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changes in coinage over centuries and uncover related political, economic, and social facts. Additionally, such
studies offer valuable insights into counterfeiting and authenticity, manufacturing techniques, the origin of
the metal ore, and the minting location, revealing connections between different regions and trade routes
among industrial centers. Today, the use of precise instruments and instrumental analytical methods has
facilitated access to this information. However, selecting an appropriate analytical method is crucial for ob-
taining accurate and reliable data, given the diversity of instruments and their limitations. This study reviews
common analytical methods for ancient coins, including XRF, PIXE, SEM-EDX, NAA, LA-ICP-MS, and

MC-ICP-MS, and evaluates their advantages and limitations. Among these methods, X-ray-based techniques
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such as XRF and PIXE are the most widely used in numismatic research due to their speed, low cost, and
non-destructive nature. However, it should be noted that these methods can only provide information on
economic and political conditions and manufacturing techniques when the coin's surface is free of corrosion
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or enriched layers. In contrast, mass spectrometry techniques such as LA-ICP-MS and MC-ICP-MS are more

suitable for determining the metal's provenance and analyzing isotopic composition. Nevertheless, their high
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cost and limited accessibility have restricted their widespread application. The findings of this study indicate
that selecting the ideal method depends on the study's objectives, the coin's surface condition, and the avail-
able laboratory facilities. Moreover, combining multiple complementary techniques can yield more precise and

reliable data for the analysis of historical coins.
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Coins as one of the most important archaeological finds provide
valuable information about economic conditions, metallurgical
techniques, metal provenance, and trade routes. Analyzing the
chemical composition of coins, in addition to helping identify
their fineness, plays a crucial role in detecting counterfeit coins
and studying manufacturing technologies. Coin counterfeiting has
been prevalent since ancient times, and historical sources are filled

with examples showing how cities and rulers forged official coins

to increase their financial resources. Examining the composition
of their alloys can help identify counterfeit coins and common
counterfeiting methods in each period. Moreover, studying corro-
sion layers on ancient coins allows researchers to investigate deg-
radation mechanisms, the extent of environmental impact, and
methods for coin conservation and restoration. Furthermore, an-
alyzing the isotopic ratios of lead, silver, or copper in coins (de-

pending on the type of coin), metal ore, and slag from ancient
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smelting sites, alongside rare element patterns, can help determine
the metal provenance. Therefore, selecting an appropriate method
for coin analysis is of great importance, and depending on the re-
search objective, the degree of destructiveness, and the availability

of laboratory equipment, different choices are made.

Discussion

Analytical methods used in numismatics are generally classified
into two categories: destructive and non-destructive, each with its
advantages and limitations. Non-destructive methods include X-
ray fluorescence (XRF), proton-induced X-ray emission (PIXE),
X-ray diffraction (XRD), scanning electron microscopy with en-
ergy-dispersive X-ray spectroscopy (SEM-EDX), neutron activa-
tion analysis (NAA), neutron imaging, and synchrotron radiation.
These techniques enable precise examination of elemental com-
position, crystalline structure, corrosion layers, and the physical
and chemical properties of coins.Semi-destructive and destructive
methods include electron probe microanalysis (EPMA), laser ab-
lation inductively coupled plasma mass spectrometry (LA-ICP-
MS), and multi-collector inductively coupled plasma mass spec-
trometry (MC-ICP-MS). Although these methods provide more
detailed information, they require limited sampling from the sut-
face or core of the coin.

X-ray fluorescence (XRF) is a fast, non-destructive, and widely
used method for identifying the elemental composition and fine-
ness of coins. This technique operates based on the excitation of
atoms by primary X-rays and the measurement of secondary flu-
orescence radiation. XRF is divided into two distinct techniques
based on the detection of secondary radiation: (1) energy-disper-
sive X-ray fluorescence (EDXRF) and (2) wavelength-dispersive
X-ray fluorescence (WDXRF). In recent years, portable XRF
(pXRF) has also become one of the most common analytical
methods in archaeological and cultural heritage studies. This
method is particularly useful for analyzing metallic artifacts such
as historical coins, where sampling is impossible or highly re-
stricted. Additionally, micro XRF (uXRF) allows for the examina-
tion of specific areas of ancient coins, corrosion layers, and surface
alloys. Although XRF provides elemental data without damaging
the sample, its primary limitation is its low penetration depth,
meaning it can only analyze the coin's surface. If corrosion or en-
riched layers are present, the obtained data may not be accurate,
making XRF insufficient for determining the overall alloy compo-
sition of coins and requiring complementary techniques.
Proton-induced X-ray emission (PIXE) is another non-destruc-

tive technique that uses proton beams for elemental identification.

Unlike XRF, this method has higher sensitivity to light elements
and provides more precise information about the chemical com-
position of the coin’s surface and trace elements. If the coin’s sur-
face is not corroded, PIXE can be useful for distinguishing differ-
ent mints. However, like XRF, it cannot determine the core com-
position of the coin due to its limited penetration depth.

X-ray diffraction (XRD), which analyzes the atomic arrangement
of materials by exposing them to monochromatic X-rays, is spe-
cifically used to identify crystalline phases in corrosion layers on
coins. This technique provides valuable information about corro-
sion products and can help detect counterfeit coins with artificial
patinas.

Scanning electron microscopy (SEM) is a surface analysis tech-
nique widely used in the study of metallic and mineral materials.
Instead of light, it utilizes electron beams for imaging and analyz-
ing the structure and chemical composition of samples. Depend-
ing on the type of signal produced, SEM operates in two modes:
1) secondary electron imaging (SE) and 2) backscattered electron
imaging (BSE). SEM combined with energy-dispersive X-ray
spectroscopy (SEM-EDX) enables the study of surface structure,
chemical composition, and microstructural features of coins. This
method is useful for examining coin microstructures, corrosion
extent, and manufacturing technologies. However, SEM-EDX
only reveals surface composition, and if a coin is heavily corroded,
the obtained data may not reflect the original alloy composition.
Neutron activation analysis (NAA) is one of the most precise
methods for determining the overall elemental composition of
coins. This technique is based on irradiating the sample with neu-
trons, producing radioactive isotopes, and analyzing their radia-
tion to identify elements. Typically, NAA does not require sample
destruction and can detect major, minor, and trace elements.
However, one of the challenges of NAA is the production of ra-
dioactive isotopes during the experiment, which may impose re-
strictions on returning analyzed samples to museums. Addition-
ally, this method provides bulk analysis, meaning it does not ac-
count for surface or layered differences, so corrosion or enriched
layers may impact result accuracy.

Neutron imaging is an emerging technique for studying the inter-
nal structure of coins without causing damage. This method al-
lows for the identification of structural differences, impurities, and
the assessment of alloy homogeneity.

Synchrotron radiation is another advanced method in numismat-
ics that accelerates electrons to near-light speeds in a circular path,

generating high-intensity, broad-spectrum X-rays for atomic-scale
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material analysis. This technique offers high precision in studying
chemical composition, crystalline structure, and multi-dimen-
sional analysis of coins. However, due to its high cost and limited
accessibility, its application in numismatic studies is less common.
In contrast, semi-destructive and destructive methods provide
more detailed information about alloy composition and metal
provenance. Electron probe microanalysis (EPMA), a specialized
SEM equipped with multiple wavelength-dispersive spectrome-
ters (WDS), allows for precise elemental analysis of coins. This
method offers high accuracy in determining both surface and core
compositions but requires sample extraction, which may pose lim-
itations in some cases.

Laser ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS), based on laser ablation of the sample and analysis
of its elements using inductively coupled plasma mass spectrome-
try, is one of the most precise techniques for analyzing the chem-
ical composition of coins. It enables researchers to detect compo-
sitional variations between the surface and core of a coin, deter-
mining fineness, authenticity, and metal provenance.
Multi-collector inductively coupled plasma mass spectrometry
(MC-ICP-MS) is the best method for studying isotopic ratios and
tracing the source of metal ores used in coins. By comparing lead,
silver, and copper isotopic ratios in coins with data from known
mines, this method helps track trade routes and cultural interac-

tions of past societies.

Conclusion

Selecting the appropriate analytical method for coin studies de-
pends on research objectives. For preliminary studies, non-de-
structive methods such as X-ray fluorescence and proton-induced
X-ray emission are suitable, whereas for more detailed analyses,
semi-destructive and destructive techniques like laser ablation in-
ductively coupled plasma mass spectrometry and multi-collector
inductively coupled plasma mass spectrometry provide more val-
uable insights. Additionally, for examining the internal structure
of coins, neutron imaging and synchrotron radiation are effective
options. Combining multiple complementary methods, such as X-
ray fluorescence, scanning electron microscopy, and X-ray diffrac-
tion and NAA, can significantly enhance accuracy and provide

comprehensive insights into ancient coins.
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(b), and scanning electron microscopy image of the surface (c)

(Buccolieri et al, 2014)

OMEE 390 3 den I VL g (xdaw Gl )50 )3 (B g, ]
Sl a8 mls 4 o)l K cés (surface enrichment) o,d  >daw
Jobis 5y Sliseen S 4y yol oyl (Buccolieri  etal, 2014) snd o3
el 1830 &) a5 S b gl g S 15ke 5 Sl plSin
0353 iy ablio )by 3g5g LaSw I (gybpdises Kl & (63,50
lord oSy GSeal b ((Ken g0)lpd (gdiad)l CleMbl il e
g 45 Y S5 asle (Charalambous, 2015) was &l 48 diun
3o LS |y (o9 A Sy 0 oy i3 | (BSE) (w5l 9 58
L oS Canl olosd Sy 0 Golds 51 Lab edd odmlie Hdle cuglay
5iSu om0 dS pdaw Wl ol (5,503l EDS g, jl ool
&S by .l 0,8 LA (gols 4 Do > Lol STl )5 pgas
LY oS Jb )3 coy oo AFY g & 0,85 liwe il ialS e e
0y 720 5| Liw ABB)S 15 ays g S b cov &S 4w Sgpm

(Ponting, 2004) 35 oo oanlie

8% Ag

' | 240 pm

£3% Ag

06% Ag

(Ponting, 2004) (o9 &S Sy jl oad oy i (iS5 l (g pSl pygeai Y JSS
Figure 2. BSE of part of a section cut through a Roman coin (Ponting,

2004)

Oygeo 30y baSu s6le (SooS gLl lgi o (sample stage) diges
T iln oBied ) ()t Oygo & culie (v Lalyd (5]
&S alys o Ghey oyl (Quinn & Benzonelli, 2018) sl l,8
Cwl Lo jlaus Ml 0 Do) diged pdaw (£5) (S53y53 Wilo Sy
Y guasco  Jliw S slald cuwl 06 XRD 1,5 .(Bower et al, 2017)
byl ot 015 Ll (obord oS s 53 9 038 alulid 1) (S5
oo & Qe baSw adlas 3 XRD (glad )5 j1%0s ©)jledy a8
S ol ) 0d US Jlw S ol olulid g (53,8 4Y

(Fawcett et al, 2017) 5,8 o,lsl Jlwl

axudl (Ll U olped (g (F9 NI rgSuwg S £
(SEM-EDX) (g5 5! STy (oS!
sy Gl oKy S
S5 g Saxe dlge Clallhae (> xaw BT g, G Microscopy)
i3l gy 9 (5310 p gl sl 95 Sl SgSUl slags p 5l &S Asb e
2 ovey ol (Kannan, 2018) w8 e eoliiw] diged  slewd oS 5 g

(Scanning  Electron

298 oo (oS 0908 93 4 s My JUSew g9 ol

dallls ¢ly (Secondary Electrons- SE) 456 (gla g, -
Wged (v S Shy 5 SIS ny

&)y (Backscattered Electrons- BSE) 1i535L (sla g1 -Y
(VYA g yeiS 0313,8L) aiges gaw )3 (olrowd oS 5 (2lwlid

oee Jl N Olsie ) SEM-EDX da S ol 4 g5 L
2 ame g Jolge 3T 0 350 (39 5 58 sledl T oSS
(Abdullah & Mohammad, <é,5 Lo ;5 yieg,Sue U jagil  yolide
8)lyd 8> oleMbl s & 45 2019; Salem & Mohammed, 2019)
Bblie (2lord oo 5 (Lol (ISl (BDX) (6551 (2l (oeiwcido
(Abdullah & Mohammad, WS e palyd 50 1) diges ;3 sasbs]
S5 4 peia Ygane mnj > (p0ghie Dlsa S Gl 3 2019)
39 s b plod & Wlg oo el &5 398 0 (Sane Ll (raw slaaY
lord (3Sly @b i B (53)98 (e (Sl (slodSiw 3)90 53 5 45
oS 5 &S ol dmr <yl ol o sl bl ) 4w &S ol 136
i (lgise SEM b a3l gl ol a5 S e o
Sl g lolid (6 pa O ypods 1B S )3 g 9800 pibicos oS |,
.(Ponting, 2004) (\ i)

WY

WYY (Y)Y VFF ot il dmg


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

hlen ¢ S Jls,

oS clongfy o wUKe0 fIUT sla sy duglio g ooy

Mol 5 5 plb) ditn 9o 13 290 yolic dxii )3 g 0dd JSUiS
9 4 5ol ploj & g L g (giluJled LT (WA (g 508
S Gbl Gsin Gops il UL -V pde e 4o
LT =Y g 5,5 0 Sygo il Jsb 0 (cpSejlul &S (PGNAA)
5 o 5031l 45 (DGNAA) (5,56 SLlS 52 9595 (3wl
U (IS jobas (Glascock, 2003) 39 0 plovl gSlgl, bbly
bulpd (B 0 g nl b sl (05508 b9y So (G959 ilw b
W cwl (Sen islojl 5l e 2ligp SllasMe b (ool (glacydgisme
5 ol S0l oy Ysane jli 390 e andl S Gl 1) (65 aises 4
Ol g algd (B gy Slp Bged Sl p)S (e 03 Nz )90 (S
Y b (o sl (185 a3 g |y Wiges (IS S5 b
e g S ol polie (s (sl Bl oo 5 (S 5U) S oo () 2
ol s S 5l (Charalambous, 2015) 3g) ;8 4 Skl baSw ;3
S0l =Y YL 85 =Y wiges (g5lwodlel y3 cdgam =) olgs o b9,
O dlie Cebl -0 YU S5 Cehl Y pale da plojens
o) b (Glascock, 2003) 3,8 o,lsl Ui adlllas =5 5 Jlo  alKiylos]
Capdo el ol Sl (o als 3929 oy nl sl 38 calee B J
35 (il b LT Jsbo )3 pibiolin] jgba & Cunl 581501, Slony
csd Supd s as 81 uimen . (Segebade & Berger, 2008) 345 0
ol polic polie ;3 Lol sl 5o pe blsd ol 5l g 08 o gy
w0 D! lacigishl yesdass dy diws 5 b 395 g 39 0 Dbl Sy
coly al (Son pol ol il salss Bl sSlesl, Jlo i ol
o 39 Wojge 4 o3yl ladiged (1S5l Cae o )3 (placydgiome
lgisi ) polis aan cnl yogMe it BT ) (oS5 (Lol Joo
3o el B s a8 G (8h) Jseme NAA Uiy, L
Job b b 2 cod g5 (o 5581923y laditoad (59598 (2L
s9SIp3l) laogisnl (s 09 o0 9)09) b (A lacweslie |
)b Sgran K05 polie (slogiy L bl (LB slagy, & 1S 0 Wy
wile polis By 885 (6 pS0jlul Gl pie b (gyleds el dline oyl
A8 gySelr il (B ST Slgice g 3980 b g o
IS5 561 250 paie ym (sl g ol e (VYD 5,8 0] ,50)
) s Y b 8 baSes (gl oS 1m0 @) Sile Ky wiges
0,8 Hlade Cawl Sow il ol & liiodaw b Sloddd oduds (S0

(Sarah et al, 2007) an3 L5 b 5l L o5

(Neutron Imaging Analysis) Jg,595 (§,199 pguas V-V
Sy Sl e &S Cwl Oy ST S Sepe (5l pgal
Sy Slye oje 5> Sl bl s g (s3lojl wile sl

(Electron Probe Micro  JguSJl GgygySuwe 3JUT .0-Y
Analysis)

o sl 035 oty o caul o yeatess 3 gy Ky EPMA
950 NS & yagl g yiegSue wlidle )3 dolx sladiges (g0 oS
9y Syl oSwg Ko 4y k) cald by ol (Liover, 2012)
oslizal 5V (5551 b 30 slogin 51 45 Slis cul L o l5(SEM)
N353 Cogo a5 o3Il ooy (Sl )lge I (gl 3 9 45 o0
o EPMA gdly ;5 a8 30T 1y calisee bl cae oty Lilg5 00 g 3,1 1,
(WDS) sixis zgo Job (SuSly slaguwcal & jpome sawss SEM
on)JLT :\)904 )‘ )_3‘)_3 Veorooo L;’Loaf)ﬁ L ‘5)491.»54 AJ‘?J‘_;O &Sl
239 Silongal g Wl Slge plord S 5 (GilogseS (ISl g 205 4l
Loy Col 3B EPMA .05 o waly5 |y adiges gdaw (s55lsbpe b polic
» 2l 505 b1y (U) posilysl b (Be) ol jl (2ol Jgar jolis (olod
Bl 505) O e 1 g 55 AU 58 b e
EPMA (solKws 5l (& .Cool ppm 2z b (paie o (5,505l0] L6
ot W30 Sl 4 a5 )l i 1) ()98 oSy Se d Jleail B
S5 sl a8 b S yS) (695 S 0y55 1 2 (e B9 o] al, 2014)
Ohey Se BPMA el 458 (Sl Glaginy Mg 9 dged gaw &
Bk 3l Gge pliord oS5 oS lina pl 4 900 Cogune oS dos
E¥ Y Mlﬁ U0y L)’l RS > .)D;L;c O gy 5olo BasAs L
Cowl )MZ'Y Gy ppm f))'l.g Pl ’Yﬁm 9 009 45543 w).sla 9 ).aoL&
.(Charalambous, 2015)
SsrP Sl U Y
Analysis)

(Neutron Activation

S 5 oS spaie Nz 3Tl ol gy 9 il b U]
ol sl gy ol bl aigel ClaS g (23 (ol polic
Ot 2 5> 3T sla gy plo & s (6 5VL sl Cmlues polic
Vb lyabl bl 5 <85 Jd> 4 an oo &) 550 b (pPb) 3)kke )
B9y S 85 (Sloj g 3580 AB LS €igygly o plgisas el g,
Slssl laisds (il Gollas o gy 500 2l b Cuwl drwgs b 0 b
i35 &l 5 ) ol bl (Glascock, 2003) 353 e 48,5 b > 4
2 gy o Bkl 951y Glagisnl 4 diges 3 d92ge polis
Olbpsdas & drgi b 9S1ol) claogisnl il el Glas 9],
sl b LB slagn Gl Cogo 4 & i o0 (BLly & g9y

L;lmys,sml oMboLﬁ:ﬁ AWV LgLolf LSL‘”?;):.’. J).S@ Oygo yaSudie

A5 A

WYY (Y)Y VFF ot il dmg


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 |

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

ohlKas 5 Slo s,

(ol sl yingls o (8w MU sl iy delio g e

€polis (pliopd CutSIl 5D 5 Sl Jhga (lsiee ol Jiday 5 2016)
&y 3263,08 S5 oyl (Abduriyim & Kitawaki, 2006) 359l cuwd 4 1,
ey b9y So 4]y o 45 30 (Gl I (slje dal> (sladiges 5T
aiged (gjloslel @y 5l pas =) talan Sl el 03,5 i e (pand 2
iz b o) Sl )58 ()b pdises b ) (o3 oyt Y
Wgos (Kb Gl (yp V(1 USS) (Wt odaliia LB grluno ot
ol S5 GBIy i)l sl s S iliee sla sy LT Sl
Jds a4 cclale das hlgy 4 obowss Kl =0 3BT YL sy —F
I pleord a8 5 lpss < Sl gy ol iged )3 )3 ()5 d98
OlbeaS 5 &S bl (wyp Sl (Shy nl A8 (o wrl S 1) Gos U aw
N Cowlas =5 )b glofg Cusd! cul ciglate alises (gla Goc
5 (Sarah et al, 2007) oS b slochile | yole Lol oSl
[(Fricker & Gunther, 2016) (g paic ()l paiids b ()l gua8

) ans A @l LAICPMS by, 4 bl (g0, sladSes 5,00
ol yon Slgi o diged (1953 )3 (P S8 03T Ao | ecanl 03l
pald ) chle ol gl Glel JiSew Sl Jolgd e b
Sl Jaldg ) w23 o (L Wigad os s 53 1) Sl S 5 Sl s o5 8
Ak diged Bos O wolie clale  ou,w ol saadlis clale
$9°> SbaY b gaw I olerd S 5 oS (i (P & ygba
bate (295 3585 b ()3 3l ool 0l dige g, )3 (555 odmlia
s 5155 oy (Sl Ui loj eolgd (6 555l olStos S,
S350 el (Shg ol A8 oo ol by o & iy |y U1 oS 5
Wil S5 318 b @l s 3 cow oS clale oo ol iy b
HB 5 35> @l eyl S 40,5 51,8 oolitsl 550 () yreds 4l
T ey o byy ol 1 (S sl Sl )0 580, ol olazel
(Sara & Gratuze, 2016) 3550 43,5 k55 )5 il 0,85 (codSs

Sy G (NIT) (G955 sl ppgal (LSS W8 SoS
ol BT )2 (sl g 0003)38 I3l (3-D) 59055 5 2-D) g g
s 4y gl |y elusl ol LI il osmbiie Sl |5 g e opmno
Sy B 5 e gy il 2 S e ealp gl (S LSy
oo b (S ploxil jl g lagyg i 205 00 518 lse 959 son
(95 SrgFs e e o)l 4y g 00 hen o 5l g
ol ot b oo @) s 3D 5l 8Ly (edtad)) SleMb]
ol 1y oole (g)lidls Al o b Siwsnl oo o pgmai 4 aoald
3, Sas yai 5l Sgy5e8 (5105 pmemal (Stanojev Pereira et al, 2013) 5,8
8520 50 gl oy Lol el Sl 953 g (it (L CSGST wliie IS
ol 3 &5 48 (o dbml (g pgal Canl S wodle b (1959 (AiSen
b alie )3 ()l oy g sl (WSOl 955 )09 oo 3,50
Ol el )l lls ST 03 (5 slon 3985 Bes (Sl slagi
sooolen 29y 0 )8 SIIE ST oS 5 (o058 (Slagowy 2 Sl B9
S pngad) So5P S ndly Jold S99 )l pgal b o)Lt &S
S 9ag5 53 ol (St (5 f072255) Sg g S ge58 5 (5w 90
(o908 Ygass) ol pyome S o (sl yo Sy 4 Aiged < gy
ool L)l S g 51 (g cigly oo 50 g 3500 08B 2
o gSeal dacs 5 plolid (dly Slyie 5 b Cf CusBoe
lbdiges 515 (clid (g5l lS5T 5 5 15l 5o o3le (sl o g ksl
(Kardjilov etal, 2011) 5,5 ;1,8 s3lisol 3y90 (awoliybusls 5 sl e
ol W badcds glowdly (o2 (Lewid A-Y
(Laser Ablation Inductively Coupled Plasma Mass (¢ )}Q

Spectrometry)
$103 yiu ko oy Kol &S sl ka3 ,38 3JUT g, S LA-ICP-MS
g e 5 b ol polie o5 oo |y lo g dal> (sladigas §
(Fricker & Gunther, LS o wpald lbgighl Cumd pusd Cpicren

(Sarah & Gratuze, 2016) 685 (gdSw gdaw )3 )3 yiolw b (gdlais 55 yguas Y JSd
Figure 3. Two laser ablation spots at the surface of a silver coin (Sarah & Gratuze, 20106)

YSSIEN

VTN (V) VY OVF ¥ o o il anghy


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

O (Situy axdlhs L3 o] 3 (aS) B4 e Lalid g 5L
Sl (oS > S2)s by )y (Keturakis et al, 2016)
Ato Wik Sk ol gl &S e lbdSn jasuis (o Wl e
sy ooy b (ol (Salem & Mohammed, 2019) w3l
S o (g9) oS ST (53,95 SV gae (ouyn ly Gl
9 RS By93 Jsbo )3 (pimen g (bli> Sl Sl 5 JS Sl

(De caro et al, 2021) 39 0 oo byl [isles
(Synchrotron Radiation) :yg,5 9, ww ol .V)-Y

b 5l et e b Rl e JSE e S SR
sl o gsils S 4y @)l Baimlid ogh aSh s yurbliiog 2SI
S b sl Sy il el 125 8,3 S Ygoms) 3l 8,3 Sy o] o oS
SN i 556 o6 (Mo (92 S 25le (380 (492 003 S b g (05598
ol IS lophy Hlae S a4 aublise e bawg &5 Jb o Cglite
(Britannica, 2018) 3,5 o i YU sl sl 550 b 03 Sgae
b Silgin J 8 Slapll M SipsSi b > Job B &S
loojll yo sludl 585 Glalllas o o ojlal &S Cowl S0 g zge Jobo
PS5 sladiges b aB)S gl g b g (Sl oo ) e
Pl B <8y () b dabg) jSud b a5 (sy5bas 03,5 plosil ol
2904 0390l (39,59 )5 (2 g0l SR (e 5 (@llse) s
g ol bl pole  Kimyd cle divo 10 o Hlil SO & dlo)&,ﬁ}é
275t Caple Jd3 4 (hg) cnl &Bly 53 el 0 o oolid 4y
L1y Wdigas oy bkl (e (gjlofl ool YL doi5 Ul
b g Bk cnl J S oo wrlp el (S5 geg 5l ealitl
ool 1 Lo Jlies 5 iS5, o sysSumg s Spo labad alas 1 sl 1 onos
Slye 43 [(Paterson & Howard, 2019) s> )8 awyp 5y50 |y o Juuid o
S lp oddcy 5 g o3V 3Pl 4 g b )gr b g9 S
dail Qs suawcads 1l (Emami et al, 2020) 20d 0 (Sl ol
S 9055 ¢Syl Al uiloyglh ¢ uSol nil plyy o ¢ uSy]
Paterson & ) .. g 3,8 eole  oriwcal g WSSl dxdl (gy5guelS
(Howatd, 2019

Ay W o cir glowdly (0 (wib A-Y
(Multicollector Inductively Coupled Plasma Mass )525\’15

Spectrometry)

5 rbline Kbl ICP Sy are Sy 5| MC-ICP-MS oSz
oo g ol il 00 St (o) S5T) (g2 glads 59808 iz
S5 2 GRS L e S lacuie L) Ll S ete
Iy caliseo slapy Jlojor jobay &S )'L»)K.J‘:T JETRVES N F %) IRV g
cstbiwd dlawdly (Soy g ) (£)lubl M Bls b wiS o (6550l
Slocs (oo |y (@9ignl lacuns m ) YL Conlus 5 > 4
BT (el o34 ogy ol 5l edliul ccanl 03,8 s awlidliol 5
Sl S S 8w 318 Lo ploolis 4 Wil oo Sl (cladSn 5930]
LA-MC-ICP- )‘ odlasiuwl L P9 dL&a‘\SJ» 20 Oy dlﬁuysf‘ )JLT sJLA
cliseo sladilbulus gy sbaylod o olgi e &S Cul 0l lis MS
S 5 Slg e mass Lite globis poode o by cpl A5 BB b
5 odlatwl 3y50 38 xiie g 03,5 duglie calises lee b1y l3le o543
oy @) St awlio diul) (pl )3 a8 2L, 1) e A
"\"Inyc ol axslid ubl.uo @9:9).»‘ L;Lmo\b lJ as P o 9 o)m
Sl walyp 3l gl sl plie 5 gyl sy I (gdiad)l SN
S b paY L ST pl oS 5 o > [(Ponting et al. 2003)
398 oy dol> (cladiges 383 g g yw (sla U 4 (LA-MC-ICP-MS)
(6518 BT Dlalllas g sl e pole )3 SiSS oy 5l Se )y o s
(VY80 585 o303,38) 855 o i e b

(Raman Spectroscopy) b, Suwmisb ) +-Y

oaeld Gle 2 dlge (lolid (gl ©y3ayd (B9 Qo) (Priwciil

oo i lo )byd (caiedjyl SleMbl by, cpl asla JoSUge colislss )
Gl (plowd cuiSI J) 38 paxin b SlagSll ((Sop JB
S50 Sy 13 29290 S (aS a0 b (o (e Syt riad 9 RO 0
S sy ddlas p» wliplvl 3 by cnl D90 I &
395 o o3l lagle ¢ laysy wsle I dlge g clfs (5308 &Y guame
S 5 o3l oWl 35,65 a5 pl 4 4565 b (Smith & Dent, 2004)

https://doi.org/10.61882/jra.2025.11.211

SITIY (V) WY OFF (o bl angly


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

hlen ¢ S Jls,

oS clongfy o wUKe0 fIUT sla sy duglio g ooy

optical hutch
experimental station

working station

linear accelerator

electron gun = &

monochromatic
focused beam

storage ring

b ,/-
L <. _lines of light
Synchrotron light

optical elements

(Synchrotron SOLEIL, 2016) (¢, ks & ,idle £ JSW0

Figure 4. Structure of a beamline (Synchrotron SOLEIL, 2016)

oy slp (Priwlinl 3 038 jobody Vb zgdg b g5 bolad 5 YL
L o g (Paw (LAY )3 a3 50 (B L (oliend lbbo (i
Ol slsl Bhas 3 )8 ¢ IS jsbody 355 oo )8 edlatl 3)50 5 8 Sy
Lite il sy (o il (6,56 53 <l LT 5 SR- pXRD
sly Slg5 o0 &5 A8l oo haw 05 2| Garidd (pizmed § (Sl il
(Emami et 5,5 5,8 osliul 3,90 il (glay g, g (5395 Al )3 s

al, 2022)

S g calo Vb dyje o] Codgie pppinge ul olen
Pl dnje el cage & Cwl (Sepg S claosmaolis

LIV ¢(g 8 35,8L) 358 0 35140 oyl 5o l.:aui;gl,oﬂ

S sl Limel 5o oolatwl dy90 slahg,y jl (6] AME N Jads

.A.tb.)up 43‘)‘ |) LQ)] Aa.u;lsbo 9 stl,w)

P epeSim p e UL clagty) ke S By
5l A)ke iyly (glodjuS 55,8 i liwly

rilis gl UL 51 eolizal b ppm 5 o b (5 pais 50U15 S0 -
Cdiges o polie cdale s (Kol b9y cpl d(u- XRE) (uSS) dxi!
S oo ol 1) SosS b

51 ozl b arsbianl (leS) lial adge oliosd clls uers —Y
SNl S ol (Sl il Gl eriwcib) XAS 9 XAS
a0 o )] digel )0 o3l Sldign 5 (olewd oS 5 5Ly

U9y ool (XRD) oSl ol il b Jl S slajl ol = ¥
Vgosn 5 395000 )15 & Ladiges (5 9k a5 5 (Gdns Slgo Cumle (s (510
o2lizal g (9l oS DT Tagas (51 L Sl 5 saygish
S e

OBl Yl (6551 b (59,59 5K il odlaal b sbudl S 51 (613 2 o g =¥
ol 1 il 5 035 e walid ) YU cudsS b (81550, b S gegs
(Quartieri, 2014) 3jlw o 31 1, <Ll

oeSol dnil (lg e LT e ol > el slasts) S S
55l o Camlan J> & o sl (SR- pXRD) (5959, 2 (shise

AN

WYY (Y)Y VFF ot il dmg


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

hlen ¢ S Jls,

oS clongfy o wUKe0 fIUT sla sy duglio g ooy

oolidaSn sl singsy 53 (BKed WUT sl by, dulis Joi> .Y Jgan

Table 1. Comparison of Instrumental Analytical Methods in Numismatics Research

kol 35,8 R a5l HU pols | Cowlus | By opupd | g
& swoslol JguIC ) & oo U
Lgod
SIS ke oin | oS 2 S0P b 3l gkl polis | lp) o | husle | ot XRF
el wsle onb €8 @l 025 35 =P polis
S polie gl (S v (R
3940 do Gos
sy adlas Lugio | 4 yieS Cowles | Yoema L) 3 |5 ol polie | gl YU | Legie | ytens uXRF
Sl ((53)9 S polis (5 CleSy o8 | pole
S pais (o polie) | (oK
S5 bogie 2 S8 b >l ol polis 1 lp) YL YL © e pé PIXE
sl (g pis 05 398 Bes @l | 38 jed) L SkeS g ep L pole
bbbl o (S o (S
Ao ylis Lo yy (oaoy Y B p (53, b 5l 9 (hol polic Y Y [ ySro SEM-
(S adlles Gl e | g ) | o L Mo | EDX
clo oged oo SIS 5 o | (e B & @l &g
(e oy
LN bugie | slajl ki olols >l oSy Lo Yoo opexe | XRD
adllas ¢ Jliws S P e sk 3l (S ) S
e (53,5 929 Cygo Wged g 4 5l
Jda (53,8 (592
Fr S 98 Ges
Sl
S 5 B> oo YU U s bl s 5 5 Shol yolis N Jws | wyens | EPMA
e (oleond S (JS S5 s Y,
Sraie )b padss
S Lite (i | Yol | ogspl e 5% (ol polis | YUl | b O eyl NAA
S (o e robej oS oS g (258 YL
Sl IS 31 g
PV s JUVF S W BV PR dgdote w yiuwsd 3,8 ¢ shol polic YU b s opwy, | LA-ICP-
o5 e 3o oS 5 85 Y MS
O ol g )le
S Ty B R 3l T L e A ) MC-
Liie g e 5 o " ICP-MS
oS § Ayl oy | YL e Sl (g piaw SRR ol polis 1 Yl 1 b @ P s b
o ¢ loend 3gdoxe S ael) | Sl o) EE 0959 e
aallas o BB jls b (bl
Sl L 5 o3l (ane St I (oa50 S cloass Lol 556 L oy g

Pl 4 Wlg e yolie ol el s died 5UT GllE ) deng0
Slge By yd g S KaS itun Jglite (318 Like (gl a5 Llnass

laS 5 G2 polis 5o W Lol jolie LS ) Sl slads
Oy Lawg e jsbds Yooms yolic il dited o8l slocdalé L

AN

WYY (Y)Y VFF ot il dmg


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

hlen ¢ S Jls,

oS clongfy o wUKe0 fIUT sla sy duglio g ooy

s JS 80105 Wl o i 31 50 25 4 il 0 3929 4 g il 9
YL Jowsby GMAT s & 0,85 (cladSiw 350y Sl "j kol N P
Olg B 3,8 Sl g odple dos Uy odaw LY sl p3Y o g 0y
5 a5k ond Aol b clol [51.0,8 5JUT 1y 4 518 i ey L35
o1 03935 o] o (59 J (S0, Y 5 osd (53l S 5jlula;
oMbl Sy 5 XRE ig; 4 baSe slesd oS5 ddllas sl
Sepladogi b g S o palyd S s loj dbaidl 5l > (gaieus ;)]
5 alie cbog,S oy s2bed gl Wi )l 1y oS yolis 5T i3
(Abdelouahed et al. 2009; Ponting, 2012) 1l coslio e
S5 Vb Comlas @ a2y b & conl Col Bl 35 a5 ol 85
Syt S Camlus g o] (g (oSdag 5 i polis sl XRF
i gy 93 cobeS polis gilu oS Sl 5 S yolis
s (gl oS (slasbg) (Sl dnidl il jglb 9)Se 5 (uSngSipo
5 hn Wl o2l slaghy) &5 Sl ohgh citus wlidaS
(Lekki et al, 2017) 155 5355Kol 1oaSs 5| (55 ppiges
0958 589 S g (BPMA) 19501 g 5015 So g 90
ly SEM Ll cijls (oob Syuse izl 42,5 SEM) oy,
3 sl b3 3590 2Vl 2959 b gl &5 Sloj pogad e sjl g
sl ods shb (o5 WU el Jgl 4y 3 EPMA oS Jbs 3 )l
SiloS Gl b9y 09 oy 51 Se ST S0 Sl o
2 g Sisdehse b pols @ig sl pgal 9 alx Slge (olond oS 5
SEM- Ll (Fricker & Giinther, 2016) ool yiogl b yiog,Suo slul

Slal 5> yolis a5 qupm T gl Moy 5 eslis LSS5 EDX
S 5 S 9 (505 T el &S Al o (2 3090 s yag Seo
OB ) pais @iy eSol Al ALK Sbul (pien g diges gaw
g ooplplo (Mezzasalma et al, 2009) djlo o walys 1, o U
a4 EPMA oy v JoSo awlisaSon cldllas o 55 1) 55y 93 oyl
&S Jb il o paie oo Bl 4 0B 5YL cds
o 9 Bty pllid (38 Gbppsal ylp Soie SEM
@ 65 a5u, b oy ale aSw cale sl b g (Sof)gllie (bSiSs
.(Charalambous, 2015; Zhao et al, 2014) 54, . ,i
35 15 (95555 8o Jb 39T g, (s 39T sl s, a3
Beck il o dg0d S S g 4 b gy sy o pcwlio &
bl s & 5 508 oisy 553 & Cami gy ool L et al, 2004)
3Sle (¢ police 9 (Glascock, 2010) cusl 5y loj cguSTely (lasgsg !

ol 3 S e bl (il b Wed o Jled Chmd jlons b Cigan 5 O puo

b oS> Sl a8 o oal3 1) ol ol sl e b 4o 318 b3l Sl
oS polis 5l gt dagl S oy g S (aliand U]
oy90 &y gy po (slaaSiw (gandab pll 50,8 (aidals |y baSw g5 o
gl Cumd dlllas ¢yl 1 0gMe 50 ololiss 1y calizes (sladilbul s o
Bliyw 5 38 Gne St (4 £98 &) ) 4 o b 5 o) oy
Lo (s 40 W15 0 oS puolie (65801 US55 (Sl g sladbogoma
56T (g 5 daginyse sloyiolly o otee olplhy A8 S S I8
Olise ks & S Cunl (pl Sbuol laaSn shewd oS 5 olelid (lp
ais Gl Ko Clld e aSl WS e 1) &S jle b ogls
adly oYU Cuwlus 9 cds b 500 Oyl 5lw (Koo o 1) o3U]
4t b caslio JIUT ) Cloasl Lol sl ojsape oISl s b g 3L
5 scal (olibaSn lagingsy Sl cn Fnte jl o ohs) 55
U9y Pl g At (Folite (glacadgazme g Llse (gl)ls chlise (sla g,
OExeR 9 (09) (92 (255 (ljee ¢jld)90 B3 (gl BAb ) cuslie
b aiS opl i 48 jeblen 0yl (S U] Sljass 4 (o yiad
el 5 3ylg0 ol Slily glodSis (g puate LT Lol Colanl

Lol )0 S slainl g (b o3l Cundy o)y )
SBSESS (pp =Y el adgs > olitulyjge (Sojygllie slacs)slid
S 4 bype ladSs (e ¥ (B e plolid S S
iy, 5y 518 Lie s =0 bl olowds cuS 5 Loluly Lol &bl,s
iy b ] Siyd EYoles g (56 S Malss dalllas o S bl )3
wlsls Lice

Slgby) JI e sbcusgie 5 Llje g Slaal cpl (185 )laiys L
R oy g0 |y Blanl ol 4y sl el by oy Bl U

WUl s sy, baae EPMA 5 PIXE XRF Wil ol b,
b yiegSee bz ) 399500 Bas b (oo LY S o o S (i
il axl) (Buccolieri et al, 2014) S o 5JU1 1) (09,500 o3in
WS oo Bl (635 melail ol 5 YU (Sg398 L5 a5 (SR) (9,59 S
g oo 45 jluee walyd |y ciliseo clagsyl 5 XRE 3UT plog] ISl
P O pais Sy e plelid 5 (ol yolie 4 Canle (181 Gl
(Carlomagno et al, 2022) sl jbo jlisl bglad  Sliged o
g odlaiwl Cagw Jdd 4 PIXE o XRE s, 0 obe cpl 2
g oWldsSe e (e by olyed (QUBGdRn P e
> bl bl o a2 g5 390 (I3 (Kol ogadar) ol Stingy
o 45 s 45 _sblgo 15 PIXE  XRF (claolSzd o8 3o s
S S50 sl (ile el AnBIS dg2g a8 S HY L AL oad (5305

WA Y

WYY (Y)Y VFF ot il dmg


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 |

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

ohlKas 5 Slo s,

ool olayingsy 3 (a0 U sla s dulio 5 oo

LA- )3 il LWl 8adcde slawdly (o2 (2riwcic ()
S5 sloyix i gaw 69y 3 & Cwl 0Fh) (oby) ICP-MS)
ojorel gy ool Ny odalio JB glue i miz b &S WS e Sbxl
Jis & g wblo ole soiges a8 polis SJUT (gl 0035 0 (S5
36T (el 3,59, o picanlio cisls ol yor & a5 ooleiel LB 5 3.5 guls
(Sara & Gratuze, 2016) col oids 428 )5 Jlas )3 Sliwl 8,85 slaas
Sy ol Js 4 g Abls Joe ol s 4 Slgie oy ol
Rk 03 () S SeS (Simjd OWols g ()b (sl ppae
1o (MC-ICP-MS) ,5iSJIS oo il sasin (slowdly oy
sl Ghg) ot ol 2 02 9 ol ol G Gl Uhg) st S
(IR0 (058 0313 8L) asl oo 388 pane S Liie (poe

D WGT s gy
S 9 H 13 P ow 50
gswli.&@

G 5ledlad sla 30T

ol oizmed (Schubiger et al, 1977) Lad o yod NAA lawg oo
sl 5 35 o ool Sk S (o IS 51 50T 550 i sa (el B,
Cawl (S Blod sdudigy (53)95 il s slaY K LS sl
ow> (Sarah et al, 2007) ey Ui s 5l i o5 1) 0,8 Hlade

Lol :..\.4.'\'3[{ yolee 8 S IS S 5 58 e ol (S (Slis 150310
(Ponting, Cos ol oad ablo ol 5l 4 a8 Lol 5UT 585 cpuuss
e Sl b (5058 b &S oS jge b ol b 2012)
S5 b byl s (@8> SleMbl wlg oo (9959 silo]ld by bl
S Ut a0 Cpiomon g 403 &) Ladiged 13 35390 polic  slowd
35 P99 lypeal LS KeS S cile o eddodliisl B aee
5 (B> sl il (sl S Lo b rans 4y Sl (9 Wl e
b e cdlol wwdls Bous )0 1 g 48 dbol bl A3h ksl
(Kardjilov et al, 2011) 1S S bo 4y dSu 3945

WDXRF
XRF <<:
EDXRF

PIXE
SEM-EDX
EPMA
Neutron

< imaging

LA-ICP-MS
ICP-MS <
MC-ICP-MS

RAMAN

XRD

(olisbaSio (sloingls )3 powye 2ISEwd 3T (slagytg) oY 415903

Chart 1. Common Instrumental Analytical Methods in Numismatic Research

WA NF

VYA A(Y) VY OFF (oo il aag


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

S 2ghs) (538 5l (K058 lulid sl o (SBLe oL Iyl
aSw pogada Sl glaSw olowd CuS 5 (ow)p Sl o)yl
Sl ordcir glowdly (o (rwcib (hy) gd e odlitul o)
Iy baSaw as U plow 3l wilgs o 48" Al 0 LA-ICP-MS b (5,5 il
s | S o (ploond oS 5 ST ctoms 3 8 LT oYL s L
Sl e oogy ol 5 g cal plobs BB olha sl oglite ol
gy )5 odldiwl aSw CAlw boud g Cllol pusd uolie 38>y
(MC-ICP-MS) ,giSIE (dgo (Wl badcin lowdly oy (PRl
93 el a5 5 ol A8l oo 5 (e St Lile (s sl gy st
pole o oYL <y 45 )81 MC-ICP-MS 5 LA-ICP-MS o,
5 ool idgaome o] &y oo jtiod Ll )l gl slacuns 5 OlieS
g0 Jloyl b Mallo slags)Kan siojls Yaano 3l g95 ol plo
Dgge Sl 4 dngi b game yd .l joiS j 2, slrolKinlejl 4
s NAA XRD SEM-EDX XRF uile JoSo igy Az oSy
@)l Sl e 5)l)> (els CMBl A5 o (S99 5yl 20900
OBl Slgi oo byl S g) & gwyied ShyeS rizper A
bl (5y3lid g Lo yiae 53 4 5 018 paly3 ) 5380 (sla s plox
S S nasus
Ol b Jol baiangp 3] olid S AL &l dlia gl 16 S gd 8 L
CBT ol 0rd po ¢ wliddSu (cloyings 13 digs WIUT g, 9 4K cllo] Cuanl
OhpgR ele Colum 3 ¢glie Sl plgiea |p 18 BT g Laial) slil lgisar s p 15
Sladly (i85 pensS sl ade &) 4
15 pll Jlojlo b 3l g Jlo ol S5n o Lin (nl F Mo (el
Caw
Ao cpl b bl o (dlio 2lis 55zun 45 L)oo el Bt 5 128le AT
RYRIRPESN
o g iy Slalllao 3l 48,8y imghy ol sloodls 1dlge g OIS A o swd
ok 53 alie G ygd 53 bl solad g it (glaibiuls
References

Abdelouahed, H. B., Gharbi, F., Roumié, M., Baccouche, S., Romdhane,
K. B., Nsouli, B., & Trabelsi, A. (2009). PIXE analysis of medieval
silver  coins.  Materials  Characterization, — 61(1),  59-64.

https://doi.org/10.1016/j.matchar.2009.10.008.
Abdollahi M, Asgharizadeh S, Razani M. (2020). A Review of the Appli-
cations of  Synchrotron  Radiation  in Archaeological Sci-

ences. JRA. 6(1), 155-174. d0i:10.29252/jra.6.1.155. http:/ /jra-ta-

briziau.ir/article-1-211-fa.html. [In Persian]

S 5 4o .0
slasl e S Olysa aSe plend oS5 ey
Comdy @S ol | e ol 5l SeMbl wlgio uolids sl
3 pne St Liia g 5 Joxa ¢35 90le (SacSiSS gulow 9 (3Lt
3] 3 Canl (55 (5o s 5 cilizs 3ol bl | cosims sl o aS
9 Cwelud Al & dagi b opptomen )18 o Sidingy 5 Glolid bl
o Shg W slos) 5 obosd S5 @ (53,55 laaY (55olsd )90
ot O (St 03 083 ol > A & e glard 5 Sz
) &S w59 SemslSo g0yl epe Oledbl (5368 Y gae
iloile g cblis cla by, o ol S5 yuS itun g58g Jb )3 s L ool
Oiboty oyl B o Cawd 4 bl oo b mlaw Cauts (D Ll e &S
) Coenl 35 (ogian il b e il ololis Blual gl eioman
5o a2 g b ojlge cnl 5S4 5o () (gl calio 3T g, sl
o) PBl Bly p> sl Joyg  (63L5 Cuenl jleplS o glacydgucme
e 5 UB9) (P9 PS Ol dyge 83 (iagg Bua 4 cuslie

Dyl (St 2Riloj] Slieos 4
5 bw JUT cla sy, SEM-EDX ¢ PIXE « XRF sl g,
b g (S35 495, | s)le a5 aw &5 (Sloj LS g At (o0 56 8
O odSis O s o alaidl 5L )0 SleMbl ailgr o il ods s &Y
L oo Wl a5 cile 1lp o e (iSSs 5 wbuls
S g & ()50 0 (S95P Sileld Ghg) WIS wrl S 5T a,
oS 5 O Sl 383 sl Sl oo dbls 0ad 8 BV L 9 (53,55 )l
One St Ui (s g adiges )3 polic Qgignl (w2 polie pliand
SPppsas (959 Silwdud p e () 503 g, 4 &S b
Sl 51 B> 9 cigad 4y oy ls ] (190 Bl o0 oSl g g5
boed Sy sl gl ul 3l wald o] 295 b (9:0%en 5 )
2 S0y GbaY oy b Ated e 4w ol o o g cilo
S e glaaS plgee olely 9 XRD (g 95 b Sl slaasi

Abdullah, Avin & Mohammed, Azad. (2019). Scanning Electron Micros-
copy (SEM): A Review. Conference: Proceedings of International Confer-
ence on HYDRAULICS, PNEUMATICS, SEALING ELEMENTS,
TOOLS, PRECISION MECHANICS, SPECIFIC ELECTRONIC
EQUIPMENT & MECHATRONICS. Romania.

Abduriyim, A., & Kitawaki, H. (2006). Applications of Laser Ablation—
Inductively Coupled Plasma—Mass Spectrometry (LA-ICP-MS) to
Gemology. Gems & 98-118.

Gemology, 42(2),

https://doi.org/10.61882/jra.2025.11.211

SITIY (V) WY OFF (o bl angly


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

hlen ¢ S Jls,

oS clongfy o wUKe0 fIUT sla sy duglio g ooy

https://doi.otg/10.5741/gems.42.2.98.

Alinezhad, Z. (2021). A Plated Seleucid-type Coin in National Museum
of Iran. Journal of Iran National Musenm, 2(1), 169-176. doi:
10.22034/jinm.2021.253020.

Beck, L., Bosonnet, S., Réveillon, S., Eliot, D., & Pilon, F. (2004). Silver
surface enrichment of silver—copper alloys: a limitation for the anal-
ysis of ancient silver coins by surface techniques. Nuclear Instruments
and Methods in Physics Research Section B Beam Interactions with Materials
and Atoms, 226(1-2), 153-162.
https://doi.org/10.1016/j.nimb.2004.06.044.

Bower. Nathan W, Hendin. David B, Burt. Stephen E. (2017). An XRD,
XRF and Metallographic Study of Ancient Minting Methods. Amer-
ican Chemical Society Division of Analytical Chemistry, Pittcon, Chicago. Ac-
ademia.

Britannica, T. Editors of Encyclopaedia (2018, February 7). synchrotron.
Encyclopedia Britannica. From:
https:/ /www.btitannica.com/technology/synchrotron.

Buccolieri, A., Buccolieri, G., Filippo, E., Manno, D., Sarcinelli, G.,
Siciliano, A., Vitale, R., & Setra, A. (2014). Nondestructive Analysis
of Silver Coins Minted in Taras (South Italy) between the V and the
Il Centuries BC.  Journal of  Archaeology, 2014, 1-12.
https://doi.org/10.1155/2014/171243

Calliari, I., Breda, M., & Canovaro, C. (2015). Metallurgy and Ancient
Coins: A Multidisciplinary research. Applied Mechanics and Materi-
als, 792, 645-649. https://doi.org/10.4028 /www.scien-
tific.net/amm.792.645.

Carlomagno, 1., Zeller, P., Amati, M., Aquilanti, G., Prenesti, E., Marussi,
G., Crosera, M., & Adami, G. (2022). Combining synchrotron radi-
ation techniques for the analysis of gold coins from the Roman Em-
pire. Scientific Reporss, 12(1). https://doi.org/10.1038/s41598-022-
19682-8

Charalambous, Andreas. (2015). Analytical methods for the determina-
tion of the chemical composition of ancient coins. in the website:
Kyprios Character. History, Archaeology & Numismatics of Ancient Cyprus:
kyptioscharacter.cie.gr/en/t/AQ.

Chiti, M., Esposito, A., Gorghinian, A., Ferretti, M., & Catalli, F. (2021).

Micro X-ray fluorescence analysis of Roman Imperial coins from

Nero. Journal of Archaeological Science: Reports, 37, 102940.

https://doi.org/10.1016/j.jastep.2021.102940.

Cruz, J., Corregidor, V., & Alves, L. (2017). Simultaneous use and self-
consistent analyses of u-PIXE and u-EBS for the characterization
of corrosion layers grown on ancient coins. Nuclear Instruments and
Methods in Physics Research Section B Beam Interactions with Materials and
Atoms, 406, 324-328. https://doi.org/10.1016/j.nimb.2017.02.010.

David. Agaian. (2020). Application of pixe for the elemental analysis of coins.
(Master’s thesis. University of Helsinki). Finland.

De Caro, T., Angelini, E., & Sebar, L. E. (2021). Application of p-Raman
spectroscopy to the study of the corrosion products of archaeologi-
cal coins. ACTA IMEKO, 10(1), 234. https://doi.org/10.21014/ac
ta_imeko.v10i1.893.

Emami, M., Dardeniz, G., Vallcorba, O., Pourzargan, V., & Tayyari, ].
(2022). Towards a deeper understanding of the third millennium BC
Iranian metallurgy: Use of synchrotron light for characterizing arse-
nic-bearing minerals in metal objects from Espidej. Surface and Inter-
Sface Analysis, 54(6), 642—656. https://doi.org/10.1002/sia.7076.

Emami, M., Rozatian, A. S. H., Vallcorba, O., Anghelone, M., Dehkordj,
M. H., Pritzel, C., & Trettin, R. (2020). Synchtrotron micro-XRD
study, the way toward a deeper characterizing the eatly prehistoric
Iranian glass cylinders from Late Bronze Age (1280 BC). The Euro-
pean Physical Journal Plus, 135(0).
https://doi.org/10.1140/epjp/s13360-020-00486-6.

Fawecett, T. G., Blanton, J. R., Blanton, T. N., Arias, L., & Suscavage, T.
(2018). Non-destructive evaluation of Roman coin patinas from the
3rd and 4th century. Powder Diffraction, 33(2), 88-97.
https://doi.org/10.1017/50885715618000180.

Fricker, M. B., & Guather, D. (2016). Instrumentation, Fundamentals,
and application of Laser Ablation-Inductively Coupled Plasma-Mass
Spectrometry. In  Natural =~ science in — archaeology (pp. 1-19).
https://doi.org/10.1007/978-3-662-49894-1_1.

Glascock, M. D. (2010). Comparison and contrast between XRF and
NAA: used for characterization of obsidian sources in Central Mex-
ico. In Springer eBooks (pp. 161-192). https://doi.org/10.1007/978-
1-4419-6886-9_8.

Glascock. Michael D. (2003). An Overview of Neutron Activation Anal-

ysis.  Archacometry  Laboratory — at the University of Missouri. Availa-

YIRY

WYY (Y)Y VFF ot il dmg


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

hlen ¢ S Jls,

oS clongfy o wUKe0 fIUT sla sy duglio g ooy

ble on ResearchGate: https:/ /www.researchgate.net/publica-
tion/228643668_An_overview_of_neutron_activation_analysis

Guerra, M. (1995). Elemental analysis of coins and glasses. Applied Radia-
tion and Isotgpes, 46(6-T), 583-588. https://doi.org/10.1016/0969-
8043(95)00095-x.

Kannan, M. (2018). Scanning Electron Microscopy: Principle, Compo-
nents and Application. A Textbook on Fundamentals and Applications of
Nanotechnology (81-92). Publisher: Daya Publishing House® A Divi-
sion of Astral International Pvt. Ltd. New Delhi.

Kardjilov, N., Manke, 1., Hilger, A., Strobl, M., & Banhart, ]. (2011b).
Neutron imaging in materials science. Materials Today, 14(6), 248—
256. https://doi.org/10.1016/s1369-7021(11)70139-0.

Kemmers, F., & Myrberg, N. (2011). Rethinking numismatics. The ar-
chacology of coins. _Archaeological Dialogues, 18(1), 87-108.
https://doi.org/10.1017/51380203811000146.

Keturakis, C. J., Notis, B., Blenheim, A., Miller, A. C., Pafchek, R., Notis,
M. R., & Wachs, I. E. (2016). Analysis of corrosion layers in ancient
Roman silver coins with high resolution surface spectroscopic tech-
niques. Applied Surface Stcience, 376, 241-251.
https://doi.org/10.1016/j.apsusc.2016.03.009.

Khalid, Asma & Anwar, Sabich & Siddigi, Saadat Anwar. (2011). Energy
dispersive X-ray fluorescence (EDXRF) for studying coinage from
the Indo-Pak subcontinent, 1-12.

Lekki, J., Matosz, M., Paluszkiewicz, C., Picta, E., Pieprzyca, T., Szklarz,
Z., & Del Hoyo Meléndez, J. M. (2017). Comparison of PIXE and
XRF in the analysis of silver denarii of the eatly Piast. Journal of Ra-
divanalytical ~ and  Nuclear — Chemistry, — 314(3),  2309-2316.
https://doi.org/10.1007/s10967-017-5556-8.

Liovet, Xavier. (2012). Electron probe microanalysis: principles and ap-
plications. Handbook of instrumental techniques from CCiTUB. Barcelona.
1-10. Spain. URL: https://hdLhandle.net/2445/32146

Malekzadeh Bayani, M. (2015). The history of coinage: From the earliest
times to the Sasanian period (Vols. 1-2). University of Tehran Press.
[In Persian|

Marussi, G., Crosera, M., Prenesti, E., Cristofori, D., Callegher, B., &
Adami, G. (2022). A Multi-Analytical approach on Silver-Copper

coins of the Roman Empire to elucidate the economy of the 3rd

century A.D. Molecules, 27(20), 6903. https://doi.otg/10.3390/mol-
ecules27206903.

Meyers, P. (1969). Non-destructive Activation Analysis of Ancient Coins
using Charged Particles and Fast Neutrons. Archacometry, 11(1), 67—
83. https://doi.org/10.1111/7.1475-4754.1969.tb00630.x.

Mezzasalma, A. & Mondio, G. & Serafino, T. & Fulvio, G. & Romeo, M.
& Salici, Angelo. (2009). Ancient Coins and their Modern Fakes:
An Attempt of Physico-Chemical Unmasking. Mediterranean Archae-
ology and Archaeometry, 9. 15-28. Available on: https://www.maajour-
nal.com/index.php/maa/atticle/view/303/246.

Mihali¢, I. B., Fazini¢, S., Barac, M., Karydas, A. G., Migliori, A., Doraci¢,
D., Desnica, V., Mudronja, D., & Krsti¢, D. (2021). Multivatiate
analysis of PIXE + XRF and PIXE spectral images. Journal of Ana-
Wtical Atomic Spectrometry, 36(3), 654-667.
https://doi.org/10.1039/d0ja00529k.

Mozgai, V., Bajnéczi, B., May, Z., & Mrav, Z. (2021). Non-destructive
handheld XRF study of archaeological composite silver objects—
the case study of the late Roman Seuso Treasure. Archaeological and
Abnthropological Sciences, 13(5). https://doi.org/10.1007/s12520-021-
01321-4.

Navas, M. J., Asuero, A. G., & Jiménez, A. M. (2016). A review of Energy
Dispersive X-Ray Fluorescence (EDXRF) as an analytical tool in nu-
mismatic  studies.  Applied  Spectroscopy,  70(1),  207-221.
https://doi.org/10.1177/0003702815616594.

Paterson, D., & Howard, D. (2019). Synchrotron radiation in art and Ar-
chaeology. Synchrotron Radiation News, 32(0), 2.
https://doi.org/10.1080/08940886.2019.1680206.

Pollard, A. M., Batt, C. M., Stern, B., & Young, S. M. M. (2007). Analytical
chemistry in archaeology (M. Bagherzadeh- Kasiri, Trans.). Cambridge
University Press. (20106). [In Persian|

Ponting, M., Evans, J. A., & Pashley, V. (2003). Fingerprinting of roman
mints using laser-ablation mc-icp—ms lead isotope analysis*. Archae-
ometty, 45(4), 591-597. https://doi.org/10.1046/7.1475-
4754.2003.00130.x.

Ponting, M. (2004). The scanning electron microscope and the archacol-
ogist. Physics Education, 39(2), 166-170.

https://doi.org/10.1088,/0031-9120/39/2/004.

Ponting, M. J. (2012). The Substance of Coinage: The role of Scientific

A NY

WYY (Y)Y VFF ot il dmg


https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

[ DOI: 10.61882/jra.2025.11.211 ]

Downloaded from jra-tabriziau.ir at 19:12 +0330 on Monday July 6th 2026

hlen ¢ S Jls,

oS clongfy o wUKe0 fIUT sla sy duglio g ooy

Analysis in Ancient Numismatics. In Oxford University Press eBooks.
https://doi.org/10.1093/oxfordhb/9780195305746.013.0002

Quartieri, S. (2014). Synchrotron radiation in Art, Archaelogy and cultural
heritage. In Springer eBooks (pp- 677—-695).
https://doi.org/10.1007/978-3-642-55315-8_26.

Quinn, P. S., & Benzonelli, A. (2018). XRD and Materials Analysis. The
Encyclopedia of Archaeological Sciences, 1-5.
https://doi.org/10.1002/9781119188230.saseas0619.

Salem, Y., & Mohamed, E. H. (2019). The role of archeometallurgical
characterization of ancient coins in forgery detection. Nuclear Instru-
ments and Methods in Physics Research Section B Beam Interactions with Ma-
terials and Atowms, 461, 247-255.
https://doi.org/10.1016/j.nimb.2019.10.017.

Sarah, G., & Gratuze, B. (2016). LA-ICP-MS analysis of Ancient silver
coins using concentration profiles. In Natural science in archaeology (pp.
73-87). https://doi.org/10.1007/978-3-662-49894-1_5.

Sarah. Guillaume & Gratuze. Bernard & Bompaire. Marc & Barrandon.
Jean-Noel. (2007). A new approach for the investigation of ancient
silver coins: depth profile analysis by laser ablation inductively cou-
pled plasma mass spectrometry (LA- ICP-MS). 2NP International con-
Serence-  _Archaeometallurgy in Eurgpe. Italy. Available on Re-
searchGate: https:/ /www.researchgate.net/publica-
tion/50820982_A_new_approach_for_the_investigation_of_an-
cient_silver_coins_depth_profile_analysis_by_laser_ablation_in-
ductively_coupled_plasma_mass_spectrometry_LA-ICP-MS.

Schubiger, P. A., Miller, O., & Gentner, W. (1977). Neutron activation
analysis on ancient Greek silver coins and related materials. Jour-
nal of Radioanalytical Chemris-
try, 39(1-2), 99-112. https:/ /doi.org/10.1007 /bf02517216.

Segebade, C., & Berger, A. (2008). Photon activation analysis. Encyclopedia

of Analytical Chemistry.
https://doi.org/10.1002/9780470027318.a6211.pub2.

Smith, Ewen; Dent, Geoffrey. (2004). Modern Raman Spectroscopy
— A Practical Approach (Smith/Modern Raman Spectroscopy - A
Practical Approach) Surface-Enhanced Raman Scattering and Sur-
face-Enhanced Resonance Raman Scattering. Publisher: Jobn Wiley and
Sons, 113-133. d0i:10.1002/0470011831.ch5.

Stanojev Pereira, Marco & Marques, ].G. & Santos, J.P. & Burbidge,
Christopher & Prudéncio, M. & Dias, M. (2013). Neutron imaging
techniques applied to studies in the archaeological and cultural her-

itage fields. Mediterranean Archacology and Arch

try, 13. Accepted-

In  Press.  Available on  ResearchGate:https://www.re-
searchgate.net/publication/258846423_Neutron_imaging_tech-
niques_applied_to_studies_in_the_archaeological_and_cul-
tural_heritage_fields.

Synchrotron SOLEIL. (2016). About us. Retrieved November 2022,
from  https://www.synchrotron-soleil.fr/en/about-us#Quest-ce-
que-soleil.

Taheri, N., & Eslami Kalantari, M. (2014). Neutron activation analysis.
Electronic Conference on New Research in Science and Technology, Kerman,
Iran, 1-5. [In Persian]

Tripathy, B., Rautray, T. R., Rautray, A., & Vijayan, V. (2009). Elemental
analysis of silver coins by PIXE technique. Applied Radiation and Lso-
topes, 68(3), 454-458. https:/ /doi.org/10.1016/j.apra-
dis0.2009.12.031.

Zhao,D., Zhang, Y., & Essene, E. J. (2014). Electron probe microanalysis
and microscopy: Principles and applications in characterization of
mineral inclusions in chromite from diamond deposit. Ore Geology

Reviews, 65, 733-748.

https://doi.org/10.1016/j.otegeorev.2014.09.020.

Rezaimalek, S., Dehpahlavan, M., & Emami, M.H. (2025). Study and Comparison of Analytical Techniques in Numis-
matics Research, Journal of research on Archaeometry, 11(2),11211, DOI: 10.61882/jra.2025.11.211

A 5NA

WYY (Y)Y VFF ot il dmg



https://jra-tabriziau.ir/article-1-457-en.html
http://dx.doi.org/10.61882/jra.2025.11.211

