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SOME REMARKS ON TIN ORE
DEPOSITS IN THE BALKANS

Ognjen Mladenovi¢
Belgrade

e-mail: mladenovic40@gmail.com

Abstract: This paper will present several tin ore deposits on the territory of Balkans and adjacent
areas, which could possibly be connected to prehistoric exploitation. Tin represented rare and
relatively inaccessible resource, necessary for tin-bronze production, so the question of tin origin
and distribution more and more comes to the focus of present day prehistoric archaeology.

Key words: tin, cassiterite, tin deposits, Balkans.

AncTpakT: V paoy he 6umu npukazana nesxcuwma pyoa Kaiaja Koja ce Haiaze Ha mepumopuju
Banxana, a koja 6u ce yjeono mozna 0ogecmu y 6e3y ca npaucmopujckom excnioamayujom. Kako je
Kanaj npeocmasmsao pemKy u peiamusho Henpucmynayny Cuposuny, d Heonxooau je 3a dobujarse
Kanajue OpoH3e, NUmMare He20802 NOpeKia u dame Jucmpubyyuje oanac je ceée suuie y (Goxycy
UCMPAXACUBARA NPAUCTOPUJCKE apXeoTozuje.

Kibyune peun: xanaj, kacumepum, nedxcuwma, bankan.
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Based on the quantity of tin ores in Earth’s crust, it represents a relatively rare ele-
ment, being in the 50" place.! On the other hand, tin is necessary for tin-bronze produc-
tion, and without a doubt it represented a luxurious and not so accessible resource. The
problem of available deposits, exploitation and distribution of tin becomes especially
conspicuous if we look towards Balkans and Eastern Mediterranean, as on these territo-
ries, during the Bronze Age, we record a great amount of bronze artifacts.

b.

Fig. 1 - Different forms of cassiterite mineralisation from Museum of Natural History in Berlin: a.
Erzgebirge/Ore mountains, Germany; b. Cornwall, England; c. Siberia, Russia.
Ca. 1 - Paznmuutn o6nuim MuHepanu3anuje kacutepura u3 [Ipuponmadxor Myseja y bepiuny: a.
Erzgebirge/Pynne rope, Hemauka; b. Kopuson, Enrnecka; ¢. Cubup, Pycuja.

In the early 20™ century, an interest for origin of tin in prehistoric bronzes increas-
es, while at the same time the idea of the Balkans as a possible source of tin in bronze
artifact from the territories of present day Greece (with islands) and Balkans appears
for the first time.? In his extensive paper dealing with tin in antiquity from 1986, Roger
D. Penhallurick once again discusses about possible tin deposits in Balkans,® and dec-
ade later Aleksandar Durman pays more attention to this problem.* Despite this, certain
authors tend to overlook the territory of Balkans when discussing potential trade and
exchange routes of tin, copper and bronze between Central and Southeastern Europe,
particularly in various phases of The Bronze Age.’

Present day tin ore deposits are globally well familiar,® therefore we can say that
the largest ones are located in Mali, Burma (Myanmar), Eastern parts of Siberia, Ni-
geria, England and Australia.” Speaking of Europe, largest tin ore deposits are located

! Stwertka 2002: 133—134.

2 Davies 1939: 89 and further; Idem 1932: 145 and further; Gaul 1942: 400 and further.
3 Penhallurick 1986.

* Durman 1997: 7 and further.

3 E.g. Kristiansen, Larsson 2005: 110 and further.

¢ We must count on the fact that some deposits could to this day remain undiscovered, and that some deposits could
be completely exploited in past, which would make it impossible for us to detect them.

7 Janji¢, Risti¢ 1995: 124-125.
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in Cornwall (England),® Central-Iberian Zone (Spain),” Massif Central and Brittany
(France),' and Erzgebirge/ Ore mountains (Germany/ Czech Republic).!! Besides those,
some smaller tin ore deposits are know from Mourne mountains (Northern Ireland),'?
Carmarthen (Wales),"? Isles of Scilly (England),'* Portugal,'* Northern Corsica (France),
Tuscany, Calabria, Sardinia, Sicily, Elba island (Italy),'¢ and Jizerské hory/Izera moun-
tains (Czech Republic/Poland).!” Several of these deposits provided data that could indi-
cate prehistoric exploitation.

Tin naturally occurs in two mineral forms i.e. ores — cassiterite (SnO,) and stan-
nite (Cu,FeSnS,) (Fig. 1). Although stannite is relatively widespread, there are no data
that would confirm its prehistoric exploitation, and even today it does not represent a re-
source of major economic significance. As for tin, it occurs in granites, pegmatite dikes,
and quartz veins, but also in high-temperature hydrothermal veins in or near granite.'®
As cassiterite is very resistant in surface conditions, it is very suitable for the formation
of secondary alluvial deposits."” Tin also possesses 10 stable isotopes (''?Sn, *Sn, '*Sn,
116Sn, "7Sn, '"¥Sn, "Sn, '2°Sn, '??Sn, '>*Sn),?° which is more than any other element and
makes tin very favorable element for provenance analysis. Tin provenance analysis are
becoming a more common method in archaeology for the past 20 years, thus helping
determine the origin of tin in greater amount of bronze artifacts. Several problems and
issues still occur, as tin provenance analysis methods are still being perfected.?! This
paper will present those deposits located on the territory of Balkans, but also in some
adjacent areas that stand in direct geographical connection with Balkans. Some remarks
will also be made on present data on potentials of prehistoric exploitation of Balkan tin
ore deposits. The deposits will be presented in geographical order, starting from North-
west towards Southeast.

8 Penhallurick 1986: 173-224; Tylecote et al. 1989: 435; Gerrard 1998; Pearce 2004: 8.

9 Merideth 1998: 64-67; Gumiel, Arribas 1990: 216-271; Rovira, Montero 2003: 15 and further.
10 Penhallurick 1986: 84, Map 15; McGeehan-Liritzis, Taylor 1987: 287-288.

" Bouzek et al. 1989: 203 and further; Beran, Sejkora 2006; Ulrich 2013: 135-140.

12 Warner et al. 2010: 29 and further.

13 Penhallurick 1986: 110.

14 Idem.: 119-122.

15 Neiva 2008.

1o Venerandi-Pirri, Zufardi 1981: 525 and further; Penhallurick 1986: 79; Dolfini 2013: 23-24, with complete earlier
literature; Benvenuti et al. 2014: 261 and further.

17 Penhallurick 1986:71; Pieczka et al. 2007: 219 and further, with complete literature.
18 Rapp 2009: 171.

19 Fletcher, Loch 1996.

2 Laeter, Jeffery 1965: 2899-2902.

21 E.g. Haustein et al. 2010: 816 and further; Balliana et al. 2014: 2973 and further; Yamazaki et al. 2014: 458 and
further.
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*

Smaller ore deposits, in which amongst others tin ore cassiterite occurs are lo-
cated in Bosnia and Herzegovina. These are deposits on Vranica mountain (Fig 2/1), as
well as possible alluvial deposits on Motajica and Prosara Mountains (Fig 2/2).2* Ore
deposits on Vranica mountain were extensively exploited primarily for gold during the
The Roman Period (from 1% century AD), while its prehistoric exploitation can be con-
nected to the period following the mid II millennia BC.? The results of recent analysis
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* Tin ore deposits exploited in prehistory
@ Potentialy exploited tin ore deposits

Fig. 2 - Tin ore deposits in the Balkans and surrounding areas.
C. 2 - Jlexumra kanaja Ha Teputopuju bankaHa u cyceHUM TepUTOpHjama.

conducted on bronze artifacts dated to the Transitional Period and Early Iron Age (Ha
Al —B3) of Central Bosnia and Herzegovina pointed to extensive exploitation of copper
ore in mentioned and adjacent areas in that period. This data could also to a certain extent
point out the potential tin ore exploitation. Future analysis of tin ore from Bosnia and
Herzegovina could provide us with some final data on this topic.*

On the territory of present day Serbia, several fluvial deposits in which tin ore
cassiterite occurs are known. In aforementioned paper on tin deposits in Southeastern

22 Durman 1997: 9, ref. 3.
2 Gavranovic¢ 2012: 103-104.
24 Gavranovi¢, Mehofer 2016: 87 and further.
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Europe by Aleksandar Durman, certain alluvial cassiterite deposits are mentioned in cor-
relation with Lesnica and Cernica Rivers®® which are descending from Cer Mountain
in western Serbia.’® As an incrising interest in prospecting the potential tin ore deposits
in Western Serbia appeared, a detailed geological survey, sampling and PXRF analysis
were conducted, thus proving that alluvial deposits do exist in banks of more than several
rivers and streams descending from mountain Cer. The highest yield of tin ore cassiterite
was provided by Milinska and Cernica Rivers (0.5 and 0.4% of cassiterite in samples)
(Fig. 2/3).%" Prehistoric
exploitation of these

deposits could be con- e VRE
firmed by recently con- 1.2 NS6 K4

ducted isotopic analy- Vojvodina
sis on more than 90 1.0+ B2 Group
bronze artefacts from -

the territories of Ser- 400'8_

bia and Romania.” All gvo 0.6 T
analysed artefacts are

dated to Late Bronze 0.4+

Age and Transitional

Period (Br C-Ha A)). 0.2+ Banat-Transylvanian Group
Namely, by cross-ref- hE

erencing these results 00 0.2 04 06 08
with the geographical 51205

e Sar,np led Fig. 3. Results of tin isotope analysis in reference to geographical
artefacts, three distinct distribution of sampled artifacts (after: Mason et al. 2016: fig. 4).
isotopic groups (signa-  Ci. 3. Pe3ynratn H30TONCKUX aHANIN3a KaJlaja y OIHOCY Ha reorpacko
tures) were proposed: MOPEKIIO y30pKoBaHUX npeamera (nmpema Mason et al. 2016: fig. 4).
Serbian Group, Vojvo-

dina Group and Banat-

Transylvanian Group (Figs. 3 and 4).%° Further cross-referencing these isotopic groups
with the results of isotopic analysis from cassiterite ore originating from Cer Mountain
could provide precise data on prehistoric exploitation. One sample, originating from

2 Durman 1997: 10.

26 On page 10 of his paper (Durman 1997), speaking of quantitative relationship of tin ores between Bukulja and
Cer mountans, Aleksandar Durman refers to paper: U prilog mogucnosti bronzanodopskog rudarstva u podrucju
planine Cera i Podrinju (Pani¢ 1991). At that point mentioned paper existed only as unpublished manuscript. It
remains uncertain if that paper was ever published, bearing in mind that I was not able to recover it.

" Huska ef al. 2014: 482—-489.

28 Some analyzed artifact originate from sites in present day Croatia (e.g. Vinkovci), although they are in collections
of Serbian museums.

2 Mason et al. 2016: 110 and further.
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Gologlava site, could not
be fitted into proposed
groups, as its isotopic sig-
nature remains unique for
now. Since Cer Mountain
is located in western Ser-
bia, we have to mention
a pottery fragment from
Spasovine site, located on
the right side of Milinska
river in Western Serbia,
which was covered with
glass-like slag traces, prob-
ably from vitrification. The
pottery fragment is pre-
liminary dated to Middle/ =~
Late Bronze Age.’® Later
PXRF analysis determined
that surface slag contains
copper and tin, possibly
pointing out to prehistoric
copper/tin/bronze  metal-
lurgy at this site.’! On the
other hand, it is known that
certain alluvial cassiterite
deposits exist in Bukulja
Mountain fluvial deposits
(Fig. 2/4).32 Possible al-

® Serbian
m Vojvodina
% Banat-Transylvanian

- o 1 Fig. 4 - Sites from which analyzed artifacts originate.
luvial cassiterite deposits C. 4 - JIoKaIuTeTH ca KOjUX MOTHYY aHAIN3UPaHH IPSIMETH.
are also connected to Bu-

janovac granite massive in Southern Serbia (Fig. 2/5). At this point, we have no data on
Bukulja or Bujanovac prehistoric tin exploitation.

The problem of tin ore deposits on the territories of present day Macedonia and
Bulgaria is to a great extent noticeable. Namely, no extensive research of tin deposits
was conducted so far on these territories. One of potential alluvial tin ore deposits is lo-
cated eastern from Strumica River, with the tin ore allegedly originating from Ograzden

3 Bankoff et al. 2013: 63.
31 Huska et al. 2014: 486-487.

321 was informed by geologist Miroslav Stojanovi¢ and coleague Olga Staréevi¢ from National Museum in
Arandelovac that there were no extensive geological surveys conducted in the area of Bukulja sice late 80s. There-
fore, in this paper I am presenting the data Aleksandar Durman provides.
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Mountain (Fig. 2/6).%* Tin is also detected in the composition of hemusite mineral, which
had been discovered in copper deposits near Chelopech in central Bulgaria (Fig. 2/7).%

Tin ore deposits are detected in several mineral formations on the territory of
Greece,* although cassiterite has only been confirmed on the island of Thinos in Cyc-
lades (Fig. 2/8).% Recently, a more intensive research is conducted on detecting tin ore
deposits, or possible routes which supplied this territory with tin.*’

We should also briefly mention several tin ore deposits that are not located on Bal-
kans itself, but have to be taken under consideration when speaking of origin of tin in this
territory. First, we have ore deposits that are connected with Apuseni Mountains and Car-
patians in present day Romania (Fig. 2/9). Recent isotopic analysis of bronze artefacts
dated to Early and Middle Bronze Age from the territory of Romania pointed out the
Alps and present day Slovakia as the origin areas of the copper ore.?® It remains unclear
whether various ore deposits in Romania were even large scale exploited in Bronze Age.
Tin ore deposits are also known from Anatolia in present day Turkey: such as Kestel*
on Taurus Mountains which is connected with prehistoric metallurgy traces at nearby
Goltepe site (Fig. 2/10),% or deposits on mountain Ercyes near Kiiltepe site (Fig. 2/11).*!

ksk

The question of origin and distribution of tin in Balkans and Eastern Mediter-
ranean still remains unanswered, although, lately an increased number of papers on this
subject are being produced. Some basic steps are certainly made, yet, for a detailed
debate on questions of distribution of tin in Balkans it seems necessary, if possible, to
obtain accurate data on which deposits and to what extent were exploited in prehistory.
Such data could be integrated in existing distribution patterns (e.g. copper, amber), and
thus provide even more precise information on prehistoric trade and exchange routes.

3 Durman 1997: 10.
3 Terziev 1971: 1847 and further.

35 In the papers from the beginning of 20" century Oliver Davies primarily speaks of existence of cassiterite deposits
in Greece (Davies 1932: 145 and further), but soon dismisses such views (Idem 1939: 253 and further). As the
problem of tin ore deposits and distribution of tin in Greece remains in focus even today, and modern researchers
seem to neglect the works of Oliver Davies, they are not taken under consideration in this contribution.

3¢ Skarpelis 2003: 159-164.

37 E.g. Gillis, Clayton 2008: 133 and further, with previous literature.
3% Pernicka et al. 2016: 477 and further.

3 Sharp, Mittwede 1994: 155-158; Yener 2000: 71-76.

40 Yener, Vandiver 1993: 207 and further.

4 Yener et al. 2015: 596 and further.
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Ormen Mutagenosuh
Beorpan

O JIEXUILITHUMA PYJIE KAJIAJA HA TEPUTOPUJU BAJIKAHA

[Tpobnem mopekita Kanaja Ha TepUTOpUjU bankaHa y CTpydYHO] JIUTEpaTypH ce
mojaesbyje mouetkoM XX Beka. On tana, pagosu Hip. Poyepa [lenanypuka (Roger D.
Penhallurick) u nenennjy kacuuje Anexcanapa JlypMaHa MOMHEbY pa3iHudTa JICKHUIITA
Kajaja Ha TepuTopuju bankana, HO M TOPE]] TOra YHHU CE J1a 10jSIMHU ayTOPH U JIaHac
npeBue TepuTopujy banmkana kaga pacnpasibajy 0 HOTSHIN]aTHUM [Ty TEBIMA TPTOBUHE
Y pa3MeHe Kaiaja, Oakpa u OpoH3e n3Mely obnmacTu ieHTpajiHe U jyrouctodne EBpore,
HapOUYUTO Yy Tiepuoay OpoH3aHor o0a. Hekonuko amyBHjaHHUX JISKHUIITA y KOjuMa ce
jaBJba KanajHa pyna kacuteput (SnO2) mosHaro je W3 TIAHMHCKHX CJIIMBOBA IJIAHHHA
Bpanuna (Cin. 2/1), Morajuna u I[Ipocapa Ha Tepuropuju bocue u Xepuerosune (Co.
2/2). Y BuIIe peka U MOTOKa KOju ce chyuTajy ca ranune Llep y 3amagnoj Cpouju
M3MepeHa je 3HaTHA KOJMYMHA KaCHTEepHTa, ca THMe aa cy peke MmmHcka n LepHu-
11a Ipy»xuie Hajoosse pesyarare ca 0,5%, oqaocHo 0,4% xacureputa y y3opunma (Co.
2/3). IlpancTopujcka eKcIioarayja OBUX JISKHINTa Moryia Ou OUTH oTBpheHa HeTaBHO
CTIPOBE/ICHIM H30TOIICKUM aHaim3aMma Ha mpeko 90 OpoH3aHUX MpenMeTa ca TepPHTO-
puje Cpouje u Pymynuje. CBU aHaIH3UPAaHU MPEIMETH Cy XPOHOIOIIKH ONPEICIbEHH Y
03HO OpoH3aHo 100a ¥ npena3Hu nepuoa. CIuYHa aTyBHjaIHa JCKHIITA JOBOAC CC Y
Besy ca bykyssom (Cr. 2/4) u OyjaHoBauKuM rpaHuTHUM MacuBoM (Ci. 2/5), mehyTum,
HEOIXO/IHA j€ MHTEH3UBHM]jA TCOJIONIKA IPOCIIEKIINja Kako Ou ce 00MM MOMEHYTHX Jie-
JKUINTA JIeTalbHUje ycTaHoBHO. Kaga roBopumo o tepuropuju Makenonuje u byrapcke,
W3BECHA AIyBHjallHA JIC)KUIITA CE TIOMHIbY UCTOYHO of peke CTpyMmuIle, T0K OM cama
pyna notunana ca rpanndse mwianuae OrpaxnaeH (Ci. 2/6). Kanaj je Takohe norBphen
Kao CacTaBHU JICO MUHEpAJa Xxemycum KOju MOTHYIE U3 JISKUINTa Oakpa ko1 Yeroneua y
nenrtpannoj byrapckoj (Cn. 2/7). Kanaj ce Ha Tepuropuju I'puke jaBba y pasindauTHM
MHUHEpaTHUM (hopMaIijaMa, 0K je Kao caMOCTalHa pyla OTKpPUBEH jequHo Ha Kukia-
muma, ofHocHO ocTpBy TurOC (Ci1. 2/8). Ca TepuTopHja Koje CToje Y HeTIOCPEIHO] BE3H
ca bankanom mo3nata cy Ham JiexxnmTa Ha oOpornnma Kapnara n AnyceHu miiaHnHaMa
y Pymynuju (Ci. 2/9), xao u nexuInTa Koja ce T0BOJIE y Be3y ca INTAHHHCKUM CHCTEMOM
Taypyc y Anapomuju (Ca. 2/10, 11).
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