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Metals without Ores 

The Metallurgy of 3rd millennium Upper Mesopotamia  

with Special Focus on the Jezirah 

 

Within the last 30 years, intensive archaeological work in Upper Mesopotamia showed 

specific regional characteristics in terms of urbanisation, state formation and material 

culture. Despite the lack of ores within the region most sites show a variety of metal 

artefacts of partly excellent craftsmanship. This research aims to increase our 

understanding of the urbanisation process by exploring metal artefacts and 

metallurgical debris of especially the sites Tell Chuera, Tell Kharab Sayyar, Tell Mozan, 

Tell Bderi, Tell Beydar and Tell Raqa’i. It will also look at major similarities and 

differences between the metallurgy of specific sites and regions.  

The metallurgical inventories are examined with the help of state of the art 

technologies (pXRF, EPMA, SEM-EDS, LIA) to reveal their elemental compositions, the 

technologies employed in their production and their possible provenance. It is aimed 

to unfold differences and similarities in metal production and metal consumption on 

the studied sites with special focus on the Jezirah to understand its position among 

the 3rd millennium tell societies. This thesis discusses on-site metal production, 

access to sources, trading connections and exchange patterns. A significant aspect of 

this research is to examine differences in metal consumption between urban centres 

and smaller cities and villages. Major topics are production methods, such as the 

primary production of tin-bronze and the refining of black copper, and the deliberate 

or random production and employment of particular 'alloys', such as arsenical(-

antimonial) copper and tin-bronzes. The results are compared to already studied 

metals from the adjacent regions within Upper Mesopotamia and the Euphrates Valley 

in the West.  
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Impact Statement 

 

In recent years, archaeology has been gaining public interest, and TV and radio shows 

such as 'Time Team' or 'A History of the World in 1000 Objects' are important 

examples to show that different kinds of media benefit from archaeological research 

and, thereby, reach a public audience. In times of globalisation, easy access to world 

travel and intercultural conflicts, archaeology provides an informative but also 

educative tool that connects peoples and can provoke interest in, understanding of 

and curiosity about 'the other'. In particular, this study of Syrian metal artefacts will be 

of interest to a wider research community including specialists in Near Eastern 

Archaeology and archaeological material science, and also archaeologists in general 

and researchers in the field of humanities. It discusses the reasons for and the 

development of urbanisation, socio-economic hierarchies, centralisation of power, 

exchange patterns and also technology; all topics that still impact on modern daily life. 

It hereby links ancient life experience to modern life topics, and stimulates the 

discussion of our present socio-economic and socio-political state and has the 

potential to provoke the rethinking of our plans for a global future. The development 

of a new method that supports the identification of particular kinds of copper ores 

used in metal production is hoped to inspire further research on the topic of 

provenance in material science. Last but not least, this study on Syrian material culture 

has particular importance in the period after the 'Arab Spring'. At a time when 

archaeological research in Syria is set to continue, the results of this thesis will reach 

local communities via newly established research projects and excavations. This thesis 

has great potential to impact on these local communities, and to support and re-

establish self-confidence based on shared historical values and to reconnect the 

country to this globalised world.  
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excluded. 

Fig. 5-5: Ni/Ag against As/Ni for impure copper artefacts from the Jezirah grouped according to 
compositional differences in arsenic, antimony and tin contents (G1-G3). Most samples with 
combined low As/Sb and As/Ni also cluster by their As/Ni and Ni/Ag values. The sub-group of 
samples with higher silver than lead contents clusters in the same range as the supposed 
fahlores. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

Fig. 5-6: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 
2014) data. Corroded samples are excluded. 

Fig. 5-7: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. Samples with elevated As/Sb and As/Ni were 
excluded for improved clarity. Almost pure copper artefacts show on average lower As/Sb and 
As/Ni values in comparison to impure copper artefacts, but also fall into the range of the FOC. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-8: Pb/Ag against Ni/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 
2014) data. Corroded samples are excluded. 

Fig. 5-9: Pb/Ag against Ni/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. Samples with elevated Ni/Ag and elevated 
Pb/Ag were excluded for improved clarity. The majority of almost pure and impure copper 
artefacts cluster at the same range of low Ni/Ag and Pb/Ag. EPMA and ICP-OES (Tell Beydar, 
Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-10: As/Ni against Ni/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. Almost pure and impure copper artefacts do 
not separate into different clusters and possibly describe a compositional continuum. EPMA and 
ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-11: Charcoal (dark area in the centre) detected in the slag matrix of technical ceramic 
TCH-S08-092. 

Fig. 5-12: Arsenic and antimony levels within almost pure and impure copper by sites. Artefacts 
from Tell Beydar and Tell Mozan show a wide range in ratio values, while samples from Tell 
Bderi and Tell Brak evidence consistent As/Sb values; Tell Chuera shows low and high values. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-13: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. A small number of artefacts from Tell Beydar and Tell Mozan show exclusively 
high MTER values. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples 
are excluded. 

Fig. 5-14: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Samples with elevated As/Sb and elevated As/Ni were excluded for improved 
clarity. Site-specific clusters are evident within the FOC for Tell Chuera and Tell Brak. Note the 
similar MTER for two pins from Burial VI at Tell Bderi. A group of impure copper artefacts from 
Tell Mozan clusters at similar MTER values outside the FOC. EPMA and ICP-OES (Tell Beydar, 
Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-15: Toggle pin BD89-388 from Tell Bderi, Burial VI (left) and RQ-M45 from Tell Raqa’i, 
Burial 19 (right). 
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Fig. 5-16: Ni/Ag against Pb/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Two samples from Tell Beydar give extraordinarily high MTER values. EPMA 
and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-17: Ni/Ag against Pb/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Artefacts with higher silver than lead levels mainly derive from the Eastern 
Jezirah, namely Tell Mozan Tell Beydar and Tell Brak. Samples with elevated Ni/Ag and elevated 
Pb/Ag were excluded for improved clarity. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) 
data. Corroded samples are excluded. 

Fig. 5-18: Ni/Ag against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Samples with higher silver than lead levels give similar low MTER values. EPMA 
and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-19: As/Sb against As/Ni for almost pure and impure copper samples from the Euphrates 
Valley. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. 

Fig. 5-20: As/Sb against As/Ni for almost pure and impure copper samples from the Euphrates 
Valley. Samples with elevated As/Sb and elevated As/Ni were excluded for improved clarity. Note 
the group of impure copper artefacts with As/Sb 1-6 (encircled red) and the group of impure 
copper artefacts with As/Sb 1-6 and high Ag/Ni values (encircled green). EPMA and ICP-OES 
(Qara Quzaq, Montero Fenollós 1999) data. 

Fig. 5-21: Ni/Ag against Pb/Ag for almost pure and impure copper samples from the Euphrates 
Valley. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for improved clarity. 
Note the group of impure copper artefacts with As/Sb 1-6 (encircled red) and the group of 
impure copper artefacts with As/Sb 1-6 and high Ag/Ni values (encircled green) which also 
cluster by their Ni/Ag and Pb/Ag values. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 
1999) data. 

Fig. 5-22: As/Sb against As/Ni for almost pure and impure copper samples from the Euphrates 
Valley by sites. Samples with elevated As/Sb and elevated As/Ni were excluded for improved 
clarity. Note that the group of impure copper artefacts with As/Sb 1-6 (encircled red) do not 
represent a site-specific trend; impure copper artefacts with As/Sb 1-6 and high Ag/Ni values 
(encircled green) derive mainly from Melaha and Serrin. EPMA and ICP-OES (Qara Quzaq, Montero 
Fenollós 1999) data. 

Fig. 5-23: Ni/Ag against Pb/Ag for almost pure and impure copper samples from the Euphrates 
Valley plotted by site. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for 
improved clarity. Note the group of impure copper artefacts with As/Sb 1-6 (encircled red) and 
the group of impure copper artefacts with As/Sb 1-6 and high Ag/Ni values (encircled green) 
which also cluster by their Ni/Ag and Pb/Ag values. EPMA and ICP-OES (Qara Quzaq, Montero 
Fenollós 1999) data. 

Fig. 5-24: Impure copper artefacts from the Euphrates Valley by compositional differences in 
relation to the formerly established groups (G1 - G3) for Jeziran impure copper specimens. G3 
samples seem closer related to G2 samples than to G1 samples. EPMA and ICP-OES (Qara Quzaq, 
Montero Fenollós 1999) data. 

Fig. 5-25-1: As/Sb plotted against As/Ni for arsenical and arsenical-antimonial copper from the 
Jezirah. Arsenical copper does not form a cluster and has different MTER than arsenical-
antimonial copper. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples 
are excluded. 

Fig. 5-25-2: Ni/Ag against Pb/Ag for arsenical and arsenical-antimonial copper from Jeziran 
sites. Samples with elevated As/Sb and elevated As/Ni were excluded for improved clarity. Most 
MTER values of arsenical-antimonial copper artefacts fall in the range of the previously defined 
FOC. The same is true for tin-containing arsenical-(antimonial) copper artefacts. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-26-1: Ni/Ag against Pb/Ag for arsenical copper and arsenical-antimonial copper from the 
Jezirah. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for improved clarity. 
Arsenical and arsenical-antimonial copper artefacts evidence similar Ni/Ag and Pb/Ag values. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-26-2: Ni/Ag against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Jezirah. Samples with elevated Ni/Ag and elevated As/Ni were excluded for improved clarity. 
Arsenical and arsenical-antimonial copper artefacts evidence similar Ni/Ag but different As/Ni 
values. Tin-containing arsenical(-antimonial) copper artefact do not cluster but fall into the range 
of impure copper. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples 
are excluded. 
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Fig. 5-27: Arsenic against antimony contents in arsenical(-antimonial) copper from the Jezirah. 
No site-specific trend is evident by their As/Sb values EPMA and ICP-OES (Tell Beydar, Tonussi et 
al. 2014) data. Corroded samples are excluded. 

Fig. 5-28: As/Sb against As/Ni for arsenical(-antimonial) copper from the Jezirah. Samples from 
the same site form no strong clusters, and arsenical(-antimonial) copper artefacts do only 
seldom cluster with almost pure and impure copper artefacts from the same site. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig.5-29: As/Sb against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. All artefacts show similar As/Sb values but differ in their As/Ni values. EPMA 
and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples are excluded. 

Fig. 5-30: As/Sb against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. Samples with elevated As/Sb and elevated As/Ni were excluded for improved 
clarity. Several arsenical(-antimonial) copper artefacts cluster close to almost pure and impure 
coppers, but neither arsenical copper nor arsenical-antimonial copper form a close cluster. EPMA 
and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples are excluded. 

Fig. 5-31: Ni/Ag against Pb/Ag for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for improved 
clarity. A small group of arsenical and arsenical-antimonial copper artefacts clusters with almost 
pure and impure coppers at low MTER values. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 
1999) data. Corroded samples are excluded. 

Fig. 5-32: Ni/Ag against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. Samples with elevated Ni/Ag and elevated Ni/Ag values were excluded for 
improved clarity. Note the low range in Ni/Ag values in addition to regular As/Sb values with 
most artefacts. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples 
are excluded. 

Fig. 5-33: As/Sb against As/Ni values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Tin-bronzes cluster with almost pure and 
impure coppers at low As/Sb and low As/Ni (FOC). EPMA and ICP-OES (Tell Beydar, Tonussi et al. 
2014) data. Corroded samples are excluded. 

Fig. 5-34-1: As/Sb against As/Ni values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated As/Sb and elevated 
As/Ni were excluded for improved clarity. No particular cluster among the tin-bronze qualities is 
evident. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

Fig. 5-34-2: As/Sb against As/Ni values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated As/Sb and elevated 
As/Ni were excluded for improved clarity. No site-specific trend is evident for tin-bronzes 
artefacts. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

Fig. 5-35: As/Sb against As/Ni in different kinds of tin-bronze qualities (low, medium, high) in 
comparison to almost pure and impure coppers from the Jezirah. No particular cluster among 
the tin-bronze qualities is evident. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. 
Corroded samples are excluded. 

Fig. 5-36: As/Ni against Ni/Ag values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated Ni/Ag and elevated 
As/Ni were excluded for improved clarity. Tin-bronzes with low and medium arsenic impurities 
cluster by their MTER; tin-bronzes with high arsenic levels do not form a cluster. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-37: Pb/Ag against Ni/Ag values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated Ni/Ag and elevated 
Pb/Ag values were excluded for improved clarity. Several tin-bronzes exhibit greater silver than 
nickel levels; most of the latter artefacts derive from the Eastern Jezirah. EPMA and ICP-OES (Tell 
Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-38: Arsenic against tin levels within copper-base artefacts from the Jezirah by sites. 
Arsenical copper and tin-bronze appear as two separate groups. EPMA and ICP-OES (Tell Beydar, 
Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-39: Arsenic against tin levels within copper-base artefacts from the Jezirah by sites. High 
arsenic copper was excluded for improved clarity. Arsenical copper and tin-bronze appear as two 
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separate groups; only a small number of samples contain contemporary elevated arsenic and tin 
contents. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

Fig. 5-40: As/Sb against As/Ni values copper-base metals from the Jezirah by differences in 
compositions. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

Fig. 5-41: Arsenic against tin levels within copper-base artefacts from the Jezirah and the 
Euphrates Valley. Samples from both regions show similar low arsenic impurities in tin-bronzes. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-42-1: Arsenic against tin levels within copper-base artefacts from the Jezirah and the 
Euphrates Valley by compositional differences. Artefacts with mixed tin, arsenic and antimony 
contents are more common among the samples from the Euphrates Valley. EPMA and ICP-OES 
(Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

Fig. 5-42-2: Arsenic against tin levels within copper-base artefacts from the Jezirah and the 
Euphrates Valley by compositional differences. Arsenic levels > 4 wt% and tin levels > 14 wt% are 
excluded for improved clarity. Artefacts with mixed tin, arsenic and antimony contents are more 
common among the samples from the Euphrates Valley. EPMA and ICP-OES (Tell Beydar Tonussi 
et al. 2014) data. Corroded samples are excluded. 

Fig. 5-43: As/Sb against As/Ni values within different kind of copper-base metals from the 
Euphrates Valley. High metal-ratio values excluded for improved clarity. Low, medium and high 
tin-bronzes cluster at low As/Sb and low As/Ni values, which are indicative of the FOC. EPMA and 
ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples are excluded. 

Fig. 5-44: As/Ni against Ni/Ag values within copper-base metals from the Euphrates Valley. High 
metal-ratio values excluded for improved clarity. EPMA and ICP-OES (Qara Quzaq, Montero 
Fenollós 1999) data. Corroded samples are excluded. 

Fig. 6-1: LIR values of copper and galena ores from Anatolia, Jordan, Timna (Israel), Saudia 
Arabia, Oman and Luristan in comparisons to LIR values of Jeziran specimens. Data in italics 
indicate values close to the detection limit. 

Fig. 6-2: LIR values of copper and galena ores from Anatolia in comparison with LIR values from 
Jeziran specimens. 

Fig. 7.3.1: Arsenic against sulphur levels in tin-bronzes from the Jezirah show a good to 
moderate correlation with those artefacts with As ≤ 0.6 wt%. Corroded artefacts are excluded. 
EPMA and ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7.3.2: Antimony against sulphur levels in tin-bronzes from the Jezirah show a good 
correlation with those artefacts with Sb ≤ 0.2 wt%. Corroded artefacts are excluded. EPMA and 
ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7-3-3: Iron against sulphur levels in tin-bronzes from the Jezirah show a good correlation 
with those artefacts with Fe ≤ 0.6 wt%, S ≤ 0.5 wt% and including artefacts with As ≥ 0.6 wt%. 
Corroded artefacts are excluded. EPMA and ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7-3-4: Arsenic against iron levels in tin-bronzes from the Jezirah show a very good 
correlation with those artefacts with low and medium arsenic levels. Corroded artefacts are 
excluded. EPMA and ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7-3-5: Iron against arsenic levels in almost pure and impure coppers from the Jezirah show 
no correlation between the two elements. Corroded artefacts are excluded. EPMA and ICP -OES 
(Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7-3-6: Iron against sulphur levels in almost pure and impure coppers from the Jezirah show 
no distinct correlation between the two elements. Corroded artefacts are excluded. EPMA and 
ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7-3-7: Iron against sulphur levels in tin-bronzes from the Jezirah by site exhibit no site-
specific trends in their levels of correlation. Corroded artefacts are excluded. EPMA and ICP -OES 
(Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7-3-8: Arsenic against sulphur levels in tin-bronzes from the Jezirah by site exhibit no site-
specific trends in their levels of correlation. Corroded artefacts are excluded. EPMA and ICP -OES 
(Tell Beydar, Tonussi et al. 2014) data. 

Fig. 7-3-9: Arsenic against sulphur levels in tin-bronzes from the Carchemish region show a 
good correlation despite high levels of impurities. Chronologically later samples evidence lower 
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impurities than samples from the second half of the 3rd millennium BC. Corroded artefacts are 
excluded. EPMA data [Northover and Prag 2015: Tab. 8.4.] and ICP -OES data [Montero Fenollós 
1999: Tab 2]. 

Fig. 7-3-10: Antimony against sulphur levels in tin-bronzes from the Carchemish region show a 
good correlation despite high levels of impurities. Chronologically later samples evidence lower 
impurities than samples from the second half of the 3rd millennium BC. Corroded artefacts are 
excluded. EPMA data [Northover and Prag 2015: Tab. 8.4.] and ICP -OES data [Montero Fenollós 
1999: Tab 2]. 

Fig. 7-3-11: Sulphur against iron levels in tin-bronzes from the Carchemish region show a good 
correlation despite high levels of impurities. Chronologically later samples evidence lower 
impurities than samples from the second half of the 3rd millennium BC. Corroded artefacts are 
excluded. EPMA data [Northover and Prag 2015: Tab. 8.4.] and ICP -OES data [Montero Fenollós 
1999: Tab 2]. 

Fig. 7-3-12: Arsenic against iron levels in tin-bronzes from Ebla show a good correlation for 
artefacts from the 2nd millennium BC and with As ≤ 0.6 wt%. The state of corrosion was not 
reported. ICP-OES data after Palmieri and Hauptmann 2000: Tab. 1-2. 
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1. Introduction 

1.1. The ‘Discovery’ of Upper Mesopotamia as an Independent 

and ‘Multi-Cultural’ Region 

The area of Upper Mesopotamia roughly describes the landscape between the 

two rivers, Euphrates in the west, and Tigris in the east, within the region of what is 

today Syria, Kurdistan, Iraq, and south-eastern Anatolia (Fig.1-1). Until the 1970s, 

Upper Mesopotamia was understood to be a northern extension of Southern 

Mesopotamia (or mainland Mesopotamia) within the borders of Iraq [Akkermans and 

Schwartz 2003: 233; see also Ball and Wilkinson 2003: 335-336]. This idea was 

primarily based on evidence from urban centres with monumental architecture (with 

similarities to Southern Mesopotamia) and aspects of Southern Mesopotamian material 

culture, such as seals, architecture and pottery during the 4th and also the 3rd 

millennia BC. It is noteworthy that the majority of archaeological information regarding 

Upper Mesopotamia, and the consequent comparison to Southern Mesopotamia, at 

that stage came from pre-WW-II excavations at, for example, Chagar Bazar, Nineveh or 

Tell Brak. 

In the 1960s, rescue excavations in the middle Euphrates Valley (Tabqa Dam 

Salvage Operations) uncovered large urban centres and smaller sites that were newly 

founded during the mid 4th millennium BC. The sites showed significant Southern 

Mesopotamian influence in their material culture (pottery, seals, architecture) and 

administrative system, and were thought to be related to and possibly established by 

the contemporary so-called Uruk culture in Southern Mesopotamia [Akkermans and 

Schwartz 2003: 190-196; Cooper 2012: 481; Stein 1999: 15]. In addition, 

contemporary sites in the Euphrates Valley evidenced the co-existence of local and 

Southern Mesopotamian materials, and verified the continuity of indigenous 

populations in the region. Similar support for the influence of Uruk was observed with 

excavations and surveys upstream of the Euphrates, in the area around Carchemish, 

downstream of the Euphrates, to the west of the Euphrates and to the east in the 

Jezirah, the centre of Upper Mesopotamia [Akkermans and Schwartz 2003: 201-202; 

Kohlmeyer 1984; Peltenburg et al. 1996, cited by Akkermans and Schwartz 2003: 

196]. In western Syria, only few sites showed Uruk influence, mainly attested by bevel-

rimmed bowls [Braidwood and Braidwood I960: 234-235; Dornemann 2003: 113, cited 

by Cooper 2012: 482], indicating that this region did not experience the same degree 

of Uruk influence as the Euphrates Valley [Cooper 2012: 482]. In the eastern part of 

Upper Mesopotamia small settlements based on agriculture dominated the region, of 

which many were (re)founded during the Ubaid period during the 5th millennium BC 

but others were newly founded or flourished only during the late Uruk period [Ball and 

Wilkinson 2003]. Similar to the Euphrates Valley, here sites often evidenced the co-
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existence of Uruk and local material culture [Schwartz 2003: 586]. Monumental 

architecture was mostly lacking and settlements were often not fortified until the late 

3rd millennium BC [Ball and Wilkinson 2003; Roaf 2003]. This led Ball and Wilkinson 

(2003: 340) to the statement that: 

“One is left with the overriding impression, therefore, of an essentially peaceful, rural 
community in this region, with no obvious centre and no obvious need for security.” 

 

On the other hand, excavations at Tell Hawa, also located in eastern Upper 

Mesopotamia, and surveys in its hinterland, revealed that urbanised centres were also 

established and were set into networks with smaller (agricultural) settlements during 

the latest phase of Uruk influence [Ball and Wilkinson 2003: 340-341, 343]. However, 

similar to Leilan in the Eastern Jezirah, Tell Hawa only reached its maximum extension 

during the mid 3rd millennium BC [Schwartz 2003: 587]. The so-called Uruk Expansion 

is less well attested in central Upper Mesopotamia (in the Jezirah), and seems to 

concentrate on sites in the Middle and Upper Khabur [Akkermans and Schwartz 2003: 

200]. An exceptional site is certainly Tell Brak, and its foundations go back into the 

5th millennium BC (Fig.1-1). Long-term excavations have revealed that Tell Brak was a 

major centre before but also after the Uruk Expansion and the site shows a persistent 

existence of local material culture despite strong Southern Mesopotamian influence 

during the late 4th millennium BC [Akkermans and Schwartz 2003: 197-200; Oates et 

al. 2007].  

After the collapse of the Uruk Expansion, Upper Mesopotamia experienced major 

shifts in settlement patterns and an increase in urbanisation. Sites dominated by 

Southern Mesopotamian material culture (mostly evident in the Euphrates Valley) were 

abandoned, but settlements with predominantly local culture often continued. 

Similarly, the transition between the late Uruk style pottery of the 4th millennium BC 

and the later early Ninevite 5 pottery in the east of Upper Mesopotamia is fluid and 

provides evidence for settlement continuity [Akkermans and Schwartz 2003: 214; Ball 

and Wilkinson 2003: 342]. In contrast, central Upper Mesopotamia experiences a re-

settlement during the early 3rd millennium. Here, this era is dominated by small 

settlements and only during the mid 3rd millennium BC major urban centres come to 

power. Furthermore, two major pottery styles divide Upper Mesopotamia with the so-

called Ninevite 5 in the east, and the Late Reversed Slip and the Red-Black Burnished 

Ware in the west [Akkermans and Schwartz 2003: 211; Cooper 2012; Meyer and 

Orthmann 2013: 147]. The ‘boundary’ between these two pottery styles runs roughly 

along the Balikh river, and sites such as Tell Chuera and Tell Kharab Sayyar, which 

both lie east of the river, give evidence for the overlap of both pottery traditions.  

Early signs of complexity have been found in, for example, the Khabur Valley, 

where small settlements (founded during the early 3rd millennium BC) evidence 
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"economic specialisation and interregional connections” [Akkermans and Schwartz 

2003: 218]. Cylinder seals and stamp seals, introduced originally during the Uruk 

Period, continue to be in use and indicate early administration [Akkermans and 

Schwartz 2003: 216]. Tell Chuera, one of the earliest major cities founded at the 

beginning of the 3rd millennium BC (EJZ 0), shows signs of urban planning in its 

foundation layers and preludes the start of urbanisation in the region (Fig.1-1). Clear 

indications of complex socio-political systems are evident at the mid 3rd millennium 

BC with the so-called ‘Second Urban Revolution’ that reached from south-eastern 

Anatolia to western Syria, and from the Euphrates Valley to the Tigridian [Akkermans 

and Schwartz 2003: 234]. Many sites are now fortified and evidence large-scale to 

monumental sacral and mundane architecture. Burial gifts indicate the growth of 

wealth and far-trade connections, and imply an increase in the stratification of 

communities and the establishment of elites.  

An important site outside Upper Mesopotamia (in western Syria) but with strong 

and constant socio-political influence on the region during the second half of the 3rd 

millennium BC is Ebla (Fig.1-1). One of the most important finds at the site was the 

archive (distributed among several rooms) in Palace G, which revealed more than 

17,000 clay tablets. These contained information about reigning elites at the site (i.e. 

list of kings) and the organisation of the site as a multi-tiered hierarchical city-state 

system [Akkermans and Schwartz 2003: 239]. The Ebla texts mention many alliances 

and trade connections with sites in the region, such as Nagar (Tell Brak), Nabada (Tell 

Beydar) or Arbasal (possibly Tell Chuera), and of which many have been identified in 

archaeology. In addition, the text corpus revealed information about military 

campaigns, marriages and associated rituals, the distribution of goods, the 

organisation and compensation of craftsmen and the administration of various 

commodities, such as sheep, textile, or precious metals. The latter is of major 

significance for this study and gives insight into not only the organisation of metals, 

but also to the socio-cultural value system associated with particular kinds of metal 

and metal items.  

Many sites reach their maximum expansion during the second half of the third 

millennium BC but the urbanisation process is far from unified and bears strong 

regional characteristics notably during the second half of the 3rd millennium BC [Ball 

and Wilkinson 2003; Meyer and Orthmann 2013: 147; Wilkinson et al. 2014: 46]. 

Cultural developments in Upper Mesopotamia progressed differently and the region is 

characterised rather by differences than similarities during the millennia. Furthermore, 

the development of urban centres and administrative systems seem to have 

progressed independently from Southern Mesopotamia. Consequently, a more refined 

division of Upper Mesopotamia was necessary and the area is now sub-divided into 
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three major regions: the Euphrates in the west, the Tigridian Region in the east and 

the Jezirah in the centre.  

A major controversy developed over the absolute chronology of Upper 

Mesopotamia in the broader landscape of the Ancient Near East, and the introduction 

of 14C dating (during the 1960s) caused controversial results for the periodisation and 

chronology between the different cultural regions. The (earlier) attempt to reconcile 

the historical periods of Upper and Southern Mesopotamia, based on Mesopotamian 

chronology, lead to problems and emphasised the need for regional chronological 

systems [Akkermans and Schwartz 2003: 253; Ball and Wilkinson 2003]. In 2002, a 

meeting of scholars lead to the founding of the ARCANE project (under the leadership 

of Marc Lebeau) to resolve this controversy [Lebeau 2011a: 1]. The major aim of the 

‘Associated Regional Chronology for the Ancient Near East’ project (ARCANE) was (and 

is) defined by Marc Lebeau (2011a: 1): 

“to produce a reliable relative and absolute chronology for the 3rd millennium of 

the entire Near East based on the synchronisation of regional chronologies”. 

Twelve major regions were defined within the wider geographical area from the 

Levant to western Iran. The first published ARCANE volume discussed the material 

culture, architecture and chronology of the Jezirah (ARCANE 1; Lebeau 2011c), Cyprus 

(ARCANE 2; Peltenburg 2013), History and Philology in Upper Mesopotamia (ARCANE 3, 

Sallaberger and Schrakamp 2015), the Middle Euphrates (ARCANE 4, Finkbeiner et al. 

2015) and most recently, the Tigridian Region (ARCANE 5, Rova 2019).  

However, the division of Upper Mesopotamia into three major units (Jezirah, 

Euphrates and Tigridian) has recently been discussed more critically. Archaeological 

evidence of more complex variations in the material cultural of these preliminarily 

established closed regional units is used to define sub-sectors within the latter and 

similarly reunited (archaeologically) separated regions to further refine the cultural and 

economic (in)dependencies within Upper Mesopotamia.  
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Fig. 1-1: Approximate location of major sites mentioned in the text [after Akkermans and 
Schwartz 2003: Fig. 8].   

 

 

1.2. The Jezirah as an Independent Cultural Region within 

Upper Mesopotamia 

The Jezirah (Arab. = island) roughly describes the Upper Mesopotamian region 

between the two rivers: Balikh in the west, and Khabur in the east of Syria (and to 

some extent south-eastern Anatolia) (Fig.1-1). Today, the landscape appears as steppe 

with little vegetation and often dried up river-beds. By contrast, it is suggested that 

consolidated forests and rich vegetation once dominated the landscape, mainly 

supported by the rivers Khabur in the east and Euphrates in the south [Kühne 1991; 

Meyer 2013]. Ecological degradation probably began during the 4th millennium BC 

with intensive pottery and later (to a lesser degree) metal production, both requiring 

large amounts of wood as a fuel source.  

During this time, the Jezirah was part of the so-called 'Uruk world system' and 

was thus culturally connected to Southern Mesopotamian material culture. However, 

evidence for the Uruk Expansion in the Jezirah is sparse and mainly derives from sites 

in the Middle and Upper Khabur Valley and in the east of the Jezirah. The most 

prominent site is probably Tell Brak (founded during the 5th millennium BC), which 

exhibits the continuity of local material culture in combination with the contemporary 
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adjustment to Southern Mesopotamian material culture, such as the adoption of 

architectural aspects and an administrative sealing system. The Uruk world system 

collapsed at the end of the 4th millennium for still unknown reasons, but its specific 

material culture continued primarily in Southern Mesopotamia [Matthews 2005: 442].  

During the early 3rd millennium BC the Jezirah experiences a re-settlement, 

which started the emergence of the Kranzhügel culture and city-states, and the so-

called Second Urban Revolution at about 2700 BC, which significantly shaped Jeziran 

society [Wilkinson 2000]. However, this development was not in synchrony across the 

Jezirah, and several centres in the west emerged earlier than in the east [Meyer and 

Orthmann 2013]. Also, the sites vary in their structure and spatial organisation, and 

three general concepts are distinguished: (i) tells with a central depression, (ii) tells 

with a central elevation, and (iii) the so-called Kranzhügel with a round outline fortified 

by a city wall (upper town) and (in some cases) an additional settlement extension 

(lower town) [Meyer and Orthmann 2013]. The classification of different kinds of 

Kranzhügel settlements started with Freiherr Manfred v. Oppenheim during the last 

century but remained a focus of the archaeology of Upper Mesopotamia and has been 

discussed over the last decades with varying results [Meyer 2010; Meyer 2014; Meyer 

and Orthmann 2013]. The most recent research on the distribution of different 

settlement patterns (in relation to their general outlines and with emphasis on 

Kranzhügel settlements) was undertaken as part of a dissertation by Stefan Smith (Late 

Chalcolithic to Early Bronze Age Settlement Patterns in the Greater Western Jazira: 

Trajectories of Sedentism in the Semi-Arid Syrian Steppe, University of Durham; see 

also Smith et al. 2014).  

The urban centres in the Jezirah were (on average) smaller in size than the still 

existing settlements in south Mesopotamia, but probably politically independent and 

equipped with a well working administrative system during (especially) the later 3rd 

millennium BC. It is often suggested that these city-states were controlled by the 

'temple' and the 'palace', which are assumed to be the leading political and economic 

institutions [Akkermans and Schwartz 2005: 269]. These institutions were represented 

by monumental architecture, found, for instance, at Tell Beydar, Tell Brak, Tell Leilan, 

Tell Mozan, Tell Barri or Tell Chuera (Fig. 1-1). However, the idea of ruling elites (in 

form of the temple and palace) is a concept adapted from Southern Mesopotamian 

archaeology. A different system of ruling elites may have dominated in the Jezirah at 

different stages during the 3rd millennium BC. More recent research at Tell Kharab 

Sayyar and Tell Chuera by Ralph Hempelmann (2013), for example, supports the 

hypothesis (especially during the early 3rd millennium BC) of tribally organised 

communities, where lineage and ancestor cults were of major importance. The 

implications of this governance milieu and its transformation towards a centralised 

power structure were conceivably reflected in cultural characteristics including 
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metallurgy, and this will be discussed in detail together with the establishment of tin-

bronze in the region.  

The discovery of monumental architecture and contemporary cuneiform texts 

expanded our knowledge about the construction and organisation of the Jeziran city-

states. Text and architecture provide a complementary insight into the political, 

economical, social and religious organisation of Jeziran sites, in addition to their trade 

relations and their different craft activities. The main craft activities were probably 

agriculture, sheep farming and the production of pottery. The archaeological record 

suggests specialised potters, producing standardised and mass-ware [Akkermans and 

Schwartz 2005: 270]. Also, synchronic developments of individual regions have been 

uncovered by research on pottery and this phenomenon is especially evident during 

the second half of the 3rd millennium BC [Meyer 2013; Rova 2011]. Here, the Jezirah is 

the interlink between two major pottery traditions, most importantly during the early 

3rd millennium BC with the Ninevite 5 culture in the east and the Red-Black Burnished 

Ware in the west. The Jezirah is far from a united cultural region, and sites in the 

Western Jezirah are chronologically difficult to synchronise with Eastern Jeziran sites. 

The settlement structure at Tell Chuera with its 'via sacra' crossing the centre of the 

tell in comparison to, for instance Tell Beydar, where the palace (and the temple) were 

built onto a central acropolis are examples for the diversity of cultural backgrounds, 

ideas and value systems that shaped the Jezirah during the early 3rd millennium BC. 

While the pottery trade at Jeziran sites has been well examined, little is known 

about the metal craft within this region, although an increase in the use of metal 

through time has been observed within the archaeological record [Akkermans and 

Schwartz 2005: 270]. Metal production seemed to have played a minor role within 

Jeziran tell communities. However, metal consumption, on the other hand, seems to 

have had a major part within 3rd millennium BC Jezirah. Analytical studies from Tell 

Beydar [Northover 2001a], Tell Brak [Northover 2001b] or Tell Mozan [De Ryck et al. 

2005; Northover unpubl. report], for example, identified specific kinds of alloys during 

certain periods in the 3rd millennium. Also, recent excavations at Tell Beydar have 

produced evidence for the existence of two metal workshops that were operating 

during the late 3rd millennium, fitted with furnaces, moulds and possibly melting 

crucibles [Pruss 2008; Tonussi 2008; pers. communication, A. Pruss]. 

The majority of prehistoric cuneiform texts that discuss metal trade or metal 

recipes originate either from Tell Ebla (in western Syria), from Southern Mesopotamia 

or from chronologically later sources (2nd millennium BC). A direct comparison of 

these textual data with the material evidence in the Jezirah or entire Upper 

Mesopotamia, therefore, is complicated by their chronologically and geographically 

different origins. Despite the similarities among the tells (within the Jezirah but also in 



 

 27 

Upper Mesopotamia) in, for example, their development towards urban centres, their 

material culture or also their pottery styles, metal production and consumption 

patterns seemed in many ways to be most fundamentally determined by site-specific 

socio-cultural ideas and differences in access to the material. Nevertheless, the 

precious resource of cuneiform texts from Ebla, in addition to a more recent study by 

Palmieri and Hauptmann (2014) on metal artefacts from the site, enables a discussion 

about the values that particular kinds of metals had for communities in the Jezirah and 

more importantly about the contribution metal trade, metal production and metal 

consumption had on early urbanisation and the connectivity of the wider region.  

 

1.3. The Chronology of the Jezirah 

Over the last 30 years, intensive archaeological work in Upper Mesopotamia has 

shown specific regional characteristics in terms of urbanisation, state formation and 

material culture [Lebeau 2011a: 11]. Therefore, Peter Pfälzner (1997) and Heike 

Dohmann-Pfälzner (2001), and later Marc Lebeau (2000) developed a new 

chronological system for the Jezirah, based on Eastern Jeziran material culture (Tell 

Beydar and Tell Bderi) and supported by 14C dating [Ristvet 2011]. This newly 

developed chronological system they called ‘Early Jezirah’ (EJZ) (also Frühe Gezirah, FG) 

(Fig. 1-2).  

The EJZ chronology comprises six major phases (EJZ 0 - EJZ 5) over a time span 

from 3000 – 2000 BC. Here, especially the earlier phases EJZ 0 and EJZ 1 are less 

securely defined in their absolute dates due to a limited number of excavations of such 

deeper layers, especially at Tell Beydar. Also, the end of the phases EJZ 2 and EJZ 3b 

were defined by Dohmann-Pfälzner and Pfälzner (2001), and Lebeau (2000), but 

controversially so (Fig. 1-2). Furthermore, the general chronological synchrony within 

the Jezirah causes problems, and sub-regions within the Jezirah seemed to be 

impossible to be unified within a single chronological system. Accordingly, the 

chronological EJZ system can only be seen as a tentative tool to discuss Jeziran 

archaeology in its entirety.  

Nonetheless, the EJZ chronology is used in the present study and follows the 

absolute dates of Lebeau (2011: Tab. 1 and 379-380) and the Middle Chronology. 

However, the chronological differences between the Western Jezirah (Tell Chuera, Tell 

Kharab Sayyar) and the Eastern Jezirah (Tell Beydar, Tell Mozan, Tell Brak, Tell Bderi) 

lead to the additional use of the regional periods developed at Tell Chuera (TCH IA - 

TCH IE) within this study. It is noteworthy that the relative and absolute dates for the 

Western Jeziran chronology (TCH IA – IE) underwent recent changes (compare Fig. 1-2 

and Fig. 1-3). This is especially important for the local period TCH IC. Publications 
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before 2013 set TCH IC contemporary with EJZ 2 final and EJZ 3a, while publications 

after 2013 date TCH IC to EJZ 3a/b. In absolute terms, TCH IC is now dated to c. 2550 

– 2465 BC. The end of phase TCH IC is secured by 14C dating [Meyer 2010].  

The described chronological differences are also a base for sub-regionalism in 

the Jezirah and the area is subdivided into five major sub-regions [Lebeau 2011a: 6-7]. 

Lebeau (2011a: 5) notes that sub-regionalism can be established on various factors 

ranging between "political entities….ethnicity, specialisation, intra-regional contacts, 

economic choices or social organisation". In archaeology, sub-regionalism in the 

Jezirah appeared especially in the analysis of pottery [Rova 2011], but also within city 

planning [Meyer 2011; Meyer 2013] and architecture in general [Pfälzner 2011] (Fig. 1-

3). In the current study it will also become apparent that the metallurgy in the Jezirah 

does not follow a synchronous development, and the different sites under study 

provide evidence for variations in their use of metallurgy. 

Similar chronological systems have been established for the Middle Euphrates 

and the Tigridian region within the ARCANE. Since the main focus of this study is on 

the Jezirah, dates are mentioned in relation to the ARCANE EJZ chronology, which will 

be supplemented by absolute dates where necessary.  

 

 

 

Fig. 1-2: Chronology after Lebeau (2011). 
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Fig. 1-3 Chronology after Meyer and Orthmann (2013). 

 

1.4. The Euphrates Valley 

The area west to the Jezirah can be roughly divided into two major 

archaeological regions, the Euphrates Valley and western Syria, both of which consist 

of archaeologically (in)dependent niches [Cooper 2010; Cooper 2012]. Within this 

research especially the Euphrates Valley, namely the middle Euphrates is of importance 

and several analytical studies and datasets on prehistoric metallurgy are available from 

the region between Carchemish to the north and Tell Bi’a to the south. The 

significance of the middle Euphrates for this study is not only based on the availability 

of analytical studies, but also on its proximity to the Jezirah and its contemporary    

(re-)urbanisation during the 3rd millennium BC, in addition to being an extremely well-

studied area [Cooper 2010: 177; Peltenburg 2007: 3-4; Wilkinson et al. 2012: 139-

140]. The importance of the area along the river itself during this period, however, 

may have been over-emphasised in the past in comparison to the adjacent (and more 

inland) regions due to an increase of irrigation projects along the Euphrates and 

consequently a higher intensity of rescue projects that were conducted in this region 

[Peltenburg 2007: 4-6; Wilkinson 2007: 27; Wilkinson et al. 2012: 140]. While earlier 

research thought only the river plains were inhabited, more recent research confirmed 
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that (relevant) settlements also spread into the semi-arid steppes to the west and east 

of the valleys (compare Cooper 2006: 69, 282 and Wilkinson et al. 2012; Wilkinson et 

al. 2014). However, while the latter region is archaeologically highly relevant, no 

analytical data on metals or metal production debris are currently available. Hence, 

this region plays a minor role within this study. Archaeological research in the 

Euphrates Valley has identified particular similarities to the Jezirah, but more 

prominent are the differences between the two regions concerning in particular the 

urbanisation process and settlement patterns [Akkermans and Schwartz 2003: 251-

252; Cooper 2010; Cooper 2012].  

The geographical landscape along the Euphrates River is complex and settlement 

patterns are strongly influenced by the subdivided landscape of larger plains and 

terraces that contrast with narrow valleys and gorge-like sectors within the river plains 

[Wilkinson 2007: 28-34; Wilkinson et al. 2012: 142]. Yearly rainfall varies within the 

Euphrates Valley and the region is roughly divided by an isohyet around Emar into a 

rain-fed cultivation zone in the north (c. 300 mm annual precipitation) and a more arid 

zone (where irrigation systems had to support agriculture) downstream (c. 200 mm) 

affecting especially the use of the landscape to the east and west of the river 

[Wilkinson 2007: 30]. In response to its complex landscape and climate the area was 

not heterogeneously occupied, and densely populated pockets alter with rather thinly 

occupied areas, and the region does not attest a homogeneous settlement 

development [Wilkinson 2007: 28-31; Wilkinson 2012 et al.; Wilkinson et al. 2014]. 

Major differences in settlement patterns are, for example, attested for the more 

moist region around Carchemish, where sites are typically small but show long-term 

stability, in contrast to the more arid zone to the south where settlements are more 

interspersed within the landscape and are often only temporarily settled [Wilkinson et 

al. 2014: 80]. The latter, more arid zone (similar to a large part of the Western Jezirah 

and the Middle Khabur Valley) was located within the so-called zone of uncertainty, 

where rainfall can range from about 300 mm (allowing low-risk agriculture) to 200 mm 

and below, with high risks for agriculture [Smith et al. 2014; Wilkinson et al. 2014: 

55]. 

During the Uruk expansion (in the second half of the 4th millennium BC) new 

settlements were founded in the area around the great bent of the Euphrates (e.g., 

Habuba Kabira South, Jebel Aruda) while other sites transitioned from pre-Uruk 

occupations into a new political and socio-cultural era (e.g., Tell Abr, Hacinebi) 

[Akkermans and Schwartz 2003: 184-206; Porter 2002: 24; Wilkinson et al. 2012: 142-

143]. The degree of (in)dependence to Southern Mesopotamia varied strongly among 

those sites. For example, Habuba Kabira South shows nearly exclusively South 

Mesopotamian material culture, including architecture and administrative features. 
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Such Uruk enclaves (also sometimes called Uruk colonies, see for example Algaze 

2005 in comparison to Akkermans and Schwartz 2003: 190-197) existed alongside 

settlements that exhibit mainly local material culture and do not evidence South 

Mesopotamian dominance. An extraordinary example is Hacinebi and Gil J. Stein 

(1999a) could convincingly show that a well-established pre-Uruk local elite co-existed 

(peacefully) together with a South Mesopotamian community during the mid 4th 

millennium BC. Both cultural groups were involved in the production and trading of 

copper metal and no evidence for a superimposed cultural identity on the local 

community is evident [Özbal et al. 1999; Stein 1999]. In addition, Stein proposes that 

the local community was in a superior position to ‘grant’ the foreigners to become an 

active (but spatially separated) part of the community. 

At the end of the 4th millennium BC the Uruk system collapsed and many sites 

were abandoned, especially newly-founded, larger settlements with strong Uruk 

influence. However, communities with (strong) indigenous bonds often continued and 

significantly shaped the 3rd millennium BC of the region [Akkermans and Schwartz 

2003: 207; Quenet 2007: 105, 118-119]. South Mesopotamian material culture 

disappeared nearly completely and was often replaced by local styles [Akkermans and 

Schwartz 2003: 207; Cooper 2012: 482]. In addition, applications adopted during the 

Uruk expansion, such as cylinder seals, are still in evidence, but now exhibit local 

motives [Akkermans and Schwartz 2003: 226].  

The Euphrates Valley is dominated at this time by small settlements of often less 

than 5 ha, and a limited number of medium and large sites [Akkermans and Schwartz 

2003: 224-226; Cooper 2012: 482; Kohlmeyer 1984: 110; Wilkinson et al. 2012: 142-

143]. Medium sized settlements are known from the area north and south of 

Carchemish (e.g., Beddayeh, Lidar Höyük, Korban Höyük) and appear less frequently 

around the big Euphrates bent (e.g., Tell Selenkahiye). The sites range in size between 

10 and 13 ha and are noticeably smaller than cities, such as Tell Sweyhat, Tell Banat or 

Tell Hadidi, which range between 40 and 60 ha [Cooper 2006; Wilkinson et al. 2012: 

142 and Tab. 2]. Many of the latter cities reached their maximum size only during the 

second half the 3rd millennium BC contemporary with an increase in settlements in the 

more arid zones [Wilkinson et al. 2012: 142 and Tab. 2; Wilkinson et al. 2014: 43]. 

The growth of larger centres (citadel cities) was possibly influenced by interregional 

trade (in addition to a tribute and tax systems), intra-regional connectivity and 

strategically well positioned sites along water ways and major trade routes [Wilkinson 

2007: 35; Wilkinson et al. 2012: 175-179; Wilkinson et al. 2014: 96]. However, 

Wilkinson et al. (2014) argue that urbanisation, growth and success within this region 

were also based on a risk-oriented economy especially within the zone of uncertainty. 

This approach was dominated by a high demand for (wool) textiles, and integrated 

(pastoral) sheep herding and fodder (especially barley) agriculture. The application of 
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this combined agro-pastoral model, however, was most sustainable when there was 

control over enough land and socio-economic connections within the wider region 

[Wilkinson et al. 2014: 83-84].  

Despite their often small size, many settlements were fortified (by walls, 

ramparts, towers and city gates) and show characteristics of urban planning in the 

alignment of (private) houses and street systems, and often display a high degree of 

complexity [Cooper 2006: 58-60, 122-125; Cooper 2010: 178-180, 183; Pfälzner 

2001; Quenet 2007: 118; Wilkinson et al. 2012: 173]. Some of these defence systems 

go back to the early 3rd millennium BC (e.g., Tell Halawa B), but the majority of sites 

experienced their reinforcement only during the second half of the 3rd millennium 

[Akkermans and Schwartz 2003: 250-251; Cooper 2006: 69-87; Cooper 2010: 177; 

Cooper 2012: 486; Orthmann 1989, cited by Cooper 2010: 177]. Fortifications 

certainly had a protective character, and conflicts among sites, and the constant 

competition between the two major (state) powers – Ebla and Mari – to achieve eco-

political dominance in the region may have caused an intensification of such defence 

systems [Akkermans and Schwartz 2003: 269; Cooper 2006: 61-65]. However, spatial 

enclosures do not only protect from the outside, but can also provide an intensified 

sense of community within. This may have been especially important since the 

Euphrates Valley settlements operated (successfully) over a long time, but without the 

(centralised) control of a state system [Cooper 2010: 183; Wilkinson et al. 2012: 140]. 

In addition, fortification increased especially during the second half of the 3rd 

millennium BC, at a time when the establishment of ‘elites’ becomes archaeologically 

visible [Akkermans and Schwartz 2003: 269-272; Cooper 2006: 234; Cooper 2012: 

482-483]. In this context, settlements may also have been enclosed to support the 

identification of local communities with (newly established) ruling parties and, thereby, 

indirectly supporting the establishment of the new elites’ power.  

A deliberate attempt to support the (new) power of particular members in tell 

societies may be apparent at Tell Banat and a shift in the use of the so-called White 

Monument (Tell Banat North) [Porter 2002: 24-28]. The original structure of the 

monument was erected before the establishment of the settlement itself, and Anne 

Porter (2002) proposed (on the basis of ethnographic studies) that its original and 

primary function (and those of similar monumental structures in the region) was linked 

to pastoral tribes and their burial rites. But more importantly it was linked to a 

manifestation of their shared traditions, their common identity as based on kin and 

ancestors, and their claims on the territory itself (see also Cooper 2006 and Wilkinson 

et al. 2014: 83). During the second half of the 3rd millennium BC the majority of the 

surrounding mortuary mounds in the area of Tell Banat fell out of use and are 

contemporary with the construction of more elaborate buildings on the tell itself. In 

contrast, the White Monument remained in use, and Porter (2002: 26) has proposed 
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that its symbolism shifted from a sense of community and shared power to the 

legitimation of power for a single group only, namely a newly established elite. 

Peltenburg (2007-2008; 2015) extends this argument and emphasises that single 

groups deliberately employed strategies in funerary traditions projecting their identity 

on selected lineages to launch a shift in authority that would enhance their access to 

control and power. This discussion is of course far more complex than can be 

presented within this brief summary. However, the short discourse displays the 

important and defining role pastoral groups and tribal societies played in the 

formation of Euphrates Valley communities during the 3rd millennium BC [Cooper 

2012; Peltenburg 2007: 11; Wilkinson et al. 2014: 83]. The settling of pastoral groups 

during the early 3rd millennium BC possibly supported not only the establishment of 

the above proposed agro-pastoral model, but intensified the ties and diminished the 

boundaries between sedentary and pastoral communities [Peltenburg 2007: 12; Porter 

2002]. In addition, Wilkinson et al. (2014: 83) propose that the foundation of these 

ties as well as ancestral pastures may date back to the pre-urbanisation phase and 

continued to be a key factor in the economic success of the long-lived small, but also 

the often more short-lived larger settlements. 

The presence of elites during the second half of the 3rd millennium BC, however, 

is widely accepted and archaeologically testified by, for example, richly equipped 

burials (associated with elite members), evidence for exotic luxury items imported via 

long-distance trade, and the more frequent erection of large and complex buildings 

with (in some cases) monumental character [Akkermans and Schwartz 2003: 249-250; 

Cooper 2006:127, 252; Cooper 2010: 181; Peltenburg 2007-2008; Peltenburg 2015; 

Schwartz 2012]. The socio-cultural association with and the status of these elites, on 

the other hand, seem to have differed from contemporary elites in the Jezirah. Despite 

the archaeological evidence for groups or individuals of higher rank and a high degree 

in complexity of the sites, the Euphrates Valley seems to lack evidence for a 

hierarchical society with focus on a centralised organisation of the sites’ economy and 

politics by a single elite entity [Cooper 2010: 183; Quenet 2007: 118]. Large-scale 

architecture, for example, is hardly ever situated in a prominent, central or elevated 

location within the settlements (for an exception see Tell Sweyhat, Cooper 2010: 186-

188). Within Jeziran city-states, however, this kind of architectural feature is a well-

attested characteristic in the display of power and the super-ordinated status of elites 

in political, economic and maybe also religious control within Jeziran city-states 

[Cooper 2010: 182-183]. Contextualised finds within such elaborate buildings suggest 

the commercial success of individual (elite) households instead of centralised 

authorities controlling the entire economic, religious and social life of the community 

[Cooper 2006: 139-142; Cooper 2010: 186-188]. Nevertheless, it is likely that these 

households played a significant role in the socio-political (and maybe also religious) 
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life of individual settlements [Cooper 2006: 142]. Also, the political and economic 

relations among different sized settlements (ranging from a majority of small to only 

few medium and large sites) do not necessarily bear the characteristics of the multi-

tiered hierarchical city-state system evident in the Jezirah [Cooper 2006: 60; Cooper 

2010: 184-185; Wilkinson et al. 2014: 80]. In contrast to the Jezirah, the social-

political structure within the Euphrates Valley is often associated with a collective 

consciousness in responsibility for the land and the organisation of its exploitation 

based on tribal ideologies, where individual entities (persons or groups) were of 

subordinate importance [Cooper 2006: 61-63, 254, 271-272; Porter 2002: 23]. In 

addition, many small sites in the Euphrates Valley existed during the 4th millennium 

BC and continued into the 3rd millennium BC and, therefore, developed autonomously 

from the later (re-)occurring (larger) cities [Cooper 2012: 484; Quenet 2007: 118; 

Wilkinson et al. 2012]. In this context, small settlements may have functioned as 

cooperative (maybe in some cases specialised) but independent entities within the 

settlement system of the Euphrates Valley [Cooper 2006: 61; Cooper 2010: 183; 

Wilkinson et al. 2012: 173-175]. Not all of these small settlements were occupied all 

year round, and scholars consider their additional symbolic function in marking the 

control and ownership of the territory of sedentary and mobile pastoral groups 

[Wilkinson et al. 2012: 173]. The economic and political connections between sites and 

communities seemed rather ‘defined by loosely organized confederacies of both 

agrarian and pastoral nomadic kin-groups’ [Cooper 2006: 61] and ‘muted hierarchies’ 

[Wilkinson et al. 2014: 80]. 

Similar evidence for a non-centralised system derives from archaeological finds 

representing craft specialisation, which is prominent in pottery, but also in textile 

production, the manufacturing of beads and jewellery (stone and shell) and – in 

particular – metal production [Akkermans and Schwartz 2003: 228-229, 250; Cooper 

2006: 164-201; Cooper 2010: 182]. Metal workshops are attested from, for example, 

Tell Halawa A, Tell Ahmar, Qara Quzaq, Jerablus Tahtani, Tell Sweyhat, Habuba Kabira 

and Tell Qannas [Cooper 2006: 170-174]. Most workshops are present in (large 

structure) households, and associated with wealthy individuals and elite members that 

supported their luxury life and display of status with (personal) small-scale production 

units; large-scale and centralised craft production under the control of an elite is not 

evident in the Euphrates Valley [Cooper 2006: 63, 174-175; Cooper 2010: 184]. A wide 

range of prestige goods from burial contexts indicates the importance of the display in 

wealth, status or power for groups and individuals, in which metal artefacts seemed to 

have played a significant role [Cooper 2006: 166; Cooper 2012: 485; Philip 2015; 

Quenet 2007: 118]. The dominance of decorative items and weapons, and the lack of 

tools and metal artefacts associated with craft within burial contexts, further support 

the symbolic nature in their deposition within the region [Cooper 2006]. The 
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increasingly standardised metal repertoires from the Euphrates Valley and the Jezirah 

indicate a ‘stylised, choreographed elite behaviour’ [Philip 2015: 194] based on shared 

elite ideologies and indirect emphasis on the connectivity of the region despite the 

outlined differences between elites from both regions [Cooper 2012: 485; Philip 2007: 

194]. The strong variations represented in graves types in the Euphrates Valley, on the 

other hand, may rather attest kinship or ethnicity, and gender or age than status and 

economic differences [Akkermans and Schwartz 2003: 252; Cooper 2006: 247-250, 

282; Cooper 2007; for an interpretation related to ancestor burial rites see for 

example Porter 2002].  

The abundance of luxury items in burial contexts attests the degree of access 

which communities in the Euphrates Valley had to short and long distance trade. Over 

its long history of settlement, the region is often considered to have played a 

significant role in the transfer of materials and knowledge based on its geographical 

position between major powers in Anatolia, west and south Syria, and Southern 

Mesopotamia [Kohlmeyer 1984: 96]. Well established networks significantly connected 

sites not only among each other, but also to adjacent regions, and as far as west to the 

Levant and the Mediterranean [Broodbank 2013: Fig. 7.3; Wilkinson 2007: 36; 

Wilkinson et al. 2012: 140, 176]. The Euphrates River itself certainly played a 

significant role in the establishment of trade networks within the Euphrates Valley 

[Wilkinson 2007: 35-37]. Paired settlements on each side of the river allowed crossing 

and connected the landscape to the east and the west (in addition to a wide system of 

hollow ways) [Wilkinson 2007: 35; Wilkinson et al. 2012: 177, 179; Wilkinson et al. 

2014: 60]. Interregional and intra-regional trade may have been a significant factor in 

the growth of the socio-economic importance of the region from which cities may have 

gained substantially. The succeeding stronger economic position of particular sites 

may have increased the (long and short distance) connectivity of the region itself 

[Cooper 2006: 165; Wilkinson et al. 2012: 179; Wilkinson et al. 2014: 84, 96].  

A decline in population and settlements during the late 3rd millennium BC (quite 

visible within the Jezirah) is not as such attested from the Euphrates region, and 

settlement patterns show a more heterogeneous picture of contemporary decline and 

growth [Wilkinson et al. 2012; Wilkinson et al. 2014: 69-73]. Many sites in the 

Euphrates Valley continue to be occupied without interruption during the entire 3rd 

millennium BC and into the 2nd millennium BC; and several sites were reoccupied after 

either a short hiatus or an intermediate phase of population decline around the last 

centuries of the 3rd millennium BC or slightly later [Cooper 2012; 488; Pruss 2013b: 

137, 139-141, Fig. 51-54; Wilkinson et al. 2012: 144]. Contemporary areas evidence 

an increase in settlements. An increase in population is especially suggested for the 

area north of Carchemish, but also sites in the zone of uncertainty showed an increase 

rather than a decline [Algaze et al. 1994, cited by Wilkinson et al. 2012: 144]. Tell 
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Sweyhat, for example, tripled in size and reached its peak extension of c. 40 ha at this 

stage; the site was only abandoned during the early 2nd millennium BC [Danti and 

Zettler 2007: 165; Pruss 2013b: Fig. 50; Wilkinson et al. 2012: 175 and Tab. 2]. 

Cooper (2006: 267-270) argues that not only the settlements and the local material 

culture continued from the EBA into the MBA but that (more importantly) the 

established settlement structure of autonomous political and economic micro-entities 

stayed in place (see also Wilkinson et al. 2014: 96-97). Reasons for a decline in 

population in some areas and the abandonment of especially larger sites are uncertain, 

and may be based on environmental and/or socio-economic factors, which possibly 

varied from site to site and from area to area [Pruss 2013b; Wilkinson et al. 2012: 144, 

148; Wilkinson et al. 2014: 97]. 

The persistence of many settlements into the MBA, on the other hand, may be based 

on the political, and consequently economic independence of many settlements and 

their tribal and group oriented character (in contrast to being leadership and elite 

oriented). In addition, the fortunate environment along the Euphrates river, where 

irrigation could be an alternative to rain-fed cultivation during climatically difficult 

times, and the region’s flexible economic strands based on pastoral groups 

economically coexisting with settled communities possibly contributed to the on-going 

success of many settlements [Cooper 2006: 270-274; Pruss 2013b: 144; Wilkinson et 

al. 2014]. 

Metal consumption is a major factor in the 3rd millennium BC Euphrates Valley, 

exhibited by, for example, burials richly equipped with weapons and ornamental metal 

artefacts but also in the form of metal working debris excavated at many sites. Metal 

artefacts often exceed their purely functional character and are important 

communicators of values and ideologies. The Euphrates Valley and the Jezirah were 

well connected regions and share a great number of similar kinds and types of metal 

artefacts. During the second half of the 3rd millennium BC the Jezirah and the 

Euphrates Valley were connected by means of Ebla's power over and access to both 

regions. However, in both regions elites established in different ways and used 

different media to express their claim for authority. The joint research on metal 

artefacts from the Jezirah and the Euphrates Valley and on the subordinated values of 

metal artefacts will shed light onto the role metal production and consumption played 

in the connectivity of Upper Mesopotamia at the dawn of urbanisation.  
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1.5. The Early Development of Metallurgy 

The development of the Three-Age System during the early 19th century AD 

positioned the start of the Bronze Age (BA), and consequently the development of 

metallurgy, at the beginning of the 3rd millennium BC [Steuer 2004: 449]. This system 

was originally developed for European prehistory; very little was known about Ancient 

Near Eastern archaeology or metallurgy at this time. Today, we know that the earliest 

evidence for metal production, not only in the Ancient Near East, derives from the 

Neolithic period, differing in absolute dates from region to region. The knowledge of 

the working properties of native copper in the Ancient Near East is about 10,000 years 

old. Native copper artefacts come from sites such as Ali Kosh (Iran), Can Hassan 

(Anatolia), Çayönü Tepesi (Anatolia) or Tell Magzaliya (Iraq) [Maddin et al. 1999; Muhly 

1997: 5-6; Müller-Karpe 1994; Özdogan and Nezih 1999; Özdogan  and Özdogan 

1999; Pigott 2004; Stech 1999; Yalçin 1998; Yalçin 2000].  

The 5th millennium BC is characterised by two significant metallurgical 

innovations (i) the application of heat in the working of metals (i.e. annealing), and (ii) 

the extraction of metals from ores [Muhly 1997: 6]. For the first time, crucibles were 

used in metal production and air supply was supported by blow pipes [Craddock 1995: 

177-178]. Since crucible smelting is considered to produce only little or no slag, 

evidence for this kind of early metallurgy is sparse in the archaeological record 

[Craddock 1995: 135-136; for a discussion of the controversy see Bourgarit 2007] and 

the details of this procedure are still not entirely understood [Craddock 2000; 

Craddock 2007: IX].  

However, important evidence for early metal production, such as crucible 

fragments, moulds and tuyères, were discovered at, for example, Tal-i Iblis, Tepe 

Ghabristan or Tepe Sialk in Iran [Muhly 1995:6; Nezafati et al. 2008b; Stech 1999], and 

at Tell al-Shuna in Jordan [Rehren et al. 1997]. It is noteworthy that contemporaneous 

finds are missing in Anatolia and Mesopotamia and metal production here can only be 

inferred from the discovery of metal artefacts from various relevant sites [Stech 1999: 

62]. Earliest examples consist mostly of jewellery such as beads, pendants or 

bracelets; implements are in the minority within Neolithic and Chalcolithic contexts 

[Schoop 1995: 18-20; Stech 1999]. The great number of decorative items among early 

metal artefacts indicates the high value of this material at its early stage of production. 

The majority of these artefacts were made from copper. However, a large number of 

artefacts were also made from lead. Lead is often suggested to be the earliest 

extracted metal due to its low melting point and the simple way of extracting lead 

from galena ores, which are common in many regions of the Ancient Near East 

[Moorey 1994: 294; Muhly 1995: 1502]. On that basis, lead was assumed to play a key 

role in the invention of metal extraction itself [Stech 1999: 62].  
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Also, lead ores often contain reasonable amounts of silver. Early evidence for the 

extraction of silver by cupellation originates from, for example, the Upper 

Mesopotamian site Habuba Kabira (Syria) during the 4th millennium BC [Pernicka et al. 

1998]. Another noteworthy development of the 4th millennium BC was a change in 

smelting technology, as suggested by the evidence of early furnaces, which to some 

extent replaced the earlier crucibles. Here, archaeological evidence originated from, 

for example, Timna [Rothenberg 1990] in the Levant and Feinan in Jordan [Hauptmann 

2007]. However, the chronological evidence for 4th millennium BC smelting furnaces 

from Timna is discussed controversially.  

The introduction of furnaces expanded the scope of early metallurgy for 

prehistoric metal craftsmen, allowing smelting of not only oxidic but also sulphidic 

ores. The extraction of copper from sulphidic ores involves more complex chemical 

processes [Bachmann 1982; Craddock 1994] and co-smelting (of sulphidic and oxidic 

ores) was suggested as a transmittal technique during the 4th and 3rd millennia BC 

[Pigott et al.  2003].   

This limited enumeration of important findings for early metallurgy in the 

archaeological Ancient Near East provides evidence that the history of metal 

production in the Ancient Near East, and to some extend in Upper Mesopotamia, 

already spanned around 4000 years by the 3rd millennium BC. Different working 

techniques, the use of various metals and the manufacture of a broad range of 

artefacts were already all well established [Akkermans and Schwartz 2005: 133; 

Moorey 1994: 255].  

An important aspect in the study of the metallurgy of the Jezirah is the lack of 

metal resources in the region, and consequently all metals had to be imported [Moorey 

1994] (Fig. 1-4). Possibly, as a result of the lack of ore deposits, there is currently no 

evidence for the processing and smelting of ores in the Jezirah. Nevertheless, the 

archaeological record of many sites in the Jezirah suggests the use of sophisticated 

metal production processes, not only in the form of high value products, but more 

importantly through the remains of metallurgical activities. However, most of the 

excavated production debris from 3rd millennium contexts does not derive from areas 

with a good metallurgical inventory or installations identified as metallurgical 

workshops, but occur rather as single finds, such as crucible fragments, casting 

moulds or ingot fragments [Verardi 2008: 67, 82-83]. Such finds provide evidence for 

metallurgical activities, but they only begin to answer questions about the organisation 

of production and the extent of the metallurgy, craftsmen, employers or consumers.  

Although evidence for metal workshops is rare, the equipment that has been 

discovered, and the analysis within this study indicate that the Jeziran metal smiths 

were familiar with techniques that had gradually been developed during the previous 
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millennia in Ancient Near Eastern societies. These techniques included not only the 

melting, recycling and casting of different kinds of copper-base metals, but also the 

refining of so-called black copper, and the primary alloying of tin-bronze. The latter 

was presumably the most far-reaching invention in 3rd millennium BC metallurgy. 

However, tin-bronzes never completely replaced arsenical copper, probably the most 

commonly used metal aside from impure copper, during the 3rd millennium BC. Both 

arsenical copper and tin-bronze coexisted during the entire millennium.  

The range of artefacts used at 3rd millennium sites (in the Jezirah) is wide and 

includes jewellery as well as weapons, implements and vessels. The broad range of 

metal artefacts indicates a shift in metal consumption from primarily decorative items 

towards utilitarian goods. However, this shift does not imply that a suggested symbolic 

value of metal artefacts had lost importance; the metal artefacts frequently found 

within burials attest to the additional symbolic value of metal artefacts. Moreover, 

metal offered different important advantages (of which the possibility for recycling is 

probably the most outstanding) in comparison to other materials. How such 

advantages were deliberately employed during the 3rd millennium BC is the subject of 

the analysis and discussion in the present study.  

 

 
Fig. 1-4: Metal deposits from Anatolia to Iran [Roaf 1990:35]. 
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1.6. Aims and Objectives  

Metallurgy has been in the focus of Upper Mesopotamian archaeology for several 

decades (see for example Archi 1985; Moorey 1994; Northover 2001a; Northover 

2001b; Quenet 2008; Stech 1999; Stork 2014; Stork 2015). Although recent research 

has identified Upper Mesopotamia as a major cultural crossroad affected by competing 

cultural developments [Kohlmeyer 1984: 97; Muhly and Stech 2003], no 

comprehensive analytical study about Upper Mesopotamian metallurgy and its 

engagement with 3rd millennium culture has yet been undertaken. The discourse 

about metal artefacts (their composition and working technologies) often concentrated 

on individual sites, and a summarising discussion about general trends and variations 

in and the status of metallurgy in the ore free region of Upper Mesopotamia with the 

help of analytical data is still lacking.  

Within Upper Mesopotamia, a special focus is placed on the cultural development 

in the Jezirah as an (in)dependent region; regional patterns in this area are already 

recognised in a wide range of its material culture [Lebeau 2011]. My research 

concentrates on copper-base metallurgy in particular, and recent excavations in the 

Jezirah offered access to original and new data that promised to shed light on 

metallurgical practises, consumption and production patterns, and their technological, 

socio-economic and socio-cultural value. Samples collected and analysed comprise 

metal artefacts and metal working debris, and the joint analysis of both kinds of 

metallurgical products is expected to complement each other in the study of analytical 

key aspects (composition, production techniques, provenance) in metal production and 

consumption, and their relevance to 3rd millennium BC communities in the Jezirah.  

A discussion about metallurgy in the Jezirah has to address archaeological 

evidence from neighbouring regions to the west and to the east to identify the region’s 

degree of (in)dependency in metal consumption and production. It is not expected to 

be able to present a comprehensive study on metallurgy in Upper Mesopotamia as a 

whole. However, a comparison of metallurgical data from the neighbouring 

archaeological landscape to the east and west of the Jezirah in regards to key topics 

within this research (metallurgical practises and skills, and the value, organisation and 

consumption of copper-base metals) offers to disclose general trends. Analysis of 

metal artefacts from the Euphrates region comprises a small corpus of analytical data, 

and the current discussion about metallurgical practices (exchange systems) in the 

region is largely based on textual evidence (Ebla) and typological distribution patterns 

of metal artefacts in burial contexts. A summary study of metallurgical working debris 

by Lisa Cooper (2006: 166-175) supports the evidence for (intensive) metal working 

practices within the Euphrates Valley, but which (in regard to the lack of analytical 

data) are difficult to set in comparison to analysis from metallurgical debris from 
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Jeziran sites. Access to original data from the Central Euphrates Valley (around the 

area of Carchemish) was granted by Peter Northover, which was published during the 

final stage of this study [Northover and Prag 2015]. The latter dataset comprises 

copper-base artefacts collected by D. G. Hogarth, C. L. Woolley and T. E. Lawrence in 

the 1910s and offers for many finds little to no chronological, stratigraphic or 

contextual information. Thus, the analytical and archaeological value of this material is 

restricted and its primary value within this study lies in the exploration of general 

differences and similarities in consumption and production patterns of copper-base 

metals between the Jezirah and the Euphrates Valley. Most finds derive from burial 

contexts or the local antiquity market and no production debris is present among the 

sample [Northover and Prag 2015]. Therefore, a direct comparison of metal 

consumption and relation to the production of metal artefacts is not possible.  

The same is true for the Tigridian region. Early Bronze Age (EBA) metal artefacts 

from Tigridian sites have been studied within the Mesopotamian Metals Project (MMP) 

[http://avirtualmuseum.org/publications/mesopotamian_metals.html] and the Frühe 

Metalle in Mesopotamien (FMM) project [Hauptmann and Pernicka 2004]. Both projects 

focus on the chronology (5th to 1st millennium BC) and spatial distribution (including 

samples from Syria, Iraq and Iran) of metal production and consumption. The research 

within the MMP concentrated on major and minor components of tin, arsenic, lead and 

nickel; the majority of analyses within the FMM project are (non-invasive) surface 

analysis. In both cases, the results are to a large extent unsuitable for a statistical 

evaluation of metals from the Jezirah (or the Euphrates Valley); no original data on 

production debris was available from the Tigridian. However, the available analytical 

evidence is discussed within this study and is expected to support the detection of 

general trends in comparison to the Jezirah and the Euphrates Valley.  

Previous research has shown that 3rd millennium BC metals are represented by 

copper-base metals (e.g., arsenical(-antimonial) copper), lead, gold and silver in 

addition to some more exotic ‘alloys’ such as leaded or nickel rich copper. Precious 

metals (gold, silver) play a minor role within this research. The use of silver and gold is 

evident on several sites (e.g.., Tell Brak) but the comparability of these two metals is 

limited due to the lack of evidence for them in the majority of excavations. Lead, on 

the other hand, is common at many 3rd millennium BC sites, but analysis of lead 

offers little compositional or microstructural information. Lead compositions vary 

mainly in their trace elements, most of which cannot be detected with the analytical 

equipment on hand (SEM-EDS and EPMA-WDS). Therefore, lead also plays a minor role 

within this study. The most common metals during the 3rd millennium BC were copper 

and its alloys, and the original datasets from the Jezirah and the Carchemish region 

offer new insight into the compositional variations of copper-base metals available in 

Upper Mesopotamia during this period.  
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The basis of metal production is access to raw materials, including trade 

relations and logistic and administrative skills. This is especially important since Upper 

Mesopotamia is an ore free region and it is likely that all metals were imported as 

either semi-finished (ingots) or finished artefacts; evidence for smelting activities 

within the region is currently lacking. A statistical evaluation of compositional analyses 

of the examined metal assemblages is thought to identify variations and similarities in 

access to raw materials among the examined sites; here, a new methodological 

approach has been developed for this study by employing ratios of specific minor and 

trace elements (MTER). This method supports the differentiation of specific types of 

copper ores, and its applicability in sourcing copper-base metals is tested within this 

research. In this respect, especially the dataset from the Carchemish region is of 

importance to test this new method. Additional lead isotope analyses (LIA) are 

expected to support the collected evidence in sourcing and will provide the possibility 

to pinpoint the absolute copper ore sources Upper Mesopotamia communities had 

direct or indirect access to. The analytical results permit a discussion about trade 

relationships and about the political sphere in relation to access to and power over 

metals during the 3rd millennium BC. The current research on Upper Mesopotamian 

urbanisation and settlement patterns has identified a broad web of changing alliances 

and trade connections among especially the city-states. The presented results are 

expected to contribute to this discussion and to shed light on the relevance of copper 

metal within such alliances and trade relations. The Western Jezirah, for example, 

shows close (cultural) connections to the Euphrates Valley to the west, but is also 

closely linked to the Khabur Valley to the East. This research examines whether its 

local metallurgy reveals close similarities to either of the regions or develops to a large 

degree independently. Chorological intra-site distribution patterns in copper metal 

compositions are expected to reveal information on the parties involved in the 

organisation of and control over metals. Metal production may be controlled and/or 

organised by different parts of a society, such as political or religious entities (i.e. 

palace, temple), but potentially also by single members of the elite as private persons. 

However, especially the latter may be difficult to determine since the archaeological 

information on hand may not be sufficient.  

The origin of imported resources can pre-define a product's quality and 

composition, but socio-economic and cultural aspects can further influence the final 

kind of product. Metals can be deliberately altered and modifications may be based on 

skills and knowledge in metal production, but also on socio-economic and socio-

cultural aspects such as access, taste and value. Compositional analysis in combination 

with archaeological data support the distinction between these different influencing 

factors, and it is expected to identify significant inter- and intra-site distribution 

patterns in metal consumption. A main focus here is the detection of distribution 



 

 43 

patterns in arsenical copper versus tin-bronze. While arsenical copper is already in use 

during earlier millennia, tin-bronzes are a new metallurgical achievement during the 

3rd millennium BC in the area. Arsenical copper sources are well known from 

neighbouring regions, such as Anatolia or Iran. Tin sources, on the other hand, are 

rare and tin was possibly regarded as valuable material at especially the early stage of 

tin-bronze production. Evidence for tin-bronzes in Upper Mesopotamia implies access 

to either tin alloys or tin metal; the latter additionally implicates access to knowledge 

of newly established metallurgical (alloying) skills. The identification of spatial 

distribution patterns of these compositionally different metals enable a discussion 

about the value of tin-bronzes especially (versus arsenical copper or other copper-base 

metals), their chronology within the region and their importance in the establishment 

of political powers within and across the newly established city-states. Compositional 

distribution patterns among specific kinds of artefacts are expected to identify 

whether particular kinds of metals have been produced and employed deliberately or 

randomly by chance. The latter can be based on a lack of knowledge or on recycling 

practices, indicating the exclusion from either knowledge or material exchange 

networks. The deliberate production of specific alloys, on the other hand, indicates a 

particular level of skill, and their intentional production can either be based on 

technological improvements or on socio-cultural values. Specific compositional make-

ups are presumed to reveal the underlying reasons for the production of specific 

compositions, and it is expected to distinguish between random or deliberate 

production techniques. The identification of either technological or socio-cultural 

underlying reasons in the production and consumption of copper-base metals has 

different implications on our understanding about the value of metals within 3rd 

millennium BC cultures in Upper Mesopotamia. The socio-cultural significance of 

metals within the region is often discussed in relation to burial goods and high-value 

exchange items [Schwartz 1986, cited by Muhly and Stech 2003: 417]. This study aims 

to contribute to this discussion and to identify to which degree tin-bronzes were of 

importance as potential high-value items, and whether the production of this kind of 

metal is instead based on technological or socio-cultural motives. Both factors could 

be politically motivated and the results are expected to enhance a discussion about the 

role metallurgy played within the political struggle for power or to what extent city-

states acted independently in their own metallurgical interests.  

Upper Mesopotamia is an ore free region, and experience in metallurgical 

activities was most likely limited to melting, casting, working and possibly also 

alloying. However, such skills are based on prior knowledge, which was accumulated 

over time by skilled individuals who trained over generations. Different communication 

corridors across the region may have influenced the spread of such technological 

knowledge together with necessary materials and as well as experienced craftworkers. 
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This research, it is expected, will characterise patterns in the application of 

metallurgical knowledge, technologies and practices that should allow issues related 

to the development of metallurgical skills over time and to the practices of 

craftworkers within the region to be addressed.  

Additional relevant evidence may be reflected in ancient texts which are an 

important source concerning the organisation of metal production and trade relations. 

Textual evidence about metallurgical practices during the 3rd millennium BC in Upper 

Mesopotamia is best (and nearly solely) attested by documents from the archive of 

Ebla (Palace G). These written sources, however, date to the late 3rd millennium BC (c. 

2350 BC) and, therefore, have limited information value in their direct comparison to 

collected analytical data from the early and mid 3rd millennium BC. Written sources 

imply a degree of deliberate documentation and significantly differ in this from 

archaeological and analytical data. Therefore, textual sources have to be discussed 

independently and solely as additive source of information. 

This study certainly has several limitations in answering the key, outlined 

research questions in depth. The ability to identify, for example, instances of trade 

relations and/or alliances solely on the basis of the analytical datasets is limited. The 

chronological range of the analysed metals does not cover the entire 3rd millennium 

BC and several chronological phases are better represented than others. It is not 

expected to discover changes and shifts in trade connections over the long time span 

of the 3rd millennium BC, but rather to shed light on general trends. The same is true 

for the degree of information available on craftworkers supplying the metals trade as 

well as on their system of organisation. Not all sites offer enough analytical and 

archaeological information to achieve a satisfying result in these areas. Metal 

inventories from various individual sites are not even close to complete analysis and 

the overall scale of the metals trade is nearly impossible to establish for the region or 

even for individual sites. Significant details in consumption and production patterns 

may be lacking and there is always a risk to under- or over-estimate the role that 

metallurgy played in the urbanisation process within the region or at specific sites. 

However, this research will fill a major lacuna in the ‘technological map’ of the Ancient 

Near East, and is expected to significantly contribute to our knowledge of 

developments in Upper Mesopotamia, considering regional settlement patterns and 

the emergence of the 3rd millennium city-states in the region. It will make a 

significant, original contribution to our knowledge of 3rd millennium Upper 

Mesopotamian metallurgy, and, at the same time, enhance the wider discussion on 

cultural affiliations in Upper Mesopotamian societies during a period of major changes 

in urbanisation and state formation.  
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2. Analytical Methods 

To achieve the best possible results in the study of prehistoric metal artefacts, it 

is important to use a variety of different but complementary analytical methods: 

Non-invasive techniques used in the initial sample selection of this research 

included: 

• macroscopic analysis and sample selection;  

• X-ray fluorescence analysis, via a portable instrument (pXRF). 

Invasive methods used in this research included: 

• sampling and sample preparation; 

• optical microscopy (OM)/metallography; 

• electron microprobe analysis with wavelength dispersive spectrometry  

 (EPMA-WDS); 

• scanning electron microscopy with energy dispersive spectrometry (SEM- 

 EDS); 

• lead isotope analysis (LIA); 

• neutron activation analysis (NAA). 

All methods employed for elemental analysis (pXRF, SEM-EDS, EPMA-WDS) work 

on the principle of the excitement of atoms on the surface of a (prepared) sample, 

causing an electron vacancy in one of the atom's inner shells, and the emission of 

characteristic X-rays when this vacancy is filled by an electron from a higher shell. The 

emitted X-ray photons have element-specific characteristic energies, which are 

measured by a spectrometer to enable element identification and quantification. To 

test the precision and accuracy of the instruments, a certified reference material was 

measured (CURM 42.23-2, CURM 50.01-4, CURM 50.04-4 and CURM 71.32-4). Each of 

the individual procedures is described in the appendix, including the results of the 

reference material analyses for EPMA-WDS and SEM-EDS. The advantages and 

disadvantages of particular instruments, and their specific use in the current study are 

briefly described (Chapters 2.2., 2.4. and 2.5.). All analyses by the author were 

undertaken at the Wolfson Archaeological Science Laboratories, UCL Institute of 

Archaeology, London. 

The attained dataset is informative about general trends in metal consumption 

and production at individual sites, at particular times or in specific regions. The 

additional application of statistical tools enhances the level of information the 

analytical data provide. For this study, a method for a more refined classification of 
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analysed artefacts has been developed employing specific elemental ratios. The 

applied methods and their expected contribution to this study are discussed below. 

Sample preparation, OM, and EPMA-WDS and SEM-EDS analyses were conducted at the 

Wolfson Archaeological Science Laboratories, UCL, Institute of Archaeology; non-

invasive pXRF analysis was undertaken during three field seasons in Syria (2009, 2010, 

2011).  

Lead isotope analysis (LIA) and neutron activation analysis (NAA) have been 

undertaken by Ernst Pernicka at the Curt-Engelhorn-Zentrum, Mannheim, Germany. LIA 

and NAA are frequently combined in the provenancing of metals. Due to the cost-

extensive value of these methods, it is common to apply LIA and NAA to only a select 

group of artefacts. A detailed discussion of these methods, and their applications, can 

be found in Begemann and Schmitt-Strecker 2009, Brill and Wampler 1967, Sayre et al. 

1992, and Rehren and Pernicka 2008. LIA on two samples from Tell Raqa’i had been 

conducted by Yener et al. (1991) at the National Institute of Standards and Technology 

(NIST) in Gaithersburg, Maryland, USA.  

 

2.1. Macroscopic Observations and Sample Selection 

An initial step in sampling is the collection of macroscopic data, which includes 

observations about the general appearance of artefacts (e.g., size, weight, coloration, 

texture). Macroscopic observations are seldom referred to in the text, and are mostly a 

routine part of sampling strategies and used as a tool in the classification of individual 

artefacts. Comparing the current weight of an item to (i) the weight recorded by the 

excavators and/or (ii) the artefact’s size, can, for example, support an estimation on 

the state of corrosion and, thereby, contribute to the selection of better preserved 

samples for invasive analysis. Surface colouration and texture, on the other hand, 

often reveal information about burial conditions and original function of finds, 

enabling the sampling of a variety of different kinds of artefacts, and artefacts from 

different contexts and burial conditions. Additionally, post-excavation macroscopic 

analysis can add to previous observations by the excavators in regards to, for 

example, kind, class or function since the former are often undertaken under less time 

pressure and in more ideal conditions than provided in the field. Finally, the recording 

of macroscopic observations is especially important for future research when sampling 

invasively to guarantee the communication of data, which may be lost after sampling. 

For this research two different approaches in macroscopic observation and sampling 

strategies were established for qualitative (non-invasive) and quantitative (invasive) 

analysis.  

For qualitative and non-invasive analysis, my goal was to analyse complete 

metallurgical inventories from Upper Mesopotamian sites via pXRF (Chapter 2.2.) to 
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understand general compositional site-specific trends. No specific sampling criteria 

were established and artefacts in different stages of corrosion were included in this 

study. The latter is important, since different kinds of metal compositions (often also 

in relation to working techniques) can systematically corrode in a distinct way under 

specific burial conditions. Therefore, excluding, for example, stronger corroded 

samples from analysis bears the risk to exclude particular kinds of metals from the 

research. However, due to the recent political situation in Syria this goal was not 

fulfilled, and it was only at Tell Chuera (including on-site stored artefacts from Tell 

Kharab Sayyar) that the majority of metal finds excavated was analysed. In total, 397 

samples were macroscopically and non-invasively studied. That study’s results are not 

reported in detail herein and were primarily used as background data for sample 

selection and further quantitative and invasive analysis. The results of that study are 

published in Franke 2014 and referred to in the text where relevant.  

Quantitative and invasive sampling involved three main strategies: First, it was 

designed to sample a wide range of different metal compositions (i.e., pure copper, 

arsenical copper, tin-bronze), and second, it was designed to sample a wide range of 

artefact types to understand chronological and spatial distribution trends in metal 

consumption. The sampling of different kinds of metal composition was achieved by 

considering qualitative pXRF results and is limited to copper-base artefacts, since 

precious metals (i.e., silver and gold) are not only rare within the archaeological 

record, but also are seldom available for invasive sampling. More difficult was the aim 

to sample a wide range of artefact types as only damaged artefacts were permitted for 

invasive sampling. The spectrum of artefacts within 3rd millennium Jeziran metal 

inventories is limited, and archaeological records are often dominated by pins, rod 

fragments and amorphous lumps. Pins are frequently well enough preserved to 

identify their type, and they are often broken and do offer the choice for invasive 

sampling. Rod fragments and unshaped lumps are also mostly available for sampling, 

but offer less information about the original shape and function. Other artefacts, such 

as tools and weapons, are less frequently encountered within the archaeological record 

in the Jezirah. In addition, they are often better preserved especially when excavated in 

burial contexts. Consequently, they are in most cases excluded from invasive sampling 

due to their rare nature and good preservation. In the specific case of Tell Mozan the 

majority of metal artefacts had already been submitted to the responsible museum 

and, therefore, was inaccessible for sampling; this comprised mostly metal artefacts 

excavated within the Temple Area B. In summary, pins and rods may be slightly 

overrepresented within the sample collection, but most kinds of metal artefact from 

the 3rd millennium BC (e.g., decorative items, tools, weapons) are represented within 

the analytical corpus. However, absolute numbers of studied artefacts may not 
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necessarily reflect metal consumption proportionally. The latter is especially true for 

site-specific metal consumption patterns.  

Third, it was aimed to sample all metal production debris (e.g., slag, technical 

ceramics, ingots), when recognised as such. Metal production debris appeared to be 

rare within metallurgical inventories from the Jezirah and the metal production debris 

discussed in this research may be over represented. This is especially true for the 

groups of (almost) pure copper and impure copper artefacts. Analysis of metal 

production debris enhances our knowledge about working technologies and offers the 

detection of chronological and spatial distribution patterns of metal production versus 

metal consumption. Identified working technologies can reveal information about the 

level of skills in metal production and particular preferences in applied working 

techniques. Chronological and spatial distribution patterns in metalworking may add 

to the identification of the level of significance of metallurgy, and its regional and site 

specific socio-cultural importance.  

All further data employed within this study derive from either artefacts exported 

during earlier decades, or from published or unpublished datasets. Different selection 

methods may have been applied in the sampling of these specimens.  

 

2.2. Portable X-ray Fluorescence Analysis (pXRF) 

The major advantages of surface pXRF analysis are its non-invasive character and 

the portability of the instrument; artefacts can be analysed on site in the field or at the 

museum. Also, a larger quantity of artefacts can be analysed in comparison to invasive 

methods (e.g., SEM-EDS or WDS-EPMA) due to the less time- and cost-intensive 

character of this method. However, this method also comprises uncertainties and 

disadvantages of which some are specific to non-invasive analysis of (copper) metals. 

During analysis, the instrument it analyses material within an area of approximately 3 

to 10 mm² (depending on the kind of instrument) on the outer surface. Thereby, it 

enables the identification of major, minor and trace components on this corroded 

surface, but the quantification of the data is not representative of the original 

composition of the artefact due to sampling conditions [Franke 2014].  

First, the instrument analyses an area of at most 10 mm² of the outer surface, but 

elemental contents can be distributed heterogeneously within an artefact leading to 

different compositional results of analyses on different areas. For instance, cast 

artefacts with two opposing surfaces (e.g., blades) may give different results for each 

side and specific elements (e.g., tin sweat) may be detectable as they can accumulate 

on one side but not on the other. Therefore, at least two, but ideally three, 

measurements were taken per sample whenever possible. Second, standard pXRF 
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instruments are capable of analysing c. 10 μm in depth (depending on the density of 

the analysed material) and by necessity the analysis is limited to the surface of the 

artefact. The analysis normally includes major parts of the corrosion layer on non-

restored artefact samples, or also may include chemicals used during restoration 

processes. Elements behave differently during corrosion and some, for example, may 

not be represented within corrosion layers while others may appear in greater 

abundance or may derive from the burial environment. Additionally, surface corrosion 

is often removed during restoration, as it is also unintentionally removed during 

burial, leading to the possible loss of elements preserved within the corrosion layer 

segregation. The deliberate exclusion of (visible) corrosion products during analysis 

(by, for example, removing surface corrosion) does not necessarily guarantee greater 

accuracy in the detection of the original metal composition. During casting and 

corrosion specific elements may either accumulate on or disappear from the artefact’s 

original surface. Therefore, the metal encountered just below the corrosion layer does 

often not represent the original metal composition, even if it is indistinguishable from 

the original artefact surface with the naked eye. Consequently, restoration, corrosion 

and also the manipulation of preserved surfaces during analysis can significantly alter 

the composition measured on the surface of the artefacts, and certain elements may 

be lost, appear in higher concentrations, or may originally not derive from the metal 

itself. Third, surfaces of archaeological finds are often uneven, causing a difference in 

the measurement distances and therefore falsifying the results to a higher degree than 

analysis on, for example, polished samples. 

As a result, the elemental composition detected by pXRF analysis is of a 

qualitative nature and only generally provides information about the kind of the metal 

(e.g., arsenical copper versus tin-bronze); the resulting data are only partly 

representative of the entire composition of the original metal. However, pXRF analyses 

are in most cases able to detect the main elements within an artefact and may also 

allow (depending on preservation) the identification of minor and trace elements. 

Therefore, pXRF analysis is an efficient method to analyse complete metal inventories, 

and to understand general trends and distribution patterns of metals and alloys used 

at different sites or within specific contexts or regions. Additionally, this method is 

useful for selecting a limited, but metallurgically representative number of samples for 

quantitative analysis.  

Ideally, results achieved by qualitative pXRF analysis should be compared with 

selected lab-based quantitative analysis to confirm detected trends and to examine the 

ways both methods support each other in answering archaeological questions. A case-

study by the author of pXRF analysis in comparison to WDS analysis on samples from 

Tell Chuera, for example, gave evidence about the nature of the results and identified 

distribution patterns on the site [Franke 2014]. However, it also offered understanding 
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the element specific difficulties the pXRF study caused. It has to be stressed that some 

of the latter trends are element specific, while others may be caused by specific burial 

conditions and such studies cannot be generalised.  

For this study an Innov-X Alpha instrument was employed and a detailed 

description of instrument settings and their application is given within Appendix A. All 

measurements were taken on non-prepared corrosion. Due to the political situation in 

Syria the pXRF on-site study had to be limited to the metal inventory from Tell Chuera 

(including the on-site stored inventory from Tell Kharab Sayyar). Therefore, this 

method has a limited application within this research and was primarily used to select 

a compositionally representative sample set and to select among strongly corroded 

samples.  

 

2.3. Optical Microscopy (OM) 

Optical microscopy (OM) is part of the standard procedure in the study of the 

microstructure of ancient metals. OM was used in this research as an important 

preparatory step for more time- and cost-intensive compositional analyses (e.g., SEM-

EDS, EPMA-WDS) – identifying samples and particular phases within samples that are 

suitable for analysis. In addition, OM was employed to visually detect (i) individual 

compositional components (inclusions, phases) and (ii) applied working technologies 

(annealing, hammering) within the samples' microstructures. The classification of often 

chemically similar, but optically different phases (which are indistinguishable with, for 

example, scanning electron microscopy) can help to understand the processes of their 

formation, which may have been significant for the resulting product. These 

characteristics are important for a characterisation of potential manufacturing 

technologies and the possible original function of the examined artefacts. In addition, 

OM on corroded artefacts facilitated the detection of the artefacts' original boundaries, 

which are often macroscopically imperceptible due to strong deformation during 

corrosion and, consequently, this approach enabled the identification of the original 

shape (and in some cases kind and function) of previously unclassified finds. Digital 

images (micrographs) representative of prominent features were taken for 

documentation and in preparation of identification by further elemental analysis via 

SEM-EDS and EPMA-WDS.  

The identification of specific microstructures and manufacturing processes 

within metal artefacts was expected to shed light on:  

 • practicing of (particular) metal production technologies; 

 • types of copper ores in use (e.g., oxidic versus sulphidic ores); 

 • spatial / chronological trends in metal production. 
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For this study, metallography was conducted by the author with an optical 

microscope utilising plane polarised light (PPL) and cross-polarised light (CPL). In 

addition, metallography of etched samples from Tell Raqa’i was undertaken by Sam 

Nash as part of this project under the direction of Vincent C. Pigott at the University of 

Pennsylvania Museum’s Applied Science Centre for Archaeology (MASCA) in 

Philadelphia, PA, USA (Franke et al. 2015). Peter Northover undertook the 

metallography of the Tell Mozan metals (Northover, unpubl. report) at the University of 

Oxford, Oxford Materials.  

 

2.4. Electron Probe Micro Analyser with Wavelength Dispersive 

Spectrometry (EPMA-WDS) 

The major advantage of EPMA-WDS analysis (especially in comparison to SEM-EDS 

analysis, 2.5.) is the low detection limit (minimum c. 100-200 ppm) for a wide range of 

elements, and consequently the ability to detect not only major, but also a broad 

spectrum of minor and (to some degree) trace elements (Appendix B). Furthermore, 

the WDS spectrometer has a high spectral resolution, resulting in fewer line-overlap 

problems compared with EDS analysis allowing the (often more accurate) detection of 

elements particularly important in prehistoric metallurgy. The most common elemental 

overlap exists between arsenic and lead, both of which are frequently encountered 

within prehistoric metals. However, overlaps exist (to varying degrees) also between 

other elements and can cause alterations in the results (see also Chapter 2.4.1.). The 

instrument can focus on very small areas, down to a few micrometres in diameter, 

enabling the analysis of different inclusions, such as sulphides, inter-metallic 

compounds or metallic particles in addition to bulk analysis. Disadvantages of EPMA-

WDS analyses are that they are very time consuming lab-based techniques and, 

therefore, are restricted to an intentionally selected, but limited number of elements 

(Appendix B).  

EPMA-WDS analysis was employed to establish quantitative results for the 

elemental composition of metal artefacts and production debris, but not of technical 

ceramics (see Chapter 2.5). Area bulk analysis and spot analysis of sulphide inclusions 

were undertaken on metal artefacts and production debris. Elements selected for 

analysis include copper, arsenic, tin, antimony, silver, iron, cobalt, lead, nickel, zinc, 

bismuth, selenium, tellurium, manganese, and sulphur. Additionally, oxygen and 

chlorine were measured to reflect the state of corrosion; gold was added in a later set 

of analysis, but could not be detected.  

The results enabled a statistical evaluation of compositional differences, which 

provided the basis for a discussion of the use of raw copper, specific ‘alloys’ and 
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deliberate alloying techniques versus random mixing and recycling. EPMA-WDS 

analyses comprise the bulk of the analytical data and statistical evaluations presented 

herein. For this study a JEOL 8200 Superprobe at the Wolfson Archaeological Science 

Laboratories, UCL Institute of Archaeology was used; the specific settings applied for 

this study are given in Appendix C.  

 

2.4.1. Comparison of Different Data-Sets of Samples from Tell Mozan 

Three different kinds of data-sets from Tell Mozan were available for the present 

study:  

• 53 metal artefacts analysed by Peter Northover (EPMA-WDS); 

• 14 copper-base artefacts analysed by the author (EPMA-WDS); 

• 16 samples analysed at the Los Angeles County Museum of Art (ICP-AES). 

 

Out of the 16 specimens analysed by the Los Angeles County Museum of Art, 12 

were also analysed by Northover (unpubl. report); four were only analysed at the Los 

Angeles laboratory.  

Northover analysed 13 elements (Cu, As, Sb, Sn, Zn, Bi, Ni, Ag, Pb, Au, Fe, Co, S). 

He did not measure oxygen or chloride, and the state of corrosion of some specimens 

is uncertain. The data for highly corroded samples are given as analysed, that is 

without normalisation to 100 wt%, and it is assumed that the missing wt% is part of the 

corrosion products (O, Cl). Sound samples are also un-normalised but all have totals of 

c. 100 wt%.  

The same elements listed above were analysed with EPMA at the Wolfson 

Archaeological Science Laboratories at the UCL Institute of Archaeology (hereafter IoA), 

and in some instances oxygen and chlorine were measured to get a better idea about 

the state of corrosion, and to exclude the possibility of missing elements not 

measured.  

The ICP-AES analyses at the Los Angeles County Museum of Art included 11 

elements (Cu, As, Sb, Sn, Zn, Bi, Ni, Ag, Pb, Fe, Co), excluding gold and sulphur. 

To determine the level of data comparability between the sets analysed in 

different labs, 22 of the specimens analysed by Northover (Oxford) were re-analysed 

with the EPMA at the Wolfson Labs, which was used for all samples re-analysed in the 

present study.  

To understand potential patterns in variation between equipment and analytical 

technique, major components of samples analysed in Oxford, at the IoA and in Los 

Angeles were plotted for comparison. These multi-analyses provide information about 
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the comparability of the specific analytical techniques and results, and support the 

broader question of the comparability of data and our general understanding of 

archaeometallurgical results.  

Three major comparisons were examined:  

◆  Oxford analyses against Los Angeles analyses; 

♦   Oxford analyses against the results of the same find on a potentially 

    different area; 

◆   Oxford analyses against IoA analyses. 

The major elements (in this case > 1000 ppm) compared comprised sulphur, 

arsenic, antimony, lead, nickel, silver and iron. Results for traces and minor elements 

(such as bismuth, gold and cobalt), all ranged below 1000 ppm and evident 

differences in results may be due to detection limits of different methods and 

instruments.  

 

Sulphur (Fig. 2-1) 

The data for sulphur obtained by Northover and the IoA are in general 

compatible. However, sulphur content measured at the IoA are generally slightly lower 

than those measured with the Oxford instrument. This result is surprising since the 

measurements of reference materials at the IoA, with sulphur content ranging between 

0.05 and 0.14 wt% S, consistently showed similar precision but rather slightly higher 

results (accuracy) for sulphur, than reported for the reference materials (see Appendix 

B).  

The data for three samples (MZ-5-B3i88, MZ-5-B5i14, MZ-5-B5q98m) were highly 

variable in this comparison, but not in a consistent manner. While for MZ-5-B5i14 and 

MZ-5-B3i88, greater sulphur content was measured at the IoA compared with Oxford, 

MZ-5-B5q98m gave the opposite results; with about 50% less sulphur found at the IoA 

in comparison with the results from Oxford. These differences cannot be 

unambiguously explained, but may have been due to different distributions of sulphur 

within the samples and different numbers of continuous measurements for each single 

sample.  

The six artefacts that were analysed with two different samples taken from each 

find, show very consistent results. Only one sample set (from MZ-5-B5q156m), shows a 

substantial variation between the two analyses.  

The results lead to the conclusion that the differences between the data for 

sulphur between the IoA and Oxford was mainly influenced by different instruments 
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and calibration settings, and less by the distribution of sulphur within the samples. 

Exceptions are the three samples, discussed above, where variability between 

laboratories was substantial.  

Since sulphur was not analysed at the laboratory in Los Angeles, no comparison 

is possible. However, the dataset from Los Angeles gives totals between 99.5 and 99.9 

wt%. Since these numbers seem not to be normalised to 100 wt% the totals are 

surprising: the results are in some cases missing up to more than 1 wt% S.  

 

 

Fig. 2-1: Sulphur levels measured in Oxford against sulphur levels measured at the IoA and in 
Oxford. Sulphur levels measured at the IoA are generally lower than those measured in Oxford.  

 

Arsenic (Fig. 2-2) 

The results for arsenic varied for all analyses from the different laboratories. It is 

noteworthy that the comparison of the finds that were double-sampled (Oxford) also 

show strong variations.  

A general problem with the measurements of arsenic is the well-known overlap 

between the lead Lα line and the arsenic Kα line. Therefore, researchers often choose, 

where possible, to measure lead with its relatively strong Mα line, and arsenic with its 

weaker Kβ line. This normally leads to good results for lead, but increases the 

detection limits for arsenic.  
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This choice was taken by Northover for his analyses at Oxford, and he has stated 

that his detection limits for arsenic are up to about 1000 - 1500 ppm As.  

By contrast, it was decided for the analysis at the IoA, to use the Mα line for lead 

but to measure arsenic with the stronger Lα line. The comparison of the 

measurements for arsenic for the tested reference materials (ranging between 0.06 

and 0.25 wt% As), show sound results with slightly lower arsenic content measured 

than given for the reference materials (see Appendix B). This is especially true for 

arsenic content As > 0.2 wt%. An arsenic level of 0.06 wt% As within CURM 71-32-4 was 

not detected with some analyses, with arsenic possibly being on the edge of the 

detection limit.  

More surprising is that the arsenic levels measured at Oxford and at the IoA 

varied in some cases by up to about 40%. However, the same was true for the 

comparison between the results from Oxford and Los Angeles.  

The cause for these strong discrepancies may lie in the different choices to 

measure arsenic on the Lα or Kβ lines. A higher correction factor (ZAF = c. 2) for the 

arsenic Lα line may partly be responsible for less accuracy of higher arsenic levels 

measured at the IoA. However, since Oxford’s results also differ strongly to those from 

LA, other factors may have caused the differences.  

 

 

Fig. 2-2: Arsenic levels measured in Oxford against arsenic levels measured in Oxford, in LA and 
at the IoA. The analyses of arsenic show strong variations between the three different 
laboratories but also between the analysis taken on different samples from the same find in 
Oxford.  
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Antimony (Fig. 2-3 and 2-4) 

Comparison of the results for antimony shows a regular pattern. In general, 

antimony content measured with the Oxford instrument was higher than 

measurements taken at the IoA and at Los Angeles. The antimony measurements on 

the reference material at the IoA showed variable results. In some runs the results are 

very good; in other measurements antimony contents were generally lower, but also 

higher in comparison with the known values for the reference materials. The Lα line for 

antimony is within range of other important lines for especially tin but also bismuth. 

Hence, the settings for antimony cause certain problems, not only in order to avoid 

overlaps, but also to avoid an increase in counts caused by high backgrounds due to 

other elements present within that range. This may partly influence the differences 

between the measurements of the different labs or instruments.  

 

 

Fig. 2-3: Antimony levels measured in Oxford against antimony levels measured in Oxford, in LA 
and at the IoA. Antimony contents measured at the IoA and in LA were generally lower than 
indicated by measurements taken in Oxford.  

 

Variations between the data from Oxford and those from Los Angeles and the 

IoA seem to increase with higher antimony content; low antimony levels (Sb < 0.1 wt%) 

were mostly not detected with the analyses undertaken at the IoA, and may simply be 

below the detection limit of the machine, in combination with the chosen setting for 

antimony. However, the likewise consistently lower values found from the analyses 

from Los Angeles and at the IoA, are suggestive of over-estimates for antimony with 

the Oxford instrument. The same is true for the comparison between the two 
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individual measurements on the same artefact at Oxford, evidencing strong variations 

with antimony levels below 0.1 wt% Sb.  

 

 

Fig. 2-4: Detailed plot of antimony levels measured in Oxford against antimony levels measured 
in Oxford, in LA and at the IoA; antimony exceeding 6000 ppm (top) and exceeding 3000ppm 
(below) are excluded for improved clarity. Low antimony levels show variations between the 
measurements of all three laboratories.  
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Tin (Fig. 2-5) 

The results for tin are generally very consistent between the three different 

laboratories. This is true for the data generated at Oxford compared with the 

data from Los Angeles, and also the data from the IoA. Variations in tin content 

are evident for the two different samples from the same artefact analysed at 

Oxford. 

 

Fig. 2-5: Tin levels measured in Oxford against tin levels measured in Oxford, in LA and at the 
IoA; tin exceeding 2000 ppm (below) was excluded for improved clarity. Measurements for tin 
gave very good results in the comparison between the three laboratories. Low tin levels show 
stronger variations between all three datasets than observed for higher tin content.  
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Stronger variations between the individual datasets are evident for samples with 

a trace content of tin (Sn ≤ 0.2 wt%). However, these differences are minor and may be 

due to different detection limits. This may be especially true since the results from the 

IoA regularly show lower results for trace quantities of tin in comparison to the data 

from Oxford, while the data from Los Angeles regularly show slightly higher tin 

contents in the same range. The good consistency of the different datasets for tin is 

important since tin plays a major part in the discussion of prehistoric metallurgy and 

the deliberate choice for tin-bronzes.  

 

Lead (Fig. 2-6) 

The results for lead also show good results and most data from all three 

laboratories give comparable measurements. Noteworthy are the results from analyses 

of two different samples from the same artefact measured at Oxford, and which 

evidence higher differences than detected with analysis on the same sample by 

different institutes. Since lead separates from copper at very low concentrations, it 

may cluster differently in different areas within one artefact [Scott 1991: Fig. 201]. 

Repeated analyses of the same sample were not affected by this effect, while the 

analysis on different artefact areas from subsamples of the same artefact provide 

evidence of different lead distributions.  

Trace content of lead detected with the instrument at Oxford were not detected 

with the IoA instrument or the ICP-AES at Los Angeles. This raises the question of 

whether some of the measured trace levels of lead depend on different detection limits 

of the instruments at the IoA or whether the data (and especially values below 0.05 

wt% Pb) express background measurements, and not real lead peaks.  

 

Nickel (Fig. 2-7) 

Very good consistency was observed for the nickel data from all laboratories. 

This is true for minor and also trace nickel contents.  

 

Iron (Fig. 2-8) 

The consistency for iron content is very good and (with some exceptions) the 

data achieved by all three different laboratories are very similar. However, three 

samples gave strongly different results (MZ-5-B3i74, MZ-5-B3i88, MZ-5-B5i91) and 

show over 50 % variation when comparing the Oxford and IoA data, or for Oxford and 

Los Angeles results. The occurrence of strong differences for only three samples 

cannot be explained at this moment. 
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Fig. 2-6: Lead levels measured in Oxford against lead levels measured in Oxford, in LA and at 
the IoA; lead exceeding 2000 ppm (below) was excluded for improved clarity. Measured lead 
contents show good comparability; however, trace lead levels detected at the IoA and in LA 
provided significantly lower measurements than measured in Oxford.  
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Fig. 2-7: Nickel levels measured in Oxford against nickel levels measured in Oxford, in LA and at 
the IoA show very good consistency. 

 

 

Fig. 2-8: Iron levels measured in Oxford against iron levels measured in Oxford, in LA and at the 
IoA. Consistency for iron measurements is good, despite three samples that show significantly 
lower measurements acquired in LA and at the IoA than measured in Oxford. 
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Silver (Fig. 2-9) 

Silver shows low levels of consistency between the different labs. As seen with 

lead and antimony, the data obtained at Oxford are systematically higher than those 

from Los Angeles and the IoA. Also, the results vary between the analyses of the same 

artefact on different sample areas, and one part of the analysis regularly appears to be 

lower than the other. This poses the question as to whether the analytical conditions 

between the two sets differed on the Oxford instrument, where variations are not only 

due to different distributions within the copper metal, but also to different analytical 

sets on the same instrument.  

 

 

Fig. 2-9: Silver levels measured in Oxford against silver levels measured in Oxford, in LA and at 
the IoA; silver levels exceeding 2000 ppm (below) are excluded for improved clarity. Silver levels 
measured at the IoA and in LA are consistency lower than measurements from Oxford.  
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At the IoA we noted that low silver content of about 100 to 300 ppm Ag were 

given for analysis on pure copper standards and were probably based on an elevated 

copper background at the silver peak position  (Lβ line, PETH crystal). Hence, in most 

cases, if no single analysis gave evidence of more than 300 ppm Ag, detected silver 

levels within the range of 100 to 300 ppm Ag were not taken as indicators for silver, 

but were rather interpreted as background effect.  

In summary, the results show that a combination and a direct comparison of 

absolute data from different laboratories and undertaken with different analytical 

equipment is not straightforward. This seems a logical conclusion but is often ignored 

by scholars. A critical discussion of potential differences due to analytical methods 

should be a standard for archaeometallurgical studies. Differences in results are partly 

due to differences in analytical techniques and settings, but are also due to general 

issues in the analysis of certain elements. In particular, arsenic, but also lead need 

closer attention before interpreting different datasets. The data presented for arsenic 

and lead show that the results are highly variable, but in no consistent manner. Part of 

the problem with analyses for arsenic may be the different lines used for the element, 

and consequently the different correction factors. A similar but less strong effect was 

recognised for lead. Lead separates from copper at very low levels and lead content 

may vary in different areas causing different absolute data.  

For many elements, a comparison between the analyses of the different 

institutions is possible, especially for tin, nickel and iron. In some cases regular lower 

measurements for specific elements were observed in comparison to the data from 

Oxford within data from the IoA, such as sulphur, as well in the data from LA, such as 

antimony and silver. Here, different detection limits may be responsible for some of 

the variations. However, a second explanation may be that the data from Oxford partly 

’over-estimate’ and may include some background measurements.  

This brief study also shows that analyses on the same find undertaken with the 

same instrument can show significant differences. Unfortunately, it is not clear if this 

is due to a difference in compositional distribution (which may also be influenced by 

corrosion or the sample itself), or different analytical settings, or a combination of 

both. Variations between these multiple analyses on different parts of the same 

artefact show that the numbers obtained may vary and their trustworthiness at the 

level of decimal places is limited. This is especially true for smaller sample sets, where 

regularities are more difficult to observe. 

However, the results are satisfactory for the current study, and including this 

background knowledge (about the differences shown within this section in order to 

make a comparison of the data), the combined use of both datasets is possible and 

useful in this study. Most of the analyses from the Los Angeles laboratory will not be 
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included as absolute data, except for the four samples that have no further analyses by 

either the laboratory in Oxford or at the IoA (MZ-5-B5i15, MZ-5-B5i17, MZ-5-B5i88-2, 

MZ-5-B3i198). However, the interpretation of these four samples in comparison to the 

rest of the dataset is limited due to their missing sulphur content. In the case of 

elements where the ICP-AES has lower detection limits than the EPMAs used in Oxford 

and the IoA, such as bismuth, cobalt, silver and gold, the results from Los Angeles will 

be considered where it may be useful to know about the general existence of such 

trace elements within specific samples.  

Northover’s dataset will be included in two different ways: 

1. The samples additionally analysed at the IoA will be included as such and 

the results obtained by Northover will only be considered for important variations 

presented within this section.  

2. All further samples that have not been analysed at the IoA will be included 

as presented by Northover.  

3. However, since Northover originally combined his results with those from 

Los Angeles, the data from Los Angeles will be extracted and only the results from 

Oxford will be considered.  

 

2.5. Scanning Electron Microscopy with Energy Dispersive 

Spectroscopy (SEM-EDS) 

The major advantage of SEM-EDS analysis (especially in comparison to EPMA-WDS 

analysis, 2.4.) lies in its less time-intensive nature. Also, SEM-EDS analysis provides 

data for all elements (within detection limits). Therefore, SEM-EDS analysis is especially 

useful in the analysis of metals of unknown composition. This is especially important 

in the analysis of production debris, which often consists of various compositional 

phases. The latter often contain unexpected constituents, which would not be detected 

from EPMA-WDS analysis due to its pre-set of selected elements. However, detection 

limits for SEM-EDS analysis are higher than for WDS analyses. On average, the 

detection limit for most metallic constituents approximates 0.5 wt% (Appendix C). 

Also, SEM-EDS analysis encounters ‘line-overlap’ problems, such as the well-known 

overlap of the lead Lα line and the arsenic Kα line. Both elements are frequently 

present within prehistoric metals from the Jezirah.  

SEM-EDS analysis was only employed for preliminary analysis to ensure efficiency 

during EPMA-WDS analysis, to identify particular inclusions and in the analysis of 

complex production debris (e.g., technical ceramics). SEM-EDS analysis of the metal 

component of technical ceramics (e.g., slag, dross) offers insight into prehistoric 

technologies as related to the practices of casting, melting, alloying and recycling. For 
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this study the EDS system of a JEOL 8600 SXA was used; the specific settings applied 

for this study are given in Appendix C.  

 

2.6. Classification by Elemental Ratios of Arsenic, Antimony, Silver, 

Nickel and Lead in Metals under Analysis 

Different kinds of copper ore deposits often exhibit a specific elemental 

'fingerprint'. Relevant elements are, for example, arsenic (As), antimony (Sb), nickel 

(Ni), silver (Ag), tin (Sn) and (to a lesser degree) lead (Pb), all of which were 

encountered within artefacts analysed in this study from the Jezirah and the Euphrates 

Valley. Copper ore deposits from Cyprus and Oman, for example show significant 

nickel levels combined with minor amounts of arsenic, but lack antimony [Prange 

2001]. In contrast, copper ore deposits in Anatolia show on average medium to high 

arsenic contents, often in combination with low to medium antimony and nickel levels 

[Hauptmann et al. 2002]. A different compositional pattern is known from copper ore 

deposits in the Caucasus, which are often extraordinarily high in antimony with minor 

to low contents of arsenic. Such general compositional trends are frequently employed 

to link copper artefacts to particular regions. Copper-base items with high antimony 

content, for example, are often proposed to derive from the Caucasus, while high 

nickel levels (especially when antimony levels are lacking) may indicate a link to Omani 

copper ores. The majority of the studied artefacts from Upper Mesopotamia do not 

exhibit a particular elemental pattern that would allow the establishment of a direct 

link to one of the above mentioned general trends in ore compositions, but contain a 

variation of arsenic, antimony, nickel, lead and silver levels. A direct comparison of 

absolute data measured within these artefacts to known copper ores in the region of 

the archaeological Near East is also not possible, since smelting and (re)melting can 

alter absolute percentages. A comparison of ratios, on the other hand, offers an 

alternative that statistically excludes the effects metal production may have had on the 

detected absolute data. A study by Hauptmann et al. (2002) proposed, for example, 

that copper deposits in Anatolia show a specific range in ratios of arsenic against 

antimony not exceeding As/Sb values of 100. Arsenic and antimony are chemically 

very similar elements with a strong affinity for copper (and lead) and are expected to 

behave correspondingly during pyrotechnological processes. The same can be stated 

for nickel and silver, which often co-occur in copper ores and their ratio can be an 

indicator for specific geological deposits. Less significant is the appearance of lead, 

which can occur in varying amounts and within individual ore veins only. However, 

since all elements show a strong affinity with the latter and lead is known from many 

copper sources in the greater Ancient Near East, it appeared sensible to include this 

element in a study of ratios.  
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In this research, ratios of arsenic against antimony and nickel values, silver 

against lead and nickel values, and nickel against arsenic and silver values were 

employed to study relative differences among copper-base artefacts from Upper 

Mesopotamia in relation to copper ore deposits, and to identify applied production 

techniques; an absolute link between specific copper sources and copper-base 

artefacts cannot be established on the basis of this method. As a first step, ratios 

detected within almost pure and impure copper samples were employed to distinguish 

between specific types of copper ores used in their production. Almost pure and 

impure coppers are proposed to be compositionally close to their original source and, 

therefore, have a higher potential to be indicative of specific ore regions and ore types. 

The established groups were then compared to (i) tin-containing specimens, (ii) 

arsenical and arsenical(-antimonial) coppers and (iii) tin-bronze to establish (iv) their 

relation to specific kinds of copper ores (i.e., arsenic containing copper, fahlore, 

polymetallic ore) and (v) to detect the level of recycling versus alloying applied in their 

production; ratios of iron against sulphur were employed to refine tentative results. 

The results were then used in a final step to identify regional and site specific trends. 

The latter enabled a discussion of access to sources and connectivity across the 

broader region.  

Archaeometallurgical studies often employ a comparison of impurities detected 

in copper-base metals to distinguish between different types of ores and production 

techniques (smelting, alloying, recycling; see e.g., Dungworth unpubl. report; 

Northover and Prag 2015; Tonussi et al. 2014). Most common are plots of arsenic or 

antimony against tin (random mixing versus deliberate alloying), arsenic against 

antimony and arsenic or antimony against nickel (defining ore types) and sulphur 

against iron (ore types and recycling). A comprehensive study, which employs a 

combination of elemental ratios to differentiate between different types of ore sources 

and production techniques from current literature is not known to the author and no 

reference data can currently be presented. 
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3. Relevant Sites and Research Material  

Analyses were undertaken on samples from the following five Jeziran sites: 

• Tell Chuera 

• Tell Mozan 

• Tell Bderi 

• Tell Kharab Sayyar 

• Tell Raqa’i 

In addition, published analyses from the sites of Tell Beydar [Tonussi et al. 2014; 

Northover 2001a] and Tell Brak [Northover 2001b] were included. Also, Peter 

Northover previously conducted analyses on metal artefacts from Tell Mozan 

[Northover, unpubl. report], which he kindly made available for this study. To set the 

analytical results from the Jeziran sites into the framework of the wider area of Upper 

Mesopotamia, additional analytical data of copper-base artefacts from the Ashmolean 

Museum, Oxford (Woolley Collection), kindly provided by Peter Northover, were also 

included in earlier stages of the present study. However, the dataset was later 

published in 2015 by Peter Northover and Kay Prag, and it is this study that now 

greatly contributes to this research. Also, the published dataset from the more recently 

excavated material from Qara Quzaq [Montero Fenollós 1999] was added to this study. 

Several publications on qualitative and quantitative analyses were integrated into the 

wider discussion. Among them are: the study of copper-base artefacts from 

Selenkahiye [Dungworth and Philip 2016; Dungworth unpubl. report.], the analysis of 

copper-base artefacts from 3rd and 2nd millennium BC Ebla [Palmieri and Hauptmann 

2000], and qualitative analyses of artefacts excavated from Tomb T302. at Jerablus 

Tahtani [Philip 2015]. 

While previously analysed metallurgical material from Upper Mesopotamia 

originated from urban centres, such as Tell Brak and Tell Beydar among others, little is 

known about the metallurgy of rural sites and smaller cities. The investigation of the 

metallurgical inventory from Tell Bderi, Tell Kharab Sayyar and Tell Raqa'i therefore 

provides rare information about metals and alloys used by smaller communities, and 

also about their likely metallurgical production activities, enabling comparison with the 

evidence from urban centres. Furthermore, analyses of material from the urban centres 

of Tell Chuera and Tell Mozan offer the possibility of increasing our knowledge of 

metal consumption and metallurgical activity at urban centres. Here, in particular Tell 

Chuera is important. As a major site and a long-term excavation, the site has provided 

a wide range of metallurgical material. Also, in contrast to all other urban centres 

under study, Tell Chuera is located in the Western Jezirah. Therefore, this site offers 
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the possibility of considering sub-regional patterns in metallurgy within the Jezirah and 

in comparison to the Eastern Jezirah. A detailed overview of the stratigraphy of Jeziran 

sites can be found in Quenet (2011). Due to the recent political situation in Syria, 

sampling was not completed, and metallurgical remains from the sites Tell Leilan, Tell 

Sweyhat, Tell Mozan, Tell Raqa’i and Tell Chuera are partially or entirely unavailable for 

the present study. However, the samples that were acquired, and their distribution 

within Upper Mesopotamia, are sufficient to contribute significant, relevant knowledge 

to the archaeology of Upper Mesopotamia, and to improve our understanding of the 

role of metallurgy in this region during the 3rd millennium. 

 

3.1. Tell Chuera (?Abarsal) 

Tell Chuera is located between the rivers Khabur and Balikh, close to the current 

border between Turkey and Syria within the Western Jezirah. It is one of the largest 

urban centres excavated within the Jezirah comprising an area of approximately 80 ha. 

The site was discovered by Freiherr von Oppenheim at the beginning of the 20th 

century AD [Akkermans and Schwartz 2003: 9; Moortgat 1960a: 7] but systematic 

excavations began only in 1958 and were headed by Anton Moortgat, under the 

patronage of the Max Freiherr von Oppenheim Stiftung [Moortgat 1960a; Moortgat 

1960b; Moortgat 1962; Moortgat 1965; Moortgat 1967; Moortgat and Moortgat-

Correns 1975; Moortgat and Moortgat-Correns 1976; Moortgat and Moortgat-Correns 

1978]. Archaeological activities were interrupted in 1977 after the death of Anton 

Moortgat and were resumed in 1982. At this time, the leadership was shared and two 

archaeological teams, directed by Ursula Moortgat-Correns (Berlin) and Winfried 

Orthmann (University Saarbrücken) respectively, worked on the site [Moortgat-Correns 

1988; Orthmann et al. 1986]. From 1986 onwards, the project was headed by 

Orthmann, still under the patronage of the Max Freiherr von Oppenheim Stiftung 

[Orthmann 1995: 9]. Since 1997, Tell Chuera has been excavated by Jan-Waalke Meyer 

in cooperation with the University of Frankfurt, the Max Freiherr von Oppenheim 

Stiftung and the Deutsche Forschungsgemeinschaft (DFG) [web.uni-frankfurt.de 

/fb09/vorderasarch/tch.htm; 01/2012]. These long-term excavations at Tell Chuera 

have provided evidence of occupation at the site for nearly the entire 3rd millennium 

BC. The city was founded around 3100 BC and abandoned (for unknown reasons) at 

approximately 2200 BC [Meyer 2010; Meyer 2012: 129]. Following this, only a small 

area of the tell was occupied (after a hiatus) in the middle of the 2nd millennium (Area 

G, Mitanni). Tell Chuera is identified as a so-called Kranzhügel, comparable to, for 

example, Tell Beydar evidencing the typical round shape and separated upper and 

lower town. However, more recent excavations concluded that both city walls were not 

in use contemporaneously, and Meyer (2011) suggests that this may have been the 
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case at many Kranzhügel sites. The architectural arrangement at Tell Chuera, on the 

other hand, differs fundamentally from most Kranzhügel sites.  

Tell Chuera was discovered to have a planned city structure from its early start 

(TCH IA) with a central axis crossing the tell (Upper Town), on which several 

monumental buildings are aligned (Steinbaute) [Meyer 2011; Meyer 2012]. The central 

axis appears to be set in a depression, which contrasts with other known Kranzhügel 

sites, where the centre consists of an (elevated) acropolis with monumental 

architecture (e.g., Tell Beydar) [Meyer and Orthmann 2013: 148 - 149]. The centre of 

this arrangement at Tell Chuera is the so-called via sacra with several sacral buildings, 

the so-called Steinbauten. Many of these early monumental buildings are temples in 

antes (Antentempel) which are more common in the west of Upper Mesopotamia (i.e., 

in the Euphrates Valley) than in the Eastern Jezirah. At Tell Chuera, the centre of the 

settlement is dominated by an open space (Anton-Moortgat-Platz), which is bounded 

by private houses.  

During later phases, Tell Chuera experienced several architectonical additions 

and changes. A system of radially oriented streets, that were oriented towards the 

centre, were added (TCH IB), a second city wall surrounding the Lower Town replaced 

the original city wall (TCH IB/ IC), and a palace was located at the north-western end of 

the original central axis (TCH ID). A special feature of Tell Chuera are the stone 

foundations of the monumental buildings that sit along the central axis (Steinbauten). 

By this, the site is often compared with Tell Mozan, where the temple area 

accommodates several stone installations. This is noteworthy since the commonly 

used material available on-site in the Jezirah was mud brick.  

Tell Chuera is also compared to Mari in its settlement structure where 

monumental buildings sit on both sides along a central line while living quarters are 

below this area of monumental architecture [Meyer and Hempelmann 2006: 26]. Also, 

the architectural organisation of the palace at Mari seems to be comparable to the 

palace at Tell Chuera [Meyer and Hempelmann 2006: 26]. More recently, Tell Chuera 

was possibly identified as ancient Arbasal and, thereby, as one of the major powers 

during the second half of the 3rd millennium BC [Archi 2013: 75]. Arbasal was tied to 

Ebla by an alliance that guaranteed wealth, exchange and peace. Unfortunately, no 

textual evidence was ever discovered at Tell Chuera that could support this hypothesis 

and the identification of the site with ancient Arbasal. However, Tell Chuera was 

certainly one of the most important sites in the region and visible from afar by its 

monumental architecture built of white stone.  

A wide range of publications is available for Tell Chuera, of which most are 

excavation reports. Earliest reports were published by Moortgat between 1959 and 

1967 on a biannual base. In the 1970s, Moortgat and his wife Ursula Moortgat-Correns 
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published joined excavation reports (1975, 1976, 1978, 1988). Conclusive results 

from the excavation years 1986 to 1992 were published in 1995 by Orthmann (ed.). A 

publication of the recent excavations under Jan-Waalke Meyer is currently in 

preparation. Important summaries about the more recent research at Tell Chuera can 

be found in, for example, Meyer (2010, 2013), Hempelmann (2013), Helms and 

Thamm (2014), and Buccellati et al. 2014.  

Due to the size of the site, and the long excavation time at Tell Chuera, this site 

provides the majority of samples for the present study. Quantitative analyses of 76 

metal artefacts from different areas at Tell Chuera (A, ASA, F, H, K, S, W) were 

conducted. In addition, 397 artefacts were studied with pXRF. The results are 

published in Franke (2014), and are only re-presented in this study where they add 

essential knowledge to the analysis. 

 

3.2. Tell Kharab Sayyar 

Tell Kharab Sayyar is located in the Upper Khabur Region, and was excavated in 

association with the neighbouring Chuera site. Similar to Tell Chuera, Tell Kharab 

Sayyar was discovered by Max von Oppenheim (1913) [Moortgat-Correns 1992]. Early 

research was undertaken by Moortgat and Moortgat-Correns in 1958, 1960 and 1982 

[Moortgat-Correns 1992]. Renewed excavations at the site began in 1997 as a 

cooperative enterprise between the University of Frankfurt (under the direction of Jan-

Waalke Meyer), the Deutsche Orientgesellschaft and the Ministry of Antiquities (DGAM)  

[Meyer 2000; Meyer et al. 2001; Meyer 2003; Meyer 2005]. In contrast to Tell Chuera, 

where the major research interest was the understanding of the development of urban 

sites, the 3rd millennium tell at Kharab Sayyar provided an opportunity to develop a 

pottery sequence allowing a more precise chronology for Western Jeziran sites, and in 

particular Tell Chuera [Hempelmann 2013]. For this reason, a 10 x 30 m step-trench 

along the 5 ha tell was opened; and no comprehensive excavations beyond this trench 

were undertaken. The investigations showed contemporary settlement activities at Tell 

Chuera and Tell Kharab Sayyar during the Early Bronze Age (from about 3000 until c. 

2200 BC).  

The settlement at Tell Kharab Sayyar was enclosed by a fortification wall, but the 

so-called Kranzhügel concept was not recognised at the site. Most buildings were 

made from mud bricks, and identified as private households. However, the excavated 

area was limited to the step-trench and, therefore, no conclusions about the general 

settlement structure can be drawn from the results. The correlated development and 

chronology of Tell Chuera and Tell Kharab Sayyar, the short distance between the two 

sites (c. 16 km, about 3 - 4 hours by foot), and the similarities in their archaeological 
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records (e.g., small finds, pottery), suggest a neighbourly ‘cooperation' [Hempelmann 

2013]. Both settlements were abandoned at the end of the 3rd millennium. Tell Chuera 

was again partly inhabited during the second half of the 2nd millennium (Area G); Tell 

Kharab Sayyar was not resettled during prehistory, but only later during the early 

Islamic period, including evidence of a bath found at the foot of the tell 

[http://web.unifrankfurt. de/fb09/vorderasarch/khs.htm, 02.01.20112]. The results of 

the recent excavation are published in Hempelmann (2013).  

The metallurgical inventory from Tell Kharab Sayyar comprises only 12 finds, of 

which six were copper-base artefacts. Sampling permission was granted by the Syrian 

Antiquity Department (DGAM) and the excavators for three artefacts.  

 

3.3. Tell Mozan (Urkeš) 

Mozan is located in the Wadi Khanzir basin and is (like Tell Chuera) among the 

largest settlements (c. 130 ha) within the Jezirah. Tell Mozan was originally discovered 

by Max Mallowan in the 1930s, and belongs to the group of Kranzhügel settlements. 

Recent excavations started in 1984 under the direction of Marilyn Kelley-Buccellati and 

Georgio Buccellati. During the years 1998 and 2003, additional excavations, in 

cooperation with the Buccellati family, were undertaken by Peter Pfälzner and his wife 

Heike Dohmann-Pfälzner (University of Tübingen), concentrating on the Temple Area B. 

The central mound at Tell Mozan comprises c. 20 ha with occupation layers from EJZ 1 

to EJZ 5 (c. 2900 - 2000 BC), which existed nearly unchanged for this entire time span. 

Similar to Tell Chuera, a wide, open space (Max-Mallowan-Place) dominates the centre 

of the settlement. Significant architectural features include the palace (AP), the temple 

and the temple terrace (BA, BS). Of major research interest during the excavations at 

Tell Mozan has been the Akkadian period of palace AP and its preservation. Therefore, 

Tell Mozan is well-known for the unusual effort taken, and the methods used, in the 

rebuilding and preservation of prehistoric mud-brick structures, attributed to the long-

term commitment and research by, especially, Georgio Buccellati. The development of 

a 3D model of the Akkadian palace was undertaken by Federico Buccellati (1998, 2010, 

2016). All general information is published on the Tell Mozan (Urkesh) webpage 

[www.urkesh.com]. Also, several excavation reports and studies on material culture 

from Tell Mozan were published by Buccellati and Kelley-Buccellati since 1990 

[http://urkesh.org/pages/912a.htm]. A summarised report (linked to the web page) 

providing an elaborated database of these long-term excavations, is planned for the 

near future [www.urkesh.com]. The results of the excavations of the German team 

(University of Tübingen) were recently published in three (German) volumes [Bianchi 

and Wissing 2010; Bianchi et al. 2011; Bianchi 2012].  



 72 

The analysed metallurgical inventory from Tell Mozan comprises two datasets. In 

the 1990s, Peter Northover took drill-samples and cut-off samples from 54 copper-

base artefacts [Northover unpubl. report]. Northover kindly provided the dataset 

(including two resin blocks of embedded samples) to the current study. In addition, 

sample permission was granted for 53 artefacts by the Syrian Antiquity Department 

(DGAM) and the Buccellati family in 2009. Both sets of analyses were undertaken with 

EPMA. A comparison of the two datasets can be found in the chapter on method 

(Chapter 2.4.1.). 

 

3.4. Tell Bderi 

Tell Bderi is located in the Middle Khabur Valley, just south of Tell Raqa’i (see 

Chapter 3.5). Rescue excavations were conducted by Peter Pfälzner and Heike 

Dohmann-Pfälzner (University of Tübingen) in cooperation with the Rekonstruktion der 

Umwelt im Habur-Gebiet im Spätholozän/Tell Sheikh Hamad project (Freie Universität 

Berlin) during the years 1985 to 1990 [Quenet 2011:37; http://www.schechhamad.de/ 

angegliederte_projekte/tell_bderi.php; 02/05/2014]. Tell Bderi offered a continuous 

settlement stratigraphy (Layers 28 - 6) which was the base for Pfälzner’s new 

chronological EJZ system. The site was continuously inhabited from EJZ 1 (Layer 28) to 

EJZ 4b (Layer 6). During EJZ 2 (Layer 27), a city wall was founded and the site 

experienced architectural changes. However, the site only comprises domestic (mud-

brick) architecture and no monumental building was excavated. Therefore, similar to 

Tell Kharab Sayyar, the site is classified as a small city, which was presumably part of a 

larger but still unknown city-state. A small part of the site gave evidence of Mitanni 

occupation layers during the 2nd millennium BC.  

Sampling permission was granted to Pfälzner by the Syrian Antiquity Department 

(DGAM) in the early 1990s, to export a collection of copper-base finds from the 3rd 

and 2nd millennium BC. In 2009, the artefacts were kindly provided to be integrated 

into the current study. An important metallurgical feature at Tell Bderi was Burial VI, 

dating to EJZ 2. The richly equipped burial evidenced a large collection of metal 

artefacts (mainly pins and jewellery) of different compositions, such as impure copper, 

high arsenic copper and tin-bronze. The finds from Burial VI are among the earliest 

finds from Tell Bderi and provide essential information on the early consumption of 

metal artefacts. Forty-nine samples were analysed for this study. Excavation results are 

published in several reports [Pfälzner 1986-1987a; Pfälzner 1986-1987b; Pfälzner 

1989-90; Pfälzner 1990; Pfälzner 2005, Pfälzner 2008] and in Pfälzner's (2001) 

monograph on houses and households. A summary of the excavations at Tell Bderi is 

planned. A typological overview of the exported metal artefacts can be found in 

Christian Kümmel’s unpublished report on metal artefacts from Tell Bderi.  
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3.5. Tell Raqa’i 

The site Raqa’i is located south of Kharab Sayyar within the Middle Khabur 

Region, c. 12 km south of Hasseke. The site was studied as part of salvage operations 

by the Syrian Antiquity Department (DGAM). Excavations were undertaken under the 

leadership of Hans Curvers (University of Amsterdam) and Glenn Schwartz (John 

Hopkins University, Baltimore) and took place between 1989 and 1993 including five 

full seasons of excavation (1989-1990), as well as shorter-term operations during the 

years 1991 to 1993 [Curvers 1988; Curvers 1989-1990; Curvers and Schwartz 1990; 

Schwartz and Curvers 1992; Schwartz and Curvers 1993-1994]. A small area, covering 

only about 0.4 ha, was nearly fully excavated to understand the general layout of this 

rural settlement, particularly the social and economic organisation of a small rural 

community, and the extent to which Tell Raqa’i took part in the development of 

complex societies in the region during the 3rd millennium [Weiss 1994: 715]. Six 3rd 

millennium BC layers were identified at Tell Raqa’i (Levels 2 - 7) of which the upper 

layers 2 - 4 are best understood. Additionally, a short period of a Hellenistic settlement 

was confirmed at the site (Level 1), as was also a modern Islamic cemetery on top of 

the tell (Level 0). Architectural remains at Tell Raqa’i show a rural settlement and an 

oval shaped building. The latter was called the ‘Rounded Building’ and was probably 

the most important building at the site. It is suggestive of having been used as a grain 

and staple storage, and is best preserved in Level 4 (c. 3000 - 2800 BC). It is 

noteworthy that Tell Raqa’i is not the only site associated with staple agriculture of the 

early 3rd millennium BC (EJZ 1/2) and several settlements along the Middle Khabur 

Valley were found to be contemporaneous. Among them are Melebiya and Tell Bderi, 

which both developed into small cities, and Tell Raqa’i, Tell Kneidij and Tell Atji, which 

all continued to be rural settlements for their entire duration. However, it is unknown 

if, or at which stage, these smaller settlements were part of a larger city-state. 

Research on the metallurgy of small settlements, such as Tell Raqa’i or Tell Bderi, is 

particularly important to (i) understand the value of metal in smaller communities, and 

(ii) to contribute to our knowledge about the socio-cultural but also socio-political 

relations and interactions between cities and smaller towns on the basis of this 

significant communication medium of 3rd millennium BC material culture. 

The results of the excavations at Tell Raqa’i were recently published by Schwartz 

(2015a). At Tell Raqa’i, 90 metal finds were registered during five full seasons of 

excavation (1986-1990) and several shorter-term operations in 1991-1993. About half 

(n=50) of all metal artefacts are contextualised within 3rd millennium levels; all further 

metal artefacts derive either from uncertain contexts (n=21), or from Hellenistic layers 

or the recent Islamic cemetery on top of the tell (n=19). 10 copper-base artefacts were 
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kindly provided as polished sample blocks by Vincent C. Pigott to be integrated into 

this study. 

 

3.6. Tell Beydar (Nabadar) 

Tell Beydar is located in the Wadi Awayji Basin in the Eastern Jezirah close to the 

current border of northern Iraq. The site was originally discovered by Antoin Poidebard 

in 1927 [Pruss 2013a], but excavations only started in the 1990s. These were 

undertaken by a Syro-European mission under the joint leadership of Marc Lebeau 

(Bruessel) and Antoine Suleiman (DGAM). Several universities contributed to about 20 

years of international excavation at the site. These include the University of Munich 

(Walter Sallaberger), University of Münster (Joachim Bretschneider), University of 

Leuven (Karl Van Lerberghe), University of Venice (L. Milano), University of Brussels 

(Vonique Van der Stede), University of Lille (D. Parayre), University of Coimbra 

(Conceiao Lopes), University of Madrid (R. Martin Galn) and the Oriental Institute of 

Chicago (Toni Wilkinson).  

Tell Beydar comprises 3rd millennium BC layers from EJZ 1 to EJZ 4, and was only 

reoccupied during Hellenistic times. Similar to Tell Chuera and Tell Mozan, Tell Beydar 

belongs to the group of Kranzhügel, but in contrast to Tell Chuera, Tell Beydar’s 

monumental buildings are placed on the acropolis in the centre of the city. Here, 

excavation and restoration work has concentrated on the best preserved building 

phase EJZ 3b and, therefore, only little information on the earlier occupation within 

this area at the site is available. However, we know that Upper and Lower Town sectors 

of the site were inhabited until EJZ 2 but no later occupation layers are evident at the 

Lower Town sector. Exceptional are the nearly 250 cuneiform text fragments from Tell 

Beydar. These originate either from the acropolis, but also from Area I near the outer 

city wall. Most of these texts are of administrative nature and provide insight into the 

economy of Tell Beydar [Isamail et al. 1996, Milano et al. 2004]. Additionally, they 

support evidence for a centralised system at the site, which is organised by ‘the 

palace’, and which controlled the city-state, its workmen and the hinterland. Tell 

Beydar is considered to have commonality with Tell Brak and was identified as 

Nabadar, a site that is listed as vassal of Nagar (Brak) during the 3rd millennium BC. In 

addition, the use of similar and identical (Brak-Style) motives in glyptic (an important 

indicator of administrative power) and identical architectonical features within Place P 

at Tell Beydar and the monumental building SS at Tell Brak imply the exchange of 

values and items between elite classes at both sites. Furthermore, texts from Ebla 

state that the city-state Nabada belonged to the King of Ebla [Archi 2013: 76]. Since 

Nagar was also in alliance with (or under control of) Ebla, it is possible that Nabada 

was part of this agreement.  
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The excavation results from Tell Beydar are (mostly) published in the SUBARTU 

series (founded by Lebeau and Van Lerberghe) [Lebeau and Suleiman 1997; Lebeau 

and Suleiman 2003; Lebeau and Suleiman 2007; Lebeau and Suleiman 2008; Milano 

and Lebeau 2014; Van Lerberghe and Voet 2001]. Tell Beydar also has a well-prepared 

website providing major information on the site [www.beydar.org]. Two published 

datasets presenting analyses of copper-base metals from Tell Beydar are available: (i) 

an analytical study by Northover published in 2001 and (ii) a more recent study by 

Tonussi et al. published in 2014.  

Northover analysed 26 copper-base artefacts with an Electron Probe Micro-

Analyser (EPMA) at the Department of Materials, University of Oxford (for detailed 

information see Northover 2001a: 117). Northover’s analytical method is comparable 

with the analyses conducted on all the remaining samples in the present study 

(compare Chapter 2.4.1). Tonussi et al. (2014) analysed 57 metal artefacts from Tell 

Beydar but this second dataset is more difficult to reconcile with the objectives of the 

current study. First, the authors mentioned that some of the artefacts were highly 

corroded [Tonussi et al. 2014: 1], but the results were presented normalised with 

totals of 100 wt%, and there is no indication which of the specimens were corroded, or 

to what degree. Hence, it is difficult to estimate with confidence the validity of the 

measurements of especially tin, but also arsenic. Second, the samples were analysed 

with optical emission spectrometry, with inductively-coupled plasma excitation (ICP-

OES, CNR laboratories, Rome), a method not directly comparable to EPMA (WDS) 

analysis. Furthermore, the identification of corrosion is problematic with the chosen 

analytical procedures, where samples are dissolved. 

Corrosion products can be difficult to separate from the metal preserved within 

the sample, and adhered corrosion particles can influence the analytical results. This is 

in particular important for tin and arsenic constituents where determined levels of 

these metals could potentially be over- or under-estimated by the analysis. In contrast, 

analysis of samples embedded in polished resin blocks (as for EPMA-WDS analysis) 

often provide the ‘choice of sample’, so as to exclude corrosion, thereby ensuring the 

prospect of selectively analysing the preserved metal. However, despite these 

difficulties, the second dataset from Tell Beydar [Tonussi et al. 2014] is still very useful 

to identify general trends at the site itself and Jeziran metallurgy on the whole, but a 

direct comparison of these finds and the analytical results from other artefacts has to 

be undertaken with care.  
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3.7. Tell Brak (Nagar) 

Tell Brak is located in the Nahr Jaghjagh Basin in the Upper Khabur Plain within 

the Eastern Jezirah and comprises c. 40 ha. The site was identified to represent ancient 

Nagar, one of the most influential and powerful centres during the 3rd millennium BC. 

Early excavations in the region of Tell Brak started in the late 1920s, concentrating on 

the area surrounding the Roman Castello by Antoine Poidebard (1927 – 1928) and, 

more importantly, by Max Mallowan at Tell Brak itself during the 1930s [Mallowan 

1947]. Famous among Mallowan’s finds is the so-called Eye Temple, dating to the 4th 

millennium BC and expressing the site's interwoven connections to Southern 

Mesopotamia. In 1976, excavations were restarted by John Oates (University of 

Cambridge) and David Oates (Institute of Archaeology, London), with the aim to 

explore 3rd millennium BC occupation layers.  

Tell Brak was already founded during the pre-pottery Neolithic B (PPNB), and the 

following Samarra and Halaf periods [Quenet 2011: 30]. During the ‘Uruk World 

System’ (or Uruk Expansion) in the 4th millennium BC the material culture at Tell Brak 

evidences extensive Southern Mesopotamian influence but (in contrast to many sites 

along the Euphrates Valley) contemporary with excessive local material culture. One of 

the most prominent discoveries from this era is probably the so-called Eye Temple, 

which appears to have been founded during the first half of the 4th millennium BC 

(Brak TW 17-14, LC 3) [Akkermans and Schwartz 2003: 199; compare Mallowan 1947: 

5, FN2; 38]. Southern Mesopotamian influence seem to have increased during the 

following settlement phase (Brak TW13, LC 4) and may have reached its peak during 

the middle of the second half of the 4th millennium BC (Brak TW 12, LC 5) [Akkermans 

and Schwartz 2003: 199]. Therefore, Tell Brak is one of the earliest sites to experience 

exchange and intensive contact with Southern Mesopotamia, while settlements (to the 

east) often were only under Uruk influence during the Late Uruk period (the late 4th 

millennium BC).  

The long-term existence of Tell Brak and its continuous evidence for local 

material culture (alongside Southern Mesopotamian influence) excludes the site from 

the possibly deliberately founded Southern Mesopotamian “colonial posts” [Akkermans 

and Schwartz 2003: 200]. It also gives Tell Brak an extraordinary position among the 

newly founded city-states in the Khabur Valley and the Western Jezirah during the 3rd 

millennium BC.  

Occupation during the 3rd millennium BC (re-)started during EJZ 1 and lasted 

until EJZ 5. Important architectural features at Tell Brak (all deriving from the second 

half of the 3rd millennium BC, EJZ 3) are the monumental building FS and SS, and also 

the so-called Naram-Sin-Palace. The latter was recently suggested to be an 

administrative building rather than a palace. The monumental buildings FS and SS have 
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been identified as religious buildings. Recent research (since 2006) has concentrated 

on 4th millennium BC layers under the direction of Augusta McMahon (University of 

Cambridge).  

Excavation results from Tell Brak were published in three major publication 

volumes on the 4th, 3rd and 2nd millennia [Matthews 2004; Oates et al. 2001; Oates 

et al. 1997]. Also, Tell Brak is represented by a webpage via the University of 

Cambridge [www.tellbrak.mcdonald.cam.ac.uk]. Furthermore, more recent excavators 

have continued the tradition introduced by Max Mallowan, whereby excavation reports 

are still frequently published in the journal Iraq.  

Northover analysed 26 of the site's copper-base artefacts with an Electron Probe 

Micro Analyser (EPMA) at the Department of Materials, University of Oxford [Northover 

2001b] and his analytical method is comparable with the analyses conducted on all 

remaining samples in the present study (see Chapter 2.4.1).  
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4. On Compositions 

The analyses of copper-base artefacts from the Jeziran sites of Tell Chuera, Tell 

Mozan, Tell Bderi, Tell Kharab Sayyar and Tell Raqa’i give reason to discuss seven 

compositional groups:  

• pure copper: c. 97 - 99 wt% Cu where combined As-Sb-Sn levels do not 

exceed 0.5 wt% 

• almost pure copper: combined As-Sb-Sn levels do not exceed 0.8 wt% 

• impure copper: combined As-Sb-Sn levels do not exceed 2 wt% 

• arsenical copper: As ≥ 2 wt% 

• arsenical-antimonial copper: As+Sb ≥ 2 wt% 

• arsenical(-antimonial) tin copper: combined As-Sb-Sn levels of 2 - 3 wt% 

with As, Sb or Sn levels between 0.5 and 2 wt%, respectively 

• tin-bronze: Sn ≥ 2 wt% 

• black copper: Fe ≥ 20 wt% and Fe ≥ 5 wt% 

 

These copper-base metals comprise the majority of the 3rd millennium BC 

metallurgy in the region and are encountered on all sites discussed within this 

research. An exception is the group of black copper. Artefacts with high iron content 

are known from nearly all sites, but direct evidence for the use of black copper derives 

solely from Tell Chuera.  

The arsenical, arsenical-antimonial, arsenical(-antimonial) tin copper and tin-

bronze groups comprise samples that contain either significant amounts of arsenic, a 

significant level of a combination of arsenic and antimony, or arsenic, antimony and 

tin, or significant tin contents. The definition of what is a ‘significant amount’ is clearly 

subjective and may vary between studies depending on the region and the time period 

in which an item was manufactured. The groups of arsenical and arsenical-antimonial 

copper are together referred to as arsenical(-antimonial) copper. 

This classification of different copper-base metals has two major aims. First, the 

classification will determine whether specific compositions offer distinct technical or 

sensory qualities, and whether these different kinds of coppers were produced and 

employed deliberately or randomly, and to which purpose. Elements that alter the 

copper’s quality are, for example, arsenic, antimony, tin, nickel or zinc when present in 

specific quantities. These specific kinds of alterations are discussed in detail below. 

Increased nickel levels (of Ni ≥ 1 wt%) have been detected in a small number of 

artefacts and have to be discussed in the context of ore types and ore sources. 
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However, nickel contents in levels that define copper-(arsenic)-nickel alloys, known 

from, for example, Arslantepe (Anatolia), are not present within the studied 

assemblage (compare, for example, Hauptmann et al. 2002 and Palmieri et al. 1993). 

Zinc contents are regularly low and are also sub-ordinated in the general classification 

of the studied copper-base metals. Hence, only arsenic, antimony and tin are employed 

to differentiate between compositions in relation to quality. Second, particular 

compositions can link copper-base artefacts to specific ore types or copper sources 

and, thereby, exhibit trends in trade and exchange patterns, and means of (deliberate 

or random) production techniques. The latter is particularly important for samples 

containing tin, and the determination to which degree tin-bronzes are deliberate alloys, 

natural alloys or the product of random mixing. In relation to the relevant metal 

components in this study (arsenic, antimony and tin), potential ore types could be 

arsenic rich ores, fahlores (containing arsenic and antimony) or polymetallic ores 

(containing a mixture of arsenic, antimony and tin).  

The definition of specific compositional classes of pure copper, almost pure 

copper, impure copper, arsenical copper, arsenical-antimonial copper, arsenical(-

antimonial) tin copper and tin-bronze is based on the detection of thresholds for 

arsenic, antimony and tin, respectively, that separate these groups from each other. 

The latter are then related to our knowledge about characteristics that these 

components offer to the final metal.  

Plotting arsenic against tin contents within all samples from the Jezirah exhibits 

two major groups. A threshold at approximately 2.5 wt% Sn separates tin-bronzes from 

other copper-base artefacts (Fig. 4-0-1 and Fig. 4-0-2). A distinct difference between 

specimens with low and medium arsenic levels by their tin content is not possible. 

However, a small group of samples with nil tin and minor arsenic levels is 

distinguishable at a threshold of c. 0.5 wt% As and describes almost pure copper. A 

threshold at about 2 wt% Sn concurs with the definition of true tin-bronze by Tamara 

Stech (1999), who argued that tin content that exceed this level should be discussed as 

true alloys in the wider region of Mesopotamia. Opinions on this definition vary among 

researchers and the topic will be discussed in detail in the discussion of tin-bronzes in 

Upper Mesopotamia (Chapter 7.3.2).  

Plotting arsenic against antimony content evidences no clear threshold between 

samples with low and medium arsenic levels, but a slight gap at c. 2 wt% As can be 

used to distinguish the groups of impure copper and arsenical copper (Fig. 4-0-3). This 

classification is supported by experiments by Paul Budd and Barbara S. Ottaway (1991) 

concluding that 2 - 6 wt% arsenic gives best results for enhanced mechanical qualities 

in copper, especially in relation to hardness combined with durability. Smaller 

quantities may improve tensile strength [Lechtman 1996], but do not produce an 
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efficient hardness [Northover 1989: 113], while contents higher than 6 wt% As lead to 

substantial brittleness [Budd and Ottaway 1991]. Since antimony has similar qualities 

as arsenic, it likewise improves the copper’s mechanical properties [Junk 2003: 26].  

Therefore, a combination of arsenic and antimony should impart similar effects 

on the copper as arsenic alone at similar concentrations. Budd and Ottaway (1991) 

proposed that arsenical copper should be defined as containing a minimum of 2 wt% 

As; a combination of arsenic and antimony of the same amount should result in copper 

with similar qualities.  

 

 

 

 

Fig. 4-0-1: Arsenic against tin levels in copper-base artefacts from the Jezirah. A threshold 
between 2 and 2.5 wt% Sn separates tin-bronzes from other copper-base samples. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) data; corroded specimens are excluded.  
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Fig. 4-0-2: Arsenic against tin levels in copper-base artefacts from the Jezirah; detailed view. A 
threshold between 2 and 2.5 wt% Sn separates tin-bronzes from other copper samples. Samples 
with low and medium arsenic levels cannot be distinguished by their tin contents. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) results; corroded specimens are excluded. 
 
 

 

A clear separation between arsenical copper (As ≥ 2 wt%) and copper with arsenic 

impurities (As < 2 wt) is indistinct due to two more compositional groups (Fig. 4-0-3). 

One group consists of samples that show combined arsenic and antimony levels just 

up to 2 wt%, comprising the core of arsenical-antimonial copper and may be based on 

a different type of ore than arsenical coppers. The second group consists of samples 

with combined arsenic, tin and antimony levels between 2 and 3 wt%, which have 

arsenic, antimony or tin contents between 0.5 and 2 wt%, respectively. These samples 

comprise the group of arsenical(-antimonial) tin copper and it is yet to be shown 

whether these samples are natural alloys (based on a specific ore type), or deliberate 

or random (recycled) compositions. Depending on their individual tin and arsenic 

contents, samples of the latter group of arsenical(-antimonial) tin copper are discussed 

either within the chapter on arsenical(-antimonial) copper (Chapter 4.2.) or within the 

chapter on tin-bronze (Chapter 4.3.). 
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Fig. 4-0-3: Arsenic against antimony levels in copper-base artefacts from the Jezirah. A threshold 
at about 2 wt% As separates specimens with low and medium arsenic contents. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) data; corroded specimens are excluded.  

 

A distinction between almost pure and impure coppers is neither possible by 

their arsenic, nor by their antimony or tin levels and a ‘random’ cut-off point was set 

between combined arsenic, antimony and tin content of ≤ 0.8 wt% for almost pure 

copper and ≥ 0.9 wt% for impure copper (Fig. 4-0-4 and 4-0-5). This rather artificial 

separation was undertaken to determine whether high impurities are related to a 

specific ore type or the result of mixing and recycling, and will be explored in more 

detail in Chapter 5. Pure copper samples are defined by combined arsenic, antimony 

and tin levels of nil. Arsenic, antimony and tin contents in black copper are generally 

low and classify the metal as either pure or almost pure copper. However, the high 

metallic iron levels within these artefacts hint at a specific production process and, 

therefore, black copper is discussed as a separate group (Fig. 4-0-6). 

When plotting copper-base artefacts by their arsenic and antimony contents for 

individual sites, the above defined groups are more distinct for the artefacts from Tell 

Brak, Tell Bderi and Tell Raqa'i (Fig. 4-0-7). Plots of samples from Tell Bderi and Tell 

Raqa’i, and to a lower degree Tell Chuera, indicate compositional boundaries between 

almost pure copper, impure copper and arsenical(-antimonial) copper. In contrast, 

samples from Tell Mozan do not exhibit distinct groups but rather compositionally 

merge into each other and no significant threshold can be defined. Samples from Tell 
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Beydar indicate a slight threshold between impure copper and arsenical(-antimonial) 

copper at approximately 1.8 and 2.2 wt% of combined arsenic and antimony contents, 

but almost pure and impure coppers are less distinguishable. The less distinctive 

character of the individual compositional groups at Tell Beydar and Tell Mozan may 

indicate more frequent recycling activities, and repetitive remelting would have caused 

the ‘levelling’ of originally high, medium or low arsenic and antimony impurities. A 

different pattern is obvious for samples from Tell Brak. Here, all samples show, on 

average, remarkably lower antimony levels (Sb ≤ 0.2 wt%) than detected in artefacts 

from other sites. Also, only two samples from Tell Brak contain arsenic quantities 

greater than 2 wt% As. However, the on average smaller sample sizes for the sites Tell 

Brak, but also Tell Raqa'i and Tell Bderi may have contributed to the more distinct 

division between the individual compositional groups.  

It is noteworthy that the results are based on combined EPMA and ICP-OES 

analysis with the latter technique providing significantly lower detection limits. 

Therefore, a grouping for in particular specimens with only trace and minor 

components can only be seen as a tentative classification since samples that may 

classify as pure copper or almost pure copper during EPMA analysis may classify as 

impure samples with ICP-OES. 

 

 

Fig. 4-0-4: Arsenic against antimony levels in almost pure and impure copper artefacts from the 
Jezirah. No threshold was evident between the two compositional groups. EPMA and ICP-OES 
(Tell Beydar, Tonussi et al. 2014) data; corroded specimens are excluded.  
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Fig. 4-0-5: Arsenic against tin levels in almost pure and impure copper artefacts from the Jezirah. 
No threshold was evident between the two compositional groups. EPMA and ICP-OES (Tell 
Beydar, Tonussi et al. 2014) data; corroded specimens are excluded.  
 
 

 

Fig. 4-0-6: Arsenic against antimony levels in almost pure, impure copper and black copper 
artefacts from the Jezirah. Black copper compositionally plots with the group of pure and almost 
pure samples. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data; corroded specimens are 
excluded. 
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The proposed distinction between the individual compositional groups is not 

always exclusive, and several samples could potentially be discussed in two groups. 

This is true, for example, for artefacts from Tell Mozan analysed by the author and 

also by Northover (Chapter 2.4.1.). Due to variations in measured arsenic and 

antimony content some of the samples could have been classified as either impure or 

arsenical(-antimonial) copper, when the levels of impurities ranged at the (artificially) 

set threshold limits. Therefore, only analytical results from the author were regarded 

for this classification, and which are comparable to the majority of samples from Tell 

Chuera, Tell Bderi and Tell Raqa'i.  

The same classification was undertaken for copper-base artefacts from the 

Euphrates Valley where the same parameters were applied to be able to compare the 

two datasets. However, the Euphrates Valley exhibited different compositional patterns 

that did not always fit the pre-set parameters from the Jeziran sample set (Fig. 4-0-8 

and 4-0-9). Noteworthy are arsenical copper artefacts with elevated tin levels, which 

are not evident among the samples from the Jezirah, and an overlap between impure 

copper and arsenical(-antimonial) copper based on high antimony contents. 
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Fig. 4-0-8: Arsenic against tin levels in copper-base artefacts from the Euphrates Valley (after 
Montero Fenollós 1999: Tab. 2; Northover and Prag 2015: Tab. 8.4.). No clear threshold could be 
established between the compositional groups. Corroded specimens are excluded. 

 

 

Fig. 4-0-9: Arsenic against tin levels in copper-base artefacts from the Euphrates Valley (after 
Montero Fenollós 1999: Tab. 2; Northover and Prag 2015: Tab. 8.4.); detailed view highlighting 
the overlap between impure and arsenical(-antimonial) coppers and specimens with elevated tin 
contents. Corroded specimens are excluded.  
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4.1. Pure Copper, Almost Pure Copper and Impure Copper 

Pure, almost pure and impure coppers describe a metal composition with 

approximately 97 to 99 wt% Cu and only trace to minor levels of other constituents. 

The most frequent impurities are arsenic (As), antimony (Sb) and tin (Sn). Less 

frequently appear nickel (Ni), silver (Ag), lead (Pb) or cobalt (Co). Additionally, sulphur 

(S) and iron (Fe) are present. Sulphur and iron appear mostly in the form of copper 

sulphides (Cu-(Fe)-S) or, in the case of iron, also as metallic prills.  

The major assumption in the definition of pure, almost pure and impure copper 

is that trace and minor constituents originated from the copper source and, therefore, 

these metals are suggested to be compositionally similar to the original ore source. 

However, minor levels of tin, for example, may be the result of mixing or adding scrap 

metal. It cannot be ruled out that different kinds of raw coppers have been mixed with 

each other, either by recycling, by co-smelting or by the smelting of different complex 

ores and, thereby, diluting the original copper composition. In addition, it is proposed 

that the detected levels of the additional metal components (such as arsenic, 

antimony, tin and lead) within the groups of almost pure and impure coppers are not 

evident in sufficient amounts to change the original copper’s properties. This 

assumption rules out any kind of alloying techniques for these kinds of metals, which 

imply after Northover (1989: 111) a process of "...deliberate manipulation of 

composition to achieve certain properties". However, opinions differ among scholars at 

which state a composition is a ‘true alloy’ and at which minimum levels of especially 

arsenic, antimony or tin the copper’s quality noticeably improves. These different 

opinions are discussed within the chapters about arsenical(-antimonial) copper and tin-

bronze (Chapters 7.1 and 7.2).  

For the current study, pure, almost pure and impure coppers were defined by a 

level of impurities of less than 2 wt% of combined arsenic, antimony and tin contents. 

This criterion is based for arsenic on a study by Budd and Ottaway (1991) that revealed 

that arsenic content < 2 wt% As does not recognisably change the metal’s mechanical 

properties. Antimony was included in this threshold of 2 wt% since both metals 

contribute similarly to a change in the properties of copper at greater levels [Junk 

2003: 26-30]. This threshold is partly artificial and not all sites show, for example, a 

cut-off between impure copper and arsenical(-antimonial) copper at the level of 2 wt% 

arsenic and antimony (Fig. 4-0-7). Tin influences the properties of copper in a similar 

manner and higher tin levels produce a different kind of metal in comparison to almost 

pure or impure copper. Stech (1999) for example, argued that tin content greater than 

2 wt% Sn is rarely encountered as an impurity in copper ores and, therefore, suggested 

it to be a deliberate addition to the copper. However, more recent research has 

identified polymetallic ores as a source in the production of tin-bronzes with low to 
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medium levels of tin and, consequently, a distinct definition of impure copper in 

contrast to ‘true tin-bronze’ is not always possible. Nevertheless, the majority of the 

Jeziran artefacts can be distinguished into impure copper and tin-bronze at a threshold 

of approximately 2 wt% Sn. In contrast, this is not always possible for artefacts from 

the Euphrates Valley and the boundaries between impure copper, arsenical(-antimonial) 

copper with minor tin content and ‘true tin-bronze’ are transitional. Nevertheless, the 

(partly artificial) separation of pure to impure coppers from arsenical(-antimonial) 

copper and tin-bronze is important to explore in relation to: 

(i) the (similar or different) origin of certain kinds of metals; 

(ii) the kind of raw copper used in the production of the individual groups of 
 copper-base metals; 

(iii) the level of recycling responsible for the appearance of different impurities.  

Metals may have been repeatedly recycled, and consequently lost their original 

ore-based composition or alloy properties, and combined impurities within copper may 

stem from the joint recycling of different kinds of scrap metals. An explicit distinction 

between impurities originally within copper (after smelting) and impurities due to 

recycling is often difficult. However, the statistical evaluation of the dataset is expected 

to identify where intensive recycling has taken place.  

Out of 158 quantitative EPMA analyses on Jeziran samples, nearly half were 

identified as pure, almost pure or impure coppers. This high number is to some degree 

influenced by the applied sampling strategy, which aimed to reveal information on 

production techniques, and to explore the relation between production debris and final 

products. This approach lead to a (non-proportional) high number of sampled ingots 

and copper production debris, both of which often consist of (almost) pure copper. 

The latter are not evident among the studied artefacts from the Euphrates Valley.  

 

4.1.1. Analytical Results: Pure Copper 

Among the analysed 3rd millennium BC copper-base artefacts from the Jezirah, 

21 artefacts contain neither arsenic, antimony or tin above the detection limits of c. 

200 ppm and therefore, can be classified as pure copper (Tab. 4-1-1 and 4-1-2). Out of 

these specimens, five artefacts (MZ-A16-94, MZ-A16q818-1, TCH-K142-2, TCH-K142-3, 

SS/310/4681) are strongly corroded and their evaluation as pure copper may be based 

on lost metallic components during corrosion so their original composition is 

uncertain. The majority of artefacts could be classified as production debris (n=13), 

only five artefacts (TCH-ASA001, TCH-H017, MZ-AI6-94, RQ-M01, SS/310/4681) are 

personal (implements/decorative) items. Three samples (MZ-A16q818-1, TCH-KI42-2, 

TCH-KI42-3) are too badly preserved to allow their classification.  
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The majority of these samples (n=19) show nil or only trace quantities of nickel 

(Ni ≤ 1400 ppm) and silver (Ag ≤ 800 ppm). Two specimens (TCH-ASA001, TCH-H008) 

have increased nickel levels of c. 6000 - 7000 ppm Ni but no detectable silver.  

Sulphur impurities are about 1 wt% S in most samples, which exclusively derive 

from Tell Chuera. Three (corroded) specimens (MZ-A16-94, MZ-A16q818-1, TCH-K142-

3) have sulphur levels of 3000 - 7000 ppm S, and two non-corroded specimens (RQ-

M01, TCH-A5018-5) show no detectable sulphur, or only trace quantities of sulphur 

(MZ-J6-288-1b, SS/310/4681). Whether sulphur content correlates with function cannot 

be stated since most samples from Tell Chuera are production debris in contrast to 

mostly samples of implements and decorative items from Tell Mozan, Tell Raqa’i and 

Tell Brak.  

Iron was only detected in three corroded samples (MZ-A16-94, TCH-K142-3, 

SS/310/4681) and within copper prills of a technical ceramic (MZ-J6-288-1b). All 

remaining artefacts contain no iron above the detection limit. The latter technical 

ceramic MZ-J6-288-1b also contains minor amounts of lead (Pb c. 2000 ppm). Similar 

lead levels were detected in a bar ingot fragment (TCH-A5018-5) and the corroded 

fragment from Tell Brak (SS/310/4681). Trace quantities of lead are evident within one 

corroded specimen (MZ-A16-94), while all remaining artefacts do not show any lead 

above the detection limit.  

 

4.1.2. Analytical Results: Almost Pure Copper 

The group of almost pure copper is considerably larger than the group of pure 

copper and 56 specimens show low impurities of arsenic, antimony and/or tin (Tab. 4-

1-3 to 4-1-6). Most samples are well preserved and only four finds from Tell Beydar (F2-

6233-M-9, H-8946-M-9) and Tell Brak (SS/958/7313, SS/1079) are strongly corroded. 

Most dominant are arsenic contents ranging between traces and 1 wt% As. Less 

prominent are antimony impurities and approximately half of the samples contain 

antimony with trace to minor quantities (Sb ≤ 2000 ppm). The same is true for tin 

content and only 28 specimens show trace to minor amounts of tin (Sn ≤ 4000 ppm). 

Sulphur content is comparable to sulphur content of pure copper artefacts, and non-

corroded almost pure copper artefacts either contain no sulphur, trace quantities or 

minor sulphur content up to 1 wt% S. An exception is the possible pin fragment MZ-

A16q841-2 with about 20 wt% S. The occurrence of the latter cannot be explained at 

this stage. Also, two corroded artefacts (F2-6233-M-9, SS/1079) show elevated sulphur 

levels of more than 2 wt% S which may partly be the result of their corroded state.  

Iron content is on average higher than detected within pure copper samples. 

Most specimens (n=29) contain minor iron levels (Fe c. 2000 - 7000 ppm), 10 
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specimens show increased iron levels of 1 - 2 wt% Fe (BD89-387, BD89-388, 6140-M-2, 

6888-M-8, H-8429-M-5, MZ-A16q864.5, MZ-5-B4i79a, MZ-Jq1139-3, RQ-M18, TCH-

ASA027), while one specimen (KHS-B92) contains high iron levels of c. 3.5 wt% Fe and 

nine specimens contain trace quantities (Fe ≤ 900 ppm; 58525-M-9, 6335-M-2, H-8946-

M-9, MZ-J1q1113-1D, MZ-J1q1113-1E, MZ-J1q1113-1G, TCH-W3-305, TCH-W3-346, 

SS/1079). In six cases, no iron was detected (MZ-J1q1113-1B, MZ-J1q1113-1F, MZ-

J1q1113-1H, MZ-2-K1-1, TCH-ASA158, SS/958/7313). One sheet fragment from Tell 

Beydar (F2-6233-M-9) is heavily corroded and gave increased iron and sulphur levels 

which both may partly be the result of its state of corrosion.  

Lead levels also appear (on average) to be higher than within pure copper 

samples and range between approximately 800 and 7000 ppm Pb. One sample from 

Tell Brak has greater lead levels of c. 1 wt% Pb; 18 specimens show only trace 

quantities of lead (Pb c. 200 - 600 ppm). Silver levels were either not detected or 

evident in only trace quantities in most samples (Ag c. 300 - 800 ppm); five specimens 

have low silver levels between 1000 and 3000 ppm Ag (28099-M-1, MZ-A5i28, MZ-7-

A5i28, TCH-W3-101, SS//5914), and two specimens show elevated silver levels of 

nearly 1 wt% Ag (6021-M-21, 6335-M-2). Most specimens gave trace quantities of 

nickel (Ni < 1000 ppm) or minor nickel levels (Ni c. 1000 - 5000 ppm). An exception is 

the nail 12053-M-1 from Tell Beydar with more than 1 wt% Ni [Tonussi et al. 2014].  

 

Tab. 4-1-1: Pure copper artefacts from the Jezirah. Note the great number of production debris 
among the pure copper artefacts. Corroded artefacts are indicated by italics. 

Site Date/EJZ class Lab # function kind variant Method

Chuera EJZ 3ab pure TCH-ASA001 decorative bead/pendant? cubic, pierced EPMA

Brak EJZ 4a pure SS/310/4681 implement tang ? ns EPMA-PN

Mozan 3rd BC pure MZ-A16-94 implement blade tanged EPMA

Chuera EJZ 3ab pure TCH-H017 fragment sheet with nail EPMA

Mozan 3rd BC pure MZ-A16q818-1 fragment waste amorphous EPMA

Raqa'i EJZ 2 final pure RQ-M01 fragment rod round, bent EPMA

Chuera EJZ 3ab pure TCH-A3041 production debris bar ingot fragment lump, flat, convex EPMA

Chuera EJZ 3ab pure TCH-A5018-5 production debris bar-ingot fragment lump EPMA

Chuera EJZ 3ab pure TCH-ASA016 production debris casting waste (ingot?) lump, flat, convex EPMA

Chuera EJZ 3ab pure TCH-H008 production debris bar ingot fragment lump EPMA

Chuera EJZ 3ab pure TCH-H03-203 production debris casting waste lump EPMA

Chuera EJZ 3b/4 pure TCH-K181-1 production debris bar ingot fragment lump EPMA

Chuera EJZ 3b/4 pure TCH-K181-2 production debris bar ingot fragment lump EPMA

Chuera EJZ 3b/4 pure TCH-K181-3 production debris casting waste (ingot?) lump EPMA

Chuera EJZ 3b/4 pure TCH-K181-4 production debris casting waste lump EPMA

Chuera EJZ 3b/4 pure TCH-K228 production debris bar ingot fragment lump EPMA

Chuera EJZ 2/3a pure TCH-S08-131 production debris bun ingot fragment EPMA

Chuera EJZ 3ab pure TCH-W4-623 production debris lump amorphous EPMA

Mozan 3rd BC pure MZ-J6-288-1b production debris technical ceramic amorphous EPMA

Chuera EJZ 3b/4a pure TCH-K142-2 production debris? lump amorphous EPMA

Chuera EJZ 3b/4a pure TCH-K142-3 production debris? lump amorphous EPMA
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Tab. 4-1-3: Different kinds of almost pure copper artefacts from the Jezirah. Corroded artefacts 
are indicated by italics. 

Site Date/EJZ Lab # function kind variant Method
 Bderi EjZ 3b BD89-076-1 decorative earring rod round EPMA

 Bderi EJZ 3a BD89-221 decorative rod round square? EPMA

 Bderi EjZ 2 BD89-387 decorative pin rod round straight EPMA

 Bderi EJZ 2 BD89-388 decorative pin rod round straight EPMA

 Bderi EjZ 3a BD90-004 decorative pin rod round straight EPMA

Beydar EJZ 1/2 H-8429-M-5 decorative pin knobhead, ribbed shaft EPMA-PN

Beydar EJZ 1/2 H-8946-M-9 decorative pin roll head EPMA-PN

Brak EJZ 4? SS/1267/5914 decorative pin ns EPMA-PN

Brak ns SS/306/4650 decorative pin ns EPMA-PN

Mozan 3rd BC MZ-5-B4i132 decorative pin tip of pin EPMA

Mozan 3rd BC MZ-Z1-1 decorative pin toggle pin EPMA-PN

Raqa'i EJZ 2final RQ-M45 decorative pin toggle pin EPMA

Chuera EJZ 3ab TCH-H009 fragment sheet thin, bent EPMA

Chuera EJZ 3ab TCH-ASA027 fragment sheet thick EPMA

Chuera EJZ 2/3a TCH-S07-052 fragment sheet thin, bent EPMA

Chuera EJZ 3ab TCH-W3-305 fragment sheet thick EPMA

Chuera EJZ 3ab TCH-W3-346 fragment sheet fragment EPMA

Mozan 3rd BC MZ-7-A5i28 fragment waste ns EPMA-PN

Mozan 3rd BC MZ-A16q841-2 fragment pin? rod round EPMA

Mozan 3rd BC MZ-A16q864.5 fragment pin? rod round EPMA

Mozan 3rd BC MZ-A5i28 fragment blade? sheet thick EPMA

Raqa'i EJZ 2/3 RQ-M18 fragment rod round EPMA

Kharab Sayyar EJZ 3ab KHS-B92 fragment rod rectangular? EPMA

Brak EJZ 4a SS/722/5876 fragment/prod. debris? sheet? flat EPMA-PN

Beydar EJZ 3 12053-M-1 implement nail ns ICP

Brak EJZ 5 FS/1866/5872 implement tang flat EPMA-PN

Brak EJZ 4a FS/1958/3/7443 implement awl ns EPMA-PN

Brak EJZ 4a SS/1079 implement wire  twisted EPMA-PN

Mozan 3rd BC MZ-5-B4i128 implement rod twisted tang EPMA

Mozan 3rd BC MZ-5-B5i14 implement rod split tang EPMA-PN

Mozan 3rd BC MZ-7-A5i20 implement rod tongue, thick EPMA-PN

Beydar EJZ 3b 28099-M-1 ns ns ns ICP

Beydar EJZ 3b 58525-M-9 ns ns ns ICP

Beydar EJZ4a 6021-M-21 ns ns ns ICP

Beydar EJZ 3b 6140-M-2 ns ns ns ICP

Beydar EJZ 3b 6185-M-5 ns ns ns ICP

Beydar EJZ 3b 6185-M-5 ns ns ns ICP

Beydar EJZ 3b 6888-M-8 ns ns ns ICP

Beydar EJZ 3b 6335-M-2 production debris lump bar ingot ICP

Beydar EJZ 3 F2-6233-M-9 production debris flat waste ns EPMA-PN

Brak EJZ 4b? SS/958/7313 production debris lump ns EPMA-PN

Chuera EJZ 3ab TCH-A5018_4a production debris bar ingot? sheet EPMA

Chuera EJZ 3ab TCH-A5018_4d production debris bar ingot lump, convex EPMA

Chuera EJZ 3ab TCH-ASA158 production debris (bar) ingot fragment EPMA

Chuera EJZ 3ab TCH-W3-101 production debris casting waste? amorphous EPMA

Mozan 3rd BC MZ-2-K1-1 production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1113-1B production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1113-1C production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1113-1D production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1113-1E production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1113-1F production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1113-1G production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1113-1H production debris lump amorphous EPMA

Mozan 3rd BC MZ-J1q1139-3 production debris technical ceramic amorphous EPMA

Mozan 3rd BC MZ-5-B4i28 production debris? lump amorphous EPMA-PN

Mozan 3rd BC MZ-5-B4i79a production debris? lump amorphous EPMA-PN
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4.1.3. On the Kind of Pure and Almost Pure Copper Artefacts 

Pure copper and almost pure copper are (combined) represented in similar 

quantities for personal items (n=34) and production debris (n=33) in addition to 10 

unidentified artefacts. However, while the majority of personal items are produced 

from copper with low arsenic, antimony and/or tin impurities, production debris is 

dominated by copper without such impurities. Seven artefacts from Tell Beydar were 

published without artefact description due to their stage of preservation [Tonussi et al. 

2014]; sample MZ-A16q818-1 was too small to identify its original shape. 

 

4.1.3.1. Personal Items 

Within the group of personal artefacts, we can distinguish between decorative 

items and implements. A comparison between the different artefact groups did not 

reveal any artefact specific composition, and compositional variations are found within 

all groups of personal artefacts. The number of decorative times (n=13) is slightly 

greater than the number of implements (n=9).  

Among the decorative items are 12 pins and pin fragments (BD89-387, BD89-

388, BD90-004, H-8946-M-9, H-8429-M-5, MZ-5-B4i132, MZ-A16q841-2, MZ-

A16q864.5, MZ-Z1-1, RQ-M45, SS/1267/5914, SS/306/4650), one pin rod fragment 

(BD89-221), one earring (BD89-076-1) from Burial VI at Tell Bderi and a cube-shaped 

item with drill-holes on several sides (TCH-ASA001) from Tell Chuera. The latter is the 

only decorative item produced from pure copper and its appearance suggests a failed 

attempt of drilling a continuous hole through the artefact and the item may have 

originally been intended to be worked into a bead or a pendant (Fig. 4-1-1).  

 

  

Fig. 4-1-1: The cube-shaped artefact TCH-ASA001 from Tell Chuera displays drill holes on several 
sites and may be an unfinished bead. 
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Implements are represented by four tangs (FS/1866/5872, SS/310/4681, MZ-5-
B4i128, MZ-5-B5i14) from Tell Brak and Tell Mozan, one blade (MZ-A16-94), one nail 
(12053-M-1) and one tongue (MZ-7-A5i20) from Tell Mozan, and one wire fragment 

(SS/1079) and one awl (FS/1958/3/7443) from Tell Brak.  

Furthermore, several artefacts may have derived from either of the two groups. 

Five rod fragments (KHS-B92, MZ-A16q841-2, MZ-A16q864.5, RQ-M01, RQ-M18), which 

could either stem from pins or from tangs, and nine sheet fragments of different 

thickness (F2-6233-M-9, MZ-A5i28, TCH-ASA027, TCH-H009, TCH-H017, TCH-S07-

052, TCH-W3-305, TCH-W3-346, SS/722/5876), may have partly derived from blades, 

decorative sheets or pin heads. A sheet with a still in-situ nail may have been part of a 

blade but could alternatively stem from a decorative sheet (TCH-H017).  

Most of these items are made from almost pure copper and show different 

degrees of arsenic, antimony and tin impurities. Only the sheet fragment (TCH-H017), 

the possibly failed bead or pendent (TCH-ASA001) (Fig. 4-1-1) and the rod fragment 

from Tell Raqa’i (RQ-M01) are made from pure copper. The pure copper blade (MZ-

A16-94) and the tang fragment (SS/310/4681) are both strongly corroded and their 

original composition may have differed.  

In general, the results for personal items made from pure and almost pure 

copper showed more compositional differences than similarities suggesting variations 

in the kind of raw copper in use. This result may be influenced by the fact that the 

analysed artefacts derive from a long time span during the 3rd millennium BC, and 

most sites are represented by only a small number of samples.   

Exceptions are the finds from Tell Bderi. Here, two pins of the same type (BD89-

387, BD89-388) from Burial VI (EJZ 2) have nearly identical compositions. Additionally, 

they compositionally differ from the remaining three chronologically later artefacts (EJZ 

3ab) in (especially) their remarkably higher iron content, their remarkably lower nickel 

content and to a lesser degree in their lower sulphur levels. Both finds derived from 

Burial VI and are assumed to be made from the same kind of raw copper. A 

contemporary and similar type of almost pure copper pin was excavated at Tell Raqa’i 

(RQ-M45) but it differs in its composition by lower arsenic, antimony, sulphur and iron 

levels. While the two pins from Tell Bderi were probably made in the same workshop 

from the same raw copper, the pin from Tell Raqa’i resembles the same type but was 

probably produced from a different raw copper and maybe also in a different 

workshop.  

Furthermore, samples from Tell Mozan and Tell Bderi regularly contain trace to 

minor quantities of antimony, which are absent in samples from Tell Chuera. The 

presence or absence of this element may similarly hint at the utilisation of a specific 

kind of raw copper at these sites.  
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4.1.3.2. Copper Production Debris: Ingot Fragments 

Two different kinds of ingots have been identified among the analysed artefacts: 

bar ingots and bun ingots.  

Bar ingots are only evident as fragments (6335-M-2, TCH-A3041, TCH-A5018-4d, 

TCH-A5018-5, TCH-H008, TCH-K181-1, TCH-K181-2, TCH-K228) and were defined by 

their outer appearance (shape) in combination with their as-cast microstructure. Bar 

ingot fragments show (in cross-section) above average thickness, one flat side and one 

slightly convex side (Fig. 4-1-2). This shape is also evidenced by bar ingot moulds of 

which some were excavated in workshops at Tell Beydar [Tonussi 2008] and Tell Brak 

[McDonald et al. 2001]. A large collection of bar ingot moulds is known from Anatolia 

and reported for Anatolian metal work by Andreas Müller-Karpe (1994). However, the 

moulds do not provide any evidence for the kind of metal cast into bars and 

compositions may have varied during their long-term use. Also, due to the existence of 

bun ingots at Tell Chuera, where most bar ingot fragments under study derive from, 

we cannot exclude the possibility that some of the latter may be broken-off fragments 

of bun ingots.  

All bar ingot fragments showed an as-cast structure and in most cases inter-

granular sulphides. The shape of the sulphides is round to amorphous and no 

evidence for working is evident within the microstructure (Fig. 4-1-3).  

 

 
 
 
 
 
 

 
Fig. 4-1-2: Cross-section of bar ingot 
fragments TCH-K228 (left) and TCH-K181-1 
(middle) and TCHK181-2 (right). 

  
Fig. 4-1-3: Micrographs of TCH-K181-1 (left) and TCH-K181-2 (right) showing an as-cast 
microstructure and inter-granular sulphides (grey). 
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Most bar ingot fragments consist of pure copper, only two bar ingot fragments 

consist of almost pure copper. Most pure copper bar ingot fragments have elevated 

sulphur levels of c. 1 wt% S but no iron (TCH-A3041, TCH-H008, TCH-K181-1, TCH-

K181-2, TCH-K228). In the case of TCH-H008, elevated nickel content (Ni c. 6000 ppm) 

was detected while all remaining pure copper bar ingot fragments have only trace 

quantities of nickel (Ni c. 300 - 700 ppm); no nickel was detected in TCH-K228.  

In contrast to the previously described pure copper bar ingot fragments, two 

fragments (6335-M-2, TCH-A5018-4d) contain minor arsenic impurities of about 3000 

- 5000 ppm As. While TCH-A5018-4d shows neither sulphur levels, this element was 

detected in minor amounts within 6335-M-2 (S c. 1 wt%).  

The bar ingot fragments evidence significant compositional similarities among 

each other as well as differences. TCH-A3041, TCH-K181-1, TCH-K181-2 and TCH-K228 

appear to be compositionally very similar and may have been based on the same or a 

similar raw copper. In contrast, TCH-A5018-5, TCH-A5018-4d, TCH-H008 and      

6335-M-2 are distinguishable by their nickel, lead, sulphur, iron and silver contents; 

variations may be due to different (and mixed) raw coppers.  

Another method to establish a connection between individual raw copper 

fragments is a comparison of Se/Te values detected in copper-sulphides [Rehren 1991; 

Rehren and Northover 1991]. Rehren and Northover (1991) proposed that Se/Te 

values, which were measured in copper sulphides of metallic copper, are diagnostic for 

different ore types. Furthermore, these ratio values remain unchanged within copper 

sulphides after smelting and melting the copper metal. Consequently, Se/Te values can 

be used to group copper-base artefacts in regards to their potential copper source 

[Franke et al. 2015: 538-539; Rehren 1991; Rehren and Northover 1991]. Tellurium 

levels are often below the detection limit in the (still often higher amounts of) 

sulphides in raw copper. However, the remelting of copper (under oxidising 

conditions) causes a loss of sulphur and, thereby, an enrichment of selenium and 

tellurium within the remaining sulphides. Here, both elements (Se, Te) increase 

proportionally in their content, often to levels above their detection limit. Hence, 

tellurium is more likely to be detected in re-melted copper than in raw copper. 

However, only one bar ingot fragments gave tellurium levels within sulphides 

(TCH-A5018-4d), so it is not possible to employ the ratio of selenium and tellurium 

here to provide evidence for the use of different raw coppers.  

Only a single bun ingot (TCH-S08-131) from Tell Chuera was exposed to invasive 

analysis. It consists of pure copper with increased sulphur levels of c. 1 wt% S but no 

iron content, and only traces of nickel (Ni c. 400 ppm). Hence, it is comparable in its 

composition to most of the pure copper bar ingot fragments (TCH-A3041, TCH-K181-
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1, TCH-K181-2, TCH-K228) from the same site. This artefact is the only broken bun 

ingot excavated within TCH IC layers (c. 2600 - 2500 BC) of Temple S. All remaining 

bun ingots (n=4) are intact (Fig. 4-1-4). Analysis with a pXRF instrument suggested that 

the latter complete bun ingots also consist of pure copper. However, due to the nature 

of this kind of surface (corrosion) analysis, especially trace and also minor impurities 

may not have been detected with the instrument [Franke 2014]. Their find-location 

within Temple S may imply metal-working activities organised by the temple at Tell 

Chuera. On the other hand, ingots may also have been stocked (offered) as valuable 

items and may not necessarily have been intended for casting. However, within the 

section on tin-bronzes we will discuss further indications for metal production at 

Temple S (see Chapter 4.3.), which support the evidence of metallurgical activities 

within the temple area at Tell Chuera.  

 

 
 

  
Fig. 4-1-4: Complete bun ingot from Tell Chuera, Temple S; left: profile, right: flat top. 

 

4.1.3.3. Copper Production Debris: Stocked waste fragments 

Several fragments are ambiguous in their shape. Despite their as-cast 

microstructure, their outer appearance gave no conclusive indication of their original 

function. In some cases, these fragments appear to have been cast in shape (in 

contrast to amorphous lumps) suggesting that some of these artefacts were ingot 

fragments. On the other hand, some fragments give evidence of one irregular surface 

and could alternatively be classified as casting waste.  

Fragments TCH-ASA016, TCH-K181-3, TCH-K181-4 and TCH-W3-101, for 

example, all contained one flat and one irregular surface. They either could be broken-

off ingot parts or spilled off copper during casting (casting waste). However, in 

contrast to many artefacts classified as ingot fragments, TCH-W3-101, for example, 

shows a concretion layer on its flat surface (Fig. 4-1-5). This detail supports the 

assumption that this copper had spilled on the (mud) floor during metallurgical 

activities and should rather be classified as casting waste than as ingot fragment. 
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Three of these artefacts (TCH-ASA016, TCH-K181-3, TCH-K181-4) consist of pure 

copper and similarly to the previously described ingot fragments, have an increased 

sulphur level but no iron and only trace quantities of nickel. By contrast, TCH-W3-101 

contains minor amounts of arsenic (As c. 6000 ppm), tin (Sn c. 2000 ppm), lead (Pb c. 

7000 ppm) and silver (Ag c. 3000 ppm) and trace quantities of nickel (Ni c. 800 ppm). 

In this, the specimen is compositionally distinguishable from all other pure and almost 

pure copper artefacts, especially due to its increased silver levels, which supports the 

idea that the find is rather a casting waste than an ingot fragment.  

The three fragments TCH-A5018-4a, TCH-ASA158, TCH-H03-203 are cube-

shaped; their microstructure gives no evidence of working (e.g., annealing, 

hammering) but showed the distinctive as-cast structure. While TCH-H03-203 consists 

of pure copper and TCH-ASA-158 consists of almost pure copper, both specimens 

contain impurities comparable to the formerly described samples. In contrast, TCH-

A5018-4a contains minor levels of arsenic, nickel and iron. The latter was part of a 

‘heap’ of copper-base fragments that were corroded on top of each other (TCH-A5018-

4a-d; Fig. 4-1-6). However, all individual fragments within TCH-5018-4 are of different 

shapes and compositions. While specimen TCH-A5018-4d, for example, can be 

classified as a bar ingot fragment (see Chapter 4.1.3.2.), and the same may be true for 

TCH-A5018-4c, TCH-A5018-4a and -4b can both be described as cubic or thick sheets. 

However, moulds from Anatolia often show rectangular instead of rounded edges 

[Müller-Karpe 1994], in contrast to the bar ingot moulds from Tell Beydar [Tonussi 

2008] and Tell Brak [McDonald et al. 2001]. Hence, we cannot exclude the possibility 

that several of these cubic artefacts may originate from ingots. On the other hand, it 

cannot be discounted that some of these fragments may have derived from artefacts 

with a greater thickness. Nevertheless, the ‘heap-shaped’ appearance of TCH-A5018-

4a-d (Fig. 4-1-6) suggests that different copper compositions were kept as stock for 

possible further processing and maybe recycling despite their original function.  

 

  
Fig. 4-1-5: Possible casting waste TCH-W3-101 
in profile (left) and view of bottom side with 
concretion layer (right).  

Fig. 4-1-6: Piled stock of ingot and waste 
fragments TCH-A5018-4a-d. 
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4.1.3.4. Copper Production Debris: Technical Ceramics 

Copper prills within the slag matrix of the technical ceramic MZ-J6-288-1b 

consist of pure copper and neither contain arsenic, antimony or tin and only slightly 

elevated levels of nickel (Ni c. 1200 ppm). Iron and lead levels are relatively high (Fe c. 

1 wt%; Pb c. 2000 ppm) and sulphur and silver were only detected in trace quantities (S 

c. 500 ppm; Ag c. 800 ppm). Due to the composition of these copper prills, in 

particular its high iron content, we may assume that the technical ceramic MZ-J6-288-

1b was used in the melting of raw copper for the production of finished or semi-

finished products. However, none of the artefacts from Tell Mozan under study show a 

similar pure composition so no direct comparison can be made.  

In contrast, the copper prills of technical ceramic MZ-Jq1139-3 consists of almost 

pure copper. The prills contain c. 1000 ppm for both arsenic and antimony, but lower 

lead, silver and nickel levels than the previously described technical ceramic. A similar 

composition was detected, for example, with the ‘split tang’ artefact MZ-5-B5i14, 

which contains comparable arsenic and antimony levels (both c. 2000 ppm) and traces 

of lead, silver and nickel.  

A third technical ceramic (TCH-F3041) was excavated within Palace F at Tell 

Chuera and was identified as crucible fragment. Its copper prills are only present in 

their corroded state and the detected values may not reflect the original composition 

of the copper trapped in the slag. SEM-EDS analysis of these corroded copper prills 

showed low impurities of arsenic (As c. 3000 ppm) and iron (Fe c. 6000 ppm). 

Additionally, arsenic and tin were detected within the slag layer in minor quantities (c. 

0.5 to 1 wt%, respectively). Nickel is only present within the slag matrix (Ni c. 1 wt%). 

Elevated zinc levels were detected within a corroded copper accumulation on top of the 

upper slag layer (Zn c. 2000 ppm). Copper-sulphides within the slag matrix are 

evidence for the presence of sulphur. All impurities could originally stem from the 

copper source. However, minor tin levels may be the result of the addition of tin-

bronze scrap metal. Hence, the crucible may have been used in recycling activities.  

The excavation's documentation of Palace F at Tell Chuera does not record a 

direct link between the find's context and a specific building unit, and its chronological 

status is uncertain. The find may either be related to palatial metal activities during the 

mid-3rd millennium BC or it may relate to a phase of reuse of the palace as workshop 

space. During this later phase at the end of the 3rd millennium BC phase a kiln with 

contextualised over-fired pottery was found within Palace F suggesting pottery 

production in the (abandoned) palace [Hempelmann 2002: 296; Orthmann and Pruss 

1995: 125]. However, evidence for contemporary metal production was not determined 

by the excavators. 
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4.1.3.5. Copper Production Debris: Amorphous Lumps and Casting 

Waste  

The final group comprises artefacts of irregular shape and amorphous lumps 

(MZ-5-B4i28, MZ-5-B4i79a, MZ-J1q1113-1, MZ-2-K1-1, TCH-K142-2, TCH-K142-3, TCH-

W4-623, SS/958/7313). Two samples from Tell Chuera (TCH-K142-2, TCH-K142-3) are 

strongly corroded and neither their function nor their original shape could be 

identified. They may have been either part of the various production waste fragments 

from Area TCH-K, or may have been (deformed by corrosion) fragments of any kind of 

personal item. No metallic components were detected in these specimens and their 

classification as pure copper is probably due to corrosion. Similarly, the amorphous 

lump TCH-W4-623 is in large parts corroded. However, small areas of copper metal are 

still preserved consisting of pure copper with only sulphur impurities of c. 1 wt% S. 

Two almost pure copper samples (MZ-5-B4i28, MZ-5-B4i79a), both excavated in 

the area around the temple at Tell Mozan, were described by Northover (unpubl. 

report) as casting waste lumps. No information about their microstructure or their 

outer appearance was available. Both samples show traces of silver and antimony (c. 

300 - 800 ppm, respectively) and impurities of either arsenic (MZ-5-B4i28; As c. 7000 

ppm) or tin (MZ-5-B4i79a, Sn c. 2000 ppm). In addition, MZ-5-B4i79a show increased 

nickel (Ni c. 3000 ppm), iron and sulphur contents (each c. 1 wt%) and significant 

traces of cobalt (Co c. 600 ppm). The latter element was rarely detected in the 

analysed copper-base artefacts and out of nearly 300 samples subjected to analysis, 

only 41 specimens contain cobalt, and then mostly in trace quantities. By contrast, MZ-

5-B4i28 contains only traces of nickel and lead (c. 300 - 400 ppm, respectively), minor 

amounts of sulphur (S c. 3000 ppm) and trace quantities of gold (Au c. 600 ppm). 

Similar to cobalt, gold was rarely detected by the analysis procedures used in this 

study and all detected gold levels derive from analyses by Northover (unpubl. report); 

gold was not detected by the analysis in the Wolfson Laboratory (Institute of 

Archaeology) (see Chapter 2.4.1.). Both samples have no compositional comparanda 

among the personal items made of pure and almost pure copper from Tell Mozan.  

Sample MZ-J1q1113-1 from Tell Mozan is an exceptional find and deserves to be 

described in detail (Fig. 4-1-7). The artefact consists of a corroded copper matrix in 

which accumulations (areas A to H) of metallic copper were preserved (Fig. 4-1-8). The 

composition of these accumulations differs and the accumulations in particular vary in 

their arsenic and lead levels from trace quantities for both metals to c. 5000 ppm As 

(area B) and c. 4000 ppm Pb (area B). The same is true for antimony, of which trace 

levels were only detected in the areas A (classified as impure copper, Tab. 4-1-10) and 

F. Only the metallic copper of area C contains tin (Sn c. 4000 ppm) above trace levels 

and greater nickel (Ni c. 1500 ppm) and iron levels (Fe c. 2000 ppm), while within all 
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remaining copper areas nickel and iron were either not detected or appear only in trace 

quantities. Noteworthy is the appearance of sulphide inclusions in only area A, while all 

further copper areas in sample MZ-J1q1113-1 evidence cuprite as a major secondary 

phase (Fig. 4-1-8).  

 

 

 

 

 

 

Fig. 4-1-7: Casting waste MZ-J1113-1. The 
copper production debris comprises several 
compositionally different areas (A-H) of copper 
metal, which may stem from several individual 
casting operations of different copper 
qualities.  

  

Fig. 4-1-8: Micrographs of casting waste MZ-J1113-1 showing an area of preserved copper within 
the mostly corroded sample (left) and cuprite inclusions in copper (right).  

 

The overall appearance of this artefact suggests its origin as casting waste from 

possibly several casting operations. The corroded phase in-between and around the 

metallic copper areas is suggestive of its accumulation over several steps giving 

enough time to oxidise the outer layers in-between the accumulation of several 

metallic copper areas. High levels of cuprite may stem from the oxidation of the 

copper during melting and casting. Additionally, the surface of MZ-J1q1113-1 is 

covered in a thick concretion layer suggesting that the copper was dropped (in its hot 

liquid metal stage) onto the (mud) ground (Fig. 4-1-7). The compositions of the 

different copper metal areas are distinguishable and support the hypothesis that MZ-

J1q1113-1 was the result of several casting operations. This is also supported by 

especially different lead content in relation to more consistent silver levels (Fig. 4-1-9). 
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Varying arsenic, antimony and tin levels could also have been caused by varying 

degrees of oxidation.  

 
Fig. 4-1-9: Plot of silver and lead contents within the different copper metal areas in sample MZ-
J1q1113-1 showing varying Pb/Ag values indicative of the accumulation of copper production 
debris during several individual casting operations.  

 

4.1.4. Chronological and Chorological Distribution of Pure and 

Almost Pure Coppers 

The earliest finds derived from Area H (H-8429-M-5, H-8946-M-9) at Tell Beydar 

dating to EJZ 1/2 (c. 2900 - 2600 BC) and consist of almost pure copper. Both artefacts 

are pins and H-8946-M-9 had been deposited in a burial [Tonussi et al. 2014: 7, FN 

45]. Contemporary or slightly later finds are two pins from Tell Bderi (BD89-387, BD89-

388) similarly found within a burial (Burial VI) dating to EJZ 2 (c. 2700 - 2600 BC). 

Slightly later in date are the finds from Area S at Tell Chuera dating to TCH IC about 

2600 - 2500 BC, of which the pure copper bun ingot TCH-S08-131 was found in deeper 

(earlier) layers than the almost pure copper sheet fragment TCH-S07-052. 

Contemporary to the finds from TCH-S are the pure copper rod fragment RQ-M01 

(Temple Fill) and the toggle pin RQ-M45 (Burial 19) from Tell Raqa’i, which was 

produced from almost pure copper. Contemporary but also later in date in comparison 

to the latter are finds from Tell Chuera and Tell Beydar dating to c. 2600 - 2300 BC. 

Finds from Tell Chuera and Tell Kharab Sayyar date to TCH IC/ID and were excavated 

in areas TCH-A, TCH-ASA, TCH-H and TCH-W (n=16) and KHS-B. They comprise several 

cubic or thick ‘sheet’ fragments, a possible unfinished bead or pendant (TCH-ASA001), 
a sheet with a nail still in situ (TCH-H017), a rod fragment (KHS-B92) and various kinds 
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of production debris (n=10). Finds from Tell Beydar (n=9) consist exclusively of almost 

pure copper and date to EJZ 3, and comprise a nail (12053-M-1), a possible sheet 

fragment (F2-6233-M-9), one production debris and six fragments of unknown kind 

[Northover 2001a; Tonussi et al. 2014]. The latest dating finds derive from Area TCH-K 

and date to TCH ID/IE during the late 3rd millennium BC. All analysed pure and almost 

pure coppers from Area TCH-K are production debris, including various raw copper 

fragments but no personal items. A single find from Tell Beydar (6021-M-21) and seven 

artefacts from Tell Brak also date to the end of the 3rd millennium BC (EJZ 4 and EJZ 5). 

Among them are a pin (SS/1267/5914), an awl (FS/1958/3/7443), two tangs 
(FS/1866/5872, SS/310/4681), a wire (SS/1079), a possible sheet fragment 
(SS/722/5876) and a production debris (SS/958/7313) from Tell Brak. Artefacts 

analysed from Tell Mozan are dated approximately to the 3rd millennium BC. A single 

find (6021-M-21) from Tell Brak is not dated [Tonussi et al. 2014]. 

The chronological distribution of pure and almost pure copper artefacts suggests 

that while during the early 3rd millennium BC this kind of copper was mainly used for 

personal items, its later appearance is dominated by production debris. This result 

poses the question whether the later dating production debris (mainly ingot fragments) 

derived from alloying activities rather than from the production of pure and almost 

pure copper artefacts themselves. This assumption is supported by the results for tin-

bronzes, which were mainly produced from almost pure copper (Chapter 4.3.). 

Consequently, it appears that personal items were more frequently produced from 

copper alloys, and replaced pure and almost pure copper personal items during the 

second half of the 3rd millennium BC. Here, artefacts from Tell Chuera and (to a lower 

degree) Tell Bderi are indicative. However, due to uncertainties about the kind of 

artefacts from Tell Beydar and uncertainties in the chronology of the artefacts analysed 

from Tell Mozan, this conclusion cannot be extended to any of the further sites.  

The decrease in the use of pure and almost pure copper metallurgy over time 

may be supported by the results from analysis of copper-base Mitanni (2nd millennium 

BC) artefacts at Tell Bderi. Here, out of 15 finds, none were made from pure copper 

and only three (BD86-019, BD87-052, BD87-146) were made from almost pure copper 

(Tab. 4-1-6). However, Mitanni layers from Tell Bderi did not provide evidence for any 

pure and almost pure copper production debris that would confirm the production of 

copper alloys with raw copper. Reasons for the lack of this find-group cannot be 

explored further by the current research project and should be explored in the light of 

additional 2nd millennium BC metallurgical inventories.  

An exception is the metallurgical inventory from Tell Brak. Here, besides one 

production debris, all pure and almost pure copper artefacts analysed are personal 

items dating to the late 3rd millennium BC (EJZ 4/5), thereby providing evidence for 
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the use of almost pure copper in the form of personal items at this late stage 

[Northover 2001b]. This may partly be due to sample selection. However, tin-bronzes 

are rarely evident at Tell Brak and a difference in metal production and consumption is 

suggested for this site. It seems that, despite the prior development of alloying 

techniques and the possible awareness of the enhanced qualities of alloyed copper, 

pure and almost pure coppers continued to be in use during the entire 3rd millennium 

BC at Tell Brak. Possible reasons could be reduced access to, for example, tin or also 

preferences in the consumption of specific kinds of metals. The latter possibility will 

be pursued in detail in Chapter 7.5., in a discussion integrating the different kinds of 

metals in use in the region.  

 

 
Tab. 4-1-6: Almost pure copper Mitanni artefacts from Tell Bderi. EPMA data.  
 
 

4.1.5. Analytical Results: Impure Copper 

The group of impure copper artefacts comprises 76 specimens, and is defined as 

those coppers that have more than 0.5 wt% but less than 2 wt% combined impurities of 

predominantly arsenic, and in some cases antimony and also tin (Tab. 4-1-7 - 4-1-10). 

Most finds are well preserved, only two finds from Tell Bderi and Tell Beydar (BD89-

424-6, B-2724-M-4) are highly corroded. Arsenic levels are between 0.4 and 1.9 wt% 

As; combined arsenic, antimony and tin levels never exceeded 2 wt% per definition of 

this group, above which level it would be called arsenical(-antimonial) copper.  

Most specimens have only minor to trace levels of other constituents such as 

silver, bismuth or cobalt; lead and nickel are present in some samples in levels up to c. 

1 wt% each. Most samples show trace to minor levels of antimony (Sb c. 200 - 2000 

ppm), and only a small number of samples have either nil antimony content (n=10) or 

elevated antimony levels (no=16). Most samples also have nil tin content (n=24) or only 

trace quantities of tin (Sn ≤ 1000 ppm; n=30); only 18 finds have elevated tin content, 

of which three have tin levels of nearly 1 wt% Sn. Similarly, lead and silver levels (both 

≤ 2000 ppm) are (generally) low and only 15 specimens have elevated lead levels, of 

which two specimens (BD89-392-2, TCH-K398) have lead levels slightly greater than 1 

wt% Pb.  

In contrast to the previously described pure and almost pure copper samples, 

detected nickel levels are (on average) higher in the impure copper specimens (Ni c. 

1000 - 5000 ppm); a small number of finds have either nil (n=4) or trace quantities of 

nickel (n=15). An exception, due to its nickel content, is 6775-M-2 from Tell Beydar 

with about 1 wt% Ni [Tonussi et al. 2014: Tab. 2]. The same is true for iron content, 

Lab # function kind variant O Cl Cu As Sb Sn Pb Ni Ag S Fe Co Total

BD86-019 fragment rod round nd nd 99.1 0.34 0.05 nd nd 0.03 0.04 0.14 0.24 nd 99.95

BD87-052 fragment sheet thick nd nd 98.4 0.17 nd nd nd 0.05 nd 0.61 0.61 0.09 99.91

BD87-146 production debris lump casting waste? nd nd 95.1 0.14 nd nd nd 0.03 nd 0.98 3.61 0.09 99.90
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which is also (on average) noticeably higher than determined for pure and almost pure 

copper artefacts. About half of the group of impure copper artefacts contain 

substantial iron levels (Fe c. 0.5 and 2 wt%), while only seven samples show either nil 

or trace quantities of iron (Fe < 1000 ppm). Sulphur levels, on the other hand, are (on 

average) lower than determined in pure and almost pure copper. The majority of 

impure copper artefacts show either nil sulphur levels or only trace or minor quantities 

(S c. 300 - 7000 ppm); only four samples (MZ-5-B3i74, MZ-5-B3i88, MZ-5-B4i113, TCH-

K051) have greater sulphur levels (S. c. 1 wt%). Sulphur was not analysed by Tonussi et 

al. (2014) in samples from Tell Beydar, due to their chosen method (ICP-OES) of assay.  

However, an examination of iron and sulphur levels between the groups of 

almost pure and impure coppers based on their nickel content (‘trace’ versus ‘greater’ 

levels of nickel), revealed that the Fe/S values were similar for both copper categories 

(Fig. 4-1-11). Therefore, the (average) differences of these elements (Ni, Fe, S) between 

almost pure and impure coppers cannot be applied to differentiate between the two 

groups of almost pure and impure copper.  

 

 

Fig.: 4-1-10 Iron and sulphur levels in almost pure and impure coppers by their nickel content. 
The plot indicates that almost pure and impure coppers are indistinguishable by different S/Fe 
values, which are neither related to their state of impurity (almost pure versus impure) nor to 
their differences in nickel content. Five artefacts did not evidence nickel and were excluded from 
this plot. 
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4.1.6. On the Kind of Impure Copper Artefacts 

In contrast to (almost) pure copper artefacts, impure copper artefacts are mainly 

represented by personal items (n=52); only eight finds were classified as production 

debris. Personal items include decorative items, implements and artefact fragments.  

Decorative items (n=17) include 12 pins (BD89-381, B-2708-M1, H-8429-M-2, MZ-

5-B5i17, MZ-5-B5q127m, TCH63-Mo1, TCH63-Mo5, TCH67-Mo, RQ-M48, SS/850/5006, 

FS/578/2944, FS/1830/5138), and three sheet ring fragments (BD89-392-2, BD89-424-

6, BD89-424-7) and one bracelet (BD90-010) � all from Burial VI at Tell Bderi. One 

spiral bead derived from Tell Beydar (H-8431-M-12; Tonussi et al. 2014).  

Among the implements (n=17) are two daggers (MZ-5-B4i113, MZ-5-B5i88-2), a 

small tanged blade (TCH67-Mo-bl1) and a blade fragment (MZ-7-A5i15), three tanged 

spearheads (MZ-5-B3i74, MZ-5-B4i54, MZ-5-B4i137), two tang fragments (MZ-5-B3i168, 

MZ-5-B3i72), a possible pair of tweezers (F1-6138-M-1), four wire fragments  (B-2724-

M-3, MZ-7-A1i64, FS/1792/4992, SS/700/5920), two awls (FS/1875/5921, 

SS/700/5879) from Tell Brak, and a plate (MZ-5-B3i88) from Tell Mozan.  

The 12 rod fragments (BD86-240-1, BD86-240-2, BD89-431, TCH-H222, TCH-

K010-2, TCH-K012, TCH-K398, TCH-S07-026, TCH-S07-046, TCH-S07-058, TCH-S08-

063, RQ-M21) could have originally either belonged to pins or tangs, and the four 

sheet fragments (MZ-5-B4q180m, MZ-5-B5q143m, TCH60-30A59, SS/769/780/5907), 

could stem from either pins, decorative sheets or small blades.  

Two finds were uncertain in their classification. Artefact B-2724-M-4 from Tell 

Beydar was either a pin shaft or a bent wire [Northover 2001b]; MZ-5-B4q583m was 

either a pinhead or a droplet [Northover 2001a]. All impure copper artefacts from Tell 

Beydar (32496-M-2, 35111-M-5, 35170-M-1, 58525-M-8, 5907-M-1, 6026-M-8, 6107-M-

10, 6164-M-4, 6185-M-2, 6775-M-2, 6955-M-1, 9620-M-3) were reported by Tonussi et 

al. (2014) without precise description of the kinds of artefacts due to their low 

preservation.  

Production debris comprises two technical ceramic fragments (MZ-A16q864-1, 

MZ-J6-288-1a), of which MZ-J6-288-1a was identified as a crucible fragment, two bar 

ingot fragments (TCH-K051, TCH-K872), a casting waste (MZ-7-F1q651), two 

amorphous lumps (MZ-5-B4q270m-3, TCH-ASA028) and a waste fragment (MZ-5-

B3i198). All the finds from Tell Mozan were reported by Northover (unpubl. report) 

without any detailed description.  

A comparison between the different artefact groups did not reveal any specific 

metal composition that is characteristic of the kinds of artefacts, and there is wide 

variation in the metal compositions within all groups (Fig. 4-1-12). The only exception 

are nil levels of tin in most of the production debris (Fig. 4-1-12). This could imply that 
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production debris (especially impure copper ingots) was rather the product of alloying 

metals than producing impure copper artefacts.  
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        Tab. 4-1-7: Different kinds of impure copper artefacts from the Jezirah. 

Site Date/EJZ class Lab # function kind variant Method
 Bderi EJZ 2 impure BD89-381 decorative pin nail head EPMA

 Bderi EJZ 2 impure BD89-392-2 decorative ring fragment sheet EPMA

 Bderi EJZ 2 impure BD89-424-6 decorative ring fragment sheet EPMA

 Bderi EJZ 2 impure BD89-424-7 decorative ring fragment sheet EPMA

 Bderi EJZ 3a impure BD90-010 decorative bracelett open ends EPMA

Beydar EJZ 3 impure B-2708-M-1 decorative pin square, point EPMA-PN

Beydar EJZ 1/2 impure H-8429-M-2 decorative pin roll head EPMA-PN

Beydar EJZ 1/2 impure H-8431-M-12 decorative bead spiral EPMA-PN

Brak Early Akk impure FS/1830/5138 decorative pin ns EPMA-PN

Brak EJZ 4b impure FS/578/2944 decorative pin ns EPMA-PN

Brak ns impure SS/850/5006 decorative pin ns EPMA-PN

Chuera 3rd BC impure TCH63-Mo1 decorative pin pin EPMA

Chuera 3rd BC impure TCH63-Mo5 decorative pin pin EPMA

Chuera 3rd BC impure TCH67-Mo decorative pin knob-head EPMA

Mozan 3rd BC impure MZ-5-B5i17 decorative pin pin ICP

Mozan 3rd BC impure MZ-5-B5q127m decorative pin roll end EPMA

Raqa'i EJZ 2 impure RQ-M48 decorative pin toggle pin EPMA

Mozan 3rd BC impure MZ-5-B4q583m decorative? droplet pin head?droplet? EPMA

 Bderi EJZ 4 impure BD86-240-1 fragment rod square EPMA

 Bderi EJZ 4 impure BD86-240-2 fragment rod square EPMA

 Bderi EJZ 2 impure BD89-431 fragment rod round EPMA

Beydar EJZ 3 impure B-2724-M-4 fragment pin/wire shaft/bent wire? EPMA-PN

Chuera EJZ 3 impure TCH-H222 fragment rod round EPMA

Chuera EJZ 3b/4a impure TCH-K010-2 fragment rod round EPMA

Chuera EJZ 3b-4a impure TCH-K012 fragment rod rectangular EPMA

Chuera EJZ 3b/4a impure TCH-K398 fragment rod rectangular EPMA

Chuera EJZ 2/3a impure TCH-S07-026 fragment rod round EPMA

Chuera EJZ 2/3a impure TCH-S07-046 fragment rod rectangular EPMA

Chuera EJZ 2-3a impure TCH-S07-058 fragment rod bent, rectangular EPMA

Chuera EJZ 2/3a impure TCH-S08-063 fragment rod bent, rectangular EPMA

Chuera 3rd BC impure TCH60-30A59 fragment sheet sheet EPMA

Mozan 3rd BC impure MZ-5-B4q180m fragment flat strip flat strip EPMA

Mozan 3rd BC impure MZ-5-B5q143m fragment sheet cut/hacked strip EPMA

Raqa'i 3rd BC impure RQ-M21 fragment rod round EPMA

Brak EJZ 5 impure SS/769/780/5907 fragment/prod. debris? strip sheet EPMA-PN

Beydar EJZ 3 impure B-2724-M-3 implement wire/coil round? EPMA-PN

Brak EJZ 4 impure FS/1875/5921 implement awl/chisel? square, chisel end EPMA-PN

Brak EJZ 5 impure FS/2315/7506 implement tang square ? EPMA-PN

Brak Early Akk impure SS/700/5879 implement awl/chisel? round, chisel end EPMA-PN

Brak ns impure SS/700/5920 implement wire square EPMA-PN

Chuera 3rd BC impure TCH67-Mo-bl1 implement blade tanged EPMA

Mozan 3rd BC impure MZ-5-B3i168 implement tang rectangular EPMA-PN

Mozan 3rd BC impure MZ-5-B3i72 implement rod twisted tang EPMA-PN

Mozan 3rd BC impure MZ-5-B3i74 implement spearhead tanged blade EPMA-PN

Mozan 3rd BC impure MZ-5-B3i88 implement plate plate EPMA

Mozan 3rd BC impure MZ-5-B4i113 implement dagger tanged blade EPMA-PN

Mozan 3rd BC impure MZ-5-B4i137 implement spearhead spearhead large EPMA-PN

Mozan 3rd BC impure MZ-5-B4i54 implement spearhead tanged? Blade EPMA-PN

Mozan 3rd BC impure MZ-5-B5i88-2 implement dagger blade ICP

Mozan 3rd BC impure MZ-7-A1i64 implement waste wire fragment EPMA-PN

Mozan 3rd BC impure MZ-7-A5i15 implement waste blade fragment EPMA-PN

Beydar EJZ 3 impure F1-6138-M-1 implement? tweezers? ring-headed object EPMA-PN

Brak EJZ 4ab impure FS/1792/4992 implement/decorative wire/pin twisted EPMA-PN

Beydar EJZ 4 impure 32496-M-2 ns ns ns ICP

Beydar EJZ 3a impure 35111-M-5 ns ns ns ICP

Beydar EJZ 3a impure 35170-M-1 ns ns ns ICP

Beydar EJZ 3b impure 58525-M-8 ns ns ns ICP

Beydar EJZ 3b impure 5907-M-1 ns ns ns ICP

Beydar EJZ 3b impure 6026-M-8 ns ns ns ICP

Beydar EJZ 3b impure 6107-M-10 ns ns ns ICP

Beydar EJZ 3b impure 6164-M-4 ns ns ns ICP

Beydar EJZ 3b impure 6185-M-1 ns ns ns ICP

Beydar EJZ 3b impure 6775-M-2 ns ns ns ICP

Beydar EJZ 3b impure 6955-M-1 ns ns ns ICP

Beydar EJZ 3a impure 9620-M-3 ns ns ns ICP

Mozan 3rd BC impure MZ-5-B3i198 ns waste ns ICP

Mozan 3rd BC impure MZ-5-B4q212m ns waste ns EPMA

Mozan 3rd BC impure MZ-7-F1q651 ns waste casting waste EPMA-PN

Chuera EJZ 3ab impure TCH-ASA028 production debris lump, flat, convex amorphous EPMA

Chuera EJZ 3b-4a impure TCH-K051 production debris bar ingot fragment EPMA

Chuera EJZ 3b-4a impure TCH-K872 production debris bar ingot fragment EPMA

Mozan 3rd BC impure MZ-2-K1-2 production debris lump amorphous EPMA

Mozan 3rd BC impure MZ-A16q864.1 production debris technical ceramic? amorphous EPMA

Mozan 3rd BC impure MZ-J1q1113-1A production debris lump amorphous EPMA

Mozan 3rd BC impure MZ-J6288-1a production debris technical ceramic amorphous EPMA

Mozan 3rd BC impure MZ-5-B4q270m-3 production debris? lump amorphous EPMA
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4.2. Arsenical Copper and Arsenical(-Antimonial) Copper 

The groups of arsenical copper and arsenical-antimonial copper comprise 

samples that contain either significant amounts of arsenic, or a combination of arsenic 

and antimony of at least 2 wt% (Tab. 4-2-1 - 4-2-5).  

 

4.2.1. Small Cities and Villages: Tell Bderi 

At Tell Bderi, 10 artefacts can be described as arsenical copper or arsenical-

antimonial copper. Only one sample originated from an EJZ 3a layer; all remaining nine 

samples were excavated with Burial VI, dating to EJZ 2. The majority (n=7) of these 

artefacts contain 2 - 3 wt% arsenic (BD89-200, BD89-392-1, BD89-417-4, BD89-424-1, 

BD89-424-2, BD89-424-3, BD89-424-4); two samples show higher arsenic levels of 

approximately 6 wt% As (BD89-382-1, BD89-391-2) and can be classified as high 

arsenic copper. One specimen (BD89-386) has combined arsenic (As c. 1.7 wt%) and 

antimony (Sb c. 0.7 wt%) contents and is classified as arsenical-antimonial copper. 

Antimony levels in the arsenical copper artefacts range between 2000 and 6000 ppm 

Sb, but greater levels of about 1 wt% Sb were detected within the two high arsenic 

copper artefacts. The latter contain minor amounts of lead (Pb c. 3000 and c. 6000 

ppm) and iron (Fe c. 3000 ppm), in addition to traces of silver, nickel and sulphur (c. 

300 - 900 ppm, respectively). However, the high arsenic copper samples are not 

distinguishable by these impurities from the arsenical(-antimonial) copper from Tell 

Bderi and all specimens show comparable compositions with only minor differences. 

All samples have low amounts of iron (Fe c. 1000 - 7000 ppm) and nickel (Ni c. 1000 

ppm), and trace levels of sulphur (S c. 400 - 1000 ppm) and silver (Ag c. 400 - 1000 

ppm). Exceptions are the pin fragment BD89-386 with no detectable lead but elevated 

nickel content (Ni c. 2400 ppm), and the sheet ring fragment BD89-424-3 with very 

high iron content exceeding 2 wt% Fe. None of the specimens show significant tin 

content, only the rod fragment BD89-417-4 gives evidence of traces of tin (Sn c. 800 

ppm). Nearly all arsenical(-antimonial) copper artefacts were excavated with Burial VI, 

dating to EJZ 2 (Layer 24/25) which corresponds to about 2700 BC; only the nail-head 

pin BD89-200 dates to a later EJZ 3a layer. The latter pin is comparable in its 

composition to the specimens dating to EJZ 2, but has a greater sulphur level (S c. 

2000 ppm).  

Arsenical copper was still in use during the 2nd millennium BC at Tell Bderi. Out 

of the 15 Mitanni copper-base artefacts from Tell Bderi, there is still one true arsenical 

copper artefact (BD87-065) with medium arsenic content (As c. 3 wt%) and elevated tin 

level (Sn c. 3000 ppm). In addition, there is one arsenical-antimonial copper artefact 

(BD85-077) with approximately 1.9 wt% As and an elevated antimony level of c. 0.5 wt% 
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Sb. A third find (BD89-049) did not originate from stratified layers and contains slightly 

less than 2 wt% arsenic (As c. 1.9 wt%), and only traces of antimony (Sb c. 1300 ppm). 

It is noteworthy that all Mitanni samples have a greater sulphur level (S c. 4000 - 7000 

ppm) than arsenical(-antimonial) copper from the 3rd millennium BC. This indicates the 

more frequent use of sulphidic ores and conceivable co-smelting during the later 2nd 

millennium BC. All three arsenical(-antimonial) copper artefacts are rod fragments and 

may originate from either tangs or pins.  

In contrast to the finds from Tell Bderi, evidence for arsenical and arsenical-

antimonial copper is rare at Tell Raqa’i and Tell Kharab Sayyar. This may also be due to 

the generally smaller sample size from both sites (Tell Kharab Sayyar n=10; Tell Raqa'i 

n=11).  

 

4.2.2. Small Cities and Villages: Tell Raqa'i  

At Tell Raqa’i, only three artefacts (RQ-M07, RQ-M08, RQ-M14) have arsenic 

content of c. 2 - 3 wt% As, in addition to a single arsenical(-antimonial) copper artefact 

(RQ-M16) with combined arsenic and antimony levels of nearly 3 wt%. 

RQ-M07 is a rod fragment and contains neither antimony nor tin, but a high iron 

level (Fe c. 2 wt%) and low amounts of sulphur (S c. 3000 ppm). Nickel and silver are 

evident in trace levels (Ni c. 300 ppm; Ag c. 400 ppm); lead was not detected.  In 

contrast, the scrap metal RQ-M08 shows minor levels of tin (Sn c. 6000 ppm), as well 

as minor levels of antimony (Sb c. 3000 ppm), and much lower amounts of iron (Fe c. 

6000 ppm) and sulphur (S c. 400 ppm) than RQ-M07. This sample also contains traces 

of silver (Ag c. 400 ppm) and lead (Pb c. 700 ppm), but nil nickel was detected. Both 

finds come from the living area but are of uncertain chronology. However, the 

excavators suggested that both artefacts may belong to the late Level 3 period, 

contemporaneous with the end of EJZ 2Final around 2600 BC or slightly later [Dunham 

2015; Franke et al. 2015: Tab. 8.1.].  

The possible toggle pin RQ-M16 gives evidence for the use of arsenical-

antimonial copper at the site. Slightly later in date (c. 2500 BC), it contains combined 

arsenic and antimony of nearly 3 wt% (As c. 1.2 wt% As; Sb c. 1.5 wt%). It shows 

relatively high iron content of nearly 1 wt% Fe, and (within the sample set of Tell 

Raqa’i) remarkable levels of silver (Ag c. 2000 ppm) and (to a lesser extent) nickel (Ni 

c. 1000 ppm); no lead was detected in RQ-M16. The properties of these arsenical and 

arsenical-antimonial coppers may be comparable to the previously discussed medium 

arsenical(-antimonial) copper finds from Tell Bderi (Chapter 4.2.1.).  

The ingot fragment (or casting waste) RQ-M14, with c. 3 wt% As, and traces of 

antimony, tin, lead, silver, nickel and sulphur (c. 400 - 1000 ppm, respectively) 
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contrasts with the otherwise limited evidence for the use of arsenical copper at Tell 

Raqa’i. Its as-cast structure, and its medium arsenic level, link the sample RQ-M14 with 

metallurgical activities associated with the production of arsenical copper. Since we 

have no further proof of metallurgical activities at Tell Raqa’i it is difficult to directly 

link any analysed artefacts from Tell Raqa’i either chronologically or compositionally to 

this production waste. Nevertheless, among the arsenic-containing artefacts, RQ-M07 

and RQ-M08, both show similar, but slightly lower, arsenic levels than RQ-M14. The 

melting of arsenical copper typically results in the loss of a certain amount of arsenic 

by oxidation. However, opinions on this topic vary among researchers and the 

controversy was discussed in the previous chapter on recycling of almost pure and 

impure copper. Linking RQ-M07 and RQ-M08 to RQ-M14 would imply the loss of 

slightly less than 1 % As which may be possible only under oxidising and, thereby, 

incompletely controlled working conditions. In regard to this, both, the rod fragment 

and the scrap metal could theoretically be linked via their arsenic levels to the 

production waste RQ-M14. The additional minor levels of antimony and tin present in 

artefact RQ-M08 could have entered the metal with the addition of impure copper 

scrap to the melt. The latter would also have diluted the original (greater) arsenic 

content. More difficult to explain is the appearance of more than three times of the 

amount of iron in the rod fragment RQ-M07, in comparison with RQ-M14, as well as 

additional levels of sulphur. Also, the appearance of a greater iron content stands in 

contradiction to the general assumption that the remelting of copper under mildly 

oxidising conditions causes loss of iron and sulphur [Northover 2001a: 256]. All 

further elements, such as lead, nickel and silver, exist only in traces in all three 

samples, or were not detected, and cause no controversy to a metallurgical relation 

between the three samples.  

A chronological connection between the samples is arguable. RQ-M14 stems 

from a secure Level 3 context within the so-called industrial area at Tell Raqa'i, while 

RQ-M07 and RQ-M08 were found within uncertain layers in the living area and were 

only roughly dated to the 3rd millennium BC [Dunham 2015; Franke et al. 2015: Tab. 

8.1.]. However, the excavators do not exclude the possible origin of these two 

artefacts from a late Level 3 period. It is proposed that their different find locations 

can readily be explained. Because the use of a rod (RQ-M07) would not have been 

limited to any particular area, as it would have been the case with metal scrap (RQ-

M08), then a difference in find location has no influence on a possible metallurgical 

connection between the samples. Also, both metals were in broken condition, so 

evidence for their function is compromised; they may, for example, have been kept by 

their owners for later recycling. Hence, it seems possible to tentatively link both 

artefacts to the production waste RQ-M14 despite their different find locations, but 

compositionally, a relation to the scrap fragment RQ-M08 seems more likely than to 
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the high iron rod fragment RQ-M07. On the other hand, Se/Te values of samples RQ-

M07 and RQ-M14 are very similar, while no Te was detected in the sulphides of 

specimen RQ-M08 [Franke et al. 2015: 538-539, Fig. 8.11.]. Nevertheless, arsenical raw 

copper of similar quality to RQ-M14 might have been the original source for the 

artefacts RQ-M07 and RQ-M08 at Tell Raqa’i, among others.  

 

4.2.3. Small Cities and Villages: Tell Kharab Sayyar 

The final small city to be discussed is Tell Kharab Sayyar. Only 17 metal artefacts 

were registered from Tell Kharab Sayyar 3rd millennium BC layers. Out of these, six 

artefacts were made from copper. Only one rod fragment KHS-A13 has a higher arsenic 

level (As c. 2 wt%), but no tin, and only minor levels of antimony (Sb c. 2000 ppm) were 

determined. In addition, the specimen contains trace to minor levels of lead (Pb c. 600 

ppm), nickel (Ni c. 300 ppm), silver (Ag c. 800 ppm) and sulphur (S c. 1600 ppm), and 

medium amounts of iron (Fe c. 6000 ppm). 

A second rod fragment KHS-A08 is completely corroded and shows medium 

arsenic content within its surface corrosion layer (As c. 2 wt%) but nil arsenic was 

detected within its corroded core (Tab. 4-2-3). In addition, neither tin nor antimony are 

evident. The artefact may belong to the group of arsenical copper, but due to its 

corroded nature, an evaluation of its original composition is not possible.  

Medium amounts of arsenic were detected in copper prills (As c. 2 wt%) and 

copper-tin prills (Sn c. 3 wt%) trapped in the slag layer of the technical ceramic KHS-

A12 (Tab. 4-3-4). Both constituents provide evidence for similar arsenic content of the 

herein produced metal and, consequently, for the existence and usage of arsenical 

copper on-site. However, the technical ceramic was used for the production of tin-

bronze and gives only secondary evidence for arsenical copper at Tell Kharab Sayyar 

(Chapter 4-3-9). Also, the dates of the two find groups differ. While the technical 

ceramic KHS-A12 dates to TCH IB (c. 2600 BC), the two rod fragments date to the early 

3rd millennium BC (TCH IA). As for Tell Raqa’i the results suggest the use of arsenical 

copper at the site, especially during the first half of the 3rd millennium BC. In contrast 

to Tell Bderi, there is no evidence for the existence of high arsenic copper. 

Tell Bderi and Tell Raqa’i are both located in the Middle Khabur Valley. The 

difference in metal consumption in general, and in the use of arsenical copper 

specifically, between the two sites may be due to differences in their rank within the 

city-state systems. While Tell Raqa’i was only a small village, probably specialised in 

grain production, Tell Bderi is classified as a small city because of its city wall [Quenet 

2011], and may therefore have had access to different kinds of metals. On the other 

hand, Tell Kharab Sayyar was (similar to Tell Bderi) a small city with a city wall and the 
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site was part of the city-state Tell Chuera in the Western Jezirah, close to Anatolia. In 

relation to the low amount of evidence for arsenical copper from Tell Kharab Sayyar, it 

has to be considered that (i) out of the total of 11 copper-base artefacts only three 

were available for analysis, and (ii) at Tell Kharab Sayyar only a wider test trench was 

excavated. Whether arsenical copper played only a minor role at the site, whether the 

result is due to regional accessibility, or whether the result is primarily limited by 

sampling and excavation strategies, is difficult to conclude. The only other site 

researched in the Western Jezirah is Tell Chuera. Here, little evidence for copper with 

higher arsenic levels was found (see Chapter 4.2.5.), but the site gave (in general) rich 

evidence for metal consumption and metal production.  

 

 

 

 

Tab. 4-2-1: Different kinds of arsenical(-antimonial) copper, high arsenic copper and tin-
containing arsenical(-antimonial) copper artefacts from small cities and villages in the Jezirah.  

 

 

 

Site Date/EJZ Lab # function kind variant Method
Bderi EJZ 3a BD89-200 decorative pin nail head EPMA

Bderi EJZ 2 BD89-382-1 decorative pin sperical head EPMA

Bderi EJZ 2 BD89-386 decorative pin round, pointed end EPMA

Bderi EJZ 2 BD89-391-2 fragment rod round EPMA

Bderi EJZ 2 BD89-392-1 decorative ring sheet EPMA

Bderi EJZ 2 BD89-417-4 fragment rod round EPMA

Bderi EJZ 2 BD89-424-1 decorative ring sheet EPMA

Bderi EJZ 2 BD89-424-2 decorative ring sheet EPMA

Bderi EJZ 2 BD89-424-3 decorative ring sheet EPMA

Bderi EJZ 2 BD89-424-4 decorative ring sheet EPMA

Bderi Mittani BD85-077 fragment rod rectangular EPMA

Bderi Mittani BD87-065 fragment rod rectangular EPMA

Bderi unstratified BD89-049 fragment rod round EPMA

Kharab Sayyar EJZ 3ab KHS-A13 fragment rod round EPMA

Raqa'i 3rd BC RQ-M07 fragment rod round EPMA

Raqa'i 3rd BC RQ-M08 production debris sheet scrap metal EPMA

Raqa'i EJZ 2final RQ-M14 production debris lump ingot? EPMA

Raqa'i EJZ 3a RQ-M16 decorative pin toggle EPMA
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Tab. 4-2-2: Arsenical(-antimonial) copper artefacts from small cities and villages in the Jezirah. 
EPMA data. 

 

 

 
Tab. 4-2-3-: SEM-EDS analyses of rod fragment KHS-A08. All elements normalised to 100 wt%. 

 

 

4.2.4. Urban Centres: Tell Mozan 

There is only sparse evidence for arsenical copper and arsenical-antimonial 

copper from Jeziran urban centres. At Tell Mozan, out of the total of 72 analysed finds, 

only three artefacts have arsenic content greater than 2 wt % As. The pin MZ-5B5i15 

contains c. 3.3 wt% As, and the dagger MZ-5B5i25 contains c. 2.4 wt% As. Both 

samples also contain a minor amount of antimony (Sb c. 2000 and 3000 ppm) and 

traces of tin (Sn c. 400 and 700 ppm). While sample MZ-5B5i15 evidences elevated 

nickel (Ni c. 1 wt%) and lead levels (Pb c. 5000 ppm), only minor amount of nickel (Ni c. 

1100 ppm) and nil lead but elevated silver content (Ag c. 5400 ppm) were detected in 

specimen MZ-5B5i25. Both artefacts contain medium iron levels (Fe c. 0.4 and 1 wt%). 

In addition, minor content of cobalt (Co c. 600 ppm) is evident in MZ-5B5i15. 

The casting waste MZ-5B4i79 has a greater arsenic content (As c. 3 - 4 wt%) 

combined with minor levels of antimony (Sb c. 1000 - 3000 ppm) and tin (Sn c. 2000 

Lab # EJZ prills O Cl Cu As Sb Sn Pb Ni S Fe Ca K Al Si

outer layer 16.9 13.6 62.6 1.9 nd nd nd nd nd 7.1 1.3 0.3 nd 0.4

core 4.9 30.4 60.6 nd nd nd nd 0.6 0.8 8.7 1.0 nd 0.2 nd
KHS-A08 EJZ 2

Lab # O Cl Cu As Sb Sn Bi Pb Ni Ag Au S Fe Co Total

BD89-200 nd nd 96.1 2.92 0.21 nd nd 0.20 0.14 0.04 nd 0.20 0.17 nd 100.0

BD89-382-1 nd nd 91.3 6.47 0.98 0.02 nd 0.63 0.06 0.09 nd 0.03 0.32 nd 99.9

BD89-386 nd nd 96.5 1.70 0.73 nd nd nd 0.24 0.06 nd 0.06 0.67 nd 100.0

BD89-391-2 nd nd 92.7 5.48 0.88 nd nd 0.34 0.06 0.07 nd 0.04 0.31 nd 99.9

BD89-392-1 nd nd 97.3 2.17 0.15 nd nd 0.16 0.05 0.06 nd 0.05 0.06 nd 99.9

BD89-417-4 nd nd 96.3 2.13 0.44 0.08 nd 0.13 0.08 0.09 nd 0.09 0.60 nd 99.9

BD89-424-1 nd 0.2 96.0 2.31 0.64 nd nd 0.16 0.08 0.07 nd 0.05 0.39 nd 99.9

BD89-424-2 nd nd 96.5 2.08 0.54 nd nd 0.12 0.08 0.07 nd 0.04 0.39 nd 99.8

BD89-424-3 nd nd 94.5 2.49 0.41 nd nd 0.07 0.12 0.05 nd 0.12 2.23 nd 100.0

BD89-424-4 nd nd 97.3 2.13 0.15 nd nd 0.18 0.06 0.06 nd 0.06 0.07 nd 99.9

BD85-077 nd nd 96.3 1.91 0.46 nd nd nd 0.06 0.05 nd 0.56 0.60 nd 100.0

BD87-065 nd nd 94.6 2.73 0.06 0.34 nd nd 0.02 nd nd 0.65 1.48 nd 99.9

BD89-049 0.1 nd 96.5 1.92 0.13 nd nd 0.17 0.21 0.08 nd 0.37 0.27 nd 99.8

KHS-A13 nd nd 97.0 2.07 nd 0.04 nd 0.06 0.03 0.08 nd 0.16 0.57 nd 100.0

RQ-M07 nd nd 95.3 2.32 nd nd nd nd 0.03 0.04 nd 0.33 1.94 nd 100.0

RQ-M08 nd nd 96.1 2.24 0.28 0.59 nd 0.07 nd 0.04 nd 0.04 0.56 nd 100.0

RQ-M14 nd nd 95.9 3.15 0.05 0.11 nd 0.04 0.07 0.06 nd 0.04 0.61 nd 100.0

RQ-M16 nd nd 95.8 1.22 1.46 nd nd nd 0.11 0.16 nd 0.40 0.78 nd 100.0
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ppm) but was highly corroded. Thus, the original arsenic level may have been lower 

and more comparable with those of the former arsenical copper artefacts. However, 

this sample is outstanding by its gold content (Au c. 800 - 1400 ppm). The gold level 

rules out its direct association between the majority of the listed artefacts and the 

casting waste. All three finds were excavated within the wider area of the temple (Area 

B) at Tell Mozan.  

A small number of arsenical-antimonial copper artefacts were also excavated 

from the Temple Area B. This group comprises two daggers (MZ-5B3i85, MZ-5B5i7), a 

spearhead (MZ-5B5i91), a pin (MZ-5 B4i115) and two waste fragments (one lump MZ-

5B4i112 and one flat strip MZ-5B5i21). Among these, the tanged dagger MZ-5B5i7 

shows a comparable composition to the above mentioned casting waste with similar 

levels of gold (Au c. 800 ppm), nickel (Ni c. 2000 ppm) and silver (Ag c. 700 ppm). 

Unfortunately, there is currently no chronological information about these samples and 

it cannot be concluded whether these two finds are associated by their date.  

In addition, five artefacts show combined arsenic, antimony and tin content and 

belong to the group of arsenical(-antimonial) tin copper. These comprise a spearhead 

(MZ-5-B4i94), two awls (MZ-5-B5i38, MZ-Z1-2), one dagger (MZ-5-B5q98m) and a 

possible blade fragment (MZ-A06q130m). Samples MZ-5-B4i94 and MZ-Z1-2 both 

contain c. 1 wt% As combined with c. 5000 - 6000 ppm Sn and 3000 - 4000 ppm Sb, 

while higher tin content of c. 1 wt% Sn, and nil or only trace levels of antimony are 

evident in samples MZ-A06q130m, MZ-5-B5i38 and MZ-5-B5q98m. Most specimens 

give low levels of nickel (Ni c. 3000 - 4000 ppm) and sulphur (S c. 2000 - 3000 ppm), 

traces of silver (Ag c. 300 - 400 ppm), and elevated iron content (Fe c. 3000 - 8000 

ppm). An exception is the spearhead MZ-5-B4i94 with lower nickel (Ni c. 700 ppm) 
but higher silver (Ag c. 1200 ppm) and sulphur (S c. 1 wt%) levels. Noteworthy are the 
elevated gold (Au c. 900 ppm) levels detected in the awl MZ-Z1-2 and which may 
relate this artefact to the production debris MZ-5B4i79.  

Despite the rare occurrence of arsenical copper at Tell Mozan, the casting waste 

MZ-5B4i79 suggests the production of arsenical copper artefacts on-site. While similar 

evidence at Tell Raqa’i derives from a working area, this sample suggests that metal 

production took place within the wider temple area. Metal production at the temple 

seemed not to be uncommon in Jeziran cities, and similar evidence was found at, for 

example, Tell Chuera.  
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4.2.5. Urban Centres: Tell Chuera 

At Tell Chuera the appearance of arsenical copper is similar sparse and 

comprises only nine artefacts. The production waste TCH-W4-630 has the greatest 

arsenic content of approximately 4 wt% As. A second find, TCH-K407 contains about 3 

wt% As. Three more finds, TCH-K007, TCH-S08-122 and TCH63-Mo2, contain arsenic 

quantities of c. 2 wt% As. Six finds, TCH-ASA155, TCH-H238, TCH-H04-203, TCH-K485, 

TCH60-108N and TCH64-Mo, have a combined arsenic and antimony content of more 

than 2 wt%.  

Noteworthy are the two arsenical-antimonial copper production debris fragments, 

TCH-ASA155 and TCH-H238, which both contain significantly higher antimony (Sb c. 3 

- 4 wt%) than arsenic (As c. 1 - 2 wt%) levels.  

Nearly all arsenical and arsenical-antimonial copper finds from Tell Chuera are 

rod fragments and can be considered as waste or stocked metal scrap. Exceptions are 

TCH67-Mo and TCH63-Mo2, which are both pins with ball shaped heads 

(Kugelkopfnadel). TCH-K007 is an amorphous lump and can be classified as production 

debris. 

 Chronologically, the finds range from the mid-3rd millennium BC (Area TCH-S) to 

the late 3rd millennium BC (Area TCH-K). In contrast to Tell Mozan, arsenical(-

antimonial) copper derives from various areas on the tell, and no specific relation 

between context and metal composition can be established. Only a single sample 

originated from the Temple Area S (TCH-S08-122), the majority of samples were found 

within the living and (metal) working areas TCH-ASA, TCH-H, TCH-K and TCH-W. The 

specific find contexts of the artefacts discovered by Anton Moortgat and his team in 

the 1960’s (TCH60, TCH63-Mo and TCH64-Mo) are unknown. 

The study of the metallurgical inventory from Tell Chuera with a pXRF confirmed 

the limited use of arsenical copper and arsenical-antimonial copper within the temple 

area at Tell Chuera in contrast to Tell Mozan [Franke 2014: Tab. 8]. Here, 119 

arsenical(-antimonial) coppers originated from the living and working areas, in 

comparison to only 21 arsenical(-antimonial) copper artefacts from the Temple Area S. 

This result suggests that arsenical(-antimonial) copper was accessible for most of the 

members of the tell community. Arsenical(-antimonial) copper, most likely, was of no 

higher value at Tell Chuera. Also, the pXRF study showed that arsenical(-antimonial) 

copper was frequently used in Tell Chuera, in contrast to the relatively small sample 

size of fully-analysed finds studied here [Franke 2014: Tab. 1 and Tab. 8].  
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4.2.6. Urban Centres: Tell Beydar 

The evidence for arsenical copper from Tell Beydar differs in its greater size 

(n=16) in comparison to all previously discussed evidence for arsenical copper on 

urban centres [Northover 2001a; Tonussi et al. 2014]. However, similar to the evidence 

from Tell Mozan several artefacts are produced from arsenical(-antimonial) tin copper.   

Nearly half of these artefacts (n=6) contain 2 - 3 wt% arsenic with minor levels of 

antimony (Sb c. 1000 - 4000 ppm) and traces to minor amounts of tin (Sn c. 400 - 

7700 ppm). The rod fragment G-7629-M-2 also contains about 2 wt% As, but nil 

antimony and only traces of tin (Sn c. 700 ppm) were detected. However, the sample is 

strongly corroded and, therefore, the original arsenic, antimony and tin levels may 

have been different. Noteworthy are two finds (8580-M-2, 6182-M-2) analysed by 

Tonussi et al. (2014) which contain elevated tin levels of more than 1 wt% Sn.  

Further seven artefacts consist of arsenical-antimonial copper. Here, four 

specimens (F2-6236-M-3, 61925-M-3, 9464-M-1, 15046-M-3), give elevated tin content 

(Sn c. 5000 - 6000 ppm) while two artefacts (6185-M-19, 8520-M-1) show only trace 

levels (Sn c. 300 - 1100 ppm). A single artefact (6608-M-1) contains similar amounts of 

arsenic (As c. 1 wt%) and tin (Sn c 1.5 wt%) but nil antimony was detected.  

Noteworthy is the high arsenic content in specimen 6311-M-1 of about 10 wt% As 
in addition to an elevated antimony level (Sb c. 1.2 wt%) but only traces of tin (Sn c. 
300 ppm).  

The earliest of these finds (n=4) date to EJZ 1/2 and EJZ 2 between 2900 and 

2700 BC. These comprise two pins (H-8431-M-0, H-8431-M11), excavated in two 

different burials in the Living Area H, one dagger (H-8442-M1) from the same area (H-

8442-M1) [Northover 2001a], and one artefact fragment (8520-M-1) of unknown shape 

[Tonussi et al. 2014]. 

The majority of artefacts (n=11) date to the later period EJZ 3 during the mid-3rd 

millennium BC; only one find (14035-M-1) dates to EJZ 4. These artefacts originate 

from various find locations at Tell Beydar and comprise jewellery and pins. Several 

artefacts are published without artefact descriptions, due to their bad state of 

preservation [Tonussi et al. 2014]. Among them is the single high arsenic copper 

artefact (6311-M-1) from Tell Beydar. In general, high arsenic copper is rather 

uncommon during (late) 3rd millennium BC metallurgical inventories, and only two 

finds from Burial VI (EJZ 2) at Tell Bderi have been classified as such. As previously 

stated, the state of corrosion of the samples analysed by Tonussi et al. (2014) is 

unknown. Therefore, it is possible that the original arsenic levels were lower than 10 

wt% As. However, this sample is still suggestive of being of high arsenic copper but 

maybe with lower arsenic content.  
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Contrary to all other sites, two artefacts from Tell Beydar also have low tin 

content with tin levels of approximately 1 wt% Sn (B-28580-M-2) and 1.5 wt% Sn (6182-

M-2); the latter sample 6182-M2 could also be classified as tin-bronze with increased 

arsenic levels [Northover 2001a; Tonussi et al. 2014]. Both samples date to EJZ 3b and 

are suggestive of recycling activities. 

 

4.2.7. Urban Centres: Tell Brak 

At Tell Brak, only three artefacts (TP/76/7189, TP, SS/729/5915) were classified 

as arsenical copper, with approximately 2 wt% As [Northover 2001b]. Also, one artefact 

(FS/1792/4992) contains c. 1.9 wt% As and is (strictly speaking) not arsenical copper 

but may have been of a similar quality as the other arsenical copper artefacts from Tell 

Brak.  

The nail TP/76/7189 dates to the 4th millennium BC and contains minor 

amounts of antimony (Sb c. 1400 ppm) and trace quantities of lead, bismuth, gold and 

sulphur (c. 200 – 500 ppm) but elevated silver levels of approximately 2700 ppm Ag. 

In this, the artefact is comparable with the late 3rd millennium BC (EJZ 4/5) pin 

SS/729/5915, which also has a similar silver (Ag c. 2500 ppm) level, but elevated tin 

(Sn c. 7000 ppm) and lead (Pb c. 1 wt%) levels and low sulphur content (S c. 3000 

ppm). The nail TP was not dated and contains only trace quantities of antimony, silver, 

lead, bismuth, gold and silver (c. 300 – 800 ppm, respectively) [Northover 2001b].  

No arsenical-antimonial copper was evident among the samples from Tell Brak, 

and antimony levels are on average lower than in artefacts from the other Jeziran sites 

under study. Also, no high arsenic copper is represented within the sample collection.  

The results indicate a different pattern of metal consumption (and possibly also 

production) at Tell Brak compared with previously discussed sites:  

1. Arsenical(-antimonial) copper may have been either of lower interest, or more 

difficult to access. Since we have evidence for the use of arsenical copper at Tell Brak 

during the 4th and late 3rd millennia BC, this kind of metal may have been in use, 

possibly less frequently, but still consistently, over a longer time span.  

2. Compositional similarities between the 4th millennium BC nail TP/76/7189, 

and the late 3rd millennium BC pin SS/729/5915 (with similar antimony, bismuth and 

gold levels) is indicative of the use of a similar raw copper despite the discontinuity 

between the two settlements during the 4th and the 3rd millennia. Tin, lead and 

sulphur in the latter sample may have arrived in the metal by mixing (recycling).  

However, a larger sample set is needed to test these two hypotheses.   
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Tab. 4-2-4: Different kinds of arsenical(-antimonial) copper and tin-containing arsenical(-
antimonial) copper artefacts from urban centres in the Jezirah. 
 

Site Date/EJZ Lab # function kind variant Method
Beydar EJZ 3a 10077-M-15 implement chisl ns ICP

Beydar EJZ 4 14035-M-1 ns ns ns ICP

Beydar EJZ 3b 15046-M-3 ns ns ns ICP

Beydar EJZ 3b 28580-M-2 ns ns ns ICP

Beydar EJZ 3b 6182-M-2 ns ns ns ICP

Beydar EJZ 3b 6185-M-19 ns ns ns ICP

Beydar EJZ 3ab 61925-M-3 ns ns ns ICP

Beydar EJZ 3b 6311-M-1 ns ns ns ICP

Beydar EJZ 3b 6608-M-1 ns ns ns ICP

Beydar EJZ 2 8520-M-1 ns ns ns ICP

Beydar EJZ 3a 9464-M-1 implement nail ns ICP

Beydar EJZ 3 F2-6236-M-3 decorative/implement? pin/nail? nail head EPMA-PN

Beydar EJZ 3 G-7629-M-2 fragment awl/pin ns EPMA-PN

Beydar EJZ 1/2 H-8431-M-0 decorative pin, toggle knobhead, square tang EPMA-PN

Beydar EJZ 2 H-8431-M11 decorative pin knob-head EPMA-PN

Beydar EJZ 1/2 H-8442-M1 implement dagger riveted, tanged EPMA-PN

Brak 3rd BC FS/1792/4992 production debris stock wier, twisted EPMA-PN

Brak EJZ 4/5 SS/729/5915 decorative pin ns EPMA-PN

Brak Early Akk? SS/729/5915 decorative pin ns EPMA-PN

Brak ns TP impement nail ns EPMA-PN

Brak 4th BC TP/76/7189 impement nail ns EPMA-PN

Chuera EJZ 3ab TCH-H04-203 implement chisel rod rectangular EPMA

Chuera EJZ 3b/4 TCH-K007 production debris lump amorphous EPMA

Chuera EJZ 3b/4 TCH-K407 fragment rod round, thin EPMA

Chuera EJZ 3b/4 TCH-K485 fragment rod rectangular EPMA

Chuera EJZ 2/3a TCH-S08-122 fragment sheet thick EPMA

Chuera EJZ 3ab TCH-W4-630 production debris scrap metal amorphous EPMA

Chuera 3rd BC TCH60-108N fragment rod round EPMA

Chuera 3rd BC TCH63-Mo2 decorative pin knob-head EPMA

Chuera 3rd BC TCH64-Mo decorative pin pin EPMA

Mozan 3rd BC MZ-5-B3i85 implement dagger tanged? Blade EPMA-PN

Mozan 3rd BC MZ-5-B4i112 production debris? lump tool/lump EPMA

Mozan 3rd BC MZ-5-B4i115 decorative pin pin EPMA-PN

Mozan 3rd BC MZ-5-B4i79b production debris? lump amorphous EPMA-PN

Mozan 3rd BC MZ-5-B4i79c production debris? lump amorphous EPMA-PN

Mozan 3rd BC MZ-5-B4i79d production debris? lump amorphous EPMA-PN

Mozan 3rd BC MZ-5-B4i94 implement spearhead tanged blade EPMA-PN

Mozan 3rd BC MZ-5-B5i15 ns pin pin/needle ICP

Mozan 3rd BC MZ-5-B5i21 fragment sheet flat strip EPMA-PN

Mozan 3rd BC MZ-5-B5i25 implement dagger tanged? Small EPMA-PN

Mozan 3rd BC MZ-5-B5i7 implement dagger blade, missing tang? EPMA-PN

Mozan 3rd BC MZ-5-B5i91 implement spearhead tanged blade, lozengic section EPMA-PN

Mozan 3rd BC MZ-5-B5q98m implement dagger tanged? slender EPMA

Mozan 3rd BC MZ-A06q130m fragment blade? sheet thick EPMA

Mozan 3rd BC MZ-B5i38 implement awl awl EPMA

Mozan 3rd BC MZ-Z1-2 implement awl awl EPMA-PN
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Tab. 4-2-5: Arsenical(-antimonial) copper artefacts from urban centres in the Jezirah. EPMA data 
and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. 

Lab # O Cl Cu As Sb Sn Bi Pb Ni Ag Au S Fe Co Total

10077-M-15 na na 95.0 2.60 0.12 0.39 nd 0.05 0.98 0.10 na na 0.56 0.01 99.8

14035-M-1 na na 97.2 2.00 0.29 0.03 0.001 0.28 0.01 0.04 na na 0.17 nd 100.0

15046-M-3 na na 94.7 1.90 0.23 0.60 0.06 1.65 0.47 0.09 na na 0.31 0.004 100.0

28580-M-2 na na 95.2 2.50 0.09 1.29 nd 0.19 0.25 0.07 na na 0.28 0.003 100.0

6182-M-2 na na 93.1 2.05 0.21 1.97 0.02 0.15 0.21 0.04 na na 2.09 0.10 99.9

6185-M-19 na na 96.4 1.80 0.53 0.03 0.06 0.30 0.45 0.03 na na 0.47 0.01 100.1

61925-M-3 na na 96.2 1.80 0.28 0.52 nd 0.14 0.60 0.28 na na 0.14 0.01 100.0

6311-M-1 na na 87.7 10.0 1.24 0.02 0.04 0.05 0.19 0.20 na na 0.20 0.002 99.6

6608-M-1 na na 95.2 1.21 0.08 1.52 nd 0.13 0.04 0.50 na na 0.63 0.004 99.3

8520-M-1 na na 96.6 1.80 0.28 0.13 0.01 0.03 0.01 0.01 na na 1.02 0.001 99.9

9464-M-1 na na 96.0 1.51 0.14 0.68 nd 0.07 0.78 0.02 na na 0.25 0.01 99.5

F2-6236-M-3 na na 96.1 1.43 0.20 0.51 nd nd 0.17 0.03 0.11 0.92 0.53 0.01 100.0

G-7629-M-2 na na 61.5 1.98 nd 0.07 0.02 0.01 0.61 0.12 0.05 0.23 0.48 0.01 64.6

H-8431-M-0 na na 96.4 1.24 0.82 nd 0.02 0.11 0.15 0.03 0.07 0.57 0.60 nd 100.0

H-8431-M11 na na 95.8 2.36 0.13 0.77 0.04 0.03 0.08 0.05 nd 0.05 0.65 nd 100.0

H-8442-M1 na na 96.1 2.83 0.43 0.04 0.04 0.01 nd 0.04 nd 0.01 0.46 nd 100.0

FS/1792/4992 na na 96.9 1.86 0.02 nd 0.01 0.02 0.25 0.04 0.05 0.09 0.74 0.03 100.0

SS/729/5915 na na 94.8 2.03 0.14 0.66 0.02 1.06 0.40 0.25 0.03 0.27 0.30 0.03 100.0

SS/729/5915 na na 94.8 2.03 0.14 0.66 0.02 1.06 0.40 0.25 nd 0.27 0.30 0.03 100.0

TP na na 97.3 2.14 0.08 0.01 0.05 0.06 0.02 0.05 0.03 0.03 0.26 0.01 100.0

TP/76/7189 na na 97.0 2.22 0.14 0.01 0.03 0.02 0.02 0.27 0.05 0.03 0.17 nd 100.0

TCH-H04-203 0.1 nd 94.7 1.76 0.74 0.07 nd 0.04 0.11 nd nd 0.30 2.16 nd 100.0

TCH-K007 nd na 95.0 2.29 0.22 0.26 nd nd nd nd nd nd 2.10 nd 99.9

TCH-K407 nd nd 94.7 2.68 0.30 0.07 nd 1.01 0.16 0.06 nd 0.26 0.68 nd 99.9

TCH-K485 0.1 0.1 95.8 1.72 0.48 nd nd 0.20 0.21 0.08 nd 0.11 1.27 nd 100.0

TCH-S08-122 nd na 95.7 2.14 0.22 0.04 nd 0.35 0.35 nd nd 0.05 1.09 nd 99.9

TCH-W4-630 nd na 94.9 3.62 0.18 nd nd 0.07 0.74 0.05 nd 0.05 0.38 nd 100.0

TCH60-108N nd nd 96.8 1.71 0.37 0.30 nd 0.03 0.07 0.05 nd 0.12 0.50 nd 100.0

TCH63-Mo2 nd nd 96.4 2.07 0.47 nd nd nd 0.16 0.05 nd 0.36 0.49 nd 100.0

TCH64-Mo 0.1 0.1 96.0 1.74 0.68 nd nd nd 0.18 0.05 nd 0.59 0.60 nd 100.0

MZ-5-B3i85 na na 96.7 1.79 0.45 0.03 0.03 0.08 0.16 0.06 nd 0.04 0.73 0.01 100.0

MZ-5-B4i112 nd na 96.4 1.69 0.79 nd nd nd 0.03 nd nd 0.04 0.99 nd 99.9

MZ-5-B4i115 na na 97.0 1.56 0.49 0.13 0.04 0.18 0.11 0.05 0.05 0.06 0.41 0.01 100.1

MZ-5-B4i79b na na 68.5 2.74 0.12 0.21 nd nd 0.17 0.07 0.08 0.02 1.36 nd 73.2

MZ-5-B4i79c na na 29.3 2.05 0.26 0.01 nd nd 0.15 0.02 nd 0.02 27.08 nd 58.9

MZ-5-B4i79d na na 80.2 4.09 0.27 0.18 0.90 0.11 0.20 0.07 0.14 0.57 1.36 0.01 88.1

MZ-5-B4i94 na na 96.5 1.25 0.38 0.49 nd 0.04 0.07 0.12 nd 0.89 0.36 nd 100.1

MZ-5-B5i15 na na 94.5 3.25 0.26 0.04 0.03 0.54 0.85 0.01 na na 0.43 0.06 100.0

MZ-5-B5i21 na na 97.6 1.41 0.62 0.01 0.01 0.05 0.06 0.03 nd 0.05 0.08 nd 99.9

MZ-5-B5i25 0.2 na 95.5 2.41 0.12 0.07 nd nd 0.11 0.54 nd 0.03 0.99 nd 100.0

MZ-5-B5i7 na na 97.9 1.69 0.30 0.06 nd 0.06 0.19 0.07 0.08 0.11 0.26 0.01 100.7

MZ-5-B5i91 na na 97.1 1.31 0.73 0.08 0.02 0.11 0.08 0.09 nd 0.03 0.55 nd 100.1

MZ-5-B5q98m 0.02 na 96.1 0.96 nd 1.15 nd 0.24 0.37 0.04 nd 0.30 0.82 nd 100.0

MZ-A06q130m nd nd 96.4 0.91 0.08 1.31 nd 0.03 0.29 0.03 nd 0.24 0.63 nd 100.0

MZ-5-B5i38 0.03 na 96.6 0.99 nd 1.03 nd 0.09 0.34 nd nd 0.33 0.55 nd 99.9

MZ-Z1-2 na na 96.9 1.14 0.28 0.55 nd 0.23 0.33 0.04 0.09 0.15 0.20 0.05 100.0
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4.3. Tin-Bronze  

The group of tin-bronzes has previously been defined as copper-base metal with 

at least 2 wt% tin (Chapter 4.). Within the group of copper-base samples from the 

Jezirah, tin-bronzes separate at a threshold of approximately 2.5 wt% Sn from all other 

tin-containing samples and form an individual group. The same is true for samples 

from the Euphrates Valley. Here, tin-bronzes separate at approximately 2 wt% Sn from 

all other tin-containing samples. Tin levels above 2 wt% Sn were detected in finished 

artefacts and also in production debris. The range of tin levels within artefacts from 

Upper Mesopotamia is wide and ranges from 2 wt% up to nearly 30 wt% Sn. Therefore, 

the studied tin-bronzes are addressed as low (Sn < 5 wt%), medium (Sn c. 5 - 10 wt%) 

and high (Sn > 10 wt%) tin-bronzes (Tab. 4-3-1 - 4-3-5).  

 

4.3.1. Tin-Bronze Artefacts from Major Urban Centres: Tell Chuera 

At Tell Chuera, two major analytical studies have been undertaken revealing tin-

bronzes: (i) invasive quantitative analysis of 80 artefacts with an EPMA instrument, (ii) 

a larger qualitative study of 397 artefacts (including the previous samples) with a 

portable XRF instrument (hereafter pXRF) on site.  

The evidence for the use of tin-bronze at Tell Chuera is comparatively slight 

relative to the long-term excavation (about 50 years) and the high number of metal 

artefacts discovered on the site. This is true not only for the sampled and exported 

specimens, but also for the much larger collection of finds analysed on site with a 

pXRF.  

Among the quantitatively analysed samples (EPMA analysis), only seven finds 

have been identified as tin-bronzes. Two samples are medium tin-bronzes with about 

10 wt% Sn (TCH63-Mo3, TCH08-S068-4) and three samples are medium tin-bronzes 

with tin content of about 6 - 8 wt% Sn (TCH63-Mo4, TCH67-Mo-bl2, TCH08-W1-510). A 

single find has low tin amounts of only c. 3 wt% Sn (TCH60-182N). One find is highly 

corroded and has c. 24 wt% tin combined with 15 wt% oxygen (TCH60-085N). The high 

amount of tin discovered within this specimen is suggestive of its origin as a high tin-

bronze. However, its original tin content cannot be estimated since the ratio between 

copper and tin and other possible major elements is unbalanced due to the strong 

corrosion.  

Iron contents within the specimens are relatively low, and are either about 1000 

ppm Fe (TCH63-Mo3, TCH63-Mo4, TCH67-Mo-bl2) or between 3000 and 4000 ppm Fe 

(TCH-S08-68-4, TCH-W1-510); only TCH60-182N contains nearly 1 wt% Fe, the corroded 

artefact TCH60-085N contains c. 6000 ppm Fe. Accompanying sulphur contents are 

similarly low and range between 1000 and 3000 ppm S. Four samples (TCH63-Mo3, 
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TCH63-Mo4, TCH-S08-068-4, TCH-W1-510) show lead levels of c. 2000 - 6000 ppm Pb 

of which three have traces of silver (Ag c. 300 - 700 ppm). No silver content is evident 

for specimens with lower lead levels. An exception is the corroded artefact TCH60-

085N with nil lead and traces of silver (Ag c. 400 ppm).  

Arsenic content of about 3000 to 6000 ppm As is evident with antimony levels of 

c. 1000 ppm Sb (TCH63-Mo4, TCH67-Mo-bl2, TCH08-W1-510), while specimens with 

lower amounts of arsenic (As c. 1000 - 2000 ppm) show nil antimony or traces of 

antimony (TCH60-085N, TCH60-182N, TCH63-Mo3). An exception is TCH-S08-068-4 

with slightly higher arsenic content of about 1 wt% As but similarly low antimony levels 

of c. 1000 ppm Sb. A similar pattern is evident for nickel and increased nickel content 

(Ni c. 1000 - 2000 ppm) appears in combination with higher arsenic and antimony 

levels (TCH63-Mo4, TCH67-Mo-bl2, TCH-S08-068-4, TCH08-W1-510). An exception is 

again the corroded artefact TCH60-085N with increased nickel levels of c. 3000 ppm 

Ni but only traces of arsenic (As c. 1100 ppm) and antimony (Sb c. 300 ppm) contents. 

The compositional difference between the group of samples with combined arsenic 

and antimony levels and the group of samples with lower amounts of arsenic and nil to 

traces of antimony could be caused by continued remelting of the copper and a 

constant loss of arsenic and antimony by oxidation. However, the likewise higher 

nickel content in the specimens of the first group (with higher arsenic and antimony 

levels) should have been preserved in higher levels during (re-)melting in all samples 

and, therefore, may suggest different kind of copper ore for each group. Samples with 

increased arsenic, antimony and nickel levels (TCH63-Mo4, TCH67-Mo-bl2, TCH-S08-

068-4, TCH08-W1-510) may all be based on a less pure copper ore, for example, 

containing fahlores. However, the established Se/Te ratios (see Chapter 4.1.3.2.) for 

samples within each of the two groups were different among each other. Therefore, a 

direct ore connection within the groups is unlikely. Additionally, the higher arsenic 

levels within the single specimen TCH-S08-068-4 of more than 1 wt% As could be a 

result of recycling and the mixing of coppers with different arsenic levels.  

Finally, 19 exported samples were not quantitatively analysed due to their high 

degree of corrosion. Qualitative analysis (pXRF) of these artefacts demonstrated tin 

content (Sn c. 1 - 2 wt%) for only two out of the 19 artefacts. In general, the 

comparison of pRXF data and EPMA data showed that tin content of Sn ≥ 1 wt% 

detected with the pXRF is indicative of slightly higher tin levels present in the metal. 

Therefore, the detected tin levels within two samples suggests towards their origin as 

tin-bronzes. Non-detected tin levels with pXRF for the remaining 17 specimens are 

inconclusive.  



 

 
 

130 

 

Fig. 4-3-1: Comparison of results for tin measured with a pXRF and EPMA on samples from Tell 
Chuera. Higher tin levels were often not identified as such during qualitative analysis.  

 

 

The majority of quantitatively analysed tin-bronzes (n=5; TCH60-085N, TCH60-

182N, TCH63-Mo3, TCH63-Mo4, TCH67-Mo-bl2) derive from the excavation 

undertaken by Moortgat in the 1960s and their detailed find-location is uncertain. The 

two finds TCH60-085N and TCH60-182N possibly derive from Area N, which is the 

Northern Temple Area (Nordtempel). The specific contexts of the two pins TCH63-Mo3 

and TCH63-Mo4, and the blade fragment (TCH67-Mo-bl2) are unknown. 

 In total, 13 Moortgat copper-base finds (TCH60-085N, TCH60-108N, TCH60-

182N, TCH60-30A59, TCH63-Mo1, TCH63-Mo2, TCH63-Mo3, TCH63-Mo4, TCH63-Mo5, 

TCH64-Mo, TCH67-Mo, TCH67-Mo-bl1, TCH67-Mo-bl2) have been analysed for this 

study. The results show that a comparatively high percentage (about 40 per cent) of 

those finds were tin-bronzes in addition to impure copper artefacts (n=5) and 

arsenical(-antimonial) copper artefacts (n=3).  

This may be due to the manner finds were selected for registration during these 

early years of archaeology. It may well be that only well-preserved finds were kept and 

registered. Since tin-bronze is often known to be less affected by corrosion, a 

disproportionate number of tin-bronzes relative to (almost) pure copper or arsenical(-

antimonial) copper artefacts may have been collected and stored. On the other hand, 

the small number of tin-bronzes amongst the more recently excavated artefacts may 

relate to export permissions for only broken artefact fragments. However, the 



 

 
 

131 

relatively low number of tin-bronzes excavated at Tell Chuera is also supported by the 

pXRF study discussed below. Accordingly, the way in which samples were selected 

suggestively only plays a minor role in the shift of results towards a possible slightly 

disproportionate number of tin-bronzes in comparison to other copper-base artefacts.  

In contrast, only two of the 76 quantitatively analysed artefacts from the more 

recent excavation under the direction of Jan-Waalke Meyer (University Frankfurt) in the 

early 2000s were identified as tin-bronzes. TCH08-S068-4 was excavated within the 

Temple Area S (Steinbau VI), and TCH08-W1-510 was found within the working and 

living Area W1 in the lower town at Tell Chuera. Both specimens are rod fragments but 

the identification of a specific kind of artefact (e.g., pin or tang) could not be 

established. While the rod fragment TCH08-S068-4 is triangular in cross-section, the 

rod fragment TCH08-W1-510 is clearly rectangular in cross-section; the latter shape 

was found among tangs or pins. Both specimens give evidence of working in their 

microstructure, but while TCH08-W1-510 shows a high amount of deformation marks, 

TCH08-S068-4 shows strong inter-granular corrosion and only little evidence of 

deformation.  

 

  

Fig. 4-3-2: Micrograph of sample TCH-S08-68-4 showing strong inter-granular corrosion (left)  
and some deformation marks within the grains (right).  
 

 
 

 

Fig. 4-3-3: Micrograph of sample 
TCH-W1-510 with deformation 
marks within the corroded part 
of the sample.  
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The presented quantitatively analysed tin-bronzes did neither reveal any pattern 

in their distribution among the tell areas nor could any special artefact type be related 

to specifically tin-bronze. Most tin-bronzes from Tell Chuera are pins (TCH63-Mo3, 

TCH63-Mo4) and rod fragments (TCH60-085N, TCH60-182N, TCH08-S068-4, TCH08-

W1-510). Only TCH67-Mo-bl2 is a blade and therefore sheet-like in shape. However, the 

relatively high number of rod fragments suggests the use of tin-bronze for especially 

decorative items such as pins, but we cannot exclude that some of those fragments 

stem from tangs.  

The stratified tin-bronzes from Tell Chuera roughly date to TCH IC to early ID 

layers at the mid-3rd millennium BC. They are among the earlier tin-bronzes in Upper 

Mesopotamia and are significant in the discussion on the appearance of tin-bronze in 

the region. However, the finds show the limited existence of tin-bronzes at a major site 

in Upper Mesopotamia, of which some derive from special buildings, such as the 

Temple S and the Northern Temple N.  

More detailed information about the use and distribution of tin-bronzes at Tell 

Chuera was revealed by a pXRF study on site during the field-study seasons in 2009 

and 2011. During these two seasons, 397 metal finds from the site have been 

qualitatively analysed with a pXRF (see Chapter 2.2.). The results of a sample set 

analysed with pXRF and also with EPMA-WDS were compared and an extended version 

was discussed in Franke (2014). With respect to the evidence for tin-bronzes from this 

study, the results are revealing and several conclusions could be made.  

Out of the nearly 400 qualitatively analysed artefacts only 54 finds (c. 13 per 

cent) were identified as tin-bronzes, confirming the general low appearance of tin-

bronzes at Tell Chuera. Originally, these tin-bronzes had been classified into ‘low 

concentration’ and ‘medium concentration’ tin-bronzes with determined pXRF values 

of Sn ≥ 2 wt% and Sn ≥ 6 wt%, respectively. This distinction was not supported by the 

EPMA results. Here, tin-bronzes with higher tin levels measured with pXRF showed high 

as well as low levels when measured with the EPMA. The same is true for tin-bronzes 

with lower pXRF levels, which also evidenced higher tin content when measured with 

the EPMA. It was assumed that only a general trend of tin evident in copper could be 

identified with pXRF analysis but that no distinction between low and high tin levels 

can be undertaken with this kind of analysis. Also, in some cases significant tin 

contents were not discovered during pXRF analysis and it was concluded that the 

overall number of tin-bronzes may well have been slightly higher than the number of 

artefacts identified during pXRF analysis. Minor tin levels of c. 1 wt% Sn, for example, 

were regularly not detected with pXRF analyses (see Fig. 4-3-4). 
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Fig. 4-3-4: Comparison between pXRF and EPMA data from Tell Chuera. Minor tin levels detected 
with quantitate (EPMA) analysis were not detected with qualitative (pXRF) analysis.  
 

 

Interestingly, the pXRF study offered a clear result concerning the distribution of 

tin-bronzes among the tell areas. Only 11 tin-bronzes were identified among the 240 

analysed artefacts from contexts of the living and working areas at the site (areas ASA, 

K, H, HMS, W3, W4). By contrast, 34 tin-rich artefacts (with tin content ≥ 2 wt%) were 

identified among the 100 copper-base finds excavated in the Temple Area S. In 

comparison to the results presented above for arsenical(-antimonial) and (almost) pure 

and impure copper artefacts (which mostly derive from living and working areas), the 

high evidence of tin-bronzes within the Temple Area S gives reason to suggest limited 

access to tin-bronze for the general population at Tell Chuera.  

The comparison of the results from quantitative analysis to those of qualitative 

analysis supports the earlier proposal that the results for the distribution pattern and 

the limited number of tin-bronzes from Area S detected with quantitative analysis was 

partly affected by the sampling strategy. That is, tin-bronzes from Area S were often 

well preserved and accordingly not available for sampling. The distribution of tin-

bronze presented for quantitative analysis only partially represents the actual 

existence and distribution of tin-bronzes at Tell Chuera. Additional qualitative analysis 

of a much larger amount of samples evidenced a distribution pattern of tin-bronzes 

among the excavated tell areas and Temple S suggestively had privileged ‘access’ to 

tin-bronze in contrast to living and working areas at Tell Chuera.  
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4.3.2. Tin-Bronze Artefacts from Major Urban Centres: Tell Mozan 

Somewhat different is the situation at Tell Mozan, a major urban centre in the 

Eastern Jezirah. Out of 72 quantitatively analysed finds, 16 can be described as tin-

bronzes, of which 10 datasets were provided by Northover (unpubl. report). It is 

noteworthy that more than one third of the analysed tin-bronzes (MZ-5-B3q240i, MZ-5-

B4i130, MZ-5-B4q270m-1, MZ-5-B5i88-1, MZ-A16q608-1, MZ-A16q814-3) are strongly 

corroded and contain c. 12 - 17 wt% Sn with up to 34 wt% of combined chloride and 

oxygen. A single specimen, the wire fragment MZ-5-B4q270m-1, contains only 5 wt% 

tin. Oxygen and chloride were not measured, but its total of about 82 wt% for all 

combined measured elements is indicative of oxygen and chloride levels totalling 

about 20 wt% O, Cl; the same is true for samples MZ-5-B3q240i, MZ-5-B4i130 and MZ-

5-B5i88-1 with totals between 65 to 74 wt% [Northover unpubl. report] (Tab. 4-3-2 and 

4-3-3).  

However, the high tin contents measured on the corroded samples from Tell 

Mozan is suggestive of their origins as tin-bronzes, but these results stand in strong 

contrast to the assumption that tin bronze is less affected by corrosion. Also, among 

the artefacts that are, in general, considered to be stronger affected by corrosion (such 

as (almost) pure copper, impure copper and arsenical(-antimonial copper) only two 

arsenical copper artefacts from Tell Mozan show major amounts of oxygen and/or 

chloride. There is no relation between artefact type and grade of corrosion for tin-

bronzes and both groups (corroded and non-corroded tin-bronzes) differ in their 

general shapes, such as rod-shaped and sheet-shaped artefacts. This phenomenon 

cannot be satisfyingly explained, but the effect may be based on specific burial and 

soil conditions at Tell Mozan, and as discussed below, a similar effect was observed 

for tin-bronzes at Tell Bderi. Northover (2001a: 118) reported similar conditions for 

tin-bronzes at Tell Beydar, which he described as ‘environmental’.  

Among the non-corroded tin-bronzes, only one possible bracelet (MZ-7-

A6q210m) can be classified as high tin-bronze with about 12 wt% Sn. The larger group 

of medium tin-bronzes comprises four artefacts with tin content of 7 - 10 wt% Sn: a 

possible stylus (MZ-PN36), a nail (MZ-5-B5q156m), a rod fragment (MZ-5-B5q170m) 

and a bowl (MZ-7-F1254). The same number of low tin-bronzes is present with tin 

content of about 3 - 5 wt% Sn: a spearhead (MZ-5-B3i8), a ring (MZ-5-BH550), a pin (MZ-

5-C1i19) and a flat lump (MZ-5-B4q270m-2), which may be a casting waste. 

 Arsenic levels range between c. 2000 ppm and 1 wt% As. A single exception, the 

spearhead MZ-5-B3i8, contains nearly 2 wt% arsenic combined with about 0.5 wt% 

antimony. Within most of the remaining finds, antimony levels were either not 

detected or are at the detection limit with about 200 ppm. A very small and strongly 

corroded fragment MZ-A16q814-3 contains about 2000 ppm Sb, and the bowl MZ-7-
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F1254 shows antimony levels of about 300 ppm Sb. The lack of antimony within the 

tin-bronzes from Tell Mozan stands in contrast to the results from Tell Chuera, and the 

use of fahlores for tin-bronzes at Tell Mozan can be excluded. A relatively pure copper 

with low amounts of arsenic seems to have been the base for this alloy. However, 

higher nickel content within the non-corroded samples is in most cases associated with 

elevated arsenic levels as it was the case for tin-bronzes from Tell Chuera; and 

specimens with arsenic levels of about 1 wt% As have a nickel content of c. 2000 - 

5000 ppm Ni. In contrast, specimens with lower arsenic levels (As c. 2000 - 3000 ppm) 

contain only traces of nickel (Ni c. 200 - 500 ppm). An exception is again the 

spearhead MZ-5-B3i8 with about 2 wt% As but only traces of nickel (Ni c. 400 ppm). No 

nickel or only nickel levels at its detection limit of 100 ppm Ni was detected in the 

corroded tin-bronzes, besides a single exception (MZ-A16q608-1), which contains 

about 1000 ppm Ni and 1 wt% As. Additionally, this rod fragment differs from all 

further tin-bronze artefacts by relatively high lead (Pb c. 2 wt%) and silver (Ag c. 4000 

ppm) levels. These elevated lead levels could be due to a deliberate addition of lead to 

the melt [Northover 2001a: 118]. Besides this exception, lead contents within non-

corroded artefacts can be separated into two groups: lead levels of about 0.5 - 1 wt% 

Pb (MZ -5-B5q156m, MZ-5-BH550, MZ-5-C1i19), and lead levels between 300 and 3000 

ppm Pb (MZ-PN36, MZ-5-B4q270m-2, MZ-5-B5q170m, MZ-7-A5i18, MZ-7-A6q210m, 

MZ-7-F1254). No lead was detected in most of the corroded tin-bronzes (MZ-5-B4i130, 

MZ-5-B5i88-1, MZ-5-B3q240i). Only two corroded specimens (MZ-A16q814-3, MZ-5-

B4q270m-1) give evidence for minor lead amounts of about 1000 ppm Pb. 

For most specimens, silver was either not detected or is present in only trace 

quantities, typically in the range of 300 - 400 ppm Ag. Exceptions occur for the 

corroded rod fragment MZ-A16q608-1 (Ag c. 4000 ppm) and a small, corroded globule 

(MZ-A16q814-3, Ag c. 1000 ppm). Due to the sparse evidence for silver content no 

relation between silver and lead could be identified. 

Iron content of corroded and non-corroded specimens is similarly low (Fe c. 500 - 

3000 ppm) but of which the corroded artefacts show regularly higher iron levels than 

non-corroded samples. Only three specimens show slightly higher iron levels of about 

1 wt% (MZ-5-B4q270m-2, MZ-5-C1i19, MZ-A16q814-3) of which the corroded fragment 

MZ-A16q814-3 gives the highest results with 1.13 wt% Fe. The same is true for sulphur 

content with values of 30 - 6000 ppm S, of which the corroded specimens on average 

have higher sulphur concentrations (S c. 2000 - 6000 ppm). Elevated iron and sulphur 

levels within corroded samples are not surprising because these elements may 

partially derive from the soil and have accreted into the artefact. A single artefact (MZ-

7-F1254) has exceeded cobalt levels of about 1000 ppm Co. 
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Only four samples give evidence for a ratio of selenium and tellurium (see 

Chapter 4.1.3.2.) and very little conclusions can be drawn here. However, the nail MZ-

5-B5q156m and the ring MZ-5-BH550 show similar Se/Te values (7 and 5), in addition 

to a very similar composition. The copper used for these tin-bronzes may well have 

derived from the same ore deposit.  

The majority of tin-bronzes (n=9) were found in the Temple Area B and comprise 

a wide variety of kinds of artefacts. Among them are a spearhead (MZ-5-B3i8), a nail 

(MZ-5-B5q156m), a ring (MZ-5-BH550), a pin (MZ-5-B4i130), a wire fragment (MZ-5-

B4q270m-1) and several fragments that are described by Northover (unpubl. report) as 

metal ‘stock’. The latter are sheet-shaped fragments (MZ-5-B3q240i, MZ-5-B5i88-1), 

one single artefact is a rod fragment (MZ-5-B5q170m), and MZ-5-B4q270m-2 may be a 

thick sheet fragment or a casting waste. The second largest group (n=4) derived from 

Area A, the palace and its surroundings. Again, several kinds of artefacts are 

represented and among them are a flat bowl (MZ-7-A5i18), a possible bracelet 

fragment (MZ-7-A6q210m), a possible pin fragment (MZ-A16q608-1), and a 

functionally unidentified fragment (MZ-A16q814-3), possibly a waste. A single pin (MZ-

5-C1i19) was found within the test trench Area C and a bowl was excavated close to 

the city wall (Area F) (MZ-7-F1254). One find has no find number (PN36) and its find-

location is unknown. 

Similar to the find situation at Tell Chuera, the distribution pattern of tin-bronzes 

among the different areas of Tell Mozan indicates the use of tin-bronze in particular in 

institutional (elite) buildings, such as the temple (Area B) and the palace and its 

surrounding (Area A). The variety of artefacts is large but mainly represents decorative 

items. The single spearhead seems to be an exception. However, the rod fragment 

(MZ-5-B5q170m) and the small waste fragment (MZ-A16q814-3) could also have 

originally been part of an implement’s tang.  

At this present stage, no precise date can be estimated for the tin-bronzes from 

Tell Mozan and all artefacts date approximately to the 3rd millennium BC. However, 

Northover (unpubl. report) states that his samples mainly date to the first half of the 

3rd millennium BC. 

 

4.3.3. Tin-Bronze Artefacts from Major Urban Centres: Tell Beydar 

Two published datasets presenting analysis of tin-bronzes from Tell Beydar are 

available: (i) an analytical study by Northover published in 2001(a), and (ii) a more 

recent study by Tonussi et al., published in 2014.  

Northover (2001a) analysed 26 copper-base artefacts with EPMA. Out of these 

specimens, nine artefacts (G-7006-M-1, B-2629-M-2, B-2629-M-3, B-2640-M-2, B-2640-
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M-3, E-5713-M-29, F-6007-M-3, F1-6138-M-3, F-6138-M-5) contain tin levels between 6 

and 17 wt% Sn. Three samples are highly corroded (O, Cl c. 30 - 40 wt%) but give 

medium (Sn c. 6 - 8 wt%: F-6138-M-3, F1-6138-M-5) to high (Sn c. 14 wt%: B-2640-M-3) 

amounts of tin.  

Severely corroded artefacts with 'high' tin content are suggestively true tin-

bronzes despite their corroded nature. It is more difficult to specify the tin-bronze 

status where corroded artefacts have 'medium' tin content. It is most likely that the 

latter corroded tin-bronzes with measured medium tin levels may have either been low 

tin-bronzes or contained tin levels below 2wt% Sn.  

Arsenic levels within the tin-bronzes analysed by Northover (2001a) range 

between c. 0.4 and 1 wt% As. Antimony is only present in traces (Sb c. 100 - 700 ppm) 

with a single exception (F-6007-M-3), which contains about 4000 ppm Sb. Hence, for 

arsenic and antimony, the tin-bronzes from Tell Beydar show a comparable 

composition to the specimens from Tell Mozan. However, in contrast to Tell Mozan, 

nickel content appears to be unrelated to arsenic content and higher nickel levels did 

not appear with higher arsenic levels. Two specimens (B-2629-M-2, B-2629-M-3) give 

unusually high nickel levels of nearly 1 wt% Ni. All further tin-bronzes show only low 

amounts of nickel of about 200 - 2000 ppm Ni.  

Silver was either not detected or at its detection limit (Ag c. 0.2 wt%) in most 

specimens. However, out of these samples, three are strongly corroded and it is 

conceivable that silver was present at low levels in the original finds but not detected 

during EPMA analysis. Only four samples (B-2629-M-2, B-2629-M-3, B-2640-M-2, F-

6007-M-3) evidence the presence of silver with content about 1000 - 2000 ppm Ag. A 

single exception is the pin fragment E-5713-M-29 with only c. 400 ppm Ag.  

Most samples show medium amounts of lead impurities (Pb c. 1000 - 6000 ppm). 

The high tin-bronze F-6007-M-3 has exceptionally high lead content with nearly 2 wt% 

Pb and was classified by Northover (2001a: 218) as possibly a copper-lead alloy. About 

100 ppm lead were measured in the corroded specimen F-6138-M-5 but these levels 

are at the detection limit of this element. Due to the limited results for silver levels no 

relation between silver and lead can be established. 

Within the data for iron concentration, two groups can be defined. One group 

shows high iron content of about 0. 5 - 1 wt% Fe (B-2640-M-2, B-2640-M-3, E-5713-M-

29, F-6007-M-3, G-7006-M-1), the second group gives only traces of iron between c. 

700 and 1000 ppm Fe (B-2629-M-2, B-2629-M-3, F1-6138-M-3, F-6138-M-5). In 

addition, an association between higher iron content and higher sulphur levels is 

evident for most tin-bronzes analysed by Northover (2001a). Again, the high tin-

bronze F-6007-M-3 is an exception, with about 1 wt% Fe and only 3000 ppm S. In 

relation to its additionally increased antimony (Sb c. 0.4 wt%) and high lead levels (Pb 



 

 
 

138 

c. 1.7 wt%), this artefact may have been either produced with a different kind of copper 

or may be an import. 

Most tin-bronzes analysed by Northover (2001a: 122-123) are pins (B-2629-M-2, 

B-2629-M-3, B-2640-M-2, E-5713-M-29, F-6138-M-5, G-7006-M-1) in addition to one 

bracelet (B-2640-M-3), one ear scoop (F1-6138-M-3) and an artefact described as 

‘hollow point’ (F-6007-M-3).  

The majority (n=4) of these tin-bronzes were found within burials from the Living 

Area B at Tell Beydar, which date to EJZ 3 at the mid-3rd millennium BC. Contemporary 

or slightly later finds (EJZ 4a) came from official buildings in areas F (n=3) and G (n=1) 

on the acropolis at Tell Beydar. Here, three of the discussed finds (two decorative tin-

bronzes - F-6138-M-5 and F1-6138-M-3, and one pair of impure copper tweezers - F1-

6138-M-1) had been deposited together with a badly preserved copper-silver pin in an 

EJZ 4a elite burial below a floor of the official buildings on the acropolis [Debruyne 

1997; Tonussi 2008: 221-222; Tonussi et al. 2014: 310-311]. However, the tin-

bronzes F-6138-M-5 and F1-6138-M-3 are both highly corroded and have medium tin 

levels of 6 and 7 wt% Sn. Due to the strong corrosion, their original character as tin-

bronze is difficult to establish, and they may originally have been low rather than 

medium tin-bronzes. Also, we cannot exclude that their original tin content was below 

2 wt% Sn. A single find was excavated in the so-called Arched Granary in Area E dating 

to EJZ 3b.  

No tin-bronze from the earlier dated areas (Living Area H and its burials) is 

among these analysed tin-bronzes. However, a single artefact (H-8431-M11), 

containing c. 2 wt% arsenic and c. 1 wt% tin was found within Burial 8431/Area H 

dating to EJZ 1/2. It is noteworthy that Northover (2001a) suggested that the 

combination of low tin content combined with sufficient arsenic levels can be 

explained by the slow introduction of tin-bronze in Upper Mesopotamia. He stated that 

knowledge about tin-bronze probably travelled slower than the metal. Hence, tin-

containing metals may have been unknowingly mixed with arsenical copper especially 

during the early 3rd millennium BC [Northover 2001a: 119].  

The second dataset origins from Tonussi et al. (2014) and analysis was 

undertaken with ICP-OES. Out of the 57 analysed artefacts, 18 could be classified as 

tin-bronze with tin content between 4 and 30 wt% Sn; their state of corrosion was not 

reported [Tonussi et al. 2014: Tab. 2]. Four samples (10111-M-3, 32466-M-6, 32907-

M-2, 9612-M-2) show tin levels of about 20 - 30 wt% Sn but these unusually high 

amounts of tin may be due to corrosion effects [Tonussi et al. 2014: 308]. A second 

group (10020-M-2, 28146-M-1, 35152-M-3, 6726-M-1, 9612-M-1) could be classified as 

high tin-bronzes with about 14 - 16 wt% Sn. The largest group comprises low (10020-
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M-3, 28018-M-1, 32215-M-4, 32466-M-4) to medium (10039-M-1, 13066-M-1, 32403-

M-2, 6940-M-3, 8520-M-2) tin-bronzes (n=9) with tin levels of c. 4 - 9 wt% Sn.  

In contrast to the previously reported sites, Tell Chuera and Tell Mozan, the 

transition between low and medium tin-bronzes at Tell Beydar merges and no clear 

threshold (for classification into low versus medium) in tin content could be 

established. The same is true for copper-base artefacts with lower tin concentration. 

While the samples from Tell Chuera and Tell Mozan show a clear delineation between 

low tin-bronzes and non-tin-bronzes, tin concentration within the artefacts from Tell 

Beydar range between just below 2wt% Sn and trace levels, and a full range of values 

within the intermediate levels is present. As previously discussed, the result may be 

due to the analytical method used by Tonussi et al. (2014). However, the majority of 

tin-containing samples with tin levels about 1 - 2 wt% Sn also contain essential arsenic, 

and in some cases antimony levels. Therefore, we cannot exclude that this 

phenomenon may also be due to intensive recycling activities on the site, which will be 

discussed in the sections on tin-bronze below (Chapter 5.10., 7.3.8. and 7.3.11.). 

Also, the tin-bronzes from Tell Beydar [Tonussi et al. 2014] demonstrate higher 

arsenic content than observed within tin-bronzes from other sites. Two artefacts 

contain about 2 wt% arsenic combined with c. 5 wt% Sn (13066-M-1) and c. 23 wt% Sn 

(10111-M-3). Specimen 6182-M-2 contains 2 wt% Sn and 2 wt% As and was previously 

classified as arsenical copper (Chapter 4.2.6., Tab. 4-2-4 - 4-2-5).  A further seven 

samples give arsenic levels of c. 1 wt% As combined with tin content of c. 4wt % Sn 

(10020-M-3, 32215-M-4), c. 6 - 9 wt% Sn (10039-M-1, 6940-M-3, 8520-M-2), c. 14 wt% 

Sn (10020-M-2) and c. 30 wt% Sn (32907-M-2). The remaining nine tin-bronzes could 

clearly be categorised as low in arsenic as they contain only minor amounts; values 

range between c. 1000 and 3000 ppm As. Noteworthy are four of these tin-bronzes 

(28146-M-1, 35152-M-3, 6726-M-1, 9612-M-1) with minor arsenic content, which are 

classifiable as high tin-bronzes (Sn c. 14 - 16 wt%), while a further two appear to 

exhibit unusually high tin levels of about 20 wt% Sn (32466-M-6, 9612-M-2). However, 

it cannot be ignored that the latter may have been strongly corroded samples and 

originally may have had much lower tin levels. Only three of the tin-bronzes with minor 

amounts of arsenic were low tin-bronzes (28018-M-1, 32403-M-2, 32466-M-4) with tin 

content of c. 4 - 6 wt% Sn.  

Antimony levels are generally low (Sb c. 100 - 3000 ppm) and no relation 

between arsenic and antimony levels can be established. The same is true for nickel 

and arsenic. However, about half of the tin-bronzes (n=8) exhibit relatively high nickel 

levels between 1000 and 8000 wt% Ni, while the remaining eight tin-bronzes only 

contain traces of nickel (Ni c. 100 - 400 ppm). In addition, two samples (35152-M-3, 

32466-M-6) have relatively high cobalt levels (Co c. 1000 - 2000 ppm). However, 
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higher cobalt levels do not appear to be associated with higher iron levels, as is often 

observed due to the chemical affinity of these two metals.  

Iron levels are, in general, low and the majority of samples (n=16) have iron 

content between 700 and 9000 ppm Fe. Only two artefacts (28018-M-1, 32215-M-4) 

give increased amounts of iron (Fe c. 2 wt%). Sulphur content was not measured in this 

study by Tonussi et al. (2014), due to the nature of the chosen analytical technique.  

Four samples (28146-M-1, 32466-M-6, 35152-M-3, 9612-M-1) exhibit unusually 

high lead content of c. 3 - 13 wt% Pb and may be, in accordance with the previously 

discussed interpretations of Northover (2001a), lead alloys. Six specimens (28018-M-1, 

10020-M-2, 32403-M-2, 32907-M-2, 6726-M-1, 10020-M-3) were reported to have lead 

content of about 1 wt% Pb, while all other of the tin-bronzes contain only minor lead 

levels of about 600 - 3000 ppm Pb. Silver content are not related to lead amounts, and 

range between 100 and 700 ppm Ag [Tonussi et al. 2014]. Only one sample (6940-M-

3) shows slightly elevated silver levels of about 1500 ppm Ag.  

Most tin-bronzes analysed by Tonussi et al. (2014) date to EJZ 3 and 4 layers, 

and only one medium tin-bronze dates to EJZ 2 (8520-M-2). The limited amount of tin-

bronzes during EJZ 2 is comparable to Northover’s (2001a) results, which showed no 

tin-bronzes for EJZ 2 or earlier. However, the EJZ 2 medium tin-bronze 8520-M-2, with 

about 7 wt% Sn, is not consistent with Northover’s (2001a) theory that early ‘tin-

bronzes’ were a results of unknowingly mixing tin into copper by means of tin-

containing scrap metals. 

 Little is known about the function and shape of the tin-bronze artefacts analysed 

by Tonussi et al. (2014); most of the artefacts were described as "…fragmentary and 

heavily corroded pieces, whose original shape and function were almost unknown" 

[Tonussi et al. 2014: 313]. Unfortunately, no differentiation between, for example, rod 

fragments and sheet-shaped fragments was presented by the authors. However, for 

some of the tin-bronzes their function was mentioned; they comprise personal 

ornaments and tools in equal parts. Three specimens are decorative items and were 

sampled from hair rings (10111-M-3, 32466-M-6) and a single bracelet (28146-M-1). 

Implements included a spatula (28018-M-1), a chisel (10039-M-1), a blade (10020-M-3), 

and an awl (6940-M-3). These listed kinds of artefacts were also represented among 

other copper-base metals analysed from Tell Beydar and, in contrast to the tin-bronzes 

analysed by Northover (2001a), no preference in the use of tin-bronze for specific 

kinds of artefacts could be concluded for the tin-bronzes analysed by Tonussi et al. 

(2014). Unfortunately, the article did not mention find-locations and no information 

about the distribution of tin-bronzes on the site can be added.  
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4.3.4. Tin-Bronze Artefacts from Major Urban Centres: Tell Brak 

Only two analysed tin-bronzes were registered at Tell Brak [Northover 2001b] but 

both artefacts (SS/180/5922, SS/surface/7538) are highly corroded. The rod fragment 

SS/surface/7538 contains tin levels of c. 11 wt% Sn, and minor levels of arsenic (As. c. 

4000 ppm) and nickel (Ni c. 1100 ppm), traces of lead, bismuth and silver (c. 200 - 

400 ppm, respectively) and low amounts of iron and sulphur (c. 2000 ppm, 

respectively); antimony was not detected. The tang SS/180/5922 shows high tin levels 

of about 21 wt% Sn but only traces of arsenic (As c. 500 ppm). Its nickel levels are 

slightly higher (Ni c. 2200 ppm) than detected in SS/surface/7538; iron and sulphur 

contents are comparably low with about 2000 ppm, respectively. However, due to their 

corroded nature, their original composition is uncertain, but the medium to high tin 

levels of 11 wt% and 21 wt% Sn are suggestive of their origin as tin-bronzes.   

 

4.3.5. Tin-Bronze Artefacts from Small Cities and Villages: Tell Raqa’i 

Only a single tin-bronze was identified at Tell Raqa’i, namely the toggle pin RQ-

M49. The pin contains about 3 wt% Sn and minor amounts of arsenic (As c. 0.2 wt%). 

Otherwise, RQ-M49 shows hardly any significant constituents and nickel, silver, 

sulphur and iron are only present in trace quantities between 300 and 500 ppm. 

Sulphur content could be traced back to a low amount of rather small inclusion; iron is 

present as metallic iron, now corroded.  

Optical microscopy revealed a very well worked metal artefact: The pin fragment 

is almost perfectly round in circumference and a seam is running from its centre to the 

surface of the preserved, non-corroded metal (Fig. 4-3-5). This specific feature gives 

reason to suggest that the pin was shaped by folding the metal back on itself. 

Furthermore, elongated copper sulphides indicate hammering of the pin, and bent 

annealing twins show that cold-working was the last working step (Fig. 4-3-6).  

The pin fragment RQ-M49 was excavated together with an impure copper pin 

(RQ-M48) and both artefacts were found within the debris of Room 6 of the so-called 

Rounded Building, a possible grain storage area. Due to the position of their find-

location, they may either date to the earlier Level 4 (c. 2700 BC) or may belong to the 

earlier dating Burial 19 of Level 3 (c. 2600 BC) which is located close to their find-spot 

[Dunham 2015: 3.3.3. No. 50-51; Franke et al. 2015: 523]. The latter possibility seems 

quite likely and a third pin, RQ-M45, was excavated with Burial 19.  
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Fig. 4-3-5: Micrograph of sample RQ-M49, showing its round circumference and a seam running 
towards the centre of the artefact; left: magnification x40; right: magnification x100.  

  

Fig. 4-3-6: Micrograph of sample RQ-M49 (right), showing elongated copper sulphides; 
magnification x200; micrograph of sample RQ-M49, (left) showing annealing twins within the 
corrosion layer; magnification x500. 

 

 

 
 

  

 

 

 

Fig. 4-3-7: Pin RQ-M49 (top left), toggle pin RQ-M45 (top right) and toggle pin RQ-M48 (below 
left) in comparisons to toggle pin BD89-388 from Tell Bderi (below right).  
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RQ-M45 is nearly identical in its shape to RQ-M48 (Fig. 4-3-7) and this specific 

pin type is rarely present within 3rd millennium BC metal inventories in the Jezirah. 

This supports the possibility that both pins date to the same time period about 2600 

BC, by means of the securely dated pin in Burial 19. Two very similar pins (BD89-387, 

BD89-388) were excavated within Burial VI at Tell Bderi dating to EJZ 2, c. 2700 - 2600 

BC (Fig. 4-3-7). However, the slightly more roundish character of the pierced discs of 

the finds from Tell Bderi is suggestive of an earlier version of the same pin type. 

Unfortunately, the date (c. 2700 - 2600 BC) of the toggle pins from Tell Bderi does not 

establish either of the find-locations since Level 3 (Burial 19) dates to 2600 BC and 

Level 4 (Rounded Building) to 2700 BC. 

 

4.3.6. Tin-Bronze Artefacts from Small Cities and Villages: Tell Bderi 

In contrast to Tell Kharab Sayyar, where no tin-containing artefacts were found, 

and Tell Raqa’i, where only a single tin-bronze was identified, several tin-bronzes were 

identified within the sampled assemblage of Tell Bderi. Out of 45 artefacts, seven 

exhibit tin content up to 11 wt% Sn and date to EJZ 2 levels. However, the majority of 

these tin-bronzes are heavily corroded (n=5) and their tin content cannot be accurately 

determined. As occurred with the tin-bronzes from Tell Mozan and Tell Beydar, the 

high amount of corrosion may be due to specific burial and environmental conditions 

at Tell Bderi.  

Among the seven 3rd millennium BC tin-bronze artefacts, two finds are in very 

good conditions (BD89-382-2, BD89-385) and can be categorised as medium tin-

bronzes with tin content of c. 5 wt% Sn (BD89-382-2) and c. 7 wt% Sn (BD89-385). An 

additional rod fragment (BD89-004) also shows c. 5 wt% Sn, but was not clearly 

stratified and it may well date to later strata and not to the 3rd millennium BC. Due to 

its uncertain date, the artefact will not be discussed in detail. The rod fragment BD89-

417-3 contains a tin level of c. 11 wt% Sn but the sample is highly corroded (O, Cl c. 30 

wt%) and its original tin content was probably significantly less. However, it may be 

suggested that this specimen was at least a low to medium tin-bronze. The likewise 

strongly corroded (O, Cl c. 20 wt%) rod fragment BD89-417-2 has a tin content of 

nearly 8 wt% Sn and the corroded (O, Cl c. 30 wt%) pin fragment BD89-391-1 gives a tin 

level of about 6 wt% Sn. These artefacts may also be considered to have originally been 

low tin-bronzes, but we cannot exclude that in their original state they may have 

contained a tin content of even less than 2 wt% Sn. The rod fragment BD89-417-1 and 

the pin BD89-390 exhibit only a tin level of c. 3 wt% Sn and were possible low tin-

bronzes, but the original composition of these two corroded fragments is again 

difficult to estimate.  
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Only the non-corroded pin BD89-382-2 has an arsenic level of nearly 2 wt% As. 

Four artefacts give low amounts of arsenic (As c. 3000 - 7000 ppm; BD89-390, BD89-

417-1, BD89-417-2, BD89-417-3) but all artefacts are highly corroded and their original 

arsenic levels may have been either higher or lower. The remaining two tin-bronzes 

(BD89-385, BD89-391-1) contain only trace quantities of below 1000 ppm As, of which 

one sample (BD89-391-1) is corroded. Antimony content is generally low in all tin-

bronzes with a maximum of c. 3000 ppm Sb. As observed with the samples from Tell 

Chuera, higher antimony levels appear with higher amounts of arsenic. However, due 

to the state of corrosion of most artefacts, a conclusive statement is not possible.  

Only the rod fragment BD89-004 and pin BD89-382-2 provide evidence for 

significant nickel content (Ni c. 2000 - 3000 ppm), while all other tin-bronzes show nil 

nickel or only traces of c. 300 ppm Ni.  

Silver was mostly not detected in tin-bronzes from Tell Bderi. Only the rod 

fragment BD89-417-3 contains silver, with content of approximately 1300 ppm Ag. 

Lead and silver levels seem to be unrelated and only three samples exhibit high lead 

levels: c. 2 wt% Pb for BD89-004, c. 1 wt% Pb for BD89-382-2, and c. 0.5 wt% Pb for 

BD89-417-1. As proposed by Northover (2001a: 118; see also Chapter 4.3.3.), lead in 

the range of 2 wt% Pb may have been intentionally added to the copper. All other tin-

bronzes have no detectable lead content or only minor amounts (Pb < 1000 ppm). Iron 

levels are below 1 wt% Fe for all artefacts with a range of values between 400 and 

3000 ppm Fe. Accompanying sulphur content is similarly low at about 1000 ppm S or 

lower.  

All described tin-bronzes were excavated with Burial VI, a richly equipped grave 

including the deposition of different pins and finger rings of varying compositions 

(Tab. 4-1-4, 4-1-8, 4-2-2, 4-3-2, 4-3-3). The grave was found within Level 24-25 and 

could be dated to the early phase of EJZ 2 dating to about 2700 BC [Quenet 2011]. 

Therefore, theses tin-bronzes derive from the early occupation layers at Tell Bderi and 

are amongst the earlier tin-bronzes from Upper Mesopotamia. No tin-bronzes were 

excavated with later EJZ occupation layers at Tell Bderi despite one production waste 

product with about 1.5 wt% Sn (Chapter 4.9.).  

The range of shapes among these artefacts is limited to rod fragments and pins, 

probably due to the nature of their find-location. Several pins are well preserved and 

were identifiable in their type. However, among them are rather uncommon pin 

shapes. The head of BD89-382-2, for example, consists of two alternating spirals and 

its rod is twisted. Another unusual pin is BD89-390 with an S-shaped head, which may 

be interpreted as abstracted animal depiction. A more common type is the nail head 

pin BD89-385.  
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Additionally, several rod fragments with rectangular and round cross sections are 

among the tin-bronzes from Tell Bderi. The latter were most likely also pin fragments. 

Their origin as tang fragments is unlikely since there is no evidence for a single blade 

within Burial VI. Also, contextualised implements and pins are rather uncommon in 

Upper Mesopotamian graves. The high amount of pins and potential pins in the form 

of rod fragments is suggestive of a female burial. 

Additional analysed tin-bronzes from Tell Bderi (BD86-022, BD87-024, BD87-064, 

BD87-077, BD87-199-1, BD87-206) derive from Mitanni layers and date to the 2nd 

millennium BC (Tab. 4-3-4). Besides a few exceptions, these later specimens are 

comparable in their composition to the 3rd millennium BC finds. Most artefacts (n=5) 

are highly corroded (O, Cl c. 10 - 40 wt%) and give tin levels between 7 - 14 wt % Sn. 

Only one medium tin-bronze, BD87-199, is not corroded and contains c. 5 wt% Sn.  

Similar to the tin-bronzes from Burial VI, the arsenic levels of the samples are 

generally low. Only one find (BD87-064) exceeds 1 wt% As. However, this find is highly 

corroded so the original arsenic content may have been lower. All other specimens 

contain arsenic levels of about 2000 - 8000 ppm As. In contrast to the finds from 

Burial VI no relation between arsenic and antimony contents could be observed among 

the results of the Mitanni artefacts. Antimony levels are, in general, lower for the 

Mitanni artefacts and range in values between 200 and 800 ppm Sb or were not 

detected. This difference could indicate a different copper source in the production of 

tin alloys during the later occupation at Tell Bderi. However, it could also be an effect 

caused by corrosion.  

Only one find (BD87-077), has a slightly elevated silver content of about 900 

ppm Ag, while nil silver or only trace quantities (Ag c. 400 ppm) were detected in all 

other 2nd millennium BC specimens.  

The same is true for nickel content; these ranged between 300 - 700 ppm Ni. 

Lead content is generally low and ranges between 300 - 700 ppm Pb, with only one 

specimen (BD87-064) containing about 2000 ppm Pb. Since silver was not detected in 

most Mitanni tin-bronzes no relation between lead and silver can be established  

Exceptional among the finds from Tell Bderi dating to the 2nd millennium BC are 

detected cobalt levels and four specimens (BD86-022, BD87-024, BD87-034, BD87-

206) show cobalt content of about 200 to 1000 ppm Co. Cobalt was not detected 

among the artefacts from 3rd millennium BC Tell Bderi, as also for most analysed 

artefacts from the here presented sites but only for the non-stratified artefact BD89-

004. In comparison, only two 3rd millennium BC tin-bronzes from Tell Beydar (32466-

M-6, 35152-M-3; Tonussi et al. 2014: Tab. 2) and one tin-bronze artefact from Tell 

Mozan (MZ-7-F1254) gave cobalt levels of 1000 - 2000 ppm Co (Chapter 4.3.2. and 

4.3.3.).  
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The comparison of the data from EJZ and Mitanni layers for tin-bronzes is, 

unfortunately, not as revealing as might be expected for samples deriving from such 

different contexts. A major problem, as repeatedly stated above, is the high state of 

corrosion for most samples, with consequent uncertainty about the composition of the 

original items, for the range of elements under study.  

However, three interesting conclusions can be drawn with confidence:  

1. Tin-bronzes from both groups (EJZ and Mitanni) show arsenic content below 1 

wt% As, with one exception in each group. A similar phenomenon was observed with 

most tin-bronzes from other 3rd millennium BC sites, and this seems to be a 

consistent feature of tin-bronzes during the 3rd millennium BC. This phenomenon 

appears to continue, at least at Tell Bderi, into the 2nd millennium BC. The low content 

of arsenic in tin-bronzes of this era may be related to a deliberate choice in metal for 

tin-bronze production.  

2. Arsenic and antimony contents appeared to be closely associated for most 

samples. However, EJZ samples from Tell Bderi had higher antimony levels than 

Mitanni finds. Such lower antimony may be an effect of consistent recycling, but may 

also be due to a different kind of copper metal used for the Mitanni tin-bronze on site. 

Also, the slightly elevated cobalt levels found in Mitanni samples, but which were 

absent from EJZ specimens, suggest access to a different copper ore source. However, 

the amount of detected selenium and tellurium content within sulphides of all samples 

is too small to differentiate between the groups on the basis of Se/Te values (see 

Chapter 4.1.3.2.).  

3. Iron and sulphur contents appeared to be closely associated for all samples, 

and the Mitanni specimens gave generally higher iron and sulphur levels. This 

observation is not really surprising, since we may associate later metallurgical 

activities with deeper ore deposits and consequently higher amount of sulphidic ores 

causing an increase in the amounts of iron and sulphur.  
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Tab. 4-3-1: Different kinds of 3rd millennium BC tin-bronzes from the Jezirah. 

Site Date/EJZ Lab # function kind variant Method
Bderi EJZ 2 BD89-382-2 decorative pin ns EPMA

Bderi EJZ 2 BD89-385 decorative pin nail head EPMA

Bderi EJZ 2 BD89-390 decorative pin S-shaped head EPMA

Bderi EJZ 2 BD89-391-1 decorative pin pointed end EPMA

Beydar EJZ 3b 28146-M-1 decorative bracelett ridgid ICP

Beydar EJZ 3 B-2629-M-2 decorative pin/rod shaft EPMA-PN

Beydar EJZ 3 B-2629-M-3 decorative pin/rod shaft EPMA-PN

Beydar EJZ 3 B-2640-M-2 decorative pin/needle ns EPMA-PN

Beydar EJZ 3 B-2640-M-3 decorative bracelet round, pennanular EPMA-PN

Beydar ns E-5713-M-29 decorative pin shaft/head, thick EPMA-PN

Beydar EJZ 3 F-6138-M-5 decorative pin/ornament bird headed EPMA-PN

Beydar EJZ 3 F1-6138-M-3 decorative "ear scoop" ns EPMA-PN

Beydar EJZ 3 G-7006-M-1 decorative pin shaft EPMA-PN

Chuera 3rd BC TCH63-Mo3 decorative pin round EPMA

Chuera 3rd BC TCH63-Mo4 decorative pin ball head EPMA

Mozan 3rd BC MZ-5-B4i130 decorative pin pin shaft/knobs EPMA-PN

Mozan 3rd BC MZ-5-B5q170m decorative rod square rod/tang EPMA-PN

Mozan 3rd BC MZ-5-BH550 decorative ring wire ring EPMA

Mozan 3rd BC MZ-5-C1i19 decorative pin large pin EPMA-PN

Raqa'i EJZ 2 RQ-M49 decorative pin tapered EPMA

Beydar EJZ 3a 10039-M-1 implement chisel small ICP

Beydar EJZ 3b 28018-M-1 implement spatula ns ICP

Beydar EJZ 4a 6940-M-3 implement awl ns ICP

Brak ns SS/180/5922 implement tang ns ICP

Chuera 3rd BC TCH67-Mo-bl2 implement blade sheet EPMA

Mozan 3rd BC MZ-5-B3i8 implement spearhead tanged blade EPMA-PN

Mozan 3rd BC MZ-5-B5q156m implement nail ns EPMA

Mozan 3rd BC MZ-7-A5i18 implement bowl bowl EPMA-PN

Mozan 3rd BC MZ-PN36 implement? stylus? ns EPMA

Bderi EJZ 2 BD89-417-1 fragment rod round EPMA

Bderi EJZ 2 BD89-417-2 fragment rod round EPMA

Bderi EJZ 2 BD89-417-3 fragment rod round EPMA

Bderi unstratified BD89-004 fragment rod rectangular EPMA

Beydar EJZ 3 F-6007-M-3 fragment hollow point ns EPMA-PN

Brak ns SS/ surface/7538 fragment rod exfoliated, square ICP

Chuera EJZ 2/3a TCH-S08-068-4 fragment rod triangular EPMA

Chuera EJZ 3ab TCH-W1-510 fragment rod rectangulare EPMA

Chuera 3rd BC TCH60-085N fragment rod rectangular? EPMA

Chuera 3rd BC TCH60-182N fragment rod rectangular to round EPMA

Mozan 3rd BC MZ-5-B3q240i fragment sheet flat EPMA-PN

Mozan 3rd BC MZ-5-B4q270m-1 fragment wire ns EPMA-PN

Mozan 3rd BC MZ-5-B5i88-1 fragment sheet flat strip EPMA-PN

Mozan 3rd BC MZ-7-A6q210m fragment bracelett? rod round EPMA-PN

Mozan 3rd BC MZ-A16q608-1 fragment pin? rod round EPMA

Mozan 3rd BC MZ-A16q814-3 fragment waste amorphous EPMA

Beydar EJZ 3 10020-M-2 ns ns ns ICP

Beydar EJZ 3 10020-M-3 ns ns ns ICP

Beydar EJZ 3a 10111-M-3 ns ns ns ICP

Beydar EJZ 3b 13066-M-1 ns ns ns ICP

Beydar EJZ 3b 32215-M-4 ns ns ns ICP

Beydar EJZ 4 32466-M-4 ns ns ns ICP

Beydar EJZ 4 32466-M-6 ns ns ns ICP

Beydar EJZ3b/4a 32907-M-2 ns ns ns ICP

Beydar EJZ 3 35152-M-3 ns ns ns ICP

Beydar EJZ 2 8520-M-2 ns ns ns ICP

Beydar EJZ 3a 9612-M-1 ns ns ns ICP

Beydar EJZ 3a 9612-M-2 ns ns ns ICP

Mozan 3rd BC MZ-7-F1254 ns bowl bowl EPMA-PN

Bderi EJZ 3b BD86-191 prod. debris casting waste amorphous EPMA

Beydar EJZ 4a 32403-M-2 prod. debris bar ingot fragment ICP

Beydar EJZ 3b 6726-M-1 prod. debris disc ingot fragment ICP

Chuera EJZ 2/3a TCH-S08-092 prod. debris tech. ceramic arsen/tin prills EPMA

Chuera EJZ 2/3a TCH-S08-092 prod. debris tech. ceramic tin-bronze prills EPMA

Mozan 3rd BC MZ-5-B4q270m-2 prod. debris flat castig waste EPMA
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Tab. 4-3-3: Non-identified tin-bronze artefact fragments and tin-bronze production debris from 
the Jezirah. EPMA and ICP-OES data (Tell Beydar). Corroded artefacts are indicated by italics. 
 

 

 
Tab. 4-3-4: Mitanni tin-bronze artefacts from Tell Bderi. EPMA data. Corroded artefacts are 
indicated by italics. 

Lab # O Cl Cu As Sb Sn Bi Pb Ni Ag Au S Fe Co Total

BD89-417-1 23.5 16.8 55.5 0.52 0.11 2.87 nd 0.49 0.03 nd nd 0.07 0.08 nd 100.0

BD89-417-2 13.3 8.9 69.4 0.61 0.11 7.54 nd nd nd nd nd 0.03 nd nd 99.9

BD89-417-3 22.4 9.2 56.2 0.68 0.15 10.9 nd 0.07 0.03 0.13 nd 0.04 0.12 nd 100.0

BD89-004 nd 0.1 91.6 0.49 nd 5.20 nd 1.89 0.27 0.04 nd 0.11 0.24 0.05 100.0

F-6007-M-3 na na 82.0 1.19 0.43 13.1 0.01 1.73 0.02 0.10 nd 0.34 1.05 0.01 100.0

SS/ surface/7538 na na 60.1 0.39 nd 10.7 0.02 0.04 0.11 0.02 nd 0.19 0.21 0.01 71.8

TCH-S08-068-4 0.1 na 88.2 1.19 0.06 9.60 nd 0.24 0.10 0.03 nd 0.10 0.36 nd 99.9

TCH-W1-510 nd na 91.4 0.51 0.13 7.10 nd 0.18 0.07 nd nd 0.25 0.30 nd 99.9

TCH60-085N 15.0 na 59.6 0.11 0.03 23.9 nd nd 0.29 0.04 nd 0.26 0.58 nd 99.8

TCH60-182N 0.1 nd 96.0 0.19 nd 2.57 nd 0.02 0.03 nd nd 0.21 0.84 nd 100.0

MZ-5-B3q240i na na 53.6 0.18 0.01 17.2 nd nd 0.01 0.02 nd 0.37 0.08 0.01 71.4

MZ-5-B4q270m-1 na na 76.1 0.28 nd 5.44 0.06 0.07 0.01 0.02 0.05 0.07 0.09 0.01 82.2

MZ-5-B5i88-1 na na 52.6 0.47 nd 11.6 0.02 nd 0.01 0.03 nd 0.57 0.07 0.01 65.4

MZ-7-A6q210m na na 87.1 0.19 nd 12.3 nd 0.25 0.05 0.06 0.01 0.03 0.05 nd 100.0

MZ-A16q608-1 10.3 9.0 61.2 0.97 nd 15.7 nd 1.94 0.10 0.37 nd 0.27 0.05 nd 99.9

MZ-A16q814-3 12.6 20.9 51.7 1.10 0.16 11.9 nd 0.11 0.03 0.12 nd 0.22 1.13 nd 100.0

10020-M-2 na na 84.0 0.81 0.10 14.0 0.01 0.81 0.11 0.03 na na 0.07 0.01 99.9

10020-M-3 na na 93.7 1.24 0.11 3.70 0.01 0.68 0.02 0.06 na na 0.20 0.002 99.7

10111-M-3 na na 74.2 1.70 0.08 22.9 0.001 0.13 0.63 0.04 na na 0.36 0.01 100.0

13066-M-1 na na 91.0 1.80 0.06 5.30 0.01 0.32 0.58 0.04 na na 0.53 0.02 99.7

32215-M-4 na na 92.5 1.10 0.31 3.50 0.02 0.12 0.19 0.04 na na 2.00 0.004 99.8

32466-M-4 na na 95.3 0.20 0.001 3.60 0.02 0.09 0.02 0.02 na na 0.12 0.01 99.4

32466-M-6 na na 74.4 0.20 0.13 22.0 0.01 3.00 0.03 0.04 na na 0.14 0.19 100.1

32907-M-2 na na 69.4 1.00 0.15 27.6 0.003 0.72 0.80 0.01 na na 0.26 0.03 100.0

35152-M-3 na na 70.7 0.20 0.06 15.0 0.002 13.3 0.08 0.01 na na 0.44 0.07 99.9

8520-M-2 na na 91.2 1.16 0.02 6.50 0.01 0.06 0.02 0.01 na na 0.85 0.003 99.8

9612-M-1 na na 76.9 0.34 0.01 15.2 0.01 6.90 0.04 0.05 na na 0.10 0.01 99.6

9612-M-2 na na 77.7 0.24 0.12 19.8 0.01 0.06 0.01 0.01 na na 0.13 0.01 98.1

MZ-7-F1254 na na 91.4 0.16 0.03 7.81 nd 0.08 0.02 0.03 0.02 0.16 0.18 0.08 100.0

BD86-191 0.1 0.1 96.5 0.86 nd 1.58 nd 0.06 0.43 0.03 nd 0.11 0.21 0.07 100.0

32403-M-2 na na 92.8 0.32 0.03 5.70 0.01 0.90 0.03 0.07 na na 0.15 0.002 100.0

6726-M-1 na na 81.9 0.18 0.07 15.8 nd 1.40 0.41 0.04 na na 0.13 0.003 99.9

TCH-S08-092 2.1 0.1 68.3 5.94 4.61 14.4 nd 0.08 1.00 nd nd 0.06 3.37 nd 99.9

TCH-S08-092 0.2 nd 85.2 2.94 1.50 1.74 nd 0.02 2.15 0.07 nd 0.09 6.02 nd 99.9

MZ-5-B4q270m-2 nd na 94.2 1.22 0.02 3.22 nd 0.06 0.45 0.03 nd 0.06 0.74 nd 100.0

Lab # function kind variant O Cl Cu As Sb Sn Pb Ni Ag Au S Fe Co Total

BD86-022 fragment rod rectangular 22.4 7.9 56.0 0.18 0.02 12.5 nd 0.03 nd nd 0.20 0.64 0.07 100.0

BD87-024 fragment rod round 9.4 0.3 75.6 0.31 0.02 13.5 nd 0.05 nd nd 0.33 0.41 0.06 99.9

BD87-064 fragment rod round 20.3 6.2 61.6 nd 0.07 10.1 0.17 0.06 nd nd 0.22 0.18 0.02 98.9

BD87-077 fragment rod rectangular 12.8 12.8 68.9 0.79 0.03 7.53 0.07 0.03 0.09 nd 2.93 0.28 nd 106.2

BD87-199-1 fragment rod round 0.2 0.1 92.9 0.33 nd 6.21 nd 0.04 nd nd 0.13 0.11 nd 100.0

BD87-206 fragment rod round 24.5 13.3 46.2 0.47 0.08 14.7 0.10 0.04 nd nd 0.27 0.21 0.04 99.9

BD87-034 implement tweezer tweezer 0.4 0.3 96.2 0.51 0.04 1.76 0.06 0.07 nd nd 0.27 0.36 0.05 100.0

BD87-044 prod. debris tech. ceramic prills average 0.1 nd 64.4 0.27 0.08 34.5 nd 0.13 nd nd nd 0.25 0.11 99.8
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4.3.7. Tin-Bronze Production Waste at Major Urban Centres: Tell 

Mozan 

Among the tin-containing samples from Tell Mozan, only one artefact was 

classified as a potential ‘production waste’ by Northover (unpubl. report). This 

specimen, the flat lump MZ-5-B4q270m-2 contains low amounts of tin (Sn c. 3 wt%) 

combined with low levels of arsenic (As c. 1 wt%). In comparison with all other tin-

bronzes analysed from Tell Mozan, this specimen contains exceptionally high iron (Fe 

c. 1 wt%) and nickel (Ni c. 5000 ppm) levels. The microstructure of MZ-5-B4q270m-2 

does not appear to be an as-cast structure; the grains are rectangular and sulphides 

are partly elongated. Both features imply that the artefact was worked (i.e., 

hammered). Northover’s (unpubl. report) interpretation of this find as production 

waste may derive from additional archaeological information not at hand.  

The composition of this production waste MZ-5-B4q270m-2 differs from any of 

the analysed tin-bronzes from Tell Mozan. No tin-bronzes with 3 wt% Sn are evident 

from Tell Mozan. Tin-bronzes with similar tin content of about 4 wt% Sn (MZ-5-B3i8, 

MZ-5-C1i19) show similar arsenic levels but differ either in their antimony (MZ-5-
B3i8), lead (MZ-5-C1i19) or nickel (MZ-5-B3i8, MZ-5-C1i19) contents.  

 

4.3.8. Tin-Bronze Production Waste at Major Urban Centres: Tell 

Chuera 

Only one find from Tell Chuera has the composition indicative of tin-bronze 

production. This specimen, TCH-S08-092, is a fragment of a technical ceramic but with 

only minor parts of the ceramic preserved.  

Three different kinds of copper prills were detected trapped in the slag. The first 

kind of prills consists of pure copper and besides iron levels of c. 1000 ppm Fe, no 

significant concentration of any further element were detected within these prills. 

However, these pure copper prills are only present in their oxidised state, and are a 

minority among the copper prills within the slag matrix.  

The largest group of prills is the second kind, which contains between 1 and 2 

wt% tin together with c. 2 - 3 wt % arsenic. Additionally, these prills evidence medium 

levels of antimony (Sb c. 1 - 2 wt%), relatively high nickel levels (Ni c. 1 - 3 wt%) and 

elevated iron levels (Fe c. 4 - 8 wt%). The latter extraordinary high iron levels may 

partly be the result of an overlap during measurements on the prills with the slag 

matrix. Most prills are very small and part of the iron content measured in the prills 

may originally derive from the surrounding slag matrix. Silver, lead and sulphur are 
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present in trace quantities of c. 600 - 800 ppm Ag, between nil and 500 ppm Pb, and 

c. 500 - 3000 ppm S.  

The third kind of prills contains high tin levels (Sn c. 14 - 15 wt%), high amounts 

of arsenic (As c. 5 - 7 wt%) and high antimony levels (Sb c. 5 wt%). Lead content is, in 

comparisons to the previously discussed second kind of prills, slightly higher with 

quantities of about 700 - 1000 ppm Pb, while nickel concentrations are lower (Ni c. 

1000 ppm). Silver content of these high-tin prills is below the detection limit. High iron 

levels of 2 - 5 wt% Fe may again partly derive from overlapping measurements of 

(small) prills and the slag matrix.  

While the tin levels of the different copper prills provide evidence for the use of 

the technical ceramic in tin-bronze production, the identification of the production 

process remains uncertain. Alloying of copper with pure tin often results in high tin 

prills with tin in a δ-phase (Sn c. 30 wt%), ε-phase (Sn c. 40 wt%) or η-phase (Sn c. 60 

wt%). While the detection of such high tin prills leads to the conclusion that pure tin or 

cassiterite minerals were mixed into the copper melt, however, the absence of high tin 

prills is not proof against this production technique [Rademakers et al. 2018: 509]. 

Such high tin phases are intermediate states during the melt and they may not 

necessarily be present within slag. Hence, the measured high tin level (Sn c. 14 - 15 

wt%) in copper-tin prills of the technical ceramic TCH-S08-092 could either derive from 

the production of tin-bronze with the addition of metal tin (or cassiterite), or could be 

the result of recycling high tin-bronze. However, high tin-bronzes are not evident at 

Tell Chuera and the majority of tin-bronzes have medium tin content.  

In addition, tin-bronzes from Tell Chuera rarely give elevated arsenic, antimony 

or nickel levels. However, for a comparison of copper-base artefacts from Tell Chuera 

with the technical ceramic TCH-S08-092, we have to consider that the final metal 

produced within the technical ceramic would have had lower levels of most 

components (e.g., tin, arsenic, antimony, nickel, iron) than was evident in the metal 

prills. Nevertheless, the differences, especially for arsenic, antimony and nickel, are 

remarkable, and a relation between most tin-bronzes from Tell Chuera and the 

technical ceramic seems very unlikely.  

An exception is the contemporary rod fragment TCH-S08-068-4, which contains 

about 1.2 wt% arsenic and about 1000 ppm nickel but only trace quantities of 

antimony (Sb c. 600 ppm). Both artefacts, the rod fragment TCH-S08-068-4 and the 

technical ceramic TCH-S08-092, derive from the earlier phase of Temple S during 

phase TCH IC, dating to the mid-3rd millennium BC.  

However, arsenic levels up to 4 wt% As are present among the arsenical copper 

artefacts analysed from Tell Chuera. The same is true for antimony and while the tin-

bronzes at Tell Chuera contain only trace quantities of antimony, this site provided five 
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arsenical-antimonial copper specimens with c. 1 wt% Sb (TCH-H04-203, TCH64-Mo, 

TCH-K485), and in two exceptional cases with 3 wt% Sb (TCH-H238) and 4 wt% Sb 

(TCH-ASA155).  

Nickel concentration in tin-bronzes ranges between 300 and 3000 ppm Ni and is 

recognisably lower than those detected in both kinds of copper-tin prills within the 

technical ceramic TCH-S08-092. However, among the arsenical copper specimens, but 

also among the pure and impure copper artefacts from Tell Chuera, elevated nickel 

levels between 0.5 and 1 wt% Ni were detected.  

Within all kinds of copper-base artefact at Tell Chuera, it was common to find low 

amounts of silver (Ag c. 500 - 1000 ppm) that are comparable with the silver levels 

found in the arsenic-tin prills. The same is true for lead levels of about 1000 ppm Pb 

and sulphur levels about 1000 - 3000 ppm S, which are both present in tin-bronzes, 

arsenical(-antimonial) copper, almost pure copper and impure copper. Additionally, 

high iron content in copper-base artefacts is fairly common at Tell Chuera (Fe up to c. 

3 wt%) and this site provides evidence for black copper with low arsenic levels, which 

may have been in use in the production of copper-base artefacts (Chapter 4.4.).  

 A comparison of the composition of the copper-base artefacts from Tell Chuera 

and the technical ceramic TCH-S08-092 demonstrates that the composition of metal 

prills within TCH-S08-092 is similar to various copper-base metals from Tell Chuera. It 

is noteworthy that these similarities are closer to the arsenical(-antimonial) copper 

than to most tin-bronzes found at the site. An exception is TCH-S08-068-4 with slightly 

elevated arsenic and antimony contents. Contrary to the evidence for the composition 

of most tin-bronzes (with minor arsenic and antimony levels) from Tell Chuera, we 

must assume that an arsenic rich copper was used in the production of tin-bronze with 

the technical ceramic TCH-S08-092 and also in the production of artefact TCH-S08-

068-4, of which both derive from Temple S at Tell Chuera. The results indicate that 

this arsenic rich copper was similar in its composition to a majority of arsenical(-

antimonial) copper artefacts found on site. However, the resulting metal produced in 

the technical ceramic TCH-S08-092 was probably a medium tin-bronze but with 

unusually high arsenic and possibly also antimony contents.  

The existence of high tin prills within TCH-S08-092 combined with the absence 

of high tin-bronze artefacts from Tell Chuera suggests alloying with pure tin rather 

than recycling high tin-bronze in the production process. However, this result is 

inconclusive. It is possible that high tin-bronzes existed at Tell Chuera and are not 

among the analysed artefacts. This provides the possibility that the melt in the 

technical ceramic was produced by recycling high tin-bronze and would not give 

evidence of alloying with tin.  
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In any case, the technical ceramic was found at the outer wall of Temple S and 

suggests metal production of tin-containing artefacts within the liability of the temple.  

 

4.3.9. Tin-Bronze Production Waste at Small Cities: Tell Kharab 

Sayyar 

In contrast to all previously discussed sites, no tin-bronze finished artefacts were 

discovered at Tell Kharab Sayyar. This is especially remarkable, since even at the rural 

site Tell Raqa’i, where there was little evidence for the use of metal itself, a single tin-

bronze was identified providing evidence for the use of this 'precious' metal on such 

minor sites. Despite the lack of tin-bronze artefacts, Tell Kharab Sayyar gives evidence 

for the alloying of copper with tin by means of a technical ceramic (KHS-A12) 

excavated within a 3rd millennium BC debris layer.  

Two different kinds of copper prills are present within the slag layer of KHS-A12: 

copper-arsenic prills and copper-tin prills (Tab. 4-3-5). Copper-arsenic prills contain (on 

average) c. 3 wt% arsenic, c. 2 wt% iron and c. 5 wt% nickel. Copper-tin prills consist of 

c. 40 wt% or c. 50 - 60 wt% tin, c. 1 wt% iron, c. 8 wt% nickel, c. 2 - 3 wt% arsenic and in 

some cases up to c. 1 wt% lead. Noteworthy are higher nickel levels (Ni c. 16 - 17 wt%) 

that appear together with higher tin levels.  

The key issue here is verification of the production process itself. The copper-tin 

prills that were analysed were extremely high in tin, and show a combination of ε-
phase (Sn c. 40 wt%) and η-phase (Sn c. 60 wt%) components. Such high tin levels could 

only be achieved within copper prills by the addition of high amounts of tin [Crew and 

Rehren 2002; Rehren 2001]. They are a clear indicator that this technical ceramic was 

not used in recycling tin-bronze, but to the contrary, suggest primary alloying of 

copper with tin.  

Here, we can differentiate between three general production processes: (i) 

alloying copper with metal tin, (ii) alloying copper with a tin ore (cementation) and (iii) 

co-smelting copper and tin ores. However, the identification of the production process 

is difficult and results can be inconclusive [Rademakers and Rehren 2016: 591; Rovira 

2005]. Tin oxides in slag are an important parameter, in addition to copper-tin prills, 

to identify the production of tin-bronze within technical ceramics. However, tin oxides 

can form during all three possible production processes and give no conclusive 

evidence for one technique or the other [Rademakers and Rehren 2016: 592].  

The presence of mineralogical cassiterite or copper ore within slag, which have 

not reacted completely, indicates that either cementation (cassiterite) or co-smelting 

(copper ore) was practiced [Rademakers et al. 2018: 509-510 and Fig. 34-11]. For 

example, cementation and co-smelting were, as shown by Rademakers et al. (2018), in 
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use for technical ceramics from Qantir (Egypt) dating to the 2nd millennium BC. 

Neither of these two components are evident within the slag layer of KHS-A12. 

Though, their absence does not necessarily exclude the possibility of cementation or 

co-smelting in the case that the reaction process of cassiterite within the technical 

ceramic was entirely successful. In addition, there are several factors that support the 

suggestion that the technical ceramic from Tell Kharab Sayyar was rather used in 

alloying with metallic tin than with ores.  

Upper Mesopotamia is an ore-free region, and it seems unlikely that copper ores, 

rather than semi-finished products, were imported, merely for economical reasons. 

Also, there is no evidence for smelting, and neither ore fragments, nor smelting 

furnaces were discovered on sites within this region. On the other hand, many sites 

provide evidence for semi-finished products, such as copper ingots. These ingots 

indicate the importation of copper as semi-finished product. Hence, co-smelting in the 

production of tin-bronzes in Upper Mesopotamia seems unlikely. The same may be 

true for cementation and there is no archaeological evidence from the region for tin 

ores or tin ore powders.  

Additionally, prehistoric texts indicate importation of tin in its metallic state. 

Cuneiform texts from Fara (Southern Mesopotamia), dating to the mid-3rd millennium 

BC, mention the word annakum which is translated as metallic tin [AHW 49; CAD A(II): 

126; Weeks 2003: 178]. Texts from the archives at Ebla, dating to the second half of 

the 3rd millennium BC, advise on the proportions of copper to tin [Archi 1993; 

Waetzoldt and Bachmann 1984; Weeks 2003: 179]. Both sources from Fara and Ebla 

support the hypothesis that tin was imported in the form of metallic tin rather than as 

tin ore. However, tin ingots are absent within 3rd millennium BC archaeological 

records from Upper Mesopotamia. The explanation for the latter may be the high value 

of tin, which would rarely have been discarded. Nevertheless, their complete absence 

in the archaeological record is puzzling. The results are inconclusive, but the lack of 

evidence for smelting activities or ores within the archaeological record of the region 

leads to the tentative conclusion that the technical ceramic from Tell Kharab Sayyar 

was used in alloying with metallic tin.  

In addition to high tin content, significant iron and arsenic levels are present 

within the copper(-tin) prills of KHS-A12. Also, iron oxides, such as wüstite and 

magnetite had formed within the slag. The iron content may either have resulted from: 

(i) a smelting process of an iron-rich (oxidic or/and sulphidic) copper ore, (ii) re-

melting of iron-rich metallic copper, or (iii) the tin source (‘hard-heads’) [Rehren 2001]. 

High iron content between c. 1 and 3 wt% Fe was evident within copper-base artefacts 

from all sites (Tab. 4-1-4, 4-1-5, 4-2-2, 4-2-4, 4-3-3, 4-4. Therefore, the use of iron rich 

copper is proven for the 3rd millennium BC. Medium arsenic levels of c. 2 - 3 wt% As, 



 

 
 

155 

present within the copper(-tin) prills, are also common within copper-base metals from 

Upper Mesopotamia and could stem from the original copper source.  

The analytical results suggest the production of bronze in two steps at Tell 

Kharab Sayyar. First, probably an iron-rich copper was melted under oxidising 

conditions, which partly burns out the iron content (as iron oxides). The existing iron 

content in the slag matrix further suggests reducing conditions during this operation. 

Wüstite forms from the melt, indicating strongly reducing conditions; magnetite is a 

typical phase of copper smelting and melting, indicating only intermediate reducing 

conditions [Bachmann 1982]. The copper was probably also high in arsenic content as 

shown by the in several cases higher level of arsenic within the copper prills than the 

bronze prills. Second, after producing a liquid bath of copper, metallic tin was added 

quickly so as not to oxidise (and thereby lose) the valuable material. Such a rapid 

processing would cause the detected high tin prills to form with up to c. 60 wt% Sn, 

with no time to homogenise the entire melt. The distribution of the metallic 

components supports this hypothesised production process, since tin-copper prills 

were only discovered in the upper layer while copper prills are represented throughout 

the entire dross. The similar arsenic levels within metallic copper and copper-tin prills 

of approximately 2 - 3 wt% As may provide evidence for the arsenic level of the 

produced bronze, tentatively suggested to originally derive from the copper in the 

metal charge. However, as previously discussed for the technical ceramic from Tell 

Chuera (TCH-S08-092), an arsenic level of more than 1 wt% is uncommon among tin-

bronzes for most sites under discussion, and their presence within copper(-tin) prills 

used for alloying tin-bronzes is puzzling.  

Significantly, the examined find from Tell Kharab Sayyar dates to c. 2800 – 2600 

BC and, therefore, is among the early examples for the usage of 'true' tin bronzes in 

the Jezirah and Upper Mesopotamia.  

 

 

 
Tab. 4-3-5: Arsenical copper prills and high tin prills within the slag matrix of technical ceramic 
KHS-A12. The high tin levels indicate alloying with tin (metal). SEM-EDS analysis. All elements 
normalised to 100 wt%. 

 

 

 

 

Lab # Date/EJZ function kind prills O Cl Cu As Sb Sn Pb Ni Ag S Fe Co

arsenical copper prills nd nd 90.8 2.8 nd nd nd 5.2 nd nd 1.7 nd

tin-bronze prills ε-phase nd nd 48.0 2.9 nd 39.4 1.1 8.3 nd nd 0.9 nd

tin-bronze prills η-phase nd nd 25.0 2.3 nd 54.8 nd 17.0 nd nd 1.1 nd

KHS-A12 EJZ 2final
production 

debris
technical 
ceramic
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4.3.10. Tin-Bronze Production Waste at Small Cities: Tell Bderi 

Only two samples from Tell Bderi have been identified as production debris in 

relation to tin-bronze production: a fragment of a technical ceramic (BD87-044) and a 

small convexly shaped lump (BD86-191). The latter is best described as casting 

splatter or production debris.  

Only BD86-191 derives from a 3rd millennium BC context and was found within 

an ash layer dating to EJZ 3b. The specimen contains c. 1.6 wt% tin combined with 

about 1 wt% arsenic. Its nickel levels are slightly increased (Ni c. 4000 ppm) but no 

antimony is evident. In addition, the production debris shows minor amounts of iron 

(Fe c. 2000 ppm) and sulphur (S c. 1000), and traces of lead (Pb c. 600 ppm) and silver 

(Ag c. 300 ppm). 

None of the contemporary EJZ 3 finds analysed from Tell Bderi give a similar 

elemental pattern, and nil tin was detected within artefacts dating to EJZ 3(a-b). The 

lack of antimony in BD86-191 does not match with EJZ 3a artefacts from Tell Bderi, 

which contain c. 600 - 2000 ppm Sb, but is also evident in the only EJZ 3b sample 

BD89-076-1 from the site. On the other hand, the relatively high amount of c. 0.4 wt% 

nickel within the production waste is comparable to three copper-base artefacts: BD89-

076 which dates to EJZ 3b but consists of almost pure copper; BD89-221 which dates 

to the earlier EJZ 3a layers and is made from impure copper; and the impure copper 

artefact BD86-240-1, which dates to the later EJZ 4 layers and shows arsenic combined 

with antimony content of about 1.5 wt% (Tab. 4-1-4, 4-1-9).  

All tin-bronzes analysed from 3rd millennium BC at Tell Bderi date to the first 

half of the 3rd millennium. No tin-bronzes were identified that date, such as the 

production debris BD86-191, to the second half of the 3rd millennium BC. The 

composition of this production debris indicates recycling activities, combining tin and 

arsenic containing copper (scrap) metals. Arsenic within copper is evident throughout 

the entire occupation phase at Tell Bderi. However, arsenic levels of artefacts dating to 

EJZ 3 and EJZ 4 were on average lower in comparison to finds dating to EJZ 2. Hence, 

the production debris suggests that tin-bronze was possibly sparse during the later 

occupation phase and remains may have been mixed with the existent arsenic-

containing copper.  

The crucible fragment BD87-044 dates to the 2nd millennium BC and contains 

copper-tin prills with high tin content (Sn >30 wt%). As formerly discussed for the 

technical ceramics from Tell Chuera (TCH-S08-092) and Tell Kharab Sayyar (KHS-A12), 

the high tin prills provide proof for alloying with tin and, therefore, evidence the 

production of tin-bronzes at Tell Bderi during its Mitanni phase.  
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No sufficient selenium and tellurium contents were detected within the sulphides 

of this production debris, so no direct comparison to artefacts with Se/Te values can 

be undertaken. However, a comparison of the chemistry of copper tin prills with the 

non-corroded Mitanni artefacts is partly feasible (Tab. 4-3-4). Arsenic levels with 

copper-tin prills within the slag layer of BD87-044 are about 3000 ppm and 

comparable to the arsenic content within the possible pair of tweezers BD87-034 (As c. 

5000 ppm). Also, similar results were found for antimony (BD87-044: Sb c. 8000 ppm; 

BD87-034: Sb c. 4000 ppm), nickel (BD87-044: Ni c. 1300 ppm; BD87-034: Ni c. 700 

ppm) and iron (BD87-044: Fe c. 2500 ppm; BD87-034: Fe c. 3600 ppm). Lead is not 

present within the copper-tin prills, but it occurs within the slag bulk composition (Pb 

c. 4000 ppm) in comparable amounts to BD87-034 (Pb c. 6000 ppm). Noteworthy is 

the presence of minor cobalt content, and partly increased cobalt levels are already 

discussed as a significant element within Mitanni tin-bronze. Elevated cobalt levels are 

present within the copper-tin prills (Co c. 1100 ppm), and also within the tin-bronze 

BD87-034 (Co c. 500 ppm).  

The rod fragment BD87-199 gives comparable arsenic levels (As c. 3000 ppm) 

but its nickel (Ni c. 400 ppm) and iron (Fe c. 1100 ppm) contents are recognisably 

lower, and antimony and cobalt are not detected. Nevertheless, by virtue of a similar 

elemental composition of BD87-034, BD87-199-1 and BD87-044 suggests that the 

artefacts were made from a similar copper charge as it was found in form of prills 

within the technical ceramic BD87-044, and the copper in use may derive from a 

similar copper source.  

 

4.3.11. Tin-Bronze Production Waste at Major Urban Centres: Tell 

Beydar  

Two artefacts from Tell Beydar were described as possibly copper-tin ingots by 

Tonussi et al. (2014). Their description as ingots is due to their shape. The artefact 

32403-M-2 is described as a bar-shaped fragment, while the find 6726-M-1 is listed as 

disc-shaped fragment. 

 The bar ingot 32403-M-2 consist of c. 6 wt% tin and c. 1 wt% lead, minor 

amounts of arsenic (As c. 3000 ppm) and iron (Fe c. 1500 ppm), and trace quantities 

of antimony (Sb c. 300 ppm), nickel (Ni c. 300) and silver (Ag c. 700 ppm). The disc-

shaped fragment 6726-M-1 presented a different composition, with c. 16 wt% tin, 

similar lead (Pb c. 1 wt%) and iron levels (Fe c. 1300 ppm), slightly lower arsenic (As c. 

2000 ppm) and silver (Ag c. 400 ppm) contents, and a slightly higher amount of 

antimony (Sb c. 700 ppm). Both specimens contain traces of cobalt (Co c. 20 - 30 
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ppm); sulphur content was not analysed in this study by Tonussi et al. (2014), due to 

the nature of the chosen analytical technique.  

Due to the analytical technique used by Tonussi et al. (2014), no information 

about the microstructure of these fragments was presented by the authors, which 

could support their origin as ingot fragments (e.g., as-cast structure). 

 The disc-shaped fragment was deposited in a mud-brick wall dating to EJZ 3b, 

while the bar fragment dates to a later EJZ 4a layer and its precise find-location was 

not published.  

Tin-bronze ingots are atypical among the tin-bronzes from the region, and not 

represented within metallurgical inventories from any of the other discussed sites. 

Their description as rod or disc ingot fragments was based on their general shape, 

but, more tellingly, in reference to moulds found at Tell Beydar [Tonussi 2008: 197, Pl. 

1]. To elaborate, open-cast moulds in bar and disc shapes were discovered in a metal-

workshop (Room 32861) dating to EJZ 4a. They were worked into a basalt stone, which 

was used as a multi-mould. These moulds suggest that ingots were cast on site, and it 

is possible that also tin-bronze bars and discs were produced in the same workshop.  

However, evidence in the form of technical ceramics or any kind of production 

waste, is missing from that workshop. There is no evidence for tin-bronze production 

within this workshop and no information about the kind of material the moulds were 

employed for. Also, it is generally accepted that tin was traded in the form of pure tin 

ingots (Chapter 4.3.8.). However, the possible ingot fragments 32403-M-2 and 6726-

M-1 may provide evidence that tin-bronzes were also traded (maybe on a smaller scale) 

as semi-finished tin-bronze artefacts.  

In summary, nearly all presented Jeziran sites show evidence for the production 

of tin-bronzes. However, the evidence is inconsistent. Tell Chuera and Tell Kharab 

Sayyar both suggest alloying with tin, but the technical ceramic from Tell Chuera could 

also have been used in recycling processes. The interpretation of the two finds from 

Tell Beydar is similarly ambiguous. The tin-bronze ingots may have been either alloyed 

at the site or may be imports to cast tin-bronze artefacts. Weak evidence is provided by 

the sites Tell Bderi and Tell Mozan, where possible casting debris may indirectly 

suggest the casting of tin-bronzes on site. No evidence for tin-bronze production 

debris derives from Tell Raqa'i.  
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4.3.12. Quality of different Kinds of Tin-Bronzes from the 

Jezirah and the Euphrates Valley 

Most analysed metallurgical inventories from the Jezirah provide only sparse 

evidence for the use of tin-bronzes. However, the evidence for the use of tin-bronzes 

at particular Jeziran sites noticeably differs. For example, at Tell Chuera, out of 76 

analysed artefacts, only eight specimens (c. 10 per cent) show tin content above 2 wt% 

Sn. Similarly slight is the evidence for tin-bronzes at Tell Brak (2 out of 20; 10 per 

cent), and at the small village Tell Raqa’i (1 out of 10; 10 per cent). In contrast, tin-

bronzes appeared to be used more frequently at Tell Mozan (20 per cent) and Tell 

Beydar (37 per cent). Also, the small city Tell Bderi provides good evidence for tin-

bronzes during the early 3rd millennium BC (22 per cent). However, all tin-bronzes 

from Tell Bderi were discovered with the EJZ 2 Burial VI; continuous use of tin-bronze is 

not evident at Tell Bderi.  

Furthermore, the analyses of tin-bronzes from the Jezirah demonstrated that the 

use of different tin-bronze qualities (with low, medium and high tin content) was 

common in the 3rd millennium BC. The major urban centres, Tell Chuera, Tell Mozan 

and Tell Beydar, provide evidence for the parallel use of high, medium and low tin-

bronzes. However, the numbers of tin-bronzes present in each group, and the 

threshold tin concentrations between the different groups, vary between these sites. 

No conclusions about thresholds between different tin-bronze qualities can be drawn 

from Tell Brak; and only two tin-bronzes were determined from the site, both of which 

were corroded (Sn c. 11 and 21 wt%) [Northover 2001b]. 

At Tell Chuera most tin-bronzes are medium tin-bronzes (Sn c. 7 - 10 wt%) and 

only two artefacts could be classified as low tin-bronzes (Sn c. 3 and 5 wt%); no high 

tin-bronze is evident from the site. The difference between low and medium tin-

bronzes may suggest a threshold level between 5 and 7 wt% Sn. A similar situation 

appears at Tell Mozan, where only two non-corroded high tin-bronzes (Sn c. 12 and 16 

wt%) in contrast to five medium tin-bronzes (Sn c. 7 - 10 wt%) are present. The 

threshold between low and medium tin-bronzes here lies between 5 and 7 wt% Sn. A 

difference between medium (Sn ≤ 10 wt% Sn) and high tin-bronzes (Sn ≥ 12 wt%) is 

suggested, but the latter group of high tin-bronze is only represented by two artefacts. 

The results from Tell Beydar are different in regard to a threshold for high tin-bronzes. 

Here a clear cut between high (Sn ≥ 13 wt%) and medium tin-bronzes (Sn ≤ 9 wt%) is 

evident. This is true for both presented datasets from Northover (2001a) and from 

Tonussi et al. (2014). However, the two sample sets give contradictory results for low 

tin-bronze. Within Northover’s (2001a) dataset, no low tin-bronze is present and 

medium tin-bronzes contains between 6 and 9 wt% Sn. The range of tin levels for the 

latter medium tin-bronzes is comparable with tin levels of medium tin-bronzes from 
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the previously presented Jeziran sites. Within the sample set from Tonussi et al. 

(2014), no threshold between medium and low tin-bronzes could be established, and 

medium to low tin-bronzes contain tin levels between 4 and 9 wt% Sn. However, the 

state of corrosion for samples within the sample set analysed by Tonussi et al. (2014) 

was not stated for individual samples. It was previously argued that due to the chosen 

analytical method (ICP-OES), low-medium tin-bronzes analysed by Tonussi et al. (2014) 

originally may have contained greater tin levels, while tin-bronzes with unusually high 

tin content (Sn ≥ 20 wt%) originally presumably contained lower tin levels. This 

conclusion is supported by comparing the distribution of corroded and non-corroded 

tin-bronzes by sites (compare Fig. 4-3-8 and Fig. 4-3-9). Here, tin-bronzes analysed by 

Tonussi et al. (2014) agreed with the frequency distribution of corroded tin-bronzes 

rather than those of non-corroded tin-bronzes. Hence, the sample set from Tell Beydar 

exhibits an exceptional pattern with a greater number of high tin-bronzes, but the 

apparent continuum between low and medium tin-bronzes (the former only evident 

within the analysis by Tonussi et al. (2014) most likely reflects the analytical method 

used by them. 

 

 

Fig. 4-3-8: Frequency distribution of non-corroded tin-bronzes with different tin content by site. 
Samples up to 16 wt% Sn from Tell Beydar analysed by Tonussi et al. (2014) are included; tin 
concentrations of Sn ≥ 20 wt% are excluded for improved clarity.  
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Fig. 4-3-9: Frequency Distribution of corroded tin-bronzes with different tin content by 
site; all samples from Tell Beydar analysed by Tonussi et al. (2014) are included.  

 

Among the small cities and villages, only two sites provide evidence for the use 

of tin-bronze for personal items. At Tell Bderi, corroded tin-bronzes dominated and the 

original tin levels were difficult to determine. However, two samples are non-corroded 

medium tin-bronzes (Sn c. 5 and 7 wt%). Corroded medium tin-bronzes range between 

6 and 11 wt% Sn and may originally have been medium or even low tin-bronzes. At Tell 

Raqa’i only a single low tin-bronze occurred. Tin-bronze from Tell Kharab Sayyar is 

only represented in the form of a single technical ceramic (KHS-A12) providing 

evidence of the alloying of copper with metallic tin. 

Analytical results from the Euphrates Valley show similar variability in the 

thresholds between high, medium and low tin-bronzes among the sites (Tab. 5-5). Out 

of 10 sites, seven give evidence for the use of tin-bronze, of which Qara Quzaq (n=17) 

and Kara Keui (n=10) provide evidence for the greatest number of tin-bronzes 

[Montero Fenollós 1999: Tab. 2; Northover and Prag 2015: Tab. 8.4.].  

However, the thresholds between high and medium tin-bronzes from the 

Euphrates Valley are different from the results of Jeziran specimens. Medium tin-

bronzes from Kara Keui range between 9 and 12 wt% Sn (n=5), while non-corroded 

medium tin-bronzes from Qara Quzaq have only slightly lower tin levels (Sn c. 8 - 11 

wt%; n=7), but still higher than on the discussed Jeziran sites. Low tin-bronze is 

represented at Kara Keui with tin levels of 3 - 6 wt% Sn (n=5), while low tin-bronzes 

from Qara Quzaq have (again) lower tin levels of 2 - 4 wt% Sn (n=5). A single sample 

from Qara Quzaq contains 19 wt% Sn [Montero Fenollós 1999: Tab. 2].  

However, the state of corrosion of the specimens analysed by Montero Fenollós 

(1999) was not noted. The (calculated) total of the latter artefact with 19 wt% Sn is only 

91 wt% suggesting the analysis of corrosion particles and the lack of data for certain 
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elements (e.g., oxygen, chloride, sulphur). The same is true for low and medium tin-

bronzes analysed by Montero Fenollós (1999). Out of eight medium tin-bronzes from 

Qara Quzaq, three have low totals (90 - 95 wt%; Sn c. 7 - 11 wt%) while the remaining 

five medium tin-bronzes have totals of 98 - 99 wt%. Out of three low tin-bronzes from 

Qara Quzaq analysed by Montero Fenollós (1999), one has a low total (c. 92 wt%) and 

two have greater totals of 98 - 99 wt%. As concluded for the specimens from Tell 

Beydar analysed by Tonussi et al. (2014), it is suggested that original tin levels may 

have been higher (for low tin-bronze) or lower (for medium and high tin-bronzes). 

However, since low and medium tin-bronzes are also represented with greater totals, it 

is concluded that the general appearance of tin-bronzes with different tin levels (low, 

medium, high) at Qara Quzaq is valid, but the absolute number of samples for each 

specific tin-bronze group may not be representative.  

The remaining tin-bronzes from the Euphrates Valley are a medium tin-bronze 

from Srisat (Sn c. 10 wt%), a medium tin-bronze from Armana (Sn c. 7 wt%), one low 

tin-bronze from each Serrin (Sn 4 wt%) and Hammam (Sn c. 3 wt%), and two low tin-

bronzes from Melaha (Sn c. 4 wt%) [Northover and Prag 2015: Tab. 8.4.].  

In summary, tin-bronzes from the Jezirah reveal a possible preference for 

medium tin-bronzes (Fig. 4-3-10). It is noteworthy that this was not only true for 

artefacts from major urban centres, but possibly also for early tin-bronzes (EJZ 2) from 

Burial VI at the small city Tell Bderi. Out of 45 analysed non-corroded tin-bronzes 21 

contain medium tin levels (Sn c. 5 - 10 wt%), while 14 artefacts contain high tin levels 

(Sn ≥ 12 wt%) and 10 artefacts show low tin content (Sn c. 4 - 2 wt%) (Fig. 4-3-10). The 

detected tin levels within corroded tin-bronzes support the distribution pattern for 

non-corroded tin-bronzes. Despite uncertainties about their original amount of tin, the 

graph demonstrated that the majority of samples (excluding specimens from Tell 

Beydar analysed by Tonussi et al. 2014) contain 11 - 17 wt% Sn (n=9) in addition to two 

specimens with c. 8 wt% Sn (Fig. 4-3-9). The original tin content of the latter 11 

samples was certainly lower than measured in their corroded state and, therefore, 

most of these specimens are suggested to originally have contained lower but 

probably still medium tin levels. Specimens with unusual high tin levels in their 

corroded state (Sn c. 20 - 23 wt%; n=2) in addition to four specimens from Tell Beydar 

analysed by Tonussi et al. (2014) with tin levels between 20 and 28 wt% Sn may have 

originally still contained high levels, while specimens with remarkable lower amounts 

of tin in their corroded state (Sn c. 3 - 6 wt%; n=5) may originally have had either 

medium or low tin levels. Therefore, it is suggested that the majority of corroded tin-

bronzes also represent medium tin-bronze.  

 Common thresholds between the qualitative tin-bronze groups (low, medium 

and high) were difficult to establish embracing all studied Jeziran sites. However, the 
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threshold in tin content between medium and high tin-bronzes may lie approximately 

between 10 and 12 wt% Sn. The threshold between low and medium tin-bronzes 

appeared to be even more site-specific and may range between approximately 5 and 7 

wt% Sn depending on the site.  

Artefacts from the Euphrates Valley similarly show site-specific thresholds 

between medium and low tin-bronzes for Kara Keui and Qara Quzaq. In contrast to the 

Jezirah, non-corroded medium tin-bronzes (n=14) appeared in similar amounts to non-

corroded low tin-bronzes (n=13) in the Euphrates Valley. However, while the number of 

medium tin-bronzes from Kara Keui is equal to the number of low tin-bronzes (n=5, 

respectively), medium tin-bronzes slightly dominate at Qara Quzaq (7 medium tin-

bronzes out of 12 non-corroded tin-bronzes). However, the majority of the latter 

medium tin-bronzes derive from a single elite burial at the site.  

 

 

Fig. 4-3-10: Distribution of non-corroded tin-bronzes from the Jezirah distinguished by low, 
medium and high tin levels. All tin-bronzes from Tell Beydar analysed by Tonussi et al. 
(2014) are included. The majority of tin-bronzes in the Jezirah are of medium tin content. 

 

4.3.13. Tin-bronze in Comparison to Copper-Base Artefacts 

from the Jezirah 

The observation that medium tin-bronze was the most commonly used form of 

tin-bronze during the 3rd millennium BC in the Jezirah poses the question whether 

these medium tin-bronzes were a deliberate choice, and whether (and in what way) the 

attributes that medium levels of tin in copper confer, were deliberately employed. 
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Here, it is helpful to examine the composition of copper-base metals from the 3rd 

millennium BC in the Jezirah and specifically to compare their arsenic, antimony and 

tin contents.  

 

4.3.13.1. Arsenic and Antimony Levels in Tin-Bronze Artefacts from 

the Jezirah 

In the present study, three broadly different levels of arsenic content were found 

within the tin-bronzes (Tab. 4-3-2 to 4-3-4). The plot of tin against arsenic 

concentrations demonstrates that the majority of non-corroded tin-bronzes (n=23) 

contain only trace to minor quantities of arsenic (As ≤ 5200 ppm) and antimony (Sb ≤ 

1300 ppm) (Fig. 4-3-11). A smaller group of these tin-bronzes (n=15) contains elevated 

arsenic levels of about 0.6 - 1.4 wt% As with trace to minor quantities of antimony (Sb 

≤ 4300 ppm). Three tin-bronzes (BD89-382-2, MZ-5-B3i8, 13066-M-1) have combined 

arsenic (As c. 1.8 wt%) and antimony (Sb c. 600 - 5000 ppm) content of 1.9 - 2.4 wt% 

(Fig. 4-3-11). Furthermore, minor arsenic levels appear in all different qualities of tin-

bronzes (low, medium, high), but increased arsenic content was only detected within 

the category of low tin-bronze.  

The same pattern is visible with corroded tin-bronzes (including tin-bronzes from 

Tell Beydar analysed by Tonussi et al. (2014) with tin levels of Sn ≥ 20 wt%). The 

majority of these tin-bronzes contain trace to minor amounts of combined arsenic and 

antimony levels, while only six samples show elevated arsenic levels of c. 0.6 - 1.2 wt% 

As and only one sample (10111-M-3) from Tell Beydar [Tonussi et al. 2014] gives a 

higher arsenic level of about 1.7 wt% As (Fig. 4-3-12).  

Since the distribution of tin-bronzes, and also non-corroded tin-bronzes, is 

uneven among the sites, no site-specific conclusions can be drawn. However, the 

plotting of corroded tin-bronzes also shows a trend of only trace to minor arsenic 

content and suggests similarities of arsenic content in tin-bronze for all sites (Fig. 4-3-

12). Of course, tin and arsenic detected in corroded artefacts are never accurately 

reliable. However, in this case, they support the general evidence that tin-bronzes 

mainly contain trace to minor levels of arsenic, and that elevated arsenic levels were 

the exception. Also, they highlight that no site-specific trend in arsenic values in tin-

bronzes is to be expected.  

Similar observations emerge from comparing tin with antimony contents. Most 

tin-bronzes have antimony levels of Sb ≤ 0.1 wt% and only four non-corroded samples 

(BD89-382-2, F-6007-M-3, MZ-5-B3i8, 32215-M-4) show elevated antimony content (Sb 

c. 2500 - 5200 ppm). Again, especially high tin-bronzes have nil or only traces of 

antimony.  
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Fig. 4-3-11: Arsenic and tin levels within tin-bronzes from the Jezirah by sites. The majority of 
tin-bronzes evidence arsenic impurities of less than 0.6 wt% or 1.2 wt% As. No site-specific 
trends are evident. 

 

 

Fig. 4-3-12: Arsenic and tin levels within corroded and non-corroded tin-bronzes from the 
Jezirah by sites. Corroded tin-bronzes show a similar pattern in arsenic impurities in comparison 
to non-corroded artefacts. No site-specific trends are evident.  
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4.4. Black Copper 

A special feature among the 3rd millennium BC metal artefacts from the Jezirah 

is the appearance of so called black copper, which describes copper with high metallic 

iron content up to nearly 40 wt% Fe. These early finds from the Jezirah are unusual 

because black copper is more regularly evident from 2nd and 1st millennia BC sites. 

Examples are illustrated by artefacts from the Levant [Roman 1990; Rothenberg 1990] 

and from Nimrud [Moorey 1988].  

The high metallic iron content of black copper was presumably the result of too 

strongly reducing conditions (low level of oxygen input) during the smelting of 

sulphide ores (see also Chapter 4.4.2.). Black copper is, due to its high metallic iron 

levels, not workable as such and needs to be refined. During refining, the iron content 

can be lowered to a workable concentration.  

Evidence for the processing and the use of black copper within the Jezirah 

derives nearly solely from Tell Chuera (Tab. 4-4). In addition, a technical ceramic (KHS-

A12, Tab. 4-3-5) and a rod fragment (KHS-B92, Tab. 4-1-4) from Tell Kharab Sayyar 

show both high iron levels, and can be indirectly linked to the use of black copper. 

Two production debris fragments with high iron content from Tell Mozan (MZ-5-

B4i79c, Tab. 4-2-5) and Tell Beydar (F2-6233-M-9, Tab. 4-1-5), were analysed by 

Northover (unpl. report; 2001a), but both samples were reported corroded. Hence, the 

original state of the artefacts and their amount of iron is uncertain, and both samples 

cannot be discussed in relation to black copper.  

At Tell Chuera, the handling and application of black copper is verified by various 

stages. The site provided black copper ingots (TCH-K016-1, TCH-K014-5), black copper 

lumps (TCH-K014-1 to TCH-K014-3, TCH-K014-7, TCH-K014-8, TCH-H214), of which 

some were presumably already refined (TCH-K014-8, TCH-H214), refining slag (TCH-

K142-1, TCH-K270, TCH-K282, TCH-W4-724), a technical ceramic (TCH-S08-092) with 

high iron levels (suggesting the use of high iron containing copper in the charge), 

production debris (TCH-A5018-4b, TCH-W4-030) and also finished products with 

increased iron levels. Most of the evidence for black copper was excavated in Area K at 

Tell Chuera and dates to the late 3rd millennium BC (TCH ID). Isolated single finds 

came from areas H and W at Tell Chuera and may be of a slightly earlier date (TCH IC).  

 

4.4.1. Experimental Study by John Merkel (1990) 

In the early 1980s, John Merkel (Institute of Archaeology) undertook 

experimental studies in the smelting and refining at Timna (Israel) (in addition to 

earlier experiments by Merkel, undertaken in the laboratory) with copper ores present 
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on-site [Merkel 1990: Experiment 29]. Here, Merkel provided evidence for the 

production of black copper ingots and their subsequent refining [Merkel 1990]. Merkel 

elaborated the step-wise production of good quality copper in which only minor levels 

of iron had remained. His experiments are briefly summarised here for a better 

understanding of the finds from Tell Chuera.  

 In a first smelting operation, Merkel could not produce an authentic ingot to 

resemble the shape of comparable archaeological finds; the primary products of the 

smelting experiments were copper prills and filaments [Merkel 1990: 107]. These 

copper prills and filaments contained about 40 wt% iron and needed remelting in order 

to produce an ingot [Merkel 1990: Tab. 14]. Merkel also reported that primary 

smelting resulted in an amorphous lump with high iron content, which similarly 

needed remelting [pers. communication, John Merkel 2014].  

The results of the step-wise remelting of these black copper products from the 

experiments at Timna (Experiment 29) were not published, but a similar procedure 

(Experiment 27) was described in detail [Merkel 1990: 107-109]. Experiment 27 

comprised the remelting of semi-finished black copper products, which were similarly 

produced from copper ores at Timna. During remelting, Merkel could step-wise lower 

the iron content in four steps from 22 wt% Fe to only 200 ppm Fe by decreasing iron 

content dramatically in a first step to 6 wt% Fe, in a second step to 4 wt% Fe, in a third 

step to 2 wt% Fe, and in a final fourth step to only trace quantities [Merkel 1990: Tab. 

13]. Merkel described the simplicity of this operation, which could be undertaken in a 

simple lined pit (equal to the lining used for furnaces), under processing conditions 

that included the addition of charcoal as a top layer.  

Merkel also reported that the use of crucibles was possible and was useful for 

better recovery of the resultant copper after the melt [Merkel 1990: 107]. No additional 

sand as a flux, for example, was used during these experiments, and only the silica 

from the pit-lining in addition to the charcoal cover lead to the partial binding and 

oxidation of the iron, and the consequential forming of iron oxides (magnetite, 

wüstite) and iron-silicates (fayalite).  

Merkel (1990: 118) observed that during remelting and refining, there was a loss 

of certain impurities (e.g., Zn, Sr, Ti, Mo, Hg) while some impurities, such as cobalt, 

nickel, tin, antimony and arsenic, were less strongly oxidised and, therefore, were 

more frequently encountered within the final refined copper product.  
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4.4.2. Black Copper Ingots 

Two finds from Tell Chuera were classified as black copper ingots. TCH-K016-1 is 

a complete disc-shaped ingot (c. 18 cm in diameter) with diagonal outline contours, 

indicating deliberate shaping and presumably reflecting the size of the furnace-pit (Fig. 

4-4-1). TCH-K014-5 shows similar outline contours, but only a triangular fragment of 

the original ingot is preserved (Fig. 4-4-2). A comparison of the circumference of TCH-

K016-1 and the reconstructed circumference of TCH-K014-5 suggests that both 

artefacts were originally of equal size (Fig. 4-4-3). Also, both finds show a convex 

bottom side and a flat upper surface. Their similar shape and circumference indicate 

that both finds were produced in the same workshop. 

The colouration of the ingots is grey to brown with shades of bluish-green. In 

addition, ingot TCH-K016-1 contains dark-red areas on its convex bottom side and is 

almost exclusively yellow-orange on its upper, flat surface. Moreover, organic remains, 

which had corroded onto the metal, are clearly visible, especially on the bottom-side of 

this ingot (Fig. 4-4-4). They provide an interesting detail of information evidencing that 

possibly straw or wood may have been used during storage after casting.  

 

   

Fig. 4-4-1: Ingot TCH-K016-1 from its convex 
bottom side (right) and flat top side (left). 

Fig. 4-4-2: Ingot fragment TCH-K014-5, its 
convex bottom side (right) and flat top side (left). 

  

Fig. 4-4-3: Profile view of ingot fragment 
TCH-K014-5 (top) and ingot TCH-K016-1 
(bottom). 

Fig. 4-4-4: Detail of ingot TCH-K016-1 showing 
organic inclusions (presumably wood or straw) on its 
bottom side. 
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Both ingots are magnetic, which provides evidence, in addition to the rusty 

yellow-orange surface, of their metallic iron composition. Contrary to the 

heterogeneous outer appearance of these ingots, the inner (cut) surface revealed a 

homogeneous, bright metallic red colour (Fig. 4-4-5 and 4-4-6), supporting their 

classification as copper ingots. Close to the flat top surface of find TCH-K016-1, 

significant porosity and accumulation of metallic iron was visible with the naked eye 

(Fig. 4-4-3).  

Both specimens (TCH-K016-1 and TCH-K014-5) were analysed with EPMA. The 

results showed that both samples are copper with significant amounts of iron and 

sulphur. While the iron content is similar in both samples (Fe c. 30 wt%), a higher 

content of copper, and a lower content of sulphur were observed for specimen TCH-

K014-5.  

Optical microscopy and SEM-EDS spot analyses showed further compositional 

differences. TCH-K014-5 consists of a matrix of metallic copper of about 97 – 98 wt% 

Cu with 2 – 3 wt% Fe, and metallic iron particles consisting of c. 88 – 90 wt% Fe and c. 

10 – 12 wt% Cu. The latter appeared as bright grey irregular spots, symptomatic of 

partly developing dendrites Fig. (4-4-5). Additionally, Cu-Fe-S particles were loosely 

spread between these main constituents (Fig. 4-4-5); these contained significant levels 

of selenium (Se c. 4000 - 7000 ppm). Despite its different components, the 

composition of sample TCH-K014-5 appeared homogeneous across the entire section.  

By contrast, sample TCH-K016-1 appeared to be heterogeneous in its 

microstructure (Fig. 4-4-6). It consists of a copper base (Cu c. 97 wt% with Fe c. 3 wt%) 

but, in contrast to sample TCH-K014-5, different types of sulphur particles and metallic 

iron inclusions contribute to its chemical make-up (Fig. 4-4-6). These appear mainly as 

grain shaped copper sulphides, but also as copper-iron sulphides (Cu-Fe-S).  

The iron within TCH-K016-1 appears mainly in its metallic state, but also 

oxidised as wüstite and magnetite. It cannot be ruled out that the high amount of the 

latter iron components may be the result of sampling close to the upper surface of the 

original ingot. Due to the different specific gravities of copper and iron, and the limited 

solubility of iron in copper, during the solidification of the liquid metal some of the 

latter may have floated to the top of the charge forming an iron rich layer of metallic 

iron, iron oxide and iron sulphides.  

An iron-rich fragment (TCH-K016-2), contextualised with the ingot TCH-K016-1, 

provides additional evidence here and could be a remains of such iron-rich top-layers 

(Fig. 4-4-7). SEM-EDS analyses of this fragment show that it consisted mainly of iron 

oxide with small amounts of copper (mainly copper chloride), silica and arsenic (As c. 1 

wt%). Additionally, iron is present as Fe-S-oxide with significant amounts of potash (K 

c. 7 – 11 wt%), traces of copper (Cu c. 1 - 2 wt%) and also as Fe-Al-silicate inclusions. 
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Furthermore, inclusions similar to feldspar (NaAlSi3O8) and 'gypsum' (CaSO4.2H2O), and 

Ca-S-oxide were detected. The ‘gypsum’ contained small levels of iron oxide and 

occasional traces of antimony, and appears as a small black-grey band within the 

sample (Fig. 4-4-8). The same is true for its copper content, which also mostly appears 

as small bands of copper chloride. Detected minor and trace elements are similar to 

the analysed ingots. Therefore, it is suggested that this specimen was most likely part 

of a fully corroded iron layer on top of ingot TCH-K016-1. This layer may have formed 

during the cooling process and the solidification of the liquid metal.  

Trace to minor quantities of arsenic, nickel and cobalt were detected within both 

ingot specimens. However, selenium content, regularly detected in sample TCH-K014-

5, appears only occasionally within TCH-K016-1; tellurium was not detected in either of 

the two samples.  

 

  
Fig. 4-4-5: Micrograph of sample TCH-K014-5, 
showing a copper base (pink) with bright grey 
metallic iron contents and dark grey sulphide 
inclusion. 

Fig. 4-4-6: Micrograph of sample TCH-K016-1, 
showing a copper base (pink) with small, 
bright grey metallic iron particles, dark grey 
wüstite and bluish grey sulphide inclusions. 

 

The composition of both artefacts (TCH-K016-1, TCH-K014-5) with evident 

sulphur content indicates that they have been produced from sulphidic copper ore 

under strongly reducing conditions resulting in high metallic iron content. However, 

the co-existence of metallic iron, wüstite and magnetite, which all form under reducing 

conditions, but on different levels of such, is suggestive of variable conditions in the 

smelting furnace. 
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Fig. 4-4-7: Iron rich fragment TCH-K016-2. Fig. 4-4-8: Different layers within the 

fragment TCH-K016-2 (BSE image). 

 

The smelting of such sulphidic ores is complex. Here, the copper firstly has to be 

transformed to an oxidised state before its reduction to metallic copper [Bachmann 

1982: 22-23]. The necessary conditions are reached in shaft furnaces during a primary 

smelting process. The success of this process depends on factors such as furnace size, 

location and regulation of the air inlet, and the composition of the smelting charge. 

Most relevant is a steady milieu during the necessary reduction process. The reduction 

itself is carried out with charcoal and a regulated supply of oxygen to produce carbon 

dioxide, which reacts with further charcoal to carbon monoxide. Within this 

transformation zone the reduction of copper oxide to metallic copper takes place 

through the reaction of carbon monoxide with the copper oxide to form copper metal 

and carbon dioxide. Under too strongly reducing conditions some iron oxide is 

transformed to metallic iron and remains in the metallic copper phase as discrete 

metallic particles [Rothenberg 1990: 76].  

 

4.4.3. Black Copper Lumps 

In addition to the black copper ingot and ingot fragments from TCH-K, several 

contextualised amorphous lumps have similarly high iron content. These samples 

comprise some 15 fragments of which four (TCH-K014-1, TCH-K014-2a, TCH-K014-3a, 

and TCH-K014-3b) where analysed by SEM-EDS. Additional EPMA analyses were done 

for specimens TCH-K014-1, TCH-K014-2a, TCH-K014-2b, TCH-K014-3a, TCH-K014-3b, 

TCH-K014-7 and TCH-K014-8. A single small amorphous lump (TCH-H214) from Area 

TCH-H also had a similarly high iron level and was analysed with the EPMA instrument.  

All fragments from TCH-K appear very irregular in shape, ranging from 3 - 10 cm 

in length and 4 - 6 cm in width (Fig. 4-4-9). The colour of these fragments varies from 

grey to brown and mixed with several shades of bluish-green and yellow to orange 



 

 172 

areas. The colouration suggests their origins to be from copper production and 

indicated corroded iron. Similar to the black copper ingots, all fragments are magnetic, 

evidencing the presence of metallic iron.  

The appearance of TCH-H214 differed slightly (Fig. 4-4-10). Its colour is green to 

rusty orange but mud was encrusted on its surface. Also, this artefact is recognisably 

smaller than most finds from TCH-K014, but of a similarly irregular shape.  

 

  

Fig. 4-4-9: Black raw copper lumps TCH-
K014-1 (top left), TCH-K014-3 (top right), 
TCH-K014-2 (bottom). 

Fig. 4-4-10: Heterogeneous colouration on open 
cut surface of black copper lumps. From left to 
right, top: TCH-K014-3a, TCH-K014-3b; bottom: 
TCH-K014-2b, TCH-K014-2a, TCH-K014-1. 

 
 
 

 
 
 

SEM-EDS bulk analysis of specimens TCH-K014-1 to 3 evidenced a copper base 

(Cu c. 40 – 70 wt%), major amounts of iron (Fe c. 20 – 35 wt%) and minor levels of 

sulphur (S c. 1 – 2 wt%). The lowest iron content is evident in specimens THC-K014-2a 

and TCH-K014-3b. The latter specimen also shows the highest amount of copper 

amongst these samples (Fig. 4-4-10). Differing iron and copper levels within the 

Fig. 4-4-11: Black copper lump 
TCH-H214 from Area H at Tell 
Chuera. 
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amorphous lumps were confirmed by additional EPMA analyses of specimens TCH-

K014-7 and TCH-K014-8, with values of c. 21 wt% Fe for sample TCH-K014-7 and only 

about 4 wt% Fe for sample TCH-K014-8. Iron is present in two different states. It is 

present in the form of iron oxides (wüstite and magnetite), containing occasionally 

additional low levels of arsenic (As c. 0.5 – 3 wt%), and traces of silica, magnesia and 

sulphate (c. 02. - 0.5 wt%, respectively). Iron is also present in its metallic state where 

it appears partly rusted (Fig. 4-4-12). The latter phenomenon provides evidence (as 

previously discussed for the black copper ingots), for excessively strong reducing 

conditions during smelting; the different states of iron oxides imply variable 

conditions within the furnace during processing.  

 

  

Fig. 4-4-12: Micrograph of sample TCH-K014-3b. 
FeO(OH) (rust) is visible as dark grey particles (left 
side), changing to bright yellow with the use of 
crossed polarised light (upper right corner). Under 
the same conditions, the adjacent slightly brighter 
grey-brown cuprite particles appear reddish; 
magnification x500. 

Fig. 4-4-13: Micrographs of copper matrix 
within TCH-H214. 

 

Copper appears in both its metallic and corroded states (mainly copper chloride) 

and also as copper(-iron) sulphides with low but (in some cases) also high iron levels 

(Fe c. 1 - 10 wt%). In addition, bulk-EPMA analysis detected trace to minor quantities of 

arsenic (As c. 2000 ppm), nickel (Ni c. 300 - 400 ppm) and cobalt (Co c. 800 ppm). No 

significant slag inclusions were detected with any of the specimens.  

EPMA analysis for TCH-H214 gave different results (Fig. 4-4-13). Comparable to 

TCH-K014-8, the specimen contains only low iron levels (Fe c. 3 wt%) and sulphur 

levels below 1 wt% S in its bulk composition. In contrast to the finds from TCH-K, 

higher levels of arsenic (As c. 1 wt%), minor levels of antimony and nickel (c. 1000 - 

2000 ppm, respectively) and trace quantities of silver (Ag c. 700 ppm) were detected 

within its copper matrix. These compositional differences in comparison to the finds 

from TCH-K may be due to the different stratigraphic and chronological context of the 

sample.  
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4.4.4. Refining Slag 

Several finds from Tell Chuera evidenced the previously described refining of 

black copper. Unfortunately, Merkel (1990) did not publish micrographs of slag from 

his remelting and refining experiments, so a direct comparison with his work is not 

possible. However, refining slag specimens should possess two major features. First, 

the specimen should resemble the appearance of copper smelting slag due to the 

similarity of the process. Second, major constituent should be iron oxides in various 

stages (wüstite, magnetite, fayalite), in addition to copper with reduced iron content. 

All of these constituents were found within four finds from Tell Chuera, where they 

were classified as refining slag. Most of these specimens derived from TCH-K (TCH-

K142-1, TCH-K282, TCH-K270) whereas only one specimen (TCH-W4-724) was 

excavated in Area W at Tell Chuera.  

The outer appearance of these finds varies and while TCH-K270 and TCH-K282 

are irregular in shape, TCH-K142-1 resembles the previously discussed bar ingot 

fragments and TCH-W4-724 was flat and bi-convexly curved (Fig. 4-4-14). These 

differences are presumed to be due to the origin of the samples; TCH-K270 and TCH-

K282 could have been slag removed in its liquid stage, while TCH-K142-1 and TCH-W4-

724 could have been slag removed from ingots after cooling.  

All samples show comparable matrices with wüstite and fayalite and (in some 

cases) magnetite (Fig. 4-4-15). Present within this iron oxide slag matrix are sulphides 

and partly matte prills, in addition to isolated areas of metallic copper and copper 

prills (Fig. 4-4-15).  

The metallic copper areas of samples TCH-K282 and TCH-K270 have an as-cast 

structure with inter-granular sulphides (Fig. 4-4-16). EPMA analyses did neither detect 

any iron content nor any further impurities (such as arsenic, nickel or cobalt) within the 

copper of these specimens. These results are suggestive of the successful refining of 

black copper. 

By contrast, metallic copper is only present in small prills within samples TCH-

K142-1 and TCH-W4-724 (Fig. 4-4-17). These copper prills contain c. 3 wt% iron (TCH-

K142-1) or c. 5 wt% iron (TCH-W4-724); with traces of nickel, arsenic and cobalt within 

both specimens; and tin (TCH-K142-1) and silver (TCH-W4-724).  
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Fig. 4-4-14: Refining slag from Tell Chuera. From top left to bottom right: TCH-K282, TCH-K270, 
TCH-K142-1 and TCH-W4-724. 
 
 
 

  

  

Fig. 4-4-15: Micrographs showing iron oxide matrices Above: TCH-K282 and details of fayalite 
(right). Below: TCH-K282 iron oxide (grey) in the matrix with matte prills (blue-grey, globular). 
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Fig. 4-4-16: Copper matrix of TCH-K282 (left) and TCH-K270 (right) showing as-cast structures 
and inter-granular sulphides.   

 

Similar to the previously described samples TCH-K282 and TCH-K270, specimens 

TCH-K142-1 and TCH-W4-724 also confirm the successful refining of black copper, but 

with higher iron content remaining in the copper. However, iron content of about         

3 wt% Fe is not an obstacle for further processing (casting) and similarly high iron 

levels of c. 2 - 3 wt% Fe also occur with finished products from various Jeziran sites 

(compare Tab. 4-1-2, 4-1-4, 4-2-2, 4-2-5, 4-3-2, 4-3-3). 

Furthermore, the analytical results for the four refining slags confirmed Merkel’s 

observations (1990: 117) in regard to the loss of minor and trace impurities by 

oxidation (e.g., arsenic, cobalt, nickel). While the latter were still present within the 

less refined samples TCH-K142-1 and TCH-W4-724, they were absent (or below their 

detection limits) within the copper of the specimens TCH-K282 and TCH-K270, which is 

suggestive of more intensive refining.  

 

  

Fig. 4-4-17: Copper prills within the iron oxide matrix of TCH-K142-1 (left) and TCH-W4-724 
(right). 
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4.4.5. Black Copper Production Debris 

In addition to the evidence for black raw copper and its refining, several samples 

with high iron content were classified by their shapes as production debris.  

Specimen TCH-A5018-4b is part of a heap of presumably metal held in stock and 

four of these fragments were corroded on top of each other (TCH-A5018-4a to TCH-

A5018-4b); some of these fragments were probably bar ingot fragments (Fig. 4-4-18). 

The artefact TCH-A5018-4b appeared rectangular and was possibly also an ingot 

fragment, which may be additionally verified by its as-cast structure (Fig. 4-4-19). It 

consists of almost pure copper with minor levels of nickel (Ni c. 2000 ppm) and trace 

quantities of cobalt (Co c. 700 ppm), but also contains elevated iron levels of c. 5 wt% 

Fe.  

Specimen TCH-W4-030 was thin and sheet-like in shape, but convexly bent with a 

thicker globular part at one of its ends (Fig. 4-4-18). Similar to the previously described 

specimen TCH-A5018-4b, it shows an as-cast structure but contains a high amount of 

sulphide inclusions (Fig. 4-4-19). Its copper matrix contains only trace quantities of 

arsenic (As c. 300 ppm) and nickel (Ni c 700 ppm), and a lower iron content (Fe c. 3 

wt%) than detected in TCH-A5018-4b.  

These two artefacts most likely derive from two different kinds of metal 

production processes. Sample TCH-A5018-4b is probably an ingot fragment produced 

from refined black copper. However, no archaeological record from Area A at Tell 

Chuera provides evidence of refining activities within this stratigraphic unit. The shape 

of sample TCH-W4-030 and its as-cast microstructure, on the other hand, indicate that 

it may be a casting debris from casting activities with refined black copper.  

Furthermore, the technical ceramics from Tell Kharab Sayyar (KHS-A12) and Tell 

Chuera (TCH-S08-092) both showed increased iron levels within their metallic copper 

and copper tin prills, and the presence of iron oxides in the form of magnetite and 

wüstite in their slag matrix. It is unlikely that such high iron content stemmed from 

additional components, such as charcoal or flux, within the melt. Such high iron 

content more likely derived from partly refined black copper, which was evident at Tell 

Chuera [Craddock 2000; Craddock and Meeks 1987; Rothenberg 1990]. However, as 

pointed out earlier, high iron levels in the tin alloying technical ceramic from Tell 

Kharab Sayyar could also have derived from the tin source ('hard-heads') [Rehren 

2001].  

In addition to the presented evidence from Tell Chuera for the processing and 

refining of black copper, several finished products provide high iron content and 

therefore, could be linked to (only partly) refined black copper. The presence of high 

iron levels (Fe c. 1 - 3 wt%) within finished products was determined for several sites in 
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the Jezirah (such as Tell Chuera, Tell Bderi and Tell Beydar), and also for finished 

products from the Euphrates Valley (Fe c. 1 - 2 wt%). Such high iron levels are evident 

in almost pure and impure copper artefacts (Chapter 4.1.), but also in arsenical(-

antimonial) copper and tin-bronze (Chapters 4.2. and 4.3.). 

 

     

Fig. 4-4-18: Black copper production debris TCH-A5018-4b (left, second from bottom) and TCH-
W4-030 (right).  
 
 

    
 

Fig. 4-4-19: Micrographs of copper matrix in TCH-A5018-4b (left) and TCH-W4-030 (right). 
 

However, to establish a metallurgical relation between the use and refining of 

black copper, and finished artefacts one has to consider two significant aspects. First, 

we have to concede that not all of these increased iron levels necessarily stem from 

(only partly) refined black copper. Especially co-smelting of oxidic and sulphidic ores 

can result in remarkable iron levels, but the thereby produced raw copper does not 

necessarily need refining before casting.  

Second, Merkel’s (1990) experiments showed that a decrease of iron content 

during refining to only trace levels is possible. Furthermore, the analytical evidence 

from the refining slag samples TCH-K282 and TCH-K270, which indicated no iron 

present within their copper matrix, supports the contention that black copper may 

have been refined to an ‘iron-free’ state in prehistory. Therefore, finished artefacts 
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with low iron levels may well derive from refined black copper but are not identifiable 

as such due to their reduced iron content. The evidence for such refining therefore has 

to come from the workshop debris, including black copper, refining slag, and crucibles 

with elevated iron oxide in the slag, as is the case in Tell Chuera.  

 

4.4.6. Black Copper and its Application 

Black copper ingots with significant metallic iron content have been found at 

different sites in the Arabah and the Sinai (Levant). These range in date from the 

Bronze Age to the Iron Age [Roman 1990; Rothenberg 1990]. The only comparable find 

from Upper Mesopotamia is an ingot discovered at Nimrud (N-Iraq), which dates to the 

1st millennium BC [Moorey 1988].  

 

 

Fig. 4-4-20: Black copper ingot from Bir Nasib / Sinai, 14th - 12th century BC [Rothenberg 1990: 
Fig. 106]. 

 

Most of these ingots are similar in their composition, their ferro-magnetic 

properties and their plano-convex shape to the finds from Tell Chuera (Fig. 4-4-20) 

[Moorey 1988; Roman 1990]. However, minor compositional differences are 

noteworthy.  

The copper ingot from Nimrud contained a high iron level (Fe c. 16 wt%), and 

traces of tin, lead, arsenic, silver, nickel, zinc, antimony, bismuth and cobalt. Due to 

the chosen analytical method (AAS), sulphur was not analysed [Moorey et al. 1988: 

145]. Analyses of the Levantine finds indicated a copper base containing only 4 – 8 wt% 

iron and 1 – 3 wt% sulphur; traces of lead appeared within most of these samples 

[Roman 1990: 176 - 180]. By comparison, the analysed ingots from Tell Chuera had 

similar sulphur levels, but their iron amounts were significantly higher (Fe c. 30 wt%). 
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Also, these ingots contained minor levels of arsenic (As c. 1000 - 2000 ppm) and (in 

some cases) trace quantities of nickel and cobalt. 

Based on Merkel’s (1990) study, we can associate differences in iron content in 

the various iron-rich artefacts from Tell Chuera, the Levant and Nimrud with the 

intermediate products from specific steps within the production and refining of black 

copper.  

The high iron levels within the ingots from Tell Chuera provided evidence for a 

primary smelting operation at which stage most of the metallic iron content was still 

present in the copper specimens. However, the infeasibility of producing an authentic 

ingot in a primary smelting operation, as elaborated by Merkel, could suggest that the 

copper from Tell Chuera had been re-melted at least once.  

These ingots stand as evidence and in strong contrast to the finds from the 

Levant in regard to their iron content. Most of the Levantine finds gave substantially 

lower iron content of about 1 – 8 wt% Fe. Therefore, they can be classified as the 

results of secondary melts and successful refining. Only one ingot from the Levant 

showed iron levels comparable to the finds from Tell Chuera (of approximately 30 – 40 

wt% Fe) and should be classified as a primary smelting product [Rothenberg 1990: 65, 

76].  

Furthermore, the Levantine finds showed a slag layer on top of each ingot, 

possibly due to slagging conditions. This kind of slag layer was not evident on the 

ingots from Tell Chuera and may have been broken off before trading. Noteworthy is 

Merkel’s statement (1990: 116) that slag remains are obstacles in the refining process 

of black copper and should be removed beforehand. Since the ingots from the Levant 

provided a copper ready for casting, it is tentatively suggested that this kind of slag 

layer may have been an intentional indicator left by the smelter operators to provide 

evidence of the already refined state of the copper and its (consequently) high quality.  

In contrast to all previously discussed ingots, the ingot from Nimrud contained c. 

16 wt% iron. Here, the relatively high amount of iron must not have been suitable for 

casting and would require further refining to lower the iron content. However, Merkel 

(1990: 107) showed that remelting can cause a decrease of iron from c. 22 wt% to c. 6 

wt% Fe in a single remelting operation. Hence, the ’refining’ of the copper from the 

Nimrud ingot, and a decrease of its iron level to workable amounts, could have taken 

place (unwittingly) during melting the ingot for casting, and no additional deliberate 

‘refining step’ would have been needed.   

The compositions of the presented amorphous lumps from Tell Chuera (TCH-K14 

specimens 1 - 3, 7 and 8, and TCH-H214) suggested a relation to the previously 

discussed black copper ingots. However, many of these amorphous lumps showed iron 
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content of different levels, ranging between 3 and 40 wt% Fe. Therefore, these lumps 

may originate from different steps in the production and processing of black copper.  

First, they could have been traded together with the black copper ingots. While 

ingots are retrieved from the furnace in a regular shape, irregular accumulations may 

remain close to the furnace wall or base of the furnace. These may have been taken 

out of the furnace by dismantling the furnace wall, a procedure indicated by furnaces 

frequently found destroyed within the archaeological record [Rothenberg 1990: 6]. 

Such lumps may have been traded together with the ingots as a secondary but still 

valuable material. This set of circumstances is feasible for in particular black copper 

lumps with high iron levels of c. 30 - 40 wt% Fe (TCH-K014-1, TCH-K014-3a-b), but 

could also be true for lumps with slightly lower iron levels of about 20 wt% Fe (TCH-

K014-2, TCH-K014-7).  

Secondly, some of the lumps may be partly refined black copper. This may be 

true for the latter specimens TCH-K014-2 and TCH-K014-7 which had a slightly lower 

iron content, but is even more likely for specimens TCH-K014-8 and TCH-H214, that 

had significantly lower iron levels (c. 3 and 4 wt% Fe). These specimens (TCH-K014-8 

and TCH-H214) with low iron levels could be the result of the successful refining of the 

black copper to workable iron levels ready for casting. The presented refining slag 

TCH-K282, TCH-K270, TCH-K142-1 and TCH-W4-724 may support this set of 

circumstances and the successful refining of black copper on-site.  

Moreover, the Jezirah, in its entire archaeological record, does not provide a 

single instance of evidence for copper smelting. Therefore, and in addition to the 

evidence for black copper at Tell Chuera, the finds TCH-K282, TCH-K270, TCH-K142-1 

and TCH-W4-724 were most likely not the result of smelting, which would have 

produced a similar microstructure and would appear in greater quantities, but can be 

linked to refining operations.  

The shape of specimens TCH-K142-1 and TCH-W4-724 suggest that these 

fragments were discarded slag from ingots. However, there is no unequivocal evidence 

that these specimens did not originate from imported ingots of which the slag had 

been removed only upon arrival at TCH and prior to further processing at the site. That 

ingots were traded with a slag layer still present is evident by, for example, the later 

dating finds from the Levant.  

On the other hand, the irregular shape of samples TCH-K282 and TCH-K270 

clearly related them to on-site activities and removal of the slag during the refining 

process. Furthermore, small pebbles were fused into the surface of sample TCH-K282 

indicating its cooling on the ground. Remains of charcoal within the latter two samples 

suggest a similar process as discussed by Merkel (1990), where the refining charge 

was covered (or in this case also possibly mixed) with a charcoal layer (Fig. 4-4-21). 
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Also, Merkel’s findings, which showed that refining can be undertaken within a small 

lined pit or crucible, strengthens the hypothesis that refining may well have taken 

place at Tell Chuera.  

 

    

Fig. 4-4-21: Charcoal remains within refining slag; TCH-K282 (left) and TCH-W4-724 (right, 
x100).  

 

The final piece of evidence for the refining and utilisation of black copper at Tell 

Chuera is the production debris from the site. The ingot fragment TCH-A5018-4b, 

which was presumably held in stock by the prehistoric metalworkers, may provide 

further evidence of planned melting operations with refined copper. The casting debris 

TCH-W4-030 provided indirect evidence for such melting and casting operations with 

black copper at Tell Chuera. 

The greatest number of samples related to black copper metallurgy derived from 

Area K at Tell Chuera. This area was originally excavated by Anton Moortgat and his 

wife Ursula Moortgat-Correns (1976, 1978, 1988), and re-excavated about 30 years 

later in 1996/1997 by Winfried Orthmann and Peter Pfälzner (University of Halle). Area 

TCH-K has been identified as living and working area in the adjacent surroundings of a 

temple (Kleiner Antentempel) by its excavators [Moortgat and Moortgat-Correns 1974; 

Moortgat and Moortgat-Correns 1976; Moortgat-Correns 1988; Pfälzner 2001: 345]. 

Several finds excavated by Orthmann and Pfälzner [Pfälzner, unpubl. report], that 

relate to black copper (including TCH-K014 and TCH-K016), came to light within 

‘cleaning layers’ of the areas excavated earlier by Moortgat. Accordingly, their 

stratigraphic origin is uncertain. However, the occupation phase of Area TCH-K was 

generally dated to TCH IC/D during the late 3rd millennium BC (c. 2400 - 2100 BC). No 

later occupation phase than TCH IE was evident within this area. Therefore, this date 

should also apply for the black copper finds TCH-K014 and TCH-K016. All remaining 

analysed finds from Area TCH-K came from stratigraphic secure contexts and can 

therefore be dated to the late 3rd millennium BC. Finds from areas TCH-W and TCH-H 

may well be earlier, conceivably dating to the mid-3rd millennium BC (TCH IC).  
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This evidence for black copper and its successful refining during the 3rd 

millennium BC stands in contrast to the accepted chronology for black copper finds 

from other regions, which predominantly date to the LBA or EIA. The results suggest 

metallurgical knowledge, skill and experience exceeding those required for melting, 

alloying and casting. Accordingly, it is contended that the refining of black copper at 

Tell Chuera was most likely undertaken by specialists, who, in addition to general 

metallurgical skills (melting, casting, alloying), also possessed knowledge more closely 

aligned to smelting activities thereby providing evidence for a deeper understanding of 

metallurgical processes in an earlier era than previously accepted.  

The archaeological contexts of the black copper ingots and the refining slag 

within a living area support the hypothesis of household metallurgy [Pfälzner 2001]. 

However, a concept based on acceptance of this hypothesis does not explain the 

responsibilities for metal production at the tell itself, nor for whom these metal-smiths 

worked. This topic will be discussed further below, integrating the wider evidence for 

metal production in the Jezirah.  

Finally, the archaeological evidence of the residue ingot TCH-K016-1, which 

presumably was of high value because it consisted of raw copper, is astonishing. 

However, the reasons for the abandonment of Tell Chuera at the end of the 3rd 

millennium are still unknown and various explanations are conceivable. The ingot and 

all remaining raw copper fragments may have been considered, for example, too heavy 

and hindering for transport in comparison to their possibly low value. Also, the 

abandoning of metal craft within the specific household or Area K at Tell Chuera as a 

whole is a possibility. Another version is that the black copper finds may have been left 

behind due to their (maybe unusually) high metallic iron content, which made them 

more difficult (and also time consuming) to process [Rothenberg 1990: 65]. A 

cuneiform text may describe this possible scenario. Here, the complaints of a client 

about the poor quality of ingots were reported: ''.... you offered bad ingots to my 

messenger, saying ''Take it or leave it''. ... Who is there among the Dilmun (current 

Bahrain) traders who has acted against me in this way?'' [Craddock 2002: 111]. 

Obviously, there is no proof that this statement could be linked to the (low) quality of 

black copper and its increased metallic iron content. However, this quote shows that 

customers have not always been happy with their purchased raw products, which could 

(theoretically) also have been true for copper with more than 30 wt% iron.  

The very early appearance of black copper and its processing at Tell Chuera 

already during the 3rd millennium BC is exceptional. It may be suggested that the 

unique evidence from Tell Chuera could be related to either specific metal trading 

contacts or specific skills or tastes in metal production and consumption.  
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5. Classification by Elemental Ratios of Arsenic, Antimony, 

Silver, Nickel and Lead 

Copper ore deposits are often distinguishable by specific major, minor and trace 

elements. Among them are arsenic (As), antimony (Sb), nickel (Ni), silver (Ag), tin (Sn) 

and (to a lesser degree) lead (Pb), all of which were encountered within specimens 

from the Jezirah and the Euphrates Valley. A comparison of minor and trace element 

ratios (hereafter MTER; As/Sb, As/Ni, Ni/Ag and Pb/Ag) was employed to determine 

whether the compositional groups established in chapter 4 derive from similar ore 

types, and to which degree they relate to each other. The latter is particularly 

important for the evaluation of a comparison between the groups arsenical(-

antimonial) copper and tin-bronze, and also arsenical and arsenical-antimonial copper. 

 

5.1. On the Origins of Impure Copper 

The group of impure copper artefacts from the Jezirah is (compositionally) very 

heterogeneous, and the wide compositional range could reflect several kinds of raw 

coppers. To understand whether different kinds of impure copper compositions are 

based on different ore sources or whether they are the result of recycling and mixing, 

we need to consider the specific profiles of compositions represented within this 

group. In general, we can distinguish between three major (compositional) groups (G1 

- G3).  

G1: The first group is characterised by minor arsenic impurities, with antimony, tin 

and nickel present only in trace quantities. This group comprises about 25 per cent of 

all impure copper artefacts and might have been based on a copper source with low 

arsenic content. 

G2: The second group can be identified as containing arsenic as a major impurity 

and with noticeable antimony and nickel contents. This group dominates among the 

impure copper artefacts and could be related to fahlores. Fahlores are frequently 

deposited with sulphidic ores (secondary enrichment zone) and a combination of 

arsenic, antimony and nickel in copper can be indicative of this specific kind of ore. 

G3: The third group contains, in addition to arsenic, antimony and nickel, 

remarkable tin impurities that could be related to polymetallic ores. Alternatively, 

increased tin impurities could stem from recycling processes and may not be indicative 

of a specific ore source. Impure copper artefacts with elevated tin levels (Sn c. 4000 - 

7000 ppm) were the minority among the samples. 

All three different kinds of copper ores (arsenic containing ores, fahlores and 

polymetallic ores) were available in the adjacent regions of Upper Mesopotamia and 



 186 

were, for example, evident in Anatolia [Hauptmann et al. 2002] and Iran [Begemann et 

al. 2008; Helwing 2009; Nezafati et al. 2011]. Tonussi et al. (2014: 306-308), for 

instance, proposed for arsenical-antimonial copper artefacts from Tell Beydar, that 

they were derived from Anatolian fahlores. Here, the authors employed a comparison 

of the arsenic-antimony ratios (As/Sb) detected within copper artefacts and copper 

containing ores from Anatolia. Anatolian copper ores show (on average) ratios of 

arsenic to antimony between 1 and 40. However, some sources have higher ratios, but 

their As/Sb values never exceeded 100 [Hauptmann et al. 2002: Fig. 9]. Hence, 

artefacts with such ratios of 1 to 100 could be related to various Anatolian copper ore 

deposits; artefacts with ratios of greater than 100 could be related to ore sources 

outside Anatolia, or may stem from yet not detected prehistoric ore sources within 

Anatolia [Hauptmann et al. 2002; Tonussi, et al. 2014].  

As for finds from Tell Beydar [Tonussi et al. 2014], the As/Sb values of most 

impure coppers from (analysed) artefacts from the Jezirah range from 1 to 90 and, 

therefore, could be related to Anatolian copper ores sources. However, a significant 

difference in As/Sb values between groups G1 and G2 became apparent (Fig. 5-1). 

Artefacts of G1 (containing low arsenic levels but only traces of antimony and tin) 

mainly cluster with As/Sb values between 10 and 40; four samples have significant 

higher ratios of which two samples show a ratio above 100 (MZ-5-B3i72, 6164-M-4) 

and two samples show a ratio of about 50 (SS/722/5876) and 100 (FS/1792/4992) 

(Fig. 5-1). Artefacts of G2 (possibly related to fahlores) have lower As/Sb ratios in the 

range of 2 - 11. Artefacts of G3 (with minor tin levels) do not cluster within a specific 

As/Sb value and appear across nearly the entire range of ratios between 5 and 320. 

One single find from Tell Beydar has increased antimony (Sb c. 1.4 wt%) levels with an 

As/Sb value of 1 and was excluded from the graph for improved clarity. The results 

suggest that raw copper used in the production of impure copper artefacts from 

groups G1 and G2 differed. By contrast, artefacts from G3 do not show consistent 

As/Sb values and could be related to either of the groups G1 and G2 and to a wider 

(mixed) range of copper sources.  

Nickel, silver and (to a lesser extent) lead contents are similarly part of the 

chemical make-up of specific copper ores. In the next step of the ratio analysis, 

combined plots of arsenic against antimony and nickel, silver against lead and nickel, 

and nickel against arsenic and silver are plotted to explore (i) the distinction between 

the groups G1 and G2 (apparent in their different range of As/Sb values) and (ii) the 

overlap of As/Sb of G3 with G1 and G2. Some details of this comparison are 

noteworthy: 

  



 

 187 

As/Sb and As/Ni (Fig. 5-2 and 5-3): 

• G1 and G2 appear separated from each other by different ratio values. 

• G1 does not form a tight cluster. 

• G1 shows a medium and consistent As/Ni (2 - 30) with three exceptions: H-

8429-M-5, 9620-M-3, MZ-5-B3i72 have As/Ni values between 60 and 80; two 

further samples have higher nickel than arsenic content (12053-M-1; 

SS/1267/5914). 

• G2 shows a wide range of As/Ni values (1 - 50) that cluster at two different 

ratio values. 

• The majority of samples within G3 show consistent As/Ni (1 - 13) combined 

with low As/Sb (1-12); five samples show higher As/Ni (≥ 20); the latter derive 

from Tell Mozan ( As/Sb c. 20), Tell Beydar ( As/Sb c. 20 and c. 200) and Tell 

Chuera (As/Sb c. 50 and c. 70); three samples from these sites also have higher 

As/Ni values (> 20). 

• Several samples of G3 overlap with the (major) cluster of G1 specimens with 

low As/Sb and As/Ni values (c. 1 - 10, respectively); a small number of samples 

show similar ratios in comparison to samples of G1 with low As/Ni values (< 

10).  

• Samples with low As/Sb and low As/Ni of G2 and G3 overlap. 

• Seven specimens with increased As/Ni (27 - 49) all derive from Tell Mozan, of 

which four out of six specimens have no detectable lead levels, and one 

specimen has no detectable silver level.  

• All samples with high As/Sb (> 100) or high As/Ni (> 50) derive from Tell 

Beydar. 

• One sample has nil nickel detected and was excluded (TCH-S08-063). 

 

Pb/Ag and Ni/Ag (Fig. 5-4): 

• G1 does not form a cluster. 

• The majority of G2 samples cluster at low Ni/Ag combined with low Pb/Ag 

values (c. 2 - 5, respectively) and are identical with samples that cluster at low 

As/Sb and As/Ni; two samples within this low Ni/Ag and low Pb/Ag cluster 

show higher As/Sb values (H-8431-M-12, H-8429-M-2) and can be related to a 

possible second cluster at As/Ni of about 20 (Fig. 5-3); all further samples 

within the latter cluster have no detected silver or lead levels and cannot be 
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compared to samples from the low As/Sb and As/Ni cluster by their Ni/Ag, 

Pb/Ni and Pb/Ag values. 

• Six specimens of G2 show higher Pb/Ag and/or higher Ni/Ag values.  

• 20 samples show higher silver than lead levels (Pb/Ag < 1) and belong to G1 

and G2; they derive from Tell Mozan (n=8), Tell Brak (n=6) and Tell Beydar 

(n=5); a single sample stems from Tell Bderi.  

• G3 does not form a cluster. 

• Four samples of G3 cluster with the major group of G2 with low Ni/Ag and 

Pb/Ag ratios. 

• Seven samples of G3 contain higher silver than lead levels and show similar 

Ni/Pb and Ag/Pb values in comparison to samples from G1. 

• 25 samples have no detected lead and/or silver levels and had to be excluded.  

 

 

 

Fig. 5-1: Arsenic against antimony contents in impure copper artefacts grouped according to 
compositional differences in arsenic, antimony and tin levels (G1-G3). G1 specimens show on 
average lower ratio values than G2 specimens. Samples with increased tin levels (G3) do not 
cluster. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 
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Fig. 5-2: As/Sb against As/Ni for impure copper artefacts from the Jezirah grouped according to 
compositional differences in arsenic, antimony and tin contents (G1-G3). Samples from Tell 
Beydar and Tell Mozan show exclusively high MTER values. EPMA and ICP-OES (Tell Beydar, 
Tonussi et al. 2014) data. Corroded samples are excluded.  

 

 

Fig. 5-3: As/Sb against As/Ni for impure copper artefacts from the Jezirah grouped according to 
compositional differences in arsenic, antimony and tin contents (G1-G3). Samples with elevated 
As/Sb > 100 were excluded for improved clarity. The majority of G2 and G3 samples cluster 
closely at low As/Sb and low As/Ni values and may be related to specific fahlores. G1 samples 
do not cluster. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 
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Fig. 5-4: Ni/Ag against Pb/Ag for impure copper artefacts from the Jezirah grouped according to 
compositional differences in arsenic, antimony and tin contents (G1-G3). Most samples with 
combined low As/Sb and low As/Ni also cluster by their Ni/Ag and Pb/Ag values. A sub-group of 
samples demonstrate higher silver than lead contents and may indicate copper from a particular 
ore source. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

 

 
Fig. 5-5: Ni/Ag against As/Ni for impure copper artefacts from the Jezirah grouped according to 
compositional differences in arsenic, antimony and tin contents (G1-G3). Most samples with 
combined low As/Sb and As/Ni also cluster by their As/Ni and Ni/Ag values. The sub-group of 
samples with higher silver than lead contents clusters in the same range as the supposed 
fahlores. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded.  
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The results support the hypothesis that compositional differences in impure 

copper artefacts from the Jezirah are based on different kinds of raw copper. Due to 

their compositional specifics it was concluded that specimens of G1 stem from an 

arsenic-containing copper, while specimens of G2 are probably based on (more 

complex) fahlores. A major cluster of such fahlores (hereafter FOC) of samples from 

G2 (and also G3) consists of low As/Sb combined with low As/Ni values. Samples from 

all sites are represented in this cluster. A large number of samples within this cluster 

also cluster at their combined Ni/Ag and Pb/Ag values, supporting their origin from 

the same or similar ore source(s). However, several samples (n=12) evidence higher 

values of both ratios. The majority of the latter derive from Eastern Jeziran sites, 

namely Tell Beydar and Tell Mozan with the addition of a single sample from Tell Brak, 

Tell Chuera, Tell Raqa’i and Tell Bderi, respectively. The strong variations in ratio 

values among the latter possible fahlore samples suggests their mixing and recycling, 

which caused ratio values that do not cluster. However, it cannot be excluded that 

variations in fahlore source add to this pattern and it is proposed that not all samples 

within the FOC may stem from the same fahlore source. The different clusters for G2 

samples in relation to their As/Ni tentatively supports that different kinds of fahlore 

sources were in use. The same is possibly true for samples within G1. However, this 

group does not exhibit particular clusters, and the displayed diversity in ratio values 

within this group may have been influenced by remelting and mixing of arsenic 

containing coppers. Impure copper artefacts with higher silver than lead contents in 

G1 and G2 (n=20) may potentially represent additional copper sources and should be 

discussed separately. Half of these samples (n=10) fall into the main cluster with low 

As/Sb and low As/Ni ratios (FOC) and, therefore, could also derive from a (different) 

fahlore source.  

Specimens of G3 (with increased tin level) appear not to form a mutually 

exclusive group. Most often, G3 samples cluster with samples from G2 and to a lesser 

degree with samples from G1; several samples are unrelated to any of these two 

groups. Consequently, the majority of samples within G3 is likely to have been based 

on either kinds of raw copper used for G1 and G2; the comparisons of As/Sb against 

As/Ni values, and Pb/Ag against Ni/Ag values suggest that some of the specimens of 

G3 (with increased arsenic content) are compositionally more closely related to the 

‘fahlore group’ G2 than to G1. Since neither G1 nor G2 contain elevated tin levels, it is 

tentatively suggested that the majority of tin contents in impure copper artefacts 

derive from the recycling and mixing of different kinds of copper metals of G1 and G2 

with tin or tin-containing coppers. This is further supported by the fact that samples of 

G3 never display an individual cluster, but often display identical to similar ratios in 

comparison to especially G1 but also to G2 specimens. Thus, the use of a specific 

(polymetallic) ore source for the majority of the G3 samples seems unlikely.  
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However, two G3 samples with increased tin levels show As/Sb ratios > 100 (170 

and 320) and could either be based on coppers that derive from outside Anatolia and 

were mixed with tin-containing metal, or on polymetallic sources.  

 

5.2. Comparison of Almost Pure Copper and Impure Copper by 

Ratios of Trace and Minor Elements (As, Sb, Ni, Ag, Pb) 

The previous section successfully showed that compositional differences among 

impure coppers relate to the use of different kinds of copper sources. In a next step it 

is necessary to establish the relation between almost pure and impure coppers on the 

basis of the previous results. Three general models can be employed to explain the 

major compositional differences between (almost) pure copper and impure copper.  

First, the raw copper used in the production of almost pure and impure copper 

artefacts could for each compositional group have derived from a different copper 

source, consequently conferring on the final metal product a different chemical 

composition. Second, the combined appearance of increased arsenic levels with low 

antimony and tin levels could come from continuous recycling of (almost) pure and 

impure copper with copper alloys (such as arsenical copper or tin-bronze), thus 

diluting the original composition. Third, differences could derive from the co-smelting 

of different copper ores. Co-smelting, especially of oxidic and sulphidic ores, has been 

proposed for early metallurgy where both deposits were available in close proximity to 

each other or where they transition into each other [Pigott et al. 2003]. 

Within the group of almost pure copper, 11 artefacts are also classified as black 

copper. However, antimony was detected within none of these specimens and they 

cannot be compared to the rest of the (almost pure and impure copper) samples. In 

addition, several samples lacked one or several of the elements important for this 

statistical evaluation. No antimony was detected in about half (n=16) out of 30 almost 

pure copper samples. These include samples from Tell Mozan (n=9), Tell Chuera (n=4), 

Tell Beydar (n=1) Tell Raqa’i (n=1) and Tell Kharab Sayyar (n=1). Two samples (from 

Tell Chuera and Tell Mozan) have no detectable arsenic contents, one sample from Tell 

Mozan has no detectable nickel levels, three samples from Tell Beydar, Tell Bderi and 

Tell Mozan have no detectable silver levels and four samples have no detectable lead 

levels (Tell Mozan n=2, Tell Chuera n=1, Tell Bderi n=1). Consequently, the group of 

almost pure copper is relatively small in comparison to the group of impure samples.  

Similar to impure copper samples a threshold at 9000 ppm antimony separates 

samples from G1 and G2, leaving only a single sample with increased antimony 

content of 17000 ppm Sb within G2. The same is true for increased tin content within 

almost pure copper and only a single sample can be established as G3. Therefore, 
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samples will be separated rather by their As/Sb values than by their G1 to G3 grouping 

to establish similarly sized groups and incorporate the previous results. Here, the 

different As/Sb values for impure copper specimens are the base for the grouping of 

almost pure copper samples. The majority of impure samples show either low As/Sb  

(1 - 12) (including samples of the previously established fahlore cluster) or medium 

As/Sb values (13 - 40). No specific cut-off could have been established between these 

two groups and their separation is partly artificial. Four impure copper artefacts show 

high As/Sb of 50 to 100; three further samples have an As/Sb value of > 100 and may 

tentatively be related to copper sources from outside Anatolia. Consequently, the 

almost pure copper samples were divided into these four groups and classified by low, 

medium, high or extraordinary As/Sb values.  

Ratios of arsenic against antimony and nickel values, silver against lead and 

nickel values, and nickel against arsenic and silver values were employed to test 

whether compositional differences among almost pure copper samples and in 

comparison to impure copper samples are based on similar clusters as found with the 

impure copper specimens. Among the almost pure copper specimens antimony was 

not detected in 16 artefacts, and no arsenic was detected in one artefact; all these 

samples had to be excluded from the presented statistical evaluation. Furthermore, 

eight artefacts show no nickel, silver and/or lead and were excluded from the relevant 

graphs. Due to the definition of pure copper and the chosen analytical method (EPMA), 

arsenic, antimony, nickel, silver and lead are mostly below the detection limits of the 

instrument. Consequently, we cannot explore whether and in which way pure copper 

relates to almost pure and impure copper. 

The application of As/Sb and As/Ni for combined plots of almost pure and 

impure copper reveals no definitive clustering of the data that would bear on any 

conclusion about the different levels of impurities in these copper types. Both copper 

groups are similarly represented by low (1 - 11), medium (12 - 40) and high (50 - 100), 

and also extraordinary (> 100) As/Sb) values (Fig. 5-6 and 5-7). However, most almost 

pure copper specimens cluster with the previously defined main group of fahlores 

(FOC), but with lower As/Ni and As/Sb ratios than occurred with impure copper 

specimens. It is noteworthy that a single sample with increased tin levels does not 

cluster within this group and shows higher As/Sb and As/Ni values, each of 19.  

The comparison of both kinds of copper-base artefacts (almost pure and impure) 

by their silver levels (in ratio to lead and nickel) and also by their nickel levels (in ratio 

to silver and arsenic) shows no clusters for any of the two groups in relation to their 

impurity levels (Fig. 5-8 and 5-10). By contrast, the majority of samples from both 

kinds of copper cluster with similar combinations of ratios. Again, most almost pure 

copper samples cluster closely with the former established major fahlore group. A 
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single sample from Tell Beydar shows a high Pb/Ag in combination with a high Ni/Ag 

value, and a second sample from Tell Beydar contains higher silver than lead levels.  

Hence, a distinction of the two (almost pure and impure) copper groups on the 

basis of MTER analysis is not possible, and it is tentatively concluded that both kinds 

of copper are based on similar ore sources forming a compositional continuum. 

The following section will explore to what extent compositional differences may 

be based on either recycling or the smelting of complex ores.  

 

 

 

Fig. 5-6: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 
2014) data. Corroded samples are excluded. 
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Fig. 5-7: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. Samples with elevated As/Sb and As/Ni were 
excluded for improved clarity. Almost pure copper artefacts show on average lower As/Sb and 
As/Ni values in comparison to impure copper artefacts, but also fall into the range of the FOC. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

 

 

Fig. 5-8: Pb/Ag against Ni/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 
2014) data. Corroded samples are excluded. 
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Fig. 5-9: Pb/Ag against Ni/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. Samples with elevated Ni/Ag and elevated 
Pb/Ag were excluded for improved clarity. The majority of almost pure and impure copper 
artefacts cluster at the same range of low Ni/Ag and Pb/Ag. EPMA and ICP-OES (Tell Beydar, 
Tonussi et al. 2014) data. Corroded samples are excluded. 

 
 

 

Fig. 5-10: As/Ni against Ni/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped according to their different As/Sb levels. Almost pure and impure copper artefacts do 
not separate into different clusters and possibly describe a compositional continuum. EPMA and 
ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 
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5.3. Comparison of Almost Pure Copper with Impure Copper: 

‘Co-Smelting’ of Complex Ores versus Recycling 

 Data from the present study provided the following conclusions of relevance to 

a comparison of almost pure and impure copper artefacts:  

• differing levels of impurities 

• the presence of different clusters in comparison of specific ratios of trace and 

minor impurities, suggesting the use of different ore sources  

• the absence of a consistent ‘correlation’ between all ratios of trace and minor 

impurities in both kinds of metals, further separating the two kinds. 

 

These results do not allow a firm conclusion about whether the artefacts were 

manufactured by - (i) mixed smelting of different kinds of (complex) copper ores, or - 

(ii) mixing and recycling (remelting) of these copper metals. Both manufacturing 

processes happen at different stages during metal production. However, they have 

similar effects on the final composition of the copper product. Consequently, a 

distinction between the two is difficult to make and often inconclusive. 

 It is often suggested that remelting under mildly oxidising conditions causes a 

loss in arsenic (and possibly antimony) [Northover 2001a; Northover 2001b; Junk 

2003: 21; Dungworth 2000]. By contrast, nickel contents are suggested to be less 

affected by oxidising conditions. However, studies by Budd and Ottaway (1991: 133-

134) found that the melting of arsenic-containing copper under a charcoal bed (= 

reducing conditions) did not lead to loss of arsenic. Also, they demonstrated that 

suggested oxidation during casting, where the liquid metal is in contact with air, only 

appears in copper with high arsenic content (As > 8 wt%). Hot working is not evidenced 

in prehistoric copper production and oxidation during this process can be neglected 

for this study (Northover 1989).  

The study of technical ceramics from the Jezirah provided evidence that charcoal 

was routinely mixed into the charge. Charcoal fragments were visible during optical 

microscopy in, for example, the technical ceramics KHS-A12 and TCH-S08-092, among 

other specimens (Fig. 5-11). Therefore, it is assumed that reducing conditions rather 

than oxidising conditions were utilised in the melting of copper-base metals that 

generated similar conditions to those produced in the studies of Budd and Ottaway 

(1991). Accordingly, variations (or decreases) among the samples in arsenic (and 

antimony) levels relative to nickel, for example, cannot be used as a strong indication 

of remelting and recycling processes.  
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Similarly, sulphur and iron are both suggested to decrease due to oxidation 

during remelting. Northover (2001b: 256), for example, noted that raw metal imported 

from smelting sites would originally have contained higher iron content (Fe c. 1 - 2 

wt%) than finished copper products after remelting. Therefore, he proposed that 

copper with only minor to trace levels of iron, that were “… arbitrarily set at 0.2 %…” 

[Northover 2001b: 256] are the result of constant remelting and recycling.  

In regard to Northover’s statement (2001b), it is noteworthy that from the 

present study almost pure but especially impure copper artefacts frequently show 

increased iron levels, which are in some cases even higher than 1 wt% Fe. Hence, the 

majority of these artefacts would not fall within the category defined by Northover of 

recycled (re-melted) metals. Furthermore, lower iron and sulphur levels were not 

regularly observed in almost pure copper relative to impure copper (which would 

suggest almost pure copper to be a recycling product of impure copper. However, the 

mixed smelting (and co-smelting) of copper ores with different iron and sulphur levels 

would certainly obscure the expected pattern of a decrease in iron and sulphur levels.  

The general assumption that high iron levels are suggestive of less remelting 

may be misleading. Copper artefacts from the 4th millennium BC at Tell Brak, for 

example, regularly contain lower iron and sulphur levels than 3rd millennium BC finds 

from the same site [Northover 2001b]. If we consider recycling as the major cause for 

the detected variations in iron and sulphur levels, the results seem confusing, since 

4th millennium BC samples should be less often recycled than 3rd millennium BC 

samples. On the other hand, the results may rather support the hypothesis that co-

smelting (the mixed smelting of oxidic and sulphidic copper ores) and the more 

frequent use of sulphidic ores during the 3rd millennium BC lead to higher sulphur 

Fig. 5-11: Charcoal (dark 
area in the centre) 
detected in the slag 
matrix of technical 
ceramic TCH-S08-092.  
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and iron content within copper samples. Also, lower sulphur and iron levels may 

similarly relate to different quantities of either oxidic or sulphidic ores mixed into the 

smelt.  

Furthermore, we have to consider that the artefacts in the present study had 

their origins over a time span of nearly 1000 years. It is conceivable that remelting and 

recycling of metal may have taken place, since the ability to be re-melted and recycled 

is a specific property of metal in contrast to all further contemporary materials (e.g., 

pottery, stone). However, it is known that metals were regularly taken out of the 

production cycle and deposited in burials or official buildings, while new metals were 

constantly introduced into the metal cycle. Hence, recycling activities may not be 

evident within this comparably small set of artefacts, where chronological intervals 

were neither represented evenly nor with high sampling frequency.  

To help resolve this dilemma of determining the processing history of the 

‘almost pure copper’ and ‘impure copper’ artefacts, it is helpful to appreciate that co-

smelting and recycling processes may be distinguishable by the different patterns of 

metal ratios that arise from the production process. It is proposed that the mixed 

smelting of different kinds of complex ores, and co-smelting (of oxidic and sulphidic 

ores), followed a repetitive process in the exploitation of ore sources. Different kinds 

of copper ores from the same regional deposits were probably routinely mixed, but 

not always in equal proportions to each other. Therefore, the resulting metals may 

contain similar amounts of one set of elements, but also varying amounts of other 

elements. In accordance, we may suggest that such mixed smelting would appear as 

causing different data clusters which show inconsistency in the comparison between 

different sets of MTER values.  

Recycling (and mixing) of different kinds of copper metals, on the other hand, 

was possibly a more ‘random’ process, and copper metal that originated from different 

geological regions may have been re-melted together. In accordance with this 

proposition, the values of metal ratios from recycled artefacts may present more 

frequently as outlier data.  

Noteworthy here are the inconsistent results between, for example, the MTER 

As/Sb and As/Ni, which occurred with similar values for As/Sb but a wider range of 

As/Ni values. Both MTER are suggested to be ore-specific [Hauptmann et al. 2002]. 

Differences in their As/Sb values were suggested to be due to different geographical 

ore regions. The more random distribution of As/Ni data combined with constant 

As/Sb data could be indicative of smelting different kind of copper ores with similar 

As/Sb rather than of (randomly) mixed different copper metals. A comparable 

inconsistency with As/Sb data-clusters and contrasting As/Ni values has been 

recognised by Tonussi et al. (2014: 308) for all kinds of copper-base artefacts from 
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Tell Beydar; these authors likewise proposed mixed-smelting. Furthermore, the plots 

for As/Sb and As/Ni values formed data-clusters for which only a small number of 

samples in these clusters were also represented in data-clusters for Pb/Ag and Ni/Ag.  

 A second indicator for mixed smelting and co-smelting may be the elevated 

sulphur levels within almost pure copper in comparison to impure copper. Fahlores 

frequently appear in secondary enrichment zones of sulphidic ores. If we assume the 

smelting of different kinds of copper ores, and a thereby (unintentional) mixing of 

different deposits, it may be tentatively suggested that the composition of almost pure 

copper reflects a mixture of complex ores (introducing arsenic, antimony and nickel) 

with less complex sulphidic ores.  

By contrast, it is suggested that some of the more ‘random’ patterns in the plots 

and outlier values (for example high Ag/Ni or high Pb Ag) can be explained by the 

mixing (remelting/recycling) of copper metals of different impurities. The appearance 

of copper from geographically different ore deposits was previously established for 

almost pure and impure copper artefacts from the Jezirah.  

However, based on data from the present study, a conclusive distinction between 

the two kinds of ‘mixing processes’ is not possible. The results are tentative 

suggestions of general trends for the almost pure and impure copper specimens. To 

be able to more confidently specify the likely recycling processes, further experimental 

studies are necessary to better understand how the patterns of MTER signify the 

processing provenance of artefacts manufactured from almost pure and impure 

coppers. 

 

5.4. Ratios between Arsenic and Antimony for Impure and 

Almost Pure Copper from the Jezirah 

Almost pure copper and impure copper artefacts are represented at all Jeziran 

sites, but the plotting of arsenic against antimony levels for almost pure copper and 

impure copper showed two general trends with the utilisation of different copper 

sources. The previous examination has shown that almost pure and impure coppers 

are indistinguishable as separated groups and, therefore, both kinds of copper are 

discussed together in relation to their sites.  

Arsenic and antimony ratios from Tell Beydar, Tell Brak and Tell Mozan show a 

wide range of values but mostly range between 5 and 40; only a few exceptions are 

below or above these values (Fig. 5-12). From these sites, samples from Tell Brak 

contain the most consistent As/Sb values of approximately 10 to 20 with three 

exceptions of high values (30 - 200), while the As/Sb data for samples from Tell Beydar 
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and Tell Mozan are represented across the entire range of 5 to 40 with only three 

exceptions above As/Sb > 100. All three sites are located in the Eastern Jezirah.  

By contrast, samples from Tell Bderi, located in the Middle Khabur Valley, show 

(on average) lower ratios of 4 to 10. The same is true for artefacts from Tell Chuera 

(As/Sb 4 - 8), but in addition, several samples from the site have lower (As/Sb 2) as 

well as higher ratios (As/Sb 30 - 70). Tell Raqa’i (located in the Khabur Valley) is only 

represented by two samples, but both show a low As/Sb value of 3.  

In contrast to the sites in the Eastern Jezirah, artefacts from Tell Chuera and Tell 

Bderi show consistent but rather low As/Sb values, and the results suggest that Tell 

Chuera and Tell Bderi may both have had access to a more limited number but 

possibly also more constant kind of copper supply. The same may be true for Tell 

Raqa’i, but the amount of samples (n=2) is too small to be conclusive. Samples from 

Tell Brak similarly show relatively consistent As/Sb values but with higher ratios than 

those calculated for samples from Tell Chuera and Tell Bderi; higher ratios are also 

evident in the other two Eastern Jeziran sites. Hence, we can tentatively conclude the 

use of different raw coppers at Eastern Jeziran sites in comparison to raw copper used 

at Tell Bderi and Tell Chuera. As discussed in the previous section, the wide range in 

As/Sb values for Eastern Jeziran sites is possibly also influenced by recycling and 

mixed smelting.  

 

 

Fig. 5-12: Arsenic and antimony levels within almost pure and impure copper by sites. Artefacts 
from Tell Beydar and Tell Mozan show a wide range in ratio values, while samples from Tell 
Bderi and Tell Brak evidence consistent As/Sb values; Tell Chuera shows low and high values. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 



 202 

The presented data for almost pure and impure copper artefacts from all Jeziran 

sites fall (as previously suggested) in most cases in the range of Anatolian ores, with 

the majority of both kinds of metals ranging between 5 and 40. Only three samples 

have As/Sb values greater than 100 of which all derive from the Eastern Jezirah, 

namely Tell Beydar and Tell Mozan; four samples from Tell Brak (As/Sb 51 and 96) and 

Tell Chuera (As/Sb 48 and 72) show As/Sb values ≥ 50. Besides these ‘outliers’ the 

similarities in ratios of almost pure and impure copper samples for each individual site 

confirm that almost pure and impure copper most likely stem from similar ore sources 

but also highlight site-specific trends towards the use of ‘particular’ raw copper 

sources at individual sites. 

Comparisons of the ratios of arsenic to antimony and nickel, silver to nickel and 

lead, and nickel to arsenic and silver in almost pure and impure copper confirmed 

several aspects of the presented results (Fig. 5-13 - 5-17):  

• The largest group of samples clusters within a range of low As/Sb and 

low As/Ni values (FOC) (Fig. 5-13). Here, samples from all sites are 

represented. Most consistent are the results for Tell Brak where almost 

pure and impure coppers both cluster closely (Fig. 5-14).  

• Almost pure and impure copper samples from Tell Mozan are well 

represented within this cluster of low As/Sb values with low As/Ni values 

(FOC), but only a few samples, in contrast to samples from Tell Brak, 

cluster close to each other (Fig. 5-14). In addition, a small second group 

of samples from Tell Mozan shows similar intermediate As/Sb values (12 - 

20) but combined with high As/Ni values (26 - 32), suggestive of a 

different kind of raw copper. Most samples of the latter group contain 

either no detectable lead levels, or in a single case no detectable silver 

content, and were excluded accordingly from the following comparisons.  

• Almost pure and impure copper artefacts from Tell Beydar were the 

smallest group of samples represented in the FOC, but several of the 

remaining samples were scattered over the plot (Fig. 5-14). Despite the 

result that all sites show outliers in their As/Sb and As/Ni values, Tell 

Beydar had the highest ratios for As/Sb as well as for As/Ni values. These 

outliers are suggestive of more intensive recycling activities at Tell Beydar 

than on other sites. These ‘outliers’ from Tell Beydar had no detectable 

lead and/or silver levels and were accordingly excluded from further 

comparisons.  

• Samples from Tell Bderi are represented within the cluster of low As/Sb 

and low As/Ni values (FOC), but, similar to the sample set from Tell 

Mozan, samples do not cluster closely with each other (Fig. 5-14). Also, 
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almost pure and impure copper specimens from this site are in most 

cases distinguishable from each other by their different As/Ni values. 

Noteworthy are the MTER for artefacts contextualised within Burial VI at 

Tell Bderi (n=6), of which four consisted of impure copper and two were 

made from almost pure copper. Out of the four impure copper artefacts 

from Burial VI, three (BD89-392-2, BD89-424-7, BD89-431) have very 

similar MTER values (As/Sb: 4 - 6; As/Ni 10 - 12; Ni/Ag 3 - 4). This 

combination of MTER values appears exclusively with these EJZ 2 

decorative items. All later dating (EJZ 3/4) artefacts from the site have 

different combinations of MTER values. A fourth impure copper artefact 

from Burial VI has distinguishable MTER values (As/Sb: 11; As/Ni 6; Ni/Ag 

12) and presumably consists of a different kind of raw copper. This result 

is suggestive of the same raw copper in use during the early 3rd 

millennium BC at Tell Bderi (at least for Burial VI) in contrast to possibly 

more mixed/recycled copper metals during the second half of the 3rd 

millennium BC.  

• The two almost pure copper artefacts from Burial VI are two pins of a type 

uncommon in the Jezirah (BD89-387, BD89-388; Fig. 5-15). In addition to 

their matching As/Ni (33) and As/Sb values (5 - 6), both artefacts show an 

identical composition in absolute concentrations. Also, their silver 

content exceeds their nickel values. Due to these abnormalities in 

comparison to the remaining (impure) artefacts from Burial VI, in addition 

to the rare appearance of this pin type, it is suggested that these pins 

were not produced in Tell Bderi. A similar (but not identical) type of this 

pin originated from Tell Raqa’i (RQ-M45, RQ-M48; Fig. 5-15) [Franke et al. 

2015: 546-547; Dunham 2015: 347]. RQ-M48 consists of impure copper 

and RQ-M45 was produced from almost pure copper. In comparison to 

the pin from Tell Bderi, RQ-M45 similarly contains higher silver than 

nickel levels. However, this pin has noticeable lower iron and lower 

arsenic levels than the pin from Tell Bderi, and no antimony and lead 

were detected. Both pins were found within burials at Tell Raqa'i and date 

to EJZ 2. Moreover, Tell Raqa'i and Tell Bderi are both located in the 

Middle Khabur Valley and a connection in the production of these two 

pins seems likely.  
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Fig. 5-13: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. A small number of artefacts from Tell Beydar and Tell Mozan show exclusively 
high MTER values. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples 
are excluded. 
 

 

 

Fig. 5-14: As/Sb against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Samples with elevated As/Sb and elevated As/Ni were excluded for improved 
clarity. Site-specific clusters are evident within the FOC for Tell Chuera and Tell Brak. Note the 
similar MTER for two pins from Burial VI at Tell Bderi. A group of impure copper artefacts from 
Tell Mozan clusters at similar MTER values outside the FOC. EPMA and ICP-OES (Tell Beydar, 
Tonussi et al. 2014) data. Corroded samples are excluded. 
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The majority of almost pure and impure copper specimens from all sites fall 

within the range of the FOC with low As/Sb and low As/Ni values. Impure copper 

samples from Tell Chuera show consistent As/Sb (4 - 8) and As/Ni values (5 - 10). 

However, within this defined cluster of low As/Sb and low As/Ni values (FOC) 

specimens from Tell Chuera appear separated from specimens from Tell Brak (Fig. 5-

14). By contrast, almost pure copper samples from Tell Chuera show constant low 

As/Ni (2 - 9) against varying As/Sb values. Noteworthy are two rod fragments from 

Area TCH-S (TCH-S07-046, TCH-S07-058) which have, in addition to comparable 

absolute compositions, identical As/Ni values (6) and similar As/Sb values (60, 70). 

Both rod fragments were probably made from the same (impure) copper. The two 

single almost pure and impure pure copper artefacts from Tell Raqa’i show strongly 

different As/Ni ratios, but comparable As/Sb ratios (3 - 4). The plots presented here 

illustrate the wide spread in MTER values (As/Sb, As/Ni) for samples from Tell Beydar 

and Tell Mozan, in contrast to samples from Tell Brak and Tell Chuera which form site-

specific clusters within the FOC, but less so with Tell Bderi samples that do not cluster 

closely.  

 

  

Fig. 5-15: Toggle pin BD89-388 from Tell Bderi, Burial VI (left) and RQ-M45 from Tell Raqa’i, 
Burial 19 (right). 

 

Based on the previously discussed results for impure copper (G2), specimens 

within this cluster of low MTER values for As/Sb and As/Ni can be related to the 

‘fahlore group’. The same group of prospective fahlore coppers was previously also 

identified as a small cluster of almost pure and impure copper artefacts (from all sites) 

with low Pb/Ag and low Ni/Ag values. The site-specific plots illustrated that specimens 

from all sites were represented within this cluster (Fig. 5-13 - 5-18). Due to lead and 

silver not being detected in several almost pure and impure copper samples, the group 

of fahlore coppers may be under-represented within the plot in Fig. 5-17. As a result, 

direct comparisons of plots Fig. 5-14 and 5-17 are not feasible because a high number 

of samples (n=38) had no detectable silver and/or lead levels and had to be excluded 

from plots Fig 5-16 and Fig. 5-17.  

However, several samples from this possible ‘fahlore group’ indicate a 

predominance of silver compared to lead and nickel levels (Fig. 5-17). Accordingly, it is 
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concluded that these artefacts do not belong to the same kind of fahlore and were 

produced from a different kind of raw copper with higher silver content in relation to 

lead and nickel. The site-specific plot showed that samples predominantly from 

Eastern Jeziran sites (Tell Beydar, Tell Mozan and Tell Brak) with two exceptions from 

Tell Bderi are represented within the latter group (Fig 5-17).  

The site-specific plots indicate that the majority of almost pure copper and 

impure copper in use on all Jeziran sites in the present study were probably made from 

naturally mixed copper ores including some fahlores. The frequent appearance of 

As/Sb values of 10 - 40 is suggestive of the use of Anatolian ores for all Jeziran sites. 

However, varying values in MTER suggest that such complex ores did not necessarily 

stem from the same geographical region. Variations in As/Sb values among the Jeziran 

sites provide evidence that raw copper from different geographical regions (within 

possibly Anatolia) was imported into Upper Mesopotamia. Access to particular kinds of 

(almost pure and impure) copper may have been related to the geographical location 

of the specific sites. Sites from the Eastern Jezirah (Tell Beydar, Tell Mozan and Tell 

Brak), for example, show a similar range of As/Sb and As/Ni values in their almost 

pure and impure copper artefacts, in contrast to Tell Chuera in the Western Jezirah and 

Tell Bderi in the Upper Khabur Valley. Furthermore, a second group of samples 

provides higher silver than lead and nickel levels. The predominant appearance of 

samples from Eastern Jeziran sites (Tell Beydar, Tell Mozan, Tell Brak) within this group 

indicates access to a specific raw copper, which was less frequently (or not at all) 

accessible for sites in other regions in the Jezirah. The appearance of two uncommon 

pins from Tell Bderi Burial VI and a similar pin from Burial 19 at Tell Raqa’i, all of which 

have higher silver than nickel levels, suggests the import of these pins. Whether they 

were imported via the Eastern Jezirah or Tell Bderi, and Tell Raqa’i had access to this 

metal similar to Eastern Jeziran sites, cannot be stated at this stage. However, both 

sites, Tell Raqa’i and Tell Bderi are located in the Middle Khabur Valley and are 

connected by a river system to the sites Tell Beydar, Tell Brak and Tell Mozan.  

Consequently, we can suggest that at least two different kinds of raw copper 

were imported to Eastern Jeziran sites. Noteworthy are the consistent results for 

samples from Tell Brak for (especially) impure copper artefacts, which is suggestive of 

consistent trading relations. Samples from Tell Beydar and Tell Mozan show a high 

frequency of plots with MTER that do not cluster with any of the data. In accordance 

with the previously proposed results regarding variations in MTER it is concluded that 

these artefacts derive from frequent mixing and recycling of different copper metals. 

However, we cannot exclude the possibility that outlier samples also represent 

imported artefacts or less frequently used raw copper sources.  
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Fig. 5-16: Ni/Ag against Pb/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Two samples from Tell Beydar give extraordinarily high MTER values. EPMA 
and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

 

 

Fig. 5-17: Ni/Ag against Pb/Ag for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Artefacts with higher silver than lead levels mainly derive from the Eastern 
Jezirah, namely Tell Mozan Tell Beydar and Tell Brak. Samples with elevated Ni/Ag and elevated 
Pb/Ag were excluded for improved clarity. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) 
data. Corroded samples are excluded. 
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Fig. 5-18: Ni/Ag against As/Ni for almost pure and impure copper artefacts from the Jezirah 
grouped by sites. Samples with higher silver than lead levels give similar low MTER values. EPMA 
and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

 

5.5. Pure, Almost Pure and Impure Copper from the Euphrates 

Valley 

Out of 98 copper-base artefacts analysed by Northover and Prag (2015: Tab. 

8.4.) in addition to 24 copper-base artefacts from Qara Quzaq analysed by Montero 

Fenollós (1999: Tab. 2) only 26 (of the combined researches) were established as pure 

(n=8) or almost pure copper (n=18); a further 24 artefacts were identified as impure 

copper (Tab. 5-1 and 5-2).  

On average, pure, almost pure and impure copper samples from the Euphrates 

Valley do not show significant differences in their compositions to samples from the 

Jezirah (Tab. 5-2). Also comparable to the previously presented finds from the Jezirah, 

decorative items (n=24) and implements (n=18) were represented in similar amounts 

among the almost pure and impure copper items; pure copper artefacts are nearly 

exclusively represented by spearheads from Qara Quzaq in addition to one pin from 

the same site [Montero Fenollós 1999: Tab. 2] (Tab. 5-1).  

Among the almost pure decorative copper items were one bracelet from Melaha 

and 10 pins from Hammam (n=4), Melaha (n=4), Srisat (n=1) and Qara Quzaq (n=1) 

[Northover and Prag 2015: Tab. 8.4.]. Only the single pin from Qara Quzaq is made 

from pure copper [Montero Fenollós 1999: Tab. 2]. Pure and almost pure copper 

implements are represented by three awls and one chisel from Tell Kara Hassan, two 
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daggers and one axe from Serrin [Northover and Prag 2015: Tab. 8.4.] and seven 

spearheads from Qara Quzaq [Montero Fenollós 1999: Tab. 2].  The majority of impure 

decorative copper items are pins from Srisat (n=1), Serrin (n=5), Hammam (n=2), Kara 

Keui (n=2) and Melaha (n=1) in addition to one bracelet and one torc from Hammam 

[Northover and Prag 2015: Tab. 8.4.]. Among the impure implements are three axes 

(Serrin, Sinsile, Melaha), two daggers (Serrin, Melaha), three spearheads (Kara Hassan, 

Hammam), one blade (Serrin), one chisel (Kara Hassan) and one awl (Kara Hassan) 

[Northover and Prag 2015: Tab. 8.4.].  

Noteworthy is the appearance of pure copper in relation to artefact kinds at Qara 

Quzaq. Out of 25 artefacts from Qara Quzaq analysed by Montero Fenollós (1999) 

eight were made from pure copper with no detectable content (or only traces) of 

nickel, silver, iron or lead [Montero Fenollós 1999: Tab. 2]. Out of these eight artefacts 

seven are spearheads and only one pin was made from pure copper, which 

(exceptionally) contains a slightly higher lead level (Pb c. 3000 ppm). The remaining 17 

analysed artefacts from Qara Quzaq are tin-bronze pins and pin fragments (n=12; Sn c. 

3 - 19 wt%), small number of arsenical(-antimonial) tin copper pins (n=3), and chisels 

(n=2) with combined low arsenic (As c. 0.5 - 2 wt%) and low tin (Sn c. 1 - 2 wt%) levels.  

The results from Montero Fenollós (1999) may partly reflect the analysis of 

corrosion products due to the chosen analytical technique (ICP-OES), and the pure 

copper spearheads may originally have contained trace or minor quantities of 

(especially) tin and sulphur, that may not have been detected (and in the case of 

sulphur not analysed). However, only two out of the seven analyses for pure copper 

spearheads show low totals of approximately 97 wt%, all remaining totals gave 99 wt% 

evidencing only minor corrosion levels. Also, the compositional difference between 

pins and spearheads from Qara Quzaq is remarkably apparent and suggests a site 

specific preference choice of a metal with less impurities for spearheads in contrast to 

tin-bronze for decorative pins.  

The finds from Qara Quzaq analysed by Montero Fenollós (1999) all date to the 

early 3rd millennium BC (2900 - 2700 BC) and, therefore, are contemporary with many 

of the early 3rd millennium BC decorative artefacts from the Jezirah. However, the pure 

and almost pure copper artefacts analysed by Northover and Prag (2015) are dated to 

the second half of the 3rd millennium BC. The limited chronological information at 

hand for the finds from the Euphrates Valley does not allow any further conclusion 

about the possible replacement of pure and almost pure copper by copper alloys 

during the second half of the 3rd millennium BC as it was suggested for the Jezirah. 

The presumable deliberate choice in specific copper compositions for certain kinds of 

artefacts (in this case pins and spearheads at Qara Quzaq) will be discussed with the 

tin-bronzes (Chapter 7.3.9.). However, the evidence for pure copper implements at 
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Qara Quzaq from the early 3rd millennium BC, in addition to the pure and almost pure 

copper personal items from the Jezirah (of which many were deposited in graves), 

indicates the (personal) value of this kind of metal during the early 3rd millennium BC 

despite its pure character.  

 

Tab. 5-1: Pure, almost pure and impure copper artefacts from the Euphrates Valley [after 
Montero Fenollós 1999: Tab 2; Northover and Prag 2015: Tab: 8.4.]. 

Site Lab # Museum # function Class Type Variant class Method

Qara Quzaq QQ01 ns implement spearhead ns ns pure ICP

Qara Quzaq QQ07 ns implement spearhead ns ns pure ICP

Qara Quzaq QQ05 ns implement spearhead ns ns pure ICP

Qara Quzaq QQ04 ns implement spearhead ns ns pure ICP

Qara Quzaq QQ02 ns implement spearhead ns ns pure ICP

Qara Quzaq QQ03 ns implement spearhead ns ns pure ICP

Qara Quzaq QQ06 ns implement spearhead ns ns pure ICP

Qara Quzaq QQ20 ns decorative pin ns ns pure ICP

Hammam ASH151 1913.467 decorative pin folded sheet head drilled almost EPMA

Hammam ASH126 1913.236 decorative pin domed head split almost EPMA

Kara Hassan ASH168 1913.205 implement awl large ns almost EPMA

Kara Hassan ASH206 1913.206 implement awl large ns almost EPMA

Kara Hassan ASH205 1913.207 implement awl large ns almost EPMA

Melaha ASH113 1914.192 decorative pin drilled almost EPMA

Melaha ASH193 1914.187 decorative pin knob head, bent drilled almost EPMA

Melaha ASH114 1914.178 decorative pin nail head  split almost EPMA

Melaha ASH117 1914.189 decorative bracelet ns almost EPMA

Serrin ASH196 1914.135 implement dagger riveted ns almost EPMA

Hammam ASH176 1913.220 decorative pin knobe head, straight split almost EPMA

Hammam ASH125 1913.237 decorative pin domed head split almost EPMA

Kara Hassan ASH159 1913.203 implement chisel ns almost EPMA

Melaha ASH115 1914.177 decorative pin nail head  split almost EPMA

Qara Quzaq I ASH188 1913.31 decorative pin knob head, straight drilled almost EPMA

Serrin ASH129 1914.136 implement dagger rivered tang, rivet ns almost EPMA

Serrin ASH133 1914.526 implement axe flat ns almost EPMA

Srisat ?? ASH198 1913.185 decorative pin knob head, bent drilled almost EPMA

Hammam ASH184 1913.233A decorative torc ns ns impure EPMA

Hammam ASH172 1913.245 implement spearhead ns ns impure EPMA

Hammam ASH189 1913.221 decorative pin nail head split impure EPMA

Hammam ASH124 1913.240 decorative pin nail head split impure EPMA

Hammam ASH183 1913.234 decorative bracelet ns impure EPMA

Kara Hassan ASH171 1913.200 implement spearhead large ns impure EPMA

Kara Hassan ASH173 1913.201 implement spearhead ns ns impure EPMA

Kara Hassan ASH169 1913.204 implement awl large ns impure EPMA

Kara Hassan ASH167 1913.203 implement chisel or axe flat ns impure EPMA

Kara Keui ASH145 1913.431 decorative pin melon head, head split impure EPMA

Kara Keui ASH128 1913.434 decorative pin melon head, head split impure EPMA

Melaha ASH190 1914.191 decorative pin ns drilled impure EPMA

Melaha ASH207 1914.173B implement dagger  tanged ns impure EPMA

Melaha ASH134 1914.170 implement axe flat ns impure EPMA

Serrin ASH192 1914.536 decorative pin knob head, bent, head drilled impure EPMA

Serrin ASH195 1914.540 decorative pin knob head, straight, head drilled impure EPMA

Serrin ASH140 1914.146 decorative pin knob head, bent, shaft drilled impure EPMA

Serrin ASH177 1914.536 decorative pin knob head, bent, shaft drilled impure EPMA

Serrin ASH143 1914.148 decorative pin knob head, bent, head drilled impure EPMA

Serrin ASH135 1914.531 implement blade tanged, lozengic blade ns impure EPMA

Serrin ASH163 1914.134 implement axe ns impure EPMA

Serrin ASH161 1914.528 implement dagger riveted tang ns impure EPMA

Sinsile ASH132 1914.132 implement axe flat ns impure EPMA

Srisat ASH200 1913.187 decorative pin flat head, bent split impure EPMA



 

 211 

 

Tab. 5-2: Pure, almost pure and impure copper artefacts from the Euphrates Valley [after 
Montero Fenollós 1999: Tab 2; Northover and Prag 2015: Tab: 8.4.]. EPMA data (ASH151-
ASH200) and ICP-OES data (QQ01 - QQ20). 

Lab # Cu As Sb Sn Bi Pb Ni Ag Au S Fe Co Total

QQ01 99.0 nd nd 0.0003 na 0.01 0.01 0.001 na na 0.001 na 99.0

QQ07 98.7 nd nd 0.002 na 0.01 0.01 0.001 na na 0.002 na 98.7

QQ05 99.1 nd nd 0.0004 na 0.01 0.01 0.01 na na 0.002 na 99.1

QQ04 99.1 0.004 0.004 0.01 na 0.01 0.02 0.01 na na 0.01 na 99.1

QQ02 99.1 nd 0.001 0.003 na 0.01 0.01 0.01 na na 0.04 na 99.2

QQ03 97.0 nd nd 0.01 na 0.01 0.01 0.001 na na 0.001 na 97.0

QQ06 97.3 nd nd 0.002 na 0.01 0.02 0.003 na na 0.002 na 97.4

QQ20 97.2 0.01 nd 0.003 na 0.31 0.004 0.01 na na 0.004 na 97.6

ASH151 98.3 0.31 0.04 0.28 0.01 0.04 0.03 0.01 nd 0.15 0.82 nd 100.0

ASH126 98.4 0.25 0.04 0.02 0.01 nd 0.11 0.02 0.04 0.59 0.45 0.02 100.0

ASH168 99.4 0.05 0.01 nd 0.01 0.41 0.04 0.06 nd 0.01 0.01 nd 100.0

ASH206 98.5 0.27 0.01 nd 0.01 0.02 0.01 0.01 0.01 0.84 0.34 nd 100.0

ASH205 97.7 0.30 0.01 0.01 nd nd 0.35 0.05 0.08 0.72 0.59 nd 99.8

ASH113 98.1 0.45 0.04 0.01 nd nd 0.33 nd nd 0.23 0.83 nd 100.0

ASH193 95.9 0.35 0.07 0.11 0.02 1.11 0.22 0.12 nd 0.31 1.75 0.03 100.0

ASH114 98.8 0.30 0.02 0.01 0.06 0.11 0.02 0.14 nd 0.10 0.36 0.02 100.0

ASH117 98.6 0.34 0.01 0.01 0.01 0.02 0.02 0.06 0.01 0.36 0.54 nd 100.0

ASH196 98.0 0.44 0.39 0.05 nd 0.03 0.10 0.06 0.04 0.56 0.33 nd 100.0

ASH176 98.1 0.58 0.05 0.07 0.05 nd 0.44 0.04 nd 0.41 0.21 nd 100.0

ASH125 98.0 0.64 0.08 0.05 0.02 0.21 0.11 0.02 0.04 0.53 0.33 nd 100.0

ASH159 97.2 0.78 0.02 0.01 nd nd 0.01 0.02 0.07 0.55 1.33 nd 100.0

ASH115 97.2 0.71 0.06 0.02 0.02 1.03 0.01 0.07 nd 0.05 0.74 0.01 100.0

ASH188 98.4 0.73 0.14 0.04 0.03 0.08 0.37 0.04 nd 0.10 0.07 nd 100.0

ASH129 97.5 0.84 0.10 nd nd 0.03 0.44 0.03 0.04 0.68 0.38 nd 100.0

ASH133 97.9 0.22 0.48 0.01 nd nd 0.06 0.05 nd 0.74 0.58 0.01 100.1

ASH198 98.6 0.94 0.03 0.05 0.01 0.02 0.02 0.03 0.03 0.05 0.16 0.01 100.0

ASH184 97.1 1.63 0.19 0.09 0.13 0.12 0.31 0.06 0.07 0.02 0.23 nd 100.0

ASH172 97.8 0.47 0.55 0.03 0.04 nd 0.02 0.06 nd 0.49 0.52 nd 100.0

ASH189 97.2 1.58 0.14 0.03 nd 0.39 0.02 0.01 nd 0.06 0.54 nd 100.0

ASH124 97.5 0.82 0.08 0.30 nd 0.65 0.19 0.11 0.11 0.15 0.17 0.02 100.1

ASH183 97.1 1.36 nd 0.01 0.05 0.90 0.03 0.04 0.02 0.06 0.53 0.01 100.1

ASH171 97.8 1.23 0.04 nd 0.06 0.11 0.01 0.05 nd 0.13 0.60 nd 100.0

ASH173 96.4 1.58 0.01 0.01 nd 0.02 1.17 0.03 nd 0.03 0.70 0.03 100.0

ASH169 96.6 1.44 0.03 nd 0.08 0.16 1.48 0.04 0.03 0.01 0.13 nd 100.0

ASH167 97.1 0.82 0.20 0.12 0.01 0.01 0.05 0.01 nd 0.19 1.32 0.14 100.0

ASH145 97.6 0.56 nd 1.04 0.01 0.58 0.03 0.04 nd 0.04 0.05 0.01 100.0

ASH128 97.1 1.36 0.03 0.04 0.07 1.09 0.05 0.08 nd 0.05 0.14 0.01 100.0

ASH190 97.3 1.26 0.53 0.07 0.03 0.05 0.12 0.06 0.03 0.27 0.23 0.01 100.0

ASH207 97.1 1.14 0.47 0.09 nd 0.07 0.19 0.05 0.05 0.45 0.30 0.01 99.9

ASH134 97.0 0.84 0.57 0.06 0.03 0.08 0.06 0.04 nd 0.26 1.07 0.01 100.0

ASH192 97.0 1.26 0.46 0.10 0.01 0.10 0.13 0.04 0.06 0.07 0.72 nd 100.0

ASH195 95.5 1.30 0.55 nd 0.01 0.04 0.05 0.02 0.08 0.23 1.19 nd 99.0

ASH140 97.3 1.03 0.71 0.20 0.10 0.01 0.03 0.24 0.03 0.14 0.20 0.01 100.0

ASH177 98.0 0.93 0.18 0.16 0.03 0.11 0.18 0.09 0.02 0.06 0.22 0.01 100.0

ASH143 97.2 0.92 0.62 0.01 0.04 nd 0.08 0.02 nd 0.06 1.00 0.02 100.0

ASH135 96.4 1.40 0.33 0.03 nd nd 0.01 0.17 0.10 0.62 0.88 nd 100.0

ASH163 97.0 0.83 0.38 0.03 0.03 0.01 0.11 0.05 0.05 0.26 1.29 nd 100.0

ASH161 96.6 1.06 0.41 nd 0.04 0.09 0.59 0.04 0.07 0.08 1.04 0.01 100.0

ASH132 95.2 1.50 0.39 0.02 0.01 0.49 2.06 0.22 0.04 0.03 0.02 0.01 100.0

ASH200 97.9 0.99 0.05 0.10 nd nd 0.02 0.03 0.04 0.25 0.61 nd 100.0
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5.6. Ratios of Minor and Trace Elements within Almost Pure 

Copper and Impure Copper Artefacts from the Euphrates Valley 

The groups of almost pure and impure copper artefacts from the Euphrates 

Valley show on average lower As/Sb values than the samples from the Jezirah. These 

samples can be classified by their As/Sb values into three categories: low As/Sb values 

(1 - 6), medium As/Sb values (8 - 15) and high As/Sb values (20 - 50). Only one sample 

has an As/Sb value above 100 (158) (Fig. 5-19). The majority of almost pure and 

impure copper samples from the Euphrates Valley show low As/Sb (n=19) values, in 

contrast to medium As/Sb (n=12) and high As/Sb values (n=9). In accordance with this 

preponderance of low As/Sb values, it is apparent that the samples from the Euphrates 

Valley are similar in this respect to samples from Tell Chuera and also Tell Bderi.  

Noteworthy differences between the samples from the Euphrates Valley and the 

Jezirah are not only their generally lower As/Sb, but most significantly the appearance 

of low As/Sb values (1 - 6) nearly exclusively with impure copper artefacts, while 

higher As/Sb values are represented in equal parts by almost pure and impure copper 

artefacts (8 - 50 and 158, respectively) (Fig. 5-19 and 5-20). Therefore, it is tentatively 

suggested that firstly, a separation between almost pure and impure copper artefacts 

is clearer distinct for samples from the Euphrates Valley than from the Jezirah. 

Secondly, almost pure copper artefacts may have been produced (as distinct from 

artefacts from the Jezirah) from a different raw copper than the impure copper 

artefacts.  

This result is supported by a comparison of silver against lead and nickel levels 

for samples from the Euphrates Valley (Fig. 5-21). Here, most specimens of the group 

of impure copper with low As/Sb values of 1 - 6 (6 out of 9 samples) cluster with low 

Ni/Ag (1 - 2) and low Pb/Ag values (1 - 5); only three samples from this group of low 

As/Sb values show higher Ni/Ag values of 9 and 15. The former samples (with low 

Ni/Ag values) exclusively originated from Serrin and Melaha. The few samples with 

higher Ni/Ag values originated from various sites, such as Serrin, Sinsile and Qara 

Quzaq. Accordingly, it is tentatively suggested that both Serrin and Melaha imported 

raw copper from the same source. 

By contrast, almost pure copper with medium As/Sb values (8 - 15) is associated 

with high Pb/Ag values, while almost pure copper with higher As/Sb values (20 - 50 

and 158) clusters with lower Pb/Ag values. The latter clusters are not site-specific. 

Furthermore, the same group of almost pure copper samples with medium As/Sb 

values clusters with low Ni/Ag values (2 - 5) and low As/Ni values (5 - 16, 26) (Fig. 5-21 

- 5-23). However, their As/Ni values show a wider range than all previously presented 

ratios for this sample group. Similarly, as suggested for samples from, for example, 
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Tell Chuera, this wider spread of As/Ni may indicate the mixed smelting of different 

complex copper ores.  

Samples from the Euphrates Valley with elevated As/Sb ratios (20 - 50) show no 

significant or consistent clusters within any of the presented plots. However, this 

sample group is relatively small, especially for comparisons of silver against lead and 

nickel ratios. Nevertheless, most samples with elevated As/Sb (4 out of 5), as well as 

two samples from Melaha with medium As/Sb values (12, 15), contain (similar to the 

Jezirah samples) higher silver than nickel levels. In addition, five specimens from both 

of the latter As/Sb groups (medium and high) have higher silver than lead content, of 

which two were (again) from Melaha and have higher silver levels in comparison not 

only to lead, but also to nickel contents.  

Due to the frequent appearance of compositionally distinguishable samples from 

Melaha (and to a lesser extent Serrin), it may be tentatively suggested that this site 

was involved with metal trading connections that differed from the other sites under 

research in the Euphrates Valley.  

From the current study, a comparison of impure copper artefacts from the 

Jezirah in relation to their arsenic, antimony and tin impurities (G1 - G3) concluded 

that impure copper artefacts were possibly made from two generally different kinds of 

raw copper (arsenic containing ores and fahlores). Tin impurities were suggested to 

derive from the mixing of different copper metals during recycling rather than from a 

specific tin-containing ore source.  

 

 
Fig. 5-19: As/Sb against As/Ni for almost pure and impure copper samples from the Euphrates 
Valley. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. 
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Fig. 5-20: As/Sb against As/Ni for almost pure and impure copper samples from the Euphrates 
Valley. Samples with elevated As/Sb and elevated As/Ni were excluded for improved clarity. Note 
the group of impure copper artefacts with As/Sb 1-6 (encircled red) and the group of impure 
copper artefacts with As/Sb 1-6 and high Ag/Ni values (encircled green). EPMA and ICP-OES 
(Qara Quzaq, Montero Fenollós 1999) data. 

 

 
Fig. 5-21: Ni/Ag against Pb/Ag for almost pure and impure copper samples from the Euphrates 
Valley. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for improved clarity. 
Note the group of impure copper artefacts with As/Sb 1-6 (encircled red) and the group of 
impure copper artefacts with As/Sb 1-6 and high Ag/Ni values (encircled green) which also 
cluster by their Ni/Ag and Pb/Ag values. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 
1999) data. 
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Fig. 5-22: As/Sb against As/Ni for almost pure and impure copper samples from the Euphrates 
Valley by sites. Samples with elevated As/Sb and elevated As/Ni were excluded for improved 
clarity. Note that the group of impure copper artefacts with As/Sb 1-6 (encircled red) do not 
represent a site-specific trend; impure copper artefacts with As/Sb 1-6 and high Ag/Ni values 
(encircled green) derive mainly from Melaha and Serrin. EPMA and ICP-OES (Qara Quzaq, Montero 
Fenollós 1999) data. 
 

 
Fig. 5-23: Ni/Ag against Pb/Ag for almost pure and impure copper samples from the Euphrates 
Valley plotted by site. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for 
improved clarity. Note the group of impure copper artefacts with As/Sb 1-6 (encircled red) and 
the group of impure copper artefacts with As/Sb 1-6 and high Ag/Ni values (encircled green) 
which also cluster by their Ni/Ag and Pb/Ag values. EPMA and ICP-OES (Qara Quzaq, Montero 
Fenollós 1999) data. 
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Impure copper artefacts from the Euphrates Valley show a similar distinction 

between samples with arsenic impurities, but only traces of antimony and tin (G1) in 

comparison to samples with increased arsenic and antimony contents (G2) (Fig. 5-24). 

In contrast to the results from the Jezirah, samples with additionally increased tin 

levels (G3) cluster more frequently with samples associated with G2 and do not appear 

scattered across the entire plot.  

 

 
Fig. 5-24: Impure copper artefacts from the Euphrates Valley by compositional differences in 
relation to the formerly established groups (G1 - G3) for Jeziran impure copper specimens. G3 
samples seem closer related to G2 samples than to G1 samples. EPMA and ICP-OES (Qara Quzaq, 
Montero Fenollós 1999) data. 
 

Based on the results from the Jezirah, it is assumed that different ore sources 

underlie this pattern. Samples from G2 may be made from a fahlore-containing copper 

ore (similar to the Jeziran samples) while samples from G1 may be based on a different 

and arsenic containing copper. The results for tin-containing impure copper from the 

Euphrates Valley are inconclusive due to the limited sample size (n=5). The appearance 

of most tin-containing samples with very similar As/Sb values (5 – 10) implies a third 

kind of copper in use for tin-containing samples. However, only a greater number of 

samples will confirm a distinctive pattern for this group.  

Basic differences between almost pure and impure coppers from the Jezirah and 

the Euphrates Valley are (i) on average low As/Sb values in the Euphrates Valley 

samples in contrast to a wider range of As/Sb values in the Jeziran samples, and (ii) a 

difference between the As/Sb values of almost pure and impure copper samples from 

the Euphrates Valley in contrast to similar ratios with both kinds of metals from the 

Jezirah. These results suggest that similar (in some cases possibly identical) copper 



 

 217 

smelting sites may have supplied the sites in both regions with almost pure and 

impure raw copper. Copper sources for both regions are possibly located in various 

geographical regions within Anatolia. However, the generally lower As/Sb values 

indicate that the accessed range of ore sources and the trading connections in the 

Euphrates Valley may have concentrated on a specific area, while the Jezirah, a 

generally larger region in itself, may have had a wider range of copper metal trading 

partners. Also, the difference in the presented ratios of trace and minor components in 

almost pure and impure copper artefacts from the Euphrates Valley suggests that, as 

distinct from the Jezirah, both kinds of metals originated from different copper 

sources. 

 

5.7. Samples with High As/Sb Values  

Noteworthy are six finds which contained As/Sb values > 100 and three samples 

from Tell Mozan, Area B (MZ-5-B3i72) and Tell Beydar, Area F (6164-M-4, 35170-M-1) 

that have even higher As/Sb values (200 - 700). Additionally, one sample each from 

Tell Brak (FS/1792/4992) and from Tell Chuera (TCH-S07-46), respectively, has As/Sb 

values of 96 and 72. Only one artefact from Tell Kara Hassan in the Euphrates Valley 

(ASH173) has an As/Sb value of 158.  

Hauptmann et al. (2002: 63) reported that ores in Anatolia have no such elevated 

As/Sb values, but As/Sb values less than 100 are not uncommon. The authors 

concluded that regardless as to whether these ores originated from outside of Anatolia 

or whether they were Anatolian (but not yet detected) sources, could not be concluded 

from the current state of knowledge.  

The small number of samples within the two datasets highlights the possibility 

that these specimens with extraordinary high As/Sb values may have been imported 

metals or artefacts made from metals traded with less frequently used metal trading 

partners. All artefacts are made from impure copper, but the present data does not 

unequivocally provide evidence for the use of this different kind of raw copper for the 

manufacture of specific kinds or types of artefacts. However, it is noteworthy that two 

of these artefacts with high As/Sb values are spearheads (MZ-5-B3i72, ASH173) of a 

type that possibly only appeared with EJZ 3b/4 layers during the second half of the 3rd 

millennium BC [Bianchi and Franke 2011: 220, 224, Type S3]. The finds from Tell 

Chuera and Tell Beydar date from EJZ 2/3a to EJZ 4; finds from Tell Mozan and Tell 

Brak were dated broadly to the 3rd millennium BC. Clearly, more dated finds, with 

reliable artefact descriptions, are needed to elaborate and confirm results from the 

present study to test the hypothesis that high As/Sb ratio ore or metal was traded into 

Upper Mesopotamia more frequently during the second half of the 3rd millennium BC.  



 

 218 

5.8. Comparison of Arsenical Copper and Arsenical-Antimonial 

Copper with Almost Pure Copper and Impure Copper  

The analysis concludes that arsenical copper was in use at all Jeziran sites under 

study. Also, arsenical-antimonial copper was evident on most Jeziran sites. It was only 

at Tell Brak and Tell Raqa’i that no artefacts had combined arsenic and antimony levels 

exceeding 2 wt%. High arsenic copper was less frequently employed and was only 

evident in three artefacts (Tell Bderi and Tell Beydar). The threshold in arsenic levels 

between arsenical copper and arsenical-antimonial copper is site-specific, but appears 

to be approximately between 1.6 - 1.8 and 2.1 - 2.3 wt % As.  

MTER analyses indicate that at least two different ore types were used in metal 

artefact production in Upper Mesopotamia. Since arsenical(-antimonial) copper is the 

second most common metal among the copper-base artefacts, the results pose three 

major questions: 

• To what degree are arsenic and antimony levels based on the same ore 

source, or do they represent different kinds of copper? 

• Is arsenical-antimonial copper related to almost pure copper and impure 

copper from complex ores (G2), but with greater arsenic and antimony 

impurities? 

• Is arsenical copper related to almost pure copper and impure copper, 

which is based on copper ores with arsenic (G1)?  

These questions were addressed by means of a comparison of metal-ratios of 

arsenical copper and arsenical-antimonial copper in comparison to almost pure and 

impure coppers. Several results could not be included and in five artefacts no antimony 

was detected, in three artefacts no nickel or silver were detected and in seven artefacts 

no lead was detected. Plotting As/Sb against As/Ni values reveals the following 

meaningful trends for arsenical copper and arsenical-antimonial copper artefacts (Fig. 

5-25): 

• `Arsenical copper and arsenical-antimonial copper do not form a strong 

cluster. 

• Arsenical copper does not cluster as a group. 

• Arsenical copper does not cluster with most almost pure and impure 

coppers.  

• Most arsenical-antimonial copper clusters with low As/Sb and low As/Ni 

values - within the range of most almost pure and impure copper 

samples.  

• These low As/Sb and low As/Ni values were previously discussed as 

possible fahlore group (FOC). 
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• High arsenic copper has similar As/Sb but varying As/Ni values. 

• Arsenical(-antimonial) copper with elevated tin content does not form a 

strong cluster. 

• Arsenical(-antimonial) copper with elevated tin content clusters within 

the range of almost pure and impure coppers (with low As/Ni and 

varying As/Sb values). 

Similar results are evident in the plots for Ni/Ag against both As/Ni and Pb/Ag 

(Fig. 5-26):  

• Most arsenical-antimonial copper clusters with almost pure and impure 

coppers (with low Ni/Ag, low As/Ni and low Pb/Ag values) - these were 

previously discussed as part of the possible fahlore group' (FOC). 

• Arsenical copper varies in As/Ni (c. 10 - 40), but shows consistent Ni/Ag 

and Pb/Ag values. 

• Several arsenical copper samples have higher silver than nickel and/or 

lead levels. 

• High arsenic copper samples have similar Ni/Ag values, but varying 

As/Ni (c. 50 - 100) and Pb/Ag (c. 1 - 8) values. 

• Arsenical(-antimonial) copper with elevated tin content does not cluster, 

but falls into the range of the majority of almost pure and impure 

copper samples, for all of the metal-ratio values. 

 

The results conclusively identify several important findings for the production of 

arsenical copper and arsenical-antimonial copper. Arsenical copper and arsenical-

antimonial copper appear to be derived from different kinds of copper ores. Arsenical-

antimonial copper is associated with the previously discussed ‘fahlore group’ (FOC). It 

is suggested that complex copper ore deposits (also exploited for the production of 

almost pure and impure copper) with increased arsenic and antimony levels appear to 

be the ore source for the production of these arsenical-antimonial copper artefacts.  

On the other hand, arsenical copper cannot be related to any of the previously 

discussed groups. Also, arsenical copper cannot be related to almost pure and impure 

copper artefacts that appear to be derived from arsenic containing copper ores with 

high As/Sb values (G1). However, similar Ni/Ag and Pb/Ag values among the arsenical 

copper samples imply that most of these arsenical copper artefacts were made from a 

similar arsenic containing copper ore. Variations in As/Sb and As/Ni values may be due 

to mixed smelting (or co-smelting) of such arsenic containing ores.  
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Fig. 5-25-1: As/Sb plotted against As/Ni for arsenical and arsenical-antimonial copper from the 
Jezirah. Arsenical copper does not form a cluster and has different MTER than arsenical-
antimonial copper. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples 
are excluded. 

•  

 

Fig. 5-25-2: Ni/Ag against Pb/Ag for arsenical and arsenical-antimonial copper from Jeziran sites. 
Samples with elevated As/Sb and elevated As/Ni were excluded for improved clarity. Most MTER 
values of arsenical-antimonial copper artefacts fall in the range of the previously defined FOC. 
The same is true for tin-containing arsenical-(antimonial) copper artefacts. EPMA and ICP-OES 
(Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 
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It is noteworthy that several arsenical copper artefacts have higher silver than 

nickel, and in some cases, also higher lead contents. This phenomenon was also 

observed in the groups of almost pure and impure copper artefacts, and these kinds of 

raw copper were suggested to be linked to a particular copper ore (region). As for 

almost pure and impure copper, the majority of samples with higher silver than nickel 

and lead levels originate from Eastern Jeziran sites. Most samples (n=4) are from Tell 

Beydar, and two samples are from Tell Brak. In addition, several samples from Tell 

Bderi show similar silver and nickel content (Ni/Ag c. 0.9). However, it is not suggested 

that these samples can be associated with the previously described raw copper with 

higher silver levels.  

Arsenical(-antimonial) copper with elevated tin levels would seemingly derive 

from similar raw copper as almost pure and impure copper, and shows no specific 

relation to either arsenical copper or arsenical-antimonial copper. Furthermore, in the 

section about tin-bronzes (Chapter 5.10.), a similar compositional discrepancy is 

reported, and it is suggested that elevated tin levels in arsenical(-antimonial) copper 

result from mixing (recycling) arsenic-containing copper with tin (scrap) metal. Several 

samples fall into the range of the FOC metal-ratio values but do not form a cluster (Fig. 

25-2). Hence, the results do not provide evidence that the tin content was derived from 

a specific tin-rich copper ore source.  

Site-specific trends are not evident for arsenical copper, arsenical-antimonial 

copper or arsenical(-antimonial) copper with tin content, and these copper groups only 

seldom cluster close to almost pure or impure copper artefacts from the same site (Fig. 

5-27 and 5-28, and compare Fig. 5-25-2 and Fig. 5-28). 

High arsenic copper artefacts show neither an association with arsenical copper 

nor with arsenical-antimonial copper and would appear to be derived from a different 

raw copper source (Fig. 25-1). Also, it is noteworthy that three of four high arsenic 

copper artefacts have consistent As/Sb and Ni/Ag values. These similar metal-ratio 

values, in addition to the elevated antimony level (Sb c. 1 wt%) of all high arsenic 

copper artefacts, pose the question whether these artefacts can be related to the 

production of arsenical copper by the application of speiss [Rehren et al. 2012; 

Thornton et al. 2009].  

Speiss is traditionally considered to be an unwanted waste product, but new 

analysis of production waste especially from Iran (Tepe Hissar and Arisman) provides 

evidence that speiss was produced deliberately, and possibly as an alloy component, 

rich in arsenic and possibly also antimony. At both sites, Tepe Hissar and Arisman, 

contextualised evidence of speiss and copper smelting was detected [Rehren et al. 

2012; Thornton et al. 2009]. Unfortunately, the link between these two different 

production lines is missing, so no direct evidence for the use of speiss in the 
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production of arsenical copper is available. Accordingly, it is difficult to be definitive 

about the final composition of arsenical coppers alloyed with speiss, and the 

compositional characteristics of speiss-based alloys remain uncertain. Proposed 

compositional indications for the application of speiss are, for example, high iron 

levels, and an inter-metallic phase of iron and arsenic within the copper matrix. The 

four high arsenic copper artefacts from Tell Bderi (BD89-382-1, BD89-391-2), Tell 

Beydar (6311-M-1) and Tell Chuera (TCH-W4-630) all lack elevated iron levels (Fe c. 

3000 ppm). However, the metals may have been refined before casting to deliberately 

exclude the limitations imposed by high iron contents (Chapter 4.4.). The high iron 

levels (Fe c. 1.4 wt%) in the amorphous lump MZ-5-B4i79d cannot be considered since 

the artefact is a strongly corroded production debris with attributes (corrosion and 

production) that often cause an increase in iron content. An inter-metallic phase of iron 

and arsenic was not detected within the three cast finds from Tell Bderi and Tell 

Chuera; no information about the copper matrix is available for the finds from Tell 

Beydar and Tell Mozan. Also, the appearance of metal with similar arsenic content 

could be a valid indicator, since alloying with speiss offers control over arsenic levels 

in the final metal.  Arsenic levels vary strongly among the high arsenic copper artefacts 

under study, which is particularly true for the two contemporary pins from Tell Bderi, 

Burial VI.  

On the other hand, the limited number of high arsenic samples raises the 

question of whether the artefacts were imports. However, the artefacts provide no 

definitive typological information to resolve this. For example, BD89-382-1 is a pin 

fragment with a ball-shaped head, a shape that is fairly common within the region of 

Upper Mesopotamia. The rod fragment BD89-391-2 is identified as a pin due to its 

pointed end but no specific type can be established for this sample. Consequently, we 

cannot decide whether these finds are local or imported artefacts. No description was 

given for the high arsenic copper find from Tell Beydar [Tonussi et al. 2014]; the fourth 

find is a (cast) production debris from Tell Chuera, but which does not exhibit any type 

related shape. A greater sample-size would be needed to explore their relation to the 

production of arsenical copper with speiss, and no further conclusions can be drawn 

on this issue from the present study.  
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Fig. 5-26-1: Ni/Ag against Pb/Ag for arsenical copper and arsenical-antimonial copper from the 
Jezirah. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for improved clarity. 
Arsenical and arsenical-antimonial copper artefacts evidence similar Ni/Ag and Pb/Ag values. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded.  
 

 

Fig. 5-26-2: Ni/Ag against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Jezirah. Samples with elevated Ni/Ag and elevated As/Ni were excluded for improved clarity. 
Arsenical and arsenical-antimonial copper artefacts evidence similar Ni/Ag but different As/Ni 
values. Tin-containing arsenical(-antimonial) copper artefact do not cluster but fall into the range 
of impure copper. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples 
are excluded. 
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Fig. 5-27: Arsenic against antimony contents in arsenical(-antimonial) copper from the Jezirah. 
No site-specific trend is evident by their As/Sb values EPMA and ICP-OES (Tell Beydar, Tonussi et 
al. 2014) data. Corroded samples are excluded.  

 

 

Fig. 5-28: As/Sb against As/Ni for arsenical(-antimonial) copper from the Jezirah. Samples from 
the same site form no strong clusters, and arsenical(-antimonial) copper artefacts do only 
seldom cluster with almost pure and impure copper artefacts from the same site. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded.  
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5.9. Arsenical Copper and Arsenical-Antimonial Copper in the 

Euphrates Valley 

As was the case for the arsenical copper and arsenical-antimonial copper samples 

from Jeziran sites, these metals were also in use on 3rd millennium BC sites in the 

Euphrates Valley (Tab. 5-3 - 5-4). However, the consumption and production of these 

metals would not necessarily have followed the same patterns as occurred at Jeziran 

sites.  

Out of the eight sites under study in the Euphrates Valley, seven provide 

evidence for the use of arsenical copper [Montero Fenollós 1999: Tab. 2; Northover 

and Prag 2015: Tab. 8.4.]. No arsenical copper is evident at Kara Hassan; here, arsenic 

levels range between traces (As c. 500 ppm) and 1.6 wt% As. Arsenical-antimonial 

copper is only present at two sites; namely, Serrin (n=16) and Hammam (n=3). Also, 

the number of artefacts per site comprised of arsenical copper varies remarkably 

[Montero Fenollós 1999: Tab. 2; Northover and Prag 2015: Tab. 8.4.]. Since most 

artefacts were collected (or bought) by Woolley and his colleagues in the 1910s, it is 

uncertain whether this low number of arsenic containing copper artefacts is due to 

sampling strategies or less frequent use of such coppers in the region. Nevertheless, 

samples from Qara Quzaq include the more recently studied artefacts by Montero 

Fenollós (1999). Here, only two arsenical copper and four impure copper artefacts 

(with minor arsenic and antimony levels) are present, suggesting less frequent arsenic 

containing copper artefacts for this site. By contrast, Serrin evidences a high number of 

arsenic containing copper artefacts; out of 35 analysed copper-base finds, 33 have 

varying arsenic and antimony levels. The emerging pattern of metal consumption at 

studied sites from the Euphrates Valley is indicative of locally specialised demand for 

specific metals. This becomes again evident from a consideration of the distribution of 

tin-bronzes in comparison to arsenic containing copper-base metals. In addition, their 

specific burial contexts may have contributed to the particular compositional 

distribution pattern.  

Arsenical copper from the sites in the Euphrates Valley contains (on average) 2 - 

3.5 wt% As combined with trace levels of antimony (Sb > 2000 ppm, for the following 

sites: Hammam, Kara Keui, Melaha, Qara Quzaq, Serrin; Sb c. 6000 ppm, for only 

Serrin). A single artefact from Qara Quzaq can be classified as a high arsenic copper 

and may date to the second half of the 3rd millennium BC. The sample is lightly 

corroded and it is possible that the original arsenic level was lower. Nevertheless, 

similar to the sample from Tell Beydar, the above average high content of arsenic 

suggests the artefact’s origin as high arsenic copper, but with possibly lower arsenic 

content than recorded in the analysis. By contrast to the results for Jeziran samples, 
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the high arsenic copper from Qara Quzaq does not show an increased antimony level, 

so any association with arsenical copper produced from speiss is not suggested.  

The results from plots of the metal-ratio data from samples from the Euphrates 

Valley provide evidence of further differences in the origins of arsenic containing 

copper, when contrasted with samples from the Jezirah (Fig. 5-29 - 5-30):  

• Neither arsenical copper nor arsenical-antimonial copper form a close cluster. 

• The majority of arsenical-antimonial copper samples have similar As/Sb, but 

varying As/Ni values. 

• Arsenical-antimonial copper clusters in the range of almost pure and impure 

copper artefacts. 

• The majority of arsenical-antimonial copper samples do not cluster with almost 

pure and impure copper specimens previously classified as FOC. 

• Tin-containing arsenical(-antimonial) copper artefacts do not form a cluster. 

• Tin-containing arsenical(-antimonial) copper artefacts do not cluster close to 

any particular compositional group. 

•  

 

Fig.5-29: As/Sb against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. All artefacts show similar As/Sb values but differ in their As/Ni values. EPMA 
and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples are excluded.  
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Fig. 5-30: As/Sb against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. Samples with elevated As/Sb and elevated As/Ni were excluded for improved 
clarity. Several arsenical(-antimonial) copper artefacts cluster close to almost pure and impure 
coppers, but neither arsenical copper nor arsenical-antimonial copper form a close cluster. EPMA 
and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples are excluded. 
 

  

 

Similar results are evident in the plots for Ni/Ag against both As/Ni and Pb/Ag 

(Fig. 5-31 - 5-32): 

• Neither arsenical copper nor arsenical-antimonial copper form a cluster.  

• The majority of arsenical copper and arsenical-antimonial copper 

evidences low Ni/Ag and low Pb/Ag values. 

• A small group of arsenical copper and arsenical(-antimonial) copper 

artefacts clusters with almost pure and impure copper at low Pb/Ag and 

low Ni/Ag values. 

• The majority of arsenical-antimonial copper artefacts have similar As/Ni 

and Ni/Ag values. 

• Arsenical-(antimonial) copper with exceeded tin content does not form a 

cluster. 

• Several arsenical copper and arsenical-antimonial copper samples have 

higher silver than lead contents. 
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Fig. 5-31: Ni/Ag against Pb/Ag for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. Samples with elevated Ni/Ag and elevated Pb/Ag were excluded for improved 
clarity. A small group of arsenical and arsenical-antimonial copper artefacts clusters with almost 
pure and impure coppers at low MTER values. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 
1999) data. Corroded samples are excluded. 

 
 

 
Fig. 5-32: Ni/Ag against As/Ni for arsenical copper and arsenical-antimonial copper from the 
Euphrates Valley. Samples with elevated Ni/Ag and elevated Ni/Ag values were excluded for 
improved clarity. Note the low range in Ni/Ag values in addition to regular As/Sb values with 
most artefacts. EPMA and ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples 
are excluded. 
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In contrast to the results for arsenical-antimonial copper from the Jezirah, 

samples from the Euphrates Valley are not related to the so-called ‘fahlore group’ 

(FOC), as indicated by their on average higher metal-ratio values. These results imply 

trading relations to an additional and different copper ore source. Also, differences 

between arsenical copper and arsenical-antimonial copper are not as obvious as for the 

samples from the Jezirah, especially in their Ni/Ag against As/Ni and Pb/Ni values. 

However, it has to be considered that a high number of samples for both groups 

(arsenical copper and arsenical-antimonial copper) originates from only one site, 

namely Serrin. Artefacts from the latter site indicate no distinction between arsenical 

copper and arsenical-antimonial copper by their As/Sb values and it is tentatively 

suggested that Serrin had access to a particular complex copper ore source, and 

varying arsenic and antimony levels are due to variations in the copper veins. Similar to 

the Jezirah, the remaining arsenical copper artefacts from all further sites are 

suggestive of access to a particular arsenic-rich copper ore source based on similar 

Ni/Ag and Pb/Ag values of most specimens. The frequently (low) As/Sb and Ni/Ag 

values for all compositional groups (including almost and impure coppers) may 

indicate shared access to the same copper region.  

 

5.10. Comparison of Tin-Bronze with Almost Pure Copper and 

Impure Copper 

A comparison of almost pure copper and impure copper with tin-bronze by 

their As/Sb against As/Ni values show similarities between the three different 

kinds of metals (Fig. 5-33 - 5-36):  

• Most tin-bronzes have low As/Ni ratios (1 - 15). 

• Tin-bronzes with trace to minor arsenic level (As ≤ 0.5 wt%) and tin-bronzes with 

medium arsenic level (As c. 0.6 - 1.3 wt%) do (in most cases) not cluster with 

each other. 

• Tin-bronzes with trace to minor arsenic levels cluster, except for two exceptions 

in the range of low As/Sb (3 - 15).  

• Tin-bronzes with medium arsenic levels cluster either with high As/Sb (50 - 80; 

n=5) or with low As/Sb (8 - 20; n=5) values. 

• The latter (As/Sb 8 - 20) overlap to some extent with the group of tin-bronzes 

with trace to minor arsenic content. 

• Each cluster of tin-bronzes falls in the range of almost pure and impure copper 

artefacts with similar metal ratio values. 

• Several tin-bronzes with medium arsenic content and two tin-bronzes with trace 

to minor arsenic levels show varying As/Sb and greater As/Ni values (60 - 70); 
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they do not cluster particularly with any of the plotted almost pure and impure 

copper artefacts. 

• Tin-bronzes with high arsenic levels (As c. 2 wt%) all show different values for 

their As/Sb and As/Ni values and do not appear in a cluster. 

• Nil tin-bronzes cluster at metal-ratio values which are not represented by almost 

pure and impure coppers. 

• No specific cluster in relation to tin content is apparent. 

• There is no site-specific cluster apparent but tin-bronzes from Tell Beydar and 

Tell Mozan evidence higher MTER more frequently. 

 

 

 
Fig. 5-33: As/Sb against As/Ni values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Tin-bronzes cluster with almost pure and 
impure coppers at low As/Sb and low As/Ni (FOC). EPMA and ICP-OES (Tell Beydar, Tonussi et al. 
2014) data. Corroded samples are excluded. 
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Fig. 5-34-1: As/Sb against As/Ni values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated As/Sb and elevated 
As/Ni were excluded for improved clarity. No particular cluster among the tin-bronze qualities is 
evident. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

 
 

 
Fig. 5-34-2: As/Sb against As/Ni values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated As/Sb and elevated 
As/Ni were excluded for improved clarity. No site-specific trend is evident for tin-bronzes 
artefacts. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 
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Fig. 5-35: As/Sb against As/Ni in different kinds of tin-bronze qualities (low, medium, high) in 
comparison to almost pure and impure coppers from the Jezirah. No particular cluster among 
the tin-bronze qualities is evident. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. 
Corroded samples are excluded.  

 

A similar pattern appeared with As/Ni against Ni/Ag values (Fig. 5-36): 

• Tin-bronzes with trace to minor quantities of arsenic cluster separately from tin-

bronzes with medium arsenic content. 

• The majority of the latter two groups of tin-bronzes fall in the range of clusters of 

almost pure and impure copper artefacts.  

• Tin-bronzes with high arsenic levels do not cluster with each other or any of the 

two tin-bronze groups with lower arsenic levels.  

These results suggest several major conclusions for tin-bronzes from the 

Jezirah in relation to almost pure and impure copper artefacts, with respect to their 

arsenic content. 

 1. The majority of tin-bronzes (with different arsenic levels) cluster in the same 

range as almost pure and impure copper artefacts in relation to their As/Sb, As/Ni 

and Ni/Ag values.  

2. Tin-bronzes do not cluster as a single group isolated from almost pure and 

impure copper artefacts. This result is true for all different qualities of tin-bronzes 

(low, medium and high).  
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3. Hence, it is proposed that tin-bronze and almost pure and impure copper were 

based on the same copper source.  

4. The observation that also low and medium tin-bronzes had similar metal-ratio 

values to almost pure copper and impure copper indicates that their tin levels did 

not originate from a complex ore with sufficient tin content (i.e., polymetallic ores), 

and which is of a different origin than the raw copper used for almost pure and 

impure copper artefacts. 

5. Consequently, this finding is indicative of deliberate alloying of almost pure and 

impure raw coppers (available on Jeziran sites) with (metal) tin.  

 

 

 

 
Fig. 5-36: As/Ni against Ni/Ag values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated Ni/Ag and elevated 
As/Ni were excluded for improved clarity. Tin-bronzes with low and medium arsenic impurities 
cluster by their MTER; tin-bronzes with high arsenic levels do not form a cluster. EPMA and ICP-
OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 
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This set of results lead to the key finding for alloying of tin-bronzes in the Jezirah 

and is further supported by the following which are all indicative of deliberate alloying: 

•  the technical ceramics from Tell Kharab Sayyar KHS-A012 and possibly Tell 

Chuera TCH-S08-092, which provide evidence for alloying with tin; 

• the early date of KHS-A012 (c. 2700 BC), which provides evidence for the 

establishment of this alloying technique already during the early 3rd millennium 

BC; 

• the contemporaneous appearance of almost pure copper, impure copper and 

tin-bronze artefacts with similar metal-ratio values during the entire 3rd 

millennium BC; 

• the dominance of the specific kind of medium tin-bronze on all Jeziran sites but 

with individual thresholds between the tin-bronze groups (low, medium and high) 

for individual sites. 

 

Furthermore, the results suggest that tin-bronzes were alloyed with different 

kinds of (almost pure and impure) raw coppers distinguishable by their arsenic, 

antimony, nickel and silver levels. Most of the tin-bronzes have low As/Sb and As/Ni 

values. Almost pure and impure copper artefacts with low metal-ratios (As/Sb against 

As/Ni) were previously discussed as ‘fahlore group’ (FOC), which appeared to be the 

most frequently employed metal in the Jezirah. As concluded for almost pure copper 

and impure copper, the majority of tin-bronzes are presumably based on metal 

smelted from a complex fahlore-containing copper ore.  

Tin-bronzes with trace to minor arsenic content frequently cluster with each 

other but are distinguishable from tin-bronzes with medium arsenic levels by their 

As/Sb and As/Ni values (Fig.5-33). Accordingly, both of these kinds of tin-bronzes 

(trace to minor arsenic tin-bronze and medium arsenic tin-bronze) are concluded to be 

based on different raw coppers within the group of complex fahlores. Also, the group 

of tin-bronzes with medium arsenic content is presumably based on at least two 

different groups of copper as suggested by their As/Sb values (low and high) (Fig. 5-

34-1). However, these specimens show, at least for several samples, no consistent 

pattern in their metal-ratios. Therefore, it is concluded that the latter were re-melted 

(recycled) more frequently.  

Furthermore, several tin-bronze samples (with varying arsenic content, As c. 0.1 

to 1.8 wt%) have higher silver than nickel and/or (less frequently) lead levels (n=15) 

(Fig. 5-37). As determined for almost pure and impure coppers, these samples have to 

be distinguished from the other tin-bronzes with higher nickel than silver and lead 

contents. The results suggest the use of a copper made from complex ores, but with 
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elevated silver levels, in the production of tin-bronzes. This kind of raw copper was 

already established as a distinctive group among particularly the impure copper 

artefacts. It is noteworthy that (again) these tin-bronze specimens nearly exclusively 

originate from Eastern Jeziran sites (Tell Beydar, Tell Brak, Tell Mozan). Only one 

specimen originates from Tell Chuera (TCH63-Mo3) in the Western Jezirah.  

However, most samples of the two groups of tin-bronzes with trace to minor levels 

of arsenic, and those with medium arsenic levels, are not distinguishable by their Pb/Ag 

ratio (Fig. 5-37). As suggested for almost pure and impure copper artefacts, and based 

on the distinguishable clusters of these two kinds of tin-bronzes for all other metal-ratio 

values, reasons for this inconsistency may rather be the mixed smelting of different 

kinds of complex copper ores (as the base for tin-bronze) than recycling.  

 

 

 
Fig. 5-37: Pb/Ag against Ni/Ag values within tin-bronzes from the Jezirah in comparison to 
almost pure and impure coppers from the Jezirah. Samples with elevated Ni/Ag and elevated 
Pb/Ag values were excluded for improved clarity. Several tin-bronzes exhibit greater silver than 
nickel levels; most of the latter artefacts derive from the Eastern Jezirah. EPMA and ICP-OES 
(Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 
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By contrast, tin-bronzes with high arsenic content (As c. 2 wt%) do not cluster 

with each other by consideration of any of the metal-ratios. These artefacts are 

presumably the outcome of recycling processes. However, this group is very small and 

more sampling is needed for clarification of this proposition.  

In summary, the comparison of tin-bronzes (with different arsenic levels) 

suggests that arsenic and antimony components primarily originate from different 

kinds of (almost pure and impure) raw copper sources. Tin content within low, medium 

and high tin-bronzes, on the other hand, was presumably the result of the addition of 

tin to almost pure copper or impure copper and did not derive from tin-containing 

copper sources. Furthermore, all kinds of tin-bronzes (low, medium, high) suggest a 

deliberate production.  

To understand whether tin was deliberately added to produce specific kinds of tin-

bronzes or whether they were partly the product of random mixing of arsenic- and tin- 

containing copper metals (as suggested by Northover 2001a and 2001b) especially for 

low tin-bronzes with up to 6 wt% tin, it is my contention that we should compare tin-

bronzes to copper-base metals by their tin and arsenic levels.  

Only 33 of 62 analysed tin-bronzes give combined arsenic and antimony content 

above the detection limit, of which most came from Tell Beydar (due to lower detection 

limits of the chosen analytical ICP-OES method, Tonussi et al. 2014). Accordingly, site-

specific trends are impossible to determine at this stage.  
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Tab. 5-3: Arsenical(-antimonial) copper artefacts from the Euphrates Valley [after Montero 
Fenollós 1999: Tab 2; Northover and Prag 2015: Tab: 8.4.]. 

 

Site Lab # Number function Class Type Variant Method

Hammam ASH111 1913.184 implement dagger riveted tang ns EPMA

Hammam ASH152 1913.238 decorative pin knobe head, bent split EPMA

Hammam ASH154 1913.190 decorative torc small plain ns EPMA

Hammam ASH174 1912.78 implement axe shafthole ns EPMA

Hammam ASH182 1913.219 implement axe flat ns EPMA

Kara Keui ASH150 1913.437 implement awl sqaure sectioned ns EPMA

Melaha ASH203 1914.186 decorative pin knob head split EPMA

Osheriyeh ASH119 1914.154 implement needle ns EPMA

Qara Quzaq QQ08 ns implement chisel ns ns ICP

Qara Quzaq QQ09 ns implement chisel ns ns ICP

Qara Quzaq QQ16 ns decorative pin ns ns ICP

Qara Quzaq QQ18 ns decorative pin ns ns ICP

Qara Quzaq QQ19 ns decorative pin ns ns ICP

Qara Quzaq I ASH187 1913.30 decorative pin ns drilled EPMA

Qara Quzaq I ASH202 1913.33 decorative pin shaft drilled EPMA

Serrin ASH120 1914.543 implement tweezers ns ns EPMA

Serrin ASH121 1914.142 decorative pin knob head, straight, shaft drilled EPMA

Serrin ASH130 1914.143 decorative pin knob head, straight, head drilled EPMA

Serrin ASH131 1914.136 implement dagger riveted tang ns EPMA

Serrin ASH136 1914.143 decorative pin knob head, straight, shaft drilled EPMA

Serrin ASH137 1914.145 decorative pin knob head, bent, shaft drilled EPMA

Serrin ASH138 1914.145 decorative pin knob head, bent, head drilled EPMA

Serrin ASH139 1914.146 decorative pin knob head, bent, head drilled EPMA

Serrin ASH141 1914.147 decorative pin knob head, bent, head drilled EPMA

Serrin ASH142 1914.147 decorative pin knob head, bent, shaft drilled EPMA

Serrin ASH144 1914.148 decorative pin knob head, bent, head drilled EPMA

Serrin ASH153 1914.142 decorative pin knob head, straight, head drilled EPMA

Serrin ASH157 1914.532 implement blade tanged ns EPMA

Serrin ASH160 1914.544 decorative torc ns ns EPMA

Serrin ASH162 1914.529 implement dagger riveted tang ns EPMA

Serrin ASH164 1914.530 implement dagger riveted ns EPMA

Serrin ASH166 1913.426 implement dagger riveted ns EPMA

Serrin ASH175 1914.527 implement dagger riveted tang ns EPMA

Serrin ASH185 1914.538 decorative pin knob head, straight drilled EPMA

Serrin ASH191 1914.537 decorative pin knob head, bent drilled EPMA

Serrin ASH194 1914.542 decorative pin vase head  drilled EPMA

Serrin ASH197 1913.425 implement axe flat ns EPMA

Serrin ASH209 1914.137 implement dagger riveted ns EPMA

Sinsile ASH158 1914.133 implement blade tanged ns EPMA
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Tab. 5-4: Arsenical(-antimonial) copper artefacts from the Euphrates Valley [after Montero 
Fenollós 1999: Tab 2; Northover and Prag 2015: Tab: 8.4.]. EPMA data (ASH111-ASH209) and 
ICP-OES data (QQ08 - QQ19). 

 

 

Lab # Cu As Sb Sn Bi Pb Ni Ag Au S Fe Co Total

ASH111 94.7 1.60 0.08 1.60 0.06 0.15 0.04 0.05 0.06 0.02 1.60 nd 100.0

ASH152 96.0 1.69 0.33 0.08 0.04 0.23 0.68 0.07 0.11 0.02 0.73 0.03 100.0

ASH154 95.9 2.97 0.08 0.01 0.03 0.50 0.05 0.07 0.01 0.03 0.56 0.01 100.2

ASH174 96.2 1.81 0.21 0.93 0.01 0.01 0.28 0.09 nd 0.12 0.30 0.01 100.0

ASH182 96.3 1.53 0.91 0.02 nd 0.05 0.15 0.09 0.03 0.15 0.82 0.01 100.0

ASH150 96.2 2.54 0.03 0.01 0.03 0.04 0.07 0.04 0.03 0.03 0.74 0.03 99.8

ASH203 94.9 3.54 0.07 0.01 nd 0.02 0.39 nd nd 0.74 0.29 0.02 100.0

ASH119 96.6 2.01 0.09 0.06 0.02 nd 0.11 0.04 0.04 0.03 0.10 0.01 99.1

QQ08 91.9 0.79 0.07 1.56 na 0.04 0.07 0.04 na na 0.20 na 94.7

QQ09 94.4 0.57 0.04 1.47 na 0.21 0.25 2.00 na na 0.13 na 99.1

QQ16 97.1 2.09 nd 0.78 na 0.08 0.15 0.03 na na 0.48 na 100.8

QQ18 93.0 0.89 0.04 1.52 na 0.48 0.03 0.04 na na 0.40 na 96.4

QQ19 89.2 0.88 0.04 1.73 na 0.28 0.02 0.04 na na 0.42 na 92.6

ASH187 91.4 7.81 0.02 0.01 nd 0.07 0.08 0.05 0.05 0.18 0.36 nd 100.0

ASH202 95.0 3.22 0.19 0.15 nd 0.22 0.28 0.06 0.03 0.63 0.22 0.01 100.0

ASH120 95.7 1.69 0.86 0.03 nd 0.07 0.06 0.10 nd 0.06 1.38 0.01 100.0

ASH121 96.4 1.48 0.86 0.01 0.04 0.01 0.17 0.06 0.06 0.22 0.59 0.01 99.9

ASH130 95.8 1.55 0.99 0.03 0.02 0.06 0.08 0.11 0.01 0.48 0.84 0.01 100.0

ASH131 95.3 1.30 0.17 0.53 0.05 0.09 1.18 0.07 nd 0.14 1.09 0.03 100.0

ASH136 95.9 1.35 0.91 nd 0.02 0.16 0.08 0.09 0.07 0.56 0.89 0.01 100.0

ASH137 95.8 1.79 1.09 nd 0.02 0.02 0.04 0.16 0.07 0.57 0.39 0.01 100.0

ASH138 96.9 1.27 1.04 0.02 0.04 0.07 0.06 0.11 0.07 0.09 0.27 nd 100.0

ASH139 96.8 1.60 0.54 0.20 0.03 nd 0.03 0.01 nd 0.44 0.30 0.01 100.0

ASH141 96.5 1.74 0.71 0.01 0.04 0.03 0.07 0.05 nd 0.03 0.87 nd 100.1

ASH142 96.0 2.03 0.61 0.06 0.01 0.09 0.07 0.08 0.03 0.06 0.96 nd 100.0

ASH144 96.1 2.00 0.35 0.28 0.02 0.10 0.32 0.09 0.07 0.12 0.55 0.01 100.0

ASH153 96.1 1.82 0.87 nd 0.02 nd 0.17 0.09 0.04 0.25 0.58 0.01 100.0

ASH157 96.4 1.84 0.16 0.01 0.02 0.02 0.11 0.06 0.04 0.72 0.57 0.01 100.0

ASH160 95.9 2.78 0.12 0.01 0.01 0.01 0.08 0.07 nd 0.16 0.77 nd 99.9

ASH162 92.2 2.55 0.19 0.02 0.06 nd 3.65 0.03 0.02 0.41 0.84 0.03 100.0

ASH164 96.4 1.31 0.59 0.27 0.03 0.03 0.06 0.06 nd 0.21 1.01 0.01 100.0

ASH166 95.8 1.07 1.01 0.02 0.09 0.05 0.07 0.07 nd 0.41 1.34 0.01 100.0

ASH175 95.6 1.64 0.48 1.03 0.05 0.14 0.35 0.16 nd 0.06 0.47 nd 100.0

ASH185 97.1 1.86 0.15 0.01 0.01 0.04 0.40 0.06 0.01 0.07 0.29 0.01 100.0

ASH191 96.2 2.40 0.18 0.01 nd 0.02 0.11 0.05 0.01 0.46 0.56 0.01 100.0

ASH194 93.7 3.10 0.57 0.07 0.01 0.74 0.08 0.05 0.05 0.54 0.98 0.01 99.9

ASH197 97.2 1.54 0.16 0.31 0.03 0.03 0.24 0.10 0.05 0.03 0.28 0.01 100.0

ASH209 96.0 1.98 0.09 0.03 0.02 0.06 0.04 nd 0.02 0.08 1.65 0.01 100.0

ASH158 94.7 2.23 0.36 0.01 0.06 0.32 1.98 0.15 0.05 0.02 0.01 nd 99.9
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5.11. Tin-Bronzes in Comparison to Copper-Base Artefacts by 

their Arsenic Content 

The plotting of arsenic and tin contents of all copper-base artefacts has identified 

further important compositional trends for the analysed specimens from the Jezirah, 

which supports the conclusion of deliberate alloying of tin-bronze for this region. First, 

the plots show that the majority of arsenical(-antimonial) copper artefacts (n=21) 

contain either nil or only trace quantities of tin (Sn ≤ 1000 ppm) (Fig. 5-38 - 5-39). 

Higher tin levels were determined from a small group (n=5) of arsenical-copper 

specimens with elevated tin levels (Sn c 3000 - 8000 ppm), and two specimens with 

greater tin content (Sn > 1 wt%). Second, the plots show that arsenical copper with 

elevated tin content, and tin-bronzes with elevated arsenic level, are in the minority 

among the samples from the Jezirah. Only two arsenical copper artefacts show tin 

content > 1 wt% Sn, and only three tin-bronzes have arsenic level > 1.5 wt% As. Third, a 

small group (n=9) of artefacts have combined arsenic and tin (and in some cases 

antimony) levels between 2 and 3 wt% (61925-M-3, 6608-M-1, 9464-M-1, F2-6236-M-3, 

MZ-5-B4i94, MZ-B5i38, MZ-5-B5q98m, MZ-A06q130m, MZ-Z1-2); and a single specimen 

from Tell Beydar (6182-M-2) had similar arsenic and tin contents (approximately 2 wt%; 

respectively) (Fig. 5-39). Most of these artefacts are implements (n=7); two artefacts 

from Tell Beydar were published without artefact description [Tonussi et al. 2014]; one 

find (F2-6236-M-3) is a nail-head pin from Tell Beydar [Northover and Prag 2015]. The 

compositions of these artefacts do not agree with any of the defined groups of impure 

copper, arsenical copper or tin-bronze, hence their metallic composition poses the 

question whether these artefacts are the result of recycling and the mixing of 

impure/arsenical cooper with tin-bronze (scrap) or whether these combined contents 

are based on a specific (polymetallic) ore source. 

Three of these specimens have low As/Sb and low As/Ni values (Fig. 5-40) and 

also low Pb/Ag and Ni/Ag values. Therefore, these specimens have similar metal-ratio 

values to the previously defined ‘fahlore group’ (FOC). Also, two samples have low 

As/Sb and As/Ni values but higher silver content than lead and nickel contents, and 

can be compositionally related to the group of almost and impure copper artefacts 

with elevated silver levels. Three samples do not cluster with any of the groups, and 

the remaining two samples have either nil detectable antimony or nil detectable silver 

and lead. This group of samples (with mixed arsenic and tin contents) neither shows a 

strong affinity with arsenical copper nor with arsenical-antimonial copper and nor with 

tin-bronzes (Fig. 5-39). These results suggest that the majority of these artefacts are 

based on almost pure copper and impure copper available in the Jezirah but may have 

been mixed with both kinds of metals, tin-bronze and arsenical(-antimonial) copper 

(scrap).  
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Fig. 5-38: Arsenic against tin levels within copper-base artefacts from the Jezirah by sites. 
Arsenical copper and tin-bronze appear as two separate groups. EPMA and ICP-OES (Tell 
Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 
 

 

 

Fig. 5-39: Arsenic against tin levels within copper-base artefacts from the Jezirah by sites. 
High arsenic copper was excluded for improved clarity. Arsenical copper and tin-bronze 
appear as two separate groups; only a small number of samples contain contemporary 
elevated arsenic and tin contents. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) 
data. Corroded samples are excluded.  
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It is noteworthy that all specimens with mixed arsenic and tin originate from Tell 

Beydar (n=5) and Tell Mozan (n=5). As previously discussed for almost pure and 

impure copper artefacts, more frequent recycling is apparent at these two sites. The 

appearance of copper artefacts with mixed arsenic and tin contents supports the 

conclusion that recycling was more frequently undertaken at Tell Beydar and Tell 

Mozan in contrast to the other Jeziran sites under study. Consequently, there does not 

appear to be any justification in proposing an additional, polymetallic, source for these 

mixed-composition artefacts. 

 

 

Fig. 5-40: As/Sb against As/Ni values copper-base metals from the Jezirah by differences in 
compositions. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples 
are excluded. 

 

The comparison of tin-bronzes with the various groups of copper-base 

specimens provides evidence for an important difference between tin-bronze and 

arsenical(-antimonial) copper artefacts. The observations that arsenical copper-

base specimens generally do not contain a remarkable tin level, and that tin-

bronzes (on average) only contain trace to minor quantities of arsenic, strongly 

indicate that both kinds of metals were produced separately. Furthermore, samples 

with antimony levels of more than 0.6 wt% Sb do not contain any tin. This suggests 

a deliberate choice in the production and perhaps also the consumption of specific 

metals.  
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The ‘random’ mixing of different kinds of metals appears to have been a rare 

practice and is only indicated by a few samples from Tell Beydar and Tell Mozan. 

However, this does not exclude the possibility that all kinds of copper-base 

artefacts were generally recycled and re-melted. However, the consistent clusters of 

the different metal groups suggest that similar metals were recycled together, 

rather than that different groups (arsenical(-antimonial) copper and tin-bronze) 

were randomly mixed. This implies that tin-bronze presumably was deliberately 

produced, compositionally maintained and deliberately kept ‘clean’. Furthermore, 

the results imply a high degree of metallurgical knowledge in the production of 

different kinds of copper-base metals.  

It is noteworthy that a similar division between arsenical copper and tin-

bronze can be concluded for the later (2nd millennium BC, Mitanni) samples from 

Tell Bderi. Here, out of five (corroded and non-corroded) tin-bronzes, four 

specimens (BD86-022, BD87-199-1, BD87-206-3, BD89-004) have minor levels of 

arsenic (As c. 2000 - 5000 ppm); and only one specimen has greater arsenic 

content (BD87-064; As c. 1 wt%); and all specimens contain only trace quantities of 

antimony. On the other hand, arsenical-copper artefacts (n=2) show only trace to 

minor quantities of tin (Sn ≤ 3000 ppm) combined with similarly low antimony 

content (BD87-065, BD89-049). One specimen (BD87-034) provides evidence for 

combined arsenic (As c. 0.5 wt%) and tin (Sn c. 1.8 wt%) contents. While the number 

of 2nd millennium BC samples from Tell Bderi is limited the samples provide 

evidence for a similar pattern to 3rd millennium BC tin-bronze and arsenical 

copper: tin-bronzes on average only have only low arsenic and antimony contents; 

and arsenical copper has only low tin content. Therefore, it seems reasonable to 

assume the long-term adherence to metallurgical practices, which implied the 

deliberate separation of arsenical(-antimonial) copper and tin-bronze.  

 

5.12. Tin-Bronzes from the Euphrates Valley in Comparison 

with Copper-Base Artefacts  

The comparison of tin and arsenic levels within copper-base artefacts from the 

Jezirah with copper-base artefacts from the Euphrates Valley reveal similarities between 

the two regional groups, but also highlight some noteworthy differences (Tab. 5-5 - 5-

6).  

The largest collection (n=17) of tin-bronzes originate from Qara Quzaq, with tin 

levels between 2 and 11 wt% Sn [Montero Fenollós 1999: Tab. 2; Northover and Prag 

2015: Tab. 8.4.]. An exception is a single specimen with 19 wt% Sn [Montero Fenollós 

1999: Tab. 2]. Among the samples from Qara Quzaq, it is important to distinguish 
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between the results from Northover and Prag (2015) where the analysis was 

undertaken with EPMA, and results from ICP published by Montero Fenollós (1999). 

The tin-bronzes from the latter study contain only trace quantities of arsenic, while 

four out of five analyses of the tin-bronzes from Qara Quzaq studied by Northover and 

Prag (2015) have minor to elevated arsenic levels (As c. 0.6 - 1.6 wt%); and a single tin-

bronze contains only trace levels of arsenic (Fig. 5-41). It remains uncertain whether 

this difference is due to the analytical methods, the (not noted) state of corrosion 

[Montero Fenollós 1994] or chronological differences between the two sample sets. 

While the tin-bronzes published by Montero Fenollós are dated to 2900 - 2700 BC, 

artefacts discussed by Northover and Prag (2015) were collected by Woolley, Hogarth, 

and Lawrence, and are roughly dated to the mid 3rd millennium BC [Northover and 

Prag 2015].  

The second largest group of tin-bronzes was discovered at Kara Keui (n=10) 

[Northover and Prag 2015: Tab. 8.4.] and has tin contents of 3 - 12 wt% Sn with trace 

to elevated arsenic levels (As c. 0.03 - 1.0 wt%); their arsenic content is similar to the 

finds from the Jezirah. These artefacts from Kara Keui are dated to the 2nd millennium 

BC. A contemporary single sample derives from Amarna and contains medium tin 

levels of c. 7 wt% Sn with a minor level of arsenic (As c. 0.5 wt%).  

The majority of finds from the 3rd millennium BC derive from the sites Hammam, 

Melaha and Serrin (n=4) and are best classified as low tin-bronzes with tin levels of 

about 4 wt% Sn, of which three samples give outstandingly high arsenic levels of 2 - 3 

wt% As; with only one sample showing a lower content of arsenic of c. 4000 ppm As. A 

single tin-bronze from Srisat contains medium tin levels of c. 10 wt% Sn and modest 

arsenic levels of c. 1 wt% As. The latter sample may be of a younger date than the tin-

bronzes from Hammam, Melaha and Serrin [Northover and Prag 2015]. Most tin-

bronzes contain only traces of antimony that do not exceed 500 ppm Sb, with a single 

exception from Melaha, which shows a low antimony level of c. 0.4 wt% Sb, and three 

samples from Qara Quzaq analysed by Northover and Prag (2015) with antimony levels 

between c. 1000 and 2000 ppm Sb.  

Hence, very early and also post 3rd millennium BC tin-bronzes from the 

Euphrates Valley have (on average) lower arsenic content in comparison to the Jezirah, 

but contemporary 3rd millennium BC tin-bronzes provide evidence for regularly 

elevated arsenic levels, which also contrast the results for Jeziran tin-bronzes; the 

latter are dominant among low tin-bronzes.  

The establishment of common thresholds to distinguish between different tin-

bronze qualities from the Euphrates Valley causes difficulties. The number of samples 

per site is too small to isolate low, medium and high tin-bronzes as individual groups. 

Noteworthy is that 3rd and 2nd millennia BC specimens show a threshold between 6 
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and 8 wt% Sn, which separates the two chronologically different groups. This gap, 

however, is filled by the early samples from Qara Quzaq of which the majority has tin 

levels between 7 and 11 wt% Sn [Montero Fenollós 1999]. This result may (again) relate 

to the outstanding early date of the tin-bronzes from Qara Quzaq and emphasises the 

chronological but possibly also site-specific differences within the collection. However, 

such differences are often difficult to grasp due to the limited sample number per 

compositional unit.  

 

 

Fig. 5-41: Arsenic against tin levels within copper-base artefacts from the Jezirah and the 
Euphrates Valley. Samples from both regions show similar low arsenic impurities in tin-
bronzes. EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are 
excluded. 

 

Another noteworthy difference in the tin-bronze metallurgy of the two regions is 

the tin content of the non-tin-bronzes. Copper artefacts with combined arsenic, tin and 

antimony levels show (on average) higher tin content (Sn 1 - 2 wt%) in comparison to 

such ‘mixed’ samples from the Jezirah (Fig. 5-42). Also, the ‘transitional group’ 

(between tin-bronze and arsenical copper) is noticeably larger for specimens from the 

Euphrates Valley. While specimens with mixed arsenic and tin contents from the 

Jeziran sites comprise about 3 per cent of the entire sample population, this kind of 

metal is represented by about 7 per cent for the Euphrates Valley. Furthermore, tin-

bronzes are more frequent (c. 27 per cent) among the (analysed) finds from the 

Euphrates Valley in comparison to those from the Jezirah (c. 13 per cent). These 

differences are raised because they imply differences in either (i) access to metallic tin, 
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(ii) a different metallurgy technology, or (iii) a different cultural approach to produce 

tin-containing metals, which are discussed in more detail in the following chapters.  

 

 

Fig. 5-42-1: Arsenic against tin levels within copper-base artefacts from the Jezirah and 
the Euphrates Valley by compositional differences. Artefacts with mixed tin, arsenic and 
antimony contents are more common among the samples from the Euphrates Valley. 
EPMA and ICP-OES (Tell Beydar, Tonussi et al. 2014) data. Corroded samples are excluded. 

 

 

Fig. 5-42-2: Arsenic against tin levels within copper-base artefacts from the Jezirah and 
the Euphrates Valley by compositional differences. Arsenic levels > 4 wt% and tin levels > 
14 wt% are excluded for improved clarity. Artefacts with mixed tin, arsenic and antimony 
contents are more common among the samples from the Euphrates Valley. EPMA and ICP-
OES (Tell Beydar Tonussi et al. 2014) data. Corroded samples are excluded. 
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However, despite these differences between the Euphrates Valley and the Jezirah 

the important finding in the comparisons of tin-bronzes and arsenical(-antimonial) 

copper artefacts for both regions emphasises a distinctive difference between the two 

copper-base metal groups (Fig. 5-42-2). This result is suggestive of a deliberate choice 

in the production (and maybe consumption) of either of the two kinds of metals. Also, 

the results indicate that access to or interest in tin differed among the sites in the 

Euphrates Valley, and while the sites Qara Quzaq and Kara Keui presumably had good 

access to this valuable metal, other sites had either less access to or less interest in 

tin. It is noteworthy that artefacts with mixed arsenic and tin contents originate from 

sites that evidence high amounts of tin-bronzes (e.g., Qara Quzaq) but also from sites 

that evidence only little evidence for tin-bronzes, such as Hammam, Serrin or Melaha. 

Therefore, it is suggested that the appearance of this kind of (mixed) copper is not 

based on the level of access to (or interest in) tin at specific sites.  

Similarly, as discussed with the finds from the Jezirah, later finds from Tell 

Selenkahiye, dating to the late 3rd and 2nd millennium BC also show a distinction 

between the two compositional groups of tin-bronze and arsenical(-antimonial) copper 

artefacts [Dungworth, unpubl. report: Fig. 3]. Out of 13 analysed tin-bronzes, nine 

specimens have only minor arsenic content, two specimens have elevated arsenic 

content (slightly above 1 wt% As), and two specimens have high arsenic content (As > 

1.5 wt%). Impure copper and arsenical copper specimens from the site, on the other 

hand, contain either nil tin or alternatively only trace to minor quantities of tin (Sn ≤ 

5000 ppm). It is noteworthy that there is a lack of ‘transitional compositions’ (between 

arsenical copper and tin-bronze) from Tell Selenkahiye. That is, none of the specimens 

show combined arsenic and tin levels. Also, similar to the EBA finds from the Euphrates 

Valley, no high tin-bronzes are among the finds from Tell Selenkahiye and no 

distinctive threshold between low and medium tin-bronzes is given [Dungworth, 

unpubl. report; Dungworth and Philip 2016]. As suggested for the Jezirah, the 

similarities between the chronologically different sample sets indicate continuity in 

metallurgical practices. 
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5.13. Comparison of Tin-Bronzes from the Euphrates Valley 

with Almost Pure Copper and Impure Copper 

Further noteworthy differences in the metallurgy of the Euphrates Valley and 

the Jezirah emerge from a comparison of their As/Sb and As/Ni values. First, tin-

bronzes (from the Euphrates Valley) have, on average, lower As/Sb values. Lower As/Sb 

values are also evident in almost pure and impure copper artefacts from the Euphrates 

Valley. However, while the majority of almost pure and impure coppers from the 

Euphrates Valley have low As/Sb and low As/Ni values, only 15 of the tin-bronzes with 

arsenic and antimony levels above the detection limits (25 out of 34 tin-bronzes) have 

low As/Sb and As/Ni values. This is in contrast with Jeziran tin-bronzes, where low 

As/Sb and low As/Ni values dominate. Consequently, only some of these Euphrates 

Valley tin-bronzes cluster with the almost pure and impure copper artefacts by their 

As/Sb and As/Ni values (Fig. 5-43). As previously discussed for the Jeziran tin-bronzes, 

it is postulated that these tin-bronzes are based on almost pure and impure copper 

available on sites in the Euphrates Valley. Also, this grouping of low As/Sb and As/Ni 

values is indicative of complex fahlores. This group of tin-bronzes includes tin-bronze 

qualities with low and medium tin contents. Therefore, the deliberate production of 

low and medium tin-bronzes through the addition of tin to almost pure and impure 

copper is proposed for this group of tin-bronzes from the Euphrates Valley.  

 

 

Fig. 5-43: As/Sb against As/Ni values within different kind of copper-base metals from the 
Euphrates Valley. High metal-ratio values excluded for improved clarity. Low, medium and high 
tin-bronzes cluster at low As/Sb and low As/Ni values, which are indicative of the FOC. EPMA and 
ICP-OES (Qara Quzaq, Montero Fenollós 1999) data. Corroded samples are excluded. 
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The majority of the tin-bronzes with outlying As/Sb and As/Ni values cluster with 

the former tin-bronzes (with low As/Sb and low As/Ni values) by their As/Ni and Ni/Ag 

values and the differences between the two groups may be based on the use of mixed 

raw copper in their production (Fig. 5-44). A single tin-bronze (with outlying As/Sb and 

As/Ni values) has elevated arsenic content and clusters with arsenical-antimonial copper 

and is suggested to be the result of recycling.  

Second, several (n=6) tin-bronzes from the Euphrates Valley have higher silver 

than nickel contents, and (in one case) higher lead content. Besides one axe from Kara 

Keui, all of these artefacts originate from Qara Quzaq [Montero Fenollós 1999: Tab. 2; 

Northover and Prag 2015]. By contrast, almost pure and impure copper artefacts with 

higher silver (compared to nickel and lead) content do not originate from Qara Quzaq, 

but from Melaha and Serrin. This apparently contradictory result is presumably due to 

the size of sampling intensity for the different kinds of metals. While tin-bronzes mostly 

originate from Qara Quzaq and Kara Keui, almost pure and impure copper specimens 

mostly originate from Melaha and Serrin. Therefore, it is suggested that several sites in 

the Euphrates Valley had access to this kind of raw copper (with elevated silver levels), 

but while these were used at the sites Melaha and Serrin in the production of almost 

pure and impure copper artefacts (and tin-bronzes are the minority among the sampled 

artefacts), it would appear that metalworkers at Qara Quzaq have employed this kind of 

raw copper in the production of tin-bronzes.  

Thirdly, artefacts from the Euphrates Valley with combined arsenic and tin (and 

for some samples antimony) levels, show (similar to the Jezirah) affinity with almost pure 

and impure copper artefacts (Fig. 5-44). By contrast, several of these specimens have 

similar metal-ratio values in comparison to arsenical copper and arsenical-antimonial 

copper; these being with low Ni/Ag values but varying As/Ni and As/Sb values (Fig. 5-43 

- 5-44). The result is suggestive of recycling arsenical(-antimonial) copper with tin-bronze 

(scrap). 

As discussed for tin-bronzes from the Jezirah, most low and medium tin-bronzes 

appear to have been produced from almost pure and impure raw copper available on-site 

in the Euphrates Valley by adding (metallic) tin, rather than utilising complex ores with 

elevated tin content. A noteworthy aspect is the early date of the tin-bronzes from Qara 

Quzaq (c. 2900 - 2700 BC) [Montero Fenollós 1999]. The results from the present study 

indicate the deliberate production of tin-bronzes at the earliest stage of tin-bronze 

production in the Euphrates Valley and that this also occurred in the Jezirah. The results 

do not support the work of Northover (2001a) and others, who have suggested the 

random mixing of tin-containing metals with other available copper-metals and 

interpreted the resulting tin-bronzes as ‘accidental products’ especially at the advent of 

tin-bronzes. In contrast, it is argued that most tin-bronzes were produced as such by 
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deliberate alloying and at the earliest stage of their appearance (early 3rd millennium 

BC). However, despite the (in general) greater number of tin-bronzes from the Euphrates 

Valley, mixing and recycling of tin-containing metal with (especially) arsenical-antimonial 

copper appears to have been a more frequent practice in this region than in the Jezirah. 

Whether this result is based on a chronological difference between the sample sets 

cannot be stated at this current stage. Also, the chronologically later sample set from 

Selenkahiye implicates rather less mixing at a later stage in tin-bronze production 

[Dungworth, unpubl. report]. However, in order to confirm and elaborate these findings, 

and better understand this important distinction in early tin-bronze metallurgy between 

the Euphrates Valley and the Jezirah, future research needs to be undertaken on recently 

excavated and chronologically secure artefacts from the Euphrates Valley.  

 
 

 

 

Fig. 5-44: As/Ni against Ni/Ag values within copper-base metals from the Euphrates Valley. High 
metal-ratio values excluded for improved clarity. EPMA and ICP-OES (Qara Quzaq, Montero 
Fenollós 1999) data. Corroded samples are excluded. 
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Tab. 5-5: Tin-bronze artefacts from the Euphrates Valley [after Montero Fenollós 1999: Tab 2; 
Northover and Prag 2015: Tab: 8.4.]. 

 

Site Lab # Number function Class Type Variant Method

Armana ASH155 1935.28 decorative torc large, thin, twisted ns EPMA

Hammam ASH210 1914.175 implement knife riveted ns EPMA

Kara Keui ASH112 1913.435 decorative pin elaborate head split EPMA

Kara Keui ASH118 1913.430 decorative pin bun head, grooved shaft, shaft split EPMA

Kara Keui ASH122 1913.430 decorative pin bun head, grooved shaft, head split EPMA

Kara Keui ASH123 1913.429 decorative pin bun head, grooved shaft split EPMA

Kara Keui ASH127 1913.434 decorative pin melon head, head split EPMA

Kara Keui ASH146 1913.431 decorative pin melon head, shaft split EPMA

Kara Keui ASH147 1913.432 decorative pin nail head split EPMA

Kara Keui ASH148 1913.433 decorative pin nail head split EPMA

Kara Keui ASH149 1913.438 implement awl sqaure sectioned ns EPMA

Kara Keui ASH208 1913.428 implement axe duck-billed ns EPMA

Melaha ASH165 1914.173A implement dagger riveted ns EPMA

Melaha ASH204 1914.185 decorative pin knob head ns EPMA

Qara Quzaq QQ10 ns decorative pin ns? ns ICP

Qara Quzaq QQ11 ns decorative pin ns? ns ICP

Qara Quzaq QQ12 ns decorative pin ns? ns ICP

Qara Quzaq QQ13 ns decorative pin ns? ns ICP

Qara Quzaq QQ14 ns decorative pin ns? ns ICP

Qara Quzaq QQ15 ns decorative pin ns? ns ICP

Qara Quzaq QQ17 ns decorative pin ns? ns ICP

Qara Quzaq QQ21 ns decorative pin ns? ns ICP

Qara Quzaq QQ22 ns decorative pin ns? ns ICP

Qara Quzaq QQ23 ns decorative pin ns? ns ICP

Qara Quzaq QQ24 ns decorative pin fragment ns ICP

Qara Quzaq QQ25 ns decorative pin fragment ns ICP

Qara Quzaq I ASH170 1913.21 implement dagger riveted ns EPMA

Qara Quzaq I ASH178 1913.23 implement dagger tanged ns EPMA

Qara Quzaq I ASH179 1913.22 implement dagger ns EPMA

Qara Quzaq I ASH180 1913.24 implement dagger riveted ns EPMA

Qara Quzaq I ASH201 1913.26 decorative torc ns ns EPMA

Serrin ASH186 1914.539 decorative pin knob-head, straight drilled EPMA

Srisat ASH199 1913.186 decorative pin knob- head, bent split EPMA
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Tab. 5-6: Tin-bronze artefacts from the Euphrates Valley [after Montero Fenollós 1999: Tab 2; 
Northover and Prag 2015: Tab: 8.4.]. 

 

Lab # Number Cu As Sb Sn Bi Pb Ni Ag Au S Fe Co Total

ASH155 1935.28 91.9 0.45 nd 6.88 0.02 0.34 0.02 0.01 0.09 0.06 0.17 0.01 99.9

ASH210 1914.175 95.3 0.40 0.02 3.45 0.02 0.20 0.16 0.05 nd 0.06 0.34 nd 100.0

ASH112 1913.435 84.8 0.18 0.03 12.2 nd 2.23 0.15 0.09 0.05 0.12 0.15 0.02 100.0

ASH118 1913.430 87.9 1.00 0.02 8.86 0.09 0.89 0.24 0.08 0.06 0.11 0.01 0.04 99.3

ASH122 1913.430 86.7 0.72 nd 10.9 0.06 1.14 0.24 0.08 nd 0.08 0.01 0.01 100.0

ASH123 1913.429 86.7 0.84 0.01 9.92 0.02 1.52 0.18 0.08 0.04 0.15 0.53 0.01 100.0

ASH127 1913.434 93.8 0.26 0.01 4.68 0.10 0.80 0.06 0.12 0.01 0.04 0.15 0.01 100.0

ASH146 1913.431 95.1 0.24 0.03 4.05 0.04 0.11 0.13 0.03 0.08 0.05 0.11 0.01 100.0

ASH147 1913.432 94.6 0.55 0.02 3.43 0.03 0.69 0.02 0.08 0.06 0.09 0.29 0.01 99.9

ASH148 1913.433 93.0 0.03 0.01 6.04 0.01 0.39 0.04 0.02 0.05 0.17 0.19 0.01 100.0

ASH149 1913.438 94.1 0.17 0.02 4.96 0.02 0.51 0.03 0.08 0.02 0.02 0.06 0.01 100.0

ASH208 1913.428 85.6 0.21 nd 9.30 0.02 4.68 0.02 0.05 0.03 0.06 0.02 0.01 100.0

ASH165 1914.173A 93.4 1.73 0.42 3.91 0.01 0.11 0.03 0.03 nd 0.02 0.37 nd 100.0

ASH204 1914.185 90.3 2.08 0.05 4.19 0.01 0.97 1.12 0.02 0.01 0.39 0.85 nd 100.0

QQ10 ns 87.9 0.01 0.01 9.45 na 0.01 0.01 0.04 na na 0.01 na 97.5

QQ11 ns 87.8 0.01 nd 7.36 na nd 0.01 0.01 na na 0.07 na 95.2

QQ12 ns 91.2 0.01 0.01 8.16 na 0.003 0.01 0.004 na na 0.01 na 99.4

QQ13 ns 88.1 0.02 0.01 10.5 na 0.003 0.01 0.04 na na 0.58 na 99.3

QQ14 ns 90.1 nd 0.004 8.53 na nd 0.01 0.01 na na 0.01 na 98.7

QQ15 ns 89.9 0.003 0.003 9.06 na 0.01 0.01 0.01 na na 0.01 na 99.0

QQ17 ns 96.3 0.01 0.01 2.68 na 0.004 0.01 0.002 na na 0.01 na 99.1

QQ21 ns 87.1 0.01 0.02 4.35 na nd 0.01 0.002 na na 0.02 na 91.6

QQ22 ns 96.2 0.03 0.01 1.97 na 0.004 0.01 0.01 na na 0.01 na 98.2

QQ23 ns 71.3 0.03 0.01 19.1 na 0.32 0.06 0.01 na na 0.04 na 90.8

QQ24 ns 78.7 0.05 0.01 10.6 na 0.26 0.06 0.03 na na 0.01 na 89.8

QQ25 ns 85.2 0.02 nd 8.18 na nd 0.01 0.04 na na 0.01 na 93.5

ASH170 1913.21 95.1 0.69 0.12 2.63 0.02 0.41 0.31 0.02 nd 0.49 0.17 0.01 100.0

ASH178 1913.23 95.1 1.00 0.20 2.05 0.07 0.51 0.32 0.20 0.01 0.18 0.39 0.01 100.0

ASH179 1913.22 88.0 1.59 0.10 8.96 0.05 0.29 0.04 0.01 nd 0.37 0.49 0.01 100.0

ASH180 1913.24 88.2 0.62 nd 11.0 0.03 nd 0.01 0.05 0.04 nd 0.06 nd 100.0

ASH201 1913.26 95.9 nd 0.02 3.07 0.02 0.11 0.51 0.04 nd 0.26 0.10 nd 100.0

ASH186 1914.539 92.0 2.88 0.05 3.84 0.02 0.15 0.08 nd 0.05 0.19 0.22 0.01 99.5

ASH199 1913.186 88.3 1.29 0.02 10.0 0.05 0.08 0.04 nd nd 0.22 0.05 0.01 100.0
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6. Lead Isotope Analysis 

Due to the general lack of ore deposits within Upper Mesopotamia, an important 

question to address is - where did the metal used at Jeziran sites come from? For 

Upper Mesopotamian sites, trade relations with Anatolia are often suggested as the 

source, due to its geographical proximity and typological comparanda within the 

archaeological records of both regions [compare e.g., Kelley-Buccellati 1990; Montero 

Fenollós 1999]. Also, a link between Anatolian ores and Jeziran copper-base artefacts 

was previously discussed on the basis of As/Sb values by Tonussi et al. (2014).  

A frequently used analytical method for provenance studies is the determination 

of lead isotope ratios (hereafter LIR), and the comparison of isotopic fingerprints of the 

analysed metal with those of prospective ore sources [Begemann and Schmitt-Strecker 

2009; Brill and Wampler 1967; Rehren and Pernicka 2008; Sayre et al. 1992]. Lead 

isotope analysis (LIA) had been conducted on 33 samples from the sites Tell Bderi, Tell 

Chuera, Tell Kharab Sayyar and Tell Mozan at the Curt-Engelhorn-Zentrum für 

Archäometrie at Mannheim (Germany). Analysis on two samples from Tell Raqa’i (RQ-

M14, RQ-M16) had been conducted earlier at the National Institute of Standards and 

Technology (NIST) in Gaithersburg, MD [Yener et al. 1991].  

In a consideration of LIR values, the most frequently used convention is the 

analysis of the four lead isotopes 208, 206, 207 and 204, and plotting the isotope-

ratio values of 207/206 against 208/206 and 206/204, respectively. However, 

researchers also employ comparisons between 207/206 against 208/206 and 

204/206. The former convention is applied in this study.  

In the present study, sampling for LIA was undertaken mainly on pure, almost 

pure and impure copper artefacts in the belief that these metals were more likely 

unchanged in their LIR values and, therefore, better to be compared to copper ores 

based on their unalloyed character, and the less likeliness of mixing and recycling. 

Due to the sampling strategy and the prioritised selection of pure to impure copper 

artefacts to work on, only 6 of the 27 samples had determinable selenium and 

tellurium contents, so no conclusion about the association between LIR and Se/Te 

values can be discussed at this current stage (compare Chapter 4.1.3.2). The same is 

true for conclusions about arsenical copper and arsenical-antimonial copper, both of 

which did not cluster with almost pure and impure coppers or with each other 

(Chapters 5.8 - 5.9.). Accordingly, due to the sampling strategy in this study, no 

further conclusions on the origin of arsenical copper and arsenical-antimonial copper 

based on LIR are possible at this stage.  

Since LIR values from different regions can overlap, it is important to preselect 

particular analyses of ore samples from regions which represent a greater likelihood to 
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have been used in the production of copper-base artefacts in the Jezirah. Regions 

excluded from consideration were areas for which there was (i) either no 

archaeological evidence for (metal) trade connections during the 3rd millennium BC 

with the Jezirah (e.g., Cyprus, Crete or western Anatolia and Troy), or (ii) where LIR 

showed no comparable values (e.g., India). In the case of Troy both criteria were valid. 

LIR values from the following regions were included (Fig. 6-1):  

• Anatolia  

• Jordan 

• Timna (Israel) 

• Saudia Arabia  

• Oman  

• Luristan 

 The majority of LIA data are based on copper ore specimens; however, several 

values are represented by galena (Pb) ores. Yener et al. (1991) did not publish any 

206/204 values, and the two samples from Tell Raqa’i were therefore excluded from 

the plots in Fig. 6-1.  

 

6.1. General Results 

The results indicate a strong similarity of LIR of the Jeziran metal samples with 

the isotopic fingerprints of Anatolian ores (Fig. 6-1). This is true for the comparison of 

both ratio sets (207/206 against both 208/206 and 206/204). This result is not 

surprising, as a linkage to Anatolian copper ore sources was previously suggested by 

the As/Sb values being in the range 0 - 100, for most Jeziran samples (Chapter 5.1.).  

LIR from ores from Saudi Arabia, Jordan and Timna can confidently be excluded, 

as no overlap with samples from the Jezirah is evident. This result concurs with the 

archaeological data, which provide no reason to suggest (trading) relations to the 

Levant or South Arabia during the 3rd millennium BC. However, a single sample from 

Tell Chuera Area K (TCH-K014-3) clusters within the Saudi-Arabian values. This result is 

inconclusive and will be discussed further below.  

Several samples are outliers and have to be discussed in detail. Also, the evident 

overlap between ore samples from Oman, Anatolia and Luristan with a small group of 

metal samples is noteworthy and will be discussed below.  
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6.2. Lead-Isotope Ratios by Jeziran Sites 

Several trends observed earlier based on minor and trace elements ratio (MTER) 

values for almost pure and impure copper artefacts are confirmed with the plotting of 

LIR by sites (Fig. 6-2). However, no lead isotope analyses were undertaken on samples 

from Tell Beydar and Tell Brak; therefore, this comparison is incomplete.  

In general, most samples from the Jezirah show similar LIR values to each other 

and thus suggest trading connections to similar regions within Anatolia (Fig. 6-1).  

Almost pure and impure copper samples from Tell Chuera showed both high and 

low As/Sb values; the latter clustered with low As/Sb samples from Tell Bderi, and they 

indicate the previously suggested use of similar copper ore sources for both sites. LIR 

for Tell Chuera showed a relatively wide spread supporting the suggestion of different 

raw coppers in use (represented by low and high As/Sb).  

Almost pure and impure copper samples from Tell Mozan showed the widest 

range in As/Sb values. Similarly, LIR from Tell Mozan had the widest range among the 

analysed specimens, implying trading connections to several copper traders in 

different regions in Anatolia.  

The two almost pure and impure copper samples from Tell Raqa’i (RQ-M18, RQ-
M21) gave nearly identical As/Sb values but different As/Ni, Ni/Ag and Pb/Ag values; 

and the two LIR from Tell Raqa’i (RQ-M14, RQ-M16) similarly cluster closely. This result 

may be suggestive of little variation in copper trading partners. However, the sample-

size (n=2) is limited so conclusions from these results are tentative.  

No As/Sb data were available for almost pure and impure copper artefacts from 

Tell Kharab Sayyar. LIR from Tell Kharab Sayyar align with samples from Tell Chuera 

but without clustering strongly. This result is surprising, since a correlated 

development of the two sites is suggested (Chapter 3.2.). However, this result may be 

due to the small sample-size for Tell Kharab Sayyar (n=3). Also, it must be considered 

that LIR from similar ore sources may show similar LIR to each other, but values can 

also differ and spread over a wider range of values (compare e.g., LIR from Aldag Fig. 

6-2).  

The closest cluster of samples sits at a LIR (207/206 against 208/206) of 

approximately 0.831/2.068 (Fig. 6-2). Here, almost pure copper and impure copper 

specimens that were previously discussed as 'fahlore group' (FOC) cluster with pure 

copper samples. This result is important, since no information for pure copper 

specimens in comparisons to almost pure and impure copper specimens on the basis 

of a comparison of their MTER values was available due to their pure nature. Since the 

LIR of pure copper cluster together with almost pure and impure copper samples, the 
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result implies that at least some pure copper derived from a similar source as almost 

and impure copper that is associated with the FOC.  

 

 

Fig. 6-2: LIR values of copper and galena ores from Anatolia in comparison with LIR values from 
Jeziran specimens.  

 

It is noteworthy that the two samples from Tell Raqa’i (RQ-M14, RQ-M16) show 

similarity in LIR, which is confirmed by similar 204/206 values [Yener et al. 1991: Tab. 

2]. Yener proposed for these samples a similarity with LIR from mines near 

Esendemirtepe villages, located in south-eastern Anatolia (c. 75km NW of Adana); 

namely, AON411 (a galena-barite ore sample from Çiftenhan/Çiftenhan-Muradiye), and 

AON1001 (a galena ore sample from Esendemirtepe/Başmakçı) [Yener et al. 1991: 

561, 566, 577]. However, this data was from lead and not copper ores, and Yener and 

colleagues stated that ''the ores will have to be characterized more fully, however, 

before this similarity can be quantitatively evaluated.'' [Yener et al. 1991: 566, SAN961 

(RQ-M16), SAN962 (RQ-M14); see also Franke et al. 2014: 537-538]. A compositional 

analysis of these ore samples has not been published, and thus no further elemental 

comparison between the ores and the Tell Raqa'i samples can be undertaken at this 

time. The plotted copper ore specimens (4 out of 5) from Esendemirtepe show 

alignment with the specimens from Tell Raqa’i, but a direct association is not obvious 

(Fig. 6-2). Also, the two specimens from Tell Raqa’i have different compositions. RQ-
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M14 is a casting waste with medium arsenic content (As c. 3 wt%), RQ-M16 is an 

arsenical-antimonial copper pin with similar arsenic and antimony levels (Chapter 

4.2.2.). A comparison of their MTER values showed remarkable differences, and 

thereby confirmed the general lack of similarity of arsenical copper and arsenical-

antimonial copper within the sample set from the Jezirah (Chapters 5.8.). These 

contradicting results of a similar isotopic fingerprint, in contrast to differing 

compositions and MTER values is unexpected, and no explanation can be offered at 

this stage of research. 

 

6.3. Outlying Samples  

Three samples do not cluster with the majority of Jeziran samples but show 

higher LIR values. These are an impure casting waste from Tell Bderi (BD86-191) and 

two sheet fragments from Tell Mozan (MZ-A5i28, MZ-A06q130). Two of the specimens 

(BD86-191, MZ-A06q130) are impure copper with increased tin content. It was 

previously suggested that elevated tin levels in impure copper are formed by mixing 

tin-bronze (scrap) into copper rather than from a specific tin-containing ore source 

(polymetallic). However, in these two cases, the specimens cluster closely to ore 

samples from Luristan that originate from tin-containing polymetallic ores [Nezafati et 

al. 2011]. Therefore, it is tentatively suggested that tin-containing copper from 

Luristan may have been imported into the (Eastern) Jezirah. An association with copper 

ores from Oman can tentatively be excluded for the specimens from Tell Mozan. 

Omani copper ores are characterised by their elevated nickel levels and lack of 

antimony. The two specimens from Tell Mozan (MZ-A5i28, MZ-A06q130) both showed 

elevated nickel levels (Ni c. 2000 - 3000 ppm), but also elevated antimony content (Sb 

c. 1000 ppm). Also, MZ-A5i28 had higher silver than nickel contents, so belongs to a 

group of particular samples, which mostly appear at the sites Tell Beydar and Tell 

Mozan (Chapter 5). The latter kind of specimens was associated with a specific 

Anatolian raw copper source, which presumably was less frequently traded into the 

Jezirah. By contrast, the specimen from Tell Bderi contained an elevated nickel level (Ni 

c. 4000 pm) but no antimony, so a raw copper based from Oman cannot be excluded 

for this sample. It is not unlikely that copper from Oman reached Upper Mesopotamia 

at times from Southern Mesopotamia, with other goods traded between the two 

regions. However, a greater sample population of tin-containing samples, as well as 

specimens with higher silver than nickel (or lead) contents, would need to be present 

to achieve conclusive results.  
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6.4. Regional Trends in Relation to Particular Anatolian Ore 

Sources 

Two regional trends in relation to Anatolian ores are noteworthy. First, 

specimens from Ergani Maden show lower 208/206 and 207/206 values than all 

samples from the Jezirah. However, Ergani Maden copper ore specimens align 

(including their lower values) with specimens from Tell Chuera, and are tentatively 

suggested as a possible raw copper source for the site. Nevertheless, only a few of the 

analysed samples from the Jeziran sites match with Ergani Maden, which may not have 

been a major copper trading partner for the Jezirah, as is often suggested due the 

close location. In general, specimens from the Jezirah, clustering at a LIR (207/206 

against 208/206) of approximately 0.831/2.068, appear not to be associated with any 

specific ore region. Instead, they cluster with a diverse range of Anatolian ore samples 

of which several are only represented by a single specimen. 

Several samples from Tell Bderi show similar LIR to samples from Murgul (and 

Aldag) in north-eastern Anatolia. However, most ores sampled from the region of 

Murgul have high As/Sb values. By contrast low As/Sb values, which are comparable to 

the specimens from Tell Bderi are the exception among the analysed ore samples from 

Murgul [Hauptmann et al. 2002]. It is of interest that Tonussi et al. (2014) suggested 

the use of raw copper from north-eastern Anatolia for copper-base artefacts at Tell 

Beydar, due to their high As/Sb values. Such high values were also determined for the 

artefacts in the present study, so it seems plausible that trading connections with ore 

sources further north in Anatolia existed during the 3rd millennium BC.  

Furthermore, the two identical pins (BD89-387 and BD89-388) from Burial VI at 

Tell Bderi cluster closely with ores from the above-mentioned regions in north-eastern 

Anatolia (Murgul, Aldag). These two pins were previously discussed as possible 

imports based on their different MTER values in contrast to all other artefacts from 

Burial VI. This hypothesis is now also supported by their slightly different LIR in 

comparison to the majority of samples from Burial VI. 

 

6.5. Black Copper Samples from Area TCH-K 

Most black copper specimens form a tight cluster with similar LIR, which is 

indicative of origins from a particular ore source within Anatolia. This includes several 

black copper lumps (TCH96-K014-1, -2, and -5), and also the black copper ingot TCH-

K016. Their almost identical isotopic fingerprints support the previously presented 

association between the two artefact groups (lumps and ingots) (Chapter 4.4.). 

However, a single black copper lump (TCH-K014-3) clusters with the LIR of Saudi-

Arabian ores. It is noteworthy that this sample TCH-K14-03 is distinguishable also by 
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its trace components. In addition, NAA data (not presented) provided evidence for a 

particular composition with remarkably lower antimony and higher cobalt trace levels. 

Still, it is suggested that an ore-based association with Saudi Arabia can be excluded 

for this particular sample. Anatolian galena ores (not included here) show in several 

cases high LIR in the range of Saudi Arabian ores. It is not unlikely that the black 

copper lump TCH-K014-3 also originated in Anatolia, but from an ore source less 

frequently traded. The latter is an important result, and may suggest that black copper 

was more actively traded, and from various locations, to Tell Chuera. Hence, its use 

during the period TCH ID may have been more regular then previously suggested. 

Nevertheless, we cannot entirely exclude that sample TCH-K014-3 originated from an 

unknown ore source outside Anatolia.  

In summary, LIA confirmed the earlier assumed general origins of raw copper 

from Anatolia for Jeziran metal production. Several samples, excavated from all sites 

under study, have similar LIR values to each other. This is suggestive of the 

importation of raw copper into the Jezirah from a similar region within Anatolia. Also, 

site-specific patterns in copper trading (previously suggested by their MTER values) are 

confirmed by the LIA results. However, several results are internally inconsistent, and 

only a planned and purposeful sampling strategy (based on the results of the present 

study) for additional lead-isotope analysis can hopefully resolve the contradictions.  
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7. Discussion 

Analysis of copper-base metals from the Jezirah and the Euphrates Valley showed 

that metals ranging from (almost) pure copper to high tin-bronze were used in both 

regions during the entire 3rd millennium BC. The earliest tin-bronzes date to the early 

3rd millennium BC (Qara Quzaq) but appear predominantly during the second half of 

that millennium. However, tin-bronze never replaced arsenical(-antimonial) copper, 

which was contemporaneously in use. More importantly, arsenical(-antimonial) copper 

did not replace (almost) pure and impure coppers, and both metals were similarly 

present during this  millennium.  

The abundance of metal finds from all sites in the Jezirah implies that copper-

base artefacts were not 'exclusive' items, but rather were 'common' goods, to which 

the wider public had access. For example, more than 400 metal finds were registered 

at Tell Chuera [Franke 2014]. At the small village Tell Raqa’i, 48 (out of 90) metal finds 

were reliably dated to the 3rd millennium BC [Dunham 2015; Franke et al. 2015]. The 

metal inventory of the incompletely excavated small city Tell Bderi comprised about 88 

3rd millennium BC artefacts [Kümmel, unpubl. report]. Tell Beydar is represented by 73 

samples in this study, however, this number only comprises artefacts that were 

permitted for sampling [Northover 2001a; Tonussi et al. 2014]. Even Tell Brak, which 

showed only a low variation in metal composition, provided evidence for a large 

number of copper-base items that included finished artefacts and metalworking debris 

[McDonald et al. 2001; Northover 2001b]. Moreover, the large number of discarded 

copper production debris from Tell Chuera indirectly demonstrates that copper was so 

readily available that it was considered to be disposable, even in relatively large 

chunks. A pXRF study at the same site showed that a large number of metal artefacts 

(produced from impure copper and arsenical(-antimonial) copper) was consumed and 

left behind in working and living areas indicating that copper-base metals of ‘average’ 

qualities were commonly available [Franke 2014]. 

Evidence for the Euphrates Valley is more difficult to establish since the majority 

of finds derive from burial contexts, which is often considered to be an indicator for 

the display of deliberate wastefulness. Moreover, they also show “that copper and 

bronze were considered disposable materials, and that they were probably abundantly 

available” [Cooper 2006: 167]. Nevertheless, reports on metal inventories from Tell 

Sweyhat or Selenkahiye demonstrate that ‘average’ metal assemblages are also present 

in Euphrates settlements [Dungworth, unpubl. report; Dungworth and Philip 2016; 

Goodway 2006]. If one accepts that metals are strongly affected by corrosion and are 

less likely to be preserved than other materials (e.g., pottery), and that metals also 

have the exclusive characteristic of being able to be transformed into completely new 
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artefacts by recycling, the listed numbers provide evidence of good access to copper-

base metals in the region [Wilkinson 2014].  

The data shows that all different kinds of copper compositions are present 

across the wide spectrum of artefacts. This is particularly noteworthy with the  (almost) 

pure and impure copper artefacts, which were not solely used to produce artefacts that 

might be expected to benefit from the specific properties purer metal offer. For 

example, it could be expected that rings with open ends would preferably be produced 

from a softer and easier more malleable metal, such as pure copper. However, since 

this was not always the case and, for example, rings were produced from different 

kinds of coppers, it is considered that a particular copper quality was not always 

experienced as the decisive criterion in the production of specific kinds of items. 

However, each of the represented types of copper quality has a particular status in 

Upper Mesopotamian societies; the following discussion explores the reasons for their 

particular usage.  

 

7.1. The Appearance of Arsenical and Arsenical-Antimonial 

Copper in the Wider Region of Upper Mesopotamia 

Arsenical copper is predominant in the Near East between the 4th and the 2nd 

millennia BC [Moorey 1994: 250; Muhly 1993-1997: 126]. The earliest examples are 

known from the Chalcolithic. Here, the most prominent finds are probably the prestige 

artefacts from the Nahal Mishmar hoard in the Judean Desert. These complex casts are 

unique, but contemporary and compositionally similar artefacts are known from this 

region [Golden et al. 2001; Philip and Rehren 1996; Rehren et al. 1997; Shalev and 

Northover 1993]. High arsenic and antimony levels resulted in a lower melting point 

and improved viscosity of the metal when molten, and a longer freezing rate during 

casting. These characteristics of arsenical copper helped to produce the very complex 

casts of the ‘crowns’ from Nahal Mishmar. Furthermore, the arsenical copper and 

arsenical-antimonial copper artefacts from Nahal Mishmar had a silvery-grey colour, 

which contrasted with the associated copper-red almost pure copper implements 

[Shalev and Northover 1993: 42]. In addition to their specific colour, these decorative 

and detailed casts were harder and, therefore, easier to polish than the red coloured 

copper implements. The hoard from Nahal Mishmar is often taken as evidence that 

aesthetics rather than technical features may have been a major factor in the use of 

arsenical(-antimonial) copper [Craddock 1980; Hook et al. 1987; Mohen 1990; 

Northover 1998]. 

Another prominent but controversially discussed example of the application of 

arsenical copper metals is the hoard from Arslantepe (Anatolia) [Palmieri 1981]. This 
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hoard included various arsenical copper artefacts, of which the implements 

(spearheads and daggers) contained significant levels of arsenic (As c. 2.5 - 5 wt%).  A 

single piece of jewellery was found to contain even nearly 6 wt% As [Caneva and 

Palmieri 1983]. While the excavators date the hoard to the late 4th millennium BC 

[Palmieri 1981], other researchers suggest the early 3rd millennium BC [Piller 2009; 

Yakar 1984]. On the other hand, finds from other Anatolian sites, such as Chalcolithic 

Beycesultan and Mersin, mostly show a lower (average) arsenic level of c. 1 - 3 wt% As, 

but in some cases also minor amounts of tin [Gale et al. 1985: 165, 168]. Here, the tin 

content was most likely a constituent from the original (copper) ore. It is noteworthy 

that for these artefacts, alloying with tin, or recycling of tin-containing (scrap) metal, is 

not under discussion because of the early date of the finds and the sparse and often 

dubious evidence for tin-bronzes in this region [Radivojević et al. 2014].  

Contemporaneous use of arsenical copper is also known in neighbouring regions 

in the east, in Iran, and in the Caucasus [Eaton and McKerrell 1976; Jettmar 1971; 

Smith 1973; Thornton et al. 2002]. For example, in Iran, arsenical copper appeared 

during the mid-4th millennium BC (Tepe Yahya VB) and remains the dominant metal 

composition in use until the late 2nd millennium BC especially in south-east Iran, and 

also in northern Iran [Helwing 2009; Stech and Pigott 1986; Thornton et al. 2002]. 

Furthermore, archaeometallurgical studies in Iran provide evidence for the production 

of arsenic alloys, and the use of the (smelting) by-product speiss.  

Speiss contains high amounts of arsenic but also antimony. Its use in the 

production of arsenical copper would have provided conditions in which the amount of 

arsenic in the final metal could be controlled. Accordingly, a particular quality of 

arsenical copper (similar to the production of tin-bronze by adding metal tin to copper) 

could have been produced [Rehren et al. 2012; Thornton et al. 2009]. However, 

evidence for the deliberate application of speiss in copper alloying is sparse and 

further research is needed. 

In summary:  

• High as well as medium (but also low) arsenical copper was particularly 

predominant during the late Chalcolithic in the wider region of the Near 

East [Moorey 1994: 252].  

• At the beginning of the EBA (during the 3rd millennium BC), the use of 

arsenical copper remained frequent throughout Mesopotamia, but levels 

of arsenic of above 2 - 3 wt% As are less commonly encountered in the 

analysis of arsenical copper artefacts when compared with Chalcolithic 

finds (see e.g., MMP).  

• Exceptions, for example, include Ur in Southern Mesopotamia. Here, 

analysis of copper-base artefacts from the late 3rd millennium BC (ED III 
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and Akkadian) showed several artefacts with arsenic levels of nearly 4 

wt% As. [MMP: arsenic; a graphical overview can be found in, for example, 

Gailhard 2009: 153].  

Therefore, it is not surprising that a wide range of metal artefacts from Jeziran 

sites in the present study provides evidence for the existence of predominantly 

medium but also high arsenic copper.  

 

7.2. The Application of Arsenical Copper and Arsenical-

Antimonial Copper 

The results of the present study show that arsenical copper and arsenical-

antimonial copper were in use at all of the study sites during the entire 3rd millennium 

BC. A minor compositional difference between EJZ 2 and later periods is evident from 

the antimony data. Artefacts from EJZ 2 levels contain elevated antimony content (Sb > 

0.4 wt%), or at least trace quantities (Sb < 0.4 wt%), while EJZ 3 and EJZ 4 samples (on 

average) contain only trace quantities of antimony (Sb < 0.4 wt%). This may be due to a 

shift in access to metal deposits or trade connections over time. In general, arsenical 

copper and arsenical-antimonial copper artefacts are more frequently present at Tell 

Beydar (20 per cent frequency) and Tell Raqa’i (25 per cent frequency) than at Tell 

Chuera, Tell Mozan or Tell Brak (10 per cent frequency, respectively). The result for 

Tell Chuera is slightly compromised by the deliberate sampling of a high amount of 

pure and almost pure copper production debris. The frequent occurrence of arsenical-

antimonial copper, and medium and high arsenic copper artefacts at the sites under 

study poses the questions as to whether, and to what extent, the properties that 

arsenical(-antimonial) copper offered, were deliberately applied. 

Arsenic and antimony are chemically very similar elements [Merkl 2010: 21]. 

They both positively contribute to the quality of copper, when added in the range of 

certain prescribed levels. The nature of this contribution, from both arsenic and 

antimony, depends on a range of factors that have been the subject of controversy 

among researchers [Junk 2003; Moorey 1994: 250]. Nonetheless, the over-riding 

technical advantages of arsenical copper over pure copper are an increase in hardness 

along with durability. An experimental study by Budd and Ottaway (1991) showed that 

best results for hardness and durability are reached with amounts of 2 - 6 wt% arsenic. 

In addition, Northover (1989: 113) pointed out that the best results for a combination 

of both properties are reached at c. 4 wt% arsenic, or higher levels. However, 

Northover (1998: 113) also stated that these particular levels of arsenic are uncommon 

in prehistoric metals [Northover 1989: 113].  
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The same is true for the region under research, where the majority of arsenical 

copper and arsenical-antimonial copper artefacts contain arsenic (or combined arsenic 

and antimony) levels of approximately 2 - 3 wt%. In the present study, higher arsenic 

levels are the exception; only five samples gave evidence for higher amounts of 

arsenic. These comprise: a production debris from Tell Chuera (TCH-W4-630) that 

providing indirect evidence for the use of higher arsenic levels in the production of 

arsenical copper artefacts; and four high arsenic copper artefacts from Tell Bderi (n=2), 

Tell Beydar (n=1) and Qara Quzaq (n=1) [Montero Fenollós 1999; Tonussi et al. 2014]. 

These latter high arsenic artefacts will be discussed separately.  

Another advantage of arsenical(-antimonial) copper (with As c. 2 - 6 wt%) over 

pure copper is improved cold working conditions and work-hardening [Budd and 

Ottaway 1991; Junk 2003: 24]. When (cold) work-hardening is applied as a final step, 

the hardness, and correspondingly, the quality of the artefact significantly improves. 

However, reheating (annealing) the metal after hammering causes recrystallisation and 

the forming of an equiaxed grain structure with annealing twins and, consequently, 

reduces the effect of hardening during prior cold working. Metallographic studies on 

etched samples from Tell Raqa’i by Sam Nash [Franke et al. 2014], and from Tell 

Mozan by Northover [Northover, unpubl. report], show that artefacts were frequently 

cold worked but also annealed in a final step.  

Work hardening is particularly useful in the production of blades when applied to 

the blade edges (edge hardening). If the knowledge of edge hardening was available in 

that era, one would expect to find signs of hammering and hardening – especially on 

the blades' edges. Most of all, this should be evident when blades were used as tools 

or weapons, rather than primarily as ritual or burial gifts.  

For example, Northover (unpubl. report) found that edge-hardening, as well as 

annealing, had been undertaken for most blades at Tell Mozan. Some blades showed 

cold working as a final step on one side of the blade leading to a final hardness of 145 

HV. In relation to the regular appearance of this degree of hardness and a specific 

blade width, Northover argued that a hardness of 145 HV and a reduction of the 

blade’s width by about 70 - 80% may have been the standard objective for blades at 

Tell Mozan.  

However, these processes were not limited to arsenical or arsenical-antimonial 

coppers with ‘sufficient’ amounts of these constituents. At Tell Mozan, these 

processes were also employed for blades made from arsenical-antimonial copper with 

lower combined antimony and arsenic levels (of about 1 wt%). Hence, the mechanical 

properties of arsenical(-antimonial copper) were not specifically employed, and the 

effect of work hardening was not exclusively applied, for a metal that would have given 

best results. However, this does not necessarily imply that improved hardness and 
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durability were not sought for other products. For example, these qualities may have 

been intended by the use of arsenical(-antimonial) copper for pins to prevent them 

from bending or getting blunt points.  

Another occurrence with arsenical copper is the effect of inverse segregation, the 

accumulation of arsenic rich layers on the surface that would have conferred a shiny 

silver colouration, which later would have tarnished into a golden colour [Northover 

1989: 115]. Northover (1989) reported arsenical copper daggers with 4 - 6 wt% As, of 

which some showed an arsenic enriched surface. In the present study, none of the 

artefacts with higher arsenic content showed arsenic enrichment on their surfaces and 

inverse segregation was not observed among the analysed finds from the Jezirah.  

It is noteworthy that higher arsenic levels (approximately 15 - 20 wt% As) are 

needed to set off the process of inverse segregation [Moorey 1994]. Metals from the 

Levant, for example, showed arsenic content up to 29 wt% As on the surface, and 

about 4 - 6 wt% As in the core metal [Shalev 1988: Tab. 2]. Such high arsenic levels are 

not evident with the artefacts under study. The discrepancy between Moorey's 

contention and Northover's observation cannot be explained at this stage. However, 

high arsenic copper artefacts with arsenic levels of c. 5 - 6 wt% As from Tell Bderi did 

not exhibit inverse segregation. This result may support Moorey's argument that 

higher arsenic levels are needed to result in this kind of surface enrichment.  

Arsenic (and antimony) characteristically lower the melting point, increase 

fluidity and extend the freezing range [Junk 2003: 21; Northover 1998: 117-118]. The 

melting point of copper falls in relation to the arsenic (and antimony) levels present, 

and can be significantly reduced at arsenic levels of about 7 wt% As and above 

[Ottaway 1994: 130; Scott 1991]. However, Budd (1991: 66, 131, cited by Ottaway 

1994: 130) could not achieve improved fluidity during his experiments with arsenical 

copper. Nevertheless, these melting point and fluidity effects may have been 

important, but probably not the primary reasons, for the casting of, for example, the 

complex artefacts from Nahal Mishmar [Golden et al. 2001; Philip and Rehren 1996; 

Rehren et al. 1997; Shalev and Northover 1993].  

Only two finds from Tell Mozan and Qara Quzaq had arsenic content greater 

than 7 wt%, but their state of corrosion was not reported, and uncertainty remains 

about their true nature as high arsenic coppers [Montero Fenollós 1999; Tonussi et al. 

2014]. The high arsenic copper artefacts from Tell Bderi (n=2) had slightly lower 

arsenic content (As 5 - 6 wt%); none of the artefacts provided evidence of a complex 

shape indicating the employment of this particular metal to improve, for example, its 

fluidity. An improved melting temperature, better fluidity and also an extended 

freezing range (especially important during casting) may have been valued by the 

prehistoric Jeziran metalworker, but was presumably of less significance to the 
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consumers. On the other hand, improvements in enhanced hardness and durability 

would certainly have been appreciated also by consumers.  

A particularly important feature of high arsenic copper is a change in colour from 

copper-red to a shiny silver-golden colour, which occurs at approximately 5 wt% As 

[Radivojević et al. 2018]. This effect was evident, and visible, to the naked eye on the 

polished block sections of the two artefacts from Tell Bderi (BD89-382-1, BD89-391-2). 

It is especially noteworthy that these two high arsenic copper pins were found 

associated with medium tin-bronzes in the richly equipped Burial VI, dating to EJZ 2.  

The co-occurrence of these two different copper metals, that both have a 

particular colour and were likely of higher value than other copper-base metals, 

indicates the special position of Burial VI within the archaeological record of Tell Bderi. 

Here, in particular, the combination of high arsenic copper and medium tin-bronze 

artefacts, in addition to the vast number of (metal) burial gifts, highlights the 

presumed wealth and status of the inhumed subject. In this context, it is concluded 

that it was the particular colour that made these artefacts outstanding and led to their 

production. Technological improvements were presumably of secondary importance.  

The specific production process for high arsenic copper still puzzles researchers. 

For example, Hauptmann et al. (2002) state that high arsenic copper that was 

prominent at, for example, Arslantepe in Anatolia could not possibly have been 

produced from arsenic containing local ores. An experimental study by Palmieri et al. 

(1993) showed that a consistent increase in arsenic content is achieved by 

progressively adding arsenic minerals to the smelt. However, Palmieri et al. (1993: 

597) could not produce a copper with arsenic content of As > 9 wt% that would have 

resembled the high arsenic copper from Arslantepe.  

However, the process of the production of arsenical copper up to 9 wt% As, 

established by Palmieri et al. (1993), would have been sufficient to produce the high 

arsenic coppers evident at Tell Bderi, Tell Mozan and Qara Quzaq. Nevertheless, there 

is no evidence for the use of arsenic minerals at any of these sites; so it is most likely 

that arsenical and arsenical-antimonial copper reached these sites as half-finished 

products, possibly in the form of ingots. Nevertheless, evidence for the production of 

high arsenic copper is scarce and no production debris can be related to the 

production of high arsenic copper on the sites under study at this stage of research.  

The lack of evidence for the production of high arsenic copper is not surprising 

as this metal was extremely uncommon during the 3rd millennium BC. The finds 

contextualised with Burial VI at Tell Bderi, for example, might similarly have been 

‘antiques’ that were deposited on a special occasion that was also the reason for the 

rich (tin-bronze) metal deposits within the grave.  



 

 267 

More intriguing is the sparse evidence, in the present study, for the production 

process of arsenical(-antimonial) copper artefacts since this kind of copper represents 

the most common kind of metal used in 3rd millennium BC Upper Mesopotamia. 

Exceptions are the two finds from Tell Raqa’i (RQ-M14) and Tell Mozan (MZ-5B4i79) 

where there is a hypothetical link between arsenical(-antimonial) copper finished 

artefacts and their production. 

The production waste from Tell Mozan was too corroded to establish its original 

composition but arsenic content was between 2 - 4 wt% As in different areas. 

Therefore, hypothetically, it can be linked to the production of the common kind of 

arsenical(-antimonial) copper with 2 - 3 wt% of both metal constituents. The find from 

Tell Raqa’i was either an ingot fragment or a casting waste, and contained about 3 wt% 

As, traces of antimony and a tin level below 0.2 wt % Sn. This specimen is 

compositionally representative of most of the arsenical copper artefacts in the present 

study but its arsenic level is too low to be the base product for high arsenic copper; 

also a colour shift from red to silver was not visible to the naked eye.  

An indirect link between arsenical(-antimonial) copper artefacts and their on-site 

production is suggested in the technical ceramic KHS-A12 from Tell Kharab Sayyar - 

with copper-tin as well as copper-arsenic prills. The high tin level within its copper 

prills provides evidence for the intended production of a tin-bronze alloy. Moreover, 

the presence of medium arsenic content (As c. 2 -3 wt%) within copper prills can be 

taken as indirect evidence for the use of arsenic-containing copper employed in the 

production of metal artefacts at the site.  

By contrast, a technical ceramic from Tell Chuera (TCH-F3041) had only 1.5 wt% 

arsenic content, and this was detected only in one of the four measured copper prills. 

This artefact did not derive from the production of the commonly encountered 

arsenical(-antimonial) copper at the site, but possibly represents recycling activities. 

The discrepancy between the great number of arsenical(-antimonial) copper artefacts 

on Jeziran sites and the sparse evidence for their production, in addition to a large 

number of production debris itself, cannot be explained at this stage. 

The majority of arsenical-antimonial copper artefacts from the Jezirah cannot be 

identified as deliberate alloys as defined by Northover (1989: 111) as a process 

implying "...deliberate manipulation of composition to achieve certain properties." 

However, Northover (1989: 111) also stated that "There are several routes by which 

such compositions might have been reached, some deliberate, some more or less 

accidental and a consequence of the ores being used …".  In the light of (i) results 

from the present study on the comparison of MTER (Chapter 5), and (ii) in the context 

of Northover’s definition, it is concluded that arsenical copper can be described as a 

(natural) ‘alloy’ in the sense of the deliberate exploitation of specific arsenic rich 
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copper ore sources, and their application in metal production for more than 1000 

years. However, by contrast with other alloys such as tin-bronze, there was little 

control over the quality of the final product [Muhly 1985: 279]. Since variation in 

arsenic (or antimony) content within these low impurity-containing metals, in contrast 

with high arsenic copper, was of likely minor relevance, the lower amount of control in 

production was probably of little significance. The latter is indicated by contemporary 

evidence for edge-hardening on blades with low and also medium arsenic impurities at 

Tell Mozan, or by the application of different copper qualities for the same kinds of 

artefacts. The majority of the arsenical copper and arsenical-antimonial copper 

artefacts in the present study presumably conferred a different quality in comparison 

with artefacts produced from pure, almost pure, and impure coppers. They were 

probably harder and more durable. These enhanced attributes may have provided 

reasons for the choice of this particular arsenic and antimony rich metal.   

However, contemporary pins and implements were also made from pure, but 

especially almost pure and impure copper during the 3rd millennium BC. Here, we 

have to consider that a low content of combined arsenic and antimony impurities does 

not significantly alter the metal's quality, especially from the end-user's perspective. 

Enhancements to ‘quality’ characteristics may have been more important to the 

metalworker during production processes. Specific kinds of copper qualities may have 

been discussed between the smith and the customer where specific attributes were 

required, such as, for example, a lower or higher degree in hardness (depending on 

the finished kind of artefact), or a difference in colour between a subtle red (pure 

copper) or a milder red (copper with impurities).  

However, overall, we have to assume that most products made from (almost) 

pure copper, impure copper, arsenical copper and arsenical(-antimonial) copper were 

probably rated  the same by end-users. This may explain why arsenical-antimonial 

copper never replaced almost pure and impure copper during the 3rd millennium BC. 

The contemporaneous use of all of these different kinds of copper qualities also 

implies that their use was due to the varying availability of copper at particular times 

and places. Nevertheless, arsenical-antimonial copper and its various forms with lower 

levels of impurities was probably a frequently traded metal. 
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7.3. Tin-bronze – An Innovation in Prehistoric Metallurgy 

There are two broadly different ways to produce tin-bronze and both provide 

evidence for a new understanding in metallurgy. One way is the smelting of 

polymetallic ores with sufficient tin content [Helwing 2009; Nezafati et al. 2008a; 

Pigott et al. 2003: 166-168; Radivojević et al. 2013]. Here, the important development 

is the discovery and metallurgical handling of a new raw material. Recent research in 

western Iran suggests that such polymetallic ores have been used in the production of 

early tin-bronzes from Luristan, and perhaps across the greater Near East; a possible 

ore source may be the mining area of Deh Hosein in the Zagros Mountains [e.g., 

Nezafati et al. 2008a: 84 and Tab.1-2]. 

Other ways to produce a copper-tin alloy include mixing either the two metals 

(direct alloying) or the ores (co-smelting), or mixing copper metal with tin ore 

(cementation) [Pigott 2003; Rademakers et al. 2018; Rademakers and Rehren 2016; 

Waetzoldt and Bachmann 1984: 14]. The advantage of alloying copper with tin in 

contrast to smelting polymetallic ores is the possibility of moderating the tin content 

and thereby controlling the desired effect the mixture has on the characteristics of the 

final metal. Both processes must have been similarly ‘exciting’ innovations for the 

prehistoric metalworker since they both offered a new end-product. 

The combination of copper and tin changes and improves the metal’s quality in 

both a mechanical and a sensory way. Improvements to mechanical properties are, for 

example, increased hardness, reduced malleability, improved fluidity and a lower 

melting point of the alloy.  Also, sensory attributes may have been of interest for this 

new product. Sensory properties have received less attention in research than 

mechanical properties maybe because they are more difficult to measure. A frequently 

discussed sensory modification is a change in colour from copper red towards a shiny 

golden colour [e.g., Radivojević et al. 2014; Thornton 2007; Wilkinson 2014: 158]. 

Another modification may be a change in odour, as for example is associated with the 

use of tin-bronzes for Mexican bells [Schulze 2007; pers. communication N. Schulze 

11/2012]. A third sensory aspect may be sound and is similarly discussed for the 

archaeology of West Mexico [Hosler 1994]. 

For tin-bronze products, an understanding of which kind of production process 

was applied, and for which purpose, offers insights into metallurgical preferences of 

ancient cultures. It is consequently one of the key questions for research on the advent 

and use of tin-bronze. The identification of the production process can lead to 

discussions of potential tin resources for specific sites and artefact assemblages, and 

can provide information about levels of technological knowledge and expertise of 

prehistoric societies.  



 270 

Furthermore, a discussion of particular socio-cultural, economical or 

technological reasons for the use of tin-bronze may exhibit concepts individual 

communities formed in relation to their metal products. It enables us to compare 

different sites, and identify distribution patterns in the use of tin-bronze and, thereby, 

compare different ideas about their use. 

Upper Mesopotamia is an ore-free region, and it seems unlikely that copper ores, 

rather than semi-finished products, were imported, merely for economical reasons. 

There is no archaeological evidence from either the Middle Euphrates Valley or the 

Jezirah for tin ores or tin ore powders. Also, there is no evidence for smelting, and 

neither ore fragments, nor smelting furnaces were discovered on sites within these 

regions. On the other hand, many Early Bronze Age (EBA) sites in Upper Mesopotamia 

provide evidence for semi-finished products, such as copper ingots [Cooper 2006; 

Helms 2014; Palmieri and Hauptmann 2000; Tonussi et al. 2014]. These ingots 

suggest the importation of copper as semi-finished products – perhaps from Anatolia 

for example.  

Prehistoric texts indicate the importation of tin in its metallic state into regions 

where metal ores where not always available. Cuneiform texts from Fara (Southern 

Mesopotamia), dating to the mid-3rd millennium BC, mention the word annakum 

which is translated as metallic tin [AHW 49; CAD A(II): 126; Weeks 2003: 178]. Texts 

from the archives at Ebla (dating to the second half of the 3rd millennium BC) advise 

on the proportions of copper to tin in tin-bronze production [Archi 1993; Waetzoldt 

and Bachmann 1984; Weeks 2003: 179]. Both sources support the hypothesis that tin 

was imported in the form of metal rather than as tin ore.  

 

7.3.1. Tin Sources and the Early Appearance of Tin-Bronze 

Tin-bronzes already sporadically appeared in some regions within the Near East 

during the late 4th (problematic at best) and the early 3rd millennia BC, including 

Mesopotamia, Anatolia, Iran, the Caucasus, Armenia, Afghanistan and the Indus Valley, 

but only a small number of sites are known for such early finds. Contemporary archaic 

texts from Ur, dating to the late 4th / early 3rd millennia BC differentiate for the first 

time between copper (urudderi) and tin-bronze (zabadsiparru) [Moorey 1994: 252; 

Weeks 2003: 178]. This textual evidence in combination with archaeological finds 

underlines that tin-bronzes were a deliberate choice for different copper-base 

materials in use already during this early period. 

The regular use of tin-bronze in the ancient Near East is attested to have 

occurred primarily in the second half and late 3rd, the early 2nd millennia BC and later; 

the evidence varies from region to region [e.g., Helwing 2009; Pigott 2011; Weeks 



 

 271 

2003: 173-178]. Prominent examples include the finds from the richly equipped 

burials from the Royal Cemetery at Ur and Ur itself. Among the finds from the Royal 

Cemetery at Ur, out of 48 analysed metal artefacts 25 were made from tin-bronze 

[Stech 1999: 64, Tab. 3.1]. Another well-known find is the Vase à la Cachette, 

excavated within Susa IVA layers and which contained four tin-bronzes deposited 

among copper artefacts, bun ingots and various precious materials. The Ur and Susa 

finds date to the second half of the 3rd millennium BC.  

The appearance of early tin-bronze is summarised in some detail in previous 

studies [e.g., Eaton and McKerrell 1976; Helwing 2009; de Jesus 1980; Montero 

Fenollós 1997; Muhly 1985; Muhly 1993-1997; Pigott 2011; Weeks 2003: 173-178; 

Yakar 1984]. Therefore, only a brief outline of finds from regions important for this 

research together with more recent studies are presented here. 

 

7.3.1.1. Iran 

Solid archaeological evidence for early tin-bronzes comes from central western 

Iran. At Kalleh Nissar in Luristan in the burials from Area C (c. 2900 - 2300 BC) 15 out 

of 19 analysed artefacts contained tin levels from 2 to 12 wt% Sn [Fleming et al. 2005: 

37; Nezafati et al. 2008a: 84]. This suggests that the tin-bronzes found in Luristan 

may have been produced from local polymetallic ores mined at Deh Hosein in the 

western central Zagros Mountains. This large deposit also may have been originally 

exploited for its copper and gold contents [Helwing 2009: 213]. Lead isotope analysis 

(LIA) by Begemann et al. (2008: 29) support the evidence, and propose possible ore 

sources in the region of Arak (central-west Iran) as additional sources. Tin-bronze 

seems to be less common at a later stage in this part of Luristan as out of 17 analysed 

finds dating to the late 3rd and 2nd millennia BC, only four were identified as tin-

bronzes [Fleming et al. 2005: 38].  

The Luristan pattern is inconsistent with the appearance of tin-bronze, for 

example, at Susa in lowland Khuzestan province, where quantities of tin-bronzes were 

only evident in the late 3rd millennium BC, but continued into the 2nd millennium BC. 

Elsewhere in Iran, the same is true for finds from Tal-e Malyan and Tepe Yahya, where 

tin-bronze was in regular use from the very late 3rd / early 2nd millennia BC [Pigott 

2004: 34; Thornton et al. 2002; Thornton et al. 2005]. Despite the early tin-bronzes 

from Luristan and at Susa in western Iran, evidence is sparse for the interior of Iran 

where tin-bronze technology did not really appear until the 2nd millennium BC (e.g., 

Tepe Sialk, Tepe Hissar) [Helwing 2009; Weeks 2003: 175]. The early finds from 

Luristan are exceptional but may have to be discussed separately since they may 

rather be produced from polymetallic ores than from metal with tin or alloying with tin 

ores. Whereas, tin-bronze technology at Susa may well have been the result of contact 
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with metalworkers in the major urban centres of Southern Mesopotamia. Nevertheless, 

the lack of tin-bronzes in most parts of Iran during the 3rd millennium BC has puzzled 

researchers, especially in regard to the presence of early tin-bronzes in neighbouring 

Southern Mesopotamia, since both regions are theoretically linked via a tin trade 

possibly coming out of Afghanistan [e.g., Stech and Pigott 1986]. 

 

7.3.1.2. The Lack of Tin-Bronze in Early Iran 

Despite the sparse evidence for early tin-bronze in Iran, many factors listed 

above suggest that tin may have reached Mesopotamia via Iran during the 3rd 

millennium BC. However, it is difficult to explain why Iran itself does not show 

widespread evidence for tin-bronzes at this time. 

 Two, general, explanatory models continue to be under consideration: 

1. Stech and Pigott (1986) [see also Pigott 2004] suggest a deliberate choice and 

‘technological conservatism’ in metallurgy are the reasons that arsenical copper was 

not replaced by tin-bronze on the Iranian Plateau. Additionally, Weeks (2003: 194-195) 

argues that metallurgy, especially within cultures directly linked to the extraction of 

metals, such as those of ancient Iran, may be associated with social, cultural and 

religious/spiritual beliefs. Hence, the missing evidence for tin-bronzes in Iran could be 

based on technological but also on intra-cultural patterns, both of which may have 

been guided by social norms.  

2. Helwing (2009: 214), on the other hand, proposes political reasons and an 

exclusion of Iran from the tin trade. Helwing assumes that the tin trade was under the 

strong control of local Southern Mesopotamian elites, as indicated by early tin-bronzes 

that are mainly known from elite burials in Southern Mesopotamia. For the lack of tin-

bronzes, especially in central and eastern Iran, Helwing argues that many sites were 

abandoned during the early 3rd millennium BC, and that continuous occupation is 

sparse [Helwing 2009: 213]. Moreover, Helwing further argues that only major Elamite 

sites, such as Susa, were included in the tin trade; these sites had access to tin due to 

their strong political alignments with Southern Mesopotamia.  

Current evidence suggests that Iran may not have been involved in the tin trade 

to any degree, and the more recent LIA data from Luristan support the local production 

of early tin-bronzes from polymetallic ores in contrast to earlier research that 

suggested early tin-bronzes were produced with imported metallic tin [Fleming et al. 

2005 versus Begemann et al. 2008]. This suggests that much of Iran may not have 

been included in or chose to engage in the (early) tin trade [e.g., Begemann et al. 

2008].  
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Other than across the Iranian Plateau from Afghanistan, a second suggested 

trading route is that through the Gulf. Arguments for and against this theory have 

been extensively discussed especially by Weeks (2003: 181-186), and only some of the 

major points raised are elaborated here. Archaeological evidence puts early tin-

bronzes in the Gulf in the later 3rd millennium BC. Archaeological finds suggest 

trading connections with not only Mesopotamia, but also the Indus Valley and parts of 

Iran. Additionally, textual evidence from the 3rd and 2nd millennia BC mention two 

locations in relation to the tin trade that could be associated with maritime trade via 

the Gulf: Dilmun, identified as Bahrain, and Meluhha associated with the Indus Valley. 

Both Meluhha and Dilmun appear in texts from Ebla (3rd millennium BC) and also in 

later Gudean texts (2nd millennium BC) from Southern Mesopotamia [Moorey 1994: 

298]. Tin sources from India are less frequently discussed in the archaeological 

literature, but they may also have supplied the Indus Valley with the precious metal 

that in turned traded it across the Gulf. However, it is widely accepted that both 

Meluhha and Dilmun functioned as important way-stations on the tin trading route 

rather than, most probably, as direct suppliers for tin [Helwing 2009: 211; Moorey 

1994: 298]. Previously, a maritime trade route has been proposed by Potts (1994: 281) 

who suggested that Meluhha controlled the distribution of tin during the 3rd 

millennium BC (see also Weeks 2003: 186). A more recent study by Weeks (2003: 140) 

on tin-bronzes from Tell Abraq suggests that the site may also have been a 

distribution centre for the trade of metal from the Gulf into Mesopotamia. This Gulf-

based, possible trading route would explain the exclusion of Iran from access to tin 

that was traded from the east into Southern Mesopotamia, and may explain the sparse 

evidence for 3rd millennium BC tin-bronzes in Iran. However, the maritime trading 

route does not explain the relatively late appearance of tin-bronzes in the Gulf during 

only the late 3rd millennium BC in contrast to the earlier finds from Southern 

Mesopotamia. Also, most texts that mention the trading with tin into Mesopotamia 

from the east date to the late 3rd and early 2nd millennia BC, and different tin sources 

and trading partners might explain the earlier evidence of tin-bronzes during the very 

late 4th and early 3rd millennia BC.  

 

7.3.1.3. Mesopotamia 

Tin-bronzes are known from Southern Mesopotamia already during the early 3rd 

millennium BC; the most prominent examples are the finds from Cemetery Y in Kish 

[Helwing 2009: 210; MMP; Stech and Pigott 1986]. More recent research provides 

evidence of additional tin-bronze artefacts from Abu Salabikh [Lutz and Pernicka 2004: 

No. 8, 10, 18], and single examples from Tell Agrab [Lutz and Pernicka 2004: No. 45] 

and from Tell Razuk [Lutz and Pernicka 2004: No. 723].  
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Textual evidence from Mesopotamia places its tin sources to the east [Moorey 

1994: 298]. A Sumerian epic from the 3rd millennium BC, preserved only in later 

versions, mentions the land of Aratta in association with various precious materials, 

among them tin [Moorey 1994: 245, 298; Weeks 2003: 179]. Aratta is often suggested 

to be a region in Iran [see e.g., Weeks 2003: 179], but Helwing (2009: 210) proposes 

that Aratta was rather ‘a mental concept of “a land of plenty”, including tin’. Evidence 

for prehistoric tin sources in Iran is sparse and most attempts to identify possible tin 

ores in Iran (other than those at Deh Hosein near Luristan) have gone unrewarded 

[Helwing 2009: 212; Weeks 2003: 169-170].  

More frequently discussed is the possibility that tin was traded from Afghanistan 

where rich tin deposits were found associated with copper, lead and gold [Muhly 1985; 

Pigott 1999a: 81-83, Fig. 4.5; Pigott 1999b: Fig. 9; Pigott 2011; Stech and Pigott 1986; 

Waetzoldt and Bachmann 1984; Weeks 2003: 170]. Additionally, precious materials, 

such as lapis lazuli, are present in Afghanistan and are frequently excavated 

contextualised within 3rd millennium BC layers. Lapis is often mentioned in prehistoric 

texts in relation to tin. In addition, early tin-bronzes were discovered in Mundigak, 

Afghanistan, as also at several sites further east in Pakistan/Baluchistan (Shahi-Tump, 

Siah-damb), the Indus Valley (Harappa, Mohenjo-Daro) and Bangladesh. Tin from 

Afghanistan may have reached Mesopotamia via Iran or India on a long distance trade. 

Texts from the 2nd millennium BC from Kültepe (Anatolia) and Mari (Syria) confirm a 

tin trade on the land route coming possibly from Southern Mesopotamia. Important 

way-stations via the Zagros Mountains were Assur in the north and Susa in the south 

[Weeks 2003: 179]. The contemporary evidence for the use of tin-bronzes within these 

regions and Mesopotamia, in addition to the known tin sources in Afghanistan (and in 

association with lapis lazuli), strengthen the argument for tin supply from Afghanistan 

to the west (Mesopotamia), as well as to the east (Indus Valley) [Pigott 1999b: 118; 

Weeks 2003: 176-177]. However, so far, there is no direct archaeological evidence for 

the importation of tin from Afghanistan during the 3rd millennium BC [Pigott 1999b: 

118]. 

 

7.3.1.4. Anatolia 

One of the possible Near Eastern regions with tin deposits may be Anatolia, 

specifically south-east Anatolia. However, early evidence for tin bronzes in Anatolia is 

sparse. Chronologically secure early finds come, for example, from Ikiztepe on the 

Black Sea of which some already date to the late 4th and early 3rd millennia BC [Weeks 

2003: 174]. West Anatolian examples from Troy and Beshiktepe probably date only 

back to the mid-3rd millennium BC [Weeks 2003: 175], and not as originally 

suggested, to the early 3rd millennium BC [Pernicka et al. 1984]. Tin sources for 
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western Anatolia were originally presumed to lie in central Anatolia [Pernicka et al. 

1984]. However, more recent research based on compositional and isotopic analysis 

could not show a direct link to ore sources in central Anatolia, and did not present any 

final conclusion for the original ore sources [Weeks 2003: 160-162, 178]. 

Controversy has revolved around the Kestel mining area in south-eastern 

Anatolia. Here, a wide network of shafts and galleries dating from the Chalcolithic, 

Bronze Age and Byzantine times has been excavated [Yener 2000: 73, Fig. 5]. Yener 

(2000: 108) suggested that these mines were originally operated as open-pit mines for 

tin before shafts were established during the early to mid-3rd millennium BC.  

In addition to the mined deposit at Kestel, a production site, Göltepe, has been 

excavated nearby. At Göltepe, thousands of stone crushing tools, tin-rich crucible 

fragments, ore fragments and ore powders containing low concentrations of tin were 

excavated [Yener et al. 2003: 185-186, Fig. 12.2]. Additionally, eight copper-base 

artefacts with tin content approximating 5 wt% Sn, together with one needle (Sn c. 1.5 

wt%), and one lead fragment and one silver necklace were excavated at this site [Yener 

2000: Tab. 5]. The dates for Kestel and Göltepe are confidently identified with 

radiocarbon dates between 3700 - 2133 BC 2σ for Kestel [Yener 2000: 89, Tab. 3] and 

2880 - 1985 BC 2σ for Göltepe (with a single outlier charcoal fragment dating from 

4661 - 3518 BC 2σ) [Yener 2000: Tab. 4]. However, there is no currently accurate date 

determined for the tin-bronze artefacts from Göltepe, which are estimated to date 

broadly to the 3rd millennium BC.  

Both sites, Kestel and Göltepe, seem to have been abandoned at the end of the 

3rd millennium BC. This may be supported by textual evidence from Kültepe, dating to 

the early 2nd millennium BC, that describes the trade of gold and silver from Anatolia 

to Assur in exchange for textiles and tin into Anatolia, suggesting that tin mining was 

neglected in Anatolia during the 2nd millennium BC [Moorey 1994: 235, 298].  

However, the evidence for early tin production in Kestel has been criticised by 

several researchers for mainly geological reasons; an extended discussion of the pro 

and cons was reported by Yener (2000: 71-150). A major point made is the absence of 

alluvial cassiterite and the tin levels in the ore approximating only 0.1 - 1 % Sn, which 

seem too low to warrant mining in prehistory [Muhly 1993: 245-246; Muhly 1995: 

1507-1509]. Also, some of the discovered ore powders at Göltepe similarly show very 

low tin levels and are often taken as proof that ancient tin content within the veins of 

the Kestel mine were too low for the mines to have been in use during the 3rd 

millennium BC. Instead, it is often suggested that Kestel was used as a gold mine 

during the 3rd millennium BC, rather than as a tin mine [Willies 1990]. Yener (2000) 

agrees with the possibility that Kestel may have been a gold mine, but only in addition 

to the tin mining.  
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Another criticism against tin mining at Kestel (based on the geology) derives 

from the high iron content within the Kestel mine. Boroffka et al. (2002: 136) 

suggested that the reduction of a mixed iron ore with cassiterite would have mainly 

produced iron, and ancient smelters would not have been able to separate the iron 

from the tin. In contrast, at Göltepe the analysed tin-bronzes exhibit constantly low 

iron levels (between 600 and 4000 ppm Fe), with the exception of two samples giving 

iron levels of 0.6 - 1.2 wt% Fe [Yener 2000: Tab. 5].  

Yener (2000) has effectively countered these initial criticisms and suggested that 

the tin levels measured in the ore represent the ‘cut-off’ grade below which the ancient 

miners at the time were not interested (or not capable) of extracting it. Alternatively, 

ore powders with low tin content may have been tailings, the left-overs after 

processing and discarded as waste [Yener 2000: 73]. Yener estimates that the original 

tin levels at the Kestel mine during the 3rd millennium BC were at about 2 % Sn or 

higher, based on several ore fragments found at Göltepe with about 1.5 % Sn [Yener 

2000: 73-74]. Yener additionally argues that tin veins would have been distinguishable 

by their colour and easily identified by the ancient miner. Also, crucible fragments 

found at Göltepe (with significant tin content) are difficult to explain without a linkage 

between these artefacts to metal production including tin. The discussion of 

archaeological finds from the neighbouring region of Upper Mesopotamia provides 

additional evidence for early tin bronzes, and sites in Upper Mesopotamia could have 

been one of the Kestel mine trading partners. The latter is especially true for the 

Euphrates Valley that evidences the earliest tin-bronzes in the region (Chapter 

7.3.1.5.). By contrast, gold finds are rather sparse within Upper Mesopotamia, and no 

gold artefacts have been discovered at Göltepe. More recent publications re-evaluate 

and support the possibilities of tin production at Kestel and emphasise also the 

likelihood of multiple and smaller tin sources within the region of Kestel, but which 

may have been exhausted and, therefore, are unknown today [Pigott 2011: 276-277; 

Wilkinson: 2014: 155; Yener 2003].  

 

7.3.1.5. Upper Mesopotamia 

The earliest evidence for tin bronze in Upper Mesopotamia derives from Qara 

Quzaq, a small site located in the Carchemish region on the Middle Euphrates 

[Montero Fenollós 1995; Montero Fenollós 1997: 16, Fig. 1; Montero Fenollós 1999: 

456; Montero Fenollós 2000]. The finds date to Qara Quzaq V-2 (c. 2900 - 2700 BC) 

and contain between 2 and 11 wt% Sn; a single pin shows 19 wt% Sn [Montero Fenollós 

1999: Tab. 1]. In addition to these artefacts, a single crucible fragment was excavated 

with tin content of about 2 wt% Sn and arsenic levels of c. 1 wt% [Montero Fenollós 

1999: 452].  
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Another early Upper Mesopotamian example are the tin-bronzes from Tell 

Judaidah in the Amuq region, with up to 10 % Sn [Braidwood and Braidwood 1960: 

300-315, 516-519; Stech and Pigott 1986: 52]. In addition, a crucible fragment from 

the site indicated early tin-bronze production [Yener et al. 2003]. The date of the well 

known tin bronze figurines is uncertain and it is often suggested that the artefacts 

derive from Amuq H layers, dating to the mid 3rd millennium BC, instead of the 

originally suggested early 3rd millennium BC Amuq G layers [see e.g., Helwing 2009: 

212]. However, Weeks (2003: 174) and Montero Fenollós (1999: 454) propose a 

possible early 3rd millennium BC date for at least some of the finds. Further evidence 

for early tin bronze artefacts in Upper Mesopotamia from newly analysed finds 

excavated at Tell Kharab Sayyar and at Tell Bderi is discussed in detail below.  

Despite the evidence for early tin bronzes in the region, it is difficult to 

unambiguously connect those sites and thereby establish the case for verifiable trade 

routes. However, it is likely that the sources of tin ore may have varied over time. This 

discussion is expected to be on-going, especially due to the current problematical 

situation of many countries involved in this issue.  

Some years ago, Ernst Pernicka (Curt-Engelhorn Zentrum für Archäometrie) 

started to work on the identification of tin sources with help of tin isotopy [Haustein et 

al. 2010], but the possibilities of this method to identify tin sources have been 

controversial until recently. Pernicka has broadened this research into a larger project 

to establish a reliable Sn isotope analysis method to contribute new information on the 

Bronze Age use of tin [pers. communication, Ernst Pernicka 05/2014]. First results are 

to be expected in the near future and may enlighten the discussion on early tin. In 

fact, a recent workshop in Spring 2018 in Mannheim, Germany organised by Pernicka 

and colleagues is expected to be published soon and should present the latest 

discussions on the successful application of tin isotopy [pers. communication, Vince 

Pigott 6/2018]. 

 

7.3.2. The Definition of True Tin-Bronze 

Since tin is a rare metal in most regions and mostly not associated with copper 

ores, even low tin levels are often accepted indicating true tin-bronze that was 

intentionally produced [Moorey 1994: 251]. Many early tin-bronzes are classified as 

such by tin contents of greater than 1 wt% Sn. For example, of 14 analysed artefacts 

from the elite burials at Kish Cemetery Y (Iraq) three artefacts show tin levels of about 

3 - 6 wt% Sn, but two more finds show tin levels of only c. 1 wt% Sn [Stech 1999: 63; 

MMP]. For low tin content (Sn ≤ 1 wt%), for example, it is argued that the amount of tin 

(that defines a tin-bronze) depends on regional conditions and tin content within the 
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available ore sources [Cleuziou and Berthoud 1982: 15]. In this context, tin 

concentrations of only 0.5 wt% Sn [Cleuziou and Berthoud 1982] and 1 wt% Sn 

[Agrawal 1971; Chakrabarti and Lahiri 1996; Kenoyer and Miller 1999], but also 2 wt% 

Sn [Stech 1999: 62], 4 wt% Sn [Northover 1989] or even up to 4 - 5 wt% Sn [Muhly 

1973: 244] are discussed as a minimum tin content necessary to define a true tin-

bronze alloy. The definition of what a true tin-bronze actually is, and hence what is the 

minimum level of tin necessary for the definition of bronze as a true alloy (and 

consequently a deliberate choice for this specific material), is problematic and the 

subject of controversy among scholars [e.g., Moorey 1994: 251]. There may well be no 

general answer to this question, and the quantity of tin that defines a true bronze may 

reasonably vary for different locations and during different periods [Moorey 1994: 

251; Weeks 2003]. Variation in tin concentration presumably relates to factors such as 

the composition of the ore source, the alloying technique or also the metallurgical 

knowledge of the era.  

The results of the present study indicate the deliberately planned production and 

use of either tin-bronze or arsenical(-antimonial)-copper in addition to the use of 

almost pure and impure coppers in the production of artefacts in the Jezirah. The 

assumption that different metals were produced deliberately and in separation from 

each other poses the question of the reasons for their application. As Thornton (2009: 

1012) pointed out, people did not need metal artefacts, they most likely wanted them 

for specific, often socio-culturally based, reasons. Thus the definition of true tin-

bronze is closely linked to its prehistoric socio-cultural context and its material and/or 

symbolic value, and the subordinated reasons for the integration of this kind of metal 

into the 3rd millennium BC material culture. At the same time, true tin-bronze can be 

preferred by prehistoric societies on the basis of its technological advantage (in 

contrast to especially purer copper) and/or its sensory qualities.  

Improvements in mechanical properties include hardness and malleability; these 

characteristics are expressed mechanically at approximately 3 - 4 wt% tin in copper 

[Northover 1989]. Also, the fluidity and the melting point of the metal improve with 

the addition of low amounts of tin. Consequently, the addition of tin levels above c. 3 - 

4 wt% Sn would already be sufficient to improve some of the metal's mechanical 

properties. Hence, mechanical properties would appear to be not the primary reason 

for the desire for medium tin-bronzes with greater tin content of more than 5 wt% Sn. 

This does not preclude that improved mechanical properties of such low to medium 

tin-bronzes were not recognised by metalworkers. However, since medium tin-bronzes 

with about 10 wt% Sn are the majority of the analysed tin-bronzes from Upper 

Mesopotamia, mechanical properties would seem to have not been of primary 

importance in the production of tin-bronzes. Instead, sensory aspects such as colour, 

sound or smell may have played a dominant role in the selection of such tin levels. 
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The discussion about the ‘invention’ of tin-bronze is also based on assumptions 

about the capability of the production process and the intended use of this special 

metal. Very little, if any, technological improvement, and only minimal sensory 

changes are to be expected from low tin content (Sn ≤ 3 wt%) within copper. However, 

low tin content can already improve the fluidity of the metal, an effect that is 

important in, for example, casting technology. Such low tin-containing metals may 

have been linked to new cultural and social experiences (i.e., new trade connections, 

new contacts, new discoveries of sources) and, therefore, they may have been 

experienced as something advanced and fascinating by the prehistoric smelters and 

smiths in particular. On the other hand, low tin levels may unintentionally derive from 

the original ore source and are not necessarily evidence for a deliberate addition of tin 

to copper [Radivojević et al. 2013; Stech 1999: 62]. 

The desire for improvements to sensory factors might include, for example, tin 

additions resulting in modifications to colour, smell or sound of the alloy. Sensory 

factors are major topics in the archaeometallurgy of Meso-America [Hosler 1994; 

Schulze 2007]. Here, the study of copper-base artefacts evidenced, for example, that 

‘utilitarian’ artefacts regularly had a lower combined amount of tin and arsenic than 

‘status’ artefacts [Hosler 1994: 103]. The importance of sound and smell of (arsenic-

bearing) tin-bronzes and their association with wealth was supported by historical 

texts and ethnographical research based on the terminology of indigenous people 

[Hosler 1994; Schulze 2007]. However, both are research aspects not applicable to 

Near Eastern prehistory. Also, archaeological and textual evidence from Mesopotamia 

provide no insights into the importance of sensory factors. However, textual sources 

consistently associate tin-bronzes from Mesopotamia with wealth, status and elites; a 

hypothesis widely accepted amongst scholars. Since the importance of neither ‘smell’ 

nor ‘sound’ can be verified for Upper Mesopotamian metallurgy, nor are there any 

indicators that would allow to argue pro or contra one or the other, there is no basis 

for deliberating on their relevance. Accordingly, the discussion about sensory factors 

will be limited to one sensory component, namely ‘colour’.  

Research by Thomas Chase (1994) investigated the association between tin 

content and colour-change within Chinese tin-bronzes. The study measured variations 

that occurred already in low tin-bronzes with c. 3 wt% Sn. However the difference in 

colour between 3YR (pure copper) and 5YR (Sn c. 3 wt%) may be minor and hardly 

detectable to the naked eye. A significant change in colour only occurred at a tin 

content of about 6 - 8 wt% Sn (7 - 8YR); the colour of the metal shifted from copper-red 

towards a golden-orange [Chase 1994]. More recently, an experimental study by 

Radivojević et al. (2018: 116-117) provided evidence for a significant shift in colour at 

about 5 wt% Sn; copper with lower tin levels (1 - 4 wt% Sn) were nearly 

indistinguishable by their colour. However, pure copper (Cu c. 100 wt%) showed a very 
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distinct dark red colouration. A second shift in colour within tin-bronzes is evident at 

c. 20 wt% Sn and the experimentally produced metal showed a silver lustre; the 

addition of tin levels of more than 30 wt% Sn produced a black coloured copper alloy.  

Stech (1999) defined true tin-bronze as having a minimum of 2 wt% Sn. Her 

assumption is based on the idea that tin was imported from Afghanistan into 

Mesopotamia. Stech (1999: 62) argued that copper ore deposits in Afghanistan contain 

sufficient tin to produce a copper with such low tin levels and that 2 wt% Sn already 

improved strength and hardness of the metal. However, the associated change in 

colour is only minor [Chase 1994: Fig. 5]. In contrast, Northover (1989) points out that 

technological improvement, such as hardening effects, only starts with the addition of 

about 4 wt% Sn to copper and, consequently, he defines true tin-bronze as an alloy 

with tin ≥ 4 wt%. However, more recent research (Nezafati et al. 2008a) concluded that 

even tin content of ≥ 2 wt% can derive from the smelting of polymetallic ores. 

Therefore, tin-bronzes with tin levels between 2 and 4 wt% Sn could only be discussed 

as ‘true’ tin-bronzes when evidence is given that either tin was deliberately added to 

copper (alloying) with the intention to produce a new product or that an intentional 

choice for a particular kind of raw material (polymetallic ores) was made. This new 

product does not necessarily need to have major new attributes and alone the addition 

of tin itself could have made the metal different or special.  

The analytical results for the Jezirah (and to a lesser degree the Euphrates Valley) 

concur with Stech’s (1999) classification. The compositional comparison between 

arsenical(-antimonial) copper and tin-bronzes was indicative of a threshold at about 2 

to 2.5 wt% Sn. Therefore, artefacts with tin content of less than 2 wt% Sn were not 

classified as tin-bronzes, and only artefacts with tin levels above 2 wt% Sn were 

classified as true tin-bronzes. Building on accumulated data, these were further divided 

into three categories: low tin-bronzes with tin levels of about 2 - 5 wt% Sn, medium tin-

bronzes with tin content of 5 - 10 wt% Sn and high tin-bronzes with amounts of tin 

higher than 10 wt% Sn. In relation to the dominant appearance of medium tin-bronzes 

it can be argued that this specific kind of metal was deliberately produced to achieve 

the specific quality of tin-bronze that was desired. In addition, low tin-bronzes 

appeared to be of a similar pureness in comparison to medium tin-bronzes and 

similarly seem to have been produced deliberately.  

 

7.3.3. Reasons for the Production and Consumption of Tin-

Bronze: Mechanical Improvement or Sensory Factors 

Archaeometallurgical research on metal colours supports the argument that the 

majority of tin-bronzes (which contain medium levels of tin between 5 and 10 wt% Sn) 
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were clearly distinguishable by their colour from other copper-base metal artefacts. 

This effect may well have been an important factor in the production and consumption 

of medium tin-bronzes. 

In general, it might be assumed that the colour of tin-bronze was generally 

desired due to its similarity to gold. Moreover, gold ‘finds’ are rare in the Jezirah. 

Another possibility is that bronze coloured artefacts might have replaced high arsenic 

copper (As > 6 wt%), which provided a silver colour and was similarly distinguishable 

from other copper-base artefacts. It is known that high arsenic copper artefacts were 

most frequently used during the 4th millennium BC; they were, for example, excavated 

in elite burials in Arslantepe (Anatolia) from the late 4th millennium BC [Palmieri 

1981]. Moreover, they also appeared contextualised with tin-bronzes in the richly 

equipped Burial VI at Tell Bderi, dating to the early 3rd millennium BC (EJZ 2). The 

suggestion that the golden colour of products made from tin-bronze were considered 

desirable also implies the need for regular care of such products to avoid tarnishing 

and a change in colour over time in the presumably more humid climate of the 3rd 

millennium BC Jezirah. On the other hand, the tarnished colour itself might also have 

been considered desirable. Unfortunately, there is no means available to make such a 

judgement one-way or the other. Therefore, at present it is not possible to decide 

whether (i) the golden colour, (ii) the colour of the tarnish or (very generally) (iii) the 

different appearance of tin-bronzes (in comparison to other copper-base products 

similar to high arsenic copper) were the reasons for their desirability, production and 

use. Nevertheless, it is reasonable to assume that the broadly distinguishable colour 

(tarnished or untarnished) of medium tin-bronzes was an important factor in 

preferences for its production and use. This becomes even more evident when 

considering the appearance of specific artefact types among the tin-bronzes from the 

Jezirah. 

 

7.3.4. Tin-Bronze Implements versus Ornamental Artefacts 

The results of the present study show that out 45 finished artefacts (excluding 

production debris from all sites and finds with no artefact description from Tell 

Beydar) only a small number (n=10) of items among the tin-bronzes in the Jezirah were 

implements. These comprise tools (one chisel, one awl, one nail, one possible stylus, 

one spatula), weapons (one spearhead, one tang, one blade) and two bowls; tin levels 

range within non-corroded artefacts between 6 and 10 wt% Sn with the noteworthy 

exception of a spearhead (Sn c. 4 wt%) and a bowl (Sn c. 16 wt%). The specific kind of 

artefact of a further 15 fragments has not been identified; these comprise mainly rod 

fragments that could have either been parts of tangs or pins, two sheets, a wire and a 

fragment of a possible bracelet and a possible pin fragment; tin levels within these 
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non-corroded fragments range between 7 and 13 wt% Sn with the exception of a 

singular rod fragment with c. 3 wt% Sn. The remaining 20 artefacts are ornamental and 

are represented by a large number of pins (n=16), two bracelets, one ring and one ear 

scoop. Most artefacts are medium tin-bronzes (Sn c. 5 - 10 wt%), two pins from Tell 

Raqa’i and Tell Mozan are low tin-bronzes (Sn c. 3 - 4 wt%), and a bracelet and a pin 

from Tell Beydar are high tin-bronzes (Sn c. 15 wt% and 17 wt%). The corroded tin-

bronzes comprise a single tang, eight unidentified fragments (several rod fragments, 

two sheets, one wire and one possible pin fragment) and six ornamental artefacts, 

including four pins, one bracelet and one ear scoop (Tab. 4-3-1 and 4-3-2). 

The results of the current study indicate a preference of jewellery in the 

production of tin-bronzes in the Jezirah. This result could be taken as support for the 

general greater amount of pins within Upper Mesopotamia contexts among metal 

artefacts, which derive not only from burial contexts, but also in household or debris 

layers [Bianchi and Franke 2011: 2011; Valentini 2011: 273 - 274]. Pins certainly also 

occur within the remaining compositional groups. However, while the group of tin-

bronze pins comprises a mixture of artefacts from nearly all sites studied (Tell Beydar, 

Tell Chuera, Tell Mozan, Tell Bderi and Tell Raqa’i), pins (and ornaments in general) 

produced from one of the remaining copper-base metals ((almost) pure, impure or 

arsenical(-antimonial) copper) predominantly derive from Tell Bderi, Burial VI dating to 

EJZ 2 (Tab. 4-3-1). This burial describes an exclusive context and the deposition of the 

unusual high number of pins in it has to be discussed separately. If we exclude the 

latter find context from Tell Bderi, Burial VI, implements and decorative items (in 

particular pins) regularly appear in similar numbers (including corroded artefacts) in 

the groups of (almost) pure and impure copper (25 implements, 24 decorative items 

with 19 pins) and arsenical(-antimonial) copper (14 implements, 9 decorative items, 

out of which all are pins). Noteworthy is the fact that among the group of arsenic-tin 

copper-base artefacts, the majority are implements with the exception of a single pin. 

This situation is possibly site-specific and will be discussed below together with a 

proposed chronological shift in the production and evaluation of tin-bronze artefacts. 

The lack of tin-bronze pins from Tell Brak is significant, but agrees with the generally 

low evidence for tin-bronzes (n=2) from the site. This fact has to be discussed in terms 

of the differences in metal consumption patterns at the site. Overall, the results 

suggest a strong correlation between tin-bronze metal and pins in the Jezirah.  

Slightly different is the appearance of pins among tin-bronzes from the 

Euphrates Valley. Site-specific and chronological patterns in the use of tin-bronze are 

more apparent than in the analytical corpus from the Jezirah. Tin-bronzes from the 

Carchemish region are comprised of eight implements (five daggers, one axe, one 

knife and one awl) and 25 ornaments, of which nearly all are pins (n=23); only two 

artefacts are torcs [Montero Fenollós 1999: Tab. 2; Northover and Prag 2015: Tab 
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8.4.]. Tin levels among the non-corroded pins range between 2 and 12 wt% Sn; tin 

levels in implements are either low (Sn c. 2 - 4 wt%; n=4) or medium (Sn c. 5 - 11 wt%; 

n=4). The corpus of tin-bronze pins is dominated by two chronologically distinct sites, 

namely Qara Quzaq, dating to the early 3rd millennium BC (EJZ 1/2), and Kara Keui, 

dating to the 2nd millennium BC. The metal artefacts from Kara Keui comprise 11 pins 

and two awls, of which seven pins were produced from a medium tin-bronze and two 

consist of impure copper; one awl is a medium tin-bronze, the second awl is made 

from arsenical copper. Based on the typology of the individual pins and associated 

finds in the Ashmolean Museum from Kara Keui, the collection is described as a 

‘homogeneous group of the early 2nd millennium BC' [Northover and Prag 2015: 150]. 

The finds from Qara Quzaq derive from a richly equipped burial with two chambers. 

The first individual (a female, about 18 years old) was equipped with 25 pins (out of 

which 16 have been analysed), five pure copper spearheads, two chisels, hundreds of 

beads and 11 ceramic vessels [Montero Fenollós 1999: Tab 2]. The second individual 

(of unknown sex, about 12 - 13 years old) was buried with 12 ceramic vessels, two 

pure copper spearheads and about 11,800 beads [Montero Fenollós 1999: Tab 2; 

Montero Fenollós 2004: 39]. Both burials give evidence for the preferential use of (tin-

bronze) pins within mortuary contexts. While implements excavated with the EBA 

burial from Qara Quzaq are produced solely from pure copper, the two implements 

from Kara Keui are medium tin-bronzes [Montero Fenollós 1999: Tab. 2; Montero 

Fenollós 2004: 39; Northover and Prag 2015: Tab 8.4.].  

At Qara Quzaq the remaining 3rd millennium BC tin-bronzes derive from a 

possibly later context and include four daggers and one torc, of which only two 

daggers are medium tin-bronzes. Two low tin-bronzes derive from Melaha (pin and 

dagger), a medium tin-bronze derives from Srisat (pin) and two low tin-bronzes derive 

from Hammam (knife) and Serrin (pin) [Northover and Prag 2015: Tab 8.4.]. All of the 

low tin-bronzes may date to mid to late 3rd millennium BC contexts; only the medium 

tin-bronze from Srisat may date to the early 3rd millennium BC [Northover and Prag 

2015: 152-162]. Within the Ashmolean Collection the overall number of ornaments is 

slightly higher than presented for specimens from Jeziran sites, and includes 72 

decorative items (including two bracelets and five torcs) and 50 implements. In this 

collection, the larger corpus of decorative items is (despite the high number of pins 

among the tin-bronzes) based on a high amount of pins (n=19) among the 32 

arsenical(-antimonial) copper artefacts. Excluding the two exclusive burial contexts 

from Qara Quzaq and Kara Keui, the assemblage still evidences a slightly greater 

number of decorative items (n=46) than implements (n=38). Noteworthy is the 

chronological difference between the tin-bronzes. Out of 10 tin-bronzes from the 

second half of the 3rd millennium BC seven are low tin-bronzes and only 2 are medium 

tin-bronzes. Also, the numbers of implements (n=6) and ornaments (n=4) are nearly 
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similar among the later dating tin-bronzes. Artefacts within the Ashmolean Collection 

are thought to derive exclusively from burial contexts, and the increased appearance 

of tin-bronze implements during the late 3rd millennium BC may be indicative of a 

shift in the use of tin-bronzes in relation to artefact specific use in mortuary contexts. 

However, the evidence from the 2nd millennium BC finds from Kara Keui shows that 

burials were also (still or again) equipped with ornamental artefacts, and the Kara Keui 

assemblage is rich in tin-bronze pins, while tin-bronze implement are lacking. Whether 

the evidence for the high number of tin-bronze pins within the Kara Keui assemblage 

is indicative of a specific gender or status cannot be answered at this stage. Also, the 

original find context(s) from the latter burial context at Kara Keui are unknown and it 

is possible that other tin-bronze items (such as implements) were not sold to, or 

excavated or acquired by Woolley and his colleagues [Northover and Prag 2015: 150]. 

We have also to consider that (worked) tin-bronzes are more prone to corrosion (as 

evident by the high number of corroded artefacts among tin-bronzes within this study) 

and, therefore, may not have been sold by the locals or collected by the archaeologists 

in the 1910s. 

The comparability of the two inventories (from the Jezirah and the Ashmolean 

Collection) has inherent problems due to differences in origin and contexts. While 

finds within the Ashmolean Collection are supposed to derive from burial contexts, a 

high number of artefacts from the Jezirah were excavated from within domestic and 

debris layers; in several cases, the precise find location is unknown or not reported 

(e.g., Tell Beydar, Tell Mozan). The limited kinds of artefacts among the finds from the 

Carchemish region may represent a 'standardised' group of grave goods for burial 

contexts while the metals from the Jezirah also evidence items that were used on a 

daily base. A comparison with the metal artefacts known from Ebla (3rd and 2nd 

millennia BC) [Palmieri and Hauptmann 2000] and Selenkahiye (late 3rd millennium BC) 

[Dungworth and Philip 2016] also has chronological difficulties, but demonstrates that 

varying kinds of metal artefacts were similarly common in the Euphrates Valley and not 

only in the Jezirah [see also Stork 2014: 324]. However, the large number of tin-bronze 

pins from both regions highlights the importance of this particular metal for 

ornamental items.  

The ‘tradition’ of pins in burial contexts is especially prominent in the Upper 

Euphrates Valley during the EBA I-II [Stork 2014: 325]. Burials in the Carchemish region 

contained on average one pin (95.9 pins per 100 burials) in comparison to burials 

further north in the Samsat-Lidar region (31.4 pins per 100) or the Elazığ region (30 

pins per 100 burials), or to the southwest in the Levant, where metals had a 

subordinated role in burial customs [Stork 2014: 328-329]. Pins in burials are generally 

associated with the shrouding of the deceased, but the excessive numbers of pins 

within Carchemish graves emphasises that their socio-cultural value exceeded their 
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practical function [Eremin et al. 2015: 181; Stork 2014: 328; Valentini 2011: 273]. 

Stork (2014) explains the regular appearance and (partly) excessive number of pins in 

the Carchemish region based on a general high level of wealth built on the local textile 

and metal industries. Stork (2014: 331) argues that metal and textile (wool and agro-

pastoralism) production were the major interests of Southern Mesopotamia in the 

region and, therefore, activated a particular focus on these two specific (originally 

local) economic pursuits during the Uruk period. The new ‘market' caused an increase 

in specialised pastoralism in the Carchemish region that provided ideal ecological 

conditions [Stork 2014: 332]. The trajectories of the Uruk Expansion caused what Stork 

calls an ‘Uruk-hangover’ in the EBA I-II. Social identity was now interlinked with the 

metal and textile trades, which were expressed in burial rites and in an increased 

deposition of pins; the latter represent direct links between the two economic trades. 

Pins remain a common grave good also during the second half of the 3rd millennium 

BC in the Carchemish region, and more than 50 per cent of the burials at Jerablus 

Tahtani, for example, were equipped with these items [Eremin et al. 2015: 181].  

Evidence for pins in burials during the early 3rd millennium BC (EJZ 1/2) in the 

Jezirah are sparse and Stork (2014: 332) notes that pins in early Jeziran burials ‘were 

restricted to those burials which were conspicuously richer in metal grave goods than 

others’ [Bianchi and Franke 2011; Valentini 2011]. The most common artefacts in 

Jeziran burials were pottery vessels and their deposition is related to funeral feasts and 

banquets [Valentini 2011: 273]. Only during periods EJZ 2-3 do (metal) pins become 

the second most common grave goods in the Jezirah [Bianchi and Franke 2011: 203; 

Valentini 2011: 273 - 274]. Metal pins are now deposited with both genders, and are 

either used as garment pins (found on the shoulder of the dead) or hair pins (found 

close to the head) [Valentini 2011: 274]. In some cases pins are accompanied by other 

ornamental metal items such as (ear, finger and hair) rings or spirals. Pins are more 

related to costume codes than to textile production, an industry that had less impact 

on the staple production based Jeziran economy [Akkermans and Schwartz 2003: 221-

224, 275-276; Hempelmann 2013; Schwartz 2015b: 630-631; Stork 2014: 330]. It is 

noteworthy that the increase not only in the appearance of pins in burials, but also in 

domestic contexts is contemporary with early evidence for tin-bronze and tin-bronze 

production in the Jezirah. Therefore, a direct connection between pins and tin-bronze 

based on the cultural value system of Jeziran city-states seems plausible.  

However, the compositional data for pins from the Jezirah and the low numbers 

of tin-bronze implements differ from the analytical data from the Euphrates Valley. 

This is suspicious of different socio-cultural or economic concepts in the evaluation of 

metals and metal artefacts in both regions. The secure context of Burial T.302 at 

Jerablus Tahtani and its metal inventory reflect a pattern in metal deposition that is 

similar to the pattern observed with finds from the Ashmolean Collection, and 
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(possible) tin-bronzes are equally represented by implements (n=5) and ornamental 

artefacts (n=5) [Philip 2015: Tab. 7.3.]. However, uncertainties in the origin and 

chronology of the finds from the Ashmolean Collection, and the limited information 

available on a (detailed) chronological sequence for the tin-bronzes from the Jezirah 

make it difficult to trace these differences. 

The textual documentation on tin-bronze artefacts at late 3rd millennium BC Ebla 

also shows an emphasis on weapons, to a lesser degree on tools, and only to a minor 

extent on ornamental artefacts. Contemporary elite burials from the Jezirah (e.g., at 

Tell Chuera, Tell Beydar and Tell Mozan) are now richly equipped with weapons. The 

deposition of weapons in high status burials in the Jezirah is not completely new (see 

e.g., the ‘Princess' Tomb Kashkashouk III), but it is the general increase of these kinds 

of artefacts in elite burials in association with a possible increase in the production of 

tin-bronze weapons that indicates a shift in burial rites and the selection of tin-bronzes 

within the local value systems of both regions.  

Therefore, a three strand model in the use of tin-bronze in Upper Mesopotamia is 

proposed and is discussed in detail in the following sections: The first strand 

comprises elite burials with high numbers of pins, evident at Qara Quzaq, 

Kashkashouk III and Tell Bderi during the early 3rd millennium BC (EJZ 1/2). In this 

context the use of tin-bronzes is related to burial customs, the display of wealth and 

the status of elites. The second strand includes early tin-bronze production and   

increased evidence for pins at the dawn of the ‘Second Urban Revolution’ in the 

Jezirah. The combined appearance of tin-bronze production in association with public 

(elite) buildings and the evidence for tin-bronze pins not only in burial, but also in 

debris contexts supports the importance of tin-bronze in public display and its value in 

the establishment of new elites among tell communities in the Jezirah. The third 

strand is related to an increase of tin-bronze implements during the second half and 

especially the late 3rd millennium BC evident in particular the Euphrates Valley, but 

contemporary with rich elite burials equipped with weapons in the Jezirah. It is 

proposed that the increase in the use of tin-bronzes for especially weapons is 

indicative of a shift in the symbolic code that directly relates to particular metal items 

and displays a shift in emphasis from wealth and status to power. These strands 

appear not necessarily in a regular chronological order and are evident contemporary 

when comparing different sites within the wider region of Upper Mesopotamia. 

Therefore, they have to be understood as general trends that shape the socio-cultural 

and socio-political environment of the region during the 3rd millennium BC.  

 

 



 

 287 

7.3.5. Tin-Bronzes as Status Symbols in Upper Mesopotamia 

In the Jezirah tin-bronzes are usually associated with ‘official buildings’ and were 

found, for example, within Area B (temple and surrounding) and Area A (palace and 

surrounding) at Tell Mozan. Here, out of 16 tin-bronzes, four originated from Area A 

and nine from Area B. There is no detailed information available for the specific 

contexts of these artefacts and it remains uncertain whether these tin-bronzes 

originated from contexts associated directly with the temple or the palace, or whether 

they are rather from the adjacent area and only indirectly associated with these 

buildings. The same is true for most tin-bronzes from Tell Beydar where only a small 

number of tin-bronzes can be associated with specific contexts. However, several tin-

bronzes were found within elite burials on the acropolis and on the acropolis itself 

(areas F and G); they can similarly be associated with a (ruling) ‘elite’. Noteworthy is 

also the evidence from Tell Brak, where all tin-bronzes originated from Area SS. This is 

especially important since Tell Brak provides the least evidence for tin-bronzes (n=2) at 

any studied site in the region; both tin-bronze artefacts are related to this possible 

ritual area.  

The strongest evidence for the distribution of tin-bronzes comes from Tell 

Chuera. Here, the additional pXRF study provided insights into the intra-site 

distribution of tin-bronzes. At Tell Chuera, the majority of tin-bronzes were found in 

Temple S in addition to the finds from Area N (Northern Temple) that were originally 

excavated by Moortgat; no specific context description was provided for the latter 

[Franke 2014]. The evidence from Tell Chuera suggests a limited availability of tin-

bronze for the average resident at the site. Despite the large sample size from Tell 

Chuera, hardly any tin-bronzes were discovered within domestic or burial contexts. A 

similarly unequal distribution is revealed for silver artefacts at this site where silver 

exclusively derives from the Temple Area S [Franke 2014].  

The only evidence at Tell Chuera for the production of tin-bronze (of unknown 

quality) is a crucible fragment, which was found at the outer side of the temple (S) wall. 

The significance of this find is its singularity, which is contrasted with a large corpus of 

metal production debris from working (areas ASA, W) and living (areas A, H, K) areas at 

the site, and of which none indicated the production of tin-bronzes. The production 

debris from Area S at Tell Chuera demonstrates the involvement of the temple in the 

production of tin-containing artefacts. Several bun ingots, of which one was broken, 

presumably in preparation for its use in metal production, may also link the temple 

with metallurgical activities. The quantitative analysis of one of these bun ingots 

evidenced the pureness of the metal with only sulphur impurities; qualitative (surface) 

analysis of the remaining ingots indicated a similar degree of pureness and no arsenic 

or antimony levels were detected.  
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None of the tin-bronzes from Tell Chuera were comparable with the pure copper 

of these bun ingots by their minor or trace elements, and the specific use of these 

ingots remains uncertain. However, pure metal may have had a particular value by 

itself as shown by the evidence for the regular use of a nearly pure copper in the 

production of tin-bronzes and also by the pure copper spearheads from the early 

burial at Qara Quzaq [Montero Fenollós 1999: Tab 2]. This may also have been the 

case at Tell Chuera. Copper of such a high pure quality must either have been 

obtained from a specific source or produced by refining. The sulphur levels (S c. 1 wt%) 

within the bun ingot from Tell Chuera and the previously described refining activities 

in relation to black copper hint at the latter and an extra effort that had to be applied 

in the production of such pure coppers. Therefore, the evidence of pure copper bun 

ingots within the temple area can be taken as indication of a direct relation between 

Temple S and high value metals at the site.  

The association of the temple with rare metals such as tin-bronze and silver (and 

possibly metal production) may be an exclusive phenomenon at Tell Chuera. It is 

difficult to decide whether the unequal distribution of tin-bronzes at this site reflects a 

preferential access to tin-bronzes and silver for an ‘elite’ associated with the temple, or 

whether it reflects an (unspoken) intra-site agreement on the association of such 

metals with religious/spiritual beliefs and values. However, the following discussion 

about the chronology of tin-bronzes and the involved ‘elites’ may shed light on this 

topic. 

 

7.3.6. The City-States and the Lineage-System 

We know very little about the people we refer to as the ‘ruling elite’ within the 

Jeziran city-states. Whether this group consisted of one dominating family (household), 

or whether this group was a conglomerate of several families is unknown. Insight 

comes from the archaeological evidence from Tell Chuera and Tell Kharab Sayyar, 

which suggests an internal organisation that was most likely based on the cooperation 

of several ‘leading’ members within the community, rather than the power of a single 

household, especially in the early stages. Changes in the structural (planned) outline of 

Tell Chuera are interpreted as indications of shifts in power over several centuries 

[Hempelmann 2013].  

Hempelmann (2013) proposed a family-based lineage system, and ancestry cults, 

for the early periods at Tell Chuera and Tell Kharab Sayyar during TCH IA and IB. 

Archaeological evidence for this comes from the egalitarian arrangement of domestic 

houses at Tell Kharab Sayyar, intramural burials of adults in floors of domestic houses 

in area TCH K (which are associated with ancestor cults), and the so-called 
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Beterstatuetten from the Kleiner Antentempel in the same area. The interpretation of 

Beterstatuetten as placeholders for ancestors, and a related cult, is not new and had 

already been proposed by, for example, Moortgat (1967: 45-46) for Tell Chuera, by van 

der Toorn (1994) for Nuzi and Emar, and by Eva Braun-Holzinger (1977: 16–19; cited 

by Hempelmann 2013: 233) for Mari. The evidence for a certain level of equality 

among the tell community indicated by domestic house structures at Tell Kharab 

Sayyar implies the concept of coordination and cooperation of several households in 

the organisation of the tell society in which the elder had a leading position 

[Hempelmann 2013]. 

A shift from this egalitarian (lineage) society (TCH IA and IB) towards the start of 

(ruling) ‘elites’ was proposed for the local period TCH IC [Hempelmann 2013]. 

Hempelmann suggests that members of the family lineages, which had profited from 

surplus production, established a stronger leading position within the communities at 

Tell Kharab Sayyar. This shift is suggested by the increase of monumental buildings at 

several sites in the Jezirah, and major changes in the set up of urban centres 

[Hempelmann 2013: 275]. At this stage, the Beterstatuetten at Tell Chuera were 

presumably moved from a private household into a small mud-brick building (Kleiner 

Antentempel), indicating the more centralised organisation of such ancestor cults 

[Hempelmann 2013: 234]. Further indications of a shift towards a more centralised 

organisation could be seen in the building of the outer city wall at Tell Chuera during 

late TCH IB (or early TCH IC). Here, single sections were built by individual groups that 

also built their houses in the adjacent area of ‘their’ part of the city wall [pers. 

communication, Alexander Thamm 06/2014]. However, the building of the city wall 

itself was presumably not planned in small individual parcels and by micro-

communities, which lived and worked at different areas of the tell. The planned outline 

of Tell Chuera reveals the structured organisation of a major project, and the 

cooperation and coordination of such micro-communities, possibly under the 

leadership of dominating members of the society. Porter (2002: 26) emphasises that it 

is the purpose rather than the activities themselves that can indicate the centralised 

organisation and the establishment of a centralised power. The architectural indicators 

for a forming centralised power in form of monumental buildings are not as such 

established during the early phases at Tell Chuera (IB). However, in accordance to 

Porter (2002: 26) such architectural indicators are not necessary and 'communal 

activities in a tribally organised systems' may not be 'overt but perhaps indirect and 

invisible'. Furthermore, the archaeological evidence from the site indicates that 

sectional planning and organisation were delegated to subordinated groups of this 

newly established leading household(s) [Helms 2014: 63].  

Therefore, TCH IC can be seen as a transitional period where the lineage system 

remains the basis of the organisation of the community, but with a contemporary 
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increase in the centralisation of power. Hempelmann (2013: 225) refers to the findings 

of Jason Ur (2004) and the hypothesis that the city-state (en) was comparable to a big 

‘household’, which was then sub-organised by leading parties to lineage level, and 

further down to small families. Also, Wilkinson (2010) has pointed out that the use of 

the landscape surrounding the tell ‘was viewed as a collective redistribution of land’. 

The connective character in the use of landscape agrees well with the observations at 

Tell Chuera, and the coordinated effort in the erection of the city wall by single entities 

of the tell community. This sense of community may underlie the organisation and 

control of a city-state by several households that have an understanding of divided 

responsibilities of different degrees. The decline of the lineage system and the final 

evolution of a centralised power during the local phase TCH ID are suggested by the 

evidence for a lack of intramural burials, and the presence of a centralised 

administration. Ancestor cults were replaced by centralised cults, and the 

Beterstatuetten, which had lost their symbolic relevance, were ritually buried during 

this time period [Hempelmann 2013: 234; Moortgat 1967: 45–46].  

The general evidence for a lineage system and a possible tribal influence in the 

organisation of Tell Chuera (and Tell Kharab Sayyar) is not doubted by the excavators 

[Hempelmann 2013; Meyer 2010: 220]. However, Jan-Waalke Meyer (2010) emphasised 

that Tell Chuera was a planned settlement from its early foundation around 3000 BC. 

Therefore, Meyer (2010: 207) rejected the idea that Tell Chuera was based on nomadic 

structures on the basis of five major results: i) ‘installation of a planned town’, ii) a 

‘central administrative axis’, iii) ‘mighty fortification using up to c. 30 million bricks for 

the inner town-wall and c. 40 million for the outer town-wall’, iv) ‘a dense network of 

settlements consisting right from the start …’ and v) ‘… of at least 3-levels - Tell 

Chuera, Tell Kharab Sayyar and Mgeddi’.  

A similar concept in the organisation of prehistoric society was established by 

David Schloen (1962) for Ugarit. Schloen noted that power and control over a micro-

state (like the tell society) could be organised by sub-groups acting independently 

within their spatial areas of responsibility, and in communicating with each other. 

Schloen (1962) similarly refers to a lineage system, but one which is dominated by the 

‘fathers’ who distributed responsibilities to ‘sons’. This concept is very similar to the 

previously discussed idea, but additionally emphasises the organisational division into 

sub-groups. Also, it allows the possibility of a ‘central’ leadership by a single 

household (family) which sub-ordinates responsibilities. Consequently, the planning of 

Tell Chuera by a leading household and the contemporary planning of subordinated 

groups, which organise only particular areas, seems not as contradicting. 

The idea that lineage family systems were the basis of 3rd millennium BC Upper 

Mesopotamian societies is not entirely new, and textual evidence from the Maništušu-
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Obelisk was already discussed by I. J. Gelb (1979, cited by Hempelmann 2013: 274). 

Hempelmann (2013: 276) also refers to Renfrew’s (1986) ‘early state modules’. Here, 

communication, but also competition and conflict between (lineage) communities are 

suggested to be major forces in the development of a centralised power to ensure the 

preservation of such communities. A similar process is suggested for the Jezirah at the 

stage of the ‘Second Urban Revolution’, where several urban centres emerged, and 

may have been in competition with each other.  

A general trend in an increased visibility of forming elites is evident in the 

archaeology and the architectural changes at most Jeziran sites during the local period 

EJZ 2final and extending into EJZ 3a [Lebeau 2011b: 368]. The size of the major cities 

in the Jezirah (e.g., Tell Mozan, Leilan, Hammoukar) increases fundamentally, and 

larger settlements now turn into cities [Lebeau 2011: 369]. During EJZ 2 and its final 

phase new (outer) city walls were erected or rebuilt at major sites, such as Tell Beydar, 

Tell Mozan, Tell Leilan and Tell Chuera, but also at smaller cities, such as Tell Bderi 

and Tell Kharab Sayyar [Meyer 2011: 131-133; Quenet 2011: 24, 28, 35-37]. At Tell 

Mozan the layout of a central space was establish including a large open area similar 

to the Anton-Moortgat Platz at Tell Chuera; the acropolis of Tell Leilan was situated on 

top of an older settlement and small settlements such as Khazne and Tell Raqa’i 

underwent major (planned) changes [Meyer 2011: 131-133; Quenet 2011: 24, 32, 37]. 

The evolution of this process is not entirely similar and contemporary at all sites, and 

the changes in architectural characteristics in Jeziran settlements are evaluated 

differently. Meyer (2011), for example, explains this process as a continuing 

development, which is especially evident at Tell Chuera. The site experiences (similar 

to other Jeziran sites) not only major changes in its expression of monumentally in the 

form of a new (outer) city wall and temples in areas S and A, but also in the urban 

expansion and in the appearance of new kinds of domestic buildings [Meyer 2013: 3; 

Pfälzner 2011: 153]. However, since Tell Chuera’s foundations and its planned outline 

were already set up during the founding of the city at the beginning of the 3rd 

millennium BC, the shift is less abrupt than it appears at, for example, Tell Mozan or 

Tell Beydar. The establishment of (in several cases second) city walls during this time 

implicates the strengthening of defence systems and is indicative of an increase of 

conflicts among the individual sites. At Tell Chuera a destruction layer at the end of 

TCH IC makes such military conflicts archaeologically visible, while textual evidence for 

military actions, conflicts and alliances during the earlier 3rd millennium BC are 

lacking [Hempelmann 2013: 275; Sallaberger 2011: 327]. However, fortification also 

builds security within the settlement and supports the sense of community. The latter 

may have been an important factor in the establishment of ruling families. In addition, 

burial customs seem to diversify represented by a variety of burial types, that are now 

more often accompanied by a larger amount of grave goods including metal pins 
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[Lebeau 2011b: 370; Valentini 2011]. The latter is suggested to exhibit a stronger 

diversity in hierarchy and cultural identities, which are displayed with burial rites.  

 

7.3.7. Early Tin-Bronzes at Small Jeziran Cities 

The evidence for early tin-bronzes in the Western Jezirah comes at a slightly later 

date in comparison to the Euphrates Valley. The earliest tin-bronzes originated at the 

small cities of Tell Bderi and Tell Kharab Sayyar, while tin-bronzes from urban centres 

are later in date.  

Tell Bderi was founded during EJZ 1 and a city wall was erected at early EJZ 2 

(Layer 27), but only domestic architecture was present. Therefore, Tell Bderi is, similar 

to Tell Kharab Sayyar, not classified as a major urban centre, but as a small city, that 

most likely was economically subordinated to an urban centre. Evidence for tin-bronze 

from Tell Bderi dates to Layer 24-25 at mid-EJZ 2. All 3rd millennium BC tin-bronzes 

from this site originated from the richly equipped Burial VI. This grave contained not 

only medium tin-bronzes, but also artefacts in high arsenic copper. The latter is also 

suggestive of being a high value metal due to its rare and often exclusive deposition 

in, for example, the Royal Tomb at Arslantepe [Palmieri 1981]. Its special silvery colour 

(in contrast to impure copper or arsenical(-antimonial) copper) made it distinguishable 

and outstanding, but more importantly may have linked it to precious metals, such as 

silver. High arsenic copper possibly had to be produced deliberately and the extra 

effort (as discussed for tin-bronzes and pure copper) is likely to have influenced its 

potentially higher value [Palmieri et al. 1993]. The deposition of high value metals in 

Burial VI may indirectly provide evidence for the presence of some kind of ‘elite’ or 

upper class at Tell Bderi. Also, it is possible (after Schloen 2001) that subordinate 

members of leading household(s) lived at (and organised) this small city. However, we 

do not know which urban centre Tell Bderi was linked to, so no further conclusions can 

be drawn.  

The evidence for tin-bronze production at Tell Kharab Sayyar comes in the form 

of the technical ceramic (KHS-A12), which derives from the local phase TCH IB 

(approximately 2600 BC, Layer 15), and provides indirect evidence for access to tin 

metal. Both samples are suggestive of being contemporary, but a slightly earlier date 

for Burial VI at Tell Bderi may be possible. Both findings are exceptional since they 

push the date for tin-bronze and, more importantly, for alloying itself, to the early 

stage of the development of the city-states in the Jezirah. Also, both sites, Tell Kharab 

Sayyar and Tell Bderi, were small cities and were likely subordinate to urban centres 

within the city-state system of the Jezirah [Hempelmann 2013]. Tell Kharab Sayyar, for 

example, was an important (but subordinate) city within the city-state of Tell Chuera, 

which provided primarily agricultural goods to Tell Chuera. This site is suggested to 
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have mainly provided grain surplus to Tell Chuera during the beginning of the 3rd 

millennium [Hempelmann 2013: 273]. During TCH IB, also milk and meat products 

were delivered to Tell Chuera, and the extended surplus production led to an increase 

in supra-regional trade [Hempelmann 2013: 274]. Also, the specialisation in ceramic 

production during this phase, it is suggested, is based on surplus production. 

Surplus production and the involvement in supra-regional trade may also have 

been the basis for the contemporary early experimentation with tin-bronze at Tell 

Kharab Sayyar. Furthermore, Hempelmann (2013) associates the on-going increase in 

surplus production with the establishment of leading figures within the society of Tell 

Kharab Sayyar (and Tell Chuera). Individual households, or individual persons, who 

benefitted more from this surplus than others, presumably rose to a higher status and 

assumed greater power within the tell community. On the other hand, based on 

Schloen’s (2001) 'father-son' concept, Tell Kharab Sayyar might have been organised 

by families from Tell Chuera and Tell Kharab Sayyar which were linked by their lineage. 

This may be supported by the evidence of a correlated development of both sites (Tell 

Chuera and Tell Kharab Sayyar) from their (contemporary) founding at approximately 

3000 BC.  

Two models are proposed for the early existence of tin-bronzes at Tell Kharab 

Sayyar. First, tin-bronze production could have been part of the agreement for the 

exchange of goods between Tell Chuera and Tell Kharab Sayyar. Since no tin-bronze 

artefacts have been found at Tell Kharab Sayyar, this could indicate that the site 

provided tin-bronze to Tell Chuera, in addition to agricultural support. However, there 

is no evidence for tin-bronzes from Tell Chuera during period TCH IB and the sites are 

difficult to relate via the production and exchange of tin-bronzes. Second, the newly 

established leading figures at Tell Kharab Sayyar may have had a new interest or 

demand for status symbols which could have led to the introduction of tin-bronzes at 

the site. The missing link in both cases may be, for example, a not yet discovered 

(elite) burial, similar to the contemporaneous richly equipped burial at Tell Bderi. This 

hypothesis is plausible since neither Tell Chuera, nor (especially) Tell Kharab Sayyar, 

were fully excavated. The elite burial recently found at Tell Qatna during the re-

excavation activities on the site is a prominent example of the late unveiling of 

important leading finds [Pfälzner 2012].  

The early evidence for tin-bronzes at small cities, such as Tell Kharab Sayyar and 

Tell Bderi, supports the concept of the evolution of demand for high status metals. It is 

proposed that this (new) demand for such metals was based on the achievement of 

surplus production, and the early stages of the establishment of ‘elites’. Also, 

households in urban centres may well have been related to households in small cities 

by lineage. The mobility of lineage members is suggested, for example, by the 
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appearance of identical vessel marks at different sites. Complex vessel marks were 

identified on pottery from Tell Bi’a as well as on contemporary pottery from Tell 

Kharab Sayyar [Hempelmann 2013: 357]. These marks are suggested to represent the 

lineage of the owner(s) of the vessel [Bösze 2009: 34-37]. The contemporary 

appearance of identical (complex) pottery marks at the two sites, Tell Kharab Sayyar 

and Tell Bi’a, supports the contention that members of the same lineage were settled 

in different (and also distantly) located settlements.  

The ‘absence’ of a centralised authority during the early 3rd millennium BC, and 

the somewhat egalitarian lineage system, may have offered the opportunity for the 

early introduction and consumption of tin-bronzes by wealthier members of small 

communities. Furthermore, the hypothesis of a lineage community during the early 3rd 

millennium BC implies that the hierarchal differences between the urban centres and 

the small cities were less dominant. It is tentatively suggested that these two kinds of 

settlement structures (urban centres, small cities) did not (yet) stand in strong 

competition - and were maybe rather connected by lineage - and their relations were 

not based on hierarchal structures. Therefore, it is also proposed that the symbolic 

meaning of tin-bronzes within 3rd millennium BC communities shifted from the 

demand for luxury goods by single households or individuals, to tin-bronzes 

representing a symbol of wealth, thereby signalling recognition of the centralised 

leading elite class. Hence, the later introduction of tin-bronzes at major urban centres 

is less surprising, and may be based on this first shift in the symbolic meaning of such 

high status artefacts. 

 

7.3.8. Early Tin-Bronzes at Jeziran Urban Centres 

Tin-bronzes at urban centres in the Jezirah appear slightly later, during EJZ 3a. 

The tin-bronzes from Tell Chuera are among the earliest in the Jezirah, dating to TCH 

IC level 5 (c. 2500 BC) (Tab. 4-3-1). Here, the tin-bronzes are exclusively linked to the 

Temple S (Steinbau VI). The early building phase of Temple S (TCH I A and IB) is 

represented only by a small unit, and no metal artefacts were evident. The foundation 

of the temple is part of the earliest stage of city planning at Tell Chuera, and is built 

into the axis of monumental buildings crossing the tell. Also, Temple S is integrated 

into a wide-open space (Anton-Moortgat-Platz) in the centre of the tell. The original 

outline of the temple, organised at its first stage, is positioned in a depression at the 

centre of the tell, giving it a slightly protected appearance. Its central location offers 

access from all surrounding areas, but its simple appearance does not suggest a 

remarkably superior function within the tell in the early phase at Tell Chuera. This may 

well imply a more egalitarian society, as suggested by Hempelmann (2013) for the 

early 3rd millennium BC. However, the temple's stone foundation (also evident with all 
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further Steinbauten along the central axis) implies a certain degree of importance. 

Such stone foundations must have been a significant marker in the (brown) landscape 

and the common mud-brick architecture [Meyer 2010; pers. communication, Olesia 

Kromberg 06/2010]. 

During phase TCH IC, Tell Chuera experienced major structural and architectural 

changes. Temple S (as also at Temple A), for example, was greatly extended [Meyer 

2011: 131]. Installations in Temple S were rearranged and the (altar) podium, for 

example, which had remained at the same place during several (re)building phases 

until TCH IC, was moved into a new location, therefore changing the interior layout 

and organisation of the building complex [pers. communication, Kromberg 06/2010]. 

The archaeological evidence indicates a newly established importance of these areas 

as also a probably fundamental change within Tell Chuera’s society. As previously 

discussed, this phase is associated with a shift from a lineage system to the elevation 

of one or more households to higher power.  

Most importantly, this phase is contemporaneous with the first appearance of 

tin-bronzes, and a dominant status for the temple at this specific time-span can be 

suggested. The establishment of a new ruling power may have needed new symbols to 

strengthen its power. Hence, it is not surprising that tin-bronzes appeared at Tell 

Chuera at this stage, and that they appear predominantly within the newly extended 

temple. Furthermore, the pXRF study of tin-bronzes from Temple S reveals that the 

number of tin-bronzes (finds labelled TCH-S08) found within the earlier building phase 

is remarkable higher (n=29) than the number (n=5) of tin-bronzes (labelled TCH-S07) 

found within the later building phase. This result is indicative of tin-bronzes being part 

of the establishment of a new ‘power’ or/and new structural organisation within Tell 

Chuera, of which the necessity for emphasis may have decreased, or the means may 

have changed, over time.  

Here, the evidence of later tin-bronzes at Tell Chuera (TCH IC late / TCH ID) 

supports a decrease in the importance of tin-bronzes as symbols for a leading ‘elite’. 

These later tin-bronzes originated from living and working areas (H, K, W) and are 

noticeably fewer in their appearance. However, it is possible that subordinate members 

of the leading household(s) still lived in, and organised different sections within Tell 

Chuera. Hence, the evidence of tin-bronzes in working and living areas, during the 

second half of the 3rd millennium BC at Tell Chuera, is not necessarily linked to a 

more frequent accessibility of tin-bronze for ‘average’ tell inhabitants, but could still 

represent property of ‘elite’ members present within these living and working areas. 

Nevertheless, it would seem that the symbolic status of tin-bronzes as an indicator of a 

new system and new power structure at Tell Chuera may have significantly shifted at 

this stage.  
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Possibly contemporary is the introduction of tin-bronzes in the Eastern Jezirah. 

The majority of tin-bronzes from Tell Beydar date to EJZ 3 and 4; only one tin-bronze 

originated from the earlier EJZ 2 period [Tonussi et al. 2014]. The finds from Tell 

Mozan have not been dated, so it cannot be stated with confidence whether or not tin-

bronzes originated from EJZ 2. However, their association with the palace (A) and the 

temple (B) areas is suggestive of a date during the second half of the 3rd millennium 

BC.  

Similar to Tell Chuera, internal changes at Tell Beydar may have lead to a 

reorganisation of the city between EJZ 2 and EJZ 3. However, by contrast to Tell 

Chuera, monumental architecture is primary found on the so-called acropolis in the 

centre of the tell. Here, excavations concentrated on the later period EJZ 3b, and little 

is known about the earlier building periods within this area. Therefore, it is difficult to 

suggest whether and to what degree the appearance of tin-bronzes is associated with 

the establishment of a central leading ‘elite’ at Tell Beydar.  

On the other hand, the existence of only a single tin-bronze from Tell Beydar 

dating to EJZ 2 may provide evidence for a similar shift in power and the dawn of the 

importance and symbolic meaning of tin-bronzes. This artefact was found within a 

burial of the domestic Area H at Tell Beydar. It may provide evidence for the early 

demand for luxury items by well-established members within a more egalitarian 

lineage community rather than identifying tin-bronzes as a general symbol for leading 

‘elites’ during the later phase EJZ 3 and EJZ 4. However, the results for the use of tin-

bronzes at Tell Beydar (and Tell Mozan) are inconclusive due to the limitations of 

available chronological data. Tell Beydar and Tell Mozan provided (on average) a 

greater number of tin-bronzes within their studied metallurgical inventories, but also 

gave evidence for more intensive recycling activities. Whether the more frequent 

appearance of tin-bronzes is due to better access to tin or different consumption 

patterns (or interest) is hard to say. The appearance of raw copper with increased 

silver concentrations (in comparison to nickel and lead) at both sites, and which was 

used in the production of tin-bronzes, indicates (at least) a difference in metal trading 

partners (possibly due to the different geographical location) in comparison to Western 

Jeziran sites.  

Noteworthy is that the phenomenon of a combination of a greater number of tin-

bronzes and more intensive recycling activities is similar to the evident pattern in the 

production and consumption of tin-bronzes determined in the Euphrates Valley. It is 

tentatively suggested that better access to tin metal (which may have originated from 

Anatolia) may have lead to less ‘care’ in keeping tin-bronzes ‘clean’. The latter could 

be related to the earlier start and continuous use of tin-bronzes in the Carchemish 

region but is also evident in some later tin-bronzes from Tell Chuera. However, the 
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analytical evidence from T.302 at Jerablus Tahtani contradicts this statement [Philip 

2015: Tab. 7.3.], and the more frequently encountered impurities in tin-bronzes from 

the Ashmolean Collection could also relate to particular kinds of burials these artefacts 

derived from. The particular find circumstances of this collection, however, do not 

permit any further conclusions on this issue.  

The latest evidence for tin-bronzes comes from Tell Brak, where the artefacts 

date to the late 3rd millennium BC layers in Area SS (EJZ 4a). Outstanding is the paucity 

of evidence for tin-bronzes at Tell Brak. This lack of tin-bronzes stands in strong 

contrast to the size, the continuity during the entire 3rd millennium BC, and the likely 

importance of the site. Tell Brak had, for example, already a size of c 30 - 40 ha during 

its early 3rd millennium BC settlement in EJZ 0. Also, the site is well known from 

cuneiform texts from Ebla, providing evidence for an association between the two 

cities. However, Tell Brak is not only unusual in its metallurgy, but also in city design 

in comparison to other sites. The two major monumental features at Tell Brak are 

areas FS and SS, which both were ritually filled with closure deposits, including (ritual) 

metal hoards [McDonald et al. 2001]. Among these are a large number of silver 

artefacts and Tell Brak is especially famous for its quantities of silver (and to some 

extent gold) finds. The evidence for above-average frequency of finds made from silver 

at Tell Brak indicates good access to silver sources and also a special interest in this 

precious metal. The third monumental building at Tell Brak is the so-called Naram-Sin-

Palace. However, this building has been recently discussed as ‘fortified storage’ rather 

than a palace [Quenet 2011: 31], and archaeological evidence for a ruling elite settled 

at Tell Brak has still to be found.  

Nevertheless, Tell Brak seems to have been an important spiritual place, and 

precious metals (silver) may have played a major part in some of the associated rituals. 

The unusual paucity of evidence for tin-bronzes could be due to a less developed 

interest in copper-base metallurgy. Accordingly, this metallurgy may have played no 

part in the symbolic meaning of metals for the inhabitants and the elite at Tell Brak. 

Also, the geographical location of Tell Brak, east of all previously discussed sites, 

could be the reason for a less well-developed copper-base metallurgy, and a stronger 

commitment to silver metallurgy. If the early appearance of tin-bronzes in the 

Euphrates Valley was based on a strategic advantageous position in the west of Upper 

Mesopotamia, Tell Brak was certainly located the furthest away. Unfortunately, we have 

no metal analyses from urban centres further east, such as Tell Leilan, to support the 

case for Tell Brak’s geographical location being the reason for the low frequency of 

appearance of tin-bronzes.  
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7.3.9. The Importance of Pins 

The chronology of tin-bronzes in the Jezirah shows that the start of the 

importance for this particular metal has to be placed in the mid 3rd millennium BC (EJZ 

3), contemporary with a time where it appears that most cities are at the peak of their 

power. Tell Mozan and Tell Leilan, for example, reach their largest extension of 125 ha 

and 90 ha, respectively [Lebeau 2011b: 371-372]. New monumental (sacral) buildings 

are established at Tell Chuera and the now frequent appearance of anthropomorphic 

terracotta figurines and clay vehicles may suggest the growing importance of the 

temple and the regulation and standardisation of spiritual believe systems 

[Hempelmann 2013; Meyer 2014]. A trend towards standardisation is also evident in 

the standardised way of production of anthropomorphic terracotta figurines from a 

wide range of site within Upper Mesopotamia, and in pottery production [Hempelmann 

2013: 276; Lebeau 2011b: 371]. Production, trade and exchange are now documented 

and archived as evident from Tell Beydar (EJZ 3a and later) [Sallaberger 2011: 327]. 

The texts inform on the distribution of goods in the form of rations and livestock, and 

the organisation of craftsmen and agricultural workers at the site and on dependent 

smaller settlements and, thereby, reveal an increased power of a centralised 

organisation and control of ruling elites [Lebeau 2011b: 370; Sallaberger 2011: 327]. 

The intensification of (controlled) production may also be indicated by extensive 

building activities in the lower town of Tell Chuera, which is largely associated with 

working districts (areas W1 - W7) [Helms and Tamm 2014; Meyer 2013].  

It is in this socio-political environment that tin-bronzes become regularly visible 

in the archaeological record. The co-appearance of an increase in centralisation and 

control by elites, and a ‘new’ metal of high value are unlikely to be accidental. Tin-

bronze artefacts were almost certainly more ‘expensive’ than the standard copper-base 

artefacts, due to the addition of less accessible and therefore valuable tin. 

Furthermore, it is speculated that these items must have provided a significant 

improvement for consumers to justify the perceived greater value and subsequent 

cost. A significant and outstanding colour that clearly implied such ‘higher investment’ 

may have been a valid improvement for customers. Clearly, the exchange of currency 

for goods and services in the 3rd millennium BC Jezirah is incompatible with 

contemporary transaction systems, so terms like ‘expensive’ and ‘value’ may not 

reflect the psychological mind-set of ancient citizens of the time (for an extend 

discussion see, for example, Lamberg-Karlosvky 2009). 

Also, we neither know which kind of employment relation or labour condition 

applied for 3rd millennium BC metalworkers, nor in which way metalworkers were 

remunerated for their work. Metalworkers, for example, may not have worked 

independently, but may have been employed by specific groups in tell societies 
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(temple, palace, elite households), as it was the case for Southern Mesopotamian early 

urban centres, the late 3rd millennium BC palace at Ebla or as suggested for large 

structure households during the second half of the 3rd millennium BC in the Euphrates 

Valley [Archi 1993; Cooper 2006: 63, 174-175; Cooper 2010: 184; Zettler 1990; 

Zettler 1992]. However, both kinds of metalworkers (independent and employed) may 

have been working on 3rd millennium BC Upper Mesopotamian sites. Tin may have 

been purchased by consumers themselves and the desired artefacts may then have 

been produced by the metalworker, to specification. However, in either case, tin had to 

be purchased and its high value, due to limited resources (and possibly also due to its 

new appearance) is undoubted [e.g., Cooper 2006: 167; Montero Fenollós 1999: 456; 

Stech and Pigott 1986].  

The association of tin-bronze with wealth and status is also supported by the 

appearance of tin-bronzes in (primarily) official buildings, at especially Tell Chuera, but 

also at Tell Mozan and Tell Beydar, and in richly equipped burials at Tell Bderi, Tell 

Beydar and Tell Chuera. The existence of a medium tin-bronze nail from the Temple 

Area B at Tell Mozan (MZ-5-B5q156m) is noteworthy. The use of valuable tin-bronze for 

a nail is astonishing from our current perspective of a ‘functional’ nail in association 

with the high value of tin. However, nails excavated at Temple S at Tell Chuera were 

frequently produced from silver, another precious metals in the Jezirah. The same is 

true for a nail from the palace area at Tell Mozan, which was similarly produced from 

silver. These examples emphasise the use of precious materials in relation to ‘official 

buildings’ and highlight their association with wealth and status in the public display.  

Indirect evidence that early tin-bronzes were part of a symbolic value system 

comes from the abundance of contemporary stone tools, which were in use during the 

entire 3rd millennium BC. The frequent and on-going presence of these stone 

implements indicates the apparent lack of a demand for tin-bronze for functional tools 

with improved mechanical properties [Roberts et al. 2009: 1012]. Helms (2014: 65) 

argued that the production of cutting tools (flake production) at Tell Chuera was part 

of common knowledge of possibly most individual households at the site. Also, tools 

are still regularly produced from (the more common) arsenical(-antimonial) copper 

during the entire 3rd millennium BC and both, stone and arsenical(-antimonial) copper 

tools, seem to have been utilized. It is argued that metalworkers may well have been 

aware of mechanical improvements that tin offered to copper, due to experience in 

working with metal on a daily base. However, the important question is not whether 

the metalworkers were aware of the possible applications of tin to copper, but whether 

such applications and improvements met the interest of consumers [Burmeister and 

Scheeßel 2013; Lamberg-Karlosvky 2009; Sherratt and Sherratt 1991]. The lack of 

evidence for the deliberate application of tin-bronze in relation to mechanical 

improvement is less due to the abilities of metalworkers, but presumably depended on 



 300 

the interest of consumers. Mechanical improvement seemed not to have been a 

primary interest of early tin-bronze consumers, but it is the formation of a new socio-

political environment that gave reason to adapt a new medium to display wealth, 

status and claims for authority.  

The dominant appearance of especially medium tin-bronze decorative artefacts 

in 3rd millennium BC archaeological records of the Jezirah indicates that this kind of 

metal was a preferred and deliberately produced alloy for personal ornaments. The 

high number of pins among the medium tin-bronzes demonstrates a preference for 

this material, presumably due more to its outstanding colour than to the improvement 

of mechanical properties. In this, tin-bronzes may have replaced high arsenic copper, 

which is only rarely encountered in 3rd millennium BC records, but was frequently in 

use during earlier millennia. Furthermore, it is suggested that the attraction to the 

change in colour that accompanied the advent of medium tin-bronze use was not only 

a matter of ‘new taste’, but also most likely became an important communication tool 

for wealth, status, authority and power.  

Here, the frequent appearance of pins among decorative medium tin-bronzes 

especially within non-burial contexts is an important observation. Pins were both 

decorative and functional artefacts at the same time, as they were used to secure the 

garment not only of the deceased but also of the living. This specialised yet ‘everyday’ 

use, especially as it occurred prominently and on the front of the body, positioned pins 

in a visibly predominant place. Furthermore, many pins were of extraordinary size, 

often with a length of more than 20 cm. The latter gave these artefacts an even more 

dominating appearance associated with their size. Consequently, the effect of the 

golden (or tarnished) colouration of medium tin-bronzes (in contrast to the more dull 

copper-red coloured pins) must have conferred a distinguishing feature to apparel. 

Also, in contrast to implements, pins were in use on a daily basis by both genders. 

Therefore, they provided, similar to other decorative items, a constant possibility to be 

shown and recognised in public. Despite the frequent appearance of tin-bronze in 

association with temple and palace buildings, it is proposed that tin-bronze pins gave 

members of an elite class (rather than a single elite household) the ability to 

communicate their status in public. This may have included members of the palaces 

and temples, but also associated families or kinship members and administrative staff 

working within the system, on which the success and power of the city-states rested.  

A dense system of hollow-ways connected cities with smaller and dependent 

settlements, and is indicative of the expanding demand for influence, control and 

power. The same hollow-ways also connected the sites with each other and supported 

an exchange system of goods and gifts [Ur 2003: 112; Wilkinson 2001]. These trade 

routes were possibly also the major distribution axes in the exchange of knowledge, 
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but most likely also the ‘daily gossip’. Hence, it is not surprising that tin-bronzes 

appear increasingly contemporary at Jeziran sites and the knowledge about tin-bronze 

production may have spread easily along these roads. In addition, tell settlements are 

widely understood as a competitive settlement system [Wilkinson 2003; Wilkinson 

2010]. One can vividly imagine how the word about the newly coloured pins worn in 

public spread among the elite households at the different sites. Here, tin-bronze pins 

provided the ideal communicator of status and wealth in the public sphere and in the 

competing environment of tell societies. The relation between pins and the display of 

power and wealth is not new and reflected by (not necessarily contemporary) 

depictions. The most prominent example is possibly the depiction of a female with a 

garment pin and a cylinder seal, a symbol of (administrative) power from Mari. 

At the same time, an increase in pins in burials is evident in the Jezirah during 

EJZ 2 and EJZ 3. In contrast to the Euphrates Valley, and especially the Carchemish 

region, where pins regularly appear within graves, burials in the Jezirah exhibit a 

limited amount of pins and often only in association with other kinds of personal 

ornaments (e.g., bracelets, rings, spirals). The use of pins in burials seem to be rather 

dominated by dress and costume codes than by particular aspect of believes about the 

afterlife. The latter two aspects possibly overlapped and are not strictly diverging 

aspects within mortuary practices. Also, pins were never associated with infants in 

Jeziran intra-mural burials, which is a custom evident during (at least) the second half 

of the 3rd millennium BC in the Euphrates Valley [Eremin et al. 2015: 181-182; 

Valentini 2011]. If pins are experienced as an active part in the display of a competitive 

system of wealth and status, it seems feasible that new-borns and infants are not yet 

included in this socio-political arrangement. If we accept that tin-bronze artefacts were 

an important part in the display of wealth, status and authority within and across the 

tell communities, high standard jewellery and tin-bronze pins in burial contexts may 

have been used a final time in the (public) display of wealth and power of the deceased 

and consequently also the living family members during mortuary rituals as a part of 

funeral banquets.  

 

7.3.10. On Princesses and Warriors 

Richly equipped elite burials are known from the Jezirah and also the Euphrates 

Valley, and are often labelled as ‘Princess’ or ‘Warrior’ tombs in association with 

osteologically determined gender and/or specific burial gifts. The earliest of these 

known elite tombs during the 3rd millennium BC date to EJZ 1/2 and comprise the 

richly equipped ‘Princess’ Tomb at Qara Quzaq and the ‘Princess’ Tomb at 

Kashkashouk III. Slightly later in date is Burial VI at Tell Bderi dating to EJZ 2. All burials 

exhibit a large number of pins, and in the case of Qara Quzaq and Kashkashouk III 
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additional metal artefacts are weapons. Most pins deposited at Qara Quzaq and Tell 

Bderi are made from tin-bronze, while the spearheads from Qara Quzaq are made from 

pure copper [Montero Fenollós 1999: Tab. 2]; no compositional data are available for 

metal artefacts from the burial at Kashkashouk. 

The early burial from Qara Quzaq can be addressed in connection with 

monumental burial structures, which increasingly appear within the Euphrates Valley 

during the second half of the 3rd millennium BC [Peltenburg 2015: 241]. The most 

prominent of these kinds of monuments are possibly the burial mound west of Tell 

Banat, the Hypogeum at Tell Ahmar or the elite burials from Um-Al Marra [Akkermans 

and Schwartz 2003: 249; Porter 2002; Schwartz 2012]. A common feature among the 

latter are their strategic position and their dominant visibility in the landscape 

[Akkermans and Schwartz 2003: 269; Peltenburg 2015: 241; Porter 2002]. The early 

tombs, such as Qara Quzaq, are seen as predecessors of an intensifying ‘tradition’ that 

emphasises social differences and separates the newly forming elite households from 

the general public [Peltenburg 2015: 241]. Stork (2014) associates the abundance of 

pins (n=25) in the ‘Princess’ Tomb at Qara Quzaq with the display of wealth that is 

based on textile and metal production in the wider region. The early date of the tomb 

and the parallel evidence of a large number of pins within burials in the Carchemish 

region validates her argument, but the burial has also to be chronologically linked to 

the early ‘Princess' Burial at Kashkashouk III (EJZ 1/2) and the slightly later dating 

Burial VI (EJZ 2) at Tell Bderi. The latter are both positioned near the middle Khabur 

Valley in the Jezirah with Kashkashouk in the north within the Hasakah Dam area and 

Tell Bderi in the vicinity of Tell Raqa’i further south on the eastern riverbank of the 

Middle Khabur. All burials yielded an unusual high amount of pins, and while no 

analytical data are available from the Kashkashouk III tomb, Burial VI at Tell Bderi 

exhibits compositional similarities in its inventory to Qara Quzaq with a great amount 

of tin-bronze pins and a single high arsenic copper pin. This is not to say that the 

burials at Qara Quzaq and Tell Bderi are based on the same belief systems and 

mortuary practices that lead to the establishment of both tombs. Quite the contrary 

may be true, and the burial at Qara Quzaq fits well into the monumental character of 

graves from the Euphrates Valley, and Stork’s (2014) hypothesis on a direct connection 

between textiles and pins.  

There is no specific information published on the burial from Tell Bderi, but its 

intra-mural position and rich grave goods connect it to rich burials in the Jezirah where 

early ‘elites’ may have displayed their wealth in a final burial act. In the same context, 

Burial VI at Tell Bderi also clearly emphasises the high status of the deceased in both 

quantity and quality of deposited metal artefacts. The site was (re-)founded (into LC 

layers) during EJZ 1 and fortified during the following period EJZ 2 [Pfälzner 1990: 66-

67; Quenet 2011: 37]. The contemporary appearance of Burial VI may indicate the 



 

 303 

expanding influence of individual families/households based on surplus production, as 

it was discussed for Tell Kharab Sayyar [Hempelmann 2013]. Alternatively, the burial 

may have been established by outsiders that symbolically claimed the territory and its 

agricultural land. In contrast to the tomb at Qara Quzaq, Burial VI does not provide a 

public statement by visibility and is possibly more closely related to a statement on the 

site itself and its inhabitants. However, both burials use high value tin-bronze (and 

high arsenic copper in the case of Tell Bderi) as communicators for early social and 

possibly also economical stratification within the settlement (Tell Bderi) or the wider 

(tribal) community (Qara Quzaq). In this context, it is the use of ornamental tin-

bronzes as ‘public’ statement and indirect claim for authority that unifies these two 

burials, even if the individual trajectories in their establishment differed greatly. In 

neither of the tombs can the deposition of a large number of pins be related to their 

purely functional (shroud) or decorative (jewellery) character. Both burials clearly 

exhibit power and wealth by the display of i) access to high value, rare (and possibly at 

that time) very uncommon metal in ii) excessive and ‘wasteful’ quantities.  

While gender specific aspects may have contributed to the deposition of a high 

number of pins within these burials (and osteology has identified one of the deceased 

at Qara Quzaq as female), the spearheads within the latter burial exhibit again a direct 

relation between metal composition, artefact kind and mortuary practices. The 

elemental pureness of the spearheads from Qara Quzaq is as significant as the 

evidence for the large number of tin-bronze pins and associates these implements with 

their symbolic value rather than their functional attributes as (personal) weapons. 

Since sulphur have not been measured (due to the chosen analytical method ICP-OES), 

it is difficult to determine whether the spearheads were produced from a deliberately 

purified (refined) copper or from a naturally pure copper. However, in both cases the 

choice of metal is a deliberate decision for a specific and particular kind of metal that 

can be distinguished from the more common arsenical(-antimonial) copper. It is 

noteworthy that pure copper has a dark and rich red colour and while it is only 

moderately distinguishable form the slightly lighter red coloured impure or arsenical(-

antimonial) copper, it strongly contrasts in its dark and rich colour with (golden or 

tarnished) medium tin-bronze. It has been argued earlier that a high quantity of tin-

bronzes from the Jezirah were produced from a specific and deliberately chosen pure 

copper. At Qara Quzaq, the level of purity within the pure copper spearheads and the 

tin-bronze pins is nearly identical, which is indicative of the use of a similar and on 

purpose selected pure copper. In addition, chronologically later texts from Ebla list the 

production of tin-bronzes with a specific kind of copper (a-gar-gar), which is 

suggested to refer to refined copper and which is discussed in detail in Chapter 7.4. 

[Waetzoldt and Bachmann 1984]. However, the pure character of both metals link the 

two compositional and artefact groups with a deliberate choice for high value metals 
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as media that combined shape with colour and indirectly communicated wealth, status 

and power.  

At Tell Bderi a simple spherical head pin (produced from high arsenic copper) 

was corroded onto and excavated together with a more unusual tin-bronze pin with a 

double-spiral head. Only a small number of this specific pin type are known from the 

wider region, such as from Tell Brak, the Birecik Dam Cemetery or Shiyuh Tahatani 

[Mallowan 1947: 172; Squadrone 2007: Fig. 13.3 #3; Squadrone 2015: Pl. 3 #15] but 

also from Troy, the Levant (Nahal Qana) and the Caucasus [Avilova 2008: Fig. 4 #61; 

Mallowan 1947] and as a slightly varying type from Jerablus Tahtani, Tepe Hissar or 

Arslantepe [Avilova 2008: Fig. 6 #1, #9 and #52; Philip 2015: 134]. At Tell Bderi, 

several of the associated almost pure or impure copper pins are of extraordinary size; 

tin-bronze pins often display more common types with spherical or nail shaped heads. 

The combination of common pins produced from exotic metal in addition to visually 

exotic pins together with the extraordinary quantity of pins within Burial VI exhibit 

wealth and connectivity with the wider region, and thereby displays influence and 

power. In the context of these early elite burials, it is significant that particular kinds 

of metal artefacts only in combination with specific kinds of metal compositions were 

employed to carry and display information on status and the establishment of a 

socially increasingly stratified society. Despite the general differences of the two burial 

kinds, it is the use of the same medium that provides an immediate connection 

between sensory aspects (composition, colour and artefact kinds) and the 

communication of status and power that links the early ‘Princess’ Tombs during the 

start of the 3rd millennium BC.  

The second kind of burial appears slightly later in the Jezirah and is often 

labelled as ‘Warrior’ Tomb. These include the ‘Tomb of the Headless Warriors’ at 

Kashkashouk III dating to (EJZ 2/3), the EJZ 3a burials at Barri (1515 and1307, the 

latter is associated with the female Burial 1302), Tomb 98B:86 at Tell Chuera (EJZ 3a -

4a) and the contemporary Burial 58550 at Tell Beydar [Bretschneider and Cunningham 

2007; Krasnik and Meyer 2001; Valentini 2011: 276]. All burials contain weapons 

evidencing an increase of implements with elite burials accompanied by a 

contemporary decrease in variations of types [Bianchi and Franke 2011: 221, 224-225]. 

The latter are in most cases associated with ornamental items and/or ceramic vessels. 

Many of these burials are associated with elite members that positioned their 

(predecessors’) graves at socio-cultural strategic locations within the tell environment 

to emphasise their local authority [Valentini 2011: 271-272, 277]. In the Euphrates 

Valley monumental architecture and burial mounds are specific markers of the 

landscape and on tells during the second half of the 3rd millennium BC, and are part 

of what Peltenburg (2015: 236) calls the “regional context” of a “horizon of 

monumentality”. These are linked to a newly established elite that manifests their 
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power and claim on the territory by relating to tribal burial rites [Cooper 2012; 

Peltenburg 2007; Peltenburg 2015; Porter 2002]. Contemporary, an increase in 

weapons in burials from the Euphrates Valley is evident while personal ornaments still 

dominate the grave inventories [Philip 2007]. Decorative items are also still evident in 

Jeziran graves, but it is the more standardised repertoire and the decrease in the 

variations among types for both, ornamental artefacts and implements, that are 

evident in both regions, and that indirectly demonstrate shared elite ideologies and a 

strong connectivity of Upper Mesopotamia [Philip 2007: 194]. The increase of weapons 

implies a change not only in mortuary practices but also a shift towards a new medium 

in the communication of socio-political values and hierarchies.  

Analytical evidence of metal artefacts contextualised with these kinds of 'Warrior' 

Tombs is sparse, and it is only for Burial T.302 at Jerablus Tahtani and Burial 98B:86 at 

Tell Chuera from which qualitative analyses are available; no comparative quantitative 

data exists at this stage. Burial T.302 contained nearly equal amounts of tin-bronze 

ornaments (pins and rings) and tin-bronze weapons (spearheads and daggers) [Philip 

2015: Tab. 7.3.]. In addition, a single set of tin-bronze tweezers may be associated 

with personal ornaments that communicated elite codes that may have demanded 

'appropriate appearance' and the use of cosmetic implements [Philip 2007: 193]. The 

burial at Tell Chuera contained two spearheads, two daggers, one mace and a shaft 

hole axe in addition to two metal bowls and a face mask [Krasnik and Meyer 2001]. 

The qualitative surface analysis indicated that all metal artefacts were composed of tin-

bronze. However, the qualitative nature of both analytical sets limits the strength of 

the discussion. In addition, the grave inventory from Tell Chuera was treated during 

restoration, which may have affected some of the results. Tin was (more regularly) 

detected in the spearheads, the dagger, the mask and one of the two bowls, but the 

axe, the mace and the second bowl gave no indication for tin (or any further major 

metal impurities) within most measurements, but increased tin levels were only 

detected in areas where corrosion was not completely removed or had regrown. Hence, 

it was concluded that all artefacts are based on tin-bronze but variations in the results 

leave uncertainties. The inventory from T.302 at Jerablus Tahtani lists several weapons 

that may have been made from almost pure copper. However, impurities may not have 

been detected due to the analytical method and it cannot be stated whether burials 

still contained items that were deliberately produced from a purer copper as it was 

exhibited with the earlier burial at Qara Quzaq, and is theoretically possible in the light 

of the textual evidence from Ebla emphasising the use a-gar-gar for metal items within 

the sphere of the royal community [Archi 1993; Waetzoldt and Bachmann 1984] 

(compare Chapter 7.4.). Finally, we cannot distinguish between low tin-bronzes and 

medium (or high) tin-bronzes on the basis of qualitative surface analysis. This 

distinction is, however, crucial in the detection of tin-bronzes as a communicator of 
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values by its particular colour. General observations with qualitative surface analyses 

from the region have shown (when compared to quantitative results) that tin levels on 

average are rather higher than in the original metal [Franke 2014; Philip et al. 2003: 

75; Philip 2015: 137]. Both datasets indicate that at least several of the tin-containing 

artefacts were at least medium tin-bronzes, with measured (pXRF) tin levels of more 

than 16 % (Tell Chuera) during individual measurements and above 5 % (Jerablus 

Tahtani) in averaged data [Philip 2015: Tab. 7.3.]. Hence, it seems not unlikely that the 

majority of these tin-bronzes were produced from a medium quality alloy. The 

evidence for tin-bronze weapons in burial contexts indicates in both cases that the 

metal is now associated with a ‘new’ medium and used as communicator of new 

beliefs within the value systems. Again, both graves (including all other listed weapon 

containing burials) certainly express different socio-cultural backgrounds and their 

establishment is based on non-identical social-cultural concepts related to mortuary 

practices that connected the living and the dead. 

Tomb T.302 at Jerablus Tahtani is positioned on a prominent location next to a 

road system that gave access to the fort at the site and the ‘adjacent river traffic’ 

[Peltenburg 2015: 236, 238]. It contained at least 18 to 30 (due to varying result on 

dentition and osteology) adults and children and was used over several generations. It 

is associated with mortuary practices over a long time period and a large family 

representing a single lineage [Peltenburg 2015: 238]. On the basis of 

bioarchaeological evidence the deceased in Burial T.302 are suggested to be of high 

status but not local, and the tomb represents the claim for the authority over the 

territory of the lineage [Peltenburg 2015: 240]. This bioarchaeological result may be 

supported by textual evidence from Ebla which suggests that (earlier) Ebla kings were 

in a similar manner buried distant from the city to represent authority [Archi 2012: 

14]. Peltenburg (2015: 238-239, 244) argues that building features of T.302 lack 

attributes that would link this monument back to precursors and other monumental 

elite tombs further south in the Euphrates Valley. In its close relation to a building 

(fort) and its single large tomb chamber, it demonstrates mortuary habits that are 

distinguishable from monumental burials in the south which are set into the landscape 

but away from settlements and consist of clustered tombs [Peltenburg 2015: 244-245]. 

The tomb at Tell Chuera is located on the central axis within the ‘sacral district’ 

in close proximity to Steinbau II [Krasnik and Meyer 2001: 385]. The tomb contained a 

cremation burial and, in addition to a variety of weapons, a tin-bronzes face mask with 

eye inlays and beard fragments. The latter is argued to be part of a so-called 

Kompositstatue known from ritual contexts at Ebla, Nineveh but also Southern 

Mesopotamia [Krasnik and Meyer 2001: 387]. The excavators suggest that the burial 

represents members of the temple elite (i.e., priests) that were buried after the 

destruction of the temple itself and together with previous temple inventory. In 
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accordance to Krasnik’s and Meyer’s (2001) interpretation of the findings, and the 

abundance of tin-bronzes contextualised within the tomb, the burial demonstrates 

again a strong link between high value metals and the temple (but not the palace) at 

Tell Chuera. 

Despite the discussed differences in the transmission of socio-cultural values 

among the above discussed burials from the Jezirah and the Euphrates Valley, they are 

chronologically positioned at a time of major political changes and conflicts within 

Upper Mesopotamia during the second half of the 3rd millennium BC. The increased 

emphasis on tin-bronze implements during the later 3rd millennium BC evidences a 

shift in the use of tin-bronzes as socio-political communication medium. The 

economical and political sphere had changed and texts from Ebla and Mari document 

an increase in military conflicts among major tell communities. During the second half 

of the 3rd millennium BC several major powers shared control over Upper 

Mesopotamia, namely Ebla, Mari, Arbasal (possibly Tell Chuera) and Nagar (Tell Brak) 

[Astour 1985; Archi 1985, both cited by Bunnens 2007: 47]. Major conflicts existed 

between Ebla and Mari, but other sites were regularly involved (partly due to contracts 

with either of these two major powers) in the struggle over power in the region. Most 

sites in the Jezirah experience contemporary major architectonical changes, and 

fortification systems are renewed and enhanced [Lebeau 2011b: 373; Meyer 2014]. 

However, conflicts were not always resolved with military actions but also with 

marriage contracts, tribute payments and exchange of gifts between city-states to 

strengthen alliances and dependencies [Archi 2013: 81; Biga 2015: 182-183; Krasnik 

and Meyer 2001: 385]. Among these gifts were weapons (evidenced in texts from Ebla 

and Tell Beydar) of which some were also tributes placed in burials during mortuary 

rituals [Archi 1998, cited by Philip 2007: 194; Ristvet 2011]. Philip (2007: 194) argues 

that it was this kind of exchange that ‘helped to create a degree of shared symbolism 

and practices of elite representation in Syria’. In accordance with Ristvet (2011) the 

exchange of elite gifts was part of a greater strategy that included regular pilgrimage 

from, for example, Ebla to sanctuary sites in the wider region, strengthening the 

economic and political control by linking rituals with shared identity. This scenario was 

possibly also employed by other powerful centres on the basis of burial monuments at 

Gri Virike, Hazna or Banat [Ristvet 2011: 23-24]. Weapons are powerful mediators in 

the communication of power and strength. The exchange of such items between city-

state elites may have carried a dual subordinated message: the literal act of handing 

over weapons submits and legitimates the power of the receiver by simultaneously 

emphasising the power of the provider.  

Philip’s (2007) observation that during the second half of the 3rd millennium BC 

flat axes (both tool and weapon) are commonly replaced by shaft hole axes (which are 

primarily used as weapons) places these items into the context of an increased 
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‘militarisation’ of metal inventories and the symbolic value of artefacts [Philip 2007: 

192]. Furthermore, it is at this time when Ebla documents the production of 

extraordinary numbers of weapons and to a lesser degree implements and ornamental 

artefacts, all primarily made from medium to high tin-bronze [Archi 1993]. Archi 

(1993: 616) and Waetzoldt and Bachmann (1984: 3) agree that the high proportion of 

tin-bronzes listed within the Ebla texts is based on their origin from Palace G, and that 

it does not represent tin-bronzes produced for the wider population and in the city of 

Ebla. The high value of tin-bronzes and, more importantly, the symbolic value of the 

associated particular kinds of items, is also indicated by the listing of tin-bronze 

together with precious metals such as silver and gold. Waetzoldt and Bachmann (1984: 

3) suggested that the joint listing of silver, gold and tin-bronzes is related to the fact 

that these all were embraced as high status metals. Since analysed 3rd millennium BC 

metal artefacts from Ebla are sparse we can neither argue pro or contra this 

suggestion. However, the discussion about the symbolic and possibly also actual value 

of tin-bronzes and their special colour proposes that the primary reason for their 

listing along with precious metals is based on similar prestige values of all these 

metals and the finished artefacts made from them. The emphasis on not only the 

possession of high value metals but on the particular items produced from them, 

suggests a high importance of the final products themselves. Therefore, it is proposed 

that it is not only the tin-bronzes that were highly valued but it is their direct link to 

particular kinds of artefacts that displayed their symbolic importance. Whether these 

‘prestige’ tin-bronze weapons were actually used in military conflicts can only be 

speculated. However, the sheer amount of weapons listed within Ebla texts may hint at 

their additional practical application. The use of medium tin-bronzes in military 

conflicts would have certainly been an impressive spectacle in the display of 

supremacy.  

The significance of this discussion is rooted in the observation of a deliberate 

shift in the use of tin-bronzes from ornamental items to weapons during a time when 

elites were already established within their own socio-cultural (regional) sphere but 

now increasingly competed among each other over the wider landscape. In this, the 

change from pins to weapons indicates not only an indirect shift from peace to war, 

but implicates the communication of new values that transfer the emphasis from the 

display of status towards the demonstration of power. The use of high value metal 

pins, and the associated value of displaying status and wealth, may not have lost its 

significance within 3rd millennium BC Upper Mesopotamian societies. Pins are still an 

important part of mortuary rites and are documented from many burials in the wider 

region of Upper Mesopotamia [Philip 2007]. Texts from Ebla report that it was not only 

weapons that were exchanged, but high status metal jewellery was presented to 

queens and princesses for their weddings and funerals, and among which pins were a 
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commonly listed item [Archi 2002]. Similarly, pins were excavated within T.302, which 

were deposited within a jar possibly during mortuary rites at Jerablus Tahtani, and 

which may represent donations, similar to the above mentioned gifts [Eremin et al. 

2015: 181]. In both cases (pins and weapons) a particular metal is used to symbolically 

and also practically support the establishment of power, extend the sphere of 

influence and claim new territories. However, it is neither the tin bronze, the artefact 

or the final destination alone but only their combined application that carries the 

information on status (pins) or power (weapons). In this light, the ‘invention’ of tin-

bronze and its significance in Upper Mesopotamia can be set free from speculations 

about technological supremacies but has to be linked to the changing socio-political 

environment of the 3rd millennium BC, when sensory factors were employed by elites 

as a strategy to establish and maintain power, and which were at that stage of higher 

importance than technological improvements.  

 

7.3.11. The Deliberate Production of Low Tin-Bronzes 

More difficult to interpret is the deliberate production of low tin-bronze. Here 

though, it is helpful again to distinguish between implements and decorative items. In 

line with the results of the present study, it is proposed that most of the low tin-

bronzes were, similar to the medium tin-bronzes, produced in a planned and 

deliberate manner by the addition of tin to almost pure and impure copper. As much 

as decorative artefacts are the majority among the medium tin-bronzes they are 

represented with similar frequency among the implements in low tin-bronze. Hence, it 

is suggested that the addition of low tin amounts for metal used in the production of 

implements and decorative items had similar motivations for both kinds of artefacts.  

The fundamental consideration is that low tin content offers mechanical 

improvement but does not provide a significant change in colour. As previously 

suggested, mechanical improvements may have been experienced for low tin-bronze 

implements. However, to show the deliberate application of mechanical improvement 

(which had been of importance for not only the metalworker, but also the consumer 

(e.g., edge hardening), we would need to analyse a wider range of implements, which 

were not available for this research (compare e.g., Northover 1989). In the present 

study it is not possible to be definitive as to whether, and to what degree, improved 

mechanical properties were the motivations for the deliberate production of low tin-

bronzes. However, the production of spearheads at Qara Quzaq from nearly 

exclusively pure copper is suggestive that mechanical reasons were not of primary 

importance (for the consumer).  
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A second possibility is that the use of tin in metal artefacts might have had 

symbolic value in itself; that is, the addition of tin to copper may have contributed a 

symbolic character or quality, and the mere knowledge of its latent presence in a 

weapon or implement were of significance to the owner. Here, a text from Ebla may 

support this hypothesis. The text described the production of a ‘Martu dagger’ by 

melting 380 sekel copper with 3 sekel tin equivalent to about 0.8 % Sn within the final 

alloy [Müller-Karpe 1989: 183]. Neither mechanical nor sensory improvements are to 

be expected from the addition of such low amounts of tin. Therefore, this example 

may provide evidence that the mere addition of tin to copper may have provided a 

change in the significance or value of an artefact. Furthermore, this textual source 

indicates that low tin levels detected within copper-base metals are not necessarily the 

result of ‘random mixing’ or recycling but may have been a deliberate choice. The 

argument that the addition of tin adds to the (symbolic) value of an artefact is equally 

valid for both groups - decorative items as well as implements. It may also explain the 

contemporary appearance of deliberately alloyed tin-bronzes and copper artefacts with 

mixed arsenic and tin content.  

The symbolic nature of metals in artefacts in general has been previously 

suggested for burial finds from the Euphrates Valley [Cooper 2006; Philip 2007; Philip 

2015]. Moreover, archaeological finds in burials from the Euphrates Valley provided no 

evidence for metal items related to economic, pastoral or craft activities. This is taken 

as an indication of the symbolic nature of highly valued metal artefacts in contrast to 

their purely functional qualities [Cooper 2006: 166]. Similarly, jewellery and weapons 

were deposited in Jeziran burials. As discussed earlier several elite burials suggest a 

similar symbolic nature for such metal artefacts. Nevertheless, it seems difficult to 

argue that the mere symbolic character could be responsible for the production of low 

tin-bronze and the addition of valuable tin to copper without coincidentally gaining a 

functional benefit. Hence, it is tentatively suggested that tin-bronzes of any quality 

may not have primarily been produced for their technological advantages, but 

conceivably for experimentation and the serendipity and fascination with a new and 

evolving material. The production and utilisation of tin-bronzes most likely varied over 

the centuries. While their early use suggest that initially they had a symbolic character 

and were associated with wealth and status, their later appearance during the 2nd and 

1st millennia BC was increasingly influenced by mechanical and functional 

applications. Its adaption probably developed over the centuries in technological, 

ecological and social terms [Roberts et al. 2009]. 

 

 

 



 

 311 

7.4. On A-gar-gar and Urudu 

The archive from Ebla and texts from Southern Mesopotamia present a defined 

terminology of different kinds of metals and alloys [e.g., Archi 2013, Waetzoldt and 

Bachmann 1984]. The most puzzling appearance within these texts is the use of two 

different words for copper, namely a-gar-gar and urudu (in Eblaitic texts) and urudu-

luh-ha and urudu (in Sumerian texts from Southern Mesopotamia) [Archi 1993: 616; 

Waetzoldt and Bachmann 1984: 6, 8].  

A-gar-gar is listed together with tin (an-na) in the production of tin-bronzes 

(zabar), it appears exclusively in the production of gú-li-lum rings, in three cases it is 

listed in the production of urudu, and a single text reports the production of 10 šum 

blades from a-gar-gar [Waetzoldt and Bachmann 1984: 3-5; FN11]. Urudu is (similar to 

zabar) used in the production of different kinds of implements, but never replaces a-

gar-gar in the production of zabar; a single text, however, reports the transformation 

of zabar into urudu, and three entries reveal the transformation of a-gar-gar into 

urudu but never vice versa [Waetzoldt and Bachmann 1984: 2-4, FN10]. Noteworthy is 

the price difference between the two metals and a-gar-gar is nearly twice as expensive 

as urudu [Waetzoldt and Bachmann 1984: 5]. Due to the different applications of and 

the variations in final products produced from urudu and a-gar-gar, Waetzoldt and 

Bachmann (1984) concluded that both metals should be related to copper, but that 

they can impossibly describe the same material. The authors offered the idea that a-

gar-gar describes a ‘cleaner’ and possibly refined and ‘washed’ copper [Waetzoldt and 

Bachmann 1984].  

MTER analysis of tin-bronzes from the Jezirah indicated a relation between 

almost pure copper and impure copper in especially the range of the defined FOC, and 

it can be assumed that tin-bronzes were produced with copper that derived from the 

same sources as did almost pure copper and impure copper (Chapter 5.). To examine 

whether the copper used for tin-bronzes was deliberately refined, a difference between 

the compositional fingerprints of almost pure and impure copper, and the base copper 

in tin-bronzes should be apparent. Refining of copper is undertaken under oxidising 

conditions and causes the loss of iron, sulphur and also the loss of more volatile 

elements, such as, for example, arsenic and antimony (Merkel 1990). If copper was 

refined on purpose one could expect (i) a high degree of purity in combination with (ii) 

a correlation between specific impurities if still evident. In particular, we can expect to 

find low sulphur and iron levels in addition to low(er) amounts of arsenic and 

antimony. Additionally, a correlation between arsenic and sulphur, antimony and 

sulphur, and also iron and sulphur should be visible. If we expect the deliberate 

'purification' of the copper metal we can assume that a certain degree of purity is 

wanted. The oxidation of the metal should cause a continuous reduction of the listed 
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elements, and it is expected that low levels of one element correlate with low(er) levels 

of all other impurities. Also, copper with only trace to minor elements of arsenic and 

antimony displays a specific dark red colour indicating the degree of purification; 

variations in iron or sulphur content do not affect the colour. The prominence of these 

correlations, however, is complicated by the fact that almost pure and impure coppers 

in the Jezirah were obtained from different locations and, therefore, the original levels 

of impurities could vary potentially causing a diffused pattern in correlations.  

The previous results have displayed that the majority of tin-bronzes from the 

Jezirah contain only low levels of arsenic (As ≤ 0.5 wt%) and antimony (Sb ≤ 0.2 wt%). In 

addition, these tin-bronzes display on average low amounts of sulphur and iron which 

is especially true for those tin-bronzes with arsenic levels of As ≤ 0.5 wt%, and which 

are the majority within this group. Within the latter, iron levels do not exceed 0.5 wt% 

Fe and sulphur levels are never higher than 0.3 wt% S. The plotting of sulphur levels 

against arsenic, antimony and iron, and iron levels against arsenic content exhibits a 

moderate to good correlation between these elements in particular in tin-bronzes with 

arsenic levels of As ≤ 0.5 wt% (Fig. 7-3-1 - 7-3-4). Higher iron levels regularly co-occur 

with higher arsenic content, and some of the latter artefacts have previously been 

addressed as possible results of recycling and, therefore, do not contradict the results 

for a general demand for pureness in the production of tin-bronzes.  

 

 

Fig. 7.3.1: Arsenic against sulphur levels in tin-bronzes from the Jezirah show a good to 
moderate correlation with those artefacts with As ≤ 0.6 wt%. Corroded artefacts are excluded. 
EPMA and ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 
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Fig. 7.3.2: Antimony against sulphur levels in tin-bronzes from the Jezirah show a good 
correlation with those artefacts with Sb ≤ 0.2 wt%. Corroded artefacts are excluded. EPMA and 
ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 

 

 

Fig. 7-3-3: Iron against sulphur levels in tin-bronzes from the Jezirah show a good correlation 
with those artefacts with Fe ≤ 0.6 wt%, S ≤ 0.5 wt% and including artefacts with As ≥ 0.6 wt%. 
Corroded artefacts are excluded. EPMA and ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 
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Fig. 7-3-4: Arsenic against iron levels in tin-bronzes from the Jezirah show a very good 
correlation with those artefacts with low and medium arsenic levels. Corroded artefacts are 
excluded. EPMA and ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 

 

The results for arsenic, antimony, sulphur and iron levels within tin-bronzes 

contrast with the composition of almost pure copper and impure copper, and the latter 

two copper groups show noticeable higher iron and sulphur contents in addition to 

increased arsenic and antimony levels. A correlation between sulphur and arsenic, and 

sulphur and iron cannot be observed for these kinds of coppers (Fig. 7-3-5 - 7-3-6). 

The combined group of almost pure and impure copper is certainly much larger (n=69) 

than the group of tin-bronzes with detected sulphur levels (n=24). Also, we have 

discussed earlier that different sites received their copper from different locations 

possibly causing variations in correlations between arsenic, antimony, sulphur and 

iron. However, specimens within the much smaller group of tin-bronzes similarly 

represent artefacts from all examined Jeziran sites and, therefore, variations in 

correlations between arsenic, antimony, sulphur and iron could also be expected for 

tin-bronzes based on the use of different copper sources on individual sites in tin-

bronze production. Therefore, the similarities in levels of impurities and correlations 

are noteworthy and are surely not purely accidental (Fig. 7-3-7 and 7-3-8). The 

observed elemental correlations in combination with their regularly attested low levels 

of impurities within tin-bronzes could be taken as evidence for the deliberate refining 

of copper that was intended to be used in tin-bronze production. At Ebla, this copper 

was named a-gar-gar; it has to remain unresolved whether the same term was in use 

in the Jezirah. However, the analyses strongly suggest a shared value in the production 

of tin-bronzes from purified coppers.  
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Fig. 7-3-5: Iron against arsenic levels in almost pure and impure coppers from the Jezirah show 
no correlation between the two elements. Corroded artefacts are excluded. EPMA and ICP -OES 
(Tell Beydar, Tonussi et al. 2014) data. 
 
 

 

Fig. 7-3-6: Iron against sulphur levels in almost pure and impure coppers from the Jezirah show 
no distinct correlation between the two elements. Corroded artefacts are excluded. EPMA and 
ICP -OES (Tell Beydar, Tonussi et al. 2014) data. 
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Fig. 7-3-7: Iron against sulphur levels in tin-bronzes from the Jezirah by site exhibit no site-
specific trends in their levels of correlation. Corroded artefacts are excluded. EPMA and ICP -OES 
(Tell Beydar, Tonussi et al. 2014) data. 
 
 

 

Fig. 7-3-8: Arsenic against sulphur levels in tin-bronzes from the Jezirah by site exhibit no site-
specific trends in their levels of correlation. Corroded artefacts are excluded. EPMA and ICP -OES 
(Tell Beydar, Tonussi et al. 2014) data. 
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The results for tin-bronzes from the Carchemish area are more complex than the 

discussed tin-bronzes from the Jezirah, and the metals contain on average higher 

arsenic levels than the Jeziran tin-bronzes. However, antimony, iron and sulphur levels 

are similarly low evidencing a relatively pure copper in their production.  

Outstanding are the results for the early copper-base artefacts from Qara Quzaq 

(analysed by Montero Fenollos 1999), which show no impurities (neither arsenic nor 

antimony, and iron impurities only in a few cases; sulphur was not measured), and for 

the later-dating artefacts from Kara Keui, which probably date to the 2nd millennium 

BC and which exhibit noticeable lower impurities than the remaining tin-bronzes from 

the 3rd millennium BC (e.g., Hammam, Melaha, Serrin, Srisat and the later samples 

from Qara Quzaq). The majority of these remaining 3rd millennium BC tin-bronzes 

from Hammam, Melaha, Serrin, Srisat and Qara Quzaq-late are low tin-bronzes, but the 

listed tin-bronzes in the texts from Ebla are reported to have been produced from 

medium to high tin-bronzes with calculated tin levels between 10 and 17 % (including 

some exceptions with higher and lower amounts of tin) [Archie 1993]. The above 

discussion on the relevance of sensory factors (colour and artefact type) in the 

transmission of symbolic values could explain this discrepancy. Low tin-bronzes do not 

exhibit the significant change in colour seen in medium tin-bronzes. Hence, they may 

not have been associated with the term zabar and were not by necessity produced 

with a pure copper (a-gar-gar). However, most low and medium tin-bronzes from the 

Carchemish region also show moderate to good correlations for sulphur against 

arsenic, antimony and iron levels despite their variations in date and levels of 

impurities. Therefore, they may well also have been produced from a particularly 

chosen copper, but which may not have been deliberately purified (Fig. 7-3-9 - 7-3-11).  

Potential tin-bronzes from Tomb T.302 at Jerablus Tahtani, on the other hand, 

show on average low amounts of arsenic (As ≤ 0.5 %; a single exception gives As 0.8 

%), antimony (Sb ≤ 0.2 %) and iron (Fe ≤ 0.6 %; two cases give iron levels of Fe 0.7 and 

1%, respectively); sulphur levels were not reported [Philip 2015: Tab. 7.3.]. As stated 

previously these results have to be considered with care due to their qualitative nature, 

but the regular appearance of low impurities with these (possibly medium) tin-bronzes 

from the site could be understood as an indicator for the production of this metal with 

a purified copper metal.  
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Fig. 7-3-9: Arsenic against sulphur levels in tin-bronzes from the Carchemish region show a 
good correlation despite high levels of impurities. Chronologically later samples evidence lower 
impurities than samples from the second half of the 3rd millennium BC. Corroded artefacts are 
excluded. EPMA data [Northover and Prag 2015: Tab. 8.4.] and ICP -OES data [Montero Fenollós 
1999: Tab 2]. 

 

 

Fig. 7-3-10: Antimony against sulphur levels in tin-bronzes from the Carchemish region show a 
good correlation despite high levels of impurities. Chronologically later samples evidence lower 
impurities than samples from the second half of the 3rd millennium BC. Corroded artefacts are 
excluded. EPMA data [Northover and Prag 2015: Tab. 8.4.] and ICP -OES data [Montero Fenollós 
1999: Tab 2]. 
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Fig. 7-3-11: Sulphur against iron levels in tin-bronzes from the Carchemish region show a good 
correlation despite high levels of impurities. Chronologically later samples evidence lower 
impurities than samples from the second half of the 3rd millennium BC. Corroded artefacts are 
excluded. EPMA data [Northover and Prag 2015: Tab. 8.4.] and ICP -OES data [Montero Fenollós 
1999: Tab 2]. 

 

Palmieri and Hauptmann (2000: 1262) propose to link the term a-gar-gar to 

natural occurring purer coppers in the region of the archaeological Near East. The 

authors emphasised that tin-bronzes were not only produced with pure copper, but 

also with almost pure copper and impure copper and, therefore, excluded the 

association of a-gar-gar with refined copper [Palmieri and Hauptmann 2000: 1262-

1263]. Only four artefacts from 3rd millennium BC Ebla have been quantitatively 

analysed (ICP-OES), of which all contain tin [Palmieri and Hauptmann 2000: Tab. 1-2]. 

Three out of the four artefacts are medium tin-bronzes with low impurities, such as 

arsenic, antimony and iron. The levels of impurities are similarly low as detected in 

artefacts from the Jezirah, but differ from the finds from the Euphrates Valley in their 

consistent lack of antimony levels (compare Northover and Prag 2015: Tab. 8.4.). The 

reported results for 28 tin-bronzes from the 2nd millennium BC and artefacts from 

undated contexts similarly evidence low impurities in arsenic, iron and antimony for 

the majority of finds, and give a good correlation between arsenic and iron (Fig. 7-3-

12). Contemporary almost pure and impure copper artefacts from Ebla show on 

average lower iron impurities than the samples from the Jezirah and (to a lower 

degree) the Euphrates Valley, and could similarly represent the use of a refined copper. 

However, the lack of sulphur data and the chronological difference between the two 
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samples sets excludes a direct comparison. The single qualitatively analysed dagger 

from Ebla (TM.83.G.378) cannot be considered since neither arsenic nor sulphur levels 

were reported and the results for tin are insufficient, especially in relation to the 

published spectrum of the analysis [Felici and Venditelli 2013].  

 

 

Fig. 7-3-12: Arsenic against iron levels in tin-bronzes from Ebla show a good correlation for 
artefacts from the 2nd millennium BC and with As ≤ 0.6 wt%. The state of corrosion was not 
reported. ICP-OES data after Palmieri and Hauptmann 2000: Tab. 1-2. 

 

The process of refining itself is attested at least for TCH (ID) on the basis of the 

sequence presented in Chapter 4.4. on refining black copper at the site. However, the 

analysed bun ingot deposited in Temple S at Tell Chuera consists of pure copper and 

contains no detectable antimony, arsenic and iron, but about 1 wt% sulphur and, 

therefore, cannot be directly linked to tin-bronzes from the site, since none of the tin-

bronzes evidenced this level of purity. Noteworthy is an ingot (E50) from Ebla, which 

consists of nearly pure copper with 2900 ppm nickel and 100 ppm iron but is 

unfortunately of unknown date [Palmieri and Hauptmann 2000:1262, Tab. 2]. In the 

light of the evidence from Tell Chuera and its EBA refining activities, it is possible that 

ingots of this quality also existed during the EBA at Ebla representing the use of pure 

copper in the production of tin-bronzes. We can only speculate whether the copper was 

refined at the smelting sites or (maybe within a ritualised act) on the tells. If sites 

bought the refined copper from the smelters, the end consumers (in this case the city-

states) had less control over the state of purity of the metal. Limitations in the control 

over the final stage of purity may have been an additional factor in the appearance of 
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tin-bronzes with higher impurities. Begemann and Schmitt-Strecker (2009: 27-28) 

suggest that (at least for Southern Mesopotamia) a-gar-gar (or in this case urudu-luh-

ha) was a specific kind of copper imported from a particular region, a possibility that 

should certainly be considered within this discussion about the origin of a-gar-gar. 

However, Begemann and Schmitt-Strecker (2009) have evidence for long-distance trade 

in metals in their analytical dataset. Therefore, they associated the exclusive character 

of a-gar-gar or urudu-luh-ha with an exotic origin. Since LIA and MTER analyses 

suggest primary use of copper imported from Anatolia, considerations on long-

distance copper imports can tentatively be excluded from the discussion on the origin 

of a-gar-gar in Upper Mesopotamia. Any notion of luxury that may have been 

associated with tin-bronzes in Upper Mesopotamia was not based on far-traded copper 

but on a specific (pure) copper quality. 

The discussion on black copper from Tell Chuera gave evidence that refining was 

undertaken on site, but in regards to the major differences among Jeziran sites in 

metal trade connections and also metal production practices it seems likely that both 

circumstances (import of refined copper and refining copper on site) took place at the 

same time at different locations.  

In addition to the use of a-gar-gar in the production of tin-bronzes, the same 

metal is listed in the production of gú-li-lum (a term that is related to arm, foot and 

finger rings). It is noteworthy that gú-li-lum seems to be solely produced from a-gar-

gar copper in accordance to the texts from Ebla. Waetzoldt and Bachmann (1984: 4) 

argued that the use of this particular kind of copper may be rooted in its application 

because no extra hardness is needed for this kind of jewellery. Moreover, the 

malleability of purer copper is mentioned as cause for its use in especially ring shaped 

artefacts; rings and bracelets indeed often contain an open end documenting their 

need to be slightly bend to fit, and to be opened and closed. In addition, the authors 

assumed that those artefacts were plated with silver or gold. Metal artefacts from the 

Jezirah and the Euphrates Valley do not document that rings and bracelets were 

commonly produced from (almost) pure and impure coppers, but they are also 

represented in arsenical(-antimonial) copper and tin-bronze. However, the close 

relation between gú-li-lum artefacts and a-gar-gar metal may only reflect particular 

elite jewellery and, therefore, not be represented among the assemblages from the 

Jezirah, of which many finds derive from non-elite contexts. The same is true for ring 

shaped artefacts from the Euphrates Valley, and no preference in the use of (almost) 

pure copper for ring shaped artefacts is noticeable. Differences between the metal 

artefacts from this region to the texts from Ebla may be based on various reasons, 

including chronological differences or regional variations. Also, we cannot exclude that 

the descriptions on the gú-li-lum in Ebla texts refer to a specific clientele only present 
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in (relation to) the Ebla palace community. The latter may explain the lack of ring 

shaped artefacts produced from (almost) pure copper in the studied assemblages from 

the Euphrates Valley. 

The final evidence for the use of a-gar-gar is the production of 10 šum blades, 

which was seen as a ‘mistake’ by Waetzoldt and Bachmann (1984: FN11) and the 

authors stated that these blades had to be produced from urudu instead. This 

assumption was largely based on the general view that copper alloys were employed 

for their technological advantages at Ebla and, therefore, blades could not have been 

produced from a pure copper. However, implements produced from pure and almost 

pure copper are evident within the Jeziran and also the Euphrates Valley assemblages 

and are clearly in use during the entire 3rd millennium BC, and often show similarly 

low impurities as discussed above for the tin-bronzes. Noteworthy are the 10 

spearheads from Qara Quzaq (EJZ 1/2), which consist of absolutely pure copper, and 

their value seemed to have rather been associated with their specific site context than 

with their functional (technological) character. Additionally, a-gar-gar seemed to have 

had a higher price than urudu and may generally have been of higher value. 

Consequently, a-gar-gar could well have had a special position within the value system 

applied to metals. The listing of blades made from this specific kind of pure metal 

among tin-bronzes, gold and silver artefacts within the texts from Ebla may directly 

relate these items to metal artefacts understood as not only high value but also of high 

importance in the communication of wealth, status and power. It has been argued 

earlier that the same is also reflected by the much earlier spearheads from Qara 

Quzaq, which were associated with medium tin-bronzes. Hence, there is no reason why 

the 10 šum blades should not have been produced from a significantly purer copper, 

namely a-gar-gar, but we may suggest that the final destination of these blades had a 

specific purpose in the communication of symbolic values.  

The almost standardised low impurities of antimony, iron and sulphur in 

artefacts from the Jezirah, Jerablus Tahtani and Ebla reflect a mutual understanding in 

the production of tin-bronzes with an unusual and possibly special kind of pure 

copper. The importance of a-gar-gar is probably related to its supra-ordinated 

properties and its significance in the production of tin-bronze and particular kinds of 

artefacts, such as the gú-li-lum rings. Therefore, a-gar-gar may have been obtained or 

produced in different ways (and, thereby, resulting in different levels of impurities), 

but the material associated with the term a-gar-gar seemed to have been related to 

specific characteristics that only this kind of particular material offered. These 

characteristics are less likely to be based on technological attributes and there is no 

obvious (technological) reason to not produce tin-bronzes with, for example, 

arsenical(-antimonial) copper. Also, the addition of tin to copper with arsenic or 

antimony contents should not influence the final (golden) colour, which was identified 
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within this study as one of the major trajectories in the production of especially 

medium tin-bronzes [see Radivojević et al. 2018]. Therefore, the specific attributes of 

a-gar-gar have to be found among socio-cultural values in Upper Mesopotamia tell 

societies.  

We have already discussed the deliberate production of low tin-bronzes and the 

symbolic value that already low amounts of tin could have added to artefacts. If this is 

the case, it seems feasible that the copper used with this material of high symbolic 

value (tin) has to be of high value too, since it is the final artefact that carries and 

displays the value. A mixture of tin with average copper metal (such as urudu) could 

defuse the overall final symbolic merit of the desired artefact. However, this does not 

explain the ‘pure’ character of a-gar-gar, which is clearly demonstrated by the 

analytical results, that is if the pureness within tin-bronzes from the Jezirah is 

associated with the same term. The latter is most probable due to the evidenced 

regularity of this pureness, which is near to a standardised 'formula' within the 

analysed corpus.  

It is often suggested that the health damaging effect of arsenic content was 

known during prehistory, which is not unlikely, since constant exposure to higher 

levels of arsenic can cause limpness in extremities. Schoop (1995), for example, 

proposed that the association of metal production with disability is expressed in the 

limping Greek metal god Hephaistos. The awareness of a relation between limpness 

and a particular kind of copper could have been established during the 4th millennium 

BC when especially high arsenic copper was in demand. Since tin-bronzes and their 

production are associated with elites, status, wealth and power, it is possible that an 

association between physical deformation and product was unwanted. This may 

especially be true since the temple or the palace seem to have controlled the 

production of high value metal items evidenced by production debris associated with 

the Temples Area S at Tell Chuera and the listing of about 500 smiths working for the 

palace at Ebla [Waetzoldt and Bachmann 1984; Palmieri and Hauptmann 2000]. Philip’s 

(2007) observation that standardised metal grave goods may represent a code of 

(physical) representation among elites (discussed previously by means of evidence on 

tin-bronze tweezers from T.302 at Jerablus Tahtani) emphasises the importance of the 

state of appearance among elite members. In addition, the texts from Ebla imply that 

metal production was overseen by persons of high rank and it could be suggested that 

these overseers were ‘protected’ from an ‘infection’ metal production could cause. It is 

not proposed that this has anything to do with humanitarian aspects but rather that 

administrative staff may have symbolically represented higher ranking elite members. 

In addition, the use of a purer copper and the avoidance of physical disabilities could 

demonstrate the beginning of a ‘new era’ and, thereby, indirectly support the 



 324 

establishment of newly forming elites separating themselves from the ‘usual’ kind of 

the more commonly circulating arsenical(-antimonial) copper, that indirectly 

represented the greater population in Upper Mesopotamia. Unfortunately, we know 

nothing about the view on physical disabilities within 3rd millennium BC tell societies 

in Upper Mesopotamia and this scenario is primarily hypothetical at this stage. Future 

research in relation to ethnographic studies may shed light on this hypothesis.  

The interpretation of the term urudu by Waetzoldt and Bachmann (1984) 

similarly follows the general assumption that implements were mainly functional and, 

therefore, must have been produced from a technologically improved metal. The 

authors report 14 individual artefacts produced from urudu listed in the Ebla texts, of 

which all are the same kind of implements that are similarly produced from zabar 

[Waetzoldt and Bachmann 1984]. This lead the authors to the conclusion that the 

technological qualities both metals (zabar and urudu) offered must have been similar. 

In addition, the three entries on a-gar-gar transforming into urudu artefacts within the 

text corpus made the authors consider that urudu had to be of a technologically 

improved quality and was produced (similar to zabar) as a deliberate alloy. Since the 

second-most common metal of the 3rd millennium BC is arsenical(-antimonial) copper, 

the authors concluded that urudu must be associated with deliberately produced 

arsenic contents in copper. 

The strong emphasis on technological aspects by the authors is, however, 

misleading in the interpretation of the term urudu, and the analysis of the 3rd 

millennium BC metal corpus from Upper Mesopotamia indicates that different kinds of 

natural arsenical(-antimonial) compositions were commonly in use. The abundance of 

copper deposits rich in arsenic and antimony available in the near proximity of 

Anatolia supports the use of these natural ‘alloys’ and excludes the need for the 

deliberate production of such metals. Waetzoldt and Bachmann (1984: 14-15) 

considered the strong variations in arsenic content within prehistoric metals as an 

effect caused by the limited control during alloying with arsenides in contrast to 

alloying with tin metal. It cannot be excluded that arsenic content may have been 

added to copper to increase, for example, the fluidity of the metal, but there is little to 

no evidence at this stage for this hypothesis. An exception is high arsenic copper (with 

arsenic levels of As > 4 wt%), but which has to be discussed in the same context of tin-

bronzes and within a non-technological system of values. As previously argued, it is 

likely that high arsenic copper was deliberately produced, and employed within the 

context of elite burials and the display of status and wealth but rather during the 4th 

millennium BC and only in exceptional cases during the early 3rd millennium BC 

[Palmieri et al. 1993]. This kind of valued metal is extremely uncommon during the 

end of the 3rd millennium BC contemporary with the Ebla texts, and the analysed 

metal corpus from Ebla does not include a single case of high arsenic copper; a single 
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sample exists among the artefacts from the Ashmolean Collection, derived from Qara 

Quzaq (ASH187/1913.30). The decline of high arsenic copper, on the other hand, may 

explain the lack for a term representing arsenic (or arsenides) within textual corpora 

from the 3rd and 2nd millennia BC since these were possibly not in use. Also, the 

referenced production of urudu from a-gar-gar does not list an additive that would 

cause the shift from one metal to the other. This stands in contrast to the listing of the 

deliberate alloy tin-bronze, which is always mentioned as produced from two different 

materials. Hence, it seems unlikely that Eblaitic texts refer with the term urudu to high 

arsenic copper even when the terminological environment of high value metals, such 

as tin-bronze, silver and gold hints at this kind of interpretation.  

Archaeological records of metal artefacts in Upper Mesopotamia, on the other 

hand, show the common use of different kinds of arsenical(-antimonial) copper in the 

production of implements (among other kinds of artefacts). Therefore, it seems much 

more likely that urudu describes copper metal with different levels of impurity and 

with varying arsenic and antimony levels. To overcome the alleged discrepancy in the 

argument that urudu represents common metals to the previously described low 

symbolic value of general arsenical(-antimonial) copper we have to consider the special 

context of the Eblaitic texts on metals.  

The texts report particular artefacts in association with metals of high value and 

staff of high status that were involved in the administrative system of the palace. They 

do not report production processes, traders or local sources and we have to conclude 

that these kinds of information were of no relevance within these records. The texts do 

provide information on access to long distance trade with Dilmun (possibly Bahrain) 

and mention the remarkable number of 500 smiths working for the palace. In addition, 

the archive dates to a time period when Ebla was deeply involved in diplomatic and 

military activities expanding its influence of power across the region. Therefore, it is 

proposed that the text corpus exceeds its pure administrative purpose but reflects an 

additional manifestation of wealth and power to a similar degree as the metal artefacts 

themselves do, and which was written down to be preserved (for eternity) within one of 

the most prestigious building on site, the palace. The relatively limited use of terms 

for different kinds of metals (especially in comparison to Southern Mesopotamian 

texts) is possibly related to the information that was considered as significant to be 

documented and preserved. Variety in metal seemed not to have been among the 

important issues.  

Miners and metalworkers were possibly able to distinguish between different 

levels of quality among arsenic containing coppers due to differences in ore colours, 

and variations in smell and melting properties. It is likely that this kind of information 

on the differences in copper qualities was transported by the trader to the 
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metalworker. The metalworker (undoubtedly also an expert) could then offer his/her 

customer their metal of choice. This scenario relates to the knowledge of specialists 

and practical issues but has no significance in the display of wealth, status and power. 

Silver, gold and tin-bronze all have particular colours; copper with arsenic and 

antimony is commonly red; refined copper ingots may have been distinguishable by a 

slag layer preserved on their surfaces as it was discussed with the (evidently much 

younger) Levantine ingots within the section on black copper. Also, very pure copper 

displays an exclusive dark red colour and, thereby, may have been distinguishable 

from other kinds of impure coppers. In relation to a system of qualities that 

differentiates on the basis of colour, everything that is not tin-bronze, silver or gold is 

red copper of a cheaper price and a lower (financial and symbolic) value. Scribes and 

administrative supervisors could have easily distinguished between the major (colour) 

categories during the recording of the different kinds of metals and no specialist 

would have been needed on site. That the trajectory of colour can override the 

importance of different compositions (especially by non-experts such as scribes and 

administrative staff) was also suggested by Thornton (2007: 131). The author argues 

that a distinction between (golden coloured) tin-bronze and other yellow-coloured 

alloys, such as brass, was neither possible nor of importance for prehistoric 

consumers. 

In addition, Palmieri and Hauptmann (2000: 1264) suggest that the term urudu 

may also include metals with a variation of impurities (especially arsenic and tin) that 

stem from recycling compositionally different scrap metals. The entry on an urudu 

artefact that was produced from zabar may evidence such a scenario [Waetzoldt and 

Bachmann 1984: FN11]. If zabar was melted with other coppers that diluted the 

amount of tin, the colour of the metal would have changed back from golden to red, 

indicating urudu. Recycling and mixing of different kinds of coppers is evident from 

different sites in Upper Mesopotamia, and irregularities in MTER plots indicated that 

metals with mixed arsenic and tin contents at nearly all sites and during the entire 3rd 

millennium BC derive from such activities [De Ryck et al. 2003]. The recording of 

recycling activities and the listing of artefacts produced from the more common metal 

urudu within the Ebla texts seems to contradict the idea that the Ebla texts on metals 

have to be related to a system of symbolic values in the manifestation of wealth and 

power. If we consider that the actual value of all artefacts recorded is not solely based 

on the employed kinds of metals, but also is only to be understood in terms of their 

combined attributes of specific colours (gold, silver, tin-bronze, dark-red pure copper), 

particular kinds of artefacts (weapons, jewellery) and their final destination (exchange 

gifts, burials), then the listing of urudu products and also recycled metals within the 

same text corpus is plausible.  
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The rich and defined terminology of artefacts that were produced at Ebla in 

accordance with its textual sources [Archi 1993] (in contrast to the limited terminology 

of metals), implies the significance of the definition of the end product itself. As stated 

above, production techniques, on the other hand, were never addressed and may have 

been of a different value. Whether production processes were documented and are just 

not discovered yet is speculative [Palmieri and Hauptmann 2000: 1260], but the 

documentation of such processes seem to have had less significance (if evident) than 

the documentation of specific artefacts and (in some cases) their final destination, 

which were both detailed documented to be stored in the palace. The actual symbolic 

value of tin-bronze may directly relate to a code of values represented by particular 

artefacts (as it was discussed for pins and weapons) which were then used to transfer 

these values to other elite members (in form of gifts) or maybe demonstrate them to 

the wider public (during mortuary practices). It is proposed that urudu items were not 

listed in regards to their metal properties (or in this case colour) but in respect to the 

specific kinds of artefacts produced from this metal and possibly also due to their 

indicated purpose, both of which made these particular urudu items communicators of 

the supra-ordinated information on wealth and power among the high status, high 

value metals.  

The final puzzle is described by the transformation of a-gar-gar into urudu and 

none of the presented models to explain either of the terms can satisfyingly resolve 

this riddle. In the frame of the proposed idea that urudu represents common red 

copper, it has to be assumed that (for a completely illogical reason) a-gar-gar 

transformed from its pure and dark-red state back into a lighter red impure copper. 

This is especially difficult to understand in the light of the essential price differences 

for the two kinds of coppers, since it indicates a financial loss. Listed artefacts, which 

were produced from a-gar-gar that transformed into urudu, include 11,200 

spearheads, 2000 daggers and a single šur (no translation provided) [Waetzoldt and 

Bachmann 1984: 2 and FN10]. Whether the reasons for a transformation of a-gar-gar 

into urudu is directly related to the products in the form of spearheads themselves 

(which are also regularly documented as produced from urudu only) or whether urudu 

may have been symbolically upgraded with a-gar-gar for this particular purpose has to 

stay a matter of speculation at this stage.  
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7.5. Tracing the Source - Uniformity versus Uniqueness  

The examination of copper-base artefacts from the Jezirah for minor and trace 

element ratios (MTER) of arsenic, antimony, nickel, lead and silver contents in 

combination with lead isotope analysis (LIA) exhibited trends in access to and the 

exploitation of different types of copper ores within Upper Mesopotamia. MTER 

analysis was undertaken on specimens from nearly all sites. Exceptions are the 

artefacts from Tell Raqa'i where only four samples contained antimony. Therefore, the 

number of samples for the different copper-base categories (almost pure copper, 

impure copper, arsenical(-antimonial) copper and tin-bronze) was very limited. None of 

the samples from Tell Kharab Sayyar (n=3) contained detectable antimony levels and 

the site was not included in MTER analysis. A large corpus of 35 corroded samples of 

the total from all sites (c. 14 %) was also excluded from this examination since data on 

minor and trace elements may have been altered by corrosion and, thereby, falsifying 

the results. LIA was undertaken on samples from Tell Chuera, Tell Mozan, Tell Bderi, 

Tell Kharab Sayyar and Tell Raqa’i; most samples consisted of almost pure and impure 

copper. No LIA from Tell Brak and Tell Beydar are available at this current stage of 

research.  

New insights into the exploitation of different kinds of copper ores (that 

indirectly circulated as finished artefacts on Jeziran sites) and site-specific trends in 

their use became apparent in the examination of almost pure and impure coppers. It is 

noteworthy that almost pure copper and impure copper could not have been 

distinguished by their MTER, and both kinds of coppers are based on similar ore 

sources forming a compositional continuum (Chapter 5). Pure copper could not have 

been explored by their MTER (due to the definition of this group as a copper without 

identified impurities), but the consistent appearance of minor sulphur levels of about 1 

wt% S may link this compositional group to sulphidic ore categories discussed below. 

Also, LIA gave similar ratio values for pure, almost pure and impure copper artefacts, 

thereby confirming the MTER analysis and indicating that all three compositional 

groups possibly stem from identical or metallogenetically related sources of similar 

geological age and formation. 

Both analytical techniques (MTER and LIA) indicated that most of the examined 

pure to impure copper artefacts from the Jezirah derive probably from Anatolian 

copper sources. MTER analysis suggested that the majority of artefacts are derived 

from fahlores (G2), of which the most commonly used source(s) showed low values in 

As/Sb, As/Ni, Pb/Ag and Ni/Ag (FOC; Fig. 5-3 and 5-7); samples from all examined 

sites are represented in this cluster. LIA similarly showed a close LIR cluster for a large 

number of samples from Tell Chuera (n=6), Tell Mozan (n=3), Tell Kharab Sayyar (n=2) 

and Tell Bderi (n=2) (Fig. 6-2), which may reflect the use of different but particular 
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fahlore sources, that are similarly represented by the FOC. It is noteworthy that those 

samples fall into an ‘analytical void’ of an almost complete lack of analytical data from 

known ore sources, but cluster between LIR from Esendemirtepe and Carmadi/Kestel 

(with high LIR), and Ergani Maden (with lower LIR) (Fig. 6-2). Therefore, the precise 

geographical origin of these copper ores cannot be identified, but comparable (though 

not identical) LIR are known from different copper and galena ores in Anatolia. It is 

noteworthy that artefacts from Tülintepe, Arslantepe, Hasseke Höyük and (with lesser 

consistency) Qara Quzaq, Tell Ajji and Gudeda also fall into the same LIR range, a 

phenomenon which is discussed in detail below [Chénier 2002; Hauptmann et al. 

2002; Schmitt-Strecker et al. 1992, cited by Chénier 2002: 162; Yalçin and Yalçin 

2008]. ` 

MTER suggested that ratio variations for specimens within the FOC, but also with 

samples outside this cluster (but which are similarly associated with fahlores), reflect 

different deposits as well as co-smelting, mixing and recycling of copper metal. In 

addition, arsenical-antimonial copper clustered closely with almost pure and impure 

fahlore copper in MTER analysis, and these copper groups can be understood as a 

compositional continuum (Fig. 5-25-1). However, arsenical-antimonial copper gave a 

wider range in MTER with in particular higher As/Ni values, which exceeded the low 

ratios within the FOC (Fig. 5-25-2). These samples may either reflect different deposits, 

or their more frequent remelting, or a combination of both. Frequent remelting could 

have caused a similar decrease of arsenic and antimony, which would have preserved 

the ratio between these two elements but would have caused higher ratios of arsenic 

against nickel due to the higher loss of arsenic than nickel. Consequently, this would 

have caused consistent As/Sb but a wider range of As/Ni values. Also, we have to 

consider that the data-set covers a time span of nearly 1000 years during which ore 

sources can be exhausted, different veins may show variations in minor and trace 

elements, and smelting techniques may have changed over time. All of these factors 

can potentially lead to variations in the chemical make-up of the produced copper 

metal. 

In addition to copper of the FOC, (almost pure and impure) raw copper with high 

arsenic content (G1) was employed during the 3rd millennium BC in the Jezirah. These 

samples do not cluster at specific MTER (Fig. 5-3), but LIA confirmed that arsenic-

containing copper also most likely derived from Anatolian sources. This kind of copper 

is evident from all sites and no site-specific trends were detected. The latter result may 

be influenced by the relatively small sample number since many samples had to be 

excluded from the statistical evaluation due to a lack of detectable antimony, nickel, 

silver or lead levels. Similarly, the arsenical copper did not exhibit a cluster or ratio 

correlation (Fig. 5-25-1) and it can be suggested that this kind of copper came from 

different kinds of deposits. The results are puzzling since they imply access to and the 
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exploitation of a wider range of arsenical copper sources (arsenical copper and G1) 

than arsenical-antimonial copper deposits (arsenical-antimonial copper and G2), a 

discrepancy that cannot be explained at this stage. 

The third kind of metal employed in the Jezirah may have been based on 

polymetallic ores. Among the almost pure and impure copper artefacts, several 

samples contained increased tin levels (G3). MTER analysis suggested that these 

samples are not related to a specific ore type or ore deposit, but rather derive from 

mixing tin-containing (scrap) metal into copper metal (Fig. 5-1 - 5-5). On the other 

hand, LIA of two such tin-containing samples (BD86-191 and MZ-A06q130) gave LIR 

close to polymetallic ore sources from Iran/Luristan. Direct trading connections with 

Iran are complicated by the Zagros Mountains and there are only limited possibilities 

to cross them east-west. Quenet (2008) argues that the two regions (Iran and Upper 

Mesopotamia) were indirectly linked by the Uruk expansion during the late 4th 

millennium BC. Direct contacts are reflected by ceramic and glyptic from the Tigridian 

site Tepe Gawra (XI-IX) that indicate contacts with the Urmia region in north-west Iran 

and also Tepe Ghabristan in northern Iran [Quenet 2008: 105]. In addition, Quenet 

(2008: 109, 111-112) emphasises the importance of the ‘Transtigridian Axis’ that 

played a major role in the connectivity of the wider region and which is particularly 

noticeable with the early so-called Piedmont style glyptic, known from southern Iran, 

the Diyala region and the Khabur Valley. Also, Iran and the eastern part of Upper 

Mesopotamia are often thought to be connected by an emphasis on geometric motifs 

within, for example, Jeziran glyptic until early EJZ 4, Nineveh 5 ceramics (Eastern 

Jezirah and Tigridian) and the Jemdet Nasr style [McCarthy 2011: 289, 296-300; 

Quenet 2008]. Hence, it seems possible that metal from Iran infrequently reached the 

Jezirah. A shaft-hole axe from Tomb 98B:86 at Tell Chuera may be an example of such 

east-west connections. The artefact exhibits a zoomorphic applique, which is typical 

for so-called Bactrian axes, which are also common in northern Iran [Krasnik and Meyer 

2001: Fig. 8e; compare also Bianchi and Franke 2011: Pl. 6/19; Wilkinson 2014: 174-

175]. The shape of the axe’s blade excludes a Bactrian and possibly also an Iranian 

origin, but suggests that the artefact is a local copy inspired by connections to the 

north and the east. The artefact dates to the late 3rd millennium BC and post-dates the 

tin-containing artefact BD86-191 from Tell Bderi (EJZ 3), while indirectly indicating far-

distant contacts. However, the results are inconclusive since LIR from Iranian 

polymetallic ores overlap with LIR from Oman and also Anatolia (Chapter 6). Only a 

larger sample size could verify whether polymetallic metals were imported from Iran 

into the Jezirah during the 3rd millennium BC. 

The best evidence for site-specific trends in copper trade derives from the results 

for specimens identified as fahlore coppers. MTER suggested the use of different (raw) 

copper in the Eastern Jezirah (Tell Beydar, Tell Brak, Tell Mozan), in comparison to the 
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Western Jezirah (Tell Chuera) and the Khabur Valley (Tell Bderi, Tell Raqa’i). Eastern 

Jeziran sites showed a generally wider range in ratios but most As/Sb values were on 

average higher than those detected in samples from the Western Jezirah and the 

Khabur Valley (Fig. 5-14). This result was also reflected by LIA on samples from Tell 

Mozan with both high and low lead isotope ratios (LIR), in contrast to specimens from 

Tell Chuera, Tell Kharab Sayyar, Tell Bderi and Tell Raqa’i, of which the majority 

showed significantly lower LIR (Fig. 6-2). A specific situation occurs at Tell Chuera. 

Analysed artefacts from the site also showed variations in MTER values, but these were 

(in contrast to the wide range of ratios exhibited by Eastern Jeziran samples) either low 

or high, and are indicative of trade connections to (at least) two major sources (Fig. 5-

12 and 5-14). Similarly, LIA from Tell Chuera exhibited two ratio trends, and while 

several samples cluster close to specimens from Tell Bderi, Tell Kharab Sayyar and Tell 

Mozan, other samples do not match any of the LIR from the remaining studied sites in 

the region. In addition, specimens from the Western Jezirah and the Khabur Valley 

form small ratio clusters for each individual site which often do not relate (via MTER 

nor LIA) to each other (Fig. 5-14 and 6-2). The latter results indicate that Western 

Jeziran sites, and sites in the Khabur Valley, shared access to the same sources but 

also had individual trading connections.  

Furthermore, the results are indicative of the continuity in trade relations for 3rd 

millennium BC communities with particular copper ore sources in Anatolia. Moreover, 

site-specific clusters highlight the independent connections 3rd millennium BC 

settlements in the Jezirah maintained. Here, the results for smaller cities (Tell Kharab 

Sayyar, Tell Bderi) and villages (Tell Raqa’i) are particularly significant, and their 

independency in access to copper metal seems not to have been related to their size 

or importance within the hierarchy of the Jeziran city-states. Two LIA from Tell Raqa’i, 

for example, cluster very closely together at a LIR that is not evidenced by any other 

sample. In addition, all smaller sites under study gave evidence for metal production 

and, thereby, indirectly exhibit the ability to independently produce their own metal 

artefacts. Tell Kharab Sayyar and Tell Bderi both provided evidence for tin-bronzes 

possibly pre-dating the samples from major cities within this study. In combination 

with the results for LIR and MTER it seems plausible that both sites developed good 

metal trading connections during the early phase of urbanisation, at a time when 

centralised control was not yet established, which would later become the foundation 

of the city-states. The socio-political environment of the early 3rd millennium BC may 

have been dominated by an egalitarian lineage system, with individual 

households/families only just starting to increase their power and influence at the 

sites based on an increase in surplus production [Hempelmann 2013]. If metal trading 

contacts had been established and strengthened before inter-site hierarchies were 

established, it seems likely that in particular small cities (but maybe also small 
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settlements such as Tell Raqa’i) were able to retain their earlier established trading 

connections and preserve a higher degree of independence in metal trading during a 

later stage in their history. In addition, the relative abundance of copper-base metal 

finds, of which many derived from debris and household layers, indicates that copper-

base metals (apart from tin-bronzes) may have been valuable (evident by, for example, 

their deposition in burials) and possibly also common items but not exceptional or 

exotic goods. This could explain why leading city-state elites had no particularly strong 

interest in controlling and dominating the metal trade of the more common kinds of 

arsenical(-antimonial) coppers within their city-states but outside their own 

settlements. The evident overlaps in ratios (LIR and also MTER) of samples from 

different sites, however, also suggest that copper metals were exchanged among the 

settlements, but the evident site-specific clusters do not indicate strict centralised 

control over the 3rd millennium BC metal trade by the major political and economic 

centres in the Jezirah.  

Several overlaps in LIR between samples from Tell Chuera and Tell Mozan are 

noteworthy. These sites are often compared to each other due to the common use of 

stone in monumental architecture and the presence of wide, open spaces in the 

settlements’ centres [Meyer 2011: 132]. However, the sites also bear evidence for 

major differences between them, most prominently demonstrated in the temple 

mound at Tell Mozan, which contrasts to the ‘via sacra’ crossing the tell at Chuera in 

addition to the dominance of temples in antes at the latter site [Pfälzner 2011: 183-

190]. Both cities may not have shared the same socio-cultural background or similar 

spiritual beliefs. However, the use of similar building materials and copper sources 

could hint at frequent connections (and potentially also exchange) between the two 

sites.  

On the other hand, the broad range of MTER values for specimens from Tell 

Beydar and Tell Mozan that do not cluster suggest a higher degree of recycling 

activities at these two sites. Since strong variations in LIR from Tell Mozan indicate a 

more regular change or contemporary use of different ore sources it could be 

suggested that more intensive recycling activities were based on less stable trade 

connections. In this the two Eastern Jeziran sites differ from sites in the Western 

Jezirah and the Khabur Valley. Unfortunately, we know little about the origin of the 

founders of these cities but it is assumed that Jeziran tell societies of the 3rd 

millennium BC are largely based on incoming tribes, not on indigenous peoples. It 

seems plausible that some of them brought strong ties to copper traders with them 

into the region. Alternatively, the earlier foundation of Tell Chuera in the Western 

Jezirah during EJZ 0 may have given the site an advantage in the establishment of 

relationships with copper traders in comparison to Tell Beydar and Tell Mozan, which 

were both founded about one hundred years later, during EJZ 1.  
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Additional evidence may derive from the long-term site of Tell Brak. MTER 

analysis indicated a tight cluster for most specimens from this site, indirectly 

demonstrating a consistent connection to a single trading source. The site’s 

foundation reaches back to the 5th millennium BC, and Tell Brak is known for its 

consistency in local culture along with southern influence during the Uruk period in 

the 4th millennium BC. The long-term existence of the site and the high degree in its 

independent stability is in accord with the seeming consistency in access to copper 

metal during the 3rd millennium BC that is demonstrated by the analytical data. 

Similarly, the site's metallurgical inventory exhibits a certain degree of conservatism, 

with a low range in copper compositions and a near complete lack of tin-bronzes. On 

the other hand, Tell Brak is well known for its high number of silver and gold finds 

[McDonald et al. 2001; Matthews 2004; pers. communication, Roger Matthews, 

05/2012]. While gold artefacts are nearly absent from most sites in the Jezirah, silver 

items are certainly present in the region. However, the high number of silver artefacts 

in addition to gold items excavated at Tell Brak is in stark contrast to other excavated 

sites in Upper Mesopotamia and highlights a site-specific preference in metal 

consumption. This particular kind of conservatism in metal consumption may be linked 

to the long duration of the site, which may have had no need to incorporate new 

trends (such as the use of tin-bronzes) as a major communicator of status and power. 

The exclusive evidence for precious metals from this site hints towards well-

established and possibly long-term metal trade connections that are also reflected in 

the compositionally low (MTER) variations among the copper artefacts.  

Evidence for the use of copper from different sources at individual sites is not 

necessarily indicative of major changes in trading partners. Yener (2000: 83-84) 

proposed that the Anatolian mining community was based on transhumance – pastoral 

tribes that combined herding and mining activities during the summer seasons. This 

system could have caused more frequent changes to the exploitation of ore sources, 

especially when smaller deposits were (near to) exhausted and miners were forced to 

explore new deposits during following seasons. Tribal agreements possibly regulated 

claims on and accessibility to land and copper deposits. The consistent lack of LIA data 

from ore deposits that match a close range of LIR measured on artefacts from Upper 

Mesopotamian sites in Syria and Anatolia may well reflect the use of smaller deposits 

that have been exhausted over time, and which are not available for sampling 

anymore. On the other hand, the close range of LIR data from the study sites exhibits a 

trend of trading connections to a specific (LIR) area that was ‘shared’ among sites 

within Upper Mesopotamia from Hasseke Höyük in the north-west to Tell Mozan in the 

east. Therefore, it seems plausible that individual Jeziran settlements had 

arrangements in place with regards to copper trade with particular tribes within the 

Anatolian mining community. The geographical origin of the copper may have 
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changed, but the trading partners might have stayed the same. Consequently, the 

variations in MTER and LIR previously discussed are indicative of the exploitation of 

copper ores that derived from different sources (veins), but they do not necessarily 

imply a change and inconsistency in trading connections. This is particularly true for 

sites such as Tell Chuera and Tell Bderi, which both show regularities and also 

variations; the general inconsistencies in the datasets of samples from Tell Beydar and 

Tell Mozan, however, may rather hint towards major shifts in the accessibility of 

copper.  

Nevertheless, small individual clusters for specimens from Tell Beydar and Tell 

Mozan are evident and indicate that both sites also had individual copper metal 

trading partners. Here, a group of artefacts with higher silver than lead levels is 

noteworthy. The MTER of most of these samples cluster closely to the FOC, which is 

indicative of their origin from copper sources containing also fahlores. Samples with 

higher silver than lead levels derive nearly exclusively from Eastern Jeziran sites (with a 

single exception from Tell Bderi) and imply access to a specific ore source by mainly 

Eastern Jeziran sites.  

LIA for the majority of black copper samples from Tell Chuera also clustered at a 

specific LIR and describe another ore source to which possibly only Tell Chuera had 

access. On the other hand, the LIR of a single black copper artefact (TCH-K14-2) are 

similar to LIR of two identical pins (BD89-387 and BD89-388) excavated with Burial VI, 

of which both contain relatively high iron levels of c. 1 wt% Fe. Here, the use of a 

similar source seems likely. However, a direct link supporting the evidence of 

exchange between the two sites cannot be established, since the finds from Tell Bderi 

date to EJZ 2 while the black copper from Tell Chuera derives from EJZ 3b/4 layers.  

Site-specific trends are also traceable in the use of either arsenical-antimonial or 

arsenical copper. At Tell Chuera, for example, arsenical-antimonial copper is dominant, 

but not all of these specimens fall within the MTER range of the FOC and it can be 

assumed that arsenical-antimonial copper was obtained from different (fahlore-

containing) sources. Tell Beydar and Tell Mozan provide evidence for both kinds of 

copper (arsenical-antimonial and arsenical copper), of which several samples fall within 

the range of the FOC and may describe a compositional continuum between the two. In 

contrast, the dominant copper at Tell Bderi is arsenical copper with low As/Sb but high 

As/Ni values, and which consequently must have derived from a different copper 

source than the almost pure and impure copper specimens from the site that cluster 

within the FOC. The differences between the sites are probably based on their degree 

of access to copper sources combined with the specific geographical location of each 

individual settlement, rather than particular preferences for specific kinds of copper. 

As argued earlier, the wide compositional range from almost pure to arsenical(-
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antimonial) copper may have been regarded as the same kind of metal by 3rd 

millennium BC consumers, since technological and sensual differences are minor. 

However, it is significant that the small site of Tell Bderi seemed to have experienced 

independent access to stable metal trade connections, that are reflected in at least two 

different kinds of MTER results for coppers with arsenic and antimony impurities, of 

which several are distinguishable from MTER values found in artefacts from the 

remaining sites. 

MTER analyses on artefacts from the Ashmolean Collection and from the early 

tomb at Qara Quzaq bear some difficulties in their direct comparison to the specimens 

from the Jezirah. The sample set is smaller in comparison to the number of samples 

analysed from the Jezirah, but it derives from more sites (n=8), of which several (n=3) 

probably date to the 2nd millennium BC. Also, compositional variations within the 

assemblage relate in many cases to site-specific trends. Samples from the early tomb 

at Qara Quzaq, for example, are nearly exclusively either made from pure copper or 

tin-bronzes, of which both often only contain traces of impurities, and had to be 

excluded from MTER analysis; most samples from Kara Keui are tin-bronzes, the 

majority of samples from Melaha consist of almost pure or impure copper, and 

samples from Serrin are nearly exclusively arsenical-antimonial copper. Therefore, this 

dataset also indicates that metal consumption (and consequently access to certain 

resources) was site-specific, but individual compositional groups are hardly 

comparable among the sites. However, several trends became evident, particularly in 

comparison to the sample set from the Jezirah. 

The major difference between the two sample sets is based on the regular 

evidence for nickel levels in all samples from the Euphrates Valley (excluding copper 

with nil impurities from Qara Quzaq) in contrast to the Jeziran samples. Comparing the 

EPMA results of samples from Tell Mozan as determined by different instruments – 

Oxford (Peter Northover) and UCL Institute of Archaeology – indicated that there were 

highly comparable results for nickel (Chapter 2.4.1., Fig. 2-7). Northover (2015) 

employed the same instrument in the analysis of samples from the Ashmolean 

Collection and, therefore, the apparent difference in nickel contents does not reflect 

different detection limits of the two instruments. Consequently, it has to be assumed 

that Jeziran sites more frequently accessed copper deposits with generally lower nickel 

levels in contrast to the sites in the Carchemish region. However, MTER analysis 

indicated that the majority of the samples from the Carchemish region (similar to the 

Jeziran samples) also clustered with low As/Sb and As/Ni values of on average not 

higher than 10. These comprise almost pure and impure coppers, tin-bronzes and tin-

containing arsenical(-antimonial) copper artefacts from nearly all sites. These 

specimens can possibly be related to fahlore-containing copper sources and may hint 

towards shared access to copper deposits within Anatolia by both regions. Exceptions 
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are samples from Srisat and Kara Hassan. Both sites show regularly higher As/Sb and 

As/Ni values within their artefacts and seemed to have been connected to different 

copper deposits. In addition, samples from late Qara Quzaq, Melaha and Serrin 

evidence higher silver than nickel levels which may reflect a particular ore region that 

Hammam, Sinsile and the chronologically later Kara Keui did not access. Samples from 

Serrin gave evidence for a very consistent use of copper with nearly constant As/Sb 

values of 1-3 (for 21 out of 35 samples) but with variable As/Ni values. These 

specimens comprise almost pure, impure and arsenical(-antimonial) coppers and 

represent a compositional continuum. Variations in As/Ni values are likely based on 

more frequent remelting (causing a higher loss in arsenic and antimony in comparison 

to nickel). The copper used in the production of these artefacts may well derive from 

the same source or closely located ore veins indicating a strong degree in continuity in 

metal trade at Serrin. Most sites in the Carchemish region under study seem to have 

traded with particular copper regions and suggest an even greater consistency than 

the samples from the Jezirah. Noteworthy are chronological variations, and only four 

out of 13 artefacts from Kara Keui dating to the 2nd millennium BC are represented in 

the cluster with low As/Sb and As/Ni values (FOC), but the majority showed high As/Sb 

values up to 85 (representing only antimony traces) or antimony was not detected. 

These latter samples from Kara Keui are certainly based on different copper deposits 

than the ores which are reflected by the FOC, and which were regularly employed by 

Jeziran sites and sites in the Carchemish region. Only one of the four pins from Kara 

Keui (which all cluster within the FOC range) was securely dated by typological 

comparison to (at the earliest) the late 3rd millennium BC [Northover and Prag 2015: 

162]. The remaining three pins are nail head and melon head pins and no date was 

suggested by Northover and Prag (2015: 159, 162 and Pl. 54-55). Therefore, it remains 

uncertain whether the compositional (MTER) differences exhibited for these four 

samples, and which contrast to the majority of the entire analysed collection, is based 

on their later date. The Kara Keui collection is suggested to be a ‘homogeneous group 

of the early 2nd millennium BC’ on the basis of a so-called duck-bill axe and several 

toggle pins with split perforation [Northover and Prag 2015: 150]. However, the nail 

head and melon head pins from the same site in addition to their MTER results could 

hint towards either an earlier deposition of these artefacts or the use of inherited pins 

at the burial site. While variations between the Jeziran and the Ashmolean sample sets, 

and particularly signatures such as higher silver than nickel levels (as in the 

Ashmolean sample set, Fig. 5-31) or higher silver than lead levels (as in the Jeziran 

samples), are possibly related to the general differences in the geographical positions 

of the two regions, the evidence from Kara Keui indicates a significant chronological 

shift towards new copper deposits during the 2nd millennium BC. Northover and Prag 

(2015: 162, 169-170 and Pl. VII/3) could also trace a chronological shift in source by 
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plotting antimony against nickel content of typologically dated pins and showed that 

the early pin types (P2a and P3a) cluster at significantly low values of both elements, 

while the early types P1a and P4a were represented across the entire range of Sb/Ni 

values present. Since P4a is also in use until the late 3rd millennium BC this tendency 

may also reflect the continued exploitation of particular ore sources over time. 

However, the similarities between MTER analysis from the Jezirah and the 

Euphrates Valley indicate that both regions had contact with geologically and possibly 

also geographically close-by copper deposits. A study by Nadine Chénier (2002) 

reports LIA on 32 samples from Tell Atij, Tell Gudeda (Middle Khabur) and Qara Quzaq 

of which 18 specimens securely fall in the range of the detected LIR for the majority of 

samples from the Jezirah. The results for 2 pins (QQ92.C7.323, QQ92.C7.325) are 

significant, both of which derive from the early ‘Princess Tomb’ at Qara Quzaq and 

exhibit very similar LIR in comparison to samples from Tell Chuera (TCH-K136, not 

included in the compositional study) and Tell Mozan (MZ-2K1). This result supports the 

hypothesis that both regions (Euphrates Valley and Jezirah) accessed similar, if not 

even in some cases the same sources. In addition, it suggests that several deposits 

were explored over a longer time-span due to chronological differences between the 

samples from the early Qara Quzaq tomb and the later-dating Jeziran samples.  

Little can be added to the discussion on early tin trade from this research, since 

the analytical dataset was not established with a particular focus on this topic. 

However, the chronological and spatial distribution of tin-bronzes within the region 

may support a tentative hypothesis on the origin of the tin metal imported into 3rd 

millennium BC Upper Mesopotamia. The earliest tin-bronzes derive exclusively from 

the western part of the region with securely-dated artefacts from Qara Quzaq (EJZ 1/2), 

and weaker evidence for early tin-bronzes from Judaidah and Tülintepe [Braidwood and 

Braidwood 1960; Yalçin and Yalçin 2008; Yener et al. 2003]. During EJZ 2, tin-bronzes 

become evident in the Western Jezirah (Tell Kharab Sayyar) and the Khabur Valley (Tell 

Bderi, Tell Raqa’i). Slightly later (or nearly contemporary) tin-bronzes appear at Tell 

Chuera and Tell Beydar during EJZ 2/3a. No chronological sequence for tin-bronzes is 

currently available for Tell Mozan and Tell Brak. The sample set of the latter site only 

included two tin-bronzes, and this scarce evidence for tin-bronzes at Tell Brak seems 

to be based more on site-specific metal consumption patterns than on access 

limitations to tin. It has been argued earlier that the particular different compositional 

metal inventory at Tell Brak could be based on conservatism in metal consumption at 

the site and its long-term existence. Since Tell Brak (Nagar) is mentioned as one of the 

major powers within Ebla texts, and also seemed to have had close (authoritarian) ties 

to Tell Beydar (Nabada), it is difficult to imagine that Tell Brak was excluded from the 

tin trade. However, further east in the Tigridian, tin-bronze also played only a minor 

role during the 3rd millennium BC and metal inventories show a similar conservatism 
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as seen at Tell Brak [Muhly and Stech 2003; MMP; Stech 1999]. Early tin-bronzes from 

Southern Mesopotamia are rare and only evidenced at Cemetery C at Kish, and by 

several samples (n=5) from Abu Salabikh, Tell Agrab and Tell Razuk [Helwing 2009: 

2010; Lutz and Pernicka 2004]. On the other hand, tin-bronzes in Upper Mesopotamia 

seemed to have been exclusively, but regularly in use, from at least the mid 3rd 

millennium BC, predating the regular use of this metal in the south. Hence, it seems 

unlikely that tin was imported via Southern Mesopotamia (i.e., originating from 

Afghanistan) into Upper Mesopotamia, despite good evidence for exchange between 

the two regions, especially during the second half of the 3rd millennium BC. If we 

consider (as proposed by Bachhuber 2015, Pigott 2011 and Wilkinson 2014) that 

smaller tin deposits may have existed in the wider region of Kestel, the discussed 

decrease in early tin-bronzes from the west towards the east of Upper Mesopotamia 

could be based on limited access due to a disadvantaged geographical position. 

However, here we may distinguish between the Tigridian and Tell Brak. Metal 

assemblages on Tigridian sites are on average, and in comparison to the evidence 

from the Jezirah and the Euphrates Valley, rather small [Muhly and Stech 2003]. On the 

other hand, metallurgical finds from Tell Brak are extensive and incorporate copper-

base metals, precious metals and metal production tools [McDonald et al. 2001]. 

Consequently, the latter site's lack of tin-bronzes is possibly influenced by a deliberate 

conservatism in metal consumption rather than by a limitation in access to resources. 

The earlier proposed stable and continuous trading connections to Anatolian miners 

on sites in the Jezirah and in the Euphrates Valley during the entire 3rd millennium BC 

speak in favour of this hypothesis. If prehistoric tin sources existed in Anatolia, it 

seems likely that tin was imported along with copper from this region into Upper 

Mesopotamia. However, it needs to be borne in mind that this scenario is based on a 

rather limited amount of data and has to be reassessed once new data are available, in 

particular data that address the tin trade in particular.  

The idea that copper circulating in Upper Mesopotamia derived from Anatolia is 

certainly not new and many scholars proposed its origin from the prehistoric mines in 

the area of Ergani Maden in south-eastern Anatolia [Kelly-Buccellati 1990: 119; 

Montero Fenollós 1999: 447]. Ergani Maden’s location in close proximity to Syrian 

Upper Mesopotamia, and its central geographic position between the Balikh and the 

Khabur rivers seems ideal to meet the demand for copper metal in Upper 

Mesopotamian’s West and East. However, LIR from the sites under study, and the 

majority of samples from Qara Quzaq, Tell Atij and Tell Gudeda (studied by Chénier 

2002) and to a lesser degree Hasseske Höyük [Schmitt-Strecker et al. 1992, cited by 

Chénier 2002: 162] are indeed similar to LIR from Ergani Maden but never overlap with 

them. In addition, they are similar to LIR of Anatolian ores from a wide range of 

different locations and could roughly link the studied metals to ore deposits in not 
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only the south-east, but also north and central Anatolia. Nevertheless, the majority of 

samples fall into the range of LIR which do not directly match any studied Anatolian 

ores and no direct link can be established.  

Chénier (2002: 131) proposed that LIR of analysed artefacts do not directly 

match with LIR measured on copper ores because of the mixed use of a wide range of 

copper sources in the production of artefacts from the Euphrates Valley and the 

Khabur Valley. This may be particularly true for outlying samples that showed 

significantly higher but also lower LIR than the majority of samples from the Jezirah. 

Chénier (2002: 131-132, 137) also proposed that today unknown copper sources are 

part of these very distinct but unmatched LIR but suggested that major factors for 

discrepancies between LIR measured on artefacts and those detected in ore samples 

are far-distant trading connections and recycling. Recycling would certainly diffuse the 

original LIR values and lead to results that do not match directly with known LIR values 

from sampled ore deposits. If we consider that large amounts of copper seem to have 

originated from similar sources and have (repeatedly) circulated in their recycled state 

within Upper Mesopotamia, the constant mixing and circulation of copper metals could 

have caused similar LIR in samples from a wider region, but which are not necessarily a 

match (anymore) to LIR associated with known ore sources. However, the evidence for 

pure copper ingots suggests that at least some of the copper in circulation was newly 

produced. Furthermore, LIR of a raw copper bun ingot from Temple S at Tell Chuera, 

which falls into the range of the previously described LIR cluster of artefacts that did 

not match with any known ore LIR in Anatolia, indicates that this cluster also reflects 

the original LIR (not LIR caused by recycling), but from either unknown or exhausted 

copper deposits.  

In addition, we have to consider different possibilities that caused the exchange 

of metals within the region. The Ebla archive, for example, documents different kinds 

of exchange systems of more exclusive metals (i.e., precious metals and tin-bronzes), 

which included tributes and gifts for the living and the dead. However, people may 

also have moved between sites, may have relocated or visited family members and, 

thereby, may have potentially mixed circulating metals by taking their metals with 

them. Moreover, metalworkers may have moved between and worked on several 

smaller and larger sites. They may have brought stocked scrap metal with them, which 

would then have been mixed with local metal. Hence, similarities in LIR and MTER 

among the analysed samples do not only indicate shared access to sources but 

probably also exhibit direct and indirect exchange of metals. The evidence for site-

specific LIR and MTER clusters, however, indicates the independent handling of copper-

base metals by the sites themselves. The independent control of their metal trade was 

possibly based on an opportunistic approach in maintaining contacts with close-by 

traders. Similar MTER within the FOC of samples from the Jezirah and the Euphrates 
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Valley, and the concurrent clustering of samples from Anatolia (e.g., Hasseke Höyük 

and Tülintepe) and Syria (Euphrates Valley and Jezirah) with the same LIR range, 

however, demonstrates the connectivity of the region. Therefore, common metal 

trading partners may have contributed to the establishment of a shared system of 

values among Upper Mesopotamian elites and the subsequent increase in and 

competition for the display of wealth, status and power in particular with the help of 

tin-bronze artefacts.  

Copper-base artefacts ranging from pure to arsenical(-antimonial) copper were 

encountered on all sites and the value of copper metal itself seems not to have been 

extraordinary. Possibly, none or only minor hierarchical and/or socio-cultural 

limitations restricted the access to or the use and production of copper-base metal 

artefacts. Here, the proximity of Anatolia and its rich ore deposits, and also the 

variable (and possibly good) trade connections to Anatolian metalworkers may have 

caused copper metals to not be necessarily experienced as something exclusive. 

Therefore, it seems that good accessibility and common use of copper metals, rather 

than competition over access to metals, contributed to the value system of tin-bronzes 

as discussed. The results suggest that metal trade, which is always based on a demand 

for metal consumption, was an important factor that significantly contributed to the 

shaping of the social-cultural but also socio-political sphere of 3rd millennium BC 

Upper Mesopotamia.  
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8. Summary and Conclusion 

The study of the metallurgical inventories from seven Jeziran sites (Tell Chuera, 

Tell Mozan, Tell Beydar, Tell Brak, Tell Bderi, Tell Kharab Sayyar, Tell Raqa’i) has 

provided new insights into metal production and metal consumption patterns in the 

region. Furthermore, it highlighted shared values in metal consumption with the 

Euphrates Valley in the east of Upper Mesopotamia. A significant result of this study 

was the identification of specific socio-cultural value systems for tin-bronzes and their 

contribution to the (early) urbanisation process and the display of wealth, status and 

power. The study of MTER and LIA demonstrated that most copper was probably 

imported from Anatolia, but highlighted regional and site-specific trade patterns for 

the Jezirah and the Euphrates Valley. 

Types, chronology and uses of copper-base metals in Upper Mesopotamia. Seven 

different kinds of copper-base metals were identified: 

• pure copper 

• almost pure copper 

• impure copper 

• arsenical copper 

• arsenical-antimonial copper 

• arsenical(-antimonial) tin copper  

• tin-bronze 

• black copper 

Most compositional groups are evident during the entire 3rd millennium BC in 

the Jezirah and also in the Euphrates Valley; tin-bronze appears about 2900 - 2800 BC; 

the deliberate use of black copper is evident during the second half of the 3rd 

millennium BC at Tell Chuera. Tin-bronzes did not replace arsenical(-antimonial) 

copper and both kinds of metals were contemporarily in use. The same is true for the 

(natural) arsenic(-antimony) alloys that did not replace pure, almost pure and impure 

copper metals. During the 2nd millennium BC pure, almost pure and impure coppers 

are still in use but hardly employed in the production of personal items. Several 

significant chronological and site-specific trends are noteworthy:  

• Pure and almost pure copper was used for personal items, especially during 

the early 3rd millennium BC. 

• During the later 3rd millennium BC it is suggested that (almost) pure 

copper was mostly used in metal production (i.e., alloying). 
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• This shift appears to have been related to the contemporaneous increase in 

the use of tin-bronzes. 

• Tell Brak is the only site where almost pure copper was in use in the form 

of personal items also during the late 3rd millennium BC. However, the 

sample set from the site exhibited a very limited range of compositions, 

which may express conservatism in metal consumption probably based on 

the site's long existence. 

• Mitanni (2nd millennium BC) copper artefacts from Tell Bderi did not give 

evidence for the use of pure and almost pure copper as personal items. 

 

'Standardised' production of tin-bronze. A comparison of tin-bronzes with almost 

pure copper, impure copper and arsenical(-antimonial) copper demonstrated that 

arsenical(-antimonial) copper and tin-bronzes were seldom mixed, and seemed to have 

been separated deliberately. Improved mechanical qualities of arsenical(-antimonial) 

copper metal were presumably appreciated by the metal smith (i.e., improved fluidity, 

extended freezing range), and also the consumer (i.e., enhanced hardness), but 

neither arsenical copper nor arsenical-antimonial copper were specifically employed for 

particular artefacts and mechanical improved attributes. It seems likely that almost 

pure, impure and arsenical(-antimonial) coppers were experienced as the same 

material with similar mechanical properties, and the typical light red colour of copper 

with impurities of about 1 - 5 %. In addition, the comparison demonstrated that tin-

bronzes were deliberate products from their early appearance (at, for example, Qara 

Quzaq) onward and they were not the result of the (unintentional) mixing of tin 

containing metals. Their production rather followed ‘standardised’ recipes, and the 

application of tin-bronzes for particular artefacts seem to have followed a similar 

pattern throughout the Jezirah and the Euphrates Valley:  

• MTER revealed that copper used in the production of tin-bronzes was 

similar to copper used for almost pure and impure copper artefacts.  

• On average, tin-bronzes from the Ashmolean Collection (Carchemish 

region) showed higher levels of impurities than tin-bronzes from the 

Jezirah. 

• However, the copper used in the production of tin-bronzes in both regions 

was on average ‘cleaner’ than almost pure and impure copper, indicating 

the use of a specific kind of copper (Euphrates Valley) or a deliberately 

'cleaned' and refined copper (Jezirah). These kinds of raw coppers were only 

used in the production of tin-bronzes.  
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• Tin-bronze pins excavated with the 'Princess Tomb' at Qara Quzaq showed 

similar (trace) levels of impurities as the associated pure copper 

spearheads, and both kinds of artefacts seemed to have been produced 

from the same kind of pure copper.  

• Tin-bronzes excavated at Ebla (3rd and 2nd millennium BC) and at Jerablus 

Tahtani (T. 302.) exhibited the same level of purity as tin-bronzes from the 

Jezirah.  

• The majority of tin-bronzes in 3rd millennium BC Upper Mesopotamia are 

medium tin-bronzes. 

• Medium tin-bronzes are distinguishable by their specific golden (or 

tarnished) colour in contrast to copper-red. 

• The most common artefact-kind among tin-bronzes are pins. 

• The use of tin-bronze implements only increased during the second half of 

the 3rd millennium BC, while tin-bronze pins are still common. 

• Earliest tin-bronzes originate from a burial at Qara Quzaq (EJZ 1/2) in the 

Carchemish region and (slightly later) from small cities (Tell Bderi and Tell 

Kharab Sayyar; EJZ 2) in the Western Jezirah and the Middle Khabur Valley. 

• Tin-bronzes appeared either contemporary (but less dominant) or slightly 

later at urban centres (EJZ 2a-3). 

 

The significance of tin-bronzes from the Jezirah and the Euphrates Valley. The 

results indicated that tin-bronzes in the Jezirah and in the Euphrates Valley were 

produced from a specifically pure copper and in a 'standardised' manner. Pins and (to a 

lesser degree) ornamental artefacts in general are predominantly produced from 

medium tin-bronzes during already the early 3rd millennium BC, while tin-bronze 

implements become more dominant only during the second half of the 3rd millennium 

BC. These regularities in the application of early (medium) tin-bronzes in the Jezirah 

and the Euphrates Valley posed the question regarding a shared value system that is 

expressed on the base of tin-bronzes in the wider region. A three-strand model for the 

application of this particular metal was proposed: 

• The first strand comprised elite burials with high numbers of pins, evident 

at Qara Quzaq, Kashkashouk III and Tell Bderi during the early 3rd 

millennium BC (EJZ 1/2). Analytical data, however, were only available for 

Tell Bderi and Qara Quzaq. Both sites employed tin-bronzes (and 

additionally high arsenical copper in the case of Tell Bderi) in the display of 

wealth and status in burial contexts. While the tomb of Qara Quzaq 



 344 

provides a ‘public’ statement (on the basis of its monumental structure 

which was well visible in the landscape), the tomb from Tell Bderi probably 

represented an on-site and 'internal' statement. However, both burials 

display the claim for authority. The excessive number of high value metal 

pins in both burials exceeds the pure functional or decorative character of 

these artefacts. Moreover, tin-bronzes are deliberately employed as 

communicators of status and wealth, and the display of access to a highly 

valuable and (at this time still) rare metal. The excessive and ‘wasteful’ use 

of tin-bronzes in both burials demonstrates the early social and possibly 

also economical stratification within EBA communities in Upper 

Mesopotamia.  

• The second strand associates the evidence for pins predominately produced 

from medium tin-bronze contemporary with an increase of centralisation 

and control by elites with the 'start' of the ‘Second Urban Revolution’. Early 

Jeziran elites possibly developed out of an egalitarian lineage system where 

families or single members achieved a stronger and more influential 

position within the communities by profits from surplus production. This 

newly establishing elite class created a public medium to support their new 

status. Pins are functional and decorative items at the same time and are 

used by both genders on a daily base. When produced from medium tin-

bronze they are a colourful medium to display status and wealth in the 

public sphere. Therefore, it is proposed that pins were employed by 

members of this newly establishing elite community (rather then a single 

elite household) to communicate their status and claim for authority in 

public.  

• The third strand is related to an increase of tin-bronze implements during 

the second half and especially the late 3rd millennium BC, contemporary 

with an increase in elite burials in the Jezirah. The latter are now equipped 

with a variety of weapons. Analytical evidence derived from two elite burials 

in the Jezirah and the Euphrates Valley, namely T.302 at Jerablus Tahtani 

and 98B:86 at Tell Chuera. The individual trajectories in the establishment 

of both tombs differed greatly and expressed different socio-cultural 

backgrounds. However, both burials contained (possibly medium) tin-

bronze artefacts, of which many were weapons. Contemporary textual 

evidence displays the importance of the production of tin-bronze weapons 

(and to a lesser degree implements and ornamental artefacts) at Ebla. The 

same text source informs about an increase in conflicts between major 

political powers in the region of Upper Mesopotamia during the second half 

of the 3rd millennium BC. The archaeological evidence from the Jezirah and 
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the Euphrates Valley shows that elites have already established themselves 

within their socio-cultural regional sphere, but now increasingly compete 

among each other over influence, power and resources. This caused a shift 

in the symbolic code and it is proposed that weapons become the major 

medium in the communication of wealth and status, but now more 

importantly supremacy and power.  

The three discussed strands do not appear in a regular chronological order and 

pins were still used as status markers (in burials and possibly also in the public 

display) during the later 3rd millennium BC. However, in all three cases a particular 

kind of artefact was employed to provide an immediate connection between sensory 

aspects and the communication of status and power. The establishment of tin-bronzes 

during the 3rd millennium BC is strongly interwoven with the early urbanisation and 

the formation of ruling elites, and significantly shaped the socio-cultural and socio-

political environment of Upper Mesopotamia.  

 

Use and properties of a-gar-gar and urudu. The analytical evidence for the use of 

a very pure copper in the production of tin-bronzes enabled a discussion of the two 

different terms for copper listed in the texts from Ebla, namely a-gar-gar and urudu:  

• A-gar-gar was used in the production of (medium to high) tin-bronzes and 

the term can be associated with possibly deliberately refined (pure) copper 

evident in medium tin-bronzes from the Jezirah and the Euphrates Valley.  

• A-gar-gar was nearly double in price in comparison to urudu. 

• A-gar-gar was also employed as single metal but to produce exclusively 

ring shaped artefacts (gú-li-lum), which may represent elite jewellery made 

from pure copper of a higher value than average (arsenic and antimony 

containing) copper, and which consequently was of a distinct dark red 

colour. 

• Urudu was used in the production of artefacts that were also produced from 

tin-bronze, but never replaced a-gar-gar in the production of tin-bronze.  

• Urudu was significantly cheaper than a-gar-gar but listed together with 

precious metals and highly valuable tin-bronze artefacts.  

• Urudu possibly represented all different kinds of impure coppers (almost 

pure, impure and arsenical(-antimonial) copper) which are represented by a 

single term based on their similar light red colour, but was listed together 

with high value status artefacts in respect to the importance of the 

particular artefacts produced from this metal.  



 346 

The analytical data on tin-bronzes from Upper Mesopotamia confirm that a-gar-

gar describes a specific kind of copper of particular pureness, which can be associated 

with the copper used in the production of tin-bronzes in the Jezirah and the Euphrates 

Valley. The results from the Jezirah (and possibly also Jerablus Tahtani and Ebla) 

indicated that this copper may have been deliberately refined. The findings from 

metals from the Carchemish area (Ashmolean Collection) could alternatively provide 

evidence that a particular different kind of copper was employed in the production of 

tin-bronzes, and which was more likely acquired from a specific location than 

deliberately produced. The combined aspects of (i) sensual qualities (ii) in the form of 

specific colours and (iii) their application for particular artefacts, (vi) the use of metal 

with high values and (v) the final purpose of these particular artefacts as, for example, 

burial or elite exchange gifts, makes artefacts produced from precious metals, medium 

to high tin-bronzes, pure copper and also urudu to equal communicators in the 

transmission of wealth and power.  

 

Overall trends in copper exploitation in Upper Mesopotamia from MTER and LIA 

analyses. The analysis of MTER was demonstrated to be a useful technique in the 

identification of different ore types, and regional and site specific trading patterns. It is 

noteworthy that the method developed here gave good results despite the long 

chronological frame of the studied artefacts and the likeliness of continuous recycling. 

Specific compositional groups may have been diluted by mixing and recycling, but site-

specific trends were still visible. The latter indicates that similar metals were imported 

over a long time period and that specific (regional) copper sources were accessed in a 

rather frequent manner. It was argued that evident shifts in the use of different kinds 

of coppers (indicating a change in access to particular sources) on individual sites are 

not necessarily indicative of a change in trading partners. Ancient Anatolian mining 

communities may have been based on tribal groups that regulated the extraction and 

distribution of copper metal. Individual sites possibly established trading connections 

with particular groups, which would have explored new sources when veins and 

deposits got exhausted. In addition, LIA confirmed the results of MTER analyses and 

the site-specific trends detected. The latter was significant for the studied sample 

group from the Euphrates Valley, for which only a small group of LIA analysis was 

available. It enabled us to incorporate the results from this region, since general 

trends detected with MTER analysis were confirmed and validated. Both regions seem 

to have had good trading connections to Anatolian miners and frequently imported 

raw copper into Syrian Upper Mesopotamia. It is noteworthy that small sites (i.e., Tell 

Bderi, Tell Kharab Sayyar, Tell Raqa’i) also evidenced good and consistent trading 

connections, but which compositionally clustered at different ratios than samples from 

major sites. This result indicates that small settlements operated their metal trade 
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independently from major cities. It was argued that these smaller settlements may 

have established good trading connections during the early phase of urbanisation 

when a centralised system had not yet been established. The latter was supported by 

the evidence for early tin-bronzes that dominantly derived from the same small cities.  

 

Types of copper use and site-specific trends in Upper Mesopotamia. An important 

compositional group in the study of specific ore types on the basis of MTER and LIA 

were almost pure and impure copper artefacts. Also, a primary classification of these 

purer coppers helped to identify compositional relations between the latter and 

arsenical(-antimonial) copper, and tin-bronzes. The following results are noteworthy:  

• At least two different types of copper where imported into Upper 

Mesopotamia. 

• The most frequent ore type was copper-rich, but containing some complex 

fahlore; the second most frequent ore type was arsenic rich copper ore. 

Both types are frequently in use in the Jezirah and the Euphrates Valley.  

• Most raw coppers employed in the Jezirah and the Euphrates Valley were 

probably sourced from Anatolia (MTER and LIA).  

• Almost pure and impure coppers are indistinguishable by their metal-ratio 

values.  

• Almost pure and impure coppers are both similarly based on the two 

different kinds of ore sources: arsenic rich copper and complex copper ores 

(FOC). 

• Arsenical copper and arsenical-antimonial copper did not originate from the 

same copper ore. 

• Arsenical-antimonial copper is related to complex fahlores that are also 

included in the production of almost pure and impure copper artefacts, 

based on its MTER values. 

• Arsenical copper is not related to any of the previous groups, and was 

based on a specific arsenic-rich copper source. 

• The majority of artefacts from the Jezirah and the Euphrates Valley 

clustered at combined low As/Sb and As/Ni values not exceeding 10 (FOC). 

They are based on fahlores from Anatolia to which both regions seem to 

have had frequent access. 

• Inconsistencies in metal-ratio values can be indicative of recycling but can 

also evidence mixing and co-smelting. 



 348 

• Minor tin levels in almost pure and impure copper demonstrated for most 

artefacts that their appearance is based rather on recycling activities than 

their origin from polymetallic ores. 

• Recycling was especially evident at Tell Beydar and Tell Mozan. 

• Most analysed samples clustered close to LIR from Ergani Maden, 

Esendemirtepe and Carmadi/Kestel, but no direct overlap was evident.  

• This ‘analytical void’ is possibly based on presently unknown copper 

deposits of which some may have been exhausted during prehistory.  

• Jeziran sites imported their raw copper from several different sources, and 

the geographical location of the individual sites is likely to have influenced 

their specific metal trading connections. 

• All sites evidenced consistency in the trading of particular compositions 

that cluster at particular MTER. 

• Eastern Jeziran sites gave evidence for the use of a different raw copper 

than Western Jeziran sites. 

• Copper with higher silver than lead levels was nearly exclusively employed 

by Eastern Jeziran sites indicating particular trade connections with a 

specific ore deposit for this region.  

• Black copper from Tell Chuera showed a specific LIR, which was 

incomparable with other LIR found in copper-base artefacts from the 

Jezirah.  

• Urban centres such as Tell Beydar and Tell Mozan, and to a lesser extent 

Tell Chuera, gave evidence for trading connections to compositionally 

different copper ores, respectively. 

• Tell Brak, Tell Bderi, Tell Raqa’i and Tell Kharab Sayyar evidenced strong 

consistency in their access to copper metal. 

• Copper trade in the Jezirah was not dominated by major cities but also 

smaller settlements, such as Tell Bderi, Tell Kharab Sayyar and Tell Raqa’i 

evidenced good, consistent and individual trading connections.  

 

Types and chronology of copper use in the Euphrates Valley. The identification of 

site-specific trends for the Euphrates Valley were complicated since nearly every 

individual site exhibited the use of a particular compositional kind of copper. In 

addition, most sites comprised artefacts dating to a long chronological sequence: 
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• Artefacts from Melaha, Kara Hassan, Serrin, Sinsile, Srisat and Qara Quzaq-

late date most likely to the second half of the 3rd millennium BC. 

• Artefacts excavated from the ‘Princess Tomb’ at Qara Quzaq date to the 

early 3rd millennium BC (EJZ 1-2). 

• The artefact collection from Kara Keui probably dates to the early 2nd 

millennium BC.  

• The majority of artefacts from Melaha and Kara Hassan consisted of almost 

pure or impure copper.  

• Artefacts at Serrin were nearly exclusively produced from arsenical-

antimonial copper. 

• Most artefacts from Kara Keui were tin-bronzes. 

• Samples from the tomb at Qara Quzaq consisted either of pure copper or 

tin-bronzes, of which both often contained nil impurities, and had to be 

excluded from MTER analysis. 

• The artefact groups from Srisat and Sinsile were almost not comparable due 

to the limited number of two (Sinsile) or three (Srisat) finds per sites.  

 

Site-specific trends of copper use in the Euphrates Valley. Nevertheless, some site-

specific and chronological trends were evident for the Euphrates Valley: 

• Artefacts from Srisat and Kara Hassan show regularly higher As/Sb and 

As/Ni values and seemed to have been connected to a specific copper 

deposit. 

• Artefacts from Melaha, Serrin and from Qara Quzaq-late evidenced higher 

silver than nickel levels, which may reflect a particular ore region, which 

Hammam, Sinsile and the later dating Kara Keui did not access. 

• Serrin gave evidence for the very consistent use of coppers with nearly 

constant As/Sb values of 1-3 within almost pure, impure and arsenical(-

antimonial) coppers, which all probably represent a compositional 

continuum.  

• In contrast to most of the studied artefacts from the Euphrates Valley, the 

majority of finds from Kara Keui are suggested to date to the 2nd 

millennium BC and showed either high As/Sb values up to 85 or antimony 

was not detected. This result indicates a shift in the exploitation of raw 

sources during the 2nd millennium BC towards two different kinds of 

sources with either high As/Sb values or only trace quantities of antimony.  
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• Four of 13 artefacts from Kara Keui were represented in the cluster with low 

As/Sb and As/Ni values (FOC), which may be indicative of an earlier date of 

these samples in comparison to the remaining artefacts within the Kara 

Keui collection.  

 

Conclusion. The studied sites from the Euphrates Valley demonstrated very 

consistent trade relations and many sites may have traded with particular copper 

regions. Nevertheless, the majority of artefacts from the Euphrates Valley also seemed 

to be based on fahlore-containing copper ores, and similarities in MTER in comparison 

to artefacts from the Jezirah suggests that both regions had access to the same or 

similar copper ore deposits. Additionally, LIR in samples from Qara Quzaq (early), 

Hasseke Höyük and Tülintepe were very similar to LIR measured in Jeziran artefacts, 

and demonstrated again the connectivity within the region.  

This result is especially significant in relation to the evidence for a shared value 

system in regards to tin-bronzes. It is proposed that mutual metal trading partners 

may have contributed to the establishment of this shared system of socio-cultural 

values among Upper Mesopotamian elites that lead to an increase in the competition in 

the display of wealth, status and power, and which significantly shaped the socio-

cultural environment of 3rd millennium BC Upper Mesopotamia.  
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A: pXRF Analysis 

The principle of pXRF analysis is the irradiation of a sample with X-rays and the 

excitation of atoms on its outer surface. Here, incident photons of an Xray beam excite 

electrons of an atom's inner shell. This causes a ‘movement’ of a higher energy 

electron to fill this vacancy. The specific energy difference caused during this process 

is measured in form of an X-ray photon by an energy dispersive spectrometer. These 

emitted X-ray photons are characteristic for each chemical element and therefore 

usable to identify the elements present within an analysed sample or object [Pollard et 

al. 2007: 93-104]. 

For this study, chemical bulk analyses were done with an Innov-X Alpha Series 

pXRF operating with a battery-powered X-ray tube using a silver anode target (2-35 kV) 

and a high resolution Si PiN diode detector (< 230 eV FWHM at 5.95 keV Mn K-alpha 

line); it operates with a HP IPAQ pocket PC software platform. This instrument is 

capable of analysing an area of 12 mm and c. 10 μm in depth. Analytical time is due to 

personal settings, but of a minimum of 10 sec. The instrument can analyse in three 

modes presented by the producer. For this study two of these presented calibration 

settings were used, the ‘alloy’ (method A) for heavier elements (e.g., Cu, Ni, Zn, Fe), 

and the ‘soil’ mode (method S) for standard elements (e.g., Sn, Sb, Ag) and arsenic.  

Three measurements of 45 sec. each were undertaken with the so-called alloy 

method to detect major metal components (method A). One single measurement of 60 

sec. or tow measurements in a row of 30 sec. each were undertaken with the second 

so-called soil method to detect minor and trace elements (method S). The detection 

limits for heavier elements are about 1 - 5 ppm, for lighter elements c. 10 - 50 ppm 

during ideal conditions.  

 

B: EPMA-WDS Analysis 

EPMA-WDS uses an electron beam causing an electron vacancy in one of the 

atom's inner shells and the emission of characteristic X-rays when this vacancy is being 

filled by an electron from a higher shell. For element identification and quantification, 

the characteristic X-rays are recorded using a wave-length-dispersive spectrometer 

(EPMA-WDS). The electron microprobe (EPMA) can focus on small areas, down to a few 

micrometres in diameter, and the WDS has a high spectral resolution, resulting in 

fewer line-overlap problems compared to EDS analysis. In addition to bulk analysis, the 

EPMA-WDS method was used to analyse sulphide inclusions.  

For this study a JEOL 8100 Superprobe was used, operating with an accelerating 

voltage of 20 kV. For area analysis, spot analysis of the matrix, and for analysis of 

metallic inclusions and inter-metallic compounds an absorbed electron current of 50 
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nA was used. A lower absorbed electron current of 15 nA was found more suitable for 

lighter inclusions such as sulphides. Detection limits were about 100 to 700 ppm 

depending on the element. For bulk analysis 20 areas of 1000 μm² each were analysed 

for each sample, and mean values of area analyses were calculated to account for 

potential heterogeneity of the samples. Spot analysis covers an area of less than 10 

μm² to a depth of c. 3 μm and an average of 3 spots was analysed per sample. The 

measured intensity was quantified against pure or binary compounds using JEOL's ZAF 

correction method. All EPMA-WDS analyses were undertaken using samples in a resin-

mounted, polished and carbon coated block. The settings for area analysis are listed in 

Tab. B-2 and B-3.  

A comparison of measured values to certified values shows the general reliability 

of the EPMA data for most elements detected (Tab. B-1). Precision testing showed good 

to medium results for all elements except bismuth. Poor precision was also detected 

for manganese, sulphur and lead with reference material CURM 42.23-2 and CURM 

50.04-4, and arsenic with reference material CURM 50.04-1. These low precision 

values are possibly due to the heterogeneity of the reference materials and the chosen 

testing method, where a sequence of 10 different areas within the samples was 

analysed. 

 

C: SEM-EDS Analysis 

SEM-EDS analysis works on the principle of the excitement of atoms on the 

surface of a prepared sample by an electron beam in a vacuum. The emitted X-ray 

photons have element specific characteristic energies, which are measured by an 

energy dispersive spectrometer. Since each element produces photons of a certain 

energy, these are used for the identification and quantification of the chemical 

composition of the sample. Secondary and backscattered electrons are used for the 

reproduction of a microscopic image of the sample. Low energy secondary electrons 

(SE) (below 50 eV, Pollard et al. 2007:109) are only emitted from atoms nearest to the 

surface. These can be used to produce a three-dimensional image of the sample's 

topography. Backscattered electrons (BSE) of higher energy result from the interaction 

of the primary electron beam with the nuclei of the atoms. The emitted electrons are 

proportionate to the average atomic weight and therefore reflect the chemical 

composition of the sample by different shades from black to white; the higher the 

average atomic number of the detected phase the brighter the image produced.  

For this study a JEOL 8600 SXA microprobe, equipped with an Oxford instrument 

EDS was used. The machine works with a beam of 20 kV at a sample distance of 10 

mm and an average dead time of 33 wt%. For beam intensity calibration a cobalt 

standard was used. All SEM-EDS analyses were undertaken using samples in a resin-
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mounted, polished and carbon coated block. All data were taken unnormalised to 

check the beam stability and the usability of the data themselves. Within this paper, 

these are presented normalised to facilitate comparison. Elements are usually 

presented in their oxidised state, except for metallic phases and phases with 

coexisting copper chloride and copper oxide. Here, the oxygen is listed as a single 

element to distinguish between these different copper compounds. 

Good data quality was monitored by measuring a reference material, 

CURM42.23-2 (gunmetal) (Tab.A-1). Accuracy for tin was low, nickel and arsenic (0.2 

wt% each), and antimony (0.4 wt%) and lead (0.6 wt%) were below the detection limits 

of the instrument, as were also the trace and minor elements Al, Si, S, P, Mn and Bi 

(0.1 wt%).  

 

      

Tab. B-1: EPMA-WDS data in comparison to certified values of four different reference materials giving all 
elements normalised to 100 wt%. Accuracy was tested by the average of 10 bulk analysis in different areas 
of each standard in comparison to the certified values performed on one day. Precision gives the coefficient 
of variation (in %) for each compound after 10 consecutive EPMA bulk analysis in different areas of each 
standard performed on one day.   
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Measurment	Condition	
	 	 	 	 	Element	 X-ray	 Crystal	 Peak	 Pos.	 BG_L	 BG_U	 (mm)	

Se	 La	 TAP	 20	 97.719	 0.899	 5.3	 3	
Zn	 Ka	 LIFH	 20	 100.312	 0.14352	 1	 2	
Cu	 Ka	 LIF	 20	 106.808	 0.15406	 5	 5	
As	 La	 TAP	 20	 105.172	 0.96709	 12	 1	
Fe	 Ka	 LIFH	 20	 134.996	 0.1936	 5	 5	
Cl	 Ka	 PETJ	 20	 151.267	 0.47278	 4.5	 40	
O	 Ka	 LDE1	 20	 110.467	 2.362	 16	 20	
Ag	 La	 PETH	 20	 133.173	 0.41544	 2	 1	
Sn	 La	 PETJ	 20	 115.05	 0.35999	 5	 5	
Al	 Ka	 TAP	 20	 90.607	 0.83393	 7.5	 5.7	
Ni	 Ka	 LIFH	 20	 115.716	 0.16579	 1.5	 0.8	
Mn	 Ka	 LIF	 20	 145.775	 0.21018	 5	 5	
Bi	 Mb	 PETH	 20	 157.285	 0.4909	 5	 9	
S	 Ka	 PETJ	 20	 171.715	 0.53722	 5	 5	
Co	 Ka	 LIFH	 20	 124.805	 0.1789	 5	 5	
Ti	 Ka	 PETJ	 20	 87.887	 0.27485	 3.5	 5.5	
Sb	 La	 PETH	 20	 110.361	 0.34394	 15	 15	
Pb	 Ma	 PETH	 20	 169.392	 0.5286	 3	 5	
Au	 Ma	 PETH	 20	 187.123	 0.584	 5	 5	
Te	 La	 PETH	 20	 105.578	 0.32892	 2.5	 2.5	
	

Peak	 Back	 Pksk	 Gain	 High.V	 Base.L	 Window.W	 Mode	
Se	 20	 10	 (s)	 0	 32	 1696	 0.7	
Zn	 20	 10	 (s)	 1	 32	 1700	 0.7	
Cu	 20	 10	 (s)	 1	 32	 1700	 0.7	
As	 30	 10	 (s)	 1	 32	 1696	 0.7	
Fe	 20	 10	 (s)	 1	 32	 1730	 0.7	
Cl	 30	 10	 (s)	 1	 64	 1714	 0.7	
O	 20	 10	 (s)	 1	 64	 1710	 0.7	
Ag	 60	 30	 (s)	 1	 64	 1720	 0.7	
Sn	 10	 10	 (s)	 2	 64	 1714	 0.7	
Al	 30	 10	 (s)	 1	 32	 1696	 0.7	
Ni	 20	 10	 (s)	 1	 32	 1700	 0.7	
Mn	 30	 10	 (s)	 1	 32	 1732	 0.7	
Bi	 30	 10	 (s)	 1	 64	 1720	 0.7	
S	 30	 10	 (s)	 1	 64	 1714	 0.7	
Co	 30	 10	 (s)	 1	 32	 1700	 0.7	
Ti	 30	 10	 (s)	 1	 64	 1714	 0.7	
Sb	 30	 10	 (s)	 1	 64	 1720	 0.7	
Pb	 30	 10	 (s)	 1	 64	 1720	 0.7	
Au	 30	 10	 (s)	 0	 64	 1720	 0.7	
Te	 30	 60	 (s)	 1	 64	 1720	 0.7	

Tab. B-2: EPMA-WDS settings for area analysis.  
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Standard	Data	
Element	 Standard	name	 Mass(%)	 Z	 A	 F	

Se	 Se-20KV-1000x	 99.999	 6.9885	 12.3381	 0.5664	
Zn	 Zn-1000x	 100	 0.2037	 0.2073	 0.9824	
Cu	 Cu-1000X	 100	 0.2589	 0.2642	 0.9798	
As	 GaAs-1000x	 51.8	 3.4457	 13.6236	 0.2529	
Fe	 Fe-1000x	 100	 0.4908	 0.506	 0.9699	
Cl	 NaCl-1000x	 60.66	 2.7743	 3.3886	 0.8187	
O	 RHODONITE1000X	 36.633	 10.9018	 45.0393	 0.2421	
Ag	 Ag-1000X	 100	 2.2921	 2.8815	 0.7955	
Sn	 Sn-1OOOX	 100	 1.8141	 2.1971	 0.8257	
Al	 Al2O3-1000x	 52.92	 5.8235	 8.8317	 0.6594	
Ni	 Ni-1000x	 100	 0.3105	 0.3179	 0.9769	
Mn	 RHODONITE1000X	 30.2	 0.553	 0.575	 0.9618	
Bi	 Bi-1000	 100	 3.4332	 4.8731	 0.7045	
S	 PbS-IOOOX	 14.82	 3.6386	 5.3145	 0.6847	
Co	 Co-1000x	 100	 0.4025	 0.4134	 0.9736	
Ti	 Ti-1000x	 100	 1.1403	 1.201	 0.9495	
Sb	 Sb-1000x	 100	 1.6759	 2.0079	 0.8347	
Pb	 PbTe-20KV-1000x	 61.89	 3.5044	 5.4664	 0.6411	
Au	 Au-1000x	 100	 4.3452	 6.7836	 0.6405	
Te	 HgTe-20KV-Spot	 38.88	 1.2615	 1.9243	 0.6556	

	
Element	 Curr.(A)	 Net(cps)	 Bg-(cps)	 Bg+(cps)	 S.D.(%)	

Se	 1.50E-08	 12110.3	 144.3	 67.1	 0.17	
Zn	 5.01E-08	 60857.3	 574.6	 493.9	 0.08	
Cu	 5.05E-08	 24363.3	 189	 222.1	 0.12	
As	 5.01E-08	 8042.4	 201.2	 110.2	 0.21	
Fe	 5.34E-08	 80209	 276.2	 257.1	 0.06	
Cl	 1.49E-08	 6327.3	 6.7	 5.6	 0.16	
O	 5.14E-08	 7066	 279.4	 31.2	 0.22	
Ag	 5.01E-08	 62508	 523.9	 359	 0.07	
Sn	 4.97E-08	 24438.6	 155.2	 123.2	 0.12	
Al	 5.35E-08	 53300.4	 132.8	 112.1	 0.08	
Ni	 5.03E-08	 75766.6	 454.1	 493.4	 0.07	
Mn	 5.14E-08	 3751.9	 17	 14.7	 0.3	
Bi	 5.00E-08	 16867	 331.5	 1178.8	 0.15	
S	 4.99E-08	 5257.4	 97.4	 32.7	 0.26	
Co	 5.01E-08	 79166.9	 409.2	 335.2	 0.07	
Ti	 5.34E-08	 67985.1	 205.1	 121.8	 0.07	
Sb	 5.29E-08	 68526.4	 791.3	 969.2	 0.07	
Pb	 5.33E-08	 12532.9	 288.1	 143.8	 0.17	
Au	 5.00E-08	 13910.5	 640.6	 214.9	 0.12	
Te	 5.31E-08	 23559.3	 805.7	 734.4	 0.12	

Tab. B-3: EPMA-WDS settings for area analysis including ZAF correction factors.   
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Tab. B-4: SEM-EDS data in comparison to certified values of CURM No.41.23-2. The amounts of Al, Si, S, P, Mn 
and Bi within the standard are all 0.1 wt% and below the detection limit. SEM-EDS data giving all elements 
normalised to 100 wt%. 
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Appendix D:  

 

TCH-A3041 
 

 Cu 

 bar ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  A3041 

Shape:     lump  flat and 
 convex side 

Function:  bar ingot  

Closer description: pure copper lump with one flat and one convex side in 
cross-section.   

 Composition (WDS):  
Site: Tell Chuera - A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3ab                  

  

nd 0.03 98.7 nd nd nd nd nd 0.07 nd 1.18 nd nd 

 

 Se/Te: Se, Te nd  

Context:  

 

living and working area A 
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TCH-A3041 
 

 Cu 

 bar ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  A3041 

Shape:     lump  flat and 
 convex side 

Function:  bar ingot  

Closer description: pure copper lump with one flat and one convex side in 
cross-section.   

 Composition (WDS):  
Site: Tell Chuera - A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3ab                  

  

nd 0.03 98.7 nd nd nd nd nd 0.07 nd 1.18 nd nd 

 

 Se/Te: Se, Te nd  

Context:  

 

living and working area A 
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TCH-A5018-4 
 

 a and c: Cu 

 b: CuFe 

 (?) bar ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-
No.: 

 A5018 

Shape:     lumps  sheet (a-b),  
 convex (d) 

Function:  production debris (?) bar ingot 

Closer description: heap of several ‘waste’ fragments which may have been 
kept as stock; all fragments vary in their composition and shape; fragments 4 
a and 4b are sheet shaped, fragment 4d may be a bar ingot fragment; all 
fragments are unworked and show an as-cast structure; there are no arsenical 
copper or tin-bronze among them;   
 Composition (WDS):  
Site: Tell Chuera - A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 
 
 
 

Date: 

                        a 

                        b 

                        c 

EJZ 3ab     

0.12 nd 97.9 0.53 nd 0.05 nd 0.65 0.12 0.05 0.14 0.21 nd 

0.23 nd 93.4 nd nd nd nd nd 0.12 nd 0.98 5.10 0.07 

0.09 nd 97.6 0.49 nd nd nd nd 0.07 nd 1.25 0.48 nd 

 

 Se/Te 4a: 8; 4b: Se, Te nd; Se/Te 4d: 10 

Context: living and working area A 

 a  

b  c  
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TCH-A5018-5 
 

 Cu 

 bar ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  A5018 

Shape:     lump  amorphus 
 flat side 

Function:  production debris, bar ingot 

Closer description: lump with one flat side with slight concretion layer;flat 
and convex side visible in cross-section. 

 Composition (WDS):  
Site: Tell Chuera - A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd nd 99.7 na nd nd nd 0.23 0.04 nd nd nd nd 

 

 Se/Te: Se, Te nd 

Context:  

 

living and working area A 
 

 
 

  



 379 

 

TCH-ASA001 
 

 Cu 

 ?bead/pendant 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  ASA1 

Shape:     cubic  pierced 
 

Function:  decorative, unfinshed? 

Closer description: cubic artefact, pierced from several sides, no compelte 
drill though the artefact; unfinished, failed or test item. 

 Composition (WDS):  
Site: Tell Chuera - ASA O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.04 nd 98.2 nd nd nd nd nd 0.65 nd 1.08 nd nd 

 

 Se/Te: 62 

Context:  

 

living and working area ASA, outer city wall (outside) 
 

 

 



 380 

 

TCH-ASA016 
 

 Cu 

 casting waste 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  ASA16 

Shape:     lump flat side  
convex side 

Function:  production debris, casting waste 

Closer description: lump with one flat and one convex shaped side (flow?), 
slight concretion layer on flat side; possible casting waste due to shape. 

 Composition (WDS):  
Site: Tell Chuera - ASA O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.03 nd 98.7 nd nd nd nd nd 0.08 nd 1.15 nd nd 

 

 Se/Te: Se, Te nd 

Context:  

 

living and working area ASA, outer city wall (outside) 
 

  



 381 

 

TCH-ASA027 
 

 Cu(As) 

 sheet 

 Provided by: Prof. Meyer 
University of Frankfurt  

Orig. Find-No.:  ASA27 

Shape:     sheet  thick Function:  decorative / implement 

Closer description: fragment of a relative thick sheet, unknown artefact kind 
and function.  

 Composition (WDS):  
Site: Tell Chuera - ASA O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd nd 97.8 0.72 nd nd nd 0.18 0.08 0.07 0.18 0.94 nd 

 

 Se/Te: 9 

Context:  

 

living and working area ASA, outer city wall (outside) 
 

 

 



 382 

 

TCH-ASA028 
 

 Cu(As) 

 production debris 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  ASA28 

Shape:     lump   amorphous Function:  production debris 

Closer description: amorphous lump of unknown function, possible 
production debris.  

 Composition (WDS):  
Site: Tell Chuera - ASA O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd nd 96.8 1.38 0.36 nd nd 0.16 0.30 0.09 0.18 0.73 nd 

 

 Se/Te: 8 

Context:  

 

living and working area ASA, outer city wall (outside) 
 

  



 383 

 

TCH-ASA155 
 

 CuSbAs 

 production debris 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-
No.: 

 ASA155 

Shape:     lump    
 

Function:  production debris 

Closer description: rectangular lump, production waste. 

 Composition (WDS):  
Site: Tell Chuera - ASA O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.9 nd 89.3 1.51 3.57 nd 0.11 0.14 0.33 0.09 1.13 2.71 nd 

 

 Se/Te: Se, Te nd 

Context:  

 

living and working area ASA,  outer city wall (outside) 
 

 

 

  



 384 

 

TCH-ASA158 
 

 Cu 

 ?(bar) ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-
No.: 

 ASA158 

Shape:     lump   flat side 
 convex side 

Function:  production debris, ? (bar) ingot 

Closer description: lump with one flat and one convex side (flow?), possible 
(bar) ingot fragment due to shape in cross section, but could also be a casting 
waste.  

 Composition (WDS):  
Site: Tell Chuera - ASA O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.12 nd 98.5 nd 0.02 nd nd nd 0.11 0.04 1.14 nd nd 

 

 Se/Te: Se, Te nd 

Context:  

 

living and working area ASA,  outer city wall (outside) 
 

  



 385 

 

TCH-F3041 
 

 Cu(As) 

 crucible fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  F3041 

Shape:     lump   convex 
 

Function:  crucible fragment 

Closer description: crucible fragment with preserved (thick) ceramic; copper 
prills only preserved in their corroded state; arsenic present only in one prill 
(As1.5 wt%); tin (Sn 4000 ppm) and nickel (Ni 1 wt%) were only detected within 
the slag matrix.  
 Composition (EDS): corroded 
Site: Tell Chuera - F O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 

Date: 

              Cu prills 

EJZ 3/4     

23.0 18.1 58.1 0.4 nd nd nd nd nd nd nd 0.6 nd 

 

 Se/Te: Te na 

Context:  

 

Palace F (?phase of reuse) 
 

 

  



 386 

 

TCH-H008 
 

 Cu 

 bar ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  H8 

Shape:     lump   flat side 
 convex side 

Function:  bar ingot  

Closer description:.bar ingot fragment with one flat and one convex shaped 
side.   

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd 0.04 98.0 nd nd nd nd nd 0.61 nd 1.29 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area H 
 

  

  



 387 

 

TCH-H009 
 

 Cu(As) 

 sheet 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  HIII-9 

Shape:     sheet   thinn, bent Function:  decorative or implement  

Closer description: thin sheet fragment, hammered.  

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.26 0.03 98.8 0.42 nd 0.02 nd nd 0.06 nd 0.04 0.29 nd 

 

 Se/Te: Te nd 

Context:  

 

living area H 
 

 

 

 

 
 



 388 

 

TCH-H017 
 

 Cu 

 sheet with nail 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  H17 

Shape:     sheet   thick, with nail Function:  decorative or implement  

Closer description: relatively thick sheet fragment with a neail preserved in it; 
the nail may suggest its origin as blade fragment.  

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd nd 98.9 nd nd nd nd nd 0.14 nd 0.85 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area H 
 

  



 389 

 

TCH-H03-203 
 

 Cu 

 casting waste 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  H03-203 

Shape:     lump   amorphous 
flat bottom side 

Function:  production waste, casting  

Closer description: irregular shaped lump with one flat bottom side, flat side 
shows thick concreation layer; possible casting wast due to its shape and 
microstructure (as-cast).   

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd nd 98.8 nd nd nd nd nd 0.05 nd 1.07 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area H 
 

 

 



 390 

 

TCH-H04-203 
 

 CuAsSb 

 chisel 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  H04-203 

Shape:     rod   rectangular Function:  chisel  

Closer description: rectangular rod fragment; end part of a chisel 

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.12 nd 94.7 1.76 0.74 0.07 nd 0.04 0.11 nd 0.30 2.16 nd 

 

 Se/Te: 11 

Context:  

 

living area H 
 

  



 391 

 

TCH-H214 
 

 CuFe 

 lump 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  H214 

Shape:     lump   amorphous Function:  production debris  

Closer description: (black copper) lump with low iron level; possibly refined 
balck copper; iron amounts are suitable for casting.  

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.08 0.29 94.5 1.00 0.18 nd nd 0.16 0.14 0.07 0.33 3.21 0.06 

 

 Se/Te: Te nd 

Context:  

 

living area H 
 

  



 392 

 

TCH-H222 
 

 Cu(AsSb) 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  H222 

Shape:    rod   round Function:  decorative/implement  

Closer description: rod fragment round in cross-section; unknown function.  

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd nd 97.6 0.98 0.21 nd nd nd 0.12 0.03 0.60 0.45 nd 

 

 Se/Te: Te nd 

Context:  

 

living area H 
 

 

 

  



 393 

 

TCH-H238 
 

 CuSbAs 

 production debris 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  H238 

Shape:    lump   amorphous Function:  production debris  

Closer description: amorphous lump, probable production debris.  

 Composition (WDS):  
Site: Tell Chuera - H O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.4 6.5 87.5 0.99 2.70 nd nd 0.02 0.05 0.06 0.58 1.09 nd 

 

 Se/Te: Te nd 

Context:  

 

living area H 
 

  



 394 

 

TCH-K007 
 

 CuAs 

 lump 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K7 

Shape:    lump   amorphous Function:  production debris 

Closer description: amorphous lump, possible debris of casting avtivities.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd na 95.0 2.29 0.22 0.26 nd nd nd nd nd 2.10 nd 

 

 Se/Te: 260 

Context:  

 

living area K (near Kleiner Antentempel) 
 

  



 395 

 

TCH-K010-2 
 

 Cu(As) 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K7 

Shape:     rod   round Function:  decorative/implement 

Closer description: rod fragment  round in cross-section, unknown original 
function.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd na 97.7 0.89 nd 0.11 nd nd nd nd 0.46 0.77 nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

  



 396 

 

TCH-K012 
 

 CuAs 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K12 

Shape:     rod   rectangular Function:  decorative/implement 

Closer description: rod fragment  rectangular in cross-section, unknown 
original function.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd na 97.2 1.68 nd 0.08 nd 0.03 0.08 0.03 0.20 0.56 nd 

 

 Se/Te: 32 

Context:  

 

living area K (near Kleiner Antentempel) 
 

  



 397 

TCH-K014 (1, 2, 3, 7, 8) 
 

 CuFe 

 lumps 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K14 

Shape:     lumps  amorphous Function:  production waste  

Closer description: black copper lumps, amorphous; of which some may be 
broken off ingot fragments or partly refined black copper.   

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 
 
 
 
 
 
 
 
 
 

Date: 
 

                        1 

                       2a 

                       2b 

                       3a 

                       3b 

                        7 

                        8 

 EJZ 3b/4a                  

21.3 2.15 45.4 0.27 nd nd nd 0.02 nd nd 3.00 27.8 0.06 

22.4 0.20 47.7 0.33 nd nd nd 0.02 nd nd 2.20 27.0 0.11 

24.1 nd 52.5 0.23 nd nd nd 0.02 nd nd 1.73 21.3 0.11 

14.7 0.06 47.2 0.13 nd nd nd nd nd nd 11.3 26.5 0.10 

13.8 0.04 57.3 0.10 nd nd nd nd nd nd 1.36 27.4 nd 

15.4 1.22 61.1 0.21 nd nd nd nd 0.03 nd 0.73 21.1 0.11 

1.23 nd 93.2 0.22 nd nd nd nd 0.04 nd 1.02 4.18 0.04 

 

 Se/Te 1 and 2: Se, Te na;  
Se/Te 3: 5; Se/Te 7: 3; Se/Te 8: 0.4 

Context: living area K (near Kleiner Antentempel) 

  



 398 

 
  



 399 

 

TCH-K014-5 
 

 CuFe 

 ingot fragment 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K14 

Shape:     lump  pit shaped Function:  ingot  

Closer description: fragment of a black copper ingot with flat top and convex 
bottom side; similar (calculated) circumfence as TCH-K016.   

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 

Date: 
 

 

 EJZ 3b/4a                  

1.7 0.23 58.0 0.11 nd nd nd nd nd nd 1.19 38.7 0.04 

 

 Se/Te: Te nd 

Context: living area K 

 

 



 400 

 

TCH-K016 
 

 CuFe 

 ingot 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K16 

Shape:     lump  pit shaped Function:  ingot  

Closer description: black copper ingot (complete) with flat top and convex 
bottom side; similar (calculated) circumfence as TCH-K014.   

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 

Date: 
 

 

 EJZ 3b/4a                  

20.0 0.04 44.9 0.14 nd nd nd 0.02 nd nd 3.27 31.5 0.02 

 

 Se/Te: Te nd 

Context: living area K 

  



 401 

 

TCH-K051 
 

 Cu(As) 

 bar ingot fragment 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K51 

Shape:     lump   flat side 
 convesx side 

Function:  bar ingot 

Closer description: bar ingot fragment.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd na 97.2 1.48 0.05 nd 0.05 nd 0.10 0.06 1.05 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 402 

 

TCH-K142-1 
 

 CuFe 

 refining slag 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K142 

Shape:     lump  rectangular 
 irregular 
 

Function:  refining slag 

Closer description: irregular but slightly rectangular lump with little copper 
prills. 

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 

Date: 

             Cu prills 

EJZ 3/4     

nd nd 97.0 nd nd nd nd nd nd nd 0.06 2.84 0.03 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 403 

 

TCH-K142-2 
 

 Cu corroded 

 ?poduction debris 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K142 

Shape:     lump  amorphous 
 

Function:  unknown 

Closer description: corroded copper lump of irregular shape; possibly 
production waste; no round or rectangular shape was identified during OM.  

 Composition (WDS): corroded 
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     17.9 14.9 66.1 nd nd nd nd nd nd nd 1.03 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 



 404 

 

TCH-K142-3 
 

 Cu corroded 

 ?poduction debris 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K142 

Shape:     lump  amorphous 
 

Function:  unknown 

Closer description: corroded copper lump of irregular shape; possibly 
production waste; no round or rectangular shape was identified during OM.  

 Composition (WDS): corroded 
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     11.4 7.3 80.6 nd nd nd nd nd nd nd 0.65 0.03 nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 



 405 

 

TCH-K181-1 
 

 Cu 

 bar ingot fragment 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K181 

Shape:     lump  flat side 
convex side 

Function:  bar ingot 

Closer description: fragment of a bar ingot.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd nd 98.8 nd nd nd nd nd 0.03 0.04 1.06 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 
 

  



 406 

 

TCH-K181-2 
 

 Cu 

 bar ingot fragment 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K181 

Shape:     lump  flat side 
convex side 

Function:  bar ingot 

Closer description: fragment of a bar ingot.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd nd 98.9 nd nd nd nd nd 0.03 nd 1.02 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 407 

 

TCH-K181-3 
 

 Cu 

 casting waste 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K181 

Shape:     lump  amorphous, thin Function:  production debris 

Closer description: irregular shaped fragment, possible casting waste.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd 0.02 98.9 na nd nd nd nd 0.02 0.03 0.99 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 408 

 

TCH-K181-4 
 

 Cu 

 casting waste 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K181 

Shape:     lump  amorphous, thin Function:  production debris 

Closer description: irregular shaped fragment, possible casting waste (flow).  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd na 98.5 na nd nd nd nd 0.03 nd 1.40 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

  

  



 409 

 

TCH-K228 
 

 Cu 

 bar ingot fragment 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K228 

Shape:     lump  flat side 
 convex side 

Function:  production debris 

Closer description: possible bar ingot fragment.  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd 0.05 99.0 nd nd nd nd nd nd nd 0.92 nd nd 

 

 Se/Te: Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 



 410 

TCH-K270 
 

 CuFe 

 refining slag 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K270 

Shape:     lump  amorphous Function:  production debris 

Closer description:  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd 0.05 99.0 nd nd nd nd nd nd nd 0.92 nd nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 411 

 
  



 412 

TCH-K282 
 

 CuFe 

 refining slag 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K282 

Shape:     lump  amorphous Function:  refining slag 

Closer description: irregular shaped lump with small pebbles trapped in the 
slag on the surface of the artefact. 

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd 0.05 99.0 nd nd nd nd nd nd nd 0.92 nd nd 

 

 Se/Te:  Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 413 

 
  



 414 

 

TCH-K398 
 

 Cu(As) 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K398 

Shape:     rod  rectangular Function:  decorative/implement 

Closer description: thin rod fragment rectangular in cross section 

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd 0.1 95.3 1.05 0.14 nd nd 1.29 0.10 0.11 0.23 1.66 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

 

 



 415 

 

TCH-K407 
 

 CuAs 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K407 

Shape:     rod  round Function:  decorative/implement 

Closer description: rod fragment round in cross section 

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     nd nd 94.7 2.68 0.30 0.07 nd 1.01 0.16 0.06 0.26 0.68 nd 

 

 Se/Te:  10 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 416 

 

TCH-K485 
 

 CuAsSb 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K485 

Shape:     rod  rectangular Function:  decorative/implement 

Closer description: rod fragment rectangular in cross section 

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     0.1 0.1 95.8 1.72 0.48 nd nd 0.20 0.21 0.08 0.11 1.27 nd 

 

 Se/Te:  13 

Context:  

 

living area K (near Kleiner Antentempel) 
 

 

 

  



 417 

 

TCH-K872 
 

 Cu(As) 

 bar ingot fragment 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  K872 

Shape:     lump  flat side 
 convex side 

Function:  production debris 

Closer description: fragment of a possible bar ingot;  

 Composition (WDS):  
Site: Tell Chuera - K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3/4     0.1 na 98.0 1.67 nd nd nd nd 0.13 nd nd nd nd 

 

 Se/Te:  9 

Context:  

 

living area K (near Kleiner Antentempel) 
 

  

  



 418 

 

TCH-S07-026 
 

 Cu(As) 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.: S07-26 

Shape:     rod  round Function:  decorative/implement 

Closer description: small rod fragment round in cross-section. 

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     nd na 97.9 1.03 0.19 0.02 nd 0.08 0.21 nd 0.23 0.36 nd 

 

 Se/Te:  22 

Context:  

 

Temple S, later building phase 
 

 

 

  



 419 

 

TCH-S07-046 
 

 Cu(As) 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S07-46 

Shape:     rod  rectangular Function:  decorative/implement 

Closer description: small rod fragment rectangular in cross-section. 

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     nd na 96.5 1.43 0.02 0.25 0.05 0.57 0.26 0.05 0.09 0.82 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

Temple S, later building phase 
 

  

  



 420 

 

TCH-S07-052 
 

 Cu 

 sheet 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S07-52 

Shape:     sheet  thin, bent Function:  decorative/implement 

Closer description: thin sheet fragment, bent in several places. 

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     nd nd 98.7 0.33 nd nd nd 0.02 0.49 0.04 0.04 0.33 nd 

 

 Se/Te:  12 

Context:  

 

Temple S, later building phase 
 

  

  



 421 

 

TCH-S07-058 
 

 Cu(As) 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S07-58 

Shape:     rod  rectangular, bent Function:  decorative/implement 

Closer description: small rod fragment, rectangular in cross-section, bent in 
the middle.  

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     nd na 96.4 1.44 0.03 0.25 0.07 0.59 0.25 0.05 0.11 0.84 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

Temple S, later building phase 
 

 

 

  



 422 

 

TCH-S08-063 
 

 Cu(As) 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S08-63 

Shape:     rod  rectangular, bent Function:  decorative/implement 

Closer description: small rod fragment, rectangular in cross-section, slightly 
bent.  

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     nd na 97.6 0.93 0.04 nd nd nd nd nd 0.40 0.99 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

Temple S, earlier building phase 
 

  

 

 



 423 

 

TCH-S08-068-4 
 

 CuSn 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S08-68 

Shape:     rod  triangular Function:  decorative/implement 

Closer description: small rod fragment, triangular in cross-section.  

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     0.1  na  88.2 1.19 0.06 9.60 nd 0.24 0.10 0.03 0.10 0.36 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

Temple S, earlier building phase 
 

  

  



 424 

 

TCH-S08-092  CuSn 

 technical ceramic 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S08-92 

Shape:     flat   Function:  tin-bronze production/recycling 

Closer description: flat technical ceramic fragment, with little ceramic 
preserved, iron oxide rich slag matrix with some arsenical copper and mainly 
tin-bronze prills. 

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 
 
 
 

Date: 

          CuAS prills 

       Cu corroded 

          CuSn prills 

EJZ 2/3a     

2.1 0.1 68.3 5.94 4.61 14.4 nd 0.08 1.00 nd 0.06 3.37 nd 

10.5 0.03 88.4 nd nd nd nd nd nd nd nd 1.00 nd 

0.2 0.0 85.2 2.94 1.50 1.74 nd 0.02 2.15 0.07 0.09 6.02 nd 

 

 Se/Te:  Te nd 

Context:  

 

Temple S, earlier building phase 
 

 
 

  



 425 

 

TCH-S08-122 
 

 CuAs 

 sheet 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S08-122 

Shape:     sheet  thick Function:  decorative/implement 

Closer description: thick sheet fragment, straight.  

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     nd na 95.7 2.14 0.22 0.04 nd 0.35 0.35 nd 0.05 1.09 nd 

 

 Se/Te:  41 

Context:  

 

Temple S, earlier building phase 
 

 

 

  



 426 

 

TCH-S08-131  Cu 

 bun ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  S08-131 

Shape:     bun  flat side 
 convex side 

Function:  bun ingot 

Closer description: bun ingot fragment. 

 Composition (WDS):  
Site: Tell Chuera - S O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 2/3a     0.1 na 98.8 nd nd nd nd nd 0.04 nd 1.05 nd nd 

 

 Se/Te:  Te nd 

Context:  

 

Temple S, earlier building phase 
 

 
 



 427 

 

TCH-W3-101 
 

 Cu(As) 

 production debris  

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W3-101 

Shape:     lump  rectangular Function:  casting waste or ingot fragment 

Closer description: rectangular lump with one flat and one irregular side; flat 
side with thick concretion layer; possible ingot fragment or casting waste.   

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 

Date: 
 

 

 EJZ 3ab                  

0.78 0.19 97.0 0.58 nd 0.14 nd 0.66 0.08 0.30 0.14 0.16 nd 

 

 Se/Te: 18 

Context: working and living area W 

 

 



 428 

 

TCH-W1-510  CuSn 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W1-510 

Shape:     rod  rectangular Function:  decorative/implement 

Closer description: small rod fragment rectangular in cross-section 

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd  na  91.4 0.51 0.13 7.10 nd 0.18 0.07 nd 0.25 0.30 nd 

 

 Se/Te:  Te nd 

Context:  

 

living and working area W (near outer city wall) 
 

 
 

  



 429 

 

TCH-W3-101  Cu(As) 

 casting waste 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W3-101 

Shape:     lump  flat side 
convex side 

Function:  production debris 

Closer description: small lump nearly rectangular with convex and flat side; 
thick concretion layer on flat bottom side; possible casting waste. 

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.8 0.2 97.0 0.58 nd 0.14 nd 0.66 0.08 0.30 0.14 0.16 nd 

 

 Se/Te:  18 

Context:  

 

living and working area W (near outer city wall) 
 

  

  



 430 

 

TCH-W3-305  Cu(As) 

 sheet 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W3-305 

Shape:     sheet  thick 
 

Function:  decorative/implement 

Closer description: thick sheet fragment of unknown function. 

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.4 na 99.1 0.39 nd nd nd nd nd nd 0.03 0.02 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

living and working area W (near outer city wall) 
 

  



 431 

 

TCH-W3-346  Cu 

 bar ingot fragment 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W3-346 

Shape:     lump  flat side, 
 convex side 

Function:  production debris 

Closer description: possible bar ingot fragment, amorphous in its outer 
appearance; cross section shows a flat (bottom) side and a convex (upper) 
side. 

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd 0.1 98.8 0.09 nd 0.03 nd 0.61 0.04 0.04 0.24 0.09 nd 

 

 Se/Te:  46 

Context:  

 

living and working area W (near outer city wall) 
 

  



 432 

 

TCH-W4-030  CuFe 

 casting waste 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W4-30 

Shape:    sheet  flat  
 with globular lump 

Function:  production debris 

Closer description: sheet shaped fragment (flow?) with globular lump on one 
end; production waste in the use of black copper, possible casting waste.  

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     0.2 na 94.8 0.03 nd nd nd nd 0.07 nd 2.11 2.74 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

living and working area W (near outer city wall) 
 

 

 

  



 433 

 

TCH-W4-623  Cu 

 production debris 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W4-623 

Shape:    lump  amorphous 
 

Function:  production debris 

Closer description: amorphous lump with as-cast structure, production 
debris.  

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd na 98.9 nd nd nd nd nd nd nd 1.08 nd nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

living and working area W (near outer city wall) 
 

  



 434 

 

TCH-W4-630  CuAs 

 scrap metal 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W4-630 

Shape:    lump  flat  
 rectangular 

Function:  production debris 

Closer description: irregular shaped lump, rather flat and slightly 
rectangular; possible scrap metal kept for further processing.  

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     nd na 94.9 3.62 0.18 nd nd 0.07 0.74 0.05 0.05 0.38 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

living and working area W (near outer city wall) 
 

 
 



 435 

 

TCH-W4-724  CuFe 

 refining slag 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  W4-724 

Shape:    lump  flat  
 amorphous 

Function:  production debris 

Closer description: flat lump with slightly concave shaped (bottom) side and 
irregular (top) side; refining slag with little copper trapped in the iron oxide 
matrix; charcoal trapped in the slag. 

 Composition (WDS):  
Site: Tell Chuera - W O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab     1.44 0.04 92.9 0.02 nd nd nd nd 0.03 nd 0.09 5.39 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

living and working area W (near outer city wall) 
 

  

  



 436 

 

TCH60-30A59  Cu(AsSb) 

 sheet 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  30/59A 

Shape:    sheet  thin Function:  decorative/implement 

Closer description: thin sheet fragment, slightly bent, unknown function. 

 Composition (WDS):  
Site: Tell Chuera - A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 96.9 1.35 0.34 0.02 nd 0.24 0.24 0.03 0.44 0.42 nd 

 

 Se/Te:  12 

Context:  

 

living and working area A 
 

 

 

  



 437 

 

TCH60-85N  CuSn corroded 

  

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  100/85N 

Shape:    rod   ?rectangular Function:  decorative/implement 

Closer description: strongly corroded rod fragment of unknown shape, 
possibly rectangular. 

 Composition (WDS): corroded 
Site: Tell Chuera - N O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     15.0 na 59.6 0.11 0.03 23.9 nd nd 0.29 0.04 0.26 0.58 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

area N, Northern Temple (Nordtempel) 
 

 

 



 438 

 

TCH60-108N  CuAsSb 

  

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  100/108N 

Shape:    rod   round Function:  decorative/implement 

Closer description: rod fragment round in cross section. 

 Composition (WDS):  
Site: Tell Chuera - N O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 96.8 1.71 0.37 0.30 nd 0.03 0.07 0.05 0.12 0.50 nd 

 

 Se/Te:  65 

Context:  

 

area N, Northern Temple (Nordtempel) 
 

  



 439 

 

TCH60-182N  CuSn 

  

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  100/182N 

Shape:    rod   round to  
 rectangular 

Function:  decorative/implement 

Closer description: rod fragment; transition between round and rectangular 
shape in cross section; cut on rectangular section. 

 Composition (WDS):  
Site: Tell Chuera - N O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     0.1  nd  96.0 0.19 nd 2.57 nd 0.02 0.03 nd 0.21 0.84 nd 

 

 Se/Te:  3 

Context:  

 

area N, Northern Temple (Nordtempel) 
 

 
 

  



 440 

 

TCH63-Mo1  Cu(As) 

 pin 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    rod   round, thin Function:  pin 

Closer description: long and thin rod fragment, round in cross-section; 
possible pin fragment due to size. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 97.5 1.25 0.25 nd nd 0.17 0.15 0.08 0.27 0.31 nd 

 

 Se/Te:  15 

Context:  

 

unknown 
 

  



 441 

 

TCH63-Mo2  CuAs 

 knob head pin 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    rod   round Function:  pin 

Closer description: know head pin. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 96.4 2.07 0.47 nd nd nd 0.16 0.05 0.36 0.49 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

unknown 
 

  



 442 

 

TCH63-Mo3  CuSn 

 pin 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    rod   round Function:  pin 

Closer description:  long and thin rod fragment, round in cross-section; 
possible pin fragment due to size. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     0.2 0.04 89.0 0.10 0.02 9.77 nd 0.62 0.03 0.07 0.09 0.07 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

unknown 
 

  



 443 

 

TCH63-Mo4  CuSn 

 ball head pin 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    rod   round Function:  pin 

Closer description: ball head pin. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     0.04 0.02 90.5 0.64 0.07 7.86 nd 0.30 0.22 0.07 0.22 0.10 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

unknown 
 

  



 444 

 

TCH63-Mo5  Cu(AsSb) 

 pin 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    rod   round Function:  pin 

Closer description: knob head pin. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 97.1 1.19 0.50 nd nd nd 0.06 0.05 0.53 0.34 nd 

 

 Se/Te:  Te nd 

Context:  

 

unknown 
 

  



 445 

 

TCH64-Mo  CuAsSb 

 pin 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    rod   round Function:  pin 

Closer description: long and thin rod fragment, round in cross-section; 
possible pin fragment due to size. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     0.1 0.1 96.0 1.74 0.68 nd nd nd 0.18 0.05 0.59 0.60 nd 

 

 Se/Te:  Se, Te nd 

Context:  

 

unknown 
 

  



 446 

 

TCH67-Mo  Cu(As) 

 knob head pin 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    rod   round Function:  pin 

Closer description: knob head pin. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 96.6 1.14 nd nd nd 0.04 0.54 0.03 0.66 0.97 nd 

 

 Se/Te:  12 

Context:  

 

unknown 
 

  



 447 

 

TCH67-Mo-bl1  Cu(AsSb) 

 blade 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    sheet   thin Function:  blade 

Closer description: small, thin blade fragment with part of the tang 
preserved. 

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 96.6 1.07 0.64 0.12 nd nd 0.05 0.03 0.32 1.09 nd 

 

 Se/Te:  Te nd 

Context:  

 

unknown 
 

  



 448 

 

TCH67-Mo-bl2  CuSn 

 blade 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  no find number 

Shape:    sheet   thin Function:  blade 

Closer description: small, thin blade fragment.  

 Composition (WDS):  
Site: Tell Chuera O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC     nd nd 93.6 0.34 0.10 5.48 nd 0.04 0.17 nd 0.14 0.11 0.02 

 

 Se/Te:  1 

Context:  

 

unknown 
 

  



 449 

 

MZ-A06q130m  Cu-Sn-As 

 sheet 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  A06q0130-m 

Shape:     sheet  thin Function:  unknown  

Closer description: thin sheet fragment, not bent; ? blade, ?decorative 

 Composition (WDS):  
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  
3rd millennium BC          

nd nd 96.4 0.91 0.08 1.31 nd 0.03 0.29 0.03 0.24 0.63 nd 
 

 Se/Te: 5  

Context:  

 

ns 
 

   

   



 450 

 

MZ-A16-094  Cu - corroded 

 sheet 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  A16.0094 

Shape:     sheet  thin Function:  blade  ?razor 

Closer description: thin sheet fragment, broken blade with one curved and 
one straight edge.  

 Composition (WDS): corroded 
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: Ph. 3 
3rd millennium BC          

0.76 32.6 65.9 nd nd nd nd 0.02 nd nd 0.59 0.02 nd 

 
 Se/Te: 7  

Context:  

 

ns 
 

 

  



 451 

 

MZ-A16q608-1  CuSn corroded 

 rod 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:   A16q0608.1 

Shape:     rod, round  bent Function:  unknown  

Closer description: small, thinn wire-like rod fragment.  

 Composition (WDS): corroded 
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: Ph. 3-4 
3rd millennium BC          

10.3 9.0 61.2 0.97 nd 15.7 nd 1.94 0.10 0.37 0.27 0.05 nd 

 
 Se/Te: Te nd  

Context:  

 

ns 
 

 

  



 452 

 

MZ-A16q814-3  CuSn corroded 

 waste 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  A16q0814.3 

Shape:     amorphous / globule Function:  unknown  

Closer description: non 

 Composition (WDS): corroded 
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: Ph. 2-3 
3rd millennium BC          

12.6 20.9 51.7 1.10 0.16 11.9 nd 0.11 0.03 0.12 0.22 1.13 nd 

 
 Se/Te: 3  

Context:  

 

ns 
 

 

  



 453 

 

MZ-A16q818-1  Cu corroded 

 waste 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:   A16q0818.1 

Shape:     amorphus/globule 
  

Function:  unknown  

Closer description: non 

 Composition (WDS): corroded 
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: Ph. 3b 
3rd millennium BC          

3.01 26.9 69.7 nd nd 0.01 nd nd nd nd 0.32 nd nd 

 
 Se/Te: 21  

Context:  

 

ns 
 

 

  



 454 

 

MZ-A16q841-2  Cu 

 rod 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  A16q0841.2f316K205 

Shape:     rod, round  ?pointed Function:  ?pin  

Closer description: thin rod fragment, possibly pointed, pointed end of pin? 

 Composition (WDS): corroded 
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: Ph. 3 (possible) 
3rd millennium BC          

nd nd 76.9 0.11 nd nd nd 0.14 0.26 nd 22.1 0.44 nd 

 
 Se/Te: Te nd  

Context:  

 

ns 
 

 

  



 455 

 

MZ-A16q864-1  Cu(As)[Sn] 

 production debris 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:   A16q0864.1f289 

Shape:     amorphous  Function:  production debris 

Closer description: copper ‘prill’ on clay matrix with little fusion; possible 
fragment of technical ceramic.  

 Composition (WDS):  
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: Ph. 3b/4 
3rd millennium BC          

nd 0.03 97.1 1.11 0.53 0.07 nd 0.06 0.20 0.07 0.17 0.61 nd 

 
 Se/Te: Te nd  

Context:  

 

ns 
 

 

  



 456 

 

MZ-A16q864-5  Cu(As) 

 rod 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  A16q0864.5f289 K205 
 

Shape:     rod, round bent Function:  ?pin  

Closer description: small rod fragment, round in cross-section, slightly bent 

 Composition (WDS):  
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: Ph. 3b/4 
3rd millennium BC          

nd nd 97.4 0.74 0.06 nd nd nd 0.03 0.04 0.24 1.44 nd 

 
 Se/Te: Te nd  

Context:  

 

ns 
 

 

  



 457 

 

MZ-A5i28  Cu(As) 

 sheet 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  A05.0028 

Shape:     sheet thick Function:  ?blade  

Closer description: sheet, relatively thick (> 2mm); hammering; 

 Composition (WDS):   
Site: MZ-A O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  
3rd millennium BC          

0.14 nd 97.7 0.68 0.08 0.07 nd 0.12 0.22 0.28 0.34 0.31 0.02 

 
 Se/Te: Te nd  

Context:  

 

ns 
 

   



 458 

MZ-J1q1113-1 area A - F  Cu(As) 

casting waste 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  J01.1113.1(f240K127) 

Shape:     lump  amorphous Function:  casting waste 

Closer description: corroded copper lump with several copper-metal areas 
preseved; areas are of different compositions; most contain cuprite (see OM 
below), only one area (area a) contains sulphides; probably casting waste 
accumilated of different casting operations. 
 Composition (WDS):   
Site: MZ-J O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

                         A 0.07 na 98.1 0.72 0.03 0.46 nd 0.44 0.11 nd 0.02 nd nd 

                         B nd na 99.0 0.53 0.01 0.02 nd 0.34 0.05 0.05 nd nd nd 

                         C 0.68 na 98.3 0.15 nd 0.40 nd 0.12 0.15 0.03 nd 0.21 nd 

                         D 0.87 na 98.9 0.13 nd nd nd nd nd 0.03 nd 0.02 nd 

                         E 1.13 na 98.7 0.04 nd nd nd nd 0.02 nd nd 0.05 nd 

                         F 0.22 na 99.1 0.25 0.05 nd 0.03 0.27 nd 0.05 nd nd nd 

                         G 0.82 na 98.8 0.20 nd 0.02 nd nd 0.05 0.03 0.02 0.04 nd 

 
Date: 

                        H 
 
3rd millennium BC          

0.12 na 99.4 0.33 nd nd nd nd 0.02 0.07 nd nd nd 

 

 Se/Te area A: 2  

Context:  

 

ns 
 

  



 459 

 

   
 



 460 

 

MZ-J1q1139-3  Cu 

 production debris 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  J01q1139.1(f265k126) 

Shape:     lump  amorphous Function:  production debris 

Closer description: small copper lump(s) with cermic; little fusion, uncertain 
fragment(s) of technical ceramic or casting debris. 

 Composition (WDS):   
Site: MZ-J O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
Date: 

 
3rd millennium BC          

nd 0.03 98.7 0.11 0.09 nd nd 0.10 0.04 0.03 0.06 0.86 nd 

 
 Se/Te: Te nd  

Context:  

 

ns 
 

 

 



 461 

 

MZ-J6q288-1ab  a: Cu 

 b: Cu(As) 

 production debris 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:   J06q0288.1 f240K127 

Shape:     convex  hand shaped Function:  technical ceramic 

Closer description: technical ceramic (possible crucible), rough, well 
tempered, hand moulded ceramic; slag spill over rim. 

 Composition (WDS):   
Site: MZ-J O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

                          a 0.22 0.04 96.0 1.47 0.05 0.02 nd 0.19 0.50 0.20 0.03 1.23 0.05 

 
Date: 

                         b 
 
3rd millennium BC          

nd 0.06 98.1 nd nd nd nd 0.24 0.12 0.08 0.05 1.30 nd 

 

 Se/Te a: 4; b: Se, Te nd  

Context:  

 

ns 
 

  



 462 

 

MZ-2-K1-1 and 2  1: Cu 

 2: Cu(As) - Pb 

 production debris 

 Provided by:  Prof. Buccellati 
 Prof. Buccellati-Kelley 

Orig. Find-No.:  K1.0084 

Shape:     lump amorphus  Function:  production debris 

Closer description: amorpous, but slightly flat copper lumps with mud 
corrded onto all surfaces.  

 Composition (WDS):   
Site: MZ-K O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

                          1 0.03 na 99.1 0.11 nd 0.02 nd 0.03 0.08 0.04 0.60 nd nd 

 
Date: 

                         2 
 
3rd millennium BC          

0.09 na 93.9 0.76 0.07 0.27 nd 4.26 0.10 0.15 0.27 0.08 nd 

 

 Se/Te 1: 31; 2: Te nd  

Context:  

 

ns 
 

 

 



 463 

 

BD86-240-1 
 

 Cu(As) 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD86/2945/240 

Shape:     rod  rectangular Function:  ?pin  

Closer description: rod fragment, rectangular in cross section, worked 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 4 

 (layer 8) 

nd nd 97.5 1.23 0.26 nd nd 0.08 0.38 0.04 0.10 0.39 nd 

 

 Se/Te: 14  

Context:  

 

Room N, FS 196, debris (lockere braune Lehmerde) 
 

 

   

    



 464 

 

BD86-240-2 
 

 Cu(As) 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD86/2945/240 

Shape:     rod  rectangular Function:  ?pin  

Closer description: rod fragment, rectangular in cross section, worked 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 4 

 (layer 8) 

nd nd 97.8 1.06 nd 0.20  nd 0.02 0.25 nd 0.04 0.41 nd 

 

 Se/Te: 8  

Context:  

 

Room N, FS 196, debris (lockere braune Lehmerde) 
 

 

   

    



 465 

BD89-076-1 and -2 
 

 Cu 

(?ear)ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2945/076 

Shape:     rod round, pointed ends Function:  (?ear)ring  

Closer description: (?ear) ring made of two wire-like thin rods, round in cross 
section; placed next and corroded on to each other; most likely two single 
rods; both rods have the same composition and are probably made from the 
same batch; pointed ends, round in cross section; treated as a single artefact 
 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

                          1 nd 0.01 98.6 0.20 0.02 nd  nd nd 0.48 nd 0.06 0.58 nd 

Date:  EJZ 3b              2    

 (layer 11) 

nd 0.01 98.6 0.19 nd nd nd nd 0.49 nd 0.06 0.58 nd 

 

 Se/Te 1: 22; 2: 32  

Context:  

 

Room AX, FS 720,  pit, ash with stones 
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 466 

 

BD89-085 
 

 CuSb (corroded) 

 bead 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2745/085 

Shape:     sheet  thin Function:  bead pierced 

Closer description: spherical bead, copper-based sheet worked on resin; 
pierced on at least 5 areas; one-third missing. 

 Composition (WDS): (corroded) 
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3b                  

 (layer 11) 

2.9 1.8 86.6 0.33 7.26 nd  nd 0.02 0.09 nd 0.88 0.06 nd 

 

 Se/Te: Te nd  

Context:  

 

Burial IV 
 

   

  



 467 

 

BD89-200 
 

 CuAs 

 (nail head) pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2945/200 

Shape:     rod  round Function:  pin nail head 

Closer description: incomplete nail head pin, round in cross section. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3a                  

 (layer 16) 

nd nd 96.1 2.92 0.21 nd  nd 0.20 0.14 0.04 0.20 0.17 nd 

 

 Se/Te: 2  

Context:  

 

Room CM, FS 669, debris (harte Lehmerde unter Boden) 
 

 

  



 468 

 

BD89-221 
 

 Cu 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2945/221 

Shape:     rod  round, bent Function:  ?pin  

Closer description: rod fragment; transition from round to rectangular (round 
with ‘edges’).  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3a                  

 (layer 17) 

nd 0.01 98.1 0.32 0.06 nd  nd nd 0.35 0.03 0.60 0.53 nd 

 

 Se/Te: Te nd  

Context:  

 

Room CM, FS 668, debris on Installation 699 
 

  

  



 469 

 

BD89-381 
 

 Cu(As) 

 (nail head) pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/381 

Shape:     rod  round, straight Function:  pin  nail head 

Closer description: complete nail head pin. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 96.7 1.48 0.14 nd  nd 0.41 0.23 nd 0.25 0.71 0.02 

 

 Se/Te: 6  

Context:  

 

 Burial VI 
 

 

  



 470 

BD89-382-1 
 

 CuAs 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/382-1 

Shape:     rod  round, straight Function:  pin  ball head 

Closer description: pin corroded onto BD89-382-2; spherical head, wave-like 
curved outer lines, cast hole; lower end missing. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 91.3 6.47 0.98 0.02  nd 0.63 0.06 0.09 0.03 0.32 nd 

 

 Se/Te: 34  

Context:  

 

 Burial VI 
 

  

  



 471 

 

 
 



 471 

 

BD89-382-2 
 

 CuAsSb 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/382-2 

Shape:     rod  round, straight Function:  pin double spiral 
head 

Closer description: pin corroded onto BD89-382-1; cast spirals. Lower end 
missing.  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 89.2 1.85 0.25 6.90  nd 1.25 0.21 nd 0.09 0.19 nd 

 

 Se/Te: 17  

Context:  

 

 Burial VI 
 

 

 

  



 472 

 

BD89-385 
 

 CuSn 

 (nail head) pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/385 

Shape:     rod  round, straight Function:  pin nail head 

Closer description: pin with nail head; lower end missing.  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

0.04 nd 94.5 0.04 nd 5.13  nd nd nd nd nd 0.25 nd 

 

 Se/Te: Te nd  

Context:  

 

 Burial VI 
 

 

 

 



 473 

 

BD89-386 
 

 CuAsSb 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/386 

Shape:     rod  round, straight Function:  pin  

Closer description: pointed end of a pin.  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 96.5 1.70 0.73 nd  nd nd 0.24 0.06 0.06 0.67 nd 

 

 Se/Te: 63  

Context:  

 

 Burial VI 
 

 

 



 474 

 

BD89-387 
 

 Cu(As) 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/387 

Shape:     rod  round, straight Function:  pin  

Closer description: pin with oval ‘pierced’ disc; similar BD89-388; upper part 
missing (compare BD89-388), possible import. Compare also RAQ-M45 and 
RAQ-M48. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 97.8 0.66 0.12 nd  nd nd 0.02 0.05 0.33 0.98 nd 

 

 Se/Te: Te nd  

Context:  

 

 Burial VI 
 

 

 

 



 475 

 

BD89-388 
 

 Cu(As) 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/388 

Shape:     rod  round, straight Function:  pin  

Closer description: pin with oval ‘pierced’ disc; similar BD89-387; possible 
import. Compare also RAQ-M45 and RAQ-M48.  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 97.8 0.65 0.13 nd  nd nd 0.02 0.05 0.37 1.00 nd 

 

 Se/Te: Te nd  

Context:  

 

 Burial VI 
 

 

  



 476 

 

BD89-390 
 

 CuSn corroded 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/390 

Shape:     rod  round, straight Function:  pin  

Closer description: pin with s-shaped head, ?animal abstraction, point 
missing.  

 Composition (WDS): corroded  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

20.0 12.0 61.9 0.09 0.02 5.65  nd 0.08 nd nd 0.06 0.13 nd 

 

 Se/Te: Se, Te nd  

Context:  

 

 Burial VI 
 

 



 477 

 

BD89-391-1 
 

 CuSn corroded 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/391-1 

Shape:     rod  round, straight Function:  pin  

Closer description: pointed rod fragment, possible end of a pin, round in 
cross-section.  

 Composition (WDS): corroded  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

20.0 12.0 61.9 0.09 0.02 5.65  nd 0.08 nd nd 0.06 0.13 nd 

 

 Se/Te: Se, Te nd  

Context:  

 

 Burial VI 
 

 

 



 478 

 

BD89-391-2 
 

 CuAs  

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/391-2 

Shape:     rod  round, straight Function:  ?pin  

Closer description: thin rod fragment, round in cross-section; possible pin 
fragment, especially due to find location. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 92.7 5.48 0.88 nd  nd 0.34 0.06 0.07 0.04 0.31 nd 

 

 Se/Te: 15  

Context:  

 

 Burial VI 
 

 

 

  



 479 

 

BD89-392-1 
 

 CuAs  

 ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/392-1 

Shape:     sheet  bent, thin Function:  finger ring  

Closer description: finger ring fragments; made from hammered sheet; 
possible open ends, rounded. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 97.3 2.17 0.15 nd  nd 0.16 0.05 0.06 0.05 0.06 nd 

 

 Se/Te: 7, 9  

Context:  

 

 Burial VI 
 

 
 

  



 480 

 

BD89-392-2 
 

 Cu(As)  

 ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/392-2 

Shape:     sheet  bent, thin Function:  finger ring  

Closer description: finger ring fragments; made from hammered sheet; 
possible open ends, rounded. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 95.9 1.51 0.27 nd  nd 1.11 0.14 0.06 0.05 0.88 nd 

 

 Se/Te: 27, 26  

Context:  

 

 Burial VI 
 

 

 

  



 481 

 

BD89-417-1 
 

 CuSn corroded 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/417-1 

Shape:     rod  round, ?pointed Function:  ?pin  

Closer description: rod fragment, round in cross-section, possible pointed 
end and possibly part of a pin. 

 Composition (WDS): corroded 
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

23.5 16.8 55.5 0.52 0.11 2.87  nd 0.49 0.03 nd 0.07 0.08 nd 

 

 Se/Te: Se, Te nd  

Context:  

 

 Burial VI 
 

 

 



 482 

 

BD89-417-2 
 

 CuSn corroded 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/417-2 

Shape:     rod  round Function:  ?pin  

Closer description: rod fragment, round in cross-section, possibly part of a 
pin due to its find location (burial with various pins). 

 Composition (WDS): corroded 
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

13.3 8.9 69.4 0.61 0.11 7.54  nd nd nd nd 0.03 nd nd 

 

 Se/Te: Se, Te nd  

Context:  

 

 Burial VI 
 

 

 



 483 

 

BD89-417-3 
 

 CuSn corroded 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/417-3 

Shape:     rod  round Function:  ?pin  

Closer description: rod fragment, round in cross-section, possibly part of a 
pin due to its find location (burial with various pins). 

 Composition (WDS): corroded 
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

22.4 9.2 56.2 0.68 0.15 10.9  nd 0.07 0.03 0.13 0.04 0.12 nd 

 

 Se/Te: Se, Te nd  

Context:  

 

 Burial VI 
 

 

 



 484 

 

BD89-417-4 
 

 CuAs  

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/417-4 

Shape:     rod  round Function:  ?pin  

Closer description: rod fragment, round in cross-section, possibly part of a 
pin due to its find location (burial with various pins). 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 96.3 2.13 0.44 0.08  nd 0.13 0.08 0.09 0.09 0.6 nd 

 

 Se/Te: 9  

Context:  

 

 Burial VI 
 

 

 



 485 

 

BD89-424-1 
BD89-424-2 
 

 CuAs  

 sheet ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/424-1 
 BD89/2943/424-2 

Shape:     sheet  thin Function:  finger ring  

Closer description: two sheet ring fragments corrded next to each other as 
they were worn on the hand. 

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                1 

                         2 

 (layer 24/25) 

nd 0.2 96.0 2.31 0.64 nd  nd 0.16 0.08 0.07 0.05 0.39 nd 

nd nd 96.5 2.08 0.54 nd  nd 0.12 0.08 0.07 0.04 0.39 nd 

 

 Se/Te 1: 1; 2: Se, Te nd  

Context:  

 

 Burial VI 
 

 

 



 486 

 

BD89-424-3 
 

 CuAs 

 sheet ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/424-3 

Shape:     sheet  thin Function:  finger ring  

Closer description: fragment of a finger ring made from a thin sheet.  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 94.5 2.49 0.41 nd  nd 0.07 0.12 0.05 0.12 2.23 nd 

 

 Se/Te: 5  

Context:  

 

 Burial VI 
 

 

 



 487 

 

BD89-424-4 
 

 CuAs 

 sheet ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/424-4 

Shape:     sheet  thin Function:  finger ring  

Closer description: fragment of a finger ring made from a thin sheet.  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 97.3 2.13 0.15 nd  nd 0.18 0.06 0.06 0.06 0.07 nd 

 

 Se/Te: 6  

Context:  

 

 Burial VI 
 

 

 



 488 

 

BD89-424-6 
 

 CuAs corroded 

 sheet ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/424-6 

Shape:     sheet  thin Function:  finger ring  

Closer description: fragment of a finger ring made from a thin sheet.  

 Composition (WDS): corroded 
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

14.3 4.2 78.4 1.25 0.34 nd  nd 0.32 0.02 0.04 0.04 1.07 nd 

 

 Se/Te: 1  

Context:  

 

 Burial VI 
 

 

 



 489 

 

BD89-424-7 
 

 Cu(AsSb) 

 sheet ring 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/424-7 

Shape:     sheet  thinn Function:  finger ring  

Closer description: fragment of a finger ring made from a thin sheet.  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 97.4 1.10 0.24 nd  nd nd 0.11 0.03 0.19 0.85 nd 

 

 Se/Te: 12  

Context:  

 

 Burial VI 
 

 

 



 490 

 

BD89-431 
 

 Cu(AsSb) 

 rod 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD89/2943/431 

Shape:     rod  round, bent Function:  unknown  

Closer description:rod fragment which narrows towards one end; possible 
pin fragment due to its find location (burial with various pins).  

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2                  

 (layer 24/25) 

nd nd 96.4 1.21 0.34 nd  nd nd 0.10 0.04 0.60 1.28 nd 

 

 Se/Te: Te nd  

Context:  

 

 Burial VI 
 

 

 



 491 

 

BD90-004 
 

 Cu(As) 

 pin 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD90/2741/004 

Shape:     rod  round to flattened Function:  pin  

Closer description: pin, archaeologically complete; widening into a 
trapezoidale sheet, which is rolled up onto itself at the top end; rod probably 
made from sheet folded onto itself.   

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3a                  

 (layer 18) 

nd 0.02 98.1 0.58 0.18 nd  nd 0.02 0.19 0.04 0.55 0.31 nd 

 

 Se/Te: Te nd  

Context:  

 

 street EZ, on Inst. 908 in burned debris with stones;  
 

 

 

  



 492 

 

BD90-010 
 

 Cu(AsSb) 

 bracelet 

 Provided by: Prof. Pfälzner 
University of Tübingen 

Orig. Find-No.:  BD90/2943/010 

Shape:     rod  round Function:  bracelet  

Closer description: small bracelet, opend ends, rounded. 
.   

 Composition (WDS):  
Site: Tell Bderi O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3a                  

 (layer 16) 

nd nd 97.1 1.26 0.36 nd  nd 0.16 0.13 0.07 0.03 0.85 nd 

 

 Se/Te: Te nd  

Context:  

 

 street DE, in mudbrick debris above Inst. 697;  
 

  

  



 493 

 

RAQ-M01  Cu 

 rod 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 87.M-001 

Shape:    rod   round, bent Function:  decorative/implement 

Closer description: bent rod fragment, round in cross section.  

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2final 0.1 nd 99.8 nd nd nd  nd nd nd 0.03 nd nd nd 

 

 Se/Te:  no sulphides 

Context:  

 

 temple fill, Level 3 
 

 
 

  
x50  

 x100  
 

x200  



 494 

 

RAQ-M07  CuAs 

 rod 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 87.M-007 

Shape:    rod   round, thin Function:   ?pin 

Closer description: thin rod fragment, round in cross section, possible pin 
fragment due to size and shape.  

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC nd nd 95.3 2.32 nd nd  nd nd 0.03 0.04 0.33 1.94 nd 

 

 Se/Te:  14 

Context:  

 

 living area, above Level 3 under top soil 
 

 

 x50 
 

x100 



 495 

 

RAQ-M08  CuAs 

 scrap metal 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 87.M-008 

Shape:    sheet   flat 
 amorphous 

Function:   production debris 

Closer description: flat fragment irregular in shape, worked; possible scrap 
metal kept for further processing.  

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC nd nd 96.1 2.24 0.28 0.59  nd 0.07 nd 0.04 0.04 0.56 nd 

 

 Se/Te:  Te nd 

Context:  

 

  living area, above Level 3 under top soil 
 

 

 
x100  



 496 

 

RAQ-M14 
 

 CuAs 

 ?ingot fragment 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 87.M-014 

Shape:    lump  flat side 
 convex side 

Function:   production debris 

Closer description: amorphous lump with flat (bottom) side and convex top 
side; ingot fragment or casting waste.  

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2final nd nd 95.9 3.15 0.05 0.11 nd  0.04 0.07 0.06 0.04 0.61 nd 

 

 Se/Te:  12 

Context:  

 

 industrial area Room 42, on floor, Level 3 
 

  x100  

 x500 x200 



 497 

 

RAQ-M16  CuAsSb 

 toggle pin 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 87.M-016 

Shape:    rod  round Function:   toggle pin 

Closer description: thin rod fragment, round in cross section, pierced, toggle 
pin. 

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 3a nd nd 95.8 1.22 1.46 nd nd  nd 0.11 0.16 0.40 0.78 nd 

 

 Se/Te:  Te nd 

Context:  

 

 Burial 30 Level 2 
 

 

 x200  



 498 

 

RAQ-M18  Cu(As) 

 rod 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 86.M-018 

Shape:    rod  round Function:  decorative/implement 

Closer description: rod fragment, round in cross section, unknown function. 

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2/3 nd nd 96.5 0.27 0.08 nd  nd 0.04 0.50 0.03 1.06 1.53 nd 

 

 Se/Te:  Te nd 

Context:  

 

 step trench, possible Level 4 
 

  

 x25 x500 



 499 

 

RAQ-M21  Cu(AsSb) 

 rod 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 86.M-021 

Shape:    rod  rectangular Function:  decorative/implement 

Closer description: rod fragment, rectangular in cross section, distinctive 
deformation cross visible in etched sample, unknown function. 

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: 3rd millennium BC nd nd 97.0 1.01 0.37 nd  nd 0.13 0.09 0.05 0.28 1.03 nd 

 

 Se/Te: Te nd 

Context:  

 

 living area, above Level 3 under top soil 
 

 

x50 

x35 (courtesy Sam Nash, etched sample) 
x500 



 500 

 

RAQ-M45  Cu 

 toggle pin 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 90.M-045 

Shape:    rod  round to oval Function:  pin 

Closer description: pin made from rectangular rod with oval pierced disc, 
upper part and point missing; similar RAQ-M48; possible import. Compare 
also BD89-387 and BD89-388. 

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2final nd nd 98.9 0.33 nd nd nd nd nd 0.06 nd 0.60 nd 

 

 Se/Te: 117 

Context:  

 

 Burial 19 (intrusive Room 6, Level 4), Level 3 
 

 

x50 x200 



 501 

 

RAQ-M48  Cu(AsSb) 

 toggle pin 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 90.M-048 

Shape:    rod  round Function:  pin 

Closer description: pin made from round rod with oval pierced disc, upper 
part and point missing; similar RAQ-M45; possible import. Compare also 
BD89-387 and BD89-388. Find-location Room 6 in which Burail 19 was 
uncertain, but maybe linked to Burial 19 intrusive into Layer 4. 
 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2 nd nd 97.1 1.48 nd 0.32  nd 0.03 0.05 0.04 0.04 0.90 nd 

 

 Se/Te: 98 

Context:  

 

 Room6, Level 4 (or maybe Burial 19, Level 3) 
 

 

x25 x500 



 502 

 

RAQ-M49  CuSn 

 tapered pin 

 Provided by:  Prof. Schwartz 
 Yale University 

Orig. Find-No.:  Raq 90.M-049 

Shape:    rod  round Function:  pin 

Closer description: simple pin tapered towards one end, pierced.  Find-
location Room 6 in which Burail 19 was uncertain, but maybe linked to Burial 
19 intrusive into Layer 4. 

 Composition (WDS):  
Site: Tell Raqa’i O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date:  EJZ 2 0.02 0.01 96.9 0.14 nd 2.72 nd  nd 0.03 0.05 0.04 0.05 nd 

 

 Se/Te: 123 

Context:  

 

 Room6, Level 4 (or maybe Burial 19, Level 3) 
 

 

x25 x500 



 503 

 

KHS-A12  CuSn 

 technical ceramic 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  A12 

Shape:    flat  pit shaped Function:  tin-bronze alloying 

Closer description: fragment of a technical ceramic with little ceramic 
preserve, slightly pit shaped. 

 Composition (EDS):  
Site: Tell Kharab 

Sayyar - A 
O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

 
 
 
 
 
Date: 

CuSn	prills				ε-phase 

CuSn prills η-phase 

           CuAs prills 
 

EJZ 2final 

nd nd 48.0 2.9 nd 39.4  nd 1.1 8.3 nd nd 0.9 nd 

nd nd 25.0 2.3 nd 54.8 nd nd 17.0 nd nd 1.1 nd 

nd nd 90.8 2.8 nd nd nd nd 5.2 nd nd 1.7 nd 

 

 Se/Te: na 

Context:  

 

 debris layer 
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KHS-A13  CuAs 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  A13 

Shape:    rod  round Function:  decorative/implement 

Closer description: rod fragment round in cross-section. 

 Composition (WDS):  
Site: Tell Kharab 

Sayyar - A 
O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab nd nd 97.0 2.07 nd 0.04 nd 0.06 0.03 0.08 0.16 0.57 nd 

 

 Se/Te: 76 

Context:  

 

 debris layer 
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KHS-B92  Cu(Fe) 

 rod 

 Provided by: Prof. Meyer 
University of Frankfurt 

Orig. Find-No.:  B92 

Shape:    rod  ?rectangular Function:  decorative/implement 

Closer description: rod fragment, possibly rectangular in cross-section. 

 Composition (WDS):  
Site: Tell Kharab 

Sayyar - B 
O Cl Cu As Sb Sn Bi Pb Ni Ag S Fe Co 

Date: EJZ 3ab nd nd 95.9 0.20 nd nd nd nd 0.13 nd 0.07 3.53 0.12 

 

 Se/Te: Te nd 

Context:  

 

 debris layer 
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