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Prostor jugoisto¢ne Europe imao je kljuénu ulogu u razvoju prerade i obrade bakra jos od kasnog neolitika.
Razvojem metalurske tehnologije, rudarstva, stvaraju se proizvodni centri i distribucijske mrezZe kojima
cirkulira velika koli¢ina metala. Istovremeno, na prostoru sjeverne Hrvatske nalazi bakrenih predmeta
izuzetno su rijetki, a eneoliticke zajednice gotovo da ne poznaju metalursku tehnologiju. Velika i nagla
promjena nastupa u vrijeme kasnog eneolitika s nosiocima badenske i vu¢edolske kulture, kada se ovaj
prostor intenzivno i aktivno uklju¢uje u metalursku proizvodnju. U ovom se radu, prema do sadaistrazenim
arheoloskim nalazima metalurskih aktivnosti, analizira uloga eneolitickih zajednica s prostora sjeverne
Hrvatske, odnosno postavlja ih se u kronoloski i tehnoloski kontekst razvoja metalurgije jugoisto¢ne
Europe. Poseban naglasak stavlja se na vu¢edolsku kulturu kao glavnog nosioca metalurske tehnologije
i ekonomskih i drustvenih promjena koji stvara preduvjete i priprema ovaj prostor za ulazak u bron¢ano
doba.

KLJUCNE RIJECI: eneolitik, bakreno doba, metalurgija, bakar, arenski bakar, antimonski bakar,
protobronca, sjeverna Hrvatska
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The area of southeastern Europe played a key role in the development of copper processing since the Late
Neolithic. During that time, metallurgical technology and mining were being developed along with production
centres and distribution networks circulating a large amount of metal. At the same time, finds of copper objects
are extremely rare in northern Croatia, and its Early Eneolithic communities hardly knew metallurgical technology.
A sudden change occurred with the arrival of the Baden and Vucéedol cultures during the Late Eneolithic, when
the area became intensively and actively involved in metallurgical production. This paper uses archaeological
evidence to investigate the metallurgical role of Eneolithic communities in the area of northern Croatia and place
them in the chronological and technological context of the development of metallurgy in southeastern Europe.
Special emphasis is placed on the Vucedol culture, which became the main bearer of metallurgical technology
and economic and social changes, thus creating the preconditions and preparing the area for the Bronze Age.

KEY WORDS: Eneolithic, Copper Age, metallurgy, copper, arsenic copper, antimony copper, proto-

bronze, northern Croatia

uvoD

Pocetci obrade metala vezani su uz bakar i
bakrene minerale, daljnjim razvojem metalurgi-
je razvija se arsenskifantimonski bakar ili tzv.
protobronca, a kao vrhunac tehnologije obra-
de tog metala nastupa pojava ,prave” bronce.
Bronca, kao slitina bakra i kositra, glavno je
obiljezje razdoblja bron¢anoga doba, ali metal-
ni predmeti pojavljuju se nekoliko tisu¢a godina
ranije. Zbog toga se pojavila potreba za defini-
ranjem bakrenoga dobaiili eneolitika kao razdo-
blja izmedu neolitika, kada se metal ne poznaje,
i bron¢anoga doba, kada je ustaljena upotreba
kositrene bronce. Pojava bakra kao nove siro-
vine i Sirenje tehnologije metalurske proizvod-
nje rezultirali su pove¢anim razvojem komuni-
kacija i trgovine, intenzivnim kretanjem ljudi i
cirkulacijom robe na sve veé¢im udaljenostima
(Renfrew, Bahn 2005: 58). Prostor sjeverne Hr-
vatske periferni je prostor razvoja najranije me-
talurgije bakra jugoisto¢ne Europe. U taj pro-
ces ukljuéuje se tek sa zajednicama srednjegq i
kasnog eneolitka koje samostalno razvijaju me-
talurgiju i nosioci su drustvenih i tehnoloskih
promjena do podetka bronéanoga doba.

METALURGIJA | RUDARENJE -
OSNOVNI POJMOVI

Bakar se u prirodi moze pojaviti u svom ele-
mentarnom obliku, medutim, najéesée se pro-
nalazi u obliku minerala gdje je kombiniran s
drugim elementima, oksidima, karbonatima i
sulfidima. Bakreni minerali mogu biti primarni
i sekundarni. Primarni sadrze znatne kolic¢ine

INTRODUCTION

The beginnings of metal processing were re-
lated to copper and copper minerals; further de-
velopment of metallurgy brought arsenic/antimony
copper or “proto-bronze”; finally, the appearance
of “true” bronze is seen as the pinnacle of the met-
al processing technology. Bronze, as the alloy of
copper and tin, is the main feature of the Bronze
Age period; however, metal objects appeared sev-
eral thousands of years earlier. This created the
need to define the Copper Age or the Eneolithic as
the period between the Neolithic, when metal was
unknown, and the Bronze Age, which established
the use of tin bronze. The appearance of copper as
a new raw material and the spread of metallurgical
production technology resulted in increased de-
velopment of communications and trade, intensive
movement of people, and circulation of goods over
ever greater distances (Renfrew, Bahn 2005: 58).
Northern Croatia was a peripheral area of the ear-
liest development of copper metallurgy in south-
eastern Europe. It was only in the Middle and Late
Eneolithic that its communities developed inde-
pendent metallurgy and carried social and techno-
logical changes until the onset of the Bronze Age.

METALLURGY AND MINING -
BASIC TERMS

Copper can appear in nature in its elemental
form; however, it is most often found in the form
of minerals where it is combined with other ele-
ments, oxides, carbonates and sulphides. Cop-
per minerals can be primary and secondary. Pri-
mary ones contain significant amounts of sulphur
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sumpora i drugih elemenata kao S$to je Zeljezo,
a kada se nalaze blizu povrsine zemlje, mogu
na razli¢ite nacine oksidirati i time oformiti se-
kundarne minerale (Purkovi¢ et al. 1963: 651-
652; O'Brien 2014: 2-8, tab. 1). Rudna osnho-
va, odnosno nekorisni dio iz kojega se izdvaja
metalni mineral, zove se jalovina (eng. gangue)
(Purkovi¢ et al. 1963: 651-652; O'Brien 2014:
3). Rudarstvo mozemo definirati kao pronala-
Zzenje i vadenje korisnih mineralnih sirovina iz
Zemljine kore, a u Sirem smislu, obuhvaca sve
radove koji takve procese omogucuju i koji do-
bivene mineralne sirovine pretvaraju u koristan
proizvod (MarusSi¢ 1988: 588). Rudna lezisSta
ili rudista (engl. orebody) akumulacije su ko-
risnih mineralnih sirovina u Zemljinoj kori na-
stale geologkim procesima (Sinkovec 1988:
696; O'Brien 2014: 2). Kako bi takva akumula-
cijaimala znac€enje pravoga rudnog lezZista, ona
mora sadrzavati neki minimalni udio mineralne
komponente - kvalitetu rude — i neku minimalnu
koli¢inu rude - rudne rezerve (engl. grade), a
njezina eksploatacija mora biti tehnicki mogu-
¢a i ekonomski opravdana (Koscec et al. 1988;
Sinkovec 1988: 696; O'Brien 2014: 2). Danas
se ekonomski neisplativo rudno leZiSte naziva
rudnom pojavom (Sinkovec 1988: 696).
Prilikom arheoloskog proucavanja prera-
de bakra valja razlikovati ,hladnu” od ,vruce"
metalurgije. Temperiranje' (engl. annealing),
toplinska obrada na nizim temperaturama, od-
vaja se od pirometalurgije, pravog taljenja koje
zahtijeva temperature viSe od 1000 °C (Radi-
vojevié, Kuzmanovi¢-Cvetkovi¢ 2014: 8). Ra-
dikalna promjena u svojstvima materijala koju
izaziva tzv. ,vrué¢a” metalurgija razdvaja piro-
metalurgiju od tehnologije ,hladnog” oblikova-
nja minerala. Elementarni bakar, malahit i azu-
rit dugo vremena bili su obradivani udaranjem,
rezanjem, brusenjem, struganjem, glacanjem i
zagrijavanjem, tehnikama koje su ukorijenjene
u neolitickoj tehnologiji obrade kamena (Per-
nicka, Anthony 2010: 163-165; Radivojevi¢ et
al. 2010: 2776; Pernicka 2014: 448). To vrijeme
naziva se ,predmetalurSkom*” ili ,malahitnom”
fazom, a podrazumijeva prve doticaje i ekspe-
rimentiranje s metalom. Tijekom ove faze nije
iskorisSten sav potencijal bakra i bakrenih mi-
nerala, ne poznaje se ekstraktivna tehnologija
ni prava termi¢ka obrada rude. Zato se ova fa-

1 Eng. pojam annealing u hrvatskom strukovnom nazivlju moze se nadi
preveden kao ,popustanje”, ,napustanje” ili ,temperiranje”. Kroz tekst
ée se koristiti pojam ,temperiranje” kao prijevod po preporuci J. Macan
(2015: 292).

and other elements such as iron; when they are
close to the earth’s surface, they can oxidize in
different ways and thus form secondary miner-
als (Purkovi¢ et al. 1963: 651-652; O'Brien 2014:
2-8 Tab. 1). The ore base - the unusable part
from which the metal mineral is extracted - is
called gangue (Purkovi¢ et al. 1963: 651-652;
O'Brien 2014: 3). Mining can be defined as find-
ing and extracting useful raw mineral materials
from the Earth’s crust; in a broader sense, it in-
cludes all the activities that enable such pro-
cesses and turn the obtained raw mineral mate-
rials into useful products (Marusi¢ 1988: 588).
Ore deposits or orebodies are accumulations of
useful raw mineral materials in the Earth's crust
created by geological processes (Sinkovec 1988:
696; O'Brien 2014: 2). In order for such an ac-
cumulation to be considered an ore deposit, it
must contain some minimum share of the mineral
component — ore quality — and some minimum
amount of ore — ore grade, and its exploitation
must be technically possible and economically
justified (Ko$c¢ec et al. 1988; Sinkovec 1988:
696; O'Brien 2014: 2). Today, an economically
unprofitable ore deposit is called an ore occur-
rence (Sinkovec 1988: 696).

The archaeological study of copper processing
distinguishes between “cold” and "hot” metallur-
gy. Annealing,’ heat treatment at lower tempera-
tures, is distinguished from pyrometallurgy, true
smelting, which requires temperatures of more
than 1000°C (Radivojevi¢, Kuzmanovi¢-Cvetkovi¢
2014: 8). The radical change in material proper-
ties caused by "hot” metallurgy separates pyro-
metallurgy from the technology of “cold” min-
eral shaping. For a long time, elemental copper,
malachite and azurite were processed by ham-
mering, cutting, grinding, scraping, polishing,
and heating, techniques rooted in Neolithic stone
processing technology (Pernicka, Anthony 2010:
163-165; Radivojevi¢ et al. 2010: 2776; Pernicka
2014: 448). This period is called the “pre-metal-
lurgical” or "malachite” phase, implying the first
contact and experimentation with metal. This
phase ignores the full potential of copper and
copper minerals and the extractive technology
or real thermal processing of ore. Therefore, it
cannot be considered part of the development of
metallurgical production (Antonovi¢ 2006; Killick,
Fenn 2012: 563).

1 The term annealing, in Croatian professional terminology, can be trans-
lated as popustanje, napustanje or temperiranje. Throughout Croatian
text, the term temperiranje will be used as a recommended translation by
J. Macan (2015: 292).
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za ne mozZe smatrati dijelom razvoja metalur-
Ske proizvodnje (Antonovi¢ 2006; Killick, Fenn
2012: 563).

Pojam metalurgija odnosi se na kompleksan
metalurski proces, tj. lanac operacija koji za-
podinje u samom rudnom leziStu gdje se ruda
vadi i separira, slijedi njezina primarna i sekun-
darna obrada (niz tehnolosSkih koraka) ¢&iji cilj je
ekstrakcija metala iz rude. Dobiveni proizvod
potom se lijeva i doraduje u odredene oblike sa
Zeljenim karakteristikama (Ottaway 2001: sl. 1;
Ottaway, Roberts 2008). Metalurgija moze biti
ekstraktivna, Sto podrazumijeva operacije ek-
strakcije metala iz ruda i proizvodnju blokova
(ingota) kao konaénog proizvoda, te preradi-
vacka, koja podrazumijeva preradu materijala
lijevanjem i obuhvaca postupke za poboljsa-
vanje svojstava, termic¢ku i povrsinsku obra-
du (Paulin 1982: 433). Kako bi metalna ruda
postala gotov proizvod, prolazi kroz nekoliko
faza: prospekcija (engl. prospecting), rudare-
nje (engl. mining), sitnjenje/koncentracija rude
(engl. beneficiation), taljenje (engl. smelting)
oksidnih ruda | przenje (engl. roasting) + talje-
nje sulfidnih ruda, rafinacija (engl. refining), le-
giranje (engl. alloying), lijevanje (engl. casting)
i kovanje (engl. smithing) (Ottaway 2001: sl. 1;
Ottaway, Roberts 2008). Razumijevanje poje-
dinih faza u lancu operacija prerade i obrade
bakra vazZno je za pravilno prepoznavanje tih
procesa u arheoloSkom kontekstu i omogucava
uvid u tehnoloski doseg odredene prapovijesne
zajednice te rekonstrukciju razvoja i Sirenja
metalurgije na odredenom podrudcju.

POCETAK | RAZVOJ RUDARSTVA

Metalurgija je usko vezana uz postojanje ru-
darstva, ali postojanje metalurSke djelatnosti
na nekom prostoru ne znaci nuzno i postojanje
rudarstva kojim bi se osigurale potrebne siro-
vine (Pravidur 2014: 20). Paralelno s razvojem
tehnologije obrade kamena morala se razvijati
njegova sustavna eksploatacija, potom s vre-
menom i podzemno rudarenje. Razvoj metalur-
gije u eneolitiku dolazi kao novina, ali na ruda-
renje treba gledati kao na dio procesa eksplo-
atacije kamene sirovine zato Sto je upravo ono
omogucdilo prvi kontakt s bakrenim mineralima
(Jovanovi¢ 1979: 28-29, 42; Antonovi¢ 2006:
85-86; O'Brien 2013: 443; 2014: 1, 53, 196).
Razni ¢imbenici kao geneza, klasifikacija i ka-
rakterizacija rudnog lezista imaju veliku ulogu
u modernom rudarenju, ali oni nisu bili bitni

Metallurgy is a complex process, a chain of
operations that begins in the ore deposit itself,
where the ore is extracted and separated, fol-
lowed by its primary and secondary processing (a
series of technological steps) with the goal of ex-
tracting metal from the ore. The obtained product
is then cast and refined into certain shapes with
the desired characteristics (Ottaway 2001: Fig. 1;
Ottaway, Roberts 2008). Extractive metallurgy
consists of the smelting operations of extracting
metals from ores and the production of blocks
(ingots) as the final product; processing metallur-
gy consists of casting and the procedures for im-
proving properties, such as thermal and surface
treatments (Paulin 1982: 433). In order for metal
ore to become a finished product, it goes through
several stages: prospecting, mining, beneficia-
tion, smelting of oxide ores / roasting + smelting
of sulphide ores, refining, alloying, casting, and
smithing (Ottaway 2001: Fig. 1; Ottaway, Roberts
2008). Understanding the individual stages in the
operational chain of copper processing is impor-
tant for the correct identification of these pro-
cesses in the archaeological context, providing
insight into the technological reach of a certain
prehistoric community and the reconstruction of
the development and spread of metallurgy in a
certain area.

THE BEGINNING AND
DEVELOPMENT OF MINING

Metallurgy is closely related to mining, but the
existence of metallurgical activity in an area does
not necessarily mean the existence of mining
that would provide the necessary raw materials
(Pravidur 2014: 20). The development of stone
processing technology must have been accompa-
nied by its systematic exploitation and, over time,
by underground mining. The development of met-
allurgy in the Eneolithic was something new, but
mining should be considered within the process
of developing the exploitation of stone and oth-
er minerals because it enabled the first contact
with copper minerals (Jovanovi¢ 1979: 28-29,
42; Antonovi¢ 2006: 85-86; O'Brien 2013: 443;
2014:1, 53, 196). Various factors such as the gen-
esis, classification, and characterization of ore
deposits play a major role in modern mining, but
they were not important or known to the prehis-
toric miner. Other characteristics of the mine site
played a key role: the visibility and physical mani-
festation of mineralization, metal concentration
inside the mine site, and the technical feasibility
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ni poznati prapovijesnom rudaru. Kljuénu ulo-
gu imale su druge karakteristike rudista: vid-
liivost i fiziCka manifestacija mineralizacije,
kolidéina metala unutar rudista i tehni¢cka mo-
gucénost izvedivosti eksploatacije rude iz nje-
zina lezista (O'Brien 2014: 4). Odlucujudi fak-
tor bila je tehnoloSka ogranic¢enost tj. stupanj
tehnoloSkog znanja potrebnog za eksploataci-
ju i preradu odredenog tipa rudace. lako mo-
zemo pretpostaviti da je i mala koli¢ina bakra
bila bitna prapovijesnom rudaru, udio bakra u
mineralu morao je biti vazan prilikom odluke o
isplativosti eksploatacije. Tako ruda s premalim
udjelom bakra i kompleksna ruda koja zahtijeva
napredniju tehnologiju obrade nisu bile eksplo-
atirane (O'Brien 2014: 13-14). Vedéinu rudarske
aktivnosti iz prapovijesti danas je tesko otkriti i
dokazati. Na samom pocetku minerali su priku-
pljani s povrsine zemlje, dok su vidljivi dokazi
prapovijesne rudarske djelatnosti unisSteni ka-
shijim (rimskim, srednjovjekovnim i modernim)
intenzivnim rudarskim djelatnostima (Durman
1983: 7; Pravidur 2014: 20-21). Krajem neoli-
tika eksploatacija bakrenih minerala dokazana
je s prvim otkri¢ima prapovijesnih rudnika Ai
Bunar i Rudna glava (Jovanovié, Ottaway 1976;
Cernych 1978; Jovanovié 1980). Nakon toga,
diljem jugoisto¢ne Europe otkrivene su razne
rudne pojave i rudiSta s naznakama prapovi-
jesnog rudarenja, posebno u isto¢noj i sredis-
njoj Srbiji, Transilvaniji i jugoisto¢noj Bugarskoj
(Jovanovi¢ 1979; Pernicka, Anthony 2010: 170;
Antonovi¢ 2018; Kunze et al. 2018; Krauss et al.
2020).

Danas je opc¢eprihvaceno da rudarenje meta-
la podinje s ekstrakcijom elementarnog bakra i
sekundarnih bakrenih minerala iz povrsSinskog
sloja i oksidacijske zone leziSta (O'Brien 2013:
441; 2014: 8, 34). Ta Cinjenica odraZava se i u
sastavu metalnih predmeta balkanskog i podu-
navskog podrudja koji su izradeni od samorod-
nog bakra ili iz oksidnih/karbonatnih minerala
koji nisu zahtijevali kompleksni proces taljenja
(Jovanovi¢ 1979: 46-47; 2009: 146; Durman
2006: 31; Pernicka, Anthony 2010: 171). Nakon
iscrpljivanja leziSta oksidnih ruda, pokazala se
potreba za istrazivanjem drugih rudnih mine-
rala. Pocinju se upotrebljavati bakreni sulfar-
senidi iz serije tenantit-tetraedrit, tzv. sinjavci
ili sinja ruda (engl. fahlore/gray ore; njem. Fa-
hlerz). Rudarenje sulfarsenida zapocelo je naj-
vjerojatnije tijekom 4. tisucéljeéa pr. Kr., a naj-
bolje se prepoznaje po pojavi arsenskog bakra
(Durman 2006: 31; O'Brien 2013: 441; 2014:

of exploiting ore from its deposit (O'Brien 2014:
4). The decisive factor was the technological limi-
tation, i.e. the degree of technological knowledge
required for the exploitation of a mine and the
processing of a certain type of ore. Although we
can assume that even a small amount of copper
was important to the prehistoric miner, its mineral
grade must have been important when deciding
on the profitability of mine exploitation. Thus, ore
with insufficient copper content, and complex ore
that required more advanced processing techno-
logy, were not exploited (O'Brien 2014: 13-14).
Most prehistoric mining activity is difficult to de-
tect and prove today. At the very beginning, min-
erals were collected from the surface of the earth,
while visible evidence of prehistoric mining activ-
ity was destroyed by later (Roman, medieval, and
modern) intensive mining operations (Durman
1983: 7; Pravidur 2014: 20-21). At the end of the
Neolithic, the exploitation of copper minerals was
proven with the first discoveries of the prehistoric
mines of Ai Bunar and Rudna Glava (Jovanovi¢,
Ottaway 1976; Cernych 1978: Jovanovi¢ 1980).
After that, various ore occurrences and mines
with signs of prehistoric mining have been discov-
ered throughout southeastern Europe, especially
in eastern and central Serbia, Transylvania, and
southeastern Bulgaria (Jovanovié¢ 1979; Pernicka,
Anthony 2010: 170; Antonovié¢ 2018; Kunze et al.
2018; Krauss et al. 2020).

Today, it is generally accepted that metal min-
ing began with the extraction of elemental cop-
per and secondary copper minerals from the
surface layer and oxidation zone of the deposit
(O'Brien 2013: 441; 2014: 8, 34). This fact is re-
flected in the composition of metal objects from
the Balkans and along the Danube, which were
made from native copper or from oxide/carbonate
minerals that did not require a complex smelting
process (Jovanovi¢ 1979: 46-47; 2009: 146; Dur-
man 2006: 31; Pernicka, Anthony 2010: 171). Af-
ter the depletion of oxide ore deposits, the need
to search for other ore minerals became appar-
ent. Copper sulfarsenides from the tennantite-
tetrahedrite series, known as fahlore or gray ore
(Cro. tenantit/tetraedrit; Ger. Fahlerz), began to
be used. Sulfarsenide mining most likely started
during the 4™ millennium BC, and is best recog-
nized by the appearance of arsenic copper (Dur-
man 2006: 31; O'Brien 2013: 441; 2014: 34). It is
associated with the spread of the metallurgy of
the Baden culture in the area of the Carpathian
Basin and the Danube region during the 4" mil-
lennium BC (Durman 1997: 7; 2000) and the Bell
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34). Povezano je sa Sirenjem metalurgije ba-
denske kulture na prostoru Karpatske kotline
i Podunavlja tijekom 4. tisuéljeéa pr. Kr. (Dur-
man 1997: 7; 2000) i kulture zvonastih pehara
u zapadnoj Europi tijekom 3. tisuclje¢a pr. Kr.
(O'Brien 2013: 440-441). Upotreba ovog tipa
rude smanjuje se usvajanjem kositrene bron-
ce, ali u srednjoj Europi ostaje razvijena i tije-
kom kasnoga bron¢anog doba (Durman 2006:
32-33; O'Brien 2014: 441). Posljednja etapa u
ekstrakciji bakra u Europi podrazumijeva sul-
fidne rude poput bornita i halkopirita. Najra-
nija eksploatacija ovog tipa rude nije precizno
odredena, mozda je zapocela u kasnom eneoli-
tiku ili ranom bron¢anom dobu. lako je tehnolo-
gija dubokog rudarenja i kompleksnog taljenja
razvijena u vrijeme bronc¢anoga doba, u ve¢em
dijelu Europe nije koriStena sve do rimskoga
doba (O'Brien 2014: 8).

RAZVOJ | AUTONOMIJA RANE
METALURGIJE JUGOISTOCNE
EUROPE

Krajem 19. i pocetkom 20. stoljec¢a arheo-
loSka misao obiljeZena je difuzionisti¢kim pri-
stupom kada se otkrice metalurgije pripisivalo
jednom bliskoisto¢nom izvoru odakle se Siri u
Europu (Childe 1944; Trigger 2006: 246-256;
Amzallag 2009: 497). Potaknut rezultatima
kalibriranih radiokarbonskih datuma C. Ren-
frew (1969.) predlaZe hipotezu o samostalnom
razvoju metalurgije na prostoru Europe u vise
pojedinacnih centara koji su neovisni o blisko-
isto¢nim utjecajima (Trigger 2006: 259, 383-
384). Tako su stvorene dvije osnovne struje
o nastanku i Sirenju metalurgije bakra. Prva,
predvodena G. Childom, smatra da se ta tehno-
logija rasirila iz jedinstvenog centra na Bliskom
istoku, a druga smatra da se metalurgija razvila
u najmanje tri razli¢ita centra: na Bliskom isto-
ku, Balkanu i Iberskom poluotoku (Killick, Fenn
2012: 564-566; Pernicka 2014: 452). Vedina
danasnjih znanstvenika slozit ¢e se da je me-
talurgija djelatnost koja se vjerojatno razvila na
viSe medusobno izoliranih podruéja (Ottaway,
Roberts 2008; Amzallag 2009; Radivojevi¢ et
al. 2010; O'Brien 2014: 38; Radivojevi¢, Rehren
2016).

Pojava predmeta od samorodnog bakra i ba-
krenih minerala na prostoru jugoisto¢ne Europe
prisutna je od vremena neolitika, narocito tije-
kom druge polovice 6. tisuélje¢a pr. Kr. Veéina
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Beaker culture in western Europe during the 3™
millennium BC (O'Brien 2013: 440-441). The use
of this type of ore decreases with the adoption of
tin bronze, but it remains in use in central Europe
during the Late Bronze Age (Durman 2006: 32-
33; O'Brien 2014: 441). The last stage in copper
extraction in Europe involves sulphide ores such
as bornite and chalcopyrite. The earliest exploi-
tation of this type of ore is not precisely deter-
mined; it may have started in the Late Eneolithic
or Early Bronze Age. Although the technology of
deep mining and complex smelting was developed
during the Bronze Age, it was not used in most of
Europe until the Roman era (O'Brien 2014: 8).

THE DEVELOPMENT AND
AUTONOMY OF EARLY
METALLURGY IN SOUTHEASTERN
EUROPE

In the late 19™ and early 20" centuries, archae-
ological thought was characterized by a diffu-
sionist approach that attributed the discovery of
metallurgy to a single Middle Eastern source from
where it spread to Europe (Childe 1944; Trigger
2006: 246-256; Amzallag 2009: 497). Relying on
the results of calibrated radiocarbon dating, C.
Renfrew (1969) proposed a hypothesis about the
independent development of metallurgy in Europe
in several individual centres that are independent
of Middle Eastern influences (Trigger 2006: 259,
383-384). This resulted in two basic currents of
the origin and spread of copper metallurgy. The
first, led by G. Child, states that this technology
spread from a single centre in the Middle East;
the second states that metallurgy developed in
at least three different centres: the Middle East,
the Balkans, and the lberian Peninsula (Killick,
Fenn 2012: 564-566; Pernicka 2014: 452). To-
day most scientists will agree that metallurgy is
an activity that probably developed in several
isolated areas (Ottaway, Roberts 2008; Amzallag
2009; Radivojevi¢ et al. 2010; O'Brien 2014: 38;
Radivojevi¢, Rehren 2016).

Objects made of native copper and copper min-
erals existed in the area of southeastern Europe
since the Neolithic period, especially during the
second half of the 6" millennium BC. Most of these
objects can be attributed to the pre-metallurgical
phase of copper processing, when new raw mate-
rials and local sources of copper were discovered
(Fig. 1) (Kalicz 1992; Antonovi¢ 2002: 33; Otta-
way, Roberts 2008: 195; Hansen 2011: 139; 2013:
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Sl. 1 - Pojednostavljeni prikaz tehnoloskih faza razvoja metalurgije bakra i njegovih slitina kroz vrijeme (izradile: S.

Bos$njak, D. Roksandi¢ Vukadin)

Fig. 1 — Simplified representation of technological stages of the development of the metallurgy of copper and its alloys

through time (made by: S. Bosnjak, D. Roksandi¢ Vukadin)

ovih predmeta mozZe se pripisati predmetalur-
Skoj fazi obrade bakra, kada se upoznaje nova
sirovina i lokalni izvori bakra (sl. 1) (Kalicz 1992;
Antonovi¢ 2002: 33; Ottaway, Roberts 2008:
195; Hansen 2011: 139; 2013: 140-141; Heyd,
Walker 2014: 674-675; Sikldsi, Szilagyi 2019:
57-58). Prijelazom iz 6. u 5. tisucljece pr. Kr. po-
javljuju se rudnici bakra i lijevani bakreni pred-
meti. JoS nije mogucée odrediti to¢no vrijeme po-
Cetka obrade bakrene rude i lijevanja bakra, ali
sa sigurnos$éu mozemo reci da su ta tehnoloska
znanja bila rasirena na podrucju Balkana prije 5.
tisucljec¢a pr. Kr. (sl. 1) (Pernicka, Anthony 2010:
169). Specificne tipove lijevanih predmeta u
ovom razdoblju na prostoru jugoistoé¢ne Europe
poznaje nekoliko istovremenih kulturnih skupi-
na, $to je snazan argument o neovisnoj metalur-
Skoj ,industriji” toga podrucja (Radivojevi¢ et al.
2010: 2776; 2021; O'Brien 2014: 53; Sava 2015:
274-277; Radivojevi¢, Rehren 2016: 205). Rano
upoznavanje s metalom i autohtoni razvoj me-
talurgije posljedica je postojanja bogatih leziSta
metalne rude, poznavanja tradicije, razvoja ru-
darstva i razvijene pirotehnologije koja se vidi u
izradi grafitno ukrasene i crno pecene keramike
5. tisucljeca pr. Kr. (Jovanovi¢ 1979: 46; Anto-
novi¢ 2002: 39-41; O'Brien 2014: 38-39). Nosi-
telj i predstavnik velikih promjena u metalurskoj
tehnologiji je vinéanska kultura. Arheometalur-
Ska istrazivanja postavila su je kao prvu rudar-
sku i metalursku kulturu na prostoru jugoistoc¢-
ne Europe (Bori¢ 2009; Hansen 2013: 147) i kao
pokazatelj postojanja tehnologija metalurske
obrade bakra i produkcije metala ve¢ tijekom 6.
tisuéljec¢a pr. Kr. (Antonovié¢ 2002; Bori¢ 2009:
207; Radivojevic¢ et al. 2010; 2021; Hansen 2013:
146-147; Radivojevi¢, Rehren 2016).

No, ono Sto izdvaja podrucje jugoistoCne
Europe od drugih jest izuzetno velik broj nala-

11

140-141; Heyd, Walker 2014: 674-675; Sikldsi,
Szilagyi 2019: 57-58). Metallurgy first began with
the appearance of copper mines and cast copper
objects at the turn of the 6" and 5™ millennia BC.
It is still not possible to determine the exact time
when copper ore processing and copper cast-
ing began, but we can say with certainty that this
technological knowledge was widespread in the
Balkans before the 5" millennium BC (Fig. 1) (Per-
nicka, Anthony 2010: 169). Specific types of cast
objects in this period in southeastern Europe were
known by several contemporary cultural groups,
which is a strong argument for the independent
metallurgical "“industry” of that area (Radivojevi¢
et al. 2010: 2776; 2021; O'Brien 2014: 53; Sava
2015: 274-277; Radivojevi¢, Rehren 2016: 205).
The early acquaintance with metal and the au-
tochthonous development of metallurgy is the re-
sult of rich deposits of metal ore, tradition and de-
velopment of mining and pyrotechnology, which is
best seen in the graphite-decorated and dark bur-
nished pottery of the 5" millennium BC (Jovanovié
1979: 46; Antonovi¢ 2002: 39-41; O'Brien 2014:
38-39). The Vinca culture is the bearer and rep-
resentative of the great changes in metallurgical
technology. It was identified by archaeometallur-
gical research as the first mining and metallurgi-
cal culture in southeastern Europe (Bori¢ 2009;
Hansen 2013: 147) and as the clearest indicator
of the existence of copper metallurgical process-
ing and metal production technologies during the
6™ millennium BC (Antonovi¢ 2002; Bori¢ 2009:
207; Radivojevi¢ et al. 2010; 2021; Hansen 2013:
146-147; Radivojevi¢, Rehren 2016).

However, what sets southeastern Europe apart
from other regions is the extremely large number
of finds of copper and gold objects that exceeds
the metallurgical production in all known contem-
poraneous areas. The peak of copper production
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za bakrenih i zlatnih predmeta koji premasu-
ju metalurSku proizvodnju na svim poznatim
istovremenim podruéjima. Vrhunac proizvod-
nje bakra u jugoisto¢noj Europi poc¢eo je oko
4700. - 4600. g. pr. Kr. i trajao je do oko 4300.
—4200. g. pr. Kr. (Pernicka, Anthony 2010: 169,
171; Hansen 2013: 139, sl. 6). Ovakav trend po-
rasta broja metalnih nalaza na balkanskom i
karpatskom prostoru upucuje na kvantitativni i
kvalitativni iskorak u metalurgiji bakra, iako je
samih dokaza o bakrenopreradivackim djelat-
nostima u naseljima iznimno malo (Sava 2015:
276). Procijenjeno je da izmedu 4500. i 3800.
d. pr. Kr. prezivjela koli¢ina bakra koja cirkuli-
ra balkanskim prostorom (jugoistoé¢na Europa
i Madarska) iznosi 4,7 tona, odnosno 4300 ba-
krenih alatki, te viSe od 6 kg zlata (Pernicka,
Anthony 2010: 169). Istovremeno na cijelom
Bliskom istoku broj lijevanih bakrenih predmeta
maniji je od 300 (Radivojevic¢ et al. 2010: 2776).
Nakon perioda sve veceg porasta broja nalaza
od bakra i zlata slijedi znac¢ajan pad u kolicini
metalnih nalaza tijekom druge polovice 4. ti-
suclje¢a pr. Kr. (Strahm, Hauptmann 2009: 119—
120; Hansen 2011: 137; 2013: 148-150; Heyd,
Walker 2014: 680; O'Brien 2014: 54; Pernicka
2014: 452; Sava 2015: 276). Za ovo razdoblje
Cesto se koristi pojam ,, metalurska kriza", koja
se pojavljuje u srednjoj i jugoisto¢noj Europi te
na egejskom podrucju. Neki smatraju da se ra-
di o degradaciji metalurgije i padu proizvodnje
(Siklési, Szilagyi 2019: 5276), dok drugi évrsto
negiraju postojanje metalurSke krize (Hansen
2011: 137; 2013: 153). To razdoblje obiljeZzeno je
gotovo istodobnom pojavom arsenskog bakra
na prostoru od Bliskoga i Srednjega istoka do
srednje Europe. Ovaj fenomen Cesto se objas-
njava ja¢anjem veza izmedu Anatolije i Europe,
Sto je dovelo do formiranja tzv. cirkumpont-
skog metalurskog kruga ili provincije (Pernicka
2014: 452, sl. 4). Arsenski bakar u odnosu na
Cisti bakar ima nekoliko prednosti: niza tocka
taljenja, veéa kvaliteta odljevka, poveéana tvr-
docéa, bolja obradivost i srebrna boja (Ottaway
2001: 98). Pojava arsenskog bakra nije do kraja
razjasnjen fenomen i jo$ postoji dilema je li ona
posljedica namjernog legiranja bakra i arsena
ili je sluc¢ajni nusprodukt taljenja rude koja je
u sebi ve¢ sadrzavala arsen (Durman 1983: 4;
2000: 91-93; Ottaway 2001: 98; Ottaway, Ro-
berts 2008: 208; Pernicka 2014: 452-453). Ti-
jekom 3. tisuéljeca pr. Kr. prapovijesne zajedni-
ce u juznoj i srednjoj Europi dobro poznaju me-
talursku tehnologiju te dolazi do njezina razvoja
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in southeast Europe began around 4700-4600
BC and lasted until about 4300-4200 BC (Per-
nicka, Anthony 2010: 169, 171; Hansen 2013: 139,
Fig. 6). This trend of the increase in the number of
metal finds in the Balkan-Carpathian area points
to a quantitative and qualitative step forward in
copper metallurgy, although there is very little
evidence of copper-processing activities in the
settlements (Sava 2015: 276). It is estimated that
between 4500 and 3800 BC the surviving amount
of copper circulating in the Balkans (southeast-
ern Europe and Hungary) amounts to 4.7 tons,
i.e. 4300 copper tools, and more than 6 kg of
gold (Pernicka, Anthony 2010: 169). At the same
time, there are fewer than 300 cast copper ob-
jects in the entire Middle East (Radivojevi¢ et al.
2010: 2776). The period of the increasing growth
in the number of copper and gold finds was fol-
lowed by a significant drop in the amount of metal
finds during the second half of the 4™ millennium
BC (Strahm, Hauptmann 2009: 119-120; Hansen
2011:137,2013:148-150; Heyd, Walker 2014: 680;
O’'Brien 2014: 54; Pernicka 2014: 452; Sava 2015:
276). This period, often considered a “metallurgi-
cal crisis", appeared in central and southeastern
Europe and the Aegean region. Some believe that
the cause was the degradation of metallurgy and
the decline of production (Siklési, Szilagyi 2019:
5276), while others firmly deny the existence of a
metallurgical crisis (Hansen 2011: 137; 2013: 153).
The period was marked by the almost simultane-
ous appearance of arsenic copper in the area from
the Near and Middle East to central Europe. This
phenomenon is often explained by the strength-
ening of ties between Anatolia and Europe, which
led to the formation of the Circumpontian metal-
lurgical circle or province (Pernicka 2014: 452,
Fig. 4). Compared to pure copper, arsenical cop-
per has several advantages: lower melting point,
higher casting quality, increased hardness, better
workability, and the ability to obtain a silver colour
(Ottaway 2001: 98). The appearance of arsenical
copper is not a fully elucidated phenomenon, and
it is still an unsolved dilemma whether it is the re-
sult of the intentional alloying of copper and arse-
nic or an accidental by-product of the smelting of
ore that already contained arsenic (Durman 1983:
4; 2000: 91-93; Ottaway 2001: 98; Ottaway, Rob-
erts 2008: 208; Pernicka 2014: 452-453). During
the 3 millennium BC, prehistoric communities in
southern and central Europe were well acquaint-
ed with metallurgical technology, which signifi-
cantly spread towards the west during that time
(Strahm, Hauptmann 2009: 120). Arsenic copper
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i znaCajnog Sirenja prema zapadu (Strahm, Ha-
uptmann 2009: 120). Arsenski bakar pocinje se
zamjenjivati kositrenom broncom, iako jo$ nije
jasno gdje i kako je doslo do takve promjene (sl. 1)
(Ottaway, Roberts 2008: 197; Pernicka 2014:
456). U arheoloskim zapisima, narocito na pro-
storu jugoistoéne Europe, pocinju se odraza-
vati znacajne drustvene i ekonomske promjene
potaknute metalurS§kom tehnologijom i trgova-
njem metalom (Heyd, Walker 2014: 685). Sama
metalurgija bakra dozivljava znac¢ajan napredak,
pocinje svojevrsna ,serijska proizvodnja” identic¢-
nih metalnih predmeta i metalurgija dostiZze goto-
vo industrijsku razinu tijekom 3. tisucljec¢a pr. Kr.
(Durman 1983; Strahm, Hauptmann 2009).

POCETCI UPOTREBE BAKRA NA
PROSTORU SJEVERNE HRVAT-
SKE

Rani i srednji eneolitik

Rani eneolitik na prostoru sjeverne Hrvatske
najvec¢im dijelom obiljeZen je kasnim razvojnim
ili regionalnim stupnjevima sopotske kulture,
koja nastavlja svoj tradicionalni neoliti¢ki nacin
Zivota. Kraj sopotske kulture i po¢etak eneoli-
tickog perioda u isto¢noj Slavoniji obiljezen je
fazom Sopot IV, dok je u sjeverozapadnoj Hr-
vatskoj rasiren tip Sece sopotske kulture (Mar-
kovié¢ 1985; 2012; Balen 2016: 60-61; 2018a:
65-66). Zavr$ni stupnjevi sopotske kulture
istovremeni su s vinéanskom kulturom (stupanj
Vinc¢a D), lendelskom kulturom (stupanj Lengyel
I11) i tisapolgarskom kulturom (Balen 2016: 59—
61). Sopotska kultura posljednji je predstav-
nik neolitickog nadina Zivota na samom pra-
du eneolitika, a sli€na situacija ,produZenog
neolitika” istovremeno se mozZe primijetiti i na
podrudju Transdanubije (Banffy 1994). Sopot-
ska kultura ne poznaje metal dok istovremene
kulture rasprostranjene na bakrom bogatijim
prostorima vladaju metalurS§kom tehnologijom
lijevanja i stvaraju kompleksne opskrbno-dis-
tribucijske trgovinske mreze (Jovanovi¢ 2009:
147; Pernicka, Anthony 2010; Hansen 2013; Si-
klési, Szilagyi 2019).

Jedine bakrene izradevine (dva fragmenta) u
kontekstu naselja sopotske kulture na prosto-
ru sjeverne Hrvatske, Baranje, spominju se na
lokalitetu KneZevi Vinogradi — Osnovna Skola
(Simié 2004: 77). Razlog sopotskom nepozna-
vanju metala mozemo traziti u ¢injenici da se
kultura rasprostire izvan bakrom bogatih pod-
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began to be replaced by tin bronze, although it
is still unclear where and how such a change oc-
curred (Fig. 1) (Ottaway, Roberts 2008: 197; Per-
nicka 2014: 456). Archaeological records, espe-
cially in the area of southeastern Europe, begin to
reflect significant social and economic changes
sparked by metallurgical technology and metal
trade (Heyd, Walker 2014: 685). Copper metallur-
gy itself experienced significant progress, there
began a kind of “serial production” of identical
metal objects, and metallurgy reached an al-
most industrial level during the 3™ millennium
BC (Durman 1983; Strahm, Hauptmann 2009).

BEGINNINGS OF COPPER USE IN
NORTHERN CROATIA

Early and Middle Eneolithic

The Early Eneolithic period in Northern Croa-
tia is mostly marked by the late developmental
or regional stages of the Sopot culture, which
continued its traditional Neolithic way of life. The
Sopot IV phase marks the end of the Sopot cul-
ture and the beginning of the Eneolithic period in
eastern Slavonia, while the Sece type of the So-
pot culture is widespread in Northwestern Croatia
(Markovi¢ 1985; 2012; Balen 2016: 60-61; 2018a:
65-66). The final stages of the Sopot culture are
contemporaneous with the Vincéa culture (Vinca
D stage), the Lengyel culture (Lengyel lll stage),
and the Tisapolgar culture (Balen 2016: 59-61).
The Sopot culture was the last representative of
the Neolithic way of life at the very threshold of
the Eneolithic, and a similar situation of the "ex-
tended Neolithic" can be observed in the area of
Transdanubia (Banffy 1994). While the Sopot cul-
ture did not know metal, the contemporary cul-
tures that spread in copper-rich areas mastered
the metallurgical technology of casting and cre-
ated complex supply-distribution trade networks
(Jovanovi¢ 2009: 147; Pernicka, Anthony 2010;
Hansen 2013; Sikldsi, Szilagyi 2019).

The only copper artifacts (two fragments)
in the context of Sopot culture settlements in
the area of northern Croatia (Baranja) are men-
tioned at the site of Knezevi Vinogradi — Elemen-
tary school (Simi¢ 2004: 77). The reason for the
lack of knowledge of metals in the Sopot culture
can be found in the fact that it did not inhabit the
copper-rich areas. On the other hand, an absolute
lack of knowledge of metals is somewhat unusual
considering its strong communication with the
neighbouring, metallurgically developed cultures
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rucja. S druge strane, apsolutno nepoznavanje
metala donekle je neobi¢no s obzirom na jake
komunikacije te kulture sa susjednim metalur-
Ski razvijenim kulturama (npr. vin¢anskom kul-
turom) (Markovi¢ 1985; 1994: 86-91). Odgovor
mozda lezi u zakljué¢ku Z. Markovic¢a (1994: 86),
koji sopotsku kulturu vidi kao zatvorenu pojavu
koja je prijenosnik razli¢itih utjecaja, ali ¢vrsto
Cuva vlastiti identitet i tradiciju.

ZavrSetkom neolitika i pocetkom eneolitika,
odvija se kontinuirani prijelaz iz vin¢ansko-
soptsko-lengyelskog supstrata u lasinjsku kul-
turu kao nasljednicu kasnoga neolitika (Dimi-
trijevi¢ 1979a: 170; Balen 2010: 23-24; 2018a:
67-68; Cataj 2018a: 25-28; 2020: 435-440).
Metalni nalazi u kontekstu lasinjske kulture vr-
lo su rijetki. Na podrucju Hrvatske zasad jedini
poznati metalni predmeti koji se sa sigurnos$cu
mogu pripisati lasinjskoj kulturi su s lokaliteta
Pajtenica — Velike Livade kod Selaca Pakovac-
kih. Rije¢ je o tri bakrena predmeta: dlijeto, ulo-
mak sjeciva sjekireidio Sila (sl. 2D) (Balen 2010:
37, T.8: 2, 5; Cataj 2018a: 40, sl. 8; Balen, Zorié
2020: T. 1: 1-3). Predmeti su izradeni od Cistog
bakra gdje su kositar i Zeljezo prisutni samo u
tragovima, dok u Silu ima i neznatnih tragova
arsena (Balen, Zorié¢ 2020: tab. 1). Osim nabro-
jenih nalaza, lasinjskoj kulturi ili moZda mladoj
retz-gajarskoj kulturi mozZe se pribrojiti neko-
liko metalnih igala ili $ila s lokaliteta Cepinski
Martinci — Dubrava pored Osijeka. Predmeti su
nadeni prilikom istrazivanja eneolitiCkog na-
selja lasinjske i retz-gajarske kulture, ali nije
objavljen detaljan opis predmeta kao ni njihov
specifican kontekst (Kalafati¢ 2009: 22).

Nakon lasinjske kulture, na prostoru sjeverne
Hrvatske rasprostranjena je kultura Retz-Ga-
jary. Pocinje krajem lasinjske kulture, dok nje-
zin kraj odgovara pocetku Boleraz faze ili grupe
badenske kulture, uz moguce razdoblje suzivo-
ta u oba slucaja (Balen 2016: 6-65; 2018a: 68;
Cataj 2016; 2018b: 49-52; 2020: 431-434). Na
prostoru Hrvatske jedini metalni nalazi koji su
sigurno pripisani ovoj kulturi nekoliko je bakre-
nih igala ili $ila s lokaliteta Ceminac - Vakanjac
u Baranji (Kalafati¢, Hulina 2016: 29, 32, sl. 11).
Nalaz koji nam bolje svjedoCi o metalurgiji ove
kulture je ulomak keramicke posude s lokalite-
ta Josipovac Punitovacki kod Dakova. Najvje-
rojatnije je rije¢ o ulomku posude za taljenje -
talionika, na €ijoj su unutrasnjoj stijenci i rubu
pronadeni tragovi bakra (sl. 2E) (Cataj 2009a:
47-48, sl. 37-40, T. 36: 3; 2018b: 60). Analiza
metalnih naslaga pokazala je da je uz bakar pri-
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(e.g. the Vinda culture) (Markovi¢ 1985; 1994:
86-91). The answer may lie in the conclusion of Z.
Markovié (1994: 86), who sees the Sopot culture
as a closed phenomenon that carried different in-
fluences while firmly preserving its own identity
and tradition.

With the end of the Neolithic and the begin-
ning of the Eneolithic, there was a continuous
transition from the Vinca-Sopot-Lengyel sub-
strate to the Lasinja culture as the successor of
the Late Neolithic (Dimitrijevi¢ 1979a: 170; Balen
2010: 23-24; 2018a: 67-68; Cataj 2018a: 25-28;
2020: 435-440). Metal finds in the context of
the Lasinja culture are very rare. In the territory
of Croatia, the only known metal objects that can
be attributed with certainty to the Lasinja culture
come from the site of Pajtenica — Velika Livada
near Selci Dakovacki. They are three copper ob-
jects: a chisel, a fragment of an axe blade, and
a part of an awl (Fig. 2D) (Balen 2010: 37, PI. 8:
2, 5; Cataj 2018a: 40, Fig. 8; Balen, Zori¢ 2020
Pl. 1: 1-3). The objects are made of pure copper,
with tin and iron found only in traces, while the
awl includes faint traces of arsenic (Balen, Zori¢
2020: Tab. 1). In addition to the listed finds, sev-
eral metal needles/pins or awls from the Cepinski
Martinci — Dubrava site near Osijek can be attrib-
uted to the Lasinja culture or perhaps the younger
Retz-Gajary culture. The objects were found dur-
ing the excavations of an Eneolithic settlement of
the Lasinja and Retz-Gajary culture, but a more
detailed description of the objects and their spe-
cific context has not been published (Kalafatic¢
2009: 22).

After the Lasinja culture, the Retz-Gajary cul-
ture spread throughout Croatia. This culture be-
gins at the end of the Lasinja culture, while its
end corresponds to the beginning of the Boleraz
group or phase of the Baden culture, with a pos-
sible period of coexistence in both cases (Balen
2016: 6-65; 2018a: 68; Cataj 2016; 2018b: 49—
52; 2020: 431-434). On the territory of Croatia,
the only metal finds that are definitely attrib-
uted to this culture are several copper needles/
pins or awls from the Ceminac — Vakanjac site in
Baranya (Kalafati¢, Hulina 2016: 29, 32, Fig. 11).
The find that better testifies to the metallurgy of
this culture is the fragment of a ceramic pot from
the Josipovac Punitovacki site near Dakovo. It is
most likely a fragment of a vessel for the melting
of metal — a crucible, with traces of copper on the
inner wall and edge (Fig. 2E) (Cataj 2009a: 47-48,
Fig. 37-40, Pl. 36: 3; 2018b: 60). The analysis of
these metal deposits showed not only copper, but
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sutan i visok udio Zeljeza i arsena, $to je navelo
na zakljuc¢ak da se radi o neuspjeSnom taljenju
bakrene rude (za detaljnije vidi: Cataj 2009a:
47-48, sl. 38, 40). Ovaj nalaz je zasad najstariji
objavljeni dokaz o odvijanju ili pokusaju meta-
lur§kog procesa na prostoru Hrvatske. Jos je-
dan lokalitet s naznakama metalurske aktivnosti
koja se pripisuje kulturi Retz-Gajary, Medvode
- Glogovica kod Slavonskog Broda, istrazen je
2009. i 2010. godine. Informacije s istrazivanja
su dostupne samo prema kratkoj preliminarnoj
objavi i izvje$¢éu (Kuzmanovié¢ 2010; 2011).2 Ti-
jekom istrazivanja pronaden je objekt (zemuni-
ca) s dvije peéi. Oko jedne od peci pronadena
je znacajna koli¢ina ulomaka keramike s trago-
vima naslaga metala na unutarnjim stijenkama
(interpretirani kao talionici), nekoliko komada
metalne troske i nekoliko ulomaka bakra. Ovi
nalazi isli bi u prilog odvijanja konkretne meta-
lur§ke aktivnosti, pa bi se objekt mogao defi-
nirati kao moguéa metalurska radionica. Nakon
sustavne analize, ovaj lokalitet mogao bi biti
klju¢an za razumijevanje metalurgije retz-ga-
jarske kulture u sjevernoj Hrvatskoj.

Snazniji dokaz istovremenih metalurskih
djelatnosti imamo na prostoru Slovenije. Nala-
zi bakrenih predmeta i metalurskih djelatnosti
(kalupi, posude za taljenje) na tom prostoru po-
javljuju se tijekom 4. tisucljeca pr. Kr., a krono-
loski tome razdoblju pripada lasinjska kultura,
horizont keramike s brazdastim urezivanjem
(HKBV) i badenska kultura (VeluScek 1999: 60;
2004a: sl. 7.1.1; 2008). Dokaz metalurske dje-
latnosti horizonta keramike s brazdastim ure-
zivanjem pronaden je na lokalitetu Hocevarica,
gdje su pronadena dva ulomka keramicke posu-
de za taljenje te kaplja bakra koja je najvjerojat-
nije nusprodukt obrade (Veluséek 2004a: 301;
2004b: 51-52, T. 4.1.8: 11, sl. 3.1.27-3.1.28).

Velik problem definiranja stupnja razvoja me-
talurske djelatnosti za vrijeme ranoga i sred-
njega eneolitika, kako u Hrvatskoj tako i mnogo
Sire, jest velika koli¢ina pojedinacnih i slucaj-
nih bakrenih te zlatnih nalaza (BrunSmid 1902;
Bulat 1962; Jovanovi¢ 1979: 37-41; Kuna 1981;
Markovi¢ 1994: 111-112; Raczky 1999; Glogo-
vi¢ 2003). Rije¢ je o nalazima nakita, masivnog
oruda (razni tipovi sjekira, dlijeta) i sitnog ala-
ta (igle, sSila) koje je tesko pripisati odredenoj

2 Podaci koji se koriste preuzeti su iz neobjavljenog izvjestaja tvrtke Geo-
arheo d.o.o. (Kuzmanovi¢ 2010) i temeljeni su na preliminarnoj analizi
arheoloskog materijala od strane autorica teksta. Zahvaljujemo Goranu
Skelcuiz tvrtke Geoarheo d.o.o0. i djelatnicima Muzeja Brodskog Posavlja
na ustupljenim podatcima.
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also a high proportion of iron and arsenic, which
led to the conclusion that it was an unsuccess-
ful smelting of copper ore (for details, see: Cataj
2009a: 47-48, Fig. 38, 40). This find is the oldest
published evidence of the conducting of or an at-
tempt at a metallurgical process in the territory of
Croatia. One more site with indications of metal-
lurgical activity attributed to the Retz-Gajary cul-
ture, Medvode — Glogovica near Slavonski Brod,
was excavated in 2009 and 2010. Information
about the excavation is only available as a short
preliminary publication and the excavation report
(Kuzmanovi¢ 2010; 2011).2 During the excavation,
an object (a pit dwelling) with two furnaces was
found.A significant amount of fragmented pottery
with metal residues on the inner walls (interpreted
as crucibles), a few pieces of metal slag, and a
few pieces of copper, were found around one of
the furnaces. These finds strongly indicate that
a metallurgical activity was carried out there and
that the structure could be interpreted as a pos-
sible metallurgical workshop. After a systematic
analysis of these finds, this site could become
crucial for understanding the early metallurgy of
the Retz-Gajary culture in northern Croatia.

There is stronger evidence of metallurgi-
cal activities on the territory of Slovenia at that
time. Copper objects and metallurgical activities
(moulds, crucibles) in that area appear during
the 4" millennium BC; chronologically, this pe-
riod includes the Lasinja culture, the horizon of
the Furchenstich (stab-and-drag style) pottery
(HKBV), and the Baden culture (Velu$¢ek 1999:
60; 2004a: Fig. 7.1.1; 2008). Evidence of metal-
lurgical activity of the horizon of the Furchenstich
pottery was found at the site of HoCevarica: two
fragments of a smelting pot and a drop of copper,
most likely a by-product of copper processing
(VeluScek 2004a: 301; 2004b: 51-52, PI. 4.1.8: 11,
Fig. 3.1.27-3.1.28).

A major problem in defining the level of devel-
opment of metallurgical activity during the Early
and Middle Eneolithic, both in Croatia and far be-
yond, is the large amount of single and chance
finds of copper and gold (Brunsmid 1902; Bu-
lat 1962; Jovanovi¢ 1979: 37-41; Kuna 1981;
Markovié¢ 1994: 111-112; Raczky 1999; Glogovi¢
2003). These are finds of jewellery, massive tools
(various types of axes, chisels), and small tools

2 The information comes from an unpublished report by Geoarheo Ltd.
(Kuzmanovi¢ 2010) and is based on the preliminary analyses of archaeo-
logical material by the authors of this paper. We would like to thank Goran
Skelac from Geoarcheo Ltd. and the employees of the Museum of Brodsko
Posavlje for the provided data.
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Sl. 2 — Nalazi metala i metalur§kog pribora ranog i srednjeg eneolitika s podrucja sjeverne Hrvatske: A krizna sjekira,
tip Jaszladany, Pustara — Tufek (Jovanovi¢ 1979: T. II: 1-3); B zlatni diskovi, tip Stollhof-Csaford, Tenja — Orlovnjak
(nacrtala: S. Bo$njak; prema: Raczky 1999: sl. 11, kat. br. 4); C inventar metalnih nalaza iz groba, Vukovar - Velika skela
(Brunsmid 1902: sl. 19); D bakreni predmeti, lasinjska kultura, Pajtenica — Velike livade (nacrtala: S. BoSnjak; prema:
Balen, Zori¢ 2020: T. 1: 1-3); E ulomak talionika, kultura Retz-Gajary, Josipovac Punitovacki — Veliko polje (izvor: Cataj
2009a: T. 36: 3, uz dozvolu) (izradile: S. BoSnjak, D. Roksandi¢ Vukadin)

Fig. 2 — Early and Middle Eneolithic metal finds and metallurgical implements from the area of northern Croatia: A cross-
edge axe, Jaszladany type, Pustara — Tufek (Jovanovi¢ 1979: PI. II: 1-3); B gold discs, Stollhof-Csaford type, Tenja — Orlovn-
jak (drawn by: S. Bosnjak; after: Raczky 1999: Fig. 11, cat. no. 4); C inventory of metal finds from a grave, Vukovar - Velika
skela (Brunsmid 1902: Fig. 19); D copper finds, Lasinja culture, Pajtenica — Velike livade (drawn by: S. Bosnjak; after: Balen,
Zorié 2020; PI. 1: 1-3); E fragment of a crucible, Retz-Gajary culture, Josipovac Punitovacéki — Veliko Polje (source: Cataj
2009a: PIl. 36: 3, with permission) (made by: S. BoSnjak, D. Roksandi¢ Vukadin)

kulturi, ve¢ ih se moze samo okvirno pripisati
odredenom razdoblju. Problem kulturne pri-
padnostiizrazen je kod mnogobrojnih slu¢ajnih
nalaza bakrenih kriznih sjekira (engl. cross-
edge axes ili axe-adze, njem. Kreuzschneidige
Axt) koje se datiraju od 4000. do 3600. g. pr.
Kr. (Balen 2010: 38-39). Zbog izmjena kronolo-
gije ranog i srednjeg eneolitika preispituje se i
njihovo datiranje, koje je pomaknuto u posljed-
nju trecinu 5. tisuélje¢a pr. Kr. (Csanyi et al.
2010; Sava 2015: 285; Hansen 2021: 43). Medu
mnogim slué¢ajnim nalazima kriZnih sjekira tre-
balo bi izdvojiti jedinstveni slu¢ajni nalaz boga-
to ukrasene bakrene sjekire s bakrenim drskom
(tip Jaszladany) pronaden prilikom oranja po-
loZzaja Pustara Tufek kod Osijeka (sl. 2A) (Bu-
lat 1962: 18-23, T. I: 6; IV-VI; Jovanovi¢ 1979:
40-41, T. II: 1-3; Heyd, Walker 2014: 681, sl.
35.3). Sjekira je vecéih dimenzija, sjeciva duzine
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(needles, awls), which are difficult to attribute to
a certain culture, but can only be tentatively at-
tributed to a certain period. The problem of cul-
tural affiliation is pronounced in numerous chance
finds of copper cross-edge axes (axe-adze, Ger.
Kreuzschneidige Axt; Cro. kriZzne sjekire) usually
dated from 4000 to 3600 BC (Balen 2010: 38-
39). Due to the recent changes in the chronology
of the Early and Middle Eneolithic, their dating
has been reconsidered and pushed back to the
last third of the 5" millennium BC (Csanyi et al.
2010; Sava 2015: 285; Hansen 2021: 43). Among
the many chance finds of cross-edge axes, we
should single out a unique richly decorated cop-
per axe with a copper handle (Jaszladany type)
found during the ploughing of the Pustara-Tufek
site near Osijek (Fig. 2A) (Bulat 1962: 18-23, PI. I
6; IV=-VI; Jovanovi¢ 1979: 40-41, PI. ll: 1-3; Heyd,
Walker 2014: 681, Fig. 35.3). The axe has large
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41 cm s drSkom duzine 72 cm, ukupne tezine 18
kg, S§to ju Cini najtezim jedinstvenim bakrenim
predmetom 4. tisuclje¢a pr. Kr. (Heyd, Walker
2014: 681). Zbog svoje veli¢ine i bogatog naci-
na ukrasavanja ova sjekira je jedinstven nalaz
koji upuéuje na simboli¢nu, sakralnu funkciju.
TipoloSki se viSe moze vezati uz nalaze ranijeg
eneolitika, ali okolnosti i jedinstvenost ovoga
nalaza ne dopustaju preciznije interpretacije
njezine kulturne i kronoloske pripadnosti.

lako zlato i zlatni nalazi nisu primarna tema
ovog rada, potrebno je spomenuti neke od na-
laza u kontekstu ostave zlatnih predmeta s pro-
stora isto¢ne Hrvatske, okolice Osijeka: Tenja
- Orlovnjak i Osijek - Cepin. Prvotno se sma-
tralo da se radi o nalazima s dva razlicita lokali-
teta koji su kasnije rekonstruirani u jedinstvenu
ostavu s pribliZzno dvadeset i pet zlatnih pred-
meta. Ostava se sastoji od zlatnih traka (dija-
dema) (2), zlatnih karika (19) i zlatnih diskova
tipa Stollhof-Csaford (6) (sl. 2B) (Vinski 1959:
208; Makkay 1985: 17; Raczky 1999: 30, sl. 11,
kat. br. 4; Glogovi¢ 2003; 2004: 9-10). Nave-
deni diskovi rijetki su i cesto slucajni nalazi bez
jasnog konteksta, zbog €ega je njihova datacija
problemati¢na. Znacajan broj zlatnih diskova
pronaden je u Madarskoj, sjevernoj Hrvatskoj i
donjoj Austriji. Nalazimo ih takoder sjeverno i
zapadno od Karpatske kotline, ponekad u sre-
brnoj i bakrenoj varijanti (Angeli 1967; Glogovi¢
2003: 98; 2004; Makkay 1985; Raczky 1999;
Klassen 2010; Virdg 2019: 197; Prokes et al.
2020). Pripisuju se srednjem eneolitiku, razdo-
blju izmedu 4000. i 3600. g. pr. Kr., $to odgo-
vara vremenu lasinjske i retz-gajarske kulture
(Balen 2010: 38; 2016: 62; Cataj 2018a: 40-41;
2018b: 60; Makkay 1985: 7; Markovi¢ 1994: 57;
Raczky 1995: 54-55; 1999). Zbog promjena u
kronologiji, sliéno kao i kod kriznih sjekira, nji-
hova datacija pomaknuta je na sam kraj 5. ti-
sucljeca pr. Kr. (Hansen 2014; 2021: 45; Virag
2019: 198-199; Prokes et al. 2020: 115-117).

Jedan od problemati¢nih nalaza je inventar
kosturnog groba s lokaliteta Vukovar - Velika
skela otkriven 1901. godine: traka od bakrenog
lima (dijadema), spiralno namotani privjesci od
bakrene Zice (4), spiralno namotane bakrene
trake (2) i niz perlica od Skoljaka (spondilusa)
(sl. 2C) (Brundmid 1902: 60-62, sl. 19; Majna-
riéc-Pandzi¢ 1994: 66-67). Ovi nalazi pripisuju
se razdoblju eneolitika, iako je njihova kulturna
pripadnost nepoznata. N. Kalicz (1982: 14) pri-
pisuje ih retz-gajarskoj kulturi, dok ih Z. Mar-
kovié¢ (1994: 97) pripisuje horizontu Vajska-
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dimensions: the blade is 41 cm long and the han-
dle is 72 cm long, with the total weight of 18 kg
making it the heaviest single copper object of the
4™ millennium BC (Heyd, Walker 2014: 681). The
sheer size and rich decoration make this axe a
unique find and indicate that it served a symbol-
ic, sacral purpose. The axe can typologically be
more closely related to the finds from the earlier
Eneolithic, but the circumstances and uniqueness
of this find do not allow for more precise interpre-
tations of its cultural and chronological affiliation.

Although gold and golden finds are not the
main topic of this paper, we should mention a col-
lection of gold items from a hoard found in the
area of eastern Croatia, near Osijek: Tenja — Or-
lovnjak and Osijek — Cepin. Originally thought to
be finds from two different sites, they were later
interpreted as a single hoard with approximately
twenty-five gold objects. The hoard consists of
gold bands (diadems) (2), gold links (19), and
gold discs of the Stollhof-Cséaford type (6) (Fig.
2B) (Vinski 1959: 208, Makkay 1985: 17, Raczky
1999: 30, Fig. 11, cat. no. 4; Glogovi¢ 2003; 2004:
9-10). These discs are rare and often chance
finds without a clear context, which renders their
dating problematic. A significant number of gold
discs were found in Hungary, northern Croatia
and lower Austria. They were also discovered
north and west of the Carpathian Basin, some-
times in silver and copper variants (Angeli 1967;
Glogovi¢ 2003: 98; 2004; Makkay 1985; Raczky
1999; Klassen 2010; Virag 2019: 197; ProkeS$ et
al. 2020). They are attributed to the Middle Ene-
olithic, the period between 4000 and 3600 BC,
which coincides with the time of the Lasinja and
Retz-Gajary cultures (Balen 2010: 38; 2016: 62;
Cataj 2018a: 40-41; 2018b: 60; Makkay 1985: 7;
Markovi¢ 1994: 57, Raczky 1995: 54-55; 1999).
Due to changes in chronology, similarly to cross-
edge axes, their dating has been pushed to the
end of the 5™ millennium BC (Hansen 2014; 2021:
45; Virdg 2019: 198-199; Prokes et al. 2020: 15—
117).

The problematic finds include the inventory
of an inhumation burial from the Vukovar — Ve-
lika Skela site, discovered in 1901: a strip of cop-
per sheet (diadem), pendants of spirally wound
copper wire (4), spirally wound copper coils (2),
and a series of shell beads (spondylus) (Fig. 2C)
(Brunsmid 1902: 60-62, Fig.19; Majnari¢-Pandzi¢
1994: 66-67). These finds are attributed to the
Eneolithic period, although their cultural affilia-
tion is unknown. N. Kalicz (1982: 14) attributes
them to the Retz-Gajary culture, while Z. Markovié
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Hunyadi, koji se pojavljuje na prostoru Hrvatske
uz Dunav. Nakon teorije Z. Markovica nije bilo
daljnjih pokusaja interpretacije ovoga groba,
ali u svjetlu novih nalaza nakita (od bakra,
kamena i Skoljki) iz lasinjske ostave s loka-
liteta Magyaregres — Macskalyuk u Madarskoj
(Hornok, Kiss 2017) moglo bi se reinterpreti-
rati pitanje pripadnosti ovih nalaza kao i njiho-
vo moguce pripisivanje lasinjskoj kulturi. Valja
spomenuti da se metalni nalazi iz navedene
ostave smatraju importima u Transdanubiju, a
iz njihovih analiza zaklju¢eno je da se izvor ba-
krene rude najvjerojatnije nalazio na podrucju
sjeverozapadnih Karpata (Siklosi et al. 2022).

Kasni eneolitik

Prava obiljezja eneolitika i jasno odmicanje
od neolitickih tradicija vide se tek kroz prve in-
doeuropske zajednice badenske kulture, zatim
kostolacke i na kraju vucedolske kulture, koja
ve¢ nagovjeStava pocetak bronCanoga doba
(Tezak-Gregl 2017: 17). Relativha i apsolutna
kronologija kasnog eneolitika u sjevernoj Hr-
vatskoj joS je predmet rasprave. Kronologija
sjeverozapadne Hrvatske posebno je proble-
matié¢na i nema dovoljno podataka kako bi se
donosili pouzdani zakljuéci, iako je posljednjih
godina vidljiv napredak u istrazivanju (za de-
taljnije vidi: Markovi¢ 1994: 29; Balen 2010:
48; 2016: 65; Cataj 2016). Kronologija podruéja
istoCne Hrvatske mnogo je jasnija s viSe istra-
Zenih kasnoeneolitickih lokaliteta, no i dalje
manjkava zbog nedovoljno sustavnih istraziva-
nja i cjelovitih objava.

Prisutnost badenske kulture u sjevernoj Hr-
vatskoj odavno je prepoznata (Schmidt 1945;
Dimitrijevi¢c 1979b; Balen 2010: 59-84), me-
dutim, javlja se sve veca potreba za izdvaja-
njem Boleraz faze, tj. grupe (rani Baden) od
badenske kulture. Do sada je objavljen malen
broj lokaliteta (Cataj 2009b; 2016; Balen 2010:
66-67), a tek nekoliko apsolutnih datuma, u
rasponu od 3630. do 3360. g. pr. Kr., poduda-
ra se s datumima Boleraz grupe (Cataj 2009b:
tab. 1; 2016: sl. 4; Balen 2010: tab. 5; 2016: 65;
2018a: 68-69; 2018h: 66-70). Datumi klasic¢-
ne badenske kulture kre¢u se izmedu 3360. i
2995. g. pr. Kr. i poklapaju se s apsolutnim da-
tumima te badenske faze s podrucdja srednje
Europe (Balen 2010: tab. 5; 2016: 66; 2018a:
69; 2018b: 68-70). Samo jedan nalaz vezan
uz metalurgiju iz Hrvatske pripisuje se Boleraz
grupi (Cataj 2009b: 121, T. 7: 1). Zbog toga ¢e
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(1994: 97) attributes them to the Vajska-Hunya-
di horizon, which appears in the Danube region
of the territory of Croatia. After the theory of Z.
Markovié¢, there were no further attempts to in-
terpret this grave, but these finds could be rein-
terpreted and possibly attributed to the Lasinja
culture in the light of the new finds of jewellery
(made of copper, stone and shells) from the Las-
inja hoard from the Magyaregres — Macskalyuk
site in Hungary (Hornok, Kiss 2017). It should be
mentioned that the metal finds from that hoard
are considered imports to Transdanubia; analy-
ses show that the provenance of copper ore was
probably the area of the northwestern Carpathi-
ans (Sikldsi et al. 2022).

Late Eneolithic

The true features of the Eneolithic and a clear
departure from the Neolithic traditions can only
be seen in the first Indo-European communities
of the Baden culture, then the Kostolac culture,
and finally the Vudedol culture, which already
foreshadows the beginning of the Bronze Age
(Tezak-Gregl 2017: 17). The relative and abso-
lute chronology of the Late Eneolithic in northern
Croatia is still a matter of debate. The chronology
of northwestern Croatia is especially problematic
and lacks sufficient data to deduce reliable con-
clusions, although progress has been made in re-
cent years (for details, see: Markovi¢ 1994: 29;
Balen 2010: 48; 2016: 65; Cataj 2016). The chro-
nology of eastern Croatia is clearer, with more
researched Late Eneolithic sites, but it is still in-
sufficient without enough systematic excavations
and complete publications.

The presence of the Baden culture in north-
ern Croatia was noticed a long time ago (Schmidt
1945; Dimitrijevi¢ 1979b; Balen 2010: 59-84), but
there is a growing need to separate the Boleraz
phase or group (early Baden) from the Baden cul-
ture. Only a small number of Boleraz sites have
been published so far (Cataj 2009b; 2016; Balen
2010: 66-67), and only several absolute dates,
ranging from 3630 to 3360 BC, match those of
the Boleraz group (Cataj 2009b: Tab. 1; 2016: Fig.
4; Balen 2010: Tab. 5; 2016: 65; 2018a: 68-69;
2018b: 66-70). The dates of the classical Baden
culture range between 3360 and 2995 BC, cor-
responding to the absolute dating of that Baden
phase in central Europe (Balen 2010: Tab. 5; 2016:
66; 2018a: 69, 2018b: 68-70). Only one of the
finds from Croatia associated with metallurgy is
attributed to the Boleraz group (Cataj 2009b: 121,
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se u ovom radu Bolerdz grupa i klasiéna ba-
denska kultura tretirati kao linearni slijed jedne
kulturne cjeline pod imenom Baden.

Apsolutni datumi kostolacke kulture krec¢u se
od 3300. do 2700. g. pr. Kr. (Benko et al. 1989:
tab. 1; Balen 2010: 89, tab. 6; 2011: 158-159,
tab. 13: 1). Poc¢etkom vucedolske kulture sma-
tra se vremenski okvir 3000. - 2900. g. pr. Kr. s
trajanjem do 2600. — 2500. g. pr. Kr. ili ¢ak i du-
lje, do 2400. g. pr. Kr. (Benko et al. 1989: tab. 1;
Durman, Obeli¢ 1989; Horvatinci¢ et al. 1990;
Forenbaher 1993: 247; Balen 2010: 110-112,
tab. 8; 2018a: 70). OcCito je da se trajanje ko-
stolacke kulture preklapa s klasicnom baden-
skom kulturom te se ¢ini da ona traje neobi¢no
dugo, i ulazi u vremenski okvir vu¢edolske kul-
ture. To se ¢esto objasnjava pojavom dva zna-
¢ajna ,koljena” u kalibracijskoj krivulji: izmedu
3300. - 3100.i2900. - 2600. g. pr. Kr., Sto €ini
apsolutne datume manje pouzdanima (Bojadzi-
jev1992: 397; Forenbaher 1993: 246). Stoga je
predloZeno krace trajanje kostolacke kulture.
Dio autora je smjesSta izmedu 3000. - 2900. i
2800. — 2700. g. pr. Kr. (Bojadzijev 1992: 397),
dok drugi smatraju da je kostolacka kultura di-
jelom suvremena s klasiénom badenskom kul-
turom, u trajanju od 3300. - 3200. do 3000.
— 2900. g. pr. Kr. (Nikoli¢ 2000: 78-79; Balen
2010: 91; 2011: 160). Definiranje kasnoeneo-
liticke kronologije sjeverne Hrvatske oteZano
je nedostatkom objavljene grade i malim bro-
jem apsolutnih datuma. Opc¢e je prihvaceno da
pojava badenske kulture kronoloski odreduje
pocetak kasnog eneolitika, dok sam zavrsSetak
tog razdoblja obiljezava kraj vuc¢edolske kultu-
re (sl. 7) (Markovié¢ 1994: 28-29; Balen 2010:
11; 2016: 59-66; 2018a: 65).

Badenska kultura

Prvom pravom metalurSkom kulturom na
prostoru Hrvatske smatra se badenska kultura.
Zauzima Siroko podrucje rasprostiranja preko
teritorija danasnje sjeverne i isto€ne Austrije,
Moravske, Ceske, juzne Poljske i Slovacéke, &i-
tave Madarske, sjeveroistoCne Hrvatske i dije-
lova Vojvodine u Srbiji (Dimitrijevi¢ 1979b: 184-
185; Balen 2010: 59; 2018b: 65). U vrijeme ba-
denske kulture zamijeéen je pad brojnosti me-
talnih nalaza, izraduju se jednostavniji oblici te
se stvara privid opadanja metalurske proizvod-
nje (Dimitrijevi¢ 1979b: 220; Durman 1983: 20;
Tezak-Gregl 1987: 73; Siklosi et al. 2018: 68).
Medutim, upravo s badenskom kulturom dola-
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Pl. 7:1). Therefore, for the purposes of this paper,
the Bolerdz group and the classical Baden culture
will be treated as a linear sequence of a single
cultural unit called Baden.

The absolute dates of the Kostolac culture
range from 3300 to 2700 BC (Benko et al. 1989:
Tab. 1; Balen 2010: 89, Tab. 6; 2011: 158-159,
Tab. 13: 1). It is considered that the Vucedol cul-
ture began in the 3000-2900 BC timeframe and
lasted until 2600-2500 BC or even longer, un-
til 2400 BC (Benko et al. 1989: Tab. 1; Durman,
Obeli¢ 1989; Horvatinci¢ et al. 1990; Forenbaher
1993: 247; Balen 2010: 110-112, Tab. 8; 2018a:
70). The Kostolac culture clearly overlaps with
the classical Baden culture and seems to have
lasted unusually long, well into the timeframe of
the Vucedol culture. This is often explained by
the occurrence of two significant “wiggles” in
the calibration curve, between 3300-3100 and
2900-2600 BC, which make absolute dates less
reliable (Bojadzijev 1992: 397; Forenbaher 1993:
246). Hence, a shorter duration of the Kosto-
lac culture has been suggested. Some authors
place it between 3000-2900 and 2800-2700 BC
(Bojadzijev 1992: 397), while others suggest that
part of the Kostolac culture is contemporary with
the classical Baden culture, lasting from 3300-
3200 to 3000-2900 BC (Nikoli¢ 2000: 78-79;
Balen 2010: 91; 2011: 160). Late Eneolithic chro-
nology of northern Croatia is harder to establish
due to the lack of published materials and the
small number of absolute dates. It is commonly
accepted that the appearance of the Baden cul-
ture chronologically determines the beginning
of the Late Eneolithic, while the end of the Late
Eneolithic period is determined by the end of the
Vucedol culture (Fig. 7) (Markovi¢ 1994: 28-29;
Balen 2010: 11; 2016: 59-66; 2018a: 65).

Baden culture

The Baden culture is considered to be the first
real metallurgical culture in Croatia. It has a wide
area of distribution over the territory of present-
day northern and eastern Austria, Moravia, the
Czech Republic, southern Poland and Slovakia,
all of Hungary, northeastern Croatia, and parts of
Vojvodina in Serbia (Dimitrijevi¢ 1979b: 184-185;
Balen 2010: 59; 2018b: 65). During the Baden cul-
ture, the number of metal finds decreases, simpler
forms are made, and there seems to be a decline
in metallurgical production (Dimitrijevi¢ 1979b:
220; Durman 1983: 20; Tezak-Gregl 1987: 73;
Sikldsi et al. 2018: 68). Nevertheless, the Baden
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zi do Siroke upotrebe arsenskog bakra, vidi se
razvoj metalurske tehnologije, koriste se nove
sirovine - rude - te konaéni proizvod ima bolje
karakteristike (Durman 1997: 7; 2006: 31; Han-
sen 2011: 137; Siklosi, Szilagyi 2019: 5276).
Nalazi s prostora Hrvatske koje pripisujemo
badenskoj kulturi su plosnate sjekire, Sila i ma-
li triangularni bodezi. Sjekire su pravokutnog ili
elipsastog oblika, jedna strana im je zaobljena,
druga je ravna, Sto je posljedica lijevanja u jed-
nodijelnim kalupima. Najveci broj takvih sjekira
slucajni su nalazi s prostora Slavonije i Srijema.
Pet takvih nalaza, koji se pripisuju badenskoj
kulturi, pronadeno je u Sotinu, Oroliku, Boboti i
Kutjevu (Mihalje i Brdo) (sl. 3C: 2-7) (Durman
2000: 91-92; 2006: kat. br. 9-17). Ovim nalazi-
ma mozemo pridruziti i sjekiru s lokaliteta Sarvas
- Gradac koja se ¢uva u Gradskom muzeju Vuko-
var (Balen 2005: 56; Durman 2006: kat. br. 18)
te sjekiru pronadenu tijekom probnih arheoloskih
istrazivanja lokaliteta Sotin — Trojstvo (sl. 3C: 1)
(LoZnjak Dizdar, Dizdar 2015: sl. 3). Istrazivanji-
ma lokaliteta Vucedol — Vinograd Streim prona-
dena su dva triangularna bodeza tipa lamele bez
pojacdanog srediSnjeg rebra. Jedan je imao oSte-
¢ene rupice za nasad drska (sl. 3B), dok je drugi
pronaden kao prilog badenskom ukopu (sl. 3A).
Analizama sastava metala razvidno je da je rije¢
o predmetima od arsenskog bakra (Tezak-Gregl|
1985: 24, 30-32, sl. 2; 1987: 74, sl. 1; 2017: 157;
Durman 2000: 95). Bodez iz fundusa Arheolos-
kog muzeja u Zagrebu koji potjeCe s lokaliteta
Sarvas (Vinski 1961: 4-5) takoder ima sastav koji
pokazuje velik udio arsena, Sto se moze povezati
s primjercima s lokaliteta Vucedol, stoga ga pri-
pisujemo badenskoj kulturi (Balen 2005: sl. 43,
kat. br. 229). J. Balen (2005: 56) pretpostavlja da
dva navedena metalna nalaza iz Sarvasa (sjekira i
bodez), usprkos nedostatku stratigrafskih poda-
taka, dokazuju postojanje metalurske proizvod-
nje badenske kulture na tom lokalitetu. Zaista ne
mozemo iskljuciti moguénost metalurgije na lo-
kalitetu Sarvas — Gradac, ali samo metalni nalazi
nisu dovoljan dokaz takve djelatnosti, pogotovo
bez ikakvih drugih nalaza metalurske aktivnosti.
Nalazi badenskih metalurskih radionica u
sjevernoj Hrvatskoj najviSe su doprinijeli mi-
jenjanju percepcije ,metalurske sposobnosti
badenske kulture. Prva radionica badenske
metalurSke djelatnosti zabiljeZena je na loka-
litetu Okukalj — Gornja Bebrina tijekom manjih
probnih istrazivanja 1962. godine (Petrovi¢,
Beli¢ 1971: 12). Istrazen je objekt (zemunica)
s ovalnim ognjiStem oko kojeg su se nalazili
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culture brought the widespread use of arsenical
copper, a continued development of metallurgical
technology, and new raw materials — ores; there-
fore, the final product had better characteristics
(Durman 1997: 7; 2006: 31; Hansen 2011: 137;
Sikldsi, Szilagyi 2019: 5276).

The finds from Croatia attributed to this culture
are flat axes, awls, and small triangular daggers.
Axes are rectangular or elliptical in shape, one side
is rounded and the other is flat, which is the result
of casting in one-piece moulds. The largest num-
ber of such axes are chance finds from the area
of Slavonia and Syrmia. Five such finds attributed
to the Baden culture were found in Sotin, Orolik,
Bobota, and Kutjevo (Mihalje and Brdo) (Fig. 3C:
2-7) (Durman 2000: 91-92; 2006: cat. no. 9-17).
We can add to these finds the axe from the Sarvas
— Gradac site that is kept in the Vukovar Municipal
Museum (Balen 2005: 56; Durman 2006: cat. no.
18) and the axe found during the trial archaeo-
logical excavations of the Sotin — Trojstvo site
(Fig. 3C: 1) (Loznjak Dizdar, Dizdar 2015: Fig. 3).
The excavations of the Vu€edol — Vinograd Streim
site revealed two triangular butt daggers of the
lamella type without a reinforced central rib. One
had damaged rivet-holes near to the hilt-line (Fig.
3B), while the other was found as part of a Baden
burial (Fig. 3A). The analysis of the metal com-
position showed that these objects are made of
arsenical copper (Tezak-Gregl 1985: 24, 30-32,
Fig. 2; 1987: 74, Fig. 1; 2017: 157; Durman 2000:
95). A dagger from the collection of the Archaeo-
logical Museum in Zagreb originating from Sarvas
(Vinski 1961: 4-5) also has a composition with a
large proportion of arsenic, like the ones from the
Vucedol site; therefore, it can be attributed to the
Baden culture (Balen 2005: 56, Fig. 43, cat. no.
229). J. Balen (2005: 56) postulates that the two
metal finds from Sarvas (the axe and the dagger),
despite the lack of stratigraphical data, prove the
existence of Baden culture metallurgical produc-
tion at that site. Indeed, we cannot rule out the
possibility of metallurgy at Sarva$ — Gradac, but
metal finds alone are not sufficient proof of such
production, especially without any other finds of
metallurgical activity.

The discovery of Baden metallurgical work-
shops changed the perception of the "metal-
lurgical ability” of the Baden culture in northern
Croatia. The first discovery of Baden metallurgical
activities was at the site of Okukalj — Gornja Be-
brina during the small probe excavations in 1962
(Petrovi¢, Beli¢ 1971: 12). A structure (pit-dwell-
ing) was found, with an oval hearth surrounded by
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Sl. 3 — Metalurski pribor i metalni nalazi badenske kulture s podrucja sjeverne Hrvatske: A grob s triangularnim
bodeZzom, Vuc€edol - Vinograd Streim (izvor: TeZzak-Gregl 1985: sl. 2, uz dozvolu); B triangularni bodez, Vuéedol - Vi-
nograd Streim (izvor: Tezak-Gregl 1987: sl. 1, uz dozvolu); C pojedina¢ni nalazi plosnatih sjekira: 1 Sotin — Trojstvo (iz-
vor: LoZnjak Dizdar, Dizdar 2015: sl. 3: 1, uz dozvolu); 2 Orolik; 3 Bobota; 4 Kutjevo — Mihalje; 5 Sotin; 6 Kutjevo — Brdo;
7 nepoznato nalaziste (Brundmid 1902: sl. 9: 2-7); D kalup ili talionik, Josipovac Punitovaéki — Veliko polje (izvor: Cataj
2009b: 121, T. 7: 1, uz dozvolu); E kolekcija jednodijelnih kalupa i talionika, Donja Vrba — Salo$ (izvor: Durman 2000: T.
1-2, uz dozvolu) (izradile: S. Bo$njak, D. Roksandi¢ Vukadin)

Fig. 3 — Baden culture metallurgical implements and metal finds from the area of northern Croatia: A grave with triangu-

lar butt dagger, Vucedol — Vinograd Streim (source: TeZzak-Gregl 1985: Fig. 2, with permission); B triangular butt dagger,
Vucedol - Vinograd Streim (source: TeZzak-Gregl 1987: Fig. 1, with permission); C single finds of flat axes: 1 Sotin — Trojstvo
(source: Loznjak Dizdar, Dizdar 2015: Fig. 3: 1, with permission); 2 Orolik; 3 Bobota; 4 Kutjevo — Mihalje; 5 Sotin; 6 Kutjevo —
Brdo; 7 unknown site (Brundmid 1902: Fig. 9: 2-7); D mould or crucible, Josipovac Punitovaéki — Veliko Polje (source: Cataj
2009b: 121, PI. 7: 1, with permission); E collection of one-piece moulds and crucibles, Donja Vrba — Salo$ (source: Durman
2000: PI. 1-2, with permission) (made by: S. Bo$njak, D. Roksandi¢ Vukadin)

komadi metalne troske te ulomci posuda za ta-
lienje s tragovima naslage metala na unutras-
njoj stijenci. Prema analizama troske zakljuce-
no je da je ona ostatak neuspjesSnog pokusaja
taljenja bakrene rude, nakon ¢ega je ovaj objekt
definiran kao metalurska radionica (Lozuk 1995:
56; Durman 2000: 95-96). Lokalitet Donja Vr-
ba - Salo§, istrazivan 1989. godine, najopsez-
nije je objavljena metalur§ka radionica baden-
ske kulture u Hrvatskoj. Tijekom iskopavanja
pronadena su Cetiri objekta (zemunice) s kom-
pletom metalur§kog pribora (sl. 3E) i otpada:
kalupi, talionici, komadi rude, jalovina, metal i
pedi® (Lozuk 1995; 2004; 2006; Durman 2000).

3 Autorice ovogradaizvrsile su reviziju arheolo$ke grade s lokaliteta Donja
Vrba - Salo$. Uz objavljene nalaze, izdvojena je veca koli¢ina neobjav-
ljenih nalaza metalurskog pribora i otpada.
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pieces of metal slag and remnants of a smelting
vessel with traces of metal on the inner walls. The
analysis led to the conclusion that the slag was the
product of an unsuccessful attempt to smelt cop-
per ore, so this structure was defined as a metal-
lurgical workshop (Lozuk 1995: 56; Durman 2000:
95-96). The Donja Vrba — Salos site, excavated in
1989, represents the most extensively published
metallurgical workshop of the Baden culture in
Croatia. During the excavations, four structures
(pit dwellings) were found with a set of metal-
lurgical equipment (Fig. 3E) and waste: moulds,
crucibles, pieces of ore, gangue, metal, and fur-
naces® (Lozuk 1995: 2004; 2006; Durman 2000).

3 Theauthors of this paper recently did a review of the archaeological material
from the Donja Vrba - Salo$ site. Along with the published finds, they singled
out a large quantity of unpublished metallurgical implements and waste.
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Analize materijala s lokaliteta pokazale su da
pronadena ruda sadrzi visoke postotke Zeljeza
bez arsena, koji se mogu pripisati grupi sulfid-
nih ruda kao $to su halkopirit, pirotin ili kubatin,
dok je analiza metalnog ulomka pokazala da je
rije¢ o arsenskoj bronci (za detaljnije vidi: Dur-
man 2000: 97-98). Ovakvi rezultati analiza po-
stavljaju u fokus istrazivanja jedan od klju¢nih
problema metalurgije obrade arsenskog bakra
ili bronce, te pitanje je li arsen ili nije namjerno
dodavan u svrhu dobivanja slitine. Analize pro-
vedene na metalnim predmetima i metalurSkom
priboru pokazuju da su zajednice badenske kul-
ture ovladale eksploatacijom i metalurgijom sul-
fidne bakrene rudace iz serije tenantita-tetrae-
drita, sinjavaca. A. Durman zalaze se za tezu da
arsen u badenskom metalu nije namjerno dodan
element, ve¢ on sluc¢ajno ostaje u spoju zbog ne-
dovoljno razvijene tehnologije taljenja bakrene
rude (Durman 2000; Lazi¢ et al. 2010: 56).

Recentnijim zastitnim arheoloskim istraziva-
njima na podrucju Brodskog Posavlja otkriveno
je nekoliko lokaliteta badenske kulture s trago-
vima metalurske aktivnosti. NaZalost, vedina
materijala nije objavljena ili je objavljena samo
preliminarno. Zastitnim arheolosSkim istraziva-
njem lokaliteta Donja Vrba - Salo$ iz 2010. go-
dine pronaden je ulomak kalupa, metalna tro-
ska i mogucdi talionik (Miklik-Lozuk 2011: 122-
123). Tijekom 2011. i 2015. godine istrazene su
pozicije RusSCica — Glogove-Praulje i Ruscica
- Praulje (Bednjanec 2012a: 128; 2012b: 129-
130; 2012c: 132; Mihaljevi¢ et al. 2018: 5-10).
Nalazi s lokaliteta Ruscica-Glogove-Praulje
djelomic¢no su objavljeni u sklopu izlozbe ,Za-
Stitna arheoloska istraZivanja Rusc¢ica-Glogo-
ve—Praulje”, prvenstveno zbirka jednodijelnih
kalupa za lijevanje plosnatih sjekira (Mihaljevi¢
et al. 2018: 14-15, kat. br. 49-53). Navedeni lo-
kaliteti na poviSenim pozicijama uz lijevu obalu
rijeke Save naselja su badenske kulture s vrlo
izrazenim dokazima metalurskih aktivnosti, te
bismo ih ovom prilikom mogli izdvojiti kao je-
dinstvenu mikroregionalnu metalursku pojavu
(karta 1). Odabir ovog podrucja za uspostavu
metalurskih radionica ne iznenaduje. Podruc-
je Brodskog Posavlja vazna je strateSka tocka
s mogucénos$céu prijelaza preko rijeke Save do
bakrom bogatih rudista u Bosni i Hercegovini.
Vaznost podrudja hrvatske Posavine kao meta-
lurSke regije istaknuta je kasnije, tijekom bron-
¢anog doba, nalazima brojnih ostava i trago-
vima metalurskih aktivnosti (Karavani¢ 2005;
2006; Vrdoljak 2021).
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The analysis of the materials from the site showed
that the found ore contains high percentages of
iron without arsenic, which can be attributed to a
group of sulphide ores such as chalcopyrite, pyr-
rhotite or cubatin, while the analysis of the metal
fragment showed that it is arsenical copper (for
more details, see: Durman 2000: 97-98). These
results put in focus one of the key issues with the
arsenical copper or bronze metallurgy: was arse-
nic intentionally added to obtain the alloy or not?
Analyses carried out on metal objects and metal-
lurgical tools indicate that prehistoric communi-
ties of the Baden culture mastered the exploitation
and the metallurgy of sulphide copper ore from the
series of tennantite-tetrahedrite, fahlore ores. A.
Durman supports the thesis that the arsenic in the
Baden metal was not intentionally added, but ac-
cidentally remained in the compound due to insuf-
ficiently developed ore smelting technology (Dur-
man 2000; Lazi¢ et al. 2010: 56).

The recent archaeological rescue excavations
in the area of Brodsko Posavlje discovered more
Baden culture sites with traces of metallurgical
activities. Unfortunately, most of that material is
either unpublished or published only in prelimi-
nary reports. The rescue excavation at the Don-
ja Vrba — Salos$ site in 2010 revealed a piece of
mould, metal slag, and a possible crucible (Mik-
lik-Lozuk 2011: 122-123). The sites of Ruscica
— Glogove-Praulje and Rus$Cica - Praulje were
excavated in 2011 and 2015 (Bednjanec 2012a:
128; 2012b: 129-130; 2012c: 132; Mihaljevi¢ et
al. 2018: 5-10). Finds from Rusd&ica - Glogove-
Praulje site were partially published as part of
an exhibition, “Zastitna arheoloSka istrazivanja
Ruscica-Glogove-Praulje" (Archaeological Res-
cue Excavations of Rusc&ica-Glogove-Praulje) -
most notably, a collection of one-piece moulds
for casting flat axes (Mihaljevi¢ et al. 2018: 14-15,
cat. no. 49-53). These sites on the elevated po-
sitions along the left bank of the River Sava are
Baden culture settlements with strong evidence
of metallurgical activities, so they could be sin-
gled out as a unique microregional metallurgical
phenomenon (Map 1). Selecting this area for the
purpose of establishing metallurgical workshops
is no surprise. Brodsko Posavlje is an important
strategic position that allows for crossing the Riv-
er Sava to reach the copper-rich deposits of Bos-
nia and Herzegovina. The importance of Croatian
Posavina as a metallurgical region is highlighted
later, during the Bronze Age, with the finds of nu-
merous hoards and traces of metallurgical activi-
ties (Karavani¢ 2005; 2006; Vrdoljak 2021).
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Izvan spomenutog podrucéja znatno je manje
dokaza metalurgije badenske kulture. Nalaz ke-
ramicke posude iz badenskog naselja Boleraz
grupe na lokalitetu Josipovac Punitovacki — Ve-
liko polje iz okolice Dakova mogao bi se defini-
rati kao talionik (sl. 3D) (Cataj 2009b: 121, T. 7:
1) ili kalup (Balen 2018b: 80). Kalup za lijevanje
pronaden je i tijekom zastitnog istrazivanja lo-
kaliteta Strosmajerovac - Pustara kod Pakova,
naselja koje vjerojatno pripada Boleraz grupi i
klasi¢noj badenskoj kulturi, medutim nedosta-
ju detaljni podatci o kontekstu nalaza (Balen
2010: 70, bilj. 28; 2018b: 74, sl. 7).

Badenske metalurSke radionice potjecu i s
prostora Srbije, Slovacke i Madarske: Novac-
ka Cuprija, Slep&any, Lanycsék, Zok — Varhegy
(Ecsedy 1990: 221-224; Durman 2000: 95; Sa-
va 2015: 277). Valjalo bi spomenuti i jedan stari
nalaz iz Dobanovaca (Srbija) — pe¢ potkovastog
oblika (Tasi¢ 1959: 229) s kupolom i temelj-
nim poplo¢enjem od kamena ¢ija bi se funkcija
mozda mogla povezati s metalur§kom djelatno-
S¢u (Durman 1983: 23). Istovremeni dokazi o
metalurgiji bakra potjecu iz Slovenije, s prosto-
ra Ljubljanskog barja u vrijeme kulturne grupe
Stare gmajne. Pronadena su dva cijela kera-
micka talionika kao i nekoliko fragmentiranih s
tragovima bakra na njihovoj unutarnjoj stijenci
(Mili¢, Veluscek 2009; Veluscek 2009: 18-25).
Grupa Stare gmajne datira se u drugu polovi-
cu 4. tisuélje¢a pr. Kr. i povezuje se s grupom
Boleraz i klasicnom badenskom kulturom (Ve-
luséek 2009: 18-25).

Kostolacka kultura

Kostolacdka kultura je bila rasprostranjena
na prostoru istoé¢ne Slavonije, Srijema, sjever-
ne Bosne, srediSnje Srbije i Pomoravlja, odakle
se Siri na prostor Karpatske kotline, srednjega
Balkana i rumunjskoga Podunavlja, odnosno na
danasnji prostor istocne Hrvatske, sredi$nje
i istoCne Srbije, sjeverne Bosnhe, Rumunjske,
Madarske i dijelova Slovacke (Tasi¢ 1979: 237-
238; Balen 2010: 85; Dbuki¢ 2018: 87). Pitanje
podrijetla te kulture problemati¢no je od pocet-
ka njezinog definiranja, medutim, prihvaceno
misljenje je da nastaje djelovanjem badenske
kulture na neoliticku osnovu na prostoru isto¢-
ne Slavonije i Srijema te traje do formiranja vu-
cedolske kulture (Dimitrijevi¢ 1979b: 230; Dur-
man 1988a: 13; Balen 2010: 87-89; bukic¢ 2018:
88-89). Smatra se, takoder, da je kostolacka
kultura mogla nastati istovremeno s baden-
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Outside this area, there are fewer finds of Baden
culture metallurgy. The find from the Baden settle-
ment that was occupied during the Boleraz group
at the Josipovac Punitovacki — Veliko polje site near
Dakovo could be a crucible (Fig. 3D) (Cataj 2009b:
121, PI. 7: 1) or a mould (Balen 2018b: 80). A cast-
ing mould was found during the rescue excava-
tions of the Strosmajerovac — Pustara site near
bakovo, which could be a Bolerdz and classical
Baden settlement, but there is no additional in-
formation regarding the context of the find (Balen
2010: 70, n. 28; 2018b: 74, Fig. 7).

Other Baden metallurgical workshops were
found in Serbia, Slovakia, and Hungary: Novacka
Cuprija, Slep&any, Lanycsdk, Zoék - Varhegy
(Ecsedy 1990: 221-224; Durman 2000: 95: Sava
2015: 277). We should also mention one old find:
a horseshoe-shaped furnace from Dobanovci
(Serbia) (Tasi¢ 1959: 229) with a dome and stone
paving, the function of which could perhaps be
connected with metallurgical activity (Durman
1983: 23). Contemporary evidence of copper
metallurgy comes from the area of Ljubljansko
Barje in Slovenia, belonging to the Stare Gmajne
group, which included two whole crucibles and a
few fragmented ones with copper traces on the
inner wall (Mili¢, VeluSé¢ek 2009; Velus¢ek 2009:
18-25). The group is dated to the second half
of the 4™ millennium BC and has connections to
both the Bolerdz group and the classical Baden
culture (VeluS¢ek 2009: 18-25).

Kostolac culture

The Kostolac culture was spread over the ar-
ea of eastern Slavonia, Syrmia, northern Bosnia,
central Serbia, and the Morava region, from where
it spread to the area of the Carpathian Basin, the
central Balkans, and the Romanian Danube, i.e.,
to the present-day area of eastern Croatia, cen-
tral and eastern Serbia, northern Bosnia, Roma-
nia, Hungary, and parts of Slovakia (Tasi¢ 1979:
237-238; Balen 2010: 85; Duki¢ 2018: 87). The
question of the origin of this culture has been
problematic from the beginning, but the accepted
opinion is that it was created by the influence of
the Baden culture on a Neolithic base in the area
of eastern Slavonia and Syrmia and lasted until
the formation of the Vucedol culture (Dimitrijevi¢
1979b: 230; Durman 1988a: 13; Balen 2010: 87-
89; buki¢ 2018: 88-89). It is also believed that the
Kostolac culture might have been created simulta-
neously with the Baden culture, but in a different
area: south of the Rivers Sava and the Danube, on
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skom, ali na drugom prostoru: juzno od Save i
Dunava, na osnovi kompleksa Boleraz-Cerna-
voda Ill (Nikoli¢ 2000: 60-63, 69).

Metalni nalazi i tragovi metalursSke djelat-
nosti u kontekstu ove kulture su rijetki. Na lo-
kalitetu Pakovo — Franjevac pronadeno je Sest
bakrenih predmeta, od kojih su tri Sila Cetvrta-
stog presjeka s kratkim trnom, dio bodezZa sa
zaobljenom prikovhom plodicom s tri zakovi-
ce, i dva nedefinirana komada bakra. Sastav
tih predmeta pokazuje udio arsena izmedu 1,5
i 4 % (Balen 2011: 121-125, kat. br. 1-6). Oni se
uklapaju u okvire ostalih istovremenih nalaza i
karakteristi¢ni su za badensku metalurgiju. Jos
jedan vazan nalaz je ¢etvrtasti keramicki kalup
za lijevanje dlijeta s lokaliteta Osijek — Frigis 1
(Tresi¢ Pavici¢ 2014: 24; Puki¢ 2018: 103, sl.
4). Ostali metalni nalazi u kontekstu kostolac-
ke kulture nadeni su na podrudju Srbije i Bosne
i Hercegovine. Radi se o objavljenim nalazima
bakrenih Sila s Gomolave te nekoliko fragmena-
ta Sila Cetvrtastog presjeka s trnom za nasad s
lokaliteta Pivnica kod OdZaka (Benac 1962: 27,
T. X: 11; Tasi¢ 1979: 257-258).

Kostolacka kultura imala je bliske veze s
dvjema metalurski naprednim kulturama, ba-
denskom i vu¢edolskom, stoga ne mozemo is-
kljuciti da je mogla imati udio u razvoju meta-
lurske tehnologije. Medutim, nedovoljna istra-
Zenost i izuzetno mali broj metalnih predmeta
oteZava definiranje uloge kostolacke kulture u
metalurgiji kasnog eneolitika.

Vucedolska kultura

ZavrSetkom eneolitika postoji ve¢ razvije-
na metalurgija bakra na prostoru medurijec¢-
ja Save, Drave i Dunava s nalazima radioni-
ca badenske, a kasnije i vué¢edolske kulture
(Durman 1983; 1984; 2000; 2006; Sava 2015:
277). Mnogi autori, od samog pocetka istra-
zivanja vucéedolske kulture, bavili su se nje-
zinom metalurgijom, narocdito u regionalnom
i u Sirem europskom kontekstu (izabrana li-
teratura: Jovanovié¢ 1971; 1979; Covié 1976;
1984; Dimitrijevi¢ 1979c: 296-297, 315, 324,
329-330; Ecsedy 1990; Pravidur 2014). Naj-
utjecajnije radove na temu vucedolske me-
talurgije piSe A. Durman, a treba posebno
izdvojiti njegov magistarski rad (1983) ,Me-
talurgija vuc¢edolskog kulturnog kompleksa” i
doktorsku disertaciju (1991a) ,Metal u prapo-
vijesnom drustvu jugoisto¢ne Europe”. Una-
to¢ atraktivnosti vuc¢edolske kulture i velikom
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the basis of Bolerdz-Cernavoda Ill (Nikoli¢ 2000:
60-63, 69).

Metal finds and traces of metallurgical activ-
ity in the context of this culture are rare. The
Pakovo - Franjevac site included six copper
objects, three of which were awls with a square
cross-section with a short tapering to hilt, a part
of a dagger with a rounded butt with three rivets,
and two undefined pieces of copper. The com-
position of these items shows a proportion of ar-
senic between 1.5 and 4% (Balen 2011: 121-25,
cat. no. 1-6). They fit into the framework of other
contemporaneous finds and are characteristic
for Baden metallurgy. Another important find is
a square ceramic mould for casting a chisel from
the Osijek — Frigis 1 site (Tresi¢ Pavici¢ 2014:
24: buki¢ 2018: 103, Fig. 4). Other metal finds in
the context of the Kostolac culture are found in
the area of Serbia and Bosnia and Herzegovina.
These are the finds of copper awls from Gomo-
lava and two complete and several fragmented
square-section awls with a tapering to hilt from
the site of Pivnica near Odzaci (Benac 1962: 27,
Pl. X: 11; Tasi¢ 1979: 257-258).

The Kostolac culture had close connections
with two metallurgically advanced cultures,
Baden and Vucedol; therefore, we cannot rule out
that the Kostolac culture could have had a part
in the development of metallurgical technology.
However, the unexplored nature of the Kostolac
culture and the extremely small number of metal
objects make it difficult to define its role in the
metallurgy of the Late Eneolithic.

Vucedol culture

At the very end of the Eneolithic, there was al-
ready developed copper metallurgy in the area
between the Sava, the Drava, and the Danube,
with the finds from the workshops of the Baden
culture and later the Vucedol culture (Durman
1983; 1984; 2000; 2006; Sava 2015: 277). From
the very beginning of research on the Vucedol
culture, many authors dealt with its metallurgy,
especially in the regional and wider European
contexts (selected literature: Jovanovi¢ 1971;
1979; Covié¢ 1976; 1984; Dimitrijevié¢ 1979c: 296—
297, 315, 324, 329-330; Ecsedy 1990; Pravidur
2014). The most influential works on the topic of
Vudedol metallurgy were written by A. Durman,
most notably his master’s thesis (1983) "Metal-
lurgy of the Vucedol cultural complex” and his
doctoral dissertation (1991a) “Metal in the Pre-
historic Society of Southeast Europe”. In spite of
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interesu za njezino proucavanje, metalni na-
lazi i metalurgija najcesSée se spominju u Si-
rem kontekstu kulture, razdoblja ili geograf-
skog podrucja, te danas nema vecéih pomakau
istraZivanju te problematike (Markovi¢ 1994:
111-114; Jovanovi¢ 2002; Marijanovi¢ 2003;
Balen 2005; 2010; Rajkovi¢, Balen 2016; Te-
zak-Gregl 2017; Miloglav 2018).

Unutar vudedolskoga kulturnog komplek-
sa pronadeni su razni metalni predmeti i drugi
nalazi koji svjedo¢e o metalurskim procesima.
Prepoznaje se nekoliko standardnih oblika me-
talnih predmeta ove kulture: bodezi, Sila, dlije-
ta, plosnate sjekire i sjekire s cilindriénim pro-
duZetkom za nasad drSka (Durman 1983: 59;
Pravidur 2014: 139). Nalazi kao Sto su keramic-
ki kalupi za lijevanje, talionici, puhaljke za ras-
pirivanje vatre (sopalji), keramicki nastavci za
mjehove i metalurSke peci pronalaze se u na-
seljima, te su pouzdani dokazi odvijanja meta-
lurskih aktivnosti. Najveci udio metalnih nalaza
pripada slucajnim ili pojedinacnim nalazima i
nalazima iz ostava, a prvenstveno je tu rije¢ o
sjekirama.

Prva detaljna istrazivanja vué¢edolskih me-
talnih sjekira i njihovih kalupa proveo je Dur-
man (1983). IstraZivanje je obuhvatilo plo-
snate trapezaste sjekire, plosnate lepezaste
sjekire i sjekire s cilindri¢nim produzetkom za
nasad drska. Proucavajuci kalupe iz Vinkovaca
i sjekiru iz Sotina, on je medu brojnim tipovi-
ma sli¢énih sjekira s cilindri€nim produzZetkom
za nasad izdvojio one s viSe zakrivljenim gor-
njim dijelom oStrice, koje naziva ,vuc¢edolskim
bojnim sjekirama”. Durman, a kasnije i A. Pra-
vidur, razlikuju ove sjekire od sli¢nih s ravni-
jim gornjim dijelom sjeciva s podruéja Bosne
i Hercegovine (Durman 1983: 60-63, 67; Pra-
vidur 2014: 140-146). U literaturi se one na-
zivaju sjekirama tipa Kozarac s cilindriénim
nastavkom za nasad drska (Vulpe 1970; Kuna
1981), a ime su dobile prema najreprezentativ-
nijoj ostavi ovih sjekira iz Bosne i Hercegovine.
Datiraju se u 3. tisucéljeée pr. Kr. i pripisuju se
vucedolskoj kulturi. Postojanje podtipova sje-
kira tipa Kozarac uodili su mnogi autori koji su
pisali o kronologiji i tipologiji sjekira (Zeravi-
ca 1993: 24-28; Batora 2003; Hansen 2011:
142-143; 2021: 65-67; Dani 2013; Szeverényi
2013:664-666; Heyd, Walker 2014; Apakidze,
Hansen 2020: 48). Lepezaste plosnate sjekire
tipa Gric¢a dobile su ime po ostavi iz Bosne i
Hercegovine i smatraju se lokalnim proizvo-
dom vudedolske kulture (Durman 1983; Dani
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the attractiveness of the Vucedol culture and the
great interest in its study, its metal finds and met-
allurgy are most often mentioned in the broader
context of its culture, period, or geographical ar-
ea, and today there are no major advances in the
research of this issue (Markovi¢ 1994: 111-114;
Jovanovi¢ 2002; Marijanovi¢ 2003; Balen 2005;
2010; Rajkovi¢, Balen 2016; Tezak-Gregl 2017;
Miloglav 2018).

There are various metal objects and other
finds pointing to the metallurgical processes of
the Vudedol cultural complex. Several standard
forms of metal objects of this culture are rec-
ognized: daggers, awls, chisels, flat axes, and
shaft-hole axes (Durman 1983: 59; Pravidur
2014:139). The settlements included other finds
— ceramic moulds for casting, crucibles, blow-
ers for fanning the fire, ceramic attachments for
bellows (tuyeres), and metallurgical furnaces —
which are reliable evidence of metallurgical ac-
tivities. Most of the metal finds belong to chance
or single finds and finds from hoards, primarily
axes.

Durman (1983) carried out detailed re-
search on the metal axes of the Vucedol cul-
ture and their moulds. His study included flat
axes of trapezoidal form, fan-shaped flat axes,
and single-edged shaft-hole axes. By studying
the casting moulds from Vinkovci and an axe
from Sotin, he distinguished what he called a
"Vucedol battleaxe” with the upper part of the
blade that is more curved than the numerous
other types of similar shaft-hole axes. Durman,
and later A. Pravidur, distinguished these axes
from similar ones with a more flattened upper
part of the blade that were found in Bosnia and
Herzegovina (Durman 1983: 60-63, 67; Pravi-
dur 2014: 140-146). In literature, both of these
types are considered the Kozarac type axes with
a cylindrical extension for the handle attach-
ment (Vulpe 1970; Kuna 1981), named after the
most representative hoard of these axes from
Bosnia and Herzegovina. They are dated to the
3™ millennium BC and attributed to the Vucedol
culture. The existence of the Kozarac type axes
subtypes was observed by many authors that
have written about the chronology and typology
of axes (Zeravica 1993: 24-28; Batora 2003;
Hansen 2011: 142-143; 2021: 65-67; Dani 2013;
Szeverényi 2013: 664-666; Heyd, Walker 2014;
Apakidze, Hansen 2020: 48). Fan-shaped flat axes
of the Gri¢a type are named after the hoard from
Bosnia and Herzegovina and considered to be a lo-
cal product of the Vuéedol culture (Durman 1983;
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Sl. 4 — Metalurski pribor i metalni nalazi vu¢edolske kulture s podrucja sjeverne Hrvatske: A kolekcija dvodijelnih ka-
lupa, Vinkovci — Trznica (izvor: Durman 1983: 23-24, T. 1-3, uz dozvolu); B metalni nalazi (Schmidt 1945: T. 48: 21-26;
49: 1-2) i viSenamjenski kalup (izvor: Durman 1983: T. 4: 1, uz dozvolu), Vuéedol — Gradac; C kolekcija dvodijelnih
kalupa, Sarvas$ — Gradac (izvor: Durman 1983: T. 4: 2-5, uz dozvolu); D ostava plosnatih sjekira, tip Gri€a, Vinkovci

— Borinci (izvor: Durman 1983: T. 11: 3; 2006: 64, uz dozvolu); E ostava sjekira s cilindri¢nim produzetkom za nasad
drska, tip Kozarac, Pakrac — Brekinska (izvor: Durman 1983: T. 10: 1; 2006: 65, uz dozvolu) (izradile: S. BoSnjak, D.

Roksandi¢ Vukadin)

Fig. 4 — Vu€edol culture metallurgical implements and metal finds from the area of northern Croatia: A collection of two-
piece moulds, Vinkovci — Trznica (source: Durman 1983: 23-24, PI. 1-3, with permission); B metal finds (Schmidt 1945:

Pl. 48: 21-26; 49: 1-2) and a multi-purpose mould (source: Durman 1983: PI. 4: 1, with permission), Vucedol — Gradac; C
collection of two-piece moulds from Sarvas — Gradac (source: Durman 1983: PI. 4: 2-5, with permission); D hoard of flat
axes, Grica type, Vinkovci — Borinci (source: Durman 1983: PI. 11: 3; 2006: 64, with permission); E hoard of shaft-hole axes,
Kozarac type, Pakrac — Brekinska (source: Durman 1983: PI. 10: 1; 2006: 65, with permission) (made by: S. Bosnjak, D.

Roksandi¢ Vukadin)

2013; Pravidur 2014). One su ujednacene po
obliku, veli€ini i tezini, a pronalaze se gotovo
isklju¢ivo u ostavama, s izuzetkom pojedinac-
nih sluc¢ajnih nalaza. Zbog njihove uniformno-
sti, predlozena je mogucénost njihove funkci-
je kao ingota ili kao poluproizvoda (Durman
1983: 43).

Od metalnih predmeta koji se pronalaze u
naseljima najcesSce je rije¢ o ,sitnim” alatkama
kao S$to su igle, Sila i spatule. Takvi sitni pred-
meti, s obzirom na impozantne nalaze sjekira,
desto su bili zanemarivani. Sila i igle te kalupi
za njihovo lijevanje ¢esto se spominju u litera-
turi, ali nikad nisu tipoloSki definirani te ¢esto
dolazi do njihovog mijeSanja. Za razliku od njih,
predmeti tipa spatula gotovo su nepoznati u li-
teraturi.
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Dani 2013; Pravidur 2014). They have a uniform
shape, size, and weight, and are almost exclu-
sively found within hoards, with the exception of
some single chance finds. Because of their uni-
formity, it has been proposed that they served
as an ingot or a semi-finished product (Durman
1983: 43).

The most commonly found metal objects ex-
cavated in settlements are “small” tools such as
needles, awls, and spatulas. Compared to im-
posing axe finds, such small objects are often
neglected. Awls and needles, as well as moulds
for casting them, are known in the literature, al-
though these two types have never been clearly
defined and are often mixed up. Unlike them,
finds of spatula types are almost unknown in the
literature.
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Metalurske djelatnosti u vucedolskim
naseljima — metalurske radionice

Specifi¢ne strukture unutar naselja (hadzem-
ni i jamski objekti, peci), metalni predmeti, di-
jelovi metalurskog pribora i otpada nedvojbeno
su ostatci metalurskih aktivnosti koje su se mo-
gle odvijati na lokalitetu. Upravo su takvi nalazi
omogudili da se veé tijekom prvih istrazivanja
vucedolskih lokaliteta prihvati teza o samostal-
noj metalurskoj djelatnosti (Schmidt 1945; Be-
nac 1959; Korosec, KoroSec 1969; Dimitrijevi¢
1979c: 296-297, 315, 324, 329-330; Ecsedy
1983). Metalurske radionice klasi¢ne faze vu-
cedolske kulture na podrudju istoéne Hrvatske
nalaze se unutar naselja s ¢vrstim dokazima
metalurskih aktivnosti. To su Vu¢edol — Gradac
(Vucedol B1 i B2) s gotovo kompletnim inven-
tarom metalurske radionice (Schmidt 1945; Di-
mitrijevi¢ 1979c: 296-297; Durman 1983: 31),
Sarva$ - Gradac (Vucedol B1i B2) s nalazima
kalupa (sl. 4C) (Schmidt 1945: 141-142; Di-
mitrijevi¢ 1979c: 296-297; Durman 1983: 31;
Balen 2005: 51), Vinkovci — TrZznica (Vucedol
B2) s nalazom ostave kalupa u tzv. ,jami lje-
vaca bakra" (sl. 4A) i dva bakrena predmeta
(Dimitrijevié¢ 1979c: 296-297; Durman 1983:
23-24; 1984), Zok — Varhegy (Vucedol B1i B2)
s nalazima kalupa i posuda za taljenje/lijevanje
(Ecsedy 1983), a novijim istrazivanjima mogu
im se pridruziti potencijalne radionice na loka-
litetu Vinkovci — Ervenica (Vucedol B2) s nala-
zima kalupa (Gale 2002: 57, T. 5: 5) i Vucedol
— Kukuruziste Streim (BosSnjak 2021; Durman et
al. 2015; 2016; 2017a; 2018; Hutinec, Roksan-
di¢ 2019; 2020; Hutinec, Roksandi¢ Vukadin
2021a). Vucedolske metalursSke radionice ka-
snoklasi¢ne i kasne faze pronadene su na pro-
storu Bosne i Hercegovine. To su Zecovi kod
Prijedora s nalazima ognjiSta/peci, metalnih
predmeta, kalupa i puhaljki (Benac 1959; Covié
1976: 106-107, T. 1; Durman 1983: 32, 34-36;
Pravidur 2014: 124-127), Debelo Brdo s nalazi-
ma puhaljki i tipoloski najraznolikijim repertoa-
rom kalupa (Covié¢ 1976: 107-110, T. 1; Durman
1983: 32; Pravidur 2014: 129), Velika Gradina
u Varvari s nalazima kalupa i puhaljki (Durman
1983: 32; Covié 1984: 121; Ludaji¢ 2005: 67, T.
IV: 1; Pravidur 2014: 129-130), Gradina u selu
AlihodZe s nalazima kalupa (Covié¢ 1976: 111;
Durman 1983: 32; Pravidur 2014: 133-135),
Podastinje kod Kiseljaka s nalazom posude za
taljenje (Pravidur 2014: 134) i Donje Mostre, uz
lijevu obalu rijeke Bosne kod Visokog, s nalazi-
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Metallurgical activities in Vucedol
settlements — metallurgical workshops

Specific structures inside the settlement
(aboveground and underground objects, fur-
naces), metal finds, metallurgical implements,
and waste — these are the remains of metallurgical
activities that took place on the site. Such finds
from the first investigations of the Vucedol sites
led to the early acceptance of the thesis about
its independent metallurgical activity (Schmidt
1945; Benac 1959; KoroSec, KoroSec 1969;
Dimitrijevi¢ 1979c: 296-297, 315, 324, 329-330;
Ecsedy 1983). Workshops of the classical phase
are found inside the settlements of the Vudedol
culture in the area of eastern Croatia where there
is evidence of metallurgical activities. These are
Vucedol - Gradac (Vucedol B1and B2), with an al-
most complete inventory of a metallurgical work-
shop (Schmidt 1945; Dimitrijevi¢ 1979c: 296-97,;
Durman 1983: 31); Sarvas — Gradac (Vucedol B1
and B2), with finds of moulds (Fig. 4C) (Schmidt
1945: 141- 42; Dimitrijevi¢ 1979c: 296-297; Dur-
man 1983: 31; Balen 2005: 51); Vinkovci — TrZnica
(Vucedol B2), with the discovery of moulds stored
in the “copper caster’s pit" (Fig. 4A) and two cop-
per objects (Dimitrijevi¢ 1979c: 296-297; Dur-
man 1983: 23-2, Pls. 1-3; 1984); Zdok — Varhegy
(Vucedol B1 and B2), with finds of moulds and
vessels for melting/casting (Ecsedy 1983); and
the potential workshops from the recent excava-
tions of Vinkovci — Ervenica (VucCedol B2), with
mould finds (Gale 2002: 57, PI. 5: 5), and Vucedol
— Kukuruziste Streim (Bo$njak 2021; Durman et
al. 2015; 2016; 2017a; 2018; Hutinec, Roksandi¢
2019; 2020; Hutinec, Roksandi¢ Vukadin 2021a).
Vucedol metallurgical workshops of the late clas-
sical phase and the late phase were found on the
territory of Bosnia and Herzegovina. These are
Zecovi near Prijedor, with finds of a hearth/fur-
nace, metal objects, moulds, and ceramic parts of
pipe blowers (Benac 1959: Covi¢ 1976: 106-107,
Pl. 1; Durman 1983: 32, 34-36; Pravidur 2014:
124-127), Debelo Brdo, with the finds of ceramic
parts of pipe blowers and the typologically most
diverse repertoire of moulds (Covié¢ 1976: 107-
110, PI. 1; Durman 1983: 32; Pravidur 2014: 129);
Velika Gradina in Varvara, with finds of moulds
and ceramic parts of pipe blowers (Durman 1983:
32; Covi¢ 1984: 121; Ludaji¢ 2005: 67, Pl. IV: 1;
Pravidur 2014: 129-130); Gradina in the village of
Alihodze, with finds of moulds (Covi¢ 1976: 111;
Durman 1983: 32; Pravidur 2014: 133-135); Po-
dastinje near Kiseljak, with a find of smelting pots
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ma kalupa i bakrenog Sila (Pravidur 2014: 135).
Metalurska radionica na Ljubljanskom barju ge-
ografski i arheoloski je izdvojena pojava vuce-
dolske kulture na prostoru danasnje Slovenije
i ne mozZe se uklopiti u tipi¢ne radionice kasne
vucedolske faze.

Najpotpuniji dokazi o vuc¢edolskoj metalur-
Skoj djelatnosti potjecu iz istrazivanja lokalite-
ta Vucedol — Gradac iz 1938. godine pod vod-
stvom R. R. Schmidta, kada je pronaden nadze-
mni objekt graden u dvije faze. Prvi gradevinski
horizont datira se u rani klasi¢ni stupanj (Vuce-
dol B1) s definiranom metalurskom radionicom
- ,Megaron ljeva¢a bakra" ili ,Megaron 1" s pet
pedéi (Schmidt 1945: 21-23, sl. 10-11; T. 9: 2-3;
Dimitrijevi¢ 1979c: 282; Durman 1983: 33-34,
T. 7: 1-2). Drugi gradevinski horizont s objek-
tom ,Megaron II” datira se u kasnoklasi¢ni stu-
panj (Vucedol B2) i pokazuje nesto vecéu kultnu
namjenu od radioni¢kog ,,Megarona 1" (Dimitri-
jevi¢ 1979c: 332). Uz peci ,Megarona |I" prona-
den je viSenamjenski kalup za lijevanje plosna-
tih sjekirai dlijeta te jedna plosnata sjekira koja
odgovara spomenutom kalupu (sl. 4B) (Schmidt
1945:T. 49: 1-2; Durman 1983: 31, T. 4: 1; 9: 1).
Sastav spomenute sjekire je 99 % Cistog bakra
s neznatnim tragovima srebra (Durman 1983:
47, inv. br. 1196). Nesto viSe metalnih predmeta
pripada sitnom orudu (sl. 4B). Pronadena su tri
predmeta, Stapic¢a bakra cetvrtastog presjeka,
koje je Schmidt (1945: 103-104, T. 48: 21-23)
smatrao ingotima, a Durman klinovima (1983:
37). Pronadene su tri igle/Sila Cetvrtastog
presjeka (Schmidt 1945: 104, T. 48: 24-26),
jedna bakrena spatula nasadena u ukraseni
kosStani drzak iz prve faze gradnje (Schmidt
1945: T. 48, Abb. 19) i druga spatula bez drska
koja pripada drugoj fazi gradnje (Schmidt 1945:
T. 48: 20). Jo$ je Schmidt uvidio da inventar na-
laza ukazuje na postojanje metalurske djelatno-
sti u naselju i svjedodi o funkciji ove vucedolske
pozicije kao metalurske radionice. Medutim, je
li se ovdje odvijala metalurska djelatnost, je li
rijeC o ekstraktivnoj metalurgiji ili preradivac-
koj, ljevackoj industriji, joS ostaje sporno pitanje
i zahtijeva reviziju saCuvanog materijala i mode-
ran interdisciplinarni pristup.

Vazno je spomenuti i nove preliminarne re-
zultate sustavnog istrazivanja lokaliteta Vuce-
dol — Kukuruziste Streim (2012. - 2022.). Na
ovoj lokaciji evidentirano je nekoliko kulturnih
horizonata, od kojih je najdominantniji horizont
klasi¢ne vucedolske kulture (Vucéedol B1i B2)
(BoSnjak 2021; Hutinec, Roksandi¢ Vukadin

28

(Pravidur 2014: 134); and Donje Mostre, along
the left bank of the River Bosnia near Visoko, with
finds of moulds and a copper awl (Pravidur 2014:
135). The metallurgical workshop in Ljubljansko
Barje is a geographically and archaeologically iso-
lated Vucedol phenomenon in the territory of pre-
sent-day Slovenia and cannot be integrated into
the typical workshops of the late Vu€edol phase.

Comprehensive evidence of VucCedol metal-
lurgical activity comes from the excavation of
the Vucedol — Gradac site by R. R. Schmidt in
1938, when an aboveground structure built in two
phases was found. The first construction phase,
dated to the early classical stage (Vucedol B1),
includes a metallurgical workshop centre defined
as the “Megaron-like house of the copper caster”
or "Megaron I" with five furnaces (Schmidt 1945:
21-23 Figs. 10-11, PL. 9: 2-3; Dimitrijevi¢ 1979c:
282; Durman 1983: 33-34, PI. 7: 1-2). The second
construction phase of the structure “Megaron II"
dates back to the late classical period (Vucedol
B2) and shows a more pronounced cult purpose
than the workshop of “Megaron |” (Dimitrijevi¢
1979c: 332). A multi-purpose mould for casting
flat axes and chisels and one flat axe that cor-
responds to that mould (Fig. 4B) were found next
to the "Megaron |” furnace (Schmidt 1945 PI. 49:
1-2; Durman 1983: 31, PIl. 4: 1; 9: 1). The compo-
sition of the axe is 99% pure copper with minute
traces of silver (Durman 1983: 47, inv. no. 1196).
Among the metal objects, small tools are slightly
more numerous (Fig. 4B). The finds include three
copper rods with a square cross-section, which
were considered ingots by Schmidt (1945: 103-
104, Pl. 48: 21-23) and wedges by Durman (1983:
37); three needles/awls with a square cross-sec-
tion (Schmidt 1945: 104, PI. 48: 24-26); one cop-
per spatula embedded in a decorated bone han-
dle from the first phase of construction (Schmidt
1945: PI. 48, Abb. 19); and another spatula with-
out a handle from the second phase of construc-
tion (Schmidt 1945: PI. 48: 20). Schmidt first re-
alized that the inventory of finds indicates metal-
lurgical activity in the settlement and testifies that
this Vucedol location served as a metallurgical
workshop. However, it is still uncertain whether
a metallurgical activity was performed there and
whether it was extractive metallurgy or the pro-
cessing casting industry; this requires a review of
the preserved material and a modern interdiscipli-
nary approach.

Here it is important to mention the new pre-
liminary results of the Cornfield Streim excava-
tions (2012-2022). Among the several cultural
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2021b: 8; Roksandi¢ Vukadin 2021: 15). Prema
podatcima s terenskih istrazivanja, nalazima,
ali i prostornom rasporedu i organizaciji obje-
kata i odnosima medu njima, istrazivaci upucu-
ju na radionicki karakter ovoga dijela vuc¢edol-
skog naselja (Roksandi¢ Vukadin 2021; 2022).
Kukuruziste Streim moze se polozajem i mate-
rijalnim ostatcima blisko vezati uz Gradac. Iz-
medu njih moZemo vidjeti i tipoloSku poveznicu
s nalazima struktura - peci, metalnim nalazima
i ostalim metalurskim inventarom. Sveukupno
je u istrazivanjima od 2012. do 2022. godine
pronadeno osam peci nepoznate namjene. Na-
laze se u vrlo jasnim kontekstima unutar nad-
zemnih objekata (kuc¢a) s tipi¢nim vucedolskim
inventarom. Prostorni raspored upucuje na nji-
hovu grupiranost na jugoistocnom rubu platoa
u objektima koji se nalaze u blizini fortifikaci-
je. Neke pedi su preliminarno okarakterizirane
kao metalur§ke. Sveukupno je u istrazivanjima
Kukuruzista Streim izmedu 2012. i 2022. pro-
nadeno 19 metalnih predmeta koji se mogu
pripisati vucedolskoj kulturi (BosSnjak 2021).
Od ukupnog broja isti¢u se Sila (10), od kojih je
jedno nadeno u koStanim koricama, spatule (5),
trapezasta sjekira (1), komad Zice (1), vrh bode-
7a (1) i amorfni komadi¢ metala (1) (sl. 5). Sila i
spatule naj¢eséi su metalni nalazi na Kukuruzi-
Stu Streim, a jedine poznate paralele spatulama
jesu dva nalaza s Gradca (Schmidt 1945: 29,
103, T. 48: 19-20). Svi predmeti su neobjavljeni
i joS su u procesu obrade. Veéina ovoga metal-
nog inventara potjece iz jasnih konteksta obje-
kata kao Sto su kuce i jame, a nesto maniji broj
iz sloja te jedaniz groba (BosSnjak 2021; Durman
et al. 2015; 2016; 2017a; 2017b; 2018; Hutinec,
Roksandi¢ 2019; 2020; Hutinec, Roksandi¢ Vu-
kadin 2021a; 2022; Roksandié¢ Vukadin 2022).
Jos je jedno metalursko sredisSte s podrucja
Slovenije bilo iznimno vazno za karakteriziranje
i shvac¢anje metalurske djelatnosti vu¢edolske
kulture. Rijec¢ je o naselju u blizini sela Ig u Lju-
bljanskom barju gdje je pronaden cijeli reper-
toar bakrenih predmeta i metalur§kog pribora
koji se usprkos nedostatku stratigrafskih po-
dataka mozZe povezati s vu¢edolskom kulturom.
Od bakrenih predmeta izdvojeni su: sjekira (1),
bodezZi (6), Sila ¢etvrtastog presjeka (5) i naru-
kvice od bakrenog lima (2) (KoroSec, KorosSec
1969: 20-21, T. 105). Pronadeni su jednodijelni
kalupi za lijevanje plosnatih trapezastih sjekira i
Cetiri kalupa za lijevanje sjekira s jednom ostri-
com i cilindri¢nim produZetkom za nasad drska
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horizons recorded on this location, the horizon
of the classical Vucedol culture is the most domi-
nant (Vucedol B1 and B2) (Bosnjak 2021; Hutinec,
Roksandi¢ Vukadin 2021b: 8; Roksandi¢ Vukadin
2021: 15). The data from the field research, the
finds, the spatial layout and organization of the
objects, and the relationships between them, all
point to the workshop character of this part of
Vudedol site (Roksandi¢ Vukadin 2021; 2022).
The Cornfield Streim can be closely connected
to Gradac due to its location and the material re-
mains. A typological connection can be seenin the
structures (furnaces), metal finds, and other met-
allurgical inventory. Overall, the excavations be-
tween 2012 and 2022 found eight furnaces of an
unknown purpose. They are located in very clear
contexts within the aboveground buildings (hous-
es) with a typical Vucéedol inventory. The spatial
arrangement indicates that they were grouped
on the southeastern edge of the plateau in the
buildings located near the fortification. Some of
the furnaces were preliminarily characterized as
metallurgical. A total of 19 metal objects that can
be attributed to the Vucedol culture were found
during the excavations of the Cornfield Streim
between 2012 and 2022 (BosSnjak 2021). These
include awls (10), one of which was found in a
bone sheath, spatulas (5), a flat axe (1), a piece of
wire (1), the tip of a dagger (1), and an amorphous
piece of metal (1) (Fig. 5). Awls and spatulas are
the most common metal finds on the Streim Corn-
field, and the only known parallels to spatulas are
two finds from Gradac (Schmidt 1945: 29, 103, PI.
48: 19-20). All the objects are unpublished and
are still being processed. The majority of this met-
al inventory comes from clear contexts of objects
such as houses or pits, a slightly smaller number
comes from a layer, and one comes from a grave
(BoSnjak 2021; Durman et al. 2015; 2016; 2017a;
2017b; 2018; Hutinec, Roksandi¢ 2019; 2020; Hu-
tinec, Roksandi¢ Vukadin 2021a; 2022; Roksandi¢
Vukadin 2022).

Another metallurgical centre from Slovenia
was extremely important for the characterization
and understanding of the Vucedol culture and
its metallurgical activity. That centre is a settle-
ment near the village of Ig in Ljubljansko Barije,
containing the entire repertoire of copper objects
and metallurgical implements, which, despite the
lack of stratigraphic data, can be associated with
the Vucedol culture. These copper objects are an
axe (1), daggers (6), awls with a square cross-
section (5), and bracelets made of copper sheet
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Fig. 5 — Metal finds by number and type from the Vucedol
Bosnjak, D. Roksandi¢ Vukadin)

(Durman 1983: 32-33, T. 6: 1-7). Vecina kalu-
pa su viSenamjenski jednodijelni kalupi. Od pet
zdjela za taljenje/lijevanje metala, sve su imale
cjevasti nastavak za drzak, dok jedan primjer
ima ocuvan i kljunasti izljev (Durman 1983: 37,
T. 8: 8). Analiza sastava dijela bakrenih pred-
meta s istrazivanja Ilga pokazala je da je rije€ o
antimonskom bakru s visokim udjelom srebra
kakav je i tipi¢an za razdoblje kasnoga eneoliti-
ka i 3. tisucéljeca pr. Kr. na prostoru od isto¢nih
Alpa do Karpatske kotline (Durman 1983: 54—
56; 1988h: 35; Trampuz Orel, Heath 2008). Pr-
va intenzivna metalursSka aktivnost na prostoru
Ljubljanskoga barja zabiljezena je ranije, ve¢ ti-
jekom 4. tisuéljeca pr. Kr., nakon ¢ega dolazi do
napustanja ovoga prostora. Tijekom 3. tisu¢-
lie¢a pr. Kr. (2900./2800. do 2400. g. pr. Kr.),
istovremeno s vué¢edolskom kulturom, obnavlja
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Kukuruziste Streim (2012. - 2022.) (nacrtale i izradile:

— Cornfield Streim site (2012-2022) (drawn and made by: S.

(2) (KoroSec, KoroSec 1969: 20-21, PI. 105). The
finds include one-piece moulds for casting flat
trapezoidal axes and four moulds for casting axes
with a single blade and a cylindrical extension for
the attachment of the handle (shaft-hole axes)
(Durman 1983: 32-33, Pl. 6: 1-7). Most moulds
are multi-purpose one-piece moulds. Five ves-
sels for melting/casting metal were also found, all
of them with a tubular extension for the handle,
and one with a preserved spout (Durman 1983:
37. Pl. 8: 8). The analysis of the composition of
some of the copper objects from Ig showed that
the objects were made of antimony copper with
a high content of silver, which is typical for the
Late Eneolithic period and the 3 millennium BC in
the area from the eastern Alps to the Carpathian
Basin (Durman 1983: 54-56; 1988b: 35; Trampuz
Orel, Heath 2008). First intensive metallurgi-
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se metalurska djelatnost, a razvitak ovog pro-
stora nastavlja se i u ranom bronanom dobu
(Veluséek, Cufar 2003; Veluséek 2008). Nase-
lie 1g na osnovi tipoloskih obiljezja keramickih
posuda povezano je s vuc¢edolskom kulturom,
za koju se smatralo da dolazi na taj prostor u
potrazi za bakrenom rudom (Dimitrijevi¢ 1979c:
307; Durman 1983: 32-37). Danas prevladava
misljenje da ovaj prostor ima lokalni razvoj au-
tohtone kulture koja odrzava intenzivnu komu-
nikaciju i bliske veze s vuc¢edolskom kulturom
(Veluséek 2004c: 78-79).

Ostave

Metalurske ostave su fenomen koji se u
intenzivhom obliku prvi put na nasSim pro-
storima javlja u okviru vucedolske kulture.
Ostave vucedolske kulture pronadene na tlu
Hrvatske jesu Brekinska kod Pakraca (sl. 4E)
i Borinci kod Vinkovaca (sl. 4D), a njima pri-
druzujemo ostavu iz Topolja kod Knina (Dur-
man 1983: 39-43, T. 10: 1, 5; 11: 3). NeSto
vec¢i broj ostava pronaden je na podrucju
danasSnje Bosne i Hercegovine na lokalite-
tima Gri¢a, Vranovici, Lohinje i Kozarac, a
nazalost danas je saduvan samo polovi¢an
inventar njihova izvornog sadrzaja (Durman
1983:40-42, T.10: 2-4; 11: 1; Pravidur 2014:
148, T. 9-16; 23-30: 69-92; 31: 93-96). Na
prostoru danasnje Srbije pronadena je osta-
va Legeta (Durman 1983: 42, T. 11: 2). U vri-
jeme vucedolske kulture pocinje serijska
proizvodnja i pojava ostava identi¢nih ba-
krenih predmeta (Jovanovi¢ 1979: 48; Dur-
man 1983: 31; 1988hb: 32; 2006: 49), Sto se
odrazava na materijalu u ostavama kao Sto
su Brekinska i Borinci (sl. 6). Ostave na pro-
storu Hrvatske su uniformne, dok su na po-
druéju Bosne i Hercegovine ¢esto sadrzavale
predmete razli¢itih dimenzija i tipova (sl. 6).

Grobovi

Vecéina poznatih i istrazenih lokaliteta vuce-
dolske kulture odnosi se na naselja, bez po-
dataka o nekropolama. O pogrebnim obicaji-
ma nosilaca vucedolske kulture doznajemo iz
malog uzorka kosturnih ukopa unutar naselja
(Dimitrijevié¢ 1979c: 284). Svi pronadeni ukopi
jedinstveni su slucajevi, a zajednicka kompo-
nenata im je ukop u duboke jame u zgréenom
ilidrugim poloZajima (Durman 2009: 252-254).
Izgleda da prilaganje metalnih nalaza kao grob-
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cal activity in the area of Ljubljansko Barje was
recorded earlier, during the 4" millennium BC,
after which this area was abandoned. Metallur-
gical activity was renewed during the 3™ millen-
nium BC (2900/2800 to 2400 BC), contemporary
with the Vucedol culture, and the development
of this area continued into the Early Bronze Age
(Velus&ek, Cufar 2003; Velu$éek 2008). Based
on the typological features of the pottery, the Ig
settlement is associated with the Vucedol culture,
which was thought to have come there in search
of copper ore (Dimitrijevi¢ 1979c: 307; Durman
1983: 32-37). Today, the prevailing opinion is that
this area had a locally developed autochthonous
culture that maintained intensive communication
and close ties with the Vucedol culture (Veluséek
2004c: 78-79).

Hoards

Metallurgical hoards are a phenomenon that ap-
peared for the first time in our region as an inten-
sive form within the Vuc€edol culture. The Vucedol
culture hoards found on the Croatian territory are
Brekinska near Pakrac (Fig. 4E) and Borinci near
Vinkovci (Fig. 4D), with the addition of Topolje near
Knin (Durman 1983: 39-43, PI. 10: 1, 5; 11: 3). A
slightly larger number of hoards were found in the
territory of present-day Bosnia and Herzegovina,
in the sites of Gri¢a, Vranoviéi, Lohinje, and Ko-
zarac, but only half of their original contents have
been preserved today (Durman 1983: 40-42, PI.
10: 2-4; 11: 1; Pravidur 2014: 148, Pls. 9-16; 23—
30; 31: 93-96). A Legeta hoard was found on the
territory of present-day Serbia (Durman 1983: 42,
Pl. 11: 2). The Vuéedol culture saw the beginning
of serial production and the appearance of hoards
of identical copper objects (Jovanovi¢ 1979: 48;
Durman 1983: 31; 1988b: 32; 2006: 49), which
can be seen in the inventory of hoards such as
Brekinska and Borinci (Fig. 6). The inventory of
hoards in Croatia is uniform, while hoards in Bos-
nia and Herzegovina often contain objects of dif-
ferent dimensions and types (Fig. 6).

Graves

Most of the known sites of the Vucedol cul-
ture in northern Croatia are settlements without
necropolises. Funerary practices of the Vucedol
culture are known from a small number of inhu-
mation burials within the settlements (Dimitrijevic¢
1979c: 284). All the found burials are unique cas-
es; their common component is the burial in deep
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Fig. 6 — Metal finds from Vucedol culture hoards (drawn and made by: S. Bo$njak, D. Roksandi¢ Vukadin, after: Durman

1983: PI. 11)

nih priloga medu vuc¢edolskim grobovima unu-
tar naselja nije uobicajena praksa. Iznimku ¢i-
ni dvojni ukop s lokaliteta Vu€edol - Vinograd
Streim (V-87), uz koji je izmedu ostalih nalaza
pronaden ulomak zlatnog lima (okova) sa zako-
vicom od slitine zlata i srebra i kalup za lijeva-
nje dlijeta (Hoti 1994: 183-184). Osim njega, na
Kukuruzistu Streim 2021. godine (V-17/21) ot-
kriven je kolektivni grob u kojemu je uz mnos-
tvo nalaza pronadeno i bakreno Silo (Hutinec,
Roksandi¢ Vukadin 2021a; 2022; Roksandic¢
Vukadin 2022). Tijekom istrazivanja istog po-
loZaja 2015. godine (V-12/15) pronaden je uni-
Steni kolektivni grob gdje je na kostima jednoga
od pokojnika primijeéen intenzivan zeleni trag.
Pretpostavlja se da je rije¢ o bakrenoj patini
koja je obojila kost uz koju se predmet nalazio
(Durman et al. 2015).

Drugacija situacija vidljiva je na podrucju
izvan matiénog podruéja vucedolske kulture.
Pojavljuju se paljevinski i kosturni ukopi pod
tumulima uz keramiku vucéedolskih karakteri-
stika gdje su prilozi metalnih predmeta ceséi.
Rijec je o bogatim grobovima koji imaju obiljez-
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pits in a fetal or other positions (Durman 2009:
252-254). It seems that adding metal as a grave
good was not a common practice for the graves
within Vucedol culture settlements. An excep-
tion is the double burial from Vuéedol - Vine-
yard Streim (V-87) that contained a piece of
gold sheet with a rivet made of a gold and sil-
ver alloy and a mould for casting a chisel (Hoti
1994: 183-184). Also, among numerous finds, a
copper awl was found in a collective grave at the
Cornfield Streim site (V-17/21) in 2021 (Hutinec,
Roksandi¢ Vukadin 2021a; 2022; Roksandi¢ Vuka-
din 2022). The excavations at the same location in
2015 (V-12/15) found a destroyed collective grave
where an intense green mark was noticed on the
bone of one of the deceased. It is assumed that
this was caused by copper patina colouring the
bone next to which the object was placed (Dur-
man et al. 2015).

A different situation can be seen outside the
original area of the Vucedol culture. There are
cremation and inhumation burials under tumuli
along with Vudedol-style pottery, where metal
grave goods are more common. These rich graves
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ja tzv. knezevskih tumula (Dimitrijevi¢ 1979c:
285; Primas 1996; Gustin 2006; Govedarica
2021). lako na podrudju Hrvatske nije prona-
den nijedan vucéedolski tumul, slué¢ajni nalazi
para srebrnih sjekira iz Starih Jankovaca otva-
raju moguénost postojanja najvjerojatnije uni-
Stenog monumentalnog ukopa (Balen, Mihelié
2003; Tezak-Gregl 2017: 161-162).

Valja spomenuti joS jedan sluc¢ajni nalaz kao
moguci grobni prilog s podrucja Slovenije. Ri-
jeC je o sjekiri s cilindricnim produzetkom za
nasad drska (tip Kozarac) s lokaliteta Raven
kod Zagorja ob Savi (Gabrovec 1966: 22, T. 2:
6; Sinkovec 1996: 130, T. 1: 2; Draksler 2007:
127-128). lako je kontekst ovog nalaza neja-
san, mozZe se povezati s eneolitickim kosturnim
ukopima toga podrudéja. Spomenuta sjekira vrlo
rano se dovodi u vezu s kalupima metalurske
radionice 3. tisucljeéa pr. Kr. na Ljubljanskom
barju (Gabrovec 1966: 20-22; Sinkovec 1996:
130). Sjekire s cilindri¢nim produzetkom za na-
sad drska 3. tisucéljeéa pr. Kr. se na podrudju
Kavkaza ¢esto nalaze u grobovima, dok se u ju-
goisto¢noj Europi najéesSce nalaze u ostavama
ili kao pojedinacni nalazi (Batora 2003; Hansen
2021).

Razvoj metalurske tehnologije u okviru

vucedolske kulture

Analize metalnog sastava sjekira iz ostava,
uz brojne pojedina¢ne i slu¢ajne metalne nala-
ze, navele su Durmana (1983: 53) na zaklju¢ak
da se u okviru vucedolske kulture pojavljuju tri
osnhovna tipa metalnih predmeta. Radi se pred-
metima koji osim bakra imaju znacajan udio
srebra, antimona i/ili arsena. Sjekire tipa Ba-
niabic iz Sarengrada pored lloka jedine su sje-
kire s cilindriénim produzetkom za nasad drska
koje sadrze arsen i stoga se smatraju importi-
ma iz isto¢nih radionica. Isprva Durman (1983:
53-54) ove nalaze grupira zajedno sa slucaj-
nim nalazima plosnatih sjekira, dok u kasnijim
radovima plosnate sjekire pripisuje badenskoj
kulturi (Durman 2000: 91-92). Vucedolskoj
kulturi pripisuju se sjekire s visokim udjelima
srebra i antimona. U vrijeme klasi¢ne faze kul-
ture pojavljuju se isklju¢ivo bakreni predmeti
s udjelom srebra, dok se u kasnijoj fazi uz njih
javljaju i oni s udjelom antimona. Takva situa-
cija vjerojatno je rezultat prerade oksidne rude
tijekom klasi¢ne faze, dok se tijekom kasne fa-
ze uz nju pocinju taliti i kompleksnije (sulfidne)
rude (Durman 1983: 54-56; 1988b: 35). Pre-
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have the characteristics of the “princely” tumuli
(Dimitrijevi¢ 1979c: 285; Primas 1996; Gustin
2006; Govedarica 2021). Although no Vucedol tu-
muli have been found in Croatia, the chance find
of a pair of silver axes from Stari Jankovci opens
up the possibility of a monumental burial that
was most likely already destroyed (Balen, Miheli¢
2003; Tezak-Gregl 2017: 161-162).

We should mention another chance find from
Slovenia that is a possible grave good. It is a
shaft-hole axe (Kozarac type) from the site of
Raven near Zagorje ob Savi (Gabrovec 1966:
22, Pl. 2: 6; Sinkovec 1996: 130, PI. 1: 2; Drak-
sler 2007: 127-128). Although the context of this
find is uncertain, it can be associated with Eneo-
lithic inhumation burials in that area. The axe was
connected to the casting moulds of metallurgi-
cal workshop from the 3™ millennium BC in Lju-
bljansko Barje (Gabrovec 1966: 20-22; Sinkovec
1996: 130). Shaft-hole axes of the 3™ millennium
BC in the Caucasus region are frequently found
in graves, while in southeastern Europe they are
most often found in hoards or as single finds (Ba-
tora 2003; Hansen 2021).

Development of metallurgical technology

within the Vucedol culture

The analysis of the metal composition of axes
from hoards, along with the numerous single and
chance metal finds, led Durman (1983: 53) to con-
clude that the framework of the Vucedol culture
includes three basic types of metal objects. Aside
from copper, these objects have significant traces of
silver, antimony, and/or arsenic. The Baniabic-type
axes from Sarengrad near llok in Syrmia are the only
shaft-hole axes that contain arsenic and therefore
are considered imports from eastern workshops.
Initially, Durman (1983: 53-54) grouped these finds
with the chance finds of flat axes; in later works,
he attributed flat axes to the Baden culture (Dur-
man 2000: 91-92). Axes with high proportions of
silver and antimony are attributed to the Vucedol
culture. The classical phase of that culture included
only copper objects with silver content, while the
later phase included copper objects with both silver
and antimony content. This is probably due to the
fact that only oxide ore was used during the clas-
sical phase, and more complex (sulphide) ores be-
gan to be smelted during the late phase (Durman
1983: 54-56; 1988b: 35). The dominance of anti-
mony copper is also visible in the composition of the
group of metal finds from Ljubljansko Barje - Ig site
(Trampuz Orel, Heath 2008).
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vlast antimonskog bakra vidljiva je i u sastavu
skupine metalnih nalaza s lokaliteta Ljubljansko
barje — Ig (Trampuz Orel, Heath 2008).
Durman (1988b) predlaZe rekonstrukciju ra-
zvoja procesa taljenja i lijevanja tijekom vuce-
dolske kulture na osnovi arheoloskih nalaza i
sastava bakrenih predmeta. Obradu oksidnih
ruda datira u vrijeme klasi¢ne faze, a rekon-
struira po nalazima pedi s vuéedolskog Grad-
ca. Prvotno se u zatvorenoj peci sa zaobljenim
dnom talila oksidna ruda. Rezultat je relativho
Cist bakar, koji bi se potom topio u posebnoj
posudi unutar pecéi s ravhim dnom te bi se da-
lie lijevao u kalupe (za detaljnije vidi: Durman
1988b). Tijekom kasnijih faza obraduju se kom-
pleksnije rude cija obrada ostavlja veéu koli-
¢inu otpada. Upravo to objasnjava intenzivnu
ekspanziju vucéedolske kulture i razvoj novih
naselja koja su bliZza izvoriStima ruda (Durman
1983: 67). MetalurSke aktivnosti kasnije vuce-
dolske kulture rekonstruira po nalazima s bo-
sanskohercegovackih gradina. Obrada sulfidne
rude je kompleksnija, na otvorenim ognjistima,
te je zahtijevala veliku koli¢inu kisika upuhiva-
njem zraka puhaljkama ili mjehovima. Rezultat
takve obrade je bakrenac, a njegovom daljnjom
obradom dobivao se Cisti bakar za lijevanje u
kalupe (za detaljnije vidi: Durman 1988b). Ispr-
va Durman za sve sulfidne rude opisuje jedan
proces taljenja i posebno se fokusira na arsen-
ske i antimonske bakrene sulfosoli (Durman
1983: 57-58; 1988b), dok u kasnijim rado-
vima izdvaja obradu halkopirita kao zasebnu
(Durman 1997:12; 2006: 79-80). Obrada hal-
kopirita vrlo je kompleksna i zahtjevha zbog
velike koli¢ine Zeljeza u rudi, $to zahtijeva
jako visoke temperature (oko 1500 °C) za ta-
ljienje, a kod neuspjesSnog taljenja velika koli-
Cina Zeljeza ostaje u metalu. Na samom kraju
postojanja vué¢edolske kulture pripisana joj je
i upotreba halkopiritne rude na osnovi nala-
za metalnih predmeta iz istrazivanja lokali-
teta Vinkovci — Trznica u sloju koji dijeli fazu
B2 vucedolske kulture od faze A vinkovacke
kulture. Pronadena su ¢etiri metalna predme-
ta: amorfni komad lijeva, jedno Silo, izduZeni
predmet zasiljen s obje strane i tanka plocCica
(Durman 1997: 12, tab. 1). Njihov sastav po-
kazuje znacdajan udio Zeljeza i namjerno doda-
vanje kositra (za detaljnije vidi: Durman 1997:
12). Takvi nalazi kositrene bronce odraz su
razvoja metalurSke tehnologije i trgovine, a
karakteristika su bron¢anoga doba.
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Durman (1988b) proposes a reconstruction
of the development of the smelting and casting
process during the Vucedol culture based on ar-
chaeological finds and the composition of copper
objects. He dates the processing of oxide ores
to the classical phase, and reconstructs it based
on the finds of furnaces from Vucedol — Gradac.
First, oxide ore was smelted in a closed furnace
with a rounded bottom. The result would be rela-
tively pure copper, which would then be melted in
a special vessel and inside a flat-bottomed fur-
nace so that it could be further cast into moulds
(for more details, see: Durman 1988b). During
the later phases, the Vucedol culture began to
process more complex ores, which leaves more
waste. That would explain the intensive expansion
of the Vucedol culture and the development of
new Vucedol settlements closer to the ore sourc-
es (Durman 1983: 67). The reconstruction of the
metallurgical activities of the later Vu¢edol culture
is based on the finds from hillforts in Bosnia and
Herzegovina. The processing of sulphide ore is
more complex; it took place on open hearths and
required a large amount of oxygen, which would
be provided by pipe blowers or bellows. The result
of such processing is copper matte; its further
processing yields pure copper for casting into
moulds (for more details, see: Durman 1988b). At
first, Durman described a single smelting process
for all sulphide ores and focused especially on
arsenic and antimony copper sulfosalts (Durman
1983: 57-58; 1988b); in later works, he separat-
ed the processing of chalcopyrite (Durman 1997:
12; 2006: 79-80). The processing of chalcopyrite
is very complex and demanding due to the large
amount of iron in the ore, which requires very high
temperatures (about 1500°C) for melting; in case
of unsuccessful smelting, a large amount of iron
remains in the metal. The use of chalcopyrite was
attributed to the very end of the Vucedol culture,
based on the finds of metal objects from the exca-
vations in Vinkovci — TrZnica, in the layer that sep-
arates the B2 phase of the Vucedol culture from
the A phase of the Vinkovci culture. Four metal
objects were found: an amorphous piece of cast-
ing, an awl, an elongated object pointed on both
sides, and a thin plate (Durman 1997: 12, Tab. 1).
Their composition shows a significant proportion
of iron and the intentional addition of tin (for more
details, see: Durman 1997: 12). Such finds of tin
bronze reflect the development of metallurgical
technology and trade, and are characteristic of
the Bronze Age.
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RASPRAVA

Prapovijesna metalurgija bakra jedan je du-
gotrajan i kompliciran proces koji je trajao naj-
manje tri tisuclje¢a od prve upotrebe elemen-
tarnog bakra do pojave njegovog lijevanja (sl. 1).
Za razvoj metalurgije bio je potreban cijeli pa-
ket novih tehnologija, a ne samo jedna tehno-
loSka inovacija. Termodinami¢ka ogranicenja
dovela su do toga da ¢e proci jos tri tisucéljeca
od prvog lijevanog bakra do lijevanja Zeljeza
(Killick; Fenn 2012: 563). Prostor jugoisto¢ne
Europe obiluje izvorima bakra i ostalih ruda ko-
je i danas imaju vaznu ulogu u industriji metala.
Zato su prapovijesne zajednice ovoga prostora
bile jedne od prvih koje su ovladale rudarstvom
i metalurgijom, prvo bakra i zlata, a kasnije i
drugih plemenitih i obojenih metala. Tehnolo-
gija obrade rude do konac¢nog proizvoda vrlo je
kompleksna, a ovladavanje njome moralo je biti
dugotrajan i kompliciran proces ovisan o mno-
go raznih ¢imbenika. 1z danasnje perspektive
tesko je percipiratii jos teZe rekonstruirati pro-
cese i promjene te razvoj metalurgije.

Prostor sjeverne Hrvatske u ranome i sred-
njem eneolitiku gotovo da ne poznaje metalur-
Sku tehnologiju i nema ulogu u njezinu Sirenju
i razvoju. Istovremeno kulture susjednih po-
drucja, narocito Srbije, Slovenije i Madarske,
razvijaju metalursku tehnologiju i proizvodne
centre te stvaraju distribucijske mreze kojima
cirkulira velika koli¢ina metala. Kasnije usva-
janje metalurske tehnologije ovoga prostora
objasnjava se nedostatkom izvora metalnih ru-
da, narocito bakra.

Jedine metalne nalaze i tragove metalurskih
aktivnosti ranoga i srednjega eneolitika nalazi-
mo na lokalitetima u Slavoniji i Srijemu. Uzrok
tome mozZe biti stanje istrazenosti ili Cinjenica
da je taj prostor pod veéim utjecajem metalur-
Ski razvijenih kultura zbog povoljnih prirodno-
geografskih ¢imbenika i razvijenih komunika-
cijskih putova. Metalni nalazi srednjega eneo-
litika sjeverne Hrvatske ukazuju na to da su se
tadasnje zajednice susrele s metalom najvjero-
jatnije putem trgovine, ali tesko je redi koliki je
bio opseg i intenzitet te komunikacije. Najstariji
dokaz metalurskog postupka u Hrvatskoj je po-
suda za taljenje iz Josipovca Punitovackog kraj
Pakova datirana u vrijeme kulture Retz-Gajary
(Cataj 2009a: 47-48, sl. 37-40, T. 36: 3). Me-
dutim, bez obzira na provedene analize, to¢na
funkcija tog predmeta u metalurskom postup-
ku ostaje nejasna. Vaznost tog nalaza ukazuje
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DISCUSSION

Prehistoric copper metallurgy was a long and
complicated process which lasted at least three
millennia, from the first use of elemental copper
until the appearance of its casting (Fig. 1). Instead
of a single technological innovation, the develop-
ment of metallurgy required a whole package of
new technologies. Thermodynamic constraints
meant that another three millennia would pass
from the first casting of copper to the casting of
iron (Killick, Fenn 2012: 563). Southeastern Eu-
rope has many sources of copper and other ores
that still play an important role in the metal in-
dustry. That is why the prehistoric communities
of this area were among the first to master mining
and metallurgy, first of copper and gold, and later
of other precious and non-ferrous metals. The
technology required to process ore to the final
product is very complex, and its mastering must
have been a long and complicated process de-
pendent on many different factors. It is difficult to
perceive, and even more difficult to reconstruct,
processes and changes in the development of
metallurgy from today's perspective.

During the Early and Middle Eneolithic, the area
of northern Croatia had almost no metallurgy and
played no role in the expansion and development
of metallurgical technology. At the same time, the
cultures of neighbouring areas, especially Serbia,
Slovenia, and Hungary, developed metallurgi-
cal technology and production centres and cre-
ated distribution networks through which a large
amount of metal circulated. The later adoption of
metallurgical technology in this area is explained
by the lack of sources of metal ores, especially
copper.

The only metal finds and traces of metallurgical
activities of the Early and Middle Eneolithic can be
found at the Slavonian and Syrmian sites. This may
be the result of the state of research or because
this area was more influenced by metallurgically
developed cultures due to favourable natural or
geographical factors and developed communica-
tional routes. Metal finds from the Middle Eneolith-
icin northern Croatia show that these communities
most likely encountered metal through trade, but
it is difficult to estimate the extent and intensity of
this communication. The oldest evidence of metal-
lurgical activity in Croatia is a smelting vessel from
Josipovac Punitovacki near Dakovo, attributed to
the Retz-Gajary culture (Cataj 2009a: 47-48, Fig.
37-40, Pl. 36: 3). Despite the analyses, the exact
function of that item in the metallurgical process is
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Fig. 7 — Simplified representation of the development of copper metallurgy in eastern Croatia in the context of southeastern

Europe (made by: S. BoSnjak, D. Roksandi¢ Vukadin)

na potrebu prapovijesnih zajednica da ekspe-
rimentiraju s tehnologijom obrade ili prerade
bakra. Trenutna saznanja ¢e se najvjerojatnije
promijeniti obradom materijala sa srednjoe-
neolitickog nalaziSta retz-gajarske kulture,
Medvode - Glogovica. NalaziSte ima znacajan
potencijal, sadrzi sve elemente potencijalne
metalurske radionice te bi moglo biti klju¢no
za razumijevanje njihovog tehnoloskog dosega.
Usprkos ovim podatcima, u ranome i srednjem
eneolitiku ne moZemo govoriti o zna¢ajnoj upo-
rabi metalnih predmeta ni poznavanju metalur-
$ke tehnologije na podrudju sjeverne Hrvatske.

O pravoj razvijenoj metalurgiji na tom po-
druéju zasad mozemo govoriti tek u vrijeme
badenske kulture i pojave arsenskog bakra.
Mnoge spoznaje o obradi bakra na prostoru ju-
goisto¢ne Europe savladane su prije nego S$to
badenska kultura donosi metalursku tehnolo-
diju na nase prostore (obrada bakra kovanjem,
taljenje, lijevanje metodom izgubljenog voska i
u jednodijelne kalupe). Dosadasnji nalazi poka-
zuju da zajednice badenske kulture svoju rudu
tale u jednostavnim keramic¢kim posudama de-
belih stijenki (talionicima) Cije tipoloske odli-
ke pokazuju ujednac¢enost u svim radionicama

36

still unknown. This find indicates the need of pre-
historic communities to experiment with the cop-
per processing technology. The current percep-
tion will most likely change with a proper study of
the Middle Eneolithic Retz-Gajary site of Medvode
— Glogovica. The site exhibits great potential and
contains all the elements of a metallurgical work-
shop. Thus, it could be of great importance for
understanding their technological level. In spite of
this, we cannot claim there was a significant use
of metal objects or metallurgical technology in the
area of northern Croatia during the Early and Mid-
dle Eneolithic.

For the time being, we can only discuss the de-
veloped metallurgy when talking about the Baden
culture and the onset of arsenic copper. Differ-
ent kinds of copper processing in southeastern
Europe were mastered before the Baden culture
brought its metallurgical technology to the area
(copper processing by forging, smelting, casting
with the lost wax method and one-piece moulds).
Finds indicate that the communities of the Baden
culture processed their ore in thick-walled, simple
ceramic vessels (crucibles) that show typologi-
cal uniformity throughout the workshops (Ecsedy
1990). Moulds do vary in size, but only one-piece
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(Ecsedy 1990). Svi pronadeni kalupi su jedno-
dijelni, za lijevanje plosnatih sjekira, iako se ra-
zlikuju po veli¢ini (Durman 2000; Lozuk 1995;
Mihaljevi¢ et al. 2018). Stoga se moze zakljuditi
da je metalurska proizvodnja badenske kultu-
re u Hrvatskoj bila ograni¢éena na samo jedan
proizvod, jednostavnu plosnatu sjekiru. Treba
imati na umu da se neki metalni predmeti mogu
izraditi kovanjem i temperiranjem. Takav pro-
ces ne zahtijeva visoke temperature ni pribor
za lijevanje, stoga ne ostavlja mnogo dokaza u
arheoloSkom zapisu.

Primjeduje se da se metalurSke radionice
badenske kulture u Hrvatskoj grupiraju na po-
drucju Brodskog Posavlja (karta 1). S obzirom na
opseg metalurske aktivnosti badenske kulture
na tom podrucju, pouzdano ga mozemo oka-
rakterizirati kao lokaliziranu metalursku pojavu.
Ipak, treba ocekivati nalaze metalurske djelat-
nosti badenske kulture i na ostalim podruéjima
Hrvatske. S podruéja Posavine, dolinama rijeka
Vrbasa i Bosne pruZa se glavni komunikacijski
pravac prema rudno bogatim srednjobosanskim
planinama. Ta komunikacija izmedu Bosne i Her-
cegovine, preko Posavine do isto¢ne Slavonije,
Srijemairijeke Dunav morala je nastati vrlo rano,
jos tijekom neolitika, sa svrhom nabave i distri-
bucije kamene sirovine. Razvojem metalurgije
i sve ve¢om potraznjom bakrene rude tijekom
eneolitika rastao je i znacaj takve komunikacije.
Takva situacija ocita je tijekom razdoblja baden-
ske kulture. Ruda se najvjerojatnije nabavljala
s podrucja Bosne i Hercegovine, preradivala u
radionicama Brodskog Posavlja te distribuirala
dalje (Durman 2000). Nadalje, lokalitet Medvo-
de — Glogovica otvara moguénost da je distribu-
cija rude iz Bosne i Hercegovine pocela i nesto
ranije, tijekom srednjeg eneolitika. Komunika-
cijski pravac mogao se nastaviti razvijati u vri-
jeme kostolacke kulture, uzimajudi u obzir da se
nekoliko vaznih lokaliteta nalazi na desnoj, bo-
sanskoj strani rijeke Save. Metalni sastav nala-
za kostolacke kulture ukazuje na vezu s meta-
lurSkim krugom badenske kulture i poznavanje
arsenskog bakra. Mali broj istrazenih lokaliteta
i objavljenog materijala te nedefiniran odnos s
badenskom i vu¢edolskom kulturom onemogu-
¢avaju shvacanje njezine kompletne uloge u ra-
zvoju metalurgije kasnoga eneolitika.

Eneoliticka metalurgija svoj vrhunac dozivlja-
va u vrijeme vucedolske kulture. Mnogo baden-
skih utjecaja i djelatnosti, naroc¢ito metalurgiju,
preuzima vucedolska kultura. Lokaliteti vu¢edo-
Iske kulture s tragovima metalurskih aktivnosti
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moulds for casting flat axes were found (Durman
2000; Lozuk 1995; Mihaljevi¢ et al. 2018). This
indicates that the metallurgical production of
the Baden culture in Croatia was limited to only
one product, a simple flat axe. We should keep in
mind that some metal objects could be produced
by smithing and annealing. Such practices do not
require high temperatures or casting equipment,
and therefore would not leave much evidence in
the archaeological record.

It may be noted that the metallurgical work-
shops of the Baden culture in Croatia are clustered
in the area of Brodsko Posavlje (Map 1). Consider-
ing the extent of the Baden metallurgical activity in
that area, we can confidently consider it as a local-
ized metallurgical phenomenon. Nevertheless, we
should expect more finds of Baden culture metal-
lurgy in other areas of Croatia. The main communi-
cation route from the area of Posavina to the ore-
rich central Bosnian mountains runs through the
valleys of the Vrbas and the Bosna. The communi-
cation route from Bosnia and Herzegovina across
the Sava valley to eastern Slavonia and Syrmia and
the Danube must have appeared very early on dur-
ing the Neolithic with the purpose of obtaining and
distributing stone. Its importance only grew with
the development of metallurgy during the Eneo-
lithic and a growing need for copper ore. This be-
comes most apparent during the Baden culture.
The ore was most likely obtained from Bosnia and
Herzegovina, processed at the workshops of Brod-
sko Posavlje, and then distributed further (Durman
2000). Furthermore, the site of Medvode — Glogo-
vica suggests that ore distribution from Bosnia and
Herzegovina might have been established even
earlier, during the Middle Eneolithic. The commu-
nication route could have continued developing
during the Kostolac culture, as several important
sites are located on the Bosnian side, on the right
bank of the River Sava. The metal composition of
the Kostolac culture finds indicates a connection
with the Baden culture metallurgical circle and a
familiarity with arsenic copper. The small number
of explored sites and published materials, along
with an undefined relationship with the Baden and
Vucedol cultures, make it impossible to fully un-
derstand its role in the development of Late Eneo-
lithic metallurgy.

Eneolithic metallurgy in Croatia reached its peak
at the time of the Vucedol culture. Many Baden cul-
tural influences and activities, especially metallurgy,
were taken over by the Vucedol culture. Vucedol
culture sites with traces of metallurgical activities
(presumed workshops) are found primarily along
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© EuroGengraphiecs 2023

© Retz-Gajary kultura / Retz-Gajary culture
© Badenska kultura / Baden culture

® Kostolatka kultura / Kostolac culture
@ Vudedolska kultura / Vu&edol culture

Karta 1 — EneolitiCki lokaliteti s nalazima metalurske djelatnosti u sjevernoj Hrvatskoj (podloga: EuroDEM; preuzeto iz
baze kartografskih podataka, © EuroGeographics 2023; izradile: S. BoS$njak, D. Roksandi¢ Vukadin)

Map 1 - Eneolithic sites with finds of metallurgical activity in northern Croatia (basemap: EuroDEM; from the cartographic
database, © EuroGeographics 2023; made by: S. Bo$njak, D. Roksandi¢ Vukadin)

1 Donja Bebrina — Okukalj; 2 Donja Vrba - Salos; 3 Ruscica — Glogove-Praulje; 4 Ruscica — Praulje; 5 Medvode — Glogovica;
6 Strosmajerovac — Pustara; 7 Josipovac Punitovacki — Veliko polje; 8 Vinkovci — TrZnica ifand Ervenica; 9 Vu&edol — Gradac
ifand Kukuruzi$te Streim; 10 Sarva$ — Gradac; 11 Osijek — Frigis 1

(pretpostavljene radionice) nalaze se prven-
stveno u blizini rijeke Dunav (karta 1) (Vinkovci,
Vucedol, Sarvas, Zok) te u blizini izvora bakra
u sjevernoj, sjeveroistoc¢noj i srednjoj Bosni i
Hercegovini (Debelo Brdo, Zecovi kod Prijedo-
ra, Velika Gradina u Varvari, Gradina Alihodze,
Donje Mostre). Izgleda da je kultura preuzela i
nastavila razvijati put distribucije rudne sirovine
od prethodnica, a pritom je izbjegla naseljavanje
podruéja Posavine. Na spomenutom podrudju
nisu poznati lokaliteti vucedolske kulture?, te
izgleda da je podrucje Brodskog Posavlja izgubi-

4 U literaturi se na nekoliko mjesta sporadi¢no spominju nalazi vu¢edolske
keramike s podrucja Brodskog Posavlja. Radi se o fragmentiranim,
nedijagnostickim ulomcima bez jasnog konteksta koji se mogu pripisati i
drugim eneoliti¢kim kulturama.

38

and near the Danube (Map 1) (Vinkovci, Vudedol,
Sarvas, Zok) and near copper sources in northern,
northeastern, and central Bosnia and Herzegovina
(Debelo Brdo, Zecovi kod Prijedora, Velika Gradina
in Varvara, Gradina Alihodze, Donje Mostre). This
culture seems to have adopted and further devel-
oped the ore distribution route from the previous
cultures, but in doing so avoided inhabiting the area
of Posavina. No Vucéedol culture sites are known in
the area,* and it seems that Brodsko Posavlje lost its
importance as a metallurgical centre with the end of
the Baden culture, around the end of the 4™ and the

4 Finds of Vucedol pottery from the area of Brodsko Posavlje are sporadi-
cally mentioned in several places in the literature. These are fragmented,
non-diagnostic sherds without a clear context that can also be attributed
to other Eneolithic cultures.
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lo svoju vaznost kao metalursko srediste krajem
badenske kulture, odnosno krajem 4. i pocet-
kom 3. tisuéljeéa pr. Kr., da bi se ponovno ob-
novilo i aktiviralo tijekom bron¢anog doba. Ovaj
fenomen moze se usporediti s podruéjem Lju-
bljanskog barja. Metalurska proizvodnja tamo
je zapocela tijekom druge Cetvrtine 4. tisuélje¢a
pr. Kr. i trajala do zadnje Cetvrtine 4. tisuclje¢a
pr. Kr. nakon ¢ega dolazi do prekida u naseljava-
nju i metalurskoj proizvodnji sve do sredine 3. ti-
sucljec¢a pr. Kr. (Velus¢ek 2008). Jos jedan ¢im-
benik koji treba uzeti u obzir pri izostanku nase-
lja vu€edolske kulture u savskom prostoru jest i
sklonost vucéedolskih zajednica da svoja naselja
grade na zastiéenim dominantnim uzviSenjima
(uzdignute lesne zaravni ili gradine). Podrucje
Ljubljanskog barja predstavlja izuzetak i vrlo je
izoliran vucedolski fenomen, zbog neposredne
blizine izvoriSta bakrene rude.

Vucedolska kultura pocinje samostalni lokal-
ni razvoj tehnologije obrade i prerade bakra te
izradu vlastitih tipova metalnih predmeta. Ra-
zvija se tzv. ,serijska proizvodnja”, pojavljuju
se dvodijelni i viSenamjenski kalupi te ostave
identi¢nih bakrenih predmeta (Durman 1983;
1988a). Smatra se da su sjekire s cilindri¢nim
produzetkom za nasad drska odraz vrhunca
metalurgije bakra. Pomicanje rupe za nasad
drska sa sredista na rub predmeta omogudi-
lo je lakSe rukovanje sjekirom i vec¢u probojnu
snagu. Istovremeno, zbog toga su podlozni-
je pucanju kod rupe za nasad, narodito ako se
ne lijevaju pravilno. Njihovo lijevanje zahtije-
va znacajnu vjestinu i kvalitetan metal (bakar
ili bakrena legura) (Hansen 2021). Poznati su
brojni nalazi sjekira s cilindricnim produzetkom
za nasad drska tipa Kozarac i njihovih kalupa.
Opce je prihvaéeno da su one lokalni proizvod
zajednica vucedolske kulture, zajedno s plo-
snatim sjekirama tipa Gri¢a. Vazno je napome-
nuti da sjekire tipa Kozarac ne nalazimo izvan
Sireg podrucja Karpatske kotline, jugoistoéne
Europe (Dani 2013), a da sjekire tipa Gri¢a ne
pronalazimo izvan okvira vucdedolske kulture
(Durman 1983: 60).

Tijekom ranijih faza najvise se koriste oksid-
ne i karbonatne rude, dok kasnije pocinje upo-
treba sulfidnih bakrenih ruda iz serije tenan-
tit-tetraedrit i razvija se upotreba antimonskog
bakra (Durman 1983). Otvorena je i mogucénost
da je vucedolska kultura na kraju svojega po-
stojanja upoznata i s kompleksnijim sulfidnim
rudama te kositrenom broncom, ali to je jo$
predmetom rasprave (Durman 1997).
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start of the 3 millennium BC, only to regain it dur-
ing the Bronze Age. Something of a parallel might
be drawn with the area of Ljubljansko Barje. Metal-
lurgical production there started during the second
quarter of the 4™ millennium BC and lasted until the
last quarter of the 4" millennium BC. Subsequently,
there was a hiatus in inhabitation and metallurgical
production until the middle of the 3 millennium BC
(VelusCek 2008). Considering the lack of Vudedol
culture settlements in the area of the Sava, another
factor must be taken into account: the tendency of
Vucedol communities to build their settlements on
protected and dominant highlands (elevated loess
plateaus or hillforts). The area of Ljubljansko Barje is
an exception and a very isolated Vucedol phenom-
enon, because of its copper ore source.

The Vucedol culture began the independent
local development of copper processing technol-
ogy and the production of its own types of metal
objects. “Serial production” began, two-part and
multi-purpose moulds started to be used, and
hoards of identical copper objects appeared (Dur-
man 1983; 1988a). Shaft-hole axes are thought
to be the peak of copper metallurgy. The trans-
fer of the shaft-hole from the centre to the edge
of the object made axes easier to handle with
more penetrative power. However, it made them
more susceptible to breakage at the neck if not
cast properly. Therefore, casting them required
great skill and quality metal (copper or copper
alloy) (Hansen 2021). There are numerous finds
of Kozarac-type shaft-hole axes and their casting
moulds. It is widely accepted that Vucedol culture
communities produced them locally along with
flat axes of the Gri¢a type. It is important to note
that Kozarac-type axes did not spread outside the
area of the wider Carpathian Basin, southeastern
Europe (Dani 2013), and that Gri¢a-type axes did
not spread outside of the Vudedol culture (Dur-
man 1983: 60).

During the earlier stages, oxide and carbonate
ores were mostly used, but later, the use of sul-
phide copper ores from the tennantite-tetrahe-
drite series began and the use of antimony cop-
per developed (Durman 1983). There is also the
possibility that the Vucedol culture at the end of
its existence was familiar with more complex sul-
phide ores and tin bronze, but that is still a matter
of debate (Durman 1997).

Metallurgical workshops of the Vudedol cul-
ture in Slavonia and Syrmia were most likely cast-
ing workshops for melting ingots and/or remelt-
ing objects, where only processing metallurgy
was done. Almost no waste or other evidence
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Metalurske radionice vucedolske kulture u
Slavoniji i Srijemu najvjerojatnije su ljevacke
radionice za taljenje ingota ifili pretaljivanje
predmeta, gdje se odvijala samo preradivac-
ka metalurgija. Gotovo da nema nalaza otpada
ni drugih dokaza prerade rude i odvijanja ek-
straktivhe metalurgije. Pretpostavljeno je da
su radionice ekstraktivne metalurgije premje-
Stene bliZze izvorima rude u Bosni i Hercegovini
(Durman 1983), odakle su distribuirani ingoti ili
poluproizvodi. Mozda je moguce pretpostaviti
da je vucedolska kultura organizirala i razvi-
la mrezu specijaliziranih radionica i putova za
proizvodniju i distribuciju metalnih predmeta na
velikim udaljenostima. Ipak, ovakva situacija
je teorijska, te je potrebno detaljno interdisci-
plinarno istrazivanje nove i revizija stare grade
kako bi se bolje razumjela prava funkcija svih
metalurskih radionica vuéedolske kulture.

Razvoj metalurgije u sjeverozapadnoj Hrvat-
skoj tijekom razdoblja eneolitika joS je nepo-
znhanica. Dostupno je malo podataka, a mnogi u
potpunosti nedostaju, kao na primjer za period
izmedu retz-gajarske i vucedolske kulture. Ako
uzmemo u obzir razvoj metalurske tehnologije u
obliZnjim podrudjima poput Slovenije, moZzemo
pretpostaviti da je metalurgija na tom podrudju
bila poznata ako ne i prakticirana prije dolaska
vucedolske kulture. Vuéedolska kultura prisut-
najeinapodrucju PoZeske kotline i okolice Mo-
slavine. Znacajan nalaz s tog podrucja je ostava
iz Brekinske u kojoj su pronadene brojne sjekire
tipa Kozarac. S tog podrudja vucedolska kultu-
ra se Sirila prema sjeverozapadu, prema Bilo-
gori i Kalniku. Vrlo je vjerojatno da se kultura
Sirila i zauzela danasnje sisac¢ko-banovinsko
podrudéje (Durman 1991b; Madiraca 2012) s ob-
zirom na blizinu rudama bogatog podrudja sje-
verozapadne Bosne i Hercegovine gdje su iz-
medu ostalih lokaliteta pronadene metalurska
radionica Zecovi i ostava Kozarac. Spomenuta
podruéja dijele mnoga prirodna i zemljopisna
obiljezja, ukljudujuéiiizvore bakrene rude, aliu
smislu arheometalurgije su nedovoljno istraze-
na te zahtijevaju opseznu sustavnu studiju.

ZAKLJUCAK

Prema dosadasnjem stanju istraZzenosti, po-
drucje sjeverne Hrvatske nije sudjelovalo u naj-
ranijem razvoju europske metalurgije, ali je tom
tehnologijom u potpunosti ovladalo prije po-
Cetka bronc¢anog doba (sl. 7). Prvi tragovi me-
talurgije javljaju se tijekom srednjeg eneolitika,

40

of ore processing or extractive metallurgy has
been found. It is presumed that they moved the
workshops for extractive metallurgy closer to
the ore sources in Bosnia and Herzegovina (Dur-
man 1983), from where they distributed ingots
or half-finished products. Perhaps it can be as-
sumed that the Vucedol culture developed and
organised a long-distance network of specialised
workshops and routes for the purpose of produc-
ing and distributing metal objects. Nevertheless,
this scenario remains theoretical, needing de-
tailed interdisciplinary research of recent material
and a review of old material to better understand
the true nature of all Vucedol culture metallurgical
workshops.

The Eneolithic development of metallurgy in
northwestern Croatia is still a mystery. Very lit-
tle data is available, and there is no data for the
period between the Retz-Gajary and Vucéedol cul-
tures. If we take into account the development of
metallurgical technology in the nearby areas like
Slovenia, we can assume that metallurgy was al-
ready at least familiar if not practised there by the
time the Vucledol culture reached that area. The
Vucedol cultureis presentinthe areain and around
Pozega Valley and the region of Moslavina. An im-
portant find from that area is the Brekinska hoard,
where numerous Kozarac-type axes were discov-
ered. From there, the Vucedol culture spread to
the northwest towards the mountains of Bilogora
and Kalnik. It is also likely that it spread towards
Sisak and the Banovina region (Durman 1991b;
Madiraca 2012), considering the ore-rich area of
northwestern Bosnia and Herzegovina with sites
like the metallurgical workshop of Zecovi and the
Kozarac hoard. The mentioned areas share many
natural and geographical features, including
sources of copper ore, but in terms of archaeo-
metallurgy, they are insufficiently researched and
require extensive systematic study.

CONCLUSION

The current state of research indicates that the
area of northern Croatia did not participate in the
earliest development of European metallurgy but
fully mastered that technology before the onset
of the Bronze Age (Fig. 7). The first evidence of
metallurgy appears during the Middle Eneolithic,
when the area of eastern Croatia became involved
in the metallurgical development. Still, there has
been neither targeted archaeometallurgical study
that would allow for a better understanding of the
technological level they mastered nor the metal-



DANIJELA ROKSANDIC VUKADIN, SLAVICA BOSNJAK, COPPER IN THE PREHISTORIC COMMUNITIES OF NORTHERN CROATIA
WITH A SPECIAL EMPHASIS ON THE VUCEDOL CULTURE, PRIL. INST. ARHEOL. ZAGREBU, 41/1/2024, P. 5-48

kada se podrudje istoéne Hrvatske ukljucuje u
metalurski razvoj. Ipak, do sada nije napravlje-
no ciljano arheometalursko istrazivanje koje bi
omogudilo bolje razumijevanje ovladane tehno-
loSke razine i metalurskih procesa koji su se ta-
da odvijali. Tijekom kasnog eneolitika metalur-
Ska proizvodnja u Hrvatskoj dozivljava procvat
s badenskom kulturom, a nastavlja svoj razvoj
s vucCedolskom kulturom. Zbog nedostatnih
podataka ne mozemo utvrditi kada i gdje su se
poceli odvijati metalurski procesi u sjeveroza-
padnoj Hrvatskoj, ali mozemo pretpostaviti da
je tehnologija barem bila poznata lokalnim za-
jednicama tijekom kasnog eneolitika.

MozZemo izdvojiti jedno metalurski razvijeno
podrucéje u Posavini koje je djelovalo tijekom
druge polovice 4. tisucljeca pr. Kr., u okviru ba-
denske kulture, a mozda i ranije u okviru retz-
gajarske kulture. U to vrijeme uspostavijen je
opskrbni put od izvora bakra u Bosni i Herce-
govini te je zapocela samostalna proizvodnja
bakrenih predmeta. Metalurska tehnologija na-
stavila se razvijati, moguce s kostolackom, ali
zasigurno s vucéedolskom kulturom. Zajednice
vucedolske kulture nastavile su metalursku
proizvodnju i razvile su vlastite tipove metalnih
predmeta. Takoder, moguce je da su tijekom
vucedolske kulture bila organizirana specijali-
zirana naselja za odredeni dio metalurske proi-
zvodnje. Tehnoloski napredak i sve vec¢a potra-
Znja bili su poticaj za Sirenje, razvoj trgovine na
velike udaljenosti, stvaranje komunikacijskih
mreza i kolonizaciju novih podrucja. Takvi pro-
cesi najizrazeniji su Sirenjem vucedolske kul-
ture juzno od Save te prema zapadu i alpskom
prostoru, gdje zaposjeda glavne komunikacij-
ske putove, vaZne strateske pozicije i lezista
bakra.

Metalur§ka tehnologija razvija se kao vazna
gospodarska grana koja rezultira nizom eko-
nomskih i drustvenih promjena. Zajednice koje
su kontrolirale trgovinske putove i izvore bakra
uzivale su veliku mo¢ i bogatstvo, $to je omo-
gucilo izdizanje pojedinca unutar drustva nje-
govom modci, statusom i bogatstvom. Upravo
je razvoj metalurske produkcije, koja je postala
centralna odlika vucedolske kulture, doveo do
jasne stratifikacije drustva, obiljeZio tranzicij-
ski period i stvorio poveznicu izmedu kasnoga
eneolitika i ranoga bron¢anog doba.

Al

lurgical processes that occurred. During the Late
Eneolithic, metallurgical production in Croatia
flourished with the Baden culture, and it continued
its development with the Vuc€edol culture. Due to
insufficient data, we cannot establish when and
where metallurgy began to be practised in north-
western Croatia, but we can assume that it was at
least known to the local communities during the
Late Eneolithic.

We can pinpoint one metallurgically devel-
oped area in Posavina that was active during the
second half of the 4" millennium BC within the
framework of the Baden culture, or maybe even
earlier, in the Retz-Gajary culture. During that
time, a supply network from the copper sources
in Bosnia and Herzegovina was established, and
independent production of copper objects began.
The metallurgical technology continued develop-
ing, possibly in the Kostolac culture, but surely in
the Vucedol culture. Vuéedol culture communi-
ties continued their metallurgical production and
even developed their own types of metal objects.
It is also possible that specialized settlements
for particular segments of metallurgical produc-
tion were organized during the Vuéedol culture.
Technological progress and increasing demand
were the incentives for expansion, the develop-
ment of long-distance trade, the creation of com-
munication networks, and the colonization of new
areas. Such processes were most pronounced
during the expansion of the Vucedol culture south
of the Sava and towards the west and the Alpine
area, where it occupied the main communication
routes, important strategic positions, and copper
deposits.

Metallurgical technology developed as an im-
portant economic branch that resulted in a series
of economic and social changes. The communities
that controlled the trade routes and sources of cop-
per enjoyed great power and wealth, which made
it possible for individuals to rise within the society
with their own power, status, and wealth. It was the
development of metallurgical production, which be-
came a central feature of the Vudedol culture, that
led to a clear stratification of society, marked the
transitional period, and created a link between the
Late Eneolithic and the Early Bronze Age.
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