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Abstract
This study presents a comprehensive analysis of ancient Punch-marked coins (PMCs) from the 6th to 3rd centuries BCE using 
advanced scientific techniques, including SEM–EDX, XRD, XPS, XRF, and EPMA. The research focuses on the metallurgical 
characterization of these coins to understand their elemental composition, alloying practices, and degradation mechanisms. 
The results confirm that silver (Ag) is the dominant element, with varying copper (Cu) concentrations and trace elements 
such as oxygen, chlorine, silicon, and iron, indicating oxidation and environmental interactions. The study highlights the 
progressive debasement of silver content in later coin series, reflecting economic and political shifts over time. The findings 
correlate with historical numismatic classifications and economic policies of the Mauryan period, revealing standardized 
minting practices. By integrating material science with numismatic studies, this research enhances our understanding of 
ancient monetary systems, technological advancements in metallurgy, and economic strategies in early Indian history.

Keywords  Pucnch-marked · Coins · Numasnmatics · X-ray diffraction · X-ray photoelectron spectroscopy · X-ray 
fluorescence · Electron probe microanalyzer

1  Introduction

Numismatics is more than just collecting and cataloging 
coins—it is a technical discipline and an essential tool for 
historical research. As 'applied history,' it provides raw 
material for historians, but misinterpretations can lead to 
flawed narratives without careful analysis. Historians divide 
numismatic study into two key aspects: internal and exter-
nal. Internal analysis examines minting techniques, metal 
composition, and economic implications, while external 
analysis deciphers legends, symbols, and inscriptions to 
reveal political and cultural contexts. While external studies 
are well-explored, internal analysis remains challenging and 
ambiguous, often overlooked in solving historical problems 
of any particular period (Thakur, 1972).

This research focuses on the internal study of silver 
Punch-Marked Coins (PMCs) from the 6th to 3rd century 
BCE. These widely circulated coins in hoards across Asia 

played a crucial economic role. Northern hoards often 
include Indo-Greek coins, while southern finds feature 
Roman coins, highlighting vast trade networks. Typically 
weighing 3.3 to 3.5 g, PMCs appear in various shapes, 
including rectangular, circular, and hammered globules 
(Gupta & Hardaker, 1985). This study aims to bridge the gap 
in internal numismatic research, shedding new light on these 
ancient coinages' production and economic significance.

2 � Objective

The proposed research aims to develop a comprehensive 
classification system and refined chronology for Punch-
Marked Coins (PMCs) to resolve existing debates about 
their issuance and circulation. By systematically categoriz-
ing PMCs based on metallurgical, typological, and morpho-
logical characteristics, this study will establish a standard-
ized framework for understanding these ancient coinages. 
A precise chronology will clarify their historical timeline, 
addressing scholarly disputes.

A key focus is the elemental and metallurgical analysis of 
PMCs using non-destructive techniques such as X-ray Dif-
fraction (XRD), X-ray Photoelectron Spectroscopy (XPS), 
X-ray Fluorescence (XRF), and Electron Probe Microana-
lyzer (EPMA). Selected specimens will undergo SEM–EDX 
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analysis to examine internal metal structures and alloying 
techniques. These analyses will assess changes in metal con-
tent over time, revealing economic trends, resource avail-
ability, and technological advancements.

The research also explores minting techniques and 
standardization in PMC production. The study will assess 
regional minting practices and economic organization by 
identifying clusters of coins with similar metal compositions, 
weight standards, and striking methods. Additionally, the 
distribution of PMCs across hoard sites will be examined 
to reconstruct trade networks and economic exchanges in 
ancient India. Comparing numismatic data with literary 
sources will clarify their exchange value and monetary role.

Furthermore, the study seeks to trace the provenance of 
metals used in PMCs by analyzing elemental compositions 
and isotopic signatures. This will provide insights into trade 
routes and resource availability, highlighting connections 
between different regions of India and beyond. The 
association of PMCs with Indo-Greek and Roman coins 
in hoards will further support discussions on long-distance 
trade.

By integrating scientific and engineering methodologies 
with numismatic studies, this interdisciplinary research 
will provide a scientifically grounded analysis of PMCs, 
filling significant gaps in understanding their production, 
circulation, and economic significance in ancient India.

The present study is divided into five chapters, which are 
as follows:

Chapter I: Introduction (Definition of Problem, Literature 
Review, Methodology, Significance of Study).

Chapter II: XPS and XRD analysis of coins.
Chapter III: SEM and EDX analysis of coins.
Chapter IV: XRF and EPMA analysis of coins.
Chapter V: Conclusion.

3 � Literature review

Since the nineteenth century, Punch-Marked Coins (PMCs) 
have attracted significant scholarly attention, resulting 
in numerous articles and a few seminal books. Various 
catalogues detailing PMCs from numerous hoards and 
museum collections have also been published, contributing 
to the extensive body of literature on the subject. The 
scientific study of PMCs began with W. Theobald in the last 
decade of the nineteenth century. Theobald’s work primarily 
focused on the meticulous study of the symbols found on 
PMCs, marking the beginning of a more structured approach 
to numismatic research (Theobald, 1890). However, 
Alexander Cunningham first conducted a systematic study 
of PMCs. Cunningham posited that PMCs represented the 

Indian monetary system shaped by the Hindu mind, laying 
the foundation for future studies (Cunningham, 1891).

Subsequent scholars, including D.B. Spooner and 
V.A. Smith, expanded upon this foundation by initiating 
discussions on mint marks and issuing authorities (Spooner, 
1905; Smith, 1906). These discussions were furthered 
by Durga Prasad, D.R. Bhandarkar, and E.H.C. Walsh, 
who also delved into the chronology of PMCs (Prasad, 
1934; Bhandarker, 1921; Walsh, 1937). John Allan was 
another key figure in the pre-independence period who 
contributed significantly to the discourse. Allan compiled 
a comprehensive catalogue of coins that included PMCs, 
providing a valuable resource for future researchers (Allan, 
1936).

In the post-1947 period, D.D. Kosambi emerged as 
a prominent figure in the study of PMCs. A scientist 
by training, Kosambi introduced a new dimension to 
numismatics by applying statistical analysis to PMCs 
to determine their chronology and identification. His 
innovative approach was based on the idea that handling 
a coin causes a loss of metal, resulting in a decrease in 
weight (Kosambi, 1940). This theory allowed for the dating 
of coins based on their weight loss over time. However, 
Kosambi's work was limited in scope as he did not fully 
explore the distribution patterns and find spots of PMCs.
The question of the origin and antiquity of PMCs was 
revisited by scholars such as A.H. Dani and others, who 
sought to provide fresh insights into this area of study (Dani, 
1960). Romila Thapar proposed that PMCs were issued by 
a central authority, adding another layer to the ongoing 
discourse (Thapar, 1961b). Recognizing the importance of 
PMCs, the Department of Ancient Indian History, Culture, 
and Archaeology at Banaras Hindu University organized 
a landmark seminar (Narain, 1961a). This event brought 
together eminent scholars, including A. Ghose, V.V. Mirashi, 
D.C. Sircar, P.L. Gupta, D.D. Kosambi, A.K. Narain, and 
L. Gopal. These experts examined all available evidence—
internal and external, literary and archaeological, as well as 
the distribution of hoards and trade activity—to address the 
challenges related to the chronology of PMCs.In 1991, A.M. 
Shastri discussed the issue of PMC forgery, adding another 
dimension to the study of these ancient coins. At present, 
P.L. Gupta stands out as a dominant figure in PMC studies. 
Gupta published a volume on the Amaravati hoard in 1963 
and briefly addressed almost all known series of PMCs in 
his handbook on coins (Gupta, 1963). In the last quarter 
of the twentieth century, T.R. Hardekar published "Ancient 
Indian Silver Punch-marked Coins of the Magadha-Maurya-
Karshapana Series", further enriching the field (Gupta & 
Hardaker, 1985).

Despite the extensive research conducted so far, PMCs 
remain at the forefront of numismatic studies. No catalogue 
can be considered complete as new varieties of PMCs 
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continue to appear. However, the works of Gupta and 
Hardekar have adopted a flexible method of cataloguing that 
accommodates new varieties without disrupting the general 
classifications. Their studies introduced the classification of 
PMCs into local and imperial categories, based primarily on 
the presence of specific symbols. However, this approach 
has been challenged by scholars like S.R. Goyal, who 
argue that it relies too heavily on the external features of 
coins observable to the naked eye, neglecting their internal 
characteristics studied at the international level in various 
contexts.

International scholars like V. Vijayan, T.R. Rautray, 
and D.K. Basa have utilized non-destructive Energy 
Dispersive X-ray fluorescence (EDXRF) on silver PMCs 
from specific hoards (Vijayan et al., 2004). In India, the 
contributions of H.C. Bhardwaj and Nishar Ahmad in 
this field are noteworthy (Bhardwaj, 1966; Prasad et al., 
1995). These scholars have demonstrated the importance 
of using non-destructive and semi-destructive techniques 
to explore various aspects of PMCs without compromising 
their integrity. The elemental analysis of ancient coins has 
become increasingly important as it can provide valuable 
information about the socio-economic and technological 
contexts of the time. Keeping in view, non-destructive 
techniques such as EDXRF, X-ray fluorescence (XRF) 
spectroscopy, neutron activation analysis (NAA), and laser 
ablation-inductively coupled plasma-mass spectrometry 
(LA-ICP-MS) used by various scholars allows them to 
analyze the metal composition of coins without causing 
damage (Beak et al., 2004a; Vijayan et al., 2004b; Vijayan 
et al., 2005, Tripathy et al., 2010a; Epstein et al., 2010b; 
Halder et al., 2017a; Borges et al., 2017b, Upadhyay et al., 
2024). These methods can detect trace elements, offering 

insights into the sources of metals and the technological 
processes used in minting coins. The primary focus of the 
above studies is to explore the chemical composition of 
specific coins using various techniques.

Additionally, these investigations seek to uncover 
insights into the origins of metals, production methods, 
and historical backgrounds, significantly enhancing 
numismatic and archaeological inquiries into ancient 
coinage. However, a notable absence in these examinations 
is a systematic numismatic approach, as the coins chosen 
for analysis are selected randomly each time. Incorporating 
a more structured numismatic methodology could enrich 
the depth and accuracy of these studies, providing a more 
comprehensive understanding of ancient coinage systems 
and their meaning.

4 � XPS (X‑ray photoelectron spectroscopic) 
and XRD (X‑ray diffraction) analysis 
of coins

XPS and XRD techniques are used here for surface elemen-
tal analysis and the chemical composition of nine series of 
imperial punch-marked coins of 600 to 200 BCE stored in 
the Numismatic Society of India at BHU, Varanasi. These 
coins were selected based on the Gupta-Hardakar classifi-
cation system of Mahajanpada and Janpadaperiods. The 
image and major find spots of nine PMCs under examination 
are shown in Fig. 1.

Studies on PMCs delve into their metal compositions, 
reflecting ancient economic theories like those in Kautilya’s 
Arthaśāstra from the third century BCE. Kautilya proposed 
combining metals like copper and silver to create different 

Fig. 1   Major find-spots of imperial PMC and image of nine coins under examination
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values coins (Shama Sastry, 1967). P. L. Gupta’s research 
aimed to ascertain copper-silver ratios in coins, finding 
copper content typically at 20–30% but occasionally up to 
30–50% (Gupta, 1963). Ahmad and Prasad expanded on 
this by exploring additional alloying elements like tin, iron, 
lead, and antimony as hardening elements (Prasad et al, 
1995). Various studies of the chemical composition analysis 
on the surface of the ancient coins by non-destructive 
X-ray fluorescence (XRF) techniques were reported in 
the literature. Based on XRF techniques, Vijayan et al. 
compare the Indian PMCs and Alexander's coins, revealing 
differences in silver element dominance in Alexander's coins 
(Vijayan et al., 2005). Meenakshi Singh also used XRF to 
distinguish between genuine and fake medieval Indian silver 
coins (Singh et al., 2018b). Detection of Ag and Cu on the 
surface by µXRF techniques shows that emphasizing the 
peak intensity ratios of Ag Kα/Lα, Cu Kα/Ag Kα, and Cu 
Lα/Ag Lα between coins suggests that employing a multi-
standard approach offers the most dependable identification 
of Ag enrichment and Cu depletion on the surface, The 
analysis of PMCs by particle-induced X-ray emission 
(PIXE) techniques identifying a range of trace and minor 
elements including K, Ca, Ti, V, Cr, Mn, Co, Ni, and Rb, 
alongside major ones like Ag, Cu, Au, Pb, and Feenhancing 
our grasp of ancient coin metallurgy and economic practices 
(Halder, 2017a). Mamania's team used XRD and SEM–EDX 
analysis to determine that eight silver coins were made of 
a silver-copper alloy, extracted from argentiferous galena 

through cupellation (Mamania et al., 2018a). Marussi et al. 
examined 160 denarii and antoniniani using u-EDXRF and 
SEM–EDX to assess composition changes and currency 
devaluation in Roman coins (Marussi et al., 2022). Volpi 
et al. explored medieval denarii characteristics using p-XRF, 
SEM–EDX, and FTIR, highlighting the complexities of 
analyzing diverse data from archaeological artifacts like 
coins exhibiting significant heterogeneity (Volpi et  al., 
2023). These Studies highlight the metal composition of 
different sampleschoosen without any classification or 
period.

In our study, XRD and XPS data indicate that silver 
is dominant along with some other elements considered 
impurities. A silver crystal fcc phase was observed with 
the X-ray diffraction pattern of PMC coins. The Cu and 
Pb on the surface of the coins get oxidized, preventing the 
casting information of the chemical composition of PMCs 
from being. The results show a high level of metallurgical 
knowledge of alloying skills between the sixth and third 
centuries BCE. Also, the coins under consideration were 
issued at different times with technological changes. Inter-
estingly, Gold is found in Janpada PMC only, not detected 
in Mahājanpada PMCs series. The declining silver con-
tent raised numerous questions regarding the economic 
climate, the increased demand for coins for exchange, and 
the maintenance of weight standards. Elemental analysis 
reveals that these coins have a non-uniform distribution 
of elements with varying percentages. It appears that the 
mines from where the raw materials were collected for 
minting the PMC are enriched with Ag, Cu, Pd, and some 
other minor elements. However, the purpose of adding 
copper and lead may be either to lower the melting point 

Fig. 2   aVariation of silver and copper percentage with different PMC coins. b A plot of silver percentage versus copper percentage for different 
PMC coins



99Indian Journal of History of Science (2025) 60:95–102	

or to meet the increased demand for coins in the Mauryan 
period and maintain the import of silver because of its 
price rise. In other words, to control the economy of the 
country (Fig. 2).

5 � SEM (Scanning electron microscopy) 
and EDX (Energy‑dispersive X‑ray 
spectroscopy) analysis of coins

To provide numismatists with scientific data, nine specimens 
(according to the Gupta-Hardakar classification) from 
various typologies and periods were analyzed using Energy-
Dispersive X-ray Spectroscopy with Scanning Electron 
Microscopy (EDX SEM) to overcome manual classification 
and provide structural and composition information on 
coins.SEM–EDX remains a valuable tool for material 
characterization, offering a combination of high-resolution 
imaging and elemental analysis at a micron scale (Vijayan 
et al., 2004b). It provides high spatial resolution and detailed 
microanalysis capabilities combined with imaging. Unlike 
various studies investigating the chemical characterization, 
the origin of metals, production methods, and historical 
background of randomly selected samples from different 
periods, different series of PMCs require reliable scientific 
data. Indeed, several studies using various spectroscopic and 
microscopic techniques revealed that historically important 
PMCs had chemical compositions at the microscopic 
scale. R. Linke and his team employed SEM–EDX to 
assess corrosion levels and Ag concentration in medieval 
Austrian currency (Linke et al., 2003). Additionally 2004, 
metallographic examination, PIXE, and SEM–EDX were 
utilized to characterize samples, establishing a model for 
direct enrichment. This model links surface composition 
to core Ag content. SEM–EDX revealed a significant 
surface layer depleted of Cu-phase, approximately 70 μm 
thick, attributed to intergranular corrosion during coin 
manufacturing (Vijayan et al., 2004b). Mamania discovered 
that eight AgPMCs were made from an Ag–copper alloy, 
using argentiferous galena for Ag extraction and flawless 
cupellation, with SEM analysis revealing no slag inclusions, 
indicating some coins were cast molten (Mamania et al., 
2018a). Volpi studied four medieval denarii using pXRF, 
SEM–EDX, and FTIR, highlighting the challenges of 
comparing data from different techniques on heterogeneous 
archaeological artifacts like coins. The results of these 
studies are quite promising for numismatic studies. Keeping 
in view, the present study aimed to achieve two primary 
objectives (Volpi et al., 2023).

Our study examines the surface morphology and 
elemental composition of ancient Punch-Marked Coins 
(PMCs) using SEM–EDX analysis. The results confirm 
that silver (Ag) is the primary element, with impurities 

such as Cu, O, Cl, Si, and Fe. Variations in texture and 
corrosion levels indicate surface degradation over time, 
with oxidation hindering the precise determination of the 
original composition. High Cu concentrations in certain 
areas suggest an inhomogeneous distribution, aligning with 
historical alloying practices. The analysis reveals a gradual 
decline in Ag content over different coin series, reflecting 
economic and political shifts. Early coin series (S-0 to 
S-II) indicate economic stability during the Ajatashatru 
and Udayin eras, while later series (S-III to S-IV) show 
debasement due to political instability. The Mauryan period 
(Series V-VI) reflects economic revitalization, but post-
Ashoka, further debasement occurred, especially during 
the Sunga dynasty. Indo-Greek influences between 200 
and 170 BCE led to the closure of Karshapana mints and 
the introduction of base metal coinage. These findings 
highlight advanced metallurgical skills and evolving 
economic strategies between the sixth and third centuries 
BCE. The elemental analysis supports the Gupta-Hardaker 
classification, indicating non-uniform metal distribution and 
intentional alloying. This study provides critical insights 
into ancient minting practices, economic policies, and the 
technological evolution of early Indian coinage.

6 � XRF(X‑ray fluorescence) and EPMA 
(Electron probe micro‑analyzer) analysis 
of coins

Further, to cross-verify the presence of different elements on 
the surface of the PMC coins, XRF measurement of the nine 
sets of coins was also carried out and tabulated in Table 1. 
The variations in element concentration at the surface of the 
coins are shown as a bar diagram in Fig. 3. Interestingly, a 
large number of elements appears on the surface of the coin 
as compared to XPS measurements. Similar to XPS, Ag is 
the major constituent in all the coins, along with Cu, Pb, 
Mn. However, some new elements in the very minor pre-
sent, along with gold, are also detected in most coins except 
S-6 and S-8. Interestingly, XPS measurements do not detect 
Au in these coins except S-0. These results indicate XRF is 
more sensitive as compared to XPS.

Additionally, EPMA analysis of the eight samples (S-I to 
S-VIII) demonstrates that they are predominantly composed 
of silver, with silver content ranging from 86.45% to 98.32% 
across the samples, highlighting their potential for signifi-
cant silver extraction. Silver serves as the primary compo-
nent in all samples, positioning them as valuable sources for 
silver recovery in various metallurgical or industrial applica-
tions. It is noteworthy that several samples exhibit notable 
concentrations of copper, particularly S-II, S-IV, S-VI, and 
S-VIII, where copper content reaches up to 12.64%, indi-
cating the potential for copper recovery alongside silver. 
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The relatively high copper content in these samples suggests 
that they could be suitable for alloying processes or other 
industrial uses where copper is a key element. S-VI stands 
out due to its 8.06% zinc content, adding another dimen-
sion to its economic value, as zinc is an important industrial 
metal used in galvanization and alloy production. The pres-
ence of zinc, copper, and silver implies that S-VI may be 
especially valuable for multi-metal recovery, enhancing its 
economic viability. Despite silver being the dominant ele-
ment, traces of gold are also found in most of the samples, 
with the exception of S-II. The gold content, while ranging 
from 0.017% to 0.922%, could significantly boost the over-
all economic worth of the samples, even in small quantities, 
as gold remains a high-value metal. Samples such as S-VII, 
which contain higher levels of gold at 0.922%, may attract 
further attention for gold extraction, adding to their potential 
profitability. Other trace elements such as aluminum, silicon, 
sulfur, magnesium, and iron appear in minor concentrations 
across the samples, contributing to the material’s overall 
composition but likely holding minimal economic value 
compared to the major metals of silver, copper, and gold. 
These trace elements, however, may influence the behavior 
of the samples during processing, possibly requiring specific 
techniques to manage the impurities. For instance, elements 
like sulfur and iron may contribute to slag formation during 
metallurgical processes, while the presence of silicon and 
aluminum could affect the material's hardness or melting 
point. The uniform presence of these minor elements sug-
gests that their impact on extraction processes should be 
considered, but their quantities are unlikely to pose signifi-
cant challenges or greatly reduce the samples' overall value.

Ta
bl

e 
1  

R
el

at
iv

e 
pe

rc
en

ta
ge

 o
f e

le
m

en
ts

 p
re

se
nt

 in
 d

iff
er

en
t s

am
pl

es

C
oi

n 
no

M
ai

n 
el

em
en

ts
 o

f t
he

 c
oi

ns
 (i

n 
%

)
M

in
or

 e
le

m
en

ts
 o

f t
he

 c
oi

ns
 (i

n 
%

)

SN
A

g
C

u
N

i
A

u
Pb

Sb
M

g
W

A
l

Si
P

S
Ti

V
C

r
M

n
Fe

C
o

Zn
A

s
Se

Y
N

b
R

u
R

h
Sb

H
f

Pt
H

g
B

i

S-
0

88
.7

4.
96

0.
11

2.
34

3.
17

0.
28

0.
26

0.
05

0.
03

0.
08

0.
04

0.
04

0.
01

0.
28

0.
1

S-
1

94
.4

2.
92

0.
07

0.
6

1.
44

0.
44

–
0.

12
–

0.
03

0.
02

–
–

0.
03

–
0.

08
–

–
0.

02
–

0
0

–
–

–
0.

44
–

–
–

0.
03

S-
2

90
.1

3.
56

0.
10

0.
38

3.
1

1.
77

0.
6

0.
12

–
–

0.
02

–
–

0.
02

–
0.

07
–

–
0.

02
–

0.
01

0.
02

–
–

–
1.

77
0.

06
0.

08
–

0.
02

S-
3

92
.0

4.
75

0.
12

0.
47

1.
54

0.
57

–
0.

15
–

–
–

0.
35

–
0.

03
–

0.
08

–
–

0.
04

–
0.

01
0.

01
–

–
–

0.
57

–
0.

11
–

0.
05

S-
4

91
.8

4.
17

0.
11

0.
36

1.
4

1.
21

0.
47

0.
1

–
0.

14
0.

14
0.

27
–

0.
02

–
0.

08
0.

39
–

0.
05

0.
01

0.
01

–
0.

51
0.

15
–

1.
71

0.
04

–
0.

25
0.

01
S-

5
89

.2
5.

23
0.

12
0.

2
0.

91
0.

84
0.

39
0.

14
1.

02
1.

49
0.

27
0.

22
0.

17
0.

02
0.

06
0.

08
1.

38
0.

04
0.

18
0.

05
0.

01
–

1.
7

0.
93

0.
2

0.
38

–
0.

13
0.

06
0.

41
S-

6
89

.6
9.

8
–

–
0.

59
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

S-
7

93
.8

3.
52

0.
81

1.
86

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
–

–
S-

8
86

.2
8.

37
0.

11
0.

97
3.

55
0.

02
0.

16
0.

02
0.

07
0.

06
0.

07
3.

55
0.

1
0.

25

Fig. 3   Bar diagram of a variation of elementary chemical composi-
tion in a series of PMCs by XRF analysis



101Indian Journal of History of Science (2025) 60:95–102	

In summary, the EPMA data indicates that these samples 
are highly valuable primarily due to their high silver content, 
with copper and gold providing additional economic incen-
tives. Samples such as S-VI and S-VIII, with their elevated 
levels of copper and zinc, may be especially valuable for 
multi-metal recovery operations. The presence of gold, even 
in trace amounts, across most samples enhances the overall 
potential value, making these materials attractive for metal 
extraction industries. Therefore, based on the elemental 
composition, the samples offer a promising opportunity for 
the recovery of valuable metals, particularly silver, with 
supplementary benefits from copper, zinc, and gold extrac-
tion. The varied elemental composition provides flexibility 
in processing, with minimal impurities present that might 
complicate extraction.

7 � Conclusion

The SEM–EDX, XRD, XPS, XRF, and EPMA analyses 
of the studied PMCs provide crucial insights into their 
elemental composition, manufacturing techniques, and 
historical significance. The findings confirm that these 
coins were primarily composed of Ag–Cu alloys, with non-
uniform elemental distribution suggesting varied sources of 
raw materials and deliberate alloying practices. Oxidation 
products such as oxygen and chlorine indicate surface 
degradation due to prolonged environmental exposure. The 
study reveals a gradual decline in silver content in later coin 
series, aligning with historical records of economic shifts, 
monetary policies, and geopolitical influences, particularly 
during the Mauryan period.

The results underscore the advanced metallurgical 
knowledge of ancient Indian minting practices, 
demonstrating sophisticated alloying techniques to regulate 
coin supply and maintain economic stability. The elemental 
variations also provide evidence of controlled debasement 
strategies, likely influenced by resource availability and 
economic demands. By correlating scientific data with 
numismatic classifications and historical sources, this 
research offers a well-rounded perspective on the economic 
and technological evolution of early Indian coinage.

This study establishes a methodological framework for 
future numismatic investigations, reinforcing the importance 
of integrating scientific analysis with historical research. The 
findings contribute significantly to the understanding of 
ancient monetary systems, trade networks, and metallurgical 
advancements, shedding new light on the economic history 
of early India.
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