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INTRODUCTION
Recent archaeological excavations at Tappeh Shoghali, 

south of Tehran unearthed numerous metallurgical relics 
related to silver production activities in the second half 
of the fourth millennium-early third millennium BCE. 
The vast and rather well-preserved metallurgical-related 
installations in the site make it a unique discovery in the 
field of early silver production in the Old World.Here we 
report the field observations and preliminary analytical 
investigations of the metallurgical relics.

From a geological point of view, in Western Asia (as 
elsewhere in the world) silver is mostly associated with 
lead (± zinc ± copper) deposits; therefore the majority 
of the domestic ancient silver objects were produced 
using cupellation from argentiferous lead-bearing ore 
(Forbes, 1964; Tylecote, 1992; Craddock,1995; Ramage 
and Craddock, 2000; Nezafati and Pernicka, 2012).

Interestingly, it is now obvious that the ancient miners 
and metallurgists were aware of the presence of silver 
in the lead (or polymetallic) ore and could extract it via 
cupellation technique since at least the fourth millennium 
BCE (Pernicka, 1987; Tylecote, 1992; Pernicka, 2004).
The typical waste material of the cupellation process is 
litharge (PbO), a mineral that rarely occurs naturally. 
Therefore, the litharge cakes and fragments are the 
clear and secure proof of using cupellation technique 
(Pernicka, 2004). Silver production by cupellation is a 
two-stage process under controlled thermal conditions. 
In the first step, the lead-bearing argentiferous ore is 
smelted at high temperature under reducing conditions 
to ensure that all silver present is reduced and taken up 
by the lead. The product of this stage is a silver-rich lead 
sheet or ingot (Pernicka et al., 2011). The second stage is 
a selective oxidation of the product of the previous stage 
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(i.e. argentiferous lead) except the noble metals leaving 
silver and/or gold behind (Craddock, 1995; Nezafati and 
Pernicka, 2011). Archaeological samples of litharge are 
usually partly weathered to lead (hydro-) carbonates and 
contain more than 75 weight percent lead (Pernicka et al., 
2011). Hearth linings (cupellae) consist mainly of litharge 
and the reaction products of litharge with the original 
hearth material and contain oxides, carbonates, and/or 
silicates of the lighter elements (Pernicka et al., 2011). 

The earliest litharge fragments referred to silver 
production by cupellation have been unearthed from a 
few fourth millennium BCE sites of Western Asia. These 
include Tappeh Sialk (3660-3520 BCE, central Iran; 
Nokandeh and Nezafati, 2003; Nezafati and Pernicka, 
2005, 2012), Habuba Kabira (northern Syria; Pernicka, et 
al. 1998), Fatmalı-Kalecik (eastern Anatolia; Hess, et al. 
1998), Arisman (Sialk III-IV, central Iran; Momenzadeh 
and Nezafati, 2001), Tappeh Hissar (Hissar II-III, 
northeast central Iran; Roustaii, 2004), and Ilgynly Depe 
(Turkmenistan:Helwing, 2014; Hansen and Helwing, 
2016). Among the finds from the aforementioned sites, 
the Sialk fragments seem to be the oldest so far known 
relics of such process in the Ancient World (Figure 1). It 
is of interest that, except reacted cupels (and hearths) and 
litharge fragments, cupellation-related installations have 

rarely been reported from the abovementioned sites.
Tappeh Shoghali (geographical coordinates: 35°19′38″N 

and 51°44′29″E), is an area covering about 1x0.5 Km2 in 
theVaramin plain, some 40 km southeast of Tehran, north 
central Iran (Hessari et al., 2007; Figures 1 and 2). The 
Varamin plain is bounded by the southern foothills of the 
Alborz Mountains and is drained by the Jajrood River 
(Figure 2a). Four campaigns of archaeological excavations 
have been conducted on this site by Tehrani-Moghadam 
(1991) and Hessari (2006, 2008 and 2015). Results 
indicate that Tappeh Shoghali has been continuously 
inhabited from Neolithic to the Iron Age, although the 
Sialk III (ca. 4100-3400 BCE) and Sialk IV (ca. 3400-
3100 BCE, Ghirshman, 1951; Shahmirzadi, 2006) periods 
have been the most significant periods. Numerous finds 
including beveled rim bowls and Banesh trays as well 
as ideo-numerical tablets, cylinder seals, small tokens 
(figurines), lithic materials, and mud brick covered floor 
together with many metallurgical-related finds have been 
unearthed from the site (Figure 3). 

RESULTS
In the fourth season of archaeological excavations on 

Tappeh Shoghali (winter 2015) seven 10x10 m2 trenches 
were excavated based on surface and geophysical 

Figure 1. Approximate location of some of the sites and regions mentioned in the text (Background map modified after https://upload.
wikimedia.org/wikipedia/commons/b/b5/Iran_Topography.png).
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Figure 2. a) location of Tappeh Shoghali on the geomorphological map of Tehran (background modified from http://atlas.tehran.ir/
Default.aspx?tabid=167), b) aerial view of Tappeh Shoghali surrounded by agricultural fields (based on Google earth).
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surveys. In all seven trenches rather well-preserved 
ancient cupellation-related metallurgical remainings were 
found which include tempered conduits on the floor, 
several small furnace-like structures and a probable large 
(cupelling) furnace, together with a lot of litharge cakes 
and fragments (more than a hundred pieces), a silver-rich 
lead sheet (ingot), miniature dishes (possibly evaporating 
dishes), a few slag pieces, and some mineral beneficiation 
tools including hammer and anvil stones made of different 
rocks (Figure 4). 

The metallurgical remainings are particularly abundant 
in the trench No. 3 which was 283 cm deep and consisting 
of a complex of tempered conduit-like installations dug in 
the ground which could have been passages for a molten 
material (possibly molten lead) together with several 
furnace-like structures aligned in parallel rows (Figure 
4 a,c). Moreover, a vase-like vessel (with top diameter 
about 15 cm) showing some low degree of vitrification 
and a hole in the bottom was found which fits well into 
the furnace-like structures (Figure 4c). In this trench, 
several litharge cakes and fragments (Figure 4b) together 

with some anvil stones, hammer stones, and few slag 
pieces were unearthed. An oval dome shaped structure 
with 2.5x1.5x2 m3 dimensions in another trench is of 
interest too. Some holes that seem to be ventilation ducts 
are observable in the body of this structure. In contrary 
to contemporaneous silver production sites like Sialk and 
Arisman, where both copper and silver metallurgy were 
performed (Momenzadeh and Nezafati, 2000; Nokandeh 
and Nezafati, 2003; Nezafati and Pernicka, 2005; Nezafati 
and Pernicka, 2012), no traces of copper metallurgy have 
yet been found at Tappeh Shoghali.

According to the pottery shards of beveled rim vessels 
and Banesh tray pieces, the trench No. 3 was attributed 
to the proto-Elamite time (Sialk III6-7; second half of the 
fourth millennium to the early third millennium BCE). A 
calibrated radiocarbon dating performed by Hessari and 
Nishiaki (2016) on a find from trench No. 3 confirms an 
age of 3350±20 BCE, corresponding to the second half of 
the fourth millenium BCE.

The litharge cakes are composed of heavy, concave, 
pale yellow to cream and buff pieces on their external 

Figure 3. a, b, and c) different views from a Sialk III4-5 jar unearthed from the site (pre-metallurgy period of the site), b and c) Sialk 
III6-7 pottery shards including beveled rim pottery and Banesh tray pieces (contemporaneous with metallurgical activities on the site).
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appearance whose length in some cases reaches 15 cm. 
A 7 cm folded sheet of lead was found associated with 
numerous litharge fragments (Figure 4d). Interestingly, 
several miniature hemispherical dishes were unearthed 
together with the other metallurgical remains (Figure 
4 e,f,g). These seem to be “partly broken crucibles”, 
perhaps for ore assaying or melting/refinement of silver. 
Help towards a better interpretation could come from 
inspection and analysis of (any) remains on the inner 
surfaces.

In order to examine the exact function of the metallurgical 
remains, after careful observation and documentation ofthe 
finds, five samples from litharge cupellae and fragments 

together with one sample from a lead ingot were taken 
using scalpel, jigsaw, and diamond drilling. The samples 
were analyzed using ICP-MS as well as XRD at Zarazma 
Laboratories, Tehran, Iran. For chemical analysis, the 
samples were first digested in an HF/multi acid solution 
and (after dilution) were analyzed using a HP 4500 ICP-
MS system manufactured by GMI (detailed procedure 
of analysis is available under http://http://zarazma.com/
UserImage/Zarazma%20Services%20Guide%202016-
2.pdf). Two litharge samples were also examined using 
petrographic investigations.

Mineralogical investigations (Figure S1) show a rather 
uniform mineralogy for most of the fragments of litharge 

Figure 4. a) a row of furnace-like structures in which the vase-like vessel fits (Sialk III6-7 period); b) a large litharge cake (lump); 
c) a crucible fitting into a furnace-like structure; d) the argentiferous lead sheet; e, f, g) three partly broken crucibles, all with a 3cm 
diameter aperture.
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cupellae including litharge, cerussite, hydrocerussite, 
massicot, and an amorphous compound (lead glass)
as major components and pyroxene (augite), gypsum, 
lanarkite [Pb2(SO4)O], laurionite [PbCl(OH)], and in one 
case tourmaline as minor components.

According to the geochemical results for the major and 
trace elements, the composition of almost all samples 
of litharge is rather uniform (Table S2). Based on the 
analytical results, lead, SiO2, CaO, and MgO are the major 
components of most litharge cupellae. Nevertheless, 
the rather high contents of sulfur, copper, arsenic, and 
antimony can be an indication of the use of a polymetallic 
sulfide ore with high amounts of lead and silver. The lead 
sheet is mainly composed of pure lead (98.1%), sulfur 
(0.9%) with rather high amount of silver (0.09%), copper, 
and antimony (Table S2). 

DISCUSSION AND CONCLUSIONS
The excavation and chronological results together 

with the preliminary mineralogical and geochemical 
investigations, including widespread well-preserved 
metallurgical-related installations and relics which have 
rarely been reported from the contemporaneous sites 
introduce Tappeh Shoghali as a significant early (late 4th-
early 3rd millennium BCE) silver production workshop in 
north central Iran. It seems that the cupel-making materials 
of Tappeh Shoghali were made of a substance composed 
of silica (SiO2) and possibly carbonates (of Ca+Mg)
and perhaps some other materials of biological originon 
which an argentiferous ore (possibly polymetallic) 
containing lead (as major component) was worked. 
This ore contained some amounts of copper, arsenic, 
antimony and sulfur. Due to the low silver contents of 
litharge fragments, it seems that, the cupellation process 
was very efficient. In this regard, the silver concentration 
in the litharge samples of Tappeh Shoghali is similar 
to the silver contents of litharge fragments reported 
from contemporaneous ancient sites of Fatmali-Kalecik 
(Anatolia) and Habuba Kabira (Syria), but lower than the 
Arisman litharge fragments (Pernicka et al., 2011). Based 
on the geochemical and mineralogical results, the ore of 
some argentiferous polymetallic ancient mines of Anarak 
area (e.g. Baqoroq) would geochemically match the ore 
used in Tappeh Shoghali and could have provided the ore 
of the site (Nezafati et al., 2008; Pernicka et al., 2011), 
nevertheless, more investigations would be needed also 
on a few nearby ore indications for possible geochemical 
and mineralogical connections.

The discovery of this early silver production site in 
north central Iran alongside the presence of other already 
known silver production sites of early urbanization time 
in central Iran (e.g. Tappeh Sialk, Arisman, and Hissar) 
highlighted the relevance of central Iran in the early 
development of ancient silver production. 
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