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Abstract

Tracing Tradition: patterns of technological hnovation and the
circulation of copper in Southwest Asia from the 8 to 1st millennia
BCE

The regions of Southwest Asia during the Late Chalcolithic and Bronze Age were
inextricably linked through trade and culture expansion, but also in their
technologcal development. This thesis presents the results of a largeale
synthesis of published chemical data from the region from the beginning of the use
of metal in the 8" millennium BCE to the start of the Iron Age in the early sl
millennium BCE. Changeral continuity in alloying tradition, copper-composition,
and human interaction with the material are analysed by the application of two
O/ @& OA 3UOOAI 8 1 AGETATTTCEAO AT A +OEEDPAOO
patterns in the copperbase assemblagare visible across space and time, and it is
the aim of this thesis to marry these alterations in approach or access to material
with the wider archaeological context. This largescale approach has also drawn
out aspects of technology which have, until nowgenerally been regarded as
isolated and sporadic regional findsA pan-regional approach has revealed they
are in fact part of wider phenomena. The study of these outliers opens up the
prospect for deeper insight into human interaction with and technologal

approach to material throughout the development of ancient metallurgy.

Philippa Howarth

Linacre College, University of Oxford
DPhil in Archaeological Sciece
Trinity Term 2018
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Chapter One: Introduction

If the recent BBC production of Poldark has taught us anything, it is thadterest in
copper and tin, and even the arduous process of mining, are as deeply fascinating
to the general public as they are to archaeologists (though sadly we must do
without romance, intrigue, family-feuds, and scythewielding in academic
discourse).Ancient metallurgy is compelling for many reasons: the juxtaposition of
industrial organisation and exquisite artisanship; the enigmatic extravagance of
hoards and burials in which material wealth was so purposefully expended; the
opportunity to glimpse how far people were willing to go for a desirable object
before online shopping was an option! From a more conceptual perspective
metallurgy has provided the temporal framework for our understanding of
prehistory for almost two hundred years. Its origins aml assumed pattern of
development defining a pathway of exponential social and technological change

culminating in modern (usually Western) society.

Although the discipline of archaeological science has moved beyond such well
worn generalizations and unilnear models of progress, the study of metallurgy,
metals, and metalworking have remained a rich seam of research. Close
investigation of the metallurgical data has offered a wealth of new insights into
local technical traditions, yet, such research only raly transgresses the
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geographical, political, and disciplinary boundaries that divide our world. Broader
studies, in which the data continue to serve as a central source about the changing
character of trade and the shape of interegional communication,tend to subsume
variation, remaining firmly seated within the economic sphere. The challenge of
effectively bridging these scales is significant but offers the potential for more
humanised discussions of the processes of innovation and change, in which
ecanomic trends can be explored with reference to local and regional patterns of
development, the shifting fashions in ancient societies, and the roles of
craftspeople and human curiosity in the manipulation of the material world.This

is the challenge thathis thesis sets out to meet.

The subcontinent of Southwest Asia, a hotbed of technological development from
the Neolithic onwards, is a natural focus for such a study. It covers the areas of
Anatolia and Iran where many of the earliest known uses of metare found
(Thornton 2009a; Hauptmann and Wagner 2007; Avilova 2008; Esin 1999;
Craddock 2000; Chernykh 2017b) It incorporates regions famed for their metal
resources, even in ancient times and others, such as Mesopotamia and the
Northern Caucasus, whee primary metallurgy was unknown or unpractised(T. F.
Potts 1993; Chernykh 1992; Chernykh 2017h) Were metal was produced the
character of production acros time and space is equally variableanging from the
dispersed individual operations of the Southern Caucasu&rb-Satulloet a. 2014;

Erb-Satullo et al. 2017) to the highly organized centralized industries of the

11t is not without good reason that the Southern Caucasus (Ancient Colchis) haween linked to the
mythical journeys of Jason in search of the Golden Fleece!
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Southern Levant and Eastern Arabia, attested by phenomenally large slag heaps
(Rothenberg 1972; Weeks 2003, and regions that simultaneously display both
models of copper production, such as Cyprukassianidou 1998) Many mysteries
such as the location of the elusive source of tinhé date of the earliest smelting
endeavours, and the extent to which objects may have been recycled andused
have been raised, resolved, refuted, reashed, and resurrected over the long
history of archaeometallurgical research in the area. This thestes not represent

a break in this tradition, but hopefully presents a fresh perspective on the debate
by approaching Southwest Asia as a shifting network of relationships between

peoples and metals from the later Neolithic to the early phases of the Irdkge.

Specifically building upon the work of Aurelie Cuéno@2013), this thesis began by
assemblng a near comprehensive database of published analytical data on metal

artefacts from across Southwestern Asia, with the aim of applying a recently

N A 2o~ N

AAOAT 1T PAA AT A1 UOEAAT AOAI Ax1T OEh 11 x AT 11

(Pollard et al. 2018), which has been tailored to open exploration bspatial and
temporal trends in the bulk chemistry of copper and copper alloy artefacts at a
variety of scales (dictated primarily by the density of data). Though basic
typological and contextual classifications also form part of this study, much of the
detail in these areas was necessarily sacrificed in favour of a more comprehensive
interpretation of copper flows and changing metallurgical (rather than stylistic)
traditions. Where typology is drawn in to the discussion, it is used to investigate
specific research questions emerging from the study of chemical patterns in the
database, and particularly to address key issues around the perception and

utilisation of material (see Chapter Seven). The benefit of reducing the typological



resolution was to enablea greater focus on a wider range of chemical categories,
particularly alloy types, which have previously been discussed relatively
infrequently in the literature (complex alloys of arsenic, antimony and nickel, very
early tin-bronzes, zinerich copper, ard iron-rich copper objects). Though this

I AAAOOEOAOGAA OTiIT A AAPAOOOOAO &EO1TiI OEA
3 U O G Avhiéh was originally developed to deal with problems in the Western
European context it enabled us to recognize some intriguing pamegional

connections in metallurgical practice. These ideas are addressed fully in Chapter

Five.

With such a large temporal and geographic scope, a comprehensive review of the
precise archaeological context for each of the 9,838 objects contained within the
database would be impractical. There was therefore a necessary distillation of the
data into regional metallurgical traditions using interregional communication as a
basis for the contextual framework. For a broad guide to the archaeology of
Southwest Asa seeThe Cambridge World PrehistorfRenfrew and Bahn 2014)and

A Hisory of the Ancient Near East, ca. 30@3B23 BCHVan de Mieroop 2016) For
closer regional contexts theOxford Handbookseries are invaluable:The Oxford
Handbook of Ancient IrarfPotts 2013); The Oxford Handbook of the Archaeology of
the Levant: c. 8004832 BCE(Steiner and Killebrew 2013) and The Oxford
Handbodk of Ancient Anatolia (10,0023 BCE)(Steadman and McMahon 2011)
Unfortunately they do not cover events in the Caucasus, for wii The Archaeology
of the Caucasus: from earliest settlements to the Iron A§agona 2017)and The

Southern Caucasus in Prehistofiiushnareva 1997)should be consultel.



The wider objective of this thesis has therefore been to synthesise all Southwest
Asian pre-early 1st millennium BCE analytical data and ascertain to what extent
each region was connected over time and how far technological discoveries and
traditions were pan-regionally shared. A consequential aim was, essentially, to test
the application of systematic and standardised approaches to such varied and
diverse databases. The assembled analytical data is not only vast in terms of
temporal, cultural, or geograhical scope, but in terms of the variation in sample
size, analytical technique, and past research focus. It has therefore been necessary
to question if such heterogenous data be approached in such a standardised
fashion. The following research aims and westions were developed in order to

achieve this:

1) To understand technological approaches at the beginning of smelting and

the inception of alloying

1 How soon after the development of smelting technology did copper
alloying begin, and was there a phase of mple oxide smelting

before this advanced step took place?

1 Were these early copper alloys deliberately or accidentally

manufactured?

1 How did approaches to alloying change of time, and differ between

regions?

1 How far is this attributable to inter-regional communication and/or

access to resources?



2) To fully consider the circulation of tin and its effect on regional tradition

1 If the Kestel mine was exploited for tin, could it have supplied
Southwest Asia? If not Southwest Asia, then could it have supplied

tin locally?

1 How was tin traded: to what extent was the economic model
centrally organised, unique to certain periods, or changeable over

time?

3) To recognise and appreciate the human activity and interaction with

copper-base material

1 How did the producers of cpper-alloys perceive their material, and

is that recognisable within the archaeological record?

1 Are there any associations between copper composition and

typological category?

1 How far can we understand recycling and reise of material through

the behavioural qualities of primary material?

To realise the outlined aims and objectives it is necessary to be familiar with the
conclusions and research that has come before. Chapter Two focusses on past
study in four sections: past archaeometallurgical research; aappraisal of the

evidence pertinent to the debate of the earliest smelting which covers thehgo 5t
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millennia BCE; an evaluation of the research into sources for Southwest Asian tin;
and a synopsis of intefregional communication from the 4h millennium to the st
millennium BCE. The first section concerning archaeometallurgical research is
presented thematically: by provenance studies, metallurgical provinces,
fabrication techniques, entire metallurgical process, and experimental
archaeometallurgy. Ofcourse, projects cannot always be neatly demarcated by
these themes, in which case they have been organised by the main objectives as
described in the publication. It has been attempted to provide an insight into the
types of research significant in the rgion of study by presenting extremely
influential and long-term research projects alongside smaller, more sitgpecific
studies. The consequent sections are principally summaries of two debates:
indirect and direct evidence of early smelting is outlined, ad past approaches to
OEA POORAI Ai 68 4EA 1 AOOAO ET Al OAAA Al A@OAT ¢
involving the Kestel mine. The synopsis of trade and communication across
Southwest Asia is intended to provide the main archaeological framework fohis
research. In later chapters patterns of copper and coppalloy use and circulation
highlighted in the data are referred back to and interpreted alongside this

contextual scaffold.

In Chapter Three the practicalities of the collation and prgrocessing of large-
scale data are reviewed, explained, and justified, with special emphasis on issues of
data quality and cohesion. For example the comparability of chemical data
obtained from numerous analytical techniques and across various national
analytical traditions are described and it is outlined how the resulting inequalities

were dealt with. In a similar vein, the difficulties in the compilation of a pan



regional chronology is outlined, alongside description of the tests that were

applied to the data in he development of the chronological framework. A full
AEOAOOOGEIT 1 &£ OEA O/ @& OA 3UOCOAI S A 1T11 x0h
methodologies, and approaches behind it. The initial results are given as a series of

regional profiles in Chapter Fair.

Chapter Five incorporates analysis of regional alloying practice. A coppbase
metal is denoted an alloy if it contains >1% of one or more of the following
elements: arsenic, nickel, antimony, silver, lead, zinc, iron, and tin. Very early-tin
bronzes (dated to pre-3rd millennium BCE contexts) are considered an alloy at
0.5% Sn, as opposed to >1% Sn in later periods, as the section on early tin deals
ores. The pattern @ alloying tradition is then studied chronologically, drawing on
regional narratives: for example, accidental or deliberate alloying is discussed in
relation to copper objects dating to the & millennium BCE; 34 millennium tin -
bronze use is addressed wit regards to the Kestel mine; and the change of copper
supply from Magan copper to Cypriot copper in the @ millennium BCE. The
chapter ends with a discussion of coppealloys not restricted to certain contextual

discussions but noticeable in their wideruse.

yO EO ET #EADPOAO 3E@ OEAO OEA O/ @& OA 3UO(
chemical data and its efficacy assessed. After a broad application of the
methodology in order to see general trends and patterns of copper flow, it is then

specifically implemented in the question of how tin was traded across Southwest

Asia, regardless of its provenance, and in ascertaining whether regional 4monze

traditions were cohesive or disparate. The sixteen copper groups at this stage are
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combined with tin content distributions to ascertain the likelihood of a regional
tradition reflecting that of primary or secondary tin-bronze production. Though
these trends tend to reflect cultural and economic cohesion or dissonance,
especially with regard to tinrbronze production centres and interregional trade, if
the locally traded or pattern of reuse can be made visible it provides knowledge of
state-run vs decentralised endeavours and innovation. In turn this provides insight

into the activity of regional inhabitantsand craftspeople.

In Chapter Seven the behaviour and activity of people is once again the fepalnt

of this research, and manipulation and knowledge of material is addressed through
+ OE E P&a@dive Categorie§2017). If it is possible to understand patterns of
material-use through categories pertaining to the perceptible quality of that
material and its consequence on technological or stylistic choices of the
craftsperson, then it is possible to begin to visualise how people intacted with
that material. This particular methodology applied to humancopper interaction
depends on the levels of alloying elements at perceptible quantities within the
copper composition. Recognisably separate materials were produced and utilised
differently. In this chapter there was a necessary dowscaling of focus, as
particular typologies were studied in relation to their copper composition, and
within one region. Although largescale approaches can tell us about patterns of
human interaction with material, it is necessary to look closer at specific regions as
traditions may not be identical from region to region (or in fact from workshop to

workshop, which is an obstacle that cannot be addressed here).

In Chapter Eight, aspects of the previous threghapters are reviewed and assessed

for success or limitation within the research framework. The form this takes is to
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address the research questions outlined in this chapter and discuss where the
application of methodology has been appropriate and profitale, and where the
answer might have been better arrived at with a different methodological
approach. The main and most exciting narratives found in this body of work are
highlighted and reiterated, along with suggestions of how these avenues may be

further researched.
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Chapter Two: Cultural Interaction and
Technological Development in Ancient
Southwest Asia

Given the geographical and temporal scale of this research, a comprehensive
archaeological and historical review of each study region is beyond trecope of
this thesis. Instead, the transformation of Southwest Asian societies will be
approached from the more restricted viewpoint of metallurgical development,
cultural contact and social change in order that patterns emerging from the
analyses can be ampared and understood within a broad framework
incorporating both external and internal influences. Similarly, a regional approach
to the development of each individual metallurgical tradition cannot be addressed,
and as such this is conducted on a broadescale of general metallurgical

developments in Southwest Asia through time.

This chapter will address the earliest evidence of smelting technology in
Southwest Asia and attempt to define a basic timeline for the development of its
metallurgical traditio ns. It will focus upon the lively discussion of tin sources in
Southwest Asia, and the long debate which surrounds the Kestel mine and Goéltepe
processing site, before a description of interegional trade and communication

from the 4t millennium to the 1st millennium BCE is outlined. First there is an
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overview of the archaeometallurgical research conducted in Southwest Asia, with

focus on the largest and most influential studies from each region.

1 A zeitgeist of archaeometallurgical research in Southwegtsia

There are many facets of archaeometallurgical research, only some of which are
covered in this section owing to their relevance to the overall thesis. Lead isotope
analysis, though an important technique in the research of metallurgical tradition,
has been largely ignored, and is only mentioned if conducted alongside chemical
analysis. Even within the smaller field of chemical analysis there are factions based
on aims, project scope, and analytical method (for more detail on the differing
analytical methods represented in the database se€hapter Three,section 1.2).
The following presents an overview of archaeometallurgical research relevant to
Southwest Asia, split into research type, mostly dictated by the loose overaims

of the project which are as follows: provenance, fabrication technique, the entire
metallurgical process from mine to metal, and the interegional sharing of
metallurgical traditions. At the end is also included a description of experimental
archaeometallurgy as it pertains to analytical research. For a description of

research conducted on Iranian samples prior to 2011, see Cuén(D13).

Some archaeometallurgical studies do not fall into any of the above categories but
will briefly be mentioned here and examples provided. Often, excavation seasons

have an accompanying analysis of metal findsom the site. These analyses are
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conducted in order to characterise metal and add to the corpus of archaeometric
data, rather than with specific research aims in mind. For example, Kurit986)
conducted chemical analyses on 44 coppdrase objects from the Ikiztepe
excavation (Anatolia), finding that half the objects were arsenicddronze and the
other half unalloyed copper. Similarly, Lyonnett al. (2008) chemically analysed
five objects from Late Chalcolithic Kurgans from Soyuq Bulag (Southern Caucasus,
Azerbaijan), alongside other grave goods such as ceramics and lapis lazuli. The awl
and dagger were made of arsenicdironze, and the beads were silvecopper alloy.

All alloys could have been naturally made or artificial, and local or from long
distance trade. Such projects though not conducted with an aim in mind are
extremely useful for the accumulation of data and a rough idea of metal

characteristics and traditions from eat region.

1.1 Provenance studies

Provenance studies were perhaps the most common form of analytical research

conducted on metals for several decades, but do not fall only within the scope of

chemical data. Many such studies only include lead isotope analysasd they will

not be considered here unless there is also accompanying chemical data.
Provenance studies focus most specifically on the origin of the metal, though this is

usually narrowed to the provenance of the ore deposit since the productien

provenance may lie at a distant location from the mine the object will obviously

AT 1 OAET OEA AEAI EAAl 10 EOI Ol bEA OFET CAODPOI
or post-production processes have taken place) and not the production location.

Fabrication techmiques and typological analysis are more relevant to the latter.
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Provenance studies are often applied to understanding of ancient trageutes and

complexity of regional contacts.

Provenance studies have been popular in understanding Anatolian metal, owitg
the large number of copper deposits present in the region, and thus a local or
imported ore indicates much about regional interaction. Galeet al. (1985)
compared chemical and lead isotope data from Anatolian coppérase objects
dating to the Chalcolithic and Bronze Age wiit potential ore sources from Anatolia
and Bulgaria. They concluded that the same or a similar ore used for copgaase
objects from Mersin and Troy were obtained via se@orne trade as the signal from
the Ergani Maden deposits did not match any coastal cper-base objects.
Begemannet al. (1994) studied eighteen arsenicalbronze objects from llipinar in
Anatolia, also with lead isotope and chemical analyses. Though the question of
i AOAl xT OEAOOS EIT OAT OETTAI EOU 1T &£ EiI POI OET ¢
of arsenic is mentioned, lhe aim was predominantly to ascertain where the ore or
material originated. As the contemporary coppetbase objects from Serbia and
Bulgaria were low in arsenic the llipinar assemblage was deemed not to originate
there, and the conclusion was that Chalcdhiic Ilipinar was not greatly involved in
long distance trade. Begemanret al. (2003) also carried out similar studies on
twenty-two objects from Besiktepe, the lead isotope data of which indicated

Anatolian ore sources, but with inconclusive chemical data.

Knapp and Cherry(1994) conducted similar research, although the focus was on
the entire metallurgical products in the manufacturing process. Cypriot ores and
objects,as well as local clays, pottery, and various other production debris, were

analysed chemically and isotopically. The aim of this work was to present a
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cultural case study on provenance work, attempting to define a characteristic
Cypriot copper signal whik utilising the favourable situation of the relative

isolation of Cyprus as an island with its own copper deposits. The alteration of the
chemical and isotopic signal through the production process was also studied to

better understand how copper signals ray relate to their ores over time.

Though the research on artefacts from EB to IA Pella (Southern Levant) was
overtly a multi-disciplinary study focussed on a large body of data from one site to
effectively chart the chronology of metallurgical developmentthe conclusions are
mostly based on provenance of materialPhilip et al.2003). The unalloyed copper
signal matches that from Faynan, whereas the arsenicabppers were potentially
related to Cyprus or Anatolia, suggesting complex resource acquisition. There was
also much evidence of recycling, both of"@ millennium copper objects and 2d
millennium tin -bronzes. The fabrication techniques mentioned were considered
Ol OAAEBh 1 x ELcy oDdasting EeBhnigbes. Similarly, coppebase
objects from MB Sidon (Southern Levant, Lebanon) were chemically and
isotopically analysed(Le Rouxet al. 2003). The conclusion, based upon the lead
isotope signature, was that there was trade in metals between the regions of the

Eastern Mediterranean.

Begemannet al. (2010) conducted a study firstly to establish the chemical ah
isotopic signature of Omani copper, and secondly to ascertain what proportion of
the Mesopotamian assemblage was made of this copper. Arsenic and nickel are
shown to be positively correlated in Omani ores and artefacts, however only two
thirds of copperin Mesopotamia has such a signal. They also established that there

are some artefacts which match both the Omani copper chemical signature and
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isotope range dating to the end of the @& millennium BCE, though there is no

evidence of copper production in Oran at this time.

Middle Bronze Age weapons from Byblos and Tell Arga in Lebanon were subjected
to lead isotope and chemical analyses by ElI Moet al. (2013). This research was
predominantly occupied with provenance, though aspects of fabrication technique
were also studied. Lead isotope and trace element signatures were compared with
object and ore signatures from Iran, Egypt, Faynan, Cyprus, Greece and the Aegean,
Saudi Arabia, Timna, Anatolia, Oam, and the UAE, and results suggested links with
Egypt, Oman, and Iran. The correlation between certain object types, alloys, and
manufacturing techniques indicated the choices of craftspeople and therefore that

their knowledge was developed, sophisticaté, and complex.

A study of twenty seven ingots from the Levant by Yahaloilacket al. (2014) was
aimed at revealing information about ores and smelting procedures between the
2nd millennium and 1st millennium BCE. The results were then compared with ore
compositions from Cyprus, Turkey, Arabeh, and Sinai. It was concluded that the
Levant was supplied with copper from Cypriot and Arabeh ore sources, but that

the supply fluctuated over time.

(AOGATT OA6 O @0B)Adad (@016yEQE toncerned with the chemical
analysis of spearheads and arrowheads from MB Southern Caucasus (Azerbaijan).
In both articles a local copper soutre is suggested, and that tin was imported from
Anatolia (Kestel), Iran (Deh Hosein), or West Afghanistan via Mesopotamia. The

addition of lead to improve the mechanical properties of lowtin-bronze is

theorised as an economising endeavour owing to the cbef tin, as there are many
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local lead ore deposits. The provenance of tin, though widely discussed and sought,
Is rarely attempted via provenancing studies of tidbronze alloy owing to the
confusion of the signal from copper. However relatively recently rahaeologists
have begun to focus on the question of tisotopes and their ability to indicate
potential tin sources or provenance tinbronzes (Nowell et al. 2002; StosGale and

Gale 2009; Hausteret al.2010; Ballianaet al.2013; Brigmannet al.2017).

1.2 Fabrication and production techniques

Caneva and Palmieri(1983) chemically analysed swords, daggers, and some

needles from Late Chalcolithic Arslantepe in order to find informtion about

smelting techniques. They found that arsenic concentrations varied notably within

AAAE ET AEOEAOAT T AEAAO AO OOAI AAOEOA AEODPAC
DPEAOAO 1T £ OEA id.AI6TBE ThE pad af ithd dbjedd @hickcooled

quickest had lower arsenic quantities, and it was therefore easy to distinguish

between objects made in open moulds and closed moulds, as the former had lower

arsenic concentrations at the surface on one side of the object. In the course of the

research they also found that sulphide ores were in use at Arslantepe, and complex

smelting techniques were in use by the Late Chalcolithic.

Seven ingots from the Southern Levant were analysed by Maddin and Stech
Wheeler (1976). It was found that these objects were made from weathered, not
roasted, ore, and had had a flux added dug the manufacturing process. It was

also discovered that the ingots were secondary castings which had not been

exposed to oxygen during remelting. It was not known if the secondary castings
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were from larger primary ingots broken into smaller ingots, orfrom the re-melting
of scrap copper: however it indicated the process of ingot manufacture in the

region during the Middle Bronze Age.

Balthazar (1990) set out to readdress the balance of research focus on Cypriot
copper-base materials as previous work was weighted towards the Late Cypriot
Period. She maintained that the Early and Middle y@riot Periods were the
formative years of copper technology on the island. The aim was to-examine the
corpus of previously analysed objects, rassess stylistic preferences by time, and
finally address the copper objects belonging to each period as éhale to identify
changes over time. This would therefore help to define the options that were
available to ancient metalsmiths, and what economic, social, and technological

factors might have determined those choices.

A number of rings and bracelets, ves$®/sheet metal, and pins and awls from

occupational levels at Tell Abraq (Eastern Arabia, U.A.E) were chemically analysed

and metallographically investigated by Weeks(1997). The aim was to better

understand metallurgical practices at the site and how they fit into the wider

context of Eastern Arabia. The tin content of the rings, which were mostly not celd

hammered, was above the level required for better casting properties, and so he

concludes that the tin added was intended for aesthetic purposes. This was further

supported by the relative lack of tin in pins and awls. It was also noted that the

number of tin-bronzes in Umm anNar and Wadi Sug phases was unusually high in

AT i DPAOEOTT OiF OEA OAOGO T &# OEA xEAAO OACEITI

location on the Persian Gulf.
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De Rycket al. (2003) studied the microstructure and chemical composition of
forty -six objects from Tell Beydar in Northern Mesopotamia, focussing mainly on
alloying tradition z mainly arsenic and tin contents- rather than determining ore
type in use. By studying alloying element quantities they were able to ascertain
that copper at this sitehad a clear chronological sequence in the use of arsenical
bronze, that the adoption of tinbronze occurred c. 2600 BCE, and that the overall
pattern of copper alloy use fitted into the wider tradition of Southern
Mesopotamia. It was also discovered thahe same metalworking techniques were
applied regardless of alloy type, but that the technical expertise and control

developed over time.

Chemical and lead isotope analyses were carried out on metal objects from Late
Chalcolithic and Early Bronze Age Arstdepe and although there was some
interest in the provenance of the arsenicabronzes (suggested as the Southern
Caucasus), most objectives were aimed at understanding manufacturing process
(Palmieri et al.2002),. Significant similarities in organisation and alloyingpatterns
were noticed between Arslantepe and the Southern Levant. The results from lead
isotope analysis established that the coppesilver alloys were fabricated by
deliberate mixing of two metals, and therefore present the earliest evidence of
intentional alloying. There was also evidence of surface enrichment/depletion
gilding. The suggestion of ores imported from the Southern Caucasus and the
possible presence of objects made from local ores led to the suggestion of a two
tier trade system: one of goods exchanged on the market, and the other a high

status, elite giftexchange.
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Meliksetian and Pernicka(2010) compared the chemical compasions of high

arsenic objects from Gegharot (EBA) and Lori Berd (LBA) in order to understand
the process behind the alloy composition. There were three types of alloy used for
typologically specific bead types, one group of which contained unusually high
arsenic. The microstructure of these was compared to three objects from Lori
Berd. The findings indicated that the arsenic rich objects had not been surface
enriched, and that craftspeople must have been using an advanced smelting

technology to produce sub alloys.

Fifty-seven weapons from Byblos were metallographically and chemically
analysed by El Morr and Pernoi(2011) with the aim of understanding regional
fabrication processes of the Southern Levant. They found that there was
widespread use of arsenic and tin as alloying elementjth no visible preference
for tin over arsenic, though perhaps an emphasis on tin for high status weaponry.
It was also suggested that brazing techniques may have been imported to Byblos
either from Mesopotamia or Egypt, and finally they concluded that eftspeople
may not have added lead specifically to improve castability but as an economy. A
similar study by El Morr and Médlinger (2014) found that there were no clear
variations in forming techniques or alloying compositions across the igon of the
Southern Levant, suggesting a shared metallurgical tradition, possibly even with

the same processes of metal refinement.

In a different type of study that was still generally concerned with fabrication
OAAET ENOAOR ' Al HI014AdhemicallyEandlydedrdrip-five objects
from an EBA gravesite at Kalinkaya, near Alaca Hoyilk. The aim of this research

was to focus on small, rural approaches to the manufacturing processes, rather
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than those at highstatus settlements. The objects analysed were mostly simgl
jewellery, and faults generated during the production process were not repaired,
either owing to lack of skill or because the artefact was unfinished. Tin was not
present in the objects before the early @ millennium BCE, and recycling of metal

appearsto have been very likely.

Oudbashi and Davam{2014) studied twenty-two copper-base vessels from 10 to

7th ¢c. BCE Sangtarashan (east Luristan, Iran). They found that the copper was
smelted using sulphide ores, that tin was added using uncontrolled procedures
(co-smelting or cementation), and that the sheet metal was produced through a
cycle of cold working and annealing. Previously Oudbashét al. (2012) had
analysed ten metal pieces from Haft Tappeh and compared them with ten
segments of vessel from Sangarashtan (possibly some of the same objects as in
2014). They found that the two sites had different approaches to alloying (Cu,
CuPb, and CuSnPb at Haft Tappeh, and Cu and CuSn at Sangarashan), but similar

approaches to the material and use of sulphidic ores.

Massaet al. (2017) analysed objects from Demircihiytk and reassessed regional
mining evidence. Theaim was to understand use of different alloys and different
fabrication techniques, though there was some interest in provenance, which is
planned for a further study. They found that >23% As was indicative of
intentional selection of arsenicrich ores or addition of arsenic, and that open
mould, bivalve, and lostwax casting were all in use at the site, suggesting skilled

specialists using complex techniques, even for relatively simple object types.
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1.3 The entire metallurgical process

Selimkhanov(1962) outlined past and ongoing research in the USSR of systematic
chemical nvestigations on objects relating to the entire metallurgical process

(metal artefacts, ore, slag, crucibles, and moulds) though the dating of many of the
contexts were not well known. The aims of the additional research presented in
the paper were to chaacterise the alloys in use during the early stages of
metallurgy in the Southern Caucasus, use chemical composition to understand
regional tradition, ascertain the deliberation behind alloying, understand which

ores were chosen, and to attempt to date manyf the less securely dated objects.

Leeseet al. (1984) conducted a largescale study of ores and metal objects from
the smelting site at Timna (Southern Levant, Israel). It is worth pointing out that
this was attempted with the aim of improving provenance studies, as it was the
changes from ore to metal, via fluxes and impuritiesetc., which were documented.
The effect of these processes was then assessed in terms of how to characterise or
predict certain chemical signals. They found that there was not much overall
change in composition but thought it likely that this was owinga® the homogeneity

of samples.

In the late 1990s a smelting site on Cyprus which was vastly different to previously
studied mining sites was uncovered and the mining and smelting processes were
identified by Kassianidou (1998), therefore presenting a pivotal moment in
Cypriot archaeometallurgical research. Until this point Cypriot mining and
smelting endeavours were seen only as largecale, centrally organised affairs,
with copper production primarily centred on export in long-distance trade
networks. The small site of Almyras, on the other hand, only produced one tonne of
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copper, and was therefore not a production centre on the same scalendicating

that there were parallel miningindustries in prehistoric Cyprus.

An assemblage of ores, slags, crucibles, unprocessed copper, and cojeee
artefacts from Chalcolithic Shigmim (Southern Levant, Israel) were analysed in
order to understand the metallurgical tradition which took place & this site
(Goldenet al.2001). There is some discussion about the provenance of the ore in
use as there are no ore sources situated near the site, though Faynan is indicated
as the most likely source owing to relative proximity. There appears thave been

no evidence of fluxing during the smelting process as the slag present seems to
have been accidental (considered as such because it contains such large quantities
I £ AT PPAOQ8 4EA AAAOAOECI AMIAGT AMOE GYHE AO AGDRAGV
crucibles. The metal produced contained very high quantities of arsenic, antimony,
and silver, similar to the Nahal Mishmar hoard, suggesting shared metallurgical
tradition. However pure copper and complex copper clearly belonged to two

separate industries.

Long-term work on the Faynan mining district, based on fieldwork from 1983 to
1993, was presented by(Hauptmann 2007; Hauptmannet al. 1992). The aim of
this research was to investigate the production process by conducting
mineralogical, chemical, and isotope analyses on samples of ore, slag, and metal to
ascertain the effects ofsmelting, melting and processing on the material. In a
connected study (Hauptmann et al. 1999) analysed the lead isotopes and trace
element contents of twenty one objects from EB Arad and three from Sinai to
indicate that the provenance of the copper in use was either Faynan or Timna.

They were also able to prove that the addition of arsenic in a number of those

23



objects was accidental rather than intentional. In a similar studyHauptmann et al.
2015) analysedthe trace elements of crescenshaped ingots from Early Bronze
Age Southern Levant, and found their compositions to be almost identical to the

Faynan copper district.

Courcieret al.(2012) set out to characterise the metallurgical processes occurring
at Chalcolithic MenteshTepe in the Southern Caucasus (Azerbaijan) in order to
understand the development of metallurgical technology in the region. As well as
finished artefacts they analysed prills, orefragments, semismelted ore, and

crucible fragments. Through these analyses they documented the metallurgical
process which occurred onsite, from the crushing of local ores, to the potential

fabrication of ingots.

Kashaniet al. (2013) chemically analysed four copper objects and one slag sample
from Late Chalcolithic Meymanatabad (Tehran region, Iran). The objective was to
characterise the material and better understand the minerology of theres. They
found that local work revolved around smelting arsenicakcoppers but concluded
that the addition of arsenic was an intentional secondary process as there was

none to be found in the slag sample.

1.4 Metallurgical Provinces/spheres of influence
Chei UEES O EIT OOI ACAGET T AT A AAOGAI T PI AT O
1960s and has spanned several decades sincelhrough large-scale chemical

analyses of metal objects he studied forms of standardisation in technique and

alloy-choice and was ablé¢o characterisemetallurgical fociof shared technological
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tradition bridging many different cultures. Metallurgical provinces containing
related metallurgical foci, encompass very large geographical areas, and many
cultures and can last for two to threethousand yearsj | A O®tUaE 1991;
Chernykh 2011; Chernykh 1992; Chernykh 2017a; Chernykh 2017b)This
research paved the way for understanding regional variations and similarities in

technological choice, production, and consumption.

In a smallscale version of archaemetallurgical research spanning an area
containing many cultures, Hugheset al. (1981) published preliminary chemical
data on a selection of Urartian tirbronzes from the 9" to 7t c. BCE, indicating a
similarity in composition between Assyrian and Urartian coppetbase objects,
including the level of tin. They ado indicate similarities with contemporaneous

Greek statuettes which show similarities in composition.

Thirteen Syro-Palestinian weapons dating from EB to MBI were chemically
analysed by Philip (1991). What was predominantly noticed was regional
difference in alloy use between the northern region and the south. Owing to the
relatively small distances letween these regions Philip theorised that lack of
access to tin could not have been the main reason for a lack of-bronze use in the
south, but rather technological conservatism, also visible in typological forms and
ceramics, was responsible. The tweegions within the Southern Levant, therefore,

were perhaps part of two separate regional traditions.

Shalev and Northover(1993) re-analysed several objects from the Nahal Mishmar
Hoard in order to fit the spectacular finds into the regional context. Since the
original analysis of these objects, similar objects from nghbouring sites had been
discovered and analysed. It was found that the extraordinary complealloys of
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Nahal Mishmar matched similar prestige objects in the region, suggesting a

regional metallurgical tradition of high arsenic and high antimony copper.

Within the framework of previous research conducted with Chernykh on
metallurgical provinces Avilova (2008) collated a database of coppebase objects

from Mesopotamia, Iran, Anatolia, and the Levant due to their close economic and
cultural connections. The information gathered covered many aspés including
fabrication techniques, object type and function, and the chemical data if it was
available. The conclusion was that the entire region, though with the Levant

Ol ECEOI U OiI xAOAO OEA 1T OOOEEOOOh OET xAA
northwest Anatolia and Mesopotamia displaying the greatest degree of similarity

(Avilova 2008).

1.5 Experimental archaeometallurgy

The overriding aim of experimental archaeometallurgy is to challenge assumptions
about materials which are frequently discussed and to better understand the
techniques availableto ancient craftspeople. Experimental and reconstructive
smelting research went through something of a zenith in the 1980s and 90s,
mainly regarding ore types, temperatures, and sulphide smelting, whereas casting
experiments were more popular in the early2000s (Doonan and Dungworth

2013). The following examples of research are concerned with experimental

smelting as they are most relevant to this thesis.

Rodoker (1975) believed the multi-stage process of copper production from

chalcopyrite to be too complex for the discover of use of sulphide ores. Through
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experimentation it was discovered that chalcopyrite could be smelted into copper

in a two-stage process that required roasting of powdered ore, then reaching
temperatures of 1300° C, though this is considered unachievabl®r ancient
smelters. Later experiments were then put forward of a on® OA BB OIAOET C8
procedure of mixed oxide and sulphide ores, which successfully produced metallic

copper at c. 1250° QRostoker et al.1989; Rostoker and Dvorak 1991)

Two similar influential studies were undertaken by Lechtman (1996) and
Lechtman and Klein(1999), which will be discussed here though gncipally they
relate to Andean metalwork. In her 1996 paper, Lechtman set out to test the
mechanical properties of arsenicabronze and tin-bronze, as the superiority of tin
bronze (its hardness, ductility, malleability, etc.) was frequently used as an
explanation for the replacement of arsenic as the dominant copper alloying
element. It was found that arsenicatopper, even when arsenic is present in low
concentrations, is as desirable an alloying element as tioronze. In Lechtman and
Klein (1999), accidental versus deliberate smelting of arsenicabronze was tested
by conducting cesmelting experiments between copper oxide and copper/iron
sulfarsnide in varying concentrations. It was ascertained that neither roasting, nor
a two-step process was necessanp produce arsenicalbronze, and that it could be

produced successfully with a range of ratios between oxide and $aisnide.

%A Ol  AT(¥96) ddndicted smelting experiments from samples at Géltepe so
as to ascertain the possibility of producing tin from Kestel. Cassiterite powders
were vanned and subjected a smelting process with fine charcoal and
potassium/sodium flux added to a crucibletype furnace, successfully producing

beads of tin. Three stage®f vanning were necessary to separate the cassiterite
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from gangue, and the results were concluded to prove timining from Early

Bronze Age Kestel.

More recent experimental research has focussed on the ability to <smelt copper
and tin minerals in a singé step process. Roviraet al. (2009) crushed a
polymetallic copper ore (containing bismuth, arsenic, tin, and lead) and cassiterite
in a crucible, which was then added to a simple open furnace dted with charcoal
and fired with bellows to c. 1200° C. The resultant prills varied in colour from red
copper to light-grey tin. These prills were chemically analysed and then melted to
produce an ingot weighing 53g. The chemical analysis of this ingot@ied that it
contained 15% Sn, therefore proving that it was possible to easily attain a copper
tin alloy through direct co-smelting of copper and tin ores. More recently
experiments have been used to produce copparsenictin alloys of varying
compositions in order to display the full range of possible colours produced

i 2AAE Gt 0B ¢

2 The development of metallurgy

2.1 Malachite and native copper

Malachite was well known in many regions of Southwest Asia long before
metallurgical processes were developed. From the 11th tdhé 9th millennia BCE
we see its use in many Neolithic sites (alongside the use of other copper minerals)
in symbolic settings(Kienlin 2014, p.449), as beads, or used as pigmen{Roberts

et al. 2009, p.1313; Killick 2014, p.19; Kienlin 2014p 81 1 wN 2 AtABRMDEA OEC¢
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due to the fact that often where malachite is found so is native copper, suggesting a

link between the collection of the stones and the diswery of copper in metallic

form (Charles 1985, p.23) The regions and sites which have produced large

numbers of malachite beds have also produced small artefacts of native copper.

1 O AUETI 4APAGERh &£ O AgAi bl Anh OEAOA AOA
malachite, some worked into objects, as well as over a hundred native copper

artefacts dating to the 8th millennium BCHHauptmann and Wagner 2007, 67;

Avilova 2008, p.76; Craddock 2000, p.152; Roberet al. 2009, p.1013; Chernykh

2017b). Forty-ZEE OA OEIT E1 AO AT PPAO T AEAAOO AT i A £OT |

millennium BCE(Esin 1999, p.19; Chernykh 2017h)

The first known native copper object, a bead, found in Iran appearsightly later

from a late 8th/early 7th millennium BCE context, and its presence has been linked

to the obsidian trade from the Anatolian highlands(Thornton 2009b, p.308;

Thornton 2014, p.672). Native copper use never occurs in the Southern Levant,

El xAOAOh AAOPEOA OEA ATii111T OOA 1T &£ | Al AAEEC
connections with Anatolia (Golden 2009; Chernykh 2017b) Similarly, Egypt uses

malachite for pigments and cosmetics in the 5th millennium BCE, but launches into

a fully-fledged metallurgical industry in the 4th millennium BCE skipping the use

of native copper(Killick 2014, p.510).

It is questioned whether native copper use is an extension of lithic technology
rather than an advancementoward metallurgy proper (Maddin et al.1980, p.211)
There is evidence of heat treating of carnelian beads at Harappa, which were then

traded to Eastern Arabia(Kenoyer 2005). However heat treatment does at
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appear to have been applied to Armenian carnelia(Brunet 2009). Flint blades
from Anatolia and the Mediterranean regions are also documented as having been
heat treated during production (Maeda 2017; Pelegrin 2012) Therefore there was

a definite tradition of hot-working before the advent of metallurgy, but the fact
that native coppers are believed to have been deliberately meltedown would

represent a step towards a new technolog{Craddock 2000)

Melting and casting native copper removes the distinctive microstructure within

the copper body, thereby making it metallographically indistinguishable from

smelted copper(Craddock 2000) Some scholars argue that native copper can be
distinguished by its lack of impurities, howeverthe native copper objects from

Anatolia often contain significant quantities of arsenic;c UAT g AT AT A UAT
1999; Maddin et al. 1980). These high arsenic coppers are therefore either very

early evidence of smelting, or proof that native copper cannot be easily

distinguished by its chemical purity alone.

2.2 Development of smelting technology

The search for the beginning of smelting technology is a highly debated subject and

the time-span covers over two millennia. One aspect of the debate is to ascertain

whether there was a single invention of smelting in one region, from which it

spread, or whether there were multiple regions of technological origin(Kienlin

2014, p.448; Robertset al. 2009, p.10148 / OEAOO AOCOA A& O OOOEI |
which the technology itself does not spread, but awareness of the concept or its

finished products does, prompting local experimentation and independent
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development (Frame 2009, p.41) Weeks(2013, p.285) goes further in describing

OEEO AO OOUT AEOITTI OO OAAETTI T GCEAAT AAOAITE
affect many regions contemporaneously as culture exchange entsifies influencing

approaches to technological processes, for example during the Uruk period, rather

than technological transfer from person to person, which would require many

contact hours. Unfortunately the dating of many potential early smelting

endeavours is shaky and debated. Until knowledge of early smelting is more firmly

established, it will surely be impossible to pinpoint how or where it came into

being.

A key problem in establishing the earliest smelting technology is how to recognise
the by-products and waste of a smelt. There is much question over how much slag
xAO DOI AOGAAA ET OEA AAOI EAOGO Oif A1 66h OET O¢
accepted as a theoryDoonan 1994, p.96; Killick 2014, p.37; Pernicka 2014, p.253)
It is quite easy to replicate when production remains at a small scale both with and
without a crucible. Then the question of wheher slag is reliably recognised by
archaeologists, as often it must have been crushed to release the prills produced.
Are the experimental stages of any endeavour recognisable, as experimental
workings do not produce established, recognisable equipment? €hearliest metal
technology would surely have taken place in domestic settings, with domestic
rather than specialised equipment, and on such a smadtale that the evidence
would not necessarily appear out of the ordinary to the archaeologist. It might be
possible to determine the first concerted effort to produce metal in a consistent

manner, but this itself would not represent the very start of the technology.
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Smelting is generally agreed to have been developed on a wide scale at least by the

mid-5th millennium BCE- it has certainly by this time begun to appear fully

fledged in the Southern Levant (Golden 2014, p.562) the CaucasugCourcier

2014), Iran (Weeks 2013), Egypt(Killick 2014), and in the CarpatheBalkan region

(Chernykh 2017b). 50 millennium Anatolian copper objects, such as axes and

AEEOAI Oh &OT T $AgEeEOI AT OAPA AT A - AOOET AOA |
copper, though there is no associated metallurgical debrigLehner and Yener

2014, p.539)

The impurities in many copper objects from the 5th millennium BCE across the

whole of Southwest Asia also suggest a widespread adoption of sty

technology (Thornton 2014, p.675), regardless of evidence in each specific region.

Many scholarsj + EAT T ET ¢mptn 2AAEOI EAOEcetdl A 2AEC
2010) argue for the Balkans as the birthplace of smelting technology. The site of

"AT T O1T AA ET 3AOAEAh AAOAA O1 OEA uvOE 1 EII
AT AOI AT OGAA DOTT A 1T £ DUOH2ADAOGHBIOMIDAAT AgO
p.2787)8 4EEO 6ET ¢ A AOI OOOA OE OAstaindd@eramniod AOAAA
and metal droplets dating from between 5000 and 4500 BCE; the earliest slag

found at the site is dated to 5000BCEHid. p.2779). This is the earliest and most

securely dated example of smelting operations in the archaeological record,

though there are some less securely dated potential exgles from pre-5t

millennium BCE contexts.

There is potential evidence of early smelting from Tal Iblis in Southeastern Iran,
where hundreds of smelting crucibles were found dating to periods | and (Frame

2009, p.23; Weeks 2013, p.278)Unfortunately the dating of these finds appears to
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be a point of contention. The earliest levels of T4llblis are referred to as late 6th
millennium (Hauptmann 2014, p.92; Craddock 2000, p.152; Roberest al. 2009,
p.1014; Thornton 2014, p.675) early 5th millennium (Weeks 2013, p.278)or both
(Frame 2009, p.23; Thorntonet al. 2009, p.308). The confusion over the date does
not detract from the importance of the finds of early smelting, but a fixed
chronology would help distinguish between its legitimacy as the earliest concrete
evidence of smelting or place it as contemporaneous with the earlgvidence of

smelting in the Balkans.

There is also the evidence of artefacts themselves to be considered, which might be
considered indirect evidence of smelting technology. A tifbronze pin, possibly
dating to the 7h millennium BCE, was found 48km northvest in Konya (database
number: 3366). This can only have been smelted due to the presence of tin in the
chemical composition, as native tirbronzes do not occur. Native copper may have
been melted with native tin, in which case it is a presmelting technology alloy: but
there are no examples of metallic tin until 1200 BCE, which makes this unlikely
when considered with the lack of supporting evidence to dat@Maddin et al. 1977).

It is possible that tin ore was added to melted native copper, however this would
surely represent the beginnings ofsmelting technology as it would involve the
recognition that the tin stone could be transformed in some way into metal. The
awl from Tel Tsaf was completely corroded, but reportedly contained 6.6% Sn
(Garfinkel et al. 2014a). Even if the levels of tin were overestimated due to
corrosion, this still indicates its presence at levels beyond anything expected for a
native copper. Another example is that of a ring from Aruchlo | in Georgia, also

datedto the 6th millennium BC, which contains 8% Snl§id. p.4).
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Obviously, the dating of these objects is pivotal if they are to be regarded as a

potential starting point of smelting technology, and they must therefore be secure.

The 7 millennium BCE pin h& no further information, so must be treated

cautiously. Garfinkelet al. (2014b, p.4) state that the stratigraphic contexts for &

millennium BCE tinbronze objects are segre as the chances of mixed deposits are

slim, as neither site has any later layers to which these objects could have

belonged. The earliest potentialdirect evidence of smelting is yet still more

AT 1 OAT OET O6n OEA | OAE AAAMGAAEQGIOI PAGAE EEWII A
Anatolia (Kaptan 1990, p.75; Maddinet al. 1999, p.101; Robertset al. 2009,

p.1013)8 4EEO OOI Acé xAO 110 &£ 01T A xEOE AAATI B,
believed by some to rather have been an accidental slag from a ceremonial artefact

in a burnt burial j 2 A A E Cel af 20€¥Fpg101).

These pieces of evidence are far too unreliable to provide a firm base for the
beginnings of widespread smelting technology, but they do open up thegsibility
that smelting began earlier than the operationalevel evidence we see in the 5th
millennium BCE, and possibly in the 6th millennium. As mentioned earlier,
experimental phases of technology might rely on domestic or unspecialised
artefacts, andtherefore the production remains would not be present in such
numbers as in Tall Iblis or Belovode from the inception of a new technology, but
the lack of these artefacts would not necessary exclude the possibility of early

development of technology.

Despte the possibility of an earlier date, Iran and Anatolia appear to have been
smelting copper from at least the mid5th millennium BCE and it had become a

widespread practice by the 4th millennium BCE, developing to the point of
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working with reusable furnaces rather than crucibles by the miedth millennium
BCE(Weeks 2013, p.282) Smelting appears in the Southern Levant in the misth

millennium, with no sign of diffusion from Iran or Anatolia (Golden 2014, p.562)

The smelting tradition in the Southern Caucasus was underway by the latéh5
millennium BCE, with ntensive metallurgical activity taking place at Mentesh
Tepe, which included crushing of local ore at the site, smelting processes that
produced slag, and the formation of the resultant copper into ingots, awls, and
rings (Courcier et al. 2012). However there are earlier indications of smelting
technology; a slag cake found at mi6th millennium BCE Goytepe; a piece of
copper ore discovered in late & millennium Aratashen; and severalawls and
rings dating to late 6"/ early 5% millennium BCE contexts at Alazani, Tsiteli
Gorebi, Kviriastskali, and Chalagan Teg€ourcier et al.2012; Kiguradze 2000) By
the Kura-Araxes period there is plenty of gidence of smelting and metalworking
across the Caucasus, often in domestic settin¢RBalumbi 2016, p.23) The evidence
includes ingot moulds as well as tuyéres(Courcier 2014, p.85) Though vast
numbers of metal artefacts were accumulated in the Maikop Culture of the
Northern Caucasus in the @ millennium BCE (over 1500 bronze objects, 7500
gold objects, and 1100 silver objects despite evidence sEquent modern looting),
there is no evidence of metallurgical technology or its associated artefacts in the
region, and the artefacts are presumed to have been imported from the south

(Chernykh 2017a; Chernykh 2017a; Palmbi 2016).

The drive for copper is often seen as a motivating factor behind the Uruk
Expansion in the late 4 millennium BCE, but smelting processes did not appear to

take place within the alluvial plains (Matthews and Fazeli 2005) Instead the
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highland regions which were in contact with Uruk Mesopotana reveal evidence of

intense metallurgical processes, from mining at nearby deposits to forming ingots

for trade, for example at Ghabristan, Arismartal-) ) Al EOh AT Abid$. Ag EOI Al
However, in more recent years evidence of the smelting process, in the form of ore

and crucible, have been found at Uruk colonies such as Hacinebi Tepe and Tell

Sheikh Hassan, and evidence of ore processing has evwmen found at Warka

j 'l CAUA cetat.d999). UAAI

Though evidence of smelting operatioa does not appear in Eastern Arabia until
the late 4h/early 3rd millennium (Weeks 2003, p.4)there are a few isolated metal
objects dating to the 3 millennium BCE, mainly along coastal site@Begemannet
al. 2010; Giardino 2015). Copper production inthe region does not take off,
however, until the later 3rd millennium when there is a dramatic expansion in
production and up to 4000 tonnes of slag are recorded at individual smelting sites

(Weeks 2003, p.24)

2.3 Alloying practice

The next questions to consider are at what date, once ancient metallurgists had
begun smelting coppe ore into copper, the practice of alloying with other metals
began; and secondly whether this was done deliberately or by accident. Previously
in archaeometallurgical studies, people assumed a somewhat linear progression
from native copper, to smelting snple copper-ores such as malachite, to forming
arsenicaktbronze by smelting sulphides, and eventually replacing arsenic as an

alloying element with tin. This linear progression is not as widely adhered to in
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recent decadegDoonan and Dungworth 2013; Robertst al. 2009). Copperalloys
are now recognised in the archaeological record from a much earlier date, for
example the phase of experimentation recognised in early Caucasi metallurgy
(Palumbi 2016, p.23) and though the earliest date of smelting complex sulphides
is still debated it is now recognised that it is possible to smelt coppalloys, even
copper-tin alloys, in one step from the right ore or from the ridpt mixture of
minerals (Roberts et al.2009, p.1017; Pigott 1999, p.87; Heeb and Ottaway 2014,

p.170; Roviraet al.2009).

The most famous early alloys are sure to be those from the Southern Levant dating
to the early 4th millennium BCE, mainly those from the Nahal Mishmar hoard, but
also Shigmim and other sites in Chalcolithic Palesting.evy and Shalev 1989) The
copper used for these highl ornate objects appears to have been imported into the
region, though the objects themselves were manufactured locally, which is shown
by the composition of sand used for the object moul@Golden 2014, p.570) When
the intentionality behind alloying practice is discussed in the literature, the main
elemental compositions brought to mind are those of copper containing 2 3%
arsenic. The presence of 22.5% antimony in one of the Nahal Mishmar standards
(Shalev and Northover 1993, p.43would not go unnoticed by the craftsperson,
and there appears to have been a concerted effort to collect or produce such high
antimony objects in the region. Many of the objgs made of antimoniatbronze and
arsenicatbronze were ceremonial or ornamental(Thornton et al. 2009, p.304),
which implied an intentional choice of materials, even if deliberate enrichment of

antimony was not being applied. However, it is worth noting that this proposed
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divide between tools made of pure copper, and elite objects made of complex

alloys has been largely dismissed in recent yeaf&olden 2014, p.573)

Apart from these exceptional early complesalloys, there is much discussion about
how deliberately high-antimony or high-arsenic ores were chosen, smelted and
perceived. Robertset al. (2009, p.1017) consider the earliest alloysmelting as an
accidental consequence of exploiting elemesrich ores in certain regions, but that
once copper alloys became widespread they propose that the choice was
deliberate. The regions in whichmetallurgical traditions seem to have developed
(the Southern Caucasus, Anatolian highland and Iran) have heterogeneous and
varied mineral deposits (Lehner and Yener 2014, p.53Q) For that reason,
Thornton (2014, p.677) sees the beginning of alloying as aetiberate choice: there
are mineralogically diverse regions in Iran, but there are also many pure copper
ores which would not result in copperbase alloys. Since pure copper disappears at
the onset of smelting he sees this a rejection of pure copper andleliberate move

towards choosing polymetallic ores.

It is certainly possible to serendipitously smelt the complesalloys in several
different ways. Firstly, weathered sulphide ores containing arsenic, such as
olivenite or domeykite, can be directly smeltd (Lechtman 1996, p.478)and these
minerals are the bluegreen colour which could be mistaken for malachitéKillick
2014, p.40) Secondly, the cemelting of oxide and sulphide ores is a simple
process and could feasibly be done accidentally as the mineradse often found
together (Lechtman and Klein 1999, p.52) Thirdly, the production of iron-arsenide

speiss is another method of adding arsenic to a coppé&ase metal, but this
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represents a deliberate step, which is dg very rarely evidenced in Southwest Asia

from the 3rd millennium BCE onwards(Thornton et al.2009).

Early copper objects often contain arsenic, antimony, lead, nickel, silver and
bismuth (Rapp 2002, 156; Yener 2009, 144)The addition of even 3% arsenic
would have an appreciable effect on the working properties of the copper alloy
(Killick 2014, p.39). Weeks (2013, p.286) sees the early alloys adgleliberate,

suggesting that there is a pattern of craftspeople experimenting with a range of

polymetallic ores throughout the 4th millennium BCE.

The production of early tinrbronze (pre-3rd millennium BCE) is an example of the
intentio nal/accidental smelting debate involving copperbase metal for which
there are very limited potential ores in Southwest Asia rather than numerous
possibilities, such as in the case of arsenrich minerals. Cassiterite is rare in
Southwest Asia, as is stante and its secondary weathered products. Deposits of
stannite have been found at unspecified locations in the Caucagi@ourcier 2014)

at Madenkoy in the Taurus foothills and Madenddenitepe in the Bursa province

i UOi OE AT A (Al EIl édnd ig thetDen HodsAih dogper animetioo q
Iran (Nezafatiet al. 2006; Nezafatiet al. 2009; Helwing 2009; Robertset al. 2009),
though whether they were exploited at this time remains a matter of debate.

Pernicka and Wagner(Pernicka and Wagner 1992)confirm the presence of
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stannite in the Bursa and Bolkardag provinces, but are of the opinion that other
metals were exploited here and consider the tin deposits too small to be worth

exploiting.

3.1 The debate

The issue of identifying the source of the Bronz&ge Southwest Asian tin supply
from the 3rd millennium BCE onwards has been a fraught topic of discussion for
decades, with the Kestel mine in the Taurus foothills at the centre of controversy.
Broadly speaking there are two camps. One posits the movemeuott tin supplying
the whole of Southwest Asia from the east as occasionally referenced in textual
sources, possibly from Afghanistan or Kazakhstan, via one or two routgshe land
route across the Iranian Plateau or the seborne route along the Persian G
(Cleuziou and Berthoud 1982; Kaniuth 2010; T. F. Potts 1993; Muhly 1985; Muhly
1973; Stech and Pigott 1986; Stoélinert al. 2011; Weeks 1997; Weeks 2003;
Kaniuth 2007). The other leans more towards the exploitation of deposits in
Anatolia, the produe of which was then traded west and supplied to Southwest
Asia(Yener 2000; Yalcinel A 9 Al 6 ET ¢nmnwh DB8pcgwn eJOi OE Al

al. 2015).

The two are of course not mutually exclusive, though it depends what scale of
trade is being discussedz the main sticking point being whether the Anatolian

deposits were exploited on asmall scale for local use, or on an industrial scale to
be the sole provider of tin to Southwest Asia (discussed below). One theory which

is not much discussed, possibly due to its later timing, is of Egypt as a potential tin
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supply, trading via Palesting(Maddin et al. 1977). There is also tk presence of tin
in the Deh Hosein mine which contains evidence of ancient workings, and is
believed to have been a major supplier of tin to Iran and Mesopotamia from thed3

millennium BCE onwards(Nezafatiet al.2006; Nezafatiet al.2009).

3.2 The Kestel mine

One of the fiercer debates concerning sources of tin and the extent of its trade to
OACETT O ET 31 O0OExAOO ! OEA EO OEA +AO0O0AT O
Mountains. Placer deposits of cassiterite were di®vered in the Kurucay stream,

200m below a mining site containing open pits, underground tunnels, and tools.

Ceramics were found dating to between the Late Chalcolithic and Byzantine Period

(Yeneret al.1989, p.200).

Ancient mining certainly took place at this location, but it is questioned what

exactly was mined, how extensively it was mined and at what period the main

exploitation took place. It is regarded by some aan industrial complex (large

scale and centrally organised), with main activity occurring in the 8 millennium

BCE and aiming at collecting tirore which could have been processed and smelted

at the nearby site of Goltepe before being supplied to the resf Southwest Asia

(Yeneretal.p wpwn 9AT A0 AT A 6AT AEOAO pwwon %AOI |

Todd 2000; Willies 1992; Willies 1995; Yener 1993; Yener 1994; Yener 2000)
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Figure 1: Map of the Kestel mine depicting dating evidence froWillies 1992, 242-3; Willies 1995, p.5; Willies 1993, p.263; Yener and Vandiver 1993p.261; (original map

Willies 1995, p.4)




Arguments against Kestel as an Early Bronze Age mining complex include doubts
about the potential for tin production based on the lowgrade ore extracted, the
reliability of the EBA dating and also whether there is sufficient tin usage in
immediately surrounding regions to warrant such an industry(Muhly et al. 1991;

Hall and Steadman 1991; Muhly 1993)Godltepe is an Early Bronze Age site located
2km from the mine. This occupation/processing site, and the evidence discovered
in it, has often been cited as direct evidence in favour of tin mimg activities at
Kestel (Yener and Vandiver 1993; Laugln and Todd 2000; Willies 1992)or even
sometimes as synonymous with itf %A Ol AT A . Allhdulgh thepewnse q
possible and tempting links between the two, the sites ought to be regarded

separately and as such Goltepe is discussed in secti®, this chapter.

The ceramic evidence at Kestehas been used to date the large underground
i ETET ¢ AAOEOEOU OZ&EOI (Yeder b4, ICBE)Anfatdnarélyy " OT 1 U/
descriptions of the amount of evidence found are subjective, and it is also difficult
to pinpoint this data to exact locations within the mine.Figure 1 depicts as
accuate a picture as possible of pottery scatters and dating evidence from the
literature (Willies 1992, 242743, 1995, 5; Yener and Vandiver 1993, 261)here
are scatters of pottery sherds located in various chambers in the mine; in one
chamber there was evi@énce of extensive use of firesetting to mine the ore (this
they have only tentatively dated to the Early Bronze Age because there was also
Byzantine evidence present); an iffilled rock joint contained EBI pottery sherds;
and EB pottery was scattered in a&rawl passage leading off the Large Chamber,

however a radiocarbon date of 220 + 45 years BP (uncalibrated) was also assigned

to a piece of charcoal from this passag@Villies 1995, p.5). Fire-setting techniques
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and groundstone tools are treated by the paper authors asvidence of EBA mining
(Willies 1992, p.244), though itis by no means an exclusively Early Bronze Age

technique.

Both large-scale and smalscale mining operations occurred in this mine from the
3rd millennium BCE onwards. However the dating evidence for largecale mining

is ambiguous, and thus far insuffi@ntly linked with the EBA to assume intense
exploitation at that time. Regardless of the scale of exploitation, the question of
what range of minerals were mined is still unanswered. There is much conflicting
evidence and opinion as to the amount of tin @ available in this deposit, both in
the past and present, and as to the grade of the ores themselves. There were two
mineralising episodes; that of earlier, higher tin bearing ore (presumed to have
been mined out), and later haematitgYener 2000, p.73) Willies has speculated
that the ore in the mined areas must have been padiularly rich as it was mined to
exhaustion (Willies 1992, p.242), and it is estimated that 4000 to 5000 tons of ore

were extracted(Yener 2000, p.244)

Today, concentrations of remaining ore contain 0. 1% tin (ibid. p.73). However,
these values also vary, as an ore sample from the gallery in the first excavation
contains 0.07% Sn(Yener et al. 1989, 202) and samples taken from the second
season of excavation only contain up to 0.25% SMener and Vandiver 1993, 263)
Hall and Steadman note that other elements (e.g. silicon, iron and aluminium) are
present in concentrations larger than 0.25%, but these are referred to as trace
elements, and as such they should view the <0.25% Sn as a trace element @l=dl
and Steadman 1991, p.218)However are-analysis of the Kestel ore samples by the

opposing team contained no detectable tin at a(Muhly et al. 1991, p.213). Doubts
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have been expressed as to the availability of this ore to ancient miners. Though the
cassiterite-encasing haematié is visually distinctive, the cassiterite within occurs
mostly as individual grains ranging in diameter from 10z 200 pm (0.01z 0.2 mm).
Laughlin and Todd (2000, p.271) maintain that in order to separate the grains
AOT I OEA CAT cCOAh A OOEAODPAT AA OGéng OOAT
The presence of alluvial cassiterite deposits in the Kurugay stream 200 m below
the mine is also a debated topic. Muhly states that there are no alluvial deposits
surviving in this region (1993), but Yener and Vandiver explain that we should not
expect to see the same concentrations of material as found in the 3rd Millennium
BCE(1993, p.257). Sep@rating cassiterite from the heavier magnetite is easily done
by swirling in water, according to Yener and Vandiver(1993, p.257), but
impossible according to Laughlin and Todd2000, p.272) owing to the almost
identical densities of haematite, magnetite and cassiterite. They preferred to
deliberately produce magnetite through stages of roasting, which is magnetized
and eventually clumps together, leaving the cassiterite grains free. However there
IS no mention of any magnetite waste found in the vicinity of Kestel, which one
might presume to be plentiful if 4000 tons of ore was treated in this way. This
DOl AAGO EO Al 01 AT1 O0OAOU Ol

repeated stages of washing, crushing and pannir{@996, p.290).

The assumption is that tin was considered as valuable as gold, therefore even the
low grade tin found at Kestel would be worth exploiting (Yener 2000, p.73)
despite concerns that acient miners might not have realised its presence in the
first place (Muhly 1993, p.51; Hall and Steadman 1991, p.219)Gold is actually

present in this mine and has been known in antiquity to be mined for as little as
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agglomerate with itself makes it easier to cédct through panning than tin (Hall

and Steadman 1991, p.228)

3.3 The Goltepe processing site

It is slightly troubling that the site of Goéltepe is often used as direct evidence that

the Kestel mine was an industrial Early Bronze Age tin mine. The evidence linking

Kestel and Gdkpe is circumstantial and mainly based on scatters of EBA pottery

sherds linking the sites in time, and powdered ore, which is presumed to have

been collected from Keste[Laughlin and Todd 2000, pp.27@1). The ore found in

the crucibles at Goltepe is sai®T OOA OAT Al A gyer@E2800,p AR T T OA
it has an average ofhree times the tin contentj %A O1 AT A UARhis pwweh
higher tin content is described as owing to benefiation, which may indeed be

true; but the powder therefore clearly has a different composition from the Kestel

ore and so cannot be used as evidence of a connection between the sites.

Goltepe is an interesting site in its own right. Cultural deposition athe site was
spread across 65 ha, and the sherds analysed showed no association with domestic
activities, but were remnants of pyremetallurgical processing (Yener and
Vandiver 1993, 216; Laughlin and Todd 2000, 270)Powders found in small
crucibles were alongside 5000 crushing toolg¢Yener 2000). Several experimental
archaedogy projects were conducted in the following years based on the evidence
from Goltepe in the hopes that some light would be shed on its role in a tin mining

operation.
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%A O1 AT @996) Befedtdd ten powder samples which could be attracted
magnetically, and these samples were analysed; an average value of 2571 ppm tin
was found (range: 4514z 1027 ppm). They also examined twenteight powders
which were subjected to vanning in a shovel with water, and it was tested how
much enrichment of the tin had occurred; four of the twentyeight samples had
been enriched and provided cassiterite which auld be separated. Next Goéltepe
powders, containing cassiterite, iron, and gangue material, which were presumed
to have already been enriched and prepared for smelting by ancient craftspeople,
were chosen and successfully smelted into prills with an Sn/Feation of
62.25/37.75. Following this trial, one of the four enriched powder samples (59)
was vanned in three stages and smelted in a replica Gdltepe crucible made of local
clay. This experiment produced 0.175g of metal, which contained 92.17% Sn and
5.17% Fe, proving that it is possible to produce tin from the powdered ores found

at Goltepe once enriched.

Nearly a tonne of crucible fragments was found on the Goéltepe site, making them a
useful resource for experimental work. These fragments were analysetb
ascertain processes they may have gone through and suggest what pyro
metallurgical use to which they could have been put. The surfaces of the crucibles
were analysed for tin byj %A O1 AT A : 4Gdvples contaimeg G1% tin
(1.09%; 2.09%; 2.21%; 3.65%), and the 24 remaining crucible fragments
contained an average of Q70 ppm (0.107%). Most crucibles had been exposed to

temperatures around 1000°C, which made reduction of cassiterite a possibility.

Yener and Vandiver(1993) analysed twenty-four of the two hundred and fifty

crucible fragments found, and found concentrations of tin, aluminium, silicorron
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and titanium in the surfaces, though they consider tin to be the major element. Tin

was not found in the surrounding soil, nor was it found in the outer surface of the

crucibles and it was therefore concluded that the tin related to the function of &
AOOAEAI A8 , EEA %AOI ATA UAAT h OEAU AOOEI A
thought most crucibles had experienced temperatures between 700 800° C.

Arsenic was also found, in varying amounts, on the surfaces of some of the

crucibles. It was bdieved that arsenic must have been intentionally added as it

does not occur in the Kestel deposit, though this could be an indication that ores

other than those from Kestel were being processed. Goéltepe therefore seems to

have been capable of producing tiron a largescale, though whether it was in

connection with Kestel mining activities is still uncertain and it is equally possible

that Goltepe was supplied with ore from elsewhere.

3.4 Regional patterns of tin use to support Kestel tin

If Goltepe and Kestelwere linked and producing as much tin as hypothesised, there
are still some doubts as to whether patterns of bronze usage in EBA Anatolia can
support the theory. If the Kestel tin mine, through Goéltepe, was supplying the
whole of Southwest Asia with tin,the local use of tin needs to be studie@uhly
1993, p.240) The tinbronzes ound at Tarsus, a site close to Kestel but across the
mountains, have a tin content lower than 5%, with 5.29% being the absolute
highest (ibid. p.241). Whereasthe tin-bronze assemblages from the west and
central regions of Anatolia appear to show what cdd be considered as a more

classical pattern; bronze artefacts containing around 10% tinil§id. p.241).
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4ET OCE OEA AET AOU 1 (MONE11993, p.221)A5 AOOGA OEADDB U L3
now fallen out of favour, the difference in tin content to the north and south of the

Taurus Mountains is still important with regards to tracing the path of the tin

trade. The source of tin is searched for often with specific regard to the tioronzes

of Mesopotamia and the Ancient Near East containing 7% to 10% tfbaughlin and

Todd 2000, p.269) The tin content of objects along a trade route might be

expected to be highe or at least of equal concentration, near the source as at the

trading destination, however the region closest to the Kestel mine on the proposed

tOAAA O OOA OEA OEA O7 1 Q¥eker add \atoiwver WAR T Eh  £A
p.209) has a significantly lower tin content, and it seems unlikely that the tin

content of bronzes would increase the further from a major source the traders

travelled.

The remaining possibility if Kestel tin was traded in bulk is that it occurred in a
northerly direction, which would preclude trade to Mesopotamia unless it
occurred via the Caucasus. The low tin present in the Mediterranean and Eastern
Anatolian copper assemblages is most likely indicative of the end of the tin trade
route that came from the south and west, travelling overland through Syria along
the Euphrates and consequently via Ugari(Muhly 1993, p.253; De Jesus 1978,

p.101).

3.5 Summary of the Kestel mine as a source of tin

A level of Early Bronze Age presence at Kestel is definitely attested by pottery, but

it cannot be irrefutably linked to the largescde mining activity which created the
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underground tunnels. Firmer evidence is needed to date the larggcale workings
to this time. Clearly it cannot be ruled out as a possibility, but much more solid
evidence is required for Kestel to be viewed as anythinghore than small scale,
local EBA exploitation. Then there is the ore itself. It does appear possible to
produce tin from it, but the process is laborious and seems improbably complex
for a large-scale industry, especially given the presence of more reaglihccessible

and valuable minerals.

The linking of Goltepe and Kestel seems to be founded on little more than
proximity and a possible overlap in occupation period; it should certainly not be

used to bolster the theory of largescale tin mining at KestelOn the other hand, it

has been proven that tin can be smelted in both the crucibles and the powdered

ore found at the site. The exclusivity of tin smelting at this site is not proven, nor is

the extent of the industry found there. Enthusiasm and tenuousvedence appear to

be the main bulk of proof in the case of the Kestel mining complex. Though it is by

no means impossible that Kestel was extensively mined for tin in the Early Bronze

Age, much firmer evidence is needed before it can be viewed as a lasgale

ET AOOOOUR Aiipi AGA xEOE 1 EIAO6O OEI 1 ACAN

Asia.
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4 Trade and communication in Southwest Asia

4.1 4th millennium BCE

In the mid-4th millennium BCE an apparently sudden and widespread distribution
of Uruk-style architecture, motifs, ceramic styles and administrative procedures
spread out from Southern Mesopotamia, reaching as far north as the Taurus
Mountains (Sagona and Zimansky 2009, p.176ps far east as the Iranian Plateau
and as far west as the Nile DeltT. F. Potts 1993, p.383) There are various
different forms of Uruk presence in settlements throughout this region; colonies
which contain exclusively southern Mesopotamian assemblages as at Habuba
Kabira and Jebel Arudagnclavesor trading stations which are distinct sectors
within pre-existing indigenous centres like Hacinebi and Hassek Hoyik in
southeast Turkey, and Godin in Iran; and sall Late Chalcolithic settlements
influenced by the nearby Urukenclavesor containing Uruk-related material (Stein

1999, p.96)

It is also debated to what extent the Uruk Phenomenon intruded into the Caucasus.
Pitskhelauri (2012) T 601 ET A0 Ox1 xAOGAO 1T &£# O500ES
first of which occurred in the 8" and 4" millennium BCE and is described as the
regional gimulus for the development of Maikop and KuraAraxes Cultures.
Kavtaradze (2013) is of the opposite opinionz that the pre-Uruk Culture (or
Ubaid) was actually shaped by the cultures in the Caucasus. There were certainly
Uruk-related objects found at sites within the Caucasus, but the sites themselves

are not regarded as Uruk outpost as in the Upper Euphrates, as the levels of
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influence required to control trade would be unmanageable from that distance
(Kavtaradze 2013, p.8) The lack of a chronological consensus between the
Caucasus and Mesopotamia and the ambiguity of firm dating evidence at this time
in the Southern CaucasugHelwing 2017; Kohl 2009) renders the topic of Uruk

OAGDPAT OET 16 EIT OF OEA #ABAAODODO O61 AAOOBAET h O

only considered up to the highland regions of Anatolia and Iran and no further.

Image subject to copyright

Figure 2: map depicting the regions of Uruk homeland and expansiq@reenberg and Palumbi 2015, p.112)

A series of Uruk colonies andenclaveswere settled along both the Tigris and
Euphrates rivers and their tributaries - direct trade routes from Syro-Anatolia and
the highlands of Iran to Southern Mesopotamia. Some colonies were strategically
located at convenient areas where overland and river trade routes crog&\ubet

2013, p.175) highlighting the importance of trade behind the intent to settle. The
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desire for access to raw materials of stone, metal and timber are undoubtedly what
originally drove the initial contact and exchange network as Mesopotamia itself
lacks most of these resource¢Crawford 1991; Sagona and Zimansky 2009; T. F.
Potts 1993). Rather than the previously assumed colonial enterprise into cultural
backwaters to acquire these resources, it has emerged thabraplex social
structures and craft specialisation were already in place in the region before
contact with Uruk Mesopotamia. For example, Hacinebi was already producing
artefacts and materials which would later be traded soutlffRothman 2012, p.5) It
seems that the Uruk Phenomenon took advantage of production systems which

were already in place rather than initiating them.

Uruk-related sites reach into resource rich aresa such as the copper mines in
Ergani Maden(Aubet 2013, p.171)but the Uruk presence in these regions is not as
strong as along the trade routegStein 1999, p.101) It can therefore be inferred
that Uruk Mesopotamia was not involved in extraction or distribution of raw
material, only in its acquisition. The quantity of coppeibase metal in Anatolian
burials and settlements by themid-4th millennium BCE indicates that copper was
heavily in demand amongst the indigenous population as well as foreign
populations. It is therefore possible to assume that the indigenous population itself
was in charge of mining and extraction and contidted both the quantity and
quality of the ore that was bound for trade, thus retaining their agency and playing
a crucial role in the trade model. Another indication of their consent to trade is the
peaceful cohabitation of traders and original settlementinhabitants: the Uruk
enclaveswere therefore intrusive sites but tolerated or even welcomed by the

indigenous population (Aubet 2013, p.172)
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The remains of ore and metallurgical activity which occurred in colonies and
enclaves situated along the rivers heading towards Southern Mesopotamia
demonstrates that bulk trade of metal wasoccurring in ore form (Aubet 2013,
p.170; Algaze 2009, p.94)Finished artefacts were traded back north byoot and
donkey pack, as attested by cylinder seals and seal impressions from Unétated
sites in northern Iraq, northern Syria and Southeastern AnatoligAlgaze 2009,
p.133; Rothman 2012, p.B This trading network appears more reciprocal than
Aobl 1T EOAOEOAS ) £ (BDGEQ.5Q0)d dkthdBGel ikviodd abpeak A |
that trade south wasemissary tradingor colonial enclave tradingand trade north
was down-the-line trading which occurred from village to village given that the
route north by foot would take much more time than the riverborne trade south.
With down-the-line trade you might expect to see more reprocessing and recycling
occurring as the supply is not necessarily steady or consistent and might be

conducted by freelancing individuals, allowing more freedom over what is

exchanged.

Roughly contemporaneous with thebeginning of the Uruk Phenomenon was the
Maikop Culture in the Northern Caucasus, famous for its richly furnished, metal
heavy Kurgan burials(Kohl 2009, p.91) The Maikop Culture is believed by some to
be the northern fringe of a larger Northern Mesopotamian cultural zonéTrifonov
1994, p.358) Its position on the fringes of Mesopotamian culture is under
guestion owing to the mystery of its origins: were they to be found in the Southern
Caucasian Leilatepe Culture which shifted north, or did Ubaid/PréJruk migrants
have a cultural influence on Maikop developmen{Museyibli 2016; Pitskhelauri

2012)? There do appear to be parallels between the Northern Caucasus and Near
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Eastern traditions (Trifonov 1994, p.358). One example of such similarity is that
between the jewellery types found in Maikop Burials and at the Bal Grave at Ur
(lvanova 2007, p.18) The lack of Mesopotamian ceramics in Maikop levels could
be seen as an absence of communication, however the presence of lapis lazuli
could indicate trade through Mesopotamia(lvanova 2007; Abramishvili 2017).
Rezepkin(2017) reports southern influence in the Norh-western Caucasus during
the Late Chalcolithic, and sees this influence as directly related to the Uruk Culture.
It is interesting to note that Maikop is thought to be linked to either Leilatepe or
Uruk origins, when Leilatepe itself is also thought to hae originated with or to
have been linked with Ubaid or Uruk cultures, depending on the current

chronological thought(Akhundov 2014).

Chernykh (2017b) on the other hand, sees the Kkop Culture as nomadic
(possibly horse-riding) raiders, who frequently looted from regions to the south,
which would also explain similarities with Leilatepe material. At the very least he
considers the Caucasus to be a bridge between Southwest Asia &ehtral Asia
until the end of the 34 millennium. This view is more in keeping with Kohl(2009).
In the past the Maikop Culture has been seen as the metals intermediary Wween

the north and south, at the centre of the metals trade.

From the mid-4th millennium BCE a new ceramic horizon (KursAraxes) spread
across the highland areas of the Southern Caucasus along with permanent, rather
than seasonal, occupation and distinctie architectural features (Batiuk 2013,
p.450; Palumbi 2016, p.14) During the latter half of the 4th millennium this Early
Transcaucasian Culture (ETC) spread across much of Southwest Adiag(re 3)

but has collected different names in each geographical area owing to the
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regionalisation of both style and archaeology as a discipline; the Kuraraxes in
the southern Caucasus, Yanik in northwest Iran, Karaz in eastern Anatolia, Red
Black Burnished Ware in northwest Syria, and Khirbet Kerak in Israel and
Palestine (Batiuk 2013, p.450) Metallurgical activities occurred on a largescale
but at a household level of productionPalumbi 2016, p.25) Metalworking seems
to have been so commonplace that copper was relied upon more to produce
utilitarian objects than ornamentation; little or no value was placed on it as a

wealth item (ibid. p.26).

Image subject to copyright

Figure 3: map depicting the spread of KuraAraxes culture over time (Rothman 2015, p.9191)

The Iranian Plateau was connected with the Early Transcaucasian Culturedathe

Uruk Phenomenon, while administrative writings and devices show that it was
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also closely connected to Turkmenistan, Bactria, the Indus and the Arabian Gulf
towards the end of the 4th millennium BCE, and even more so at the beginning of
the next (T. F. Potts 1993, p.384Potts 1993, 382). The Northern Levanton the
other hand, remained insular and decentralised until the 3rd millennium BCE
(Greenberg 2013, p.5) It was a similar picture in Cyprus during the Midle
Chalcolithic (34007 2900 BCE) where the material culture remained homogenous
across the island and there was a lack of foreign imports, though there did appear
to have been growing social inequalityPeltenberg 2013, p.4) Compared with the
relatively slow transition into the Bronze Age on Cyprus and in the Northern
Levant, the Southern Levant was well into the Early Bronze Age by the mith
millennium BCE. Whereaf\natolia was linked to Uruk Mesopotamia, the Southern
Levant was in contact with Egypt. Despite this contact, craft specialisation and
active interaction in long distance trade networks remained limited in the
Southern Levant and only began to really devep in the early 3rd millennium BCE

(Greenberg 2013, p.3)

4.2 3d'millennium BCE
10 OEA OOCOT 1T 4&# OEA T EITATTEOI OEA 31 OOEAO
Early Transcaucasian Culture were flourishing, whereas the Uruk Phenomenon
and Maikop Culture collapsed. Many of the colonies andnclavesalong the
Euphrates valley were abandoned or destroyed and Urugtyle artefacts disappear

(Stein 1999, p.92) Despite this collapse, both in longlistance trade routes and

urbanism, evidence from the 3rd millennium suggests that metals continued to be
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traded j 21T OEI Al ¢npch DHP8wnN #OAx/&A OA p.wwph
Mesopotamian trading focus shifted away from Syré\natolia and towards the
east, with copper specially coming from the highland regions of Iran rather than
the Taurus Mountains(T. F. Potts 1993, p.384; Mark 1997, p.10)Through Iran,

Mesopotamia was now in contact with Turkmenistan, Bactria, the Indus and the

Arabian Gulf.

During these first few centuries of the 3rd millennium BCE the settlements in Syo
Anatolia and the Upper Euphrates had regressed to small, decenirad,
agriculture-based villages (Liverani 2014, p.89; Matney 2012, p.556)This can be
seen in contrast to the urbanisation of the Central Plateau wi¢h sees an
accumulation of wealth deposited in rich burials(Rothman 2012, p.9; Crawford
pwwph DB8ptxN U.AtlisenAticleac wharg the rAws8mateithls were
coming from; their presence could indicate a continuatin of the mining operations
from the previous period in the Taurus Mountains, prestige gift exchange among
elites rather than commercial trade or perhaps, as indicated by ceramic and
stylistic similarities, contacts with the Balkans, southeast Europe and/orthe

Southern CaucasugStech and Pigott 1986, p.54; Steadmaet al.2008, p.49).

The Ealy Transcaucasian Culture did not collapse at the same time as the Uruk
Phenomenon; in fact the arrival of Khirbet Kerak Ware in the Southern Levant by
2800 BCE indicates that the culture continued to spread for several centuries
(Palumbi 2016, p28). Extensive trade can be tracked by ceramic traditions and
techniques, architectural similarities, and obsidian from Lake Van. Palum(016)

has suggested a link between the collapse of the Uruk Phenomenon and the
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successful expansion of the Early Transcaucasidulture, as many ETelated

traditions become apparent in the Urukabandoned regions.

Owing to certain similarities between the Maikop burials and the Royal Tomb at

Arslantepe, Chernykh(2017b, p.155) thinks it more likely that it was the Maikop

tribes who deliberately destroyed the site c. 3000 BCE and resettled it, rather than

the advancing Kural OAGA O | w4a#q #0O01 OOOAh AO AAI EAOGAA
similarities with Maikop are based on the Royal Tomb resembling ldurgan burial,

and the presence of arseninickel-copper alloy in both regions. On the other hand

there are frequently cited links with SyroMesopotamian culture rather than

.1 OOEAOT #AOAAOOO AOOET C OEA OEOAGO AAOAIIT E
the 2nd millennium BCE after a devastating fire, and the links and the material

culture which was mixed in with local ware were with the Southern Caucasus

(Frangipane 2012; Palumbi 2016; Marro 2012)

Khirbet Kerak Ware (ETC) arrived in the Southern Levant just as urbanisation and
long-distance contacts began to decline in the regio(Greenberg 2013, p.7) This

coincided with a period of developed urbanisation in the Northern Levant and its

increased interaction in longdistance trade networks, especially with Egyptibid.

p.7). It is also during the early 3rd millennium that Cyprus began to take part in
inter-regional OOAAA8 #UPOOOS [ AET OOAAET ¢ AT 1T OAAO
Anatolia, as attested by the similarity in stamp seal¢Peltenberg 2013, p.11)

Continued links between Southeast Anatolia and SyrMesopotamia are evident in

settlement models, showing a clear distinction from those north of the Taurus

which were built and remained in a distinctly Anatolian stylej UAT g AT ¢mnmyxh

p.23). This region also shows evidencef continued trade along the Euphrates
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River. Mari, a large urban settlement which was established in early 3rd
millennium BCE (Bachhuber 2011, p.165)and located centrally for trade, shows
signs of smelting and craft specialisation between 2900 and 2550 BCE (EBI). Ores,
refined metals, and finished products were therefore still undoubtedly being
traded, but there isa no evidence of centralised organisatiorffMargueron 2014,
p.136). Mari was completely abandoned at the end of the Early Dynastic II/EBI (c.
2700BCE) and was not reoccupied until later in the 3rd millennium z though its
central location along the Euphrates enabled the site to quibtk recover its
importance as a trading post between Mesopotamia and the northern and western

regions (ibid. p.136).

From Early Bronze Age Il (c. 2700 BCE) a widespread development of social
complexity and urbanisation took place across much of Southwest idsand a fully
flourishing trade network emerged with it (Liverani 2014, p.93; Frahm and
Feinberg 2013, p.1868; Matney 2012, p.563)It is at this time that the
Mesopotamian supply of copper switched from the Iranian highlands to Magan
(Eastern Arabia), via Dilmun and trade along the Persian Gulf, though the initial
imports were only in small quantities (T. F. Potts 1993, [891; Potts 2003) Long
distance contacts eventually pushed north of the Taurus Mountains into the
Central Anatolian plateau and during this period in Anatolia we begin to see some
of the richest consumption of wealth in the region, specifically in the fan of tin-
bronze in burials (Steadman 2012, p.2; Stech and Pigott 188 p.57; Bachhuber
2011, p.164). The second quarter of the 3rd Millennium BCE appears to have
included more regions of Southwest Asia within its communication network than

ever before.
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By the mid-3rd millennium BCE the Early Transcaucasian Culture was amisis, and
related settlements were abandoned by 2400 B@Palumbi 2016, p.29) There was
no corresponding decrease of social complexity in the Southern Caucasus, where
Kura-Araxes culture continued unchanged for a time, though contemporary with i
were the emerging Kurgan cultures. These cultures represent a soggonomic
shift, visible in the unequal displays of extraordinary wealth within funerary
traditions of the Martkopi-Bedeni Cultures (Smith 2005). Increased social
differentiation is visible in the richly furnished elite burials which foreshadow, but
are not identical to, the buriak of the Middle Bronze Trialeti period beginning in
2200 BCE(Tedesco 2006, p.94) The Southern Caucasus assemblage displays
parallels with that of the Northern Caucasus at this time and is almost certainly
supplying the Northern Caucasus with arsenicabronze (Chernykh 2017a;
Chernykh 2017b). However, the postMaikop cultures began to have a stronger
connection with northern cultures during the 39 millennium, and eventually
contacts and influence moved into the steppes and spread west beyond the Black
Sea, for example the Yamna Culturgristiansen 2007; Chernykh 2017a) Syro
Anatolia, the Northern Levant and the Upper Euphrates became a focus of interest

for Mesopotamia once morgGreenberg 2013, p.9)

Despite the disappearance of the Early Transcaucasian Culture from long distance
trading networks, by the mid-3rd millennium BCE trade and interregional contact
were flourishing throughout Southwest Asia. Trade and craft specialisation
intensified, and mass production increased(Riehl and Deckers 2012, p.19)
Material culture and technological developments were shared from northern Syria

to south and central Anatoliaj @ AET g1 O ¢.mThe dentrdd glateaut €hw
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greater accumulation of wealth, increased trade, further development of

metallurgy, and the import of gecious materialsj UAT s AT ¢mnmxh D8poaoih
p.404; Erarslan 2009, p.268) Connections between the Anatolian Plateau and

Northern Mesopotamia strengthened: middle Euphrates ceramic assemblages and
O3UOEAT AT 001 AGs AARAAAT A OAENOEMBatd@idand AOT OO (
across the Central Plateau into western Anatolié€Steadman 2012, p.4; 1986, p.31;

Zimmerman 2007, p.66; Massa and Palmisano 2018, p.{bigure 4). Similarly,

vessels of Western Anatolian origin appear to have spread in a southeast direction

and into the Middle Eiphratesj 3 OAAAT AT ¢mpc¢h D&tedimanE OA ¢ nin

¢cmpch 1N EOA ¢mnxh tmQs
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across Southwest Asia and, contrary to the Uruk period, indigenous Anatolian
innovations and goods were also sought in the south. Connections betwetns

extended Upper Euphrates region and Southern Mesopotamia appear to have

existed solely for the purpose of trading metal, specifically tibronze and silver

(Stech and Pigott 1986, p.57)From the mid3rd millennium BCE Iranian imports

are no longer as visible in Mesopotamia, though trade idocumented at some

settlements along the overland routgT. F. Potts 1993, p.391)

Routes which connected the Central Plateau with Eastern Anatolia and the Upper
Euphrates basin through the Anatolian highlands show evidence of having being in
use during the latter part of the 3rd millennium BCE E OA . In thetAkKhdian
period (2300 z 2200 BCE) a renewed settlement pattern emerged along é¢h
Euphrates River, as did signs of increasing social complexity in the form of
hierarchical settlements (Frahm and Feinberg 2013, p.1867; Stech and Pigott
1986, p.33) 4 EOOER (EUI E xAO OEAstak ABEDARIch | £ A ¢
appeared in the Euphrates River basir{Matney and Algaze 1995, p.33)It was
situated on the overland route between Northern Mesopotamia and the Taurus
mountains, giving it a vital role in long-distance trade and exchanggErarslan
2009, pp.26&9). Distribution of obsidian and a shared material culture between
Northern Mesopotamia and Eastern Anatolia has been suggested as operating

through nomadic or seminomadic exchange networkgFrahm and Feinberg 2013,

pp.1874z5).

After the collapse of the Akkadian Period in 2200 BCE there was a shift in

settlement pattern acros Northern Mesopotamia and many sites were completely
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abandoned(Matney 2012,p.564). There was actually an increase in the number of
sites at this time but a significant decrease in settlemergize and population
(Erarslan 2009, p.271) Peltenberg notes that monumental or public structures are
completely absent in the postAkkadian period (Peltenberg 2000, p.2) This period
of de-urbanisation lasted around 300 years, but it is unclear how much long
distance exchange was really halted. Administrative seals and material culture
discovered along the Upper Tigris River suggest that Northern Syria, Northern
Iraq, Central Turkey and the Uppe Tigris Valley were still in close contact

(Erarslan 2009, p.279)

Although Cyprus was connected with Southwest Anatolia from 2400 BCE, bringing
innovation and imports to the island, this came to an end after little over a century.
Cyprus then went through a peod of isolation once more, with no imports from
any of the surrounding regions for the final centuries of the 3rd millennium. It was
only at the beginning of the 2nd millennium BCE that Cyprus regained its
international trading contacts, and with this wesee the reappearance of tisfbronze
on the island (Webb 2013). Though the Northern Levant was in contact with
Mesopotamia and the region was involved in largscale trade of luxury goods, the
settlements and cultureremained more agriculturally focussed. At the end of the
3rd millennium BCE settlements in the southern Levant were gradually abandoned
and the region continued its decline. There is no evidence of a similar collapse in
the Northern Levant, which continuel to flourish into the next millennium

(Greenberg 2013, p.10)
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4.3 2ndmillennium BCE

The Circumpontic Metallurgical Province began to dissolve in the lat8rd

i ETTATTEOI "#w AT A AACAT A DAOEIT A T £ OPAOE
technological innovations continuedj | A Odt &.E991; Chernykh 2017b, p.190)

The face of the metallurgical traditions and similarity in form and character split

from a central tradition to five separate fragmented Metallurgical Provinces

European, Caucasian, IraniaAnatolian, Eastern Mediterranean (Aegean), and

West! OE A0 OAGEAT - AOAI1) Thed«reghbral traditink £ EléadyA 6

displayed a shared heritage, but were separated and not necessarily connected by

trade (Chernykh 2017b, p.211)

Settlers returned to Northern Mesopotamia after several centuries of
decentralisation, but the nature of settlement was altered; a new, highly integrated
political landscape is visible in the archaeological record, one which took the form
of kingdoms and tribes rather than large urban centres or small agricultural
villages (Ristivet 2012, p.39) There is evidence of a growth in population but most
settlements, though larger than those from the immediately previous period,
remained selfsufficient villages (Erarslan 2009, p.272) The region was
characterised by pastoral nomadism and even the major capitals in the region
were not as densely populated as befor@Jr 2011, p.25) Despite this altered form
of sociopolitical complexity the sites in the region took part in longdistance
exchange and there is evidence of advanced craft specialisation, especially in the

production and refinement of metals (Erarslan 2009, p.279) In contrast, the
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Anatolian Plateau wasmore politically fragmented at the beginning of the 2nd
millennium BCE than before, but excavated evidence demonstrates the presence of
thriving centres along a hierarchical structure: small citystates, real territorial
states, and villagegMichel 2011, p.6) The longdistance exchange network reveals

contacts between Anatolia, Mesopotamia, Iran, and the Southern Caucafusneri

and Schwartz 2011; Abramishvili 2017)

7%

Figure 5: map of Old Assyrin Trading network and rogh direction of products exchanged in the early 2nd
millennium BCE based on discussion in this section

The dominant trading network in the early 2nd millennium BCE was that of the

Old Assyrian period Figure 5), during which time Central Anatolia (and some sites

ET 31 OOEAAOO '1 AOI 1 EAQq xAOA AT 1T1AAOAA xEOE
situated on the Tigris River(Aubet 2013, p.2718 4EA AEOU 1 £ ! HAAOGO
traffic into Anatolia but Anatolian rulers had jurisdiction over the merchants

(Collins 2007, p.26; Gawlikowska 2009, p.44)all the details of this commercial
relationship were drawn up in detailed contracts and treatiefAubet 2013, p.267)
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Assyrian traders set up colonies oE & O GireHa 60 mile radius within Anatolia

and many of these colonies were established in prexisting centres(Bryce 1998,

p.14; Aubet 2013, p.332; Collins 2007, p.28) + AT AH xAO OEA 1T OCAT EO
of the northern part of this network and as such the merchandise on its way to
I'TAOTTEA xAT O EEOOO O tedAmohdsthothek An&bli@dA AAET C
centres (Aubet 2013). The Old Assyrian Trading Network is visible only through

OEA AT 1 OOAAOOh OOAAOEAO AT A xOEQ®GAIN ENIOKEI A
2009, p.97) the Assyrians in Anatolia shared the same material culture as their

indigenous hosts making their presence indistinguishable, and there are no
contemporAOU ET AEAAOQET T O ET OEA AOAEAAT I T CEAAI
large-scale trading organisation, let alone its traders, existed at the settlement

(Collins 2007, p.28; Aubet 2013, p.274)

It is clear from the archived texts that the main imports were tin, textiles, lazurite,

donkeys, and barley which were traded for gold and silver to be taken back to

I HA@®anly 1973, p.292;+1 1 EAOEE ¢nmnmwh DHB8pmnn #7111 ET O
p.288). Anatolian copper from local mines was traded by the Assyrian merchants

AGO EO xAO 1171 U OOAAAA ET '1TAOGI 1 EAT AAT OO
(Michel 2011, p.8; Aubet 2013, pp.29%7). The impetus behind this commercial

enterprise was the acquisition of silverz occasionally the Assyrian merchants

traded tin or cloth for local merchandise, but this was then sold on elsewhere in
'TAOITTEA ET AGAEAT GCA A O Cil A HOGD+OEEODEBEAA
2009, p.99). It has been estimated from available texts that at least 80 tonnes of tin

was imported into Anatolia, suggesting that local sources were not exploited on a

large-scale(Bryce 1998, p.27) The selling price of tin in Anatolian settlements was
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ET ' HHOO EI

O

OxEAA OEA OAITEI¢C DPOEAA 1T &£ OEA

value, pla@d on it in the region(Muhly 1973, p.292).

The source of tin imported by the Assyrians is never mentioned, though it is
thought by some to have come from the mountains in Iran (Bryce 1998, 27; Aubet
2013, 287; Moorey 1985, 129; Muhly 1973, 290). Susarra, located in the Plain of
Raniai ) OAT 11 OEA O1 O0OA OI ' HHOOh xAO OOAOA:
quantities of tin could be obtained. When this site was destroyed there was a

AT OOAODPI T AEI ¢ ET OAOOODPOETT 1 &£ OEI EI DI OOAA

The Assyrian merchants awided regions of political unrest and upheaval, and as

OOAE OOAAA AAAOGAA &I O OAOAOAT AAAAAARO AEOA
19th century BCE(Bryce 1998, p.35) When this occurred for a second time during

the political instability of the Hittite Old Kingdom, the Assyrians withdrew again

from the region and did not return (Collins 2007, p.37) With the end of Assyrian

presence in Anatolia came the end of written records and the following period is

obscure (Bryce 1998; Collins 2007) When the Hittite Empire was fully established

by the mid-2nd millennium BCE very few of the previous major Anatolian centres

had any residual significanc€Bryce 1998).

From the mid-2nd millennium BCE, saial organisation in the Northern Caucasus
underwent a dramatic shift. There was greater focus on the local community,
resulting in greater regional isolation and inwardlooking societies. These societies
were organised along a complex, but horizontally lerarchical lines (Reinhold

2017, p.346). The picture in the Southern Causas, on the other hand, is the

opposite: increased vertical social hierarchy and more monumental architecture

68



(ibid. p.349). The material culture is also so homogenized and unified across the
whole of the Southern Caucasus, that it can be classified as andtural horizon:
the LchashenMetsamor Culture (Lindsay and Greene 2013, p.694) The most
striking thing about the Caucasian Millurgical Province at this time was the large
number of metal weapons deposited in graveg they were skilfully manufactured
with time -consuming processes but deposited unused in gravéShernykh 2017b).
Despite this lavish use of metal in burials, the settteents remained relatively
unspectacular. Though Southern Caucasus involvement in lowlistance trade
during the 2nd millennium BCE is implied by some scholar§Laneri and Schwartz
2011, p.1) Chernykh (2017a, p.485) states that the Norhern and Southern

Caucasus remained isolated from both their northern and southern neighbours.

As mentioned previously, Magan copper was imported to Mesopotamia via the
Persian Gulf throughout the 8 millennium BCE and was then distributed to other
regions of Southwest Asia(Knapp 1986). The everincreasing supply of Magan
copper to Southwest Asia continued into the early ™ millennium BCE, but
organization of this trade was altered in the 2 millennium: trade was conducted
exclusively via Dilmun(Edens 1992) Whether it was owing to a pricanflation of
copper, the reputation of Dilmun merchants dealing in substandard quality copper,
the disruption of trade routes by Hittite military expeditions, ethnic movements, or
environmental decline is unknown, but c. 1750 BCE trade between Dilmun and
Mesopotamia collapsed(Oppenheim 1967, pp.823; Knapp 1986, p.44; Edens
1992, p.132) Fortuitously, it was at that time that Cyprus (Alashiya) is recorded in

cuneiform texts as initiating trade of copper to Mari and Babylon (Knapp 1986).
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The Eastern Mediterrmmean trade network expanded drastically in the miend

millennium BCE connecting Europe, Asia, and Afri¢&raveet al.2014).

From c. 1750 BCE to c. 1200 BCE, both the trading networks and the system of

diplomacy that characterise this period, were flourishing and connected Southwest

Asia on a broad scale. Independent and neutral, the ports on the LevantiGeast

connected broader trade networks: the maritime trade and the landbased trade

across Southwest Asia(Knapp 1986). Regions producing specialised goods

ET OAOAAOAA xEOE OEA AAT OOAI OOAAET ¢ AAT OOA«
from the east, possibly accompanying lapis lazuli, and copper came from thvest

(ibid.).

The late 2nd millennium BCE was a period of intense internationalism and

increased territoriality. Figure 6 shows the development of regional territories

throughout the period. The complex system that was fully deveped by 1400 BCE

involved a region which spanned Western Iran to the Aegean Sea, and Anatolia to

Nubia. The main players in this international game were Kassite Babylonia, Hittite

Anatolia, Egypt, Mitanni, Assyria, Elam on the eastern fringe, and Mycenasda

Alashiya (Cyprus) on the western fringe. During this time there is evidence of

violence and a trend toward fortification in the Caucasus, but there is also evidence

of contact with Northern Mesopotamia, Egypt, and many other kingdoms
AATT1TCET CGAOT ZFOEROAOT AGET T AT EOGI 6h OOCCAOOET ¢
AEPI T I AGEA DAOEIT Ah OEITOCE 110 AO EI1T OAT OAI
participation (Bobokhyan et al. 2017). For the first time in Southwest Asia there

was no one dominant polity or trading partner(Van de Mieroop 2016, p.137)The

main exception was the area of SyrPalestine where the states remained in a
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similar template to that of the preceding period: cities controlling a small
surrounding state (ibid. p.141z42). This region, located between two large and
competing territories which had commercial and political interest in it, was

perhaps not afforded thetime or space needed to expand or develop.

Image subject to copyright

Figure 6: series of maps depicting political entities of the Late Bronze Age, involved in diplomatic
correspondence and treatiegVVan de Mieroop 2016, p.140)
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Raw materials and finished goods, both utilitarian and luxury, were an important
part of the communication between hese stategKnapp 2008, p.131) This is both
in the form of production and manufacture, but most essentiall in various forms
of exchange underlying a complex diplomatic system. Alongside written
communication, there were other forms of contact, such as the Armarna letters,
diplomatic treaties, royal marriages and even military actiory all of these events
were accompanied by gift exchange based on reciprocivan de Mieroop 2016,

p.146). These forms oexchange existed alongside commercial trade.

Shipwrecks off the southern coast of Turkey, notably the Ulu Burun and Cape
Gelidonya shipwrecks, give some indication as to the international nature of trade
during the Late Bronze Age. Nine or ten differentuttures are represented in the
Ulu Burun cargo (Ward 2003, p.529) and simlarly many different cultures are
represented in that from Cape GelidonygMaddin et al. 1977). The Ulu Burun
shipwreck was unique in that a tonne of tin was found in it: previously the largest
amount of tin discovered in archaeological contexts was less than 100 kBigott
2011, p.275) Ten tonnes of copper were also discovered on the Ulu Burun
shipwreck as well as many other raw materials and finished products believeid

be bound for the Aegear{Carlson 2003,p.136).

The level of diplomacy and ostensibly good relationseflected in letters, treaties,

and gifts is misleading as these territories were often at war with one another or
were battling over territorial borders. Egypt and Mitanni clashed over Syro

Pal OOET A AAZI OA -EOATTE xAO AAEAAOAA AU
late 14th century BCHVan de Mieroop 2016, p.174) The clash between Egypt and

the Hittites over the same territory culminated in an EgyptiarHittite peace treaty
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in 1259BCE(Collins 2007, p.62B ! OOUOEA8 O AT A %l Ai 60 AGDPAT
the borders of Babylon eventually led to its collapse around 1155 BQian de

Mieroop 2016, p.187)

The nature and extent of Hittite metal use is an enigma: it is known through the

documents and texts of the region and its neighbours that metal was an importa
DOAAOGEAAT AT A EAATIT CEAAI i AOAOEAI ¢ AOI T U/
AOi ueah AT A EOIT OOAA Qdherr9khi208Th] p266AYalliiE A 1 11T A
1999, p.182). The remains of these metals are archaeologically scarce in Hittite

territory, though frequently found in Greece, Cyprus, the Levantran, and the

Caucasus.

The core Hittite territory was the northern half of the Anatolian central plateau but
during the second half of the 2nd millennium BCE Hittite influence spread further
south and southeast(Glatz 2009, p.129) During the Middle Hittite Period, one of
decline between 1600 and1400 BCE, the Mitanni had retrieved most of Northern
Syria into its territories and continually threatened the Hittite borders. This was
the case until the reign of Suppiluliuma I, at which time the Mitanni region was
subdued and gradually absorbed into bth the Assyrian and Hittite sphereqBryce
1998, p.49; Van de Mieroop 2016, p.161)The Hittites soon had control of
territories as far south as Damascus, but this brought them into conflict with Egy,
which also had interest in this region. Qadesh in the Levant was gained and lost by
the Egyptians and the Hittites respectively until the Battle of Qadesh in the mid
13th century BCE. This battle concluded in a stalemate though both sides claimed
victory (Collins 2007, p.54) During the battle the smaller state of Amurru switched

its allegiance from Egypt to Hatti. The treaty drawn up isavealing of the nature of
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trade during this diplomatic but belligerent period: Amurru, by the terms of the
treaty was forbidden to trade with Assyria, or to allow Assyrian merchants access
across their territory to goods arriving at the Eastern Mediterran@n coast(Van de

Mieroop 2016, p.178; Collins 2007, p.68)

During the 12th century BCE there was widespread upheaval across Southwest
Asia and the Eastern Mediterranean, but regions were affected differently. The
Hittite state disintegrated around 1200 BCE, its southern states falling into the
hands of the Assyrians and many cities which had been previously abandoned on
the Anatolia Plateau were destroyedVan de Mieroop 2016, p.203Collins 2007,
p.78). The Assyrian domination of the region did not last long and the Assyrian
Empire also declined during the 12th centuryVan de Mieroop 2016, p.178)There
was a shift toward increased nomadism in the Upper Tigris region after the
collapse of regional, central authority E OA ¢ 1 p Kk is aldd Susing the 12
century that destruction of many coastal sites in the Levant occurre@van de
Mieroop 2016, p.178) The effect was less disruptive in the south in comparison
with the north, with several sites showing evidence of @ntinuity, possibly owing

to settlements flourishing with the cessation of Egyptian imperial control

(Killebrew 2013, pp.34).

Egypt and Mesopotamia survived, though affected by repercussions they both fell
into decline shortly afterwards (Van de Mieroop 2016, p.203) Mesopotamia and
Luristan appear to have been in contact from the X8to 10" century (Overlaet
2005, pp.%210). North Eastern Arabia also shows signs of decreasing interaction,

with no imported pottery and only one variety of coarse, handmade, undecorated
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ware (Magee and Carter 1999, p.163)The picture of Southwest Asia is one of

diminishing contacts and a decrease in use bfgh-status goods.

The end of the 2nd millennium BCE sees migration into the region, includinge
movement of the Phrygians into Anatolia(Van de Mieroop 2016, p.217) In the
Northern Caucasis the migrations were not caused by people arriving in the
region, so much as by widespread changes in settlement patterg the
mountainous regions were abandoned, and instead people settled in the piedmont
valleys (Reinhold 2017, p.345n OE T O C R017, p.2BE)@esclibes continuity
ET OEA seéniérgehtipattérrO Collins(2008) summarises the various effects of

the collapse of the Bronze Age ithe final century of the 2d millennium BCE:

OOEA MEOACEI A AATTT1TEAh O1T AEAT AT A DI
I[nlgeq and s,us‘tai,ngd‘ stgites ac,ro'ss,the entire regjqn were ) o
EOOAPAOAATI U AAi ACAA8 OEA ATl11APOA T &£ 00

led to reductions in tra@, inflation, internal problems, warfare,

D N D G N s A

DEOAAUKh AAT AEOOU AT A AEODPT OOGAOOAA DPAT PI

However, not all regions were as starkly affected by the decline of central authority
and international way of life. Though most sites on Cyprus were abandoned, those
which survived continued to trade widely from the Levant to the Mediterranean
(Knapp 2008, p.247) The effectof the Bronze Age collapse were more varied on
Cyprus possibly owing to the lack of cultural unity across the island at this time,
which therefore moderated the scope for political influence from mainland regions
hoping to control it (lacovou 2013, p.2) The Southern Caucasus also did not
witness such largescaledestruction as much of Southwest Asia, but rather a gentle
transition into the Early Iron Age, though there was a corresponding change in

material culture indicating some form of technological or ideological shif{fSmith
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2005, p.267). For example, the LchasheMetsamor culture extended from the 1%
to the 9h c. BCE, Wh clear continuity of material culture, though there were some

accompanying transformations in technological traditiongdKhatchadourian 2011).

Evidence regarding the continuity of major trade netwoks is vague, though
Sherratt argues that interregional trade continued at the end of the 2nd
millennium BCE in an altered and unknown forma(2003, p.40). Van de Mieroop
describes a scenario in which private merchants not royal centres continued after

the collapse of the trading states and became leaders in tra{2016, p.217).

4.4 1stmillennium BCE

The 10" century BCE marks the beginning of reirbanisation, increased
competitive trade, and more intense cultural interactionbetween many regions
across Southwest Asia, most notably in Northern Mesopotamia with the ascent of
the NeoAssyrians (Grayson 1982, p.238) By the % century BCE the Neo
Assyrians were beginning military expansion into neighbouring regions prompting
technological transfer and some overlap of material culturédMazzoni 2010, p.22)
Indeed some of the only evidence to come from the Ndflamite period in Iran
relates to the impact of NeeAssyrian expansion on the region rather thn

providing direct information about Elamite life itself (Alvarez-Mon 2013, p.471)

In contrast to Assyria Mesopotamia was economically and politically weak as well
as culturally isolated owing to disruption of access to trade nates (Brinkman
1982, pp.282z3; Fales 2010, p.29; Van de Mieroop 2016, p.211)he indigenous

Babylonians occupied the region alongside two other cultural groups; the nomadic
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Aramaean tribal groups and the sedentary Chaldeans. The Arameans had been
pushed southwards from Nortrern Mesopotamia by the Assyrians in the 11th c.
BCE and had a destructive presence on the land and its inhabitarfisales 2010,
p.33). The Chaldeans were engaged in largeale agriculture and were eventubly
responsible for improved trade along the Persian Gul{Brinkman 1982; Fales
2010; Collins 2008) Trade was onducted through Southern Mesopotamia in the
early 1st millennium BCE despite the lack of Babylonian access to it, as it was
certainly accessible to the Chaldeans. Evidence for this is found in the list of goods
sent as tribute to Assyria containing impors from the Levant, Northern Arabia,
and Egypt(Fales 2010, p.37) Eventually the Arameans also ceased to be enemies
of Babylon as the two groups joined forces against the Ne&¥ssyrians, which
allowed better Babylonian access to trade along the Euphrates as well as access to

Arabian goods(Brinkman 1982, p.288).

Chernykh (2017a; 2017b) AAOAOEAAO OEA #AOAAOGOG A A
millennium BCE, as opposed to the previous millennium during which the

i 7T 01 GAET O EAA DPOAOGAT OAA A OAAOOEAOS8 AAOxAA
Asia. Scythian horsemen of the steppes moved southdaoccupied the same region

of the Northern Caucasus as the Maikop Culture over two millennia earlier, but

once again the region shows no evidence of local mining or metalwork production,

despite reliance on metallic objects, suggestive of renewed contactith the

Southern CaucasugChernykh 2017a, pp.4889). At the endof the 8" c. BCE the

Northern Caucasus once more display signs of a decrease in settlement size and

number (Reinhold 2017, p.345)
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The period is one of gradually increasing contacts: there is evidence of trade
between the Southern Caucasus and the Greeks at Corinth and Miletus, with even
potential trade east indicated by some Rinese silk at Toprak KalegBarnett 1982,
pp.366z7). However there were also political struggles: south of the Caucasus to
the north of Assyria (from eastern Turkey, to northwest Iran, northeast Iraq,
I[ranian Azerbaijan, Armenia, and parts of the southern Caucasus) the Kingdom of
Urartu frequently clashed with the NeeAssyrians over territory, especially over
Northwest Iran (Castelluccia 2017a, p.400; Danti 203, p.328; Barnett 1982, p.322;
Dan 2010, p.331) Presumably this was in part owing to the rich metal sources in
the region (Barnett 1982, p.327; Van de Mieroop 2016, p.217; Akcil 2006, p.913
theory further supported by the Urartians seizure of the metalworking region of
Metsamor after the 8" c. BCHBarnett 1982, p.366). There is clear evidence of use
of seasonal roads and tracks at this time, which had also been fortified indicating

both a great focus on, and the high stakes of, tra@anti 2013, p.332)

It is surprising that the same resourcerich regions should still have been so highly
fought over, since the majority of tools and weapons in Urartu were now made of
steel (Yalgin 1999, p.185) and iron is a much more widely available resource. This
availability of ore is often cited as the motivation behind the adajon of iron

metallurgy (Pickles and Peltenberg 1998, p.68)However, it has been suggested
that iron ores were discovered accidentally through copper sulphide smelting
(Pickles andPeltenberg 1998, p.79) and there is evidence of copper smelting sites
which went through a transitional iron smelting period in Cyprus and Palestine
(Waldbaum 1980, p.89) In the Southern Caucasus thgon ores exploited were

present in regions where chalcopyrite had been the dominant coppdrearing
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mineral (Erb-Satullo et al. 2014, p.155). Therefore, it is possible that the same
political struggles over resourcerich land could have continued into the Iron Age
until the discovery of the abundance of iron ores across the region. On the other
hand Erb-Satullo et al. (2014, p.160) state that iron smelting sites and copper
smelting sites in the west of the Southern Caucasus were not found in close
proximity to one another, suggesting eitler a separate regional tradition, or the

use of different ore sources of both metals.

There appears to have been a level of communication between the Southern
Caucasus and Northwest Iran in the earlysimillennium BCE as they shared some
similarities in grave goods and metal object§Castelluccia 2017a, p.393)The most
striking class off AEAAOO OEAOAA AU AT OE OACEIT O AO!
characteristic of Early Iron Age Southern Caucasu#id. p.400). These bells are
also commonly found in Urartu and Assyria, indicating the influence of the
Southern Caucasus on southern regionduring this time (Castelluccia and Dan
2014, p.98). At the same time the Southern Caucasus was trading with the
Northern Caucasus, as evidenced by the characteristic bronze belts found at the
cemetery at TIi (Zischow 2017, p.411) Though Assyria, Urartu, the Southern
Caucasus, and regions of Iran clashed over territory, there appears to have been
continued communication and trade of goods ttough these regions, perhaps by
nomadic tribes disassociated from regional war, or possibly shared material

culture may represent the collection of war booty or tribute.

Despite cultural and political fragmentation in the late 24 millennium BCE, the
Southern Levant continued to flourish through trade from the 1@ century to the

8th century BCE, after which it was disrupted by Assyrian expansiofKillebrew
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2013, p.2; Mitchell 1982, p.448) Before this disruption, however, increased use of
iron in Assyria from the 9th century BCE indicates trade between the Southern
Levant and Assyria, as the Philistinegornered the market in iron technology
(Mitchell 1982, p.449). The mines at Timna, though no longer under Egyptian
control after the 12t ¢c. BCE, had continued to be exploited by local craftspeople
and show evidence of having been intensively exploited again, suggesta level of
economic continuity (Rothenberg 1972). Phoenician harbour cities of Tyre, Sidon,
Byblos, and Awad continued to function owing to maritime skills, though they
were less wealthy than in the preceding periodVan de Mieroop 2016, p.220)Far
OAT CET ¢ AAOOAOT -AAEOAOOAT AAT OOAAA xAO 1T
function of Neo! OOUOEAT EI DAOEAI ALyriank expefieeedlad OE A
period of decline during the peak of Phoenician trde with the Western

Mediterranean, this is no longer seen as likely and the regions are considered to

have been connected but with no form of power imbalanc@-letcher 2012).

Muweilah, a site in Southeastern Arabia, was constructed in the 10th century BCE
and indicates change based on certain developments: the dual effect fafaj
irrigation (the method of transporting water long-distances underground) and the
domestication of the camel(Karacic et al. 2018, p.27). These developments
allowed for settlement further from oases and the coastlinéMagee 2004, pp.24
5). The domestication of the camel also enabldéte transport of goods across land,
rather than only along the Gulf by boat; this new method of transport opened up
the opportunity for wide-scale intraregional trade across the entire Arabian
Peninsula. Western Arabia therefore became more active in thkst millennium

BCE, and began to take part in trade with the Levantine Coast and Greece
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apparently leaving Southeastern Arabia relatively isolated from Southwest Asia
(Mazzoni 2010, p.20) However there is evidence of potemal trade in ceramics
with Mesopotamia, Pakistan and the Fars region of IrafMagee 2004, p.41; Magee

2013, p.496)

The NeoHittite states in Anatolia and Syria fall slightly outside the scope of this

thesis, as the reemergence ofstate centres in the region did not occur until 700

BCE(Hawkins 1982, p.372) The Central Plateau is described as going through a

O$SAOE ' CA8 AOO OEA OEOAO xEEAE OAI AETAA 1
from the Late Bronze Agé€Kaelhofer et al.2009). The region was made up of small,

independent, ethnically diverse polities with a shared material culture clustered

around the northeast corner of the Mediterranean Coast and continued thus

throughout the early 1¢ millennium BCE until annexed by the Ned\ssyrians at

the end of the 8th century BCEOsborne 2013; Osborne 2015) Despite the

I AAAET ¢ / OAT OT A O1 DI AAA AATTTITEA 11 OEOAC
interest. Luristan also appears to hve been isolated during the early <

millennium BCE, as there are no imported ceramics but a strong local pottery

tradition (Overlaet 2005, p.12)

We can broadly separate Southwest Asia into two distinct trading regions
throughout the early 1st millennium BCE, though they are not wholly separate from
one another, and have evidence focontact mainly through the NeeAssyrian
Empire. The first group of regions which are frequently in contact are Assyria,
Urartu, the Southern Caucasus, Northwest Iran, and Elam. Many of these regions

display a continued interest in tinbronze objects andmetal-rich regions of the
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highlands. The second group of regions in contact with one another includes
Cyprus, west and north Arabian Peninsula, Egypt, Greece, and other western
Mediterranean areas, and these appear to operate mainly through the Phoenicians
of the Southern Levant however there is a dearth of evidence with which to draw
conclusions. Until 700 BCE Mesopotamia, and West and Central Anatolia were
under-developed and isolated from regional interaction, as to a certain extent was

Eastern Arabia.

5 Chapter Summary

Metallurgical development over time
Use of 'greenstones' in pigments, jewellery and ritual artefacts

11th millennium

8th millennium 100 native copper objects found at Caydnii Tepesi in Anatolia. Native copper from Asliki
Héoyiik (Anatolia), though 3 contain >1% Sb therefore possibly alloys

Earliest native copper object found in Iran
Possible lead beads found at Catalhdyiik (Anatolia)

7th millennium Possible tin-bronze object found at Konya (Anatolia) and slag fragment found at
Catalhoyiik (Anatolia)

6th millennium Two tin-bronze objects found: 1 from Tel Tsaf (S Levant), 1 from Aruchlo I (Georgia);
and an unsecurely dated lead object

Lead object found at Yarim Tepe (Iraq)

Unsecurely dated smelting evidence (hundreds of crucibles) found at Tal-I Iblis (Iran)

Sth millennium Earliest securely dated large scale smelting operation evidence found at Belovode in
Serbia

Presumed widespread adoption of smelting technology across Southwest Asia owing to
artefacts and smelting debris and equipment found

4th millennium Complex and unique hoard of copper-alloys found in various locations in the Southern
Levant

Move to use of furnace-smelting rather than crucible-smelting

Experimentation with polymetallic ores widespread

3rd millennium Smelting technology appears in Eastern Arabia
Tin-bronze technology presumed widespread
Kestel mine debated to be exploited for tin

Figure 7: Summary of technological development by archaeological evidence from thetifillennium BCE to
the end of the 3@ millennium BCE, as discussed in sectid? this chapter
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Figure 8: Rough summary of regional interaction and cultural developments from the midth millennium BCE to the early 1st millennium BCE as discussed in sectidnthis

chapter
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Chapter Three: Data and Analytical -
Interpretive Methodology

This chapter covers the collection, adaptation, and use of the database of chemical
data from Southwest Asia used in this thesis. It provides a summary of the analysis
by time and region, followed by a brief disassion of the obstacles that it was
necessary to overcome before prgprocessing: the legitimacy of using data
generated with a wide range of analytical procedures, the challenges and choices
in the treatment of chronology and the categorisation of regionaones. The details

of these analyticalinterpretive methodologies and their application to the study of
archaeological metalwork from a range of regions and periods are outlined in the

final sections of this chapter.

1 The database

At the core of the prgect is a database of 9,838 chemical analyses collated from
105 publications and incorporating several existing data sources (including those
of Cuénod 2013 and Krause 2003). This database is a more or less complete survey
of published analytical research on archaeological metalwork from across

Southwest Asia. Nevertheless, even a cursory glance at the data, organised by
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region and time period (Table 1), reveals that the distribution of data is far from
consistent across either space or time. In all cases throughout the subsequent
results and discussion chapters the size of relevant regional and chronological
assemblages is highlighted carefully. This is an essential step when many of these
datasets remain unreliably small. Though they are often included for
completeness, they are typically displayed as unreliable by the use of hatched lines

or other markers.

Table1 distribution of artefact data by geographical region and time period (exact des for each time period
discussed in sectiorR.2, regional boundaries discussed in sectioB.1)

‘L:z:h:: SD[“:I( Cypms SLevant EAuaola SCane NCane NMesop Mesop WElm Lusstan CS“DT:] EP:;“L":E Kemman  Total

Late 5th 2 0 1] 0 1] 25 1] 3 0 0 1] 5 1] 2 37
Eady 4th| 20 21 G 36 4 17 1] 4 0 68 1] 33 1] 2 279
Mid 4th 10 0 1] 0 1 6 1] 24 66 0 1 1] 17 135
Late 4th 44 15 i} 9 39 40 92 18 5 28 3 47 0 3 375
Eady 3cd] 74 2 0 29 162 18 0 8 72 13 9 4 0 32 423
Mid3ed| 289 56 31 40 21 634 180 65 101 123 55 0 47 37 1680
Late 3ed| 299 70 93 106 10 85 25 190 1316 44 36 101 262 63 2701
Bardy 2nd] 16 87 214 31 2 60 14 59 215 19 60 53 67 1 1079
Md2nd| 209 118 62 503 49 34 51 10 6 35 23 24 47 32 1272
Late 2nd 0 0 26 43 0 61 106 12 5 20 31 78 35 0 417
Eady lst 0 0 1 22 22 391 52 123 6 0 349 51 220 1 1241
MAd Lst i} 0 i} 4 i} 29 1 4 41 1 17 17 0 3 118
Late st 13 0 0 0 0 18 0 8 2 0 0 0 12 54
Total 988 369 433 873 311 1472 521 529 1834 351 585 420 678 211 9838

This is, in part, due to an unevenness of metal finds across thiast region, but its
structure also reflects a palimpsest of individual academic interests built up over
more than a century of research. The initial database contained data obtained not
only from metals, but also from ore, slag and crucible fragments, asgell as
numerous duplicate analyses. Wherever possible, these have been identified and
OAI 1T OAA mOI I OEA OZEIT Al AAOAAAOGAE OOAA
outlined specifically below. Another key issue was variability in the character and
quality of our analytical data. To some extent, as Cooper and Grg@016) pointed

out, all datasets arecharacterful,and if we set out to maintain a diverse approach
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to legacy data we must both accept and accommodate thibaracterfulnessin our

treatment and interpretation of them.

A degree of quality control is essential to ensure that identified patterns within the
data can be explored with confidence and to militate against the most problematic
data sources. It is also neceasy to overcome basic inconsistencies in notation and
object description, as well as to establish a coherent chronological framework
within which to conduct this research. These challenges are discussed in turn

below.

1.1 Data quality

Data quality is perhapsthe biggest issue facing this thesis. It is also the least easy

01 AAAOAOO8 &Oii A AARAOOAET DPAOODPAAOEOAN
analyses for which data quality has been carefully recorded and controlled is the

only solution. Yet, given the ems and scale of this project, this hardly presents a
practical solution. Existing analyses at this gold standard are few and far between

and repopulating even the current distribution with new analyses would require

decades of welfunded analytical reseach and the negotiations for resampling (in

the face of curatorial concerns, institutional issues, and major gegmlitical

barriers) would likely render it impossible. | would argue that it would also be a

phenomenal waste of earlier resources and efforts

87



1.2 Comparability of analytical techniques

Once we accept the logic of accepting all but the most problematic datasets, it is
imperative to ensure an adequate level of cohesion and comparability across the
range of analytical techniques which have beenngployed over the history of
archaeometallurgical research. The first step in thiendeavouris to acknowledge,
in general, the frequency with which the different techniques were used in specific
analytical traditions, research programmes, and laboratoriesn particular. Past
investigations on inter-laboratory consistency and analytical technique
compatibility have suggested that with the exception of certain techniques and
trace elements, such as OES and measurement of |€bBdighes 1979) it is mostly
possible to compare results from different analytical instruments. For a full
description on inter-laboratory and analytical technique comparisons see Pollard
et al. (2018), the following section contains summaries of onlyhte most relevant

comparisons of data to the integration of large datasets.

After a single set of objects was analysed by twenty two laboratories, Northover

and Rychner (1998, p.31) concluded that the analytical methods analysed (wet

chemistry, direct current plasma spectrometry, ICPOES, AAS, ERRF, EPMA,

0)8wh AT A .11 q DOI OEAAA AAOA xEEAE AT OI A A
AAOAG 8 (1988,0d.26) A OT A OEAO OEA 0O30000CAO0O0 A]
OPAAOOT OAT PU ACOAA xAll xEOE AT AT UOEO DPAOE
on the same objects, but that there were dgsepancies in the amounts of Ag and

Au. Ten years later in a similar study Pernickat al. (1997) found that the results

on a large set of objects analysed by NAA and OES (conducted in Heidelberg and

Moscow respectively) agreed within a factoof three when the minimal detectable
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level for both techniques was also taken into consideration. This study also found a
discrepancy in lead concentrations, however, when new results (NAA) were
compared with old (OES). Cuénod2013, pp.13%147) compared data from
individual sites (Tepe Hissar Selme, and Susa) as well as general Mesopotamian
data, which had been analysed by more than one method (OES, PIXE, XRF, AAS,
ICROES, and spadsource mass spectrometry) and in various laboratories. She
found that there was general agreement, though autmated methods of analysis
ought to be avoided (such as Principle Components Analysis and Cluster analysis)
as there are clear differences in precision, accuracy, and detection limitsid.

p.146).

Breaking the data down further reveals not only the graduadevelopment of
instrumental techniques but also a preference for certain techniques™ within
certain laboratories as well as the broad foci of their research{gure 9 to Figure
14). It is clear that thae are important regional patterns in the application of
analytical techniques. The analysis of Mesopotamian and Assyrian objects, for
example, has been conducted primarily with Ray Fluorescence spectrometry
(XRF) Figure 11 and Figure 13), whereas the majority of data from Caucasian
metalwork was obtained using Optical Emission Spectrometry (OESkigure 10).
Clearly, such regioal dominances have the potential to create patterns of
difference across space that have more to do with the detection levels, precision
and accuracy of the techniques used in the analysis than from archaeologically
significant differences in human sociotehnological behaviours of the past. We

must remain conscious of these potential effects within our analysis.
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Figure 9 Anatolian chemical data by author and separated by analytical technique
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Figure 10: Caucasus chemical data by author and separated by analytical technique
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Figure 11: Iranian and Mesopotamian chemical data by publication and separated by analytical technique
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Figure 12: Levantine chenical data by publication and separated by analytical technique
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Figure 13: Chemical data by publication and separated by analytical technique from Oman, Bactria, Indus
Valley and Mesopotamia (Cuenod 2013 84)
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An example to highlight the possible problems of variance in analytical technique

is shown inTable 2. This table depicts the compositional data for a single analysed

artefact analysed by both EPMA and NAA a year ap#&8tos-Galeet al. 1984; Gale

et al. 1985). The differences are mostly minimal, and nickel is identical in both

analyses, however the varying quantities of reorded antimony is sufficient to alter

which copper group the object falls into (based on the presence or absence of As,

Sb, Ag, and Ni, discussed in detail in sectidh as the cutoff between presence and

absd A A EO n8ppbP8 4EAOAAI OA OEA AET EAA 1T £ Al
database may have a significant impact on the conclusions drawn if applied to a

significant number of analyses.

Table 2: example of differing analytical resuls on the same object, conducted by the same authors, but with
differing techniques

Number Type Method Cu As Sh Ni Ag Sn Authors
11811 Flat Axe NAA 1.64  0.1302 0.03 0.059 4.53 Gale etal. 1985
11811 Flat Axe EPMA 92.6 1.35 0 0.03 0.08 5.19 Stos-Gale et al. 1984

Further discussion of duplicate data management can be seen in the following
section. In the case of these two papers and analyses represented irable 2, the
1984 EPMA analytical data was removed from the database. The reasoning behind
this decision was that they represented the only use of EPMA analytical techniques
in the Anatolian database ad was only very rarely used in other regions of
Southwest Asia- the logic behind this being to enable more efficient database

cohesion and compatibility.
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1.3 Duplicate data

If the chemical composition of a specific object or set of objects is recorded neor

than once within the database, it has the potential to significantly skew the results

of our ubiquity analyse$. This is most problematic, but perhaps most easily

resolved, when significant blocks of data are (re)published in separate sources.

However, even single artefacts can be a problem, especially when we are

interested in the emergence and spread of new alloying recipes and technologies.

Rare cases of early brass, for example, are widely reported in the literature and

could easily be unevenly duplid OAA ET OEA AAOAAAOAh 1 AT AET C
OOCA 1T &£ UETA T OAO AT T OEAOG6O8 ' 0O Z£ZAO AO OAAC
therefore be removed, but as highlighted in sectiord.3 of this chapter, the choice

of which data to remove may have manifest consequences to the results of data

interpretation and must be approached systematically as far as possible.

Duplicate data here refers to (1) objects that have been analysed during the sam
study but in multiple locations on the object, generally by SEM, (2) identical object
data produced by one analytical study but published repeatedly, or (3) objects that
have been analysed more than once by different analysts, laboratories, or
techniques The first is the simplest type of duplicate data to rectify as they are
presented in the same publication- an average of each element is taken from all

datapoints located on one object. The largest example of this type of duplicate data

2 A dagger and a rivet from that dagger do not count as duplicate data, even though they might be
made from the same metal, because they have been separated and treated diffidlyez as two
daggers made from the same metal are considered two separate itegqthey have been treated and
approached separatelyz as with a dagger and its sheath.

96



was the Late Chkolithic and Early Bronze Age copper objects from Arslantepe

analysed by SEMCaneva and Palmieri 1983)

The second type of duplicate data is not quite as simple as it sounds. The two
papers discussed earkr presenting varying Trojan data was simple enough to
choose between owing to the traditions of instrument use throughout the
database. However, by far the largest example of this kind of duplicate data was
that of 743 objects contained in both Kraus€2003) and Esin(1969). The data in
Esin matches a gap in the numbered sequence of the analytical programme
undertaken in Stuttgart by Junghent al.(1960), which suggests that the analyses
were conducted at the same time, and as part of, the SAM project. However, this
Anatolian sequence was not mentioned in the original publication. Another

indication that the analyses were conducted by the Stuttgart group is that Krause

>
m\
>

jcmnmoq AT AO 110 1 EOCO %OET 80 xi OE AO A
that he transcribed the original laboratory records. It is possibly due to a linguistic
issue, but there are discrepancies between some object typologies, and a problem
of archaeological tradition from two separate countries that has resulted in
differing chronological periods. Unexplained, however, are the discrepancies
between elemental compogion, though fortunately they are rare.

#1171 OAGOOAT h AT A DT OOEAI U ILEUGOEDORIOET AE GAE
xAO 1T £#O0A1T AOO 1710 Al xAuO OETTEG6 ET +O0OAOOATr
x AOA ET OAOAEAT CAAN AT A OxEAGC AW ADED ABT AO AGHE AM
These are not major differences but highlight inconsistencies of perception and
categorisation of the same objects dependent on either author or time of research.

The perception of the analyst or author has an eventual effect orygological
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categorisation z a lituus has symbolic significance, a hook does not. Though the
publication by Esin could probably be regarded as more accurate in terms of
knowledge of regional context and chronological classification owing to her
expertise in Anatolian metallurgy, the decision was made to follow Krause. The
duplicate data only accounts for half of the Anatolian data from the SAM database,
meaning a change in description and context would create a less easily comparable
dataset. If there are dscrepancies between Krause (2003) and the source
materials used for that database, then the aim here is to have consistent

discrepancies.

The third type of duplicate data was the most complicated, as already discussed, as
different analytical instruments or analysts can produce different results from the
same material. Though the effects of these differing results may be minimal it is
still necessary to choose which shall be included. The following two decisions were

made in this order wherever there were ompeting analyses.

1) prioritise analyses reporting the four diagnostic elements As, Sb, Ag, Ni

used by the Oxford System (see sectiat)

2) if it is a choice between two distint instrumental techniques z choose the
technique which is more common within the regional database so as to maintain

maximum comparability

1.4 Inconsistent notation
Comparison between datasets is hindered by the lack of standard practice in
publishing scienti’EEA OADT 0008 '1 11 OAOETT O OOAE AO
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Ol AGh-OABRDAOEOANOAT O ET OEA AOOEAI AO Al 1 OAE
sporadically clarified in the text. Though often these do not pose an obstacle the
TTOAOCETT O1 Ao OBPAA AFE@RNAKIEEAOAT O xAUO8 ) O AA
j E8A8 110 I11TTEAA A 0q T0O0 OIT O AAOAAOAAG |
conversion of both of these into a 0 would be a problem, as it is only applicable to

the second example.

Where the author has not clarified which abbreviation they have chosen to use,

there is significant potential for problems with the inter-comparability of the data.

In such cases, it was necessary to review both the house styles of individual

publishers and other publicatons by the same authors in search of standard

patterns of reporting described more fully elsewhere. Where this research was

O1 AAT A O1 Al AOEZAU OEA DPi OEOCEI T h Obheé xAO C/
more common abbreviatiore and substituted withamt8 (1 x AOAO E&A O Ao
AT T1TCOEAD Ono EO EAO AAAT ET OAOPOAOAA A0 (¢
dash in the place of a number provides a very similar problem and has been

treated in the same way.

Notations regarding the minimum detection Imit are similarly used without

Aobl AT AGETTd OAAI &6 jAATT x AAOGAAOGEIT 1EIEOQ
j 1 AOO OEAT T EIEO T &£ AAOGAAOGET T qh OO0iI o6 j O1 AAC
rarely included in the literature. Without knowing the detection limit, therefore, it

was impossible to represent these notations in an accurate numerical form.

yT OOAAA OEA O- ET EI OI 2A1T EAAT A persdhdl EOB x A
communication). For each individual dataset produced by one analyst, the lowest

recorded quantity for each element was noted and halved. For example <0.1
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became 0.05, <0.05 became 0.025, <0.001 became 0.0005, and so on. This method

xAO Al O OOAA xEAT Al Ai AT OO xAOA DOAOGAT OAA
AAOOAEI NOADOEGWHD ANTAMEAAOAA8 4EI OCE OEEO
inconsistent notation is not an accurate representation of the data, it is sufficient

for the purposes of this thesis, which deals mostly in the presence or absence of an

element at greater quantities han these. For further discussion see Pollardt al.

(2018).

2 Chronology

2.1 Crossregional chronological sequences

A comprehensive chronology is fundamental to any archaeological research as it
forms the backbone by which any context is linked to another. phroaches to
chronology encounter several problems, the first of which is societal concept of
time which is often culturally biased (Agrawal et al. 2004; Lucas 2015) Another
obstacle frequently invoked is the sociepolitical history of the regionally separate
archaeological disciplines and the effect this had on their develagent. Though
there are many such global instances, in this section we will look at the Western
European model of archaeology and that of the former Soviet Union as described in
the 1980s. In trying to separate abstract and substantial time (objective and
subjective) Shanks and Tilley (1987) described objective time in terms of
capitalism as it was broken into measurable units which were considered separate
from events, as opposed to subjective time which is time that was perceived by

societies living within it. Trigger (1984) on the other hand described the
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archaeology of the former Soviet Union as inextricably linked to the five stages of
socio-economic evolution outlined byMarx. Since the 1980s it has been accepted
that though separate regional archaeological disciplines may have their
foundations in such political routes, they are not bound by them: Lindsay and
Smith (2006, p.174) state that after the death of Stalin, before which there had
AARAAT A OAOO AAAOGI OI AGETT T &2/ AAOA &I O A& 00U
to objectivity and a retreat from subjective authority imposed by stattA EOAAOE OA 06 8
Though the collection of data had its foundations in a controlled narrative, it was
then later synthesized on a largescale and the biases of the previous period

erased.

A parallel example which had a major influence not only over the Mesopataan

and Ancient Greek archaeological narrative but that of neighbouring regions, such

AO 'TAOTTEA xEEAE xAOA AT 1T OEAAOAA OPAOEDPEA
Empiricist past of Western Europej UAT g AT ¢nnxh D8 ghese # OAx [l
narratives are largely being addressed, however the language is so pervasive it has

as yet been less successful. Thettld AT OOOU !'$ O4EOAA ' CA 3UOOA
within Industrial Evolutionism of the time, has now largely lost its original

meaning, and the Ages themselves are more or less empty terminology through

which to place a relative sequence of even{tucas 2004) These examples are by

no means the only ones in the study of archaeology but are relevant to the current

discussion of chronology. Undeniably socipolitical ideologies have at times

driven strands of archaeological research and this may in turn have influenced

areas of researchocus, possibly leading to slight imbalances in the distribution of

excavated research areas. However the inability of modern archaeological
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disciplines to disassociate from their ideological or political past is no longer a

relevant concern in the constuction of chronology.

It is possible that one way in which regionally based archaeological study is still
affected by past ideology is largely due to linguistic barriers: if the academic
discourse on such theories remains unavailable to a current researahehey are
perhaps unwilling to trust that it has been incorporated into modern approaches.
Another linguistic barrier is the development of separate terminology and a
disassociation of researchers in one discipline with those labels of another, despite
the existence of broader terminology. PeriodO represents a collaboration of
researchers and modern technology which allows integration of archaeological
and historical periods (www.perio.do/en2018). Unfortunately it was not until too
late that this resource became known to me, and synthesis of the Southwest Asian

chronology was conducted more broadly for the purposes of this thesis.

)y O x1 O A AA Ei bl OOEAT A O OOOAU OOEBA %wAOI U
and draw conclusions based on intecomparison, as these periods occurred at

widely varying times across the sukcontinent. Rather the focus must be on the

actual dates (or rather a possible range of dates) at which metallurgical traditions

changed, theeby avoiding pre-constructed ideas of metallurgical innovation and

the inevitability of the trajectory - despite a lack of adherence to the original

i AATETC T £/ OEA O4EOAA ' CA 3UOOAI 8 EO OOEII
evolutionary narrative and an attempt has been made to avoid thifLucas 2004,

p.51). Figure 15 is an amalgamation ofchronological schemes from the literature

and an attempt to place these within a single chronological framework although

closer regional scrutiny often incurs disagreement over the exact dates at which
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chronological periods ended or began, an attempt haseen made to follow the

general consensus of dates in each cagalumbi 2012; Badgalyanet al. 2003;

Yakar 2011; Sharon 2013; Cuénod 2013; Weeks 2003; oi.uchicago.ed 2016;
www.britishmuseum.org 2016). Unfortunately it was not always possible to avoid

AAPAT AAT AA 11 O1 cAoOsé xEAT AT OAOEI ¢ 1T AEAAOD
dates were given they werdh T OAOAAR AOO 1T £OAT T AEAAOO xAO,
yT OET OA AAOAO OEA Ryk€lswdredgivendit Tiddans d& OA O A£O0I
many objects, though nohamedEarly Bronze Age, are still allocated byeference

as such. However if the absolute dates for the relative chronologies are ever
substantially updated, it will be possible to reallocate the objects based on up to

date archaeological research.
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Figure 15: chronological sequences from the different regions of Southwest Asia (Palumbi 2012; Badgalyan
al. 2003; Yakar 2012; Sharon 2013; Cuenod 2011; Weeks 2008jtishmuseum.org2016; oichicago.edu 2016)
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Figure 16: Chronological time scheme of Southwest Asia based on broad regional cultural change (contextual)
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2.2 Chronological categorisation

With regards to categorisation of the data into tine periods for this research, the
millennia were split into rough thirds, though of slightly unequal size. The
rationale behind the decision to use these quasirbitrary time periods was three-
fold: they needed to be small enough in scale to enable us topexe patterns of
change over time, but also large enough to maintain sensible sample sizes to justify
robust interpretation and balanced to provide a buffer against chronological
inexactitude in both the definition of periods themselves and the attributio of

artefacts to them.

To test the robustness of the chronological divisions used in this thesis (the
arbitrary periods, separated by rough thirds of millennigE8 A8 OAAOIzU o OAS
coupN-cOREA Ez gapwpain Ol AOA 7z @@A dan &ltemativev T
chronological system was employed in parallel. The alternative divisions were
based on major cultural changes as far as they could be applied to the entire region
of Southwest Asia by rough alignment of cultural breaks Hgure 16). The
prospective breaks between theDAT T OA @O O A1 perlods Ard Bgrdsentkd O 8
by a blue line across the regional timelines, and it can be seen here how they either
fit or do not fit with regional chronologies of Southwest Asia. It is cleardm the
figure that that the Iranian, Southern Levantine and Caucasian cultural periods
fitted less easily into this panregional chronological split: all periods of both
Iranian chronologies were divided, apart from at the start of the Old Elamite and
the gap between EB Il and MB; all culture periods in the Southern Caucasus and

Oii A O6'cAd AAEAET EOEI T O xAOA Al O AEOEAAAN
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too much ambiguity in start and end dates to accurately say if the broader

chronological divisionswere regionally appropriate or not.

In order to fully compare these two chronological divisions and ascertain which is

more suitable to this research, the first thing to look at was how these different

time periods divisions distribute the data into asserblages based on time and

region. Table 2and Table 3 display the number of analyses per time period and

region by both theO A O A E(Bigie 05))@and OAT T OAB OO AT (Figure BBAD AT AAT ¢
approaches. The numbers highlighted in grey are those below ten and are

therefore unusable. The two approaches provide differently weighted assemblage

but the result was largely negligible as regards evening out the assemblages as a

whole.

Table 3: split of data as defined barbitrary , evenly spaced time periods (as these tables were produced from
an earlier version of the datdase some assemblages have since been altered: NW Anatolia = West and Central
Anatolia, Assyria = Northern Mesopotamia)

NW Anatolia EAnatolia Med Coast N Caucasus SCaucasus Slevant  Cyprus  Assyria  Mesopotamis Luristan  WElam  Kerman Caspian coast E Arabian Pen. Bactria  Total

Late 4th 48 51 15 0 i} 9 0 2 5 3 28 3 47 0 0 217
Early 3rd 28 158 7 0 17 29 0 8 72 9 13 31 4 0 0 3N
Mid 2rd 289 25 30 9 641 41 28 51 135 74 104 37 0 47 0 1511
Late 3rd 298 15 62 52 68 109 91 178 1328 36 45 45 101 262 0 2690
Early 2nd 16 2 8 2 44 99 212 34 238 60 21 1 53 67 171 1028
Mid 2nd 219 41 108 44 87 535 62 0 6 24 34 32 24 47 19 1282
Lte 2nd 0 0 0 107 59 40 26 8 9 30 10 0 78 413 0 780
Early 1st 0 4 0 52 391 22 1 123 6 348 0 1 50 220 0 1218
Total 898 296 225 266 1313 884 420 404 1799 584 255 150 357 1056 190 9097

Tabledd, OPI EO 1 £ ARIOGAOAD®O G AiMHiie Adidddd tifrknt irés (as these talels were
produced from an earlier version of the database some assemblages have since been altered: NW Anatolia =
West and Central Anatolia, Assyria = Northern Mesopotamia)

Perods Dates . NWAnatalia EAnatolia Med Coast NCaucasus SCucasus Slevamt Cyprus  Assyria Mesopotamia Luristan  WEHam  Kerman Caspiancoast EArmbianPen. Bactria | Toml
P [3500-3151| 33 49 0 0 2 7 0 0 il 1 28 12 47 0 0 230
P2 (3150 -2901 20 32 15 0 6 2 0 4 23 8 0 14 0 0 0 124
P2 |2900-2701| 28 123 3 0 16 51 23 6 49 3 13 17 6 1 0 339
P4 127002301 297 25 30 9 642 44 28 107 633 79 110 35 95 89 0 | 2243
PS  [2300-2001| 290 15 62 93 71 110 91 122 813 i 40 44 6 220 0 | 2008
PE {2000 - 1601 16 2 13 6 44 288 214 34 241 62 21 33 53 49 190 | 1266
F7 |1600-1201( 219 41 102 141 133 393 76 10 7 28 44 3 65 81 0 1343
P8 |1200-901 0 0 0 9 33 6 10 ] 12 85 0 0 71 40 0 576

Total 903 287 225 258 1249 901 442 291 1849 297 256 158 343 480 190 | 8129
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The crucial issue was to ascertain to what extent the chronological distributionf
data affected the results; does attribution of data to different time periods affect
the pattern visible in the resulting copper assemblage? In order to test the
legitimacy of both of these approaches the percentage of the Mesopotamian
copper-base asserhlage made of copper group 1 (no traces of arsenic, antimony,
silver or nickel z described in section4 of this chapter) was plotted by both

chronological methods Figure 17 and Figure 18).

Contextual chronology
30

25 /\

; / -\

. [\

o [\

: / \
i /\A‘l \

3500- 3151 |3150-2901|2900- 2701 2700-2301|2300-2001|2000-1601|1600- 1201 | 1200-901

n=49 n=653 n=813 n=241 n=7 n=12

Figure 17: Percent of entire Mesopotamian coppebase assemblage made of copper group 1(containing no
traces of arsenic, antimony, silver or copper) split into @aontextually dependnt chronology

Arbitrary chronology

30

25

20
15 /\ /

. » ahhd
: AN /
/

\/

3350-3001 3000- 2651 |2650- 2351 |2350- 2001 |2000- 1651 | 1650-1351 | 1350-1001| 1000- 751

n=>5 n=72 n=135 n=1328 n=238 n=6 n=9 n=6

Figure 18: Percent of entire Mesopotamian coppebase assemblage made of copper group 1(containing no
traces of arsenic, antimony, silver or copper) split into aarbitrarily defined chronology
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The advantage oflie contextualchronology was only useful in that it separated out
the data for the Early Bronze AgeKigure 17), providing a more nuanced picture
where there was the data to supportit. However it also condensed the second
millennium into only two periods, which did provide larger assemblages, but they
became less nuanced in the process and some patterns of change were lost when

condensed (for comparison se&igure 18).

The variation in period length also posed a probleny a period of two hundred

years at the beginning of the third millennium was given as much visible
significance as almost half of the second itkennium, a scheme which does not
provide an even field for noticing patterns and emphasizes those regions in which

the 3d millennium BCE has been more thoroughly investigated.

In addition, although the contextually dependentategories were based on gesral
moments of cultural or sociepolitical change across Southwest Asia, they could
never accurately represent trends of change equally in all regions: this would
effectively prioritise those regions which have been studied in tandem with one
another throughout archaeological history. They could also not be applied to any
other additional regions outside of Southwest Asia. This is especially important to
bear in mind along with the knowledge that for much of the past two centuries
O. AAO %AOOA Ove b&d OvervAelbningly BVfesecentric, and the
AEOITTT1TCEAO OAEI AAO OEAO AEAOY OPAOEDPEAOA]
through their perceived centre, which was more securely dated owing to the larger
focus of regional study. The aim of this resgch is to make comparisons across a
large area, which cannot be done objectively if the chronologies of a handful of

regions are prioritised over others. What is interesting is that in both chronological
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examples the change in pattern of copper use oveirte remains generally similar

with both chronologies, suggesting that these patterns themselves are reliable.

41 O0i I AODEOArarbitarig MEBT EDEACUB0 xAO OOAAR OA
Gontextually dependenAEOT 1T T 1 1T CU8 ET 1 OAA Opshnis overOi OE A A
time through which to view change in patterns, while simultaneously allowing for

varying archaeological traditions in recording of data and artefacts. This is also an

attempt to present a general view of the movement of copper and its alloys ev

time and space: it is therefore impractical to attempt to base the assemblages on a
chronological scheme that does not fit all regions of interest. Where there is

something to focus on within a specific region it is then possible to look at that

data with the correct and regionally specific chronology applied.

2.3 Category assignment

If the time range given for an analysed object is larger than one of tieAOAE OOAOU
AE OI 1 lpéribd§ &r &rosses the boundary of one or more periods, it has been
assigned tothe period in which the mid-point falls. For example, the migpoint an

object dating from 3000 to 2200 BCE is 2600BCE, and it therefore is categorised as

mid-3rd Millennium BCE (26507 2350 BCE). The reasoning behind this is that the

mid-point will fall w ithin the period during which most of its potential existence

has been and is therefore more likely to belong to that period. This approach has

been used on time periods of up to 1100 years, but any object with a larger time

period attributed to it has been left out of the analysis.
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I 1 AOCA 10i ARAO T &£ TAEAAOO &O01TiI OEA #AOAA
-EITATTEOI 6 ET OEA 1 EOAOAOOOAY ODBAOGA EAO/
i ET 1 ATinlthie @dtabase. Clearly this is less than ideal. One possible alteima

to this dilemma would have been to attribute objects to all time periods covered

(effectively tripling their quantity in the database), however this would place more

importance on objects analysed by certain technical methods and enhance the

differences between analytical techniques. In Cuéno(2013), objects covering

such large time frames wereassigned to the earliest time period, however that

approach is not suitable here as much of this research focusses on when alloys

were first adopted. If there were more usable data in the archaeological record,

such ambiguous dating techniques could be aided, and those analytical results

cut from the database.

A second option would be to randomly assign 3rd millennium objects to each of
the three periods, therefore distributing the chances of biasing the data, however if
all the objects with vague time fames are kept within one period, more reliability
can be placed on the data from the periods on either side. As it is, caution must be
reserved for outlandish results relating to the mid3rd millennium and mid-2nd

millennium BCE in certain regions.
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2.4 Chronological obscurity in legacy data

As is the case when categorising keys and differing schemes which have been
inherited by numerous sets of researchers, the timeodes within the SAM
database (Krause 2003) were difficult to interpret. A large part oftis stemmed
from the original European focus of the research, which was then adapted to
incorporate a wider region, and additional time schemes tacked on during

collection.

A workable chronology has been arrived at but its reliability will always remain

somewhat uncertain. The presence of duplicate data (see sectidh3 in this

chapter) was not sufficient to aid interpretation as there were discrepancies

between the two sets (i.e. objects datintgp the time-DAOET A O' AOGOA tn 50
ET +O0AOOA j¢mmoqgqh OAOET 601 U £AlI1l EITOI OEA

Il CA6 AT A O(EOOEOAG ET %OET jpwewqq 4EEO AT ]
data provided with an unreliable chronology, orthe data connected to an older

chronology which could be out of date. As mentioned earlier, the SAM data was

chosen in order to keep data compatibility within the database.

As mentioned above, the chronological key that accompanied the digitized SAM
database (Krause 2003) was focussed toward Central European prehistory.
Several different chronological periods were assigned to each numerical code, or
were provided with actual dates, which in turn were attributed to an object.
Chronologically these time perbds varied significantly, even up to a millennium.
For ease of description each time code has been allocated a colokig(re 20) and

each chronological typesite period depicted ona timeline (Figure 19).
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Figure 19: Dates of each time code by separate chronology listed to highlight disparity between the dates
they refer to by chronological schemes
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07 4. Jahrtausend; Hissar IA und B; Gaura 9

10 3. Jahrtausend; K 1

12 3000-2700; K Ia; Hissar IC; Gaura 8

15 2700-2450; K Ib; Hissar Ila; Gaura 7; Karan. VI

2 2700-2450; K1I

2 2450-2200; K lla; Hissar 11, IIb; Gaura 6

25 2200-1900; K IIb; Globe SK; Schw. Pfahl; Hissar III C/ B; Gaura 5
3 FB I; Gaura 4

4 FB Ila

=) FB IIb; Horizont Koszider

59 2. Jahrtausend

6 Mittelbronzezeit

70 bronce moyen III; Briard 1200-1100

73 bronce final I; Briard 100-900

74 bronce final II; Briard 1000-800

75 bronce final III; Briard 800-600; ,,Ier age du fer* 900-700

Figure 20: colour coded key of time periods for the chronological chart, with descriptions as published (Krause
2003)

Codes 07 to25 provided the most challenging problem as dates were given, but
they did not correspond to the typesite periods also referenced. An example is
OEAO T £ AlZA o +Ogmdmpm ( EOOAO ) #n ' AOOA
dates provided in this ime code span over a millennium and a half. A fair
assumption is that the dates and periods provided refer to specific regions, i.e.
Tepe Hissar would apply to all objects from Iran assigned to code 12, and the same
for Tepe Gaura and Iraqg. However, code2lwas assigned to objects from the
Caucasus, the Levant, Cyprus and Turkey, as well as Iran and Iraq. For the 3rd
millennium BCE the Tepe Gaura chronology was chosen as it seemed to have more
application to regions such as Anatolia and the Levant: in theapt these regions
have been viewed as peripheries and therefore the chronological periods might
bear more correspondence with the Gaura chronology. Tepe Gaura is not a reliable

type-site as it is securely dated mainly relative to itself and is only firmlgated up

to Gaura 7 (for these dates refer to Rothman 2002). Gaura 6, 5 and 4 had to be
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dated by the links to Mesopotamian time periods in the
literature (Early Dynastic Ill, Akkadian and Ur Il

respectively).

The time periods of the second millennium wee

interpreted as Central European descriptions, and the
dates followed accordingly. One of the principal
chronological systems used in Central Europe is tha
established by Reinecke for Bavaria and later
incorporated into the wider region (Harding 2000,

p.10). Though the Late Bronze Age codes made use
the French chronological system,these were also
OAT AGAA O 2AET AAEABO Adi(
al. (2013, p.19). The final clionology chosen and used

for the data provided in the SAM database is shown ir

Figure 21.
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3 Geographical scope

This research aims to provide a chronological time frame for the pattes of
technological change across Southwest Asia. Though the regions represented in
this thesis had contact and exchange extending far beyond Southwest Asia, it is
these regions that are interconnected time and time again over several millennia.
Cultural expansion, transmission of goods and ideas and the changing nature of
politics are highly connected across the subontinent, with varying levels of
intensity. The distribution of sites included in this thesis (excluding sites for which

no co-ordinates coud be found) is displayed inFigure 22.

Figure 22: Map depicting the sites included in the database of Southwest Asian copfiirse objects used in
this thesis for which coordinates coud be found
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3.1 Regions

Though modern political boundaries have no bearing on those of the past, regions
have to be formed to make categorisation of data easier to digest. The regions were
chosen partly on the foundation of previous regional research, whicis admittedly
usually focussed within one modern country. The regions are not wholly culturally
specific, as during the long timeframe covered in this research regional dominance
expanded, receded and was often fought over. The zones have therefore alserbe
separated or combined owing to topographic features. For example the
Mediterranean region of Anatolia and the Northern Levant are presented as one
OACEIT j OEA O- AAEOCAOOAT AAT #1 AOGOG6qQ T xET ¢ OI
this had on maritime trade. Where cultures have expanded or receded at certain
times in history, they are mentioned in the discussion, but the physical regions

discussed have fixed boundaries for the purposes of this thesksigure 23 is a map

of the regional zones.

/[l west and Central Anatolia
[l rediterranean Coast

. Southern Levant

[ cyprus

[ ] eastern Anatolia

- Southern Caucasus

D Northern Caucasus

. Northern Mesopotamia \\\
. Mesopotamia
B vruristan

. Western Elam
Caspian Coast
. Central Iran
. Kerman

. Eastern Arabia

Figure 23: map of Southwest Asia depicting regional areas used in this thesis

117



4 4 A O/ o& OA 3UOOAI 6

The main aim of the Oxford System is to create a toolkit which als for the
detection of change and continuity in patterns of metal use over time and space. By
developing a set of diagnostic tools that can be applied indiscriminately to data
that crosses national and linguistic barriers, the flow of copper across vastvathes

of the globe can be systematically studied. Within this system copper objects and
fragments are considered base units of the wider flow of material in use and by
studying the assemblages chronologically and regionally, patterns of change and
continuity can be ascertained. These patterns can then be studied more closely in a

way that may provide information about human interaction and activity.

However inherent bias in the database must be remembered as certain object
types may have been analysed merfrequently. This poses a problem if there were
systematic differences in copper composition used for different objects, for
example the daggers and axes found in the Moons Hill Hoard on the Isle of White

(Needhamet al.1989).

Historically, archaeometallurgical studies, especially in Southwest Asia, have
focussed on the provenance of metals in use in the region. By linking the chemical
OFET CAODPOET 08 1 /£ sbukedspitAsth@Gpedid estéblish €villende & T OA
trade and communication between regions. Certain assumptions have to be made
before this can be successful: that the trace elements in the ore automatically and

with an unchanged ratio transfer to the resultantmetal during smelting; that the

object follows a direct and linear trajectory from ore to raw material, from raw
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material to object, to trade of object and deposition of the unchanged object in the
same region; and that no recycling, renelting, mixing or fixing of the object
occurred during its linear lifespan. There may be many objects which did follow

such a trajectory, but it cannot be assumed for all objects.

Recycling in this sense is not intended to carry connotations of modern, waste

reducing recyding, but to convey the myriad changes that may have been applied

to the metal in question: an edge of a knife blade that is reheated and retouched; a

single object melted down and recast as another single object; several items recast

into one large item; or a combination of objects, scrap metal and fresh metal

melted down and mixed to create a new batch of raw material. All of these

processes affect the chemical composition of the metal in ueOEA OZAET CAODPOE
elements could become mixed, diluted, or # more volatile chemicals lost. Even if

the object remains in its original, firstcast shape there is no telling how long it was

in circulation, or how many times it has been traded, gifted, lost or moved.

There are three main approaches to the Oxford Sgsn(Pollard et al.2018):

(rhe Toolkit: the ®xford systemd

Based on the model developed above, we have devised a system

j O1T 1 AGEI AO OAEAOOAA Oi AO OOEA |/ @& OA O
set of three separate but interlinked groups of tools:

OOAAA Al Ai AT O AT 1 Pl OE oHkchfocuste®onO# 1 DBHDAO ' O
information derived primarily from the copper ore source(s), but

which may potentially be altered by subsequent human

manipulation of the metal,

AT 1T U AT 1 bpi OE OFBvhith isjddined tb bethe @sub A & q

of intentional action, as crafipeople choose to add metals to modify

the characteristics of the material (fluidity in casting, colour,
hardness, etc., or perhaps to give additional symbolic significance),
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but subsequent mixing and recycling might move the assemblage
away from the orighally-designed alloy compositions,

lead isotope composition, which can give information about the
source of copper, or the added lead, but is also susceptible to
Al OAOAOGET1T AOA O1 A1 OEOI PTI CATEA | EQEI CS8

/11T U OEA EAEOOO OxI O Ofiedisia®léad ibodBic cAnpbstichA A OA A

was not routinely analysed across the copper assemblages of Southwest Asia.

4.1 Trace element composition: Copper Groups

The Oxford System for trace elements revolves around the allocation of copper
AET A0 ET O GBATEIDAIOOLKG OO OAAOGA 1 00 CAT COA
patterns of change in the use of metals, first used by Br&2009) to study copper

use in Britain and Ireland, and consequently by Bray and

i':a” Pollard (2012), Cuénod(2013), Perucchetti(2015), Hsu

ib (2016) and Liu (2016) and now as part of the FLAME
g

Ni project, across many parts of Eurasia.

AsSh

SbAg

AgNi The first step of this method is to define each object,
AsA

SbN? scrap or fragment in the database by copper group.
AsNi . : .

AsSbAg Copper is assigned to the different groups by the
ibsgx_" presence or absencef arsenic (As), antimony (Sb), silver
S |

AsAgNi (Ag), and nickel (Ni).Figure 24 shows the combination of

AsSbAgNi

Figure 24: group composition each groupz a coloured square denotes the presence of
categories. Coloured square

'{;%'i%s presence of €leMer the element labelled at the topof the column and a blank

square its absence. These elements represent a range of thermodynamic
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behaviour, from arsenic (the most volatile) to nickel (the least volatile). As these

elements react differently to being reheated or melted, their change can be

reflected in the copper groups.

7EAT AEOAOOOEI ¢ OEA AT BPAO CcOi 6pOh OEA OOA
A 00 AT AT AT OO6h AT A EO 110 1 AAT OzdopperEl BT U A
AOT T AiI PPAO CcOiI 6b p j OAl AAhnd gadfeic.(tiisAlsoAT T OAET
necessary to clarify that these groups are not considered as specific sources or as
OOUPAOGSE T &£ 1T AGAT ETTx1 AT A OOAA AU Al AEAI
groups and copper can move between them, something which allows tes study

the patterns they create in the archaeological record

For example, copper smelted from an arsenic bearing ore and buried in the form it
was cast would likely be attributed to copper group 2 (A®nly). If the object
contained alloying levels of asenic (>1%) it would still be considered within this
copper group for the purposes of the flow of copper. In studying the broad
distribution of copper group 2 (Asonly) through space and time it might be
possible to identify patterns of production and digribution. This kind of general
approach was used to great effect by Chernykti966; 1970) in his studies of the
early metal age of the formerSoviet Union. Within such a system, we might even
expect traditional provenance studies to be possible. However, we have to
recognise that such a direct pathway from ore to object will be taken by a
relatively small proportion of the metal produced within a given society. Most
metal objects will go through phases of finishing, polishing, reworking, reshaping,

and so forth, during their lifespan. This is a reductive process and, given the issues
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associated with arsenic segregation, a proportion of the arsemiwithin an object

may be lost.

Such objects may eventually be renelted (with a possible further reduction of

AOOAT EA ET OEA DPOI AAOOQs 7EEI A OEAOA EO A
within the system, such losses may be imperceptible, buttiie supply of this metal

ceases we would expect to see a gradual drop in the levels of arsenic present in the

metal objects produced, used and deposited. Eventually, significant parts of the
assemblage would contain sufficiently low levels of arsenic thahey would fall

below our thresholds for this element (see below), these would then be classified

AO OA1 AAT 8 AT PPAO CcOiI OP p 1 AGAIT 8 7A x1 061 A |
away from a production region saw metal moving across both physical and

cultural space. As different societies chose to rework the metal they received into

their own preferred forms or types, the processes of transformation could result in

chemical change. This could happen slowly, through simple recycling of a single
circulating stock, or it could happen more abruptly as a result of mixing one kind of

metal with another. In both cases we would see structured patterns of change

across space and/or time in the general character of the copper in circulation.

This consequence is cleayl not something tangible that we see in the database, as
the objects are analysed in their final form and we cannot guess whether or not
they were originally made out of arsenical copper. However, if we accept that
recycling and reuse of copper occurred ¢r at least if we accept that thepossibility

that recycling occurred) throughout the Bronze Age then the stream of copper in
use will have been transformed by human activity. Even if the chemical

OFET CAODPOET 086 1 AOAEAA OE A0 wih gertadnty thit@A  O7T OOA
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xAO 1106 AT Al OAOAA OZET CAODPOET 068 (1 xAOAO
certain intervals and its overall composition within that assemblage and
comparing this to assemblages of other periods or regions, we can begmgee a

pattern of use as each group oscillates. This pattern is then studied alongside the

archaeological context.

Though this method only uses As, Sb, Ag and Ni for interpretation, this is not to
suggest that other elements such as bismuth, cobalt, sulphetc. are not equally
useful. The four elements chosen cover a range of thermodynamic behaviours in
oxidizing and molten conditions, resulting in a diagnostic pattern shift if treated
consistently. These elements are also often linked to various ores Wih this
region; for example arsenic and nickel with Omani coppgiBegemannet al. 2010)
and have therefore been sought often by archaeometallurgists. Bismuth andbalt
have also been commonly sought over time, though not as consistently, but adding
a fifth element would widen the number of categories of to an unwieldy 32 copper

groups.

4.2 Presencel/absence threshold

The baseline for the assignment of copper to onef dhe sixteen copper groups

AAPAT AGO 11 OEA ODPOAOCGAT ARG 10 OAAOCAT AAS 1T E
!'Ch . EQ8 4EA T ETEI O OEOAOEITA I O AT Al AI
Oxford System is 0.1%. Though in some respects this euff value is arbitrary, it

provides universality across and large and varying dataset. The numerous

analytical techniques used in the acquisition of data across Eurasia has resulted in
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many differing minimum detection levels, both between elements and between

research programmes. Modern techniques may have minimum detection levels of

0.01% or lower, but optical emission spectroscopy (with which the main bulk of

copper from the Caucasus was analysed) may have minimum detection levels as

high as 0.1%(Pollard et al. 2018). In order to utilize all data fromacross Eurasia

ANOGAT T U OEA OEOAOEIT A &£ O ODOAOGAT AAS 1T 0 OA}
detection level for all techniques. This allows for pamegional synthesis of data.

~ ~

yT " OAUG @009) St Bnd £liénod(2013), the minimum threshold of
presence varied for each element: As 0.25%, Ni 0.1%, both Ag and Sb 0.05%. These
cut off valueswere chosen in relation to the behaviour of the elements themselves
as displayed in distribution diagrams (Cuénod 2013, p.270) This added a
subjective and regional influence on the resultant pattern and was therefore not as
easily compared with assemblages from a wider geographical territory. It also ran

the risk of silver and antimony being obscured from older analytical programmes.
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Figure 25: Difference produced by changing the minimum threshold level of each group applied to the entire

copper-base assemblage from Southwest Asia. Cuenod: ®25%, Ni 0.1%, both Ag and Sb 0.05%, Current:
0.1% As, Sb, Ag, and Ni
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Figure 25 depicts the entire Southwest Asian coppebase assemblage assigned to
copper groups based on the former presence threshold and theurrent, to
compare the differences in copper group pattern dependent on approach. The
main difference between the two approaches is the larger percentage of the total
assemblage assigned to copper group 2 (Asily) using the current methodology.
There are also fewer objects assigned to copper groups 15 (AsAgNi) and 16

(AsSbAgNi).

4.3 Normalisation of data

The analytical data contained in this database was not normalised to 100% of the
object weight, the reason being that the aim is to understand the reasob&hind
patterns of change, and this is more accurately acheieved if thactual
compositional quantity of alloying elements measured is used for analysis, rather
than the theoretical compositional quantity. Objects with low totals when all
element quantities were combined were removed from the study. Another reason
why all the data was not normalised is the variable nature of much of the data
itself: often there was no numerical quantity for copper, usually when the
analytical method was Emission Spectroscgp In some instances it was labelled
OAOI ES8 1T O OIAET 6 AT A ET 1TOEAOO EO xAO
cases the cumulative quantity of all other elements provided was detracted from
100%. This is problematic for several reasons, the an being that it is highly
unlikely any analytical results will neatly amount to 100%, and it presumes that all
elemental composition sought was provided. However this approach was the only

option available without sacrificing an enormous amount of datalt also meant
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that normalising the data that did have copper totals provided might enhance
guantities of trace elements and distort the findings of certain assemblages. As this
often relied on the analytical method used in its procurement and, as discussed
more fully in section 1.2, the choice of method was often regionally or temporally

biased it would render inter-regional or inter-chronological comparison unsound.

In the case of designating copper groups, the four elements §ASh, Ag, and Ni)
must be normalised to the object total after the removal opurposefully added
components. The totals of zinc, lead, and tin were detracted from the (un
1100 Al EOAAQq O1 6Al h AT A OEA OAT AETETC OEI BC
represents an issue over the question of deliberate alloying of arsenic, which is
especially pertinent to this research, and indeed antimony, silver, and nickel as
well. However in the diagnostic stage of copper group categorization intentionality
behind the resulting composition is not in focus: it is the question of copper in
circulation at that time and its patterns of change that is under scrutiny. Further
assessment of alloying traditions whichdo include arsenic, antimony, silver, and
nickel are dealt with separately. The main aim in the process of categorizing
copper groups is to ensure that copper containing above the presence threshold of
a diagnostic elementbeforetin, zinc, or lead was added does not become obscured

by the saturating effect of the aded material.

4.4 Copper Group Ubiquity

Once all data in the database is assigned to its Copper Group, the next step is to

AAl AOIi AGA OEA OAENOEOU 1T &# AAAE CcOiI Ob xEOEE
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here does not imply a fixed stity as it can be defined by the research question

AAET ¢ AOCEAA 1T &£ EO8 O! OOATI Al AcCA8 ET OEEO OE
specific region rather than a site, and from a specific time period (as outlined in

section 2.2). For example, if comparing copper objects from across Anatolia

throughout the 39 and 2d millennia, the collection ofearly 39 millennium copper-

base objects fromEastern Anatoliawould count as one of the assemblages under
OAOOOET U8 I14/ECEAB OMAGOAGEAAT AA  Aid-bréndd(>1981 x1 A£OC
Sn) assemblage fromearly 39 millennium Eastern Anatoliacan be compared

against the unalloyed copperassemblage fromearly 39 millennium Eastern

Anatolia. The ubiquity of each copper group is pesented as the percentage of

objects of in each copper group based on the total of that assemblage.

Region (e.g. E Anatolia) Copper Groups
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | Assemblagg
Clean As Sb  Ag  Ni  AsSb SbhAg AgNi AsAg SbNi AsNi AsSbAGbAgNiASSbNAsAgNiAsShAgNi total
Late 4th
T Early 3rd
i Mid 3rd
m Late 3rd Percentage of assemblage
e E’\/Ellizyzif;d (number of objects in each group/total of all objects made of each copper group*100)
v| Late2nd
Early 1st
Time (e.g. Mid-3rd millennium) Copper Groups R
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 | Assemblagg
Clean As Sb  Ag Ni  AsSb ShAg AgNi AsAg SbNi AsNi AsSbAGbAgNiAsSbNASAgNiAsSbAgNi total

R| |W&C Anatolia
e | |E Anatolia
g N Mesopotamia|
i Mesopotamia Percentage of assemblage

W Elam (number of objects in each group/total of all objects made of each copper group*100)
O] |Luristan
Ny, s Caucasus

E Arabia

Figure 26: Example tables of how copper group ubiquity tables are presented throughout this thesis. Upper
table depicts one regiam through time, the lower a table across space during one time period

This is then typically presented in the form of tables which display all
chronologically assigned assemblages in one region or regionally assigned

assemblages during one time periodrigure 26 is an example of these tables. It is
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then possible to infer patterns of change across space and time by the oscillation of
certain groups. If the assemblage contains fewer objects than twenty then this is

highlighted by hatched lines owing to the distortion this may place on the results.

There are further steps that can be taken such as element profiling and certain
mapping techniques of the assemblages, however these are not included in this
research so wil not be outlined. For a full description of further possible

applications of the Oxford System for trace elements see Pollagtial. (2018).

4.5 The Oxford System for alloying composition

The approach to ancient alloying is similar to that of the Copper Group allocation,

as it involves classification of alloysA AOAA 11 ODPOAOGAT AAE 10O OAA
elements (tin, lead, zinc, arsenic, antimony, silver, and nickel). Although iron is not

a traditional alloying element owing to the detrimental affect it has on copper

(discussed in more detail in Chapter Fivesection 8.1), it is also included as it

indicates certain practices and changes in metallurgical tradition.

4EA OEOAOEIT T A & O AT A1 AT AT O O1 AA AilT OEAA
of 1% for each of these elements. Thivalue is lower than those used for

perceptive levels of alloying elementgLechtman 1996; Kuijpers 2017; Médlinger

et al. 2017), however it is considered for several reasons. Firstly, unintentional

alloying though not relevant to active human interaction with material

nevertheless highlights certain aspects of ore choice and copper in use across

Southwest Asia. Secondly, though the fabrication of an alloy may have been

intentional, in some instances there may hav been less control over the final
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composition of the material. Thirdly, recycling and/or mixing of copper alloys may
result in dilution of the alloying signal. By lowering the alloying presence threshold

to 1%, nonstandard alloys are not obscured from tk record (Pollard et al.2018).

In Chaptr Five the aim is to ascertain changing alloying patterns across space and
time and to investigate them alongside the archaeological context. In Chapter
Seven alloying traditions based aroundperceptive categoriesare considered to
answer guestions aboutintentionality and human interaction with, or awareness
of, the material (Modlinger et al. 2017; Kuijpers 2017). The methodology behind

this is described in Clapter Seven, sectior3.

In Chapter Five sectiorB.1 the level of focus is slightly different and therefore the
presence threshold has been altered: the aim is to study pfd millennium BCE
tin-bronzes, some of which may have been produced accidentally. As coppar
ore is not abundant in this region, the criterion for copper to be considered as a
copper-tin alloy has been widened: the presence threshold here is considered at
0.5% Sn. It is not sugested that these alloys were necessarily recognisable, but
this cut-off value allows for isolated pockets of early tifbronze use to be visible in

the record, and from there scrutinized further.
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5 ChapterSummary

In this chapter many advantages and dalvantages to the collation of a large data
set spanning several regions, millennia and centuries of archaeological research
have been discussed. The reasoning behind solutions to several obstacles towards
the legitimacy and compatibility of the data havebeen outlined. The chief
drawbacks of such a database are ambiguities in contextual and analytical
notation, the unevenness of regional research interest, and a variation in analytical
techniques, all of which are to be expected over the course of two canes worth

of archaeometallurgical research and development of a discipline. A similar issue is
the integration of several chronologies developed by different archaeological
traditions, conducted in various languages on regions that have culturally

overlapped for millennia.

The advantages of a large dataset include placing less reliance on individual
objects or a small set of objects, in which the analytical technique used may have
more of an influence, and via which implicit assumptions are made regarding
comparisons of such small sets. In considering broad patterns of change, the larger
the dataset the more diagnostic the initial analytical steps. It is then important to
look more closely at the resulting patterns alongside the archaeological context, so

as to avoid reduction of people and objects to compositional categories.
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Chapter Four: Regional Profiles

In this chapter each region will be characterised by a metallurgical profile, the aim
of which is to create a consistent summary of regional préice that can be
compared across space and time. These profiles include patterns of copper and
copper-alloy use; the tin content of all tirbronzes in each assemblage; the
diversity of copper groups and their fluctuation between dominance, presence and
absence; and finally the average arsenic, antimony, silver and nickel contents of
assemblages. Each region will be addressed in an order roughly in keeping with a
northwest to southeast orientation, in so far as possible, starting with West and
Central Anatdia and ending with Eastern Arabia. As the region covered in this
thesis is so vast, certain topics of discussion are presented in the text as they will

not be returned to in the discussion chapters.

Table5: Breakdown of number ofobjects within copper-base assemblages by period and region

‘;;t:h: éj:t Cypms SLlevant EAnatolia SCauc NCauwe NDMesop Mesop WElam Luodstan Ccailiiﬂ EP:;T;?: Kemman Total

Late 5th 2 0 0 0 0 25 0 3 0 0 0 5 0 2 37
Bady 4th| 20 21 6 86 4 17 0 4 0 68 0 33 0 2 279
Mid4th | 10 0 0 0 1 6 0 24 66 0 1 7 0 17 135
Late 4th | 44 15 0 9 39 40 92 18 3 28 3 47 0 3 375
Eady 3cd| 74 2 0 29 162 18 0 8 72 13 9 4 0 32 423
Mid3d| 289 56 31 40 21 634 180 65 101 123 55 0 47 37 1680
Late 3ed| 299 70 93 106 10 85 25 190 1316 44 36 101 262 63 2701
Eadly 2n 16 87 214 31 2 60 14 39 213 19 60 33 67 1 1079
Mid2nd| 209 118 62 503 49 84 51 10 6 35 23 24 47 32 1272
Late 2nd| 0O 0 26 43 0 61 106 12 5 20 31 78 35 0 417
Barly 1st 0 0 1 22 22 391 52 123 6 0 349 51 220 1 1241
Mid Lst 0 0 0 4 0 29 1 4 41 1 17 17 0 3 118
Late lst | 13 0 0 0 0 18 0 8 2 0 1 0 0 12 54
Total | 988 369 433 873 311 1472 521 529 1834 351 585 420 678 211 9838
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Table 5 is included here for reference of total numbers of objects in each
assemblage, though where the assemblage is small enough to be unreliable the

number is indicated in the relevant chart.

1 West and Central Anatolia

1.1 Bronze ubiquity

From the late 4" millennium to the mid-2nd millennium BCE, arsenicabronze was
generally the dominant copper alloy in West and Central Anatolid={gure 27). Tin-
bronze use in the region reached its peak in the mid and lated3millennium, just
equalling the use of arsenicabronze at between 30% and 35% of the assemblage.
Tin-bronze use then decreases in then2 millennium, accounting for only 12% of

the assemblage.

The use of tinarsenicbronze (>1% As and Sn) increases steadily from the
beginning of the 34 millennium to the mid-2"d millennium BCE Eigure 28). This
could indicate mixing of arsenicalbronze with tin-bronze over time, or the
addition of tin to local, arsenic rich copper sources. Unalloyed copper increases
from the mid-3rd millennium to the mid-2"d millennium at a similar rate to mixed
bronze z both situations together caild indicate increased reuse and recycling of
objects, as on the one hand we see a potential loss of arsenic and on the other an

addition of an alloying-component to an already alloyed material.
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Percent of entire West and Central Anatolian copper-base assemblage made up of
100% tin-bronze and arsenical-bronze over time
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Figure 27: bar chart showing percat of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in West and Central Anatolia.

Percent of entire West and Central Anatolian copper-base assemblage made up of
100% copper-arsenic-tin and unalloyed copper over time

90%
80%
70%
[=T+]
"£60%
&
©50%
<

=
E20% W CuAsSn
o

T OCu
S-30%

20%
10%
0%

n=44 n=7/4 n=289 n=299 n=16 n=209 n=0 n=0

Late 4th Early 3rd Mid 3rd Late 3rd | Early 2nd | Mid 2nd Late 2nd Early 1st

Figure 28: bar chart showing percent of assemblage made up of copparsenictin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in West and Central Anatolia.
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1.2 Tin content

The tin-bronzes from the late 4" millennium BCE represent a small and similar
group of material with medium to low tin concentrations Figure 29). However
once we move into the early 8 millennium BCE this pattern alters completely; not
only does the median tin content jump to ~12% but there are also two unusually
high tin objects (a dagger containing 30% and a pin containing 35% Sn)hd large
range of tin composition at this time period between 6% and 35% Sn reflects little
uniformity. In the mid-3@ millennium and late 39 millennium BCE the median
stabilises around 89% Sn, and larger numbers of objects fit into smaller ranges

seeming to show a level of stability in metallurgical tradition.

20 Tin content: West and Central Anatolian tin-bronzes

35 4

oo O

n=5/44 ‘ n=15/74 ‘n:123/289‘n:123/299‘ n=1/162 ‘n:55/209‘ n=0/0 ‘ n=0/0 ‘

Late 4th ‘ Early 3rd ‘ Mid 3rd ‘ Late 3rd ‘ Early 2nd ‘ Mid 2nd ‘ Late 2nd ‘ Early 1st ‘
Millennium BCE

Figure 29: Box plot depicting tin content of all tinbronzes (>1% Sn) from West and Central Anatolia

The mid-2nd millennium tin -bronze objects contain the lowest media tin content,
but the maximum tin-content rises to around 15% in three objects. The decrease in

tin content presents a similar picture to the decrease in the overall number of tin
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bronze objects during this period, and possibly reflects a change in metaiyical

tradition or availability of tin as a material or ready-made objects via trade.

1.3 Copper Groups

From the late 4" millennium to the mid-2nd millennium BC, copper group 2 (As
only) is the most dominant copper composition in West and Central Anatolia
though it decreases slightly over this time from 57% of the assemblage to 42%
(Table 6). The only time this is not the case is during the early8millennium BCE,
when just over 50% of the assemblage is made &1 DDA O C O1zBH ShpAg
and Ni), which is a unique occurrence in the entire region of Southwest Asia and
through time. All of these objects have been found at Demircihtyuk: this might
reflect a period of experimentation of many ore sources mixk together, or

perhaps this site being in possession of a different ore source from the rest of the

region.

Table 6: Table depicting the entire West and Central Anatolian coppdrase assemblage split into copper
groups as designatd AU OEA O/ o9& OA OAAET ENOAS S

category

6 Al OAO ET AEAAOA OEA

Clean

As

Sb

Ag

Ni

AsSb SbAg AgNi

AsAg

SbNi

AsNi

Ni

Ni

AsSbA SbAg AsSb AsAg AsSbA

Ni

gNi

Total

Late 4th
Early 3rd
Mid 3rd
Late 3rd
Early 2nd
Mid 2nd
Late 2nd

Early 1st

0%
1%
11%
6%
19%
1%

57%
7%
45%
45%
44%
42%

0%
0%
3%
0%
0%
0%

0%
0%
2%
0%
6%
0%

0%
1%
0%
1%
6%
0%

7%
5%
10%
11%
13%
18%

0%
0%
1%
0%
0%
0%

0%
0%
0%
0%
0%
0%

14%
3%
7%
6%
6%
4%

0%
4%
0%
0%
0%
0%

9%
4%
10%
20%
6%
22%

5%
1%
2%
6%
0%
0%

0%
1%
0%
0%
0%
0%

7%
4%
4%
4%
0%
8%

2%
9%
1%
1%
0%
2%

0%
58%
1%
0%
0%
2%

44
74
289
299
16
209

From the early 3¢ millennium BCE onwards there is an

copper group 6 (AsSb) and a slightly more erratic increase of copper groupl
(AsNi) until both groups make up roughly a fifth of the assemblage. There are

always two or three major copper groups (>10% of the assemblage) in use at one
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time (apart from in the early 39 millennium BCE) perhaps reflecting diversity of

regional minerals or diversity of cultural contacts.

Percent of chemical composition

35

2.5

15

0.5

1.4 Arsenic, antimony, nickel, and silver content

Mean composition of arsenic, antimony, silver and nickel in West and Central
Anatolian copper-base objects

—8—As
—e—5Sb
—0—Ag

—0—Ni

cﬁ:ﬁziaég_.gé

n=44 n=74 n=289 n=299 n=16 n=209 n=0 n=0

Late 4th | Early 3rd | Mid 3rd | Late 3rd | Early 2nd | Mid 2nd | Late 2nd | Early 1st

Figure 30: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease
objects from West and CentraAnatolia

Between the late 4 millennium and mid-3 millennium the maximum arsenic

content increases from 8% to 14%. High arsenic copper is increasingly present in

the region, but not representative of the bulk of each assemblage which contains

between 0.1 and 2% arsenic. The mean arsenic content is much higher than that of

antimony, silver or nickel (Figure 30) but decreases steadily from the late @

millennium to the mid-2nd millennium, when Sbh, Ag and Ni remai quite stable,

though the average nickel content increases during the"®millennium BCE. From

the late 39 millennium to early 2nd millennium the average contents of both nickel
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and arsenic increase by 0.1%, and this could suggest that there is an inflak

copper containing both of these trace elements.

2 Eastern Anatolia

2.1 Bronze ubiquity

In comparison to most other regions of Southwest Asia, tithronze is rare in
Eastern Anatolia throughout the Late Chalcolithic and Bronze Age; although the
absolute amount of tin-bronze in use did increase slightly over time. it never
accounted for more than 25% of the assemblagd-igure 31). There is a dramatic
pattern change in the Iron Age, however, when 85% of the assemfge is made of
tin-bronze. The use of timarsenic-bronze (>1% both As and Sn) is also minimal
(Figure 32). Arsenicatbronze is generally more widely employed, though its use
decreases from the mid2nd millennium BCE (Figure 31). The ubiquity of unalloyed
copper varies slightly throughtime but remains the dominant material. Looking at
the relationships between materials, there is a consistently negative correlation

between unalloyed and arsenicalbronze, which may be significant.
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Percent of entire East Anatolian copper-base assemblage made up of tin-bronze and
100% arsenical-bronze over time
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Figure 31: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in East Anatolia

Percent of entire East Anatolian copper-base assemblage made up of copper-
100% arsenic-tin and unalloyed copper over time
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Figure 32: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in East Anatolia
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2.1 Tin content

The tin content of all six tinrbronzes in Eastern Anatolia is generally low (c. 2%
6.5% Sn) until the mid-2nd millennium BCE, from which point half the assemblage
contains more than 5% Sn Figure 33). Interpretations of this pattern must be
treated with caution due to the limited sample sizes, thougthese may reflect the
pattern of use themselves. In the early st millennium BCE the pattern is very
similar to that of the mid-2nd millennium BCE, though there is a slight shift towards

higher tin-contents.

Tin content: Eastern Anatolian tin-bronzes
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Figure 33: Box pld depicting tin content of all tin-bronzes (>1% Sn) from East Anatolia

2.2 Copper groups

A summary of the assemblages of Eastern Anatolia by period and copper group
(Table 7) shows a number of potentially interesting patterns. The dominant
copper composition in use is Group 2 (As only), with arsenigickel copper

(Groupll) as the second most abundant copper type. Clean copper (Group 1)
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increases and decreases erratically over time, but twice makes up a third of the
asemblage. In the early # millennium, when we see a change in thHbbronze use,
we also see a complete change in copper group pattergswith almost two-thirds

of the assemblage made of arsen@ntimony copper. There was more variation in
copper composition during the late 4h millennium and early 39 millennium BCE

and a decrease in diversity throughout the '3 millennium BCE.

Table7: Table depicting the entire East Anatolian coppebase assemblage split into copper groups as
designeDAA AU OEA O/ o4&l OA OAAET ENOASG8 6A1 OAO ET AEAAOA OEA DA
AsSbA ShAg AsSb AsAg AsSbA
g Ni Ni Ni gNi
Late4th | 8% 33% 0% 3% 0% 3% 0% 0% 5% 3% 23% 0% 0% 18% 0% 5% | 39
Early 3rd | 5% 21% 1% 1% 1% 6% 1% 0% 6% 0% 27% 2% 0% 6% 13% 10% | 162
Mid3rd | 33% 33% 0% 0% 14% 0% 0% 0% 0% 0% 0% 0% 0% 14% 5% 0% | 21
Late3rd | 0% 70% 0% 0% 0% 0% 0% 0% 10% 0% 0% 0% 0% 10% 10% 0% | 10
Early 2nd 50% 50% 2
Mid2nd | 33% 24% 4% 0% 8% 4% 0% 0% 0% 2% 16% 2% 0% 6% 0% 0% | 49
Late 2nd
Early 1st| 18% 9% 0% 5% 9% 59% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% | 22

Clean As Sh Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi Total

2.3 Arsenic, antimony, nickel, and silver content
AEA AOAOAGCA AOOATEA AITTOAT O 1T AE£ %AOOAOT 11
substantially over time (Figure 34). The assemblage from the early 3rd millennium
BCE in particular shows a general increase in arsenic content suggesting higher
availability of arsenic-containing copper at this time. Here it is interesting @ note
that in comparison to mean values of arsenic, antimony, silver and nickel in the
assemblages of West and Central Anatolia, the early Eastern Anatolian objects (late
4th to late 3rd millennium BCE) have higher average nickel values, between 0.3%
and 0.7% Ni as well as higher silver values. From the early to migkd millennium
BCE the average concentrations of arsenic, nickel and silver drop, silver and nickel

remain a similar pattern to one another potentially indicating a link between the

140



two elements. The average concentrations of antimony remain consistently low

across the dataset (between 0% and 0.16%).

Mean composition of arsenic, antimony silver and nickel in Eastern Anatolian
copper-base objects
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Figure 34: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease
objectsfrom Eastern Anatolia

3 Southern Caucasus

3.1 Bronze ubiquity

The relationship between the use of tifbronze and arsenicalbronze in the
assemblages from the Southern Caucasubigure 35) conforms precisely to the
traditional model for the development of a metallurgical tradition. While arsenical
bronze is most common in the early 8 millennium BCE and shows a gradual
decrease in use throughout the Bronze Age, the use of tmonze shows the
inverse, with a correspording increase in abundance over time. If taken together

with the distribution of unalloyed copper and tin-arsenic-bronze (Figure 36), it is
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evident that these alloys remain relatively consistent across the chronaogpcal
range of this study, with only a slightly increasing trend in the abundance of mixed

bronze into the mid-2nd millennium BCE.

Percent of entire Southern Caucasus copper-base assemblage made up of tin-bronze

100% and arsenical-bronze over time
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Figure 35: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn)tend
bronze (>1% Sn, <1% As) in the Southern Caucasus

Percent of entire Southern Caucasus copper-base assemblage made up of copper-
100% arsenic-tin and unalloyed copper over time
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Figure 36: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in the Southern Caucasus
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3.2 Tin content

30 Tin content: Southern Caucasus tin-bronzes
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Figure 37: Box plot depicting tin content of all tinbronzes (>1% Sn) from the Southern Caucasus

Though the amount of tinbronze in use in the Southern Caucasus increases
steadily throughout the 39 millennium and 2 millennium BCE, the average tin

content within this alloy class remains relatively stable (

Figure 37). There is a slight increase, both in maximum and median values, moving
into the late-2nd millennium BCE, but these fall bck again by the early &
millennium BCE. The tinbronzes from the Caucasus represent the most visually

stable tin-industry in comparison to the rest of Southwest Asia.

3.3 Copper Groups

As in Anatolia, arsenieonly (Group 2) is the dominant copper compogsion in the

assemblages from the late @ millennium to the early 2nd millennium BCE, and is
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one of the dominant groups from the mid2nd millennium to late 1st millennium
though diminishing slightly (Table 8). Conwersely, the second most significant
group, arsenicantimony (Group 6), becomes gradually more prominent over time
Z becoming the most commonly represented copper group by the mignd
millennium BCE, but also decreasing from the late"millennium BCE onwads, as
the copper signal in the early ¥ millennium becomes much more diverse and

scattered across various copper compositions.

Table8: Table depicting the entire Southern Caucasus coppbase assemblage split into copper groupss
AAOGECT AGAA AU OEA O/ @gmi OA OAAET ENOAG8 6AI OAO ET AEAAOA
ASSbA SbAg AsSb AsAg AsSbA
Ni_ Ni_ Ni_gNi
Latedth | 3% 3% 0% 5% 0% 3% 10% 0% 13% 0% 3% 58% 0% 3% 3% 0% | 40
Early3rd | 11% 61% 0% 0% 0% 6% 0% 6% 11% 0% 6% 0% 0% 0% 0% 0% | 18
Mid3rd | 19% 35% 5% 0% 1% 17% 0% 0% 9% 0% 3% 3% 0% 1% 6% 1% | 634
Late3rd | 7% 48% 0% 2% 0% 20% 0% 0% 7% 0% 5% 2% 0% 2% 6% 0% | 85
Early2nd| 12% 57% 3% 3% 0% 8% 2% 0% 2% 0% 7% 0% 0% 3% 3% 0% [ 60
Mid2nd | 6% 27% 0% 0% 4% 37% 0% 0% 4% 0% 5% 2% 0% 13% 1% 1% | 84
Late2nd | 13% 38% 2% 7% 2% 23% 0% 0% 10% 0% 3% 2% 0% 2% 0% 0% [ 61
Early 1st| 11% 22% 2% 6% 2% 20% 1% 1% 13% 1% 2% 7% 0% 12% 1% 0% | 389

Clean As Sb Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi Total

3.4 Arsenic, antimony, nickel, and silver content

Mean composition of arsenic, antimony, silver and nickel in Southern Caucasus
copper-base objects
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Figure 38: Line graph depicting the mean composition of arsenic, &mony, silver and nickel of all copperbase
objects from the Southern Caucasus
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Although the most characteristic trend in average elemental composition is a
decrease in average arsenic content over time~{gure 38), it is worth noting a
number of other patterns. Antimony, silver and nickel are present only in low
amounts (c. 0.03%z 0.2%) until the mid-2nd millennium BCE when the average
antimony content appears to rise (c. 0.6% Sb). Similar increases in nickel and
silver content are seen in the late 2 millennium BCE. The average values for all
three of these elements subsequently fall in the earlysimillennium BCE, but
copper compositions containing low levels of these elements remain in use at least
until the end of the study period. The average concentrations of these elements
indicate a significant regional difference from neighbouring regions, and possibly

differing mineralisation of the region.

4 Northern Caucasus

4.1 Bronze ubiquity

Copper alloy use in the Nortlern Caucasus remains very consistent from the late
4t millennium to the mid-2"d millennium BCE, when arsenicabronze use
decreases and tirdbronze becomes more common Kigure 39). Tin-bronze only
amounts to 3% ofthe assemblage in the late '8 millennium BCE and jumps to a
third of the assemblage in the miek"d millennium BCE. It is only in the early &
millennium that tin -bronze is the dominant alloy in the region. Unalloyed copper
only shows any real presence tim the mid-2nd millennium BCE onwards, and
copper-arsenic-tin hovers at 7% of the assemblage during this timeRigure 40).

This pattern indicates some form of change or disruption in the metallurgical

145



tradition fro m the middle of the 2d millennium BCE, after which more changes in

alloy use occur.

Percent of entire Northern Caucases copper-base assemblage made up of tin-bronze

100% and arsenical-bronze over time
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Figure 39: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin

bronze (>1% Sn, <1% As) in the Northern &icasus

Percent of entire Northern Caucasus copper-base assemablge made up of copper-
arsenic-tin and unalloyed copper over time
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Figure 40: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Sn) and

unalloyed copper (<1% Sn, <1% As) in the Northern Caucasus
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4.2 Tin content

The three tin-bronzes from the late 3¢ millennium BCE, all of which came from the
same site of Velikent, contain between 12% and 12.7% Sn, the same values which
constitute the upper end of tin content in later assemblaged=(gure 41). From the
mid-2nd to ealy 1st millennium BCE the range of tin composition is similar through
time (c. 1% 14%), the median content ranges from 4 to 9% Sn. The early40
early 2nd millennium BCE indicates very limited access to tin or tibronze, but the
latter three periods could show some stability of access, reflecting the pattern seen

in ubiquity of tin bronze objectsasdisplayedin Figure 39.

16 - Tin content: Northern Caucasus tin-bronzes
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Figure41: Box plot depicting tin content of all tinbronzes (>1% Sn) from the Northern Caucasus

4.3 Copper Groups

Arsenic-only copper is the most ubiquitous copper composition from the late @
millennium to the mid-2nd millennium BCE, after which point it decreases to only

11% of the assemblage in the late "2 millennium (Table 9). From the early 2d
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millennium onwards groups containing antimony become more prominent in the

AOOAI A1 AcAh TTAA 11TO0A ETAEAAOEITC OIiT A A& O

copper also increases in sm the mid-2nd onwards from 4% of the assemblage to
13%. Around the mid-2nd millennium onwards we also see a jump in copper group
diversity and this continues to increase up to a diversity of 12 out of 16 groups in
the late 20d millennium BCE, again indiciing an apparent change in metallurgical

tradition in the latter half of the 2nd millennium onwards.

Table9: Table depicting the entire Northern Caucasus coppdrase assemblage split into copper groups as
AAOGECI AOGAA RABAGEENOASG & 6AI OAO EI AEAAOA OEA DPAOAAT O
AsSbA ShAg AsSb AsAg AsSbA
g Ni Ni Ni gNi
Latedth [ 1% 57% 0% 0% 0% 0% 0% 0% 0% 0% 33% 0% 0% 1% 8% 0% | 91
Early 3rd
Mid3rd | 2% 84% 1% 0% 0% 8% 0% 0% 1% 0% 2% 1% 0% 1% 0% 1% | 180
Late3rd | 0% 76% 0% 0% 0% 0% 0% 0% 4% 0% 12% 0% 0% 0% 4% 4% | 25
Ealy2nd| 7% 71% 0% 0% 7% 14% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% | 14
Mid2nd | 4% 41% 6% 0% 0% 18% 0% 0% 6% 0% 10% 2% 0% 12% 2% 0% | 51
Lae2nd | 9% 11% 23% 0% 0% 8% 6% 0% 3% 1% 5% 15% 1% 0% 5% 13% | 106
Early st | 13% 21% 4% 0% 2% 40% 4% 0% 2% 0% 6% 2% 0% 4% 0% 2% | 52

Clean As Sb Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi Total

4.4  Arsenic, antimony, nickel, and silver content

The gradual decrease in average arsenic content from the late 3rd millennium BCE
and the sharp increase in average antimgncontent beginning in the early 2nd
millennium BCE as mentioned in the previous section is clearly seen figure 42.
As antimony hits its peak average content, there is also a corresponding rise in

silver content suggesting a link between the two elements.
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Mean composition of arsenic, antimony, silver and nickel in Northern Caucasus
copper-base objects
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Figure 42: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgzase

objects from the Northern Caucasus

5 Mediterranean Coast

5.1 Bronze ubiquiy

Percent of entire Mediterranean Coast copper-base assemblage made up of tin-
100% bronze and arsenical bronze over time
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Figure 43: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin

bronze (>1% Sn, <1% As) in the Mediterranean Coast
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Percent of entire Mediterranean Coast copper-base assemblagesmade up of copper-

100% arsenic-tin and unalloyed copper over time
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Figure 44: bar chart showing percent of assetniage made up of coppearsenictin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in the Mediterranean Coast

Arsenicatbronze consistently makes up between 25% and 40% of the
Mediterranean Coast coppetbase assemblage from the late ™ millennium BCE
until the early 2 millennium BCE Figure 43), after this point tin-bronze usage
increases dramatically and becomes the dominant alloy, though arsenidalonze
is still very much in use. In the mid2"@ millennium BCE arsenial-bronze almost
disappears and tinbronze use increases. The early"2 millennium BCE therefore
appears to be a transition period between two bronzdypes. Unalloyed copper
decreases during this transition period, as does copparsenictin (Figure 44)
suggesting that tin is added to unalloyed copper rather than arsenicéronze. This
appears to change in the mie2nd millennium BCE when a decrease in arsenical
bronze occurs with an increase in coppearsenic-tin alloy usez possibly indicating
a move towards adding tin to local arsenigich copper, rather than readymade

tin-bronze imports.
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5.2 Tin content

Tin content: Mediterranean Coast tin-bronzes
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Figure 45: Box plot depicting tin content of all tirbronzes (>1% Sn) from the Mediteranean Coast

The median tin content of tinbronzes in the Mediterranean Coast region is
exceptionally low in comparison to the surrounding regions until the early ™
millennium BCE Figure 45). The median contenin the late 4" millennium is 2.2%
Sn, with the maximum value reaching 6.5% Sn. In the earl{# 3nillennium BCE, the
only tin-bronze object contains 1.75% tin. The tin contents of the migr
millennium BCE display quite a range, from 1% to 17% Sn, but lhahe objects
contain less than 4% Sn. In the late ™8 millennium BCE both the range of tin
composition and median value decrease. As in the patterns of fbronze ubiquity,
there is a shift in object tin content in the early 2¢ millennium BCEZz the median
jumps to 8% Sn, and a third of the objects contain between 11% and 18% Sn. The

overall range of tin content in the mid2nd millennium BCE ranges from 1% to 12%
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Sn; these values could indicate quite a varied or eentralised approach to the tin

bronze industry, or fluctuating access to resources.

5.3 Copper Groups

The pattern of copper group use in the Mediterranean Coast region is very
variable; with no one copper group showing clear dominance for any long period
of time (Table 10). There are four major copper groups which are in use
simultaneously, but which are consistently derived from the same three elements:
arsenic-only, arsenicantimony, arsenicnickel and arsenicantimony-nickel. It is
interesting to note that neither antimony nor nickel is ever present without the
corresponding presence of arsenic. When arsenentimony-nickel almost
completely disappears from the record (mid2nd millennium BCE) there is also a
decrease in both arsenieantimony and arsenicnickel and an increase in arsenic
only. There is also the introduction of arsenisilver and, and an increase in the
diversity of copper groups present, most of which now contain >0.1% silver,

suggesting a change either in production or source of material.

Table 10: Table depicting the entire Mediterranean Coast coppdrase assemblage split into copper groups as
AAOCECT AGAA AU OEA O/ o4&/ OA OAAEI ENOAGS8 6A1 OAO ET AEAAOA
Clean As Sb Ag Ni AsSb SbAg AgNi AsAg SbNi AsNi ASSPA Sﬁl’?g A:I?b A,s\l’?g AZ?\‘?A
Late4th | 0% 20% 0% 0% 0% 7% 0% 0% 7% 0% 7% 0% 0% 47% 7% 7% | 15
Early 3rd 50% 50% 2
Mid3rd | 5% 20% 0% 0% 2% 23% 0% 0% 2% 0% 23% 4% 0% 18% 2% 2% | 56
Late3rd | 3% 21% 0% 0% 0% 19% 0% 0% 1% 0% 21% 3% 0% 26% 3% 3% | 70
Early 2nd| 37% 46% 0% 6% 0% 3% 0% 0% 2% 0% 3% 0% 0% 1% 1% 0% | 87
Mid2nd | 7% 43% 0% 2% 0% 14% 0% 1% 11% 0% 14% 2% 0% 3% 3% 1% | 118
Late 2nd
Early 1st

Total
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5.4 Arsenic, atimony, nickel, and silver content

Antimony and nickel are present in much higher quantities in the Mediterranean
Coast assemblages than any of its more northerly neighbours until after the end of
the 39 millennium BCE Eigure 46). Though the early 2d millennium assemblage
ought to be treated cautiously, this decrease in the mean antimony and nickel
contents is also reflected in the late 2 millennium assemblage, which contains

just over one hundred objects.

Mean composition of arsenic, antimony, silver and nickel in Mediterranean Coast
copper-base objects

25

2
c
2
=
Q
E‘ 1.5
=} —o—As
|5
8 ° —e—5Sh
E
2 1 —o—Ag
= —0—Ni
1S
g os
[+H]
e [ ]

o
o
0
n=15 n=2 n=56 n=70 n=87 n=118 n=0/0 n=0/0
Late 4th | Early 3rd | Mid 3rd | Late 3rd | Early 2nd | Mid 2nd | Late 2nd | Early 1st

Figure 46: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease
objects from the Mediterranean Coast (3 outliers containing high silver removed1.5, 59.4 and 57.7)
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6 Cyprus

6.1 Bronze ubiquity

Percent of entire Cypriot copper-base assemblage made up of tin-bronze and
100% arsenical-bronze over time
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Figure 47: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in Cyprus

Percent of entire Cypriot copper-base assemblage made up of copper-arsenic-tin
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Figure 48: bar chart showing percent of assemblage ade up of copperarsenictin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in Cyprus
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Tin-bronze ubiquity in Cyprus from the mid3 millennium BCE to the mid2nd
millennium BCE is relatively low, at most reaching less than a quarter of the
overall assemblage Figure 47), but it is considerably more consistent than in the
Mediterranean region, Eastern Anatolia and the Southern Caucasus. It is only in the
late 2nd millennium BCE that more than half the assebiage contains tin, unlike in
the neighbouring trading region of the Mediterranean Coast. As Cyprus is an island
with no known tin sources, and was relatively isolated until the 2 millennium
BCE, it is unexpected to find that there was a continuous tioronze presence over
time. Copperarsenictin alloy use increases from the late 8 to the late 2d
millennium BCE {igure 48), as arsenicalbronze decreases which could suggest

that tin or tin -bronze was being addd to the arsenicalbronze.

6.2 Tin content

The range of tin content in all tirbronze objects from the late 3' millennium to
the late 2°d millennium in Cyprus (the three objects from the mid3rd millennium
BCE contain 9.87%, 12.24% and 12.52% Sn) wavers franl3% range in the late
3rd millennium to a 29% range in the early 2d when there are seven objects with
more than 15% tin (Figure 49). During the mid-2nd millennium BCE the maximum
tin content decreases to 15% Snand in the late 2d millennium rises once more to
23% Sn, though there are only two objects with more than 15% tin content. The
metallurgical tradition in Cyprus appears to be consistently varied, perhaps

displaying a continuous tradition of recycling tlroughout the Bronze Age, due to a
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lack of consistent access to raw materials, alongside sporadic importation of higher

tin-bronze objects.

Tin content: Cypriot tin-bronzes
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Figure 49: Box plot depicting tin content of all tinbronzes (>1% Sn) from Cyprus

6.3 Coppe Groups

Table 11: Table depicting the entire Cypriot coppetbase assemblage split into copper groups as designated by

OEA O/ oAl OA OAAET ENOAGS8 6A1 OAO ETI AEAAOA OEA PAOAAT O 1T £ OE

ASSbA SbAg AsSbh AsAg AsSbA
Ni Ni_ Ni_gNi

Clean As Sb Ag Ni AsSb SbAg AgNi AsAg SbNi AsNi Total

Late 4th
Early 3rd
Mid3rd | 55% 32% 3% 0% 0% 0% 0% 0% 0% 0% 10% 0% 0% 0% 0% 0% 31
Late3rd | 19% 65% 2% 0% 0% 3% 0% 0% 2% 0% 9% 0% 0% 0% 0% 0% 93
Early 2nd| 29% 57% 0% 0% 3% 5% 0% 0% 4% 0% 1% 0% 0% 0% 0% 0% | 214
Mid2nd | 16% 56% 2% 0% 6% 11% 0% 0% 6% 0% 0% 0% 0% 0% 0% 2% 62
Late2nd [ 12% 46% 0% 0% 0% 4% 0% 0% 4% 0% 35% 0% 0% 0% 0% 0% 26
Early 1st 100% 1

Cypriot copper from the mid-3 millennium to the mid-2"d millennium BCE is

almost exclusively made up of the arsenit T 1 U AT A OAIl AATable AT DPPAO
118 4EA A1 0610 1 & Al AAT &6 AT D

PDAOeed OOA A,
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with a brief increase in the early 2d millennium. From the late 39 millennium BCE
onwards the amount of arsenieonly copper in use also decreases but is always the
dominant copper group in use. In the late 2 millennium there is an influx of
arsenic-nickel copper, making it the second most common copper group in use
during this period. There is more diversity of copper groups in the early @
millennium BCE, but in most cases the presence of other copper groups is
ET OECT EEEAAT 6O RIAT A1 AD AORBGdNAdofider, ABr®ihdreE A

reflecting the relative isolation of the region.

6.4 Arsenic, antimony, nickel, and silver content

Mean composition of arsenic, antimony, silver and nickel in Cypriot copper-base
objects
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Figure 50: Line graph depicting the mean composition of arsenic, antimony, silver amitckel of all copperbase
objects from Cyprus
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As with West and Central Anatolia the mean arsenic content is much higher than
the averages of antimony, silver and nickel, which all remain consistently low,
though the average content of nickel increases ithe late 2d millennium BCE
when there is an influx of arsenienickel copper (Figure 50). The mean arsenic
content decreases from the late '8 millennium BCE onwards, perhaps indicative of

a recycling of arsenierich objects.

7 Southern Levant

7.1 Bronze ubiquity

The metallurgical tradition in the Southern Levant was different from that of any
other region in Southwest Asia Figure 51 and Figure 52). Unalloyed copper was
the dominant alloy-type throughout the 39 millennium BCE, followed by arsenical
bronze which increases to account for a third of the entire assemblage by the late
3rd millennium. Tin-bronze and copperarsenic-tin alloy first appear in the late 34
millennium BCE, though both alloytypes together amount to just under 15% of the
assemblage. In the early and mi@nd millennium tin -bronze becomes the dominant
alloy. Arsenicatbronze continues to account for a third of theassemblage
throughout the 2nd millennium, and tin-bronze appears to directly replace
unalloyed copper. In the mid2nd millennium both unalloyed copper and tinbronze

increase while arsenicalbronze continues to decrease until it disappears in the
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early 1st millennium BCE. In the late 2¢ and early It millennium unalloyed copper
becomes the dominant alloy once again, and tibronze makes up the remainder.
The metallurgical tradition in this region can be split into three phases: the first
(from the late 4t to mid-3rd millennium BCE) is dominated by the use of unalloyed
copper, with supplementary arsenicalbronze use; the second (late '8 millennium
to mid-2nd millennium BCE) indicates variation between almost equal amounts of
tin-bronze, arsenicalbronze and unalloyed copper; and the third (late 2d
millennium to early 1st millennium BCE) a return to predominant use of unalloyed

copper supplemented by tirbronze use rather than arsenicabronze.

Percent of entire Southern Levant copper-base assemblage made up of tin-bronze

100% and arsenical-bronze over time
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Figure 51: bar chart showing percentof assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in the Southern Levant
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o Percent of entire Southern Levant copper-base assemblage made up of copper-
100%

arsenic-tin and unalloyed copper over time
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Figure 52: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Sn) and
unalloyed mpper (<1% Sn, <1% As) in the Southern Levant

7.2 Tin content

The most striking feature of the average tin content in the Southern Levant is an
apparent decrease in the amount of tin used throughout then2 millennium BCE
despite the corresponding increasen tin-bronze frequency Figure 53). However,
the maximum values of tin content always remain above 14%, and when tin
bronze was at its most ubiquitous in the mie2nd millennium BCE, the maximum
value increases to bmost 25%. The median and interquartile ranges remain low at
this time, however, suggesting the presence of a few high tin bronzes in a generally

low tin-bronze assemblage.
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25 Tin content: Southern Levant tin-bronzes
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Figure 53: Box plot depicting tin content of all tirbronzes (>1% Sn) from the Southern Levant

7.3 Copper groups

The pattern of copper group use in the Southern Levant from the early™3

millennium BCE to the early % millennium BCE is also different from all
neighbouring regions in Southwest Asia Table 12), though it resembles most

Al 1T OAl U OEA OECT Al EOIiI #UPOOO8 O#1 AAT & Al
for 62% of the assemblage in the early '8 millennium and 68% in the mid-3rd

millennium, decreasing to 52% othe assemblage by the early™ millennium BCE.

During this time arseniconly copper increases at a rate of 5% of the assemblage

every 300 years until it is the dominant copper group in the mie2nd millennium

after a slight dip in the previous period. Inthe early 1st millennium BCE arsenie

only and arsenicl EAEAT [ AEA ObP c¢xpb 1T &£ OEA AOOAI Al
copper amounts to the remaining 73% of the assemblage. Though the Southern

Levant was a region through which copious amounts of trade occurredhe
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regional metallurgical tradition appears to indicate either isolation or a tightly

controlled industry.

Table12:

Table depicting the entire Southern Levant coppebase assemblage split into copper groups as

AAOCECI ACAEAROAOBAADI ENOAG S

6 Al OAO ET AEAAOA OEA DPAOAAT O

AsSbA SbAg AsSb AsAg AsSbA

Clean As Sh Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi g Ni Ni Ni oNi Total
Late 4th | 56% 11% 9
Early 3rd | 62% 21% 0% 3% 3% 3% 0% 0% % 0% 0% 0% 0% 0% 0% 0% 29
Mid 3rd | 68% 25% 0% 0% 0% 5% 0% 0% 0% 0% 3% 0% 0% 0% 0% 0% 40
Late 3rd | 50% 33% 0% 2% 1% 9% 0% 0% 0% 0% 2% 0% 0% 1% 1% 1% 106
Early 2nd| 52% 23% 0% 3% 13% 0% 0% 0% 10% 0% 0% 0% 0% 0% 0% 0% 31
Mid 2nd | 44% 40% 1% 1% 1% 3% 0% 0% 4% 0% 4% 1% 0% 1% 1% 0% | 503
Late 2nd | 26% 49% 0% 5% 7% 5% 0% 0% 2% 0% 5% 2% 0% 0% 0% 0% 43
Early 1st | 73% 18% 0% 0% 0% 0% 0% 0% 0% 0% 9% 0% 0% 0% 0% 0% 22
7.4 Arsenic, antimony, nickel, and silver content

The average arsenic content of all objects in the Southern Levant increases until
the early 20 millennium BCE, afte which it begins to decrease until the early &
millennium BCE Figure 54). Copper ores in the region are generally not arsenic
rich, so the findings may indicate a period of increased import into the region,
which is not visible in the copper group data. The average contents of antimony
and nickel are always below 0.1%, but from the latetmillennium to the early 2nd

millennium BCE the patterns are very closely connected. Silver remains

consistently low, withol T U A /EA x
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Mean composition of arsenic, antimony, silver and nickel in Southern Levant copper-
base objects
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Figure 54: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease
objects from the Southern Levant

8 Northern Mesopotamia

8.1 Bronzeubiquity

Arsenicalbronze is the dominant alloy in use during the mieBrd millennium BCE
in Northern Mesopotamia, with all tinbronzes (any >1% tin) making up roughly a
quarter of the assemblage Figure 55 and Figure 56). This picture is consistent into
the late 39 millennium BCE, though with a slight increase in the use of copper

arsenic-tin alloy and decrease in tinbronze.
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Percent of entire Northern Mesopotamian copper-base assemblage made up of tin-
100% bronze and arsenical-bronze over time
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Figure 55: bar chartshowing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in Northern Mesopotamia

Percent of entire Northern Mesopotamian copper-base assemblage made up of

100% copper-arsenic-tin and unalloyed copper over time
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Figure 56: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Shand
unalloyed copper (<1% Sn, <1% As) in Northern Mesopotamia
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The slight decrease in arsenicabronze at this time (from 48% to 41% of the
assemblage) is replaced by an increase in copparsenictin alloy (from 5% to
11% of the assemblage). In the earl2"d millennium BCE arsenicalbronze almost
completely disappears and tinbronze comprises 60% of the assemblage. Copper
arsenictin alloy decreased in use at the same time as arsenidalonze did,
suggesting an absence of arsenic alloying or a lack otass to arsenierich copper
sources. In the early $ millennium BCE almost the entire assemblage is made up

of tin-bronze (91%).

8.2 Tin content

30 - Tin content: Northern Mesopotamian tin-bronzes

25 A

20 -

Sn%

o0

n=0/18 n=3/8 n=15/65 n=55/190 n=38/59 n=4/10 n=3/12 n=116/123

Late 4th Mid 3rd Late 3rd

Millennium
Figure 57: Box plot depicting tin content of all tinbronzes (>1% Sn) from Northern Mesopotamia
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There was a general increase in average tin content of all thronze objects over
the course of the & millennium BCE in Northern Mesopotamia [tigure 57). The

maximum tin content of all objects occursn the late 39 millennium, when three
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objects (a pin from Mari and an axéhead and a figurine from Assur) contain
28.4%, 25.6% and 25.8% Sn. In the following period (early"® millennium BCE)
the maximum tin content decreases to 19.1% Sn. During this ped the
interquartile range is large and encompasses much lower values, with the median
tin content at 7% Sn and the minimum tin content just over 1% Sn. Half of the
early 1st millennium assemblage contains objects with a tin content between 7%
and 11% tin, with the median at 9% Sn. The maximum amount of tin content is
averagely high at around 19%, and objects have tin content as low as 1% Sn. The
pattern throughout the study period of objects containing as little as 1% Sn but
varied and frequent objects cataining >15% Sn might suggest consistent or easy

access to tin, but also a simultaneous tradition of recycling.

8.3 Copper Groups

Apart from arsenic-only copper in the mid- and late 21d millennium BCE, no copper
group ever amounts to more than a third of te assemblage in Northern
Mesopotamia (Table 13). There is less diversity in copper groups in the region
than in neighbouring regions of Southwest Asia, but the number of objects in each
group present is more substatial. Clean copper is only a major group in the late
2nd millennium BCE and early $ millennium BCE, when it comprises between 17%
and 25% of the assemblage. Arservanly copper is one of the major groups
throughout almost the entire time period, apart fom in the late 39 millennium
BCE, though it usually accounts for a quarter to a third of the assemblage. Arsenic
antimony makes up a quarter of the assemblage in the migid millennium and
early 1st millennium BCE. Arsenienickel is present in quantitiesfrom 14% to 34%
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of the assemblage until the early s millennium BCE, at which time it is no longer
present in any significant quantity. Arsenieantimony-nickel is more common in
the 3d millennium than later on. The changeability and variation of the caper
group patterns in Northern Mesopotamia indicate communication and exchange
with several different regions which varied significantly over time; this is could be
due to its central position within Southwest Asia and positioning along the river

bound trade routes.

Table 13: Table depicting the entire Northern Mesopotamian coppebase assemblage split into copper groups o
AO AAOECT AGAA Au OEA O/ oml OA OAAET ENOAS88 6A1 OAO ET AEAAOA
category

AsSbA SbAg AsSb AsAg AsSbhA
g Ni Ni Ni gNi
Late4th | 6% 28% 0% 0% 6% 6% 0% 0% 6% 0% 17% 6% 0% 22% 0% 6% 18
Early 3rd | 13% 63% 13% 13% 8
Mid3rd | 6% 28% 0% 0% 2% 20% 0% 0% 0% 0% 14% 8% 0% 15% 6% 2% 65
Late3rd | 6% 4% 0% 0% 1% 4% 0% 0% 1% 0% 34% 1% 0% 34% 8% 8% | 190
Early 2nd| 15% 22% 0% 0% 5% 0% 0% 0% 5% 0% 31% 7% 0% 3% 10% 2% 59
Mid2nd | 0% 40% 0% 0% 0% 0% 0% 0% 0% 0% 30% 10% 0% 10% 10% 0% 10
Late2nd [ 17% 50% 0% 0% 0% 8% 0% 0% 0% 0% 25% 0% 0% 0% 0% 0% 12
Early 1st | 24% 32% 0% 2% 2% 25% 0% 0% 0% 0% 2% 10% 0% 2% 0% 0% 123

Clean As Sh Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi Total

8.4 Arsenic, antimony, nickel, and silver content

The instability and variation in Northern Mesopotamian metallurgical tradition is
also visible in the mean contents of arsenic, antimony, silver, and nicketigure
58). After an increase in average arsenicontent from the early 349 to the mid-3rd
millennium BCE, there is a small period of stability as the average remains at a
similar level into the late 39 millennium BCE. Moving into the 24 millennium,
however, there is a substantial change in arsenic content. The average contents of
antimony, silver, and nickel are also very variable between time periods, though
silver and antimony contents decrease at a similar pace from the lated3

millennium to the late 2nd millennium BCE. The fluctuation of average contents of
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both arsenic and antimony appear to show some similarities over time, also

reflecting the changes in ubiquity of arsenimickel. Again, this would appear to

represent the central position of the region abng trade routes.
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Figure 58: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease

objects from Northern Mesopotamia

9 Mesopotamia

9.1 Bronze ubiquity

From the early 39 millennium BCEto the early 2°d millennium BCE tin-bronze use

in Mesopotamia increased from 5% of the assemblage to 38%, at this same time

arsenicalbronze decreased from 62% of the assemblage to 11%-igure 59)

displaying a simiar, if smaller scale, pattern to the Southern Caucasus. It is only in

the early 2d millennium BCE that tinbronze became the dominant alloy, though it

only accounts for 3% more of the assemblage than unalloyed coppéfigure 60). It
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is worth bearing in mind that though the percentage of the assemblage made up of
tin-bronze in the late 3¢ millennium BCE appears low in comparison to
neighbouring regions, the actual quantity of tin required to produce the large
number of tin-bronzes is larger than in any other period or region, as there are

nearly 600 tin-bronze objects present in the assemblage.

Copperarsenic-tin use increased steadily throughout the 8 millennium and early

2nd millennium BCE as well. The fact #t arsenicalcopper use declines at the same
time, and unalloyed copper remains stable, this might suggest the addition of tin to
arsenicrich copper rather than addition of tin to unalloyed copper. From the mid
2nd millennium to the early 1st millennium BCE there is only unalloyed copper and
tin-bronze present, but the assemblages comprise less than ten artefacts so are
only represented with hatched lines. If they are representative of the metallurgical
industry as a whole during these periods then tifbronze from this point amounts

to either almost half or more than half of the overall assemblage.

Percent of entire Mesopotamian copper-base assemblage made up of tin-bronze

100% and arsenical-bronze over time
. 7 7
%40% % ) % ECusn
E / % % OCuAs
230% g é Z
206 o
10% Z é é
» B . O U

Figure 59: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in Meopotamia
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Percent of entire Mesopotamia coopper-base assemblage made up of copper-

100% arsenic-tin and unalloyed copper over time
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Figure 60: bar chart showing percent of assemblage made up of copparsenictin (>1% As,
unalloyed copper (<1% Sn, <1% As) in Mesopotamia

9.2 Tin content
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Figure 61: Box plot depicting tin content of all tin-bronzes (>1% Sn) from Mesopotamia

170

n=4/6

Early 1st



In the early 39 millennium BCE the 5 objects containing tin (coppearsenic-tin
alloy and tin-bronze together) that make up 7% of the entire assemblage have
quite a wide range of valuesKigure 61). Two objects contain around 1% tin, but
the other three are higher tin bronzes (8.9%, 13.9% and 18.3%). The copper
arsenictin object is one of the objects with around 1% tin, which could suggest
mixed or recyded material. All objects, except the highest tin bronze, have arsenic
present in amounts between 0.4% and 0.8%. In the late'®3millennium BCE, a
quarter of the assemblage contains between 10% and 15% tin and the maximum
value of tin content is 64% whichis unusually high (there are twentysix objects
with >30%, suggesting that it is not simply an anomaly: for further discussion see

the section on Eastern Arabian tin content).

9.3 Copper Groups

Table 14: Table depicting the entire Mespotamian copperbase assemblage split into copper groups as
AAOCECT AGAA Au OEA O/ ol OA OAAET ENOAB88 6A1I OAO ET AEAAOA
AsSbA SbAg AsSb AsAg AsSbhA
g Ni Ni Ni gNi
Late 4th 5
Early 3rd | 3% 40% 0% 3% 0% 4% 0% 0% 13% 0% 14% 6% 0% 8% 4% 6% | 72
Mid3rd | 10% 40% 1% 3% 1% 4% 1% 0% 5% 0% 18% 5% 0% 5% 3% 5% | 101
Late3rd | 3% 11% 0% 1% 2% 3% 0% 0% 4% 0% 34% 1% 0% 21% 11% 9% | 1316
Ealy2nd| 2% 16% 0% 0% 1% 4% 0% 0% 6% 0% 49% 1% 0% 5% 14% 1% | 213

Clean As Sb Ag Ni AsSb SbAg AgNi AsAg SbNi AsNi Total

Mid 2nd | 17%  17% 33% 1% 7 AT% 6
Late 2nd | 20% 80% 5
Early 1st | 17%  50% 17% 1% 6

The main copper compositions in use in Mesopotamia from the early™3
millennium to the early 24 millennium BCE were arsenieonly and arsenicnickel
(Table 14). Other groups were also present in significant amounts at varying times,
such as arseniesilver, arsenicantimony-nickel and arseniesilver-nickel. In the
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early 3d millennium BCE arsenieonly copper made up around 40% of the overall
assemblage, this decreases throughout thed3millennium. Arsenic-nickel copper
on the other hand increases from 13% of the assemblage to just below 50% et
early 2nd millennium BCE, effectively replacing the arsenionly copper. The
number of different copper groups in use at one time increases from ten in the
early 39 millennium to fourteen at the end of the millennium, but the diversity
decreases once mre at the beginning of the next millennium, though after the
early 2nd millennium BCE this is more due to a limitation in object numbers. The
variation in copper composition is consistent with a region lacking its own

resources and dependent on those ofd numerous trading partners.

9.4 Arsenic, antimony, nickel, and silver content

Mean composition of arsenic, antimony, silver and nickel in Mesopotamian copper-
base objects
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Figure 62: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease
objects from Mesopotamia
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As the two daminant copper groups present in Mesopotamia throughout the
Bronze Age contain arsenic it is not altogether surprising that over 75% of all the
assemblages contain more than 0.1% arseni€igure 62). What does apperto be
somewhat unusual are the very high values of arsenic in the early, mid and latd 3
millennium BCE (maximum values are respectively 12.3%, 17.9% and 16.2% As).
Though the maximum arsenic content in the mieB@ millennium BCE is as high as
17.9% the mean arsenic content decreases at this time suggesting lower arsenic

contents to be more frequent.

The average (mean) antimony, silver and nickel contents of all objects show more
variation in the Mesopotamian assemblages than in any other region of Sbutest
Asia discussed so far. The peak in average silver content in the rREd millennium
BCE is interesting, as silver does not tend to be present in significant amounts in

most objects from Southwest Asia.

10 Luristan

10.1 Bronze ubiquity

In a similar pattern to the bronze traditions of Mesopotamia and the Southern
Caucasus, there was a decrease in arsenitsbnze use with a simultaneous
increase in tinbronze use over time in Luristan Figure 63). Arsenicatbronze
continues to account for 22% of the assemblage until the mi@nd millennium BCE,

after which it mostly disappears.
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Percent of entire Luristan copper-base assemblage made up of tin-bronze and
arsenical-bronze over time

B CuSn
OCuAs
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Late 4th Early 3rd Mid 3rd Late 3rd | Early 2nd | Mid 2nd Late 2nd Early 1st

Figure 63: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in Luristan
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Percent of entire Luristan copper-base assemblage made of copper-arsenic-tin and
unalloyed copper over time
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Figure 64: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in Luristan

The use of unalloyed copper in Luristan was unusuallgnd consistently minimal,

never amounting to more than 15% of the assemblageFigure 64). Copper
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arsenic-tin also displays an unusual pattern of being the dominant alloy in the late
3rd millennium BCE, before stedily decreasing in use until the early # millennium
BCE. The tradition of tinbronze-metallurgy seems to have been well developed

from an early period of time in Luristan.

10.2 Tin content

50 - Tin content: Luristan tin-bronzes
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Figure 65: Box plot depicting tin content @ all tin-bronzes (>1% Sn) from Luristan

Though Luristan tin-bronzes occur from an early date, the tin content of all tin
bronze objects remains low (median tin content between 3% and 4% Sn) and
there was little variation in ranges of tin composition untl the mid-3'4 millennium
BCE Figure 65). In the late 34 millennium BCE the median tin content jumps from
4% Sn to 9% Sn, though this decreases again to around 8% Sn in the early and-mid
2nd millennium BCE. In theearly 2nd millennium one object contains just over 46%
Sn, but this is an anomaly, with 13% being the next highest maximum tin content

in an object. With that in mind the transition to the mid2nd millennium BCE tin
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bronze use displays consistency in traition, though the interquartile range is
slightly larger (with half of the objects containing between 4% and 10% Sn, rather
than 5% to 11% Sn as in the earlier period). In the late"2 millennium the median,
lower quartile, upper quartile, minimum and maximum values all increase, though
the interquartile range narrows suggesting a form of stability in production, but
with a large number of irregular tin-bronzes. In the early 3 millennium BCE the
median decreases to 9%, but the maximum amount of tin risédsom 15% to 25%

Sn, and the minimum decreases from 4% to 1% Sn, revealing the presence more

low-tin objects.

Table 15: Table depicting the entire Luristan coppeibase assemblage split into copper groups as designated B
6 Al OAO ET AEAAOGA OEA PAOAAT O

10.3 Copper Groups

AU OEA O/ oAi OA OAAET ENOAGS

Clean

As

Sb

Ag

Ni

AsSb SbAg AgNi

AsAg  SbNi

AsNi

AsSbA SbAg AsSb AsAg AsSbA

9

Ni

Ni

Ni

gNi

Total

Late 4th
Early 3rd
Mid 3rd
Late 3rd
Early 2nd
Mid 2nd
Late 2nd
Early 1st

0%
0%
2%
17%
13%

17%

T1%
13%
17%
20%
26%
55%
30%

0%
0%
2%
0%
3%
1%

4%
0%
2%
0%
0%
6%

1A%
0%
3%
3%
0%
0%
5%

7%
6%
5%
13%
3%
6%

0%
0%
0%
0%
0%
1%

0%
0%
2%
0%
3%
1%

16%
8%
5%
0%
6%
5%

2%
0%
2%
0%
0%
0%

56%
16%
25%
32%
26%
10%
16%

5%
0%
2%
0%
0%
2%

0%
0%
0%
0%
0%
0%

13%
8%
5%
0%
0%
3%

15%
28%
20%
13%
6%
4%

9%
6%
0%
4%
0%
4%

3
9
55
36
60
23
31
349

The pattern of copper group use was almost as varied in Luristan as in Northern
Mesopotamia (Table 15). Apart from in the late 2 millennium BCE when arsenie
only copper amounts to more than half, no group represents more than a third of
the assemblage at any time. Unlike in the Northern Mesopotamian assemblages,
arsenic-only and arsenicnickel are more consistentlyin use over time. There is
also an increase in the use of clean copper towards the end of the gillennium

BCE and beginning of the st millennium BCE. The use of arsenigickel copper
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varies from one quarter to almost one third of the entire assemblagentil the mid-
2nd millennium. Arsenic-silver-nickel is also quite consistently common until the
early 2nd millennium BCE. The diversity of copper groups varies substantially over

time, with peaks in diversity in the early 2d millennium and early 1st millennium

BCE.
10.4 Arsenic, antimony, nickel, and silver content
Mean composition of arsenic, antimony, silver, and nickel in Luristan copper-base
objects
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Figure 66: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease
objects from Luristan

The mean averages of arsenic, antiomy, nickel and silver Figure 66), show that
the average arsenic content rises until the miBd millennium BCE, and then
decreases slowly over time. The average nickel content in the early 3nillennium
BCE is atually slightly higher than the average arsenic content, but as the arsenic

content rises in the next period, there is a sharp contemporaneous decrease in
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average nickel contentzthese trace elements do not appear to be coming from the
same source in themid-3 millennium BCE. Average concentrations of antimony,

nickel and silver all increase slightly in the early ¥ millennium BCE.

11 Western Elam

11.1 Bronze ubiquity

Arsenicalbronze is the dominant alloy in use during the @ millennium BCE in
Western Elam comprising 80% of the assemblage Fgure 67). This figure
decreases by around 5% in the following period, and by another 15% into the mid
3rd millennium BCE. A very small amount of tifbronze is in use in the la¢ 4b
millennium, but this disappears in the early 3 millennium BCE. In the late 8
millennium BCE arsenicalbronze use reduces drastically from 61% of the
assemblage to 22%, it is mainly replaced by unalloyed coppeFifure 68), though
the amount of tin-bronze and copperarsenictin alloy increases slightly indicating
a small but not significant influx of tin to the region towards the end of the
millennium. Throughout the 2nd millennium the use of tinbronze inceases
slightly, but unalloyed copper appears to be the coppdype of choice, finally

amounting to nearly 80% of the assemblage.
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Percent of entire Western Elam copper-base assemblage made up of tin-bronze and

100% arsenical-bronze over time
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Figure 67: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sd)tan

bronze (>1% Sn, <1% As) in Western Elam

Percent of entire Western Elam copper-base assemblage made up of copper-arsenic-

100% tin and unalloyed copper over time
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Figure 68: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Sn) and

unalloyed copper (<1% Sn, <1% As) in Western Elam
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11.2 Tin content

The median tin content of the mid-3d millennium BCE tinbronzes is around 6%,
but this decreases to 5% by the early @ millennium (Figure 69). The maximum
value of tin decreases from above 20% in the mi@d millennium (a mid-3rd
millennium mace-head from Susa) to 11.2% in the early "2 millennium (one of
two axe-heads from Elam containing ~11% Sn). In the mi@nd millennium the
range of tin composition is very similar to that of the preceding period, but the
median has increasd to just above 6%. The picture is that of a consistently lown
bronze tradition with the occasional appearance of a highin object, perhaps

coming from outside the region.

Tin content: Western Elam tin-bronzes
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Figure 69: Box plot depicting tin content of all in-bronzes (>1% Sn) from Western Elam
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11.3 Copper Groups

The copper groups present in Western Elam display a completely different
metallurgical tradition from the regions in Southwest Asia discussed so faiTéble
16). Arsenic-nickel copper is consistently present as a major group increasing to
52% of the assemblage until the late ® millennium BCE when it disappears
entirely. Arsenic-antimony-nickel use peaks in the early @ millennium BCE
(comprising 58% of the assenblage), before dropping to only 6% and eventually
disappearing. Copper made with arsenisilver-nickel is more abundant in this
region than elsewhere. The entire copper group signal changes in the lated2
millennium BCE, which could indicate a change itradition or source of material
but should be treated with caution due to the limited number of objects in the
assemblage. Interestingly, the three groups present during this time period have
not occurred at any point previously in the region. The diversit of copper groups
is also more restricted than in neighbouring regions, with only 8 of the 16 copper

groups ever present.

Table 16: Table depicting the entire Western Elam coppebase assemblage split into copper groups as
designalB A AU OEA O/ o4& OA OAAEI ENOAES8 6A1 OAO ET AEAAOA OEA
AsSbA SbAg AsSb AsAg AsSbA
g Ni Ni Ni gNi
Latedth | 4% 0% 0% 0% 0% 4% 0% 0% 7% 0% 21% 7% 0% 25% 11% 21% | 28
Early3rd| 0% 15% 0% 0% 0% 0% 0% 0% 0% 0% 38% 8% 0% 15% 23% 0% | 13
Mid3rd | 0% 11% 0% 0% 0% 2% 0% 0% 4% 0% 43% 0% 0% 24% 9% 8% | 123
Late3rd [ 0% 7% 0% 0% 0% 0% 0% 0% 0% 0% 14% 0% 0% 30% 43% 7% | 44
Early2nd| 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 32% 11% 0% 58% 0% 0% [ 19
Mid2nd | 6% 11% 0% 3% 3% 0% 0% 0% 0% 0% 51% 0% 0% 6% 14% 6% | 35
Lae2nd | 0% 0% 0% 0% 20% 0% 0% 20% 0% 0% 0% 0% 60% 0% 0% 0% [ 20

Clean As Sh Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi Total

Early 1st
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11.4 Arsenic, antimony, nickel, and silver content

Mean composition of arsenic, antimony, silver, and nickel in Western Elam copper-

base objects
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Figure 70: Line graph depicting the mean composition of arsenic, antimonyi\ser and nickel of all copperbase

objects from Western Elam

There is a distinct loss of average arsenic over time in Western Elam, but a fairly

steady mean nickel averageHRigure 70). Nickel content increases gadually from

the early 39 millennium BCE to the early 24 millennium (0.6% - 1.05% Ni). From

the late 39 millennium to early 2" millennium average arsenic, antimony and

nickel contents increase simultaneously, which may indicate a link between these

trace elements or perhaps a change in smelting technique. When arsenic

disappears from the record there is an increase in antimony, silver, and nickel

contents, perhaps indicating an influx of copper from a specific alternate region,

such as the Caucasus.
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12 Caspian Sea Coast (Iran)

12.1 Bronze ubiquity

The patterns of tinbronze and arsenicalbronze use on the Iranian coast of the
Caspian Sea show a sharp divide in timerigure 71). When arsenicalbronze is
present, tin-bronze is almost entirely absent and vice versa. Even copparsenic-

tin alloys are absent when arsenicabronze is the dominant alloy Figure 72).
Copperarsenic-tin is only minimally present from the mid-2nd millennium BCE
onwards, when tin-bronze makes up over 60% of the assemblage. Arsenical
bronze is almost completely replaced by tirbronze from the mid-2nd millennium
BCE, indicating a major change in the region. Unalloyed copper is habitually

present but steadilydecreases over time.

Percent of entire Caspian Sea Coast copper-base assemblage made of tin-bronze and

100% arsenical-bronze over time
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Figure 71: bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) on the Iranian Coast of the Caspian Sea
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Percent of entire Caspian Sea Coast copper-base assemblage made of copper-
100% arsenic-tin and unalloyed copper over time
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Figure 72: bar chart showing percent of assemblage made up of copparsenictin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) on the Iranian Coast of the Caspian Sea

12.2 Tin content

16 - Tin content: Caspian Sea Coast tin-bronzes
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Figure 73: Box plot depicting tin content of altin-bronzes (>1% Sn) from the Iranian Coast of the Caspian Sea
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Given the scarcity of tinbronzes in the Caspian Sea Coastal region until the e
millennium BCE, the low level of tin content shown from the solitary objects from
the late 39 millennium and early 2d millennium BCE in Figure 73 is to be
expected. From the mid2"d millennium to the early 1st millennium BCE the median
tin content in the tin-bronzes increases from 5% Sn to 9% Sn, with the maximum
tin content value rising as well. The overall range of tin content also increases in
the early 1st millennium; spanning 1% Sn to 14% Sn, though three quarters of the
tin-bronze objects contain more than 7% Sn. Even with plenty of tihronze in the
region, the actual composition of objects does not indicate much experimentation
or variation with tin -bronze use, nor regional access to large amounts of tin; it is
possible that tin-bronze objects were imported in, rather than the region having its
own tin-bronze industry. This is also indicated by the suddenness with which tin

bronze became ubiquitous.

12.3 Copper Groups

The three dominant copper compositions in the Caspian Sea Coastal region in Iran
rarely represent more than a third of the overall assemblage, apartdm arsenic-
only copper, which accounts for 60% of the assemblage in the laté nillennium
and 45% of the assemblage in the early"2millennium BCE (Table 17). Apart from
these two instances, arsenionly copper is the most consistently ubiquitous
copper group in the region, always being present at around 30% of the
AOOGAT Al AcCAs O#1 AAT 8 Al DBPPAO AAAT I R® A Al
millennium BCE onwards, and arsenisilver fluctuates between being a major and
dominant group. The silveronly copper group is always present in this region to
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some degree but is more prevalent in the midand late 39 millennium BCE. The

diversity of copper groups remains mostly stable over time.

Table 17: Table depicting the entire Caspian Coast coppdrase assemblage split into copper groups as

AAOGECI AGAA AU OEA O/ @& OA OAAEI ENOA88 6A1 OAO EI AEAAOA
AsSbA SbhAg AsSb AsAg AsSbA

Ni_ Ni_Ni_gNi

Late4th | 2% 60% 0% 4% 4% 6% 0% 0% 6% 0% 4% 9% 0% 0% 4% 0% | 47
Early 3rd | 100% 4
Mid 3rd
Late3rd | 14% 32% 0% 4% 0% 7% 0% 0% 30% 1% 2% 7% 0% 0% 0% 4% | 101
Early2nd| 8% 45% 0% 4% 2% 4% 0% 0% 13% 0% 15% 0% 0% 2% 6% 2% | 53
Mid2nd | 29% 29% 0% 17% 0% 0% 0% 0% 21% 0% 0% 4% 0% 0% 0% 0% | 24
Late2nd | 24% 29% 4% 10% 0% 5% 1% 0% 23% 0% 0% 3% 0% 0% 0% 0% | 78
Early 1st| 33% 31% 0% 6% 4% 8% 0% 0% 10% 0% 0% 4% 0% 0% 0% 4% | 51

Clean As Sh Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi Total

12.4 Arsenic, antimony, nickel, and silver content

Mean composition of arsenic, antimony, silver, and nickel in Caspian Coast copper-
base objects

2.5

2 ()
=
2
g
Q
g— 15
=) —@—As
=2
S —e—5sb
E 1
%’ —0—Ag
5 —o—Ni
E
g os
@
o

o~
0
n=47 n=4 n=0 n=101 n=53 n=24 n=78 n=51
Late 4th | Early 3rd | Mid3rd | Llate 3rd | Early 2nd | Mid 2nd | Late 2nd | Early 1st

Figure 74: Line graph depicting the mean composition of arsenic, antimony, silver and nickel of all copgease
objects from the Iranian Coast of the Caspian Sea
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The average content of arsenic, antimony, nickel and silver in all olofs from the
Caspian Sea Coast are represented fiigure 74. There is an overall decline in the
amount of arsenic present in the assemblages, though the maximum amount of
arsenic found is mostly somewhat high (arond 5% As). From the early 2d
millennium to the mid-2nd millennium BCE there is a sharp decline in arsenic
content, suggesting some form of abrupt change in the mhd millennium.
Antimony, silver and nickel remain quite low, but occasionally the mean axage is

above 0.1%.

13 Kerman

13.1 Bronze ubiquity

Tin-bronze of any kind is almost entirely absent from Kerman from the late®
millennium BCE to the mid2nd millennium BC (Figure 75); there is one tinbronze
object daing to the mid-3rd millennium and six (three tin-bronze, three copper
arsenic-tin alloys all of which are dress objects) dating to the mi@2nd millennium
BCE. There does not appear to have been a tradition of tmonze metallurgy in
this region, even whe mixed with arsenicatbronze (Figure 76). Arsenicatbronze

is the dominant alloy in all periods except the mieBd millennium BCE.
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Percent of entire Kerman copper-base assemblage made of tin-bronze and arsenical-
100% branze over time
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Figure 75: bar chart showing percent of assemblage madup of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in Kerman

Percent of entire Kerman copper-base assemblage made of copper-arsenic-tin and

unalloyed copper over time
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Figure 76: bar chart showing percent of assemblage made up of copparsenictin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in Kernma
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13.2 Tin Content

The object (a figurine) made of tiRbronze from the mid-3 millennium BCE
contains 9.27% Sn, which is the highest value of tin in any tioronze object in the
region. The three tinbronze objects from the mid2nd millennium BCE contain
1.25%, 7.62%, and 8.66% Sn. The copparsenictin objects contain 2.9% Sn and
1.08% As, 6.64% Sn and 1.14% As, and 8.3% Sn and 1.03% As. These values are
low enough and varied enough to suggest imported and possibly recycled material,

or at the very least asporadic and experimental industry.

13.3 Copper Groups

Arsenic-only copper in each assemblage is always present between 34% and 47%
over time (Table 18). The second most ubiquitous group is arsenisilver, which
seemsto be more common in objects from modern Iran than anywhere else in
Southwest Asia. In the earlier periods (late 4 millennium BCE to mid3m
millennium BCE) there is more variety in copper compositions, but this ceases in
the late 39 millennium and mid-2nd millennium, indicating a change in stability or

regional communication.

Table 18: Table depicting the entire Kerman coppebase assemblage split into copper groups as designated by
OEA O/ @&l OA OAAET EN @Andd theadsknibhdge assignddidieach dategp/A DA
AsSbA SbAg AsSb AsAg AsSbhA
Ni  NiNi_gNi
Late 4th 3
Early 3rd | 6% 47% 0% 3% 3% 3% 0% 3% 9% 0% 9% 3% 0% 0% 13% 0% | 32
Mid3rd | 38% 46% 0% 0% 0% 5% 0% 0% 3% 0% 5% 3% 0% 0% 0% 0% | 37
Late3rd | 2% 46% 0% 2% 2% 3% 0% 0% 8% 0% 25% 5% 0% 3% 5% 0% | 63
Early 2nd 100% 1
Mid2nd | 0% 34% 3% 0% 3% 6% 0% 0% 6% 0% 31% 3% 0% 0% 6% 6% | 32
Late 2nd
Early 1st [ 100% 1

Clean As Sb Ag Ni AsSb SbAg AgNi AsAg SbNi AsNi Total
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14 Eastern Arabia

14.1 Bronze ubiquity

Percent of Eastern Arabia copper-base assemblage made of tin-bronze and
100% arsenical-bronze over time
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Figure 77 bar chart showing percent of assemblage made up of arsenical bronze (>1% As, <1% Sn) and tin
bronze (>1% Sn, <1% As) in Eastern Arabia

Percent of entire Eastern Arabia copper-base assemblage made of copper-arsenic-
100% tin and unalloyed copper over time
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Figure 78: bar chart showing percent of assemblage made up of copparsenic-tin (>1% As, >1% Sn) and
unalloyed copper (<1% Sn, <1% As) in Eastern Arabia
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Arsenicatbronze constitutes over 60% of the assemblage in the migrd
millennium BCE Eigure 77), but this decreases substantially to 20% of the
assemblage in the late '8 millennium and continues to decrease until the mie2nd
millennium BCE to 17% of the assemblage. There is a slightcrease in the
ubiquity of arsenicalbronze in the late 2nd millennium, but this reduces at the
beginning of the ¥t millennium BCE. Tinbronze use increases slowly over time,
but at its most ubiquitous it only comprises 50% of the assemblage (earlystl
millennium BCE). There is never a dominant tibronze tradition in the region, and
it is worth noting that even the use of coppefarsenic-tin alloy was minimal in all
periods (Figure 78). Unalloyed copper was the dminant material, though it slowly
reduces from 60% of the assemblage in the lated3millennium to 42% in the early
1st millennium, indicating an increase in variation, experimentation or source

material over time.

14.2 Tin content

28 of the objects from Eastrn Arabian assemblage contain unusually high levels of
tin (defined here 30% - 75% Sn) and all originate from the same two sites in
Oman; Tell Abrag and Unar. It is not certain whether these objects originally
contained such large amounts of tin, or if th copper in the sample corroded due to
the acidity of the soil, leaving an emphasised composition of tif\Weeks 1997,
p.76). If the tin-bronzes from this region had always contained such high levels of
tin, it would be an extremely interesting regional difference in metallurgical
tradition and access to raw materials. Studied in isolation,dwever, the values are

so unusual that not much more can be said and these values cannot be relied upon.
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When considered alongside data from neighbouring regions on the other hand, it is
worth noting that several tin-bronzes from Mesopotamia contain up t6/0% Sn,
but these are not considered analytical anomalies, perhaps due to the Mesentric
nature of previous research. The possibility of intentionally high tifbronzes (most
frequently found in Oman but also known from other regions) is worth further

investigation.

90 Tin content: Eastern Arabian tin-bronzes
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Figure 79: Box plot depicting tin content of all tinbronzes (>1% Sn) from Eastern Arabia

Tin-bronze objects first appear in the region in the mieBd millennium BCE,
though the five objects only contain between 1%and 2.1% Sn Figure 79). In
previous publications with tin classified as >2% Sn, the mi@d millennium tin -
bronze assemblage would comprise only one object. Of all 62 objects in the laté 3
millennium BCE asseml@ge from Eastern Arabia Peninsula, only 7 objects do not
come from Tell Abraq or Unar, therefore the large range of tinontents and the

high median might be considered unreliable. In the early™ millennium BCE half
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the objects are clustered into a 3% rage of variation, centred on a median of 9.4%
Sn. There are only 3 objects containing >30% Sn in this assemblage, though there

are 9 in total from Tell Abrag.

The enormous range of tin contents continues into the™ millennium BCE though
settles into a snaller range by the later period. Despite a few high tibronzes in
the early 1st millennium BCE, the tirbronze industry appears to have settled into a
more regular pattern, with the median and interquartile range focussed around
10% Sn, despite the presace of considerably more objects than in previous

assemblages.

14.3 Copper Groups

Arsenic-nickel copper is the dominant copper composition in the region, varying

from 44% of the assemblage to 57% Table 19). Nickelonly copper is also a
consistently major copper group after the early 24 millennium and could be an
indication of arsenicloss over time. From the mid3rd millennium to the early 1st

i ETTATTEOI "#%wh OEA OAENOEOU 1 &£ AiBDBAO
increases from 9% of the assemblage to 13% of the assemblage, possibly indicative

of more intensive refining during the smelting process.

Table 19: Table depicting the entire East Arabian coppebase assemblage split into copper gups as

Q <

AAGECI AGAA AU OEA O/ oAi OA OAAET ENOAG8 6A1 OAO ET AEAAOA OEA

AsSbA SbAg AsSb AsAg AsSbA

Clean As Sh Ag Ni  AsSb SbAg AgNi AsAg SbNi AsNi g Ni Ni Ni oNi Total

Late 4th
Early 3rd
Mid3rd | 0% 9% 0% 0% 4% 0% 0% 2% 0% 0% 49% 0% 0% 30% 4% 2% 47
Late3rd | 9% 7% 0% 0% 6% 0% 0% 1% 2% 0% 44% 0% 0% 7% 22% 2% | 262
Early2nd| 6% 7% 0% 3% 21% 0% 0% 1% 1% 0% 5% 0% 0% 0% 3% 0% 67
Mid2nd | 11% 13% 0% 2% 17% 0% 0% 0% 0% 0% 55% 0% 0% 0% 2% 0% 47
Late2nd [ 11% 14% 0% 0% 20% 0% 0% 0% 0% 0% 49% 0% 0% 6% 0% 0% 35
Early 1st | 13% 12% 0% 1% 15% 1% 0% 1% 0% 0% 54% 0% 0% 3% 0% 0% 220
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14.4 Arsenic, antimony, nickel, and silver content

If looking at the mean average content of arsenid={gure 80), the arsenic content
does not appear to be decreasing but remains relatively steady alongside the
average nickel content, though there is a significant decrease of the median value
of arsenic from the mid3rd millennium to early 2nd millennium BCE. The average
(mean) nickel content in objects from Eastern Arabia is consistently high in
comparison to other regions in Southwest Asia and is frequently higher than the
average arsenic content. These patterns are to be expected owing to the high
arsenic and nickel found in many Omani copper ores. Both the average
concentration of antimony and silver increase during the @ millennium BCE but

are consistently rare.

Mean composition of arsenic, antimony, silver, and nickel in East Arabian copper-
base objects
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Figure 80: Line graph depicting the mean composition of arsec, antimony, silver and nickel of all coppebase
objects from Eastern Arabia
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15 ChapterSummary

This brief description of metallurgical profiles emphasises the differing regional

traditions across Southwest Asia. The regions located on the geographicabed of

OEA OOOAU OEi x OEA 1100 AEAEEAOAT OEAOGEITT N
copper in the Southern Levant, the more frequent presence of silver as a trace

element in regions located in Iran, the nickeliferous copper from Eastern Arabia,

and the artimony-rich coppers of the Caucasus. The assemblages from the more

centrally located regions of Southwest Asia tend to indicate a slightly more
homogenised set of traditions and materials. The diversity of chemical patterns in

Northern Mesopotamia is consstent with a region which acted as a thoroughfare

for trade and exchange. Bronze traditions seem to vary much more by region, no

doubt owing to access of tin or contact with greater trading partners.

It is necessary to look at isolated aspects of these liegal traditions, however, to
really understand the interconnectedness of practice and communication, and to
attempt to define multi-regional traditions or the movement of material across
Southwest Asia. Forming metallurgical profiles dependent on regionogs not give
us insight into how the people of those regions interacted with the materials and

knowledge available to them.

The aspect of these results which stands out on its own by comparison of regional
tradition is that of very-high-tin bronzes. The numerous tin-bronzes containing
>30% Sn found in Eastern Arabia have been relegated to anomalies which do not
represent the actual tin traditions of the region, however there are multiple
examples of objects containing >30% Sn from West and Central Anatol@yprus,

Northern Mesopotamia, Mesopotamia and Luristan which are not subjected to the
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same dismissal. Unfortunately it is currently impossible to know whether all these
objects are subject to the same effects of corrosion, or whether the higin content
was intentional. One possible theory is that of intentionally highin objects
intended as objects of trade, as the presence of copper would halt the process of tin
disintegration. Further research is clearly needed but is outside the scope of this

thesis.
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Chapter Five: Alloying traditions of
Southwest Asia

The study of alloying practices throughout prehistory can provide valuable
insights into past conceptions of metal and specific characteristics of ancient
metallurgy. This chapter addresses the imr- and panregional metallurgical
traditions of Southwest Asia as exemplified by copper alloying from the debated
beginnings of smelting through to the changed face of the earlyt inillennium BCE.
The chapter is structured chronologically but with specit focus given to points of
contention at several stages throughout the time period. The first discussion
centres on the perceived start of conscious metallurgical development: though
secure evidence of smelting can be placed in theh5millennium BCE thee are
isolated metallic finds from the preceding three millennia, which may indicate an
earlier date (section one). The second section incorporatesh4millennium alloying
traditions and attempts to discern accidental or deliberate motivation behind

them, specifically focusing on the concept of experimentation.

From the 39 millennium BCE onwards metallurgical tradition is perceived to be
both deliberate and a motivational factor behind the forging of longlistance
contacts. Section three therefore encompass the culture expansions of the late
4th and early 39 millennia BCE, and section four the consequent isolation of the

Caucasus in the mieBd millennium BCE. Components of these events are visible in
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the alloying traditions of the time and it is potentally possible to trace the extent

of a culture and its contacts through a cohesive pattern of copper use at a given
time. The tin-bronze traditions of Southwest Asia throughout the 3 millennium
BCE are then studied in order to reassess the potential ofestel as a major tin
supply, as the assessment of the evidence at the mine itself has so far been
inconclusive (section five). During the 24 millennium BCE the copper supply to
Mesopotamia shifted from Magan copper to Cypriot copper: this clearly had an
effect on the composition of copper in circulation, but also the circulation of tin in
Southwest Asia, which was believed to have been imported via the Persian Gulf.
Both of these results ought to be visible in the patterns of contemporary alloying
traditio ns (section six). Section seven then addresses the changed face of emerging
Iron Age metallurgical traditions after the collapse of the Late Bronze Age trading
networks and centuries of deurbanisation. In the final section additional elements
which are cmsidered non-traditional alloys, zinc and iron, are discussed in
relation to the processes by which their presence was achieved, and

considerations for further research.

The chapter as a whole presents analysis of patterns of preference, choice, and
technological development in alloying practice from the accepted beginning of
primary metallurgy through to the early 1st millennium BCE across Southwest Asia.
During this time there were many changes in the treatment of coppdrase
material, either in terms of the conceptual approach to these materials, the
resources used in production, the level of investment in skilled craft workers or
the effects of regional prosperity on technological choice. Alloying elements in this

chapter are considered as any combinatio of arsenic, antimony, silver, nickel,
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iron, lead, zinc, or tin present at more than 1% in a coppdrase object. Rather than
a linear development from pure copper won from a simple smelt to alloyed copper
smelted from complex ores, we can see a broad, perious set of alloying

practices in Southwest Asia from the very inception of metal technology.

1 8th to mid-5th millennium BCE: when did smelting technology
develop?

In Chapter Two the current state of knowledge regarding the advent of smelting

technology was outlined, including discussion of botldirect and indirect evidence.

The indirect evidence included highly contested 8 millennium BCE lead beads, a

possible 7 millennium tin -bronze pin, and other assorted coppebase objects

(Birch et al.2013, p.308; Krause 2003; Garfinkedt al. 2014b). Thedirect evidence

included a hotly debated piece of i E1 1 AT T EOI OO1 ACcd th@mol i A O/
5t millennium BCE smelting crucibles from Tal Iblis (Kaptan 1990; Maddin et al.

1999; Robertset al. 2009; Frame 2009; Weeks 2013; Hauptmann 2014; Craddock

2000). In this section, all pre5t millennium BCE artefacts within the database will

be considered after a brief discussion about the purity of native coppemd its

influence on the smelting debate.

Native copper is distinguishable from smelted copper owing to its distinctive
microstructure, but this characteristic is lost if the native copper is melted down

and cast(Craddock 2000) Some authors consider the chemical purity of copper to
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be indicative of natve copper (Birch et al. 2013; Levine 1999, p.184; Wertime

1964, p.1259) However this is inconsistent with the evidence in two ways: firstly,

it is possible to produce copper without impurities from malachite(Killick 201 4)

and secondly, native coppers have been shown to contain high quantities of

Ei POOEOEAOh Asc¢c8 A 1T AOEOA Ai pPAO TAEAAO ATl
i +OA0OO0A ¢mmon 4UlI AAT OA pwyxh DP8wuv OAAI A o8
OEI OCE OEAOA OEIi DpOOAS 1 AOEdiiy soined® OO EAOA
chronologically misplaced(Stech 1999, p.60) Early presence of copper alloys can

therefore not be taken as indirect evidence of the earliest smelting technology as

they could be natural, but nor should they be used as evidence that a chronological

sequence is not accurate.

Lead does not occur in native form, and therefore its presence must be indicative
of smelting technology (Krysko 1980, p.43; StosGale and Gale 1981, p.181;
Deming 2016, p.13; Heskel 1981, p.362)f the 8" millennium BCE lead beads from
AOAl EEUI E AOA AAAOOAOAI U Abeotddnt podiiddT OEI EI
smelting evidence could be considered as the possible inception of an isolated
smelting technology. Another lead object is dated to 6th milleium BCE Yarim
Tepe in Northern Iraq, contemporaneous with (though not proximal to) the
smelting crucibles from Tall Iblis, Southeastern Iran(Gale and StosGale 1981,
p.181). Nor does native tinRbronze exist, indicating that the presence of tin
bronzes (if securely dated) cold represent indirect evidence of smelting
technologies. The tinbronze pin from 7h millennium BCE Konya, Anatolia,
AT 1 OAET O wstpbp 3Th ATA xAO &I O1T A ppt EI AxA

where the possible 7 millennium BCE smelting evidence disgssed above was
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located (Krause 2003). Not much more can be said about thisbfect owing to lack
of references outside Kraus¢2003), though if t were found to be accurately dated

it would necessarily indicate the advent of smelting, at least in Anatolia.

Table 20 presents all objects in the database dating to theemillennium and early

5t millennium BCE, and those which are unambiguously dated across th& &nd

6t millennia. Only two 6h millennium objects are represented in this database
(not including the two objects from Echmiadzin which could belong to eitér the
6t or 5t millennium BCE). The remaining two & millennium BCE copperbase
objects are tinbronzes described by Garfinkekt al. (2014b): one is an awl from
Tel Tsaf in the Southern Levantontaining 6.6% Sn and the other a ring from
Aruchlo | in the Southern Caucasus containing 8% Sn. These must represent
smelted metal owing to the presence of tin and are thereformdirect evidence of
technological change. The reliability of contextual imfrmation is pivotal if these
objects are to be used as a foundation for the reconsideration of the earliest date of

smelting technology.

The two 6th millennium BCE objects with chemical data presented in the database
AOA EOI I +01 60ADPA sisiand@re Aroadly dat€d=fdrd 5000#A O A A
5000 BCE; one is an arsenicddronze containing 1.4% As and the other an arsenic

rich copper containing 0.4% AqKashkay and Selimkhanov 1973)According to the
conclusions of Birchet al. (2013), these objects must represent smelted copper

owing to their high arsenic contents, though alongside the results ofylecote

(1987) AT A UAT g AT  [998) theyUdhuldeb& iconsidered as native

copper. The objects ultimately remain inconclusive additions to the debate.
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Table 20: 5t and 6" millennium BCE coppetbase objects from the database. N@O ET AEAAOAO
(Object bibliography: Kashkay and 8milkhanov 1971; Thorntonet al.2002; Hauyptmann and Pernicka 2004; Nezafatet al. 2008; Krause 2003)

T1T EAECOAROBDDOEAAAGA

BT AEAAOAOGOT 1

Object Site Region Start End As Sh Ni Ag Sn Fe Pb Zn
Unidentified . 04 0005 00l 0043 0003 02 0.07 -
Arrow Kiultepe S Caucasus 6000 | 5000 |, 0 0005 01 0003 015  0.15 ;
Four-sided awl . . 3.6 0 0.1 0.18 0.02 0.05 0.07 -
Knife Echmiadzin |5 Caucasus 6000 | 4000 5.4 0 0.002 0001 001 1.1 0.01 .
Hook 0.0642 - - - - - - 0.0127
Pin 0.0258 ] 0.0423 ; ; ; ; -

: 5500 | 4500
Pin Tepe Yahya |Kerman 0.0663 ; 0.0405 0.0202 ; ; ; 0.0211
Tack 0.0552 ] 0.0657 ; ; ; ; 0.0673
Awl 0 0 0 0.01 0 0 0 -
Wire 4500 0 0 0 0.03 0 0 0 -
Axe-head Unknown __ |Mesopotamia 5000 | 4000 | 0.82 005 025 003 000l 000l 062 0001
Bead . 0.077 0 0 0.0L 0002 0078 0002 -
Needle Tepe Sialk |Clran 5000 | 4100 | 555 0 0022  0.003 0 138  0.023 -
Chisel Arpachiyah  |N Mesopotamia 5000 4000 0.1 - - - 0.0015 - - -
Sceptre head |Can Hasan |W and C Anatolia| 5000 4000 0 - 0.001 0.05 0 0 0 0




The two copperbase objects from Echmiadzin (Southern Caucasuale only very
broadly dated from 6000 BCE to 4000BCE, so must be treated with caution. These
objects contain considerably higher arsenic contents than seen in Southwest Asia
thus far: an awl containing 3.6% As, and a knife containing 5.4% As and 1.1% Fe
(Kashkay and Selimkhanov 1973) The possibility of native coppers cotaining
high quantities of impurities has already been discussed but there was no mention
of the upper possible limits of element quantity in the literaturez at what quantity

in the composition of native copper is an impurity considered so high it can onl
have been purposefully added (and therefore smelted), or perhaps there is no limit
to native copper impurities. According to Mddlinger et al(2017), arsenic present

in such quantities as in the Echmiadzin samples wddi be sufficient to change the
colour of the material, and according to Lechtmaii1996) the quantity would be
sufficient to change the working properties. If the objects had been smelted it
could even be considered as intentional alloys (deliberate versus accidental
alloying is discussed in full in the next section). Gn of the 6"/5t millennium
objects contains 1.1% iron: the presence of iron is indicative of smelting, and its
detrimental effects are noticeable at 1%Craddock and Meeks 1987)The knife, at
least, was probably smelted but again its lack of a secure chronological context

does not add anything to the debate.

There are six objectsdating to the late 6"'/early 5% millennium BCE (an awl, a
wire, a tack, a hook, and two pins) from Tepe Yahya in the Kerman region of Iran
(Thornton et al. 2002). All of these contain very low levels of impurities and
represent very small objects which could have been hammered from lumps of

native copper. The two B millennium objects from Tepe Sialk Table 20) also
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represent the style of objects that are commonly made of native copper. However
the needle contains 1.38% Fe making it likely to have been produced by smelting.
The axehead, chisel, and sceptre head from Mesopotamia, Noern Mesopotamia,
and Anatolia (Table 20) are also broadly dated to the B millennium BCE but
represent completely different manufacturing techniques. These objects must have
been made at least from molten and & metal, though the levels of impurities
(low in the chisel and sceptre head, high in the axieead) do not help us ascertain
whether the objects were smelted or made of amalgamated and melted native

copper.

It is generally believed by most that by the enaf the 5" millennium BCE smelting
was occurring on a wide scale. However evidence for smelting operations at this
time is still limited to only a handful of sites across a very large region and it
cannot be assumed that the products of those operationsomld reach into all
corners of Southwest Asia. Apart from finds of actual production debris, the oft
cited reason for the belief that smelting was occurring on a wide scale by this time
is the presence of impurities within the copper composition. If, as dcussed earlier
in this section, native copper cannot be established by virtue of its purity, then
neither can the advent of smelting be demarcated by the presence of impurities.
Therefore the following objects, although more likely to have been smelted dn in

previous periods, may still represent the use of native copper.

The largest number of late % millennium copper-base artefacts come from
Mentesh-Tepe in the Southern Caucasus and are dated between 4500 and 4000
BCE (Courcier et al. 2012), though in Lyonettet al. (2016) it is stated that no

copper was found at this site. A large majority of these object are awls and rings,
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which could be indicative of native copper howorking technology, however there
are also a number of prills and agglomerations of prills, one of which contains 15%
Fe and was therefore certainly smelted. There are many other objects with traces
of iron present at the site, though as they are present <0.5% may kedt simple
impurities. It is possible that smelting took place orsite as a small piece of azurite
was discovered there: however no contemporary ceramics with smelting residue
were found (Lyonnet et al. 2016). Other objects from this time period are also
suggestive of smelted rather than native copper: the axe/adzbeads from Tepe
Gaura in Northern Mesopotamia (one of which contains traces of iron, and the
other being an arsenienickel-copper alloy); and two pins from Tepe Hissar, one of
which is a tin-bronze (2.12% Sn), and the other of which is a leadetin-bronze

(1.52% Pb and 1.74% Sn).

To summarise, theindirect evidence of & to 5" millennium BCE copper object
finds still provides ambiguity on the question of whether smelting occurred before
the mid/l ate 5" millennium BCE, although objects dating to the latet5millennium
BCE show more indications of having been smelted. Impurities such as arsenic
cannot be used to differentiate between smelted copper and melted native copper,
though two objects which are broadly dated to the 8 and 5" millennia could
potentially contain enough arsenic to be indicative of deliberate alloying, which
would suggest smelting technology. Three objects from Mesopotamia, Northern
Mesopotamia, and Anatolia could represent eited and cast native copper, or
smelted ore. On the other hand two tirbronze objects (from the Levant and
Caucasus) must have been smelted as they are made of a-natively occurring

material. The ambiguities provoked by the presence of prBt" millennium BCE
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objects mean they should not be ignored in the search for the earliest development
of smelting, and objects containing characteristics outside the realm of native
copper should not be dismissed as being out of context. It is hypothesized here,
owing to the number of finds and crucible evidence discussed in Chapter Two, that
smelting technology was likely to been developed in the '6 millennium BCE
though perhaps in isolated contexts. It was not until the % millennium BCE that
the technology appearsto have been adopted on a wider scale or undertaken in

more organised contexts.

2 4th millennium BCE: Accidental, deliberation or experimental
alloying?

Once smeltingtechnology was well underway it remains to be seen how the
technology was approached by ancient craftspeople. Traditionally the
archaeometallurgical view was that smelting began with simple smelts of pure
copper ore, such as malachite, into relatively pure copper. However 45% of all
copper-base objects from the early # millennium BCE contaned >1% of either
arsenic, antimony, silver, nickel, iron, zinc, lead, and/or tin, and by the lateh4
millennium BCE this percentage had risen to 70% of the coppdrase assemblage
(Figure 81). Were ancient metalsniths actively seeking or creating copper alloys
for the improvement of aesthetic or behavioural properties and consequently

deliberately manipulating the material produced, or was it a product of smelting
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local, available ores and the widespread appearanad so many alloying elements

the product of anexperimentalphase?

Percent of Southwest Asian copper-base assemblage containing >1% As, Sh, Ag, Ni, Fe,
100% Zn, Pb or Sn

90%

80%
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Figure 81: Percent of the entire Southwest Asian coppérase assemblage containing >1% of one or more of
the alloying elements from the 5th millennium to the 1smillennium BCE

Several issues need to be addressed in order to begin dissecting past approaches to

early smelting technology. Firstly, what is meant bydeliberate and accidental

alloying, and how might we be able to distinguish these processes throughet

AEAT EAAl AAOAe 3AATTAI URh xEAO EO 1 AAT O AU
can be applied to bothaccidentaland deliberatealloying traditions?

Accidentalor fortuitous alloying would presumably include smelting a copper ore

that looked similar to malachite or azurite, or serendipitously cesmelting a

combination of oxides and sulphides, with the result being a copper alloy which
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the craftsperson had not intended to produceDeliberate alloying is obviously a
conscious choice of material or and irgnded material result and can be achieved
one of three ways. First, cesmelting two ore types or deliberately choosing an ore
which produces a product known to be distinguishable from pure copper. This
route is the most similar toaccidentalalloying and ould represent a choice made
by someone who has only recently accidentally smelted an alloy. Second, the
intentional addition of arsenic, antimony, or tin ore to the copper smelt or pre
smelted metallic copper (mixing of two metallic components would alsobe
included in this form of alloying, though it represents a separate stage of the
technological process). Third, the addition of speiss, most often referred to in the

case of arsenic alloys.

One problem with the description accidental alloying is that though the ore or
combination of ores could have been smelted unknowingly, the craftsperson may
still have recognized the improved behavioural properties of the metabnce it was
made It therefore does not necessarily mean that the waccidental and
deliberate alloys were utilized and manufactured into objects will be separable by
comparing object type and chemical composition. Amccidentally smeltedalloy

could be adeliberately usedlloy.

Throughout this section the concept of the # millennium BCE asAT OA@GPAOEIT AT O,
DPEAOGAS 1 &£ | AGAIT 1 O6O0cU xEi1 AA pOO A OxAOAh 1/
As in Weeks(2013, p.286)OA @D A OET AT OA1 8 EAOAnskién&ki® 11 O OAF
experimentation but processes of human curiosity into the transformation of

mineral into metal. The term could also apply to bottdeliberate and accidental

alloying. However it could also represent a stage ibetween both:

208



experimentation with ores clearly does not represent an uninformed choice of ore,
since this would include an unwieldy number of all rocks to choose from: the
metalworkers must have had some prior knowledge regarding material choice.
The resulting alloy may therefore be unkown and fortuitously improved in terms
of mechanical properties, but the mixture of ores was deliberately put together. It
does not necessarily have to represent a fully informed choice, or the craftsperson
might simply stop experimenting when a sufficienty useful mixture of ores was
found. Experimentation would appear to be driven by curiosity rather than

necessity or practicality.

The chemical results of an experimental phase of alloying and smelting might be
the presence of various differing alloying EEments present in the coppetbase
assemblage in varying quantities. We might also expect to see certain regional
differences as experimentation would be limited by regional ore composition, or
trading contacts with other regions with regional ore composiions. An
experimental alloying phase may also explain the early, but rather randomly

located, instances of tifbronzes (discussed below).

2.1 Atheoretical paradigm of an experimental phase
4EA OAOEAA OOA 1T £ 1 AOEOA -matallddcl contéxisds OCOAAT
frequently discussed in the literature concerning early metallurgy, partly to
Ei 1 OOO0OAOA AOAEOOPAT P1 AOG6 FEAI Elbi ADEOU x EOE
EECEI ECEO OEA ADDPAOAT O EI Pi OOAT AA bl AAAA 1
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and Rehren (2016, p.266) conducted research

Table 21: Diagnostic colours of common mils
in use during the Bronze Age when applied to L

ET O OEA AT 11 AAOET 1T 1 fheflametest 6EI ¢ A

Element Flame colour

sites in modern Serbia and on the basis of the
strong preference for black and gren ores, the

s o~ oA N e

AOOET OO0 AOCOA OEAO E( T AGET 1
Ai 11000 ¢xEEAEY AOI (")A | PEA
The blue-green colour of flames once malachit
has been added is also mentioned, and i

historical importance for  distinguishing

Antimony Pale green

minerals has long ben noted(Charles 1985) In
Tin Blue-white

addition to the possibility of flame testing
Nickel Silver-white

minerals by grinding them to powder and

throwing a handful onto a flame, it is ado possible that they carried out a streak
test by running the mineral across a harder, darker stone containing sonslica
(Oddy 1986, p.166) Furthermore, it neednot only be the distinctive bluegreen of
copper itself which comes into focusz all elements which were alloyed with
copper during the Bronze Age produce a colour alonthe blue-green range in a

flame test, as can be seen ifable21.

Knowledge that a number of minerals producing a green/blue flame could be
smelted to produce a variant of copper wouldallow early smelters a certain
amount of freedom to experiment successfully and could explain the early onset of

alloying practice. Tin, antimony, and nickel produce quite lightoloured flames,
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perhaps unnoticeable in the flames of a fire rather than a Bigen burner. As often
discussed, malachité is bright green, produces a light green streak, and a blue
green flame; azurit¢ is blue, produces a light blue streak, and blue flames;
olivenite>, an example of an arsenidch copper mineral which can produce
arsenicalcopper in a onestep smelt, is green to greeibrown, produces a

yellowish green streak, and its individual components provide a blugreen flame.

If this theoretical approach by ancient smelters is feasible, it could lend weight to
the argumentfor the use of stannité, or polymetallic deposits containing tin, in the
production of early coppertinalloysj ( Al xET C ¢mnmnwh @&a8.@qi% N
p.1040). Rovira et al(2009) have shown that it is possible to cesmelt a coppertin
alloy from a mixture of copper ore and cassiterite. Before discussing the possibility
of accidental/experimental smelting of coppetrtin alloys, the process of oxidisation
of primary ore minerals and the buildup of polymetallic ore deposits will briefly
be outlined. As the geology of tin deposits is rarely studied in relation to Southwest
Asia due its lack of economically viable deposits in the medh day, this section
refers to a study of polymetallic tin mineralization in China(Wang et al. 2007).
These authors studied tinpolymetallic deposits occurring in volcanic to shallow
subvolcanic settings, and thy state that polymetallic minerals and tin are known
to form a sufidic ore body, often containing Pb, Zn, Cu and Sn. The weathering of
such deposits often results in a mixture of oxide minerals which can be easily

smelted (Wang et al. 2007, p.284). Therefore a mineral deposit of stannite, which

3 Malachite: CeCQ(OH)2
4 Azurite: Cuws(CQ)2(OH)2
5 Olivenite: ClAsO(OH)
6 Stannite: CuFe*Sng
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often occurs alongside chalcopyrité pyrite8 and arsenopyrite® (Mindat.org 2018),
exposed to frequent rain and humidity could ultimately fom a deposit containing
both malachite and oxidised stannite. This combination could result in a single step
smelt to produce tin-bronze with variable amounts of tin and other elements (e.g.

iron or arsenic) depending on the character of the primary deposit

Mushistonitel?, a secondary product of stannite which was only characterized in
OEA AAOI U pwynmdOh EO EOOLDAAVelEnArAl.comA OAOE A A
2018) z and produces a light bluegreen flame when ignited. It is easy to imagine
how such a nineral, or a similar variant of oxidized tincopper ore, could have
been mistaken for (or even smelted as) malachite.

This is not to suggest that craftspeople were ignorant of the difference between
either the mineral or the resultant metals, nor that theg worked exclusively with
blue-green materials, especially as the longer metallurgy was developing the more
familiarity and experience the metalsmiths would have with all related materials.
Rather this concept is aimed at suggesting that the colour spectruof blue-green
provided a reliable parameter within which to seek new minerals or experiment
with new forms of copper-alloy and metallic qualities. This conceptualization of
minerals would also have more easily enabled the transmission of metallurgical

knowledge between communities and further afield.

7ClFe'S

8 Fe'S

I Fe*AsS

10 Cub sZno.4F€20.1SN(OH)
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2.2 Early occurrences of tifbronze

Figure 82 is a map depicting the known locations of all pr&rd millennium BCE tin
bronzes within the database collected for tfs thesis. The pre4t millennium BCE
objects are not included as they have been discussed in previous sections.
Following on from the discussion of experimental smelting, andleliberate or
accidentalsmelting, tin-bronzes are considered as containing >0% Sn, as in order
to achieve this quantity of tin some form of tin ore must have been present. First,
this section will cover the Mediterranean Region of Anatolia, given the proximity of
two sites which produced multiple examples of coppetin, both with each other
and a stannite source, before moving on to addres$4millennium BCE tinbronzes

across the wider region of Southwest Asia.

Yumuktepe (3900 z 3800 BCE) and Gozlukule (3200z 3000 BCE) in the
Mediterranean region of Anatolia provided the largesindividual assemblages of
early tin-bronze objects; more than any other contemporary site. Though the sites
are separated by 600 years or more, they are mentioned together since they are
located only 33 km apart from one another, and 72 km to 65 km distarfrom
Madenkdy, a potential source of stannit¢Oztirk and Hanilci 2009, pp.10g10). As
mentioned in section2.1 of this chapter, it is possible for stannite to oxidise in the
right climatic conditions. The climate of the mountainous regions of Anatolia is
predominantly rainy and humid (Atalay et al. 2014), which is optimal for the
oxidisation of sulphide ores, perhaps explaining whyearly tin-bronzes are more

often found in Anatolia during this time than anywhere else.

213



1474

Talin

3Troy yadcnbclcnitcpe
Kooura .Tiilintepe
Konya adenkoy . Hassek hoyiik
o e Tell Halaf S
xu};z I'(Jtcl:) ce o > P .g.Tepe Hissar
Deh Hosein L o
*
- . Susa
Giv'at ha-Oranim

® Md7th oTlmna

® Late 5th

@ Early 4th

® Late 4th
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Table 22: 4 millennium tin -bronze objects from Yumuktepe and Gézlikule and the most common alloying

elements. (Object bibliography: Kraus 2003)

Start End [Provenance |Object Sn As Sb Ni Ag Pb

Sickle 0.55 0.97 0.02 0.04  0.05 0.08

= Roll headed pin | 0.75 1.1 0.58 0.19 0.04 0.18
>| 3900 3801 | Yumiktepe |Solid needle 1.3 1.15 0.46 0.23 0.04 0.02

&8 Awl 2.1 1.25 0.28 0.27 0.04 0.18

Unidentified 2.6 1.2 0.05 0.06 0.03 1.55

Flat chisel 0.84 1.1 0.44 0.32 0.03 0.09

< Awl 1.1 3.2 0.6 0.13 0.04 0.06
¥ - Sewing needle 1.6 1.15 0.38 0.32 0.21 0.02

g | 3200 3001 | Gozlikule | icel 25 059 026 018 005  0.35
- Flat chisel 4.9 1.4 0.04 0.16 0.13 2

Knife 6.6 1.05 0.03 004 044 043

According to Kuijpers (2017) and Moédlinger et al. (2017) only tin present in
quantities greater than 5% is noticeable by metalworkers. All five Yumuktepe tin
bronzes from the early 4 millennium BCE are well below this threshold, the
highest tin content being 2.6%.
element composition of these tirbronzes (Table22q EO OEA OAI 11T UET C
arsenic, and the high trace levels of antimony, nickel, and lead in most of them. It is

not known what effect a cumulative concentration of impurities has on the
recognizable behavioural or aesthetic properties of copper. The number of
impurities present in the tin-arsenic-bronzes could indicate a polymetallic ore

source. The low quantities of tin certainly suggest the material could have been
accidentally or experimentally smelted. Not much can be said about the choice of
material alongside object typology, a the remaining copperbase assemblage

(sixteen objects) predominantly consists of pins, awls, needles, and a sickle, which
directly reflect the tin-arsenic-bronze assemblage. However, there are also four

axes made of unalloyed copper which variously contia trace levels of antimony,

arsenic, and silver, but no nickel, lead, or tin, and the arsenic contents are

significantly lower than in the tin-arsenic-bronzes. Larger, more complicatedly

215

What is particularly noticeable about the trace

-

~

N



fabricated objects were apparently not restricted to alloyed coppeat this stage in
the Mediterranean Region, possibly suggesting that the behavioural qualities of

alloyed material were not realised.

Six hundred years after tirbronze use at Yumuktepe, the site of Gozlikule adopted
tin-bronze (Table 22). Six of fifteen objects contain >0.5% Sn; an awl, a needle, a
knife, and three chisels. The chisels, and possibly the knife, represent the use of
casting technology. It is interesting to note that the knife and one of the chisels
contain perceptible levels of tin (4.9% and 6.6% Sn). This could suggest that the
metalsmiths had made a deliberate decision to use a material with better casting
properties for larger objects. It is also possible that the same, or a proximal,
polymetallic ore source was exploited across thet@millennium BCE, and that over
time the improved properties of tin-bronze began to be recognized by the

craftspeople.

If we take a more widespread view of tifbronzes from early 4" millennium BCE
Southwest Asia, it isclear that some objects contained perceptible levels of tin as
marked in gold onTable 23. None of these objects are tHarsenic-bronzes as in the
Mediterranean Region and they also have considerably fewer impurds, though
the number of objects containing lead (and higher lead quantities) is larger in
modern Iran and Irag than Anatolia. There is only one thibronze object containing
arsenic dating to the early 4 millennium BCE outside Anatolia: an adzaead from
Susa, which is rather an arseniaickel-copper alloy containing a significant tin
Ei DPOOEOUS8 | AEOE &AOT |1 4 ADA -Oraki® &rd dtuallyl A

leaded-tin-bronzes. Though the number and quantity of impurities is different

from those in the tin-bronze objects at Yumuktepe, the variation and variability
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still could be suggestive of polymetallic ores and indicate local experimentation

rather than objects traded from a specific region.

Table23: early 4 millenniui " #% | AEAAOO A£OI | -O3 EODAEAAOGA O! DEASEECDHOA OOT OF
AT AT UOOO 1T O AOOET OOh Ono EI AEAAOAO 11 0 AAOGAAGAA 10 110 BC
erceptible levels of tin, grey: >0.1% of impurity element.
Provenance Larger Area [Object Sn As Sb Ni Ag Pb Fe
Susa W Elam Adze-head 0.82 3.5 0.5 25 0.08 0.81 0.6
Tepe Sialk Clran Awl 0.95 0.56 0.24 0.08 0.04 0.15 0.21
Awl 25 - - - - 2 -
< |Tepe Hissar Casp Coast |Disk 1.53 - - - - 1.49 0.001
I . Pin 3.89 0.5 0.03 0.122 0.04 1.11 0.06
£ |Givatha-OranimS Levant |50 4907 0646 002 0156 0485 0596 0.058
W [Tepe Gaura N Mesop Pin 5.62 0.67 0.09 0 0 0.24 0.04
Timna S Levant Needle 6.1 0.015 0.015 0.02 0.02 0.17 1.7
Susa W Elam Adze-head 14.2 0.86 0.05 0.48 0.03 0.005 0.31
Tell Halaf N Mesop Flat axe 14.5 0.17 0 0.2 0.01 0.14 0

The overall Southwest Asian tirbronze assemblage in the early @ millennium
BCE, though contemporary with Yimuiktepe, seems to show a more deliberate
application of alloyed materials to certain typological forms. This is also more
prominent in eastern regions than towards the west. Three of the objects
containing perceptible levels of tin are axes. In fact the two axes from Susa and Tell
Halaf contain ~14% Sn, which would definitely be sufficient to be considered a
separate metal by the craftsperson and couldven represent the direct addition of
tin or a tin-ore to copper. Apart from one object from the Southern Levant the

objects containing imperceptible levels of tin are mostly from Iran.

In the late 4" millennium BCE, sites containing tifbronzes in the c@per-base
assemblage (contemporary with the Goézlikule assemblage) are more often located
in northern regions rather than southern, opposite to what is seen in the earlyt

millennium BCE (Table 24). Almost half the late 4 millennium copper-tin
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assemblage are timarsenic-bronze, suggesting this combination is perhaps
connected loosely with northern ore deposits as tirarsenic-bronze was not as
common in predominantly southern early 4" millennium copper-tin assemblage.
During the late 4 millennium BCE tinbronzes were frequently manufactured into
larger and/or higher status objects, such as weaponry and spiral rings, although

West and Central Anatolian tiRbronze objects were still predominantly tools.

Table24:late 4hi E1 1 AT T EOI " #% 1 AEAAOO-OFEIN IA ERADBx A DO AECHOR
AT AT UOOO 10 AOOEI OOh Ondé ETAEAAOAO 11 6 AAOAAOGAA 10O
erceptible levels of tin, grey: >0.1% bimpurity element.
Provenance Larger Area |Object Sn As Sh Ni Ag Pb Fe
Tepe Hissar Casp Coast |Bracelet 0.63 4.2 0 0.02 0.02 0.07 0.001
Hassek hoyuk [E Anatolia |Small dagger 0.69 0.614 0.0161 0.297 0.0624 0.0121 0.0075
Talin S Caucasus Spearhead 0.71 209 0.0278 0.07 0.166 0.05 0.045
Spearhead 1.35 1.69 0.054  0.049 0.46 0.03 0.08
Kalleh Nisar Luristan Finger ring 3.52 0.96 0.24 - 0.29 0.31
g Tilintepe E Anatolia  |Roll headed pin | 5.27 0.55 0.029 0.21 0.039  0.043 0.28
o [Susa Western Elan|Pin 5.3 0.55 0.45 0.08 0.09 151 0.12
g Awl 5 0.27 0.00025 0.0005 0.03 0.12 -
Kusura Solid needle 6 0.67 0.04 0.1 0.77 1.55
W&C Anatolig Awl 6.7 1.35 0.05 0.17  0.0005 0.29
Tray Flat chisel 6.4 1.2 0.02 0.14 0.07 0.84 -
Flat chisel 8.2 0.63 0.017 0.11 0.038 0.12 0.14
Talin S Caucasus [Spiral ring 11 0.4 0.032 0.34 0.2 0.21 0.15

Kusura and Troy are reasonably close to another possible source of stannite
mentioned in the literature, and all tinbronze objects from these sites contain
between 5 and 8.2% Sr{Begemannet al. 2003). The typological allocation of tiR
bronzes from Talin in the Southern Caucasus indicates experienoé mechanical
properties or exploitation of the aesthetic qualities and its role in the decision
making process: the two spearheads are tharsenic-bronzes though contain more
arsenic than tin. The spiral ring, on the other hand, contains 11% Sn which waolul

greatly affect the appearance of the object.

In comparison to the early 4 millennium BCE tinbronze tradition in Southwest

Asia, there was apparently more control or knowledge exercised over use or
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choice of ores or use of material in the second hatif the millennium. These
assemblages could of course represent the beginning of tin being imported into the
region, or the beginning of a tin industry which used added tin from local sources
to create a mixed material, but it is only really in West and Céml Anatolia that
tin-bronze metallurgy continues uninterrupted into the 39 millennium BCE (see

section5, this chapter).

2.3 Extraordinary alloying practice in the early # millennium BCE

Before moving on to discuss 4th millenium BCE alloying techniques, a brief
explanation of how to read the alloying maps (e.gFigure 83) presented
throughout the remainder of this chapter is necessary, as they are not intuitive.
Each dot represents arobject or number of objects. The dots do not represent the
location of specific sites. The objective of these maps is to represent copper alloys
within the regional assemblage. The sizes of the dots are graded to represent the
number of objects made of tht specific copper composition. Each colour
represents an alloying element (present in the copper object at >1%). The differing
sample sizes has negated the possibility of a simple scale of size to reflect the
number of objects, and therefore has been digded into blocks of 1, 5, 10, 20, 50,
and 100: where there are multiple dots of the same colour or same combination of
colours, this is to accurately reflect the number of objects with that alloy present
(e.g. two size 10 dots and 4 smallest size dots equzd objects in the assemblage

made of that copper composition).
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The data has been represented in this way partly owing to spaethere are too
many possible combinations of the seven alloying elements to produce a
meaningful picAEA OO /El O AopplrEalloying @dsdmbldg@ It & also not
possible to show the percentage of each alloying element separately in a series of
maps for two reasons; firstly, this would eventually provide seventy maps when all
seven elements are shown for each of the ten tenperiods, which is far too
cumbersome to display; and secondly, this system completely overlooks the
prevalence of certain combinations such as arsen@ntimony, arsenicnickel or
lead-zinc. The aim of these maps is to highlight where certain alloying @ents
and combinations of these elements are most regionally common and to
emphasize changes over time as some are replaced or display patterns of
longevity. It also enables the visual representation of the occasional object which
contains a combination offive alloying elements, which owing to their infrequency

and random assortment of alloying elements is presumed to indicate mixing or

recycling of scrap copper.

The second case study presented in this chapter of the exploration of deliberate,
accidental,and experimental approaches to alloying are represented by the early

4t millennium BCE Southern Levant assemblage of extraordinary coppatioys

(Figure 83). Nearly half this copperbase assemblage contains arsenic, and most of

those also contain antimony in extremely high quantities. The unusual objects
represented in this period are not only from the Nahal Mishmar hoard but also

AOT T . AEAT : AAT EIi h ' EO§Shélev andl Nartkioder ©93h AT A 3
Namdar et al. 2004; Goldenet al. 2001; Shalevet al. 1992). Though both arsenic

and antimony are common in alloying quantities (>1%) throughout Southwest
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Asia from the earliest objects to the early s millennium BCE, the sheer number of
arsenic-antimony-copper alloy objects and the high element composition is
unmatched at any other time in any other region. These objects clearly represent
deliberate alloying, and possibly enrichment, as no known ore would provide these
guantities in a natural smelt andthey therefore characterise an experimental and
innovative regional approach to material. The object types and sites that the

objects originate from are represented inrable 25.

Table 25: Southern Levant coppetbase assemblage dating to the early 4th millennium BCE, depicting the
number of objects present in each site and describing its typology

Category Ceremomnial Dress| Container| Metallurgical Tool Weapon| Other
Object type Crovm Macehead Standard| Pin | Vessel | Pril  Piece |Blade Chisel Awl Needle Srraper| Axe | Unknowm
Faynan 1
(hassul 1

Giv'atha-Oramim | 5 10 12 2 7 2 12 2 5

Mahal Mishmar 1 10 1 1

Nahal Zeelim ] 1

Shigmim 3 1 2
Timna 1

Wadi Fidan 13
Total ] 26 13 2 1 1 7 1 2 1 1 2 B 1a
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Figure 84 shows the correlation between arsenic and antimony in these Southern

Levant copperAAOA T AEAAOO AU OubilTicus 4EA AAOAC
includes maceheads, crowns, and standards, and it is mainly these items and one

container which show a correlation between antimony and arsenic. Unfortunately

the ceremonial objects vastly outweigh any other typological category and so a full

comparison is not possible. However the tools, weapons, and uncategorized

objects are mostly tobe found at the lowantimony, low-arsenic zone of the chart

(indicated by crosshatching).

Southern Levant copper-base assemblage of the early 4th millennium BCE: Sb vs As
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Figure 84: early 4th millennium arsenicantimony-copper alloys from the early 4th millennium Nahal
-EOEI AOh ' E0OB8 AD ( AzetlidhFhykan hnd 8higyiniin fspiit by thpBldgy and charted by
AOOAT EA AT A AT OEITTU AiTOAT O jAGAI OAETI ¢ OO1 EAAT OEEAEAAS 1 A
Thornton et al. (2009) and Rehrenet al. (2012) have made a case for the practice
of adding iron-arsenide speiss to produce arsenicatopper in Iran, which could be

considered as a technique for achieving the high contents of arsenic or antimony

in these objects from the Southern Levant. However the positive correlation of
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arsenic and antinony may suggest that these two elements originated from the

same source or material.

Thornton et al. (2009, pp.30&9) highlight the difference between ferrous speiss
and basemetal speiss.The former is usually a mixture of ironarsenide and
arsenicatiron, whereas the latter can be a mixture of copper, nickel, iron and/or
silver, with arsenides and antimonides. As archaeological examples of ferrous
speiss seem to predominantly contain arsdn, it does not appear to have been
used in the production of the arsenieantimony-copper alloys in the Southern
Levant. Antimony basemetal speiss on the other hand could have been used. In
fact Thornton et al. (2009, p.309) go so far as to say that the coppdrase objects
with high antimony content from the early 4h millennium hoards are themselves
border-line antimony speiss. However this revelation brings us back to square one:
how were such levels of antimay achieved, and where could the ores have
originated? It is also worth mentioning that evidence for irorarsenide speiss has
only been found at archaeological sites in IrafiThornton et a. 2009; Rehrenet al.
2012). This could either indicate the origin of these objects, or potentially rule out

the use of speiss in their production.

Another technique to produce copper with such high antimony content is the
addition of metallic antimony to a naturally arsenierich copper, but again one
might expect to see less positive correlation between arsenic and antimony or less
variable antimony contents. However it was achieved, the antimony content in
these objects is unusually high and there areaore sources in the vicinity which
could have produced such an alloy. Nor is there any indication as to their region of

origin, since no other region has any similar contemporaneous objects. Metallic
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antimony is not found in the Southern Caucasus for attwer two millennia, and

high antimony-copper alloys do not occur until the 8 millennium BCE (Pike

2002).
Southern Levant copper-base assemblage of the early 4th millennium BCE: Sb vs Fe
30
25 ® Ceremonial
equipment
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s # Other
Tool
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5
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Figure 85: early 4th millennium arsenic-antimony-copper alloys from the early 4th millennium: Nahal ; o .
-EOEI AOR ' EOBAO (A /OATEIRh 4EITAR .AEAI :AAIEIR &AUTAT Al
and antimony content (excOAET ¢ OO1 EAAT OEZLZEAAS 1T AEAAOO A0 1 7AAE &EAAT Q

Only one other contemporary antimoniatbronze object has been foundq a cast
piece from Tel Halaf in Northern Mesopotamia containing 1.1% Sb (Krause 2003).
In addition to an antimony content at the lower end 6the spectrum compared to
the objects we are concerned with in the Southern Levant assemblage, the
Northern Mesopotamian object also contains 7.38% Fe. When the antimony and
iron contents of the Southern Levant assemblage are compared with one another
there is a complete separation between the elements-igure 85). This separation

is also visible by object typez no ceremonial object, container, or weapon contains

iron; iron is only found in one tool and several unidentified objects. The cast piece
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from Tel Halaf, though containing antimony, does not therefore appear to originate
from the same type of mineral or technological tradition as those from the

Southern Levant.

There is onlyone object containing >1% Ag in Southwest Asia from the early 4th

i ETTATTEOI "#wh AT A ACAET EO xAO & O1T A AO
(Namdar et al. 2004). This copperalloy (containing 1.1% Ag) is one of the

maceheads with high antimony content (26%) and higharsenic content (7.4%).

The other elements present are lead (0.4%) and nickel (0.23%). This chemical

composition could suggest that the metal was smelted from a polymetallic deposit.

As well as these extraordinary complex alloys, two of the twentgne tin-bronze

objects fromearly4hi E1 1 ATTEOI "#% 31 O0OExAOO ' OEA xAO.
Oranim: a pin and an axe. The axe contains perceptible levels of tin (4.9% Sn), and

the pin imperceptible levels (3.89% Sn). The presence of these two additional er

and exotic alloys (there are no tin deposits in the Southern Levant) further

indicates the search for extraordinary material in the Southern Levant at this time.
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3 Culture Expansions of the late 4th and early 3rd millennium BCE

As the Uruk Phelmmenon spanned both the miédth and late 4th millennium BCE,
and the assemblages of both chronological periods are present in either one or
other of the periods, the mid4th millennium and late 4th millennium copper-base
object data have been combined intone map Figure 86). The aim is to attempt to
ascertain the flow of copper and alloying traditions across a period of intense
inter -regional contact containing three extensive cultures; the Uruk Phenomenon,
Kura-Araxes Culture (Early Transcaucasian Culture when outside the Southern
Caucasus), and Maikop. During the midand late 4th millennium BCE the
Mesopotamian copperbase assemblage clearly shows similarities in alloying
tradition with the assemblages from Westrn Elam and Eastern Anatolia, with
which regions it is known that Uruk Mesopotamia was in close conta¢Greenberg
and Palumbi 2015, p.112) It is possible however that metals were also imported
from the Southern Caucasus or the Caspian Sea Coast, either directly or inclise
depending on the perceived borders of Uruk reach. The similarities between these
assemblages are based on the very small quantities of coppslver alloy objects.
The use of coppetlead alloys was predominantly an eastern tradition, and
arsenicatbronze a northhwestern tradition. Both traditions are found in
Mesopotamia during this period.

Yyl EAAPET ¢ xEOE 500E -AOI i OAT EA8O ETT xI
was lacking, the Mesopotamian coppeassemblage during this period contains a

full-range of copperalloys which is not present in any other region. The regional
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alloying traditions therefore reflect what is known of the period: that copper was
imported into Mesopotamia from various neighbouring regions. This variety in
alloy use decreasedafter the collapse of the Uruk Phenomenon in the early'3
millennium BCE, reflecting the narrowing of trading interests which were
consequently focused mainly towards the east. However this eastern focus is not
reflected in patterns of alloy use between rhnian regions and Mesopotamia

(Figure 124).

Chernykh (2017a; 2017b) sees the distribution of copperarsenic-nickel and
copper-nickel as evidence of communication between the Maikop Culture of the
Northern Caucasus and Eastern Anatolia, going so far as to draw parallels between
the Maikop Kurgans and the Royal Burial of Arstdepe. However, fromFigure 86
and Figure 87 the main period of use of nickebearing copper alloys in both
regions do not correlate, and by the time they are predominanhiEastern Anatolia
the Maikop Culture had collapsed. In the late ™ millennium BCE there was an
adoption of arsenicnickel-copper in Susa, Western Elam, alongside the small
assemblages in Eastern Anatolia, Northern Mesopotamia, and Mesopotamia. This
pattern indicates links with the Uruk Phenomenon rather than with Maikop, as
Maikop metallurgists were not exploiting Northern Caucasian copper deposits and
300A xAO A OOEOOOAI AgOAT OET 16 1 A&£n31 OOEAC
millennium BCE (T. F. Potts 993, 382). If arsenienickel copper originated in the
Southern Caucasus, on the other hand, this could be an indication that Uruk

presence did reach further than the Iranian and Anatolian highlands and as far as

the Southern Caucasus as put forward bykhundov (2014).
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On the other hand, extended patterns of nickebearing copper alloy use also
coincide with the Kura-Araxes Culture and later expansionThough in the late 4h
millennium BCE Maikop burials produce an extraordinary number of copper and
other metal objects, but there are no indications of metalworking or ore
exploitation. Chernykh had also previously stated that Maikop copper could have
been sourced and exportednorth by the Kura-Araxes Culture in the Southern
Caucasus and Eastern AnatoligChernykh 2017a, p.480) It could therefore
possibly a consequence of the spread of Kuraraxes into Eastern Anatolia that is

responsible for the signal of arseniamickel-copper alloy.

From the late 4h millennium BCE to the early 3' millennium BCE, the KuraAraxes

(or Early Transcaucasian Culture) was expanding, reaching the southern border of
Eastern Anatolia c. 3000 BCE, Iran c. 2900 BCE, and the Southern Levant c. 2800
BCE(Rothman 2015). Arsenicnickel-copper use increases dramatically in Eastern
Anatolia from c. 2900/3000 BCE, possibly representing the transmission of the
copper-alloy with the spread of the Early Transcaucasian Culture as to Northern

Caucaian assemblages in the previous period.

The presence of arsenimickel-copper in the Northern Caucasus and Eastern
Anatolia could suggest a direct connection between Anatolia and Maikop as
outlined by Chernykh. On the other hand, the movement of the ajl to Eastern
Anatolia chronologically could indicate the spread of the Kurdraxes/Early
Transcaucasian CultureFigure 88 depicts the nickel content of all coppetbase
objects containing >0.1% Ni from the Northen Caucasus in the late®@millennium
BCE and from Eastern Anatolia in the early™8millennium BCE in an attempt to

understand this mystery further. In both the Eastern Anatolian and Northern
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Caucasus assemblages the nickel contents have an extremely ampattern, with

the majority of objects containing between 0.15 and 2% Ni, although there are two
peaks of nickel content at 3.5% and 4.5% in the Northern Caucasus assemblage.
This similarity could indicate a shared source for the material but does noute out

the Southern Caucasus as a source since there is no similar data with which to

compare it.

Nickel content histogram of copper-hase objects containing >0.1% Ni from Kura-Araxes

30 -
related regions (late 4th to early 3rd millennium BCE)
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Figure 88: Histogram of nickel content in coppetbase assemblages from Kuréraxes related regions (late 4th

millennium Northern Caucasus and 3rd millennium Eastern Anatolia), objects included if they contain >0.1%
Ni.
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Arsenic content histogram of copper-base objects containing >0.1% Ni from Kura-Araxes

257 related regions (late 4th to early 3rd millennium BCE)
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Figure 89: Histogram of arsenic content in coppebase assemblages from Kuréraxes related regions (late
4th millennium Northern Caucasusand 3rd millennium Eastern Anatolia), objects included if they contain
>0.1% Ni.

Figure 89 represents the same assemblages but depicts arsenic contents instead of
nickel. Despite laving a similar nickel content distribution as the Northern
Caucasus, the arsenic contents are generally lower in the Eastern Anatolian
assemblage. This could be indicative of melted and reworked copper-arsenic-
nickel, as nickel contents remain stablevhile there is a contemporaneous loss of
arsenic. If the source of arseninickel-copper was to be found in Eastern Anatolia,
we would surely expect to see higher arsenic concentrations in that assemblage.
Despite lacking any analytical assemblages that dicate their use, does this
therefore represent copperarsenic-nickel objects being transported by Kura
Araxes migrants from the Southern Caucasus to Eastern Anatolia? Or does it
simply represent isolated use of different nickeliferous ores with varying amunt

of arsenic present from both Eastern Anatolia and the Northern Caucasus? If the
latter it is possible that the alloy represents the transmission of knowledge, which

would indicate Kura-Araxes, as the Maikop Culture had no metallurgical tradition.
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Unfortunately neither Iran nor the Northern Levant (other regions into which
Kura-Araxes culture was adopted) have sufficiently large assemblages at the time

of the ETC expansion to meaningfully add to the discussion.

4 Mid-3rd millennium BCE antimoniatbronze as an indication of
isolation

From c. 2700 BCE flourishing trade across Southwest Asia reappedtsverani
2014, p.93; Frahm and Feinberg 2013, p.1868; Matney 2012, p.563and is
reflected in the increase of coppetbased objects in all regionsKigure 90). It is in
OEEO DPAOET A OEAO -AO0I bl OAT EA8O 1 AET AAAAOGO
Magan(T. F. Potts 1993) The distinctive high nickel composition of Omani copper,
however, is not yet visible in the Mesopotamian assemblage. Written evidence
from Lagash suggests that at this time only relatively small amounts of finished
copper were imported into Mesopotamia(Edens 1992, p.126) On the other hand,
arsenic-nickel-copper is present at Susa, possibly indicating an unequal
distribution of the early Persian Gulf trade. It ispossible that participation in the
Gulf trade was not only up the Persian Gulf but across it and via land: there are
known links between Southwest Iran and Eastern Arabia, represented in the seoft
stone vessels and blaclon-grey painted ware found at Tepe &hya, on the Jiroft
Plain, in Baluchistan, and at Susa during the second half of thé &illennium BCE

(Potts 2003; Potts 2005; D. T. Potts 1993)However there is no corresponding use
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of arsenicnickel-copper in those regions east of the Persian Gulf. Trieeare
instances of arsenienickel copper use along the Euphrates and Tigris River routes
into West and Central Anatolia and the Southern Caucasus, possibly indicating
trade between Western Elam and the Euphrates Valley. Equally the presence of
arsenic-nickel-copper in these regions may be a continuation of the Maikop or

Kura-Araxes traditions of the late 4 millennium BCE as discussed above.

After the collapse of the Early Transcaucasian Culture, the Northern and Southern
Caucasus went through a period ofsolation from Southwest Asia(Chernykh
2017a). This isolation is visible in the predominance of zincich copper (>1% Zn),
antimonial-bronze and (to a lesser extent) silveicopper alloy, which is not
common in any other region. The only other region which also contains some
examples of zinerich copper and silvercopper alloy is Mesopotamia, perhaps
indicating continued contact between the Caucasus and Mesopotamia, or remnants
of trade from earlier periods. It is important to remember, however, that the
Southern Caucasus assemblage at this time is very broadly dated within the' 3
millennium BCE and could therefore be ureliable, possibly representing the use of

alloys in the adjacent chronological periods.
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The sudden increase in antimoniabronze in the Southern Caucasus, and its use in
the Northern Caucasus and West and Central Anatolia could indicate links between
the Caucasus and parts of Anatolia despite signs of isolatidfigure 91 plots the
antimony and arsenic contents of objects from the three regions which contain
>0.1% Sb. The diagram shows a similarity in the ramgof antimony in the
assemblages, but a lower arsenic level in West and Central Anatolian copper. The
lower arsenic level could indicate the use of more frequently recycled or mmelted
copper in Anatolia, as antimony does not deplete at the same rate assenic.
However it could also indicate use of copper ores and coppatloys unconnected

to the Caucasus at this time.

Mid-3rd millennium BCE assemblages from the Southern Caucasus, Northern Caucasus
and W&C Anatolia containing >0.1% Sb (Sb vs. As)
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Figure 91: Arsenic and antimony contents of objects from mi®rd millennium BCE Southern Caucasus,
Northern Caucasus, and West and Central Anatolia
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5 3rd millennium tin -bronze use and what it says about Kestel

This section will address regional tinbronze traditions relating to the duration of
the 3d millennium BCE in Southwest Asia. It is during the8millennium that the
main period of exploitation under question was occurring at the Kestel mine.
Despite lack of certainty over the material exploited during that time,
contemporary tin-bronze use from Southwest Asia, with a focus along the
Euphrates and Tigris Rver routes, will be considered in an attempt to understand
xEAOEAO + AOGHeIlti®0urcd®® A ed3ible tAelry. If it was, we should
expect to see certain patterns of tiruse. To establish whether it was anything
more than a local tin mine, thdarger regions nearest the mine might be expected
to have sustained a stable and flourishing tibronze industry. To establish
direction of trade, tin content of tin-bronzes along the hypothesized trade route
will be examined; in this instance a decreasm tin content along the route might
establish direction of travel. The tinroute suggested by Yener and Vandivgi 993,
p.209) crosses Cilicia and the Mediterranean Coast, from where it would

presumably have joined and followed the Euphrates River and canued down to

Mesopotamia.

At the start of the 34 millennium BCE there was a slight increase in tibronze use

in Northern Mesopotamia, Luristan, and the Caspian Sea Coastal region compared
to the pattern of tin-bronze use in the preceding period, but itvas minimal (Figure
92). The tinbronze industry of Southwest Asia as a whole in the early™3
millennium BCE was little more than a collection of stray and isolated finds except

for at Demircihlyuk (West and Central Anatolia) and Kalleh Nissar (Luristan). In
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West and Central Anatolia sixteen of the severntyight objects found are made of
tin-bronze, most containing between 6.5% and 33% SiKMassa et al. 2017,
Begemannet al. 2003; Galeet al. 1985; Kun¢ 1986) As the pattern for tinbronze
use in the rest of Southwest Asia does not support the widespread prortation of

tin or tin-bronze objects at this time it seems likely that West and Central
Anatolian craftspeople were exploiting a local tirsource. The import of tin from
the Western Mediterranean or the Balkans is another possibility, but one outside
the scope of this thesis. If an Anatolian tisource was in use, it seems a reasonable
assumption that it could have been at a location such as Kestel, Hisarcik,
Madenkoy, or Madenbelenitepe depositéYener et al.2015; Begemannet al. 2003,

Oztiirk and Hanilci 2009)

Figure 92: early 3rd millennium BCE percent of assemblage containing >1% Sn (grey) against objects
containing <1% Sn (white)
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