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Metallurgy of Prehistoric Armenia

Khachatur Meliksetian, Steffen Kraus, Ernst Pernicka
Pavel Avetissyan, Seda Devejian & Levron Petrosyan

Abstract

This paper is focussed on the chemical compositions 
and lead isotope ratios of archaeological metal artefacts 
related to the early stages of metallurgy in Armenia – 
from the Neolithic until the Late Bronze Age. Possible 
relationships between artefacts and Armenian and oth-
er copper ores in the region are also discussed.

Introduction

In the last century the archaeological and geological 
research revealed numerous new sites of prehistoric 
metallurgical activities in Armenia and the Caucasus. 
The early appearance of metallurgy in South Caucasia 
and the abundance of copper and polymetallic ores make 
this region particularly important for archaeometallurgi-
cal studies (Fig. 1). Few recent finds of copper objects 
dating back to the early 4th and late 5th / early 6th mil-
lennium BC strongly support this assumption.

The archaeological metal finds in the territory of Arme-
nia cover all significant phases of the early stages of 
metallurgy (Fig. 2): Neolithic use of native copper, the 
transition to extractive metallurgy in the Eneolithic pe-
riod, the extensive use of copper, arsenical copper, 
some other alloys and the early appearance of tin bronz-
es in the Early Bronze Age and the transition to more 
advanced metallurgy and alloying in the Middle and Late 
Bronze Age.

Early Metal Use: Neolithic and 
Eneolithic
The earliest metal items made of copper – beads and 
small objects – were discovered in eastern Anatolia and 
northern Mesopotamia and date back to the end of the 
8th millennium BC (Braidwood et al. 1981; Pernicka 
1990). It is usually assumed and in fact it has been 

demonstrated (Yalçin & Pernicka 1999) that native cop-
per was used during these times. Native copper occurs 
as rare component in some copper ore deposits and it 
was utilised by man for making metal objects before the 
5th millennium BC. The earliest reliable evidence for cop-
per smelting is dated to the 5th millennium BC and is 
found at sites related to the Late Ubaid period in Meso-
potamia (Zwicker 1977; Hauptmann 1982; Seeliger et 
al. 1985) and Late Neolithic and Chalcolithic sites in Iran 
(Pigott 1999).

Recently, copper beads and their fragments as well as 
some pieces of copper ore minerals - malachite and 
azurite - were excavated in Armenia in the Neolithic set-
tlement of Aratashen. They date to the early 6th millen-
nium BC and thus represent as yet the earliest appear-
ance of copper in the southern Caucasus (Fig. 3). These 
beads and fragments weighing from 0.37 to 0.72 g each 
(total weight 12.55 g) were made of a copper sheet rolled 
up around a stem. These objects are similar to the rare 
metal finds known from Neolithic sites in northern Mes-
opotamia and eastern Anatolia from the beginning of the 
8th millennium to the end of the 6th millennium BC. The 
beads of Aratashen turned out to be pure copper and 
we assume that native copper was used for making these 
objects, as smelted copper usually contains higher con-
centrations of impurities like arsenic, antimony and co-
balt. This point of view is in good agreement with other 
contemporary copper objects in the Near East (Yalçin & 
Pernicka 1999; Schoop 1995).

The transition to extractive metallurgy between the 5th 
and 4th millennium BC is also evident in the territory of 
Armenia. The metal objects from the Eneolithic settle-
ment of Teghut, analysed in 1980 (Gevorgyan 1980) 
turned out to be made of arsenical copper (3 – 4.6 % 
As) and date back to the late 5th millennium BC. Sev-
eral small pins made of arsenical copper originate from 
the recently excavated Late Eneolithic settlement in Ner-
qin Godedsor and date to the early 4th millennium BC 
(Fig. 4). The composition of these pins is similar to the 
objects from Teghut, arsenical copper with an arsenic 
content ranging from 4 to 5 %.
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Fig. 1: A schematic map of the Republic of Armenia, showing the metallogenic provinces, the origin of the archaeological artefacts 
analyzed in this study and the locations of the main copper deposits.

Fig. 2: List of periods and related chemical groups of studied artefacts. Fig. 4: Pins from the Late Eneo-
lithic site of Nerqin Godedsor, 
arsenical copper, early 4th mil-
lennium BC.
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Widespread Use of Copper and the 
Appearance of Tin Bronzes: 
The Early Bronze Age

In the Early Bronze Age the use of copper becomes 
more regular in the Kura-Araxes culture that lasted from 
the mid 4th until the last quarter of the 3rd millennium BC 
(Chernykh 1992: 57; Dshaparidse 1995a: 57). It covers 
wide territories of the Armenian highlands, the Caucasus 
and Anatolia, reaching the Levant and the west-central 
Zagros.

Armenian Early Bronze Age copper based artefacts can 
be classified into five main groups according to their 
chemical compositions (Fig. 5): Unalloyed copper, ar-
senical copper, copper-arsenic-tin alloys, copper-ar-
senic-lead alloys and tin bronze. In addition to the five 

Fig. 3: Fragments of the bracelet of Aratashen, Neolithic, early 
6th millennium BC.

Fig. 5: Chemical groups 
among 80 Early Bronze Age 
copper – based artefacts ana-
lyzed in this study.

main groups the trace element concentrations of the 
artefacts helped to reveal a group characterised by high 
nickel and silver contents (Fig. 6). Artefacts with similar 
characteristics are also known from the “Royal Tomb” of 
Arslantepe. (Hauptmann et al. 2002).

High As/Sb ratios are generally characteristic of most of 
the analysed artefacts (Fig. 7). The majority of the ana-
lysed Early Bronze Age artefacts consist of arsenical 
copper and this is one of the most important features of 
artefacts from Armenia and the southern Caucasus as 
has been noted by many scholars who studied prehis-
toric metallurgy of the region in 20th century, namely E. 
Chernykh, I. Selimkhanov, T. Abesadze, A. Gevorgyan 
and others.

Fig. 6: Plot of Ag versus Ni for Armenian copper ores and copper 
based artefacts. Some Early and Middle Bronze Age artefacts 
exhibit high concentrations of nickel and silver. In the Late Bronze 
Age the High Ni and Ag group disappears.

Fig. 7: Plot of As versus As/Sb ratios in Armenian copper ores 
and copper-based artefacts. Most Early Bronze Age artefacts 
seem to be enriched in arsenich compared with the copper ores. 
Also Middle Bronze Age artefacts show some enrichment of ar-
senic and antimony but it is less pronounced than in the Early 
Bronze Age. In Late Bronze Age very low As/Sb ratios are gener-
ally characteristic for most of the analysed artefacts.
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Some alloys exhibit extremely high arsenic contents 
ranging from 15 to 20 % as revealed by analyses of the 
metal parts of the Gegharot necklace (Fig. 8). It turned 
out that different beads are not identical in their chemi-
cal compositions. Therefore it can be assumed that 
various metal parts of the necklace were intentionally 
made of different alloys. Presumably the ancient crafts-
man used alloys with different colours to give the neck-
lace an extraordinary, “precious” appearance and em-
phasize its high artistic value. 

Of particular interest is an object consisting of tin bronze 
from an Early Bronze Age tomb from Talin, a spiral ring 
containing 11 % Sn. This find is dated to Early Kura-
Araxes culture and belongs to the earliest known tin 
bronzes in the Caucasus, Anatolia and the Aegean. Two 
spearheads from Talin contain 0.71 and 1.5 % Sn, re-
spectively.

Another interesting and unusual type of metal used in 
Early Bronze Age Armenia is a lead-arsenic-copper alloy. 
Some artefacts from Harich and Gegharot exhibit lead 
concentrations ranging from 3.7 to 9.1 % and the arsenic 
contents range from 3.2 to 13 %. Lead is often associ-
ated with copper ores and is a quite common trace ele-
ment in copper based artefacts. But as the lead concen-
trations in the objects from Harich and Gegharot are 
relatively high, we assume that lead was intentionally 
added. In the Early Bronze Age alloying with lead is rare 

but has been assumed for some artefacts in the Aegean 
and other regions of Mediterranean, however, Aegean 
copper-lead alloys are not high in arsenic (Pernicka et 
al. 1990).

Advanced Metallurgy and Alloying: 
Middle and Late Bronze Age

The beginning of the Middle Bronze Age (3rd millennium 
BC) in Armenia is marked by an increase of individual 
burials in kurgans. This period is called “Early Kurgan 
Culture” (Dshaparidse 1995b: 81; Avetisyan et al. 2000: 
23) and in northern Armenia it was replaced by the 
Trialeti-Vanadzor culture (Chernykh 1992: 110; Kushnare-
va 1997: 92), which lasted until the end of the Middle 
Bronze Age. At the beginning of the 2nd millennium BC 
the Sevan-Artsakh culture appeared in southern Armenia 
(Kushnareva 1997: 114; Avetisyan et al. 2000: 23). While 
the deceased of the Trialeti-Vanadzor culture were bur-
ied in kurgans with rich grave goods, the burials of the 
Sevan-Artsakh culture were in flat graves with few met-
al objects, mostly spearheads, daggers, bracelets and 
pins.

The Late Bronze Age began in the middle of the 2nd 
millennium BC with the appearance of the Lchashen-
Metsamor culture (Avetisyan et al. 2000: 22), which 
lasted until the rise of the Urartian empire in the 8th 
century BC. It covered wide territories of the Armenian 
highland and the southern Caucasus. Typical metal finds 
with significant parallels in the Caucasus, Anatolia and 
the Near East are Caucasian axes, flat axes, daggers 
and swords, spearheads and decorative objects like 
amulets, bracelets and pendants.

Based on their alloy types (Fig. 9), the Middle Bronze 
Age artefacts can be divided into six groups: unalloyed 
copper, arsenic copper, tin bronzes, copper-tin-arsenic 
alloys, copper-tin-lead alloys and one copper-zinc-lead 
object. Unalloyed copper and arsenic copper were still 
in use, but it is obvious that tin became more common 

Fig. 8: The necklace of Gegharot, Early Bronze Age, Kura-Arax-
es culture.

Fig. 9: Chemical groups 
among 81 Middle Bronze 
Age copper based artefacts 
analyzed in this study.
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as alloying metal for copper (Fig. 10). An object consist-
ing of copper-zinc-lead, a pin containing 7.9 % Zn and 
1.3 % Pb, was found in a tomb in the cemetery of Vaik 
together with a dagger and several pins of tin bronze. 
The tomb dates to the 20th century BC. There are only 
few brass objects known in the Near East before the 
first millennium BC, apart from Tepe Yahya (1700 BC, 
S-Iran), Nuzi (1700 BC, Iraq, Euphrat), Ugarit (1400 BC, 
Syria) (Thornton & Ehlers 2003: 4) and Thermi on Les-
bos (Begemann et al. 1995).

In the Late Bronze Age the number of alloys used in-
creases (Fig. 11). Antimony appears as alloying metal. 
According to their chemical compositions, Late Bronze 
Age copper-based artefacts can be classified into eight 
main groups: unalloyed copper, arsenical copper, tin 
bronzes, copper-tin-arsenic alloys, copper-tin-lead al-
loys, copper-lead alloys, copper-antimony alloys and 
copper-antimony-lead alloys. Although unalloyed copper 
and arsenical copper are still in use, the majority of the 
Late Bronze Age artefacts consist of copper-tin alloys. 
It is obvious that tin replaces arsenic as majoralloying 
metal for copper during Middle and Late Bronze Age. In 
the Early Bronze Age, alloys with a high arsenic content 
were often used. In comparison, the number of artefacts 
with a high arsenic content decreases in Middle and 
Late Bronze Age. It is noteworthy that most of the Mid-
dle and Late Bronze Age copper-based artefacts with 
high arsenic contents are decorative objects as it was 
observed also for the Early Bronze Age (Fig. 12).

Apart from the copper-based alloys, also unalloyed lead, 
unalloyed antimony, antimony-lead alloys and unalloyed 
tin were used in the Late Bronze and the Early Iron Age. 
Antimony objects are quite abundant in the southern 
Caucasus. For example five antimony buttons were dis-
covered in a burial of the 9th century BC in Chambarak, 

on the north-west coast of Lake Sevan (Meliksetian et 
al. 2003b: 311). Three of them consist of unalloyed an-
timony and two are antimony-lead alloys. A bracelet from 
Late Bronze Age Talin consists of unalloyed lead.

In a tomb of the Late Bronze Age cemetery of Lchashen 
four small pendants were discovered (Fig. 13). It turned 
out that these four objects consist of unalloyed tin (with 
only 0.5 % impurities).

Similar to the Early Bronze Age, two groups can be iden-
tified in the Ni/Ag-diagram (Fig. 6) for the Middle Bronze 
Age. The first group is generally matching with Armenian 
ores and the other group shows higher nickel and high-
er silver contents than the Armenian ores. In comparison 
with the Early Bronze Age the Middle Bronze Age arte-
facts of the High Ni/Ag group exhibit a lower Ag content. 
In the Late Bronze Age the High Ni/Ag group disappears. 
A possible explanations of this remarkable feature is that 
most probably the role of local ores for metal production 
increased during the Late Bronze Age.

Middle Bronze Age artefacts show some enrichment of 
arsenic and antimony compared to the Armenian ores 
but it is less pronounced than in the Early Bronze Age 
(Fig. 7). The As/Sb ratios of most of the Middle Bronze 
Age artefacts are mostly lower than those of the Early 
Bronze Age artefacts and match partly with Armenian 
copper ores. In Late Bronze Age very low As/Sb ratios 
are generally characteristic for most of the analysed ar-
tefacts. The exception is a special copper-arsenic alloy, 
which was used for bi-metallic objects. These three ob-
jects were found in a royal tomb of the Lori Berd cem-
etery and date back to the 12th century BC (Fig. 14). 
The black shining metal consists of a copper-arsenic 
alloy with an arsenic content between 24.2 and 27.6 %. 
The bronze coloured metal is classic tin bronze with 9.2 
to 10.2 % Sn. Considering the fact that arsenic is high-
ly volatile at the temperatures of copper smelting, it is 
obvious, that ancient craftsmen had an advanced special 
knowledge to produce copper-arsenic alloys with such 
a high As-content.

Fig. 10: Pin from Vaik containing 7,9 
wt-% Zn, Middle Bronze Age.

Fig. 11: Chemical groups among 121 Middle Bronze Age copper 
based artefacts anlyzed in this study.
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Fig. 12: Statistical distribution of arsenic concentrations in Armenian artefacts. In general, high arsenic contents are typical for deco-
rative objects, rather than for tools and weapons.
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Lead Isotope Compositions of Ores 
and Analysed Artefacts
It should be mentioned that many of the large copper 
deposits in Armenia were exploited from antiquity until 
the 19th century (Goginyan 1964). Some of the depos-
its are still in operation today. In most cases the intense 
exploitation of the copper ores in Armenia destroyed the 
oxidation zones of the deposits as well as any remains 
of prehistoric mining. Under these circumstances geo-
chemical investigations, particularly the lead isotope 
analysis of copper-based artefacts and their comparison 
with copper ores, may be helpful to reveal the ore sourc-
es for the early stages of metallurgy on the territory of 
Armenia.

It turns out that a large variation of lead isotope ratios 
is typical for Armenian copper ore deposits. Presumably 
the complex geological structure of the territory of Ar-
menia with different tectonic units (fragments of conti-
nental plates, ocean crust and island arcs) affects the 
lead isotope signature of regional ores (Meliksetian et 
al. 2007). Some of the copper deposits also contain 
uranium minerals. Of course this makes the interpreta-
tion of lead isotope ratios of artefacts and their com-
parison with ores more complex and precludes definitive 
statements about the sources of copper in the early 
stages of metallurgy in Armenia. Nevertheless, some 
relationships between isotope compositions of Armenian 
ores and some artefacts can be observed. Three groups 
of Armenian ores have been defined based on their lead 
isotope ratios: “radiogenic”, “ordinary” and “old” lead 
(Meliksetian et al. 2003: 603). The “ordinary” lead over-
laps with the Anatolian lead isotope field, generally 
matching the isotope composition of the ores of the Pon-

tides. Parts of the “radiogenic” and “old” lead groups are 
located outside the “Anatolian” field demonstrating wid-
er variations of lead isotope compositions in Armenian 
ores.

The comparison of artefacts and ores (Fig. 15) suggests 
a significant probability that north Armenian copper ores 
and/or isotopically similar ores from eastern Turkey could 
be related to some of the analysed artefacts from the 
Early Bronze Age settlements in the Ararat valley, the 
Shirak plateau and northern Armenia. This conclusion 
is based on the isotope composition of artefacts match-
ing the “ordinary” and “radiogenic” lead groups of Arme-
nian ores as well as on their trace element composition 
which generally fits Armenian ores. These artefacts 
match the “ordinary”, “radiogenic” and “Anatolian” com-
positional fields and it can be assumed that they were 
produced from local copper ores. On the other hand, 
some artefacts do not match Armenian and Anatolian 
ores isotopically and were most likely imported. Three 
axes from Gyumri with high concentrations of nickel and 
silver also exhibit unusually high 208Pb/206Pb and 
207Pb/206Pb and low 206Pb/204Pb isotope ratios signifying 
the import of copper, possibly from sources in Jordan or 
Oman with generally fitting 208Pb/206Pb and 207Pb/206Pb 
ratios.

The lead isotope signatures of copper based alloys used 
in the Middle Bronze Age show similar wide variations 
like the Early Bronze Age artefacts. The lead isotope 
signatures of the majority of the Middle and Late Bronze 
Age artefacts generally match local ores – e.g. Arme-
nian and Anatolian ores compositional fields. It is note-
worthy, that in comparison to the Middle Bronze Age the 
Late Bronze Age artefacts show a little (bit) lower 

Fig. 13: Pendants from Lchashen, unalloyed 
tin, Late Bronze Age.

Fig. 14: Metal artefacts from tomb 29, Lori 
Berd, 12th century BC. Three objects are 
bimetallic. The black shining metal is made 
of a copper-arsenic alloy with an arsenic 
content up to 27,6 wt.%.
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Fig. 15: Diagram of 207Pb/206Pb vs. 208Pb/206Pb in analysed copper based artefacts combined with lead isotope fields of Armenian 
ores: 1. “radiogenic” lead group, 2. “ordinary” lead group, 3. “old” lead group. Dotted lines outline the lead isotope fields of ores from 
Anatolia, Oman and Feinan, Jordan.

Fig. 16: Diagram of 207Pb/206Pb vs. 208Pb/206Pb in the analysed Early, Middle and Late Bronze Age tin bronze artefacts combined 
with isotope fields of Armenian ores. The isotope signatures of the Early Bronze Age tin bronze from Talin, of the two Middle Bronze 
Age tin bronzes from Verin Naver and of one Late Bronze Age tin bronze from Lchashen are clearly separated from the rest of the 
Middle and Late Bronze Age tin bronzes.
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208Pb/206Pb ratios. This indicates a change of metal 
sources in the Late Bronze Age.

The Early Bronze Age tin bronze from Talin is charac-
terised by high silver and nickel contents and unusual 
lead isotope ratios. The lead isotope ratio of the tin 
bronze from Talin is comparable to most contemporane-
ous tin bronzes from Troy, other sites in the Aegean the 
Persian Gulf and Dagestan (Fig. 16). However, the prov-
enance of these tin-copper alloys remains so far un-
known. It is noteworthy, that only two Middle Bronze 
Age tin bronzes from Verin Naver and one Late Bronze 
Age tin bronze from Lchashen artefacts exhibit lead 
isotope signature similar to these Early Bronze Age tin 
bronzes. They might have been imported from rather 
distant regions. For the most Middle and Late Bronze 
Age tin bronzes there are several isotopically matching 
copper ore sources in Armenia. Considering lead iso-
tope compositions of artefacts so far analysed, it can 
be assumed that an unknown source of tin bronze in 
Early Bronze Age was present, but in Middle and Late 
Bronze Age locally produced copper was alloyed with 
imported tin.

Conclusions
The early use of native copper (early 6th millennium BC) 
and early extractive metallurgy (late 5th millennium BC) 
are evident in the territory of Armenia. The Early Bronze 
Age is marked by a widespread use of arsenical copper, 
unalloyed copper, rare tin bronzes and some other alloys. 
Some objects, extremely high in arsenic (15 – 20 %), 
provide evidence of an advanced alloying technology. 
The majority of the analysed artefacts could derive from 
local ore sources, abundant in the territories of Armenia 
and eastern Turkey. In the Middle and Late Bronze Age 
the number of alloys used increased. Early brass ap-
peared in the Middle Bronze Age, unalloyed tin, lead 
and antimony were used in the Late Bronze Age. Alloys, 
extremely high in arsenic (24.2 – 27.6 %) are still present 
in some extraordinary artefacts. Some of the artefacts 
high in nickel and silver exhibit unusual lead isotope 
signatures and were most likely imported, possibly from 
Oman. The Early Bronze Age tin bronze from Talin has 
lead isotope ratios typical for most of the 3rd millennium 
BC bronzes, signifying an origin of the early tin bronzes 
from an unknown copper/tin ore source, presumably of 
Proterozoic – Early Palaeozoic age. 

In the Middle and Late Bronze Age tin bronzes exhibit 
lead isotope fingerprints typical for local ores with just 
few exceptions, suggesting that in Middle and Late 
Bronze Age local copper was alloyed with imported tin 
as lead isotopes of bronzes inherit those of copper 
sources rather than tin.

Bibliography
AVETISYAN, P., BADALYAN, R. & SMITH, A.T.:
2000 Preliminary report on the 1998 archaeological investi-

gations of project ArAGATS in the Tsakhkahovit plain, 
Armenia. Studi Micenei ed Egeo-Anatolici 42/1, 19-59.

BEGEMANN, F., PERNICKA, E. & SCHMITT-STRECKER, S.:
1995 Thermi on Lesbos: A case study of changing trade 

patterns. Oxford Journal of Archaeology 14(2), 123-
136.

BRAIDWOOD, R.J., CAMBEL, H. & SCHIRMER, W.:
1981 Beginnings of village Communities in Southeastern 

Turkey: Çayönü Tepesi, 1978 and 1979. Journal of Field 
Archaeology 8, 249-258.

CHERNYKH, E.N.:
1992 Ancient Metallurgy in the USSR. The Early Metal Age. 

Cambridge.

DSHAPARIDSE, O.:
1995a Die Kura-Araxes-Kultur. In: Miron, A. & Orthmann, W. 

(eds.), Unterwegs zum Goldenen Vlies. Archäologi-
sche Funde aus Georgien, Saarbrücken, 57-62.

1995b Die Trialeti-Kultur. In: Miron, A. & Orthmann, W. (eds.), 
Unterwegs zum Goldenen Vlies. Archäologische Fun-
de aus Georgien, Saarbrücken, 81-88.

GEVORGYAN, A.C.:
1980 A History of Ancient Metallurgy of the Armenian High-

land. Yerevan. (in Russian)

GOGINIAN S.E.:
1964 Report of special expedition to study ancient metallur-

gical slags and exploitation. Unpublished report. (in 
Russian).

HAUPTMANN, A., SCHMITT-STRECKER, S., BEGEMANN, F., 
& PALMIERI, A.:
2002 Chemical composition and lead isotopy of metal objects 

from the “Royal” tomb and other related finds at Ars-
lantepe, Eastern Anatolia. Paléorient 28/2, 43-70.

HAUPTMANN, H.: 
1982 Die Grabungen auf dem Norşuntepe, 1974. Keban 

project 1974-1975 activities. Ankara, 41-70.

KUSHNAREVA, K.K.:
1997 The Southern Caucasus in Prehistory: Stages of cul-

tural and socioeconomic development from the eighth 
to the second Millennium B.C. University Museum Mo-
nograph 99. Philadelphia.

MELIKSETIAN, K., PERNICKA, E., BADALYAN, R. & AVETIS-
SYAN, P.:
2003a Geochemical characterisation of Early Bronze Age 

Metal Artefacts and their Relation to Copper Ores. In: 
International conference “Archaeometallurgy in Euro-
pe”. 24-25-26 September 2003, Milan, Italy, Procee-
dings, Vol. I, 597-606.

2003b Chemical and lead isotope characterization of Middle 
Bronze Age bronzes and some Iron Age antimony ob-
jects (Armenia). In: International conference “Archaeo-
metallurgy in Europe”. 24-25-26 September 2003, 
Milan, Italy, Proceedings, Vol. II, 311-318.

2007 Compositions and some considerations on the prove-
nance of Armenian Early Bronze Age copper artefacts. 
In: 2nd International conference “Archaeometallurgy in 
Europe” Aquileia, Italy, 17-21 June 2007, Proceedings. 
12 p. (in press)

PERNICKA, E.:
1990 Gewinnung und Verbreitung der Metalle in prähistori-

scher Zeit. Jahrbuch des Römisch-Germanischen Zen-
tralmuseums 37, 21-129.

PERNICKA, E., BEGEMANN, F., SCHMITT-STRECKER, S. & 
GRIMANIS. A.P.:
1990 On the composition and provenance of metal objects 

from Poliochni on Lemnos. Oxford Journal of Archaeo-
logy 9(3), 263-297.



Khachatur Meliksetian, Steffen Kraus, Ernst Pernicka, Pavel Avetissyan, Seda Devejian & Levron Petrosyan

210

PIGOTT, V. C.:
1999 The Development of Metal Production on the Iranian 

Plateau: An Archaeometallurgical Perspective. In:  
Pigott, V. C. (ed.): The Archaeometallurgy of the Asian 
Old World, Philadelphia, 73-106.

SCHOOP, U. D.:
1995 Aspects of Early Metal use in Neolithic Mesopotamia. 

In: A. Hauptmann, E. Pernicka, T. Rehren & Ü. Yalçin   
(eds): The beginnings of Metallurgy. Proceedings of 
the International conference “The beginnings of the 
Metallurgy”, Der Anschnitt, Beiheft 9, Bochum, 31-36.

SEELIGER, T.C., PERNICKA, E., WAGNER, G.A., BEGEMANN, 
F., SCHMITT-STRECKER, S., EIBNER, C., ÖZUNTALI, Ö. & 
BARANYI. I.:
1985 Archäometallurgische Untersuchungen in Nord- und 

Ostanatolien. Jahrbuch des Römisch-Germanischen 
Zentralmuseums 32, 597-659.

THORNTON, C.P. & EHLERS, C.:
2003 Early brass in the ancient Near East. iams 23, 3-8.

YALÇIN, Ü. & PERNICKA, E.:
1999 Frühneolithische Metallbearbeitung in Aşıklı Höyük. In: 

A. Hauptmann, E. Pernicka, T. Rehren & Ü. Yalçin   
(eds): The beginnings of Metallurgy. Proceedings of 
the International conference “The beginnings of the 
Metallurgy”, Der Anschnitt, Beiheft 9, Bochum, 45-54.

ZWICKER, U.:
1977 Investigations on the Extractive Metallurgy of Cu/Sb/

As Ore and Excavated Smelting Products from Norşun-
Tepe (Keban) on the Upper Euphrates (3500-2800 
B.C.). In: W. A. Oddy (ed.): Aspects of Early Metallur-
gy, London, 13-26.




