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ARCHAEOLOGICAL MAPPING

MAPPING THE EARLY SPREAD OF
COPPER METALLURGY IN EUROPE:
PICKING UP GENETIC TRAILS

Abstract: This article addresses the diffusion of the early stages of European
metallurgy. It suggests a community instrumental to its spread by mapping
information from two sets of data: 1) identical by descent (IBD) autosomal
chromosome segment sharing among ancient individuals from between
around 4300-2000 BCE with individuals from the Chalcolithic buried in
the Urziceni, Romania necropolis, a community known to be metallurgically
competent, and 2) the location of copper metallurgical activity, copper mines,
and selected gold artifacts, mainly in Europe but also in parts of Southwest
Asia, in the same time frame. The information collected is consistent with
identifying genetic descendants of individuals buried in the Urziceninecropolis
as agents of metallurgical activity. The Urziceni necropolis is attributed to the
Bodrogkeresztur archaeological-cultural construct but belongs to the intra-
Carpathian range of that culture. The results support formulating further
questions concerning traces of metallurgical activity in Europe and parts of
Southwest Asia.

Keywords: Maps relating copper metallurgical activity and chromosomal segment
sharing among ancient individuals, Agents of early copper metallurgy diffusion in
Europe, Intra-Carpathian Bodrogkeresztur, Cultural implications of ancient DNA
information.

INTRODUCTION
The earliest local European development of metallurgy, understood to

include knowledge of smelting, occurred in Serbia by the beginning

of the fifth millennium BCE." Early metallurgical networks in Europe
have received the label of Carpatho-Balkan. The area they cover is variable
and expansive. Their most influential formulation in CHERNYKH 1992 as
the Carpatho-Balkan Metallurgical Province (CBMP) was framed in terms
of archaeological-cultural constructs. CHERNYKH associated the following
cultures with the CBMP: Vin¢a-Plo¢nik, Butmir, Karanovo VI-Gumelnita,
Tiszapolgar-Bodrogkeresztur, Cucuteni-Trypillia, and, tentatively, Serednii
Stih and Khvalynsk,? to which he added Salcuta, Petresti, and Lengyel.? The
CBMP grew to include yet more Late Neolithic cultural groups of Central
and Southeast Europe, such as Sopot, Tisza, and Herpaly-Cz4szhalom.*
While cultural community and metallurgical province are distinct concepts,
CHERNYKH nevertheless believed that the latter could not be isolated from

! RADIVOJEVIC/ROBERTS 2021b, 603, 605.
2 CHERNYKH 1992, Fig. 5.

® CHERNYKH 1992, 49-50.

¢ CHERNYKH/ORLOVSKA 2015.
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the processes of change that affected archaeological cultures
and historico-cultural communities.®

Previous approaches to charting the spread of the
earliest stages of metallurgy in Europe concur that, after
the last third of the fifth millennium BCE, its direction of
diffusion was westward.® A variety of candidate cultures
have been proposed to host the westward spread of
metallurgy, of which the following is a partial listing: the
Moravany-Brodzany, Ludanice, Baj¢-Retz/Furtenstrich
groups in Slovakia;” the Brzes¢ Kujawski culture stemming
from Lengyel influence in Poland;® the Minchshéfen
horizon in Austria and northern Italy and the Mondsee
culture in Austria;? the Oberpullendorf/Bisamberg culture
in Austria;'® the Schernau-Goldberg culture in Germany;™
the Miinchshéfen/Wallerfing/Epi-Lengyel horizon in
Germany;*® and the Baalberge and Jordanéw cultures
in Germany.”® The presence of early metal finds in Late
Neolithic France is attributed to the westward transfer of
metallurgical knowledge via the Square-Mouthed Pottery
culture of northern Italy from Epi-Lengyel communities
encompassing Miunchshéfen, Lasinja, and Jordanéw
cultures.'

Assessments about whether some copper finds provide
evidence of local metallurgical capability, including smelting,
vary. It was opined that Minchshofen-related metallurgy in
Keutschacher See and Mondsee culture-related metallurgy,
both in Austria, and Baalberge-related Makotrasy
metallurgy in Czechia were local and indigenous.’® Funnel
Beaker culture-related finds of crucibles and possible tuyéres
in Lont, Denmark, are considered evidence of indigenous
production.'® While it has been suggested that the spread
of metallurgy to Poland and northern Europe was due to
Baden culture bearers,'” even though Baden culture is too
late by several centuries to explain the spread of metallurgy
northward into Denmark, now dated to around 3800-3500
BCE,'® a more established view is that the CBMP had a
northern Polish-Slovak-Czech zone that had developed
local metallurgy.’ More recently, finds from Poland ranging
from the Brzes¢ Kujawski to the Funnel Beaker cultures are
attributed to Lengyel and Tisza sources.”

This survey of the proposed agents of metallurgical
activity in North and West Europe gives a sense of the
diversity claimed for local and indigenous metallurgical

5 CHERNYKH 1992, 12.

5 MATUSCHIK 1998; MERKL/STEINIGER/STRAHM 2013; STRAHM 2005;
STRAHM 2007; ROUSSOT-LARROQUE 2008; PETREQUIN/KLASSEN/
CASSEN 2012; DOLFINI 2013; ROSENSTOCK/SCHARL/SCHIER 2016;
HEYD/WALKER 2015.

7 SCHREINER/HEYD/PERNICKA 2012, 357.

8 WILK, 2018, 486.

? TURCK 2010, 20, 23, 37ff.

10 TURCK 2010, 27, 29.

TURCK 2010, 22.

TURCK 2010, 27.

TURCK 2010, 53ff.

ROUSSOT-LARROQUE 2008, 120.

TURCK 2010, 33-36, 41.

GEBAUER et alii 2021.

KOWALSKI et alii 2019.

GEBAUER et alii 2021.

MATUSCHIK 1998, 245.

ZURKIEWICZ et alii 2023, 9.
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activity in Europe in the fifth to fourth millennia BCE. The
cultures with which the spread of metallurgy to Western
Europe is associated belong, for the most part, to the
Lengyel and Epi-Lengyel horizon, the Funnel Beaker culture
and its variants, and occasionally the Michelsberg culture,
but also the Tisza culture.

Assessments of indigeneity undergo continuous
revision as it has been suggested that the Mondsee copper
is not local to the eastern Alps but comes from an as yet
unidentified sourcein Southeast Europe, mostlikely Serbia.?
Moreover, as copper objects, especially from North Central
Europe and South Scandinavia, are analyzed anew, further
suggestions for a temporal progression of the spread of
metallurgy arise. BROZIO et alii 2023 have proposed the
following temporal stages based on lead isotope analyses:
approximately 4000-3500 BCE, a period in which the most
likely sources of copper are still in southeastern Europe,
most notably Serbia; approximately 3500-3000/2800
BCE, a period in which the Slovak Ore Mountains and the
eastern Alpine region join Serbia as sources; approximately
2800-2300/2000 BCE, a period in which the sources
are the Slovak Ore Mountains and the western Alps of
northern Italy; and post-2000 BCE, a period in which the
Alps of northern Italy and the Great Orme mine in Wales
are probable sources of copper, but which does not exclude
an Iberian source.?? The period between 3300-2800 BCE
of low to little metallurgical activity is attributed to the
disintegration of the copper supply network in Southeast
Europe, dated to 3700-3200 BCE and offset by sourcing
from Slovakia and the eastern Alps in Austria and northern
Italy.®

Southeast European ores are represented preponderantly
by Serbian** or Bulgarian sources.” The availability of
sampled ores and artifacts for analysis affects the assessment
of provenience.”® For instance, early metallurgy in Brixlegg,
Austria, is attributed to the Epi-Lengyel Miinchshéfen
culture, but the provenience of the copper is attributed to
a Serbian source.”” This solution combines local cultural
production with non-local sourcing, which also appears
to be operative in the proposed temporal progression of
metallurgy in Western Europe. There are few studies of the
metallurgically-rich areas of the intra-Carpathian zone,
although there are some compositional analyses.”® As more
information could be acquired in the future, assessments of
provenience may be further refined since they are impacted
by the location of sampled ores.

Finally, it has been recognized that Bell Beaker culture
bearers have no particular relation to the spread of
metallurgy,® although metallurgical activity in the fourth

21 FRANK/PERNICKA 2012, 132, following HOPPNER et alii 2005.

22 BROZIO et alii 2023, 6/30-13/30.

23 BROZIO et alii 2023, 19/30.

2 PERNICKA et alii 1993; RADIVOJEVIC/GRUJIC 2017, Supplement;
RADIVOJEVIC/ROBERTS 2021b.

%5 STOS-GALE/GALE 2009.

% A newer database, GlobaLID, could remedy the issue in the future. See
WESTNER et alii 2021.

27 HOPPNER et alii 2005.

% LAZAROVICI/LAZAROVICI/CONSTANTINESCU 2015; MARES/URSU
2002.

29 MERKL 2010.



period identified in BROZIO et alii 2023 is associated with
Bell Beaker culture, and it is generally believed that there
was no metallurgy in the British Isles before the arrival of
Bell Beaker culture bearers.*

Overall, there is agreement that metallurgy in Western
Europe spread from Southeast Europe or the Carpatho-
Balkan Metallurgical Province. Generally, the trend noted
is a shift westward as metallurgy in the Balkans and the
Carpathians receded.®* Several locations in Central and
Northwest Europe are thought to give evidence of native
metallurgy. Bodrogkeresztar culture, when noted, is
mentioned as one amongst several metallurgically capable
communities, as it is in CHERNYKH 1992. In some cases,
it is restricted to Serbia.?? Otherwise, it is identified as
diffusing from East Hungary westward.®

Overlapping with the expansive attribution of source
cultures involved in the transmission of metallurgy
is the problem of conceptualizing the transmission of
metallurgical know-how. ROGERS 1983 (1962) is cited
in this regard,* notwithstanding that Rogers’s model
was developed to conceptualize phases in the consumer
adoption of innovation in post-industrial societies. One
of the issues with drawing on Rogers’s model is that, in
its early stage, before know-how is sufficiently widespread
for reverse engineering, metallurgy requires face-to-face
coordinated interaction, as experimental archaeology has
brought to light.*

Barring other evidence, the implicit baseline
assumption that one can infer from the literature is that
early metallurgy is associated with the historical-cultural
entities identified as occupying the territory in which its
traces were found. Another assumption is that the spread
occurred by contiguity, where neighboring communities/
cultures learned metallurgy by social contact. Sometimes,
what that contact might have been is construed in light of
the consumer adoption of innovation.

Some have posed the question of whether there could
have been specific factors tied to unique historical events
explaining the westward movement of metallurgy.®® That is
a large question, the answer to which requires building up
pieces of evidence.

Useful evidence can include identical by descent (IBD)
tracts of DNA shared among ancient individuals described
as belonging to cultural archaeological communities. This
article provides visual representations exemplifying IBD
segment-sharing information and information concerning
mostly evidence of copper metallurgy. The initial purpose
was to address whether the agents of the early westward
diffusion of metallurgical capability in Europe could be
identified with greater accuracy. The findings raise additional
results and possible future questions to address.

% CASE 1966; BUDD et alii 1992; TIMBERLAKE 2009.

¥ ROSENSTOCK/SCHARL/SCHIER 2016, 93; BROZIO et alii 2023.

% RADIVOJEVIC/ROBERTS 2021a; RADIVOJEVIC/GRUJIC 2017,
Supplement.

3 PETREQUIN/KLASSEN/CASSEN 2012, 1302-1303.

3 ROSENSTOCK/SCHARL/SCHIER 2016; SCHARL 2016; KLIMSCHA 2017.
* HEEB 2014, 107.

% HEYD/WALKER 2015, 379.

OBJECTIVE OF THE ARTICLE

The goal of the project is to provide visual representations
combining evidence of copper activity—such as slags,
crucibles, and tuyéres-and mines, mostly in Europe, and
selected gold artifact finds between around 4300-2000 BCE
and ancient individuals from which DNA has been collected.
The individuals retained have two properties in common:
they are dated to the same time frame, that is, around
4300-2000 BCE, and share IBD tracts with individuals
from a community that was known to be metallurgically
capable, buried in the necropolis at Urziceni, in Northwest
Romania. Individuals who share chromosomal IBD tracts are
genetically related.

The Chalcolithic Urziceni individuals are classified
with the Bodrogkeresztir cultural-archaeological label.
The Urziceni necropolis is dated to around 4300-4000
BCE.*” Grave goods such as obsidian sourced from
Southeast Slovakia show that the individuals buried in
this necropolis were familiar with resource-rich sites in
Slovakia.® Moreover, the activity of Bodrogkeresztur and
the temporally overlapping Tiszapolgdr culture bearers
extended broadly in an area covering all of Northwest and
Central Romania, including the intra-Carpathian bent.*
Northwest Serbia was the southwesternmost tip of the
range over which Bodrogkeresztir culture bearers were
known to be active.

Methods of identifying shared segments of autosomal
DNA between ancient individuals descended from common
ancestors have been applied to several thousand ancient
Eurasian genomes.”” These methods are presented as
suitable for identifying shared segments to a cut-off point
of 2 centiMorgans (cM) in ARIANO et alii 2022, 8 cM in
RINGBAUER et alii 2023, and 12 cM in RINGBAUER et alii
2024, reflecting differences in methodology and reporting
choices. Samples sharing IBD segments with Urziceni
individuals reported in those sources down to the cut-off
date of 2000 BCE are used here. Two hundred six samples
sharing IBD segments with 31 individuals from the Urziceni
necropolis and dated to between 4300-2000 BCE in the
supplements to ARIANO et alii 2022, RINGBAUER et alii
2023, and RINGBAUER et alii 2024 are included in this
project.

The approximately 4300-2000 BCE time frame reflects
the availability of geolocation information for both of copper
metallurgicalactivityandindividualswho shareIBD segments
with Urziceni necropolis samples from the Chalcolithic. The
beginning anchor date, approximately 4300 BCE, represents
the time frame at which the Bodrogkeresztur archaeological
label is meaningful. It is not applied after around 3800-3700
BCE.*?

37 7ZSUCS-CSILLIK/VIRAG 2016.

3 BORONEANT et alii 2018.

3% DIACONESCU 2009; DIACONESCU 2014; LUCA 1999; LUCA 2000;
MARES/URSU 2002; ROMAN 1971.

40 258 samples in ARIANO et alii 2022, Supplementary Data; 4,274
samples in RINGBAUER et alii 2023, B_Results.IBD_Published; and 4,248
in RINGBAUER et alii 2024, Table2_Results.IBD_Published.

4 Low-coverage sample Urziceni [18117_d from RINGBAUER et alii 2024
is excluded.

42 ROTEA et alii 2023, 15.
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Since thenumber of individuals associated with metallurgy
is small, one would not expect them to have left a substantial
genetic footprint. Nevertheless, detecting traces of genetic
presence can yield possible new directions to explore, one
of the most significant uses of ancient DNA information.
The identification of IBD tracts is more reliable in samples
with higher coverage. Nevertheless, information about both
higher and lower coverage samples is illustrated. The 31
Urziceni samples retained have high coverage. However, 15%
of the samples that share IBD tracts with Urziceni individuals
in ARIANO et alii 2022 and 33% of samples in RINGBAUER
et alii 2023 have lower coverage. Lower coverage samples are
retained for mapping, although they are distinguished in Figs.
la and 1b. The data is mapped by time transects suggested
in BROZIO et alii 2023, that is, 4000 BCE or before-but not
antedating the Urziceni samples—to 3500 BCE, 3500 BCE to
2800 BCE, and 2800 BCE to 2000 BCE (Figs. 1b, 2b, 3, 4, and
5). Because the dating of evidence of metallurgical activity
and mines can be very broad, they may straddle more than
one transect. Hence, a map showing all data (Figs. 2a and
2b) provides an overview of the distribution of ancient DNA
samples with respect to evidence of metallurgical activity and
mines. Sample information is collected in the Supplement to
this article.

For the sake of mapping, ancient DNA samples that
share identical geographical coordinates are represented
by a single point on a map. The purpose of the maps is to
chart the spatial spread of the samples, not their frequency.
The latter can be misleading since some locations, such as
northern Europe, have been more intensively studied, and
others have been more heavily sampled for forensic reasons.
Moreover, where a higher and lower coverage sample share
identical geographical coordinates, the higher coverage
sample is foregrounded.

The collection of over 10000 ancient Eurasian individuals
whose DNA has been published to date does not, on the
whole, reflect a program of archaeological research, although
a significant part is owed to an interest in the genetic impact
of populations of the Eurasian steppes. The British Isles have
also been well sampled. Thus, the availability of information
varies by location. Among the 206 samples in the collection
retained for IBD links to Urziceni individuals, some sample
locations, especially in Croatia, are strongly represented
because of an interest in mass graves with evidence of
violent death. Others, as in Ireland, are owed to an interest
in monumental graves. However, no ancient DNA sampling
has focused on the issue of the transmission of metallurgy.
Finding information that may be relevant to the early spread
of metallurgy in Europe from this collection is noteworthy.

Information not presented in the mapsbecauseit pertains
to individuals ancestral to the Urziceni samples concerns
the filiation through which metallurgical competency could
have been transmitted to the intra-Carpathian Tiszapolgar-
Bodrogkeresztir group. Both the ARIANO et alii 2022 and
RINGBAUER et alii 2023 datasets show that there is IBD-
segmentsharingwithindividualsfrom ChalcolithicBulgaria.*?

3 Samples 12424 from Smyadovo, 12509 from Veliko Tarnovo, 12427 from
Sushina, and 12431 from Ivanovo (MATHIESON et alii 2018).
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They belong to the Kodjadermen-Gumelnita-Karanovo VI
complex, a likely source of metallurgical know-how that
made its way northwestward into the intra-Carpathian zone.
As of this writing, there are no ancient DNA samples from
Salcuta culture bearers of the Tiszapolgar/Bodrogkeresztir
contact period. IBD tract-sharing with individuals of the
Kodjadermen-Gumelnita-Karanovo VI complex implies
that the latter are perhaps not mere proxies for the more
geographically and temporally closer and archaeologically
relevant Silcuta culture bearers.*

THE ANCIENT DNA SAMPLES BY LOCATION AND
EVIDENCE OF METALLURGY

The locations of IBD samples suggest that Urziceni-
related presence extended beyond areas usually discussed in
the spread of early metallurgy, that is, Central Europe, the
Alps, and northern Europe, although the Pontic-Caspian
steppes seem to have been bypassed (Fig. 1). The following
subsections provide a summary of the locations of the human
samples and, where available, information about burials.
They also add information related to copper metallurgy and
mines, as well as select instances of gold or other artifacts
that could be diagnostic of Urziceni-related presence.

Central and Southeast Europe

For the time period in consideration and as of this
writing, there are few samples other than Urziceni from
Romania. Nevertheless, a mid-fourth-millennium BCE
individual from Gura Baciului (Fig. 2b, #1) in northwestern
Romania with exceptionally high hunter-gatherer admixture
shares an IBD segment with a Urziceni sample. She has no
apparent relation to metallurgy.* Furthermore, IBD sharing
information has picked up links with contemporaries or
near-contemporaries of Urziceni individuals in Croatia,
Serbia, and Hungary.

Contemporaries include victims of mass violence in
Potocani, Croatia (Fig. 3, #2).%¢ The individuals are ascribed to
Lasinja culture, generally thought to be Lengyel-descended,
although similarities with Bodrogkeresztur culture are
also noted. Lasinja culture is also contemporaneous with
the following neighboring cultures and groups: Ludanice,
Bisamberg-Oberpullendorf, Minchshéffen, and Bubanj-
Hum-Salcuta.”” There is no local metallurgy, although
there are some metal finds.*® The site has been extensively
researched, and DNA has been extracted from 38 of the 41
victims. Of the 38, 20 share IBD segments with Urziceni

4 Silcuta culture bearers would have, in part, descended from Gumelnitans
(PATROI 2010). Gumelnita admixture in some Bodrogkeresztar individuals
is also supported in VICAS 2021a, Appendix, Table 1; VICAS 2021b,
Appendix, Table 1; CHINTALAPATI et alii 2022, Supplementary File 2,
Table E; and SZECSENYI-NAGY et alii 2025, Supplementary data 5, Tables
5Ec and 5Ed. This point does not weaken the expectation raised by ROMAN
1971, given stratigraphic evidence and evidence from pottery and burial
sites, that a close relationship would have been established between Salcuta
and Bodrogkeresztur culture bearers. Urziceni graves containing Silcuta-
type pottery are identified in SZECSENYI-NAGY et alii 2025, Fig. 6.

4 GONZALES-FORTES et alii 2017, e4.

4 NOVAK et alii 2021.

“ CATAJ 2018, 25, 27.

4 CATAJ 2018, 40.



individuals. This suggests geographical proximity without
the transfer of technology. A later sample from near Beli
Manastir, Croatia (Fig. 4, #3), is from approximately the same
area. The description of its burial does not mention metals.*

Two samples from Serbia fall within the selected time
frame. They both belong to the Tiszapolgir-Bodrogkeresztir
culture from Podlokanj, near the border with Romania and
Hungary (Fig. 3, #4). They may be seen as representatives of
the southwestern range of Bodrogkeresztur culture.

Of the samples from Hungary, an individual identified as
belonging to the Late Chalcolithic Hunyadihalom culture (Fig.
3, #5) has shared IBD links with four Urziceni individuals.
This is expected, as Hunyadihalom was considered in the
older literature a successor culture to Bodrogkeresztur.*® A
few more samples from Hungary belong to Balaton-Lasinja,
Protoboleraz, and Late Chalcolithic Baden cultures, the first
being contemporaneous with Bodrogkeresztir. The Balaton-
Lasinja individuals were buried with typical pots for the
culture (Fig. 3, #6, #7).5! The description of the Protoboleraz
burials (Fig. 3, #8) makes no mention of copper objects or
evidence of metallurgy.®? There are several Baden culture
individuals from cemeteries in which copper grave artifacts
have been recovered, and one of them is buried with a copper
chisel (Fig. 4, #9, #10, #11, #13).5® A Late Baden individual
was buried in a tumulus and belonged to the Viss group
(Fig. 4, #12). There were no copper objects reported on the
mound burial site.>* The Great Hungarian Plain, not known
to harbor significant copper ore resources, might have been a
transit area for individuals with Urziceni IBD links (Fig. 2a).

Southwest Ukraine

The individuals from the Cututeni-Trypillia culture,
whose remains were found in the Verteba Cave in
southwestern Ukraine, represent the easternmost incidence
of Chalcolithic Urziceni relatedness in the fourth millennium
BCE. No information specific to the samples, which are of
low coverage (Fig. 3, #14), is recorded.”

South Russia

In the retained time frame, there is a Urziceni-related
individual in South Russia. He belongs to the Kalmykia
Yamnaya culture of the Early Bronze Age. The sample, for
which there is otherwise no description, has low coverage
(Fig. 5, #107).% Despite the attention given to sampling
the Pontic-Caspian steppes, the paucity of evidence for a
northeastward dispersion of Urziceni descendants is notable
(Fig. 1a).

49 MATHIESON et alii 2018, Supplementary information, 18-19.

50 BOGNAR-KUTZIAN 1972. Nevertheless, according to the calibrated
radiocarbon date of the Hunyadihalom sample, it is contemporary with
Bodrogkeresztur.

51 LIPSON et alii 2017, Supplementary information, 9.

52 LIPSON et alii 2017, Supplementary information, 15, 30-32.

3 LIPSON et alii 2017, Supplementary information, 31-33; BONDAR 2019,
Table 1, 32, Balatonlelle-Fels6-Gamasz; GAMBA et alii 2014; MATHIESON
et alii 2015.

° OLALDE et alii 2018, Supplementary information, 137-138.

5 GELABERT et alii 2022.

56 ALLENTOFT et alii 2015.

North Central Europe

North-Central Europe would be the core area of diffusion,
as this area contains a greater number of sites proposed for
indigenous metallurgy. It is also an area in which metal finds
have been assiduously documented.*’

There is no ancient DNA sample from Slovakia from the
relevant time frame. The same can be said for Austria. A
sampling program aimed at understanding the early spread
of metallurgy would have included these areas.

Samples from Poland and Czechia constitute about 14%
of the individuals sharing IBD tracts with Urziceni. Of the
13 samples from Poland, 46% are characterized as being
from the Brzes¢ Kujawski Group of the Lengyel culture in
Konary and Oslonki (Fig. 3, #15, #16), the rest being from
the Funnel Beaker culture in Pikutkowo (Fig. 3, #17), and the
Globular Amphora culture in Koszyce and Wilczyce (Fig. 4,
#18, #19). The burials of the Brze$¢ Kujawski and the Funnel
Beaker individuals with Urziceni IBD segment sharing have
no distinguishing characteristics.® Interest in massacres
prompted a relatively large collection of samples from a mass
gravein Koszyce dating to the Globular Amphora culture. Four
of the 15 victims share IBD tracts with Urziceni individuals.
They are described as being part of an extended family group.
The Globular Amphora individual buried as part of a group in
Wilczyce shared the same type of burial goods, Ztota group
type ceramic vessels, as the other individuals.* Finally, an
individual described as belonging to Bell Beaker culture in
Kornice (Fig. 5, #20) is related to other individuals from the
site, and no distinguishing characteristics are noted.®

Recent studies have brought to light a variety of locations
that give evidence of metallurgical activity. The Brzes¢
Kujawski finds are the earliest. The Lublin-Volhynia finds
at Zlota-Grodzisko (Fig. 2b, #113) are dated to 4300/4200-
3800 BCE, the same time frame as for a tuyére found at
Kotowo (Fig. 2b, #114). The Funnel Beaker Culture finds at
Grédek Nadbuzny (Fig. 2b, #127) are dated to 3513-3372
cal BCE, those at Cmieléw (Fig. 2b, #116) are dated to 3600-
3400 BCE, while the finds from Janéwek (Fig. 2b, #128) are
dated to 3400-2700 BCE.®* Given the presence of Urziceni-
related individuals in the 4300-3500 BCE and 3500-2800
BCE transects (Figs. 3 and 4), Urziceni-related descendants
may be plausibly inferred to have been agents of change in
the adoption of metallurgy in this area.

The same might be said of Czechia. Of the 16 samples
from Czechia, thelargest pre-Corded Ware subset is described
as belonging to the Baalberge group of the Funnel Beaker
culture, including samples from Makottasy (Fig. 3, #21), the
latter sharing IBD tracts with five Urziceni individuals, Bilina
(Fig. 3, #24), Bfezno u Loun (Fig, 3, #26), and Kolin-Staralka
(Fig. 3, #25). The rest of the IBD samples are attributed to
Jordanéw culture in Tuchométice and Neratovice (Fig. 3,
#22, #23) and Globular Amphora culture in Bl$any and
Predmeétice (Fig. 4, #28, #29). Late samples near the cut-off

57 SCHAUER et alii 2021.

%8 FERNANDES et alii 2018, Supplementary information, 6-7.

%9 SCHROEDER et alii 2019, Supplementary information, 5-6/25.
% OLALDE et alii 2018, Supplementary data.

61 ZURKIEWICZ et alii 2023.
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date are described as belonging to Corded Ware, Bell Beaker,
or Unetice cultures (Fig. 5, #30-#34). Of the three Funnel
Beaker-affiliated burials in Makot#asy, one was found in an
enclosure interpreted as a cult feature, and the second in
a ditch at the entrance of the enclosure containing several
individuals described as resting in mostly non-reverential
positions. The third was the skull of an infant and is without
further description.5? The other samples show no distinctive
characteristics.®® An individual in Louny (Fig. 4, #27),
initially described as being from Late Hallstatt but redated
to the Baalberge period, is buried without grave goods and is
without otherwise distinctive characteristics.®

Makottasy is a location that shows metallurgical activity
in the earliest time transect, and it is also plausible to infer
Urziceni-related agency in metallurgical activity in the area.

In Germany, only samples near the cut-off point for
dates in shared IBD segments with Urziceni individuals
are available. One sample, from Southwest Germany, is
described as belonging to the Early Bronze Age Singen
culture (Fig. 5, #35).5 It is the only one among eleven Singen
burials to show Urziceni relatedness. The other sample is
from Alburg-Lerchenhaid, Bavaria, and is buried with Bell
Beaker artifacts (Fig. 5, #36).%¢ Southern Germany may have
been a transit area for individuals bearing Urziceni-related
ancestry.

Scandinavia

An individual from Kyndelgse, Denmark, belongs to the
relevant time frame, although he haslow coverage and is from
the most recent time transect (Fig. 5, #37).%” He was buried
in a passage grave.®® An interest in megalithic structures has
also uncovered remains from a collective passage grave in
Gokhem, Sweden, belonging to the Funnel Beaker culture in
the second transect (Fig. 4, #38), which brings to light the
northern extension of European Farmer cultures.® Interest
in megalithic burials has, moreover, directed attention to
a dolmen burial at Ansarve, Sweden; two samples tested
showed evidence of a farmer lifestyle (Fig. 4, #39), and the
third, of a mixed diet incorporating marine sources (Fig. 5,
#39). The location, the island of Gotland in the Baltic Sea,
presents the northeasternmost extension of the Funnel
Beaker culture.”

A crucible in Lgnt, Denmark, with Funnel Beaker
pottery dated to around 3800-3500 BCE (Fig. 2b, #119),
provides evidence that metallurgically capable individuals
were active in Denmark.”” While the source of the copper
used in Scandinavia has not been found, it is believed to be
likely central European, Czechia, South Poland, and Central

52 PAPAC et alii 2021, Supplementary materials, 28/100, 30/100.

5 PAPAC et alii 2021, Supplementary materials; PATTERSON et alii 2022,
Supplementary information. NARASIMHAN et alii 2019, Supplementary
material.

64 PATTERSON et alii 2022, Supplementary information, 21.

% FURTWANGLER et alii 2020.

% OLALDE et alii 2018, Supplementary information, 37-38.

57 ALLENTOFT et alii 2015.

MALMSTROM et alii 2019.

SKOGLUND et alii 2014, Supplementary material, 18.
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Germany being candidate sources.” It is also believed that
metallurgy in the region was part of a cultural network tying
Denmark to Baalberge and Michelsberg cultures.” Given the
presence of Urziceni-descended individuals in Poland and
Czechia, it is possible that the areas represented by the latter
two countries are the strongest candidate sources for the
spread of metallurgical activity in the Funnel Beaker period
in Denmark (Fig. 2a).

Italy

Seven percent of the ancient DNA samples with IBD
links to Urziceni are from Italy. IBD sharing identifies a low-
coverage individual from Remedello, Brescia, belonging to
the Remedello Copper Age culture in Lombardy (Fig. 4, #43),
who shares IBD segments with three Urziceni individuals.
IBD sharing also includes the Iceman (Fig. 3, #44). Although
the sample is contaminated, its discovery uncovered the
best-preserved copper chisel to date.” A majority of IBD-
sharing samples are from Sardinia from the fourth to
second millennia BCE. They are from Carbonia in Southwest
Sardinia (Fig. 4, #41) and Serra Crabiles (Fig. 5, #45, #47), Su
Crussifiso Manu (Fig. 5, #46), and Anghelu Ruju (Figs. 3 and
5, #40) in Northwest Sardinia. The Su Crussifiso Manu and
Serra Crabiles samples are ascribed to Monte Claro culture.”
The concentration of Sardinian samples might reflect better
sampling, with Sardinia representing 69% of the samples
from Italy. Nevertheless, Grotta Continenza in Central Italy
is also represented (Figs. 2b and 4, #42).7

Local metal use occurred in the late/final Neolithic,
dated to around 4500-3600 cal BCE, mostly concentrated
in northern Italy at sites such as Botteghino (Fig. 2b, #124).
Copper slags were found at Orti Bottagone (Fig. 2b, #126).
It has been argued that the dating is comparable to the
copper finds at Brixlegg (Fig. 2b, #123), in the northeastern
Alps, which suggests a simultaneous diffusion both north
and south of the Alps as early as the last quarter of the
fiftth millennium BCE from a North Central Balkan or
Carpathian source, extending further into Central Italy
and Sardinia.”” Advances in metallurgical techniques are
thought to be owed to Alpine smiths of the Copper Age,
defined as approximately 3600-3000 cal BCE. Tuscan
metalworkers are believed to have been instrumental in
transmitting metallurgy further west.”® While Neolithic
traces of metallurgy are viewed as being of external
provenience, metallurgy in Italy between 3600-2200
BCE is analyzed into three exchange networks: the first
included the northeastern Alps, East-Central Europe, and
the Balkans; the second, the middle and upper Tyrrhenian
region, the western Alps, and the French Midi; and the
third, the southeastern Alps and northeastern Italy.” The

72 GEBAUER et alii 2021, 13-14/21.

5 GEBAUER et alii 2021, 15/21.

" KELLER et alii 2012.

> MARCUS et alii 2020, Supplementary information, 4; FERNANDES et alii
2020, Supplementary information, 11-13.

76 ANTONIO et alii 2019, Supplementary information, 34-35.

"7 DOLFINI 2013, 27-28, 41, 43, Fig. 11.

8 DOLFINI 2013, 47.

7 DOLFINI/ANGELINI/ARTIOLI 2020, 28/35.



presence of Urziceni-related descendants in these areas
(Fig. 2b, #123-140; Fig. 4, #167; Fig. 5, #167-#169) could
support their involvement in shared metallurgical activities.

Malta

Three genomes belonging to a small ancestral population
on the isolated island of Gozo® show Urziceni relatedness
(Fig. 5, #48).

France

Individuals from France who share IBD segments with
Urziceni samples represent around 5% of the 206 ancient
individuals retained. All of the samples have low coverage.
They are from burials in the Paris Basin, Mont-Aimé, (Fig.
4, #51) and mostly from South France east of Toulouse:
Grotte du Rouquet (Fig. 4, #50), sharing IBD tracts with four
Urziceni samples, Dolmen des Peiriéres (Fig. 4, #52),%! and
Grotte Basse de la Vigne Perdue (Fig. 5, #53). The Grotte du
Rouquet dates from the Languedocian Late Neolithic to the
Early to Middle Véraza culture. One of the individuals from
the Grotte Basse de la Vigne Perdue is identified as probably
belonging to the Chalcolithic Véraza culture.®? The burial
rite in all locations indicates a strongly patrilineal society in
which the predominant male lineage is of Western Hunter-
Gatherer origin.®® None of the individuals are described
as buried with copper items, except the individuals from
Grotte Basse de la Vigne Perdue.® An early IBD sample
is included from the Hauts-de-France (Fig. 3, #49). It is a
Middle Neolithic individual associated with the Michelsberg
culture from a region with a high maternal hunter-gatherer
contribution.®* The fact that the samples identified as
having distant Urziceni relatedness are buried as locals and
in locations reserved for resident patrilines could suggest
that these individuals were well integrated into the local
communities.

The gold artifacts at Pauilhac (Fig. 2b, #161) in Southwest
France have received special attention. They are dated to
the first half or the middle of the fourth millennium BCE
and have been attributed to contact with Epi-Lengyel
communities via the intermediate agency of the Square-
Mouthed Pottery culture of northern Italy.®® Nevertheless,
the silver composition by weight of what is interpreted to
be a gold diadem but looks like the template for the gold
bird/human hybrids known from Bodrogkeresztir culture
is compatible with placer gold sourced from Valea Ariesului
and Valea Pianului in northwestern Romania,?” although this
fact is not determinative. The presence of possible Urziceni-

8 ARIANO et alii 2022, 2671.

8 BRUNEL et alii 2020, Supplementary information, 18/55. The sample
from Dolmen des Peiriéres is categorized as Bell Beaker. See 29/55. It falls
on the borderline between this article’s second and third transect.

8 SEGUIN-ORLANDO et alii 2021, 4.

8 SEGUIN-ORLANDO et alii 2021, 1075-1978.

8¢ SEGUIN-ORLANDO et alii 2021, e3-e4.

8 BRUNEL et alii 2020, Fig. S3-1; Supplementary information, 33/55.

8 ROUSSOT-LARROQUE 2008, 131, 120.

87 ROUSSOT-LARROQUE 2008, 122. The value cited is 8-10% silver, which
is within the range of values for placer gold from Valea Ariesului reported by
BUGOI et alii 2008, Table 1, and Valea Pianului by CRISTEA 2012, Table 20.

descended individuals in the Pyrenees and southern France
(Figs. 1b, 2b, and 3) makes a Bodrogkeresztur attribution
more plausible than it might otherwise be and suggests that
incorporating information from ancient individuals with
lower coverage may have heuristic value.

The Aegean and Turkey

The IBD data suggests that Urziceni-related presence
may have spread not only westward but also, albeit to a
lesser extent, southeastward into the Aegean and Turkey.
This was not expected from the bulk of the literature on the
spread of metallurgy from the Carpathian region in Europe
reviewed in the first section of this article. Nevertheless,
the spread of ceramics with disk-shaped applied handles to
the Aegean and Turkey has been discussed as reflecting the
influence of the late Salcuta IV-Herculane II-III disk-shaped
applied handles horizon, which integrated Bodrogkeresztar
culture contributions.®

The oldest sample, dating from the fourth millennium
BCE, is from the Alepotrypa Cave, Diros (Fig. 3, #54), in
a site containing copper daggers.®* LEUSCH et alii 2015
also mention a silver ring-idol dated to 4500-3200 BCE,
although the stratigraphic context is uncertain.*® Alepotrypa
Cave is one of the Aegean sites that give evidence of ceramic
fragments with applied disk-shaped handles of the late
Salcuta-Bodrogkeresztir synthesis.”t The ring-pendant
shape is characteristic of the Carpatho-Balkan Chalcolithic.%

Metallurgy has been present in Crete since the Final
Neolithic, locally the fourth millennium BCE.* The material
culture in Crete and the Cyclades remained unchanged
between the Final Neolithic and the Early Bronze Age.** The
sample that shares an IBD tract with a Urziceni individual
is from the late third millennium BCE Lasithi, Hagios
Charalambos Cave ossuary (Fig. 5, #58).° The communal
tomb contained gold decorative items that showed greater
technical complexity than those from similar periods found
elsewhere in Crete. It is not known whether the greater
proficiency was due to local specialization or the arrival of
foreign specialists.*

Metallurgy was present in the Cyclades since the end of
the Final Neolithic and the Early Bronze Age.” An individual
sharing an IDB tract with a Urziceni sample is from the
first half of the third millennium BCE in Koufonisi (Fig.
4, #57). The sample has good coverage. Nearby Dhaskalio
(Figs. 2b and 5, #150) was a major metal production center
of the Early Bronze Age for the Cyclades, predominantly of
arsenical copper, yielding substantial finds of metallurgical
ceramics, tuyéres, and crucible fragments.”® Kastri, Syros

& SALCEANU 2008, 131-135.

8 OLALDE et alii 2018, Supplementary information, 21.

9% LEUSCH et alii 2015, 357. Since the artifact is made of silver, Alepotrypa
Cave is not marked as hosting metallurgical activity on the maps.
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(Figs. 2b and 5, #148), Kephala Petras, Crete (Figs. 2b
and 5, #149), which show evidence of metallurgy,* Diros,
Koufonisi, and Dhaskalio are in mutually accessible
locations. SALCEANU 2008 notes, in addition, finds of
pottery fragments with applied disk-shaped handles of the
late Salcuta-Bodrogkeresztur synthesis in various locations
of the Peloponnese, the islands of Chios, Euboea, and Lesbos,
as well as Kumtepe and Troy in Northwest Turkey.'®

The fourth-millennium BCE settlement of Camlibel
Tarlasi, Turkey (Fig. 3, #55), yielded a sample of good coverage
that shares an IBD segment with a Urziceni individual. The
Chalcolithic site, dating from around 3590-3470 cal BCE,
presents fragments of copper ore, slags, and crucibles that
indicate metallurgical activity.'® It also provides evidence of
pyrotechnical activities, such as the burning of quicklime and
charcoal. A feature of the settlement location is the nearby
presence of copper ore outcrops. A notable find includes a
casting mold for ring-shaped figurines.’®? Camlibel Tarlas:
is a variant of the late Chalcolithic culture of which Alisar
Heéyiik is representative.'%®

Arslantepe, the mid-third-millennium BCE location
of a sample of good coverage that shares an IBD tract
with a Urziceni individual (Fig. 4, #56), is known for the
metallurgical production of copper-nickel-arsenic alloys
and a wide-ranging variety of extractive metallurgy from
around 3700 BCE onward.*™ It is about 12 km away from
the Euphrates and is situated at the juncture of diverse
geographical and cultural zones.'%

Iberian Peninsula

Twelve percent of the DNA samples are from the Iberian
Peninsula. The oldest samples are from locations dispersed
throughout the peninsula. They include the Cova de Els Trocs
in the Pyrenees (Fig. 3, #59), which in its third and latest
period was used for burials,'% a burial site near Cidiz that
is thought to demonstrate social inequality (Fig. 3, #60),*” a
passage grave at La Mina from the beginning of Megalithism
in the inner Iberian Peninsula (Fig 3, #62),'° and a cave in
Lugar do Canto, Portugal (Fig. 3, #61), all of whose occupants
presented cranial trauma.'®

Samples from the second transect cluster in Basque
Country or neighboring areas, and include the El Portalén
cave,'® a chamber built into a rock shelter at Las Yurdinas,
Alava,’* the dolmens at Mandubi Zelaia and Gentillarri,
112 and the megalithic tomb of Alto de la Huesera'® (Fig. 4,
#65-#69). They are also present in the collective burial site

9% GEORGAKOPOULOU 2007, 131; PAPADATOS 2007, 160.
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of Cova dels Galls Carboners, Catalonia (Fig. 4, #70)'** and
from commingled remains in a rock-cut tomb at Cabeco da
Arruda and a hypogeum at Monte Canelas, both in Portugal
(Fig. 4, #63, #64).1"°

Samples from the third transect include individuals from
the north of the peninsula, in the caves of El Portalén and El
Mirador (Fig. 5, #65, #74).11¢ The Tagus estuary is noted as a
source of innovation in the first half of the third millennium
BCE.'"" The samples from Portugal are from Lorga da Dine
cave (Fig. 5, #72)"8 and Cova da Moura (Fig. 5, #73), whose
occupants had spent their early lives elsewhere than in the
vicinity of the cave.'® The south of the peninsula provides
an individual from the cave at Sima del Angel (Fig. 5, #71)'%
and an individual from the early Argaric phase of Totana, La
Bastida (Fig. 5, #75).**

Pre-Bell Beaker metallurgical activity in Iberia dates to
the first half of the third millennium BCE. Metallurgical sites
in Spain include Cabezo Juré, Valencina de la Concepcién,
Los Millares, Almizaraque, Cueva del Cafiaveralejo, and Las
Pilas, which are concentrated in the southern part of the
peninsula (Fig. 5, #151-#154, #156, #158). Lugar Viejo III
and Bauma del Serrat del Pont (Fig. 5, #155, #157) are in the
north.' A unique find from Cerro Verdud dated to the first
half of the fifth millennium BCE is believed to be evidence
of early metallurgy.'”® If so, it would antedate the formation
of Bodrogkeresztur culture. Nevertheless, it remains an
isolated find, and its dating has been subject to doubt, so it
is not included in the maps.

LULL et alii 2011 have likened the metal artifacts and
metallurgy of El Argar culture to developments in Southeast
Europe, the Carpathian region, and the southern Alpine
area, tentatively ascribed to Vuéedol and Cetina cultures
in the Southwest Balkans, extending into North Italy and
the Alps, the Aegean, the Adriatic, and South Italy.’** The
northwestern Iberian Peninsula is the location of the El
Milagro and El Aramo copper mines (Fig. 5, #170, #171).'*
In South Portugal, crucibles, tuyéres, slags, and prills have
been found in Castro de Chibanes, nearby Rotura and
Pedrio,'?® and Outerio de Redondo (Fig. 5, #159, #160).'*’

Urziceni-related samples and locations for metallurgy
tend to cluster in the north and the south, avoiding the
central part of the Iberian Peninsula (Fig. 2b). Samples
are mostly taken from rock burials, caves, and dolmens,
perhaps reflecting a preference for probing those sites or a
higher likelihood of preservation. They would indicate that
Urziceni-descended individuals were integrated into the
local communities.

114 OLALDE et alii 2019, Supplementary materials, 45.

15 MARTINIANO et alii 2017, Supplement, Archaeological information.
116 MATHIESON et alii, 2015, Supplementary information, 5.

17 MARTINIANO et alii 2017, Supplement, Archaeological information.
18 GONZALEZ-FORTES et alii 2019, Supplemental material, 5.

119 MARTINIANO 2017 et alii, Supplement, Archaeological information.
120 OLALDE et alii 2019, Supplementary materials, 25-27.

21 VILLALBA-MOUCO et alii 2021, Supplementary materials, 6/53.

122 LA DUC et alii 2022.

123 ROVIRA/MONTERO-RUIZ 2013; BARTELHEIM/PEARCE 2015.

124 LULL et alii 2011, 385-386.

125 VIDAL 2016, Fig. 1.

126 VALERIO et alii 2023.

27 CARDOSO 2021, 18-19.



British Isles

The United Kingdom and Ireland have undergone
substantial ancient DNA sampling. Samples from this area
make up 34% of individuals who share IBD tracts with
Urziceni (Fig. 1a). They are from the pre-Beaker period.
European Farmers reached the British Isles after around
4000 BCE.»”® Most of the samples retained have no detected
relatives in their local burial site, where this has been
examined, and show up even in remote areas. Overall, they
tend to aggregate in the western part of the British Isles
(Figs. 2a, 3, and 4), with the exception of the northern tip
of Scotland. There are very few samples in the third transect,
as would be expected due to population movements in the
Bell Beaker period beginning in the British Isles around
2450 BCE, leading to an approximately 90% population
replacement by 1500-1000 BCE,'” which is outside the
period examined in this article.

In Scotland, samples in the first transect, including
some from the most ancient Neolithic remains in Britain,
are from caves, sometimes secondary burials of excarnated
remains, passage tombs, and cairn burials (Fig. 3, #84-
#86).1%° The samples from England in this transect, also
some of the oldest in Britain, are from caves, long barrow
funerary monuments, and chamber graves (Fig. 3, #76-#78,
#80-#83), many in privileged locations.'** The remains of an
individual with Urziceni IBD sharing were recovered from a
sheltered causeway monument near Brighton (Fig. 3, #82)
that was the site of periodical ritual feasts and ceremonies.'*
In some cases, more information about burial and kinship is
available. A child whose sample has good coverage is buried
in a chambered tomb in Hazelton, Gloucestershire (Fig. 3,
#79). He belonged to a male lineage unrelated to most of the
individuals in the tomb. It is estimated that he descended
from tomb occupants through a maternal line.'®3

Burial sites in Scotland from the second transect can be
found as far north as the Orkney Islands and are also from
chamber tombs, passage tombs, and cairns throughout
northwestern Scotland (Figs. 2b and 4, #94-#101)."* In
the same transect, an individual showing perimortem blunt
force trauma to the skull from Rhos Ddigre, Wales (Fig. 4,
#93),'3 shares IBD segments with seven Urziceniindividuals,
although the sample has low coverage.

There are few samples in the last transect. The chamber
tomb burial from the Orkney Islands (Fig. 5, #97)'* is a case
in point.
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Monumental tombs of Ireland have been well studied
and yield 18% of the samples sharing Urziceni IBD tracts.
The samples are also mostly from the first and second
transects. The oldest ones are from the earliest megalithic
tombs in Ireland, including court tombs (Figs. 2b and 3,
#87, #89-#91),%7 and the Annagh Cave Linkardstown cist
(Fig. 4, #88), in which the individuals buried are probably
all male and perhaps related.'®® The second transect includes
individuals from elite tombs in Newgrange (Fig. 4, #104),
Carrowkeel (Fig. 4, #106), and Millin Bay (Fig. 4, #103),%*°
as well as Ardcrony (Fig. 4, #105) and Primrose Grange
(Fig. 4, #102).1° There are few samples in the last transect:
Carrowkeel, Ireland (Fig. 5, #106) is a case in point.

The presence of Urziceni-related individuals in socially
prominent burials may indicate that they were generally
well-integrated into local society in the British Isles.

The consensus is that metallurgy in the British Isles
is a Bell Beaker-related phenomenon.'*! Nevertheless,
TIMBERLAKE 2009 notes Neolithic and pre-Neolithic
activity related to exploring surface exposures of secondary
copper minerals, such as at Parys Mountain. Furthermore,
he suggests an association between Mesolithic campsites
and areas of malachite and azurite extraction on Alderley
Edge (Fig. 5, #173). Moreover, it is possible that there was
some continuity between stone mining and the extraction of
malachite on the Great Orme.'*? Later mining centers, such as
Alderley Edge, the Great Orme, and Copa Hill (Fig. 5, #172),
are within a five to six-day walking distance from each other.
Parys Mountain is less than a three-day traveling distance to
the Great Orme and less by sea. All locations mentioned are
on the western part of the British Isles. According to BUDD
et alii 1992, the earliest workings at these sites would have
been loosely organized, small-scale exploitations separated
by lengthy intervals.'*®

CASE 1966 entertained the possibility that there was
a pre-Beaker metallurgy in Ireland that gave rise to the
Castletownroche thick-butted axe. Castletownroche is less
than a three-day traveling distance from the later Ross Island
mine (Fig. 5, #174). According to CASE 1966, Pre-Beaker
metallurgy might have hypothetically diffused westward
from a Scandinavian source by the Middle Neolithic and
ultimately originated in Central Europe. His dismissal of this
possibility was based on the lack of similarity with metallurgy
from the Fertile Crescent and the Aegean.'** It was implicitly
motivated by the Childean belief, current at the time, that
European metallurgy originated in the Fertile Crescent and
diffused to Central Europe through the mediating influence
of Aegean civilizations.

Therelatively strong showing of IBD sharing with Urziceni
individuals in the British Isles, even with good coverage

187 CASSIDY et alii 2020, Supplementary information, 9-10, 26, 13-14,
12-13.

138 CASSIDY et alii 2020, Supplementary information, 4-5.

139 CASSIDY et alii 2020, Supplementary information, 17-20, 20-21, 21-22.
140 CASSIDY et alii 2020, Supplementary information, 26; SANCHEZ-
QUINTO et alii 2019, Supplement, 9-13.

141 CASE 1966; TIMBERLAKE 2009.

142 TIMBERLAKE 2009, 94-97.

143 BUDD et alii 1992, 682-683.

144 CASE 1966, 142, 144-146, Figs. 2 and 3.
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samples, is unexpected. It is partly due to a more substantial
sampling of the British Isles. The early appearance of
Urziceni-related samples in the British Isles could signal the
presence of individuals who did not participate in metallurgy.
Alternatively, the case against pre-Beaker metallurgy in the
British Isles might warrant cautious re-examination.

DISCUSSION

Overall, the combination of information available,
despite the lack of an archaeogenetic program for collecting
ancient DNA to chart relationships among the earliest
metallurgical communities in Europe, is compatible with a
low-grade spread of metallurgy having had an element of
person-to-person contact, traces of which can be tracked by
IBD sharing links.

While it was generally supposed that the earliest diffusion
of metallurgy westward stemmed from the Carpathian zone,
archaeogenetic data helps identify the most likely vector of its
northand westward movement. Itis the communities thathave
received the cultural-archaeological label of Bodrogkeresztir,
although from the eastern, intra-Carpathian part of its
range. The data from IBD-sharing confirms the expectation
that metallurgy was transmitted by agents whose ancestors
had had contact and admixed with southeastern European
metallurgically capable communities of the Kodjadermen-
Gumelnita-Karanovo VI complex, a characterization that fits
some of the members who buried their dead in the Urziceni
necropolis,*® beyond the archaeologically attested integration
with Silcuta culture bearers.™®

Furthermore, where familial groupings of siblings in
the Urziceni necropolis could be detected based on genetic
analyses, in all cases, the father was missing, and in
approximately two-thirds of these groupings, so was the
mother. That was not the case among nearby contemporary
or near-contemporary Copper Age communities of the Great
Hungarian Plain, which, based on burial location and genetic
analyses, also exhibited a tight patrilocal and patrilineal
organization.'*” The pattern noted may indicate parental
migration among the Urziceni Bodrogkeresztar. This point
offers additional support for identifying the Urziceni
intra-Carpathian Bodrogkeresztar as a plausible vector for
transmitting metallurgy further westward.

The familiarity of Urziceni individuals with obsidian
resources in Southeast Slovakia could have been a factor in the
initial stages of their northern displacement. The northward
pattern of dispersion of ancient DNA samples from the intra-
Carpathian area suggests it was oriented with respect to
watercourses or coastal regions (Fig. 1a), reflecting settlement
sites and most likely also transportation affordances.

Discussion by transect
The northern route tracks through metallurgically

active locations in Czechia, notably Makotrasy, which are

145 VICAS 2021a; VICAS 2021b; CHINTALAPATI et alii 2022; SZECSENYI-
NAGY et alii 2025.

146 ROMAN 1971.

147 SZECSENYI-NAGY et alii 2025, 12, Fig. 6.
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associated with Jordanéw, Baalberge, and Funnel Beaker
cultures; and Poland, from sites associated with the Brzes¢
Kujawski Group and Funnel Beaker culture (Figs. 2b and 3).
Metallurgy in the Lublin-Volhynia culture and the Wyciaze-
Zlotniki group, thought to originate from the Tisza River
plain,™® can now be seen as coming from further east. The
vector of metallurgical know-how was likely to be Urziceni-
related. While metallurgy is attributed to the Brze$¢ Kujawski
Group as early as 4500-4300 BCE,® the radiocarbon-dated
human samples from this group are from between 4335-
4058 cal BCE and 4233-3980 cal BCE,** which is within the
period of activity of the Bodrogkerezstur metallurgists.

The Funnel Beaker Baalberge Group in Czechia, with
substantial metallurgical activity and Urziceni-descendant
presence in Makotrasy, is a plausible candidate for the
spread of Funnel Beaker-associated metallurgy in Lent,
Denmark (Figs. 2b, 3, and 5). A spread from the Cmieléw
Funnel Beaker site, supported by the earlier Brzes¢ Kujawski
site belonging to the Lengyel culture in Poland, is also a
possibility. These sites coincide with or are situated near
locations where Urziceni descendants are detected.

Further west, the presence of a good coverage Urziceni-
descended sample in the Pyrenees in the 4300-3500 BCE
transect (Fig. 3) might argue that the gold artifact from
Pauilhac in southern France, similar to a template for the
bird-human hybrid figures typical of Bodrogkeresztir-
related iconography, is attributable to Urziceni-descendant
activity. This transect may also show that the presence of a
Urziceni-related descendant in Sardinia was early and that
the path to the Iberian Peninsula at that stage could have
been coastal.

It also suggests that the characteristic Bodrodkeresztur
ring idol-shaped artifact in Camlibel Tarlasi, Turkey, could
owe its source to the presence of Urziceni-related individuals,
perhaps via unsampled Late or Post-Salcutan genetic kin.
The same could be said for involvement in silver metallurgy
and silver ring-idol-shaped artifacts of the Aegean. MARAN
2021 believes that the silver artifacts of the Alepotrypa Cave
should be dated to the first half of the fourth millennium
BCE and that they are part of a network of objects and ore
processing capabilities that also encompassed Hunyadihalom
culture of eastern Hungary, which might antedate silver
processing in West Asia and the Caucasus,™ a view that is
compatible with some of the findings in this article.

Finally, the 4300-3500 BCE transect suggests that the
path of Urziceni-related individuals to the British Isles at the
earliest stage could more likely have been through northern
Europe. It tends not to substantiate a well-integrated
Carpatho-Balkan Metallurgical Province extending to the
Volga,®? and incorporating the mediation of Skelya steppe
communities.'*®

The 3500-2800 BCE transect shows that metallurgical
activity that may be correlated with Urziceni-descendant

148 WILK 2018.

149 ZURKIEWICZ et alii 2023.

%0 FERNANDES et alii 2018.

1 MARAN 2021, 206-207, 213-214.
152 CHERNIKH, 1992, 50.

1% RASSAMAKIN 1999, 111-112.



presence is still detectable in Poland and associated with
Funnel Beaker culture, although it is much reduced (Fig. 4).
The presence of Urziceni descendants and metallurgical
activity shifts to Italy, especially the Alpine region, as seen
in the archaeological literature, but also extends to Sardinia
and Central Italy and perhaps to South France. Urziceni-
related descendants are present in western Iberia and the
British Isles, with no corresponding mention of metallurgical
activity, although TIMBERLAKE 2009 notes possible
exploratory activity in the latter. The Urziceni-descendant
presence and metallurgical activity in Arslantepe, Turkey,
are significant, as the location hosted a longstanding
metallurgical center that also had a record of interaction
with Uruk.'>

The 2800-2000 BCE transect reveals a shift in the
presence of Urziceni-related descendants to the Iberian
Peninsula, both its eastern and western coasts, and southern
France (Fig. 5). For the Iberian Peninsula, a hypothesized
similarity between Vucedol culture and El Argar metallurgy
that LULL et alii 2011 had entertained might reflect a
relation with descendants of Urziceni individuals.

Due to the very broad dating of Aegean sites, some
locations straddle the last two transects. Grouping the second
and third transects, metallurgical activity and Urziceni-
descendant presence are represented in the Aegean. Lasithi,
Diros, and Dhaskalio, a significant copper production center,
share mutually accessible locations (Figs. 1b and 2b). The
communal tomb at the Hagios Charalambos Cave ossuary
in Lasithi, Crete, contained gold decorative items that
LEGARRA HERRERO/MARTINON-TORRES 2021 believe
might be evidence of foreign specialists.*®

This transect also suggests that the connection with the
Russian steppe was scant. There is only one sample of lower
coverage from this area. It does not form part of a trail like
lower coverage samples in the westward paths. The lack of
an eastward spread through the Pontic-Caspian steppes past
Verteba Cave in Southwest Ukraine is striking (Fig. 2b).

Expectations and avenues of exploration

The fourth millennium BCE presence of Urziceni-related
descendants in the Alpine region and Italy is consistent with
the belief that metallurgical activity gravitated westward
from earlierlocationsin Central Europe. The third millennium
BCE presence of Urziceni-related descendants in southern
France, the Iberian Peninsula, and the Aegean in the vicinity
of areas that show metallurgical activity or mines calls for
further investigation, although the fourth millennium BCE
presence of Urziceni-related descendants in the Aegean and
Turkey was anticipated by the detection of applied disk-
shaped handle pottery in those locations.”®® IBD segment
sharing information with pre-Beaker individuals in the
British Isles is intriguing. It could suggest that reexamining
the case for difficult-to-detect pre-Beaker metallurgy might
be warranted.

3¢ LEHNER/YENER 2015, 541.
%5 LEGARRA HERRERO/MARTINON-TORRES 2021, 348, 356.
%6 SALCEANU 2008.

Finally, beyond the fourth millennium BCE Tripyllia
individuals buried in Southwest Ukraine, IBD sharing with
Urziceni samples in the period examined includes only one
individual from the first half of the third millennium BCE in
South Russia even though hundreds of copper artifacts were
found as far as the Volga in the interval that preceded the
abandoning of the Lower Danube Valley settlements, dated
to 4250 BCE.™ Signs of metallurgy in the Middle Volga
are only dated to the late fourth millennium BCE and are
attributed to a cultural influence from the Caucasus.'*®

Formulating hypotheses about the contrast between the
west and southward movement of metallurgically capable
Urziceni-descended individuals and the paucity of evidence
of a corresponding eastward dispersion through the Pontic-
Caspian steppes would call for a more in-depth discussion
of differences in social organization, for which contributions
from anthropology, as well as further evidence from ancient
DNA, could be adduced.

Preliminary remarks on social dimensions

Central and North Europe, areas that have received
much attention in the literature on the spread of metallurgy,
were occupied by Epi-Lengyel and Funnel-Beaker-related
cultures. All of the individuals retained for mapping and
sharing of IBD tracts with Urziceni samples in these areas
are identified as belonging to the local cultures. In the
archaeological description of burials, where it is available,
they do not stand out as foreign or intrusive, even in the
few instances where they are identified as outliers in genetic
analyses. Genetic outlier status flags a higher farmer or
hunter-gatherer admixture than other samples from the
same area, something that would not have been visible to
contemporaries nor to archaeological examination.

In some cases, genetic descendants of Urziceni individuals
faced the same fate as other members of the community
with which they were buried: victims of mass violence
in a Lasinja culture site in Croatia or a Globular Amphora
culture site in Poland. There are instances in Czechia where
a Urziceni descendant received special treatment with a
negative connotation, as part of a group burial in unusual
bodily postures. There is, contrariwise, a positive valence
implicitly attached to Urziceni distant descendants being
buried in grave complexes thought to be reserved for the
elite in France and, especially, the British Isles.

All  told, Urziceni-related appear to
have assimilated into their host communities and are
archaeologically invisible. Nevertheless, as a result of
information from ancient DNA, attribution of native
metallurgy to Lengyel and Epi-Lengyel communities and
their variants extending into Central Europe may be plausibly
formulated as metallurgy that developed by incorporating
Urziceni-related facilitators and their descendants.
The variety of such cultures or horizons that have been
entertained for indigenous metallurgy in Central Europe
suggests that communities of North and West Europe were
open to accepting descendants of skilled newcomers.

individuals

157 CHERNYKH/ORLOVSKA 2015; ANTHONY et alii 2022.
158 PETERSON et alii 2016, 294.
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Beginning in the fifth millennium BCE, Late Neolithic
societies north and west of the Carpathian zone underwent
an increase in hunter-gatherer admixture.’® The individual
with high hunter-gatherer admixture from Gura Baciului
(Fig. 4, #1) might indicate that a similar process affected the
intra-Carpathian area. Where there are ample native copper
resources, hunter-gatherer social organization appears not
to rule out the autonomous development of metalwork, as
was the case in the North American Old Copper Complex of
the Lake Superior region.’® In Europe, indigenously initiated
hunter-gatherer metalwork has not been reported, not even
in the evidence from the British Isles. Moreover, the social
organization of hunter-gatherers, with its low division
of labor, would not have been amenable to the operations
needed to process the sulfide ores of Central Europe.

Nonetheless, such processing occurred. Local Late
Neolithic societies experiencing a resurgence of hunter-
gatherer admixture or fresh ingress of such admixture
may have accepted small metallurgically capable groups
of individuals. There had to be enough such individuals to
support the coordination and complementation needed for
successful smelting. It has been suggested that a migration of
metallurgists, if any occurred, could be placed in the context
of pre-existing networks of communication,’®* which have
been construed in terms of the exchange of Alpinejade axes.'®?
Thus, Late Neolithic societies to the north and west of the
Carpathian zone could have been amenable to maintaining
communication networks with the metallurgically capable
groups to which the individuals buried in the Urziceni
necropolis belonged. However, an increase in hunter-
gatherer admixture may have dampened the local learning
of the technology.'¢®

Rogers’s model of the adoption of innovation, although
referenced in discussions of the spread of metallurgy, has
limited suitability since it was not intended for the spread
of innovation in production. The ability to smelt the fahlores
of central European ore deposits could not have been
imparted solely through communication, as in storytelling,
but was likely to have required apprenticeship, chains of
complementary support, and face-to-face coordinated
activity.’®* Contiguity with bordering archaeological cultures
would not have been enough for initiating capability.
Moreover, the Lasinja community in Croatia had genetic
links with Urziceni, but there is insufficient evidence that
it was metallurgically capable. Thus, a genetic link is not
sufficient for transmitting metallurgical capability, as would
be expected. It remains plausible that, in the early stages of
transmission, it was a necessary condition that at least some
metallurgically capable individuals operating collaboratively
be physically present to impart their skills.

159 PAPAC et alii 2021.

160 EBERHARDT 2009.

161 ROBERTS 2008, 36-37.

162 PETREQUIN/KLASSEN/CASSEN 2012.

163 A similar trend in the intra-Carpathian zone, as is perhaps suggested by
the presence of an individual with high hunter-gatherer admixture at Gura
Baciului, might be a factor in the reduced evidence of metallurgy in the early
Cotofeni period.

64 See HEEB 2014, 42-49, 107.
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It has, indeed, been proposed that know-how was
communicated over great distances by metallurgically capable
clans or kinship groups and that metallurgical knowledge
was the preserve of specialized lineages,'® with the probable
presupposition that these were male kinship groups. Some
further clarification may be pending, as the males buried in
the Urziceninecropolishad diverse Y-chromosomelineages. ¢
This point would tend to suggest that metallurgically capable
Urziceni-related migrants might not have been organized
by patrilines detectable through Y-chromosome lineages.
They may, instead, have been organized around individuals
and families that offered complementary skills in support
of fuel and materials preparation, smelting, and casting,
irrespective of the paternal lines of the male collaborators.
The evidence of missing female parents in the Urziceni
necropolis would strengthen the hypothesis that women
may have contributed to the collaborative work required
for successful smelting. In contrast, the patrilocality and
patriliny revealed by the genetic studies of Megalithic
societies may have been an added factor in curbing rather
than facilitating the early spread of metallurgical competence
throughout Europe. It may have impacted early metallurgy
in the British Isles. Closer to the point of origin of the
Urziceni Bodrogkeresztur, patriliny among the Tiszapolgar-
Bodrogkeresztur of Hungary might also have been a factor
inversely related to the early adoption of metallurgical
capability. Further probing of the social dimensions of the
spread of metallurgy is called for.

CONCLUSION

The purpose of this article was to address whether the
agents of the diffusion of metallurgical capability in Europe
around and after the last third of the fifth millennium
BCE could be identified with greater precision. Ancient
IBD information combined with evidence of metallurgical
activity in Europe may help identify early agents of change,
individuals related to Bodrogkeresztir communities that
buried their dead at Urziceni, and their general path of
diffusion. The information also suggests that diffusion
resulted from a low-grade displacement of metallurgically
capable groups.

This study confirms that the bulk of the initial direction
of spread was northward and westward into Central and
Northern Europe, followed by movement into the Alpine
region, particularly northern Italy. It also supports a
connection between the spread of ring-shaped artifacts in
the Aegean and Turkey and Urziceni relatedness, as well as
a possible Urziceni-descendant presence in southern France,
underpinning the presence of a gold artifact that bears
similarities with Bodrogkeresztir iconography.

This article raises the issue of the lack of an eastward
spread of the agents of metallurgical knowledge into
the Pontic-Caspian steppes in the fifth millennium BCE.
Finally, using data about IBD links, this article brings out
the relevance of information about a spread of Urziceni-

165 KIENLIN/PERNICKA 2009, 274; KIENLIN 2016, 132-134; ROWLANDS
1971, 217-218.
166 LAZARIDIS et alii 2022, Supplementary table.



descended individuals to areas thought to be unlikely, such
as the Iberian Peninsula, or unexpected, such as the British
Isles. Information about the latter may warrant a tentative
reopening of the case for pre-Beaker metallurgy in the
British Isles or a further examination of the social factors
that could have impeded its diffusion.

Drawing on evidence from ancient DNA enables the
formulation of new questions. For this reason alone, it offers
valuable assistance in enhancing our ability to reconstruct
some aspects of significant cultural events and developments.
The early stages of the spread of metallurgy in Europe are
among such developments. Some of their aspects may be
open to constructive reexamination.
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APPENDIX

Locations in Figures. Geographical coordinates and dates are in the Supplement to this article.

Ancient DNA samples

1 Gura Baciului, Romania

2 Potocani, Croatia

3 Osijek Hermanov Vinograd (Beli Manastir), Croatia
4 Podlokanj, Serbia

5 Nemesnddudvar-Papfsld, M9/7 lh, Hungary, 46.334774,
19.053945

6 Alsényék, site 11, Hungary, 46.204523, 18.729916

7 Proletér dils, Hungary, 47.63868, 17.36453

8 Abony-Turjanyos dil6, Hungary, 47.189141, 20.004795
9 Budakaladsz-Luppa csirda, Hungary, 47.62094, 19.04494
10 Apc-Berekalya, Hungary, 47.167, 19.833
11Alsonemedi, Hungary, 47.31875, 19.833

12 Mez6csat-Horesogos, Hungary, 47.809892, 20.889267
13 Balatonlelle-Fels6-Gamasz, Hungary, 46.78469, 17.731714
14 Ternopil Oblast, Verteba Cave, Ukraine

15 Konary, Poland

16 Oslonki, Poland

17 Pikutkowo, Poland

18 Koszyce, Poland

19 Wilczyce, Poland

20 Kornice, Poland

21 Makotfasy, Czech Rep.

22 Tuchométice, Czech Rep.

23 Neratovice, Czech Rep.

24 Bilina, Czech Rep.

25 Kolin-Staralka, Czech Rep.

26 Btezno u Loun, Czech Rep.

27 Louny, Dobrométice, Czech Rep.

28 Blsany, Czech Rep.

29 Predmétice, Czech Rep.

30 Radosevice, Czech Rep.

31 Cachovice, Czech Rep.

32 Hostivice, Czech Rep.

33 Prague-Stodulky, Czech Rep.

34 Roudnice nad Labem, Czech Rep.

35 Singen, Germany

36 Alburg-Lerchenhaid, Germany

37 Kyndelsse, Denmark

38 Gokhem, Sweden

39 Ansarve, Sweden

40 Anghelu Ruju, Sard., Italy

41 Carbonia, CI, Cannas di Sotto, Sard., Italy

42 Grotta Continenza, Italy

43 Lombardy, Remedello di Sotto, Italy

44 Tisenjoch, Italy

45 Serra Cabriles, Sardinia, Italy = 47

46 Su Crocefissu, Sardinia, Italy, 40.8101044, 8.4422073
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46 Porto Torres, SAS, Su Crucifissu Mannu, Sardinia, Italy,
40.810297, 8.444178

47 Sennori, SS, Serra Crabiles, Sardinia, Italy

48 Xaghra Circle (Gozo), Malta

49 Hauts-de-France (North), Beaurieux, la Plaine, France

50 La Clape, Grotte du Rouquet, France

51 Marne, Mont-Aimé hypogée II, France, 48.858472, 3.995887
51 Marne, Mont-Aimé hypogée I, France, 48.858874, 3.996466
52 Occitanie (South), Villedubert, Dolmen des Peiriéres, France
53 La Clape, Grotte Basse de la Vigne Perdue, France

54 Alepotrypa Cave, Greece

55 Corum Province, Camlibel Tarlasi, Turkey

56 Malatya Province, Arslantepe, Turkey

57 Cyclades Islands, Koufonisi, Greece

58 Crete, Lasithi, Greece

59 Cova de Els Trocs, Spain

60 Céadiz, San Fernando, Campo de Hockey, Spain

61 Lugar do Canto, Portugal

62 La Mina (Castilla y Ledn, Soria, Alcubilla de las Pefias)

63 Cabeco da Arruda I, Portugal

64 Monte Canelas I (Faro, Alcalar), Portugal

65 El Portalén, Spain

66 Las Yurdinas II, Basque Country, Spain

67 Mandubi Zelaia (Basque Country, Gipuzkoa, Ezkio-Itsaso),
Spain

68 Jentilarri (Basque Country, Gipuzkoa, Enirio-Aralar), Spain
69 Alto de la Huesera (Basque Country, Alava, Laguardia), Spain
70 Galls Carboners (Catalonia, Tarragona, Mont-ral), Spain

71 Sima del Angel (Andalusia, Cérdoba, Lucena), Spain

72 Lorga da Dine, Portugal

73 Cova da Moura, Portugal

74 El Mirador, Spain

75 Murcia, Totana, La Bastida, Spain

76 Attermire Scar, Great-Britain

77 Burn Ground, Great-Britain

78 North Yorkshire, Ingleborough Hill, Fox Holes Cave, England,
Great-Britain

79 Gloucestershire, Cheltenham, Hazleton North, England,
Great-Britain

80 England, Somerset, Burrington Combe, Aveline’s Hole,
England, Great-Britain

81 Fussell’s Lodge (England, Wiltshire, Salisbury), Great-Britain
82 Sussex, Brighton, Whitehawk, England, Great-Britain

83 Derbyshire, Brassington, Carsington Pasture Cave, England,
Great-Britain

84 Distillery Cave (Scotland, Argyll), Great-Britain
85 Argyll and Bute, Oban, Raschoille Cave, Scotland, Great-
Britain

86 Tulloch of Assery, Scotland, Great-Britain



87 Poulnabrone, Ireland 130 Gudon, Italy

88 Annagh, Ireland 131 Romagnano Loch, Italy
89 Ashleypark, Ireland 132 Riparo Gaban, Italy

90 Parknabinnia, Ireland 133 Acquaviva di Besnello, Italy
91 Cohaw, Ireland 134 Montesei di Serso, Italy
92 Eton Rowing Course (England, Buckinghamshire), Great- 135 Croz del Cius, Italy
Britain 136 Lovere, Italy

93 Denbighshire, Rhos Ddigre, Wales, Great-Britain 137 Neto-Via Verga, Italy
94 Clachaig (Scotland, Isle of Arran, Lagg), Great-Britain 138 Podere Pietrino, Italy
95 Unstan Chamber Tomb (Scotland, Orkney), Great-Britain 139 San Carlo, Italy

96 Point of Cott (Scotland, Orkney), Great-Britain 140 Monte d’Accoddi, Italy
97 Isbister (Scotland, Orkney), Great-Britain 141 Biriai, Italy

98 Holm of Papa Westray North (Scotland, Orkney), Great- 142 Lipari acropolis, Italy

Britain 143 Villafrati, Italy
99 Quoyness (Scotland, Orkney), Great-Britain 144 Case Bastione, Italy

100 Sutherland, Embo, Scotland, Great-Britain
101 Isle of Skye, Strathglebe, Scotland, Great-Britain

145 Saint Véran, France

146 Le Fortin du Saut, France

102 Primrose Grange (County Sligo), Ireland 147 Monte Covolo, Italy

103 Millin Bay, Ireland 148 Kastri, Greece

104 Newgrange, Ireland 149 Kephala Petras, Greece

105 Ardcrony, Ireland 150 Dhaskalio, Greece

106 Carrowkeel, Ireland 151 Cabezo Juré (Alosno, Huelva), Spain

107 Temrta IV, Russia 152 Valencina de la Concepcién (Seville), Spain

153 Los Millares (Santa Fe de Mondgjar, Almeria), Spain

Evidence of copper metallurgy 154 Almizaraque (Cuevas del Almanzora, Almeria), Spain

21 Makottasy, Czech Rep. 155 Lugar Viejo III (Maria de Huerva), Spain
40 Anghelu Ruju, Sard., Italy 156 Cueva del Canaveralejo (Adamuz), Spain
55 Corum Province, Camlibel Tarlasi, Turkey 157 Bauma del Serrat del Pont, Spain

56 Malatya Province, Arslantepe, Turkey 158 Las Pilas (Mojacar), Spain

108 Handlova, Slovakia 159 Castro de Chibanes, Portugal

109 Nitriansky Hradok, Slovakia 160 Outerio Redondo, Portugal

110 Slovenské Pravno, Slovakia

111 Sucha nad Parnou, Slovakia Select gold finds

112 Brze$¢ Kujawski, Poland 58 Crete, Lasithi, Hagios Charalambos, Greece
113 Zlota-Grodzisko, Poland 161 Pauilhac, France

114 Kotowo, Poland

115 Zlotniki, Poland Evidence of copper mining

116 Cmieléw, Swietokrizyshkie, Poland 162 Libiola, Italy

117 Las Stocki (sic), Poland 163 Monte Loreto, Italy

118 Zlota, Poland 164 Buca di Spaccasasso, Italy

119 Lognt, Denmark 165 Poggio Malinverno, Italy

120 Bisamberg, Austria 166 Grotta della Monaca, Italy

121 Oberpullendorf, Austria 145 Saint Véran, France

122 Keutschacher See 167 Pioch Farrus, Cabriéres, France

123 Brixlegg, Austria 168 La Capitelle du Broum, Péret, France
124 Botteghino, Italy 169 Roque Fenestré, Cabriéres, France

125 Santa Maria in Selva, Italy 170 Cangas de Onis (El1 Milagro), Spain

126 Orti Bottagone, Italy 171 Riosa (El Aramo), Spain

127 Grédek Nadbuzny, Lublin, Poland 172 Copa Hill, Great Britain

128 Jandéwek, Lower Silesia, Poland 173 Alderley Edge, Great Britain

129 Millan (Meluno), Italy 174 Ross Island, Ireland
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