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Abstract

The city and province of Kerman has always been of special importance due to its many
economic and commercial opportunities, in addition to which it has had a high political position
for the Qajar rulers; For these reasons, the mint has been active for a long time until 1878 AD. It
was established in this city that during the period of Naser al-Din Shah Qajar (1847-1895 AD)
many silver girans were written between the years 1848-1849, 1852-1855, 1860, 1863-1867,
1869-1871, 1873, 1875-1876, and 1878 AD. Had beaten. The coinage system of the Naseri
period, although nominally following the system of Tehran, but in practice each city had an
autonomous military and the coins of most cities were minted with different amounts of silver
purity. These issues raise two questions for the Kerman Mint: 1- What is the purity of the main
elements (silver, copper, iron, gold, and lead) of the coins minted in Kerman and how has it
changed? 2- What is the purity of silver coins of Kerman city, in the position of important
economic city, in comparison with other important cities of Iran, such as Mashhad, Tabriz,
Tehran, Isfahan, and Shiraz? Therefore, in order to answer these questions, elemental analysis
of coins of this period using PIXE method due to its non-destructiveness, speed and high
accuracy, became the main basis of this research. In this study, 23 coins in 19 different dates
and 4 coins were analyzed to measure the validity of the results and analyzes, which resulted in
a trend of changes in the purity of silver on average in three time periods between 1848-1855
AD. He explained 90.09%, 1860-1871 AD 86.53%, 1873-1878 AD 84.17%, and in the whole
multiplication period 87.16%, and its position in terms of the purity of silver in front of
Mashhad mints (84%), Tabriz (82%), Tehran (90%), Isfahan (84%), and Shiraz (90%). Also,
valuable information was obtained on the type of silver mines used, namely the Cerussite mines
and how the coins were minted with copper and iron metals.
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1.Introduction
The city and province of Kerman has always been an important economic base due to its

location in the center of Iran and its unique commercial position; For these reasons, from the
Sassanid period, the active mint until 1878 AD. It was established in this city that during the
period of Naser al-Din Shah Qajar many silver Qirans were minted between the years 1848-
1878 AD. The coinage system of the Naseri period, although nominally following the system of
Tehran, but in practice each city had an autonomous military and the coins of most cities were
minted with different amounts of silver purity. According to the new thinking, the middle
monetary system of the Qajar period, ie the Naseri era in Iran, with its currencies and monetary
units that did not go from place to place and from time to time and had many differences in
terms of conversion rates, is very it sounds weird and irrational. To the extent that the Iranians'
strategy for adapting to this situation, they were constantly calculating and converting all kinds
of cash and items at various local and standard rates (Matthee et al., 2017: 281). These issues
raise two questions for the Kerman Mint: 1- What is the purity of the main elements (silver,
copper, iron, gold, and lead) of the coins minted in Kerman and how has it changed? 2- What is
the purity of silver coins of Kerman city, in the position of important economic city, in
comparison with other important cities of Iran, such as Mashhad, Tabriz, Tehran, Isfahan, and
Shiraz? In the study of ancient data and their elemental compositions, different methods such as
X-Ray Diffraction (XRD), X-Ray Fluorescence (XRF), Particle-Induced X-Ray Emission
(PIXE), Atomic Absorption Spectroscopy (AAS), Neutron Activation Analysis (NAA), etc. are
used. In this research, among other methods of elemental decomposition, the PIXE method has
been used to study coins due to its speed, high accuracy, and most importantly, its non-
destructive nature. This method offers various types such as conventional PIXE, External PIXE,
Micro PIXE, and Proton-Induced X-Ray Fluorescence (PIXRF) for archaeological studies.
Therefore, the basis of this research was based on conventional PIXE and this method is a
common method for elemental analysis of homogeneous samples, such as coins. In
homogeneous samples, its components are evenly distributed, and if the samples are
heterogeneous, other methods such as Micro PIXE, etc. can be used. This article intends to
explain the amount of commitment and performance of Kerman Mint in addition to measuring
the purity of silver and its changes in Kerman mints and in comparison with the mints of the
main cities of Qajar Iran, namely Mashhad, Tabriz, Isfahan , And Shiraz. The studied coins
belong to the personal collection of Seyyed Hassan Sadat Razavi (Hyderabad, Telangana State,
India), which has been lent to the authors. These coins are dated 1848-1849, 1852-1855, 1860,
1863-1867, 1869-1871, 1873, 1875-1876, and 1878 AD. It has been minted in Kerman, which
contains 19 coins different from the date of minting. Therefore, from each date of
multiplication, one coin and 4 coins were considered for testing in order to measure the validity
of the results and analyzes (Figure 1, Table 3). A total of 23 coins were tested in PIXE Institute
of Physics, Bhubaneswar (IOPB; Odisha, India). According to the results of PIXE experiment,
silver element along with copper and iron elements, the main metals to analyze the commitment
of Kerman Mint to the central coinage system in the Naseri era, whose purity values in three
periods, had major changes; As follows: 1- 1848-1855 AD: silver (90.09%), copper (5.97%),
and iron (1.62%); 2- 1860-1871 AD: silver (86.53%), copper (8.04%), and iron (3.18%); 3-
1873-1878 AD: silver (84.17%), copper (9.32%), and iron (4.30%); And the average of the
whole period: silver (87.16%), copper (7.65%), and iron (2.92%) (Table 4, Figure 3). Although
the purity of silver of Kerman minted coins has decreased and changed in three periods, but the
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grade of silver with an average of 87.16% during the minting compared to the main mints,
namely Mashhad with an average of 84%, Tabriz with an average of 82% , Tehran with an
average of 90%, Isfahan with an average of 84%, and Shiraz with an average of 90%, was very
high, and this generally indicates the prosperity and economic power of Kerman in the Naseri
era (Figure 4). The element copper is naturally present in amounts less than 2% in the metal of
coins, but if this amount is more than this, it cannot be considered natural and must have been
optionally fused; The coins of this study have an average amount of 7.65% copper, which shows
a deliberate fusion to grade the coin metal. The presence of iron element, although due to
surface pollution caused by the burial environment of coins, but the coins of this study are not
coins found from the heart of the soil and contain more iron. These coins contain an average of
2.92% iron, which is also a sign that it has been cut to adjust the metal grade of the coins. In
addition, due to the presence of lead element with an average value of 0.87%, it indicates the
use of lead mines for silver metal, and haste and inaccuracy in its extraction. Lead mines are
also divided into two types, Cerussite and Galena. Cerussite mines contain between 0.2-1.5%
and Galena mines less than 0.2% of gold element, so in these coins, the average amount of
0.54% gold in They have a structure that can also indicate the use of Cerussite mines.
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Table 3: Specifications of tested coins (authors)
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Figure 2: Sample of laboratory spectra; Sample No. 16 (Authors)
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Table 4: Results of elemental analysis of the studied coins by PIXE method (authors)
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Table 5: The amount of the lowest and highest amount of the main elements of the metal of the studied
coins (authors)
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Table 6: Results of elemental analysis of milestone coins (authors)
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Figure 3: Chart of changes in the purity of silver, copper and iron between 1849-1878 AD (authors)
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. PIXE - Elemental Analysis
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. X-Ray Diffraction (XRD)
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. Neutron Activation Analysis (NAA)

. External PIXE

. Micro PIXE

10. Proton-Induced X-Ray Fluorescence (PIXRF)
11. J. R. Oppenheimer
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13. Brookhaven National Laboratory
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20. Rutherford Backscattering Spectrometry (RBS)
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22. Faraday Cup

23. Full Width at Half Maximum

24. Electron Volt

25. Kilo Electron Volt

26. Square Milli Metre

27. Micro Metre

28. Nano Ampere

29. GUPIX
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