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Abstract: Two of the most significant innovations of the fourth millennium BC were the invention of the wheel and of
wheeled vehicles, which led to other major innovations during the Late Copper Age. Discussed here are the major milestones and
advances in research on wheeled vehicles, problems of dating, and the issues relating to the actual place of the invention of wheeled
vehicles as well as the fruitful collaboration between various analytical disciplines and archaeology concerned with the study of
wheels and early wheeled vehicles.
I have collected the finds relating to wheels and wheeled vehicles. It would appear that the invention of the wheel and of
wheeled conveyances occurred in different centres. Even though we are unable to date the creation of the very first vehicle to the year,
it seems quite certain that wheeled vehicles appeared more or less simultaneously in several regions in the fourth millennium BC.
Keywords: Late Copper Age, innovations, early wheels, wheeled vehicles

1. INTRODUCTION1

Today, we tend to associate innovations with the industrial inventions of the twenty-first century that have
radically transformed our lives. The new advances in nanotechnology, robotics, genomics and information technol
ogy have become part of our daily lives. However, these could hardly have come about without the knowledge and
skills accumulated during the previous millennia.
Illiterate prehistoric societies can be credited with countless inventions that continue to determine our lives
today, in the space age. These include, to mention but a few, the discovery of fire, the crafting of tools such as projectile points, knives, axes and hammers from various materials, the cultivation of plants, the domestication of
various animals, the technology of potting, the various modes of food storage as well as the different technologies
for the preservation and processing of food, the elements of clothing (wool and textile production, leather tanning,
footwear, jewellery), house construction, prospecting for raw materials, the discovery of metal casting and of alloys,
the exploitation of salt mines, and communication between communities.
The perhaps two most significant innovations of the Late Copper Age (3600/3500–3000/2800 BC) were
the invention of the wheel and of wheeled vehicles, which sparked further major inventions in this early period. The
new device was no doubt born after long experimentation driven by practical needs and was initially conceived and
perfected with meticulous attention to detail to ensure its adaptation to local geographic conditions and the expectations and needs of the community.
1
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It seems likely that our ancestors first created simple wooden sledges, slides, two-wheeled carts and contraptions for transporting agricultural produce. The latter turned out to be so practical that they are still used today
in Anatolia and the Pyrenees.2
Four-wheeled wagons with a rectangular vehicle body fitted with solid disc wheels or tripartite wheels
made from three planks mortised to the axle can be regarded as the perfected version. This vehicle proved to be
highly practical and its variants – carts and peasant wagons – are still around today. These heavy wagons and carts
were most often drawn by two animals, usually oxen, while horses were generally harnessed to its later variant, the
two-wheeled light chariot. Draught animals varied from one region or continent to the other, and the currently
known depictions show a wide array of creatures associated with vehicles, ranging from birds to camels.
Vehicles, the period’s major invention, were initially the privilege of a few for it expressed prestige and
exceptional social status that was also vested with a sacral meaning by their owners. As mystical symbols, wheels and
wagons were the links between earthly existence and the celestial sphere, and their owners were the select few who
could boast direct connections with mystical powers. The mythologies and religions of later ages speak of the carriages of the gods, of vehicles flown to the heavens by birds,3 and of chariots of the Sun cult,4 while the legends and
folk tales of various peoples allude to funerary wagons on which the deceased made the journey to the otherworld.
2. MAJOR MILESTONES AND RESEARCH THEMES OF PREVIOUS STUDIES ON WHEELED VEHICLES

It still remains to be established when and where the first wheel and the associated wooden structure first
appeared. Was it diffused from one centre to other parts of the world or were wheeled vehicles invented in several
places, independently of each other?
Several studies and books have been devoted to the origins and early history of wheels and wheeled conveyances, discussing these issues from various perspectives. Here, I shall highlight the main milestones, which still
have a theoretical relevance regarding origins and dating.
The archaeological evidence for early vehicles was first reviewed by V. Gordon Childe, the renowned
Australian professor of archaeology, who discussed these finds in several of his works.5 The accepted chronological
framework was based on the early Egyptian dynasties and the Mesopotamian king lists, to which the European finds
could be anchored based on the occurrence of similar artefacts and ornamentations.6
From his survey of the then known relics scattered over an immense area (remains of genuine wheeled
vehicles, miniature models, depictions on reliefs and literary references) and their dating, Childe concluded that the
earliest evidence comes from Mesopotamia, implying that wheeled conveyances had been invented in that region,
whence they spread to other parts of the world during the ensuing centuries, in the following sequence (according
to the then known dates): the earliest finds from Mesopotamia could be dated to 3000+BC, to 2500±BC from the
Indus Valley, to 2500 BC from the Central Asian steppe, to 2200±100 BC from Syria and the Upper Euphrates
region, to 2000±100 BC from the Orontes region, to 1900±100 BC from Crete and Central Anatolia, to
1550±30 BC from mainland Greece, to 1400±200 BC from Armenia and southern Russia, to 1100±200 BC from
northern Italy, to 1000±200 from Central and Northern Europe, and to 500±100 BC from Britain.7
This apparently secure chronological matrix could have been revised some two years after Childe’s study.
In 1953, two miniature wagon models came to light from well-datable, secure contexts in the Late Copper Age
cemetery of Budakalász, a site lying in the heartland of Europe, which were almost immediately published by the
excavator.8 Being much earlier, these two wagon models were at variance with the regional and chronological
scheme proposed by Childe and furnished new evidence that four-wheeled wagons had appeared at an early date in
2
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Europe. However, the Hungarian article was insufficient for challenging Childe’s influential theoretical model, as
was János Banner’s monograph publishing the cemetery’s first discovered 115 burials and Sándor Soproni’s study
on the wagon model in German.9
The miniature wheel and wagon models sculpted from clay brought to light in the Carpathian Basin became known through István Bóna’s oft-cited study written in English in the 1960s.10 Although Bóna convincingly
demonstrated the early European presence of four-wheeled vehicles, he did not challenge the notion that their invention had occurred in Mesopotamia.11
The comprehensive studies by Childe and Bóna gave a fresh impetus to research on prehistoric wheeled
vehicles. The publication of new finds, principally wagon models, considerably enriched our knowledge. A spate
of important articles and studies covered the formal traits, the distribution and the possible ritual role of wheeled
vehicles, and sought an answer to how and for what purposes miniature models were used, citing mythological and
religious examples from later ages to illustrate their association with various deities and the otherworld. Miniature
models are generally interpreted as ritual objects, although their original function continues to elude us in the lack
of palpable evidence from secure contexts. Various models have been proposed for the routes whereby wheeled
vehicles spread and for the duration of their diffusion – some of these invoked an origin in the east, although the
general scholarly consensus that their origin lay somewhere in the Fertile Crescent remained unchanged.
Accepting the Mesopotamian origin of wheeled conveyances, Emmanuel Anati focused on the twowheeled war chariots of the European Bronze Age.12 Stuart Piggott devoted several studies to the occurrence and
distribution of wheeled conveyances, with a special interest in the horse-drawn wheeled vehicles of the Far East
and China.13 The vehicles of the Near East were intensely researched by Mary A. Littauer and Joost H. Crouwel,
who covered this subject in a series of comprehensive studies.14 Wolfram Nagel and Peter Roger Stuart Moorey’s
work in this field likewise focused on the same region.15 The wheeled conveyances of the steppe region were principally reviewed and discussed in detail by Alexander Häusler.16
Following the surge of interest in the 1960s and 1970s, studies on early wheeled vehicles received a fresh
impetus from the findings of another discipline.
3. OTHER INNOVATIONS ASSOCIATED WITH WHEELED VEHICLES

Simultaneously with the advances made in archaeological studies, archaeozoological inquiries into the
earliest traces of the domestication of the horse yielded exciting new results, some of which had major implications
for the study of wheeled vehicles.
The assessment of the archaeozoological material from the large Neolithic sites in southern Europe during
the 1970s revealed that the domesticates of the first wave of domestication, principally sheep, goat and pig, were
represented by bones from young, no more than a few months old individuals, implying that the animals had been
slaughtered for their meat before reaching adulthood. In contrast, the archaeozoological samples from communities
familiar with wheeled vehicles contained the bones of older cattle because only oxen, castrated bulls, could be yoked
to wagons as draught animals. These animals were not only kept for a longer period of time, but they were also
trained to pull wagons and to wear yokes, an indication that animal raising had entered a new dimension: in the
wake of the training they underwent, the animals’ value increased and the range of their exploitation was broadened
and significantly transformed. The realisation that domesticates need not be immediately slaughtered led to more
selective breeding strategies, of which one important milestone was the exploitation of the animals’ traction power,
which also led to morphological alterations on their bones.
In an influential study published in 1981, Andrew Sherratt coined the term “Secondary Products Revolution” (SRP) for describing the exploitation of domestic animals for a variety of purposes other than simply the
consumption of their meat:17 for their milk, their wool, their traction power, all of which were repeatedly exploitable
Soproni 1956.
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resources, making the lives of communities breeding various domesticates easier and wealthier in addition to giving
them the option of planning ahead. The community’s meat supply no longer depended solely on the success of hunting, which now merely enriched the variety of available meat types. This change inspired various economic strategies among different communities. The availability of the meat of bred animals that could be slaughtered anytime
stimulated experimentation with different cooking, roasting, preservation and spicing technologies and their perfection. The various techniques of leather and bone working too were enriched with new procedures and the sophisticated art of tanning is probably an innovation that can also be linked to this period. The use of animal milks enabled
the production of various milk-based products such as cheese and butter that were probably consumed by this time.
Sherratt contended that the changes in the earlier fourth millennium BC were on a scale on par with
Childe’s Neolithic Revolution: the period saw new inventions and innovations such as the wheel, wheeled vehicles
and the ard plough, and the spread of new domestic species such as horse, ass and woolly sheep. Sherratt elaborated
on his original SPR model in several studies and he envisioned the period’s communities as part of an almost gigantic industrial society in his Secondary Products Scenario.18
Sherratt’s influential model gave a fresh impetus to the period’s scholarship. The number of publications
presenting new finds grew substantially, and due emphasis was placed on the dating and interpretation of these finds,
the search for the homeland of the new invention, the problems related to the domestication of the horse and the
origins of the Indo-European peoples. The possible link between wheeled vehicles and the horse has since long
enjoyed a prominent position on research agendas. The studies on the domestication of the horse and on the origins
of the Indo-European (and the Indo-Iranian) peoples would alone fill a smaller library.19 New advances in the archaeology of the steppe and the region’s new finds have been covered by Elena F. Kuz’miná20 and Philip Kohl,21
while Antonio Sagona has reviewed the assemblages from the steppe regions beyond the Caucasus.22 A new Copper
Age wagon model from Turkmenistan in Central Asia was recently published by Lyubov Kirtcho.23
4. THE IMPACT OF THE NATURAL SCIENCES ON THE STUDY OF WHEELED VEHICLES

4.1. Chronology
In order to pinpoint where wheeled vehicles were “invented”, we need to determine their earliest occurrence, which in turn calls for precise dating. One of the vexing problems of archaeology is dating, which has seen
incredible advances during the past six decades.
The radiocarbon revolution occurred soon after World War 2, in the wake of the procedure elaborated at
the University of Chicago in 1949. The archaeological application of the radiocarbon dating method published in
1952 by Willard Frank Libby, winner of the Nobel Prize for chemistry, placed archaeological dating on an entirely
new footing based on 217 measurements and ultimately overturned the traditional chronological framework.24
The Late Copper Age of the Carpathian Basin was assigned to between 2100 and 1900 BC in the historical
chronology, which corresponded to the VIth Dynasty and the First Intermediate Period of the Old Kingdom in Egypt,
to the IIIrd Dynasty of Ur preceding the Old Babylonian period in Mesopotamia and to Troy III–V.
However, the radiocarbon dates suggested that the Late Copper Age in the Carpathian Basin should be
assigned to between 3600/3500 and 3000 or 2800 BC (as more recently suggested), which can be correlated with
the onset of the Pre-Dynastic period in Egypt and the Early and Middle Uruk period in Mesopotamia. Troy did not
exist at this time and various prehistoric communities flourished in Europe.
A “gap” of some one thousand years appeared between the traditional historical (short) chronology and the
radiocarbon (long) chronology regarding the correlations with the absolute dates of various regions. Although se
veral theoretical models were proposed for bridging this gap, only more recently has a scholarly consensus emerged
regarding the synchronisation of the chronological sequences of Europe, the Near East and Egypt.
Sherratt 1983, 1997, 2004.
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In studies on wheeled vehicles, radiocarbon dating only brought a major breakthrough at the close of the
twentieth century, some fifty years after the introduction of this dating method.
A study published in ‘Antiquity’ in 1999 surveyed the radiocarbon-dated early finds from various regions.
The springboard of the study by Jan Albert Bakker, Janusz Kruk, Albert E. Lanting and Sarunas Milisauskas was
that the dates for the clay tablets bearing depictions of two-wheeled carts from Uruak-Eanna Layer IVa and from
Tell Uquair (?) published in 1936 submitted for radiocarbon dating to the Heidelberg laboratory in 1965 were considerably earlier, around ca. 3200–3100 BC, than the date of the other known wagon models. Owing to these early
dates, the tablets were again submitted for radiocarbon measurements, which yielded similarly early dates of 3517–
3370 cal BC. Moreover, new evidence for the use of wheeled vehicles in Europe from contexts that could be radiocarbon dated provided an opportunity for a direct comparison of the European and Anatolian dates instead of the
earlier cross-datings.
Aside from the clay tablets, the dates of four finds from four different regions were published in the study.
In 1974, Bakker found the fragment of a miniature wheel made from limestone dating from the late Uruk period at
Jebel Aruda in Syria.25 The three radiocarbon dates for the site also dated the wheel model fragment. A securely
dated, miniature clay wheel model from the late Uruk period came to light at Arslantepe in Turkey.26 A vessel bearing a four-wheeled vehicle depiction found in a securely datable context at Bronocice near Cracow was published
in 1982.27 In addition to the two vessel fragments, the pit yielded additional vessel fragments with symbols of fourwheeled vehicles.28 The finds could be assigned to the Funnel Beaker culture. In 1992, a 20 m long section of a cart
track consisting of parallel wheel ruts was identified in a megalithic burial of the Funnel Beaker culture at Flintbek
in Germany,29 which was dated to 3650–3400 cal BC.30
In addition to these finds, a series of other radiocarbon dates for various other finds were also included,
namely nineteen dates for the Uruk, Jebel Aruda, Arslantepe, Flintbek and Bronocice sites.31 The measurements were
meticulously checked using the most up-to-date techniques. The dates provided by the Heidelberg laboratory (Hd,
Germany), the AMS laboratory in Groningen (GrN, The Netherlands) and by the Dicarb Radioisotope Company
(DIC, Gainesville, Florida, USA) were published with 1σ and 2σ calibrated age ranges alongside the mean values.
The dates were calibrated using the CAL25 programme, the best available at the time based on the INTCAL98
programme, in the Groningen computer laboratory. The results were checked against the DIC MASCA calibration
curve, and thus the surprising final dates were obtained after repeatedly and rigorously checking the results.32 The
finds from Uruk, Flintbek and Bronocice all fell into the period between 3500–3351 cal BC, the implication being
that the Mesopotamian and European evidence for the use of wheeled vehicles was essentially contemporaneous.33
A tribute to Lanting’s work and his achievements appeared in 2006, revealing that he had since long been
preoccupied with the problem of when and where wheeled vehicles had first appeared. He corresponded extensively
with scholars working in Europe and Asia Minor in order to keep abreast of new finds and he systematically collected
data relating to wheeled conveyances from the archaeological literature. He wrote the bulk of the paper published
in ‘Antiquity’.34 Despite the testimony of the new radiocarbon dates, the study’s final conclusion was that wheeled
vehicles had spread to Europe from Mesopotamia.35 Although Lanting later revised his views, he did not pen them
in a new article and his opinion is only known from a letter addressed to Bakker: “The striking result, then, is that
the European evidence for the use of wheeled vehicles (including that from Majkop-Novoswobodnaya) is clearly
older than that from the Near East. True, this does not necessarily mean that our original ex oriente lux theory was
wrong – for new evidence may turn up – but when exclusively based on the known data, ‘Europe’ obviously wins.”36
Thus, the ex oriente lux model on the origins of European civilisation remained virtually unchallenged,
even though the first doubts definitely began to emerge.
Bakker et al. 1999, Fig. 4.
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4.2. The growth of the archaeological record
The first comprehensive surveys contained archaeological finds: pictograms from Asia Minor, a handful
of wagon and wheel models, combat scenes painted on vases and textual references, alongside royal burials from
Mesopotamia and genuine wagon burials from the steppe (Tri Brata) dating from various periods.
Direct and indirect evidence for the use of wheeled vehicles has increased substantially from various regions and periods, from Africa37 to India,38 from Spain39 to Northern Europe,40 from Anatolia41 to Central Europe,42
and from the Caucasus43 to Siberia.44 Many different types of finds attest to a familiarity with this major innovation.
We know of battle scenes painted onto walls or depicted on mosaics.45 Aside from the portrayals of wheels
and wagons, of animals yoked to wagons and of ard ploughs among the petroglyphs and painted scenes at Val Camonica in Italy, similar depictions are known from Africa to Albania, too.46 In addition to the miniature models of
genuine wagons47 and depictions of wheeled conveyances incised onto clay vessels,48 the existence and use of
wagons is also confirmed by the small clay or metal figurines of yoked draught animals.49
The evidence attesting to wheeled vehicles has been enlarged by the findings of studies on animal bones:
visible marks of traction-induced pathologies, the morphological alterations caused by yoking, could now be added
to the research arsenal.50
In the wake of the growing number of archaeological finds, the discoveries made by archaeozoologists,
the wide-ranging impact of Sherratt’s seminal model and the revolutionary changes in dating methods, a series of
international conferences were held to survey the state of research in the light of new finds and the new chronological framework.51
A conference at which the wooden remains of a genuine wagon were presented was organised at Hammenhofen in 2001, which principally focused on the finds from the German-speaking lands.52
The Frasnois symposium in France organised by the French National Centre for Scientific Research
(CNRS) in 2002 explored the state of research from the perspective of archaeology and archaeozoology, and strove
to demonstrate the joint use of wheels and animal traction power based, for example, on surviving plough furrows
and the use of travoises.53 The papers read at the conference offered an overview of the newest finds from the Atlantic coast (Ireland) through the Alps and Central Europe to the Black Sea and the Near East, and explored the
material relics, the diffusion and the cultural impact of this major innovation from the perspective of both the archaeological and archaeozoological record relating to wheeled vehicles. In addition to the wealth of new material,
another major advance was the discussion of the pathological alterations on animal bones and joints that could be
clearly associated with harnessing and yoking.
Coupling wheels and animal traction power was not restricted to wheeled conveyances. The combination
of wheels and animal power worked well in various other wakes of life too, and this discovery was probably made
at a fairly early time, as demonstrated by some of the conference’s speakers. Yokes were not merely the fixtures of
wagons and carts, but also of A-framed, two-wheeled travoises for transporting produce.54
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Presented at the conference were timber trackways, wheel ruts and wooden wheel and axle remains, alongside visible traces of ploughing, wooden ard ploughs and petroglyphs. The new finds and the advances made in
radiocarbon dating led to a fresh look at previous archaeological interpretations. The securely dated finds provided
conclusive evidence that wheels and wheeled conveyances had quite certainly appeared by the later fourth millennium BC in Europe. The concluding study of the Frasnois conference55 described the three major models on the
origins and the direction of the diffusion of wheeled vehicles proposed by Sherratt, Irenäus Matuschik and Markus
Vosteen, respectively, for illustrating the main theoretical contentions. In Sherratt’s view, wheeled vehicles first
appeared in Mesopotamia around 4000 BC, whence they spread to Europe during the ensuing five hundred years.
In contrast, Matuschik contended that wheeled vehicles made their first appearance on the northern Pontic coast
around 3800 BC, from where they spread in two directions, towards Europe and Anatolia during three hundred
years, while Vosteen argued that wheeled vehicles appeared roughly simultaneously in Mesopotamia and the Carpathian Basin around 3500 BC and that this innovation then spread in various directions from these two centres.56
Regrettably, this synthesising interdisciplinary conference did not receive due attention in scholarship
because the conference volume was only published in 2006.57
The conference held in Oldenburg (Germany) in 2004 had a greater impact on archaeological scholarship
than the Frasnois symposium. The Oldenburg conference was accompanied by a magnificent archaeological exhibition at which the earliest finds evidencing the use of wheeled vehicles were displayed alongside the new dating
results. The catalogue to the exhibition published in Oldenburg58 and the compendium of studies based on the papers
read at the conference published in Mannheim59 covered virtually all aspects of the conference’s theme. Many new
research findings brought a major paradigm shift and the growing corpus of finds shed new light on earlier widely
accepted theories. Childe’s monocentric model, according to which wheeled vehicles were invented in the urban
cultures of southern Mesopotamia, began to be strongly challenged. Several scholars argued that wheeled vehicles
had been invented independently of each other in multiple centres.60
The elaborate models proposed by Sherratt and Joseph Maran have several points in common, but differ
regarding the route of diffusion. Both see the fourth millennium BC, and especially its later half, as a period of intensive supra-regional contacts and transformations. Both focus on the social receptiveness to the innovation rather
than merely its adoption, examining what would today be called a “technological transfer” as part of a broader
package. They regard the “Uruk expansion” as a key phenomenon in the diffusion of wheeled vehicles. Sherratt’s
main argument was that the use of animal-drawn wagons was only conceivable in regions with a concentration of
various resources such as livestock, goods and manpower, and thus vehicles were essentially used by the elite. He
noted that a concentration of resources can only be observed in the early urban centres of southern Mesopotamia
and thus the spread of the technology, including the package of animal-drawn ploughs and wheeled vehicles, proceeded from south to north on the elite level. He believed that the SPR innovations first appeared in Asia Minor and
the Near East, whence they spread to Europe and certain regions of Asia during the fourth millennium BC.61
In contrast, Maran claimed that wheeled vehicles were invented on the northern Pontic coast and were
subsequently diffused from that region. In his view, the technology of wheeled vehicles was mediated southward
by the Maikop culture of the Caucasus, known to be contemporaneous with the Middle and Late Uruk period. Maran
too agreed that this technology transfer occurred on an elite level.62
On the testimony of these conferences and exhibitions, the evidence for wheeled vehicles has increased
enormously and continues to grow. Excavations have brought to light the remains of genuine wagons,63 wooden
wheels64 and axles,65 a wooden wagon model with clay wheels from a child burial,66 clay wheel models,67 wheel ruts
Pétrquin–Pétrequin–Bailly 2006, Fig. 4.
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in a megalithic grave68 and timber trackways,69 The radiocarbon dates for these finds provided incontestable evidence that wheeled vehicles had appeared and been used simultaneously in several regions lying far from each other.
5. THE CURRENT STATE OF RESEARCH: UNCERTAINTIES AND TESTIMONIES

5.1. Wagon burials: misinterpreted constructs in the Carpathian Basin
One of the oft-encountered commonplaces in the archaeological literature and various other publications
is that the cattle pairs found in the Alsónémedi and Budakalász cemeteries had in fact been part of genuine wagon
burials (Alsónémedi, Grave 3: two humans and two cattle; Grave 28: one human and two cattle; Budakalász, Grave
3: two humans and two cattle).
This interpretation has been challenged on two counts. Christian Jeunesse surveyed the paired cattle burials with a focus on the burial mode, the form of the grave pit and the associated grave goods. He registered and
analysed twenty-two paired cattle burials from Germany, Poland and Hungary, from which he concluded that there
was nothing in the graves indicating the presence of a wagon and that the burial of the cattle pairs was rather an
expression of their owners’ prestige.70
Exploring the significance of paired cattle interments on the Jütland peninsula and comparing them to the
similar burials in the central regions of Europe, Niels Johanssen and Steffen Laursen similarly found no evidence
for the one-time presence of wagons in the graves.71
József Korek, who had conducted the excavations at Alsónémedi and had later published the finds, contended that the paired cattle burials in Graves 3 and 28 had been sacrificial animals.72 A quern stone lay beside the
larger animal in Grave 28, which in Korek’s view was an indication that the animal had been a domestic species.
The paired cattle burials uncovered in the cemetery both contained domestic species whose blood had been used as
part of the sacrifice. Korek noted that Banner had uncovered five complete cattle skeletons in one of the Baden
refuse pits at Hódmezővásárhely-Bodzáspart. The animals had been deposited with their legs drawn up into a contracted position. A similarly complete cattle skeleton was found in one of the settlement pits at Üllő.73 Korek interpreted Graves 3 and 28 of Alsónémedi as chieftain’s burials, which seemed to be confirmed by the presence of the
animals and the richness of the grave inventories compared to the other burials. The two graves lay in the central
part of the hillock accommodating the burial ground, which was another indication of their special status.74 According to Sándor Bökönyi, one of the animals in each grave was a cow, while the other was a young calf.75 We know
that young animals are unsuitable for traction, while cows were dairy animals that were far too valuable to the
community to be used as draught animals, and thus their burial can hardly be interpreted as wagon burials, but
should rather be seen as an expression of prestige, the very reason that Korek regarded the two burials as chieftain’s
graves. In his later studies, Korek too addressed the issue whether paired cattle burials should be equated with
wagon burials, an interpretation first proposed by Banner in relation to Grave 3 of the Budakalász cemetery,76 which
was later cited as a proven fact by József Csalog.77
In his later works, Korek maintained his earlier contention that although it would be tempting to interpret
the burials as wagon burials, there were no soil marks in the graves indicating the remains of organic material. The

65
From Germany (Rad und Wagen 2004, 6, Abb. 40, 43–46;
Schlichtherle 2010, Abb. 8), from Slovenia (Velušček 2002; Rad
und Wagen 2004, Abb. 41) and from Switzerland (Ruoff 2006, Fig. 1).
66
From Turkmenistan, from a child burial (Kirtcho 2009,
Fig. 11).
67
From Denmark (Rad und Wagen 2004, Abb. 47), Germany (Rad und Wagen 2004, Abb. 51), Russia (Burmeister 2011,
Abb. 20), Romania (Burmeister 2011, Abb. 23) and Turkmenistan
(Kirtcho 2009, Fig. 19).
68
Flintbek (Zich 1992, 1993, 2006, Figs 3–5).
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et al. 2006b, Fig. 6; Kooijmans 2006, Figs 7–8).
70
Jeunesse 2006, 247, 253, 255.
71
Johannsen–Laursen 2010, 32.
72
Korek 1951.
73
Korek 1951, 43.
74
Korek 1951, 49.
75
Bökönyi 1951, 72–74.
76
Banner 1956, 207.
77
Csalog 1961, 7–10.

PREHISTORIC INNOVATIONS: WHEELS AND WHEELED VEHICLES

279

animals deposited together with the humans were dairy cows: each grave contained a cow and a calf, neither of
which are yoked to wagons or carts.78
I found nothing whatsoever in the description of Grave 3 in the extremely punctilious field diary of the
Budakalász cemetery79 that would imply that Soproni believed he had found the remains of a genuine wagon, and
thus neither can this burial of two humans and two animals be interpreted as representing a wagon burial.
The interment of various animals for ritual or simply health reasons was a widespread practice that is attested in almost every culture from prehistory onward. Regular cattle burials in settlement pits have been found on
several sites of the Baden complex and in the northerly regions of Europe during the past decades, suggesting that
cattle were one of animals sacrificed during rituals and that in the lack of other conclusive evidence, their interment
cannot be associated with wagon burials.
5.2. A fresh look at the SPR model
The many advances in archaeometry during the past decades have contributed immensely to archaeology
with its new findings (DNA and stable isotope analyses of various animal species, studies on milk protein, etc.).
Yet, it must be borne in mind that these analyses and their broader implications were not readily available to
archaeologists at the time when Sherratt presented his comprehensive model.
Sherratt’s model has been strongly criticised80 and refuted in several respects,81 principally based on the
findings of interdisciplinary analyses, which have revealed that certain elements of Sherratt’s SPR model and scenario are no longer tenable and have become outdated on several counts.
Archaeozoologists have refuted the claim that horse was domesticated in the Fertile Crescent, in the cradle
of civilisation. On the testimony of the current record, the earliest evidence for domestic horse, dating from the
fourth millennium BC, comes from Botai in the Caucasus. Several sites have been investigated in this region as part
of archaeological expeditions during the past years, where the high number of recovered domestic horse bones was
particularly striking, as was the fact that they differed substantially from the osteology of wild horses, the implication being that these communities had practiced selective horse breeding.82 One of the most exciting research issues
is the archaeogenetic analysis of horses, which will hopefully contribute to a better understanding of the routes of
domestication.
Selective breeding and the exploitation of animal power is attested before the fourth millennium BC. Some
one thousand cattle bones came to light at the La Draga settlement in Spain, excavated in 1999, most of which came
from 15–24-month-old male individuals and reflected the growing demand for meat in the community. The exploitation of animal traction power at the close of the sixth millennium BC could be demonstrated, although there seems
to be no connection with the use of wheeled vehicles.83 This site provides the possibly earliest evidence for the use
of animal traction power for ploughing.
Biologists analysing milk protein residues surviving on vessel surfaces date the onset of milk consumption
well before the fourth millennium BC. In Britain, for example, dairying is attested from the fourth millennium BC,84
while in Eastern Europe, evidence for milk production and milk processing is available from the sixth millennium BC,85 and from the early seventh millennium BC in north-western Anatolia,86 implying that milk consumption
evolved independently of the diffusion of cattle-drawn wheeled vehicles.
Archaeological scholarship now focuses on the “innovation package” of Sherratt’s scenario, on the diffusion of the technology of wheeled vehicles. In order to reconstruct the routes of this diffusion, the relevant finds
need to be dated as accurately as possible.
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5.3. Current problems of dating
In addition to the publication of new finds from various regions, several other issues are now high on archaeological research agendas and a number of previously accepted models have been modified in the light of the
new archaeometric findings during the one and a half decades following the study by Lanting and his colleagues,
which placed dating on an entirely new footing.
As I have briefly shown in the above, the range of artefacts that can be drawn into research on wheeled
conveyances has increased substantially since the beginnings. Familiarity with wheels and wheeled vehicles has
been pushed back in time. Wheeled vehicles – miniature wagon models that were earlier interpreted as boat m
 odels –
have been published from the late Tripolye culture of the steppe.87 It is also clear that wheels cannot be solely
associated with wagons or carts, but can equally well be the fixtures of wheeled conveyances for the transportation
of produce or wheeled ploughs.
Aside from the wagons found in the elite Mesopotamian burials, genuine wagon burials are also known
from the region,88 as well as from the steppe (Pit-grave culture)89 and the northern Caucasus (Catacomb culture).90
The radiocarbon dates for eighteen tumuli of the Pit-grave culture (68% confidence level) can in part be correlated
with the Late Copper Age dates of Central Europe, and in part fall into the Bronze Age.91 The calibrated dates for
the genuine wagon remains found in burials of the Catacomb culture assign these finds to the Middle Bronze Age,92
and thus their comparison with the Late Copper Age finds of the Carpathian Basin calls for caution.
This brings us to the general problem of what can and cannot be compared. Conventional and AMS dates
as well as BP and BC dates can only be compared if we are aware of what we are comparing.
The synchronisation of the earlier and the currently accepted chronologies is constrained by several factors.
Radiocarbon dates have been made on different types of materials such as carbonates, wood, charcoal, animal and
human bones in laboratories with differing equipment. The situation is aggravated by the comparison with dendrochronological dates, the differing periodisation schemes worked out for major regions and individual countries as
well as the variety of names given to the same archaeological units and complexes (cultures).
The currently accepted and reliable Accelerator Mass Spectometry (AMS) technology was introduced in
1980.93 One of the first AMS laboratories was set up in Arizona in 1981. In Europe, AMS laboratories were established from the mid-1990s.94 The comparison of earlier dates and the AMS measurements often yields uncertain
results.
Caution must be exercised when comparing dates: we must be aware of whether we are working with 1σ
and/or 2σ ranges, and of which programme is used for calibrating the radiocarbon dates in order to use calendrical
years for correlating finds from regions lying far from each other.95
Two larger series of radiocarbon dates were published after the article arguing for the rough contempora
neity of the Anatolian and European finds published in 1999.96
In 2004, Viktor Trifonov published twenty-two radiocarbon dates for the Maikop culture of the Pontic,
which indicated a rough contemporaneity with the Mesopotamian and European finds.97 The dates provided by the
AMS laboratories of Groningen (Gr), Oxford (OxA) and by the conventional laboratories in Moscow (IGAN) and
St. Petersburg (Le)98 are given as BP and cal BP, without cal BC values, and thus any comparisons with calendrical
years must be treated with caution. In the case of BP dates, it is hardly indifferent whether the date is calculated
from 2000, 1950 or the year of the measurement.
Bondár 2012, 24, with further literature, Fig. 2.1, Fig. 3.
The perhaps best known among these are the royal burials of Ur, whose human remains were recently submitted to scientific
analyses (Baadsgaard et al. 2011).
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Science-based chronology does not provide secure anchors when comparing the material record of different regions. I have already mentioned some of the pitfalls in the above, to which two other important points must
be added.
The earliest evidence for the existence of wheeled vehicles in Anatolia comes from a few pictograms and clay
wheel models, which were dated indirectly in a sense, through the finds brought to light from the same contexts: in
other words, the date does not relate to the wheeled conveyance itself, but to the finds found in association with it.
In contrast, the radiocarbon or dendrochronological dates can be obtained directly from the wooden finds
of Europe. The comparison of these two types of dates is another source of uncertainties. There are many wheel and
wheeled vehicle depictions among the petroglyphs of rock art, which span a long period of time. The dating of rock
art remains uncertain and essentially relies on indirect evidence.
While modern dating techniques could certainly aid the identification of the chronologically earliest
wheeled vehicle, the situation is far from simple, as we have seen.
5.4. Where were wheeled vehicles invented?
Even today, secondary school textbooks still maintain that every major invention originated from Mesopotamia, from the cradle of civilisation, a tenet that also dominates public knowledge. Even though finds attesting
to the early use of wheeled conveyances have been found in other regions too during the past decades, the axiom
of ex oriente lux continues to be firmly rooted in scholarship.
Studies on where wheeled vehicles had been invented now paint a more nuanced picture than the previous
model of diffusion from a single centre. In the following, I shall briefly review a few of the many contentions that
“things may have happened differently”.
Given the many reliable and secure dates, an Anatolian origin and a diffusion from a single centre is no
longer tenable.
Maran challenged the Mesopotamian origin of wheeled vehicles already before the publication of the early
radiocarbon dates and suggested that wheeled conveyances for transportation had possibly spread southward from
the Carpathian Basin. He noted that the prerequisite to resolving this issue was the reliable dating of the wagon
models and wagon depictions from the Near East and Greece. In his view, wheeled vehicles spread like wildfire
after their invention.99
Lanting and his colleagues came to the same conclusion in their article placing the dating of wheeled vehicles on a new foundation. In the light of the new dates, they concluded that wheeled conveyances had either appeared more or less simultaneously in Europe and Mesopotamia, or had spread extremely rapidly from Mesopotamia
to Europe. They regarded the latter more probable.100
Some scholars believe that the earliest wheeled vehicles appeared in the Pontic.101 A polygenetic development has also been postulated, according to which wheeled vehicles had been invented roughly simultaneously in
various regions (for example in Europe and Mesopotamia) independently of each other.102
In a comprehensive study published a few years ago, Stefan Burmeister discussed the major innovations
of the fourth millennium BC, with a special focus on the evidence for wheeled vehicles from Mesopotamia, Northern and Central Europe, the northern Caucasus, Pakistan, the Carpathians and the northern Pontic littoral. His distribution map had twenty-two sites from the period in question.103 Various finds indicating a familiarity with, and
use of, wheeled vehicles are known from several regions of Europe and Asia between 3500 and 3300 BC. However,
current dating methods are still not precise enough and thus these finds appear to be more or less contemporaneous,
reflecting either a rapid diffusion from a single centre, or an innovation appearing in several centres, independently
of each other. In his view, the issue of the where wheeled vehicles first appeared cannot be resolved using the currently available dating methods.104

Maran 1998, 521.
Bakker et al. 1999, 778.
101
Matuschik 2006.

Vosteen 2006; Bondár 2012.
Burmeister 2011, Abb. 25.
104
Burmeister 2011, 227.

99

102

100

103

Acta Archaeologica Academiae Scientiarum Hungaricae 69, 2018

282

MÁRIA BONDÁR

In contrast to Burmeister, other scholars believe that a “technology transfer” – assuming that wheeled
vehicles spread from one centre, for example through trade connections – would only have been possible if there
was a social receptiveness to the adoption of the innovation. Evidence for this receptiveness, underpinned by other
data, can be cited from several regions. In addition to wheeled vehicles, increasingly more artefacts with a personal
association have been identified by more recent research. The research agenda of the Late Copper Age now also
includes the identification and interpretation of prestige items, alongside inquiries into personal possessions and
issues of the accumulation of wealth and social differentiation. These, in turn, outline certain geographic centres
that were more developed than other regions. As demonstrated in the foregoing, the spate of new evidence has
greatly undermined the Mesopotamian origin of wheeled vehicles. We can now persuasively posit the existence of
communities with a more developed economy during roughly the same period, whose demand for prestige goods
and receptiveness to innovations was much stronger than in other cultures.
In 2010, Doris Mischka published thirteen new AMS date for the Flintbek LA 3 site, which gave dates of
3500–3425 cal BC for the eight burials, which thus spanned 75 years, corresponding to three generations.105 The
dates for the wheel ruts similarly spanned 75 years, falling between 3460 and 3385 cal BC.106
In 2011, thirty-two new dates and their Bayesian modelling were published for the Flintbek LA 3 site investigated between 1976 and 1999 (Kiel AMS laboratory, 1σ confidence level). These dates indicated that the wheel
ruts could be assigned to between 3420 and 3385 cal BC, which in Mischka’s view represent the earliest dates for
wheeled vehicles in Europe.107 She published the earlier dates for wheeled vehicles, specifying the material of the
submitted sample, the laboratory where the measurements were performed, the BP and the cal BC dates (but failing
to mention their calibration range), as well as the archaeologically estimated age and the source of the date.108 She
assigned the finds associated with wheeled vehicles to the following groups: scientifically dated genuine vehicles
and their depictions (Group A, Sites 1–10), genuine vehicles and their depictions from scientifically dated contexts
(Group B1, Sites 11–18), genuine vehicles and their depictions without scientifically dated contexts (Group B2,
Sites 19–28) and genuine and assumed wagon models with old dates (Group C, Sites 29–36). Mischka reviewed
thirty-nine dates.109 The data in her table provide an eloquent illustration of the different materials from which the
samples were taken, the calibration (if any), and the need for caution when comparing various categories that are
actually unsuitable for comparison. In other words, we cannot really tell at first sight which finds can be actually
compared with each other. We need to take account of the accuracy of the measurement and which laboratory it was
made in. Even though there has been a welcome increase in the number of available dates, many problems remain
regarding the dating of the finds.
I would agree with Burmeister that individual finds still cannot be dated at a finer resolution and to a
smaller time interval using the current techniques, making the early finds seem roughly contemporaneous.110 Even
if we are unable to determine where the very first wheeled vehicle was made, it nevertheless seems quite certain
that four-wheeled vehicles appeared in several centres at roughly the same time, even if this means a period of some
two hundred years, spanning about seven or eight generations. A polygenetic development seems more likely than
a dynamic diffusion from a single centre.
Burmeister and Mischka’s studies appeared at roughly the same time as my book, but we were unaware of
each other’s findings.
I have complemented Mischka’s table with the new data and have grouped the early finds from the later
fourth and the early third millennium BC slightly differently (Table 1).
A comparison of the European wagon models and the roughly contemporaneous pieces from Iraq, Turkey
and Syria reveals that the finds from these two extensive regions differ substantially regarding their form and
ornamentation. The exemplars from the Near East are characterised by the clear-cut depiction of the four wheels,
with the wheels set on prominent axles. They are generally adorned with an incised herringbone or zig-zag pattern.
In contrast to the European wagon models, these pieces can be seen as either forerunners of the later battle chariots or as miniatures of covered wagons.111 The European pieces depict vehicles with a rectangular, open wagon
Mischka 2010, 8. Tables 51–52.
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box,112 In view of the many dissimilarities, we may reasonably ask whether a genetic link can indeed be assumed
between the European and Near Eastern wagons.113
It seems to me that the most likely scenario is that the invention of the wheel and the associated vehicle
occurred in several regions of Eurasia at roughly the same time.
The distribution of the securely dated early finds from the later fourth millennium BC outlines a number
of centres where different find assemblages attest to a familiarity with, and use of, wheels and wheeled conveyances.
The inventory from Mesopotamia (Iraq, Syria and Turkey in the broader sense) includes pictograms, vehicles on stone reliefs, clay wheel models and mostly metal vehicle models as well as cast metal figurines of draught
animals.
The Caucasus is characterised by genuine wagon burials and the occasional clay wheel model, while clay
wagon models and wooden wheels have been reported from the Pontic region (Ukraine).
Pictograms incised onto vessels, miniature clay wheels and clay figurines portraying yoked animals are
known from Northern Europe (Poland).
The find material from Western Europe (Switzerland, Germany, The Netherlands, Denmark and France)
and Croatia attesting to a familiarity with wheels and the use of wheeled vehicles is made up of genuine wooden
wheels, axles and conveyances for the transportation of produce preserved in wetland environments as well as wheel
ruts and timber trackways. Some sites have also yielded miniature clay wheels and animal figurines.
Few finds have been published from South-East Europe (Greece and Italy). The early relics of wheels,
wagons, wheeled transportation and ploughing have been preserved by rock art depictions, while in the case of
Greece we can cite the wagon model from the renowned Palaikastro site.
The relevant material from the central regions of Europe (Austria, Hungary, Czech Republic, Slovakia and
Romania) comprises miniature clay wagons and small wheels, clay protomes and clay animal figurines.
Eleven of the eighteen miniature wagon models of the Late Copper Age in the Carpathian Basin were
found in Hungary.114 If we add to these the small wheel models, the wooden fixtures of genuine wheeled vehicles
and the timber trackways as well as the growing number of rock art depictions, it seems that one of the early centres
where wheeled vehicles appeared was the heartland of Europe.
6. CONCLUSION

The invention of the wheel and of wheeled vehicles sparked a number of social and economic processes
in the fourth millennium BC that had an impact on the organisation of and interaction between the period’s communities and also profoundly transformed the hierarchy between individual settlements.
The more widespread use of wheeled vehicles called for the construction of roads which, on the testimony
of the archaeological record, were indispensable in mountain areas where wheeled vehicles could only navigate the
rugged, muddy terrain if roads or short stretches of roadways were constructed of timber. This called for felling
trees, de-limbing them and then fitting together the logs using the period’s tools. Tree felling and the construction
of roads is an indication of the division of labour within communities and it also called for coordination, organisation and specialist knowledge for choosing the appropriate timber type for the road as well as of the necessary
construction techniques.
The roads withstanding the effects of weather that also passed through mountains opened a range of new
possibilities for trade and communication, and led to the emergence of the routes of regular exchanges. Distance
was no longer an insurmountable obstacle and down-the-line trade meant that countless commodities became available within a reasonable time. This unrivalled innovation also promoted the broadening of information exchange
and cultural contacts between distant communities. Our ancestors were capable of reaching far more distant lands
and of gaining information about the natural endowments of faraway regions and about the lifeways, customs and
beliefs of their inhabitants. In addition to gaining information, new human relations were inevitably forged too
(friendships, marriages, relocations, etc.).
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Among the Late Copper Age innovations, the appearance of the wheel and wheeled vehicles launched an
“industrial revolution”. Late Copper Age inventions and innovations precipitated other discoveries that have remained with us until the present. These innovations had a positive impact on the life of the period’s communities.
Better life circumstances led to rudimentary forms of wealth accumulation (wealth and prestige items) and social
differentiation became more visible as it was also embodied by these commodities. At first, wheeled vehicles were
the prerogative of the elite and only later did they become a genuine medium of communication and transportation.
Based on the distribution of wheeled vehicles and the prestige items appearing simultaneously, it would
appear that aside from Mesopotamia, developed communities with the necessary needs, economic position and
social receptiveness that were capable of coming up with new innovations and inventions or of integrating these
into their lives could be found in the southern Ukraine (late Tripolye culture), the Caucasus (Maikop culture) and
in Central Europe (Baden complex) in the mid-fourth millennium BC.
Without the curiosity, ingenuity and perseverance of our Late Copper Age ancestors, we would have neither hybrid and solar-powered cars, nor modern agricultural machinery. Their innovations were conceived during a
long time, but had a lasting impact. As we have seen, the wheels, carts and wagons they invented five and half
thousand years ago have withstood the test of time. The rational and many-sided exploitation of animals has not
faded and some technologies have survived in an unchanged form. However, the function and ritual role of wheeled
vehicles has been transformed – they have transitioned from the ritual to the profane, from prestige items to being
a mass commodity, often instrumental to work, although their luxury nature has also persisted to some extent.
The goal of this study was to show how our perception of the wheel and of wheeled conveyances, one of
the outstanding Late Copper Age innovations, and their many aspects have changed since the publication of the first
overviews up to the present.
It was also my intention to demonstrate how an inquiry into a more unusual artefact type can bring to light
pieces of the mosaic of complex historical and economic processes, and how a complex research matrix and interdisciplinary cooperation can contribute to interpreting the pieces of the mosaic we find and how we can illuminate
many hidden aspects of ancient life.
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method
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wagon model
wagon model
wagon model

wagon model
wagon model with
appliqué cattle
figurines
wagon model

Iraq

Hungary

Austria
Ukraine

Slovakia
Slovakia
Hungary

Austria
Slovakia

Ukraine

Hungary

Romania

Ukraine

Kish

Moha

Mödling
Nemirov

Pezinok (Bazin)
Pezinok (Bazin)
Pilismarót,
Grave 445
Pleissing
Radošina (Radosna)

Rakovec

Szigetszentmárton
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Târgu Frumos

Vladimirovka

Tripolje B2-C1

Precucuteni culture

Baden culture

Tripolje
B2-C1

Boleráz
Boleráz

Boleráz
Boleráz
Boleráz

Boleráz
Tripolje B2-C1

first half of the 3rd
millennium
Boleráz

Tripolje B2-C1

Ursulescu–Boghian–
Cotiugă 2005, Fig. 12. 1;
Boghian 2008–2009, Fig. 3.

second half
of the 4th millennium

>3500

>2679

3246–2605;
3350–2679

Bondár 2012, Fig. 15.2.

>3350

>3500

Rad und Wagen 2004,
Abb.110.

Maran 2004a, 436;
Mischka 2011,
Table 3.36.

Maran 2004a, 436;
Mischka 2011, Table
3.36.
Rad und Wagen 2004,
Abb. 35; Mischka
2011, Table 3.25.

Mischka 2011,
Table 3.31.

Maran 2004a, 436;
Mischka 2011,
Table 3.36.

Archaeo- Source of date
Laboratory
logically
sample ID
estimated
age (BC)
>3500
Maran 2004a, 436;
Mischka 2011,
Table 3.36.
Rad und Wagen 2004,
Abb. 27.

>3500

3650–3350

Calibrated age
(BC)

MATUSCHIK 2006, Fig. 2.3;
Bondár 2012, Fig. 3.3.

Bondár 2012, Fig. 10. 2.
Bondár 2012, Fig. 8. 1,
Fig. 7.

Bondár 2012, Fig. 16. 2.
Bondár 2012, Fig. 16. 3.
Bondár 2012, Fig. 8. 3.

Bondár 2012, Fig. 1.
Matuschik 2006, 280, Fig.
2.2; Bondár 2012, Fig. 3.2.

Bondár 2012, Fig. 12.

Rad und Wagen 2004, Abb. 27.

Matuschik 2006, Fig. 2. 1;
Bondár 2012, Fig. 3. 1.

Cultural context/Date Bibliographical reference

2. ANIMAL FIGURINES WITH REPRESENTATION OF THE HARNESSING MODE
Bytýn
Poland
animal figurines
Funnel Beaker
Bondár 2012, Fig. 17.8.
showing the modes of (TRBK) culture
harnessing
Dieburg
Germany
animal figurines
late 4th and early 3rd Bondár 2012, Fig. 17.4.
showing the modes of millennium (?)
harnessing

wagon model

wagon model

wagon model

wagon model with
appliqué cattle
figurines
wagon model
wagon model

wagon model

wagon model

Ukraine

Karolina

Finds

Country

Site

Material

Dating
method
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Romania

Poland

Slovakia

Floresti

Krežnica-Jara

Lisková Cave
(Liszkófalu)

animal figurines
showing the modes of
harnessing
animal figurine attached to the wagon
free-standing animal
figurine

Finds

Poland

Iraq

Uruk-Eanna IVa

Altyn-Depe

Turkmenistan

4. CLAY WHEELS
Altyn-Depe
Turkmenistan

Germany

Poland

Warburg I

Ostrowiec

Iraq, unprovenanced Iraq
Lohne-Züschen I
Germany

Dopiewo

clay and terrcotta
wheels

clay wheel

two clay tablets with
pictograms

wagon depiction on
the vessel/pictogram
on pottery
petroglyphs

wagon depiction on
the vessel/pictogram
on pottery
stone relief
petroglyphs

3. DEPICTIONS/PICTOGRAMS OF WAGONS
Bronocice
Poland
wagon depiction on
the vessel/pictogram
on pottery

Country

Site

Bondár 2012, Fig. 6.

Funnel Beaker
(TRBK) culture
Middle Copper Age

late 4th and early 3rd Kirtcho 2009, Fig. 1.6.
millennium
first quarter of the 3rd Kirtcho 2009,
millennium
Fig. 2.1–8,11–16,19–20,22–23.

Bakker et al. 1999, 778, 780, 3641–3381,
Tab 1.1–4.
3519–3375,
3515–3371,
3505–3369

mid-4th millennium

3022–2922

Vosteen 1999, Taf. 92. 59.

Wartberg culture

Funnel Beaker
(TRBK) culture

Vosteen 1999, Taf. 93. 56.

Rad und Wagen 2004, Abb. 12.
Vosteen 1999, Taf. 92.55.
2840–2581

mid-4th millennium
Wartberg culture

Funnel Beaker
(TRBK) culture

Kruk–Milisauskas 1982,
Abb. 1; Bakker et al. 1999,
788; Rad und Wagen 2004,
Abb. 2.
Przybyl 2015, Fig. 9.1.

3631–3380

3651–3392

Calibrated age
(BC)

Funnel Beaker
(TRBK) culture,
3300-3100

Bondár 2012, Fig. 17.7.

Boghian 2009, Fig. 5.1,4.

Precucuteni III

Cultural context/Date Bibliographical reference

>3381,
>3376,
>3373,
>3370

>2922

>2581

>3380

Mischka 2011,
Table 3.14.
Mischka 2011,
Table 3.11.

Mischka 2011,
Table 3.15.

Mischka 2011,
Table 3. 1.

Rad und Wagen 2004,
Abb. 114.

Archaeo- Source of date
logically
estimated
age (BC)

Hd-?,
Hd-1304212731,
Hd-1304312732, Hd13041-12713

KN-4503

Hd-16972

GrN-19612

Laboratory
sample ID

human
bones
charcoal (?)
cultural
layer,
not in situ

mixture of
human and
animal
bones

cattle bone

Material

14

C

C

C

C

14

14

14

Dating
method
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Romania
Germany

Malnaş-Băi
Motzenstein

clay wheel

Syria

Ukraine

clay wheels

Romania

Konstantinovska

3 clay wheels (?)
fragments

Hungary

clay wheel
clay wheel (?)

clay and terrcotta
wheels
clay wheels

3 clay wheels (?)

Hungary

Turkmenistan

clay wheels
clay wheels
clay wheels

Romania
Romania
Romania

Kara-Depe

Cucuteni-“Cetăţuia”
Doroşcani
Erbiceni-Sărăturilor
Hill
HódmezővásárhelyGorzsa
HódmezővásárhelyKopáncs, Olasz
tanya
HorodişteaBotoşani
Jebel Aruda/Gebel
Aruda

clay wheels

Ukraine

clay wheel
clay wheel

Romania
Romania

clay wheels

clay wheel

Hungary

Romania

clay wheel

Hungary

BalatonőszödTemetői dűlő,
Feature 141
BalatonőszödTemetői dűlő,
Feature 1565
Bonteşti
Căscioarele

Chisoda Veche
Timişoara
Cischo

clay wheel

Turkey

Arslantepe

Finds

Country

Site

Dinu 1981, Fig. 5.1–2,
Fig. 6.1–2.
Bakker et al. 1999, 778,
Fig. 4.

unpublished, RKM 2009,
Site 224.

Trifonov 2004, 168;
Burmeister 2011, 223.
Dinu 1981, Fig. 2.1–2.
Dinu 1981, Fig. 1.2, Fig. 3.2.
Dinu 1981, Fig. 2.3,
Fig. 4.3–6, Fig. 6.3–5.
unpublished, RKM 2009, Site

Dinu 1981, Fig. 3.4, Fig. 9.2.

Dinu 1981, Fig. 1.1.
Dinu 1981, Fig. 4.2.

Horváth 2010, Fig. 4.3.

Horváth 2010, Fig. 4.1.

Bakker et al. 781, Fig. 5.

Cucuteni-Ariuşd type Dinu 1981, Fig. 1.3.
earlier 3rd millennium Rad und Wagen 2004, Abb. 51.

first quarter of the 3rd Kirtcho 2009,
millennium
Fig. 2.24,27–29.
Trifonov 2004, 168, Abb. 3.
Maikop culture

Horodisţea-Erbiceni
culture
Late Uruk Period

Baden culture

Cucuteni-Ariuşd type
Gumelniţa III–IV –
Cernavoda I type
Turdaş-Petreşti
culture
4th millennium,
Maikop culture
Cucuteni B culture
Cucuteni-Ariuşd type
Horodisţea-Erbiceni
culture
Baden culture

Baden culture

Baden culture

3374+/-30
(Late Uruk period)

Cultural context/Date Bibliographical reference

3500–3200

3335–3103,
3333–3101,
3315–2916

3264-2901

Calibrated age
(BC)

>3103,
>3101,
>2916

>3370

Rad und Wagen 2004,
Abb. 51.

Burmeister 2011,
223.

Bakker et al. 1999,
778, 780, tab. 1;
Mischka 2011,
Table 3.12.

Mischka 2011,
Table 3.22.

Archaeo- Source of date
logically
estimated
age (BC)
>2901
Bakker et al. 1999,
778, 780, tab. 1;
Mischka 2011,
Table 3.13.

GrN-7989,
GrN-8463,
GrN-8464

Laboratory
sample ID

charcoal (?)
probably
from the
roofs of the
overlying
houses

charcoal (?)
fill of Room
A113

Material

14

C

C

14

Dating
method
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clay wheel

Hungary

Hungary
Ukraine

Romania
Romania
Hungary
Romania

Romania

Slovakia

Oros-Nyírjes

Ózd-Kőaljatető
Psekujchabl’

Puricani
Sudiţi-Gherăseni
Szombathely
Tangîru

Ţebea (Cebe)/
Brad-Tebea

Velká Lomnicá,
Burhbrich

ca. 2919–2601
Maikop culture
Maikop culture

wooden wheel
wooden wheels

wooden wheels

Gnarrenburg
Germany
Koldyri, Mound 14, Russia
Grave 7
Kurgan Sugokleja, Ukraine
Grave 20

Horgen culture

Goldberg III culture

Baden culture

Cucuteni A3 culture
Gumelniţa culture
Middle Copper Age
Gumelniţa III-IV –
Cernavoda I type
Coţofeni III

Baden culture (?)
Maikop culture

Funnel Beaker
(TRBK) culture
Baden culture

wooden wheel

wooden wheel

clay wheel

clay wheel
clay wheel

clay wheel (?)

clay wheel

2897

2845

3012–2904,
3083–2890,
3010–2881,
2904–2698,
2890–2875

Vosteen 1999, Taf. 73.12;
Schlichtherle 2006, 167,
Fig. 3.5.
Vosteen 1999, Tab. 5, Site 35

3008–2803,
2925–2760,
2883–2705,
2855–2621,
2832–2579,
2865–2844

3500–3000

Calibrated age
(BC)

Vosteen 1999, Taf. 73.4;
Schlichtherle 2006,
Fig. 3.4.

Dinu 1981, Fig. 6.6;
Bakker et al. 1999, 781;
Burmeister 2011, Abb. 23.
Novotny 1990, 128,
Obr. 56.4.

unpublished, RKM 2008,
Site 278.
Banner 1956, Taf. 75.8.
Trifonov 2004, 168;
Burmeister 2011, 226.
Dinu 1981, Fig. 3.1.
Dinu 1981, Fig. 3.3.
Bondár 2012, 22.
Dinu 1981, Fig. 4.

Schlichtherle 2010,
Abb. 10.
Przybyl 2015, Fig. 9.2.

Cultural context/Date Bibliographical reference

Germany

Federsee/Seekirch/
Stockwiesen

5. WOODEN WHEELS
Federsee/
Germany
Alleshausen/
Grund-wiesen

clay wheel
clay wheel
clay wheel
clay wheel

Poland

Opatowice

clay wheel

Germany

Olzreuter Ried

Finds

Country

Site

2845

>3370

>2698,
>2875

>2832,
>2844

>3000

Mischka 2011,
Table 3.20.
Mischka 2011,
Table 3. 10.

Mischka 2011,
Table 3.17.

Mischka 2011,
Table 3.18.

Mischka 2011,
Table 3.27.

Archaeo- Source of date
logically
estimated
age (BC)

Hd14660,
Hd15016,
Hd14603,
Hd14907,
Hd15018,
Kla28561Kla28563

Laboratory
sample ID

wood

wood

wood

Material

C

C

dendro
+14C

14

14

Dating
method
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wooden wheel with
axle

Slovenia

Syria

Germany

Denmark

Lubljana,
Stara gmajne

Mari, L chambre

Olzreuter Ried/
OlzreuteEnzisholz 3

Pilkmose
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wooden wheel

Switzerland

Switzerland

Switzerland

Switzerland

Switzerland

Vinelz (1882)

Vinelz 1986

Zürich-Pressehaus

Zürich-AKAD

Zürich“Seehofstrasse”

wooden wheel

wooden wheel

wooden wheels

wooden wheel

wooden wheels

Starokorsunskaya, Russia
Mound 2, Grave 18

wooden wheel

wooden wheels and
bitumen imprints of
the wheels
wooden wheels

Finds

Country

Site

Schnurkeramik /
Corded Ware culture
Schnurkeramik /
Corded Ware culture

Vosteen 1999, Taf. 73,15;
Ruoff 2006, 136.
Vosteen 1999, Taf. 73,16;
Ruoff 2006, 136;
Pétrequin et al. 2006, Fig. 3.
Vosteen 1999, Taf. 74.21–
3013–2876
Schnurkeramik /
Corded Ware culture 22,24, Ruoff 2006, Fig. 1.
Burmeister 2011, Abb. 17. 3430–3175
find on top of Pfyn
layer, probably
related to the early
Horgen culture
Vosteen 1999, Tab. 4,
Horgen / Schnur
Site 25.
keramik / Corded
Ware culture

Schlichtherle 2010.
Abb. 4.1–4, Abb. 11

Butterlin–Margueron
2006, 319, 321, Fig. 3, Fig. 6.

Velušček 2002;
3328–3116
Rad und Wagen 2004, Abb. 41;
Velušček 2006.

Calibrated age
(BC)

3008–2904,
2906–2886,
2866–2640,
2900–2875,
2900–2897
Johannsen–Laursen 2010, 2935
Schnurkeramik /
Corded Ware culture 16, 32.
Maikop culture

ca. 2897
Goldberg III culture

4th millennium,
period between
the Retz–Gajary and
the Baden cultures,
3600 and 3332
ca. 2900–2800

Cultural context/Date Bibliographical reference

>2800

>2876

Mischka 2011,
Table 3.9.
Mischka 2011,
Table 3.26.

Mischka 2011,
Table 3.3.
Maran 2004a, 436;
Mischka 2011,
Tab. 3.19.

2935
>3370

Mischka 2011,
Table 3.16.

Mischka 2011,
Table 3.21.

Velušček 2002;
Velušček 2006,
Mischka 2011,
Table. 3.4.

Source of date

>2640,
>2875,
>2897

>2850

Archaeologically
estimated
age (BC)
axle:
>3116,
wheel
3098

Material

KlA34933,
KlA34934

wood

wood

wood

VERA-2561 wood

Laboratory
sample ID
C

14

C

dendro

C and
dendro
14

14

Dating
method
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Country

Finds

timber trackway

timber trackway

Germany

Germany

wooden axle C815

Moorweg VII (Pr)

Germany

wooden axle
wooden axle with
wooden wheels

8. WOODEN AXLES
Gnarrenburd
Germany
Ljubljana, Stara
Slovenia
gmajne

7. TRAVOIS (for transporting produce)
Chalain 19
France
grand travois

Moorweg XXXI
(PR)
Moorweg XXXII
(PR)

6. CART TRACKS, TRACKWAY REMAINS
Flintbek
Germany
cart wheel ruts

Site

ca. 2917–2601
4th millennium, to the
period between the
Retz–Gajary and the
Baden cultures,
3600 and 3332
3101–2917

3015–2976

3000–2850

4680

Funnel Beaker
(TRBK) culture,
3460–3385

3423–3390

Calibrated age
(BC)

Rad und Wagen 2004,
Abb. 40.1.

3022–2896

Vosteen 1999, Tab. 5, Site 36
Velušček 2002;
3357–3116
Rad und Wagen 2004, Abb. 41;
Velušček 2006.

Rad und Wagen 2004, Abb. 10; 3015–2976
Pétrequin et al. 2006a,
Figs 4-6.

Vosteen 1999, Tab. 9.71;
Rad und Wagen 2004, Abb. 52.
Vosteen 1999, Tab. 9.72.

Zich 1992; Zich 1993; Rad
und Wagen 2004, Abb. 1.

Cultural context/Date Bibliographical reference

>2896

axle:
>3116,
wheel
3099

>3390

Mischka 2011,
Table 3.8.

Velušček 2002,
Velušček 2006,
M
 ischka 2011,
Table. 4.

Rad und Wagen 2004,
Abb. 10.

Mischka 2011,
Table 3. 2, Tab. 7.

Archaeo- Source of date
logically
estimated
age (BC)

wood

charred
wood,
glume base,
human
bones

Material

wood

VERA-2560 wood

KlA 41596,
KlA 41583,
KlA 41735,
KlA 41603,
KlA 41597,
KlA 36398,
KlA 41581,
KlA 41588,
KlA 41587,
KlA 41594,
KlA 41593,
KlA 41585,
KlA 41601,
KlA 41602,
KlA 39915,
KlA 41599,
KlA 41584,
KlA 41592,
KlA 41591,
KlA 41586

Laboratory
sample ID

C

14

C

dendro

14

Dating
method
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wooden axle

wooden axle

Germany

Switzerland

Switzerland

XV (Le) Lengener
Moor
Zürich-Seerosenstrasse
Zürich-Pressehaus

Acta Archaeologica Academiae Scientiarum Hungaricae 69, 2018

Hungary

Budakalász,
Grave 3

Novokorsunskaja
Ukraine
Kurgan 2, Grave 18
Novoaleksandrov Ukraine
skij I, Kurgan 6,
Grave 16

Hungary

Alsónémedi,
Grave 28

9. WAGON BURIALS
Alsónémedi,
Hungary
Grave 3

wooden axle C821

Germany

XV (Le)

not a wagon burial,
only a grave with
human and cattle
burials
not a wagon burial,
only a grave with
human and cattle
burials
not a wagon burial,
only a grave with
human and cattle
burials
burial with wooden
wagon
burial with wagon

wooden axle C820

wooden axle C854

Germany

Moorweg VII (Pr)

Finds

Country

Site

Maikop culture

Maikop culture

Baden
culture

Baden
culture

Baden
culture

Horgen culture (?)

Horgen culture

3021–2891

Trifonov 2004, 168, Abb. 2;
Burmeister 2011, Abb. 19.1.
Gej 2004, 187.

Banner 1956, 207.

Korek 1951.

Korek 1951.

Vosteen 1999, Taf. 74. 24;
Ruoff 2006, Fig. 1.

Vosteen 1999, Taf. 74.20.

Vosteen 1999, Taf. 79.40b.

Rad und Wagen 2004,
Abb. 40.2.

Cultural context/Date Bibliographical reference

3180–3160

3094–2936

3013–2921

3091–2936

Calibrated age
(BC)

>3370

Mischka 2011,
Table 3.23.
Mischka 2011,
Table 3.35.

Archaeo- Source of date
logically
estimated
age (BC)
>2936
Mischka 2011,
Table 3.6.
Mischka 2011,
>2921
Table 3.7.
>2936
Mischka 2011,
Table 3.5.

Laboratory
sample ID

wood

wood

wood

Material

Dating
method
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