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a b s t r a c t 

X-Ray Fluorescence (XRF) analysis is widely employed in the field of cultural heritage due to its non- 

destructive nature. μ-EDXRF was used to study 29 Sasanian drachmas from a private collection at the 

Department of Humanities, University of Trieste. The coins were issued between 499 and 628 AD, during 

the reigns of four Sasanian kings (Kawad I, Khosrow I, Hormizd IV, and Khosrow II). This study aimed 

to determine the elemental composition of the alloy’s surface, assess the coins’ fineness, and identify 

potential forgeries or signs of devaluation. Eight XRF spectra were acquired for each sample, revealing a 

primary composition of Ag, with traces of Cu, Au, and Pb. Semi-quantitative analysis showed Ag content 

exceeding 95% in nearly all coins, with two suspected forgeries identified (coin no. 13 minted during the 

reign of Hormizd IV and coin no. 18 from the reign of Khosrow II). Five drachmas from Khosrow II’s reign, 

marked with the inscription “afid”, exhibited Ag content above 99 %, supporting the historical hypothesis 

of superior quality compared to other drachmas from the same period. Finally, the %Au and the presence 

of Pb provided further indications on the origin of Ag, allowing hypotheses on the mineral sources. 

© 2024 The Author(s). Published by Elsevier Masson SAS on behalf of Consiglio Nazionale delle Ricerche 

(CNR). 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Chemical analysis of ancient coins provides valuable informa- 

ion about the metallurgy and economy of the time when the 

oins were minted. The percentage composition of ancient coins 

ffers insights into the economic and political conditions of the 

ime considered [ 1 , 2 ]. Due to the high value and rarity of an-

ient coins, museums and collectors of numismatic items often 

equire chemical analyses using exclusively non-destructive tech- 

iques. The most commonly used non-destructive techniques for 

his purpose include X-Ray Fluorescence analysis (XRF), Electron 

robe Micro-Analysis (EPMA), micro-X-ray analysis in a Scanning 

lectron Microscope (SEM-EDX), Synchrotron micro X-Ray Fluores- 

ence analysis (SR-XRF) and Particle-Induced X-ray Emission (PIXE) 

 3-5 ]. Among these techniques, XRF has firmly established itself in 

he field of cultural heritage and, more specifically, in the analy- 

is of ancient coins due to its cost-effectiveness, non-destructive 
∗ Corresponding author. 

E-mail address: giovanna.marussi@units.it (G. Marussi) . 

o

i

o

ttps://doi.org/10.1016/j.culher.2024.10.007 

296-2074/© 2024 The Author(s). Published by Elsevier Masson SAS on behalf of Consiglio

icense ( http://creativecommons.org/licenses/by/4.0/ ) 
ature, speed, and its ability to analyse the sample as is, without 

equiring pre-treatment or cleaning [ 6 , 7 ]. 

The Sasanian dynasty was established in 224 AD, when Ar- 

ashir I defeated the last Parthian king, Artabanus IV, and ended 

n 651 AD with Yazdegerd III, when the Arab conquest marked the 

nd of Persian independence [ 8 ]. The Sasanian Empire was one of 

he most prosperous and influential states in the ancient world, 

ut due to the limited availability of other historical evidence, its 

oinage remains the most critical source for the study of its politi- 

al and economic history [ 9 ]. 

Like any new monarch, Ardashir I began issuing coins in his 

wn name. Although the initial drachmas were influenced by a 

arthian model and contained approximately 75% silver (Ag), Ar- 

ashir soon established a drachma type that became the standard 

or all Sasanian silver coin issues. The new coins, minted on a thin 

an, weighed between 3 and 4.25 grams and contained 95% silver 

 10 ]. The silver content remained significantly high until the reign 

f Khosrow II. During the rule of Yazdgerd III (632–651 AD), the 

ncreasing weakness of the monarchy was reflected in the purity 

f the coinage, which declined to a silver content of 84%. 
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In addition to the primary metal, minor and trace elements are 

f great importance, as they may originate from different ores or 

rocesses used in silver production [ 11 ]. For instance, the presence 

f gold (Au) in the alloy can be used as an indicator of the primary

re source since it remains unaffected by melting and cupellation 

 12 ]. Today, silver is usually obtained by electrolysis (patented in 

he second half of the 19th century) and contains traces of gold 

 0.01 %, thus undetectable by XRF analysis [ 13 ]. Therefore, the ab-

ence of gold in ancient specimens could suggest modern forgeries, 

s there was no technology in antiquity capable of completely ex- 

racting gold from ore [ 14 , 15 ]. Although the sources of silver used

n ancient coin minting may vary, it is generally believed that sil- 

er was primarily extracted from argentiferous lead (Pb) ores, par- 

icularly cerussite (PbCO3 ) and argentiferous galena (PbS) [ 16 ]. In 

hese silver-rich lead ores, gold is consistently found at a spe- 

ific concentration unique to each ore [ 17 ]. Moreover, it remains 

nchanged throughout the various processing stages of lead min- 

ral. The Au/Ag ratios can be valuable for distinguishing different 

ources of silver used for coinage. For instance, an empirical value 

f 0.1 wt% gold in silver objects represents the upper limit for sil- 

er derived from galena [ 18 ]. 

Copper (Cu) is another crucial element in silver coins. Copper 

ontents exceeding 1 % suggest a deliberate addition of this el- 

ment to enhance the mechanical properties and strength of the 

ilver [ 19 ]. In fact, the alloy’s hardness is strongly correlated with 

he amount of copper intentionally added to the silver [ 20 ]. Con- 

ersely, a low copper content may indicate prosperous economic 

onditions [ 1 ]. 

Coins represent the most important and the only continuous 

ource for nearly all aspects of Sasanian Iranian history. Most 

revious studies on ancient and early Islamic Iranian coinage 

ave been of an archaeological and numismatic nature. A no- 

able impetus to the study of coin specimens from this pe- 

iod was provided by the establishment of Sylloge Nummorum 

asanidarum (SNS) project, which conducted a large-scale compo- 

itional analysis of around 12,0 0 0 specimens, reported in various 

olumes [ 21-24 ]. 

More in-depth analytical studies aimed at characterising mint- 

ng processes and materials have so far been relatively limited. No- 

able examples include the works of Bachrach and Gordus on the 

hemical composition of Sasanian silver coins [ 10 , 25 ], and Hughes’ 

tudy [ 19 ], which compared the composition of Sasanian silver 

ith that of Roman-period objects. 

In recent years, the number of such studies has increased. Ha- 

ivaliei et al. [ 14 ] were the first Iranian scholars to study Sasa-

ian silver coins using the PIXE technique. Sodaei’s group exam- 

ned silver coins from kings who ruled between 459 and 651 

D using WD-XRF, making assumptions about the source min- 

rals of the silver and Sasanian metallurgy [ 1 , 26 ]. Finally, Mor-

azavi and colleagues [ 12 ] conducted a multi-analytical investiga- 

ion of Sasanian silver coins to explore their microstructure, al- 

oy elements, and minting processes. Recent studies have also fo- 

used on Sasanian copper and lead coins and objects [ 27 , 28 ], as

ell as silver and copper coins from the Islamic and pre-Islamic 

eriods [ 29 , 30 ]. 

The present study seeks to make a significant contribution to 

his expanding body of scientific research, further advancing our 

nderstanding of Sasanian coinage. 

The main aim of this study is to determine the composition 

f the 29 Sasanian drachmas (see Section 3.1 ) using only micro- 

nergy Dispersive X-Ray Fluorescence (μ-EDXRF) technique. This 

nalysis will enable the identification of historical forgeries. Ad- 

itionally, some of the drachmas minted by Khosrow II feature 

he Pahlavi word “afid” (“marvellous” or “excellent”) on the recto, 

hich is assumed to represent better quality compared to other 
382
oins from the same period without such inscription. This study 

lso aims to test this hypothesis. 

. Research aim 

The existing literature lacks substantial data on the elemen- 

al composition of coins minted during the Sasanian dynasty. 

onsequently, this study aimed to determine the chemical com- 

osition of silver coins from this period, using exclusively the 

on-destructive μ-EDXRF technique. The primary goal of this in- 

estigation was to characterize the coin compositions by semi- 

uantitative method. Additionally, the study sought to discern any 

otential counterfeit specimens and validate historical assumptions 

egarding the superior quality of silver used in minting a batch in- 

luded in the 29 coins under examination. Achieving these objec- 

ives will therefore make a substantial contribution to the growing 

ody of scientific research, enhancing our understanding of Sasa- 

ian coinage and its composition. 

. Material and methods 

This study exclusively relies on the use of micro-Energy Disper- 

ive X-Ray Fluorescence (μ-EDXRF) as analytical technique. It is un- 

oubtedly the most common technique for analysing ancient coins, 

iven its non-destructive nature, which eliminates the need for 

re-treatment or sampling. However, it has some limitations, such 

s limited sensitivity, ranging from 0.1 ppm to a few percent for el- 

ments with low atomic numbers, and it can only detect elements 

ithin the atomic number range of Na to U ( Z = 11–92) [ 11 , 31 ].

onetheless, this technique was well-suited for our research pur- 

oses. 

All 29 Sasanian drachmas that were analysed were well- 

reserved and showed no visible signs of corrosion. As coins of- 

en have uneven and irregular surfaces, eight measurements were 

aken for each coin, four on the recto and four on the verso, and 

hen average values were calculated. XRF spectra were acquired in 

he smoothest and cleanest regions possible to optimise the instru- 

ental response. 

The elements examined included: Ag (line: L α1 2.98 keV; K α1 

2.16 keV), Cu (line: K α1 8.05 keV; K β1 8.90 keV), Pb (line: L α1

0.55 keV; L β1 12.61 keV), Au (line: L α1 9.71 keV; L β1 11.44 keV),

n (line: K α1 8.64 keV), Hg (line: L α1 9.99 keV; L β1 11.82 keV), Fe

line: K α1 6.40 keV; K β1 7.06 keV), Ni (line: K α1 7.48 keV), and

a (line: K α1 3.69 keV). 

The standards used in this study for the semi-quantitative 

nalysis were a silver-copper alloy sheet (Ag 92.5/Cu 7.5) 

25 × 25 × 0.5 mm) supplied by Goodfellow, UK, and a gold sam- 

le of 99.9 % purity, measuring 4.0 × 4.0 × 0.52 mm, weighing 

.2 g and subjected to satin-finishing and pickling processes. It was 

repared especially for this study by a goldsmith technician. 

.1. Samples 

In this study, 29 silver Sasanian drachmas issued by four Sasa- 

ian kings during the period between the 6th and 7th centuries 

D were examined ( Tables 1 and 2 ). These specimens were part of 

 private collection held by the Department of Humanities at the 

niversity of Trieste. 

The coins were catalogued and photographed, and their mass 

as determined using an analytical weigh scale, Chyo JL-180 (read- 

bility: 0.1 mg; standard deviation ≤0.02 mg; stabilization time: 

 s). Their average diameter and thickness were measured at three 

oints by means of a Vernier callipers. 

Furthermore, the specific gravity of three specimens (coins no. 

6, 18, and 27) was established following the method outlined by 



G. Marussi, E. Pavoni, M. Crosera et al. Journal of Cultural Heritage 70 (2024) 381–387

Table 1 

List of coins under study. In total there are 29 drachmas belonging to four different kings and minted in different mints of the Sasanian Empire. 

King Period of issue (AD) Number of samples Mintmarks 

Kawad I 499–531 6 AS, AY, BN, KA 

Khosrow I 531–579 4 MA, AM, BYŠ, YZ 

Hormizd IV 579–590 4 ART, LD, YZ, WH 

Khosrow II 591–628 15 LYW, BYŠ, BBA, WYHC, DA, AHM, WYH, ML, ART, AW, ŠY, YZ, BN 

Table 2 

Exemplary images of both obverse (recto) and reverse (verso) of four drachmas, each representing different Sasanian kings: Kawad I, Khosrow 

I, Hormizd IV, and Khosrow II. The captions under the coins provide the king’s name, the period of issue, and the respective mint where each 

coin was struck. 
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acharach and Gordus [ 32 ], a recognised and valid approach within 

he numismatic community, which was also employed as a basis 

or discussion in the work of Debernardi et al. [ 33 ]. 

.2. Experimental setup 

The micro-XRF spectrometer used in this study was manufac- 

ured by Bruker Nano GmbH (Berlin, Germany), and is known as 

he ARTAX 200 model. This instrument comprises an air-cooled X- 

ay tube with molybdenum anode, capable of reaching a maximum 

oltage, current, and power of 50 kV, 10 0 0 μA, and 40 W, respec-

ively. It features a Peltier-cooled XFlash® SDD (Silicon Drift De- 

ector) with 10 mm2 active area and energy resolution < 150 eV for 

n-K α at 100 kcps. To select the measurement point, a colour CCD 

amera (500 × 582 pixels) is employed. A laser dot and reticule 

n the video display are used to ensure the reproducibility of the 

easurement point and distance. The focal spot measures 1.2 × 0.1 

m2 with a lateral resolution of 0.2 mm, and a beryllium window 

f 100 μm. Additionally, the system includes an interchangeable 

lide with three filter positions; however, no filter was employed 

n this study. The experimental conditions for this research were 

et as follows: a high X-ray tube voltage of 50 kV, anode current 

f 700 μA, molybdenum target, spectral acquisition time of 45 s 
383
live time), a collimator diameter of 650 μm in air, and an acquisi- 

ion window within the range 1–25 keV. 

The control software for the ARTAX spectrometer is the ARTAX 

ontrol semi-quantitative XRF software (version 5.3.14.0, licensed 

rom Bruker AXS Microanalysis GmbH, Berlin, Germany). This soft- 

are was used for both hardware control and the evaluation of the 

nalytical data. The data are represented in terms of counts per 

econd (cps) versus energy (keV). 

. Results and discussion 

X-ray micro-fluorescence primarily probes the surface of the 

aterial. X-photons are typically absorbed within the first 10–

00 μm of the surface, depending on the material’s density [ 34 ]. 

owever, previous studies [ 10 , 17 ] have demonstrated that Sasanian 

oins exhibit minimal differences in silver content between their 

urface and the bulk. Consequently, this technique was employed 

or a semi-quantitative analysis to ascertain the fineness and iden- 

ify minor elements. 

The spectra collected from both recto and verso of each coin 

howed considerable overlap, with estimated differences in fluo- 

escence peak intensities ranging from 5 to 10 %. As a result, the 

rimary peak areas, including those for silver, copper, gold, and 

ead, were averaged to obtain a single value for each coin. Due to 
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Fig. 1. Biplot of the average %Ag vs. %Cu, estimated from the K α fluorescence lines of the two elements. Bottom left, magnification of the area between 92 and 100% Ag, 

obtained by excluding data from coin no. 18. 
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he availability of a sterling silver standard (composed of 92.5 % Ag 

nd 7.5 % Cu), a semi-quantitative analysis for these two elements 

as conducted. 

As depicted in Fig. 1 , the silver content was notably high on 

verage, exceeding 90 % in almost all the coins. This result confirms 

he high degree of purity in Sasanian coinage during the period 

nvestigated. Previous studies have primarily focused on analysing 

he fineness of coins from the reign of Khosrow II [ 10 , 13 , 14 ], while

odaei et al. [ 1 ] examined specimens from the other three rulers. 

omparing the data presented in this study with those from the 

ited studies, it can be concluded that the results are consistent 

ith previous research, with a margin of deviation of 2–3 %, which 

alls within the measurement error. 

The only exception is coin No. 18. This drachma not only exhib- 

ted the lowest silver content (59.5 ± 4.5 %), but also the highest 

opper content (15.9 ± 2.3 %). Copper has historically been added 

o silver to enhance its hardness, as pure silver is too soft for 

ractical use. The resulting hardness of the alloy is closely linked 

o the deliberate amount of copper introduced into the silver. In 

asanian coins, copper content generally ranges from 1 to 10 wt%, 

ndicating the practice of debasing silver for coin minting [ 28 ]. 

he percentage of copper in drachma No. 18 is higher than typical 

ilver impurity levels [ 12 ]. To verify the different alloy composition 

f this coin, its specific weight was also determined and compared 

ith that of two coins minted by the same ruler (nos. 16 and 27).

he specific gravity obtained for coin no. 18 was 9.3 ±0.2 g/cm3 , 

loser to the typical density of copper (8.96 g/cm3 ), whereas coins 

o. 16 and no. 27 exhibited specific gravities of 9.8 ± 0.2 g/cm3 

nd 10.1 ± 0.2 g/cm3 respectively, aligning more closely with the 

ypical density of silver (10.49 g/cm3 ). In addition, the analysis of 

he XRF spectra for this coin revealed the presence of zinc (with 

 K α peak at 8.64 keV) and mercury (with a L α peak at 9.99 keV

nd a L β peak at 11.82 keV). While the presence of zinc can be

inked to the high copper content [ 35 ], the source of mercury 

emains a subject of debate. Although mercury has been previ- 
384
usly detected in studies on Sasanian drachmas [ 36–38 ], and more 

pecifically in drachmas issued by Khosrow II [ 9 ], the origin of 

his element has yet to be determined. The most widely accepted 

ypothesis proposes that mercury may have been used in the coin 

asting process to enhance their lustre. A possible explanation 

or this is that the Sasanians deliberately sought to maintain a 

igh standard for their silver coins, and when devaluation became 

ecessary - as probably in this case - they resorted to reducing 

he purity (by adding copper) and/or systematically decreasing the 

eight of the drachma [ 10 ]. 

Regarding lead, its characteristic peaks (L α at 10.55 keV, and 

 β at 12.61 keV) were consistently observed in all the coins except 

or number 22. The presence of this element is consistent with the 

bservations reported by Wertime [ 39 ], which indicate that in the 

ersian Empire, the primary source of silver were lead ores. Fur- 

hermore, the low Pb/Ag ratios ( Table 3 ) indicate the relative pu- 

ity of the drachmas, thereby highlighting the Sasanians’ extensive 

nowledge of metallurgy and silver purification processes during 

he 5th-6th centuries [ 12 , 26 ]. 

Drachma No. 13 exhibited an atypical XRF spectrum with the 

bsence of the typical gold-associated fluorescence peaks. Fig. 2 

rovides a comparison of the XRF spectra between coins No. 13 

nd No. 12. It can be seen that the decrease in the intensity of the

u peaks corresponds to an increase in the intensity of the char- 

cteristic lead peaks. The absence of gold in this coin is of par- 

icular interest, as the Sasanians had lacked the technology to ex- 

ract gold from ore. This anomaly suggests that it may have been 

inted more recently, in the 19th century, benefiting from ad- 

ances in metallurgical technology that reduced gold impurities in 

ilver [ 10 ]. Further analyses of this coin are necessary to defini- 

ively establish whether it is a modern forgery. 

The gold content is important for identifying the origin of the 

ilver used in minting Sasanian coins. Thanks to the availability of 

 gold standard, the percentage of this element in the 29 coins was 

lso calculated. As can be seen in Table 3 , the values were found
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Fig. 2. Average overlapped μ-EDXRF spectra of coin No. 13 (in green) and No. 12 (in blue). The lower spectrum is in relation to the region enclosed by the dashed box, 

where the absence of gold peaks at 9.71 keV and 11.44 keV is apparent. 
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Fig. 3. Drachma No. 19, minted during the reign of Khosrow II, serves as a prime 

illustration from the group of coins featuring the distinctive “afid” inscription. The 

word is highlighted by the red box. 

t

d

r

o be between 0.2 and 1.5%. Therefore, in agreement with Mey- 

rs [ 40 ], the hypothesis could be advanced that the silver was ex- 

racted from cerussite (PbCO3 ), thus excluding galena (PbS) which 

as an upper limit of 0.1% Au [ 41 ]. 

Among the 29 coins, six featured the Pahlavi word “afid”

“good”, “excellent”) on the recto edge ( Fig. 3 ). 

This distinct category of drachmas was introduced by Khosrow 

I between 600 and 602 AD and possessed a slightly higher aver- 

ge purity than ordinary drachmas. It remains unclear whether it 

as introduced to mark the end of a decade of civil war or to serve

s a hallmark to assure recipients of the quality of the coins with 

hich they were paid [ 42 ]. Analyses conducted on these coins re- 

ealed a superior quality compared to the other drachmas minted 

n the same period, in agreement with Gordus’ previous analysis 

 25 ]. In fact, with the exception of coin No. 20, the coins engraved

ith the word “afid” had silver contents of over 99.8% and the low- 

st contents of copper and lead ( Fig. 4 ), elements usually present 

s impurities resulting from the cupellation processes. It can be 

oncluded that these coins are indeed of better quality than the 

thers minted by Khosrow II. 
385
Further analysis on coin No. 20 using more sensitive techniques 

han XRF could be useful to better understand the reason for this 

ivergence, although this coin bears the inscription “afid” on the 

ecto. 
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Fig. 4. Biplot of Cu/Ag vs. Pb/Ag ratios of drachmas of Khosrow II. The yellow squares highlight coins bearing the “afid” inscription, while the orange circles represent those 

minted in the same period without the inscription, and the green triangles correspond to coins minted during the early years of Khosrow II’s reign. 

Table 3 

Data resulting from semi-quantitative analysis of Au and Pb L α/Ag K α ratios ob- 

tained from the areas of the XRF peaks. Coin No. 13 lacked the typical gold peaks, 

while Coin No. 22 did not exhibit lead’s characteristic peaks. In Coin No. 18, mer- 

cury fluorescence peaks interfered with the gold peaks, rendering the calculation of 

the %Au unfeasible. 

Coin number King Mint marks %Au Pb/Ag 

1 Kawad I AS 0.90 0.003 

2 Kawad I AY 1.41 0.029 

3 Kawad I BN 1.14 0.007 

4 Kawad I AY 1.15 0.011 

5 Kawad I KA 1.25 0.008 

6 Kawad I AY 1.38 0.013 

7 Khosrow I MA 0.73 0.003 

8 Khosrow I AM 1.12 0.009 

9 Khosrow I BYŠ 0.99 0.018 

10 Khosrow I YZ 0.22 0.034 

11 Hormizd IV ART 1.04 0.003 

12 Hormizd IV LD 1.04 0.037 

13 Hormizd IV YZ – 0.060 

14 Hormizd IV WH 0.89 0.066 

15 Khosrow II LYW 1.23 0.010 

16 Khosrow II BYŠ 0.85 0.057 

17 Khosrow II BBA 0.97 0.039 

18 Khosrow II WYHC – 0.036 

19 Khosrow II DA 1.11 0.004 

20 Khosrow II AHM 1.01 0.018 

21 Khosrow II WYH 1.20 0.003 

22 Khosrow II ML 1.20 –

23 Khosrow II BYŠ 0.31 0.016 

24 Khosrow II ART 1.09 0.005 

25 Khosrow II AW 1.09 0.034 

26 Khosrow II ŠY 1.29 0.008 

27 Khosrow II YZ 0.57 0.008 

28 Khosrow II BN 0.96 0.007 

29 Khosrow II WYH 0.97 0.002 
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In addition to silver, copper, gold, and lead, some coins ex- 

ibited fluorescence peaks of calcium (K α at 3.69 keV) and iron 

K α at 6.40 keV). These can be attributed to the sedimentary 

ayer on the surface of the Sasanian drachmas analysed in this 

tudy [ 27 , 43 ]. 
386
. Conclusions 

In this study, 29 Sasanian drachmas were analysed. XRF spec- 

roscopy revealed that the primary alloying element was silver, 

ith impurities such as copper, lead and gold. A semi-quantitative 

nalysis was conducted to determine the content of silver and cop- 

er. This analysis unveiled a high average silver content of over 

0 % in nearly all the coins, indicating the prosperous period dur- 

ng which they were minted. Considering the average silver con- 

ent found, Khosrow I’s coinage has a slightly lower %Ag than that 

f coins minted by Kavad I and Hormizd IV. However, it cannot be 

sserted that there is a significant decrease in silver content as the 

asanian dynasty progressed. 

The results obtained from coin No. 18 suggest that it may be 

 single case of debasement: in fact, it had low silver and high 

opper content, mercury on its surface, and the lowest mass and 

pecific gravity. 

The %Au, often useful in determining the origin of silver, was 

lso calculated. From the results obtained, it was possible to ad- 

ance the hypothesis that the silver used for the minting of the 

oins under study was extracted from cerussite mineral ores. No- 

ably, the only coin that did not exhibit the fluorescence charac- 

eristic peaks of gold was coin number 13. This is fascinating since 

he ancient Sasanians lacked the technology to separate gold from 

ilver, raising the possibility that this coin might be a modern re- 

roduction of a Sasanian drachma. 

Finally, a group of five coins with a higher silver content 

 > 99.8%) was observed. These coins bear the inscription “afid” on 

he recto, which means “good” or “excellent” in Middle Persian. 

he analyses conducted in this study affirmed the superior qual- 

ty of these coins compared to similar coins minted in the same 

eriod but lacking the inscription. 

As this is preliminary study, considering the historical value of 

he specimens under investigation, further non-destructive analy- 

is (e.g., LA-ICP-MS) may prove necessary as a continuation of this 

roject. This additional analysis could facilitate the identification 

nd quantification of trace elements ( < 1%), which are helpful in 

etermining the provenance and production processes of ancient 

oins. 
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