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Of brass and bronze in prehistoric Southwest Asia
Christopher P. Thornton

ABSTRACT This paper presents a review of the numerous copper-zinc alloys (e.g. brass, gunmetal) that have been found 
in prehistoric contexts from the Aegean to India in the 3rd to the 1st millennium BC. Through a preliminary analysis of the 
available data, it is argued that there is a noticeable geographical and chronological correlation between early occurrences of 
copper-zinc alloys, tin-bronze, and rare examples of tin and tin-based metals. This association may have important implica-
tions not only for research into the great ‘tin question’ of Southwest Asia, but also for research into ancient technologies in 
general. It is here proposed that brass may have been confused with tin-bronze by local consumers ignorant of or ambivalent 
about the very different mechanical properties of these two alloys, and that the linguistic separation of these two metals in 
the 1st millennium BC may reflect larger changes in the sociocultural categorisation of materials.

Keywords: brass, tin-bronze, gunmetal, Near East, colour, symbolism, ethnocategories.

Introduction

The alloys of copper and zinc, including brass (copper-zinc), 
gunmetal (copper-tin-zinc), and variants thereof, have never 
played a significant role in our understanding of Old World 
prehistory (Fig. 1). This is due in large part to their purported 
absence, or at best sporadic existence, in archaeological assem-
blages before the Greco-Roman period (Bayley 1998). Indeed, 
the origins of copper-zinc alloys have long been placed in 
Anatolia during the early 1st millennium BC (see Craddock 
1978a; Forbes 1964: 268–9) – an assumption supported by 
and somewhat predicated on the discovery of early brass 
artefacts inside the Great Tumulus at the Phrygian capital of 
Gordion (Steinberg 1981). The fact that this tomb, labelled 
‘MM’ or ‘Midas Mound’, was supposed to hold the remains of 

the mythical king led Dorothy Kent Hill (1969: 61) to famously 
suggest that perhaps the story of Midas’s ‘golden touch’ in 
fact referred to the earliest production of brass – i.e. turning 
copper into ‘gold’.

This narrative for the development of copper-zinc alloys 
in Southwest Asia has gradually changed as more examples 
of these yellow- or ‘golden’-coloured metals have been found, 
both in reviewing the available literature and through further 
analyses. As recent papers have shown, copper-zinc alloys 
occur sporadically in this region as early as the 3rd millennium 
BC, and continue to appear intermittently until the Greco-
Roman period (Craddock and Eckstein 2003; Thornton and 
Ehlers 2003). Having established the existence of copper-zinc 
alloys in prehistory, we are left with a number of pressing 
questions including: where are the ancient textual references 
to the production of brass or gunmetal or to their distribu-
tion? Why do we discover only a few copper-zinc alloys in 
random sites separated by thousands of kilometres despite 
the innumerable prehistoric artefacts that are analysed every 
year? Should we care, or can we simply dismiss these sporadic 
occurrences of copper-zinc alloys as occasional acts of tech-
nological serendipity?

In this paper, an up-to-date (i.e. prior to 2006) compila-
tion of prehistoric copper-zinc alloys in Southwest Asia is 
presented in six general chronologically and spatially defined 
groupings in an attempt to answer these questions. Although 
these groupings are based on limited data, they provide us 
with a new perspective on the where, when and how of early 
brass and gunmetal exploitation. Using these data, it is argued 
that there is a notable correlation between the occurrence of 
these rare metals and the appearance and utilisation of tin-
bronze, a metal that (unlike brass) has figured prominently 
in discussions on the development of urban civilisations in 
western Asia (e.g. Franklin et al. 1978; Muhly 1973; Parzinger 
and Boroffka 2003; Penhallurick 1986; Pernicka 1998; Stech 
and Pigott 1986; Weeks 1999). Indeed, it is proposed that by 

Figure 1 Ternary diagram showing the standard nomenclature for 
copper-zinc-tin-lead alloys (from Bayley 1998).
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studying ancient copper-zinc alloys, we may gain not only 
a richer understanding of the production and utilisation of 
different materials in prehistoric societies, but also discover 
a new avenue of research into the classic question on the 
origins of Near Eastern tin and tin-bronze first posed over 
75 years ago by V. Gordon Childe (1928). For this reason, it 
is suggested that copper-zinc alloys are perhaps of greater 
importance than has long been assumed, and should begin 
to receive the scholarly attention that they are due.

Of brass

Before delineating the six general groupings mentioned above, 
it is important to understand the basic processes through which 
copper-zinc alloys could have been produced in antiquity. As 
numerous scholars have argued, the production of copper-zinc 
alloys is more complicated than the creation of other copper-
based alloys (Craddock 1998a; Pollard and Heron 1996: 196–
204). This is due to the volatility of zinc above 906 °C, which is 
below the temperature at which zinc will reduce from its ores. 
Thus any attempt to smelt zinc ores causes zinc to sublimate 
(vaporise) (Forbes 1964: 263). Under extreme reducing condi-
tions the gaseous zinc will condense along the inner wall of the 
furnace as zinc metal – a process known as distillation. If air 
is present – and most ancient furnaces were not designed to 
be completely airtight – then the zinc vapour condenses along 
the inner furnace lining in the form of zinc oxide (calamine). 
Given that distillation apparatuses capable of producing great 
quantities of metallic zinc were virtually unknown (or at least 
unused) before historical periods, the zinc had to be added 
either as a vapour to solid copper through a process known as 
cementation, or through a specially controlled mixed smelt-
ing of zinc and copper oxides. While the actual mechanism 
through which zinc enters the copper is essentially the same 
for the two processes, the outlook and the set of choices made 
by the metalworker is inherently different.

The crucial ingredient in both processes is zinc oxide, 
which can be found in its natural state as the ore smithsonite 
(ZnCO3; aka calamine or zinc spar) or sublimated and oxidised 
by intentionally roasting zinc-sulphide ores such as sphalerite 
(ZnS; aka zincblende) or zinc-containing fahlerz.1 Zinc oxide, 
or even droplets of zinc metal under extreme reducing condi-
tions (cf. ‘mock silver’ or ‘false silver’) can also be created acci-
dentally when zinc ores get mixed up with copper or iron ores 
in a smelt, or with argentiferous lead ores during the produc-
tion of lead or silver (Craddock and Eckstein 2003: 217–18). In 
most cases, zinc oxide would be found by the metalworker as a 
white powder clinging to the inner lining of the furnace walls or 
in the flue (cf. Wertime 1980: 15). Given the rarity of naturally 
occurring zinc oxide ores in the Middle East and the ubiquity 
of mixed zinc-lead sulphide deposits, accidental production in 
a furnace seems highly probable as the source of ancient zinc 
oxide.2 The presence of lead slags bearing significant quanti-
ties of zinc at sites such as 3rd-millennium BC Tepe Hissar 
in northeastern Iran (2.3–14.0 wt% zinc)3 and 1st-millennium 
BC Balya in northwestern Anatolia (3.2–30.3 wt% zinc) would 
seem to confirm this association (Pernicka et al. 1984; Pigott 
et al. 1982).

After producing or obtaining zinc oxide, the next step is 
to create a copper-zinc alloy by separating the zinc from the 
oxide through sublimation while adding it to copper before it 
re-oxidises. For the purposes of this paper, an ‘alloy’ is defined 
as the intentional admixture of two or more elements in order 
to create a distinct material with certain desired physical prop-
erties. Thus, while under extreme reducing conditions the 
accidental smelting of mixed ores or high-zinc copper ores 
can produce copper metal with as much as 6–7 wt% zinc (see 
Pollard and Heron 1996), this is not an intentional alloy per 
se. Certainly this type of low zinc copper-base metal has some 
desirable physical differences from pure copper that may or 
may not have been noticed by the metalworker. Intentionality 
is not certain, however, especially if we are only confronted 
with isolated examples – for example the Early Cycladic 
dagger from Amorgos with 5.1 wt% zinc or the Middle Bronze 
Age axe from Beth-Shan with 6.5 wt% zinc mentioned by 
Craddock (1978a: 2). The addition of greater than ~8 wt% 
zinc produces a metal with at least one unmistakable char-
acteristic – its golden colour – which, even if created fortui-
tously the first time, probably could have been reproduced 
if desired. Therefore, copper-zinc alloys will be defined for 
this paper somewhat arbitrarily as containing greater than 
~8 wt% zinc.

Before the intentional production of zinc metal through 
distillation processes, which according to texts seems to have 
begun in India in the late 1st millennium BC (Craddock et al. 
1998), there were two basic ways to create copper-zinc alloys. 
The first is the cementation method, in which zinc oxide is 
mixed with pieces of copper metal and charcoal in a tightly 
closed crucible, heated above 906 °C in order to vaporise the 
zinc and allow it to diffuse into the solid copper, before then 
introducing a final stage of raised temperature to melt the 
metal and thereby homogenise the mixture (Bayley 1998: 9–
10). According to recent thinking (see Craddock and Eckstein 
2003: 223–6), the temperature range was probably closer to 
1000–1100 °C during Roman times, which would have pro-
duced in one step a molten copper-zinc alloy of 20–28 wt% 
zinc. Thilo Rehren (1999: 1085) has argued for a lower tem-
perature range (c. 900–1000 °C) based on the material proper-
ties of early ceramic crucibles, while Jean-Marie Welter (2003) 
has suggested an upper limit of zinc uptake closer to 38–40 
wt%. The amount of zinc in the resulting metal would also 
be significantly depleted if insufficient amounts of calamine 
were added to the mixture or if the base copper contained 
impurities such as tin or lead. In any case, subsequent melting 
of the copper-zinc alloy (or re-melting of scrap metal) would 
invariably cause the loss of about 10% of the zinc present in 
the alloy4 (Caley 1964).

The other way to achieve a copper-zinc alloy using zinc 
oxides, and the one perhaps more likely to have produced 
the prehistoric examples discussed in this paper, is through a 
mixed-ore smelting process. This method has been demon-
strated by many scholars including Sun and Han (1983–85: 
268), who managed to create copper-zinc alloys with up to 
34 wt% zinc by mixing chemically pure zinc oxide (ZnO) 
and cuprous oxide (Cu2O) (1:1) in a graphite crucible. Of 
course, this was a modern smelting experiment and one not 
necessarily representative of ancient processes, but it should 
be noted that they also produced copper-zinc alloys (up to 
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18 wt% zinc) by smelting a mixture of naturally occurring 
malachite (Cu2(OH)2CO3) and leaded smithsonite. The effi-
cacy of the mixed-ore smelting method was also supported 
by the work of Rostoker and Dvorak (1991), who produced 
a copper-zinc alloy of 10.5 wt% zinc by smelting zinc oxide 
with malachite in an open crucible, although they note that 
the zinc uptake would have been higher with a closed crucible. 
Although we do not as yet have a means of distinguishing 
these two general methods of copper-zinc alloy production 
using only the artefacts themselves, the mixed-ore smelting 
method (which here includes the mixture of copper ores with 
manmade zinc oxide) seems more likely to have been utilised, 
given what we know about prehistoric metallurgical processes 
in Southwest Asia.

Early copper-zinc alloys in Southwest Asia

Having delineated the possible means of copper-zinc alloy 
production in antiquity, it is time to turn to the evidence 
itself. As presented in Table 1, there are over 30 examples of 
prehistoric and protohistoric artefacts from Southwest Asia 
containing over 8 wt% zinc that have been reported in the 
literature. Also included are a number of artefacts containing 
5–8 wt% zinc that may or may not be intentional alloys, but 
which are included here for the sake of reference. Notable 
finds east of the general area of Southwest Asia include the 
isolated and contested examples of copper-zinc alloys from the 
Yangshao and Longshan periods in central and eastern China 
(c. 4th–3rd millennia BC) (see An 2000; Han and Ko 2000; 
Mei and Li 2003: 112; Sun and Han 1983–85). In addition, 
there are two leaded gunmetal artefacts from Atranjikhera, an 
early/mid-1st millennium BC site in the Upper Ganga Basin of 
northern India (Gaur 1983), which precede the leaded brass 
vessels from Taxila in northern Pakistan (4th century BC) 

and Begram in the Kabul valley of Afghanistan (2nd century 
BC) (Craddock et al. 1998: 27). While the Chinese examples 
remain suspect because of their extreme discordance with 
the development of Chinese metallurgy as we understand 
it, the finds from Atranjikhera and elsewhere on the Indian 
subcontinent coincide with (or slightly predate) the earliest 
textual references to brass and possibly even zinc metal from 
this region (Craddock et al. 1998; see also Rau 1974).

Contemporary with the Indian examples, there are also 
sporadic examples of copper-zinc alloys from the Hellenistic 
world as well as textual references to oreichalkum (‘copper 
of the mountain’; cf. Latin aurichalcum or ‘golden copper’),5 
beginning as early as the 7th century BC (see Craddock 1998b; 
Craddock et al. 1980). Also of note from Europe are the 3rd-
century BC Etruscan statues analysed by Craddock (1978b) 
that contain 11.5 and 11.8 wt% zinc (and 0.68–3.0 wt% tin 
respectively), the 6th-century BC pin with 9.9 wt% zinc from 
a Phoenician tomb in Cadiz, Spain (Montero-Ruiz and Perea, 
this volume, p. 136) and the pre-Roman iron sword with the 
maker’s stamps in brass (c. 15–20 wt% zinc) from Syon Reach 
outside London now dated to the 2nd century BC (Craddock 
et al. 2004).6 These examples join the list of 21 prehistoric 
copper-zinc alloys compiled by Caley (1964: 3–8) in contesting 
the widely held belief that copper-zinc alloy production spread 
throughout Europe with the Roman conquests.

As stated above, the data from Southwest Asia can be 
grouped loosely into six spatially and chronologically defin-
able clusters that predate the advent of the consistent utilisa-
tion of copper-zinc alloys in the late 1st millennium BC (Fig. 
2). The first of the six groupings (Group 1) is located in the 
eastern Aegean region during the first half of the 3rd millen-
nium BC and includes the eight copper-zinc alloys presented 
by Stos-Gale (1992) and Begemann et al. (1992) from the site 
of Thermi on the island of Lesbos. Here one or two examples 
of copper-zinc alloys (c. 5–17 wt% zinc) were found in almost 
every stratigraphic phase of the site, which is generally asso-

Figure 2 Map showing the major sites discussed in the text.
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ciated with the Troy I–early II periods or c. 3000–2500 BC 
(Pernicka et al. 2003). These artefacts, most of which were pins 
and other ornaments, often included other elements in signifi-
cant quantities besides zinc, including arsenic (<2.8 wt%), tin 
(<9.2 wt%), lead (<9.2 wt%), and antimony (<4.2 wt%). These 
examples are quite isolated in that no other copper-zinc alloys 
are yet known from related sites in the region nor, indeed, 
from anywhere else at this date. Troy I–II period sites in the 
Troad and on the eastern Aegean islands of Lemnos, Lesbos, 
Chios, etc. however, are notable for the early (and often con-
sistent) use of a wide array of metals including silver, gold, 
lead and tin, as well as copper alloyed with arsenic, zinc, tin, 
lead, silver, and antimony (Muhly 2002; Pernicka et al. 2003). 
It is also significant to note that the mines of Argenos on the 
northern shore of Lesbos contain deposits of copper oxides 
and sulphides as well as lead and zinc sulphides (Pernicka et 
al. 2003: 153).

The second group of copper-zinc alloys comes from the 
recent publication of the Frühe Metalle in Mesopotamien 
project at the University of Heidelberg, which presents the 
chemical analyses of nearly 3000 artefacts from southern 
Mesopotamia (Hauptmann and Pernicka 2004). Of these, 
only eight artefacts, dated to the mid/late 3rd millennium 
BC, contained greater than 8 wt% zinc, while an additional 
seven were found to contain between 6 and 8 wt% zinc. If we 
consider those artefacts analysed only on the surface patina 
by X-ray fluorescence (XRF) as potentially contaminated and 
focus specifically on drilled samples, however, then we are 
left with a helm, a toiletry article and a bowl with 10.7, 14.0 
and 14.3 wt% zinc respectively, as well as five other artefacts 
containing 6–8 wt% zinc. It is worth noting that a number of 
these examples also contain significant levels of tin, arsenic 
and/or iron, but show a relative dearth of lead in all but one 
or two cases. Hopefully, future publications of the Heidelberg 
analyses of northern Mesopotamian artefacts and the long-
awaited Mesopotamian Metals Project of the University of 
Pennsylvania will provide further prehistoric examples of 
copper-zinc alloys from this region.

The third grouping of reported copper-zinc alloys comes 
from the circum-Caspian region, notably from sites in the 
northern and southern Caucasus and southern Central 
Asia during the second half of the 3rd millennium BC. 
Unfortunately, most of the examples from the southern 
Caucasus and southern Central Asia can only be considered 
tentatively until further analyses have been conducted. For 
example, the two copper-zinc alloys from Namazga-depe in 
southern Turkmenistan, analysed in the 1950s and discussed 
by Egor’kov (2001: 87), were unstratified finds, as were the 
blade and the ring from Altyn-depe.7 In addition, many of the 
spectrographic analyses performed in the 1960s have been 
shown to be questionable, such as the Altyn-depe blade that 
was reported to contain 16 wt% zinc when first analysed in 
1966, but which upon re-analysis in 1967 was found to contain 
less than 6 wt% zinc (Egor’kov 2001). The copper-zinc alloys 
analysed by Bogdanova-Berezovskaja (1962) from late 3rd/
early 2nd millennium BC Dal’verzin in Uzbekistan must also 
be regarded with a critical eye for these same reasons.

Fortunately, the nine copper-zinc alloys from kurgans at 
the site of Ergeni (‘Yergueni’) in northern Kalmykia (c. 2500–
2200 BC) first reported by Gak (2004) are not as contentious, 

because the metal artefacts were analysed in the past few years 
and the burials have been radiocarbon dated (Egor’kov et al. 
2004). Although the zinc content in these artefacts is relatively 
low (1.3–5.6 wt% zinc), excluding the dagger (11 wt% zinc) 
and the hook (8 wt% zinc), it is undoubtedly significant that 
the other 31 contemporary copper artefacts analysed from 
this region contain considerable amounts of arsenic (<6.4 wt% 
arsenic, average: 3.0 wt% arsenic), an element which is missing 
from the nine artefacts mentioned above (average: 0.2 wt% 
arsenic) (Egor’kov et al. 2005). This may suggest that low zinc 
brass was being produced at, and imported from, an area not 
utilising arsenic-bearing copper. Alternatively, zinc was being 
added intentionally to pure copper (through cementation or 
mixed-ore smelting, as discussed above) by metalworkers 
(either locally or elsewhere) who perhaps recognised that 
zinc uptake is hindered by the presence of other alloying ele-
ments in the copper such as arsenic, lead and tin (Craddock 
et al. 1980: 60; Ponting 2002: 559–60). It is worth mentioning 
that Chernykh (1992: 66) reports a 3rd-millennium BC zinc 
metal ornament from the Maikop site of Meshoko also in 
the northern Caucasus, which (if authentic) may force us to 
reconsider the possible methods for early copper-zinc alloy 
production.

The fourth grouping of prehistoric copper-zinc alloys 
appears in the eastern Persian Gulf region in the late 3rd/
early 2nd millennium BC in the cemetery of Umm an-Nar, 
United Arab Emirates (UAE), and at the village site of Tepe 
Yahya, Iran. At the former site, the copper-zinc alloys include 
a dagger (10 wt% zinc) and a fragment (8.6 wt% zinc) as well 
as six other fragments with 2.3–4.7 wt% zinc. All appear to 
be similar to the Ergeni examples in being relatively low zinc 
brasses that were made with fairly pure copper as the base 
metal (Frifelt 1991: 100). Given that 3rd-millennium BC raw 
copper and copper ingots from eastern Arabia generally have 
60–600 ppm zinc (Weeks 2003: 85), the numbers from Umm 
an-Nar are significant and suggest (as at Ergeni) either impor-
tation of zinc-rich copper metal or the intentional production 
of low zinc brasses, perhaps through open-crucible smelting 
of zinc and copper oxides. Unfortunately, the few artefacts 
analysed from the Umm an-Nar cemetery were all fairly cor-
roded and should perhaps be re-analysed, especially in light of 
the fact that the contemporary artefacts from the associated 
settlement contained less than 40 ppm of zinc (Hauptmann 
1995).

The three copper-zinc ornament fragments from a domes-
tic context at Tepe Yahya IVA (c. early 2nd millennium BC) 
have been reported in detail elsewhere and need not be 
repeated here (see Thornton and Ehlers 2003; Thornton et 
al. 2002). In general, these artefacts have higher zinc con-
tents than at Umm an-Nar (and are less corroded) and show 
mixing with small amounts of lead and tin, perhaps sugges-
tive of the recycling of scrap metal. Given the close cultural 
relations between southeastern Iran and the eastern Arabian 
Peninsula during the late 3rd millennium BC (see for example 
Lamberg-Karlovsky and Potts 2001; Méry 2000), the discovery 
of copper-zinc alloys in both regions is perhaps not surprising. 
Furthermore, the corroded fragment with ~6 wt% zinc found 
at the contemporary Late Harappan site of Lothal in Gujarat 
(Rao 1985: 660), which had significant trade relations with the 
eastern Persian Gulf region during this period (see Cleuziou 



O F  B R A S S  A N D  B R O N Z E  I N  P R E H I S TO R I C  S O U T H W E S T  A S I A

129

and Tosi 2000; Frenez and Tosi 2005), may suggest a wider 
range for early copper-zinc alloys than previously thought.

The fifth grouping of prehistoric copper-zinc alloys 
occurs in two mid-2nd millennium BC sites in northern 
Mesopotamia. Schaeffer-Forrer et al. (1982) report two arte-
facts from Ugarit in western Syria that contain roughly 12 wt% 
zinc, including a ring with a Hittite-style stamp seal and an 
Egyptian-style zoomorphic statuette, both of which purport-
edly date to c. 1400 BC. The statuette, however, was not found 
in good context and can only be dated based on art-historical 
arguments. Contemporary to these pieces, Christine Ehlers 
analysed two rings from the destruction layer (c. 1350 BC) at 
Nuzi (Yorgan Tepe) in northeastern Iraq that proved to be 
leaded copper-tin-zinc alloys with 12.2–14.4 wt% zinc (see 
Bedore and Dixon 1998; Thornton and Ehlers 2003). The fact 
that these rings from Ugarit and Nuzi are the earliest substan-
tiated copper-zinc alloys from northern Mesopotamia may 
suggest that more quotidian artefacts (instead of elite funerary 
goods) need to be analysed from earlier periods.

The final grouping occurs mainly in the region combin-
ing eastern Anatolia, northern Iraq, the southern Caucasus 
and western Iran in the early 1st millennium BC. There are 
substantially more examples from this grouping than from the 
previous five, but some are of questionable authenticity. For 
example, the horn of the unprovenanced Urartian tin-bronze 
bull head that was said to be ‘a copper-tin-zinc alloy with 
relatively high concentration of Cr’8 as reported by Hanfmann 
(1956: 207) has been found through recent XRF and induc-
tively coupled plasma (ICP) analyses to contain merely traces 
of zinc.9 Also unprovenanced (and therefore suspect) are the 
‘Luristan Bronze’ pinhead and brooch analysed by Northover 
(1997) and found to contain just over 8 wt% zinc. On the other 
hand, these unprovenanced finds are roughly contemporary 
with excavated examples of copper-zinc alloys, including a 
twisted bracelet from the Urartian site of Cavustepe near 
Van in eastern Turkey containing 11 wt% zinc (Geckinli et 
al. 1986) and three excavated artefacts from Azerbaijan con-
taining 8–10.4 wt% zinc (Kashkai and Selimkhanov 1973; see 
also Gasanova 2002; Schachner 2005). Also of note are the 
two 9th-century BC Assyrian bowls from Nimrud contain-
ing significant tin and what may be significant levels of zinc 
(5.5–6.4 wt%) (Hughes et al. 1988).

The most famous copper-zinc alloys from the first half of 
the 1st millennium BC come from just west of this core region 
at the aforementioned site of Gordion in central Anatolia. 
Here, three fibulae from the Great Tumulus10 (‘MM’) were 
found to contain >10 wt% zinc as reported by Steinberg (1981: 
286–9; see comment in Craddock and Eckstein 2003: 216). 
In addition, a fourth fibula and a bowl containing 8 and 12 
wt% zinc, respectively, were also found in the Great Tumulus 
and analysed by W.J. Young in 1956 (in Young 1981: 289–90). 
Although the Greeks attributed the invention of copper-zinc 
alloys to the Phrygians, it is important to stress that Gordion 
was simply the last in a series of prehistoric and protohis-
toric Southwest Asian sites to consume, if not produce, these 
metals. Phrygia may even have imported these alloys or at least 
the technology from the core region to the east designated 
here in the sixth grouping.

Of bronze

The growing list of reported prehistoric copper-zinc alloys 
presented above does not on its own provide any reason-
able answers. While it seems quite likely that many of these 
copper-zinc alloys were being produced by a mixed-ore smelt-
ing method as opposed to cementation, this cannot be sub-
stantiated or refuted at present. Furthermore, where and when 
these rare alloys were being produced and by and for whom 
are all questions that remain to be answered. When juxtaposed 
with the relevant dataset for exploring the origins of tin and 
tin-bronze in the greater Near East, however, an intriguing 
pattern emerges that may hopefully provide some answers or, 
at least, some new ways of looking at the question.

As mentioned above, sites in the eastern Aegean witnessed 
an explosion of new metallic alloys during the Troy I–II 
periods (3000–2500 BC). All of these new metals, however, 
including the early copper-zinc alloys from Thermi, have been 
greatly upstaged in the literature by the early examples of tin-
bronze known from the Troy I period at Thermi and recently 
discovered at the Troad site of Besik-Yassitepe (Begemann 
et al. 2003). Of perhaps even greater significance for the ‘tin 
question’ was the discovery of one of the earliest objects made 
of tin-base metal (also containing 22.7 wt% iron) from Thermi 
IV in the mid-3rd millennium BC (Begemann et al. 1992). It is 
also interesting to note that three of the four copper-zinc alloys 
reported from the later periods at Thermi (III–V) are actu-
ally made of gunmetal containing 2.2–9.9 wt% tin, which is a 
metal that remains prevalent throughout the entire sequence 
of early copper-zinc alloys.

Although uncertain about the origins of these early tin-
bronzes and, perhaps by extension, the early copper-zinc 
alloys, Pernicka et al. (2003: 165–7) suggest an importation 
of tin metal from Central Asia based upon lead isotope data 
and the excavation of jade and nephrite axes at Troy. It seems 
equally likely that the Troad tin was coming from southeastern 
Europe, given the evidence for late 5th/early 4th-millennia BC 
tin-bronze artefacts and slag from this region (see Glumac 
and Todd 1991). The evidence for tin-bronze in this region 
continues into late 4th/early 3rd-millennia BC contexts such 
as the multiple artefacts from Sitagroi IV–V (Renfrew and 
Slater 2003) and the dagger from Velika Gruda, Montenegro 
(Primas 2002). It should be noted, however, that there are 
no reported copper-zinc alloys from prehistoric contexts in 
southeastern Europe, although perhaps future analyses will 
prove otherwise.

The Caucasus region provides another interesting, 
although less direct, association between brass and bronze. If 
we follow Kavtaradze (1999) in doubting the reported context 
of the two tin-bronzes found at Delisi in Georgia (c. early 
4th millennium BC), then the earliest confirmed copper-tin 
alloys are the spiral ring with 10.2 wt% tin recently analysed 
by Laura Tedesco (2006)11 from a tomb in Armenia dated to 
the late 4th millennium BC. There are also the tin-bronzes 
from graves at Velikent, Daghestan, reported by Kohl (2002) 
dating to the 3rd millennium BC (see also Chernykh 1992: 
123–4). These dates coincide with the first reports of zinc 
appearing as a significant trace element (<2.5 wt%) in tin-
bronzes from Kura-Araxes sites as well as the Meshoko zinc 
ornament discussed above (Chernykh 1992: 66). Tin-bronze 
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becomes more widespread, however, during the second half 
of the 3rd millennium BC within the Sachkhere and Bedeni 
cultures of Georgia (Kavtaradze 1999), where purportedly 
numerous cases of arsenical copper and tin-bronze arte-
facts are said to contain up to ~5 wt% zinc (Chernykh 1992: 
109).12 It is particularly interesting to note that Chernykh 
(1992: 121) states that copper-tin-zinc ‘alloys’ (i.e. tin-bronzes 
with appreciable amounts of zinc) are specific to the Bedeni 
culture of eastern Georgia and are not found in the northern 
Caucasus. Although we must wait until these data are pub-
lished in order to be entirely certain of the accuracy of these 
propositions, this statement does correspond well with the 
lack of tin in contemporary copper-zinc alloys from Ergeni 
mentioned above.

A third example of this interrelationship between copper-
zinc alloys and the ‘tin question’ is to be found on both sides 
of the lower Persian Gulf region. As Weeks (1999, 2003) has 
shown, tin begins to appear as a minor but significant element 
(0.5–2.0 wt%) in eastern Arabian copper-based artefacts in 
the mid-3rd millennium BC, before blossoming into true tin-
bronzes (>2 wt% tin) in the later 3rd millennium BC. This 
transition is contemporary with the appearance of the copper-
zinc alloys at Umm an-Nar discussed above as well as with 
the earliest appearance of tin metal in the region in the form 
of a tin ring from a grave at Tell Abraq (Weeks 2003: 123). 
Intriguingly, this sequence of copper with minor amounts 
of tin transitioning to actual tin-bronzes and early brasses is 
paralleled almost exactly in southeastern Iran at Tepe Yahya.13 
There tin first appears as a minor element in the late 3rd mil-
lennium BC (Yahya IVB) before tin-bronzes, the three brasses 
mentioned above (two of which contain small but significant 
amounts of tin), and a lead-tin bangle appear in the early 2nd 
millennium BC (Yahya IVA) (Thornton et al. 2005).

Perhaps the most interesting examples that support an 
association between copper-zinc and copper-tin alloys in pre-
history are the consistent copper-zinc-tin alloys that appear 
in these early periods. From Thermi to Gordion, roughly two-
thirds of all the copper-zinc alloys listed in Table 1 and men-
tioned above contain appreciable amounts of tin, while roughly 
a half could qualify as ‘tin-bronzes’ in their own right (i.e. >1–2 
wt% tin). This is reminiscent of the controlled mixing of copper, 
zinc and tin so prevalent during the Roman period (Bayley and 
Butcher 2004; Craddock 1978a), although markedly different 
in that prehistoric gunmetal appears to have been produced 
haphazardly with little regard for (or control of ) the alloying 
process (Fig. 3). Indeed, it is not until the early 1st millennium 
BC (i.e. ‘Group 6’), when almost all of the artefacts contain 
roughly 8–12 wt% zinc, that the amount of zinc seems to have 
been somewhat standardised, although the amount of tin in 
these same artefacts remains haphazard at best.

It may seem reasonable to suggest that prehistoric gun-
metal was produced accidentally, perhaps as a result of the 
recycling of scrap metal for the manufacture of jewellery and 
other trinkets. If this is true, then why do we find only tin being 
alloyed with copper and zinc, and not more copper-arsenic-
zinc or copper-antimony-zinc alloys? Indeed, the mixing of 
tin and zinc in copper is not an obvious combination from 
an archaeometallurgical standpoint, as tin and zinc are rarely 
found in the same geologic contexts and the presence of tin 
in copper will reduce the uptake of zinc twice as much as the 
presence of other alloying elements such as lead14 (Craddock 
et al. 1980: 60; Ponting 2002: 560). How, then, are we to make 
sense of prehistoric gunmetal, which on the one hand seems to 
be haphazardly (perhaps serendipitously) produced, while on 
the other hand appears to have been intentionally associated 
with copper-tin alloys and tin metal?

Figure 3 Scatter-plot showing the zinc vs. tin compositions (in wt%) of the various copper-zinc alloys mentioned in the text. The lack of a 
definable correlation between the tin and zinc contents suggests an uncontrolled or unintentional production of these alloys
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Of aurichalcum: a case of technological 
ethnocategories?

One possible reason for the haphazard production of gun-
metal is that brass and tin-bronze were both favoured in the 
production of items for display (e.g. pins, jewellery, blades) 
due to their golden colours and may have been confused in 
the past as they were in the medieval period of Europe and, 
indeed, even today. This statement is not as straightforward as 
it may seem. We distinguish copper-zinc and copper-tin alloys 
based on their chemical and physical properties, although 
we approach these materials from the privileged position of 
understanding what they are, how they can be produced, what 
their similarities and differences are, etc. While skilled pre-
historic metalworkers would undoubtedly have realised the 
physical differences between these materials, we cannot be 
certain, without textual references such as those provided by 
the Greeks and Romans, that the ancient local consumers of 
these metals distinguished them quite so easily.

For example, in a recent paper it was argued, based on 
metallographic analyses of copper-based artefacts from five 
millennia of occupation at Tepe Yahya, that at least two of 
the three brass objects were created by a distinctly local style 
of metalworking that appears to remain unchanged at the 
site from the early 4th millennium BC until the 1st millen-
nium BC (Thornton and Lamberg-Karlovsky 2004). This 
may suggest that these small brass ornaments were worked 
locally into their final forms, although the metal itself was 
probably imported given its rarity and the lack of metallurgical 
remains at the site (cf. similar comment by Begemann et al. 
(1992: 220) in regards to the Thermi examples). Indeed, we 
often assume only two major stages in the life-cycle of a metal 
artefact – production and consumption – but this ignores 
the possibility of intermediary metalworkers or of cottage-
industry consumers who melted and crafted metals to fit their 
specific needs without necessarily understanding the techni-
cal properties of the materials with which they worked (cf. 
Pigott’s (1980) discussion of the treatment of iron by Iranian 
bronzeworkers in the Early Iron Age). This is not to suggest 
that a master craftsman would not immediately notice the 
difference between tin-bronze and brass, just as he would 
undoubtedly notice the difference between a 2 wt% arsenical 
copper and a 7 wt% arsenical copper. Instead, it is meant to 
question whether the ancient consumers of the copper-zinc 
alloys at Yahya or Thermi or Nuzi categorised these metals 
as different from copper-tin alloys, or whether brass, bronze 
and gunmetal were treated as variants of the same genre of 
material that could be combined and exchanged at will.15

One thing that we can be fairly certain of is that the people 
producing copper-zinc alloys, who were most likely village-
based or itinerant craftspeople located in regions peripheral 
to mainstream prehistoric societies, were aware that what they 
were making was not the same as tin-bronze. Disregarding the 
possibility of zinc metal distillation and ignoring for now the 
possibility of an early invention of the cementation method, 
the major distinguishing factor for ancient mixed-ore smelt-
ers would have been that zinc and tin ores are visually quite 
distinct and rarely ever found in the same geologic contexts. 
Indeed, zinc ores occur most frequently in lead and copper 
ore deposits, while the latter is often found in granites, in gold-

bearing quartz veins and in streams that have eroded away the 
surrounding rock matrix but, like gold, have left nodules of the 
water-insoluble tin oxides (Charles 1978). This latter point has 
been used to explain the association of tin and tin-bronze with 
gold throughout the prehistoric Near East (Muhly 1973). In 
contrast it would appear that the only reason for copper-zinc 
alloys to be found together with tin-bronze is because they 
both possess a golden colour.

Although it may seem trite to announce that what brass 
and bronze had in common was their colour, the study of 
visual characteristics of artefacts can be a powerful means of 
understanding the past (see Jones and MacGregor 2002). As 
scholars such as Lechtman (1977, 1999) and Hosler (1994) 
have demonstrated, by focusing on the more qualitative 
aspects of metals, archaeometallurgy can go beyond purely 
technical studies and engage with ancient ‘ethnocategories’ 
or the ways in which people gave order and meaning to the 
world around them. The idea of ethnocategories derives from 
sociolinguistic and anthropological theories on the relation-
ship between the structuring of language and the structur-
ing of society and the natural world (e.g. the famous Boasian 
example of Arctic Inuits using multiple words to describe dif-
ferent types of snow). In the case of technology, the creation or 
adoption of a new material usually leads to a reconfiguration 
of such ethnocategories (e.g. the discovery of iron in western 
Asia led eventually to the creation of a ‘blacksmith’ as a specific 
social role distinct from other metalworkers), although there 
is often a lag between the initial introduction of that new 
material or object and the full understanding of its distinct 
qualities.16 In the absence of texts, this type of conceptual 
delay is also observable archaeologically (e.g. early smelted 
iron maintaining the high value and prestige of meteoritic 
iron) and scientifically (e.g. early iron having been worked by 
bronze workers), and it should be the role of the archaeometal-
lurgist to combine these lines of inquiry in order to study the 
patterns of social behaviour that led to the formation of new 
and distinct ethnocategories.

In the case of prehistoric Southwest Asia, it is here pro-
posed that the earliest copper-zinc alloys were not necessarily 
considered as different from tin-bronze by anyone other than 
the smelter or by a skilled metalworker able to distinguish 
the differences in hardness and durability between the two 
materials. That is, within the greater sociocultural milieux 
of the 3rd and 2nd millennia BC, these new golden-coloured 
metals fell into the same ethnocategory as tin-bronze and 
other golden-coloured, copper-base alloys. In fact it was prob-
ably not until the 1st millennium BC that words signifying 
‘brass’ (such as the Greek oreichalkos), as opposed to copper 
and tin-bronze (e.g. xalkos, kuwkos), first appeared in texts 
(Halleux 1973). This linguistic shift may coincide with the 
florescence of copper-zinc alloys in the sixth grouping dis-
cussed above. If that is the case, then the sixth grouping may 
represent a significant change in the way copper-base metals 
were categorised by ancient societies – from one based almost 
entirely on visual characteristics to one involving some level 
of technical (or ‘chemical’) knowledge.
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Conclusions

Although the number of prehistoric copper-zinc alloys 
from Southwest Asia has increased significantly since Paul 
Craddock (1978a, 1980) first began to research their origins, 
the answers to the questions posited above on the who, 
when, where and how of early brass production remain 
elusive. Indeed, it is seemingly impossible to connect such 
geographically, chronologically and culturally disparate sites 
as Thermi, Ergeni and Tepe Yahya in the hopes of inducing 
some larger pattern, although the association with tin and 
tin-bronze discussed above may provide an important clue 
for future study. What is needed is to target the copper-zinc 
artefacts as a distinct corpus for comparative chemical and 
metallographic analyses, and also to conduct more archaeo-
metallurgical investigations of certain key areas – such as the 
southern Caucasus – which may contain evidence for early 
copper-zinc alloy production.

The dataset presented here of early examples of copper-
zinc alloys in prehistory can no longer be ignored by all but 
a handful of scholars. These alloys, although rare, were inti-
mately connected with the development of other important 
metals such as lead and silver, whence the production of zinc 
oxide perhaps originated, as well as tin-bronze, with which it 
may have been confused and inadvertently mixed due to their 
similar visual characteristics. This hypothesis is not meant to 
suggest that copper-zinc alloys could not have been intention-
ally produced by knowledgeable craftspeople in prehistory. 
Rather, it is meant to emphasise the multiple stages in the 
life-cycle of metal artefacts – from original production and 
subsequent trade, to secondary and tertiary manufacturing of 
consumable goods, to repair, reuse and/or recycling steps, and 
finally to discard or deposition – and the different episodes of 
cultural categorisation that these materials and objects must 
have undergone as they moved from one person or society 
to another.

Given the fairly extreme differences between the pro-
duction and functioning of tin-bronze and brass, the strong 
archaeological association between the two metals (and, 
indeed, the haphazard mixing of these alloys in prehistory) 
deserves more research. While technical studies are important 
for our understanding of the manufacture of metal artefacts, 
we must temper these studies with a nuanced understanding 
of more cultural factors such as visual symbolism and how 
they may have affected and been affected by technological 
and social practices (cf. Ottaway 2001; Sofaer Derevenski and 
Sørensen 2002). This can only be achieved by a combination 
of chemical and metallographic analyses of excavated artefacts 
from good contexts, scientific experiments into the processes 
of manufacture and physical properties of copper-zinc alloys, 
and theoretical discussions on the role of metals and materials 
in ancient societies.
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Notes

 1. Although fahlerz ores such as tetrahedrite (Cu12Sb4S13) and ten-
nantite (Cu12As4S13) often contain appreciable amounts of zinc 
(see Ixer and Pattrick 2003), very few of the early copper-zinc 
alloys discussed here contain significant levels of arsenic or anti-
mony. Thus, fahlerz is an unlikely source material for these rare 
metals.

 2. The absence of iron and manganese in the brasses from Tepe 
Yahya, Iran, may confirm that they were in fact made by 
manmade zinc oxide and not naturally occurring smithsonite 
(Thornton et al. 2002: 1459).

 3. Note that the Hissar data were not corrected for oxides and are 
only semi-quantitative (Pigott, pers. comm.).

 4. In Thornton and Ehlers (2003), this is reported erroneously as 
the loss of 10 weight percent zinc. In actuality, a 28 wt% zinc 
copper-zinc alloy that is re-melted will become a 25–26 wt% 
zinc alloy (a 10% loss) and not an 18 wt% zinc alloy.

 5. ‘Oreichalkum’ is considered by Craddock (1998b) and others 
(e.g. Caley 1964) to refer to ‘brass’ as it did in the Roman period; 
contra ‘oreichalkum’ to mean arsenical copper (Eaton and 
McKerrell 1976; Forbes 1964; Heskel and Lamberg-Karlovsky 
1980). For more on this topic, see Halleux 1973.

 6. This artefact can be compared to a La Tene sword with brass 
inlay from Munich mentioned by Dannheimer (1975). Thanks 
to Josef Riederer for providing this reference.

 7. Egor’kov, pers. comm., May 2005.
 8. Henry Lie and Susanne Ebbinghaus (pers. comm., June 2005) of 

the Fogg Art and Sackler Museums at Harvard report that the 
horn was found to contain >10 wt% tin and 1–10 wt% zinc when 
it was analysed in the 1950s.

 9. Katherine Eremin, pers. comm., October 2005.
 10. The Great Tumulus is now securely dated with dendrochronol-

ogy to c. 743–741 BC and is thus not likely to be the tomb of 
King Midas (see DeVries et al. 2003).

 11. Laura Tedesco, pers. comm., April 2005.
 12. Giorgi Kavtaradze, pers. comm., 2004.
 13. In fact, this sequence is so similar that it may add fodder to the 

heated debate over the chronology of Yahya IVB–IVA in relation 
to the Tell Abraq sequence presented by Lamberg-Karlovsky and 
Potts (2001).

 14. It is interesting to note that lead, although the element most 
commonly found with zinc in geologic contexts of Southwest 
Asia, is only prevalent in significant quantities (i.e. >1 wt% lead) 
in roughly one-third of the total corpus in Table 1. Whether the 
lead came with the zinc or as an independent alloying agent is 
a question that needs to be addressed in future research.

 15. Much in the same way that English speakers today continue to 
refer to aluminum foil as ‘tin foil’ despite almost a century since 
actual tin foil went out of common use.

 16. For example, as Renfrew (1978: 102) has noted, the automobile 
was first referred to as a ‘horseless carriage’ and only later was 
considered to be a distinct entity (i.e. the ‘car’).
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