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Seeking Opportunity: Mobility and Transmission
of Innovation in the Chalcolithic

Astrid Vicas

Abstract: This paper integrates recent data about health status, nutrition, and autosomal DNA to sketch a
narrative of mobility linked to the spread of metallurgical competency in the Chalcolithic. The outlook suggested
is that mobility may have been tied to the pursuit and transmission of skills. The mobility of a subgroup affiliated
with Bodrogkeresztur Culture could present an early case of migration of the skilled and be placed in the context
of early developments of specialization. The pursuit of skills might also explain the phenomenon of the disin-
tegration of tell settlements of the Great Hungarian Plain in relation to the attraction of the most active metal-
lurgical network of the time, which was centered on the Lower Danube Valley.

Keywords: Bodrogkeresztir; mobility; migration; early metallurgy; Lower Danube Valley.

Introduction

This paper provides material intended to support a broader project on early, tacit conceptions of
excellence, which it associates with practices of complementary cooperation in the context of near-
pristine specialization in productive societies. The sketch proposed outlines how one of the earliest
metallurgical networks, perhaps the most active of its time, expanded its influence by attracting indi-
viduals from neighboring communities that then disseminated metallurgical know-how further west
in small-scale migration movements.

The issue of interest is the transmission of metallurgical know-how rather than the dissemination
and distribution of copper, and sometimes gold, artifacts in the fifth millennium BCE. Metallurgical
know-how is here understood to include knowledge of ores and ore preprocessing, fuel production,
pyrotechnical technology needed for melting, smelting, and casting copper, and also the production
of refractive ceramics required for these operations. Activities such as cold and hot forging that do
not call for metallurgical knowledge are referred to as metalworking. Metalwork and metal objects
had reached the Middle Volga as early as the middle of the fifth millennium BCE®. Metal objects were
concurrently present in Central Europe?®.

Nevertheless, metallurgical know-how was exceptional. By the early third millennium BCE,
metallurgy is more widely distributed. In the fifth millennium BCE, it was not. The earliest regional
development of metallurgy is attributable to Vin¢a communities®. Most of the sites associated with
Vinca Culture end around the 47th century BCE*. Regionally, after the demise of Vin¢a communities,
metallurgical know-how appeared only among the Lower Danube Valley inhabitants belonging to the
KodZzadermen-Gumelnita-Karanovo VI cultural complex. Thus, after the 47th century BCE, the source
of metallurgical know-how must have rested in this complex of communities and later evolving com-
munities to their west associated with Silcuta Culture, which was in part derived from Gumelnita
Culture®. A significant development in the fifth millennium BCE is that metallurgical know-how, and
not just metal objects or metalwork, was successfully acquired by some communities originating in
the Great Hungarian Plain. A further notable development is that some of their descendants brought
metallurgical capabilities westward.

The occasion for writing this paper was prompted by the recent availability of information
about individuals associated with Bodrogkeresztir Culture. The narrative outline frames facts

Peterson et al. 2016, 293, with references to the literature.
Scharl 2016.

Radivoievi¢, Rehren, 2016.

Bori¢ 2015, 163.

Patroi 2010.
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about diet, health status, and autosomal DNA in the context of two processes that P. I. Roman
1971 had proposed. The two processes are the transformative impact of contact with cultures affil-
iated with the Lower Danube Valley zone of influence, including Salcuta Culture, on some of their
neighbors to the northwest, now seen as Roman had, as aspects of a Tiszapolgar/Bodrogkeresztir
continuum®, and the ongoing presence of descendants of Bodrogkeresztar Culture within the
intra-Carpathian area’. A third process, which Roman could not have foreseen, is added to the first
two. The third development is a small-scale migration of metallurgically-competent individuals
originating in the Urziceni Bodrogkeresztir communities bringing their know-how westward into
northern Italy.

The first process can be assumed to have occurred sometime before 4250 BCE, a date frequently
quoted to mark the cessation of activity in settlements of the core area of metallurgical innovation in
the Lower Danube Valley. The last two would have occurred in the wake of that event.

In a fourth section, the paper will propose the hypothesis that the first process that Roman had
seen can be placed in a regional context, which would relate the beginnings of the disaggregation of
Great Hungarian Plain tell settlements to the pull of the Lower Danube Valley metallurgical network
prior to the sudden cessation of the latter. It is suggested that this phenomenon might afford an addi-
tional explanation of the increased mobility of communities in the Great Hungarian Plain.

This paper offers for consideration that data of an apparently restricted nature can yield clues
helpful to drawing broader inferences. The ultimate purpose of the project, of which this paper is a
building block, is to bring out connections between facts and concerns of a wider, philosophical nature
about how what has become a concept of virtue ethics, excellence, could have been tacitly construed in
societies experimenting with near-pristine specialization. Thus, the project is part of a broader reflec-
tion on the human significance of the Chalcolithic.

Process 1: People on the move in search of skills

It appears that the core of the Lower Danube Valley metallurgical network was centered on an
underlying physical web of interconnected lagoons®. There is agreement that the sudden abandon-
ment of Lower Danube Valley settlements in this network occurred around 4250 cal BCE®. More recent
dating allows one to get a sense of possible sequences of interactions between the Lower Danube
Valley inhabitants, communities to their immediate west, and communities of the Great Hungarian
Plain. Reviewing some of these dates is a first step to situating the interactions between the Lower
Danube Valley and areas to its northwest.

The individual in grave 43 at Varna, known for its spectacular gold and copper grave goods, is dated
4550-4406 cal BCE. Dates are also available for other individuals that belong to the Kodzadermen-
Gumelnita-Karanovo VI complex and for which there is autosomal DNA. They are from Varna,
Smyadovo, Sushina, and Dhuyunitsa in Bulgaria and range from 4711-4530 cal BCE to 4337-4246 cal
BCE . These dates are in keeping with those for the Gumelnitan settlement at Pietrele that was part
of the lacustrine network, which range from 4600 to 4240 cal BCE". Dates from a burial at Magura
Gumelnita are 4461-4263 cal BCE*~

Gumelnita and Salcuta communities overlapped temporally and geographically around the Olt
River', west of the core metallurgical zone. 4361-4070 cal BCE is the range given for an individual
from Salcuta Culture further west, buried in Lepenski Vir'.

The latest dates for Tiszapolgar and Bodrogkeresztir communities of the Great Hungarian Plain
place the first around 4385-4161 cal BCE and the second between 4325-3930 cal BCE. They overlap

6 Siklési, Szilagyi 2021, with references to and commentary on the older literature.
7 Roman 1971, 100-101.

8 Benecke et al. 2013; Hansen et al. 2015; Hansen et al. 2019.

9  Reingruber 2015, 314.

10 Allen 2021.

11 Benecke et al. 2013, 181; Hansen 2012, 273, 283.

12 Lazdretal 2017,166-167.

3 Patroi 2010.

4 Hofmanova 2016, Table 8.
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so closely that they are more recently described as styles rather than distinct cultures®. These are the
Great Hungarian Plain communities associated with metallurgy.

Given the dates available, there can be no doubt that the source of metallurgical know-how rested
in the core Lower Danube Valley network. Silcuta communities, which continued developing after the
core metallurgical network ceased to function, are likely to have been the most direct source of trans-
mission of metallurgical know-how to communities from the Great Hungarian Plain®. Information
on dates for Tiszapolgdr communities in Romania is not yet available. However, the dates for the
Tiszapolgar site of Male Raskovce in Slovakia, 4340-4240 cal BCE", are consistent with those for the
Tiszapolgar sites of the Great Hungarian Plain in S. Siklési, M. Szildgyi 2021 and D. Diaconescu 2014.
The latter provides a range of 4326-4235 cal BCE for the last stage of Tiszapolgar Culture®.

Gold and copper metallurgy are thought to be closely connected, the first being dependent on
skills acquired for processing copper™. Siklési, Sziladgyi 2021 date the appearance of heavy copper tools
and gold ornaments in the Great Hungarian Plain to around 4350 cal BCE?. The dates of the Urziceni
Bodrogkeresztir necropolis, from which there are autosomal DNA samples, fall within the range of
the Great Hungarian Plain Bodrogkeresztur sites. The necropolis is dated around 4300-4000 BCE*,
which places it in temporal proximity to the cessation of the core metallurgical network of the Lower
Danube Valley.

Stable isotope values for humans and their food sources show that neither the Great Hungarian
Plain Bodrogkeresztur nor the Lower Danube Valley communities of the Chalcolithic practiced trans-
humant pastoralism?. Faunal analyses of the Gumelnita communities show that inhabitants engaged
in mixed farming rather than large-scale, specialized pastoralism?. The point is reinforced in other
studies, such as the settlement at Pietrele, where the economy shifted from a reliance on cattle during
the Neolithic to diverse food sources, including fishing and hunting, during the Chalcolithic, a pattern
in keeping with developments in other settlements of the Lower Danube Valley**. The same can be said
of Salcuta communities, although they have not been studied as intensively. Their resource base also
included crop cultivation, animal husbandry, hunting, and fishing®.

A similar pattern of resource use characterized the Bodrogkeresztir communities of the Great
Hungarian Plain. Quite a few studies converge in showing that the animal husbandry they practiced
was integrated with plant cultivation®®. They were more mobile than their Neolithic-era predecessors,
but not in the sense that specialized pastoralists are. Instead, they formed smaller units organized into
hamlets. It is thought that they probably interacted more intensely with neighboring households to
spread out the risk of subsistence failure?’.

What can be inferred about the nutrition of the Urziceni Bodrogkeresztir samples currently avail-
able is consistent with J. I. Giblin’s studies of nutrition and mobility of the Middle Copper Age in the
Great Hungarian Plain. Indeed, Urziceni 39, a female buried with an unretouched obsidian blade?, has
carbon and nitrogen stable isotope values compatible with those found for the Bodrogkeresztur-era
individuals of the Great Hungarian Plain®. Thus, one can infer similar nutrition patterns.

5 Siklési, Szilagyi 2021, 619.

This statement will be qualified toward the end of the section.

Brummack 2015, 8. Brummack notes that the synchronism between Tiszapolgir and Bodrogkeresztar cultures implies
that differences that were formerly explained chronologically call for a social interpretation. See Brummack 2015, 11.

¥ Dijaconescu 2014, 233.

9 Leuschetal 2015, 371.

20 Siklosi, Szilagyi 2021, 625.

Sziics-Csillik, Virag 2016. These are also the dates given in Marciniak et al. 2021 for individuals in graves Urziceni M 10,
M12,M13,M21,M31,M37,M41,M48, M 51, M 60, M 65a, M 68, and M 70. The dates for individuals M 27 and M 56
in Harney et al. 2021b are 6300-6050 BP. For M 16 the dates in Allen 2021 are 4331-4076 cal BCE; for M 48, 3761-3645
cal BCE. The dates for M 39 in Chmielewski et al. 2021 are 4230-4095 cal BCE (68.2%).

22 Giblin 2011, Appendix A; Giblin et al. 2013; Honch et al. 2013.

23 Balasse et al. 2015; Balisescu et al. 2005.

24 Benecke et al. 2013.

% Radu 2002, 38.

26 Giblin et al. 2013; Hoekman-Sites, Giblin 2012.

27 Giblin 2011, 109; Giblin et al. 2013, 237; Hoekman-Sites, Giblin 2012, 525.

% Boroneant et al. 2018, Table 2.

2% Chmielewski et al. 2021, Table 1; Giblin 2011, 241.
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While one would need stable isotope studies of Bodrogkeresztar individuals in more locations in
Romania®, there is little expectation that their form of life was very different from those of the people
of the Lower Danube Valley, areas to its west, and the Great Hungarian Plain. They would have been
agropastoralists consuming a variety of foods and not specializing in transhumant pastoralism. This is
significant because specialization in the husbandry of large-animal domesticates has implications for
social organization and the emergence of inequality in the strict sense®. Marks of social distinction
can be noted in burial practices among Chalcolithic communities, including those of the Lower Danube
Valley, the Urziceni Bodrogkeresztur, and the Tiszapolgar in southeast Slovakia®’. Nevertheless, social
distinction is not tantamount to social inequality in the strict sense, which requires an organization
suited to imposing exclusive control of access to resources needed to make a living.

Dietary analyses, where available, have not turned evidence to support either one of the societies con-
sistently restricted foods to preferred categories of individuals. Giblin 2011 could not support dietary dis-
tinctions between males and females in relation to differences in grave goods among the Bodrogkeresztur
communities of the Great Hungarian Plain*. She could also not find differences between males and
females in terms of variability in strontium isotope values®. The variability in stable isotope values for
carbon and nitrogen among individuals of both sexes is attributed to population mobility. N. Honch et al.
2013 could not conclude in favor of social stratification in dietary practices related to grave goods in what
were expected to be the most stratified communities of the Lower Danube Valley, who buried their dead
in the Varna necropolis. Even the strontium isotope values for the occupant of the richly endowed Grave
43 in Varna I lie within the range of variation of individuals from Durankulak®.

Grave goods and height estimations paint an overall positive picture of how well the Urziceni
Bodrogkeresztir individuals were thriving. Animal offerings in the Urziceni graves are similar to those
in Bodrogkeresztur sites of the Great Hungarian Plain®*. The Urziceni food offerings were choice cuts,
which, according to G. El Susi 2018, suggests that the communities that buried their dead in the
Urziceni necropolis were prosperous®, since they could afford to withhold consumption of desirable
foods for ritual purposes. They seem to have been taller than people from the Lower Danube Valley
that date from between 4679-4450 cal BCE to 4448-4260 cal BCE®®, which might signal improving
health conditions.

Health status indicators are available for some of the individuals buried at Urziceni. They tend
to support El Susi’s assessment. Some grave occupants were tested for porotic hyperostosis, cribra
orbitalia, and linear enamel hypoplasia, skeletal indicators of non-specific stress**. Overall, Urziceni
individuals appear relatively healthy. Burial with what some may have considered prestige items does
not necessarily correlate with better health. Urziceni 12, a male buried with an object described as a
copper dagger, suffered from porotic hyperostosis, which signals ongoing health problems into adult-
hood. Urziceni 48, a male buried with a damaged obsidian blade®’, did not, although he had linear
enamel hypoplasia, indicating adverse health conditions in childhood. Males do not seem to have been
privileged over females with respect to health outcomes. Urziceni 41, a female buried with Spondylus
beads, gold ornaments, and an animal food offering®, had no adverse health condition.

%0 Luca 1999 and Luca 2000 provide repertories of Bodrogkeresztur sites. A list of sites might also be extracted from the

corpus of metal finds of the Chalcolithic in Mares 2002, 171-336. Sava 2015 lists and discusses Bodrogkeresztur and late
Bodrogkeresztur finds, sites, and graves in the Lower Mures/Maros area, 201-213.

31 Borgerhoff Mulder et al. 2010; Gurven et al. 2010.

32 For the latter, see Govedarica 2004, 283-285.

% Giblin 2011, 263, 268; Giblin 2011 provides information on grave goods.

34 Giblin 2011, 196.

3> Honch et al. 2013, 159-160.

% El Susi 2018; Giblin 2011, Appendix A, 325-327.

57 El Susi 2018, 641.

% For data on height estimates, see Marciniak et al. 2021, Supplementary Table S1. Included are Urziceni M 10, M 12, M 13,

M21,M26,M31,M37,M39,M41, M 44, M 48, M 51, M 60, M 65a, M 68, and M 70. The Lower Danube Valley-related

individuals of the Chalcolithic are from Smyadovo and Sushina.

Marciniak et al. 2021, Supplementary Table S10 for health indicators. Included are all the individuals in the previous

footnote with the exclusion of M 26, M 39, and M 44.

40 Boroneant et al. 2018.

4 For Spondylus beads, see Margirit et al. 2020; for some of the gold ornaments, see Gindele et al. 2014; for animal food
offerings, see El Susi 2018.
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Mobility can be assessed by means that complement isotope studies and examine segments of
unrecombined alleles transmitted from parents to offspring. Urziceni 48 seems to be descended from
mating groups — as D. Anthony employs that term** — that were not closely related. Neither his
recent nor distant ancestors were closely related since his genome does not show reduced genetic
variation®. That can be due to his ancestors being drawn from a large population or increasing parent/
offspring dispersal*. The two possibilities are not mutually exclusive. The suggestion of increasing
parent/offspring dispersal would confirm what is known about Bodrogkeresztur mobility from stron-
tium isotope analyses.

Lower Danube Valley inhabitants had the advantage of accelerated development due to the more
strongly connected character of their network, which incorporated both tell and flat settlements. Even
further inland, theirs was a waterborne culture, in which interaction was facilitated by a web of riv-
erine and lacustrine settlements*. The Bodrogkeresztir communities had their own form of intercon-
nectedness. However, it was between households and hamlets, a pattern detectable in isotope values
that had apparently developed in the Great Hungarian Plain in the transition from the Late Neolithic
and accelerated in the Late Copper Age*. The dating of this pattern is consistent with the current
dating of the beginning of the process of abandonment of tells in the Great Hungarian Plain to around
4500-4450 cal BCE*, which antedates the formation of Salcuta Culture.

A more recent tally of sites attributed with a high degree of certainty to Tiszapolgir Culture
bearers in Romania raises the number to 161 sites*. That number can be compared with an older tally
of 250 Tiszapolgar sites, of which only 17 were in Romania*. Merging the two sets of sites reveals
three lines of advance into the intra-Carpathian area following the courses of the Somes, the Mures,
and the Timis-Cerna®. More sites may be uncovered in the future. The currently detectable pattern
shows a direction of movement away from the Great Hungarian Plain toward the southeast.

There is as yet no stable isotope and DNA information about Tiszapolgar Culture bearers in
Romania that might enable a finer-grained picture of the interaction between Great Hungarian Plain
Tiszapolgdr groups venturing away from the Great Hungarian Plain and the source of metallurgical
know-how, which could only have come from the southeast, from Salcuta or perhaps Gumelnita culture
bearers. Nevertheless, the genomes of some relevant populations and proxies are available, allowing
one to surface evidence of contact. The results rely on measures of covariance in allele frequency dif-
ferences between populations®.

The samples available are genomes of individuals from Early Tiszapolgar Culture from
Pusztataskony Ledence 1, Tiszapolgdr Bodrogkeresztir Culture from Térokszentmiklos, Road 4,
and Bodrogkeresztir Culture from Urziceni, of which Urziceni 48 has the highest coverage. There
are no samples from Salcuta and Gumelnita cultures, but there are samples from the Kodzadermen-
Gumelnita-Karanovo VI complex from various locations in Bulgaria, which are grouped as Bulgaria
Chalcolithic®?. These southeastern individuals serve as a proxy for the populations of higher priority
for testing gene flow to Tiszapolgdr or Bodrogkeresztir communities.

The result is that for the Tiszapolgir and Bodrogkeresztur individuals buried in locations in the
Great Hungarian Plain, the hypothesis of gene flow from communities related to the Lower Danube
Valley area of influence is rejected. However, it is not rejected for some of the Urziceni Bodrogkeresztur
individuals, Urziceni 48 and 16 (Appendix, Section 1, Table 1). Thus, ancient autosomal DNA can con-
tribute to elucidating the supposition that contact with communities to the southeast was a factor in

42 Anthony in press 2020, 12, 18. The concept of a mating group allows one to make a distinction between genetic relations

among individuals and the sharing of material culture.

Ringbauer et al. 2020, Supplementary Information.

4 Ringbauer et al. 2020, 8.

4 Benecke etal. 2013, 177-181. Hansen 2015, 283-284.

% Giblin 2011, 191.

47 Siklési, Szilagyi 2021, 622.

48 Diaconesu 2009, 89-119.

49 Bognar-Kutzian 1972, 237-240.

0 The relevant maps are Diaconescu 2009, Map 3, 319 and Bognar-Kutzian, supplement entitled “The Sites. The Groups.”
Each genome, from which data is drawn, encapsulates information from several hundred genetic ancestors. The inference
in Raghavan et al. 2013 that western Eurasians and Native Americans share ancestry was supported by information from
only one individual, from Mal’ta, dated 22621-22171 cal BCE.

See the Appendix for a full list of the samples, their labels, dates, and burial location.
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the transformation of some of the Tiszapolgar Culture bearers into the Bodrogkeresztir variant. The
genetic information yields an additional line of evidence supporting the hypothesis that some estab-
lishment of kinship relations in the genetic sense accompanied the transfer of metallurgical know-how.

Nevertheless, one cannot infer that the transfer of metallurgical competence necessarily followed
lines of genetic kinship relations, since the hypothesis of gene flow from southeast communities that
were metallurgically competent is rejected for some of the Urziceni Bodrogkeresztir individuals,
Urziceni 27 and 56 (Appendix, Section 1, Table 1).

A further issue is the probable source of this southeastern admixture. The assumption is that
it is of Salcutan origin, Gumelnita Culture bearers being too remote geographically and temporally.
Nevertheless, Silcuta Culture was in part derived from Gumelnita Culture®®. Communities of both
cultures overlapped in the area of the Olt River. C. N. Patroi 2006b believes that the westward move-
ment of Gumelnita communities into the area of the River Olt and partial withdrawal into the hilly
zones of Muntenia was due to pressure from steppe cultures, whose C-type pottery makes its appear-
ance in the area®. The bearers of Salcuta Culture are thought to have been pushed westward for the
same reason®.

C-type pottery in the Lower Danube Valley has been found not only in Carcaliu, Harsova, and
Nivodari but also Pietrele®®. Moreover, the presence of individuals from the Pontic-Caspian steppe
occurs quite early. The circumstances of their burial make it unlikely that they indicate a resurgence
of hunter-gatherers local to southeastern Europe. Burials combining trepanation and red ochre or
rust-colored burnt wall-plaster substituting for red ochre appear in Smyadovo and Sushina. All three
individuals in a triple burial, grave 24 in Smyadovo, show trepanation. Two of the three trepanned
individuals are dated 4457-4343 cal BCE and 4494-4348 cal BCE. The grave was filled with burned
rust-red wall plaster. A trepanned individual from burial 18 in Smyadovo is dated 4550-4450 cal BCE.
That grave was also filled with rust-colored burnt wall plaster®’. The Sushina burial, for which there
is some autosomal DNA, is dated 4446-4258 cal BCE and also presents a combination of trepanation
and red ochre®.

The combined ritual was not characteristic of communities of the Lower Danube Valley. However,
burials with trepanation and red ochre appear in south Russia on the east coast of the Sea of Azov.
They are found in Tuzluki, dated 4450-4341cal BCE, and Vertoletnoe pole, dated 4899-4724 and
4899-4724 cal BCE®. Thus, it appears that the presence of individuals from the Pontic-Caspian
steppe in the Lower Danube Valley antedated or was coeval with a westward movement that gave rise
to the formation of Salcuta Culture.

A factor leading to contact between Tiszapolgar and Salcuta communities is the westward move-
ment of the latter. According to A. Radu 2002, the points of contact were in the Timis-Cerna corridor,
the southernmost line of advance of the Tiszapolgidr communities in the intra-Carpathian area men-
tioned above. The sites that have received most attention, Baile Herculane-Pestera Hotilor, Cuptoare-
Sfogea, and Slatina-Timis, are located in that corridor®®. The most likely source of copper ores with
which Salcuta communities would have been familiar before spreading further westward is in the not-
too-distant location of Baia de Arama, in which evidence of slag was found®!. Merging sites occupied
by Tiszapolgar and Salcuta culture bearers as indicated in Diaconescu 2009 and Patroi 2018°% leads to
similar conclusions to Radu 2002 and Patroi 2006a. An area which encompassed access to ores known

53 Patroi 2010; Patroi 2013.

% Patroi 2006b, 16.

5> Roman 1971, 100; Roman 1973, 66; Patroi 2006a, 100; Radu 2002, 7.

% Georgieva 2018, 99. Voinea 2005, Appendix 4, 138. The appearance of C-type potttery in the area is dated to the
Gumelnita A2 stage, the chronological limits of which, according to Bréhard, Baliasescu 2012, Table 1, are 4300-4000 cal
BCE.

57 Chohadziev 2016.

% Sample 12426_published, in Allen 2021.

% Gresky et al. 2016, Table 1. There is also evidence of trepanation in an individual in burial 10, Neolithic burial site of
Vasylivka 2 in the Dnieper-Azov area. Some of the skeletons in the site were also covered in red ochre. See Mathieson et
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6 A.Radu 2002, 191-192.
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62 See Map 3 Diaconescu 2009, 319 and the map of settlements and finds of Silcuta Culture in Oltenia in Pitroi 2018, Plate
2, 68.
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to Salcuta Culture bearers and which was also accessible to Tiszapolgar Culture bearers, that is, the
Timis-Cerna corridor, was quite possibly the area of first contact.

Nevertheless, some elements of material culture appear unresolved and could imply that direct
Gumelnitan influence might not be ruled out at the early stage of contact. As S. Siska 1964 had noted,
the gold artifacts in Tibava suggest a strong southeastern influence. However, gold Silcutan artifacts
have yet to be found®. To this one can add that the Gumelnitan figure of the human/bird hybrid is
clearly expressed in two of the Moigrad pieces attributed to Bodrogkeresztar Culture, whereas it is
only schematically found in Silcutan contexts®. Perhaps some direct Gumelnitan contribution at the
earliest stages of contact with Tiszapolgar communities cannot, for the moment, be entirely ruled out.

Whatever uncertainty remains, some of the Urziceni Bodrogkeresztir, among whom gold items
are well attested, had ancestry from a southeastern source, currently proxied by individuals from
Lower Danube Valley settlements in Bulgaria. The Bodrogkeresztar represented by the communities
that buried their dead at Urziceni were thriving, prosperous, and mobile. Their predecessors had been
open to establishing relations beyond close kin, which may have been instrumental in acquiring metal-
lurgical competence.

Process 2: Continued Urziceni Bodrogkeresztur-like presence in the intra-
Carpathian area

Roman 1971 suggested that a more thorough merging of the Bodrogkerestir and Salcuta cultures
occurred in a time frame that can now be situated after the cessation of the Lower Danube Valley core
network. A pottery style featuring applied handles or Scheibenhenkel, which he thought was inspired
by metal-working techniques, is offered as an indicator of the merger®. More recently, a workshop
featuring the manufacture of gold artifacts in Cheile Turzii has been attributed to the Bodrogkeresztar
and Bodrogkeresztir-Scheibenhenkel horizon®.

The Cheile Turzii Late Bodrogkeresztur layer is dated to between 4100-3900 cal BCE®. This
site is singled out because it was subject to various analyses. Diversified use of resources continues
to characterize its Late Bodrogkeresztir-era occupants, just as it characterized earlier Tiszapolgar,
Bodrogkeresztir, Salcuta, and Gumelnita communities. Their diet appears to have been varied. It
relied on cereal cultivation and animal husbandry but also on the products of fishing and hunting.
Evidence of foddering argues against their practicing the kind specialized transhumance characteristic
of pastoralists®.

It can be surmised that metallurgically competent, Bodrogkeresztur-derived groups that remained
in the intra-Carpathian area carried on living a similar life to their predecessors. But they made per-
sonal decorative items from locally available freshwater shells instead of the Mediterranean-sourced
Spondylus that had adorned the deceased at Urziceni®, perhaps an indication that trade with regions
further south had been disrupted with the cessation of activity of the Lower Danube Valley core met-
allurgical network. Nevertheless, obsidian continued to be sourced from southeast Slovakia, just as it
had been for the Urziceni grave goods™.

Thereisno DNA of individuals from applied-handles sites in Romania or cultures fromlater periods,
such as the intrusive Cernavoda or the subsequent Cotofeni. One can nevertheless establish that the
hypothesis that individuals from Early Bronze Age Maros Culture have Urziceni 48-like admixture is
not rejected”. However, the hypotheses that they have Tiszapolgar, Bodrogkeresztir, or Baden admix-
ture from sites in Hungary are rejected (Appendix, Section 2, Table 2a). These results suggest that,

8 Pitroi 2010, 10.
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even around 1866-1619 cal BCE, the dates for the most recent among the Maros samples, Urziceni-
like derived populations were still present in the western vicinity of the intra-Carpathian area. It also
suggests that one would eventually need to test the hypothesis of a duality between Late Baden gene
flow to the west and whatever developed in the intra-Carpathian area. Given archaeological informa-
tion, relevant populations would be Cotofeni and succeeding communities in the intra-Carpathian
area, which are currently unsampled.

There is some information from a location east of the intra-Carpathian area that could be rel-
evant. Samples from Iron Age, western Scythians in Glinoe, Republic of Moldova dated as late as the
second-century cal BCE, are available. They represent individuals belonging to confederations of war-
riors who, because of their high mortality rate, replenished their numbers by drawing on local popula-
tions™. For this reason, information about their admixture might offer indirect clues about some of
the local populations.

The Moldova Scythians are very diverse, so only a subset of them relevant to assessing gene flow
from Tiszapolgar, Bodrogkeresztur, or Baden communities is included. The hypotheses that Moldova
Scythian 192, 197, 300, 305, and 311 have Urziceni 48-like admixture are not rejected (Appendix,
Section 2, Table 2b). The hypotheses that they have either Tiszapolgir Hungary or Baden Hungary
admixture are rejected (Appendix, Section 2, Tables 2d, 2e). For some of these Moldova Scythian indi-
viduals, the hypothesis that they have Bodrogkeresztir Hungary-like admixture is not rejected. This is
the case for Moldova Scythian 305. Moreover, the result for Moldova Scythian 197 comes close to the
threshold of non-rejectability (Appendix, Section 2, Table 2¢). Thus, retaining only cases in which there
is no ambiguity, some of the Moldova Scythians, Moldova Scythian 192, 300, and 311, might signal the
presence of Urziceni 48-like admixture to the east of the intra-Carpathian area into the Late Iron Age.

Combining results suggests that it would be reasonable to examine the hypothesis that popula-
tions with Urziceni 48-like admixture continued to be present in the intra-Carpathian area. A further
examination of this issue would be helpful in gaining a fuller understanding of the relations among
succeeding populations currently identified by pottery styles. But, again, the issue cannot be pursued
for lack of samples.

Process 3: Westward, small-scale migration of the metallurgically competent

A belief shared for some time is that the earliest westward spread of metallurgy into Central
Europe and North Italy originated somewhere in the Carpathians™. It was thought that the transmis-
sion occurred through contiguous contact or information sharing between adjacent communities. A
drawback of that view is that metallurgical know-how is not transmitted by information sharing but by
direct participation in a long chain of operations that need to be mastered in order to produce copper
artifacts. Experimental archaeology has highlighted that many of these operations call for face-to-face
activity conducted by participants engaging jointly in complementary actions’. Thus, while contiguity
can explain the diffusion of copper artifacts, the same cannot be said for the acquisition of know-how.

Relevant to the issue of the transmission of metallurgical know-how is the finding that gene flow
from some Urziceni Bodrogkeresztir samples to Remedello Chalcolithic individuals, who belonged
to the first metallurgical culture of northern Italy, is not rejected (Appendix, Section 3, Tables 3a and
3b). It is evidence for a migration of Urziceni-like individuals in a group or groups sufficiently large to
leave an impact into the late fourth and early third millennium BCE, since the Remedello samples on
which the inference is based are dated 3483-3107 cal BCE and 2908-2578 cal BCE (Appendix). This
result lends support to those who believe that early metallurgy spread through groups of individuals
rather than by solitary male metallurgists, either acting on their own or under the sponsorship of
warrior elites”™.

Moreover, while the hypothesis that there was gene flow from an Urziceni 48-like source to

would likely originate in Central Europe. The suggestion that Early Bronze Age Maros is derived from Lower Austria or
Burgenland is in Bertemes, Heyd 2015.
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individuals from Chalcolithic Remedello Culture is not rejected, one can reject the hypotheses that there
was such gene flow from Tiszapolgir or Bodrogkeresztir communities in Hungary, given the samples
available (Appendix, Section 3, Table 3a). These results mirror those concerning the genetic affinity of
the Iceman, dated 3484-3104 cal BCE, who was found in an area relatively close to Brixlegg, a site at
which early evidence of metallurgy in Austria has been detected. In the case of the Iceman, one can reject
the hypothesis that there was gene flow from Tiszapolgar or Bodrogkeresztir communities in Hungary.
But that is not the case for gene flow from an Urziceni 48-like source (Appendix, Section 3, Table 3a).
Nevertheless, not all Urziceni individuals had descendants who participated in migration. Gene flow
from Urziceni 27 to Remedello Chalcolithic individuals is rejected (Appendix, Section 3, Table 3b).

Close kinship relations could have bound members of the migrating metallurgically competent
community or communities, but not necessarily so. One might have imagined that metallurgical
know-how was jealously guarded by Urziceni community members for which southeastern ancestry
is plausible, given that metallurgical know-how must have first been acquired from a southeastern
source. However, the hypothesis that there was gene flow to Remedello Chalcolithic individuals from
descendants of an individual like Urziceni 56 is not rejected, although one can reject that Urziceni 56
had southeastern admixture (Appendix, Section 3, Table 3b and Section 1, Table 1). That would be in
keeping with the Bodrogkeresztir communities buried in Urziceni being open to creating ties with
people not closely related to them, an inclination that several generations of mobility would have
inculcated.

Whatever the kinship status of members of the migrating metallurgical communities was,
results for Iron Age individuals from northern Italy, which date from 900-800 BCE to 600-200 BCE
(Appendix), confirm that these communities must have been large enough to have left their mark on
populations north of Rome into the Iron Age. Again, one can reject the hypotheses of gene flow from
Tiszapolgdr or Bodrogkeresztir Hungary to Republic-Age individuals north of Rome. One can also
add that the hypothesis of gene flow from Late Baden Hungary to Republic-Age individuals north of
Rome is rejected. However, the hypothesis that gene flow occurred from an Urziceni 48-like source is
not rejected (Appendix, Section 3, Table 3c).

That it is plausible Remedello Chalcolithic individuals have Urziceni Bodrogkeresztur-like admix-
ture has two implications. First, it confirms that the source of the westward spread of metallurgical
know-how was from the Carpathians. Second, it suggests that the spread did not occur merely by
word-of-mouth or exchange of artifacts among adjacent communities occupying territory between
northwestern Romania and northern Italy, which would, for the most part, have belonged to the
Lengyel or Epi-Lengyel horizons.

The closest communities to northern Italy were Lengyel-related. However, Lengyel communities
in Transdanubia exhibited a decline attributed to a reduction in stone resource exploitation. A drop in
population and decline in stone production is further attributed to the impact of the Copper Age™.
Nevertheless, it is unlikely that the drop in stone implement production was due to replacement with
copper production.

Recently, L. Papac et al. 2021 have found a resurgence of Kér6s Hunter-Gatherer introgression in
Epi-Lengyel communities, which they date to around the 47th to the 44th centuries BCE””. Hunter-
gatherer resurgence appears to be a notable factor in the evolution of central European populations
before the advent of Corded Ware Culture bearers. However, hunter-gatherer social organization is not
germane to production practices with a long chaine opératoire, as is the case in metallurgy. There were
copper objects in Lengyel and Epi-Lengyel culture burials, but despite discussions of Late Lengyel cul-
ture as a participant in copper production, the evidence is hard to come by. There do not seem to be
finds of metallurgical activity. It does not appear likely that Lengyel-related communities were either
a source or direct transmitters of metallurgical know-how.

Nevertheless, the path leading westward and eventually into northern Italy must have traversed
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an area rich in ores, without which metallurgy cannot be practiced until long-distance exchange net-
works are established to procure raw materials. The mountain ranges of Slovakia have suitable ores,
and, in the late fifth and early fourth millennia, there are signs of metallurgical activity throughout
Slovakia distributed along a trajectory that forms an arc reaching down into Austria, all in areas occu-
pied by Lengyel or Lengyel-related communities.

Although hammer-axe and hammer-adze finds often lack a context of discovery, their distribution
gives a broad indication of the area of operation of people who could have been involved in the spread
of metallurgical know-how. The pattern of the combined spread of Székely-Nddudvar, Szendr6, and
Handlova type axes, for instance, follows an arc that is parallel to and overlaps with the mountainous
areas of Slovakia™. Marked axes, especially, are distributed in this north and northwestern area®
and appear to be characteristic of Tiszapolgar and Bogrodkeresztir groups®'. Szendré and Székely-
Nédudvar axes are thought to belong to the late fifth millennium, while Handlova axes are dated to
the end of the fifth millennium®.

The path formed by the distribution of these axes could be related to the course of the River Hron,
which flows into the Danube and offers accessibility to copper ores in neighboring mountain ranges
in Slovakia®. M. Schreiner et al. 2012 associate Chalcolithic-era evidence of casting and smelting at
Handlové, Nitriansky Hradok, Slovenské Pravno, and Sucha nad Parnou with this corridor of access,
which linked the sites at which signs of copper metallurgy were found to the most likely sources of ores
at Spania Dolina, Poniky, and L'ubietova®.

S. Scharl 2016 identifies the spread of metallurgical know-how to Central Europe as Phase II of
the process of transfer of innovation. It encompasses finds of crucibles in Austria and Bohemia. The
sites in Austria, Bisamberg, Oberpullendorf, and Keutschacher See, date to around the 41st century
BCE for the first two and between 4100 and 3700 cal BCE for the third®*®. Moreover, B. Héppner et al.
2005 report dates of 3960-3650 cal BCE (68.2%) for green copper minerals mixed with baked clay and
charcoal found in the Mariahilfbergl settlement in Brixlegg®. Finally, A. Dolfini 2013 estimates the
spread of metallurgical know-how to Italy to have occurred sometime in the last quarter of the fifth
millennium BCE?".

The result that Urziceni-type gene flow to Remedello Chalcolithic individuals is plausible provides
an answer to a puzzle generated by the collection of finds of metallurgical activity by tying them to the
westward path taken by metallurgically competent groups originating in the intra-Carpathian area. It
had been generally agreed that metallurgical know-how came from somewhere in the Carpathians, but
who the agents of change were was not known. A reasonable, default assumption is that the mediators
were from adjacent regions occupied by Lengyel-derived communities. Nevertheless, transmission at
early stages, in the fifth millennium, requires face-to-face contact in apprenticeship arrangements.
That gene flow to Remedello Chalcolithic individuals from an Urziceni Bodrogkerezsttr source is not
rejected suggests that contiguity is not always the right answer. Traces of metallurgical activity in
areas from which ores are accessible are consistent with a path metallurgically competent migrating
communities needing ores in order to exercise their skills would have taken.

The migration from metallurgically competent Urzceni Bodrogkerezstir communities probably
collected groups of individuals, male, female, adult, and children, some of whom were related, but
all of whom, if able-bodied, would have been needed to carry out ongoing support and metallurgical
activities from scratch since they were heading into areas where none of the required complemen-
tary products and competencies were present. These competencies, which we might take for granted,
included everything from knowing how to produce heat-resistant ceramics to preparing the large
amounts of fuel needed, not to mention seeking out, collecting, and preprocessing ores. Attempts to
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reproduce copper tools with Chalcolithic-era technology in experimental archaeology drive this point
home effectively.

There is no evidence that conquest or population replacement occurred on the way. There does not
seem to be archaeological evidence of migration, which is why archaeologists attributed the spread of
metallurgy westward to adjacent and local communities. Once one knows what to look for, expecta-
tions about what is findable may change. Whichever way the migration occurred — it might not have
been a single event— the displacements were not a matter of controlling territories and their occu-
pants but finding opportunities to practice a set of skills.

Reconsidering mobility and disaggregation

The mobility of the agropastoralists of Copper Age Eastern Hungary has been described as an
effect of their reorganization from tells to smaller habitation units. This reorganization is explained
in terms of a gain in agricultural productivity in smaller units compared to massed living in tells.
The smaller units are variably described as households or hamlets. Increased productivity in smaller
units is characterized as an effect of the privatization of storage and consumption of the products of
agricultural labor. The idea is that there is a greater incentive to increase production if the products of
labor are privatized. Mobility is factored in as a way of insuring against subsistence failure by main-
taining relations with other households ®. Strontium isotope analyses have brought out the reality of
mobility. They also support that mobility was not tied to adopting a specialized form of pastoralism.

However, the idea that the disaggregation of tells in the Great Hungarian Plain to households
or hamlets and increased mobility were brought about by adopting a policy of privatization of food
storage and consumption relies on literature about privatization that illustrates an opposite trend. In
archaeology, the shift from a social organization in which food is pooled to one in which privatization
of food storage develops was used to explain changes in settlement organization from the Natufian
and Pre-Pottery Neolithic A to the Pre-Pottery Neolithic B®. In ethnography, the privatization of food
consumption among the !Kung and its impact on the organization of living space were described to
have occurred as the Kung gradually abandoned foraging in favor of farming concurrently with being
drawn into a market system of exchanges®.

In both cases, the privatization of food resources is a descriptor of an intensified transition away
from foraging. Itis not particularly tied to increased mobility. If anything, it would be tied to decreased
mobility implied by a definitive shift away from foraging. The tell inhabitants of the Great Hungarian
Plain were not foragers. Thus, what set off the process of tell disaggregation and increased mobility in
the Great Hungarian Plain is still an open question.

One might suggest that both social reorganization and mobility in the Great Hungarian Plain
could have been tied to the pull of the neighboring Lower Danube Valley metallurgical network. The
attraction of better opportunities for exchanges, technological innovation, and a variety of social roles
in complementary activity might have been stronger than allegiance to the local tell system. The latter
disaggregated as individuals and subsets of tell communities pursued greater opportunities offered by
the Lower Danube Valley network of exchanges. The dates seem to fall in place, as the beginning of the
disaggregation of the tell system in the Great Hungarian Plain, by around 4450 BCE®", corresponds to
the period of the florescence of the Lower Danube Valley core metallurgical network and antedates the
formation of Salcuta Culture. The time frame is also coeval with the appearance of individuals from the
Pontic Caspian steppe among Lower Danube Valley settlements. The Lower Danube Valley was a pole
of attraction for communities both to the west and the east.

On the northwestern edge of this pole of attraction, those who would have been especially active
in setting up ties with the Lower Danube Valley network could have been Tiszapolgdr communities
described as eventually adopting the Bodrogkeresztir style. A key to developing relations with the
Lower Danube Valley network and the Salcuta communities that bordered it to the west would have
been initiating and maintaining reciprocal exchange agreements at the local level. Such agreements
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become stronger and self-sustaining the more frequently they are exercised. Repeated interaction
allows parties involved to assess mutual reliability and honesty and plan for future interaction®.

Without the need to resort to a system of laws, self-enforced agreements could have been facili-
tated by the fact that groups of individuals from the Lower Danube Valley, Silcuta communities, and
communities to the northwest had similar ways of making a living. They were all agropastoralists
exploiting diversified resources. They probably all spoke languages derived from western Anatolian
that may have still been mutually understandable®. The shared iconography of symbolic figures sug-
gests shared explicit beliefs and tacit outlooks. Certainly, the Bodrogkeresztir communities borrowed
their iconography, such as the gold ring idols and human/bird hybrids, from the Lower Danube Valley
complex of cultures.

These communities probably also had similar rituals to reduce disagreements and control aggres-
sion. Some kinship relations for transferring metallurgical know-how are likely to have formed,
although relations instrumental to building the trust needed to transfer know-how might also have
had the nature of “fictive” kinships®. The creation of enduring relations would have required extended
periods of providing favors or gifts®. The favors on the side of those pursuing apprenticeship might
have been in the form of labor-intensive support tasks.

The burgeoning process of building links with the Lower Danube Valley core network, probably
through its western extension among Silcuta communities, was interrupted by the sudden cessation
of function of the core network. As a result, the process of reconfiguring the Great Hungarian Plain
settlement system looks like it had no connection to anything going on outside of it. It becomes dif-
ficult to fathom why social organization in the Great Hungarian Plain would have reverted to smaller
units. Placing it in the context of an interrupted process that had broader regional linkages could pro-
vide some rationale for the process of disaggregation and increased mobility that accelerated with the
formation of the Tiszapolgdr/Bodrogkeresztir continuum.

Conclusion

Given the dates for metallurgical activity in the Lower Danube Valley and the timelagin the appear-
ance of metal objects among Tiszapolgir and Bodrogkeresztir communities, it should now be accepted
that the source of metallurgical competence was ultimately in the Lower Danube Valley. In striving
to acquire metallurgical skills, some communities east of the Tisa were transformed by their con-
tact with Salcuta and, perhaps, Gumelnita communities. They or their descendants became the vector
through which metallurgical know-how eventually spread northwest of the Great Hungarian Plain and
into northern Italy. These migrants were related to or descended from Urziceni Bodrogkeresztur-like
individuals.

Their displacements would have involved small communities, not just individuals. They would
have included kin but not been limited to them. In their migration westward, these small-scale com-
munities, who would have needed to be self-sustaining, are likely to have included diverse individuals
who could fulfill the various roles required for all stages of metallurgical production since host com-
munities could not have been relied upon to have the requisite know-how.

These developments reveal something that was perhaps a novelty in the fifth millennium BCE
or at least infrequent, that is, a small-scale movement of individuals seeking to acquire technological
proficiency in a first stage and then, in a later stage, a small-scale migration of the technologically
proficient searching for avenues to exercise their skills. In neither case was the movement tied to
occupying land or gaining control of its occupants. These individuals and communities belonged to a
period that saw an increase in complementary activities necessary for specialization. One should put
early metallurgists in the context of such complementary coordination and attendant broadening of
social roles and opportunities.

The Urziceni-like agropastoralists associated with Bodrogkeresztir Culture were descendants
of what are perhaps among the earliest skill-seeking migrants known to us. Descendants of some
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Urziceni Bodrogkeresztur-like individuals were also perhaps among the earliest migrants associated
with the exercise of a skill. They are interesting because they allow us to tell a story of how metallurgy
spread out of an area in which it had thrived earlier, probably in decentralized and local interaction
with metallurgically competent individuals and communities of the Salcuta and perhaps Gumelnita
cultures. That some Tiszapolgar/Bodrogkeresztir communities acquired metallurgical competence is,
in itself, a remarkable development. In fifth millennium BCE Europe, mastery of metallurgical prac-
tices appears not to have spread eastward from the Kodzadermen-Gumelnita-Karanovo VI horizon,
despite ample opportunities for doing so. Individuals of the Pontic Caspian steppe were locally present
among Kodzadermen-Gumelnita-Karanovo VI communities since the middle of the fifth millennium,
yet metallurgy does not appear in the Pontic Caspian steppe with any certainty before the early third
millennium BCE®. Westward, traces of metallurgy appear to mark the migration path of a metal-
lurgically active community rather than native activity. Thus, a further issue to examine, which is
outside the purview of this paper, is what could have been the social-organizational factors specific to
Gumelnita, Salcuta, and Tiszapolgar/Bodrogkeresztir communities that enabled them to acquire and
transmit metallurgical skills but were not present at the time in the Pontic-Caspian steppe or Central
Europe.

Finally, it is possible to think of settlement fragmentation in the Great Hungarian Plain as part
of a broader process. It might have been a phase in the reorganization of settlements in the Great
Hungarian Plain into new population centers in relation to the Lower Danube Valley metallurgical
network. The communities originating in the Great Hungarian Plain had started out as consumers,
not producers of metal artifacts. A reorganization in relation to the Lower Danube Valley might, if
the process had not been cut short, have led to a more efficient transfer and adoption of new tech-
nologies and eventually enabled the formation of regional centers that could participate in a broader
intra-Carpathian network for sharing resources and know-how. What was left of this interrupted pro-
cess was a migration of some of the metallurgically skilled community members, their descendants
eventually bringing their know-how further west, while others chose to continue their activity in the
intra-Carpathian area.

Much more detail could be filled in if there was more data with which to work. But even with what
is available, one can get a glimpse of a period in European prehistory, the importance of which still
calls for further reappraisal.

Astrid Vicas

Department of Interdisciplinary Studies
Saint Leo University

Florida, USA

astrid.vicas@saintleo.edu

9%  Peterson et al. 2016, 294.
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APPENDIX

The purpose of this Appendix is to provide a summary of results on which claims concerning indi-
viduals/populations in the paper are based.

All individuals/populations and their labels are from a curated dataset, V42.4, the dataset current
at the time of writing, available at https://reich.hms.harvard.edu/allen-ancient-dna-resource-aadr-
downloadable-genotypes-present-day-and-ancient-dna-data. The exceptions are two individuals from
Harney et al. 2021b, here labeled Urziceni 27 and 56.

For inferences concerning relations among populations, the software used was gpWave version
410, setting allsnps: YES and gpAdm version 810, allsnps: YES, in AdmixTools.

f, statistics measure the covariance of allele frequency differences between populations®”. gpWave
computes multiple f, statistics that capture allele frequency differences between populations of
interest, identified as “left” populations, given populations identified as reference or “right” popula-
tions. Reference or “right” populations are populations from which there is no recent gene flow to the
“left” populations.

gpWave can be used to make inferences about whether a set of “left” populations are cladal with
respect to a set of reference populations or “right” populations. It can also indicate how many waves of
populations can account for admixture among the “left” populations with respect to the set of refer-
ence or “right” populations. gpAdm adds an estimate of admixture proportions in modeling one of the
“left” populations identified as a target resulting from an admixture of the other “left” populations,
given the “right” populations.

gpWave and gpAdm also provide an assessment of plausibility or non-rejectability of the proposed
models®. For inferences using gpWave and gpAdm the cut-off point used here for not rejecting results
isp 2 0.05.

The labels for the reference, or “right” populations, are as follows: Mbuti.DG; Russia_Ust_Ishim_HG_
published.DG; Ethiopia_4500BP_published.SG; Russia_ MA1_HG.SG; Italy_North_Villabruna HG;
Papuan.DG; Indian_GreatAndaman_100BP.SG; Han.DG; Karitiana.DG; Hungary EN_HG_Koros_
published.SG; Hungary_EN_Koros; Iberia_EN.

They are in Allen 2021 and are similar to the “right” populations in Mittnik et al. 2019. The main differ-
ence is that a hunter-gatherer and early Neolithic farmers from Central Europe replace Germany LBK
samples to ensure that all populations from central Europe in the “right” set antedate the mid-sixth
millennium BCE®.

The following is information on the pre-mid-sixth millennium individuals from Central Europe in the
set of “right” populations:
Hungary EN_HG_Koros_published.SG: 5780-5640 cal BCE,Tiszaszolos-Domahdza.

Hungary EN_Koros (4 samples)

12794, Hungary_EN_Koros, 5706-5541 cal BCE, Térokszentmiklds, road 4, site 3;

12373, Hungary_EN_Koros, 6000-5500 BCE, Térokszentmiklos Tiszaptspoki Karanycs haromag 3.
lh.; 11508, Hungary_EN_Koros, 5710-5570 cal BCE, Berettyo6ujfalu-Morotva-Liget;

12374, Hungary_EN_Koros, 6000-5500 BCE, Torokszentmiklos Tiszapuspoki Karanycs haromag 3. lh.

The following provides information on the populations used in the models as “left” populations:
Urziceni Bodrogkersztir (4 samples)

14088, Romania_C,4331-4076 cal BCE (Urziceni 16); 14089, Romania_C, 3761-3645 cal BCE (Urziceni
48); 111902, 6300-6050 BP (Urziceni 27); 111906, 6300-6050 BP (Urziceni 56).

97 Haak et al. 2015; Patterson et al. 2012.

%  Harney et al. 2021a.

% This is the main difference with results reported in Vicas 2021. Principal results, including for modern populations, are
not changed.



Seeking Opportunity: Mobility and Transmission of Innovation in the Chalcolithic ¢ 37

The main Urziceni sample is Urziceni 48, which has the highest coverage. The other samples from
Urziceni are included in some analyses for comparison with Urziceni 48.

Hungary_EarlyC_Tiszapolgar (4 samples)
12353, 12354, 12356, 12395; 4500-4000 BCE, Pusztataskony Ledence 1.

Hungary_EarlyC_Tiszapolgar_Bodrogkeresztur_published (1 sample)
12793_published, 4444-4257 cal BCE, Térokszentmiklos, Road 4, site 3.

Italy_North_MN_Iceman_contam.SG (1 sample), 3484-3104 cal BCE.

Italy_North_Remedello_C.SG (2 samples)
RISE487.SG, 3483-3107 cal BCE, RISE489.5G, 2908-2578 cal BCE, Lombardy, Remedello di Sotto.

Bulgaria_C (10 samples)

12427, 4445-4335 cal BCE, Sushina; 12431, 4725-4605 cal BCE, Ivanovo;

10785, 4455-4359 cal BCE, Yunatsite; [0781, 4528-4371 cal BCE, Yunatsite;

12509, 4452-4354 cal BCE, Dzhulyunitsa; 12519, 4337-4246 cal BCE, Dzhulyunitsa; 12423, 4520-
4356 cal BCE, Smyadovo; 12424, 4448-4260 cal BCE, Smyadovo; 12425, 4679-4450 cal BCE, Sushina;
12430, 4545-4450 cal BCE, Smyadovo.

Hungary_LateC_Baden (11 samples)

12368, 3300-2850 BCE, Budakaldsz, Luppa csarda; 12369, 3367-3103 cal BCE, Budakaldsz, Luppa
csarda; 12370, 3346-2945 cal BCE, Alsonemedi; 12371, 3359-3098 cal BCE, Alsonemedi; 12752, 3600-
2850 BCE, Balatonlelle, Fels-Gamasz; 12753, 3332-2929 cal BCE, Balatonlelle, Fels-Gamasz; 12754,
3337-3024 cal BCE, Balatonlelle, Fels-Gamasz; 12755, 3600-2850 BCE, Balatonlelle, Fels-Gamasz;
12763, 3360-3103 cal BCE, Vors; 12785, 3600-2850 BCE, VamosgyUork, MHAT telep; 11497, 2900-
2700 cal BCE, Apc-Berekalya I.

Russia_EBA_Yamnaya_Samara (9 samples)

10370, 3300-2500 BCE, Samara Oblast, Volga River Valley, Ishkinovka I; 10441, 3010-2622 cal BCE,
Samara Oblast, Volga River Valley, Kurmanaevka I1I; 10444, 3335-2882 cal BCE, Samara Oblast, Volga
River Valley, Kutuluk; 10439, 3321-2921 cal BCE, Samara Oblast, Volga River Valley, Lopatino I;
10357, 3090-2913 cal BCE, Lopatino I; 10429, 3339-2918 cal BCE, Lopatino I; 10438, 3021-2635 cal
BCE, Samara Oblast, Volga River Valley, Luzkhi [; 10443, 3300-2500 BCE, Samara Oblast, Volga River
Valley, Lopatino II; 17489, 3323-2928 cal BCE, Samara Oblast, Volga River Valley, Utyevka V.

Estonia_CordedWare.SG (5 samples)

MA969.SG, 2871-2505 cal BCE, Ardu, Harju; MA971.SG, 2850-2050 BCE, Kursi, Jégeva; MA973.SG,
2580-2340 cal BCE, Kursi, Jogeva; MA826.RISE00.SG, 2575-2350 cal BCE, Jibara, Ida-Viru, Sope;
MA968.MA976.SG, 2871-2505 cal BCE, Ardu, Harju.

Hungary_Maros_EBA.SG (4 samples)

RISE349.SG, 2034-1784 cal BCE, Battonya Vorés Oktober; RISE371.SG, 2136-1941 cal BCE, Szoreg,
Sziv Utca; RISE373.SG, 1886-1696 cal BCE, Szoreg, Sziv Utca; RISE374, 1866-1619 cal BCE, Szoreg,
Sziv Utca.

Moldova_Scythian (5 samples)
scy192.SG, 450-150 BCE; scy197.SG, 450-150 BCE; scy300.SG, 397-209 cal BCE; scy305.SG, 399-
209 cal BCE; scy311.SG, 389-204 cal BCE, Slobodzeya District, Glinoe.

Italy_IA_Republic.SG (8 samples)
R1015.SG, 900-800 BCE, Veio Grotta Gramiccia; R1016.SG, 900-700 BCE, Castel di Decima; R1021.
SG, 700-600 BCE, Boville Ernica; R1.SG, 930-839 cal BCE, Martinsicuro; R435.SG, 600-200 BCE,
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Palestrina Colombella; R473.SG, 700-600 BCE, Civitavecchia; R473.SG, 700-600 BCE, Civitavecchia;
R474.SG, 700-600 BCE, Civitavecchia; R851.SG, 800-500 BCE, Ardea.l

In the following summaries, the relevant information is the difference between results concerning
model rejectability as the Urziceni Bodrogkeresztir sample with the best coverage, Urziceni 48, is
compared with Tiszapolgidr and Bodrogkeresztir individuals from Hungary and, sometimes, other
Urziceni individuals and a later population of the Copper Age, Late Baden in Hungary.

Section 1: Possible relation between some of the Urziceni Bodrogkeresztir
individuals with an as yet unsampled population proxied by Bulgaria
Chalcolithic

Some of the Urziceni Bodrogkeresztar individuals show evidence of ancestry associated with a
Bulgaria Chalcolithic population, which is what is currently available as a proxy for the most prob-
able population of contact from which metallurgical know-how could have been acquired, bearers of
Salcuta Culture, who are also thought to derive in part from Gumelnita Culture bearers. Nevertheless,
not all the Urziceni individuals show this southeastern affinity, while none of the Great Hungarian
Plain Copper Age populations do.

Results that satisfy the condition that p > 0.05 for gpWave and gpAdm are shaded in the remainder
of this Appendix.

Table 1. Testing for cladality of various individuals/populations of interest with Bulgaria Chalcolithic with

qpWave
Cladal with Bulgaria S Tiszapolg S Urziceni |Urziceni
Chalcolithic? Urziceni 48 Hung Bodrog Hung | Urziceni 16 27 56
p-value 1.26E-01 2.68E-02 | 7.31E-05 2.30E-01 2.67E-03 3.69E-04

Conclusion: That there was gene flow between a population modeled as Bulgaria Chalcolithic
and the ancestors of some of the Urziceni Bodrogkeresztar individuals (48 and 16) is not rejected.
Evidence of gene flow can support the hypothesis that cultural transmission of metallurgical know-
how occurred in part by developing kinship relations with a more southeastern population, here
modeled with Bulgaria Chalcolithic. Some Urziceni individuals do not show evidence of this kind of
admixture, suggesting that the Urziceni Bodrogkeresztir were a relatively diverse group with respect
to descent from individuals who may have had direct contact with a population proxied by Bulgaria
Chalcolithic.

Section 2: Possible relevance of an Urziceni-like population to Bronze and Iron
Age populations/individuals

The admixture weights in this section are not meant to provide a complete genetic profile of indi-
viduals and populations of interest, only to highlight Urziceni-like admixture in comparison with
some other Copper Age populations/individuals from Hungary.

Table 2a. Assessing gene flow from either Urziceni 48 or individuals of the Great Hungarian Plain Copper
Age to Maros Early Bronze Age and admixture weights with gpAdm

Maros EBA Hung as Admixture weights X/Estonia
X+Estonia Corded Ware? p-value Corded Ware/Standard Errors
Urziceni 48 9.96E-02 0.512/0.488/0.045
Tiszapolgar Hung 3.00E-03 0.524/0.476/0.048
Bodrogkeresztar Hung 1.32E-03 0.466/0.534/0.051

190 The samples for the individuals and populations of interest first appeared in the following sources: Allentoft et al. 2015;
Antonio et al. 2019; Harney et al. 2021b; Krzewinska et al. 2018; Lipson et al. 2017; Mathieson et al. 2018.
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Maros EBA Hung as —value Admixture weights X/Estonia
X+Estonia Corded Ware? P Corded Ware/Standard Errors
Baden Hung 8.98E-04 0.427/0.573/0.042

Conclusion: The hypothesis that an Early Bronze Age population to the immediate west of the
intra-Carpathian area, Maros Early Bronze Age, has admixture from an Urziceni 48-like source is not
rejected. By contrast, the hypotheses that there is Tiszapolgar or Bodrogkeresztir Hungary admixture
in Maros Early Bronze Age individuals are rejected. The hypothesis that Maros Early Bronze Age has
admixture from Late Copper Age Baden Culture in Hungary can also be rejected.

The results suggest that there is an ongoing presence of Urziceni 48-like admixture in the intra-
Carpathian area in the Early Bronze Age. The contrasting results for Urziceni 48 and Baden Late
Copper Age admixture in Maros Early Bronze age individuals suggest that there could be a duality in
admixture results into the Bronze Age, with Urziceni-like admixture enduring to the east, in the intra-
Carpathian area, but not further west, in territories occupied by Baden Late Copper Age communities.

Table 2b. Assessing gene flow from Urziceni 48 to some Iron Age Moldovan Scythians and admixture
weights with gpAdm

X as Urziceni 48+Yamnaya Admixture weights Urzi48/Yamnaya
Samara? p-value Sam/ Standard Errors
Moldova_Scythian300 4.58E-01 0.714/0.286/0.047
Moldova_Scythian192 7.59E-01 0.629/0.371/0.039
Moldova_Scythian197 3.42E-01 0.698/0.302/0.050
Moldova_Scythian305 2.74E-01 0.596/0.404/0.054
Moldova_Scythian311 8.88E-02 0.440/0.560/0.049

Table 2c. Assessing gene flow from Bodrogkeresztir Hungary to some Iron Age Moldovan Scythians and
admixture weights with gpAdm

X as Bodrogkerestiur Hung+ Yam- Admixture weights Bodrogk Hung/Yamnaya
o p-value

naya Samara? Sam/Standard Errors

Moldova_Scythian300 2.95E-02 0.676/0.324/0.046

Moldova_Scythian192 3.98E-02 0.600/0.400/0.041

Moldova_Scythian197 4.50E-02 0.642/0.358/0.047

Moldova_Scythian305 9.38E-02 0.575/0.425/0.056

Moldova_Scythian311 9.10E-03 0.405/0.595/0.050

Table 2d. Assessing gene flow from Tiszapolgar Hungary to some Iron Age Moldovan Scythians and
admixture weights with gpAdm

X as Tiszapolgiar Hung+ Yamnaya Admixture weights Tiszapolg Hung/Yamnaya
p-value

Samara? Sam/Standard Errors

Moldova_Scythian300 8.05E-03 0.724/0.276/0.042

Moldova_Scythian192 1.12E-02 0.646/0.354/0.037

Moldova_Scythian197 1.70E-02 0.682/0.318/0.045

Moldova_Scythian305 1.63E-02 0.618/0.382/0.053

Moldova_Scythian311 9.71E-04 0.456/0.544/0.055

Table 2e. Assessing gene flow from Baden Hungary to some Iron Age Moldovan Scythians and admixture
weights with gpAdm

X as Baden Hung+ Yamnaya Admixture weights Baden Hung/Yamnaya
Samara? p-value Sam/Standard Errors
Moldova_Scythian300 1.34E-02 0.619/0.381/0.039

Moldova_Scythian192 1.82E-03 0.582/0.418/0.035

Moldova_Scythian197 3.25E-03 0.585/0.415/0.041

Moldova_Scythian305 2.40E-02 0.480/0.520/0.046
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X as Baden Hung+ Yamnaya —value Admixture weights Baden Hung/Yamnaya
Samara? P Sam/Standard Errors
Moldova_Scythian311 2.76E-03 0.355/0.645/0.044

Conclusion: Urziceni 48-like admixture in Iron Age individuals to the east of the intra-Carpathian
areais notrejected. This is the case for Moldova-Scythian 192,197, 300, 305, and 311. Bodrogkeresztar
Hungary-like admixture in some Iron Age individuals to the east of the intra-Carpathian area is also
not rejected in the case of Moldova-Scythian 305 and, marginally, Moldova-Scythian 197. Thus, the
source of the admixture is ambiguous in those two cases.

Conclusion for the Early Bronze and Iron ages:
It is plausible that there is Urziceni 48-like admixture that is detectable in Early Bronze Age and
Iron Age individuals west and east of the intra-Carpathian area.

Section 3: Possible relation between Remedello Culture individuals of the
Chalcolithic and some of the Urziceni Bodrogkeresztar individuals; continued
impact into Iron Age North Italy

It is plausible that individuals of the Remedello Chalcolithic have ancestry from an Urziceni-like
population, but not other populations or individuals whose burial location was in the Great Hungarian
Plain. Information for Urziceni 48 and individuals from Tiszapolgar and Bodrogkeresztuar cultures in
Hungary in relation to the Iceman is also provided, since the location of the Iceman is relatively close
to Brixlegg, a site in Austria in which evidence of metallurgy was noted.

Table 3a. Testing for cladality of Urziceni 48 and two populations/individuals from the Great Hungarian
Plain Copper Age with the Iceman and Remedello Chalcolithic with gpWave

p-value Urziceni 48 Tiszapolg Hung Bodrog Hung
Italy_North_MN_Iceman 8.33E-01 2.01E-02 2.89E-04
Italy_North_Remedello Chalcolithic 1.40E-01 3.97E-04 1.02E-02

Table 3b. Testing for cladality of other Urziceni individuals with Remedello Chalcolithic with gpWave

p-value

Urziceni 16

Urziceni 27

Urziceni 56

Italy North_Remedello Chalcolithic 9.93E-02 5.16E-03 1.81E-01

Conclusion: Admixture from Urziceni 48 in Remedello Chalcolithic individuals and Iceman is not
rejected, contrary to the case for Tiszapolgir and Bodrogkeresztar samples from Hungary. Moreover,
combining the results of this section with Table 1, some of the Urziceni individuals for whom gene
flow to Remedello Culture is not rejected, such as Urziceni 56, do not appear to have southeastern
European ancestry as proxied by Bulgaria Chalcolithic, since the hypothesis that Urziceni 56 has
Bulgaria Chalcolithic-like ancestry is rejected. Some Urziceni individuals, such as Urziceni 27, appear
to show no genetic relation to either Bulgaria Chalcolithic or Remedello Chalcolithic individuals, since
the hypotheses that Urziceni 27 has Bulgaria Chalcolithic ancestry and that Remedello Chalcolithic
has Urziceni 27 ancestry are both rejected. Neither hypothesis is rejected for Urziceni 48 and Urziceni
16.

These results suggest that the Urziceni group were diverse and that the Urziceni-like communities
for which gene flow to Remedello Chalcolithic individuals is not rejected were not necessarily made up
of close kin.

The admixture weights below are not meant to provide a complete genetic profile of the named
individuals and populations, only to highlight Urziceni-like admixture in comparison with some
Copper Age populations/individuals from Hungary.

In what follows, Urziceni 48, the Urziceni sample with the best coverage, is compared with indi-
viduals or groups from Copper Age Hungary.
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Table 3c. Assessing gene flow from either Urziceni 48 or individuals from Copper Age Hungary to Iron Age
northern Italy individuals and admixture weights with gpAdm

Italy_IA_Republic as X+Yamnaya Admixture weights:

Samara? p-value X/Yamnaya Samara/Standard Errors
Urziceni 48 2.11E-01 0.696/0.304/0.024

Tiszapolgar Hung 1.44E-03 0.709/0.291/0.020

Bodrogkeresztur Hung 4.62E-03 0.659/0.341/0.024

Baden Hung 1.39E-04 0.637/0.363/0.015

Conclusion: Gene flow from an Urziceni 48-type source to Iron Age northern Italy individuals
is not rejected. This is consistent with the impact of an Urziceni-like population having been signifi-
cant enough to be detectable into the Iron Age. The same cannot be said for sources from the Great
Hungarian Plain Copper Age. A later Copper Age population, Baden, was added to the earlier Copper
Age populations of individuals for comparison. The hypotheses of gene flow to individuals of Iron Age
northern Italy from Tiszapolgar and Bodrogkeresztir of the Great Hungarian Plain and Baden Late
Copper Age individuals are rejected.
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Antonio et al. 2019
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