Z������	�
���;
	����<����	
the emergence of independent Early Bronze Age cultures in the Aegean. Ring pendants as known from the Balkans are 
produced and distributed as far as the southern Aegean. Axes and daggers are used from the beginning of the 4th mil-
lennium BC. Whereas axes lose ground in the central and southern Aegean, daggers soon become part of the attire and 
function as status symbol in warlike Early Bronze Age society.

(��$�� �'�Greece, Aegean, Chalcolithic, Early Bronze Age, settlement patterns, pottery, metallurgy

_�����	Z ����;�;�
 �� �	;	���	�������
�������	;�����;
����� �� �������	Z ����th mil-
lennium BC in central and southern Greece, as well as in the central and western Aegean. The 
time frame encompassing the 4th millennium includes the period that in Greek prehistory has 
been named the Final Neolithic.2 Due to the increasing evidence of metal tool production during 
this period, German scholars prefer the term Chalcolithic.3 Accordingly, the last centuries of the 
4th millennium are connected to the initial phase of Early Bronze Age I (Fig. 1).

��
����������������&���������
��
� ����������2�����

According to the work conducted by Colin Renfrew and David French in southern Greece this 
Chalcolithic or Final Neolithic period should be separated into two stages, the Attica-Kephala 
Culture and the Athens North Slope phase.4 Research carried out by Joseph Maran shows that, 
in Thessaly, the Attica-Kephala Culture should be chronologically equated with the so-called 
Rachmani period, and the Athens-North Slope phase synchronised with a development found 

1 Institute for Oriental and European Archaeology OREA; Austrian Academy of Sciences; Austria; email: eva.alram 
@oeaw.ac.at.

2 Renfrew 1972, 68–80.
3 Dousougli 1992; Maran 2000, 179–184.
4 French 1972, 17–18; Renfrew 1972, 68–80.
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in Petromagula, Thessaly. The latter contains pottery connecting it with the Pelos Culture in the 
Cyclades, which is usually interpreted as part of Early Bronze Age I.5"	@���
��	�����������
Cyclades,6��@�������������������	�9
�����������7 that the mainland Athens North Slope 
phase, representing the latest component of the Chalcolithic period should not be equated with 
the Cycladic Pelos Culture, although both probably overlapped chronologically. Therefore, the 
phases discussed in this paper will be referred to as an earlier and a later Chalcolithic phase; the 
latter transitions into the Early Bronze Age of Greece. 

These phases are traditionally characterised by pottery, the Attica-Kephala Culture by red ware 
with pattern burnishing, crusted ware and scoops which often have incised decoration.8 Contrary 
�	��
���
;�
�	��	Z��	�������
������	�
��;	���
<�	�������	��
���@�
��$%�
����������

Chalcolithic phase, the dark so-called Heavy Burnished Ware appears; one of its characteristic 
shapes is the rolled rim bowl.9 

Stratigraphic evidence for such a development is sparse, most likely due to settlement 
relocation. In southern Greece sequences are not evidenced from settlements but cave sites, such 
as the Franchthi Cave in the southern Argolid,10 the Skoteini Cave near Tharrounia on Euboea,11 
as well as the Zas Cave on Naxos.12 A similar phenomenon is present in Thessaly where the 
site of Pevkakia Magula only produced Rachmani strata13 while cultural layers chronologically 

5 Maran 1998, 135–139.
6 ^��������������7]��5��7����8���$�8$
7 Nowicki 2002, 53–54; Papadatos 2008, 260–262.
8 Alram-Stern 1996, 157–159; Alram-Stern 2007, 2–4; Nazou 2010, 8–9.
9 Vitelli 1999, 82–83, 98–99; Alram-Stern 2004, 154–155; Phelps 2004, 117–118.
10 Vitelli 1999, 15–21, 64–95.
11 Sampson 1993, 21–198.
12 ©���	��///�� 7�� �$
13 Weißhaar 1989.

Fig. 1   Chronological chart.
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succeeding the Rachmani phase were observed at the single-phase sites of Petromagula14 and 
Mikrothiva.15 However, this picture may change with the publication of the results from sites like 

14 Chatziangelakis 1984.
15 Adrymi-Sismani 2007.

��� �
���
� 0
�G���G B���	&���� �
���
�� �1
�� "��������

����
���
Pevkakia Magoula, lower 
Rachmani layer charcoal Pta 1405 3680 + 50 uncal Weißhaar 1989, 139

Pevkakia Magoula, middle 
Rachmani layer

charcoal, 
carbonized 
fruit

Pta 465 3560 + 65 uncal Weißhaar 1989, 139

Pevkakia Magoula, upper 
Rachmani layer

wood, 
bone Pta 436 3570 + 80 uncal Weißhaar 1989, 139

Pevkakia Magoula, upper 
Rachmani layer charcoal Pta 435 3820 + 70 uncal Weißhaar 1989, 139

Spilaio Limnon, Kastria III charcoal DEM-270 5446+29 4348–4239 Phakorellis – Maniatis 1997, 530

Spilaio Limnon, Kastria III charcoal DEM-271 5484+34 4446–4247 Phakorellis – Maniatis 1997, 530

Spilaio Limnon, Kastria III charcoal DEM-344 5438+45 4355–4160 Phakorellis – Maniatis 1997, 530

Spilaio Limnon, Kastria III charcoal DEM-550 5311+29 4234–4005 Phakorellis – Maniatis 1997, 530

Spilaio Limnon, Kastria III charcoal DEM-549 5395+27 4333–4151 Phakorellis – Maniatis 1997, 530

Spilaio Limnon, Kastria III charcoal DEM-394 5444+105 4466–4002 Phakorellis – Maniatis 1997, 530

Spilaio Limnon, Kastria III charcoal DEM-395 5657+32 4545–4400 Phakorellis – Maniatis 1997, 530

Alepotrypa Cave DEM D94-3 5540+30 4456–4338 Zouridakis – Papathanassopoulos 1995, 18

Alepotrypa Cave DEM D94-4  5465+30 4354–4248 Zouridakis – Papathanassopoulos 1995, 18 

Alepotrypa Cave DEM D94-9 5500+30 4440–4264 Zouridakis – Papathanassopoulos 1995, 18 

Agios Dimitrios Phase I charcoal HD-10020 5400+35 4338–4053 Zachos 1987, 305

Agios Dimitrios Phase I charcoal HD-10163 5330+75 4330–3990 Zachos 1987, 305

Franchthi Phase 5.1 charcoal P-1660 5261+64 4310–3970 Vitelli 1999, 138

Franchthi Phase 5.1 P-1659 5163+78 4230–3790 Vitelli 1999, 138

���
�
��

Mikrothives Dimokritos 3670-3380 Adrimi-Sismani 2007, 74

Halieis shell P-1397 5102+72 4040–3710
3909–3367 (korr.) Pullen 2000, 184

Kephala / Keos seeds P-1280 4826+56 3710–3380 Coleman 1977, 110

Tsoungiza charcoal AA-10827 4499+53 3326-3102 Pullen 2011, 51

Zas Cave IIb shell OxA-7470 4345+40 3100-2900 Manning 2008

Skoteini-Höhle, Tharrounia 3 charcoal DEM 93-104 4811+42 3675–3528 Sampson 1993, 285

�-�! Eutresis III–IV charcoal P-307 4442+64 3340–2920 Caskey – Caskey 1960, 164

Eutresis III–IV charcoal P-306 4446+75 3340–2920 Caskey – Caskey 1960, 164

Aghia Triada / Chalkis shell AAR-9668 4781+42 3080-2930 Heinemeier 2006

Alepotrypa Cave DEM D94-1 4180+30 2882–2620 Zouridakis – Papathanssopoulos 1995, 18

Alepotrypa Cave DEM D94-2 4280+30 2918–2787 Zouridakis – Papathanssopoulos 1995, 18

���! Zas Cave III wood OxA-7471 4425+40 3300-2900 Manning 2008

���!�
�
��

Amorgos bone OxA-4003 4390+65 3100-2910 Renfrew – Housley – Manning 2006, 73f.

Amorgos bone OxA-3297 4380+100 3110-2880 Renfrew – Housley – Manning 2006, 73f.

Amorgos bone OxA-4004 4160+65 2820-2660 Renfrew – Housley – Manning 2006, 73f.

Fig. 2   Radiocarbon dates of the Chalcolithic and Early Bronze I from the area of Greece.
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Palioskala in Thessaly,16 Spata in Attica17���*�
	����	����
	��18 which appear to have more 
than one settlement phase (Fig. 3). 

Concerning absolute chronology, 14C dates are sparse. There are a number of dates for the 
Rachmani and Attica-Kephala cultures while dates for the subsequent phase are extremely rare. 
Nevertheless, the radiocarbon dates indicate that the Attica-Kephala Culture may commence at 
around 4300 BC (Fig. 3).19 On the other hand, the beginning of the Athens-North Slope phase 
and its northern equivalent are quite insecure. However, they must have developed before the 
middle of the 4th millennium, perhaps as early as 3800 BC or a little later (Fig. 2). Settlements 
���� ����	����� ��� *�
	���� ;	�����< ���� �	 ��� 	���� 	Z ��� ����
 ;�
� 	Z ��� 9����	�������
unfortunately, these contexts are yet to be published. However, data from Zas Cave IIb and the 

16 Toufexis 2009.
17 Steinhauer 2001; Steinhauer 2009, 216–218.
18 Televantou 2008, 43–46.
19 9	������//�����$���� ��	���	��///���
��6*��
����0��]��0]/����$�$

Fig. 3   Important Chalcolithic settlement and cave sites. 
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���;	�
<;�9����
��	�;�
���<<	�������	�������
�����	

��;	��@������������6�	
��
Slope phase. Additionally, the 14C date of Zas Cave III which is attributed to the Pelos Culture 
clearly overlaps Zas Cave IIb. Therefore, it is likely that the Athens North Slope phase as well as 
the Pelos Culture are part of a longer cultural sequence commencing before 3500 BC, perhaps as 
��
�<��70��!9����	��������������/��!9$_������������	��@����14C date for the end of 
Cretan Final Neolithic and the start of EM I between 3360 and 3020 BC.20

������������3 ������������
��
� ����������2�����

Settlement evidence for the 4th millennium has always been described as meagre. However, 
according to our present knowledge I would argue to the contrary. If we look at the Peloponnese, 
a large number of sites are known. The same is true for the region of Attica.21 Most of the 
Peloponnesian sites are known from surveys, and their assignment to a phase is uncertain. 
However, from excavations we see that sites do not necessarily belong to the Attica-Kephala 
Culture, but many of them actually date to the later part of the Chalcolithic period. In any case, 
this frequency of sites is probably due to the relocation of settlements which is also observed at 
the excavated sites.22 Another interesting fact is the visibility of such often quite eroded sites in 
surveys. 

Based on the distribution of Chalcolithic sites it becomes clear that a large number of sites are 
known from regions not favourable to agriculture and not settled in earlier periods. Therefore, the 
southern Argolid survey team argues23 that such sites may be connected with a new agricultural 
system, which favours fruit requiring comparably little rainfall. This new system also included 
herding of sheep and goats. Although archaeozoological and archaeobotanical investigations to 
prove this assumption do not exist to date, an increase in wool production may be argued by 
the sudden increase of spindle whorls. This occurrence could also be due to other technological 
changes.24

Architectural remains are presently known from the entire Chalcolithic sequence. Since many 
������
�	��<;
�������
��<;���������������Z������	�����������	���
����;�
�	�$���������
we may argue that settlements were often surrounded by circular walls which are at least partly 
�	������
;
������Z	
�������	��$_��<�
���	@�Z	
�����
���
;�����������������;��_�����25 
perimeter walls probably dating to the later phase are found in Spata and Choumeza in Attica,26 
in Palioskala in Thessaly and at Strophilas on Andros. While the walls of Palioskala consist of an 
inner and outer perimeter,27���Z	
�������	�	Z*�
	;����������
����
�����<������	�$28 In any 
case, perimeter walls, as well as ditches are already known for Late Neolithic sites in Thessaly 
��������	����������9����	������Z	
�������	�������	����
�����	��	��������Z
	���������
onwards.29

Wells are known from the later part of the Chalcolithic period in the settlements of Spata and 
at Loutsa in Attica.30 They remind us of the fact that Chalcolithic wells have already been argued 

20 Tomkins 2007, 44.
21 Alram-Stern 2001; Alram-Stern 2003.
22 Johnson 1996; Cavanagh 1999, 54–56; Alram-Stern 2003.
23 Jameson et al. 1994, 347–352.
24 Vitelli 1999, 105–110.
25 Rozaki 1982.
26 Steinhauer 2001; Kakavogianni – Douni 2009, 384; Steinhauer 2009, 216–218. 
27 Toufexis 2009, 56–57.
28 Televantou 2008, 43–46.
29 Aslanis 1990; Aslanis 2010, 48–49.
30 Efstratiou et al. 2009, 221–223.
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for in Athens.31 Therefore, we can be sure that wells within settlements were common during the 
9����	������;�
�	�$*����Z	
�������	�����@�����
�����
;
�������	������@	
�����
����
��-
tic for a proto-urban society, these architectural features point to a start of such a development in 
the Aegean during the 4th millennium.

House remains were mainly found in Thessaly in Rachmani itself, in Pevkakia, Palioskala, 
Mikrothiva and Petromagula,32��*�
	����	����
	���@�����������������
������
�	;	�-
lou, Spata-Zagani33 and Choumeza. Thessaly and Attica remain the best investigated areas for this 
period (Fig. 3).34 The longhouse, with rectangular or apsidal plan, traditionally separated from 
other longhouses by alleys, is a characteristic house type of this period. For the Rachmani period, 
longhouses are known from Pevkakia35 and an apsidal house was documented at Rachmani.36 An 
apsidal house was also found in Strophilas on Andros.37 For the later Chalcolithic period, a house 
with an oval layout has been reported for Choumeza in Attica.38 Mikrothiva also exhibits long-
houses, one of them with three rooms.39 Free-standing, single-room houses have been discovered 
in the centre of Palioskala40 and at Lambrika/Koropi.41 Subterranean rooms cut into the earth are 
only reported from Attica at Merenta Markopoulou as well as from the health centre excavations 
at Koropi.42 

���������

The Chalcolithic period seems to be the starting point of peripheral cemeteries consisting of built 
tombs with individual burials in southern Greece and the Cyclades. The best known examples 
date to the Attica-Kephala Culture from Kephala on Kea43 and another, possibly synchronous 
cemetery in Tharrounia on Euboea.44 The later Chalcolithic phase seems to introduce similar 
cemeteries in Attica, present at Tsepi near Marathon,45 but also in the Peloponnese in Delpriza/
Kranidi46 and ancient Elis.47 Moreover, these tombs may already be synchronous with the earliest 
tombs of the Pelos phase (Fig. 4).48 

These tombs also trace the emergence of the tradition of incorporating certain grave goods, 
like pyxides and small jars. Furthermore, by this time the deposition of jewellery, as well as ob-
jects related to the processing and use of pigments, including palettes and pestles for grinding 
pigments appear.49 These objects suggest the beginning of body adornment during this period, a 
custom that seems to have been prevalent throughout the entire Aegean.

31 Sapouna-Sakellaraki 1985.
32 Chatziangelakis 1984, 76–78.
33 Steinhauer 2001; Kakavogianni – Douni 2009, 384; Steinhauer 2009, 216–218.
34 Aslanis 2010.
35 Weißhaar 1989, 11–12.
36 Wace – Thompson 1912, 37–40. 
37 Televantou 2008, 45–46.
38 Kakavogianni – Douni 2009, 384.
39 Adrymi-Sismani 2007, 73–74.
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settlement contexts or ritual depositions in settlement areas and in burial grounds,50 but they are 
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Chalcolithic contexts, although they appear again during Early Bronze I.51
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As aforementioned, the ceramic data indicate two distinguishable phases for the Chalcolithic. 
During the earlier phase, decorated pottery is characterised by crusted decoration mainly found 
on bowls. This trait occurs abundantly in Thessaly as well as southern Greece.52 Pattern burnish-

50 E.g. Kephala on Kea: Coleman 1977, 8–9; Kolonna on Aegina: Felten – Hiller 1996, 67. 
51 Przytula-Wojczyk 2010.
52 }$�$��������+���£���
�/5/��������
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Fig. 4   Cemeteries of the Attica-Kephala Culture, the Late Chalcolithic period and the Pelos Culture. 
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ing covering the entire vessel frequently appears in central and southern Greece and the Aegean,53 
but is uncommon in Thessaly. Typically, this decoration is mainly restricted to bowls that quite 
often display so-called elephant lugs. Pattern burnishing is also known from the eastern Aegean, 
but differs in style (Fig. 5).54 Scoops with perforated and incised basket handles�high-swung 
;�
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����@�����������������������������	
���	��
�
typical for this period and may have been used for ritual purposes. They are known from Thessaly 
to southern Greece and the Aegean islands. The shape of the scoop shows a longer development 
going back to the Late Neolithic period.55 

As has been mentioned above, on the Greek mainland as well as in the Aegean, the later Chal-
colithic period is characterised by the so-called Heavy Burnished Ware. Shapes of this phase from 

53 9	������/00�������©���	��/50�8//���$/���
��//7��78]� �����$�7 ���/�©���	����5��0$
54 ��
��6*��
��//8���0���5$
55 ������//���0��5��$�$*����	+��;��������	;	��	��//8��87��8����$��8���;����+9	������/00�8��50�

pls. 36.173; 36.102.

Fig. 5   Pattern burnished pottery of the Attica-Kephala Culture. 
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the Franchthi Cave include collared jars, carinated bowls and collared bowls which often have 
horizontal tubular lugs.56 One of the most characteristic shapes is the bowl with a rolled rim. It is 
abundant at most sites throughout Greece, e.g. at Lerna in the Argolid, Tharrounia on Euboea, in 
Petromagula in Thessaly, as well as in the Zas Cave on Naxos.57 Such bowls are also well-known 
from northwestern Anatolia in Kumtepe B58 and Poliochni Nero59 and considered characteristic of 
this horizon.60 Their wide distribution is also evidenced by their appearance on Crete. Within this 
�	������
	����
���	@����	������	�������@����;�����@��������
_	����������������
Final Neolithic IV.61 Rolled rim bowls continue to be used on the Cyclades during the EC Pelos 
phase, as well as throughout the Kampos phase, however, their use ceases with the Keros-Syros 
Culture (Fig. 6).62

Another widely distributed shape that expands into the eastern Balkans to Macedonia and to 
������	;	�������������#�
@���@��������~��������������	
���	�	�����	�<$63 This shape 
has clear connections to the horizon of Cernavoda III – Boleraz and should, therefore, help to 
synchronise our Late Chalcolithic period with the earliest Balkan Early Bronze Age.64

A shallow, rounded bottom bowl with an incised central motif, often of spiralled design, also 
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observe this feature has called it bowl of type Bratislava.65 It has a distribution pattern that extends 
from central Europe to northern Greece, Thessaly and Attica. The large number of pieces from 
Mikrothiva demonstrates that this shape was quite common in certain places and must have been 
part of an eating and drinking set which was used from the northern Balkans to central Greece.66 
Moreover, in Mikrothiva and Petromagula, this shape was used in addition to rolled rim bowls.67

A bowl on a high conical stand is another form to be mentioned. This shape does not seem to 
be common during the earlier part of the Chalcolithic period. The earliest examples were recov-
ered from a pit in the cemetery of Tsepi, from a pit in Kolonna/Egina as well as from a cemetery 
at Delpritza.68 As such, this shape seems to be highly connected with some sort of ritual, mainly 
taking place in cemeteries. Interestingly, good parallels for chalices of this period come from 
Poliochni Nero and point to certain relations to the eastern Aegean.69 Therefore, we see that shape 
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Aegean while eating and drinking vessels of the later Chalcolithic period show connections to the 
Balkans and to northwestern Anatolia.

Far reaching connections are also demonstrated by the presence of coarse wares. A very char-
acteristic shape of the Chalcolithic period is the so-called ‘cheese pot’. This name is used to 
describe vessels with a row of perforations under the rim. Most unique are low rim pans with a 
coarse outer side and burnished interior. The function of this shape is uncertain. In fact, these ves-

56 ��������///�5��57�/5�//$
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58 Gabriel 2000.
59 Manning 1995, 74–76.
60 Alram-Stern 2007, 5.
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64 Alram-Stern 2001.
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66 Adrymi-Sismani 2007, 76.
67 Chatziangelakis 1984, 81; Adrymi-Sismani 2007, 76.
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sels could have been used to process milk,70 but it is also possible that they were used for cooking. 
This idea is supported by the coarse clay, which is especially resistant to heat. The production of 
cheese pots may have taken place during the 5th millennium, but their widest distribution dates to 
the later Chalcolithic period.71 During this period, they were used in the Cyclades, on the Greek 
mainland, but also in the southeastern Aegean and in coastal settlements of Crete. Therefore, these 
forms document an intensive interaction sphere within the entire Aegean including its northern as 
well as its southern region, i.e. the Dodecanese and Crete (Fig. 7). 

70 Cavanagh 2007, 116.
71 5th millennium: Ftelia: Sampson 2002, 61–70; 4th����������+_��
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Fig. 6   Rolled rim bowls and their distribution during the Late Chalcolithic period (1–8: Athens, Kitsos Cave, Koropi 
Health Centre, Laurion, Leontari Cave/Hymettos, Merenda Markopoulou, Tsepi, Zagani) according to selected pub-
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Coarse fabrics are also used for storage vessels, which are produced in the entire Aegean in 
large quantities from the Late Neolithic period onwards.72 The production of large vessels can be 
viewed as a technical achievement. Furthermore, storage vessels may have been favoured over 
other storage facilities. In any case, the storage of food was of eminent importance to people liv-
ing in areas with unstable crop yields.
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further additions see this volume).
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ever, in this paper it is only possible to provide a brief outline of the most recent research results.73 
In Greece, it is during the Chalcolithic that we see evidence for the earliest local extraction and 
production of metal objects (Fig. 8).74

73 See the two latest conferences on metallurgy: Day – Doonan 2007; Tsachili 2008.
74 Zachos 2007.
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According to lead isotope analysis, objects from Sitagroi in Macedonia and an axe from Di-
mini probably were made of copper from the Black Sea area. Conversely, Aegean sources on the 
islands of Kythnos and Seriphos and in Laurion/Attica were probably exploited during the late 
5th and early 4th millennia. Analyses show that the copper axe from Sesklo and an axe from Ale-
potrypa Cave had lead isotopes similar to Laurion. In any case, copper was melted in Plakari, in 
Kephala/Kea and on Phtelia/Mykonos.75 Additionally, new research from northern Greece points 
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to the possibility that copper was produced from the ores on Thasos and the Chalcidice peninsu-
la.76

Recent evidence for mining and smelting of copper dating to the Late Chalcolithic comes from 
Attica. Copper slags from a salvage excavation were recovered in the area of the Health Centre 
of Koropi.77 The slags indicate that copper was mined in the area around Lavrio during this time. 
Furthermore, smelting in crucibles is also present at the same site.78
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dence from the time of the earlier Chalcolithic period onwards to the later Chalcolithic. In contrast 
to the Balkans, the use of daggers never ceased, but continued throughout the Early Bronze Age 
and became one of the status symbols of the Early Bronze Age Aegean.79 

Apart from copper, gold and silver were used for the production of objects such as jewellery. 
Gold is found in rivers of northern Greece80 but is absent in the entire Aegean. Therefore, gold 
was most likely imported to the Aegean and its presence should be associated with middle to far 
distance exchange systems. Moreover, these gold objects, gold sheets and so-called ring idols, 
which are now distributed in the Aegean, can be connected with the Balkans.81 Most gold objects 
from closed contexts were connected with Early Chalcolithic contexts,82 but gold straps were also 
found in a grave of the Late Chalcolithic cemetery of Tsepi at Marathon.83 

These ring pendants seem to be a symbolic marker, as can be seen by their representation on 
Thessalian and southern Greek pottery and in a rock carving in Strophilas on Andros.84 Ring pen-
dants were also produced from other materials, e.g. stone or silver.85 Most of these artifacts come 
from settlement contexts, but they are also found in caves. 

This brings us to the exploitation of Aegean silver sources during the Chalcolithic period in 
the area of Laurion and at Siphnos. The exploitation of Siphnos during the period of the Attica-
��;����9����
����	��
����<;	���
<��������������$86 In the meantime, research in the 
small galleries of Laurion has provided evidence for mining during this period.87 For the later 
part of the Chalcolithic period, the cupellation of silver is also acknowledged by the recovery of 
a bowl-shaped litharge at the site of Merenda Markopoulou.88 The presence of litharge is indica-
tive of cupellation in bowl-shaped hollows and is also observed in Late Chalcolithic contexts in 
����
�����������$*����������	�������������
��	�_���	�89 and Habuba Kabira in Syria.90 
Two silver ring pendants can be dated to the 5th millennium by their contexts;91������	���
����
were out of context. The ring pendant from Alepotrypa Cave, which was produced from Laurion 

76 Papadopoulos 2008, 66; Morris 2009/2010, 5–8.
77 Kakavogianni et al. 2008.
78 Amzallag 2009.
79 Zachos-Douzougli 1999, 966–967; Adrymi-Sismani 2007, 77; Zachos 2007, 173; Zachos 2010, 87. For the evi-
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silver, has unfortunately been published without context.92 However, Chalcolithic pottery from 
Alepotrypa Cave points to the later phase of the Chalcolithic period. A silver bead necklace was 
recovered from the same cave and compares with necklaces of later Early Bronze I from Louros 
on Naxos and Gournes on Crete. Such associations could, therefore, point to a later Chalcolithic 
date.93 Grave 12 of Tsepi also contained silver decorations, which can be dated to the Late Chal-
colithic.94

92 Maran 2000, 187; Papathanassopoulos 2011, 216, 163. 
93 Rambach 2000b, 217; Galanaki 2006, 229–232.
94 Pantelidou Gofa 2005, 91–97, 319.

Fig. 10   Extraction and objects of silver of the Chalcolithic period.
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idols. However, pottery indicates that an Aegean network, which connected raw material sources 
like silver and copper mines and obsidian outcrops with the mainland, was already established. 
Moreover, this network distributed prestige objects such as daggers and ring idols. Such a net-
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This social continuity is also seen in the continual use of daggers as weapons. It seems as if the 
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tance of the Aegean during the Early Bronze Age.
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(a) Final Neolithic IV Pottery
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(b) Early Minoan IA Pottery
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(a) Obsidian
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(b) Metals
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In contrast, just across the fault line, the period of the 4th millennium and earlier, has tended to be 
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theoretical, methodological, empirical issues that have been faced and some solutions that were 
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was achieved through detailed chronological work, which transformed the resolution at which 
actual continuity and change could be measured and compared, through intensive and extensive 
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Theoretical Considerations

A second factor complicating investigation of social complexity during the 4th millennium BC 
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Central to this work has been the concept of the household as a socioeconomic unit12 and its 
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to be a progressive isolation of the household as an independent social, economic, and political 
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These are, after all, concepts that we have developed to understand societies of the recent past 
and thus their relevance to the societies of the Aegean Neolithic, and the conditions in which they 
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ways in which these idealised concepts are actualised and articulated in the Neolithic data, we run 
the risk once more of imposing our own ideals and assumptions on the data and creating our own 
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the detail, that we can have any hope of giving full voice to the diversity and contingencies of 
the data,�/ and thus of glimpsing actual identities and of tracing how the social was stabilised and 
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of Neolithic social production? Thus, for example, in the case of ceramic characterisation it may 
be argued that traditional object-oriented, typology-led characterisation is not the most sensitive 
indicator of meaningful variation in Neolithic ceramics and, moreover, that a different, more in-
tegrated and more comprehensive practice-led approach can produce datasets better suited to the 
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Neolithic down to the end of the 5th millennium BC, its uppermost Neolithic levels were seen 
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Knossos, most known Neolithic sites elsewhere in Crete seemed to be of much shorter duration, 
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And so a decade ago it was already clear that there were sites of general 4th millennium BC 
date on Crete, however an absence of radiocarbon samples and uncertainty regarding relative 
phasing meant that there was no more precise means of dating them and thus no way of exploring 
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To a large extent, recent advances in Cretan FN chronology are the product of hard work stud-
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stratigraphies spanning the end of the Neolithic and the beginning of EBA�/ are by no means rare 
or lacking on Crete30 and, moreover, would have long been available had detailed characterisation 
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in the case of complex, multi-phase stratigraphies such as Knossos and Phaistos, the stratum, 
when deployed as the total depth of archaeological deposit assignable to a single ceramic phase, 
is too blunt an instrument to capture ceramic development accurately and reliably, primarily be-
cause it seeks to combine deposits with potentially very different depositional and compositional 
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An essential tool in the comparative investigation of complexity in different regions of the 
Aegean is chronological transparency, that is the development of a common understanding of 
chronological phasing that is shared between researchers working in different regions and with-
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we seem, if anything, to be moving further away from this ideal thanks to the current proliferation 
of alternative chronological schemes, fed by recent expansion in investigation into this period in 
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is the desire felt by many researchers that a chronological scheme should not simply be a system 
of reference to refer to blocks or periods of time, but should also convey a place or stage in a 
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between regions vary greatly, not just among researchers in the present-day, but also historically 
���������
�����������
�����������;���$_�������	Z�	���������	�������	;�����	������
with the potential for future empirically-driven shifts in understanding, means that the desire to 
impose developmental opinions on our chronological architecture is a highly subjective one that 
������
�������������	���$_����@���������
	�	�	��������������

����<������
	��������-
gean originate out of a merging of chronological and developmental functionality, and thus imply 
a developmental meaning, it is essential that we resist the desire to see them as denoting anything 
�	
� ����� 
���������
	�	�	�����	
��
���	Z ����$ '����� �� ��	��<�<����������� �����	Z
historical development, that we can ever have any hope of harmonizing our fragmented regional 
��
	�	�	�������	��������	��
�
�����������$

In the case of Crete a decade ago, chronological disharmony with other Aegean regions was 
���
���$����	��������
���������;������
���	�	�<Z	
����
�����������~�$�$���
�����
}�
�<� ������� ����� ����� ��	�������� �	�� 	Z ��� 9
���� ;����� @�
� 
��	���< �¢�������� ��
������	
��
���	�$_��������	Z���	
������������������	@��<���Z����������	��9
����
¡}�
�<��	��������	��
���������
�;�
�	�	Z����
���}���������;�
�	���@����¡������
��	��������	�������@���������������	Z��$'�	
��
�	��;
	����
	�	�	������
���;�
���<�
and thereby facilitate the comparison of ideas, models, and data between Crete and more general 
����	�
��	�����
�����	�����������
�����
���	�	�<@��
��;;�����	;���������	��	�����
�	�������	@�~�<��;	
�����;	
�����<�����������������
���	��
�	��������	�������
���
�¢��������	Z����
�
����	����
;�
��$33 The new chronology was also linked, where possible to 
�����
	�	�	�<���������������
���	��	Z_�
��<~�!����;�������
��	�	Z�����	

�����	�
	Z9
������
������_�
����
���	�����
	�	�	��������	@������$��$�	
����������	�������
����	
��;��������<����th millennium BC, this process had the added advantage of advertising 
�������;��	����<�����
	�	�	�����
��	����	����������������Z	
9
�������	��
����	����
���
���������@��
�;������@��������� ��<��
�	Z������

����<�	�@�������
��		�$^���
�-
������������
���	��	Z_�
��<����9
������'!���''���'''�����'�;������;;��
�	��
�
	���<����¢��������	Z����9����	�������]�~���$��$

33 _	��������0�$



Peter Tomkins352 

:�$�����
��:������

��
����?(������@

���������2���#5�

����
 ���:������
	�
���
��:������

	44��<G�1
�����

?�
���
�� ���@

Initial Neolithic
~*�
����¯�

Initial Neolithic
~Z
	��$80 �!9�

Aceramic/
Early Neolithic

�������'

�$0���]�$8 ��>8���

Early Neolithic
~*�
���'¯6�'''�

Early Neolithic
Franchthi FCP1

������	������
"�����
'¯]�'

�������
��
���<�7]��

�$8 ��>8���]�$8���

��������	������
~*�
����'']�'!�*�
������

��������	������
�
��������9��]7

Early Chalcolithic
"�����
�]'
������'�

��
���<��]0

�$8���]�$ 8��

������9����	������
������'''

}�;	
�	¯
------------------
}�;	
�	'¯

Tigani I

-------------------
}�;	
�	�'''
Kum Tepe IA

!�®����;�
��&�����>�	@�
!������

_�����'']'''

�$ 8��]�$ 7��

������	������'
~*�
����'!]��
*�
���������

������	������'
*�����	�']''

Franchthi FCP4

�$ 7��]�$�/��

������	������''
~*�
����'��

*�
�����"���

������	������''
*�����	�'']'''

Ftelia

�$�/��]�$� ��>����

Final Neolithic IA
~*�
����'''!�
*�
�����}�%�

Final Neolithic

Franchthi FCP5

-----------------

��;����~��
�<�

-----------------

Ayia Irini I
��;����~�����

�$� ��>����]�$����

Final Neolithic IB
~*�
����'''��
*�
���9�!�

����9����	�������
Beycesultan
¯�]¯¯¯�

�;�
	�����������&�'''!

�$����]�$7/��

Final Neolithic II
~*�
����''!�

����9����	�������
Beycesultan

¯¯¯'�]¯¯'¯

�$7/��]�$78��

Final Neolithic III
~*�
����''��

����9����	������7
Beycesultan

¯¯�'''6¯¯�
��
���<8�

�$78��]�$77��

�������	������'�
~*�
����'9�

��;�������
��~��	������
!��������

����9����	�������
Beycesultan
¯¯'�]¯¯
Kuruçay 3

Kum Tepe IB
}�;	
�	�''>�'

_�����'�

�$77��]�$7���

���$�_��
�����	����;���@���9
������
����������	����;����$



Tracing Complexity in ‘the Missing Millennium’ 353 

'�����Z<���'����������	�!�����+���������<�*�
����;��<���!����6*;	��

^��	����	�	Z������������
	�	�	�����������	�9
�������
�;
	�������	
�����
����
�-
solved perspective from which to evaluate Neolithic data collected over more than a century of 
�
����	�	����������������	�$!<���
�Z<������
���������
	�	�	�<	Z�������<	����	��	������
;
	���;	�������	������Z<����
����@;����
��������6����������������$34 But such work has 
also served to demonstrate that the current Neolithic data are seriously affected by issues of tapho-
�	������
����
������$!����<����	@����������Z���������	Z���������@�;����	�
������
in a better position to appreciate not only the data that we do have, and thus where we have been 
afforded precious windows on the past, but also the areas where we have serious gaps, and thus 
@��
�@������	�
�����
�Z���<�����
���Z���
�
����
��$

Beyond Knossos, the representation of phases in the new Cretan Neolithic chronology varies 
�	�����
���<$�	��;������	@��	������6�th����������~�$�$'�]��''������	����
������<
����
6
�;
�������	
������	��������	��	��@��������������;�
������
�<��'�����	���Z	
���
��
����#	
��<	Z��	@�¡��	������������$�
���	���<�������
���<���������;��������
��������
�
����������	Z����������	��������	��	�$"	@���
�;��
	�
�;�������<	Z}�]��;	���
<Z
	�
Knossos has demonstrated a consistent presence of imported pottery originating from different re-
��	��@�����9
��������<	��$35 If pottery was being produced at various locations beyond Knos-
sos, using distinct sets of raw materials and in distinct technological traditions, it seems reasonable 
�	;
������������� �	����	���	

��;	�� �	��������	���������$78 This strongly suggests that 
����������~������������<��Z�
������	@����������&	����@�����
����	�����¢������
���	
����Z-
�����������������	��
���������#	
����	
����Z���	
���������$_������������������<��������	
applies to the better represented late FN phases of settlement is suggested by the fact that the ma-
jority of known late FN sites are small, single-phase sites in locations of high archaeological vis-
������<������;�����	Z9
���~�$�$�����	����������
�������@��������	��Z�
�����	@�����	����	��

��������	��������
6
�;
�����������������������<�
�����
���
;�����	Z�����	������$70 

9	�;	������������	Z���������<�����;
	����	Z
����
������$������	����
����;��	��
discoveries have been well studied and published,75 most have received little or no further atten-
��	�$����	���¢�����	Z����������@�������	�	�
����<��	@���������	Z@���@�����Z	����
with a considerable amount of potentially valuable data, especially from caves, currently lan-
���������������������	
�6
		��$����	���	���¢�����	Z��
����;��	�������������	��������
that our sample of the places where Neolithic activity took place is heavily biased towards loca-
��	��@��
�!
	�&����	
����
�������<	���

��$_��������
������������<	��
6
�;
�������
Neolithic site type, as they do elsewhere in the Aegean,7/ while in the sample of open-sites the late 
FN is slightly better represented in part because it is the period when occupation at some Bronze 
���������
������������������	
�Z
�¢�����<
�����������������	����
�������!
	�&����

������$'��	��
�����	����	��
���	���;�����
������~��������	���������;������<������	@-
�������
�����
6
�;
��������	������	@����
��$

���� ������
�����'�����"������1����������
� ��
�&�
�������������������������

����	�@�������<��;�
������ ������������������
���Z������� ���	�������� �	;
	����
glimpses of patterns and development within ����	����;�
�	�$40 For the millennia prior to FN 

34 _	��������5�_	��������7$
35 _	�����]%�<�����_	���������$����$
78 _	��������5��0]77$
70 _	��������5�75�7/$
75 }$�$������������$�/5/�"���������$���0$
7/ _	��������/$
40 *��_	��������5�7 ]���_	��������7$



Peter Tomkins354 

the settlement data are consistent with the conclusion, drawn from detailed petrographic study of 
}�]��;	���
<Z��
���Z
	���	��	���������
�@��@����;
���	���;���	�	Z;
�����	@����
��
������
���	����	���������
������
�����@����
��
���	Z9
�����	�#�������	��	�$41 For the 
��
�<��~�$�$���� th����������!9������������������
�����Z
���
������<�;�
������;
	����
Z�
���
�������������
����	�$_���
���������	����;����
�	Z�������������������������������<
������	@�����	Z9
���	���
���
�����'']'''~�$7/��]77��!9�@����	���	@����
���	��
~�$�$'������	Z'�
�;��
������
��������
������
����������
����	�	��������������<	Z������-
�����@����	���
�~�$�$���"�
�����	�!�����
	�����	��	���	�	�$_���;����
��;;��
��	��
�������<����Z�������;
�Z�
����~���	��
���	����	�����
6�<�����	
�¡��Z���������	����	��
~�����	;���;;�
��	;���	��
�		����;
�����
������
������$

�����������
6�����������<	Z��
���
;�����	Z�����������������
���	����

����<
���
�������
extent to which this can be demonstrated to be a local evolution in site choice, there are neverthe-
�����	����������	����������
����	�$�	
����;������
	;	���������
�������	@�������������
�������
�~��']''��42���	�������
����<	����;���������	��
�����
<	Z���'�
	;	���	�^���
$
%�
�����''~�$7/��]78��!9�	���;���	������������
	;	�������������������������
	Z
�����
6�<�����	
�¡��Z���������	����	��~
����������6�	;�����������
���������<~�$�$������	��$
Although a direct causal link between the two phenomena cannot be demonstrated, the timing is at 
���������������	Z�@���
�	������Z���;
�Z�
����Z	
�����	����	�$_��
���	��Z	
�������
�����
����
�������Z���������<~�������
6���������<�
�����������
�����������;���������	��Z�
���
�����
������
��<���Z
����	����@��� �	�����������	���������$��<���
���	����� ���
������	����
�	���������������
������������
$���;	�������	��
����	
<Z���	
�	��������
�������������
����
�����<~�$�$�
����
�
����<�������
��������
����	���;
���;�����	���������;
����
������	���
;����	�;
	��������<��������	������������<������
������
����	�	�<$43"	@���
��	�����
���<
more research is required to produce a more resolved and local picture of climatic variation in Crete 
and to relate it convincingly to the timing of shifts in human behaviour, before the validity of this 
�<;	����������;�
������
�<@�<��@	����ZZ���	��<��
�����	@����
���	����������������$

%�
�����'�����	������������������	;��������������������
����<����
���;;��
����
	Z�������;
���	Z�����������	���������
������
���<�	
���
�����
���	��~�$�$*������;�����
	Z}���9
�����@����;
���	���<����	�����Z��	�
��Z	
��	����������������$44 Such regions 
�
���
�����
���������������<����@�<Z
	����~�����<�	@������
���	Z;
�����
������
��
land and because stands of cultivable land tend to be less extensive and more dispersed through the 
�������;�$*�	
�6��
���
������	�	������	�
���
����������������
����<�����ZZ�
���Z	
�������
��ZZ�
�����������
	���	�����9
����!
	�&�����������	
��;���$'�	
��
�	��;�	������
���	��
in the Neolithic a new, more distributed form of community needed to be developed, one where 
households and dwellings were distributed through the landscape rather than clustered together in 
��
�������������������$������	��
���	��	Z9
���@�
��������������@�<��
�����'�~�$�$
*������;���������	���
�~�$�$����
	���������	Z�	���6����
��9
������
������	�	������	���	��<
�;;�
���Z
	�}!'$'��	��
����	��	����������������������	@�����	Z9
����������@��
������
���������
����������������;;��
��	����������	�����
���<�	
�����������
����<$��'����
EB I sites in more marginal locations are typically occupied for no more than one or two ceramic 
;������@���������¢�����	�	�	
������Z�@�����
������	��$_��
�
�����������	���
�
about the nature of these episodes of marginal colonisation and about the factors pushing/pulling 
��
�����
	�;�	Z;�	;���@�<Z
	����9
�����	@���������
���������$"	@���
����������	Z��
'���
������	�	������	�������������������������	�����������������;�������	@������������
��
��������������<����;��<�������������
	��$45 

41 _	���������$����$
42 _	��������0��7 �78$
43 _	��������5�75�_	��������������7$
44 "����������5�_	��������5�75]���_	����������7/���$
45 _	����������7/]��$



Tracing Complexity in ‘the Missing Millennium’ 355 

���������
� ���
�&����7��
&��0��� ���&��������������������

}�
�<��9	����������+_������
��	�������������

In addition, to these dots on maps, there are a number of excavated sites, mainly of late FN date, 
@��
���	
���������@���	@	�;�	;�������
�������;
������������������$9���Z��	��
these is Knossos, which after more than a century of excavation and study represents one of the 
�	
��	�;
���������<���;�����	����������������������������$����������;	
�����Z	
	�

understanding of Neolithic Crete has been appreciated for more than a century,�8 over the last dec-
���	
�	�;;
������	�	Z�������
�	Z������������������������$�
���	���<��	��	��������	
be treated as unusual in almost every respect: it was widely believed that it grew rapidly in isola-
tion into a Neolithic ‘super-site’ which became the mother community for a very late colonisation 
of the rest of the island in the 4th����������!9$�0�	
�
������<��	@���
����������������
entirely rejected thanks to the recognition of the probable existence of other communities beyond 
��	��	�Z
	�����
�<�����0th millennium BC�5 and by detailed re-evaluation of the growth of 
��	��������	��	�$�/��
Z
	��
	@���¢�����<���	���
������	�
�;������<���Z6��Z�������	�-
munity early in the Neolithic, as previously supposed,50��	��	�
���������
<�����~�$Ñ�$ ����
and thus demographically unviable for the 1st����������	Z������������~�$�$�$0���]8���!9��
���	��<�����	;�����	���
���������~�$�$�]�$ ��������@�������������������<���Z6��Z������
���	�
�;������<���
�����~�$ 7��]� ��!9�$9	��
�
<�	;
���	������������@�����������
continual growth throughout FN,51 careful study of all available deposits, exploiting the resolution 
;
	������<�����@��']'���
	�	�	�<�����������������	;	�����
����������	��	��
	@
any larger, remaining instead within the size threshold observed for other large villages on Crete52 
�����	���

���	��	Z���������$53 

And so, rather than providing us with a window on a highly unusual form of Neolithic social 
complexity that has little comparative value, Knossos in fact appears to be typical of other large 
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the site of Strophilas on Andros, / but mainly on detailed, integrated characterisation of ceramic, 
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The placement of a body in a cave is a highly energetic and visible form of corporal disposal: to 
do so episodically over millennia at a communal ritual site advertises the status of an important 
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Something similar is suggested by a major spatial reorganisation at Knossos at the beginning 
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the western edge of the hilltop there is evidence from FN III for a second open area, characterised 
by the digging and re-digging of large pits with complex, episodic internal sequences of deposi-
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And so what might these late FN developments mean more generally for the evolution of so-
cial complexity? Elsewhere I have argued that the appearance of marginal colonisation and trad-
ing in Crete, together with new arenas for the performance of social difference, new cultures of 
acquisition, appropriation and accumulation and new forms of identity and inequality are all root-
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to have been more free to operate in isolation as fully separate and separable socioeconomic units 
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created the conditions in which what might be termed ���������$��������������<��	����$00 

	�#��$�� &������''@	��������	�����^��Z���������!
��������
�����Z	
���;������
������������	����
��
	�	�	�<$

"���������

!�

����//�
�$9$!�

�����
�������Z
	�����¢���<$���
����	�	�<	Z*	������Z���!
�������/��]����!9~��Z	
��//��$

!�����ZZ�/5�
�$!�����ZZ�*�
����
��������������	���<�������¢���<57��/5��77]75$

!	�
�����/00
�$!	�
������������	Z�_��	
<	Z�
������~9���
�����/00�$

!
�������/0�
�$!
�������_���	������	��	Z��������9
���$�*�
��<	Z9
��������}�
�<!
	�&����~�	��	��/0��$

!
		������//�
9$!
		������_����	���������<
����$*	��������������	��	���Z	
����!
	�&����$�	�
���	Z������

�����
�
����	�	�< ����//��7/]0 $

9������/ �
�$�$9������_���
���
��	����	��_	@���������^����@������/ ��7]�/$

9������/ 5
�$�$9������_���
�����	
<	Z}�
	;���*	����<~"�
�	���@	
���/ 5�$

Dobres 2000
�$6�$%	�
���_����	�	�<���*	���������<$�����������
�������
���@	
�Z	
�
����	�	�<~�	��	������$
 
}��	����///
�$}��	����������
����	�
�;����	Z�����	������~�	��	��///�$

08 ����9������/ �$
00 _	����������������$



Tracing Complexity in ‘the Missing Millennium’ 78�

}�����/��
�$�$}�����_����	��������������������	��	�������;�������������	
<	Z}�
�<�����������
��������/��>��
�5�]�58$

}�����/��
�$�$}�����_��������	Z���	�'~�	��	��/���$

}�����/85
�$%$}�������	��	���	�������;�
�''������
<����	������	���_��������	Z���!
�����*��		���������87��/85�
�80]�08$

}�����/0�
�$%$}�������	��������	��	�$_���
	@��	Z�������������
	��������	Z����
�����	
��*	����<70��/0��/ ]��0$

�	���������8
�$�	�����������������������������������������
<}�
	;���;
�����	
<�������������	Z��	��
������;������
���	�	�<��	�
���	Z*	�����
����	�	�<8������8� ]�0$

"¥��]�	��	���/58
^$"¥��]%$�	��	���}�
�<"��������
��������
�����
����&���	��*��������������

������
����	�	�<08~�	��-
����
��/58�$

"���������$���0
%$9$"�����]�$�		�]_$9�
��
]�$�$*�<��
�}�������	�����&	
�����7������;�
��$_���������	�����������
�
�;�����������}�
�<'
	����	���;���	��"��;�
��08����0�88 ]0�8$

"��������/5��
�$"��������9	����������;����	���������!
	�&�����
�������+'$"	���
]�$'����]�$"���	��~���$�������
�
	Z�������~9���
�����/5��7�0]77/$

"��������/5��
�$"���������
	�����
������ �	����
�����<$*	���� ��	
������ ��� 
���	Z ������	��������� ��+�$*��
����]
�$!����<~���$��}�	�	����
����	�	�<~��Z	
��/5����50]��7$

"��������// 
�$"���������
	����
����	�	�
����$_����	������Z	������	��	Z������!
	�&�����	����<���+^$��Z����

]�$6%$�������
~���$���	������$*	����<���*���������������!
	�&����'����������~������// ���]��$

"��������///
�$"��������������	�
� Z
	�"���_���	����	�� ����	�������
����� ��+�$"������� ~��$����	������*	����< ��
�
�����*��Z����*������	Z�������
����	�	�<�~*��Z�����///�00]/ $

"����������5
�$"��������!��@���� 
	��������
�;����$9	;���@�����
������	�	������	� �� �������
��	���������}�
�<
!
	�&����	Z9
������������������+'������	�]_	�����~���5��7�]�8�$

"������������
¦$"������������� Z���
� Z	
 ������	��;���� ��+¦$"�������� ~��$�����<
����^��������#�^��������� ¡���	���
�
����	�	�<~��Z	
�������]�5$

"��������]�	�������	���8
¦$"��������]�$�	�������	��
����	�	�<���}�
	;����	��
���<$�
	���������9	����������¡���	�����9
���
������0~��������8�$

'������	�]_	��������5
�$'������	�]�$_	�����~���$�� }���;���������<
����$_��9
������	��������9	�����~��Z	
����5�$

�	�������///
�$�	�����������������������$*	�����;����������������������
�����	���������+�$"�������~��$����	������
*	����<���
�����*��Z����*������	Z�������
����	�	�<�~*��Z�����///�88]80$

���	�
��� 
!$���	�
�^��������������*	����$��'��
	�����	��	���	
6���@	
�6_��	
<~��Z	
���� �$



Peter Tomkins78�

�����������
*$��������_�����	����9�
	�	�	�<	Z���������}�
�<!
	�&����$�
����	�	�<�"���	
<���^���	��
�	�~*��Z-
���������$

��;����	�]_	��������7
¦$��;����	�]�$_	������_
����������	���	����������
������
����	������������]��
�<}!'������$_�����@
Z
	���;�������
���}���9
�������
�����	�
���	Z�
����	�	�<��0�7����7$

^��Z
�@�/8�
9$^��Z
�@�9
���������9<��������Z	
�^�������������
�����9�
	�����5��/8����0]��$

^��Z
�@�/0�
9$^��Z
�@���@�	����
���	��������	
���
����	�	�<��	
���
����	�	�<���/0���//]���$

^��Z
�@�/0�
9$^��Z
�@�_��}��
�����	Z9���������	�$_��9<�����������������������_��
�����������!$9$*��������
�
�����	
<~�	��	��/0��$

^��Z
�@�/5/
9$^��Z
�@� '��
	�����	� �	 ��� �����	�+ ¡_�� �
������	� Z
	���	������ �	��
�<!
	�&���� �� ������������ ��+
¦$��������~��$���
����	���
<+�
	��������	Z���� th'���
����	���*<�;	������������������<�/]�7~�����
���>
��Z	
�>��@¦	
�>_	�<	�/5/�800]805$

*�������/0�
�$*�������*�	�����}�	�	����~�	��	��/0��$

Schoep 2010 
'$*��	�;�_�����	��¡������6_��;���
��	�����
��$��
����������������	Z����;������	�����
���	�	Z;	��������

�����	�������	�	���;	@�
��!
	�&����9
�����	�
���	Z������

������
����	�	�<�7��������/]���$

Schoop 2005 
�$6%$*��		;�Das anatolische Chalkolithikum$ Eine chronologische �ntersuchung zur vorbronzezeitlichen Kulturse-
quenz im nördlichen Zentralanatolien und den angrenzenden �ebieten��
��������������*�������~^emshalden 2005�$

Schoop 2011
�$6%$*��		;�*	����	�����	��	���������	�	��������	;������@����
�����	�����
������Z	�
��������
�
���������!9���+�$�$!�����]^$�	����"	ZZ]*$*�������]*$*����~���$���
����	�	�����^����
���������
�
9���
������	���~%����;���
������/]� $

_�������	����5
9$�$_�������	��*�
	����$���	����������������	����
	����+�$!
	���]�$%		��]�$�������]9$̂ ��Z
�@~���$��
"	
�&	�]ÔÕ·É×¸+�9	��	¢����	�����
�����	
<	Z���9<�������9���
������ th]�5th��
������~9���
����
���5��7] 7$

_�	����//�
�$_�	����^��������������	������~9���
�����//��$

Thomas 2000
�$_�	����'��
	�����	�$_��;	��
�����	Z;	��6;
	��������
����	�	�<���+�$_�	���~��$��'���
;
������
����	�	�<$
�^����
~��������
������]�5$

Todaro 2012
*$_	��
	�9
�Z�;
	�����	�����	����;
����������
�;�������������	�$_�������
	����	����
��¡����������+'$*��-
	�;]�$_	�����]�$%
������~���$��!����	���!��������$^����������*	��������	�������9	�;�����<	�9
���
��
������}�
�<���������!
	�&����~��Z	
�������/ ]�7 $

_	��
	]��_	��	���5
*$_	��
	]*$%�_	��	�_����	������������������������	�
��������$}�������Z	
��
��	�����������<	�������	Z
���!
	�&�������+'������	�]_	�����~���5��00]�/�$

Tomkins 2000
�$_	������_����	������;�
�	�� ��+%$"����<~��$�� 9
����������$!
�����}�;�	
�
��}������	
����"���	
����
~�	��	������08]5 $



Tracing Complexity in ‘the Missing Millennium’ 787

Tomkins 2004
�$_	������������������¡��	�����������
	����$*	������Z�����	�����
���Z	
����	��������������Z	
����!
	�&�
������+�$!�

���]�$"�������~���$��_��}��
�����	Z9�����&���	�^���������*��Z����*���������������
����	�-
	�<8~��Z	
������75]87$

_	��������0�
�$_	������9	��������<����	�;�����	�$_���	���� ��Z�	Z Z		�����	������
������
�������}�
�<��	������
��	��	��9
������+9$���]�$^���
�~���$��9		�����;�������$�		����9�����
<�
��������������	���������
!
	�&����������~��Z	
����0��0�]�//$

_	��������0�
�$_	������ ��	������$ *�
��� '¯]�'''��'']�'!��'�]�� '�� '''!� '''�� ''!� ''� ��� '9 �
	�;�� ��+ �$ �	�����-
��	~��$����	��	��	���
<"����		���	���������!
	�&����~���	����_��������	Z���!
�����*��		���������
*;�����*��������~�	��	����0�/]�5$

_	��������5
�$_	������_�����;���������
��������	�	Z���9
������	���������+'������	�]_	�����~���5���]�5$

_	��������/
�$_	������%	��������<�<��Z����$^������
����������	������������������	���������������Z	
��	�
���	Z�
-
����	�	�<�5����/��� ] 7$

Tomkins 2010
�$_	��������	��������������������+}$9����~��$��_����Z	
�"����		�	Z���!
	�&����������~��$7���]����
!9�~��Z	
������7�]�/$

Tomkins 2012
�$_	������!���������	
�&	�$^�����������������������Z�����	�	Z���¡��
�������������	��	����+'$*��	�;]
�$_	�����]�$%
������~���$�� !����	���!��������$^����������*	��������	�������9	�;�����<	�9
�����
���
���}�
�<���������!
	�&�����~��Z	
������7�]5�$

Tomkins 2013
�$_	�������������;��	Z
������ �������<������	
<$^��	�����
�����	���������}�
�<!
	�&��������6�����
9
�����
�������+"$�	<��~��$��*��
��%�
�����$���	�����
�;������	����^��������	Z9����~9	�	
��	���7�
 /]0/$

Tomkins, submitted a 
�$_	������*�<��	��
���������$^��	����
���������
����
�����	�	Z��������	������;	���
<Z	
��	
��<����
�-
����
����	�	�<���+�$�$%�<~��$������<������;;
	������	�
�����	
��9�
�����$_����	�	�������}������������
������~��Z	
�������������$

Tomkins, submitted b
�$_	������'��;���������Z	������	��$_��}�
�<���	��;
	#�����
����@���+�$^�����]¦$��;����	�~���$���
	�
����	������	���	��������<	Z���	��*	����<$�*��Z����^	���_������"	�	�
	Z�
	Z���	
�����!
������
~��Z	
�������������$

_	�����]%�<����
�$_	�����]�$�$%�<��
	�����	������������	Z�����
�������
����������������������$����@Z
	���	��	��
����¢���<0 ������� /]�8�$

_	�����]*��	�;����
�$_	�����]'$*��	�;�_��}�
�<!
	�&����+9
������+}$9����~��$��_����Z	
�"����		�	Z���!
	�&����
������~��$7���]����!9�~��Z	
������88]5�$

_	���������$����
�$_	�����]�$�$%�<]�$�����	��	����	��	�������}�
�<��	�������������;�	Z���"�
�����	�!�������+�$9�-
�	���]}$"��&���]�$���������~���$����	��	�$�������9��<�*����~����������� �] /$

��������]!�����/05
�$��������]�$!�����9��
����
����;
	�����	Z���������	��������9
���� *�������������}��	6����	�����/�
�/05��� ]87$



Peter Tomkins78�

������������$�/5/
�$��������]�$9�
���	;	��	�]'$_&�������*����������������	���������+'$_&������]�$*���	��~���$��*�����
��
	�	�
	���<�	�����^����
����
��	6'���������9
���������������~^	���/5/�/]/0$

��

���/0 
�$��

���_��������9�����&���	��~��@¦	
��/0 �$

�������@�/57
_$�������@�_���������������	�
�	��	
��$�<
�	������;����	Z}�
�<���	���	����	
����&���	����+�$�
&<�&-
�	@���]�$���	�~���$�����	��*	����<$�
	��������	Z���9���
����9	��	¢�����/5�~!
���	��/57�7�7]7� $

�������@����
_$�������@�_���
��������	�	Z���	��9
���$*���������;�
�;�������	����	�������Z	
����	����+'$*��	�;]
�$_	�����]�$%
������~���$��!����	���!��������$^����������*	��������	�������9	�;�����<	�9
�����
���
���}�
�<���������!
	�&����~��Z	
���������]�08$

����	����5
%$}$����	��}�
�<;
�;�������9
������+9$�$*�����
����~��$��_��9���
����9	�;���	��	���������!
	�&�
Age ~��@¦	
����5�00]���$



Agricultural Patterns in the Aegean in the 4th Millennium BC – An Explanatory Model 365 

��3�������;���������
� ���������&��



Simone Riehl – Konstantin Pustovoytov – Hussein Othmanli366 



Agricultural Patterns in the Aegean in the 4th Millennium BC – An Explanatory Model 367 

	&�������
���
�������������	�&�
��������
��� ������������9�	���<4�
�
������� ��

Simone Riehl, 1 Konstantin Pustovoytov, 2 Hussein Othmanli 2

	����
��' Palaeoclimate proxies indicate orbitally induced changes in insolation for the sequence of the mid to the end 
of the 4th millennium BC. These changes led to polar cooling and advancing glaciers, and have been correlated with 
Bond event no. 4 or the 5200 BP event, which is considered responsible by some for droughts in wider Mesopotamia, 
Arabia and Africa. Palynological data from eastern Mediterranean sea-sediment cores suggest relatively arid conditions 
throughout the whole 4th millennium BC. At other locations like Lake Acigöl in Turkey the second half of this period 
has been reconstructed as increasingly arid climate. In the Trojan bay a descending sea level for the end of this period 
has been determined. A settlement hiatus at the archaeological site of Kumtepe (Troad) until roughly 3500 BC supports 
the argument of unfavourable living conditions. From c. 3300 BC onwards, human impact becomes clearly visible in 
the charcoal record of the Troad, supporting alternating impact of climate and humans. As a general characteristic of 
palaeoclimate proxies they often cannot tell in detail how climate change affected ancient societies. Resilience and 
adaptation, two important aspects in human societies, often cannot be satisfactorily linked with observations of climatic 
and reconstructed environmental change, because the intermediate agents, such as subsistence behaviour and economy 
�
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combined archaeobotanical and stable carbon isotope record as an indication of ancient growing conditions and soil 
moisture availability for crop plants as the agricultural basis of ancient societies.

(��$�� �'�Mediterranean, climate change, mid-Holocene, archaeobotany, stable carbon isotopes, agricultural model-
ling

Established agricultural systems of the Final Neolithic or Chalcolithic period are generally con-
sidered advanced in terms of technology and the organisation of labour. Disruptive factors in 
these systems mainly derive from climate and environmental change and/or are closely related 
to socio-economic developments and/or societal constraints. There are surely more factors, but 
�¢����<��;	
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����
multiple effects are interwoven and nearly impossible to be disentangled; therefore transforma-
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As archaeologists, we may be able to determine single effects through investigating the 
material record. At the best we may be aware of certain human actions, but interpretations of the 
original factors may be relatively biased. This depends on which step in the chain of effects and 
����	����
�������������
����	�	�����
��	
�$

With this contribution, we aim to improve the understanding of late Neolithic/Chalcolithic 
agricultural patterns in the Aegean region by considering potentially disruptive factors in agri-
cultural systems (Fig. 1). A short review of the climatic and environmental data available for the 
4th millennium BC is followed by a discussion on the archaeobotanical evidence and the regional 
agricultural potential as indicated by agronomic models. 

1 Universität Tübingen, Institut für Naturwissenschaftliche Archäologie und Senckenberg Zentrum für Menschliche 
Evolution und Paläoumwelt, email: simone.riehl@uni-tuebingen.de.

2 Universität Hohenheim, Institut für Bodenkunde und Standortslehre, email: knpustov@uni-hohenheim.de;  
husseinothmanli@hotmail.com.

3 Riehl 2009.
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Orbital and solar forcing and the ocean circulation linked to it represent the main parameters of 
climate change. Evidence suggests moister conditions for the Mediterranean region during the 
�
�����Z	Z���"	�	�����4 which has also been used as an argument to explain high lake levels in 
the area.5 A drying trend followed from the mid-Holocene (around 6000 calBP) on.6

The reasons for this development are portended in a marine pollen record from the northern 
Aegean Sea indicating changes in the coupling to different climate systems throughout the Holo-
cene in this geographic region. The terrestrial climate dynamics in the northern Aegean Sea were 
��
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However, after 7000 calBP the winter temperatures correlate with the GISP2 ice core.7 From the 
mid-Holocene on, the intensity of the Siberian High exerted strong control on winter climate in 
the Aegean region.8 Subsequent research has restated this argument in relation to a multi-cen-
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4 Bar-Matthews et al. 1997; Davis et al. 2003.
5 "�

��	�]%���
Z�����//7$
6 Roberts et al. 2008.
7 Rohling et al. 2002.
8 Kotthoff et al. 2008, 843.
9 Marino et al. 2009.
10 Geraga et al. 2010.

Fig. 1   Map of archaeological sites (black dots) and climate stations (white dots) discussed in the text; Climate sta-
tions: 1. Naxos; 2. Larissa; 3. Thessaloniki; 4. Çanakkale; 5. Isparta; 6. Paphos (illustration: S. Riehl).
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Heavy stable oxygen isotopes are enriched at around 5000 and 3000 calBP and, in combination 
with the micropalaeontological record, support lower sea surface temperatures in the Mediterra-
nean.11 Temporal reductions in deciduous tree pollen suggest lower terrestrial temperatures and/
or stronger aridity.

Non-cyclic events have only been discussed randomly, including evidence for tsunami impact 
on southwestern Crete at 5660 BP.12 In contrast, cyclical events, mostly cited in relation to work 
by Bond et al.,13 have been analysed more intensively. The 5200 calBP episode was documented 
in the Greenland ice core records, and Geraga14 interprets its visibility in the Mediterranean pal-
��	������� ;
	�< 
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Mediterranean climatic response to the high-latitude climate system variation. At the same time, 
east African records document increased aridity around 5200 calBP, which has been associated 
with a weakening of the monsoonal system through variability in solar activity, changing global 
circulation patterns, and a teleconnection between high and low latitudes,15 which underlines the 
geographic and temporal dispartment of climate effects in the eastern Mediterranean region.

Cold and dry climatic phases are indicated in the benthic foraminiferae records of the Aegean 
Sea around 5400 and 4300 calBP.16 Warm and humid climatic conditions have been interpreted 
for the southeastern Aegean Sea between 5200 and 4200 calBP.17

For the Near Eastern region, some geographers link local palaeoclimate proxies at around 
5200 calBP to the collapse of the Late Uruk colonies.18 They refer to interpretations of reduced 
precipitation leading to unsustainable agricultural production.19 However, the extent of possible 
reduction in precipitation is not known for the Aegean region.

Climate modelling has been applied to the Mediterranean region. Brayshaw et al. model slight 
precipitation and circulation changes. While in northwestern Greece and coastal western Anatolia 
there is a slight positive modelled change around 6000 calBP, there are slightly negative modelled 
changes in Thessaly, central eastern Greece and eastern Anatolia.20 Compared to modern pre-
cipitation, no change has been modelled for central Anatolia. The model shows a likely scenario 
for 6000 BP, but what seems even more important is the visualisation of the regional variation 
in climate effects we need to be aware of while generalising the Aegean cultural region and its 
agricultural economy.

Recent evidence for distinct regional differences in climate effects derives from multiple 
sources. Ehrmann et al.21 linked the cycles they found in their sediment cores from the northern 
and southern Aegean Sea to changes of winter/spring intensity of the Siberian High (GISP2 K+ 
record) and to worldwide Holocene glacial advances. They concluded that substantial differences 
in sediment grain size between the northern and southern Aegean Sea were caused by different 
processes and climate regimes controlling sedimentation in the two regions. In the sediment cores 
����<������	
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and are likely linked to climate variations in the northern and southern Mediterranean border-
lands.22 This is also supported by additional coring results from the Levantine Sea. The similarity 
	ZÈ18O values from benthic foraminifers of the southern Aegean Sea and Levantine Basin sug-

11 Geraga et al. 2010, 114.
12 *���ZZ�
�]*���ZZ�
����0$
13 Bond et al. 1997; Bond et al. 2001.
14 Geraga et al. 2010, 114.
15 �����]������8$
16 Kuhnt et al. 2007.
17 Triantaphyllou et al. 2009.
18 }$�$*����@����
]��������8$
19 Weiss 2003.
20 Brayshaw et al. 2011.
21 Ehrmann et al. 2007.
22 Ehrmann et al. 2007, 51.



Simone Riehl – Konstantin Pustovoytov – Hussein Othmanli370 

����������������	Z��	�	;�����<������������;@���
��������
�������������������"	�	-
����$*������<�����
È18O values are observed in the northern Aegean Sea, which probably shows 
lower temperatures of North Aegean deep waters.23

Sea level changes, indicative of major environmental change, have been investigated in a 
number of regions in the Aegean. In northwestern Greece, the highest rates of local sea level rise 
during the Holocene were found until 5500/5000 calBC (up to 12.3m/ka) and the lowest during 
����] �����!9~�$�]�$��>����24 which correlates with the observed sea level decrease in the 
_
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Palynological data is available from a number of sites in Greece and southern Turkey which, 
according to a recent study, show a shift in inferred plant functional types from temperate mixed 
forest to xerophytic woodland scrub between 6000 calBP to present.26 However, a closer look at 
the vegetation units for 6000 calBP provided on the NOAA server reveals distinct regional dif-
ferences. According to these records the coastal parts of the area in particular were covered with 
xerophytic woodland shrub while the higher elevations and interior regions to the north of Greece 
comprised of cool-mixed forest and the inland region of western Turkey encompassing warm to 
cool steppes.27

Evidence from the northern Aegean indicates high amounts of deciduous tree pollen between 
6000 and 4300 BP.28 Palynological research at Lake Philippi and Lake Kopais was discussed in 
the 1970s to indicate distinct vegetation differences between northern and southern Greece.29 
The northern pattern constitutes a thick oak forest that had developed by c. 7000 BC without 
much pioneer scrub. It persisted without discernible change throughout the Neolithic and the 
Early Bronze Age. In western Greece, Lake Voulkaria shows a pattern similar to northern Lake 
Philippi.30��������	�;����
���	Z�	���� ���		� ���	
��@����
����	;	���������	���� �	��
these patterns.31 This is in contrast to evidence from the south that shows that the forest was prob-
ably substantially reduced with largely treeless plains by the Bronze Age, and perhaps earlier.32 
These data conform to more recent results from the Peloponnese33. Greig interprets this pattern as 
largely anthropogenic due to a higher population pressure in the south although he also considers 
climatic difference as a factor, arguing that the moister north enabled faster regeneration of tree 
cover than possible in the south.34 Supportive evidence comes from olive cultivation which was 
earlier and more extended in the south than in the north.

Simultaneously, ecological differences in relation to elevation have to be considered, as has 
been suggested for two sites in northwest Greece near Ioannina.35 Gramousti Lake and Rezina 
marsh are only 20km apart, with the former at an elevation of 285m and the latter at 1800m. In 
the mountainous, more humid region, dense deciduous woodland was predominant while open 
woodland occurred in the valley. Around 4000 calBP, depletion of vegetation through anthropo-
genic disturbance is visible in the pollen diagrams from both sites, leading to a relatively uniform 
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23 Kuhnt et al. 2008, 111.
24 Vött 2007.
25 Kayan 1992.
26 Roberts et al. 2011.
27 Cheddadi 1997.
28 Kotthoff et al. 2008.
29 �
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30 Jahns 2005.
31 Lazarova et al. 2012.
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33 Jahns 1993.
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35 Willis 1992.
36 Willis 1992.



Agricultural Patterns in the Aegean in the 4th Millennium BC – An Explanatory Model 371 

is a reduction in tree species, and a re-expansion of woodland after 5000 calBP, which agrees with 
the cold and arid phases indicated by benthic foraminifera (Fig. 2).

Whether anthropogenic or not, regional differences in vegetation composition were probably 
linked to the ancient economy in terms of landscape potential and agricultural development.

Greig’s interpretation also discusses what was later described as the problem to differentiate 
between natural and human impact from the mid-Holocene onwards,37 and subsequently labelled 
the ‘mid-Holocene Mediterranean mélange’.38*;������ZZ����	Z�������;���	��������
	�-
ment are to be expected, depending on the settlement density and human economy in the different 
geographic regions throughout the different periods, as well as on a number of natural response 
mechanisms, all contributing to a highly complex mosaic of local environments and a high degree 
of variation in living conditions in the past, almost resistant to any generalisation.

The main goal of this contribution is to consider agricultural patterns against the backdrop of 
the assumed trend of increasingly arid conditions toward the end of the 4th millennium BC, and 
the regional differences in climate effects and environmental conditions.

�
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To achieve the goal stated above, we consider the archaeobotanical evidence from Late Neolithic 
and Chalcolithic sites in the area, including the stable carbon isotope evidence from Kumtepe and 
Troy. An agronomic model is used to evaluate potential long-term yields at different locations of 
the area under investigation.

Archaeobotanical Data

Archaeobotanical research on Late Neolithic/Chalcolithic sites of the Aegean has been published 
since the 1960s. The regional coverage, however, is very uneven, with most of the sites located in 
Greece and only few in western Anatolia (Tab. 1). 
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parison because they determine the representativeness of each plant assemblage for the site from 

37 Wilkinson 1999.
38 Roberts et al. 2011.

Fig. 2   Climate effects and vegetation development in the Aegean region with focus on the mid-Holocene 
(illustration: S. Riehl).
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density, which usually equals the number of records and number of taxa that provide information 
on the diversity of the assemblage. High diversity is usually provided by contexts with long-term 
accumulation of plant remains, while low diversity frequently results from storage contexts.39 
Applying the rigid standards of a requirement of 30 samples per phase40 would have reduced the 
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�Z	
��@�
used all sites from which more than nine samples were analysed. We excluded sites with very 
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documented for the original report, limiting comparability. Despite moderate application of ar-
chaeobotanical standards, 21 possible data sets were reduced to 10.

In addition to the basic quantitative analysis of the crop assemblages, we applied correspond-
ence analysis to the wild plant taxa to elaborate on possible environmental and/or economic pat-
terns. Correspondence analysis is widely used in archaeobotany and has been applied to a large 
number of different research questions.41

Site Period
No. of 
samples

No. of re-
cords

< 9 samples, 
< 500 records
< 20 taxa

Dikili Tash Chalcolithic 224 52375
Franchthi Cave Chalcolithic 81 3553
Kissonerga Chalcolithic 150 0 X
Kumtepe Chalcolithic 28 12856
Kuruçay Höyük Chalcolithic 47 154445
Lemba-Lakkous Chalcolithic 17 1022
Mylouthkia Chalcolithic 9 8856
Pefkakia-Magoula Chalcolithic 2 0 X
Pyrasos Chalcolithic 1 585 X
Servia Chalcolithic 10 9097
Sesklo Chalcolithic 2 0 X
Saliagos Chalcolithic 1 2 X
Argissa-Magoula Early Bronze Age 4 0 X
Demircihüyük Early Bronze Age 6 7364 X
Kastanas Early Bronze Age 40 16782
Pefkakia-Magoula Early Bronze Age 3 0 X
Platia Magoula Zarkou Early Bronze Age 4 1519 X
Sotira Kaminoudhia Early Bronze Age 53 187 X
Troia II Early Bronze Age 9 2220
Troia I Early Bronze Age 15 3162
Yenibademli Höyük Early Bronze Age 15 4,448E+09 X

Tab. 1    Late Neolithic/Chalcolithic and Early Bronze Age sites with archaeobotanical research publications; Zero in the 
column ‘no. of records’ marks assemblage with presence/absence of records instead of absolute counts; Shaded sites 
have been used in the analysis, and ‘X’ designates those samples that had to be excluded from comparison, because 
���<����	�Z�����
����	�	�������������
��$¦�����������"�<���	���������
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39 Riehl 1999.
40 ���	���]�
��&�///$
41 E.g. Jones 1991; Colledge 1998; Bogaard 2004. 
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Stable carbon isotope analysis on ancient plant remains provides an independent tool for as-
sessing the potential impact of reduced soil moisture in relation to changing agricultural patterns. 
The method derives from plant physiology and was developed to explore processes during photo-
�<�����������������@���
����Z������<��97;�����$42 The heavy 13C becomes enriched with the 
closing of the stomata in the plant during phases of reduced water availability.

In archaeological contexts, the method has been applied at a number of Near Eastern sites 
that are well-suited for this kind of study due to the semi-arid to arid conditions.43 In areas where 
water availability is not the main stress factor for plants, the principle would not apply. Currently, 
primary research on stable carbon isotope ratios in cereals under Mediterranean conditions are 
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signal is not a characteristic stress signal of such environments.44 

We conducted stable isotope analysis on 44 barley grains from Kumtepe and Troy dating to 
the Late Neolithic/Chalcolithic period and the Early Bronze Age. Measurements were conducted 
with a Finnigan MAT252 for stable isotope HCNOS analyses at the Central Laboratory of Geo-
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���È13C values within the whole settlement 
sequence of Troy for understanding the chronological development, and compare the values to 
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The Agronomic Model
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locations and enable the farmer to choose the optimal strategy in crop production. They also help 
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physiological equations and empirical data.45 An array of agronomic models has been proposed 
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plant46 while others can be applied to a number of different crops.47

For this study, we used EPIC (Environmental Policy Integrated Climate), an agro-ecological 
model that enables the simulation of crop plant growth as a function of environmental factors and 
agricultural management.48 Originally, EPIC was developed to calculate the impact of erosion on 
yields for different periods of time,49 but it turned out that its principles can be effectively applied 
to a broader spectrum of assignments.50 Test studies in different parts of the world demonstrated 
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������<����������/ «�	������������$51 EPIC operates with a daily time step and involves 
a series of sub-models:52 climate and weather, hydrology, erosion, nutrients turnover, soil tem-
perature, tillage, plant growth, crop plant management and economics. One of the advantages of 
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evapotranspiration.53 With these features, EPIC provides the possibility to simulate yields over 
relatively long periods of time, centuries or even millennia.54 

42 Farquhar et al. 1989.
43 Araus et al. 1998; Ferrio et al. 2005; Fiorentino et al. 2008; Riehl et al. 2008; Flohr et al. 2011.
44 Marinova et al. 2012; Riehl et al., in print.
45 Haan 2002.
46 ^������]����
�/5 ��	�������$�/58$
47 �������������$�/5��*��
;��<]���������//�$
48 Williams 1990.
49 Williams et al. 1983.
50 Williams et al. 1989.
51 !�
��
�	�����$������������$���5������
���������$���/�*
��������]�����
����$
52 Williams et al. 1984.
53 Gassman et al. 2005.
54 Williams 1995.
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For the EPIC application, we created a data set for locations near the archaeological settle-
ments considered in this study in Access format. These include climate stations at Çanakkale, 
Isparta, Thessaloniki, Paphos, Naxos and Larissa (http://www.tutiempo.net/en/Climate). For each 
climate station, two sets of monthly weather parameters were chosen from the past 30 years of 
continuous meteorological records: the year with minimum sum precipitation and that with maxi-
mum sum precipitation. Thereafter these are referred to as a ‘bad year’ (BY) and ‘good year’ (GY) 
respectively. Soil properties were taken from the harmonised world soil database,55 and from local 
sources.56 The simulations were run for two crops, barley and lentil yields for the duration of 100 
and seven years and differing starting precipitation values. 

"������

Archaeobotanical Patterns

A combined analysis of charcoal and seed remains from Kumtepe and Troy was conducted to 
answer the question regarding the role of human impact on the mid-Holocene vegetation develop-
ment in the Troad.57

While the site of Kumtepe was not inhabited between 4600 and 3500 calBC and Troy did not 
yet exist, the dominant species around 3500 calBC belonged to a mixed woodland-type domi-
nated by oak and pine, probably resembling a vegetation type similar to that attested for northern 
Greece. Human impact became strongly prominent at around 3300 calBC with an increase in 
sclerophyllous species in Kumtepe B2. These results correlate with palynological results from 
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documented for the Trojan Bay at the end of Kumtepe B58~������	���$��$�
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55 Batjes 1995.
56 ©��������$�/58�!	<���]���
�����8�!�������5$
57 ^����]��
��	�����5$
58 Kayan 1992.

Fig. 3   Crop proportions of the Kumtepe B sequence. Note the higher proportions of pulse crops in  
Kumtepe B2 and the increase of hulled wheat in Kumtepe B3 (illustration: S. Riehl).  
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the 4th millennium BC.

A distinct pattern becomes obvious when considering crop data of the Kumtepe B sequence. 
The whole assemblage is dominated by cereals and pulses while lentil is particularly well repre-

Fig. 4   Crop proportions at Late Neolithic/Chalcolithic and Early Bronze Age sites in the Aegean. The sites appear 
in relative chronological order with Servia, Dikili Tash and Franchthi Cave starting circa 4500 BC, Mylouthkia and 
Kuruçay Höyük dating at around 3700 BC, and Lemba-Lakkous and Kumtepe B with the earliest dates at 3500 BC. 

Troy and Kastanas are Early Bronze Age settlements (illustration: S. Riehl).

Fig. 5   Correspondence plot of the wild plant assemblages of the ten sites listed in Tab. 1,  
showing clusters of geographic units (illustration: S. Riehl).
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sented in Kumtepe B2, and hulled cereals increase in Kumtepe B3 and remain in this dominant 
composition during the Early Bronze Age as recognised at Troy and Kastanas (Figs. 3, 4).
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in the material and methods section, reveals the same pattern as in the Kumtepe  B2 assemblage 
(Figs. 3, 4). Pulse crops are present in high percentages in most of the Chalcolithic sites while hulled 
cereals such as emmer, einkorn and barley have higher proportions in the two Early Bronze Age 
sites, but also at Kumtepe B3. The chronological correlation of this development with the proposed 
palaeoclimate change outlined above raises the question of whether climate change may have been 
involved in this shift from major components of pulse crops to a cereal-dominated economy.

Correspondence analysis of the wild plant assemblages from these sites displays a geographic 
pattern rather than a chronological one (Fig. 5). Although the geographic clustering into settlements 
of the Greek Aegean coast, Kurucay Höyük, and the sites of the Troad indicates environmental 
diversity of the geographic areas, an environmental change throughout time that would require 
a clustering of the Late Neolithic/Chalcolithic sites separated from the Early Bronze Age sites is 
hardly visible which may be alternatively related to the reduced number of Early Bronze Age sites.

Stable Carbon Isotope Data

Stable carbon isotope data on cereal remains may be more informative in relation to increased 
aridity, because they may provide a direct signal of drought stress in the crop species themselves. 
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�������	�È13C signals at Near Eastern sites, drought stress can be assumed 
for 13C values below 16‰ that were found at a number of Syrian sites at the transition from the 
Early to the Middle Bronze Age.59 Applying this relatively rigid limit to the mean values found 
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59 Riehl et al. 2008; Riehl et al. 2014.

Fig. 6   Stable carbon isotope data of barley grains from different periods at Troy (illustration: S. Riehl).
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at individual values from the different phases and periods in the Troad, there is, however, a trend 
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nite stress-indicating values are only present from Troy I/II onward. Kumtepe B1 values cannot 
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ent climate locations; BY: ‘bad year’ with minimum sum precipitation, GY: ‘good year’ with maximum sum precipi-

tation, linear: linear regression (illustration: S. Riehl). 
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be considered, because of too few measurements. A strong drought stress signal during the time 
considered here is not evident in barley grains from the Troad (Fig. 6).

Agricultural Models

The archaeobotanical and stable carbon isotope evidence alone is not distinctly showing a pos-
sible climate impact on the agricultural economy. The modelling of potential yields at different 
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Long-term modelling of yields over 100 years shows a general pattern of slightly decreasing 
yields in all climate stations, depicted here for Çanakkale (Fig. 7, top). While yields of lentil are 
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differences between yields in drier and moister years, in contrast to barley with only a little inter-
annual variation and nearly no differences between dry and moist years.
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ments some obvious patterns related to local climate conditions. While regional differences in 
barley yields are moderate, modelled yields of lentil are considerably higher in coastal areas 
(Çanakkale, Naxos), and relatively low at locations further inland (Isparta, Larissa). 

Considering the linear regressions with reduced precipitation at the beginning of the simula-
tion for seven years (termed as bad year), yields for barley and lentil both decrease, while yields 
for lentil are generally higher. However, absolute yields for barley and lentil during a bad year 
are relatively similar from the second year onward at Thessaloniki, Larissa and Paphos while at 
Çanakkale and Naxos lentil yields with a bad starting year are still higher than barley yields with 
a good starting year.

The most striking result of the simulation is the strong difference between the high yields of 
lentil and the relatively low yields of barley with higher precipitation (GY) at the beginning of the 
simulation. Yields of barley in a good year do not strongly differ from yields in a bad year. 
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The following considerations are based on the assumption that crop plants documented at the dif-
ferent sites are mostly consumed by humans. This also includes the pulses but is in some contrast 
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northwestern Anatolia.60 There, a major component of the diet must have been from C3-plants 
	���
����;���������������È15N values are relatively high, suggesting that, aside from the con-
sumption of animal products and meat, the plant component mainly derived from cereals rather 
����Z
	��������$����
���	��
�	���������@���8������8���!9����������	Z���	;
���Y�
is earlier than the periods considered here but also falls into the phase of a RCC event, the 8200 
BP event respectively.61

Reconsidering our goal as outlined in the introduction, the most striking regional agricul-
tural pattern is the high amounts of pulse crops in the Late Neolithic/Chalcolithic sites that were 
strongly reduced in favour of barley and hulled wheat during the Early Bronze Age. It is specu-
lated that climate change, i.e., increasing aridity from the mid-Holocene on, may have played a 
role in this process. The wild plant assemblages do not support this interpretation because they 
do not indicate a clear chronological clustering, which may be expected if strong climate effects 
would have affected the composition of the wild plant assemblages.

In general, human impact on vegetation creates similar archaeobotanical results as increasing 
aridity, making climate impact hardly discernible from human impact in wild plant assemblages. 

60 Budd et al. 2013.
61 Weninger et al. 2006.
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Such a trend is also visible in the pollen record, and applies to the Troad where human impact on 
the vegetation occurred at approximately the same time62 as sea level decrease.63 The stable carbon 
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climate proxy records, but the values do not support a strong drought stress in the plants.
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tuations such as the 5200 BP event and agricultural strategies, the incorporation of the agronomic 
simulations under consideration of a general increase in aridity from the mid-Holocene on helps 
develop an explanatory model for the observed changes in agricultural patterns.

The extremely high yields of lentil under good moisture conditions in contrast to the modest 
yields of barley presented the most striking aspect in the model output. As the absolute yields of 
lentil are higher than those of barley even in bad years, increasing aridity would not explain the 
shift from pulse crops to cereals observed for the transition from the Chalcolithic/Late Neolithic 
to the Early Bronze Age. The strong yield differences in lentil between good and bad years, 
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because they qualify lentil as a crop with low yield predictability. Agricultural production with a 
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while barley yields would be less vulnerable and therefore more predictable. This factor is of 
high importance under conditions of inter-annual climate variability and increasing aridity, which 
have been stated for the periods from the mid-Holocene on.64 Although this climate trend was too 
weak to produce a strong stress signal in barley, the slight stress increase that is visible may have 
been enough to cause strong yearly losses in the pulse harvest, leading to a change in the crops 
preferred for agricultural production. 

Such a model of ancient farmers adapting their mode of subsistence or at least their crop spec-
trum to changing conditions introduces the factor of human perception of the environment, which 
is unknown for past societies, but undoubtedly a part of the decision making process.65

The Aegean crop assemblages presented here suggest a Neolithic tradition of dominating pulse 
crop cultivation that starts to shift to dominating cereal cultivation from 3500 BC on, probably in 
relation to increasing aridity, higher variability in mean annual precipitation and a change in envi-
ronmental perception. This shift probably smoothly progressed, which does not correspond with 
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5200 BP. In terms of diet, this shift can be interpreted as a change from a protein-dominated to 
a carbohydrate-dominated plant diet. At least in the case of Kumtepe (fallow deer and mussels), 
hunting and gathering played a major role during the Neolithic while during later periods, includ-
ing the Early Bronze Age, sheep and goat husbandry increased.66 Although the earliest date for milk 
use extends much farther back into the past,67 decreasing pulse crops at the end of the Chalcolithic 
period is consistent with Sheratt’s classical model68 of an increased use of secondary products such 
as milk and cheese to compensate for reduced protein-intake with the shift from pulses to cereals.
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Because the interrelationship between human societies and landscapes becomes nearly impenetrably 
complex from the mid-Holocene on, current palaeoclimatological studies considering proxy archives 
that are not directly associated with archaeological sites can only provide a very rough background 

62 ^����]��
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63 Kayan 1992.
64 Roberts et al. 2008; Geraga et al. 2010.
65 Tuan 1990; Ingold, 2011.
66 ^����]��
��	�����5$
67 Evershed et al. 2008.
68 Sherratt 1981.
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pattern of local climate and environmental conditions, regardless how well resolved they are. While 
immediate reactions to abrupt changes are relatively easy to recognise, long-term processes are much 
more complicated, involving a large number of natural and cultural variables. Explanatory models 
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ancient human perceptions of the environment are involved in the development of economy. 

Therefore, each archaeological excavation requires its own environmental archaeology pro-
gram that cooperates closely with sociocultural anthropology to enable the recognition of con-
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bird hunting was of some importance and the hunters killed raptor birds, open land birds, as well 
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Pl. 2   Demographic distribution of cattle.
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before the 4th millennium BC. Concerning cattle and ovicaprines breeding strategies reveal rather 
similar approaches at both sites, although some changes and differences in keeping and exploita-
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Pl. 3   Demographic distribution of ovicaprines.
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!�"�
LN

!�"�
LCh

��"�
ECh

��"�
LCh

Gastropoda 1  1
"��������  1  
"�����;$ 25 36  
Viviparus sp.  1   
Patella sp.  6 5
Gourmya vulgata  10 21
Hexaplex trunculus  28 6
Bolinus brandaris  1
Monodonta turbinata   1
Barleeia rubra   2
_��	�	����;$    1
Bivalvia 4 26  
���	�;$ 66  
Arca noae  136 10
Barbatia barbatia  1 1
Mytilus galloprovincialis 86 21 17 5
Ostrea edulis  1 34 8
Spondylus gaederopus  38 2
Cerastoderma glaucum 2 1 67 177
Donacilla cornea  3 13
Solen sp.   7
Tapes decussatus  4 4
Venus venerupis  9
Pecten glaber  3  
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LCh

Pisces   44
9<;
������ 3 1   
Mugilidae   1
Sparidae   4
Serranidae   1
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!�"�
LN

!�"�
LCh

��"�
ECh

��"�
LCh

Aves large size 13 5  
Aves mid size 29 3 1 2
Aves small size 4  
Ciconia ciconia 3  
Anserinae 2  
Anser anser 1  
Anatinae 2 2  
Buteo sp. 2 2  
Fulica atra 1  
Corvus corone 1  
Corvus monedula   1
Grus sp.  2  
Otis tarda 3 1  
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!�"�
LN

!�"�
LCh

��"�
ECh

��"�
LCh

Erinaceus concolor 1  

Lepus europaeus 58 9 4 2

Vulpes vulpes 16 2 4

Martes foina 1  

Felis silvestris  1

Ursus arctos   1

Panthera pardus  1

Sus scrofa (?) 102 10 19 8

Bos primigenius 4 4

Bos primigenius (?) 7  

Capreolus capreolus  2 1

Cervidae  1 1

Cervus elaphus  5

Dama dama 27 17 30 14

Dama_Antler 2 1 2

Delphinidae   1
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This paper investigates lithic artefact assemblages pertaining to the 5th and to the 3rd millennia 
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different lithic industry.0 The assemblages are characterised by the use of local raw material varie6
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Ernst Pernicka 1

	����
��' In the Near East copper has been worked and used since ca. 10,000 years ago and it was long assumed that 
the knowledge and practice slowly diffused to southeastern Europe and beyond, analogous to the Neolithic lifestyle. 
However, the evidence for this is scarce if not nonexistent. When radiocarbon dates of the southeastern European Chal-
colithic demonstrated that abundant metal usage was earlier than in western Anatolia, C. Renfrew proposed a totally 
independent discovery and development of metallurgy in this region. The discovery of two Chalcolithic copper mines at 
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����������	�	��
������<;	������$"	@���
��	��������Z	
��������
was found and chemical and lead isotope analyses have shown that none of the analysed Chalcolithic copper objects 
can be correlated to the ores of Rudna Glava. Accordingly, a somewhat intermediary model was proposed in which the 
spread of metal usage and production was explained by the acquisition of metal objects as ‘exotica’ and often by the 
movement of people possessing metallurgical expertise. Since the production techniques and object forms used in each 
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involved rather than a straightforward or inevitable adoption. Such a model inherently raises the question of contacts 
���@���������	�
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�����	��������	���	���������
may be relevant for this discussion. The paper will summarise the new evidence of metal production and distribution in 
the 5th and 4th millennia and discuss possible interactions between these regions.

(��$�� �' Western Anatolia, Aegean, southeast Europe, Copper Age, metallurgy
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����
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There is overwhelming evidence that the earliest use of metal, respectively copper, occurred in 
the Fertile Crescent roughly contemporaneously with the transition to sedentary life. This may 
be somewhat surprising because gold is generally known to occur as metal in nature and seems 
to be much more conspicuous than copper. One reason may be that large gold nuggets are much 
rarer than those of native copper. Furthermore, there is not a single gold deposit known in the 
Fertile Crescent. On the other hand, since both metals do occur in nature one may well ask why 
they were used so late in the history of mankind. It seems that they did not offer any practical or 
aesthetic use for Palaeolithic hunters and gatherers. This is not to say that colours were not appre-
ciated in this period. Indeed, red pigments, especially, were actively sought after since the Middle 
Pleistocene2 and even extracted by underground mining in the Upper Palaeolithic on the island of 
Thasos in the northern Aegean.3 Its use for covering buried individuals, e.g., the Gravettien burial 
of two infants,4 clearly shows that the colour red was associated with blood and, thus, carried an 
enormous symbolic value. However, the colours green and blue do not appear to play a role in 
this concept as is demonstrated by Palaeolithic cave paintings where only yellow, red and black 
pigments were used (red and yellow ochre, hematite, manganese oxide and charcoal).

1 University of Heidelberg and Curt-Engelhorn-Center for Archaeometry, Mannheim, Germany; e-Mail: ernst.pernicka 
@cez-archaeometrie.de.

2 Marean et al. 2007.
3 Koukouli-Chrysanthaki – Weisgerber 1999.
4 Einwögerer et al. 2008.
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This changed decisively around 10,000 BC when varieties of green stones were used for 
pendants and other jewellery, mainly beads so that their appearance is even considered a hall-
mark of the pre-pottery Neolithic of the Near East.5 Since many oxidised copper ores are green, 
this provided the possibility that occasionally native copper was also collected by chance. At 
one of the earliest sites where native copper was worked, namely Çayönü in eastern Anatolia 
~���$������<�	
������������������������	Z�������	;;�
@�
�Z	���$_�������������	�
of native copper was accomplished by metallography6 and the detection of trace element pat-
��
��������	;;�
����$7 Moreover, it was found that the native copper lumps were hammered 
into foils to produce rolled beads by applying intermittent heating,8 which technically makes 
sense because on deformation copper becomes hard and brittle and tends to crack. Annealing 
makes it soft and ductile again. The application of heat to stone material should be no surprise. 
Heated stones were used for cooking and heat was applied to alter the mechanical properties 
of stones, e.g., for cleaving. However, the application of elevated temperatures (a few 100°C 
�
������<������������	;���
���	�	;;�
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��������������
�	�	�
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black and occasionally even to red under reducing conditions. This was certainly observed and 
may have provided the stimulus for more experimentation until eventually copper ores could 
be reduced to copper metal. The decisive role of colours for the beginning of metal usage was 

5 Bar-Yosef Mayer – Porat 2008.
6 Muhly 1989.
7 Pernicka, unpublished analyses.
8 ������������������
�������
������	������������������<����
�®Y��Y"�<���¦���Y�]��
������///$

Fig. 1   Sites mentioned in the text: 1. Cortaillod; 2. Mondsee; 3. Herpaly, Hodmezövasarhely-Gorzsa; 4. Belovode, 
��#���;��� $��
���8$'�Y;Y��
�0$���&��;��5$9��"�����/$�®Y��Y"�<�����$�����"�<�����$�����������
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12. Habuba Kabira; 13. Norsuntepe; 14. Çayönü, Hallan Çemi; 15. Yarim Tepe; 16. Chesmeh Ali; 17. Tepe Zageh;  

18. Tepe Hissar; 19. Arisman; 20. Tal-i-Iblis.
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already formulated in the 1980s by Gerd Weisgerber and the author9 and has recently been re-
examined without referring to earlier literature.10 

It is much less clear, where and when this decisive step towards pyrometallurgy proper was 
made and if it was a unique invention or if it occurred at several locations at different times inde-
;�������<$��������������
��	���+'�����	��������������������	��
<����	;�����;�
��
because the reduction of copper oxides requires high temperatures of more than 1100°C, beyond 
the melting temperature of 1083°C, and reducing conditions with oxygen largely removed. Such 
conditions are best achieved in a closed reaction vessel but experiments have shown that, in prin-
ciple, it is also possible to reduce copper with low yields in an open crucible under a charcoal 
cover. In the early Neolithic settlement of Çatal Höyük in central Anatolia, copper ore displaying 
signs of strong heating was recovered from layers dating to the 7th millennium BC. However, it 
��������
�Z����������@������	����
����	��<�
�	
�������	���$'���<���������	;;�
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investigated so far consist of native copper.11

��&���&�����������
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Unequivocal evidence for the transformation of ores to metal is the occurrence of metallurgical 
�������>	
��������
�������$*��������
�;
������<	��<��	@�Z
	���� th millennium BC 
creating a gap of more than three millennia between the earliest working and the smelting of 
copper. It is suggested that the subsequent step for melting copper was caused by excessive an-
nealing.12 The foremost evidence for this hypothesis comes from a mace head from Can Hasan 
in southeastern Turkey that was dated to around 6000 BC. The thick hole of the mace head could 
not have been produced by drilling; therefore, it was concluded that it must have been created 
by casting, which of course requires the melting of copper. However, it was later shown that the 
mace head was made from a large chunk of native copper similar to a large copper bead.13 Another 
hypothesis suggests that lead may have guided the way to smelting.14 Other than copper and gold, 
lead practically does not occur as metal in nature. If lead metal is found in early archaeological 
contexts, it is by itself evidence for the smelting of ores. Furthermore, lead is much easier to re-
duce from its major mineral, galena (PbS), and melts at a much lower temperature, namely 327°C. 
Accordingly, it is conceivable that liquid lead metal may have been produced accidentally in an 
	;���
�$*��������������@	�����
�����<�	�����;��������	����������<������	@����
principle of smelting. In this context, the lead bangle from Yarimtepe I in northern Iraq, dated 
to the 6th����������!9��	Z�
��������������$������@�����	Z	�����	���������
�����
Çayönü and Çatal Höyük,15 where it was made into elongated, drilled beads. Galena is a heavy, 
black, soft mineral with an intensive gloss and can easily be shaped with stone working tech-
niques. Apparently it was occasionally used for ornaments; consequently, it is not so surprising 
that lead is the second metal to be worked by man. 

9 Pernicka 1995.
10 Roberts et al. 2009. Incidentally, there seems to be an error in the distribution maps of this article. In the legends 

areas denoted with different colours are described as >10,000 BC and so forth. This sign means ‘larger than’ and 
cannot be right. There is no real copper working before 10,000 BC. It probably should be written as <10,000 BC, 
which would mean ‘10,000 BC or younger’.

11 Birch et al. 2013.
12 Wertime 1964; Wertime 1973.
13 ¦���Y��//5$
14 Krysko 1979.
15 Sperl 1990.
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Besides the lack of information on the technological development of pyrometallurgy, it is also 
unknown, where it took place and if it happened more than once. It was long assumed that the 
knowledge and practice slowly diffused to southeastern Europe and beyond, similar to the Neo-
lithic lifestyle. However, the evidence for this is scarce if not non-existent. When radiocarbon dates 
of the southeastern European Chalcolithic showed that abundant metal usage occurred earlier than 
in western Anatolia Colin Renfrew (1969) proposed a totally independent discovery and develop-
ment of metallurgy in this region. The discovery of two chalcolithic copper mines at Aibunar in 
!����
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for smelting was found; moreover, chemical and lead isotope analyses have shown that none of 
the analysed chalcolithic copper objects can be related to the ores of Rudna Glava. Accordingly, 
a somewhat intermediary model was proposed in which the spread of metal usage and production 
was explained by the acquisition of metal objects as ‘exotica’ and often by the movement of people 
possessing metallurgical expertise. Since the production techniques and object forms used in each 
��
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by the communities involved rather than a straightforward or inevitable adoption.

In the 5th millennium BC, there are at least four regions in the Near and Middle East that have 
yielded evidence for early pyrometallurgy: i) In the Iranian highland west and south of Teheran 
(Tepe Zageh, Cheshme Ali), ii) another one in the southern foothills of the Zagros mountain chain 
(Tal-i-Iblis), iii) in southeastern Anatolia along the middle Euphrates in the Taurus mountains 
~�	
®����;�������������������������	
��������<�������
�������@������%���*��
and the Red Sea (Nahal Mishmar, Feinan). Nahal Mishmar also provided some of the earliest 
evidence for lost-wax casting.

On the other hand, the earliest indication for copper smelting was recently reported from 
Serbia.16 A small amount of copper slag was found near Belovode in contexts of the early 5th 
millennium BC, demonstrating that within one millennium we have a few indications extending 
over a very large area ranging from southeastern Europe until southern Iran (Fig. 2). It is hard to 
imagine that independent developments took place in this area within a relatively short time span, 
especially since it is known that the Neolithic package of cultural techniques spread out from the 
Fertile Crescent exactly over this area in the millennia before. In principle, the new discoveries in 
Serbia together with the still earliest copper mines of Rudna Glava in Serbia and Aibunar in Bul-
garia could alter the direction of the presumed spreading of pyrometallurgy. Nevertheless, even 
the collective evidence is rather slim and may only be a snapshot of present knowledge. 

A strong argument in favour of a monocentric origin of pyrometallurgy is supported by the fact 
that it is a rather complex technology that was not generally known but rather kept secret by a few 
specialists even in later periods. In addition, the shapes of the metal objects produced are quite 
������
��@������������������	��Z	
����������$�$������������	
�������
�����������
��
Iran. Furthermore, the spread of pyrometallurgy in Europe shows a similar chronological drift 
from southeast to northwest similar to the spread of Neolithic subsistence two millennia earlier 
(Fig. 3). Consequently, metal production on the British Isles begins in the 3rd millennium BC 
@����������
���<�	�
������������th millennium BC in central Europe.
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Although according to present knowledge lead appears earlier than gold in the archaeological re-
cord, it did not have an impact on the use of other metals. It became more abundant only when it 
was discovered that it often contains silver, but mainly as waste or cheap and little useful material 

16 ^����	#���¤����$����$
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Fig. 2   Sites with proven or possible evidence for smelting in the 5th millennium BC.
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(see below). However, when gold was added to the range of metals available, it was apparently 
considered as valuable from the beginning and a material used to display rank and status. It also 
appears in rather large quantities in the burial site of Varna I on the Black Sea coast dated to the 
second half of the 5th millennium.17 More than 300 burials were excavated, which contained al-
together more than 3000 gold objects comprising some 6kg gold. This spectacular entry of gold 
into the cultural history is the more extraordinary considering that the number and masses of the 
gold objects are unequally distributed to a few burials containing more than 90% of the objects 
and more than 99% of the gold. It has frequently been suggested that this may indicate a hierarchi-
cally organised early society whose members wanted to display their wealth and rank. From the 
metallurgical point of view, it appears that, within the short period of use of the burial site a devel-
opment from small and simple forms to elaborate and technologically challenging ones becomes 
visible. The latter were certainly cast by various techniques including lost-wax casting and even 
intentional alloying of gold with copper and represent the earliest evidence for the intentional 
mixing of metals to alter their properties.18
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molten copper absorbs oxygen, which it releases on cooling. This produces gas bubbles that can 
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by biconvex shapes such as the axe adzes produced in southeastern Europe in great numbers be-
ginning in the 5th millennium BC. Such shapes require at least bivalve moulds and some complex 
shapes can only be made by lost-wax casting. In this period metal objects are rare in the Aegean 
and in western Anatolia and the few that are known are typologically related to the Balkan region. 
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and beyond and southeastern Europe led to the suggestion of an independent development of 
metallurgy there.19%�
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this gap as it has already happened for the 4th millennium BC.
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the 5th millennium BC, pure unalloyed copper mainly used for the production of ornaments and 
implements was replaced by copper rich in arsenic. This type of copper is usually termed ‘arseni-
cal copper’, because it is unclear and disputed if it represents an actual alloy, i.e. the intentional 
mixture of metals. The advantages of this new material were at least twofold: It is substantially 
harder and it has much better casting properties than pure copper. In addition, high arsenic con-
centrations changes the colour to a silvery appearance. 

After the climax of metal production during the late 5th millennium BC comes a period that 
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shortly thereafter arsenical copper appears as a new material almost simultaneously from the Near 
and Middle East to central Europe (Mondsee, Cortaillod).20 According to Chernykh, Aviloval, 
Borceva and Orlovskaja 21 this marks the restructuring of cultural relations between Anatolia and 
Europe that led to the formation of the so-called Circumpontic Metallurgical Province, extending 
into Iran and central Asia as we now know (Fig. 4). Until recently, the only evidence from western 

17 Ivanov 1991.
18 ����������$Z	
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19 Renfrew 1969.
20 Sangmeister 1971; Schubert 1981.
21 Chernykh et al. 1991 describe the distribution of arsenical copper in what they term Early Bronze Age and include 

the Kura-Araxes and the Maikop cultures. However, this terminology is only consistent with the EB1 period in 
eastern Anatolia, which already begins in the second half of the 4th millennium BC. 
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Anatolia for such a cultural and technological 
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23 that consist almost exclusively of 
arsenical copper and the earliest of which also 
date to the middle of the 4th millennium BC. 

There has been a long debate whether ar-
senical copper was produced by deliberately 
adding arsenic to copper or, for that matter, as-
rich ores to copper ores, or whether a mixture 
of the two just happened to be available. The 
main arguments for an accidental production 
was the observation that there was little con-
trol of the arsenic concentrations, which range 
roughly between 0.5 and 5% (Fig. 5) and the 
fact that minerals containing arsenic are often 
present as minor components in copper depos-
its. This is not to say that the superior quali-
ties of arsenical copper went unnoticed. It is 
certainly possible that copper ores containing 
arsenic were actively sought or that acciden-
tally produced arsenical copper was selected 
by some kind of material testing and used for 
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22 Bilgi 1984; Bilgi 1990.
23 Begemann et al. 1994.
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������th millennium BC (outer ellipse). The inner ellipse roughly describes 
the extent of the Circumpontic Metallurgical Province according to Chernykh et al. (1991).

Fig. 5   Concentrations of arsenic in metal objects of the 
Mondsee group dated to the middle of the fourth mil-
lennium BC. Practically all objects consist of arsenical 
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gers generally contain more arsenic than the average.
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cient metalsmiths were aware of the superior 
mechanical qualities and, of course, the differ-
ent colour of arsenical copper. This is borne 
out by the observation that frequently daggers 
and axe blades were considerably re-worked 
after casting which increases their hardness 
decisively. In fact, as a weapon the geometri-
cal form of a dagger makes sense only when 
using a hard material like arsenical copper and 
it is certainly no coincidence that such daggers 
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The metallurgical problem lies in the 
high volatility of arsenic (sublimation point 
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cannot be added directly to molten copper 
although the element also occurs in nature. 
Previous research has shown that a number of 

different routes could lead to arsenical copper, including the smelting of fahlore,24 the co-smelting of 
native copper and copper-arsenide minerals,25 and the conscious addition of an arsenic-rich mineral, 
such as realgar/orpiment, arsenopyrite or löllingite, to copper metal or copper ore.26 More recently, 
Thornton and others27;
	;	����������
��������
	�6�
��������	<�������speiss, was produced in 
Early Bronze Age Tepe Hissar, north Iran, presumably to be added to copper metal for the produc-
tion of arsenical copper. Rehren, Boscher and Pernicka28 found that this material was produced in 
large quantities at Arisman side-by-side with copper in a different process (Figs. 6–7), accordingly, 
it appears that the majority of arsenical copper was produced intentionally. Arsenopyrite (FeAsS) is 
the most frequently occurring arsenic mineral that is occasionally found as an accessory mineral in 
copper deposits but more often in hydrothermal veins together with gold and tin. At Arisman, it was 
apparently not co-smelted with copper ores but smelted separately to form speiss. The reason for 
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25 Budd et al. 1992.
26 Heskel 1983; Thornton et al. 2002.
27 Thornton et al. 2009. 
28 Rehren et al. 2012.

Fig. 6   A. Slag heap in area A at Arisman in central Iran dated to the beginning of the third millennium BC. B. Typical 
‘green’ slag of Arisman A with green stains of oxidised copper. C. ‘Brown’ slag of Arisman A with stains of iron oxides.

A B C

Fig. 7   Copper and arsenic concentrations ‘green’ and 
‘brown’ slag from Arisman A. The ‘green’ slag is from 
copper production and generally has low con entrations 
of arsenic while the ‘brown’ slag virtually contains 
no copper but considerable concentrations of arsenic 
which is due to inclusions of small droplets of speiss.
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trol in adding arsenic to copper. This suggests 
a fundamental progress in the understanding 
and control of metallurgical processes already 
in the 4th millennium BC. The motivation for 
this development could have been the intro-
duction of the dagger. 

Again the question arises if the develop-
ment from the use of pure copper to arseni-
cal copper was more or less unavoidable 
and could have taken place independently 
in different regions or if this new knowledge 
was acquired in a single region and spread 
out from there. The coincidence in time and 
space of this new technology clearly favours 
the latter model. Subsequent to any techni-
cal breakthrough leading to the discovery or 
invention of a previously unknown material, 
or one with superior qualities, a lively trade 
in the new commodity can be expected to de-
velop between its place of invention and pro-
duction and more or less distant customers. 
However, considering that ideas travel more 
lightly than material goods and assuming 
that reasons not to keep a technical secret in 
its place of origin will always exist, the mo-
nopoly in the production of such materials or 
goods could presumably never be maintained 
for long. Competing production centres will 
come into being wherever required raw mate-
rials are available and where there was a need, 
or where such a need could be created, for the 
new material. Indeed, speiss could have been 
traded in its own right for alloying purposes 
like tin metal. Incidentally, since arsenic com-
monly occurs together with gold and tin it is 
conceivable that this combination may have 
eventually paved the way to tin smelting and 
consequently to the production of tin bronzes. 

This raises a problem for the discussion 
of metal provenance studies, because the trace element patterns and the lead isotope ratios are 
a mixture of two different materials which need not come from the same deposit. This example 
resembles the discussion on provenance determination of tin bronze and similar arguments apply 
to arsenical copper. There are no systematic trace element analyses of arsenopyrite but as common 
impurities Ag, Au, Co, Sn, Ni, Sb, Bi, Cu, and Pb are mentioned. Unfortunately, these are the same 
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most prehistoric metal objects consisting of arsenical copper have low concentrations of impuri-
ties (Fig. 8), like the 4th millennium BC artefacts of the Mondsee cultural group29���	Z'�Y;Y��
��
northwest Anatolia.30 If those objects were made from copper that was alloyed with arsenic by the 

29 Frank – Pernicka 2012.
30 Begemann et al. 1994.
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Mondsee group. The shaded area encompasses the area of 
the boxplots showing 80% of the measured values for each 
element. The protruding antennae indicate the whole range 
of the measurements; the black horizontal bar indicates the 

median value for each element.

Fig. 9   Comparison of the trace element pattern in chalco-
lithic copper objects from Serbia and Bulgaria which can 
be related to the copper deposit of Majdanpek (dark area) 
with copper objects of the Mondsee group (light grey area 

with the total spread of concentrations from Fig. 8).  
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addition of speiss then we may assume that arsenopyrites generally have low levels of impurities 
or that they are not completely absorbed by the molten copper. This may also apply for lead and tin 
bronze; one may conclude that the lead isotope ratios in arsenical copper are dominated by the lead 
from copper and not from the speiss. For the metal artefacts of the Mondsee group no good match 
with copper ores of the east Alpine region has been observed, neither in trace element composition 
nor in lead isotope ratios. Typological aspects and the distribution of arsenical copper in the 4th mil-
lennium BC suggest an origin from southeastern Europe. The best isotopically matching copper 
ores from this region are from Majdanpek in Serbia, a very large deposit that was exploited as early 
as the 5th millennium BC.31 The copper produced from those ores was rather pure and assuming that 
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At the beginning of the 3rd millennium BC, arsenical copper began to be replaced by a cop-
per tin alloy, usually called bronze or, better, tin bronze.32 It is still not clear where and why this 
happened because the material properties of arsenical copper and tin bronze are rather similar. 
One reason may be related to the aesthetic appearance of the alloy, particularly because its gold 
colour. Another incentive may be the better control of the composition of the alloy as indicated 
by recipes on cuneiform tablets from Mesopotamia, which archive the exact weight proportions 
for the production of tin bronze. Recently it has been suggested that tin bronze may have already 

31 Pernicka et al. 1993.
32 In modern metallurgical terms, any alloy with copper as the major component is called ‘bronze’ except the alloy of 

copper and zinc which is brass. Accordingly arsenical copper could be called bronze or arsenic bronze. To avoid 
ambiguity it has become common practice in archaeology to call the alloy of copper with tin ‘tin bronze’ and the 
alloy of copper with arsenic ‘arsenical copper’.
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Almost all analysed metal objects are more or less consistent with Majdanpek. The slightly extended range of Mondsee 

artefacts may be due to alteration of the lead isotope ratios by the addition of arsenic.
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been produced in the 5th millennium BC.33 However, this suggestion is presently based on a single 
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Hodmezövasarhely-Gorzsa in Hungary34 but the contexts are not beyond doubt. Nevertheless, 
this is certainly not a solid basis for postulating a “polymetallic (r)evolution of the 5th millennium 
BC”.35'Z����
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concentrations should stand up against scrutiny, (none of them can be dated typologically) then 
one must keep in mind that these very early tin bronzes had no impact at all, neither to the metal-
lurgical practices nor on the early societies.
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and when it appeared, but the distribution of silver objects seems to ‘conform to a pattern, similar 
in type to that of lapis lazuli distribution in the late fourth and early third millennia’.36 It is worth 
noting that the appearance of silver objects coincides with an increasing number of lead artefacts, 
both in space and time, suggesting that silver may have been produced from argentiferous lead 
ores from the beginning, even though metallic silver does occur in nature. However, native silver 
is infrequently found as large lumps but rather in the form of wires with dull surfaces. This is due 
to the sulphide or chloride coating of the material. Consequently, its lackluster may not have at-
tracted ancient metallurgists. Alternatively, silver could be produced from argentiferous lead ores 
in a two-stage process. It is a moot point to discuss, if cerussite (lead carbonate) was used, as sug-
gested by Wertime (1973), or for that matter galena (lead sulphide). Both lead ores would have 
to be smelted under reducing conditions to produce argentiferous lead, from which silver would 
have to be separated by selective oxidation. This process, called cupellation, produces silver with 
a trace element pattern that is different from native silver. While cupelled silver always contains 
at least a few tenths of a percent lead, the concentration of this element is usually much lower 
than in native silver. On the other hand, native silver that is generally rather pure, often contains 
measurable quantities of antimony and mercury which are rarely detectable in silver derived from 
cupellation.37

The principles of the ancient metallurgy of silver are well known,38 and it is generally assumed 
that cupellation was already practiced in the 4th millennium BC.39 At least two sites, Habuba 
Kabira in northern Syria40���������Y6��������������
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debris from workshops that provide unequivocal evidence for the process in the middle of the 4th 
millennium BC.41 At the beginning of the 3rd millennium BC cupellation was performed almost at 
an industrial scale at Arisman in central Iran.42 

The earliest silver object has long been held to be a silver ring from Beycesultan, level XXlV,43 
that was dated by the excavators around 4300 BC.44 However, two radiocarbon dates from levels 

33 ^��	�	#���¤����$���7$
34 Pernicka, unpublished analyses.
35 ^����	#���¤����$���7$
36 Prag 1978.
37 Pernicka 1987.
38 Bachmann 1993.
39 E.g. Moorey 1994.
40 Pernicka et al. 1998.
41 Hess et al. 1999.
42 Pernicka et al. 2011.
43 ��	<�]������
��/8���5�]�57$
44 See also Wertime 1973; Prag 1978.
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XXVl and XXVIII, respectively, rather suggest that the correct date should be around the middle 
of the 4th millennium45 or even as late as 3000 BC.46��	���
��
<��
�<���������<�����	���
�
�����Z	Z����th millennium47 has been reported from Tepe Sialk, level 111:5.48 Several dozen 
silver objects from Uruk,49��@���������Z
	�*����50 from Korucutepe,51���®�
"�<��52 and 
pre-dynastic contexts in Egypt53 may be contemporaneous or slightly later. Chronological compli-
cations surround more than 233 objects from the eneolithic cemetery of Byblos that were dated to 
755��7���!9$54 However, these dates are disputed, and other authors have suggested later dates 
ranging to the late 3rd millennium.55

There is no securely dated silver object for the 4th millennium BC in the Aegean. There is one 
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times dated early on typological grounds.56 However, the hoard (two pairs of earrings, a pendant, a 
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systematic exploration of the cave commenced. Although the pendant resembles those made of 
gold in the Chalcolithic of southeastern Europe the necklace has its closest parallel with one from 
�	�
	�	����������	Z���	��@������������	}"�$57 Since lead appears only in the 3rd mil-
lennium in the Aegean58 it seems that the knowledge of silver production from argentiferous lead 
ores was introduced into the Aegean from the east. Furthermore, silver did not reach southeastern 
and central Europe before the 1st millennium BC; therefore, there is no case for an indigenous 
development of this rather complex two-stage technology.
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Mathias Mehofer 1

	����
��' The archaeometallurgical and archaeological research carried out in southeastern Europe, the Aegean and 
Anatolia has provided a general insight into cultural interactions that occurred during the 4th millennium BC. For ex-
ample, metal objects that were found in the rich graves of Novosvobodnaja, Majkop or Arslantepe provide evidence 
that various metals such as gold, silver, lead and arsenical copper were already available in Anatolia and the Caucasus 
in the 4th (and early 3rd) millennium BC; heavy shaft hole axes and other implements occurred in the Balkans during 
that period as well. To date only a few settlements have been found along the west Anatolian coastline which yielded 
���������	��
�������;
	�����	�	
�������	Z�����������th and early 3rd millennia BC. Çukuriçi Höyük as one 
of these few examples provides evidence for intensive metalworking, e.g. the production of arsenical copper during 
EBA 1. Moreover, the production of a silver-copper alloy suggests that the metallurgists at Çukuriçi Höyük had the 
knowledge of particular smelting and alloying techniques, which attests to a wide-ranging social and technological 
network at the beginning of the 3rd millennium BC. This well-developed system of metalworking is rooted in the Late 
Chalcolithic period, as indicated by lead isotope analyses carried out on objects found at Çukuriçi Höyük. Furthermore, 
�
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‘connection’ with the Balkans, as shown by two recently found ‘ring idols’ near Izmir.

(��$�� �' Turkey, western Anatolia, Chalcolithic, Early Bronze Age 1, development of metallurgy, arsenical copper, 
copper processing, bronze, precious metals, ‘ring idols’, Archaeometallurgy

The 4th millennium BC has been described as an era of transition, which was characterised by 
many socio-economic changes. Various important phenomena can be observed against this back-
ground: the invention and utilisation of the plough, the wheel and the wagon, metallurgy, the do-
mestication of the horse and the occurrence of new types of weapons, for example the shaft-hole 
axe or swords.2 These observations allow the conclusion that wide-ranging systems of communi-
cation already existed during this time. Rich grave offerings dating from the 4th and early 3rd mil-
lennia BC (e.g. Majkop, Novosvobodnaja, Arslantepe, Alacahöyük)3 yield evidence pointing to 
�����������	����<@������
��������
����
�$��
�	���������������	���4 silver,5 lead6 and cop-
per7 were available and placed within elaborately furnished graves of an élite segment of society. 

In the late 4th�����������������
�����Z	Z���7rd millennium BC important changes in met-
alworking technology took place in Anatolia and Greece.8 Several sites in Turkey have revealed 

1 Archaeometallurgy, VIAS – Vienna Institute for Archaeological Science, University Vienna, Austria; e-mail:  
mathias.mehofer@univie.ac.at.
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evidence attesting to the processing of metal (especially copper) during the Late Chalcolithic and 
Early Bronze Age. Considering the question of early copper working in western Anatolia the re-
sults from the Çukuriçi Höyük offer new insight and new data for this discussion.
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At the Çukuriçi Höyük the remains of a major metalworking workshop, dating to the Late Chal-
colithic and EBA 1, were found. Metal objects, as well as metallurgical ceramics, were recovered 
throughout the entire tell. In a multi-phase building complex, within the former centre of the tell, 
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��$10 The excavation revealed oval or 
‘horseshoe’ shaped constructions, which were abutting the wall. Furthermore,�round bowl-shaped 
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found (Fig. 1), as known from other Early Bronze Age sites. Additionally, many blow pipes, as 
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Fig. 1   The metallurgical ensemble, found at Çukuriçi Höyük comprises numerous crucibles, moulds, blow pipes, 
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and casted into different standard sizes at the tell.13 These facts indicate that metal was not only 
produced for domestic use but also for trading. Lead and other metals were present as well as 
different tools including several chisels14 attesting to the presence of specialised crafts. Another 
highlight worth pointing out are the various weapons, which were excavated over the past two 
<��
�$�	�
�����
���@	�������������

	@����Z	�����}!���	������������������
������
�	����<~���$��$��
���
�	
����
�����	���	Z;������������������	�������;�	�0����-
plars which can be subdivided into different types (Fig. 2). They can be compared to needles from 
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���15 but some of them are still unique, for example, a needle with a coni-
cal head and a decorated shaft (Figs. 1 and 2). An evaluation of their earliest appearance shows 
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head from the Aegean island of Naxos16 constitutes the only older exception.
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(130 objects so far) but also includes precious metals, Bronze objects,17 and an artefact made of 
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$18 In his studies on ‘elite’ graves 
and precious weapons made of gold and silver, Svend Hansen demonstrates that it is possible to 
reconstruct a wide-ranging communication network19 which stretched from the Balkans to Meso-
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Fig. 2   The map shows sites where needles of similar type like the Cukurci Höyük examples were found. 
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potamia20 at the beginning of the 3rd millennium BC. With regard to the observable distribution 
	Z�����;����������
6�	;;�
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���"�<�����������;21 between the 
Balkan region and Eastern Turkey. As such, the small fragment has the same lead isotope ratios as 
other metal artefacts found on the tell. Hence, it is reasonable to believe that it was produced on 
the site. It also proves that the metallurgists at Çukuriçi Höyük were aware of these wide-ranging 
exchange and communication systems. 
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The excavation revealed not only a very rich metallurgical assemblage, but also a small number 
of slag fragments and smelting debris. Many of these remnants were found in an Early Bronze 
Age 1 workshop area (rooms 1 and 2).22 Although these fragments seemed inconspicuous they 
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Comparative pieces are known from Liman Tepe and Bakla Tepe and were also recovered from 
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®����;� ���	���
 �����$23 Cross-sections of these objects were produced 
to analyse them with an optical microscope and a scanning electron microscope.24 The analyses 
of a piece of smelting debris,25 found in layer SE 368 of workshop area 1, made it possible to 
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�������	���copper, arsenic, 
iron and sulphur were present, in the second section�copper was the dominant element, and in the 
third section�arsenic had a higher concentration than copper or sulphur. The micrograph (Fig. 3A) 
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O S Fe Cu As p

�0>785>8> �� sulphidic inclusions, spot analyses n.d. 22.3 0.3 76.1 1.3 100

�0>785>8> �� sulphidic inclusions, spot analyses n.d. 21.8 1.8 74.8 1.6 100

�0>785>8> �� sulphidic inclusions, area analyses 4.9 19.8 4.7 71.3 4.2 100

�0>785>8> �� iron arsenides, spot analyses n.d. 0.5 41.3 1.2 57 100

�0>785>8> �� iron arsenides, spot analyses 2.4 0.6 42.4 0.7 56.3 100

�0>785>8> �� iron arsenides, spot analyses n.d. 0.4 40.3 1.2 58.1 100
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In the right part of the micrograph, white dendritic inclusions were visible, which turned out to 
be iron arsenide (mainly as FeAs – Tab. 1) or so-called ‘speiss’. They were embedded in a matrix 
in which arsenic and iron are the dominant elements (Fig. 3A). 
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Instruments (INCA 400). Accelerating voltage: 20 kV, working distance of 9.5mm, beam current 100μA, dead time 
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Crucible fragments

A cross-section of one of the excavated crucible fragments helped to complete the chaîne opéra-
toire as it provided further useful hints. It contains copper sulphides with a varying, but generally 
low iron concentration.26 These inclusions can also be observed in the metal objects27 indicating 
to the additional presence of sulphur during the smelting process (beside carbonatic copper ores). 
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The analyses illustrate that copper sulphides and iron arsenides were present in the smelting 
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results from the metal artefacts, where arsenical copper with sulphidic inclusions are detected.

During the last years there have been intensive discussions on the various ways to produce 
arsenical copper, which is the dominant sort of copper during the 4th and 3rd millennia BC. Various 
scholars have argued for different methods.28'����Z	��	@������<@����������
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���<$
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���with arsenic-bearing minerals (inten-
tional or unintentional) was smelted in a crucible. This particular smelting process, the so-called 
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Early Bronze Age sites of Tappeh Silak and other sites in Iran, as well as for the sites of e.g. 
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��<$29 Archaeometric research recently carried out on slags from Aris-
man, western Iran point to another possibility. These analyses provide evidence that ‘speiss’, an 
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2003, 211; Birtacha –Georgakopoulou 2007, 379–403;Thornton et al. 2009, 309–210; Rehren et al. 2012.

Fig. 3   A. The microstructure of the smelting debris is composed of different phases, in the left section copper sul-
phides (grey) are visible, meanwhile iron arsenides (white) in dendritic�form can be observed in the right section, they 
are embedded in matrix dominated by iron, arsenic and other elements. B. The SEM-picture shows a cross-section 
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arsenic-bearing smelting product, was produced in a separate smelting process.30'���������;�
this arsenic-rich speiss was then melted together with copper or copper ore in order to produce 
arsenical copper.

The detection of copper(iron)sulphides and iron arsenides in separate zones, in the 
aforementioned smelting debris (Tab. 1) may also suggest different interpretations. It is possible 
that during a ‘co-smelting’ process31 the smelting conditions in the crucible were not suitable 
for oxidising the sulphur; therefore, copper sulphides and other phases were formed. A second 
explanation might be that the used copper (ore)32 or the separately produced speiss (deriving from 
an arsenopyritic ore) still contained a small amount of sulphur,33 which then formed the copper 
sulphides during the smelting process. Both scenarios would end in the observed smelting debris, 
���������
����	�������
���������<����
��������;
	�
����	��������������������34 can be 
made. Nevertheless, we can state that arsenical copper was produced at the site35 itself during the 
EBA 1.
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It seems quite reasonable�that the well-developed system of metalworking described above (in-
cluding all stages of production) must be rooted in the 4th millennium BC (or even earlier). The 
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Chernykh36 in a recent article on radiocarbon chronology and metallurgical provinces. In central 
and eastern Anatolia, we already have evidence for metalworking and processing dating to c. 
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metal or metalworking took place before the middle of the 4th����������!9~����$�� �$_��
oldest metal artefacts from the western Anatolian region came from Haçilar (layer Ia–IIa ~ 6000 
BC).38 There, two copper beads from an unknown production place (concerning the provenance 
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(layer VII)39 are dated to the advanced respectively late 5th millennium BC. Furthermore, one can 
mention a fragmented metal ring40 found in Emporio on Chios (layer IX–VIII). Interestingly, the 
excavator of Emporio, Sinclair Hood, believes that this object was part of a ring idol.
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32 Usually it is believed that the copper ore was collected from or near the surface, e.g. from the gossan of a sulphidic 

ore body. There the carbonatic copper ores are dominant but some sulphidic ores can still be present in this section.
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34 Mehofer, in preparation.
35 Geological mapping of the surrounding hilly landscape of the Çukuriçi Höyük allowed us to observe various me-

tallic mineral deposits such as lead-, silver-, gold- and arsenic bearing ores. This suggests that some of the metals 
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in fact exploited and mined will be carried out in the future in co-operation with Danilo Wolf and Gregor Borg, 
�����
���<"����$��;������5���/���$�������
���Y���5�788���$���	�Z����$����$

36 9��
�<������$�����9��
�<�������� 8���$8$
37 ¦�����������0��/������$�����$��������	��
�����������	������0]�8�$
38 ¦�����������/����$�$
39 Ay-Efe 2001, 139, 157, pl. 3d–e; Zimmermann 2011, 300; Zimmermann 2005.
40 "		��/5��8 0�88��88����$�/ $�0$



Metallurgy during the Chalcolithic and the Beginning of the Early Bronze Age in Western Anatolia 469 
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�����������	��� th and 4th millennia BC in the Aegean and 
Turkey. The full dots mark sites, where metal or metalworking is known before the middle of the 5th millennium BC  
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Fig. 6   Sites where ‘ring idols’ (Appendix, List 1), ring-pendants with T-shaped head and longitudinally orientated 
eyelets (Appendix, List 2), pottery fragments with ‘ring idol’ decoration or corresponding features (rock carvings) 
were found on the Balkans, Greece and Turkey. 1. Tibava; 2. Vel´ké Raškovce; 3. Jászladány; 4. Hatvan-Újtelep; 
 $���&����������&��8$���<�
�	�	
�6���<��	���0$���<�
�¬��5$_��&��&W�W��/$"���������$_��&�����6_¬����
��$_��&�����6�����
Z������$�
������7$�	��
�����$_�
����
�®�� $_
������8$���
���0$*��������5$���������
�/$��
�®�����$^������$%���	;	����$^�����
����7$��
�����$9��������� $*�����8$*	Z
	����	��0$�������<
	Z��&�
������5$��#�����/$�
	��
�7�$"����&W����
���<6����	�	��7�$%�
��������7�$�
�����	��77$�����-
����6�	����
	��7�$����	���	�����7 $*����	�78$_��	;��
������70$���;	�
<;������75$}������<���7/$�������
��$¡}�
�;������������
*���������$%��������$%��;���	�����
���7$}�;	
�	�9��	����$�
������������;	���
<
Z
�������$�� $����	�������8$���
<����	���0$����������5$*�
	;�����	����
	�
	����
�������/$_������*��	��
 �$] �$�	���;����~����;;������������� �$}�����
�� 7$���&��;�� �$�����
�  $����Y���_�
���Y� 8$�������<
	Z_
��&	�������� 0$�	���;����~����;;������������� 5$!����_�;�� /$�������<	Z*�
����8�$�	���;����~���
�;;�������������8�$������
�8�$�;�
	������6�����&�87$����;;������������8�$�	��	����$~������������;����
	
 ����
;
�����	��� ¡
��� ��	�>;�������������
�� ¡
��� ��	��>;��������@�	�����;����� �
��	� 
��	���
������� �
�
�	����;��<��	� �����;$�	
 ������������	������	Z ����
�������;�������;;����������� ~�Z��
%����	-
;	��	��//5���
�������"��������0�������
���8�©���	����0�©����
�������0�~=�$���	Z�
��'�*�$



Metallurgy during the Chalcolithic and the Beginning of the Early Bronze Age in Western Anatolia 471 

seen as further evidence for the presence and knowlege of metalworking since the middle of the 4th 
millennium BC. Two very interesting pieces came from Ege Gübre, a site in the Izmir region. There, 
a golden and a silver ‘ring idol’45 were found in Chalcolithic contexts. The golden one is dated by 14C 
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pipes, crucible fragments, furnace remains, slags and metal artefacts.46 They all date to the second 
half of the 4th millennium BC and can be seen as evidence for metalworking in western Anatolia.
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It is more than worth pointing out the two aforementioned ‘ring idols’ which were excavated in 
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part of Ege Gübre level II. The 14C dates of this level give two dates between 4040–3950 BC and 
3780–3640 BC.47 The silver ‘ring idol’ was found in grave 4 which dates to the Chalcolithic period.48 
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idols’ in ‘classic ring-shaped style’ which were found at the west Anatolian coastline dating before 
3500 BC (cf. Appendix, List 1).

Generally, golden ‘ring idols’ can be found in the Balkans, in Greece, along the Turkish Black Sea 
coast and at the west Anatolian coastline (Fig. 6).49 Unfortunately, many of these ‘ring idols’ come 
Z
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cal interpretation must be done with great caution.50 One can observe that the ‘ring idols’ found in 
southern Greece were made of silver instead of gold, which hints to the early processing of silver in 
this region.51 It should be mentioned that there are also certain examples which were made of clay, 
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(Appendix, List 1).52 Furthermore, there might be artefacts of this type which are not yet published or 
lacking a clear interpretation as ‘ring idols’. For example, we can list the aforementioned ring frag-
ment found in Emporio (Chios).53���������	���������<��	����;�
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on Andros)54	
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and one pottery fragment from Selsko.56
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emplars found in the Balkans suggests a connection between these regions. The extent to which 
this exchange was operated is still not fully established or understood as recently pointed out by 
C. Lichter and T. Zimmermann.57�	
�������<��
�������������	�������Y���_�
���Y 58 revealed 
a mould for casting ‘ring idols’. U. Schoop dates the site between the early to the middle of the 4th 
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middle of the 4th millennium BC.59 This mould was used for casting ‘ring idols’ while most of the 
known examples are made of sheet metal.60 It can be used to produce an idol with a T-shaped head 
and a single hole in the head whereas many of the exemplars found on the Balkans and in Greece 
�������
���������
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Z	��������&��;��61 but this idol seems to be made of sheet metal and not casted. 

As described by J. Maran in an article on the Aegean Chalcolithic period, 62 ring pendants 
known from the western Anatolian coastline no longer exhibit the typical form of the ‘ring idols’. 
The upper part of these ring pendants, found in Early Bronze Age 1 contexts or even later, is 
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������$63 They have a longitu-
dinally orientated eyelet and a more or less T-shaped head. However, the basic form is still con-
nected to its Balkan ancestor (Appendix, List 2). These western Anatolian ‘derivatives’64 were not 
only made of different metals like copper, silver and lead; they were also casted instead of being 
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	��	���65 three from Bakla Tepe, one exemplar 
from Sardis (without context).66

The archaeological interpretation of all these western Anatolian ‘derivates’ is still under dis-
cussion as they generally date after 3000 BC. This is more than 500 years after the assumed end of 
use of the ‘Balkan style’ metallic ‘ring idols’.67 In this context the two aforementioned ‘ring idols’ 
from Ege Gübre are of particular interest. They provide evidence that during the 4th millennium 
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dated ‘derivates’. Moreover one can mention that all the ‘ring idols’ found in Greece which come 
from regular excavations were found in caves or settlement contexts (and not in graves) whereas 
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The evidence for extractive metallurgy (e.g. crucibles, blow pipes, slags) in western Anatolia is still 
limited. However, the archaeometallurgical analyses helped us to get a deeper insight. First off, all the 
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material from Çukuriçi Höyük repeatedly yields very interesting results.68 The EBA 1 matte-speiss 
fragment and the metals mentioned above have lead isotope ratios, which plot within the same nar-
row range (Fig. 7). As the matte-speiss fragment is interpreted as debris of the production process of 
arsenical copper, it can be stated that arsenical copper and the metal artefacts were produced on the 
tell.69 Furthermore, it is very interesting that the Late Chalcolithic objects also fall within this isotopic 
group. This allows drawing the conclusion, that during the LC and EBA 1 the metallurgists had ac-
cess to the same mining area(s), probably in the wider region of the site itself. It is highly important 
to note that two of the LC metal objects, made of arsenical copper, have almost the same lead isotope 
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mains of a furnace), accordingly, it is obvious that they were produced on the tell.70 Therefore, we can 
state that the working of arsenical copper already began during the LC period at the tell.

Subsequently, the Çukuriçi Höyük data was combined with those from other sites in Anatolia 
and Greece (Fig. 8). The diagram shows that there is no correlation with the great ore deposits 
of Laurion in Attica and on Cyprus.71 The copper mines in Middle and Eastern Turkey,72 which 
;
	������	;;�
Z	
"�����"�<����
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®����;��73 can generally be excluded due to 
their different lead isotope ratios and trace element contents. The data indicates a partial overlap 
with the lead isotope data gathered from ore deposits found in northwestern Anatolia,74 but they 
do not correspond very well. Nevertheless, it seems reasonable to localise the mined ore deposits 
used to produce the Çukuriçi Höyük metals to somewhere in western Anatolia.75 
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useful hints concerning the provenance of the earliest metal used. For comparative purposes, avail-
able dates for artefacts found in northern Greece were included in the lead isotope diagrams. Z. Stos-
Gale describes that some of the Late Chalcolitic metals from Sitagroi III have the same lead isotope 
ratios as some Bulgarian ore deposits77 (Fig. 9) – the Rhodope Mountains and the Burgas Region. 
Meanwhile, others are isotopically consistent with ores from the Taurus Mountains, the Cyclades 
and Lavrion.78 These observations are also important for the interpretation of some northwest-
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71 The ore deposits of Laurion are particularly interesting due to lead and silver production that took place there (this 

is also mentioned for other deposits in the Aegean). Researchers have repeatedly suggested that they were also used 
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Fig. 7   In the diagram the lead isotope ratios of Çukuriçi Höyük objects dating to Late Chalcolithic period (black 
circles) are combined with those dating to the EBA 1 (yellow triangles). It can be observed that they plot within 
the same narrow range which hints to the conclusion that the copper used came from the same mining areas. It 
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Fig. 8   The diagram presents the lead isotope ratios of the objects dating to the EBA 1, compared to published lead 
isotope ratios of copper and lead ores from Cyprus and Lavrion (outlined by ellipses). It suggests a partial overlap with 
northwestern Anatolian ore deposits (red dots) meanwhile they do not coincide with Middle and East Anatolian objects 
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have the same lead isotope ratios and trace element contents like the later dated objects found in 
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arsenical copper and were produced from locally available ores and metals.79 Only two of the metal 
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�������Z�80 – do not fall in line with this observation,81 therefore, 
these artefacts or at least their metal must be an import to the region. Their lead isotope ratios plot 
in a range where we can observe not only some eastern Anatolian ores and artefacts but we can also 
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sults would, therefore, allow for two interpretations. One the one hand, it is possible that the metal 
or the artefacts were produced in eastern Anatolia. One the other hand, these results would at least 
allow for the possibility that the metal for these daggers could have come from an ore source which 
has to be located in the Balkans.82 Quite rightly, Begemann and his co-authors point to the fact that 
comparable Balkanic artefacts and ores, as well as the northwestern Anatolian ores, have a lower ar-
senic concentration83�������'�Y;Y��
	�#��������������Z������	���������	�����
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might be solved in the future as new research revealed that the arsenic was probably intentionally 
added as alloying element.84'Z�����;�����������¢��@����
���<��	@�������th millennium BC 
in the regions under study, then this must be in the focus of future research. 

Coming back to the discussion on the provenance of the early copper artefacts it is worth 
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ratios.85 This would mean that it was not produced with ‘west-Anatolian’ ores and, therefore, it 
(or its metal) is an import to this region. The provenance of the metal itself to date is unknown. 
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lian ores holds true, then we can postulate that extractive metallurgy was already known since the 
second quatre of the 4th millennium BC86 or even before in the region under study.
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Fig. 9   In the diagram the analytical data of artefacts from the 4th and 5th millennia BC are combined. It can be observed, 
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These relations should be discussed for northwestern Anatolia. Having these possible Balkanic 
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clear evidence for extractive metallurgy before 4500 BC in western Anatolia, which dates much 
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���������Y\Y88 seems to be the oldest 
evidence for metalworking by pyrotechnical processes in western Anatolia. For the time span of 
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onwards metalworking reaches the West Anatolian coastline and is also observed in Greece and 
the Aegean.89 With the beginning of the 3rd millennium BC, evidence for extractive metallurgy 
becomes denser in Anatolia and in the neighbouring regions. 
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the gap between Europe and western Anatolia. Especially, for the period before 3500 BC or even 
4000 BC, the archaeological and analytical evidence for the smelting of copper ores in western 
Turkey is limited. On the one hand, this may be caused by the state of research in the area under 
study; on the other hand, other explanations90 are also possible. However, with the beginning of 
the 3rd millennium BC the exchange of new metal technologies between Europe and Anatolia 
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new copper-tin alloy – the bronze.91������<�@��
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lurgical remains and especially of more analytical data since these are a powerful research tools 
to make such correlations visible.
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Golden ‘Ring Idols’
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35. Sesklo, Magnesia: 1 golden ‘ring idol’ (now lost), 1 pottery fragment decorated with painted 
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Silver ‘Ring Idols’

37. Alepotrypa cave, Mani: 1 silver ‘ring idol’, (together with 9 silver artefacts, 1 necklace), no 
context published (Demakopoulou 1998, 65, nos. 64–66).

38. Eileithyia cave, Aminissos, Crete: 1 silver ‘ring idol’ (Demakopoulou 1998, 64, no. 63). 

39. Ftelia, Mykonos: 1 silver ‘ring idol’ (Sampson 2002, 124).

40. ‘Euripides’ Cave near Salamis, Attica: 1 silver ‘ring idol’, 1 silver ring, without context 
(Demakopoulou 1998, 64, no. 62; Zachos 2007, 174).

Other Finds (Copper, Clay, Stone, Decoration)

41. Dimini, Magnesia: 1 copper pendant, 3 ‘ring idols’ made of stone, 3 pieces of painted pottery 
with ‘ring idol’ motives (Demakopoulou 1998, 66, nos. 67–89, 68, no 75; Zachos 2007, 172; 
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43. Emporio, Chios: 1 fragmented copper ring interpreted as ‘ring idol’ (?), found in the settlement 
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Nazou 2010, 9).

49: Tigani, Samos: 1 pottery fragment with plastic ‘ring idol’ decoration (Felsch 1988, Taf. 47.8)

Unknown Provenance
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date it was only mentioned in the local newspaper (Reinholdt 2008, 31, note 104).

51. Convolute of 55 golden artefacts with 32 golden ‘ring idols’, without context (Demakopoulou 
1998, 51–62, nos. 3–55; Zachos 2007, 174). 

Turkey

Gold, Silver and Lead ‘Ring Idols’

52. Ege Gübre: 1 golden ‘ring idol’ was found in a deposit in Ege Gübre level II, 1 silver ‘ring 
idol’ was found in grave 4 at this site, dating: The golden ‘ring idol’ was excavated within a 
deposit of Level II of Ege Gübre. The 14C analyses give two dates for this Chalcolithic level, 
in particular 4040–3950 BC and 3780–3640 BC. Grave 4 also dates to the Chalcolithic period 
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54. Göller near Oymaagaç (context unsecure): 1 silver ‘ring idol’ (Lichter 2006, 528; Zimmermann 
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Other Finds (e.g. Mould or from Unknown Context)
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56. ‘group of jewellery no. 1’, unknown provenance, (Turkey?), said to come from the region 
of Trabzon, no context: 12 golden ‘ring idols’, jewellery, carnelian bracelets (Rudolph 1995, 27, 
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Turkey

Golden Ring Pendants

58. Bakla Tepe, Turkey: 1 golden pendant with T-shaped head� and longitudinally orientated 
eyelet, 2 lead pendants with T-shaped perforated head and longitudinally orientated eyelet, found 
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Other Finds (e.g. Context Unknown or Interpretation as Part of this Group Insecure)

59. vicinity of Sardis: 1 golden pendant with T-shaped perforated head and longitudinally 
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60. ‘group of jewellery no. 2’, unknown provenance (Turkey or Mesopotamia?), 4 golden ring 
pendants with T-shaped head and longitudinally orientated eyelet, bracelets, ear-rings, precious 
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61. Alishar, 1 ring pendant with T-shaped head made of lead, found in a grave, dating ‘Copper 
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63. 1 vessel with plastic ‘ring pendant’ decoration, private collection, no context (Höckmann 
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