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Abstract. — The important role of the Balkans in the origin and development of metallurgy is well established with respect to
copper. In addition, Aleksandar Durman, in his 1997 paper “Tin in South-eastern Europe?”, essentially initiated studies into the
role of the Balkans in Europe’s Bronze Age tin economy. He identified six geologically favourable sites for tin mineralisation and
associated fluvial placer deposits in the former Yugoslavian republics, and suggested that these may have added to the tin supply
of the region. The viability of two of these sites has been confirmed (Mt Cer and Bukulja, Serbia) but the exploitation potential for
the other locations has remained untested. River gravels from these four sites (Motajica and Prosara in Bosnia and Herzegovina;
Bujanovac in Serbia; Ograzden in North Macedonia) were obtained by stream sluicing and panning. The sites of Prosara and
Bujanovac were found to be barren with respect to cassiterite (SnO,). Streams flowing from Motajica and Ograzden were both
found to contain cassiterite, but in amounts several orders of magnitude less than at Mt Cer and Bukulja. Although it is possible
that minor tin recovery occurred at Motajica and Ograzden, it is unlikely that they could have contributed meaningfully to regional
tin trade. This is supported by the fact that the isotopic signature (§'24Sn) of cassiterite from Motajica is highly enriched in light

isotopes of tin compared to that associated with Late Bronze Age artefacts of the region.
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he quest for the origin of the earliest metallurgy

in southeast Europe dates to the first half of the

20t century when O. Davies published descri-
ptions of the remains of two mining shafts in Jar-
movac in south-western Serbia.! The period after the
Second World War was marked by papers that discus-
sed the prehistoric mining in the context of geology
and possible exploitation.? The discovery and excava-
tions of the prehistoric copper mines of Rudna Glava
in eastern Serbia and Ai Bunar in Bulgaria in the late
’60s, and Mali Sturac in the *80s, resulted in several
publications that addressed various aspects of prehisto-
ric copper mining, such as the material culture, chro-
nological positioning, and technological processes®,
primarily based on stylistic and typological analyses
of archaeological material (e.g. potsherds, crucibles,
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copper beads and malachite remains) from Neolithic
and Eneolithic sites.> Papers focused on physical-
chemical analyses followed in the 90s.® While the

! Davies 1937.

2 Simi¢ 1951; Simi¢ 1969.

3 The excavations at the site of Mali Sturac are still ongoing.
For previous results refer to: Antonovi¢, Vukadinovi¢ 2012, with
cited literature; Antonovi¢ 2018, with cited literature.

4 The most complete overview of the history of research and
current data and progress is provided in borocasisesuh-IlerpoBuh
2005 and Antonovi¢ 2018.

5 ¢f. Jovanovié 1971; Yeprux, Pagynuesa 1972; Jopanosuh
1974; Jovanovi¢, Ottaway 1976; JoBanosuh 1978; Cernych 1978;
Yepubx 1978; Jovanovic 1985.

6 Pernicka et al. 1993; Begeman et al. 1995.
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Fig. 1. Potential tin sources
identified by A. Durman (1997)

Cn. 1. Iowmenyujannu uzeopu xaiaja
upema A. [ypmany (1997)

search for the source of tin, necessary for the produc-
tion of tin-bronze, was ongoing in western Europe
throughout the 20™ century, it was essentially neglected
by local authors in south-eastern Europe.

In 1997, Aleksandar Durman published the article
“Tin in South-eastern Europe?”. This breakthrough
paper proposed that the long-sought source of tin dur-
ing the Bronze Age of south-eastern Europe need not
have been the large Variscan deposits of the Erzgebirge
or Cornwall, nor an exotic source in Central Asia.
Rather, he suggested small placer cassiterite (SnO,)
deposits in the Balkans may have provided tin for re-
gional bronze production. Based on communications
with Serbian geologist Dr. Antonije Antonovi¢, he
identified two Serbian sites as the most likely sources
for prehistoric exploitation, Mt Cer’ (20 km east-north-
east of Loznica) and Bukulja® (8 km west-southwest
of Arandelovac) (Fig. 1).

Mining companies and national geological sur-
veys have conducted feasibility studies of these two
placer deposits. As reported by Durman (1997), Mi-
hajlovi¢ (1978) estimated the gravels associated with
Bukulja’s Cigankulja stream contain sufficient cassite-
rite to produce approximately 225 tons of tin metal.
Tin placer deposits of Mt Cer were found to be signifi-
cantly larger than those of Bukulja, and this was con-
firmed by Tomi¢ (1991), who projected that the alluvial
deposits of the Lesnica and Cernica rivers contain suf-
ficient cassiterite to produce 2,700 tonnes of tin. Thus,
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only 0.1% of Cer’s current ore reserves could have
produced 30 tonnes of bronze, sufficient to supply the
entire central Balkan bronze production of the Late
Bronze Age.

Subsequently, highly disturbed archaeological sites
yielding predominantly fragments of Late Eneolithic
and Bronze Age pottery were documented adjacent to
the richest tin gravels at Mt Cer, and these include rare
fragments of technical pottery with tin-bearing vitre-
ous surfaces.? The Sn isotopic composition of Late
Bronze Age Serbian artefacts defines a regional clus-
ter south of the Danube River and west of the Morava
River (coincident with the location of Mt Cer) that is
consistent with those of the ores of Cer’s Milinska,
Cernica, and Lesnic rivers.'? Accordingly, Mason et
al. (2020) concluded that mining activities at Mt Cer
likely contributed significantly to tin metal produc-
tion of the region at that time.

In addition to Mt Cer and Bukulja, Durman (1997)
identified four other locations of interest.!! He repor-
ted an unpublished account of detrital cassiterite in
rivers at Bujanovac in Serbia, and a report by Tucan

7 Durman, 1997, 10.

8 Durman, 1997, 8.

9 Huska et al., 2014, 487-488.
10 Mason et al., 2020.

1 Dyrman, 1997, 9-10.
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(Geology of Ograzden is based on Boev et al. 2002; Geology of Motajica and Prosara is based on Ustaszewski et al. 2010,
Geology of Bujanovac is based on geological map of Vranje K34-56)

Cn. 2. Jlokayuje na xojuma je 8puiero y30pKosarbe

(ieonowike tiognoie 3acnogane cy: Oipadxcgena —Ha Boev et al. 2002; Moiiajuye u iipocape — na: Ustaszewski et al. 2010,

byjanosya — na ieonowxoj xapiiu Bparea, uceuax K34-56)

(1957) of cassiterite in streams that flow from the
Ograzden granite near Strumica in North Macedonia
(Fig. 1). In addition, he noted that the granites that lie
beneath Motajica and Prosara in northern Bosnia are
similar in composition to those of Mt Cer and Bukulja,
and so could potentially host similar mineralisation.
However, none of these four sites had been investigated
in detail to confirm whether detrital cassiterite is pres-
ent, and if so, whether sufficient quantities would have
allowed for production of a significant mass of tin.
The purpose of this study was to examine each of
these sites and evaluate their viability as potential pre-
historic placer tin mining sites.

Sampling and Methods

The bedrock geology and river drainage pattern
of each site was examined to identify the most likely
sites for placer tin accumulations (i.e., confluences of
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rivers with larger watersheds that cross-cut granite
bodies). For each stream that had sufficient water flow
to allow a sluice to operate, river gravels were sieved
(<2 mm) to produce approximately 30 litres of sand,
which was then fed through a portable sluice box. The
sluice output was panned on site to a “black-sand”
concentrate. An Olympus Delta portable x-ray fluo-
rescence device (pXRF) was used to determine the tin
content of the “black-sand” concentrate on site.

Initial sampling was undertaken at Motajica (M1
through M3) and Prosara (P1 through P3) in June 2017,
and reported on by Cruse et al. (2017). The remaining
samples, including a resampling of Motajica, were
collected in May 2018 when streamflow was more
conducive to sluicing. A total of 22 samples were taken
from 17 streams at the four study locations (Fig. 2):
four streams at Bujanovac (Bogdanovacka, Dragucica,
Krsevacka and Ljiljanovacka rivers), five at Ograzden
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(Jazga, Stucka, Suva, Vasilica, unnamed stream), five
at Motajica (Brusnic¢ki, Ina, Lepenica, Stojkovica, un-
named stream), and three at Prosara (Busovaca, Gas-
nica, Jablanica). In addition, one sample was taken
from both Mt Cer (Milinska) and Bukulja (Dugacko)
for comparison. At each sample site one bulk sample
was taken.

Samples were subsequently dried and the heavy
mineral concentrate was further purified by extracting
light minerals (<2.9 g/cm?) using flotation separation
with a solution of sodium polytungstate (3Na,WO,*
9WO,°H,0). The tin content of this concentrate was
determined by pXRF. The heavy mineral assemblages
were then fed through a Frantz Isodynamic Magnetic
Separator after magnetite was removed using a hand
magnet. Subsamples were taken at 0.5A, 0.7A, 1.0A,
1.75A, and the remaining non-magnetic fraction, the
non-magnetic fraction being that into which cassiterite
accumulates. The Sn content of the non-magnetic
fraction was determined by pXRF and then mounted
on adhesive carbon stubs for SEM examination and
mineral identification.

A Hitachi TM3030Plus scanning electron micro-
scope operating at 15kV and an Oxford Instruments
AZtec energy dispersive spectrometer with the AZtec
One software platform were used to identify all heavy
mineral grains mounted on each stub. These quantitative
analyses were used to define the major element compo-
nents of each mineral grain so that mineral formulae/
identities could be deduced stoichiometrically, in con-
junction with the physical features observable under the
SEM (form and cleavage) and binocular microscope
(colour, lustre). Emphasis was placed on the identifi-
cation of cassiterite and other Sn-bearing minerals.

Isotopic analyses of cassiterite from Cer and Bu-
kulja were presented recently in Mason et al. (2020),
and, so, analyses were not repeated in this study. Of the
samples from the four remaining sites, only sample
M6 from the Lepenica at Motajica contained a suffi-
cient mass of cassiterite to allow for the separation of
a cassiterite concentrate that could be used for isotop-
ic analysis. Grains of cassiterite (0.3—0.5 mm) were
identified by SEM-EDS analysis and then hand-
picked to form a cassiterite separate of >100 grains.
The cassiterite sample was digested following the
procedure of Mathur et al. (2017, p17): 0.1 g of -100
mesh cassiterite powder was mixed with 0.5 g of KCN
and heated at 850°C for one hour in graphite crucibles
contained within capped alumina crucibles. The re-
sulting reduced Sn metal beads were dissolved in
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heated ultrapure 11N HCI overnight. A small aliquot
of this solution was removed and dried and redigested
in ultrapure 1M HCI. This solution was purified using
the ion exchange chromatography described in Ballia-
na et al. (2013, 2981-2982) and employed by Mason
et al. (2016) and Mathur et al. (2017).

Analysis was conducted on the Neptune MC-
ICPMS at Rutgers University. Solutions were measured
at 50ppb Sn with 50ppb Sb ICP-MS standard, as de-
scribed in Mathur et al. (2017). Mass bias was correc-
ted for using Sb doped solutions and an exponential
mass bias correction defined in Mathur et al. (2017).
The corrected values were then bracketed with the
NIST 3161A Sn standard (Lot# 07033). One block of
30 ratios was collected. Data is presented relative to
the NIST 3161A Sn standard (Lot# 07033) in per mil
notation defined as:

XX Sn

Ii6,, sample

3"™*Sn%o = (

—1] % 1000
1
( xxS")NIST3161

1164,

Instrumentation 26 error for 8'24Sn is 0.02%.
Whole procedural 16 errors for analysis (ample varia-
bility, reduction, dissolution, purification, and analy-
sis) are 8120Sn= 0.08%o and 5'24Sn= 0.16%.. Note that
the 5!2#Sn and §'29Sn are reported relative to !1°Sn,
with a difference of 8 amu and 4 amu, respectively.

Results

The results are summarised in Table 1. In the pan-
ned black sand concentrates, tin was detectable in only
the Milinska at Mt Cer (1.4 wt%) and the Dugacko at
Bukulja (0.9 wt%). Tin was detected in post-flotation
heavy mineral separates at Cer (2.6 wt%), Bukulja
(1.2 wt%), two streams at Motajica (Brusnicki and an
unnamed stream, each with 0.33 wt%), and two streams
at Ograzden (Jazga 0.31 wt% and Vasilica 0.24 wt%).
In the non-magnetic mineral fractions tin was detect-
ed in samples from two additional sites, the Lepenica
at Motajica and an unnamed stream at Ograzden. No
tin was detected in samples from either Prosara or
Bujanovac

In addition to Cer and Bukulja, cassiterite was
identified in the non-magnetic fraction of one sample
from Motajica (M6 Lepenica) which contained 0.47
wt% Sn, and two samples from Ograzden (O3 Suva,
O5 unnamed stream), with 0.05 and 0.12 wt% Sn, re-
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Sample Stream Panned Heavy Liquid Ild[%gnetic Minerals of Interest

B1 Ljiljavancka nd nd nd

B2 Krsevacka nd nd nd

B3 Bogdanovacka nd nd nd

B4 Dragucica nd nd nd

BS5 Dragucica nd nd nd

B6 Dragucica nd nd nd

B7 Dragucica nd nd nd

Ml Ina nd nd nd Sn-bearing rutile, euxenite, bastnaisite
M2 Stojkovica nd nd nd Thorite, scheelite, euxenite, bismuth, brookite
M3 Lepenica nd nd nd Bastnaisite

M4 Brusnicki nd 0.03

MS5 Unnamed nd 0.03

M6 Lepenica nd nd 0.47 Cassiterite, ixiolite, euxenite
M7 Stojkovica nd nd nd

o1 Jazga nd 0.03 0.04

02 Stucka nd nd nd

03 Suva nd nd 0.05 Cassiterite, euxenite, scheelite
04 Vasilica nd 0.02 nd

05 Unnamed nd nd 0.12 Cassiterite, thorite, scheelite
P1 Busovaca nd nd nd Scheelite, wolframite

P2 Gasnica nd nd nd Scheelite, wolframite

P3 Jablanica nd nd nd Scheelite, wolframite

Cer Milinska 1.4 2.6 18.7 Cassiterite, euxenite, microlite
Bukulja Dugacko 0.9 1.2 11.6 | Cassiterite, wolframite, thorite

Table 1. Tin concentrations in various sample fractions in percent, as determined by pXRF,
along with key minerals identified through SEM-EDS analysis

Tabena 1. Konyenwipayuje xanaja y y3opyuma pasiuduiaux gpaxyuja, uzpasxcenu y qpoyeniiuma,
Kouyenitpayuje cy yiephene nyiiem pXREF ananuse, a inasnu munepanu uyitien SEM-EDS ananuze

spectively. Although these are the most Sn-rich sam-
ples found in this study, their tin concentration is two
to three orders of magnitude less that that found at Mt
Cer and Bukulja.

Although several other samples from Motajica
and Ograzden (M4, M5 and O4) had detectable Sn
based on pXRF analysis, no cassiterite was found. This
suggests that the Sn occurs as a component in other
minerals. This has been documented at Mt Cer, where
Sn is present within a microlite-series mineral
([Ca,Sn,U]Z[Ta,Nb]ZO6(OH,F])12 and within rutile
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[(T1,Sn)O,] in sample M1 from the Ina at Motajica.
All samples from Bujanovac and Prosara were found
to be barren with respect to tin in any form.

The cassiterite concentrate from sample M6 from
the Lepenica at Motajica yielded mass-dependent iso-
topic compositions of §!29°Sn=-0.44%o and §!2#Sn=
-0.83%o, relative to NIST 3161A. This contrasts with
the more heavy isotope weak to moderate heavy isotope

12 Powell et al., in press.
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enrichment displayed by similar multi-grain placer
samples from Mt Cer and Bukulja (5'24Sn of 0.3 to
0.8%o at Cer; 8!24Sn of -0.1 to 0.4%o at Bukulja).!?

Conclusions

Of the six potential tin placer deposits identified
by Durman, Mt Cer and Bukulja are by far the richest,
with both yielding percent-level concentrations of tin
in the panned black-sand concentrate. In addition,
cassiterite was documented to occur in stream sedi-
ments at Ograzden and Motajica, but at concentra-
tions several orders of magnitude lower than Cer and
Bukulja. Although containing other rare elements, in-
cluding tungsten, Prosara appears to be barren with re-
spect to tin. The Vranje geological map (K34-56) notes
the presence of Sn in the Dragucica River, along the
south contact of the Bujanovac pluton. However, four
separate samples taken along the same stretch of this
river failed to yield any trace of tin, as was the case for
the other three rivers samples at Bujanovac. This may
indicate that Bujanovac hosts very minor tin minerali-
sation, certainly less than would have been necessary
for the development of a mineable placer deposit.

Mason et al. (2020) demonstrated through isotopic
composition and geographic correlation that ore from
Mt Cer likely supplied much of the tin economy of
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Fig. 3. 6'24Sn values for Late Bronze Age

bronze artefacts from Serbia and Bosnia and Herzegovina,
as reported in Huska et al. (in press) after a -0.2%o shift to
correct for smelt induced fractionation, as compared to
cassiterite from Mt Cer, Bukulja, and Motajica.
(Cassiterite data for Mt Cer from Huska et al., in press;
Bukulja data from Huska et al., in press;

Berger et al., 2019)

Cn. 3. Bpegnociiiu 6'°Sn 3a tipegmeitie iio3nol
oponsanol goba uz Cpouje u buX (Huska et al., in press),
Kopuiosane ca -0.2%o kako ou ce ogcuipanuiu

eexiniu ppaxyuonayuje upoy3poroeane Mo /berbem,

y tiopeher)y ca 8pegrHoCiUMA JoOUjeHUM

3a kacumiepuiu ca Llepa, Byxymwe u Mouiajuye.
(Bpegnocitiu 3a kacuiliepuinl ipeyzeitie cy u3.

3a llep — Huska et al., in press;

3a bykywy — Huska et al., in press,; Berger et al. 2019)

Late Bronze Age Serbia south of the Danube. Although
Bukulja is a viable source of tin ore, there remains no
archaeological evidence that these deposits were ex-
ploited in prehistory. Nor is there a clear correlation
between the Sn isotopic composition of Bukulja ores
and local artefacts, particularly when the 0.2%o cor-
rection associated with smelt-related enrichment of
heavy isotopes in metal products is taken into account,
as recommended by Berger et al. (2019), Powell et al.
(2019) and Mason et al. (2020) (Fig. 3).!# Thus, it ap-
pears that Bukulja either was not mined in the Late
Bronze Age, or was a minor contributor to the tin eco-
nomy of Serbia relative to Mt Cer and the Erzgebirge
at that time.

The Sn istotopic composition of the multi-crystal
composite sample of cassiterite from Motajica is far
more enriched in light isotopes of Sn than that of Late
Bronze Age metal artefacts from the region (Fig. 3).
The full range of Sn isotopic composition of cassiter-
ite from Motajica cannot be determined from a single
analysis. However, the placer sample was composed of
at least a hundred individual sand- to silt-sized detrital

13 Mason et al. 2020
14 Mason et al., 2020.
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mineral grains. Thus, the composition of this sample
represents a multi-crystal average and, as such, is like-
ly to approach the central tendency of the deposit’s
isotopic composition. To support this assertion, the
mean and standard deviation of the set of nine placer
samples from the Erzgebirge reported by Haustein et
al. (2010) is 0.5640.12%o, as compared to 0.59+0.38%o
for the total of 43 samples. Accordingly, it is reasona-
ble to conclude that the Motajica mineralisation is
highly enriched in light isotopes of Sn. Given that none
of the 336 artefacts analysed by Mason et al. (2020)
yielded §!2#Sn values < -0.04 (Fig. 3), Late Bronze
Age artefacts with light isotope enrichment appear to

be absent from the region. Therefore, if the low-grade
placers from Motajica were exploited at all at that time,
they did not contribute to the regional tin economy.

Based on the results of on-site sluice- and pan-
based sampling, of the six potential Balkan tin ore
sources identified by Durman, only Cer, Bukulja and
Motajica appear to have sufficient cassiterite concen-
tration to have allowed for the potential exploitation
of placer gravels. Furthermore, based on the isotopic
composition of Sn from these sources compared to
Late Bronze Age artefacts, Cer is the only site that ap-
pears to have likely contributed substantially to the
regional tin economy at that time

Starinar is an Open Access Journal. All articles can be downloaded free of charge and used in accordance with the licence

Creative Commons — Attribution-NonCommercial-NoDerivs 3.0 Serbia (https://creativecommons.org/licenses/by-nc-nd/3.0/rs/).

Yacommc Ciniapunap je 10CTyNaH y pexKMMY OTBOPEHOT IpHCTyNa. YaHy 06jaB/beHN y 9acoIicy MOTy ce OeCIUIaTHO Ipey3eTH

ca cajTa yacoIica 1 KOpHCTHTH y ckiany ca muneHnom Creative Commons — AytopcerBo-Hekomepuujanno-bes npepana 3.0 Cp6uja

(https://creativecommons.org/licenses/by-nc-nd/3.0/rs/).

91

CTAPUHAP LXX/2020



Wayne POWELL, Ognjen MLADENOVIC, Steffanie CRUSE, H. Arthur BANKOFF, Ryan MATHUR

Revisiting “Tin in South-eastern Europe?” (85-94)

BIBLIOGRAPHY:

Antonovi¢, Vukadinovi¢ 2012 — D. Antonovi¢, M. Vukadi-
novié, Eneolithic mine Prljusa-Mali Sturac: archaeological
and geophysical investigations. Ciiapunap LXII, 2012,
95-106.

Antonovié¢ 2018 — D. Antonovi¢, Eneolitski rudnici bakra
na Balkanu, in: Povratak u proslost. Bakreno doba u sjever-
noj Hrvatskoj, (ed.), J. Balen, 1. Miloglav, D. Rajkovi¢, Za-
greb 2018, 187-2009.

Balliana ef al. 2013 — E. Balliana, M. Aramendia, M. Resa-
no, C. Barbante, F. Vanhaecke, Copper and tin isotopic
analysis of ancient bronzes for archaeological investiga-
tion: development and validation of a suitable analytical
methodology. Analytical and Bioanalytical Chemistry 405,
2013, 2973-2986.

Begemann et al. 1995 — F. Begemann, E. Pernicka, S.
Schmitt-Strecker, Searching for the Ore Sources of Eneo-
lithic and EBA Copper Artefacts from Serbia. Ancient Min-
ing and Metallurgy in Southeast Europe, B. Jovanovi¢ (ed.),
(Papers from the International Symposium, May, 20-25
1990, Belgrade-Bor 1995, 143—149.

Berger et al. 2019 — D. Berger, J. Soles, A. Giumlia-Mair,
G. Briigmann, E. Galili,N. Lockhoff, E. Pernicka, Isotope
systematics and chemical composition of tin ingots from
Mochlos (Crete) and other Late Bronze Age sites in the
eastern Mediterranean Sea: An ultimate key to tin prove-
nance?. PloS one, 14(6), 2019, ¢0218326.

Boev et al. 2002 — B. Boev, S. Lepitkova, G. Petrov, Grani-
toid formations in the Republic of Macedonia, Geologica
Carpathica 53, Proceedings of XVII Congress of Carpathian-
Balkan Geological Association, September 1-4 2002, Bra-
tislava 2002.

Borocasibesuh-Ilerpouh 2005 — B. borocassseBuh-Ile-
tpoBuli, [Ipancropujcku pynHUIM Ha IeHTpaiTHOM baka-
Hy. 300pHuK HapomaHor my3eja X VIII-1, 2005, 80-113. (V.
Bogosavljevi¢-Petrovi¢, Praistorijski rudnici na centralnom
Balkanu. Zbornik Narodnog muzeja XVIII-1, 2005,
80-113).

Yepuux, PanynueBa 1972 — E. Yepnux, A, Panynuesa,
Crapure MenHU pyaHULIH okouo Tp. Crapa 3aropa. Apxeo-
noeus XIV(1), 1972, 61-66. (E. Cernych, A. Raduncheva,
Starite medni rudnici okolo gr. Stara Zagora. Arheologiya
XIV(1), 1972, 61-66).

Cernych 1978 — E. N. Cernych, Aibunar — a Balkan copper
mine of the fourth millennium BC (Investigations of the
years 1971, 1972 and 1974). Proceedings of the Prehistoric
Society 44, 1978, 203-217.

92

Yepusnx 1978 — E. H. UepHbx, [ opHoe deno u memannypeus
6 Opesneiiweti Boreapuu. Codus 1978. (E. N. Cernych,
Gornoe delo i metalurgia v drevnitei Bolgarii. Sofia 1978).

Cruse et al. 2017 — S. Cruse, W. Powell, A. Huska, H.A.
Bankoff, V. Filipovi¢, Geochemical Prospecting at Mt. Pro-
sara and Motajica, Northern Bosnia: Examining Potential
Sites of Bronze Age Placer Tin Ore Mining. Geological So-
ciety of America Abstracts with Programs, 2017, 49(6).

Davies 1937 — O. Davies, Prehistoric copper-mine at Jarmo-
vac near Priboj na Limu. Glasnik Zemaljskog muzeja u BiH
XLIX(1), 1937, 1-3.

Durman 1997 — A. Durman, Tin in South-eastern Europe?
Opuscula Archaeologica 21, 1997, 7-14.

Haustein et al. 2010 — M. Haustein, C. Gillis, E. Pernicka,
Tin isotopy: a new method for solving old questions. Archae-
ometry 52, 816-832.

Huska et al. 2014 — A, Huska, W. Powell, S. Mitrovi¢, A.H.
Bankoff, A. Bulatovi¢, V. Filipovi¢, R. Boger, Placer Tin
Ores from Mt. Cer, West Serbia, and their Potential Ex-
ploitation during the Bronze Age. Geoarchaeology 29,
2014, 477-493.

Jovanovi¢ 1971 — B. Jovanovi¢, Metalurgija eneolitskog
perioda Jugoslavije, Beograd 1971.

Jopanosuh 1974 — B. Josanosuh, TexHonoruja pyrapcrsa
y panom eneonuty Llearpannor bankana. Cizapunap XXIII,
1974, 1-13. (B. Jovanovi¢, Tehnologija rudarstva u ranom
eneolitu Centralnog Balkana. Starinar XXIII, 1974, 1-13).

Jovanovi¢, Ottaway 1976 — B. Jovanovi¢, B. S. Ottaway,
Copper mining and metallurgy in the Vinca group. Antiquity
L, 1976, 104-113.

Jovanovié¢ 1985 — B. Jovanovié¢, Rudna Glava: najstarije ru-
darstvo bakra na Centralnom Balkanu, Bor-Beograd 1985.

Jopanosuh 1988 — b. Josanosuh, [Ipspyma — Manu ITy-
paw: [IpancTopujckn pyIHHK Oakpa U TOPCKOT KpUCTaia Ha
Pynuuky. 360pruk pagosa Hapogroi myseja Yauax XVIII,
1988, 5-12. (B. Jovanovi¢, Prljusa-Mali Sturac: Praisto-
rijski rudnik bakra i gorskog kristala na Rudniku. Zbornik
radova Narodnog muzeja Cacak XVIII, 1988, 5-12).

Mason et al. 2016 — A. Mason, W. Powell, A. H. Bankoff,
R. Mathur, A. Bulatovi¢, V. Filipovi¢, J. Ruiz, Tin isotope
characterization of bronze artifacts of the Central Balkans.
Journal of Archaeological Science 69,2016, 110-117.

Mason et al. 2020 — A. Mason, W. Powell, A. H. Bankoff,
R. Mathur, M. Price, A. Bulatovié, V. Filipovié, Provenance
of tin in the Late Bronze Age Balkans based on probabilistic
and spatial analysis of Sn isotopes. Journal of Archaeological
Science 122, Article 105181.

CTAPUHAP LXX/2020



Wayne POWELL, Ognjen MLADENOVIC, Steffanie CRUSE, H. Arthur BANKOFF, Ryan MATHUR

Revisiting “Tin in South-eastern Europe?” (85-94)

Mathur et al. 2017 — R. Mathur, W. Powell, A. Mason, L.
Godfrey, J. Yao, M. Baker, Preparation and measurement of
cassiterite for Sn isotopic analysis. Geostandards and Geo-
analytical Research 41,2017, 701-708.

Mihajlovi¢ 1978 — K. Mihajlovi¢, Aluviajalno leziste kasi-
terita. Cigankulja. Radovi sa IX Kongres Geologa Jugosla-
vije, Sarajevo 1978, 620-624.

Pernicka et al. 1993 — E. Pernicka, F. Begemann, S. Schmitt-
Stecker, G. A. Wagner, Eneolithic and Bronze Age copper
artefacts from the Balkans and their relation to Serbian cop-
per ores. Prehistorische Zeitschrift 68(1), 1993, 1-57.

Powell et al. 2019 — W. Powell, R. Mathur, J. John, M.
Price, H.A Bankoff, M. Tisucka, L. Godfrey, Unearthing
Europe’s Bronze Age Mining Heritage with Tin Isotopes: A
Case Study from Central Europe. European Geologist, 48,
58-62.

93

Simi¢ 1951 — V. Simi¢, Istoriski razvoj naseg rudarstva,
Beograd 1951.

Simié¢ 1969 — V. Simi¢, Istorijski osvrt na rudarstvo bakar-
nog rudista u Boru i okolini. Zbornik radova Rudarsko-me-
talurskog fakulteta i instituta u Boru VIII, 1969.

Tomi¢ 1991 — R. Tomi¢, Godisnji izvestaj o izvrsenim teh-
noloskim ispitivanjima kalaja i retkih metala u aluvijalnim
lezistima Lesnice i Cernice u podrucju Cera u 1990. godini,
Beograd 1991.

Tuéan 1957 — F. Tuéan, Specijalna minerologija, Zagreb
1957.

Ustaszewski ef al.2010 — K. Ustaszewski, A, Kounov, S.
Schmid, U. Schaltegger, E. Krenn, W. Frank, F. Fligen-
schuh, Evolution of the Adria-Europe plate boundary in the
northern Dinarides: From continent-continent collision to
back-arc, Tectonics 29, 2010, TC6017.

CTAPUHAP LXX/2020



Wayne POWELL, Ognjen MLADENOVIC, Steffanie CRUSE, H. Arthur BANKOFF, Ryan MATHUR

Revisiting “Tin in South-eastern Europe?” (85-94)

Pesume: BEJH ITAVEIJL, Onesseme 3a TeOHAyKe U MIPUPOAHY CPEeauHy, BpykiuH kojen
OI'bEH MJTAIEHOBWh, Apxeonomku HHCTHTYT, beorpan
CTE®AHU KPVY3, Uncturyr 3a pynapctso Konopano
X. APTYP BAHKO®, Onesbeme 3a aHTPOIIOJIOTH]y U apXeosorujy, bpykima kosert
PAJAH MATYP, Onespeme 3a reosiorujy, JyHuarta KoJe

JOoml JEAHOM O ,,KAJIAJY Y JYTOUCTOYHOJ EBPOIIN?”

Kmwyune peuu. — CBOIOBH, 1I€BH 3a CBOJIOBE, KepaMuuKe LeBH, tubi fittili, Timacum Minus, TexHuke rpal)ema, puMCcKa apXUTEKTypa,
KaCHOAHTUYKA apXUTEKTypa, CEBEPUjaHCKH TIEpUOJI, jyrorctouna EBpona

OOHOBOM apXEOJOIIKUX UCKOTIaBamkha aHTHYKOT KacTena Tuma-
kKyM Munyc 2019. rogune cTBopuie cy ce HoBe MoryhHocTu 3a
TyMaucra HbEroBiX rpal)eBrHa KOje Cy HCTPaKHBAHE TIPE BHUIIIE
netenrja. Mely ocraimymMa rpaljeBuHa OKO aHTHYKOT KacTesa
Timacum Minus-a noceOHy NaXXiby TPHUBIIAYN IETUMHIHO HC-
TpakeH ,,00jeKaT ca XUIOKayCTOM ’, HAPOUUTO y MOTIIEAY Hhe-
TOBUX KOHCTPYKTHBHMX KapaKTepucTHka. [lopen nHade yectnx
AQHTUYKUX KOHCTPYKIMja XUIOKAyCTa U 3UIHOT rpejamba, Mehy
ocTanrMa oBe rpaljeBHHE youcHa je u mocebHa Bpcra rpahe-
BHHCKHX €JIeMEHaTa — KepaMHYKe LIEBH 3a CBOJIOBE. Bemnnka
KOJINYMHA OTKPUBEHHX L[EBH yKa3ala je Ha TO Jia je oBa rpalje-
BHHA 3aKCTa UMaJa CBOJ0BE n3paheHe oJ1 IHX.

HMaxo je mojaBa 1[eBU 3a CBOIOBE MPHINKOM HUCTPAKUBAHA
AHTHYKUX JIOKAJIUTETA HAa Ty jyrouctoune EBporme perucrpo-
BaHa, OHA HHjE JOBOJHHO JIOKYMCHTOBAaHa, Kao LITO HU cama
(byHKIMja [[eBU Y4eCTO HUje Mperno3Hara. JeiaH of pasiora 3a
TO jecTe HeJJOBOJbHA yIyNeHOCT HCTpaKuBaya y creruduaHe
KapaKTEePHCTHKE LIEBU 3a CBOJIOBE U HUXOBY (QYHKLH]Y, ycien
Yera ce OHEe MellIajy ca BOZOBOAHUM LIEBUMA, TyOyllycHUMa Hin
KaJIeMOBHMMa BE3aHUM 3a 3UJHO Tpejame — Oynyhn a cBaku of
THX eJIEMEHATa MPHIaga KePAMHUYKHM [TPOU3BOANMA KOjU CY
HaMeHCHH Tpal)eBHHAPCTBY.

V pajy cy pazmarpaHe KapaKTEepHCTHKE LIEBH 32 CBOIOBE
Ha Tumakym MuHycy, Ka0 1 KOHTEKCT y KOMe Cy mpoHaleHe
yHyTap ,,00jekTa ca xunokaycrom”. Ha ocHOBy Hanasa medara
koxopre Aypenuje 11 lapaganopym oxpeheno je na ,,00jexart
ca XHMIIOKAayCTOM” M KOHCTPYKI[Hja CBOJOBA O] KEPAMHUYKHX
uesu notudy u3 I Beka — y KoMe je 1 HHa4e [ojaBa THX CBOJIO-
Ba KpoM PumMckor rapcTa Ouia yecra.

ITpuIMKOM CHCTEMAaTH3alUje BPCTa KePaMUYKHX [IEBU Ha
Tumaxkym MuHycy moceOHO je U3BOjeHa OHa Koje je OHIo Haj-
BHILIE Y ,,00j€KTy ca XUIIOKayCTOM”. Y CKIIOIY K€ je IPEero3Har
U cacBUM crienu(uyaH [IEHTPAJIHH CIEMEHT KOjH je oMoryhasao
Jla ce JIBa HU3a [IEBH Ha MCTOM IIPaBILY, aJIH U3 CYIPOTHUX CMe-
poBa, mehycoOHo crioje. Taj enemMeHT je neduHIcao 0OIHK CBO-
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Jla KOjUM Cy Oujie MOKPHBEHE MPOCTOPHUjE UHjY j€ PEKOHCTPYK-
11jy OCHOBE OMII0 Moryhe W3BpIIHTH.

APXUTEKTOHCKE aHaJH3e ,,00jeKTa ca XUIMOKAyCTOM”, Kao
U KapaKTePUCTHKE YOUCHE Ha CAaMUM IIEBHMa yKa3aye Cy Ha TO
Jia Cy MpocTopuje Ouiie MOKPUBEHE MOJIyOOINYacTHM CBOJIOM,
n3rpal)eHUM OJ1 JTyYHHX BEPTHUKAIHUX HU30BA LIEBH KOjE CY y Te-
MeHy Ouie ,,3aKJby4aHe” IIeHTPaHIM eJIEMEHTOM. PekoHCTpyK-
[Mja u3Iieaa [eBH U HauMHa HBUXOBOT pehama ykiamna ce y
XPOHOJIOTH]y U3BOherma 00jekTa u cBoja TokoM 111 Beka. [lamum
CTaTMYKUM aHalli3aMa JIOILUIO Ce JI0 jOII HEKOJIHKO Ca3Hamba.
ITokazaJio ce jia je mpeKko CBoJa MOpao OWTH HaHeceH ofpeheH
€J10j MaNTEepHE Mace Ja Ou AeOJpHHA CBOZIA JOCETIIa ONTHMAIHY
BpenHocT y omncery 20-30 cm. Ha ocHOBYy mponopiiija o0jexra
Koje cy onpel)eHe y BeroBoj OCHOBH MCIIUTaHa je BUCHHA 00jek-
Ta, Ie je Tpyna ciydajeBa Takohe neduHHCcaHa TPOIOPIIHO-
HaiHO. [Tpema HalmMM aHask3ama, 3U10BH IPOCTOpHja ,,00jeK-
Ta ca XUIOKayCTOM” y KOjUMa Cy LIEBH PETHCTPOBAHE MOLIIH Cy
nocesaTd BUCHHY 10 3,08 m, JOK je BUCHHA TPOCTOPH]ja Y TeMe-
Hy cBoja Moria outu 6,16 m.

OBHM HCTPOXUBABEM TTOKYIIAIH CMO J1a YKaKeMO Ha Be-
JIMKH 3Ha4aj [0jeANHAYHUX apXUTCKTOHCKO-rpaljeBUHCKHX eJie-
MeHara, a Mel)y ’iMa U KepaMHYKHX 1IEBH 3a CBOJOBE, KOjHMa
ce 4ecTo He MpHaaje J0BOJbHA Maxma. Hamazn kepaMHUKUX
11eBU 3a cBoJIOoBE Y Tumakym MuHYCY, y3 U3BpIIEHE apXUTEK-
TOHCKE aHaJlh3e, YIOTIYkbY]y CIMKY OTKPUBEHOT ,,00jeKTa ca
XHIOKaycToM” n3 BuIle acrekara. [loceOHo je 3HauajHO aedu-
HHCambe IEeroBe BICHHE, KOje jé BeoMa TEIIKO 32 aHTHYKe Tpalje-
BHHE npodaHe apXUTEKType Ha HameM Ty Oyxyhu na cy Haj-
yemhe cadyBaHe y NMPHU3EMHO] WM TEMEJbHOj 30HH. 3HA4aj
Haja3a KepaMHU4KHUX LEBU 3a cBoioBe y Tumakym Munycy Be-
JIUKH je CTOTa IITO je OH OMOryhno Kako KOHKPETHO Ae(pHUHH-
came KOHTEKCTa IHXOBOI Haja3a Tako M PEKOHCTPYKIIH]Y
obnuka onpeleHux nenosa rpaheBrHe moMohy Tor eleMeHTa,
IITO /IO CaJia HUje UCTPAKMBAHO MPHIMKOM aHaJM3a aHTHYKE
apXUTEKType Ha Iy jyroncroune Espore.
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