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Abstract

X-ray fluorescence (XRF) is an analytical technique that uses the interaction of X-rays with a
substance to determine the type of element in that compound. Cultural heritage is one of the branches
that use this method in confirm the credibility of historical texts, and authenticity determination, and
restoration. In the present analysis, 20 silver coins from the Bu Ali Sina Museum, Hamedan were
tested using a portable XRF device manufactured by the Bruker Company. This research aimed at
gaining an impression about minting techniques and confirming the historical information from
Khosrow Parviz’s reign. The detected trace elements showed that the coins were minted by
cupellation and smelting methods and compliant with the mandated standards. In the beginning years
of the war and the peak of Khosrow Patviz's rule, around 620 AD, the petrcentage of silver reached
its highest level. Also, the low percentage of gold (less than 1) attested in the analysis of these coins
bear witness to the extraction of the raw material from cerussite (PbCO3) deposits.
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Introduction

Sassanid coins play an important role in the study of the contemporary material culture due to trade
exchanges as well as the complete portrayal of the kings on them. For this reason, application of
methods that do not present any damage to these monuments is extremely important. X-ray
fluorescence spectroscopy is a non-destructive analytical method widely used in various fields such
as metallurgy, criminology, chemistry, archeology, geology, etc. [1]. Portable X-ray fluorescence
spectroscopy has several advantages in the field of cultural heritage studies, because it is one of the
surface analysis methods that requires only one surface layer with a depth of about a few micrometers
to several tens of micrometers [2], thus making possible the analysis of artifacts without any adverse
effects [3]. It is also easy to take a portable XRF device to different places, especially in museum
studies where it is not possible to transfer the sample to the laboratory for security reasons [4]. The
study of trace elements in ancient objects provides important information about technology,
originality, and historical events [5]. Quantities of different elements can bring about information on
economic conditions, minting technology, authenticity of objects, and credibility of historical
narratives and reports. Here, the main research questions include: 1) What were the techniques and
patterns that the mints used during Khosro Parviz’s reign?, and 2) What information on the
contemporary political and economic conditions does the elemental analysis of these coins by pXREF
device provide?

Research background

Sassanid numismatic studies began in the 18th century AD. As a most prominent Sassanid
numismatist, Gobl studied the morphology of the related coinage [6]. Hughes examined and
compared Sassanid coins with Roman silver medals [7]. Meyers et al. also conducted laboratory
studies on Sassanid coinage to identify the provenance of their raw materials on the basis of the
amount of gold and iridium trace elements [8]. Studying 16 coins from different Sassanid kings,
Hajivaliei classified the cerussite and galena mineral deposits from which the raw material was
procured [9]. In a separate paper, he subjected Khosrow Parviz’s coins to a PIXE analysis to
investigate the economic conditions during his reign through the quantities of the recorded elements
[10]. In another study, the possible sources and refining technology of Parthian and Sassanid silver
coins were investigated [11]. Sabzali et al. studied the coins of Mithridates I and II of Parthia with the
XRF to compare the amount of their silver content. They detected a period of economic decline
during the wars in the reigns of these namesake kings [12]. In her dissertation, Bakhtiari studied the
coins of Ghobad I and compared them with the coins of Khosrow Patrviz, presenting scientific
analyzes based on the presence or absence of some elements [13].

Materials and methods
First, the coinage from the reign of Khosrow Parviz was singled out through library research. The
analyses of the coins were carried out by a S1 TITAN portable XRF device at the Bu Ali Museum.

Results

On the authority of museum’s officials, the Sassanid coins considered here were recovered during
systematic excavations at Uch Tappeh of Malayer inside a leather bag.

In all coins, an increase in copper content is associated with a drop in silver content, and the quantity
of copper in Coin 19 is significantly different from the remaining instances.

In order to classify the coins and refine the results, the Cu/Ag ratio in Cu is plotted in Fig 1. The
clustering of the results in three specific areas indicates that the raw material came from different
resources.

Table 1: Percentage of the existing elements in the studied coins.

Coin

Bi Pb Cd Ag Se As Au Cu Fe Mn Cr Ti XRF No. No.
0.04 0.57 0.03 93.77 0.01 <LOD <LOD 4.83 0.73 0.01 0.01 <LOD 111 1
0.11 2.28 <LOD 93.24 0.02 <LOD <LOD 4.01 0.33 0.00 0.01 <LOD 113 2
0.13 234 <LOD 94.82 0.02 <LOD <LOD 2.36 0.31 0.00 0.01 <LOD 115 3
0.03 1.43 <LOD 93.81 0.02 <LOD <LOD 412 0.57 0.00 0.01 <LOD 117 4
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0.10 067 | <LOD | 9877 000 | <LOD | <LOD | 007 0.37 000 | <LOD | <LOD 119 5
0.07 116 | <LOD | 9560 004 | <LoD | <LOD | 251 0.61 0.01 0.01 <LOD 121 6
0.05 206 | <LOD | 9482 003 | <1oD | <LOD | 273 031 0.00 0.01 <LOD 123 7
0.06 105 | <LOD | 9577 004 | <LOD | <LOD | 249 0.58 0.01 0.01 <LOD 125 8
0.03 0.81 <LOD | 9498 003 | <1oD | <LOD | 380 0.33 0.00 0.01 <LOD 127 9
0.05 112 | <LOD | 9345 003 | <LOD | <LOD | 422 110 0.01 0.01 0.02 129 10

<LOD | 083 | <1LOD | 9461 003 | <1OD | <LOD | 418 031 0.00 0.01 <LOD 132 11
0.02 0.40 0.03 96.94 003 | <LOD | <LOD | 203 0.52 0.01 0.01 <1LOD 133 12
0.04 2,61 0.03 94.83 003 | <LoD | <LOD | 220 0.25 0.00 0.01 <LOD 135 13
0.04 287 | <LOD | 94.18 002 | <LOD | <LOD | 111 174 0.01 0.01 0.03 137 14

<LoD | 025 0.03 98.49 003 | <LoD | <LoD | 013 105 0.01 0.01 <LOD 140 15

<LOD | 023 0.03 98.82 003 | <LOD | <LOD | 017 0.68 0.01 0.01 <LOD 142 16
0.11 128 | <LOD | 9554 002 | <1oD | <LOD | 231 071 0.01 0.01 <LOD 144 17

<LOD 1.00 0.02 94.40 002 | <1LOD | <LOD | 403 0.51 0.01 0.01 <LOD 146 18
0.03 132 | <LoD | 9138 005 | <LOD | <LOD | 698 0.25 0.00 0.01 <LOD 149 19

<LOD | 113 | <LOD | 9488 0.01 <LOD | <LOD | 29 101 <LOD | <LOD | <LOD 151 20
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Fig.1: Cu percentage in terms of Cu/Ag ratio.
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Discussion

Ascending the throne in 590 AD, Khosrow Parviz had to face a revolt staged by a prominent
commander of Hormoz IV, Bahram Chubin, who refused to recognize Khosrow as the legitimate
king. In the ensuing war Khosrow Parviz was defeated and had to take refuge in the Eastern Rome
Empire. There, the Byzantine emperor Maurice provided him with an army, and Khosrow married
his daughter Miriam [14]. Shortly after, Khosrow left for Iran to reclaim the throne. Finally, in 591
AD, near the Lake Urmia, Khosrow defeated Bahram Chubin’s army [15]. After Maurice’s
assassination in 602 AD, the wars between Iran and Rome resumed [17]. Khosrow was killed in 628
AD in a pertiod of dissatisfaction of the public and his companions with him.

Conclusions

1) Answer to the first research question:

It is concluded that during the reign of Khosrow Parviz, there was a specific format and standard for
minting coins; therefore, it is possible for the mints to issue rulings on how to standardize coinage.
Another indicator that is important in the study of coinage technology is the low lead content in most
samples. The low percentage of lead in Khosrow Parviz’s coinage can hint at the use of the cupellation
technique in silver mining. The limitation on the detection limit for the gold element in the studied
samples shows that the raw material for silver coins was extracted from the cerrusite mines during
the time of Khosrow Parviz.

2) Answer the second research question:

According to Table 1, the recorded silver content for the considered coins clearly shows that the
quality and control of coinage is directly affected by the time of coinage and the political condition
of the empire. In numismatic studies, a copper content exceeding 1% is indicative of its deliberate
addition, either to increase the impact strength of the coin or in response to inauspicious economic
state. This study showed a significant increase in copper content of the coins under study during the
war years. The absence of bismuth in some coins and its presence other instances points at the
procurement of the raw material from different ore deposits.
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Table 2: Percentage of elements of the studied coins

Bi Pb cd Ag Se Au Cu Fe Mn Cr Ti D
XRF S
0.04 0.57 0.03 93.77 0.01 <1OD 4.83 0.73 0.01 0.01 <1OD 111 1
0.11 228 | <LOD | 9324 0.02 <1OD 4.01 0.33 0.00 0.01 <1OD 113 2
0.13 234 | <LOD | 94.82 0.02 <1OD 236 031 0.00 0.01 <1OD 115 3
0.03 143 | <1OD | 9381 0.02 <1OD 412 0.57 0.00 0.01 <1OD 117 4
0.10 067 | <LOD | 9877 0.00 <1OD 0.07 0.37 0.00 <LOD | <LOD 119 5
0.07 116 | <LOD | 9560 0.04 <1OD 251 0.61 0.01 0.01 <1.OD 121 6
0.05 206 | <LOD | 94.82 0.03 <1OD 273 0.31 0.00 0.01 <1OD 123 7
0.06 105 | <LOD | 9577 0.04 <1OD 2.49 0.58 0.01 0.01 <1OD 125 8
0.03 081 | <LOD | 9498 0.03 <1OD 3.80 033 0.00 0.01 <1OD 127 9
0.05 1.12 <LOD 93.45 0.03 <LOD 422 1.10 0.01 0.01 0.02 129 10
<1OD 083 | <LOD | 94.61 0.03 <1OD 4.18 0.31 0.00 0.01 <1OD 132 11
0.02 0.40 0.03 96.94 0.03 <LOD 2.03 0.52 0.01 0.01 <LOD 133 12
0.04 2,61 0.03 94.83 0.03 <1OD 2.20 0.25 0.00 0.01 <1OD 135 13
0.04 287 | <LOD | 94.18 0.02 <1OD 111 1.74 0.01 0.01 0.03 137 14
<1OD 0.25 0.03 98.49 0.03 <1OD 0.13 1.05 0.01 0.01 <1LOD 140 15
<1OD 0.23 0.03 98.82 0.03 <1OD 0.17 0.68 0.01 0.01 <1OD 142 16
0.11 128 | <LOD | 9554 0.02 <1.OD 231 0.71 0.01 0.01 <1.OD 144 17
<1OD 1.00 0.02 94.40 0.02 <1OD 4.03 0.51 0.01 0.01 <1OD 146 18
0.03 132 | <1LOD | 9138 0.03 <1LOD 6.98 0.25 0.00 0.01 <1.OD 149 19
<1OD 113 | <1LOD | 94388 0.01 <1OD 2,96 1.01 <1OD | <LOD | <LOD 151 20
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Table 3: Important events in the reign of Khosrow Parviz

Date/i&)u Events/aﬁg

628 BC Death of Khosrow Patvis 32929y S yo
627 BC The defeat of Rome and the weakening of the kingdom obidl Camd g poy 5l sl
622 BC The peak of power 8 gl

603-610BC Capture of Matran Oylas Gyl
603 BC Consolidation of government Cao S Cauld
602 BC Arresting and killing Nu'manah ibn Munther e oy olemi (uiS g (5 S
602 BC Military campaign to Byzantium oilim 4y oS,
591BC Return from Rome and defeat Bahram Pl CunSlls g poy 5l cutS3l
590 BC Reaching the government CaogSo &y )y
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