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Abstract: Archacometallurgical research in the U.A.E. and Oman has demonstrated that local Bronze Age societies undertook
copper production on a very large scale, providing solid evidence for the identification of this region as the land of Magan known in
Mesopotamian sources as a key supplier of copper in the later 3rd millennium B.c. However, consideration of the textual, archaeological
and archaecometallurgical evidence from across the greater Persian Gulf region indicates a more complex exchange system conditioned
not only by raw material sources and trade routes, but by politics and warfare, by technological traditions of manufacture and recycling,
by ideologies of elite consumption, and by the social obligations that created and underpinned exchange relationships. A great deal of
work remains to be done to demonstrate the likely contribution of Iranian polities to this system.
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Introduction’

Political, cultural, and economic interactions between
Bronze Age polities in Mesopotamia and the Persian Gulf
region have been examined in great detail over the last
century (cf. D. T. Potts 1990; T. F. Potts 1994). Since the
1950s, in particular, increasingly intense archaeological
research on the southern shores of the Persian Gulf has
added a material reality to the outlines of the fragmentary
historical record and strongly shaped “our current
understanding of the Bronze Age trade along the Persian
Gulf. Contrastingly, the relative lack of archaeological and
historical evidence from the northern shores of the Persian
Gulf has meant that the participation of Iranian polities in
this exchange network is under-represented.”> It has even
been suggested that in the Bronze Age the overland trade
route through highland Iran and the sea route through
Persian Gulf were essentially mutually exclusive exchange
systems (T.F. Potts 1994: 277-290).

However, a simple consideration of the widespread
contacts attested between societies as far afield as

1. Note: This is a recently revised version of a paper originally submitted
for publication in 2004.

2. This is not to say that the archaeological evidence for Iranian materials
in the Persian Gulf region has been ignored. On the contrary, as noted
by Potts (2003a: 156), the issue of interactions between Iran and the
Oman Peninsula “was integral to the earliest intellectual development
of southeast Arabian archaeology”. However, this evidence has not been
incorporated into models of Gulf exchange systems to the degree that
similar evidence from Bahrain, Oman, or the Indus has been used in
conjunction with Mesopotamian texts to talk of “seafaring merchants”
of Dilmun, Magan, and Meluhha (c.f. Oppenheim 1954). This lack of
attention has been redressed to some degree by recent articles focussing
on material links between polities of the southern Persian Gulf shores and
those in southern Iran and further afield (e.g. Carter 2003; Potts 2003a,
2005; Pigott er al. 2003a; Laursen 2009).
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Mesopotamia and the Indus would suggest that the Persian
Gulf was far more likely to have linked than divided the
Bronze Age populations on its northern and southern
shores. The relatively recent discoveries in the Jiroft region
of south-eastern Iran have certainly added weight to the
evidence supporting such a contention (D. T. Potts 2005;
Steinkeller 2006; Madjidzadeh 2008, 2003).

With this theme in mind, this article presents a brief
foray into the issue of connections between the Bronze
Age metallurgical industries to the north of the Persian
Gulf in modern-day Iran, and those on the southern side
of the Persian Gulf in modern-day Saudi Arabia, Bahrain,
the United Arab Emirates and Oman. In the sections below,
the evidence for the primary extraction and exchange of
copper in the greater Persian Gulf region is examined, a
trade that is often thought to have underpinned the Persian
Gulf exchange system as a whole (e.g., Edens 1992).
Subsequently, the role of the Persian Gulf as a route for
the exchange of tin and tin-bronze is investigated, and
variations in alloy use on the northern and southern shores
of the Persian Gulf are characterised. These approaches
underscore the likely participation of Iranian polities in the
Persian Gulf metals trade as both producers and consumers,
and emphasize the need for future research to delineate the
wider role of Iranian products and polities in the Persian
Gulf exchange system.
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Copper

According to Mesopotamian economic texts the main
entities involved in the trade of copper to the cities of
southern Mesopotamia were Dilmun and Magan. Dilmun
occurs in cuneiform texts as early as the Proto-Literate
period, at which point it already appears to be associated
with copper (Nissen 1986; Englund 1983), and is mentioned
throughout the third millennium B.c.E. Dilmun is to be
located in eastern Arabia and, especially by the later third
millennium B.C.E., on the island of Bahrain (Potts 1983,
1990). However, geological and archaeological evidence
is unequivocal in indicating that the copper traded by
Dilmunite merchants was not from Dilmun itself, but must
have been mined and smelted in regions farther away to the
south and east.

The search for the source(s) of Dilmun copper
introduces the second major polity of the Bronze Age
Persian Gulf metals trade, Magan. This toponym appears
in cuneiform texts from the Akkadian period to the end
of the Ur III period, at which time it is emphatically
associated with the copper trade (Potts 1990; Weeks
2004: 15-16). Magan is somewhat more difficult to locate
geographically than Dilmun and there are arguments both
archaeological and textual for seeing Magan as a political
entity that encompassed lands and peoples on both sides of
the Straits of Hormuz (Abdi 2000: 278-9; Glassner 1989,
1996; Heimpel 1987, 1988). In contrast, archacological
evidence for large-scale Bronze Age copper exploitation
in the Oman Peninsula gathered since the 1970s has led
to very strong claims that Magan was located in the Oman
Peninsula (e.g., Weisgerber 1983, 1991).

Regardless of its geographical location, Magan loses
prominence in cuneiform sources-after the Ur III period,
when the trade between Mesopotamia and the polities to
the southeast is apparently directed through Dilmun (Potts
1990; Crawford 1998; Carter 2003). The scale of the copper
trade at this time ds large, with literally tonnes of metal
mentioned in individual merchant’s texts (Leemans 1960;
Oppenheim 1954). Thus, Mesopotamia’s copper seems to
have come predominantly through Dilmun in both the early
to mid-third millennium and the early second millennium
B.C.E. It has often been assumed that the Dilmun copper
traded in the Persian Gulf at these times actually came
from Magan, even though Magan is not mentioned before
the Akkadian period or after the Ur III period.

Presently, however, only archacological evidence is
available to support these assumptions. Coinciding with
the historical references to Magan, most archaeological
evidence points to the later third millennium as the period
when copper production in southeastern Arabia really
expanded (Hauptmann 1985: 115-7; Berthoud and Cleuziou
1983; Cleuziou 2002: 199-200). Likewise, the earliest
currently known primary smelting slags in the region have
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approximately been dated by thermoluminescence to the
mid-third millennium B.c.E. (Yule and Weisgerber 1996:
141). As native copper is a geological rarity in the Oman
Peninsula (Goettler et al. 1976: 47), it could not have been
the foundation of earlier copper exchange in the region.

However, there is now limited (yet growing) indirect
evidence from the Oman Peninsula for the primary
extraction of copper from its ores in the early third
millennium B.c.E. (Weeks 2004: Ch. 2; Carter 2003: 39).
Crucibles with copper-rich residues have been reported
from contexts dating to the first half of the third millennium
B.C.E. at sites including Hili, Bat and Umm an-Nar Island
(Cleuziou 1980, 1989; Frifelt 1995; Hauptmann 1995),
although most of these artefacts have not been analysed
to determine whether they were used for primary copper
smelting or subsequent copper working activities such as
the refining of raw copper or the melting of copper for
casting. Further indirect evidence for copper production in
the region at this time occurs in the form of copper-base
objects recovered from late fourth/early third millennium
settlements, middens, and tombs (Weeks 2004: 54-5;
Cleuziou and Tosi 2007: 90-92, Fig. 101). The site of
Ra’s.al-Hadd HD-6, in particular, has produced hundreds
of ‘copper-base artefacts and residues dating to the late
4"/early third millennium B.c.E. (Giardino et al. 2007;
Cleuziou and Tosi 2007: 93). Given the evidence for
large scale copper extraction in the Oman Peninsula in
the later third millennium B.c.E. and the high Ni and As
concentrations of the HD-6 metal remains, such artefacts
have been reasonably interpreted as the first products of
local copper smelting (e.g. Cleuziou and Tosi 2007: 156,
168), although it must be emphasised that no evidence for
metal casting, let alone smelting, has been found at these
sites.

From almost the inception of archacology in southeastern
Arabia, the common presence of Mesopotamian Jamdat
Nasr pottery in late fourth/early third millennium B.C.E.
graves has been used to argue that this possible early local
copper smelting was oriented towards exchange with
Mesopotamia, or may even have resulted from the presence
of Mesopotamian prospectors in the Oman Peninsula
(Orchard 1995; During-Caspers 1971; Frifelt 1971, 1975,
1980).

The chronology of primary copper extraction in the
Oman Peninsula is also an issue when considering the
flourishing copper trade between Mesopotamia and Dilmun
in the early second millennium B.c.E. Until recently, there
has been very little primary evidence for copper smelting
in the Oman Peninsula at this time, known locally as the
Wadi Suq period (Carter 2001: 196, 2003: 39; Weeks
2004: 24-25). Whilst “Bronze Age” Omani smelting sites
are difficult to date, and may indeed span the later third
and early second millennia B.c.E., when slags are found in
settlement contexts they have been invariably associated
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with pottery of third millennium date. Continued local
copper production in the second millennium B.c.E. has been
posited based upon the significant numbers of copper-base
artefacts found in Wadi Suq period tombs (e.g., Carter
2003: 39). However, as for the Hafit period, such finds
provide only circumstantial evidence for contemporaneous
local primary copper extraction.

Recently, however, research at the site of Wadi Hilo in
the U.A.E. has outlined a possible sequence of third through
second millennium B.C.E. copper exploitation (Kutterer
et al. 2013). Moreover, analyses of the composition and
isotopic characteristics of Wadi Suq period metal artefacts
from the region (Cuenod 2013; Weeks et al., in press)
have identified material that appears to be compositionally
distinct from third millennium production and yet still
characteristically local in terms of its composition and lead
isotope characteristics.

Overall, it is clear that there is currently good
archaeological evidence for copper production in
southeastern Arabia only in the late third millennium
B.C.E. Copper extraction in the region outside that period
seems likely, both in the early third and the early second
millennium B.c.E., but production levels are likely to have
been significantly lower, increasing the likelihood of other
polities in the greater Persian Gulf region contributing to
the pool of metal in circulation at these times (see Carter
2003). In short, not all of the “Dilmun” copper attested in
Mesopotamian sources over more than a millennium was
necessarily mined and smelted in the Oman Peninsula.

However, whilst textual and archaeological
considerations sustain such aconclusion in theory, the results
of archaecometallurgical research (summarised in Weeks
2004) have generally supported a much more traditional
view of the Persian Gulf copper trade. Early research by
Berthoud and colleagues concluded that, although Susa
relied predominantly on copper from the Iranian Plateau
in earlier periods of its existence, the Oman Peninsula was
the most important (but not sole) copper producer in the
region by the second half of the third millennium B.C.E.
and could therefore be equated with Magan (Berthoud and
Cleuziou 1983: 243). This conclusion is supported by the
recent publication by Begemann et al. (2010: 135), which
utilised compositional and lead isotope analyses to assert
that:

“Among Mesopotamian artefacts the signature of
Omani copper is encountered during all cultural
periods from Uruk at the end of the fourth millennium
B.C. to Akkadian 1000 years later. Oman/Magan
appears to have been particularly important during
Early Dynastic III and Akkadian when about half of
the copper in circulation bears the Omani signature”.

In regard to the sources of “Dilmun” copper in the early
second millennium B.C.E., archacometallurgical analyses
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have been undertaken by several scholars (Begemann et
al. 2010: Fig. 10; Weeks and Collerson 2005; Prange 2001:
103; Prange et al. 1999) on material from Oman, Umm
an-Nar Island, Bahrain, and Saudi Arabia. These analyses
revealed substantial compositional and isotopic uniformity
between copper-base artefacts from each of these regions,
suggesting that copper from the same metal source region
supplied both the central and southern Persian Gulf at this
time. Thus, analyses of raw metal and artefact composition
have suggested that the Oman Peninsula was the dominant
source of copper used on the southern shores of the Persian
Gulf from the mid-third to the early second millennium
B.C.E.

However, as reviewed by Weeks (2007), the story to be
told from these analyses is not only one of the dominance of
metal production and exchange from southeastern Arabia.
Recent archacometallurgical analyses of objects from the
Persian Gulf support the idea of'a more complex and multi-
centric metal exchange system. For example, lead isotope
analyses of the copper-base artefacts from the northern
Emirates suggest that tin-bronze may well have been
traded through the Persian Gulf in its alloyed form by the
later third millennium B.c.E., perhaps as finished artefacts
(see below; Weeks and Collerson 2004; Weeks 2007: Fig.
2). Additionally, several plano-convex copper ingots from
Maysar 1 in Oman (Begemann et al. 2010; Prange 2001;
Prange et al. 1999) and the Saar settlement in Bahrain
(Weeks and Collerson 2005), have been shown to be
isotopically incompatible with known Omani copper ores.
The significance of these data is still being debated, and it
seems likely that the anomalous ingots may in fact have
been produced in the Oman Peninsula from ore sources
that have not yet been analysed (Begemann et al. 2010:
154; Weeks 2007). Nevertheless, until such future isotopic
analyses as might prove this hypothesis are undertaken,
the data from Maysar 1 and Saar raise the possibility that
copper from non-Omani sources, as well as tin-bronze, was
exchanged in the Bronze Age Persian Gulf in the late third/
early second millennium B.C.E.

The possible source areas for the non-Omani metal are
numerous, and there is at present no conclusive evidence to
suggest any one region as more likely than others. Rather,
the following discussion serves to demonstrate that copper
from multiple source regions could have been exchanged in
the Persian Gulf at different times, or contemporaneously.

The possible contribution of South Asian polities to
the Persian Gulf copper trade has already been discussed
by Robert Carter (2001), and indeed there are sporadic
references in the cuneiform sources to the trade of copper
from Meluhha (the Indus region) to Mesopotamia (Heimpel
1993). A strong connection between the southern shores
of the Persian Gulf and the Indus can be documented in
the mature Harappan period and to some extent in the
immediately post-Harappan period (Carter 2001; Laursen
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2010). Early lead isotope analyses of ores from the Indus
region (summarised in Weeks and Collerson 2004: Fig.
7.16) provided little support for the use of South Asian
copper in the Bronze Age Persian Gulf. However, more
recent work by Law (2007: 700, Fig 12.37, Appendices
12.1-8) has complicated this picture, highlighting in
particular the great diversity of metal sources exploited
by Indus communities and the geological and/or isotopic
similarity between diverse ore deposits in South Asia and
those of Oman. Additionally, Begemann and Schmitt-
Strecker (2009) have argued that India was the ultimate
source of a particular variety of low-arsenic copper
imported into Mesopotamia (possibly via Dilmun) in the
third millennium B.C.E.?

In the context of this article, however, I would like to
focus on the possible contribution of Iranian production
areas to the Persian Gulf copper trade in the third and
second millennia B.c.E. Robert Carter (2003) has discussed
this issue in some detail, focussing upon the later end of
this time range. Based in part on the presence of a small,
plano-convex copper ingot at the Bronze Age site of
Tul-e Peytul (ancient Liyan) on the Bushire Peninsula,
Carter (2003: 37) argued that Fars could have been a route
through which copper entered the Persian Gulf exchange
system. However, Fars province has few copper deposits
(Pigott 1999a; Momenzadeh 2004) with no evidence for
the exploitation of these sites in the Bronze Age, and
seems an unlikely source region itself. Moreover, as there
is very little evidence for interaction between Fars and
southeastern Iran at this time (Thornton and Lamberg-
Karlovsky 2004: 54), sites such as Malyan and Tul-¢
Peytul are unlikely to have been trading copper into the
Persian Gulf region from further to the east. A similar lack
of evidence for contact between sites in Fars and central
Iran can be used to counteract further elaims that copper
smelting sites in this region may have provided copper to
Fars, which was subsequently traded to the Persian Gulf
region through Bushire (Carter 2003: 37).

Rather, as recognised by Carter (2003: 37), the abundant
copper resources and long history of metal production
in Iran would suggest that this region is a more likely
source zone for copper exchanged in the Persian Gulf than
southwestern Iran (Thornton 2014, 2009; Thornton and
Lamberg-Karlovsky 2004; Pigott 1999a, 1999b). Fifth,
fourth and third millennium B.c.E. copper production centres
have been documented in southeastern Iran, for example at
Tal-i Iblis (Caldwell 1967; Pigott 1999a, 1999b; Pigott and
Lechtman 2003; Frame 2012), Shahdad (Hakemi 1997),
and further to the east at Shahr-i Sokhta (Hauptmann et
al. 2003). Prehistoric copper extraction sites closer to the
Persian Gulf near Sheikh Ali might prove to be even more
significant. The Sheikh Ali region has been previously

3. The possibility of a copper trade from Dilmun to Gujarat has even been
raised by R. Carter (2003: 41).
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discussed as an important fourth millennium copper source
(Berthoud and Cleuziou 1983), and recent research has
outlined additional evidence for copper production into the
third millennium and later times (Abdi 2000: 279, footnote
18). Furthermore, surveys in the Halil Rud have recorded
approximately 70 third millennium B.c.E. sites with surface
evidence of metallurgical activities (Madjidzadeh 2008:
73) and other ancient workings of unknown date are
noted in southern and eastern areas of the Jazmourian
Basin (Momenzadeh 2004: Fig. 3). Although most of
these assemblages have not yet undergone archacometric
analysis, a small number of lead isotope analyses show
that copper slags from Shahdad and ores from other sites in
southeastern Iran (Begemann and Schmitt-Strecker 2009:
Tab. A 2) are isotopically compatible with contemporary
copper-base artefacts found at sites in the southern Persian
Gulf. The full investigation of such sites must be a primary
goal of future research.

The discussion of these sites reintroduces the issue of
the earliest development of copper extraction in the Oman
Peninsula. Some scholars, taking note of the long tradition
of metallurgical production in Iran and Baluchistan (e.g.,
Mille et al. 2004) and the close links between Bronze
Age southeastern Iranian and Baluchi ceramics and those
of the Oman Peninsula (Potts 2005), quite plausibly
posit an origin for the copper smelting technology of
the Oman Peninsula in southeastern Iran or Baluchistan
(e.g., Cleuziou and Méry 2002: 304; Cleuziou and Tosi
2007: 184-5). As noted elsewhere, however (Weeks
2004: 36), demonstrating this connection is difficult due
to the lack of detailed archacometallurgical study of the
earliest Omani slags themselves, and of the metallurgical
industries in possible technological source regions in Iran
at sites such as Shahdad, Sheikh Ali or others in the Halil
Rud and Jazmourian Basin. There is a dearth of relevant
evidence allowing us to discriminate between models
which might suggest independent invention or the transfer
of technological ideas through processes of “stimulus
diffusion” or the actual movement of craftspeople (Weeks
2004: 36). Regardless, such considerations hint at the
underlying technological and cultural links that may have
characterised the earliest metallurgy in the greater Persian
Gulf region.

In addition to underscoring the need for future
archacometallurgical research on fourth-third millennium
B.C.E. copper smelting sites in both Oman and southeastern
Iran, the discussion above highlights uncertainties
regarding the ultimate source of metals exchanged over
the course of the third and second millennia B.C.E. As
noted above, while “Dilmun” copper seems to have been
reaching Mesopotamia from the Persian Gulf region in
the early third millennium B.c.E., as yet there is only very
limited evidence for copper production in Oman at this
time. Iranian production centres with documented copper
extraction activities in the early third millennium, such as
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Shahr-i Sokhta, Sheikh Ali, or sites in the Halil Rud and
Jazmourian Basin are alternative candidates for the source
of the Dilmun copper traded in the early third millennium
(Cleuziou and Tosi 2007: 185). The penetration of other
goods from the Jiroft region into the Persian Gulf exchange
system is clearly attested by the well-known presence
of a great deal of third millennium B.c.E. southeastern
Iranian steatite of ‘Jiroft’ or ‘Intercultural’ style on
Tarut Island (Zarins 1978). In the later third and second
millennia B.C.E., potential non-Omani copper sources can
be hypothesised over a significantly broader geographical
region from southeastern Iran to South Asia. The fact that
these possibilities must at present be discussed largely in
terms of negative evidence underscores the limits of our
archaeological and metallurgical knowledge and the need
for further field and laboratory research.

Tin, bronze and other alloys

If the discussion of early copper extraction technology
in the greater Persian Gulf region draws out the links
that may have existed between technological systems
in southeastern Iran and the Oman Peninsula, then the
examination of early alloy usage in the region, especially
early tin and tin-bronze use, serves equally to highlight the
development of regionally- and chronologically-distinct
Bronze Age metallurgical traditions. This section begins
with a discussion of early tin trade routes, before focussing
upon alloy use in various regions to the north and south of
the Persian Gulf.

The sources and trade routes by which tin reached
Western Asia in the Bronze Age have long been debated.
Substantial tin deposits are very rare in the vast region from
Eastern Europe to South and Central Asia, and the evidence
for their earliest exploitation is only now being assembled
(e.g. Muhly 1973; Cleuziou and Berthoud 1982; Yener
2000; Alimov et al. 1998; Boroffka et al. 2002; Weeks
2004: Ch. 8; Helwing 2009). The only substantial corpus
of relevant cuneiform documents dates to the early second
millennium B.c.E., describing an overland route whereby
the tin exchanged in bulk from Assyria to Anatolia in the
19*and 18" centuries B.c.E. reached Assur from unspecified
eastern sources beyond the Zagros Mountains (Larsen
1976). A small number of nearly contemporary texts from
Mari provide additional evidence, indicating that its tin
was obtained in ingot form from the east via diplomatic
gift exchange with Susa and Anshan (Limet 1985; Joannes
1991; Potts 1999a: 169 and Tab. 6.2; although see Reiter
1999: 171). Based upon these references, Larsen (1987:
50) suggested that Assur and Susa represented “the pipes
through which tin was channelled into the Middle Eastern
system” in the early second millennium B.C.E.

However, itis far from certain whether the tin trade routes
of the early second millennium B.c.E. can be transposed
onto the preceding millennium. In contrast to the apparent
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dominance of overland east-west tin trade routes in the
old Assyrian trade, the cuneiform texts associated with
the Persian Gulf trade sometimes mention the exchange
of tin and pre-alloyed tin-bronze artefacts and raise the
possibility that a maritime exchange route brought eastern
tin into Mesopotamia in the third millennium B.c.E. (Weeks
2004: 180). For example, there are late third millennium
references to the “copper and tin of Magan” (Cohen 1975)
and third millennium texts from Ebla in Syria refer to the
use of Dilmun tin (Pettinato 1983: 77-8). A pre-Sargonic
text from Lagash mentions obtaining from Dilmun 27.5
minas of an-na zabar (Foster 1997; Potts 1999b), a phrase
which can be translated as “tin bronze”. Likewise, there
are additional textual references attesting to the trade of
finished tin-bronze items from Magan (Limet 1972: 14-
17).

The importance of these textual references has generally
been downplayed, due to the dearth of tin-bronze recorded
in most archacometallurgical studies of material from the
Persian Gulf (e.g., Prange 2001; McKerrell 1977; Andersen
and Hejlund 2003). However, analyses of material from the
U.A.E.(indicate that'small numbers of tin-bronze artefacts
were interred in collective Umm an-Nar burial structures
at Al-Sufouh and Unarl by the third quarter of the third
millennium B.C.E. By the last two centuries of the third
millennium, tin-bronze was the dominant alloy recorded
in the analysis of more than 70 copper-base objects from
Umm an-Nar period burial and settlement contexts at
Unar 2 and Tell Abraq (Weeks 2004, 1997). The tomb at
Tell Abraq is also significant in having produced a ring of
metallic tin (Weeks 2004: Fig. 3.10). Further support for the
textual evidence of a Persian Gulf tin trade is provided by
the lead isotope analyses noted above, which indicate that
both metallic tin and tin-bronze artefacts were circulating
in the Persian Gulf exchange system (Weeks 2007; Weeks
and Collerson 2004). There is possible evidence for exotic
alloys reaching the southern shores of the Persian Gulf
even earlier in the third millennium B.C.E., in the form of
zinc- and lead-bearing copper-base artefacts in burials on
Umm an-Nar Island (Frifelt 1991: 100; on early brasses in
Western Asia see Thornton 2007).

Thus, both the cuneiform sources and metallurgical
analyses suggest that the Persian Gulf could have been a
route by which tin and tin-bronze were exchanged, and that
participation in this trade by polities in southern Iran could
have facilitated their access to these metals.

The patterning of early tin-bronze use in Iran is of
interest in considering this hypothesis. Recent overviews
of this evidence have been provided by Helwing (2009),
Thornton and Giardino (2012), Oudbashi et al. (2012), and
Cuenod et al. (2015). The combined analyses of material
from Susa (Malfoy and Menu 1987; Moorey 1982), Godin
Tepe (Frame 2010; Pigott 1996: 461), the Kalleh Nissar
graveyard in Luristan (Fleming et al. 2005), Tepe Giyan
(Berthoud 1979) and Tal-e Malyan (Pigott et al. 2003a)
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indicate a possible early 3 millennium B.c.E. spike in tin
use in Luristan, in contrast to a steady but relatively low
frequency of tin-bronze use in Khuzestan and at Godin
Tepe from the mid-third millennium, peaking in the early
second millennium B.c.E. at both Susa and Malyan when
tin-bronze becomes common. The later peak in tin-bronze
use correlates well with the textual references to the tin
trade between Susa, Anshan, and Mari in the Sukkalmah
period.

In contrast to western Iran, sites farther to the east such
as Tepe Sialk, Tepe Hissar, Shahr-i Sokhta, Shahdad, and
Tepe Yahya, show virtually no evidence for tin-bronze use
in the third millennium (Pigott 1999a, 1999b; Vatandoust
1999: Tab. 2; Thornton et al. 2002; Meier 2008). As for
the western Iranian sites, however, the second millennium
appears to have heralded an increase in tin-bronze use at
Yahya, where tin-bronze first appears in period IVA contexts
alongside a number of other unusual alloy types and new
approaches to metalworking and object fabrication, that
have been linked with Central Asian cultural influences and
the movement of new peoples into the region (Thornton et
al. 2002; Thornton and Lamberg-Karlovsky 2004).

Allowing for the strong possibility that future analyses
of copper-base artefacts from sites such as Konar Sandal
North and South and others in the Halil Rud (Madjidzadeh
2008: 86) could change this picture,* the analytical
database as it currently stands indicates a general pattern
characterised by earlier and more consistent use of tin-
bronze in western rather than eastern Iran (Helwing 2009;
Cuenod et al. 2015). This is an unexpected pattern if
eastern tin sources were being exploited and tin exchanged
across the Iranian Plateau, as appears to have happened in
the second millennium B.C.E.

One possible new explanation-arises. from the results
of recent archacometallurgical surveys in Luristan that
have identified possible local sources of mixed tin-
copper ores at sites such as Deh Hosein (Nezafati et al.
2009; Momenzadeh 2004: 13). In theory, such sites may
have provided tin and bronze to the early metal industries
of western Iran and Mesopotamia, and could potentially
have contributed to the Bronze Age Persian Gulf trade
as a supplier of tin(-bronze). However, this possibility
remains to be proven by archacometallurgical research

4. There are some uncertainties in the evidence used to support these
discussions. In southeastern Iran, the summary of analyses from the
metal workshop in Shahdad area D indicate the production of copper
with significant lead (Pb) levels (0.5-3.0%) but generally low arsenic (As)
concentrations of less than 1% (Hakemi 1997: 110). However, there is
at least one tin-bronze recorded from Cemetery A at Shahdad (Hakemi
1997: 113) and there are additional references to the use of tin-bronze
with ca. 10% Sn for the production of some objects, “especially pins”, at
the site (Hakemi 1997: 59). This claim is not supported by the analyses
of pins and other objects from Shahdad presented by Vatandoust (1999).
Recent analyses of pins from Shahdad by Meier (2008) have revealed that
tin levels were generally low in the artefacts, although two specimens
contained just under 1% Sn that might indicate the mixing of different
alloys during recycling.
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that can adequately date the mining activities in the area,
reconstruct the mining and smelting activities undertaken
there, and characterise the raw materials produced.

An alternative is that in the later third millennium B.c.E.
tin was brought from its ultimate eastern sources south to
the Arabian Sea via intermediaries in eastern Baluchistan
or the Indus Valley, before being traded via the Persian
Gulf to polities in southwestern Iran (and Mesopotamia).
In this context, it is interesting to note the recent reports of
smelting activities at the Harappan site of Khanak in the
Tosham mining area in Haryana, India, where preliminary
analyses of slags may indicate the smelting of polymetallic
ores to produce a natural or ‘uncontrolled’ copper-tin alloy
in the third millennium B.c.E. (Singh ef al. 2015: 819,
Pls. 97.27, 31). These results are particularly interesting
when the observations'of Begemann and Schmitt-Strecker
(2009) on the isotopic composition of early Mesopotamian
bronzes and Persian Gulf tin-bronzes are considered.

The archaeological evidence for Bronze Age contact
between southwestern Iran and polities of the Persian Gulf
region is slim: pottery related to the Kaftari tradition of
Fars province has been recorded at a number of sites in
the central and southern Persian Gulf, in contexts that can
be securely dated to the third millennium or the very early
second millennium B.C.E. (see Petrie et al. this volume;
Carter 2003, 2002; Potts 2003a, 2000: 116-7; Hejlund
and Andersen 1994: 118-20, Figs. 332-7, 640; Hgjlund
1987: Fig. 433; Zarins 1989). The evidence suggests the
possibility of contact through ports such as Tol-e¢ Peytul
(ancient Liyan) on the Bushire Peninsula. Early 20%
century excavations at this site by Maurice Pézard (1914)
uncovered a large assemblage of Kaftari-related pottery
and numerous additional materials of Persian Gulf origin,
including pottery of Barbar type and soft stone artefacts
typical of the late-third and early second millennium B.C.E.
Oman Peninsula.

In addition to pottery and soft stone from Oman and
Bahrain, the possibility exists that tin and/or tin-bronze
was traded into southwestern Iran through the port at Tol-e
Peytul in the late third or early second millennium B.c.E.
(c.f. Pigott et al. 2003a: 165). Certainly, the tin-bronzes
from Malyan (Pigott ez al. 2003b: Tab. 14.1), even though
they may be later in date, are compositionally similar to
the tin-bronzes from sites such as Tell Abraq and Unar 2
which show the presence of Kaftari pottery. Such tin and/or
tin-bronze could easily have reached Susa overland from
Liyan or Malyan.

Additionally, Susa appears to have had its own direct
connections with the Persian Gulf exchange system in both
the third and the early second millennia B.c.E. (Potts 1999a:
120, 178-81; 1990: 226-8; Carter 2003; Amiet 1986; de
Miroschedji 1973), although the evidence is limited. These
links could have facilitated Susa’s independent acquisition
of tin/tin-bronze. Moreover, it is possible that tin, tin-


www.SID.ir

Vol. 2, No. 3, Winter- Spring 2016

International Journal of the Society of Iranian Archaeologists

bronze and other materials exchanged in the Persian Gulf
also reached Susa indirectly through Mesopotamian
centres, given the close cultural ties between Susa and
Mesopotamia in the later third millennium (Potts 1999a:
Chapters 4 and 5).

If participation in the Persian Gulf trade, either directly
or indirectly, is regarded as significant in the acquisition
of tin-bronze in southwestern Iran in the later third
millennium B.C.E., the evidence for the distribution of
southeastern Iranian materials in the Persian Gulf must also
be considered. In particular, ceramic evidence indicates
persistent contact between southeastern Iran and the
Oman Peninsula at this time (Blackman et al. 1989; Méry
1996), to the extent that Potts (2005) has suggested the
direct movement of Iranian potters to southeastern Arabia.
Material from the Central Persian Gulf, for example the
Jiroft/Intercultural style steatite from Tarut Island (Zarins
1978; Kohl 2001), further supports the inclusion of
southeastern Iranian polities in the Persian Gulf exchange
system, as does the presence of a stamp seal of Persian
Gulf type at Tepe Yahya period [IVBS (Lamberg-Karlovsky
and Potts 2001: Fig. 4.6; Pittman 2001: 238). In short, the
proposition that southeastern Iran lay outside the third
millennium B.c.E. Persian Gulf exchange system seems
demonstrably untrue.

A consequence of this conclusion is that the apparent
lack of tin-bronze in third millennium southeastern Iran,
when it is found in the northern Emirates and in western
Iran, cannot be related to non-participation in the wider
Persian Gulf trade. Alternative possibilities could include
technological explanations based on the material working
properties of arsenical copper in comparison to tin-bronze
(e.g., Hauptmann 1987: 217), or explanations which focus
on tin/tin-bronze as elite materials more highly demanded
by the complex societies of southern- Mesopotamia
than those in southeastern Iran (Stech and Pigott 1986),
or the conservative traditions of metal production and
use that characterised the region (Weeks 2004: 194-5;
Pigott 1999b: 84). The fact that none of these hypotheses
can be confidently offered as “the” explanation for the
development of metallurgical alloying practices across
Western Asia is a good indication that metal assemblages
from sites in the greater Persian Gulf region can only
be understood in terms of their position in a matrix of
technological, cultural, economic, and political influences.

Discussion

As outlined above, it is clear that the ultimate source(s) of
“Dilmun” copper are still open to debate. Whilst the bulk
of available analytical data supports the dominance of the
Oman Peninsula as a copper supplier from the mid-third
to the early second millennium B.C.E., an important result
of both the textual and archacometallurgical studies is the

19

evidence that not only raw copper, but also tin and finished
tin-bronze objects were traded through the Persian Gulf.

The assembled data highlight the improbability that the
copper trade through the Persian Gulf relied exclusively
upon one source region over the more than one thousand
years of its existence. A minimalist position would
suggest that non-Omani raw copper was more likely to be
prevalent in the Persian Gulf region in the early to mid-
third millennium, when the evidence for copper smelting
in the Oman Peninsula is limited, and perhaps also in the
early second millennium B.c.E. However, both the isotopic
data and occasional cuneiform references to copper from
Meluhha provide evidence that non-Omani copper and
copper alloys were circulating within the Persian Gulf even
at the height of copper production in the Oman Peninsula.

Although the current?understanding of the Persian
Gulf metals trade allows for little in the way of Iranian
participation, this is likely to be an inaccurate picture due
to the fact that the basic archacological and historical data
overwhelmingly come from Mesopotamia and the southern
shores of the Persian Gulf, and that the Mesopotamian
historical references tend, unsurprisingly, to emphasise
proximate sources of raw materials (i.e. ‘Dilmun’ copper)
rather'than ultimate sources. It seems almost unnecessary
to state that future investigations of possible copper source
areas in Iran will strongly influence reconstructions of
the Persian Gulf metals trade, and possibly the historical
geography of the greater Persian Gulf region.

At least one cuneiform document illustrates the
impressive geographical scope and complexity of Bronze
Age exchange systems in the Persian Gulf region: the
Ur version of the myth of “Enki and Ninhursag”, which
dates from the end of the third millennium B.C.E., lists
eight countries that transported their goods to Dilmun,
including Tukrish, Meluhha, Marhashi, Magan, the
Sealand, Zalamgar, Elam and Sumer (Kramer 1977: 59).
Although mythological, this document highlights the
many interactions that likely comprised the real Persian
Gulf exchange system; interactions which lay beyond
the immediate interests of Mesopotamian rulers and
bureaucrats, and which as a result do not commonly appear
in their written records.

It was suggested, based on a variety of evidence, that
sites in southwestern Iran which show tin use in the third
millennium B.c.E. could have obtained tin and tin-bronze
via the Persian Gulf exchange system. However, the strong
regional variation in the use of tin-bronze across Bronze
Age Western Asia outlined above is one of the most
interesting features of the inception of this new alloy, and
the fact that many regions which were apparently deeply
involved in the Persian Gulf exchange system show no
use of tin-bronze is indication enough that ore sources
and trade routes alone cannot explain the early use of tin
and tin-bronze. Likewise, technology-based explanations
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cannot easily account for the ways in which new alloys
were exploited in Bronze Age Arabian and Iranian metal
industries. Rather, it is likely that the social contexts in
which finished metal objects were exchanged are also
critical to understanding their subsequent distribution
(Weeks 2004).

The social contexts of exchange in the Bronze Age
Persian Gulf are difficult to reconstruct. Mesopotamian
economic texts are, by their nature, terse documents
revealing little beyond the bottom line of exchange
relationships. The strict economic focus of these sources
in their reference to “Dilmun traders” and to individual
merchants working independently or on behalf of the
palace or a temple estate (Oppenheim 1954; Leemans
1960) suggest that the interactions that Mesopotamian
merchants had with the Persian Gulf region were limited
to economic exchanges. But it is unlikely that raw metal
and metal objects were produced, exchanged, and used
within a system that recognised only their economic value.
Anthropological perspectives encourage a much richer
view of exchange relationships, suggesting that in ancient
societies the exchange of raw materials and objects was
inextricably linked to the formation and maintenance
of social relationships. Within such a system, early tin-
bronze artefacts in the Persian Gulf region may have
represented not units of metal to be traded according to
their economic value, but material symbols of participation
in the web of social, political, and economic relationships
that constituted the Bronze Age Persian Gulf exchange
system.’ The distribution patterns of such objects will, as
a consequence, vary from that which would be expected if
only economic factors operated upon-their dispersal.

Moreover, cuneiform sources and anthropological
sources both support the observation that deliberate
exchange would have represented only one of the ways
in which metal circulated within Bronze Age societies.
Cuneiform sources attest to the fact that huge amounts of
both raw metal and finished metal objects were obtained
as the spoils of war and as tribute (e.g., Moorey 1994:
246). Moreover, interdynastic marriages such as those
documented between the Ur III state and Marhashi,
Anshan and elsewhere (Potts 1999a: 136-9) were no doubt
as concerned with the movement of raw materials as the
maintenance of political relationships. With the potential
use of raw metal traded from multiple source regions in
addition to that obtained via booty, tribute, and interdynastic
gift exchange, it seems clear that metal from a multiplicity
of sources must have been circulating in the complex
societies across the greater Persian Gulf region. Moreover,
5. The concentration of tin-bronze in funerary contexts in the Bronze Age
Oman Peninsula suggests an important symbolic role for the artefacts
made of this alloy. Significantly, these tombs are also focal points for the
deposition of other foreign artefacts (e.g. the pottery, ivory, linen, silver
and gold of the Tell Abraq tomb; Potts 2000), raising the possibility that

their “foreignness” and thus the interactions that they symbolised were
important aspects of their eventual distribution.
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as new metal was acquired from its ores and transported to
metalworking centres, so too old objects were stored and
recycled on a significant scale (Zettler 1990), or retrieved
through activities such as tomb plundering.

Such considerations further highlight the futility of
searching for “the” source of metal used in the greater
Persian Gulf region at any particular point in the Bronze
Age. The origins of the copper and copper-base alloys
used in the complex Bronze Age societies bordering the
Persian Gulf would have reflected a highly complex metal
circulation system that was conditioned not only by raw
material sources and trade routes, but by politics and
warfare, by technological traditions of manufacture and
recycling, by ideologies of elite consumption, and by the
social obligations that created and underpinned exchange
relationships.

The people and craft who plied the Persian Gulf in the
Bronze Age provided a material and cultural link between
developing technologies and economies on its northern and
southern shores. As much an axis of integration as a barrier
to movement, the Persian Gulf was undoubtedly significant
in the development and spread of early metallurgy and a
key route in the metals trade of the Bronze Age Near East.

References
Abdi, K.,
2000 Review of T.F. Potts, Mesopotamia and the East: An

Archaeological and historical Study of Foreign relations 3400-2000 BC.
Journal of Near Eastern Studies 59, 277-84.

Alimov, K., N. Boroffka, M. Bubnova, J. Burjakov, J. Cierny, J. Jakubov,
J. Lutz, H. Parzinger, E. Pernicka, V. Radililovksiy, V. Ruzanov, T. Sirinov
and G. Wesigerber,

1999  Prahistorischer Zinnbergbau in Mittelasian. Vorbericht der
ersten Kampagne 1997. Eurasia Antiqua 4, 137-199.

Amiet, P.,

1986  Susa and the Dilmun culture. In Al Khalifa, H. A. & Rice,
M. (Eds.), Bahrain Through the Ages. The Archaeology, Kegan Paul,
London, pp. 262-268

Andersen, H.H. and F. Hejlund,
2003  The Barbar Temples. Aarhus University Press, Aarhus.

Begemann, F., A. Hauptmann, S. Schmitt-Strecker and G. Weisgerber,

2010  Lead isotope and chemical signature of copper from Oman
and its occurrence in Mesopotamia and sites on the Arabian Gulf coast.
Arabian Archaeology and Epigraphy 21, 135-169.

Begemann, F. and S. Schmitt-Strecker,
2009  Uber das Frithe Kupfer Mesopotamiens. [lranica Antiqua
XLIV, 1-45.

Berthoud, T.

1979  Etude par l'Analyse de Traces et la Modélisation de la
Filiation Entre Minerais de Cuivre et Objets Archéologiques du Moyen
Orient. Unpublished Ph.D. dissertation, University of Paris VI.

Berthoud, T., R. Besenval, J. P. Carbonnel, F. Cesbron and J. Liszak-
Hours,

1977 Les Anciennes Mines D'Afghanistan. Rapport Preliminaire.
Recherche Cooperative sur Programme. Copies available from 442.


www.SID.ir

Vol. 2, No. 3, Winter- Spring 2016

International Journal of the Society of Iranian Archaeologists

Berthoud, T., S. Bonnefous, M. Dechoux and J. Frangaix,

1980  Data analysis: toward a model of chemical modification of
copper from ores to metal. In Craddock, P. T. (Ed.), Proceedings of the
XIXth Symposium on Archaeometry, British Museum Occasional Paper
18. British Museum, London, pp. 87-102.

Berthoud, T. and S. Cleuziou,
1983  Farming communities of the Oman Peninsula and the copper
of Makkan. Journal of Oman Studies 6, 239-246.

Berthoud, T., S. Cleuziou, L. P. Hurtel, M. Menu and C. Volfovsky,
1982  Cuivres et Alliages en Iran, Afghanistan, Oman au Cours des
IVe et Ille Millénaires. Paléorient 8, 39-54.

Blackman, M. J., S. Méry and R.P. Wright
1989  Production and exchange of ceramics on the Oman Peninsula
from the perspective of Hili. Journal of Field Archaeology 16, 61-77.

Boroftka, N., J. Cierny, J. Lutz, H. Parzinger, E. Pernicka and G.
Weisgerber,

2002  Bronze Age tin from Central Asia. In Boyle, K., Renfrew, C.
& Levine, M. (Eds.), Ancient Interactions: East and West in Eurasia.
McDonald Institute Monographs, McDonald Institute for Archacological
Research, Cambridge, pp. 135-159.

Carter, R. A.,

2001  Saar and its external relations: new evidence for interaction
between Bahrain and Gujarat during the early second millennium BC.
Arabian Archaeology and Epigraphy 12, 183-201.

2002  Unar2 and its ceramics: a unique Umm an-Nar period
collective grave from Ra's al-Khaimah. Bulletin of the Society for Arabian
Studies 7, 5-14.

2003  Restructuring Bronze Age trade: Bahrain, southeast Arabia,
and the copper question. In Crawford, H. (Eds.), The Archaeology of
Bahrain: the British Contribution, Archaeopress, British Archaeological
Reports. BAR International Series 1189, pp. 31-63.

Cleuziou, S.,
1989  Excavations at Hili 8: a preliminary report on the 4th-7th
campaigns. Archaeology in the United Arab Emirates 5, 61-87.

2002  The early Bronze Age of the Oman Peninsula. From
chronology to the dialectics of tribe and state formation. In Cleuziou, S.,
Tosi, M. & Zarins, J. (Eds.), Essays on the Late Prehistory of the Arabian
Peninsula, Istituto Italiano per L’Africa e L’Oriente. Serie Orientale
Roma XCIII, Rome, pp. 191-236.

Cleuziou, S. and T. Berthoud,
1982 Early tin in the Near East: a reassessment in the light of new
evidence from western Afghanistan. Expedition 25, 14-19.

Cleuziou, S. and S. Méry

2002  In-between the great powers. The Bronze Age Oman
Peninsula. In Cleuziou, S., Tosi, M. & Zarins, J. (Eds.), Essays on the
Late Prehistory of the Arabian Peninsula, Istituto Italiano per L’Africa e
L’Oriente. Serie Orientale Roma XCIII, Rome, pp. 273-317.

Cleuziou, S. and M. Tosi,

2007  In the Shadow of the Ancestors: The Prehistoric Foundations
of the Early Arabian Civilization in Oman. Ministry of Heritage and
Culture, Oman.

Cohen, M. E.,
1975 UR.SAG.ME.SHAR.UR4. A Sirnam-Shubba of Ninurta. Die
Welt des Orients 8, 22-36.

Craddock. P.T.

1981  Appendix V. Report on the scientific investigation of
metallurgical samples from the prehistoric site at Umm an-Nar, Abu
Dhabi (submitted by Mr. Al-Tikriti via the Department of Western Asian
Antiquities). In al-Tikriti, W. Y. (Ed.), Reconsideration of the Late Fourth

21

and Third Millennium B.C. in the Arabian Gulf with Special Reference to
the United Arab Emirates, Cambridge University Ph.D. Thesis, pp. 242-
243,

Crawford, H. E. W.,
1998 Dilmun and its Gulf Neighbours. Cambridge University Press,
Cambridge.

Cuenod, A.,

2013 Rethinking the bronze-iron transition in Iran: copper and
iron metallurgy before the Achaemenid Period. Unpublished Ph.D.
dissertation, University of Oxford.

Cuenod, A, P. Bray and A.M. Pollard,

2015  The ‘Tin Problem’ in the prehistoric Near East — Further
insights from a study of chemical datasets on copper alloys from Iran and
Mesopotamia. Iran 53, 29-48.

During Caspers, E. C. L.,
1971  New archaeological evidence for maritime trade in the Persian
Gulf during the late Protoliterate period. East and West 21, 21-55.

Edens, C.,

1992 Dynamics of -trade in the ancient Mesopotamian 'world

system'. American. Anthropology 94, 118-139.
Englund, R. K.,
1983  Dilmun in the Archaic Uruk corpus. In Potts, D. T. (Ed.),

Dilmun. New Studies in the Archaeology and Early History of Bahrain,
Berliner Beitrdge zum Vorderen Orient 2. Dietrich Reimer, Berlin, pp.
35-38.

Fleming, S. J., V. C. Pigott, C. P. Swann and S. K. Nash,

2005  Bronze in Luristan: Preliminary analytical evidence from
copper/bronze artifacts excavated by the Belgian Mission in Iran. /ranica
Antiqua 40, 35-64.

Frame, L. D.,
2010  Metallurgical investigations at Godin Tepe, Iran, Part I: the
metal finds. Journal of Archaeological Science 37, 1700-1715.

2012 Reconstructing ancient technologies: Chalcolithic crucible
smelting at Tal-i Iblis, Iran. In Jett, P., McCarthy, B. & Douglas, J. G.
(Eds.), Scientific Research on Ancient Asian Metallurgy: Proceedings
of the Fifth Forbes Symposium at the Freer Gallery of Art, Archetype,
London, pp. 183-204.

Frifelt, K.,
1971  Jamdat Nasr fund fra Oman. Kuml 1970, 355-84.
1975  Apossible link between the Jemdet Nasr and the Umm an-Nar
graves of Oman. Journal of Oman Studies 1, 57-81.

1980  "Jemdet Nasr graves" on the Oman Peninsula. In Alster,
B. (Ed.), Death in Mesopotamia. XXVIe Rencontre Assyriologique
Internationale, Mesopotamia 8. Akademisk Forlag, Copenhagen, pp.
273-279.

1991  The Third Millennium Graves, the Island of Umm an-
Nar. Jutland Archaeological Society Publications No. 26/1. Jutland
Archaeological  Society, Aarhus.

1995  The Third Millennium Settlement, The Island of Umm an-
Nar. Jutland Archaeological Society Publications No. 26/2. Jutland
Archaeological Society, Aarhus.

Giardino C., G. Guida and S. Ridolfi,

2007  The prehistoric metals from Oman: new data. In Proceedings
of the 2nd International Conference ‘“Archaeometallurgy in Europe
2007, Associazione Italiana di Metallurgia, Milan, pp. 1-8.

Glassner, J.-J.
1989  Mesoptamian textual evidence on Magan/Makan in the late


www.SID.ir

International Journal of the Society of Iranian Archaeologists

Vol. 2, No. 3, Winter- Spring 2016

3rd millennium B.C. In Costa, P. M. & Tosi, M Oman Studies, Serie
Orientale Roma LXIII. Istituto Italiano per il Medio ed Estremo Oriente,
Rome, pp. 181-192.

1996  The Bronze Age complex societies of eastern Arabia: a survey
of the cuneiform sources. In Afanas’ev , G., Cleuziou, S., Lukacs, J.
R. & Tosi, M. (Eds.), The Prehistory of Asia and Oceania, Colloquium
XXXII: Trade as a Subsistence Strategy. Post-Pleistocene Adaptations in
Arabia and Early Maritime Trade in the Indian Ocean, X111 International
Congress of Prehistoric and Protohistoric Sciences. A.B.A.C.O., Forli,
pp. 155-158.

Goettler, A., N. H. Firth and C. C. Huston,
1976 A preliminary discussion of ancient mining in the Sultanate of
Oman. Journal of Oman Studies 2:43-56.

Hakemi, A.,
1997  Shahdad. Archaeological Excavations of a Bronze Age Center
in Iran. Translated by S. M. S. Sajjadi. ISMEO, Rome.

Hauptmann, A.,

1985 5000 Jahre Kupfer in Oman. Band 1: Die Entwicklung der
Kupfermetallurgie vom 3. Jahrtausend bis zur Neuzeit. Der Anschnitt
Beiheft 4. Deutsches Bergbau Museum, Bochum.

1987  Kupfer und Bronzen der Siidostarabischen Halbinsel. Der
Anschnitt 39, 209-218.

1994  Analysis of copper ingots. In Hejlund, F. & Andersen, H. H.
(Eds.), Qala'at al-Bahrain Vol 1. The Northern City Wall and the Islamic
Fortress, Jutland Archaeological Society Publications 30/1. Jutland
Archaeological Society, Moesgaard, pp. 381.

1995  Chemische Zusammensetzung von Metallobjekten aus
der Siedlung Umm an-Nar. In Frifelt, K. (Ed.), The Third Millennium
Settlement, The Island of Umm an-Nar 2, Jutland Archaeological Society
Publications No. 26/2. Jutland Archaeological Society Publications,
Aarhus, pp. 246-248.

Hauptmann, A., Th. Rehren, and S. Schmitt-Strecker,

2003  Early Bronze Age copper metallurgy at Shahr-i Sokhta (Iran),
reconsidered. In Stdllner, T., Koerlin, G., Steffens, G. & Cierny, J. (Eds.),
Man and Mining Mensch und Bergbau.” Studies in Honour of Gerd
Weisgerber, Der Anschnitt, Beiheft 16. Deutsches Bergbau-Museum,
Bochum, pp. 197-213.

Hauptmann, A., G. Weisgerber and H. G. Bachmann,

1988  Early copper metallurgy in Oman. In Maddin, R. (Ed.), The
Beginning of the Use of Metals and Alloys, MIT Press, Cambridge,
Massachusetts, pp. 34-51.

Heimpel, W.,
1987  Das Untere Meer. Zeitschrift fur Assyriologie 77, 22-91.
1988  Magan. Reallexikon der Assyriologie 7, 195-199.
1993 Meluhha. Reallexikon der Assyriologie 8, 53-55.
Helwing, B.,
2009  Rethinking the tin mountains: patterns of usage and circulation

of tin in greater Iran from the 4th to the 1st millennium BC. TUBA-AR 12,
209-221.

Heskel, D. and C. C. Lamberg-Karlovsky

1980  An alternative sequence for the development of metallurgy:
Tepe Yahya, Iran. In Wertime, T. A. & Muhly, J. D. (Eds.), The Coming of
the Age of Iron, Yale University Press, New Haven, pp. 229-266.

Hojlund, F.,

1987  Failaka/Dilmun 2: The Second Millennium Settlements: The
Bronze Age Pottery. Jutland Archaeological Society Publications 17/2,
Jutland Archaeological Society, Aarhus.

22

Hojlund, F. and H. H. Andersen,

1994 Qala'at al-Bahrain Vol 1. The Northern City Wall and the
Islamic Fortress. Jutland Archaeological Society Publications 30/1.
Jutland Archaeological Society, Moesgaard.

Hurtel, L. and F. Tallon,

1990  Le Métal en provenance du Tell F6 description des objets et
analyses. In Calvet, Y. & Gachet, J. (Eds.), Failaka Fouilles Francaises
1986-1988, Travaux de la Maison de I'Orient No. 18. Maison de 1'Orient,
Paris, pp. 149-154.

Joanngs, F.

1991  L'Etain, de I'Elam a Mari. In Meyer, L. D. & Gasche, H.
(Eds.), Mésopotamie et Elam, Mesopotamian History and Environment
Occasional Publications 1. Mesopotamian History and Environment
Occasional Publications 1, Ghent, pp. 67-76.

Kohl, P.L.

2001  Reflections on the production of chlorite at Tepe Yahya: 25
years later. In Lamberg-Karlovsky, C. C. & Potts. D. T. (Eds.), Excavations
at Tepe Yahya, Iran 1967-1975: The Third Millennium, Peabody Museum
of Archaeology and Ethnology, Harvard University. ASPR Bulletin 45,
pp. 209-230.

Kramer, S. N.,
1977  Commerce and trade: gleanings from Sumerian literature. /raq
39, 59-66.

Kutterer, J., C. Neuriterand S.A. Jasim,
2013 Second report on the copper-smelting site HLO-1 in Wad al-
Hilo, UAE. Proceedings of the Seminar for Arabian Studies 43.

Lamberg-Karlovsky, C.C. and D.T. Potts,

2001 ' Excavations at Tepe Yahya, Iran 1967-1975: The Third
Millennium. Peabody Museum of Archaeology and Ethnology, Harvard
University. ASPR Bulletin 45.

Larsen, M. T.,

1976 The Old Assyrian City-State and its Colonies. Akademisk
Forlag, Copenhagen.

1987  Commercial networks in the ancient Near East, in M. Rowlands.

In Larsen, M. T. & Kristiansen, K. (Eds.), Centre and Periphery in the
Ancient World, New Directions in Archaeology. Cambridge University
Press, Cambridge, pp. 47-56.

Laursen, S.T.,

2009  The decline of Magan and the rise of Dilmun: Umm an-Nar
ceramics from the burial mounds of Bahrain, ¢.2250-2000 BC. Arabian
Archaeology and Epigraphy 20: 134-155.

2010  The westward transmission of Indus Valley sealing technology:
origin and development of the ‘Gulf Type’ seal and other administrative
technologies in Early Dilmun, ¢.2100-2000 BC. Arabian Archaeology
and Epigraphy 21, 96-134.

Leemans, W. F.,

1960  Foreign Trade in the Old Babylonian Period. E.J. Brill,
Leiden.
Limet, H., )

1972 Les Métaux a L'Epoque D'Agadé (2370-2250 av. J.-C.).

Journal of the Economic and Social History of the Orient 15, 3-34.

1985  La technique du bronze dans le archives de Mari. In Durand,
J. M. & Kupper, J. R. (Eds.), Miscellanea Babylonica. Mélanges Offerts
a Maurice Birot, Editions Recherche sur les Civilisations, Paris, pp. 201-
210.

Madjidzadeh, Y.,
2003  Jiroft: Earliest Oriental Civilization. Ministry of Culture and
Islamic Guidance, Tehran.


www.SID.ir

Vol. 2, No. 3, Winter- Spring 2016

International Journal of the Society of Iranian Archaeologists

2008  Excavations at Konar Sandal in the region of Jiroft in the Halil
Basin: First preliminary report (2002-2008). fran 46, 69-103.

Malfoy, J.-M. and M. Menu,

1987  La Metallurgie du cuivre a Susa aux [Ve et Ille millénaires:
analyses en laboratoire. In Tallon, F. (Ed.), Métallurgie Susienne, Notes et
Documents des Museés de France 15. Louvre Museum Dept. of Oriental
Antiquities, Paris, pp. 355-373.

McKerrell, H.,
1977  Non-dispersive XRF applied to ancient metalworking in
copper and tin bronze. PACT 1, 138-73.

Meier, D.,
2008  Die Metallnadeln von Shahdad — eine funktionstypologische
Untersuchung. Unpublished M.A. Dissertation, Eberhard-Karls

Universitdt, Tiibingen.
Meéry, S.,
1996  Ceramics and patterns of exchange across the Arabian Sea and

the Persian Gulf in the Early Bronze Age. In Afanas’ev , G., Cleuziou,
S., Lukacs, J. R. & Tosi, M. (Eds.), The Prehistory of Asia and Oceania,
Colloquium XXXII: Trade as a Subsistence Strategy. Post-Pleistocene
Adaptations in Arabia and Early Maritime Trade in the Indian Ocean,
XIII International Congress of Prehistoric and Protohistoric Sciences.
A.B.A.C.O., Forli pp. 167-179.

Mille, B., R. Besenval and D. Bourgarit,

2004  Early ‘lostwax casting’ in Baluchistan (Pakistan): the
‘Leopards Weight’ from Shahi-Tump. In Stdllner, T., Slotta, R. &
Vatandoust, A. (Eds.), Persiens Antike Pracht,Deutsches Bergbau-
Museum, Bochum, pp. 274-281.

Miroschedji, P. de,
1973 Vases et objets en stéatite susiens bu Musée du Louvre.
Cahiers de la Délégation Archéologique Frangaise en Iran 3, 9-80.

Momenzadeh, M.

2004  Metallic mineral resources of Iran, mined in ancient times: A
brief review. In Stollner, T., Slotta, R. & Vatandoust, A (Eds.), Persiens
Antike Pracht,Deutsches Bergbau-Museum, Bochum, pp. 8-21.

Moorey, P. R. S.,
1982  Archaeology and pre-Achaemenid metalworking in Iran: a
fifteen year retrospective. fran 20, 81-10L.

Muhly, J. D.,
1973 Copper and tin. Transactions, The Connecticut Academy of
Arts and Sciences 43, 155-535.

1985  Sources of tin and the beginnings of bronze metallurgy.
American Journal of Archaeology 89, 275-291.

Nezafati, N., E. Pernicka and M. Momenzadeh,

2009  Introduction of the Deh Hosein ancient tin-copper mine,
western Iran: evidence from geology, archaeology, geochemistry and lead
isotope data. TUBA-AR 12, 223-36.

Nickerson, J.L.,

1983 Intrasite Variability during the Kaftari Period at Tal-e Malyan
(Anshan), Iran. Unpublished PhD dissertation, Ohio State University,
Columbus, Ohio.

Nissen, H. J.,

1986  The occurrence of Dilmun in the oldest texts of Mesopotamia.
In Al Khalifa, H. A. & Rice, M. (Eds.), Bahrain Through the Ages. The
Archaeology, Kegan Paul, London, pp. 143-156.

Oppenheim, A. L.,
1954  Seafaring merchants of Ur. Journal of the American Oriental
Society 74: 6-17.

23

Orchard, J.,
1995  The origins of agricultural settlement in the al-Hajar region.
Irag 57, 147-158.

Oudbashi, O., S. M. Emami and P. Davami,

2012  Bronze in Archaeology: A Review of the Archacometallurgy
of Bronze in Ancient Iran. In Collini, L. (Ed.), Copper Alloys — Early
Applications and Current Performance — Enhancing Processes, InTech,
Croatia, pp. 153-178.

Peake, H.,
1928  The copper mountain of Magan. Antiquity 2, 452-457.
Pedersen, C. H. and V. F. Buchwald,
1991  An examination of metal objects from Tell Abraq, U.A.E.
Arabian Archaeology and Epigraphy 2, 1-9.

Pettinato, G.,

1983  Dilmun nella documentazione epigrafica di Ebla. In Potts, D.
T. (Ed.), Dilmun. New Studies in the Archaeology and Early History of
Bahrain, Dietrich Reimer, Berlin. Berliner Beitrdge zum Vorderen Orient
2, pp. 35-8.

Pézard, M.
1914 Mission @ Bender-Bouchir: documents archéologiques et
epigraphiques. E. Leroux, Paris.

Pigott, V. C.
1980 © Research at MASCA. Paléorient 6, 105-110.

1996 " Bronze 1. In pre-Islamic Iran. In Yarshater, E. (Ed.),
Encyclopaedia Iranica, vol. 4. Routledge and Kegan Paul, London, pp.
457-471.

1999a - Aheartland of metallurgy. Neolithic/Chalcolithic metallurgical
origins on the Iranian Plateau. In Hauptmann, A., Pernicka, E., Rehren, T.
& Yalcin, U. (Eds.), The Beginnings of Metallurgy, Der Anschnitt Beiheft
9. Deutsches Bergbau Museum, Bochum, pp. 107-120.

1999b The development of metal production on the Iranian
Plateau: an archacometallurgical perspective. In Pigott, V. C. (Ed.),
The Archaeometallurgy of the Asian Old World, University Museum
Monograph 89. University of Pennsylvania Museum, Philadelphia, pp.
73-106.

Pigott, V. C., S. M. Howard and S. M. Epstein,

1982 Pyrotechnology and culture change at Bronze Age Tepe Hissar
(Iran). In Wertime, T. A. & Wertime, S. F. (Eds.), Early Pyrotechnology.
The Evolution of the First Fire-Using Industries, Smithsonian Institution
Press, Washington, D.C., pp. 215-236.

Pigott, V.C. and H. Lechtman,

2003  Chalcolithic copper-base metallurgy on the Iranian plateau:
a new look at old evidence from Tal-i Iblis. In Potts, T. F., Roaf, M. &
Stern, D. (Eds.), Culture through Objects: Ancient Near Eastern Studies
in Honour of PR.S. Moorey, Griffith Institute, Oxford, pp. 291-312.

Pigott, V. C., H. C. Rodgers and S. K. Nash,

2003a Archaeometallurgical investigations at Malyan: the evidence
for tin-bronze in the Kaftari phase. In Miller, N. F. & Abdi, K. (Eds.), Yeki
Bud, Yeki Nabud: Essay on the Archaeology of Iran in Honor of William
M. Sumner, Cotsen Institute of Archaeology Monograph No. 48. The
Cotsen Institute of Archaeology, Los Angeles, pp. 161-175.

2003b Archaeometallurgical investigations at Tal-e Malyan:
Banesh period finds from ABC and TUV. In Sumner, W. M. (Ed.), Early
Urban Life in the Land of Anshan: Excavations at Tal-e Malyan in the
Highlands of Iran, University of Pennsylvania Museum of Archaeology
and Anthropology Monograph 117. University of Pennsylvania Museum,
Philadelphia, pp. 94-101.


www.SID.ir

International Journal of the Society of Iranian Archaeologists

Vol. 2, No. 3, Winter- Spring 2016

Pittman, H.,

2001  Glyptic art of period IV. In Lamberg-Karlovsky, C. C. & Potts,
D. T. (Eds.), Excavations at Tepe Yahya, Iran 1967-1975: The Third
Millennium, Peabody Museum of Archaeology and Ethnology, Harvard
University. ASPR Bulletin 45, pp. 231-68.

Potts, D. T.,
1983  Dilmun: where and when? Dilmun 11, 15-19.
1990  The Arabian Gulf'in Antiquity 1. Clarendon Press, Oxford.
1993 Rethinking some aspects of trade in the Arabian Gulf. World

Archaeology 24, 423-438.

1999a  The archaeology of Elam: formation and transformation of an
ancient Iranian state. Cambridge World Archaeology Series. Cambridge
University Press, Cambridge.

1999b  an-na zabar. Nouvelles Assyriologiques Breves et Utilitaires
1999(4), 94.

2000  Ancient Magan. Trident Press, London.

2003a  Anshan, Liyan, and Magan circa 2000 BCE. In Miller, N.
F. & Abdi, K. (Eds.), Yeki Bud, Yeki Nabud. Essays on the Archaeology
Iran in Honor of William M. Sumner, Cotsen Institute of Archaeology

Monograph No. 48. The Cotsen Institute of Archaeology, Los Angeles,
pp. 156-160.

2003b Tepe Yahya, Tell Abraq, and the chronology of the Bampur
sequence. [ranica Antiqua 38, 1-24.

2005  Inthe beginning: Marhashi and the origins of Magan’s ceramic
industry in the third millennium BC. Arabian Archaeology and Epigraphy
16, 67-78.

Potts, T. F.,

1994  Mesopotamia and the East. An Archaeological and Historical
Study of Foreign Relations ca. 3400 - 2000 BC. Oxford Committee
for Archaeology Monograph 37. Oxford Committee for Archacology,
Oxford.

Prange, M.,

2001 5000 Jahre Kupfer in Oman Band II:  Vergleichende
untersuchungen zur Charakterisierung des omanischen Kupfers mittels
chemischer und isotopischer Analysenmethoden. Deutsches Bergbau
Museum, Bochum.

Prange, M. K., H.J. Gotze, A. Hauptmann and G. Weisgerber,

1999  Is Oman the ancient Magan? Analytical studies of copper from
Oman. In Young, S. M. M., Pollard, A. M., Budd, P. & Ixer, R. A. (Eds.),
Metals in Antiquity, BAR International Series 792. Archaeopress, Oxford,
pp. 187-192.

Reiter, K.,

1999  Metals and metallurgy in the Old Babylonian Period. In
Hauptmann, A., Pernicka, E., Rehren, T. & Yalcin, U. (Eds.), The
Beginnings of Metallurgy, Der Anschnitt Beiheft 9. Deutsches Bergbau
Museum, Bochum, pp. 167-171.

Singh, R. N., A. K. Pandey, D. P. Singh, A. Ranjan and S. Chakradhari,

2015  Excavations at Khanak, Bhiwani-2014: A Preliminary Report
(A Harappan Site in Tosham Mining Area, Haryana). In Kumar, V &
Rawat, B. (Eds.), Mani-Sushma Archaeology and Heritage (Dr B.R. Mani
Festschrift) Vol. 11, B.R. Publishing, Delhi, pp. 815-819.

Stech, T.,

1999  Aspects of early metallurgy in Mesopotamia and Anatolia.
In Pigott, V. C. (Ed.), The Archaeometallurgy of the Asian Old World,
University Museum Monograph 89. University of Pennsylvania Museum,
Philadelphia, pp. 59-71.

24

Stech, T. and V. C. Pigott,
1986  The metals trade in southwest Asia in the third millennium
BC. Irag 48, 39-64.

Steinkeller, P.,
2006  New Light on Marhashi and its contacts with Makkan and
Babylonia. Journal of Magan Studies 1, 1-17.

Sumner, W. M.,

1989  Anshan in the Kaftari phase: patterns of settlement and land
use. In De Meyer, L. & Haerinck, E. (Eds.), Archaeologia Iranica et
Orientalia: Miscellanea in honorem Loius Vanden Berghe, Peeters,
Louvain, pp. 135-161.

Thornton, C.P.,

2007  Of brass and bronze in prehistoric Southwest Asia. In La
Niece, S., Hook, D. & Craddock, P. (Eds.), Metals and Mines. Studies in
Archaeometallurgy, Archetype Publications, London, pp. 123-135.

2009  The Emergence of Complex Metallurgy on the Iranian Plateau:
Escaping the Levantine Paradigm. Journal of World Prehistory 22, 301-
327.

2014  The Emergence of Complex Metallurgy on the Iranian Plateau.
In Roberts, B. W. & Thornton, C. P. (Eds.), Archaecometallurgy in Global
Perspective, Springer, New York, pp. 665-696.

Thornton, C. P. and C. Giardino,

2012  Serge Cleuziou and the ‘Tin Problem’. In Giraud, J. & Gernez,
G. (Eds.), Aux Marges de l'archeologie: Hommage a Serge Cleuziou, De
Boccard, Travaux de la Maison Rene-Ginouves, Paris, pp. 253-260.

Thornton, C. P., C. C. Lamberg-Karlovsky, M. Liezers and S. M. M.
Young,

2002 On pins and needles: tracing the evolution of copper-base
alloying at Tepe Yahya, via ICP-MS analysis of common-place items.
Journal of Archaeological Science 29, 1451-1460.

Thornton, C. P. and C. C. Lamberg-Karlovsky,
2004 A new look at the prehistoric metallurgy of southeastern Iran.
Iran 42, 47-60.

Vatandoust, A.,

1999 A view on prehistoric Iranian metalworking: elemental
analyses and metallographic examinations. In Hauptmann, A., Pernicka,
E., Rehren, T. & Yalcin, U. (Eds.), The Beginnings of Metallurgy, Der
Anschnitt Beiheft 9. Deutsches Bergbau Museum, Bochum, pp. 121-140.

Velde, C.

2003  Wadi Suq and Late Bronze Age in the Oman Peninsula. In
Potts, D. T., Al Naboodah, H & Hellyer, H. (Eds.), Archaeology of the
United Arab Emirates, Trident Press, pp. 101-114.

Weeks, L. R.,
1997  Prehistoric metallurgy at Tell Abraq, United Arab Emirates.
Arabian Archaeology and Epigraphy 8, 11-85.

1999  Lead isotope analyses from Tell Abraq, United Arab Emirates:
new data regarding the 'tin problem' in Western Asia. Antiquity 73, 49-64.

2004  Early Metallurgy of the Persian Gulf: Technology, Trade, and
the Bronze Age World. Brill Academic Publishers, Boston.

2007  Coals to Newcastle, Copper to Magan? Isotopic Analyses and
the Persian Gulf metals trade. In LaNiece, S., Hook, D. & Craddock, P. T.
(Eds.), Metals and Mines: Studies in Archaeometallurgy, Archetype and
the British Museum, London, pp. 89-96.

2013  Iranian Metallurgy of the 4th Millennium BC in its Wider
Technological and Cultural Contexts. In Petrie, C. A. (Ed.), Iran and its
Neighbours in the 4th Millennium, Oxbow, Oxford, pp. 277-291.


www.SID.ir

Vol. 2, No. 3, Winter- Spring 2016

International Journal of the Society of Iranian Archaeologists

Weeks, L. R. and K. D. Collerson,

2004  Lead isotope data from the Gulf. In Weeks, L. R. (Ed.), Early
Metallurgy of the Persian Gulf: Technology, Trade, and the Bronze Age
World, Brill Academic Publishers, Boston, pp. 145-164.

2005  Archaeometallurgical Studies. In Killick, R. & Moon, J. (Eds.),
The Early Dilmun Settlement at Saar, London-Bahrain Archaeological
Expedition, Institute of Archaeology, UCL, London, pp. 309-324.

Weeks, L., E. Faber, D. Goodburn-Brown, J. Zhao, A.D. Nguyen and Y.
Feng ,

Inpress Qarn al-Harf Metal Artefacts and Archaecometallurgical
Analyses. In Kennet, D. (Ed.), Excavations at Qarn al-Harf.

Weisgerber, G.,
1980  "...und Kupfer in Oman" - Das Oman-Projekt des Deutschen
Bergbau-Museums. Der Anschnitt 32, 62-110.

1981  Mehr als Kupfer in Oman - Ergebnisse der Expedition 1981.
Der Anschnitt 33, 174-263.

1983 Copper production during the third millennium BC in Oman
and the question of Makan. Journal of Oman Studies 6, 269-276.

1991  Die Suche nach dem Altsumerische Kupferland Makan. Das
Altertum 37, 76-90.

Yener, K. A.,
2000  The Domestication of Metals. The Rise of Complex Metal

25

Industries in Anatolia. Culture and History of the Ancient Near East
Volume 4. Brill, Leiden.

Yener, K. A. and P. Vandiver,
1993  Tin processing at Goltepe, an Early Bronze Age site in
Anatolia. American Journal of Archaeology 97, 207-238.

Yule, P. and G. Weisgerber,

1996  Die 14. Deutsche Archdologische Oman-Expedition 1995.
Mitteilungen der Deutschen Orient-Gesellschaft 128, 135-155.
Zarins, J.

1978  Steatite vessels in the Riyadh Museum. Atlal: The Journal of

Saudi Arabian Archaeology 2, 65-94.

1989  Eastern Saudi Arabia and external relations: selected ceramic,
steatite and textual evidence - 3500-1900 B.C. In Frifelt, K. & Serensen,
P. (Eds.), South Asian Archaeology 1985, Scandinavian Institute of Asian
Studies Occasional Papers 4. Curzon Press, London, pp. 74-103.

Zettler, R. L.,

1990  Metalworkers in the economy of Mesopotamia in the late third
millennium B.C. In Miller, N. F. (Ed.), Economy and Settlement in the
Near East: Analyses of Ancient Sites and Materials, MASCA Research
Papers in Science and Archaeology Volume 7 Supplement. University
Museum of Archaeology and Anthropology, Philadelphia, pp. 85-87.


www.SID.ir

Vol. 2, No. 3, Winter- Spring 2016

International Journal of the Society of Iranian Archaeologists

WAY V) /0 sl s go,bs

WAYY V8 25y gols

G S )3 W g VF 9,8 wyld sl : Lg..\.ds uls')!g
35 hegeme 33 S psb & (g 5 €guedid )’» e
0ol € Byl Lyl pl 5l i B a8 iloads eSS 5 0l
dcgosmo (pl Dgd o oMlgn € B b Sl 09yl 9 M o
€l od LolS Iy iy Swgilor gy ) s
st o J5 5 4y gy Sl oyl 1 50 b3 o S
TS g sin Gugldl )3 05 908 (205 Cuslis (g 0 &S
2 &S AL Cawd ey byin 4 wp V8 5l o )8
ol egloy ol o 2l )3 plul Jolu 5l s ytegls’ 7 dlole
o8 T bl byl mer o) @ls S5 o)X
WA oo 0ilgn K yg)la» o WY )8 U aS oy By s il
dlg 0y opl Wiy € alidly o cuib Gl olpl &
e o &8 o lalisl Gl Sy olpl 6550 <> 4
ook olial JSalS cad e odel CGopn SV o)l
ol A J)J.ule.u); Ol @ da Iy el b Ll faing
8 iy e e B o o Bl sl 1 (351 4 Vi
e L"’uJL")" 9 jon losk u~5rv"°f 8)by>

Gord bppr gedd B b Sl sl Gl
la_Jls5

Somms) 5 gl (Sgns Aoy dapd (glraul
G207 9 53 ) ¥ (358 )3 (el o
SRl

J)%%} oKaiily

WAY YN cedl s fols

WAY /Y IYY 15 s G

olgie 4 it b 4 STl &b Shagh ool oS
03 g0 )18 Jlai do g 0 AL (s s (15 sor 8
gy sloxe Z)b 4 bgye sladialy (6 )S5b 2 0pMe
O i o8 e e oS caul ond a4 Lok
Canle p 03550 g Wlodd piitie (woll§ Sug39) (dsS @
Tyog & badeg sl (ol pogMe .5ls CIYS somus s
@S9 e Bp0yd &S ) u';?";’ ks (e ol
A3 oo LS 035 oo CuagS (5ol

G ey domns ¢ )b @l o 16 IS B 5l

87

wWay /Y Vs o0y oyl

Oly‘.c L 431):(;“)@ dli)b Obla ul“*’ cﬁ‘)’. C)l¢'°5) :b..\.f;%
sby»)mare nostrum o)ls il pg; syebl sl 5l iy
L &S 2g dalgs u‘ 5 5 dlie pl 65,8 o oolatwl (€L
5‘1> Kols o uLW uoL.wuLwlg 9 ny\a égL.A )‘ oslaiwl
@linde by ©yge gloa 4 Slole plaw)ly clp o)l
50 1y oo gl gilibs g ey sl Lo gy
ol galadus JLT 5l 5 085 o s 53 55 ()5l el
Jloel sl sylsaisls g siepllas (B (e2Mo pgu (18 5
Llaisls OT » 395 uf)o

a9 el bbb cpm Bl e (5bys 1538 51
£9)

0,99 (ewlnigliwls idlpl o Jly S
o) s 55 S

ol g Al

S oSl

WAY /Ve IY+ il o)l

WAE N i il fons

il Il calis p (Blaglul gbyiagg aSe
O )l gl sladlS ol gl Sl (b
ool ) Lt 5 ool 33 55 o ) o3, ) _oae
woye (Ul laanis I (S o5 Slej el )18
i il algd 5 aim e oalsS |y 41, ol sl it
5 Sl onl ey @ gy Gl sdlie S o0 i
ssb b Sl dolgw (Jlod (sg il ool 3585 52 Y
09l b ol S 5 djbnie o)l ol I ol
ol oo 3 Gt Jal 4 & lamacin; S ol
WS (oo (s ) el oolS yy

(e QU (o) il o)l s 5l 3l
Pl 51 g 5 (ol g

g JWy (50033 3) (o (KL 3 Ly sliws!
‘5:3@9 \Vg
5 ygr il ol


www.SID.ir

International Journal of the Society of Iranian Archaeologists

Vol. 2, No. 3, Winter- Spring 2016

) 0bj & OYlie oS

S o ds IS5 43,51 ol 05 45\ s pgus Byl 3l
ol 3 i a5 s el taled cogiSe
) o s ly syiodummn Oliasody dilobw ¢ )8 zls 550>
Culw 1 4y )l (sl prns 9 - Dlge i I o &5 oS
locsidginl bl o 1y sailygl b slatius g5z 5
Mol 1y gyl wlbls)l &S clainl acled o Kz (8 puan
lien Lol cal 4 ply o 1l S o Sl LTl
ol loplas ol Jhe wrew LI Gl (ore 250
M fjhe pas b Oyl (o)l @l i gMIS 5y

Al liye B 4l ol

b yghol 31 (gudlgnd 1)l s )3 (2l p> )b
Solw (5,53

OLdSg (s

N Sl (wolidlinl goiSiagd

g (ool Sin 8

U9 e Gy 08U

WA /Y e il gu b

WAY YYD & by gu,b

slocl 3 3l (Blibul lagigls g o)y 008
Jiw 4o oo las (5by2 5 o) ldislaal S S5
Saals a5 JJ]DJ; )&uj ‘) L,’.BL.:L.: 9 u’)l" LSL‘“)?J L le;u.a
w0l bl oplliw ble A adhie 1> oLy S5
ol 315 0))55 S Siim 5SS (claojlil 5 loisS |
JU JVRST PV RC G P KON IPWIR NV IS SR I P
Js! oy oses T jlaze (el IS5 sl 03,5 Lo il
Slule JEs) gly asly 0ad (giluclin o954 S L
woyp & U cwl G0y ol gdlie .cuwl 03y cuwlio
LU g 3515, ol Uolow 5l osel Cass 4y (6)35] (cloojsS
a2 L5 |y dlued cbKin b b sl ol e

s dyghel Sl ()l ol b (5l 3l
by

ETR) P N A Ve We] WER P PN )
sl @y
L IS oSl

88

P PP P G L b e g 5 gl
o, Tl Jolgw g ol !

Srarcsl -9

@)“5 oKl

O B30
o yd Sl yre i il (goaSing s

S5z S Lo yle

d)l).ud oKl

WYY /4 /YF il s g,

WAY VY Vi by gy

5 pye sloojlipdr (98 (S Jlaw (Saigen 0SS
u»LJ » ‘d)\f@)l} L}il fLLw:l AW Lg)llf@)U £ p9d
F &S sl olahgls g S 29 0jg> 53 by @l
Ao plol plasl Sl b S Ol @ b ol
b gyaS Jlaw Bg)ls o5 Wlodly lis (o)l slayoslS
by & KlosiS1yy (g g0y 53 538 L basye
Sl )3 g b2 B jardnd )3 o)l 55 UsS slagis
bgiyo daled (65550 & dllio cpl 05 0 p1p3 1) )l ls
alpl ety ) e aS L bl ) g oS (Simybslge &
5l sxSemit ol 3l o 2o o)l @l B
sisad) 05 o o |y 4Bl ) Sy g (5 ISinlS o
Bblie 5 olnl ©rcse phe Sy jlle Sy dlp oS
ol 305 o lb peds (6,16 Blols 13 215 S Lo (S0
D9 JUb po pgd 8l3e ol g pow 8l 35l )3 &S
NI L PR LIF N ES Wvi PP Sve S S W d.}.ﬁjs ulf)'s

T Jolgw 3 o2l pas p3 515 Oyl g ol
ol

ST

2ilSlgs ol

WAY Y /Yl ol

WY /A 1\Y: byl )b

oo Sl 3 (BLal kel lagiagg ASe
5 Erhe pas e el o5 Llodls Gl los 5 0y
S e 395 A DAL odgs p mewy Hlow Sl 2 1y e
Col (5 (gpojpo U &y adlate oyl (Lol gl (oSt
2 e sl godiyglonld plgie 4 il e )3 &S


www.SID.ir

