
Copper Shaft-Hole Axes 
and Early Metallurgy in 

South-Eastern Europe

 

Julia Heeb 

Archaeopress Archaeology



Archaeopress
Gordon House

276 Banbury Road
Oxford OX2 7ED

www.archaeopress.com

ISBN 978 1 905739 83 7

© Archaeopress and J Heeb 2014
Cover image: Experimental copper casting -  tuyère and bowl furnace © J Heeb

All rights reserved. No part of this book may be reproduced, stored in retrieval system, 
or transmitted, in any form or by any means, electronic, mechanical, photocopying or otherwise, 

without the prior written permission of the copyright owners.

Printed in England by CMP (UK) Ltd

This book is available direct from Archaeopress or from our website www.archaeopress.com



Table of Contents

Acknowledgements ��������������������������������������������������������������������������������������������������������������������������������������������������vii

Introduction �������������������������������������������������������������������������������������������������������������������������������������������������������������� 1
1.1 The invention of metallurgy in the Old World .......................................................................................................... 1
1.2 The copper axes with central shaft-hole .................................................................................................................... 2

2 Methodology ���������������������������������������������������������������������������������������������������������������������������������������������������������� 4
2.1 Background ............................................................................................................................................................... 4
2.2 Terminology .............................................................................................................................................................. 4
2.3 The collection of data ................................................................................................................................................ 5
2.4 Experiments ............................................................................................................................................................... 5
2.5 Metallography ........................................................................................................................................................... 6
2.6 Typology .................................................................................................................................................................... 6
2.7 Database/GIS ............................................................................................................................................................. 7
2.8 Summary and conclusion .......................................................................................................................................... 8

3 Theoretical Perspectives  �������������������������������������������������������������������������������������������������������������������������������������� 10
3.1 Social technologies  ................................................................................................................................................. 10
3.2 Overcoming dichotomies ........................................................................................................................................ 11
3.3 Change, invention and innovation  .......................................................................................................................... 12
3.4 Conclusion ............................................................................................................................................................... 15

4 Context and Background of the Copper Hammer-Axes and  
Axe-Adzes from South-Eastern Europe ���������������������������������������������������������������������������������������������������������������� 16
4.1 Climate and topography .......................................................................................................................................... 16
4.2 Vegetation, plants, animals and natural resources of the Copper Age in south-eastern Europe .............................. 17
4.3 Copper Age groups of south-eastern Europe – where, when and how they lived and died .................................... 19
4.4 Summary and conclusion  ....................................................................................................................................... 25

5 History of Research ����������������������������������������������������������������������������������������������������������������������������������������������� 26
5.1 The ‘discovery’ of the Copper Age.......................................................................................................................... 26
5.2 The origin and meaning of the copper axes ............................................................................................................. 26
5.3 Typology, production and provenance..................................................................................................................... 27
5.4 The creation of catalogues and scientific analysis .................................................................................................. 28
5.5 Summary ................................................................................................................................................................. 30

6 Copper Age Metallurgy and Shaft-Hole Axes  
from South-Eastern Europe – Evidence, Problems and Potential �������������������������������������������������������������������������� 31
6.1 Ore deposits and Copper Age mines ....................................................................................................................... 31
6.2 Smelting ................................................................................................................................................................... 32
6.3 The production and use of metal artefacts  .............................................................................................................. 33
6.4 Conclusion ............................................................................................................................................................... 40

7 The Experiments ��������������������������������������������������������������������������������������������������������������������������������������������������� 42
7.1 Experimental Archaeology – history, definition and scope ..................................................................................... 42
7.2 Actualistic outdoor casting ...................................................................................................................................... 42
7.3 Shaft-hole experiments ............................................................................................................................................ 45
7.4 Macromorphological results and observations ........................................................................................................ 48
7.5 Summary and conclusion ........................................................................................................................................ 49

8 Metallography ������������������������������������������������������������������������������������������������������������������������������������������������������ 50
8.1 Actualistic outdoor casts .......................................................................................................................................... 51
8.2 Shaft-hole experiment ............................................................................................................................................. 53
8.3 Archaeological axe .................................................................................................................................................. 59
8.4 The results in their archaeological context .............................................................................................................. 61
8.5 Summary and conclusion ........................................................................................................................................ 65

i



9 A New Typology for the Copper Hammer-Axes and Axe-Adzes ������������������������������������������������������������������������������ 67
9.1 Previous typologies ................................................................................................................................................. 67
9.2 The new typology .................................................................................................................................................... 67
9.3 Conclusion ............................................................................................................................................................... 74

10 Patterns and Trends in the Copper Axe Assemblage  ������������������������������������������������������������������������������������������� 76
10.1 Distribution and context ........................................................................................................................................ 76
10.2 Composition .......................................................................................................................................................... 80
10.3 Dimensions ............................................................................................................................................................ 85
10.4 Axe marks .............................................................................................................................................................. 88
10.5 Fragmentation and deformation ............................................................................................................................ 94
10.6 Summary  ............................................................................................................................................................ 100

11 The Copper Axes and Living Practices during the Copper Age 
in South-Eastern Europe – Considerations and Conclusions ������������������������������������������������������������������������������� 102
11.1 Exploitation of raw material (mining and smelting)  organisation and meaning? .............................................. 102
11.2 Melting and casting – where is the archaeological evidence and how was it done? ........................................... 106
11.3 Shape, size, decoration and use – human choices and the functionality of objects............................................. 109
11.4 Trade and deposition  ............................................................................................................................................111
11.5 Conclusions ......................................................................................................................................................... 115
11.6 Future work ......................................................................................................................................................... 117

Appendix I - Typology �������������������������������������������������������������������������������������������������������������������������������������������� 118

Appendix II – Axe Marks ���������������������������������������������������������������������������������������������������������������������������������������� 121

Appendix III – GIS Distribution Maps ��������������������������������������������������������������������������������������������������������������������� 128
Distribution maps – Axe types .................................................................................................................................... 128
Distribution maps – Axe marks ................................................................................................................................... 149

Appendix IV - Cluster Distribution Maps (from Krause 2003) ���������������������������������������������������������������������������������� 157

Bibliography ���������������������������������������������������������������������������������������������������������������������������������������������������������� 159

Online Appendices (http://bit.ly/2mOIYZl):

Appendix V – Micrographs – actualistic outdoor cast, Samples 1-5
Appendix VI – Archaeological axe adze (Jaszladany) Sample 30
Appendix VII – Shafthole experiments – clay core series: Samples 18-29
Appendix VIII – Shafthole experiments – drilled series: Sample 30
Appendix IX – Shafthole experiments – punched series: Samples 7-17
Appendix X – Database

ii



List of Figures

Fig. 1: Physical map of the study area (source: Author) 16
Fig. 2: The seven regions defined using the topography as well as the archaeological groups (thanks go to M. Kacner) 17
Fig. 3: Simplified summary of the chronology of the cultural groups in south-eastern Europe between 

6000 and 3000 cal BC (source: Author) 21
Fig. 4: The different metal groups according to the SAM project  

(source: Junghans et al. 1968a, p. 2, Fig. 1) 29
Fig. 5: Conical vessel from Belovode, which was interpreted as a ‘furnace chimney’ (source: Radivojević 

2007, p. 40, Fig. 29) 33
Fig. 6: A hammer-axe and an axe-adze (source: Author) 34
Fig. 7: Number and proportion of different axe forms (source: Author) 34
Fig. 8: The spatial distribution of axe-adzes (source: Author) 35
Fig. 9: The spatial distribution of hammer-axes (source: Author) 35
Fig. 10: Two tuyères, described as phalli in the original publication (4, 6), a crucible (7) and an 

unidentified clay object (5) (source: Cucoş 1999, Fig. 67) 36
Fig. 11: A mould for an axe-adze from Tepe Ghabristan, Iran (source: Boroffka 2009, p. 253, Fig. 6) 36
Fig. 12: Drawing of the re-discovered axe ‘blank’ from the Museum für Vor-und Frühgeschichte Berlin 

(drawing: D. Greinert) 37
Fig. 13: Elongated grain boundaries along the shaft-hole (source: Pittioni 1957, Fig. 15) 39
Fig. 14: A fragmented axe-adze with potential traces of a chisel on the shaft-hole walls (source: Author) 39
Fig. 15: Coghlan’s proposed method of copper axe production (source: Coghlan 1961, Fig. 14) 39
Fig. 16: The finished furnace, tuyère, pipes and bellow (source: Author) 43
Fig. 17: The partly filled mould after casting session 1 (source: Author) 43
Fig. 18: The cast from session 1 (source: Author) 44
Fig. 19: The partly vitrified tuyère (source: Author) 44
Fig. 20: The cast from session 2 (source: Author) 44
Fig. 21: The cast from session 3 (source: Author) 45
Fig. 22: The gas fired furnace (source: Author) 46
Fig. 23: Sand moulds for the clay core series  46
Fig. 24: The bow drill being used on one of the copper axe blanks (source: Author) 47
Fig. 25: Attempt at drilling the shaft-hole using a wooden drill point in an electric drill (source: Author) 48
Fig. 26: The different materials used as drill points. A: sedimentary rock, B: igneous rock, C: antler, D: 

wood, E: copper (source: Author) 48
Fig. 27: Experimentally cast axe from the clay core series (source: Author) 48
Fig. 28: Archaeological axe of the Jászladány type (source: Author) 48
Fig. 29: An experimental axe from the clay core series (A and D) and an archaeological axe of the 

Pločnik type (B and C) (source: Author) 49
Fig. 30: An experimental axe from the punching series (B and C) and an archaeological axe of the 

Szendrő type (A and D) (source: Author) 49
Fig. 31: The processes influencing the microstructure of metals  51
Fig. 32: The object cast in session I with the two samples taken for metallographic analysis from the 

cutting edge (sample 1) and the side (sample 2) (source: Author) 51
Fig. 33: Micrographs of the three outdoor casts before etching A-casting session I, B-casting session II 

and C-casting session III (source: Author) 52
Fig. 34: Micrographs of the three outdoor casts after etching A-casting session I, B-casting session II and 

C-casting session III (source: Author) 52
Fig. 35: The three samples from the shaft-hole experiment, which were punched and water quenched. 

(A-PWQ1, B-PWQ2, C-PWQ3) (source: Author) 54
Fig. 36: The top surface of unetched sample 22 (CCWQ3) (source: Author) 54

iii



Fig. 37: Sections along the shaft-hole of the three air cooled samples cast around a clay core (source: Author) 55
Fig. 38: Sections along the shaft-hole of the three water quenched samples cast around a clay core (source: Author) 56
Fig. 39: Sections along the shaft-hole of the three air cooled samples with punched shaft-holes (source: Author) 57
Fig. 40: Sections along the shaft-hole of the three water quenched samples with punched shaft-holes (source: Author) 58
Fig. 41: Sections along the ‘shaft-hole’ of the drilled sample (source: Author) 58
Fig. 42: The deformation of the as cast structure near the top end of the shaft-hole (A) and the lack of 

deformation near the bottom end (B) (source: Author) 59
Fig. 43: The deformation of the as cast structure near the top of the outer surface (A) and the lack of 

deformation near the bottom of the outer surface (B) (source: Author) 59
Fig. 44: A fragment along the top of the shaft-hole (source: Author) 60
Fig. 45: The outer surface of the sample where there is a high copper oxide concentration (source: Author) 60
Fig. 46: The shaft-hole (A) as well as the outer surface of the sample (B) (source: Author) 61
Fig. 47: Strain lines near the lower half of the outer surface (source: Author) 61
Fig. 48: Oxide enrichment of two archaeological axes (A and C) and one experimental one (B) (source: 

A-B Authors and C Coghlan 1961, p. 65, Fig. 9) 64
Fig. 49: An old micrograph of a shaft-hole surface of an axe-adze (source: Coghlan 1961, p.62, Fig. 6) 65
Fig. 50: The typology as devised by Schubert (source: Schubert 1965, p. 276, Fig. 1) 68
Fig. 51: The distribution of all Copper Age hammer-axes and axe-adzes with known findspots (source: Author) 77
Fig. 52: The main distribution area of the copper axes from south-eastern Europe (source: Author) 77
Fig. 53: The proportion of different axe groups, which occur inside and outside a 1km buffer zone around 

the rivers (source: Author) 78
Fig. 54: The proportion of axes occurring within different distances of the rivers (source: Author) 78
Fig. 55: The proportion of axes coming from secure, possible and no contexts (source: Author) 78
Fig. 56: The number of axes coming from different contexts (source: Author) 78
Fig. 57: The proportion of hammer-axes and axe-adzes coming from different contexts (source: Author) 79
Fig. 58: Axe-adzes and hammer-axes from three different contexts (source: Author) 79
Fig. 59: The vast majority of axes fall into cluster 2 (Data: Krause 2003, Graph: Author) 82
Fig. 60: The number of hammer-axe and axe-adzes in each relevant cluster. The clusters are based on the 

level of 34 clusters obtained from the complete dataset by Pernicka  82
Fig. 61: The distribution of the relevant clusters out of the 34 clusters based on the complete dataset 

(Data: Krause 2003, Map: Author) 83
Fig. 62: The Europe-wide distribution of all copper objects falling into cluster 2  84
Fig. 63: The percentages of axes coming from the relevant level 40 clusters  84
Fig. 64: Distribution of length values for the hammer-axes and axe-adzes (source: Author) 85
Fig. 65: The weight and length values for the hammer-axes and axe-adzes (thanks go to S. Suhrbier) 86
Fig. 66: The weight and length values for the different axe types (thanks go to S. Suhrbier) 87
Fig. 67: The distribution of Jászladány axes by weight (source: Author) 87
Fig. 68: Percentage of hammer-axes and axe-adzes with and without marks (source: Author) 89
Fig. 69: Comparing the different styles of markings for Jászladány axe-adzes and Székely-Nádudvar 

hammer-axes in percentages of the total number of marked axes of both types (source: Author) 90
Fig. 70: The percentages of axe types marked with two circles, one on each side of the shaft-hole (code 

2a) (source: Author) 90
Fig. 71: A Neolithic stone axe belonging to the Salzmünder group from the Museum für Vorgeschichte in 

Halle, Germany (source: Author) 90
Fig. 72: A marked hammer-axe (source: Author) 91
Fig. 73: An axe-adze with ‘half moon’ marks (Source Vulpe 1975, plate 25, 184) 91
Fig. 74: The side of decoration for hammer-axes and axe-adzes (% of the total number of hammer-axes 

and axe-adzes) (source: Author) 92
Fig. 75: The types of decoration, which are more common on the upper and lower side of axes  92

iv



Fig. 76: The proportion of marked and unmarked axes with and without context, fragmented and not 
fragmented as well as for the different stages of wear (source: Author) 92

Fig. 77: The distribution of marked and unmarked copper axes from south-eastern Europe (source: Author) 93
Fig. 78: The number of hammer-axes and axe-adzes with complete and early fractures from the whole 

study area (source: Author) 94
Fig. 79: The proportion of fragmented and not fragmented axes per axe type (source: Author) 95
Fig. 80: The proportion of fragmented axes per country (source: Author) 95
Fig. 81: The spatial distribution of fragmented and complete axe-adzes (source: Author) 96
Fig. 82: The places of fracture amongst axe-adzes (source: Author) 96
Fig. 83: The axe and adze arm were probably cut with a sharp instrument (source: Author) 96
Fig. 84: Two early cracks on either side of a shaft-hole of an axe-adze (source: Author) 97
Fig. 85: The fragmented and complete axes with and without bismuth (source: Author) 97
Fig. 86: The distribution of copper hammer-axes and axe-adzes containing bismuth (source: Author) 98
Fig. 87: The proportion of fragmented axes amongst the different find contexts (source: Author) 98
Fig. 88: The difference in the level of wear between hammer-axes and axe-adzes (source: Author) 99
Fig. 89: The difference in the level of wear for the three known contexts of the copper hammer-axes and 

axe-adzes (source: Author) 99
Fig. 90: Illustrating the ‘life cycle’ of copper artefacts (after: Ottaway 1994, Fig. 1, p. 3) 103
Fig. 91: The two confirmed Copper Age mines of Aj-Bunar (star) and Rudna Glava (triangle), as well as 

the possible copper mine near Špania Dolina (cross) in relation to the copper hammer-axes and 
axe-adzes (source: Author) 104

Fig. 92: The shaft-hole of an axe-adze with clear forging marks (photo: Author) 108
Fig. 93: The axe cutting edge split open, which indicates that it was forged together (photo: Author) 108
Fig. 94: The hoard find from Szeged, Szillér  113

v



List of Tables

Table 1: The different terminologies on a national level from the Neolithic to the Bronze Age in  
south-eastern Europe. (after Parzinger 1993, p. 355, Fig. 16) 4

Table 2: Early human impact as seen through pollen data from south-eastern Europe (source: Author) 18
Table 3: Plant species from Copper Age sites within south-eastern Europe (after: Schier and Draşovean 

2004, p. 211-212, Table 11) 19
Table 4:The relevant matching clusters and SAM groups for Copper Age south-eastern Europe (source: 

after Pernicka 1995a, Fig. 43) 28
Table 5: Different production techniques for the copper axes from south-eastern Europe from the literature 36
Table 6: The descriptions and qualities of the metallographic samples (source: Author) 53
Table 7: A summary of the micrographs from the literature (source: Author) 62
Table 8: The different groups and types of hammer-axes with description (source: Author) 70
Table 9: The different groups and types of axe-adzes with description (source: Author) 71
Table 10: Axes with other combinations of cutting/hammer arms and their descriptions (source: Author) 71
Table 11: The clusters from the complete dataset and their chemical characterization, as well as 

the number of axes, which fall into each cluster. (source: adapted from Krause 2003, p, 89, 
Fig. 39)*The axes refer only to those objects, which are relevant 81

Table 12: The clusters of the regional study and their chemical characterization, as well as the number of 
axes, which fall into each cluster (Source: based on Krause 2003 p, 323-328)*The axes refer only 
to those objects, which are relevant to this research 83

Table 13: The codes for the different axe types used for Fig. 65 (thanks go to S. Suhrbier) 88
Table 14: The number of marked axes per type (source: Author) 89
Table 15: The possible production techniques for the different axe types (source: Author) 107
Table 16: A summary of the spatial distribution of the different axe types (source: Author) 110

vi



Acknowledgements

For the completion of this book I would like to thank first and foremost my husband, children and parents for giving me 
the time and support I needed. Without my two supervisors Prof. Anthony Harding and Prof. Alan Outram, it would have 
also been difficult to plan and finish the work in time. They were a great help and therefore I would like to thank them. 
Financially this book, based on my PhD thesis, would not have been possible without the funding I received from the 
Arts and Humanities Research Council. The department of Archaeology at the University of Exeter and the Camborne 
School of Mines have also played a vital role in supporting my research both through supplying specialist equipment 
and valuable advice. I would like to thank in particular Barbara Ottaway, Gill Juleff, Bruce Bradley as well as Steve 
Pendray. I would like to thank the Historical Metallurgy Society for helping me carry out my pre-experiments through 
the Coghlan bequest, without which I would not have been able to buy all the materials necessary. I would also like to 
thank the group ‘Experiment A’ and Andrew Young for helping me on the way to becoming a practical metallurgist, and 
last but not least all my ‘bellower’s’, Tine Schenck, Via Baker, Genevieve Hill and Sophie Thorogood. For letting me 
view and handle some of the original hammer-axes and axe-adzes I would like to thank the following museums and 
staff: Muzeul Naţional al Unirii Alba Iulia (H. Ciugudean), Munkácsy Mihály Múzeum, Békéscsaba (A. Gyucha), The 
British Museum (B. Roberts), Muzeul Naţional de Istorie a Transilvaniei Cluj (M. Rotea), Deri Museum Debrecen (J. 
Dani), Muzeul Civilizaţiei Dacice şi Romane Deva, Erkel Ferenc Museum Gyula (A. Gyucha), Herman Ottó Museum, 
Miskolc (P. Csengeri), Jósa András Múzeum Nyíregyháza (K. Almassy), Muzeul Ţării Crişurilor Oradea (G. Fazecas), 
Baranya County Musem Pécs (C. Gáti), Muzeul de Istorie Sibiu (S. Luca), Mora Ferenc Museum Szeged (O. Lajkó), 
Wosinsky Mór Múzeum Szekszárd (Z. Gaál), Muzeul Banatului Timişoara, (A. Szentmiklosi), The British Museum (B. 
Roberts) and the Museum für Vor und Frühgeschichte Berlin (A. Hänsel und A. Hoffmann) who also gave me access to 
the important rediscovery of the copper axe blank. And last but not least I would like to thank Rüdiger Krause, Stefan 
Suhrbier, Tobias Kienlin and Roger Doonan for their specialist advice and help. 

vii





1

The topic of this research is the first large cast copper 
objects in the Old World, namely the axes with central 
shaft-hole from south-eastern Europe. They appear at 
a time when the dynamics in south-eastern Europe are 
changing dramatically from a Neolithic way of life with 
hardly any hierarchical differentiation, to a Bronze Age 
which sees the development of stratified society. It is 
during this transitional stage, known as the Copper Age 
that metallurgy began to develop within south-eastern 
Europe. Whether this development was independent of 
the Near East is still a topic of debate (Radivojević et al. 
2010). 

1�1 The invention of metallurgy in the Old World

It is generally accepted that copper metallurgy developed 
due to the bright colours of native copper and its oxidised 
ores which would have been noticed whilst prospecting for 
other raw materials already in use (Chapman and Tylecote 
1983, 373; Coghlan 1975, 21-27; Hamlin 1996, 12-17; 
Ottaway 1994, 13; Parkinson 2004, 318). In the Near 
East as well as in south-eastern Europe, a period can be 
identified in which coloured minerals were not used for 
their metallic properties, but as pigments and ornaments, 
produced and made in the already known lithic traditions 
(Radivojević et al. 2010, 2776; Roberts et al. 2009, 1013; 
Strahm and Hauptmann 2009, 118-119). This ‘preliminary 
stage’ begins in the Near East between the 11th and 9th 
millennium BC (Moorey 1994, 255; Roberts et al. 2009, 
1013; Solecki et al. 2004, 96; Strahm and Hauptmann 
2009, 118; Yalçin 2000, 19) and starts in south-eastern 
Europe about 6500 BC (Borić 2009, 237; Radivojević 
2007, 8). Early finds have been made in Serbia, Bulgaria 
and Romania, belonging to the earliest Vinča, Karanovo, 
and Criş groups respectively (Ottaway 1994, 231). The 
two early finds from Romania have been hotly debated 
as the context of the awl from Balomir, and the date of 
the entire horizon of a copper fragment from Iernut have 
been questioned (Luca 1999, 282-283). However, as 
mentioned above the ‘cold’ working of copper mineral is 
now accepted to have started in Europe around 6500 BC 
meaning that two artefacts from Romania could well have 
such an early date (Borić 2009, 237; Radivojević 2007, 8).

The first evidence in the Near East for the use of annealed 
native copper in the form of beads, awls and other 
amorphous fragments dates to the late 9th and early 8th 
millennium BC (Pernicka 1995a, 29; Pernicka et al. 1997, 
46; Maddin et al. 1999, 38; Özdoğan and Özdoğan 1999, 
14-15; Yalçin and Pernicka 1999, 46). However, this initial 
annealing was not carried out at high temperatures, and 
could be argued to be still part of the so-called ‘cold’ 

working of metallic objects as part of the lithic industry 
(Radivojević et al. 2010, 2776). It is only with the first 
evidence for smelting and/or casting that one can talk about 
‘hot’ metallurgical processes (Radivojević et al. 2010, 
2776). The smelting of copper possibly occurs for the 
first time during the 7th or 6th millennium BC in Anatolia 
although the evidence, two melting or smelting crucibles 
from Çatalhöyük, is contentious (Borić 2009, 237; Roberts 
et al. 2009, 1013). Interestingly the first conclusive 
evidence for the smelting of copper comes from Belovode 
(Serbia) and Tal-i Iblis (Iran) around 5000 BC (Borić 2009, 
238; Radivojević 2007; Roberts et al. 2009, 1014). The 
evidence from Iran comes from a layer with a very long 
time window, from the late 6th to the late 5th millennium 
BC, making the Serbian evidence the earliest not only in 
Europe but probably in the old world (Radivojević et al. 
2010, 2778). This early evidence for smelting confirms the 
early dates for some large cast axes from Pločnik which 
have been dated to the first centuries of the 5th millennium 
BC. Mining activities at Rudna Glava can now be dated to 
at least the mid 6th millennium BC, maybe even to the late 
7th millennium BC (Borić 2009, 237). 

The picture emerging at the moment is that the first use 
of copper minerals as well as the manufacture of small 
hammered copper objects using the known lithic techniques 
clearly happened in the Near East. The first evidence for 
‘hot’ or ‘real’ metallurgy (smelting and the casting of 
large objects) actually comes from south-eastern Europe. 
The early occurrence of large cast axes under study was 
one of the arguments Renfrew used for the autonomous 
development of metallurgy in south-eastern Europe (1969). 
This premise is favoured particularly in south-eastern 
Europe itself, indeed Todorova even speaks about “ex 
balkanae lux” when talking about the origin of developed 
metallurgy (Todorova 1978, 1). However, in recent years, 
an increasing number of scholars are again postulating a 
single origin in time and space for metallurgy in Eurasia 
and its diffusion to south-eastern Europe possibly at the 
same time as the introduction of agriculture (Borić 2009, 
237; Hansen 2009, 139; Pernicka et al. 1997, 48; Roberts et 
al. 2009, 1014; Strahm and Hauptmann 2009, 125-126). In 
a paper on the ‘development of metallurgy in Eurasia’ the 
authors use the two earliest sites with definitive evidence 
for the smelting of copper, Belovode in central Serbia 
and Tal-i Iblis in south-eastern Iran, as an argument for a 
single invention of smelting that happened somewhere in 
Anatolia (Roberts et al. 2009, 1014). Although the oldest 
copper finds do come from this region, it seems somewhat 
simplistic to use the midway point between the two earliest 
occurrences of copper smelting as the centre of origin for 
this innovation, especially as one of them is still contested. 
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The authors do say that the debate is not settled, and more 
scientific research is necessary to clarify the situation once 
and for all (Roberts et al. 2009, 1014). 

In a recent paper on the first extractive metallurgy in 
Europe, the Near Eastern impulse or origin is postulated 
also (Radivojević et al. 2010). The authors argue that the 
distinction between ‘cold’ and ‘hot’ metallurgy is vital in 
understanding the transmission and origin of metallurgy 
(Radivojević et al. 2010, 2784). They argue that the 
knowledge of ‘cold’ metallurgy came to Europe with the 
‘Neolithic package’ from the Near East (Radivojević et al. 
2010, 2784). This would fit the evidence for the first small 
copper and malachite artefacts from south-eastern Europe 
around 6500 BC which were all made using the known 
lithic techniques. The advent of smelting and casting, 
however, was an independent discovery within south-
eastern Europe, in an area extremely rich in copper deposits 
(Radivojević et al. 2010, 2784). Although this hypothesis 
does sound plausible, it is difficult to make such statements 
about the transmission of ‘cold’ metallurgy, when we are 
only dealing with a handful of finds from across all of 
south-eastern Europe. As south-eastern Europe was full of 
easily accessible and visible copper deposits, it might not 
have needed an impulse from the Near East to explain the 
few known finds, especially as they can all be produced 
using the known lithic techniques. An impulse might 
also have come at a slightly later date, after the very first 
introduction of farming to Europe. A distinction should 
also be made between working copper ore into beads or 
pigments and the hammering of native copper. The former 
really is using lithic techniques, as the qualities of ore are 
very much like stone. The hammering of native copper, 
however, is different as it takes into account the different 
properties of an entirely new softer and more malleable 
material. Another problem with the transmission of the so 
called ‘cold’ metallurgy with the ‘Neolithic package’ is 
the complete absence of copper and copper ore artefacts 
from the rest of Europe at the time of the introduction of 
farming. In fact the earliest copper objects from southern 
Germany date to the second half of the 5th millennium 
BC, over one millennium after the introduction of farming 
(Schier 2010, 30)

Despite these problems this hypothesis is worth keeping 
in mind for the debates on the origins of metallurgy in 
the future which are still ongoing. The second part of the 
theory, concerning the independent development of the 
‘hot’ metallurgy (smelting and casting) in the Balkans is 
probable, especially due to the downright explosion of 
metallurgy shortly after the first evidence for mining and 
smelting in the form of the heavy copper axes. The reason 
for this explosion in metallurgical expertise in the Balkans 
was probably a combination between the highly developed 
pottery repertoire, controlling high temperatures in purpose 
built furnaces (Sherratt 1994, 169), the presence of rich 
copper deposits throughout south-eastern Europe and, of 
course, the ‘readiness’ on the part of (some) Copper Age 
persons not only for the invention, but also for the uptake 
of these new techniques and skills. 

1�2 The copper axes with central shaft-hole

Besides their importance in the debates on the origin of 
metallurgy, the copper axes with central shaft-hole were 
chosen as a topic of study due to the many unanswered 
questions which arise when looking at the assemblage in 
more detail. The assemblage consists mainly of hammer-
axes and axe-adzes, although some pick-axes and adzes as 
well as double-axes and adzes have also been found. The 
hammer-axes have a hammer-end and an axe-end, and the 
axe-adzes, as the name suggests, consist of an adze– and an 
axe-end. The characteristic, which stands out most, is their 
weight. Compared to other metal artefacts in circulation at 
the time, the vast majority of copper axes weigh between 
600 and 1500gr., although some hammer-axes weigh up 
to 3785gr. (see database ID 676). However, to use this as 
an argument for the ‘special status’ of all these axes is not 
tenable, as quite a number, especially the most common 
Jászladány –type axes, often weigh less then 1kg, and have 
a very light and practical ‘feel’ to them. 

Most of these axes have been published as part of the 
series ‘Prähistorische Bronzefunde’ (Antonović in prep.; 
Mayer 1977; Novotná 1970; Patay 1984; Říhovský 1992; 
Todorova 1981; Vulpe 1975; Žeravica 1993). At the heart 
of these PBF volumes is a catalogue of finds, including 
drawings. The contextual and technological aspects of 
the copper axes are only covered in a short introduction. 
Although essential for any scholar working with these 
objects, the PBF volumes do not go much beyond listing 
the axes under consideration and many questions therefore 
remain unanswered. There are invaluable examples of 
published material, (Coghlan 1961; Kienlin and Pernicka 
2009; Pittioni 1957; Ryndina and Ravich 2000, 2001), both 
old and new, which have looked closer at their production, 
but the last significant contextual overview was written 
in the 1960s (Schubert 1965). It is also, so far, the only 
work looking at the axes on a transnational basis. The 
PBF volumes cover the axes based on modern countries, 
making it difficult to interpret trends and patterns in the 
data for the entire distribution area. The scientific studies 
concentrating on the production are highly specialised in 
terms of space and/or numbers of specimens (Coghlan 
1961; Kienlin and Pernicka 2009; Pittioni 1957; Ryndina 
and Ravich 2000, 2001). Although they are exceptionally 
important sources of data, specifically for answering 
questions regarding their production, they are not useful for 
large scale contextual studies of the copper axe assemblage 
as a whole. It was therefore a necessity to approach these 
axes a-fresh, ignoring national interests and borders. 

The main aims of this thesis were to better understand how 
the axes were made and used, what the overall context 
and place of them was within the cultures and settlements 
of the Copper Age, and how the production and context 
might relate to the living experiences of the individuals in 
the Copper Age. The overall approach can be described as 
holistic, using different methodologies as well as putting 
the axes in their wider context. So far, such an integrated 
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analysis has been missing. They were considered within 
their overall environment looking at all aspects of Copper 
Age life directly relevant to the axes. This was important 
as most of them are isolated finds, and are therefore often 
considered as a ‘stand alone’ class of material culture. The 
second meaning involves using as many available research 
methods as possible suited to answering the relevant 
questions (see Chapter 2). 

To begin with, a theoretical framework had to be established, 
in order to define the relationship between humans and their 
environments, and how, through the interactions, artefacts 
come into being and change. In archaeology, change is 
often taken for granted within all theoretical frameworks; 
they merely describe changes in settlement patterns and 
material culture over time without looking at how and why 
the changes occurred in detail (van der Leeuw 1989, 300). 
This is true for traditional cultural-historical, processual 
and indeed post-processual archaeology (Chapman 1997; 
Ciugudean 2000; Bailey 2000; Kalicz 1998b; Pavúk 1998). 
Although post-processual archaeology acknowledges 
that individual and group actions are responsible for the 
changing cultural landscapes (Bailey 2000, 190; Chapman 
1997, 138), the time frames used are often far too long for 
any real analysis of individual action. The long accepted 
tendency from a so-called “communal” Neolithic to a more 
“individual” Bronze Age (Bailey 2000, Hodder 1990) is a 
generalisation which would not have been perceived by 
the people in the past. It is only with hindsight that we 
can define these broad patterns in material culture. This 
is why a reversal of approach can be useful, as it tries to 
understand the techniques and skills involved in production 
from the point of view of the artisan (van der Leeuw 2008). 
It is also from this perspective that the dichotomy between 
the natural and social world can be overcome, as in any 
material engagement the two mingle and are combined 
in an extensive meshwork of relations and associations 
between materials, ideas, humans, gestures and traditions 
to name but a few (Ingold 2000; Latour 2005; van der 
Leeuw 2008).

As well as this theoretical framework and a thorough 
review of the available literature, there are two core 
approaches of data collection that are essential to this 
work. The first is the database and the second the use of 
experiments, together with the metallographic analysis of 

the results (see Chapters 7, 8 and 10). The experiments, as 
well as the metallographic analyses were the only ways 
to try and further the debate on the production of the 
copper axes. One could say that the database was used to 
investigate the contextual patterns in the data on a larger 
scale, whereas the experiments helped to engage with the 
specifics of how the axes were made. The results of both 
approaches were combined and integrated into the larger 
picture as obtained through the literature. 

Besides these two main approaches, other aspects were also 
considered. While investigating and thinking about these 
axes and the related questions in more detail, it was seen 
to be vital to re-appraise the typology used to categorise 
them (see Chapter 9). The debate about the methods of 
production was reinvigorated through the re-discovery 
of a possible axe blank (see Chapter 6 and Fig. 9). The 
axe blank did not have a shaft-hole and had a very rough 
outline of an axe-adze. It had been lying in the storerooms 
of the Museum für Vor-und Frühgeschichte Berlin since 
the early part of the 20th century without having been 
recognised for what it is, until now. Unfortunately, it was 
only discovered after the experiments had been finished. 
Otherwise it might have been possible to concentrate more 
on the questions raised by this unique find. 

Through these different approaches, the place and 
importance of the copper axes with central shaft-hole 
from south-eastern Europe was illustrated within the 
relevant cultural groups, as well as on an individual level 
of production and use. Be it the potential magico-religous 
aspects of mining and smelting or the individual choices 
made during the production process, understanding all 
aspects from the level of the individual to the level of 
archaeological groups and cultures has been the aim. It 
is in the larger scale developments that change is most 
visible, although it was always started by an individual 
action. The question is whether the larger changes seen by 
archaeologists, like the change in burial practices leading 
to an increasing archaeological visibility of the individual 
in the Copper Age, happened fast enough to be actually 
experienced as a dramatic shift by the people in the past. 
The aim of this investigation of the Copper Age axes was 
to better understand this interesting time period a little 
better. 




