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Abstract

Lead metallurgy has been closely associated with silver production for much of its history. It is generally accepted
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Introduction

Over a century ago, attempts were made to retrace the development
of silver metallurgy. Because silver was primarily extracted from lead-
based ore for the majority of its history, perspectives adapted from
contemporary extractive metallurgy were essential to its development
from the beginning. e research direction, which can be followed into
the 21st century, was in uenced by engineers and metallurgists like
these. Research on the early Middle Ages, where it is generally accepted
that galena, a lead sul de that can be associated with silver typically in
quantities of 0.1-0.5 percent, served as the primary ore basis for silver
production, places a particular emphasis on lead-based silver ore [1].

e galena ore at Melle, the well-known mine in western France that
has been linked to the Merovingians' adoption of the silver standard
and the most prominent Carolingian silver mine, contains silver in this
range. Based on Islamic silver's fundamental characteristics, including a
sudden drop in gold content, it appears that silver ores based on galena
have dominated since the middle of the 8th century [2]. Additionally,
because richer ores had run out, it took signi cantly more labor to
extract silver from poorer lead ores that were located further down
in the earth. e way we understand how silver metallurgy developed
over time has signi cant economic and technological implications
for how we understand the ancient world. It is subsequently vital to
assess fundamentally the suspicions and veri able proof whereupon it
is based.

e production of silver and lead are linked for three reasons: 1.
Lead and silver minerals are frequently found together, During ore
smelting, lead collects and safeguards the silver, and 3. Cupellation
isda T%or lIT$oanuixideoliquifn(PbO). Silnd sition
of lead and cupellation is viewed as key in silver creation across the Old
style World.

Two Islamic dirhams' anomalous nickel-rich compositions
prompted a large-scale investigation into the elemental and lead
isotope analysis of the 8th and 9th centuries. is provoked further
examinations, which formed into a metallographic investigation of 26
dirhams. e purpose of the study is to provide answers to the inquiries
"how" and "from what" silver was produced in the past. To answer these
questions, it is necessary to carefully examine the cupellation process
itself to determine which phases and elements, particularly sulfur,

Archaeological viewpoints on the historical backdrop of sil-
ver metallurgy

e historical backdrop of silver metallurgy is a developmental
model that starts with the most extravagant and open types of silver [5].
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Technology and organization are adapted to extract silver pro tably
from increasingly lower-quality ore as rich ore becomes exhausted.
One method used to classify ore types of archaeological silver from
the early to later periods is elemental analysis, which focuses on the
elements lead, copper, and gold. Native silver is extremely rich and
"dry" silver ores like acanthite and cerargyrite can both be used to make
silver. e term "dry" silver ore is used to distinguish lead-poor silver
ores from argentiferous lead ores, which are naturally low in lead but
high in a variety of rich silver sul de and halide minerals. It is argued
that the earliest uses of silver were made with native silver and "dry"
silver ore. It is established that lead-based metallurgical processes were
not utilized in the production of silver objects by the EI-Argar culture
of Spain in the Bronze Age. It is argued that the Moche in the Andes
used "dry" silver ores like cerargyrite in the New World contends
for the utilization of 'dry’ metals at the origin of silver utilized in the
Chalcolithic and Early Bronze Ages in Western and Focal Asia. Similar
metallurgical procedures used to extract copper from ore, such as
reduction or roast-reduction smelting, would have been used to treat
these "dry" silver ores.

Cupellation was a signi cant technological advancement that was
made in the Old World in the fourth millennium BC. According to,
cupellation was developed to extract silver from abundant lead-free
ore, but lead ores had become the basis for silver production by the
third millennium BC [6]. Meyers con dently proposes a transition
to silver production with a predominant lead-ore base in the third
millennium, but this assumption has no clear foundation. It is essential
to stretch that the utilization of cupellation doesn't demonstrate that
silver was created from lead metals, and keeping in mind that there
is signi cant proof for a long history of cupellation, the connection
among cupellation and the extraction of silver from argentiferous lead
minerals isn't immediate all of the time.

By the time of Classical Antiquity, it was almost universally agreed
that the primary source of silver supply was lead-based ores like galena.
Classical authors Pliny and Strabo provide evidence for the use of
lead-based silver ore and for the use of lead in the extraction of silver
from ore. A er the Roman mining of silver in Spain stopped working,
supplies had to come from production in the eastern Roman provinces
and from the Persians in Late Antiquity. Since the Romans had a
similar technological arsenal at the beginning of the Middle Ages, it
stands to reason that when Roman mines ran out, medieval societies
had no choice but to turn to ore sources that required more and more
labor [7]. It is possible that subsequent mining resulted in ore deposits
that were even poorer or more di cult to access because the Romans
were mining silver from argentiferous galena. From this vantage point,
the research narrative of silver metallurgy is consistent with the use
of galena-based ores for silver production during the Early Islamic
Caliphate and the early medieval Melle.

However, a er the early Middle Ages, this conventional viewpoint
ceases to be viable. In regards to Central Europe, texts from the late
medieval and Renaissance periods categorically disprove that galena,
which typically contains 0.1%—0.5% silver, was used to produce silver
before explosives were used. is indicates that our understanding of
earlier metallurgy may be skewed due to the fact that lead-based silver
metallurgy leaves traces that archaeologists nd, whereas processing of
"dry" silver ores leaves almost no trace.  is has implications for the
wider history of silver. Bartels's argument goes back to early modern
mineralogy and the Middle Ages, emphasizing the signi cance of
a variety of high-grade silver minerals, secondary ore enrichment
processes, and "bonanzas" for the silver industry. A divide exists
between archaeology and early modern history because of the disparity

between the two research cultures.
Islamic Dirhams: Historical context

Arabs began using silver coins in the middle of the 7th century
when they conquered Sasanian Mesopotamia and Iran. e Umayyads,
who ruled Mesopotamia from 661 to 750 AD, adopted the practice of
minting silver, combining the three di erent metals that were used for
money. Wasit, the most productive mint and chief garrison for Iraq
and Iran, began to strike silver dirhams of exceptional purity around
100-104 A H (718-722 AD), a practice that spread throughout the
Caliphate and remained roughly unchanged for two centuries. At

rst, the new dirhams adhered to the same alloy standards as previous
Sasanian and Arab-Sasanian coinage [8]. e metal had to have
been freshly produced or re ned in order to attain the purity of the
Early Islamic dirhams, which typically contained 97 percent silver
by weight.  is metal does not need to be mined recently; As long as
the silver was re ned to meet the exceptionally high purity standard,
it could also come from recycled old metal; Despite this, there are
reasons to oppose widespread recycling during this time. A thorough
development in the result of high-virtue money, as seen particularly in
the Early Abbasid period over the most recent thirty years of the eighth
century Promotion, can occur with an extension of metal stockpile,
which focuses to new mining and metal creation. In light of composed
sources, proposes silver mining in the Bedouin Landmass and Focal
Asia, yet this presently can't seem to be a rmed by logical strategies.
Using historical sources, this thesis argues that changes in monetary
policy and an increase in coinage availability fueled widespread
economic expansion throughout much of the Islamic world.

Under the Abbasids in the second half of the 8th century, one of
the greatest expansions of the Early Islamic dirham minting occurred.
Dirhams were generally sent out and were key in the foundation of
the trans-Eurasian silver exchange that associated the larger pieces
of Eastern and Northern Europe to the Islamic World. s blast of
dirham stamping, archeologically veri ed by ninth and tenth century
dirham stores in Russia and the Baltic locale, is vital for the social and

nancial history of Eurasia.

To investigate the circumstances surrounding how and why this
occurred, it is essential to comprehend the resource base that fueled this
expansion. Getting back to the subject of Early Islamic mining, a lack of
silver and a huge reduction in mineral quality depicted are certainly not
the conditions one would anticipate regarding a development in silver
stamping and send out. However, a second line of physical evidence
has not yet been available to support or refute Meyer's theory.

Materials and Methods

Samples

26 dirhams deaccessioned from the Ashmolean Historical center,
presently at the School of Oriental Examinations at the College of
Oxford, structure the reason for this metallographic review. Six of
these are Umayyad dirhams from Wasit (704—740 AD) and twenty are
Abbasid dirhams from Baghdad (Madinat al-Salam), the most common
Early Abbasid mint, from Irag, Iran, and Central Asia [9]. e mints
of al-Muhammadiya (Tehran, Iran), Zaranj (western Afghanistan),
Balkh (northern Afghanistan), and Bukhara (Uzbekistan) mint the
dirhams from the eastern Islamic territories. e dirhams were chosen
to contrast the central (Iraq) and eastern (Iran and Central Asia) parts
of the Abbasid caliphate spatially and to cross-cut the chronological
divides between the Umayyad and early Abbasid dynasties that have
been identi ed elsewhere.
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Mass spectrometry

Abrasion was used to remove corrosion from the 10-20 mg of silver
samples that were clipped from the coins. Portable X-ray uorescence
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conventional narrative of the history of silver metallurgy is a necessary
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