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BobBegenne

bprrapcknre Crapa maHnHa u Pogomm ca 6ora-
TV Ha Mefl, 3/1aT0, 0JI0BO, Cpebpo 1 LuHK. To3n daxrt
JI0 TONMsAMA CTeIeH e CBbp3aH C aIIMMIICKUSA Mar-
matusbM (Ciobanu et al. 2002). Meguute pymu ot
TO3M pailoH ca OWIM eKCIUIOATHpaHM OT IPaucTo-
pudeckute Kynrypu ome ot 5000 r mp. Xp. (O’'Brien
2014), ¢ usuncienu okono 500 ToHa Meq, Oo6UTA OT
XaJKomuTHUTe MUHK Ha At Bynap (YepHbix 1978a).
Bce mak smmcara Ha 3HauUMMM O 00eM KajlaeHu
PyAu, TIpeAmosara, 4e To3u MeTan TpsibBa Jja e BHa-
CsH, 3a Ja OCHUTYpsiBa IPOU3BOJICTBOTO Ha OPOH3 B
[HENIHNTe ODBITApCKM 3eMM IIpe3 IMpauCTOPUsATA.
[InpoxomaijabHa TpaHCPErMOHATHA THPrOBUA C Ka-
nait e Kobpe yCTaHOBeHa IIpe3 KbCHaTa OpPOH30Ba
eroxa B V3rounoro CpenusemHoMopue (Bass 1986,
Galili et al. 1986). IIpensuy 6nusocrra Ha Boarapus
o Ereiicko Mope e BeposATHO TOBa yoOHO reorpad-
CKO pAasIONOXKeHMe Jja € IMOAIIOMarajgo MMIIOpTa Ha
Kanait. JJobpe JOKyMeHTMpaHN KamaeHU pyau obade
ce cpemaT 1 B IlaHuHUTe Epnre6upre B Boxemus.
Vska3aHnu ca CTaHOBMILA, Ye BaKHA PO MOXKe fia ca
UMM ¥ pygHM Haxopuua B [lMHapckute Annu B 3a-
nazHa Cop6usi. Te3u eBpoIeiCKI pyAu MOXKe Jja MMat
3HAUNTeNeH INPUHOC KBbM IIPOU3BOJICTBOTO Ha OPOH3
B peruona Ha [lonen Iynas (Bix Hecen u Ilepunika
B TO3Y TOM).

EBpomneiickusAT Kanait 1 6poH30Bara enoxa

Haxopuma ot 6maropogsu u HebmaropogHu MeTamy (Ha-

Introduction

The Balkan and Rhodope mountains of Bulgaria
are rich in copper, gold, lead, zinc, and silver, for
the most part associated with Alpine magmatism
(Ciobanu et al. 2002). Copper ores from this re-
gion were exploited by prehistoric cultures as ear-
ly as 5000 BCE (O’Brien 2014), with an estimated
500 tonnes of copper metal produced from the
Chalcolithic mines of Ai Bunar alone (Yepubix
1978a). However, lacking volumetrically sig-
nificant ores of tin, this metal must have been
imported to supply Bulgarian bronze produc-
tion in present day Bulgarian lands throughout
Prehistory. Large-scale, trans-regional trade
of tin was well established in the Late Bronze
Age of the Eastern Mediterranean (Bass 1986;
Galili et al. 1986). Given Bulgaria’s proximity to
the Aegean, it is probable that this appropriate
geographic location contributed to Bulgaria’s
tin imports. However, well-documented tin ores
occur in the Erzgebirge Mountains of Bohemia.
Some opinions exist about the important role
of the ore deposits in the Dinaric Alps of west
Serbia. These European ores may have contrib-
uted significantly to bronze production in the
Lower Danube region (cf. Nessel, Pernicka, this
volume).

European Tin and the Bronze Age

Deposits of both precious and base metals
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IIpYMep 371aTO U Mel) Ce CPEILaT BbB BCUYKY IVTAHNHCKI
IOSICU B CBETOBEH Mallal, 3all0TO TEXHUAT TeHE3NC €
CBDBP3aH C TUIIMYHUTE MarMaTUYHU IIPOLECU, KOUTO Ce
C/Iy4BaT Ha IpaHUINTE Ha OTAenHUTe I1oun (Robb 2012).
3a pasiuka oT TAX, HAXOfMIIATA Ha KaJIail ca MHOTO II0-
MaJIKO M Te0rpad)CKOTO MM pasIpefie/ieHIe e HepaBHOMep-
HO )1 pasNokbcaHo. ToBa e Taka, 3al0To 06pasyBaHETO
Ha KaJJaeHUTe PYAY U3UCKBA CHBIAJIaHe HA HeOOUYAITHO
oborarsBaHe Ha Kajail B JOJHATA KOpa 1 HeXapaKTepeH
TOIUIMHEH IPUBHOC OT MaHTuATa (Romer, Kroner 2016).
Benuku gpeBHM eBpoIeiicky MecTa 3a HOOMB Ha Kasait
ca CBBP3aHNU C KbCHU Bapucky rpaHuTy (okoyo 300 Ma)
VI ca OTPaHMYEHM B Pa3IPOCTPAHEHNETO CU B JalajHa U
Henrpanua EBpoma. Haxopuuiara 8 Eprre6upre (boxe-
MIIST) ca Hail-O/3KuTe BapyucKu pyau o bwirapus, pas-
nonoxkeHn Ha okoyo 1100 km ot gremHa Codns. Toky-
MEHTUPAH ¢ CPEHOBEKOBEH PYOfOOUB OT HAXOMMIIATA
B Epure6upre (Taylor 1983).

B mombnHenne, reorpadckara Kopenamys Ha pyauTe ot
Epurebupre n Yuemuyxama Kynrypa, KakTo 1 Xapax-
TepHUTE MeTATHU NPefMeTH, IPefIoaraT 4e Kajasrt
3a Te3u apredaxty e fobuBaH nokanHo (Bouzek et al.
1989, Nessel et al. 2015), BepOsTHO OT 1€CHU 32 U3BJIN-
JaHe PeYHV pa3CUIIHMU Ka/laeH) HaXONMIIA, KaTo ce MMa
IpeaBNUJ, e He ca JOKYMEHTMPAHU MUHM OT OpOH30-
BaTa eroxa.

VI3BecTHY ca HAKOJIKO IIO-MaJIKM KaJlaeH! PYJOIIpO-
SIBJIEHVIST, KOMTO Ce HAMMPAT B ITO-M/Iaayisi AJIIUIICKU
nosic (ox. 20 Ma), BxmounTendo Tockana, HO>kHa
Typumst u 3anagua Cep6us. Berupexu we Te3n npu-
MepU 32 a/IIUIICKM OPY/ABAHNA Ce CMATAT 32 TBBPJIE
MaJIKy, 3a a 0BT OT MKOHOMUYECKHU NHTepeC THEC,
Te OMXa MOI/INM Ja ca IPeICTaB/sIBAIU 3HAYMTETeH
pecypc Ha pyau 3a ManoMalabHNUTe IPaNCTOPuIec-
KI MMHHU JeiiHoCTH. 3a Kanmas B 3amagHa Chp6us
3aI104Ba fia ce roBopu oT cpefiaTa Ha XX Bek. Kamasar
ce 006CHKIa KaTo Bb3MOYKEH CYPOBMHEH M3TOYHMK 32
OpounsoBara emoxa (Hamp. Muhly 1985, Penhallurick
1986, McGeehan-Liritzis, Taylor 1987, Durman 1997,
Harding 2000). IToppo6HO reoXuMMu4YHO M3CIefBa-
He Ha BOJOM3TOYHMIIMTE OKO/IO MraHyuHata Llep e
olpefeNIo, Ye HaTPYIBaHMATA Ha Kajail ce orpa-
HIYABAT [JO TPY OCHOBHM IIOTOKA HAa IOXKHUS XBIM
Ha mwranuHata (Huska et al. 2013). B cpioro Bpeme
IIPY apXeOTOTNIeCKy U3AUPBAHNS Ca PerMCTPUPAHA
MHOTOOPOITHN CeNnia OT KbCHATA OPOH30Ba €I0Xa
[I0 PEeYHUTE Tepacy, B HEMOCPeNCTBeHa O1M30CT 10
BCEKM eflMH OT Te3U KajaichabpxKamy notoun. OT
Iipyra CTpaHa, He € OTKPUTO HUTO eHO CeJiIle OT
OpOH30BaTa eroxa Ha TepacuTe, OMMU3KU [0 PEKUTE,
6enuu Ha Te3u Mmunepanu (Huska et al. 2013).

(e.g., gold and copper) occur in all mountain
belts globally, because their genesis is related to
typical magmatic processes that occur at plate
boundaries (Robb 2012). In contrast, tin depos-
its are far fewer in number, and their geographic
distribution is patchy and discontinuous. This is
because the development of tin ores requires the
coincidence of unusual enrichment of tin in the
deep crust and atypical heat input from the man-
tle (Romer, Kroner 2016). All of Europe’s historic
tin-mining camps are associated with late-stage
Variscan granites (ca. 300 Ma), and are limited
in their distribution to western and central Eu-
rope. The deposits of the Erzgebirge (Ore Moun-
tains) of Bohemia are the closest Variscan ores
to Bulgaria, lying approximately 1,100 km from
present-day Sofia. Medieval mining of deposits
of the Erzgebirge has been documented (Taylor
1983). In addition, the geographic correlation of
the Erzgebirge ores and Unétice culture, along
with its characteristic metal objects, suggests
that the tin for these artefacts was mined locally
(Bouzek et al. 1989; Nessel et al. 2015), possibly
from easily extractable fluvial placer cassiter-
ite deposits, given that no Bronze Age bedrock
mines have been documented.

Several smaller tin occurrences are known to
lie within the younger Alpine belt (ca. 20 Ma),
including Tuscany, southern Turkey, and west-
ern Serbia. Although these examples of Alpine
mineralization are considered too small to be
profitable today, they could have provided sig-
nificant ore resources to small-scale prehistoric
mining operations. Tin has been known to oc-
cur in West Serbia since the mid-20" century,
and has been discussed as a possible source of
Bronze Age tin (e.g., Muhly 1985; Penhallurick
1986; McGeehan-Liritzis, Taylor 1987; Durman
1997; Harding 2000). Detailed geochemical sur-
vey of the streams around Mt. Cer determined
that tin accumulations were limited to three ma-
jor streams on the south flank of the mountain
(Huska et al. 2013). At the same time, pedestrian
archaeological survey discovered highly dis-
turbed Late Bronze Age habitation sites on river
terraces adjacent to each of these tin-bearing
streams, whereas none were found on terraces
above nearby barren rivers (Huska et al. 2013).

Cassiterite (SnO,) is the primary tin ore mine-
ral. Being dense (6.9 g/cm?), hard (6-7 Mohs
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O6p. 1. IIpomusane u HaboeamsasaHe HA KACUMEPUI C NOMOULMA HA NOPMAMUBEH yriell U HA naHep
no nopeuuemo Ha Mununcka pexa

Fig. 1. Portable sluice and pan collecting and concentrating cassiterite in the Milinska River

Kacurepurpr (SnO,) e mbpBudeH KanaeH pyjieH MUHe-
pan. bugeiiku mrwren (6,9 g / cm?), TBuppA (6-7 TBBP-
moct mo Moc) M XUMUYECKM CTaOuleH Ha BBHIIHA
BDB3JIEIICTBUSA, ETPUTYCHUAT KACUTEPUT MOXe JAa ce
aKyMy/upa 1 KOHLIEHTpPUPa B CeMMEHTI OT U3BeTpe-
U PY[M HAJIONY 10 TedeHMATa (PasCUITHM HAXOAMIIA).
OnyBuanHuTe HaxoauIa ce 06pasyBar B peKit U IIOTO-
11, KbJIETO HMBATA HA eHeprusl HAMA/ABAT O TPaji-
eHT Hafjoly. B TakyBa Haxomuiya KOHIL|EHTpPALMNUTe Ha
KacuTepuT 0OMKHOBEHO Ce OTPAHIYABAT 10 eI ISICHK
u 4akbi (Garnett, Bassett 2005). ®rHO3bpHEHECTUAT 1
HEKOHCONUAMPAH XapaKTep Ha PasCUIIHUTE HAaXOfMILa
[03BO/SIBA CPABHUTEHO IECHOTO M3BIMYaHE Ha pyfa
C MPUMUTMBHA MUHHA TEXHONIOTHUS KaTO MPOMUBAHE B
maHep u jpara. Te3u MPOCTH TEXHUKH OsXa M3MO3BA-
HJI HacKopo 3a JoOuBaHe Ha pyfa oT peka MumuHcka
(O6p. 1) n 3a poBeXfaHe Ha FeOXMMIIHI IIPOYYBAHNUA
Ha pernoHaHo HyBo. [Ipe3 6poH30BaTa emoxa xopara,
KOMTO ca JOOMBAIM pyfia OT PeYHM HAXOAMILA, Bepo-
STHO Ca 3aXpaHBa/IM MACHK MPe3 AParu, HampaBeHn OT
KYXI CTBOJIOBE Ha JybPBeTa, IIOKPUTHU OTBBTPE € KUBO-
TUHCKY KOXM, KOUTO 12 YIaBAT QMHUTE 3BPHA OT TEKKN
MUHepasu KaTo 31aro wm Kacuteput (Rapp 2009). 3a
Ch)KaJIeHNe, OYEBUIHNU [[0KA3aTe/CTBA 32 IPAUCTOPU-
1ecko MUHHO feno Kakto B Llep, Taka u B Epirebupre
JIMIICBAT, 3al0TO JOOMBAHETO Ha Pa3CUIleH alyBUaIeH
KajIali B MPaMCTOPMATAa OCTAaBs MAJKO WIM HUKAKBU

hardness), and chemically stable under surface
conditions, detrital cassiterite may accumulate
and concentrate in sediments downstream from
weathered bedrock ore sources (placer depos-
its). Fluvial placers are deposited in rivers and
streams, where energy levels decrease down-
stream and down gradient. In such deposits, cas-
siterite concentrations are usually confined to
coarse sand and gravel (Garnett, Bassett 2005).
The fine-grained and unconsolidated nature of
placer deposits allow for relatively easy ore ex-
traction with primitive mining technology such
as panning and sluicing. Simple sluicing and
panning techniques have been used recently to
obtain ore samples from the Milinska River (Fig.
1), and to conduct geochemical exploration sur-
veys regionally. In the Bronze Age, placer min-
ers likely fed sand through sluices formed from
hollowed tree trunks that were lined with ani-
mal hides to trap the fine-grained particles of
heavy minerals such as gold or cassiterite (Rapp
2009). Unfortunately, tangible evidence of these
prehistoric mining activities at both Mt. Cer and
the Erzgebirge is lacking because prehistoric
streaming for alluvial tin leaves little or no trace
of extraction activities at the mine site (Thorndy-
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Single Artifact 8°Sn Compositions
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O6p. 2. Xucmoepamu Ha §'°Sn cocmas (usomonu) om 6poH3osu apmegpakmu, 6a3upanu Ha cocMasa Ha omoern-
Hu apmepaxmu (n=240) u HA 0CHOBHU CMOTIHOCMU OM OMOenHuUme apxeonosuiecku obexmu (n=72)

Fig. 2. Histograms of §'’Sn composition of bronze artifacts based on composition of single artifacts (n=240) and

mean values from each archaeological site (n=72)

CIIefiVt OT eKCTPAKIMATA Ha MACTOTO, U3IO/N3BAHO 32 J0-
6uB (Thorndycraft et al. 1999; Thorndycraft et al. 2004).

KanaeHo-u3oTonmHnAT aHau3
KaTO NHCTPYMEHT 3a NPOCIEfABAHE HA IIPON3XO0[T

IIpes mocnefHNUTE TPUFECET TOFUHM IONYAPHOCTTA HA
M30TOIHUTE AHATU3YU KaTO CPEACTBO 3a OCUTYpsIBaHe
Ha XapaKTepHM ,,0TIeYarpin’ Ha O6poH30BU apreda-
KTH, KOUTO MOTar fja O'b/JaT OTHECEHN KbM TEXHUTE Be-
POSATHM MSTOYHMIM HAa PYHa HapacTBa. TpafyIMOHHO
OZIOBHUTE M30TOMN Ca HAif-M3IION3BAaHNU 32 M3C/IEABa-
He Ha IIPOM3XOfja Ha Mejl, TBbil KaTo OJIOBOTO Ce Cpellia
KaTO MMKDOIPUMECH B MHOTO OPOH30BM MPEIMETH.
OJ10BHO-M30TONHATA CUCTEMA € JoOpe M3BeCTHA I aHa-
TUTUYHNUTE TEXHUKM 3a HEIHOTO U3CTIefBaHe ca fobpe
pasButu. Tasu cucteMa obade He MOXKe fja Ce U3IION3Ba

craft et al. 1999; Thorndycraft et al. 2004).

Tin Isotopes as a Provenance Tool

Within the past thirty years, isotopic analysis
has grown in popularity as a means of providing
»fingerprints“ of bronze artefacts that can
be matched to their parental ore sources.
Traditionally, lead isotopes have been the most
used for studying the provenance of copper,
since lead occurs as a minor impurity in many
bronze objects. The lead isotopic system is well
known, and analytic techniques for its study are
well developed. However, this system cannot be
used to provenance tin in bronze artefacts, in
which the lead composition is inherited from the
copper ore.
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O6p. 3. Ieozpagcko pasnpocmparerue Ha §'°Sn cmoiinocmume om apxeonozuecku obekmu, 6azupanu

Ha epynu Ha yeenuuasauiu ce §'°Sn. a) Ipyna 1 npedcmass cenuuia, 8 KOUmMo OOMUHUPA cPvOCKU Karat
b) Ipyna 2 u 3 npedcmass cenuuia coc cmeceHu cpvOCKU U LeHMPANHOEBPONelicCKY CUHAMYPU HA KANAS;
¢) Ipyna 4 npedcmass cenuuyd, 6 KOurmo OMUHUPA UeHMPANHOe8POnelicKU Kanaii

Fig. 3. Geographic distribution of mean §'°Sn values of archaeological sites based on quartiles of increasing §'*Sn.
a) Quartile 1 comprising sites in which Serbian tin is predominant; b) Quartiles 2 and 3 comprising sites with
mixed Serbian and Central European tin signatures; ¢) Quartile 4 comprising sites in which Central European tin

is predominant

3a IpOC/e/siBaHe IPOU3XO/ia Ha Kamail B 6pOH30BM ap-
Te(aKTH, PV KOUTO CHCTABBT HA OJIOBOTO € HACIEleH
OT MefiHaTa Pyfa.

C mecerTe cit m3oToma ¢ Macu ot 112 1o 124 amu (atomic
mass unit), KajaeHOM30TOIHATA CUCTEMA C€ M3CIENBa
KaTo IOTEHIIMATHO CPEACTBO, Ype3 KOeTo fia ce oIpe-
eV IIPOM3XOABT Ha KalaeHWUTe PYAY, U3IOI3BaHN 3a
IPOU3BOLCTBOTO Ha OpoH3oBM apredaxtu. PaHHUTE
OIINTY 32 U3CTIeIBAHe Ha KaJTACHUTE M30TOIIN Ca OMpa-
YeH) OT IIMPOKMTE TPAHUIM HA TPELIKuTe U cradara
Bp3npoussopumoct (De Laeter, Jeffrey 1965, De Laeter,
Jeffrey 1967; McNaughton, Loss 1990; McNaughton,
Rosman 1991; Clayton et al. 2002). Borpexn ToBa ¢
[osBaTa Ha II0-00pM MHCTPYMEHTH, MO-CIeL1aTHO
MY/ITHKO/EKTOPHATa MACCIEKTPOMETPYS C MHIYKTHB-
HO cBbp3aHa wasMa (MC-ICP-MS), usotonHusr aHa-
U3 Ha Kamail B OPOH3 M KACUTEPUT CTAHA BH3MOXKEH.
Hakonko wmscnenanma, usnonssamy MC-ICP-MS,
OTKPMBAT BapMaluy B M30TOIHN ChCTAB HA Ka/ail B
6pons u kacureput (Nowell et al. 2002; Haustein et al.
2010; Nickel et al. 2012; Balliana et al. 2013; Yamazaki et
al. 2013), a MeiicpH 1 konmexTus (2016) feMOHCTpPUPA,
Ye Ka/laeHUTe U30TOIN MOTaT e(pEeKTUBHO Jia OIIPeNeAT
KaTo CbCTaB M KaTO reorpad)cko MeCTOIONOKeH e pas-
JIMYHY TOTY/IALIYM, KOMTO MOTAT fia O'bJiaT IPUYMCIIeHN
KBM Pa3/IIMIHNU M3TOYHNIN HA PYZa.

V3oromeHn cbeTaB Ha Kanaii B apTeakTu
ot llentpanuute bankann

Karo 6e nsnonssana 3a ocHoBa paborara Ha MeiicbH

With its ten isotopes over a mass range of 112
to 124 amu, the tin isotope system has been
investigated as a potential means by which
to determine the provenance of tin ores that
were used to produce bronze artefacts. Early
attempts to study tin isotopes were marred by
large error ranges and poor reproducibility (De
Laeter, Jeffrey 1965, De Laeter, Jeffrey 1967;
McNaughton, Loss 1990; McNaughton, Rosman
1991; Clayton et al. 2002). However, with the
advent of better instrumentation, especially
multicollector inductively coupled plasma mass
spectrometry (MC-ICP-MS), isotopic analysis of
tin in bronze and cassiterite has become feasible.
Several studies using MC-ICP-MS detected
variations in the isotopic composition of tin
in bronze and cassiterite (Nowell et al. 2002;
Haustein et al. 2010; Nickel et al. 2012; Balliana
et al. 2013; Yamazaki et al. 2013), and Mason
et al. (2016) demonstrated that tin isotopes
could effectively define compositionally and
geographically distinct populations that could be
attributed to different ore sources.

Isotopic Composition of Tin in Central
Balkan Artefacts

Expanding upon the work of Mason et al. (2016),
a total of 240 bronze artefacts were sampled from
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u KonekTus (2016 1.), 6s1xa B3eTy mpobu ot 0610 240
6poH3oBu apredaxra ot 72 Mecta B Copous, PympHms
(TpaucunBauns u banar) u V3rouna Bocua. IIpo6u,
IOYNCTEHN OT KOPO3MOHHM HPORYKTH, OsXa pasTBo-
peHM B yATpayKcTa Lapcka Boga npu 100°C B nmpopbi-
JKeHJe Ha 5 4aca, B 3aTBOPeHM TedIOHOBM KOHTellHe-
pu. Bsxa momydeHy npednucTeHM KamaeH) pPasTBOPK
o xpomarorpadckust Meton Ha banuana u KoneKTuB
(Balliana et. al. 2013).

Kanmaennre msoronu 6sixa anammsupanu Ha MC-ICP-
MS (Isoprobe) B ynusepcurera B Apusona. Kondu-
rypauysTa Ha chioBeTe Oelre mojo6Ha Ha bammana u
kornextus (Balliana et. al. 2013). Bcwuku mpo6m 6sixa us-
mepeHnn ¢ npubmsutenHo 150 ppb Sn, koeto renepupa
curHan ot 3.5 V Ha ' Sn. MacoBoTo oTK/IOHEHNE Gele
Kopurupao ¢ nomoryra Ha ICP-MS Sb crangapt, karo
K'BM BCUYKY P06 Oelite f0OaBEH TpacepeH pasTBop —
200 ppb Sb. Tosa mame '*'Sb curnan or 1,6 V. Benuxu
CTOITHOCTY Os1Xa KOPUTMPAHM TPy U3IONI3BAHE HA €KC-
MOHEHIIMAMHNUS 3aKOH (KoednimeHT 3a 6eTa KOpeKIys)
3a MacoBo oTknoHeHne (Marechal et al. 1999). Cnep ToBa
npobure 6sxa MOFpPeTeH TPy M3IION3BaHe HA METOAA
CTaHJapT-1poba-cTaHapT. belle M3MOM3BaH CTaHAAPT
NIST 3161a 11 BCHUKM OTIETEHN CTOTHOCTH O51Xa M3UIIC-
JIeHN Ype3 U3IO/I3BaHe Ha CIEAHS U3pas:

E":.rxs..‘l

. ST Ir.m: miple
6*Sn%o = l—;—— 1} *1000

=i ) N1t 3161
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[IbnHuTe TIpOLERYpHM 10 Ipellky 3a aHA/IM3UTE ca
6'Sn = 0,04 %o 1 § '**Sn = 0,08 %o (0,01 %o 32 amu).
OueBnaHO e hpakIOHNpaHe Ha OCHOBATA Ha Maca, Thit
KaTo HaKJIOHBT Ha $'**Sn cpsmo $%Sn e 2 ¢ 1> = 0.94.

CpenHUAT KaaeHo-1M30TOIeH ChCTaB Oellle M34NMCTIeH
32 BCEKM OT 72-Ta apXeoJIormdecky apTredakra 1 CTa-
TUCTIYECKOTO pasIpefie/ieH1ie Ha CPeJHUTe CTOHOCTI
Ha BCEKM OT TsX IIOKa3Ba CMECBAHETO HA B IIPUIIO-
KpMBAIlM Ce, HO ) Pa3lNyaBallM ce KaTO CBCTaB IO-
my/anmy ¢ Hopmanua auctpudymysa (O6p. 2). 3a ga ce
uaeHTUOUIMPAT apXeonornyecknre apredaxtu, gO-
MUHMpPaHM OT BCEKM OT JBaTa TUIIA CBCTaB HA KaJa,
IAaHHNTe Os1Xa pasfeneHu Ha 4 rpymu: rpyna 1 (Haii-Hu-
cko §'Sn), fOMMHUPaH OT MO-Ma/IKo (QpaKIMOHUpPaH
Kaait; rpyna 4 (Haii-Bucok 6'Sn), JOMMHMpPaH OT MO-
bpaxiuoHupaH Kamait; rpymu 2 u 3, KOUTO Ce ChCTOAT
OT CMeceHM CbCTaBy Ha Kajas. He ca ycraHOBeHM TeH-
JIeHI[MN Ha M30TOIHYSA CbCTAB CHPSIMO BB3pacT (OpoH-
3oBa enoxa b - Xammar A), QyHkimsa (yKpalleHye Wi
VHCTPYMEHT) WM KOHTEKCT (Ipo0, MOMy/Iamus, Cenu-
me). Bonpeku ToBa rpymu 1 u 4 mokasBaT pasnTnyHO
reorpagcko pasmperenenne. CaMo ¢ eJHO M3K/TI0YeHe,
apregakTuTe C Hall-IeK1s KalaeH M30TOIEeH ChCTaB ca
PasIONIOKEHN Ha ceBep OT peka JIyHaB, B paMKuUTe Ha

72 sites across Serbia, Romania (Transylvania
and Banat), and eastern Bosnia. Samples free of
patina were dissolved in ultrapure aqua regia at
100°C for 5 hours in closed teflon containers.
Purified tin solutions were prepared using
the chromatography method of Balliana et al.
(2013). Tin isotopes were measured on the MC-
ICP-MS (Isoprobe) at the University of Arizona.
Cup configurations were similar to Balliana
et al. (2013). All samples were measured at
approximately 150 ppb Sn which generated a 3.5
V signal on '*°Sn. Mass bias was corrected for by
using an ICP-MS Sb standard in which all samples
were spiked at 200 ppb Sb. This produced a '*'Sb
signal at 1.6 V. All values were corrected using
the exponential law (Beta correction factor) for
mass bias (Marechal et al. 1999) and then samples
were bracketed using standard-sample-standard
method. NIST 3161a was used to bracket samples
and all reported values are calculated using the
following expression:
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Whole procedural 1o errors for analysis are
0'°Sn= 0.04%o and 6 '**Sn= 0.08%o (0.01%o per
amu). Mass dependent fractionation is evident,
as the slope of §6'Sn vs. §'*Sn is 2 with an
r*=0.94.

Mean tin isotope compositions were calculated
for each of the 72 sites, and the statistical dis-
tribution of these site averages indicate a mixing
of two overlapping but distinct compositional
populations with normal distributions (Fig. 2).
To identify sites dominated by each of the two
tin compositions, the data was divided into quar-
tiles: Quartile 1 (lowest §'*°Sn) dominated by less
fractionated tin; Quartile 4 (highest 6'*°Sn) dom-
inated by more fractionated tin; Quartiles 2 and 3
consisting of mixed tin compositions. No trends
in isotopic composition were found relative to
age (Bronze B to Hallstatt A), function (orna-
ment or tool), or context (grave, population, set-
tlement). However, Quartiles 1 and 4 displayed
distinct geographic distributions. With only one
exception, artefacts with the lightest Sn isotop-
ic composition lie north of the Danube River,
within Transylvania, and within the Carpathian
and Balkan Mountains on the Serbian-Bulgarian
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Tpancunsanua n B Kapnature u Crapa mjiaHuHa Ha
cppbcKo-Oparapckara rpannma (O6p. 3a). 3a pasmu-
Ka OT TSIX, BCUYKM, OCBEH €fYIH OT apXeOo/IOrMIeCKITe
00€KTH ¢ OPOH3, CHIBPIKAIY MBOTOMHO Hali-TEXKIA
KaJIaif, ca pasIonoXKeHu Ha 1or ot peka Jlynas (O6p. 3c).

ToBa paspenenne Mo octa ceBep-I0T B CbCTaBa Ha Kajas
B OpoHsoBute apredaxtyt 61 MOIIO Jja CHOTBETCTBA
Ha XapaKTePUCTMKUTE Ha PErMOHaIHaTa THProBusA C
Kasail, KOJTo e JOONUT OT [Ba pas/MYH!U M3TOUHNUKA —
elMH Ha ceBep U eAMH Ha Io. Karo mmame mpensup,
4e XapaKTepeH KajlaeH M30TOINEH ChCTaB € CBbP3BaH C
IKHaTa 9acT Ha ChpOus, Kb/IeTO ce HaMypa IIaHMHA-
Ta Llep, Bb3MOXHO € pyfiaTa OT gHellHa 3anafHa Cbp-
01141 1a € OCUTypsiBaJIa I0-TO/LIMATa YacT OT KaJlas B pa-
JioHa Ha for oT JIyHaB. Bp3 0cHOBa Ha CHOOIIEHNATA HA
Tary (Tatu 1992) u Xupomnany u Pebpxbpct (Hiropanu,
Fairhurst 2014) 3a HanMYMeTO HAa KACUTEPUT B CKAIIUTE,
Meiicpa u konektnB (Mason et al. 2016) mpenmonarar,
4e 10-7IeKMAT 110 ChCTaB Kajall, OTKpUT B TpaHcuiBa-
Hust 11 BaHaT, MOXe Ja e 61T CBbp3aH C PyAH, U3KOIIaHN
10 NpuTOLM Ha pexa Mypem B Pymbaus.

Bbopeky TOBa, reOXMMUYHOTO MPOYYBaHe, MOJOOHO
Ha TOBa, IpoBefieHO oT Xycka u Komektus (Huska et
al. 2013), nmairo 3a Ijen a OMpenen CTeNeHTa Ha MU-
Hepanusalua Ha Kanait B Llep, He ycna fa oTkpue Ha-
NMYMe Ha KacUTepUT B MOTOLNUTE B IVIAHMHUTE XUTHUC
630 o PagHa u B paitoHa Ha Ipamuuta Mynuenynyii,
630 1o Opaiesi. B3 ocHOBa Ha Te3u OTpPUIATENHN
pesyaTaT, KakTo U XapaKTepUCTHKUTe Ha OpOH3a ¢
Hall-7IeKM M30TOIHM Ha Kajnas oT beuy u baHaT B 10XK-
HO-YHTapCKaTa paBHNMHA, KaKTo ¥ B TpaHCumBaHMA, e
TI0-BEPOSITHO TO3M Kajail 1a € 611 M3BIMYAH OT HaXO0-
puiara Ha Epirebupre. HoBo uscnensane Ha Hecen n
korektuB (Nessel et al. 2014) moxasBa, e KaCUTEPUTBT
ot Epuire6upre chBIiazia mo n30TOMHY XapaKTePUCTUKIN
c apredakTu oT YHeTUI[KaTa paHHOOPOH30Ba Ky/ITypa
CBU[IETEJICTBA, Y€ TO3V PAIOH e OWI efiCTBAll MIHEH
PEryoH 3a JoOMB Ha Kaiail B IPanCTOPUITA.

Toprosudara c kamait mo Cpegen u Jonen [Iynas

Mecrononoxennero Ha llep mpexmonara BoueH (pec-
[EKTUBHO pedeH) MapIIpyT, KaTo Hail-BepositeH. ToBa
O3HaYaBa M3IO/I3BaHE HA PeKUTe U IPUTOLUTE B pa-
iona (MmnuHcka, Spap, Konybapa) 3a mpeHacsine Ha
MaTepuas OT ITAHMHCKUTE PYSHM HAXOAMIIA 10 IO-T0-
nemure peku (Ipnua, Casa, [lyHas), rpannderu ¢ [Ta-
HOHCKaTa paBHuHa (OO6p. 4). Peunara nokamms Ha 10-
TOJIEMI APXEOTOTNIecKy 00eKTI 0T 6pOH30BaTa €1oXa
cpino mopckassar Tosa (Kristiansen, Earle 2015). Us-
II0/I3BaHETO HA TPAHCIIOPTHY IIPEBO3HY CPELICTBA C KO-
JIeTIa WM TPAHCIOPTUPAHETO C XKMBOTHMY 110 apTepUuTe

border (Fig. 3a). In contrast, all but one of the
archaeological sites with bronze containing the
isotopically heaviest tin are located south of the
Danube (Fig. 3c¢).

This marked north-south divide in tin composi-
tion of bronze artefacts, could be consistent with
the characteristics of the regional trade of tin that
was mined from two different sources, one to the
north and one to the south. Given that a distinct
tin isotopic composition is associated with south-
ern Serbia, where Mt. Cer is located, it is likely
that ore from present-day west Serbia provided
the majority of the tin to the region south of the
Danube. Based on reports of the presence of bed-
rock-hosted cassiterite by Tatu (1992) and Hiro-
panu and Fairhurst (2014), Mason et al. (2016),
suggested that the lighter tin composition found
in Transylvania and the Banat may have been as-
sociated with ores mined along tributaries of the
Mures River in Romania. However, geochemical
prospecting, similar to that conducted by Huska
et al. (2013) to define the extent of tin minerali-
zation at Mt Cer, failed to detect the presence of
cassiterite in target streams in the Highis Moun-
tains near Radna and the Gradistea Muncelului
region near Oragtie. Based on this negative find-
ing, and the broad extent of the isotopically light
tin signature in bronzes across the Backa and
Banat of the southern Hungarian Plain, as well
as Transylvania, it is more likely that this tin was
mined from the deposits of the Erzgebirge. Re-
cent work by Nessel et al. (2014) that isotopically
matched Erzgebirge cassiterite with Early Bronze
Age Unétice artefacts attest to this region as an
active tin mining region in prehistory.

Tin Trade in the Middle and Lower Danube

The location of Mt. Cer makes a waterborne
(respectively a river-following), route, the most
probable. This would utilize the area’s rivers
and tributaries (Milinska, Jadar, Kolubara) to
convey material from the mountainous ore
locations to the larger rivers (Drina, Sava,
Danube) bordering the Pannonian Plain (Fig.
4). The riverine locations of the larger Bronze
Age sites may hint at this (Kristiansen, Earle
2015). From the Drina/Sava or Sava/Danube
routes confluence, wheeled vehicles or animal
transport as a hypothesis could be suggested for
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Erzgebirge Trade
smmms  Cer Trade

O6p. 4. Topeoscku mpacema Ha yeHmpanHoesponelicku u cpvocku Kanati, 6asupanu Ha eozpadcxume
sapuavuu Ha 61208n cocmas (usomonu) Ha 6ponsosu apmedaxmu (co06pasHo OCHOBHUME CIMOUHOCU

om pas3nudHu apxeonocuteckKu 06e;cmu)

Fig. 4. Trade routes of Central European and Serbian tin based on geographic variations in the §120Sn composition
of bronze artifacts (mean values from each archaeological site)

Ipuna/Casa u Caba/llyHaB MOXe [ja ce IIPeIIONI0XKM
KaTO XMIIOTe3a 3a IPeHACsHEeTO Ha MaTepya Ha ceBep
10 TTOCKys TepeH. [logoben MapiupyT 6u mpegoTBpa-
TI GIATUCTHUTE TepeHN OT pasmuBuTe Ha Trca-JlyHaB
U KoBapHuTe KanHn tepacy Ha lOxen Banar Ha n3tox
u 61 ocurypun Metan (KamaeHa pysa, CIMTBLM WK 3a-
BDBpIIEHN OPOH30BY apTedaKTi) 3a pajloHa Ha JHeIIHa
3amagna BoitBomyHa. 3a a 6'p/ie OmpefiesieH 00XBaThT
Ha TBProOBUATA CBC CPBOCKM Kamail, ca HeoOXomumu
aHaIU3M Ha apTe(aKTy OT CeBepHaTa yacT Ha [TlaHOHMA
(Yurapus) u ot pernona Ha [open [lynas (ABcTpus).

PasmpocTpaHeH1eTo Ha LIeHTPATHOEBPOIIEICKM Kalail
€ IIO-IUMPOKO OT TOBA Ha CPBOCKILSA, KOIITO € efHCTBEH
U3TOYHVK 32 TpaHcunBanuA u loronsrodeH banar. Tvp-
TOBHUSTA C APYIU CTOKM KAaTO COJM, CTBKIO U Kexmmbap
mexy Tpancunsauus u lenrpanna/CesepHa Epora
e moxasana (Kavruk, Sfintu 2012; Varberg et al. 2016).
LentpanHoeBpomnerickara pyga/kaait 611 61na TpaHc-
HOpTHpaHa Hafioy 10 peka [lyHas. B roxHata yacT Ha
paiioHa, Ha ceBeposamaj oT bypamema, Martepuanu-
Te MOXKe fja ca OUIM IpeHaCs HN [0 CYIIaTa AUPEKTHO
kbM Tpancunsaunus (O6p. 4). OcBeH TOBa, MapLIPYT,
MIHABAlll HEIIOCPEACTBEHO M0 IIPOTeXEHNEeTO Ha peKa

moving the material northward along the flat
terrain. Such a route would avoid the marshy
Tisa-Danube interfluve and the treacherous
mud flats of the southern Banat to the east and
would provide metal (tin ore, ingots, or finished
bronze artefacts) to the sites of the present-day
western Vojvodina. Analysis of artefacts from
the northern Pannonian Plain (Hungary) and
the Upper Danube region (Austria) are required
to determine the extent of trade of Serbian tin.

The distribution of Central European tin is
broader than that from Serbia, being the sole
source for Transylvania and the south-eastern
Banat. Trade of other commodities such as salt
glass, and amber between Transylvania and
central/northern Europe has been demonstrated
(Kavruk, Sfintu2012; Varbergetal. 2016). Central
European ore/tin would have been transported
down the Danube. At its southern bend north
of Budapest, materials may have been carried
overland eastward directly to Transylvania (Fig.
4). Additionally, a route continuing directly along
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IlyHas, mele fa focTaBy Kanait ot Epurebupre B 10K-
Hara [JaHOHCKa paBHMHA U O) MMaJIO MeTal KaKTo OT
LIEHTPATTHOEBPOIIEICKIL, TaKa ¥ OT CPBOCKIU M3TOIHNIIN
(O6p. 3b).

Haxonko ¢usukorpadcky ocob6eHOCTH Ipedar Ha
TpaHCIIOpTUpaHeTo mpe3 baHar mo pgommHara Ha
Honen [lynas. CepnosHO MpeIATCTBYE Ca IACHLUN-
te Ha [lemnbmarckuTe ISCHYHM HAHOCH U Hefpe-
Hupanute 3emu Ha IOxen Banar Ha 3amap (Bankoff
1977; Ehrich, Bankoff 1992), Kapnarure u 6p3ente
Ha JKenesHu BpaTa. [IBaTa Bb3MOXHM MaplIpyTa 3a
usbsrsaHe Ha JKelesHy Bpara BK/IIOYBAT KPaTKo,
HO TPYHHO TpaHcmopTupade ot Opmosa go Typ-
Hy CeBepuH WM OT fonuHara Ha Mopasa no Humi,
IIOCTIeBAaHO OT MPEHOC KbM peKa TuMoK, KoATo ce
BnMBa B JlyHas ceBepHO oT Bupun. Jlokaro apxeono-
TUYeCcKUTe 00EKTH, B KOUTO IIpeolnafaBa CpbOCKUAT
KaJIaif, 1e)KaT IOYTU M3KIIOUNTETHO Ha IOT OT peKa
[lyHaB, moBe4eTO MecTa, CBbp3aHu ¢ apreakTu oT
LIeHTPaTHOEBPOIEICKM PYAM, C€ HaMUpaT Ha CeBep
ot Tasu peka. Camo B palioHa Ha TuMok apxeosnoru-
4ecKu 00eKTH CbC CpBOCKM Kanait 1 TakbB oT Epiire-
Oupre ce OTKpUBAT B HEIIOCPEHCTBEHA O/IM30CT eVH
1o pyr (O6p. 3a 1 3B), KOETO CBULIETENICTBA 33 BaXK-
HOCTTa Ha TO3U MapuIpyT MeXAy gHeuHu Copoust u
Bbnrapus mpes kbcHaTa OpOH30Ba €IoXa.
[IpuuncnsiBaHeTo Ha HAOMIOZABaHUTE M30TOIMHMI
KITbCTepy OT apTedakTu KbM ChBPEMEHHU ,KY/ITY-
pu“ wm ,Ipynu” M3KUCKBA JOIBIHUTENHO NPOYY-
BaHe. Bseturte mpobu ot cpegHara 6poH30Ba emoxa
ca mpeguMHO OT rpoboBe, otHeceHnn B Coppbus n
BoiiBopuHa kbM Kynrypure Bamuna u Beneeuws I
U CBbp3aHATa C TAX KYITypa Ha MHKPYCTHpaHATa
KepaMuKa, JOKaTto IpobuTe OT KbCcHaTa OPOH30Ba-
Ta eroxa ca IPEeAMMHO OT KOJEKTVBHU HaXONKU OT
Kynrypara benesuws II vinm ,kyamypama Ha KaHenu-
panama kepamuxa“ (Tasi¢ 1984). Makap u ¢ HAKOn
XPOHOJIOTMYECKM PA3/IMKIL, Te3! [Ba TUIIA KepaMuKa
JeCTO Ce CPEeIaT 3aefHO M0 TAK'bB HAYMH, Je IIPUeM-
CTBEHOCTTA € TPYAHO fia 6p7ie oTpedena (Tasi¢ 2001).
Kepamnkara oT 6poH30BaTa e11oxa, OTKpUBaHa B MO-
rinte B 3amagHa CepOust, Hail-61M30 JO pySHMTE
Haxopya Ha llep, uma popmu 1 MHKpyCTHpaHa yK-
paca, 61M3Ku [0 Te3!, OTKPMBAHM B M3TOYHATA YaCT
Ha banar, Cpeguns u Tonen Jynas (Filipovi¢ 2013),
KaKTO M B 4acTy OT jHemHa 3amajgHa u CeBeposa-
nagHa biarapus. bppen nscmegBaHusa Ha CbOTHO-
IIeHVATA Ha M30TOIMNTE Ha Kajlas U Ha reorpadckoTo
pasmpocTpaHeHe Ha pa3/IMIHU MeTalHy apTedakTu
e IafiaT JOI'bTHUTETHA Ufiesd 32 AMHAMUIHUTE B3a-
MMOOTHOIIEHV B Te3y yacTu Ha FOrousrouna Espo-
IIa IIpe3 KbCHAaTa OPOH30BA eIoXa.

the Danube would have delivered Erzgebirge tin
to the southern Pannonian Plain. Here metal
from Central European and Serbian sources
would both be present (Fig. 3b).

Several physiographic features impeded transport
across the Banat and into the Lower Danube
Valley. Serious obstacles are the sands of the
Deliblatska Pe§¢ara and the undrained lands of
the southern Banat to its west (cf. Bankoff 1977;
Ehrich, Bankoff 1992), the Carpathians, and the
rapids of the Iron Gates (Djerdap Gorge). Two
possible routes to avoid the Iron Gates include,
a short but difficult portage from Orsova to
Turnu-Severin, or up the Morava Valley to Nis,
followed by a portage to the Timok River, which
enters the Danube north of Vidin. Whereas
sites in which Serbian tin is predominant lie
almost exclusively to the south of the Danube,
most sites associated with artefacts made from
Central European ores occur north of this river.
Only in the Timok region do sites of Serbian and
Erzgebirge tin occur in close proximity (Fig. 3a
and 3c), attesting to the importance of this route
between Serbia and Bulgaria in the later Bronze
Age.

The attribution of these observed isotopic
ratio clusters to artefacts of contemporaneous
»cultures® or ,,groups” requires further study. The
Middle Bronze Age samples come primarily from
graves attributed (in Serbia and the Vojvodina)
to the Vatin or Belegi$ I ,,culture” and associated
incised-ware styles, while the later Bronze Age
samples are primarily found in hoards of Belegis
IT or other ,channelled® or ,fluted® ceramic
cultures (Tasi¢ 1984). While there is some
chronological distinction between the two types
of find-spots, these two types of pottery are often
found together in such a way that continuity is
difficult to deny (Tasi¢ 2001). The Bronze Age
pottery found in the tumuli of West Serbia,
closest to the Mt. Cer ore sources, has incrusted
decoration and ceramic forms quite close to
those found in the eastern Banat and along the
Middle and Lower Danube (Filipovi¢ 2013), as
also in parts of present-day Western and North-
western Bulgaria. Future study of the isotopic
tin ratios and the geographic distribution of
different metal objects will provide another clue
to the dynamic relationships in these parts of
South-eastern Europe in the Late Bronze Age.



