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Abstract

The chemical composition analysis of coins provides information about their fineness, which helps examine
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
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
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
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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Introduction

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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Figure 1. Coin Image (a), macrophotography of the highlighted area

(b), and scanning electron microscopy image of the surface (c)

(Buccolieri et al, 2014)
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