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Rezumat: Articol prezintd un grup de sase unelte de cupru de la Kozareva mogila, care
au fost examinate din punct de vedere al compozitiei chimice si al izotopilor de plumb. Din
punct de vedere cronologic, descoperirile sunt legate de eneoliticul tdrziu, astfel ci acestea
oferd informatii despre metalurgia din aceastd perioadd. Rezultatele analizelor de laborator
indicd cd descoperirile examinate diferd unele de altele. Compozitia chimici sugereazd faptul
cd acestea sunt realizate din cupru foarte pur. Cu toate acestea, pot fi observate unele dife-
rente in ceea ce priveste concentratiile de oligoelemente. Privitor la provenienta cuprului
utilizat, se stabileste faptul cd uneltele examinate sunt produse din minereuri cu origini
diferite. Ca posibile surse de materie prime pot fi identificate mai multe zdciminte/campuri
de minereuri, care se afld relativ aproape de sit.

Abstract: This paper presents a group of six copper tools from Kozareva mogila, which
were examined for their chemical composition and lead isotopy. Chronologically, the finds
are related to the Late Eneolithic, thus they give information on the metallurgy during this
period. The results of the laboratory analyses show that the examined finds differ from each
other. The chemical composition indicates that they are made of very pure copper. However,
some differences regarding the trace element concentrations can be observed. On the prov-
enance of copper used, it is established that the examined tools are produced from ores with
different origins. As possible sources of raw material, several deposits/ore fields can be identi-
fied, that are located relatively close to the site.

Introduction

Kozareva mogila is a well-known site that has been excavated for more than
thirty years'. It is located south of the Balkan Mountains, close to the Black Sea
coast-it is situated approximately 4 km from the modern seashore (Fig. 1). As a
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result of many years of excavation, different periods of habitation have been identi-
fied—Early and Late Eneolithic, Early Bronze Age and Hellenistic Period?.

The present work provides new data on the Eneolithic metallurgy of the site.
This paper discusses a group of copper tools found in Late Chalcolithic contexts
for which it has been possible to be examined through interdisciplinary labora-
tory methods. Samples of the objects have been sent to ”Curt-Engelhorn” Zentrum
Archdaometrie, Mannheim, Germany, where a chemical composition analysis as well
as lead isotope analysis were performed. The results obtained allow for the prov-
enance of copper ores used, thus providing information on the organization of met-
allurgical production in a region that is relatively poorly studied.

Kozareva'mogila
[ ]

Fig. 1. Location of Kozareva mogila and the nearby copper ore fields.

The copper tools

A total of six copper tools are examined-two awls and four chisels (Fig. 2). One
of the awls originates from the settlement mound (Fig. 2.6). It is found during the
excavation of I burnt horizon. The awl has a quadrangular, close to square, cross-sec-
tion, which is slightly rounded only at the tip. Its length is 9.9 cm, and its width and
thickness are 0.2-0.3 cm.

The other tools originate from the necropolis. They are found in several Late
Eneolithic graves, as part of the grave inventory —Ne 10, 12, 30, 64.

From Grave Ne 12 comes a copper awl with a quadrangular cross-section®
(Fig. 2.5) In the middle part of the object, the section is close to square, while toward

2 GEORGIEVA, POPOVA, DANOV 2018, p. 107.
3 GEORGIEVA, DANOV 2021, p. 83, pl. VIL
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the butt it narrows and becomes rectangular. At the tip, the cross-section is round.
The length of the awl is 12.1 cm. Its width varies between 0.1-0.3 cm and its thick-
ness is 0.1-0.2 cm. The tool is slightly bent at the upper part, which, according to the
excavators, marks the place where its handle reached®.
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Fig. 2. Copper tools from Kozareva mogila: 1-big chisel from grave Ne 105
2-small chisel from grave No 10% 3-chisel from grave Ne 307; 4-chisel from
grave No 64; 5-awl from grave No 12%; 6-awl from settlement mound (I burnt
horizon) (drawings: Veselin Danov; photos: Petya Georgieva).

The four copper chisels come from graves NeNo 10, 30 and 64. One chisel each
is found in graves No 30° and No 64, while in grave No 10 there are two'. All the
tools differ from each other.

Typologically, with close characteristics are the big chisel from grave Noe 10
(Fig. 2.1) and that from grave No 30 (Fig. 2.3). They have a trapezoidal shape with
a rectangular cross-section and an arc — shaped edge. In both tools the maximum
width coincides with that of the edge, and the maximum thickness is in the upper
part of the tool-at a distance of 1/3 of the total length measured from the butt". On

* GEORGIEVA, DANOV 2021, p. 60.

> GEORGIEVA, DANOV 2021, fig. 33, 1.

¢ GEORGIEVA, DANOV 2021, fig. 33, 2.

7 GEORGIEVA, DANOV 2021, fig. 32; pl. XVIIL, 4.
8 GEORGIEVA, DANOV 2021, fig. 34.

® GEORGIEVA, DANOV 2021, p. 90-91, pl. XVIIIL.
10 GEORGIEVA, DANOV 2021, p. 81-82, pl. V.

T GEORGIEVA, DANOV 2021, p. 57.
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the other hand, they differ in their proportions. The chisel from grave No 30 has a
more elongated shape — its length is 15.6 cm, while that of the chisel from grave No
10 is 11 ecm. At the same time, the maximum width and thickness of the tools are in
inverse proportion.

For the chisel from grave No 30 the maximum width is 1.9 cm and the thickness
is 0.9 cm, while in the case of the chisel from grave Ne 10 they are 2.5 cm and 1.2 c¢m,
respectively. The general impression of the two finds is that they share common
typological characteristics, but the chisel from grave No 30 is more elegant than that
from grave No 10, which is more massive.

From grave No 10 comes another chisel that differs in both shape and size
(Fig. 2.2). It has a rectangular cross-section. The maximum width and thickness of
the tool are in the middle and upper section, while towards the edge and the butt
its walls narrow. The working edge is tapered and has an approximately triangular
shape. This chisel is smaller. Its length is 9.7 cm. Its width varies from 0.7 to 1.0 cm
and its thickness is between 0.5-0.8 cm'.

Another chisel originates from grave Ne 64 (Fig. 2.4). It has a straight shape
that narrows slightly toward the butt. It has a rectangular cross-section. The maxi-
mum width is measured in the upper half of the tool — at a distance of 1/3 of the
total length, measured from the butt. The edge is straight but slightly deformed. The
length of the chisel is 10.4 cm. Its width varies from 1.5 to 1.8 cm and its thickness is
between 0.6-1.0 cm.

All the objects included in this study are found in a Late Eneolithic context and
can be related to the late phases of Kodjadermen — Gumelnita — Karanovo VI culture.
Most of them originate from the necropolis and represent part of the inventory of the
buried individuals.

One awl originates from grave Ne 12, while more massive tools are found in
graves No 30 and Ne 64. Of interest is grave No 10, from where there are two copper
chisels. Also included is one find from the settlement mound — a small copper awl
from I burnt horizon.

Chemical composition

The chemical composition of the objects is analyzed by Energy Dispersive X-ray
Fluorescence (EDXRF). The results show that the tools are made of very pure copper
in which the concentration of trace elements is very low" (Tab. 1). Of interest is the
chisel from grave No 64, which differs significantly from the other finds (Fig. 3). In its
composition the concentration of some elements like Bi and Pb is remarkably high.
The levels of Ag are also higher compared to the other objects. At the same time, this
is the only tool in which the concentration of Fe is high enough to be measured.

Another find with more noticeable differences in its chemical composition is
the awl from grave Ne 12. This tool is characterized by relatively low levels of Ag and
an extremely low Bi concentration that is below the detection limit.

2. GEORGIEVA, DANOV 2021, p. 57-58.
13 Most of the examined trace elements in the composition of the metal are very low in con-
centration and are below the detection limits.
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Fig. 3. Concentration of the major trace elements in the
composition of the copper tools from Kozareva mogila.

For the rest of the objects, it is difficult to trace any particular differences. The
values of the measured elements are relatively homogeneous in all the artifacts and
vary within narrow limits. Only in the case of the big chisel from grave No 10 slightly
higher levels are observed for some of the elements.

Regarding the information that the chemical composition can provide on the
origin of the raw material, attention has been drawn to a group of elements that have
been found not to change during the pyrometallurgical processes involved in the
processing of the copper ore. Such elements are Ag, Au, Bi, Ir, Ni, etc'®. These have
been established to behave in a similar way to copper and follow it during the puri-
fication of the metal. For these reasons, they are preserved to a considerable extent
in the composition of the finished product®.

When examining these elements, it is necessary to note that not all of them are
present in the composition of the tools from Kozareva mogila. For example, the con-
centration of Au is very low in all the artifacts, thus it was not possible to measure.
Of most importance in this study are the elements Ag, Bi and Ni, which are present
in sufficient quantities in each of the finds'®. Based on these elements, a comparison
analysis is made between the different artifacts, as a result of which some of the
observations already presented have been confirmed (Fig. 4). It is well visible the
separation of the chisel from grave Ne 64, which is at a great distance from all the
other objects. Also remarkable is the isolated character of the awl from grave No 12.
At the same time, this analysis provides additional insight into the other four objects.

4 PERNICKA 2014, table 11.1.

> PERNICKA 1990, p. 76-78; PERNICKA 1999, p. 170-171; PERNICKA 2014, p. 250-255.

16 Only in the awl from grave No 12 the concentration of bismuth (Bi) is very low and is below
the detection limits.



COPPER TOOLS FROM KOZAREVA MOGILA 301

As can be seen on the diagram the small chisel from grave No 10 and that from grave

No 30 are clearly distinguishable from the other artifacts and are separated into a
distinct group.

2 Legend:
® Grave No 10 (big chisel)
@ Grave Ne 10 (small chisel)
@ Grave Ne 12
®
@
©

21

qdt02/ad90T

20

Grave Ne 30
Grave No 64

19 Settlement

?oé, T
206, 1 0g 7—oﬂmli

qd0¢/ad90t

0.84
S
o2

5 Oarg o7

Fig. 4. Ni-Bi-Ag ratios in the composition of the copper tools from Kozareva mogila (an
interactive 3D scatter plot is available at: https://y-milev.github.io/milev_pont/Fig_4.html).

Provenance study

To determine the provenance of the raw material from which the copper tools
are made a lead isotope analysis is made (Tab. 2). The abundance ratios of the lead
isotopes are measured by Inductively Coupled Plasma Mass Spectrometry (ICP-MS).
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Fig. 5. Pb-isotope ratios of the copper tools from Kozareva mogila (an interactive
3D scatter plot is available at: https://y-milev.github.io/milev_pont/Fig_5.html).
Table 2. Pb-isotope abundance ratios of the copper tools from Kozareva mogila
. Orig.ID/ *%Pb/ 2"Pb/ *Pb/ 2*Pb/ >"Pb/
MA No. Object Context In%. No 26pp 2P 24P 24Pp  204Pb
MA-227238 Chisel Grave Ne 10 Kl\(/lz_ollé)ll 2 2.0801 0.84689 18.461 38.401 15.635
MA-227239 Chisel Grave Ne 10 Kl\(/lz_ozléf 3 2.0691 0.83732 18.712 38.716 15.668
MA-227240 Awl Grave No 12 Kl\(/lz—oié;l o 1.6887 0.69336 22.833 38.557 15.832
MA-227241 Chisel Grave Ne 30 Kl\(/lz_o411/1)4 3 2.0685 0.83704 18.712 38.707 15.663
MA-227242 Chisel Grave No 64 KI\(/IZ_OSA)AL 1 2.0653 0.83642 18.699 38.618 15.640
MA-227243  Awl  Pumt KMLO/A1 ) 000 03654 18711 38.660 15.653
horizon (2020)
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Fig. 6. Comparison of the Pb-isotope ratios of the copper tools from Kozareva
mogila and copper ore deposits in: 1-Greece and Cyclades; 2-Anatolia.

The results show that the six artifacts differ from each other — four separate
groups can be distinguished (Fig. 5). With most prominent differences in the isotope
ratios is the awl from grave No 12, which is clearly distinguishable from all the other
objects. This corresponds well with the observations on the chemical composition of
the find and indicates that the tool is made of copper ore, different from that of the
other artifacts. A similar situation is apparent for the big chisel from grave Ne 10,
which also stands apart from the other tools and has an isolated character. The other
four objects have more or less similar isotope ratios, which is why they are grouped
close to each other. However, there are some differences, which allow them to be
separated into two distinct groups. One includes the small chisel from grave Ne 10
as well as the chisel from grave Ne 30, in which the isotopic ratios are slightly higher.
These two objects are also similar in their chemical composition, which further
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supports the possibility that they are made from copper ore of similar origin. The
other group is represented by the chisel from grave Ne 64 and the awl from the settle-
ment mound. With these two finds, however, it is noteworthy that, despite their
similarities in terms of lead isotopes, they differ in their chemical composition-as
already noted, the chisel from grave No 64 differs from the other artifacts due to the
increased concentration of some of the major trace elements in its composition. This
suggests that it is possible for the two objects, despite their similarities in the lead
isotope ratios, to be made from copper ore that comes from different deposits with

similar isotopic characteristics.
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Fig. 7. Pb-isotope ratios of the copper tools from Kozareva
mogila and copper deposits in the Balkans.

In order to determine the possible sources of raw material, a comparative anal-
ysis is made in which the copper tools from Kozareva mogila are compared with
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different copper and copper-based deposits'’. To cover a larger geographical area,
deposits from the Balkan Peninsula, Anatolia and the Cyclades are included™.

Legend: Bakadjik
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Fig. 8. Comparison of the Pb-isotope ratios of the copper tools from Kozareva
mogila and copper ore deposits in Bulgaria, Serbia, and Romania (an interactive 3D
scatter plot is available at: https://y-milev.github.io/milev_pont/Fig_8-9.html).

7 The analysis is performed by comparing the isotopic ratios of **Pb/**Pb, *’Pb/**Pb and
206Pb/2Pb. These are plotted in a three-dimensional scatter plot that provides a more detailed per-
spective (Fig. 7).

8 Data on the isotopic ratios of the deposits is taken from already published studies - AMOV,
BOGDANOYV, BALDJIEVA 1974; AMOV, BALDJIEVA 1976; AMOV et alii 1976; AMOV et alii 1981;
AMOV et alii 1985; WAGNER et alii 1986; DIMITROV et alii 1987; AMOV et alii 1989; WAGNER et
alii 1989; GALE et alii 1991; PERNICKA et alii 1993; STOS-GALE, GALE, ANNETS 1996; PERNICKA
et alii 1997, KOUZMANOV 2001; MARCOUX et alii 2002; BEGEMANN, SCHMITT-STRECKER,
PERNICKA 2003; KOUZMANOV et alii 2009; KUNZE, PERNICKA 2020; RADIVOJEVIC, REHREN,
PERNICKA 2021; TOMCZYK 2022.
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The analysis shows that none of the tools examined is made of an ore that
originates from Anatolia or the Cyclades (Fig. 6). The same can be said for Greece,
which is generally poor in copper deposits'. Rather, the archaeological finds can be
associated with copper deposits and/or ore fields that are located in relatively close
proximity to Kozareva mogila.

For example, the two chisels with similar isotopic characteristics (the small
chisel from grave No 10 and the one from grave Ne 30) could be associated with the
area of Bakadjik ore field, Yambol region. The lead isotopes of the two objects are
very similar to those of the Bakadjik deposit and fully overlap its signature field
(Fig. 8). This suggests that they could be made of copper that originates from this
deposit, or at least from this area. However, another possible source of raw material
could also be the copper deposit Bardtseto, located in Malko Tarnovo region. As can
be seen in the diagram, its signature field is close to that of Bakadjik. However, it
should be noted that the two deposits differ considerably in their abundance ratios.
In contrast to Bakadjik, where the lead isotope ratios are relatively homogeneous
and thus form a very compact signature field, those of Bardtseto are very diverse
and vary widely. This results in an isotopic field that is very extensive and hetero-
geneous, which in turn makes it difficult to work with this concrete deposit and
relate it to finished copper products. For this reason, although Bardtseto cannot be
excluded as a possible ore source, it is more likely that the ore from which the two
chisels are made originates from the Bakadjik area, with which the two finds have
very close similarities.

Of interest is the other copper chisel from grave No 10. Its lead isotope ratios are
different from those of the small chisel, which shows that the two finds are made of
different ore. At present it is difficult to identify the copper source used for the pro-
duction of this artifact. This is because the lead isotopes of the find are very different
from those of the deposits and do not match any of their signature fields (Fig. 8).
This may be due to the uneven exploration of the different ore areas, resulting in
missing data for part of the deposits. Another possibility is that the copper chisel
could be made of mixed ores, originating from several deposits, which would result
in the mixing of their lead isotopes?®.

The other two finds with similar isotopic ratios (the chisel from grave Ne 64
and the awl from the settlement mound) show similarities with the deposits at Varly
Briag and Zidarovo, located in Burgas region (Fig. 8). The signature fields of the two
deposits partially overlap, and the two finds fall into this exact zone. Because of this,
the two deposits can hardly be distinguished from each other. It has already been
noted that despite the similarities in lead isotope ratios, the two objects differ in their
chemical composition. This suggests that it is possible for the two finds to be made
from different ores. If this is true, it could be assumed that one of them is made of
ore originating from the area of Varly Briag, while the other is made of copper from
Zidarovo region.

For the awl from grave No 12, it can be said that it differs significantly from all
the other tools. The values of its lead isotope ratios can be related to the presence

1 PERNICKA 1987, p. 620, 647-678.
2 PERNICKA 1990, p. 103.



COPPER TOOLS FROM KOZAREVA MOGILA 307

of “radiogenic lead” in the composition of the metal, which has an influence on the
levels of lead isotopes?. This considerably reduces the number of deposits that can
be assumed to be possible ore sources, because such an anomaly is relatively rare.
However, there are several deposits where similar lead isotope behavior has been
observed (Fig. 9). These are the deposits in the area of Rosen ore field” — Rosen,
Medni rid and Propadnala voda, which are located near Kozareva mogila, as well
as Rudna Glava and Crnaika®, in eastern Serbia. Due to the proximity of Kozareva
mogila to the Rosen ore field, it can be suggested that this could be the more prob-
able source of raw material. However, Rudna Glava and Crnajka cannot necessarily
be excluded since deposits of this type are difficult to distinguish.

'\Medni rid

Grave No 12 g

&

Fig. 9. Comparison of the Pb-isotope ratios of the copper awl from Grave No 12
and copper ore deposits with highly radiogenic lead (an interactive 3D scatter
plot is available at: https://y-milev.github.io/milev_pont/Fig_8-9.html).

2 PERNICKA 1990, p. 104; PERNICKA 1993, p. 29, 51-52; PERNICKA 2014, p. 249.
2 KUNZE, PERNICKA 2020, p. 399-403.
% PERNICKA et alii 1993, p. 29.
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Conclusion

Kozareva mogila provides interesting information on the organization of met-
allurgy and the distribution of copper in the Late Eneolithic. The results of the analy-
ses show that the copper tools from the site are made from ore that originates from
several different places. The data that we have for the moment comes mainly from
the necropolis, where it can be seen that in the different graves, where copper objects
are found, the latter are made from raw material from various sources. Exceptions
are the small chisel from grave Ne 10 and that from grave Ne 30, which are made of
copper with a similar origin. It is also established that the two copper tools found as
part of the inventory in grave No 10 are made of different ores. Similar situations are
known from other sites, such as the necropolis at Durankulak?.

It is noteworthy that the presence of copper from Ai bunar has not been identi-
fied in Kozareva mogila, for the moment. The origin of the raw material used for the
production of the tools can be related to copper deposits and ore fields, which are
located in close proximity to the site-Zidarovo, Varly briag, Propadnala voda, Medni
rid. The most distant region with which some of the finds could be related is the area
of Bakadjik ore field.

Although the results presented here do not permit general conclusions, they
provide new information on the Eneolithic metallurgy in a region that is relatively
poorly studied, such as the area between the eastern slopes of the Balkan Mountains
and the Burgas Bay.

Acknowledgments

I would like to thank the excavators of Kozareva mogila, Petya Georgieva and
Veselin Danov, for the opportunity to work with the materials presented here. I sin-
cerely thank them for the detailed information and documentation provided as well
as the numerous consultations during the working process.

Iwould alsolike toexpressmy gratitude to the colleagues from “Curt-Engelhorn”
Zentrum Archdometrie, Mannheim, Germany for the conducted laboratory analy-
ses. I am very grateful for the great collaboration and the correct work.

BIBLIOGRAPHY

AMOV, BALDJIEVA 1976 — B. Amov, Ts. Baldjieva, Lead isotope composition in galenas
from sulphide mineralisations in Western Bulgaria, /loxaaas boarapckoit akagemnn Hayk, BAH
29/7 (1976), p. 1031-1034.

AMOV, BOGDANOV, BALDJIEVA 1974 — b. Amos, b. boraanos, LI. baaaxwnesa,
Msomonmotii cocmas ceutua u Hekomopvie 60npocyl zeresuca u 6o3pacma opydereruti FOxHoii
Boazapuu, in: B. Boraanos (pea.), Ilpooaemor pydoodpasosarus. IV Cummnosuym Mexoynapodro
accoyuauy no zemesucy pyonox mecmopoxderui, II, MunepaaHsle rmapareHe3)Chl TEKTOHIKA
pyAHBIX MecTopoKAeHuii, BAH 1974, p. 13—48.

AMOV et alii 1981 — B. Amov, V. Arnaudov, M. Pavlova, P. Dragov, Ts. Baldjieva,
S. Evstatieva, Lead isotope data on the paleozoic granitoids and ore mineralizations from the Western
Balkan Mountains and the Tran District (West Bulgaria). Isotopic ratios and geochronology, Geolo-
gica Balcanica 11/2 (1981), Sofia, p. 3-26.

* PERNICKA et alii 1997, p. 134-135.




COPPER TOOLS FROM KOZAREVA MOGILA 309

AMOV et alii 1985 -b. Amos, L. baadsxuesa, B. bpeckoscka, P. Aumumpos, b. Koavkoscicu, X.
Croiikos, T. Togopos, Msomontuiil cocmas ceuH1a, 60npochl 2eHe3UCA U 603PACcta MeCopoKeH Uil
IOxnoii boazapuu, Teoaorus pyaHsix Mectoposkaennii 3 (1985), Hayka, p. 3-17.

AMOV et alii 1989 - b. Amos, P. Aumntpos, B. I'epreaues, X. Croiikos, O. MaanHos,
Cpasrnumeren aHaius na u30monHus cbCmas HA 0A060MO 6 2areHumuy om Ycmpemckomo pyoHo
noae u waxou naxoduua om Cpednozopckama u Cmaponranurckama 3ona, PyaooOpasosaTeann
npouecu 1 MuHepaaHnu Haxoauiia, BAH 29 (1989), p. 3-13.

BEGEMANN, SCHMITT-STRECKER, PERNICKA 2003 - F. Begemann, S. Sch-
mitt-Strecker, E. Pernicka, On the composition and provenance of metal finds from Besiktepe (Troia),
in: G. A. Wagner, E. Pernicka, H.-P. Uerpmann (eds.), Troia and the Troad: Scientific Approaches,
Berlin/Heidelberg/New York, 2003, p. 173-201.

DIMITROV etalii 1987 -P. AumuTtpos, K. boraanos, 5. Amos, 1. baaaxuesa, /. OxeaHosa,
X. Crovixos, M. ITaBaosa, Vsomonen cocmas Ha 0A060M0 6 MeDHO-NOAUMEMANHO-NUPUIMOGUTNE
Muneparusauu om I'pamamurosckomo pyoro nore, Pyo0o0pasoBaTeAHM IPOLIECH I MITHEPAAHU
naxoguira, BAH 26 (1987), p. 11-19.

GALE ET et alii 1991 — N. H. Gale, Z. A. Stos-Gale, P. Lilov, M. Dimitrov, T. Todorov,
Recent studies 0g eneolithic copper ores and artefacts in Bulgaria, in: ].-P. Mohen, C. Eluere (eds.),
Découverte du metal, Paris, 1991, p. 49-75.

GEORGIEVA 1991 - IT. I'eopruesa, Ceauuyra mozura npu c. Kabaeukoso, ITomopuiicko,
Apxeorozuvecku omipumus u paskonku 1990, Aosey, 1991, p. 28.

GEORGIEVA, POPOVA, DANOV 2018 — P. Georgieva, M. Popova, V. Danov, Kozareva
Mogila: A settlement and necropolis in the West Black Sea region, in: S. Dietz, F. Mavridis, 7. Tan-
kosi¢, T. Takaoglu (eds.), Communities in Transition: The Circum-Aegean Area during the 5™ and
4™ Millenia BC., Monographs of Danish Institute at Athens, 20, Oxford/Philadelphia, 2018,
p. 107-119.

GEORGIEVA, DANOV 2021 - P. Georgieva, V. Danov, Kozreva mogila. The Eneolithic
necropolis (Excavations 2005-2018), in: S. Hansen (ed.), Archaeologia Bulgarica Supplement 2,
Sofia, 2021.

KOUZMANOV 2001 - K. Kouzmanov, Genése des concentrations en métaux de base et pré-
cieux de Radka et Elshitsa, Minéralogie, Orléans, 2001.

KOUZMANOV et alii 2009 — K. Kouzmanov, R. Moritz, Q. Von, M. Chiaradia, I. Peyt-
cheva, D. Fontignie, C. Ramboz, K. Bogdanov, Late Cretaceous porphyry Cu and epithermal
Cu-Au association in the Southern Panagyurishte District, Bulgaria: the paired Viaykov Vruh and
Elshitsa deposits, Mineralium Deposita 44 (2009), p. 611-646.

KUNZE, PERNICKA 2020 - R. Kunze, E. Pernicka, Pre-industrial mining in Medni Rid.
Geochemical analyses, in: R. Krauss, E. Pernicka, R. Kunze, K. Dimitrov, P. Leshtakov (eds.),
Prehistoric mining and metallurgy at the Southeast Bulgarian Black Sea coast, Ressoursen Kulturen
12, Tiibingen, 2020, p. 391-418.

MARCOUX et alii 2002 — E. Marcoux, L. Grancea, M. Lupulescu, J-P. Milési, Lead isotope
signatures of epithermal and porphyry-type ore deposits from the Romanian Carpathian Mountains,
Mineralium Deposita 37 (2002), p. 173-184 (DOI: 10.1007/s00126-001-0223-x).

PERNICKA 1987 — E. Pernicka E, Erzlagerstiitten in der Agiis und ihre Ausbeutung im
Altertum: Geochemische Untersuchungen zur Herkunftsbestimmung archiologischer Metallobjekte,
RGZM 34/2 (1987), p. 607-714.

PERNICKA 1990 - E. Pernicka, Gewinnung und Verbreitung der Metalle in prihistorischer
Zeit, RGZM 37/1 (1990), p. 21-129.

PERNICKA 1999 — E. Pernicka, Trace Element Fingerprinting of Ancient Copper: A Guide to
Technology or Provenance?, in: M. Suzanne, M. Young, A. M. Palland, P. Budd, R. A. Ixer (eds),
Metals in Antiquity, BAR International Series, 792, Oxford, 1999, p. 163-171.

PERNICKA 2014 — E. Pernicka, Provenance determination of archaeological metal objects,
in: B. Roberds, C. Thornton (eds.), Archacometallurgy in Global Perspective. Methods and



310 YORDAN MILEV

Syntheses, New York/Heilderberg/Dordrecht, 2014, p. 239-268 (DOI: 10.1007/978-1-4614—
9017-3, Springer).

PERNICKA et alii 1993 — E. Pernicka, F. Begemann S. Schmitt-Strecker, G. A. Wagner,
Eneolithic and Early Bronze Age copper artefacts from the Balkans and their relation to Serbian cop-
per ores, in: N. Bantelmann, B. Héansel, M. Miiller-Wille, K. Peschel (Hrsg.), Praehistorische
Zeitschrift 68/1 (1993), Berlin/New York, p. 1-54.

PERNICKA et alii 1997 — E. Pernicka, F. Begemannm S. Schmitt-Strecker, H. Todo-
rova, 1. Kuleff, Praehistoric copper in Bulgaria. Its composition and provenance, Eurasia Antiqua.
Zeitschrift fiir Archdologie Eurasiens 3 (1997), p. 41-180.

RADIVOJEVIC, REHREN, PERNICKA 2021 — M. Radivojevi¢, T. Rehren, E. Pernicka,
Metallurgical knowledge and networks of supply in the 5" millennium BC Balkans: Belovode and
Plocnik in their regional context, in: M. Radivojevi¢, B. Roberds, M. Mari¢, J. Kuzmanovi¢
Cvetkovi¢, T. Rehren (eds.), The Rise of Metallurgy in Eurasia. Evolution, Organisation and Con-
sumption of Early Metal in the Balkans, Oxford, 2021, p. 484-527 (DOI: 10.32028/9781803270425).

STOS-GALE, GALE, ANNETS 1996 — Z. A. Stos-Gale, N. H. Gale, N. Annetts, Lead iso-
tope data from the isotrace laboratory, Oxford: Archaeometry data base 3, ores from the Aegean, part 1,
Archaeometry 38/2 (1996), p. 381-390.

TOMCZYK 2022 — C. Tomczyk, A database of lead isotopic signatures of copper and lead
ores for Europe and the Near East, Journal of Archaeological Science Elsevier 146/105657 (2022),
p- 1-8.

WAGNER et alii 1986 — G. A. Wagner, E. Pernicka, T. C. Seeliger, I. Lorenz, F. Begemann,
S. Schmitt-Strecker, C. Eibner, O. Oztunali, Geochemische und isotopische Characteristika friiher
Rohstoffquellen fur Kupfer, Blei, Silber und Gold in der Turkei, RGZM 33/2 (1986), p. 723-752.

WAGNER et alii 1989 — G. A. Wagner, F. Begemann, C. Eibner, J. Lutz, O. Oztunaly,
E. Pernicka, S. Schmitt-Strecker, Archiometallurgische Untersuchungen an Rohstoffquellen des
Friihen Kupfers Ostanatoliens, RGZM 36/2 (1989), p. 637-686.



