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Abstract

Pewter filled seashells were used as coinage in Central India from 500 BC to 11" CE when
seashells or cowry were common numismatic until 17%-18" CE in all the continents. The
present paper is based on examining of three pewter-filled cowry coins collected from the
central Indian state of Madhya Pradesh. The analytical investigations were performed through
the ED-XRF, XRD, and SEM-EDX analysis of the coins. The X-ray elemental mapping for the
coin surface, as well as the cross-sectional area, was carried to understand the composition of
the pewter. Scanning electron microscope coupled with energy-dispersive X-ray analysis was
used to study the surface topography and microstructure/inhomogeneity within the coins
matrix, and elemental composition was recorded. ED-XRF revealed a concentration gradient
on the coin surface to that of composition in bulk. The mineralization of lead, tin, copper, and
iron was observed on the coin surface through XRD analysis. Investigations showed the
presence of a high concentration of impurities of Fe, Zn, Cu and Sb in the coin matrix due to
imperfect metallurgical process. The formation of the tin island in the matrix of the coin was
recorded from the cross-sectional analysis due to the improper mixing of component materials
and the separation of different phases during solidification.

Keywords: Pewter; Cowry coins; Inhomogeneity; Tin island; Cross-section; Metallurgical
process; Elemental composition

Introduction

Seashells were used as a medium of exchange, similar to coins in almost all continents of
the world [1]. The shell money initially consisted of either whole seashells or their pieces.
Among the variety of shells used as coins, shell type Cypraecamoneta, locally named cowry, had
a great international demand and was abundantly available in the Indian Ocean [2, 3]. In ancient
times, these shells were mostly collected from the coasts of Maldives, SriLanka, West Coast of
India, and other East Indian Island for use as money [2, 4]. Cowry shell money was an
important part of trade networks of Africa, South Asia, and East Asia [5]. Inscriptions and
archaeological evidence show that the cowry shell was an important object of value in the
China Shang Dynasty (C.1766-1154 BC) [6]. In the East Indian state of Odisha, cowry was
used as currency till 1805 when it was abolished by the British East India Company [7]. Due to
their great strength, durability, easy to handle, and transport — cowry became valued as metal
coins. Besides, their specific shapes and the distinctive texture was the best protection against

forgery.
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To enhance the value of the cowry shell and undo its lightweight, in around 500 BC,
when the evolution of coins was not there, lead-filled seashells were used as coinage in the
central part of India [8]. For the purpose, a hole was created by breaking the top smooth surface
of the seashell and liquid compound of lead was filled into for use as currency. The metal filling
was done to the top layer to make the surface even and in some instances, the natural hole on
the reverse of the shell was also filled to make it water impermeable. This was done because the
coins can easily be differentiated from the common seashells and may also be used as money
for trade. Though the seashells or cowry were used all over the world as money till late 17 -
18" CE, the lead-filled seashells were mostly used in India’s central part and adjoining areas.
The coinage belongs to the period ranging from 500 BC to 11 CE. This paper deliberates on
three numbers of metal filled cowry coins collected by the author (MS) from the central Indian
state of Madhya Pradesh.

To understand the history and culture of the past, there is now growing interested in
dedicated archaeological research on numismatist's works. The visual examination is
insufficient to classify the coins which require elemental analysis. The investigations on the
chemical composition of ancient coins lead to valuable information regarding manufacturing
technology, age, authenticity, and corrosion products [9, 10]. The composition of major
elements provides useful information about the history, economic condition, and material and
technology applied to produce of metal alloys [11].

The trace elements in the coins indicate about the ores sourced and manufacturing
procedure adopted [12]. The composition of ancient coins also helps to distinguish between the
original and the fake. Almost all the techniques employed for the chemical composition of the
coins are non-invasive or need a minor fraction of the coin surface for study [13-15]. However,
the chemical composition of the coin surface may have changed over time by the corrosion
process. It may reveal great-divergence from the composition of the core [16, 17] The second
reason for inhomogeneity in metals is the depletion of the more chemically active phase in
contact with the less active phase [18, 19]. Further, certain impurities in the ores may have been
difficult to remove. Sometimes alloy addition is made in the metal with the purpose of loweing
the melting point or to make the final alloy more or less malleable. The removal of tiny flakes
of metal from the surface usually exposes the underlying metal, which is representative of the
original composition [14] with some exceptions.

It is rare to find artifacts of pure tin in archaeological sites. Tin is more often found in
various alloys, particularly in combination with copper for bronzes or tin pewter [20]. Tin
seldom survives in archaeological sites due to its transformation into a mix of stannous and
stannic oxide (SnO and SnO,) by direct intercrystalline oxidation [21]. Tin can also be lost form
artifacts as it forms loose powdery grey tin, commonly referred to as a, tin pest by allotropic
modification [22]. The presence of sodium chloride stimulates the corrosion of tin [23]. In
anaerobic environments in the presence of sulfate-reducing bacteria tin can transform into tin
sulfate.

Lead is mostly used for weight and commonly found in shipwrecks, cannonballs,
sheeting, coins, etc. Lead is stable in neutral or alkaline condition especially if carbonates are
present in the surroundings [24]. On prolonged atmospheric exposure, lead forms basic lead
carbonate (2PbCO3, Pb(OH),, lead oxide (PbO and PbO;), and lead carbonate. Lead oxide
generally forms a protective layer on the artifacts that prevents further oxidation. In the marine
environment, along with the above corrosion, product, lead also forms lead chloride (PbCl,),
lead sulfide (PbS), and lead sulfate (PbSO4) [25]. A mix of lead and tin called pewter is filled in
a cowry shell for weight and increases its value. As lead and tin can be melted easily at low
temperature (172-230°C), it was specifically exploited by ancient civilization as filling material
for seashell coinage. Pewter is a malleable alloy, and traces of copper, bismuth, and zinc, if
present as, impurities act as a hardener for pewter. The high concentration of lead leads to a
lower grade of pewter.

966 INT J CONSERV SCI 11, 4, 2020: 965-978



PEWTER FILLED SEASHELL COINS FROM CENTRAL INDIA (500BC — 11TH CE)

The other reason for filling pewter in the seashell is that it gives protection to its handler
from the toxic impact of lead as being malleable the metal may cause death if consumed
through the food chain. The lead poisoning was a common disease, and the presence of traces of
lead have been reported through bone analysis of ancient civilization [26, 27].

It is observed that lead pewter, an alloy of lead and tin, always survives in better
conditions than lead-free pewter [28]. This is more likely due to the formation of lead corrosion
product that protects the surface of the object. Lead-free pewter often completely mineralized to
stannic oxide (SnO), and various other mineralized compounds are formed specifically in
aerobic conditions. However, both lead and lead-free pewter survive in good condition by
forming protective layers [29].

This paper is aimed to study the microstructure of pewter filled seashell coins collected
from central India. The chemical composition and corrosion behavior of the alloy has been
studied to ascertain reasons for its survival, mixing technology, metallurgical process, and ores
used for the extraction of the metals. The other important area to look for the coins is why it
was filled in a seashell hole and why pewter alloy coins were fabricated separately. Did the
calcium carbonate layer of the seashell helped preserve the coins from further mineralization?
We have used analytical instruments like XRF, XRD and SEM-EDX to characterize the
materials for the coins and to study its composition and corrosion behavior. The results obtained
from these analytical investigations will help find the correlation between the chemical
composition of the coins and offer complementary information to archaeologists, art historians,
and conservation professionals [30]. By SEM-EDX analysis, the deposition of higher metal
content, and its effect can be investigated, and examination under XRD will help in studying the
structural, and surface morphology studies of the pewter-filled sea-shell coins [31, 32].

Materials and Methods

The general obverse/reverse view of pewter filled cowry coins is shown in figure 1. As
we could collect only three metal-filled seashell coins, this investigation is based on studies
undertaken on these coins only. Photographs of the coins clearly show metallic filling on the top
surface by manually creating a hole by breaking the seashell on top (Fig. 1). An even level has
been maintained on the top surface after metallic fillings. The reverse side of the cowry has also
been filled with the same material probably, to make the coin water impermeable. The weight
of each coin varies between 4.4 to 8.1g, as shown in Table 1. The dimension of the coins is also
shown in Table 1.

Table 1. Dimensions of the pewter filled seashell coins

Name of the Weight (in g) Size (in cm)
coin (length/width/thickness)
Coin No.1 4.49 1.3cm/0.8cm/0.4cm
(SK1)
Coin No. 2 4.99 1.3cm/0.9cm/0.4cm
(KH3)
Coin No. 3 8.1g 1.6cm/1.1cm/0.6cm
(BK1)

The weight of the coin has a linear relation to its dimension as bigger the cowry more
pewter was filled in it. The amount of alloy material filled also depends on the dimension of the
hole created on the top surface of the cowry. Poor quality control appears to have been
exercised the coins varied in weight, dimensions, and chemical composition. For the chemical
composition of the coins, the ED-XRF method (Model: BrukerXFlash 6130) was used, which is
rapid, multi-elemental, non-destructive, that does not require sample preparation. As the
geometry of the sample plays a decisive role in the quantitative ED-XRF analysis, the flat
regions of the coins were analyzed. At least four measurements for each coin were taken and
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data averaged for XRF analysis. As the X-ray cannot penetrate the sample, more than few tens
of micrometer [19] and the surface analysis may not provide data for the bulk composition, a
0.5mm flake was removed from the coin surface to get the representative composition of the
bulk [5].

To characterize the composition and nature of corrosion products, the X-ray diffraction
method was utilized. The XRD method is nondestructive, reproducible, and fast, and can be
used for both polycrystalline and amorphous coatings having thicknesses up to several
micrometers [33]. The XRD analysis of the coins was carried with an advanced fourth-
generation powder x-ray diffractometer system, the Rigaku Mini Flex Il. With the Rietveld
technique, the produced pattern was refined, and measured values were compared with the
calculated data stored in an International Centre for Diffraction (ICDD) data bank.

Obverse side Reverse side

Coin No:1

Coin No:3
Fig. 1. General view of obverse/reverse surface of pewter filled seashell coins from Central India

Ancient coins generally possess a rough homogenous core and mostly thin surface layer
with different compositions and varying thicknesses. The energy dispersive x-ray microanalysis
using a scanning electron microscope (SEM-EDX) in the limited case is allowed where
sectioning of the coins is permitted. The high magnification provided by a scanning electron
microscope is used to investigate the microstructure, homogeneity/heterogeneity of the coins,
and chemical composition of the core from the areas of the coins not affected by the corrosion
[31]. The practical use of this method, in association with other analytical techniques, provides
valuable information about the chemical composition of ancient coins.

A detailed morphological characterization and chemical identification of the coins were
obtained by Scanning Electron Microscope. The SEM-EDX analysis was carried out by Carl
Zeiss EVO50 scanning electron microscope at various magnifications at high vacuum mode.
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Scanning electron microscope coupled with the EDX instrument of Bruckerwas used for
analysis. The accelerating voltage was set at 20kV at a working distance of 8mm at a resolution
of 2250nm. The EDX data was processed with Roentag software. Additional investigation was
carried out by SEM-EDX on the cross-section of the specific fragments of the coins.

Results and Discussion

Chemical composition of the coins

To investigate the composition of the coins and any surface inhomogeneity, the coin was
subject to point analysis by ED-XRF on the surface and the inner part after removing a small
flake of 0.5mm thick surface layer. The removal of a thin layer of the metal from the surface of
the coin exposed metal that is the representative of the composition of the bulk. The XRF data
is shown in Table 2.

Table 2. XRF analysis of the seashell coins

Sample No. Elemental composition weight in percentages (%)
Ca Fe Cu Cl Sn Pb Zn
Coin No. 1 Surface layer - 2.78 1.44 1.07 5.65 87.99 1.36
(SK1) composition
Bulk - - 2.60 - 4.07 91.72 -
composition
Coin No. 2 Surface layer - 3.86 7.72 0.91 5.60 78.18 3.70
(KH3) composition
Bulk - 5.58 - - 1.80 86.49 6.14
composition
Coin No. 3 Surface layer 0.39 0.89 1.24 - 5.35 91.90 1.96
(BK1) composition
Bulk - 0.77 - - 2.85 94.40 1.96
composition

The data show large variations in the concentration of the element in the coins. The
analysis shows the Pb and Sn as the main elements which form the bulk composition and their
metallurgy. Other elements like Fe, Cu, Zn, Ca, Ti and chloride were detected as minor/trace
elements. The Pb content of the bulk is always larger than the value measured on the surface,
mainly due to preferential mineralization of lead at the surface. Since the surface contains about
2.73% to 8.31% less than the percentage of Pb in bulk, this can be attributed to the
contamination and oxidation process the coins have been subjected to in the past. The absence
of silver in the Pb-Sn alloy in the analyzed coins indicates that lead was either extracted from
“non- argentiferous galena" or silver was perfectly extracted during the metallurgical process of
the ores. The tin content on the coin surface is always higher than the composition in bulk by a
percentage of 1.59 to 3.80 (Table 2). It appears that the content of lead on the surface and its
corrosion products in the form of PbO, PbO,, has worked as a protective coat for the tin to
mineralize in bulk. Tin has concentrated much on the surface during the solidification process
after the molten alloy was poured in the seashell hole. The other minor/trace elements in the
composition originated mainly from the different ores or varying manufacturing processes used
for Pb/Sn production [32, 33]. All the coins show an amount of copper either as contaminant or
in high content in bulk composition. On the coin surface, the Cu content is lower to its
concentration in the bulk, again due to the presence of oxidized species on the surface that
occurred due to the tendency of copper to dissolute in the corrosion layer [34]. As copper and
lead phase is exposed to the surface, the lead has corroded preferentially. However, as soon as
the given lead phase is consumed, the copper prevents further corrosion of lead as the copper
phase first corrode before additional lead is exposed to the surface. Copper is present in all the
coins, and the percentage varies from 1.24% to 7.72%. Zinc is present in a high percentage in
coin no. 2 and 3, and content varies from 1.36% to 6.14 %. Lead is usually found in ore
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associated with the metals like Zinc, Silver and Copper and it is extracted together with these
metals. Lead is extracted from its ore by reduction with carbon. It appears that impurities like
Zn and Cu could not be separated during the metallurgical process of lead ore and quite impure
lead was used for mixing in pewter. The presence of iron in all the coins, and iron content varies
from 0.77% to 5.58% in the coins. lron is mostly present as an impurity in tin ore and is
removed by the electromagnetic process. During the extraction of Sn from its ore by the carbon
reduction process, the iron impurities could not be separated from the pure metal. This indicates
that the raw materials for the pewter remained mostly contaminated with impurities due to a
lack of proper extraction process. The surface of coin no 1 and 2 shows the presence of
chlorides (0.97-1.07%) during exposure of the coins in its environments. The presence of
chloride on the coin surface has stimulated corrosion of tin at its top surface, also observed
through the XRD analysis of the coins.

XRD Analysis of the Coins

The XRD pattern of three coins is shown in figure 2. The Crystalline phases observed in
coin no.1 as corrosion products are mainly PbO, PbO2, SnO, CuCl, CuCl,, and Fe,0s (Fig. 2a).
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Fig. 2. XRD diffractograph of the pewter filled seashell coins 1 —3

The lead corrosion product on the surface of the coins has given protective coatings to
intense mineralization of tin in bulk on the surface. Copper mineralization products in the form
of CuCl and CuCl; are also observed on the coin surface. Iron has also mineralized on the coin
surface and formed Fe,Os3. In coin no. 2, the corrosion product observed on the surface is similar
to coin no. 1. However, chloride in the coin surface has caused mineralization of Cu to form
CuCland CuCl,. The mineralization of iron in a higher oxidation state of FezO4 is observed in
this coin (Fig. 2b). Tin has mineralized to both stannous (SnO) and stannic oxide (SnO) in this
coin. In coin no. 3, besides the lead and tin corrosion products, copper mineralization in the
form of CuCland CuCl; was detected through XRD (Fig. 2c¢). The lead has mineralized to both
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PbO and Pb,0s. The iron corrosion product in the form of Fe O3 was detected in the coin. Tin
has mineralized to both stannous and stannic oxides. Besides, zinc mineralization in the form of
ZnO was also identified in this coin. The part of the pewter under the shelter of the seashell
layer could not be sampled due to the fear of destruction, and damage to the coins. Hence, the
corrosion product formed on pewter inside the shell layer could not be analyzed to compare its
behavior vis-a-vis the exposed surface layer. The bulk of the composition remained Pb, Sn, Fe
and Zn for the coins.

SEM-EDX Analysis

Leaded pewter often has a concentration gradient because of the separation of the lead-
rich phase or tin-rich phase during solidification. Therefore, an additional investigation was
carried by Scanning Electron Microscope on the cross-section of the specific fragments of the
coins. The performed SEM was compared with the data obtained from XRF analysis. The high
magnification SEM photomicrographs of the coin are shown in figure 3a-b. From the
micrograph, it is observed that Sn-Pb alloys are different in microstructure from those of single
metals. In the case of single metal, most of the crystals observed are of tetragonal shape.
However, in Sn-Pb alloys, the rounded shape crystals are observed. This result coincides with
previous studies. It has been reported that in the presence of Pb the Sn changes drastically as Pb
inhibits the deposition of Sn on Sn and prevents the formation of inherent Sn crystal [35, 36].
Therefore, the rounded shape observed in the microstructure indicates that the Sn-Pb alloys
were fabricated by co-deposition of Sn and Pb. Besides, the particles show a variety of size and
alloy exhibit more agglomerated forms of particles compared to a single metal.

Many surface cracks on the external surface of the coin are observed in the 4um image
figure 3a along with mineralized particles of lead on the surface. In the image figure 3b hollow
structures with an uneven surface and metallic grains of Sn and Pb are visible. The surface of
the coins is mostly rough and granular structure is visible at higher magnification.

SEM photomicrographs (Fig. 3c-d) show the cross-sectional images of coin no. 3
observed to visualize the internal microstructure of the coin. The internal of the coin is marked
by forming of islands of tin globule within the matrix (Fig. 3d) with a highly fractured
microstructure. The orientation of various grains within the coins can be seen in Figure 3c.
From the microstructure, it is observed that pewter has a concentration gradient because of the
separation of lead rich and tin rich phases during solidification.

Fig. 3. SEM photomicrograph of pewter coins. Images 3a and b show coin surface,
images 3c and d cross sectional view of the coin
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Coin No.1

The SEM-EDX spectrum of a coin no. 1 for 8um and 4um area is shown in the figure 4a
and b. White lead particles, as well as dark color tin particles, were targeted for the EDX data at
point no. 8597 and 8598, respectively and the value obtained for coin no 1 is shown in figure 4a
and b. The white color particles are mostly made up of oxides of lead (31.54%) and tin
(31.58%) with Carbon (5.88%), S (7.14%) and Sb (9.13%) as minor constituents. The other
elements present in trace quantities are Si (1.41%), Cl (0.77%), Fe (0.65%) and Zn (0.04%). In
the tin-rich phase (Fig. 4b) the major elements detected are tin (63.94%), O (25.46%), Si
(5.11%) and Nitrogen (4.05%). The other elements present in trace level are Fe (0.85%),
Pb(0.39%) and CI (0.21%) in the coin.

o857 )
E_MAG: 20008% HV: 10.0 kV WD: 6.2 mm Px. 19 nm

Fig. 4. EDX data of point no. 8597 & 8598 pewter filled Coin no. 1

The points analysed for EDX analysis for coin no.1 were subject to X-ray mapping for
the distribution of the elements. The X-ray mapping of the element lead, tin, and other minors/
trace elements are shown in figure 5 for the area analyzed for elemental EDX data (Fig. 4a).

From the distribution of lead and tin in the sample (Fig. 5a) it is observed that there is a
formation of lead and tin islands in the sample due to imperfect mixing of the ingredients. The
presence and distribution of other components like C, O, Zn and Fe present in the sample as
impurities are shown in figure 5b in various shades.

Map data 1071
MAG: 10.0kx

HV: 10kV_WD: 6.2mm

Fig. 5. Elemental mapping of Coin no. 1 (a) distribution of lead and tin (b) multi-element distribution in the coin
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From the photomicrograph, it is observed that there is an imperfect mixing of
constituent’s elements both major and minor in the coin. It can also be observed that ancient
workers could not remove impurities like Fe and Zn from the ores of Pb and Sn during the
metallurgical process. From the individual elemental mapping on the surface, it is observed that
most coins were fabricated by mixing more of tin followed by Pb. Other elements like C, Zn,
and Fe are present in low quantity and their distribution in coin no. 1 is shown in figure 6.

Fig. 6. EDX elemental mapping of C, O, Pb, Sn, Fe and Zn in Coin no. 1

Coin No. 2

The 8um area of the coin no. 2 was viewed and EDX data recorded at point no. 8603
figure 7a. At this point the coin is mainly composed of Si (23.84%), O (24.74%), C (16.79%),
Al (16.31%), Sb (6.16%), Pb (4.03%), Sn (3.64%) and Ca (1.98%). Other elements like Zn, Mg,
Cl and Cu were identified as minor constituents of the coins. From the EDX data, it is observed
that there is also the presence of aluminum silicates minerals at isolated locations within the
coin matrix due to the imperfect metallurgical process. The content of Pb and Sn at such point is
considerably low.

Fig. 7. EDX data of point no. 8603 & 8604 pewter filled Coin no. 2
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At another 8um image of coin no. 2, the point 8604 was viewed and EDX data is listed
in figure 7b. The coin at this point is mainly composed of Sn (48.29%), O (18.61%), Sb
(4.40%), C (27.49%), Pb (4.99%), Si (2.63%), S (1.75%) and Cu (1.28%). The very high
content of carbon in the coin is due to unburntcharcoal, which was probably used in the
metallurgical process of reduction of ores. Therefore, the cross-section of the coin shows very
indifferent composition at different locations within the matrix.

Another 5um image of the coin no. 2 was observed under the scanning electron
microscope and elemental mapping carried out (Fig. 8a). From the elemental mapping, the
uneven distribution of Pb and Sn can be viewed in the coin (Fig. 8b) due to the concentration
gradient. The distribution of other impurities like C, O, Fe and Zn within the coin (Fig. 8c) was
also recorded.

Map data 1068 21
10.0kx V- 10kV_UD: 6 4t

Fig. 8. Elemental mapping of (a) SEM image of Coin no.2
(b) Distribution of lead and tin (c) multi-element distribution in the coin

In table 3 are presented the EDX composition on all the coins.

Table 3. EDX data (wt%) of pewter filled seashell coin no. 1 to 3.

Coin No.1 Coin No. 2 Coin No. 3
(Wt%) (Wt%o) (Wt%)
Element Point 8597 Point 8598 Point 8603 Point 8604 Point 8594 Point 8595
Sn 31.58 63.94 3.64 48.29 28.16 46.32
Pb 31.54 0.39 4,03 4,99 15.29 16.24
(e} 11.85 25.46 24.75 18.61 29.16 6.68
Sh 9.13 -- 6.16 13.87 - 14.10
S 7.14 -- -- 1.75 3.86 3.92
C 5.88 -- 16.79 8.55 8.69 6.62
Si 1.41 5.11 23.84 2.63 8.49 3.44
Cl 0.77 0.21 041 0.02 0.67 --
Fe 0.65 0.85 -- - 0.87 0.75
Zn 0.04 -- 0.95 0.02 0.34 0.48
Cu -- -- 0.20 1.28 - 0.32
Ca -- -- 1.98 - -- --
N - 4.05 - - - -
Al -- -- 16.31 - - 0.84
Mg -- -- 0.93 - -- 0.29
K - -- -- - 4.45 -
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Coin No. 3

The coin no.3 elemental composition at point no. 8594 in the 3um image is shown in
figure 9a along with its EDX data. It is observed that the white crystalline material mainly
consists of Sn (28.16%), Pb (15.24%), O (29.16%), C (8.69%), K (4.49%) and S (3.86%). Other
elements like Zn, Fe and Cl are present in minor quantities. The alloy is mainly fabricated by
the combination of lead and tin mixture, however, the tin is present in higher quantity than lead
at this point. Another 3um area of the coin no. 3 was viewed under SEM and EDX data for
point no. 8595 is shown, figure 9b.

Fig. 10. Elemental mapping of (a) SEM image of coin no. 3
(b) Distribution of lead and tin (c) multi-element distribution in the coin.

The black area has the major composition of Sn (46.32%), Pb (16.24%), Sb (14.10%), C
(6.82%), O (6.68%), S (3.92%) Si (3.44%). Other elements like Al, Fe, Zn, Mg and Cu are
present in minor quantities. From the EDX data, it is observed that the black part of the coin
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mainly consists of tin-rich phases followed by Pb, Sb, C, O, S and Si. Impurities like Si, S and
Sb are due to the imperfect metallurgical process used for refining the metal. The Sn/Pb ratio
for point no. 8594 is 1.84 and for point no. 8595 is 2.85 pointing concentration variations at a
different point in the coin due to improper mixing of the alloy elements. By observing a 10pum
image of the same coin (Fig. 10) for elemental mapping under X-rays, the distribution of all the
major and minor elements are seen. It is observed that the coin is mainly composed of Sn, Pb,
C, O, Fe, Cu, Zn, Ca, Cl and Ti with uneven distribution of the elements within the coin. It is
observed that lead/tin alloy was not evenly melted as the coin composition shows improper
heating.

A 10um cross-sectional image of the coin no. 3 was viewed under a scanning electron
microscope and many globular structures were observed within the coin matrix (Figure 10a).
The globular structure was particularly viewed under a 10um image under SEM and X-ray
elemental mapping was carried out. The distribution of Pb and in the globular area is shown in
figure 10b and the distribution of all major and minor elements in figure 10c. It is observed that
there is the formation of globular islands of tin in this coin matrix due to imperfect mixing. The
image is also showing a high percentage of Zn, Fe within the matrix as impurities from the
ore/imperfect metallurgical process.

Conclusions

From the investigative result, it is concluded that pewter instead of pure lead was used as
filling material for seashells coinage due to its low melting point of less than 230°C. Lead
corrosion product has protected large-scale mineralization of tin on the surface of the coins. The
coins were found contaminated with chloride, but it did not cause large scale corrosion of the
tin. The concentration gradient in respect of Pb and Cu on the coin surface was evidenced to
that of composition in bulk. As Pb content in the composition of the coin is considerably high,
low-grade pewter was used as filling material for the coins. The high concentration of
impurities like Cu, Fe, Zn etc. in the coin indicates the improper metallurgical process. There is
the formation of the tin island in the coin matrix observed at a high magnification SEM image
due to the improper mixing of the component materials. As the pewter filled seashells are rare
to find, this investigation is based on the analytical results of three coins only that deliberate on
the metallurgical process used in alloy fabrication.
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