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Abstract 

The present paper presents the analytical study of an unusual Peruvian 1899 dinero coin whose authenticity has been 
questioned since the 1970’s. This coin, which is present in some numismatic collections although there is no record 
of having been minted officially, has been characterized using non-destructive techniques such as X-ray fluorescence 
(XRF), scanning electron microscopy coupled with energy dispersive spectroscopy (SEM–EDS), and X-ray diffraction 
(XRD). Results are consistent with a cast counterfeit coin made at the turn of the 19th and 20th using a copper base 
alloy that was silver-platted to pass unnoticed among the public. The alloy used, generally known as german silver, 
was common for counterfeits in North America and Europe in that period. The historical reasons for the appearance 
of this unexpected coin in Peru during a time of economic difficulties, where the public experienced a shortage 
of small-change coins, are briefly outlined.
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Introduction
One of the primary concerns faced by currency users, 
collectors, and museums is coin falsification. This prac-
tice can be grouped into two general categories: on the 
one hand, there is the counterfeiting of current money 
made to pass as legal currency, affecting all users. On the 
other hand, there are copies made to deceive coin collec-
tors or museums, usually known as forgeries [1, 2]. The 
first group exists since the invention of currency. The 
second, however, began during the Renaissance, when 
collecting became more common and has never stopped 
since [3].

Coin counterfeiting has always been illegal, but the 
study of surviving counterfeits made to circulate in 
ancient times is of high historical value and allows us 
to understand complicated economic situations [4]. In 
many cases, it also allows us to understand the falsifica-
tion techniques used in the past and reveals data on the 
technological development of those times. [5, 6]

The detection and identification of counterfeit coins is 
a time-consuming task to which numismatists and law 
enforcement dedicate much time, especially when it per-
tains to high-value coins. There are specialized Journals 
such as The Numismatist that, for decades, in almost all 
of their issues, have shown how to identify specific char-
acteristics on high-valued pieces that are typical diagnos-
tics of counterfeits. There have also been publications 
especially dedicated to counterfeiting (Counterfeit Coin 
Bulletin and the Bulletin of Counterfeits, for example) 
and books explaining the processes used [2]. The involve-
ment of scientists who try to contribute to these issues 
through techniques such as X-ray fluorescence, electron 
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microscopy, or diffraction techniques is getting increas-
ingly common [7–10].

The present study has been focused on a Peruvian din-
ero bearing the 1899 minting year. This coin belongs to 
the 1863–1917 period when the monetary unit of Peru 
was the “sol”. A one-sol coin was a silver piece of 25  g, 
with a nominal composition of 90% silver, the remain-
ing being copper. Lower denominations minted in sil-
ver included the half of sol (50 cents), the fifth of sol (20 
cents, “quintos”), the tenth of sol (10 cents, “dinero”) and 
the twentieth of sol (5 cents, “medio dinero”). Higher 
denominations were minted in gold, and the lower ones 
in copper-based alloys. Not all the coins were minted 
every year, so collectors must be cautious and rely on 
numismatic catalogs and publications in order to com-
plete their collections.

Counterfeiting of coins during the use of this mon-
etary unit has been noted in some sources [11–13], but 
data is very scarce and no compositional analysis has 
been published. It is well known that most counterfeit-
ers, in order to be successful, reproduce highly circulated 
coins that they expect to pass unnoticed [4]. The case 
of the 1899 dinero presented in this paper is thus worth 
noting: according to the official Lima Mint figures [11], 
which have been cited in most international catalogs [14, 
15], 1899 was a year for which no dineros were minted. 
However, a thorough search of the literature located at 
the Peruvian Numismatic Society Library showed the 
presence of three old catalogues that included the 1899 
dinero coin, the oldest being from 1978. One of them 
listed this coin as extremely rare [16] and the other two as 
“Possibly fake” [13, 17]. Horace Flatt, a well-known North 
American historian of Peruvian numismatics and coin 
collector also listed a specimen of this coin in his collec-
tion, mentioning that it was most likely a counterfeit [11].

One of such coins surfaced from a group of dinero 
coins used during a MSc thesis [18] that was carried out 
by a student under the supervision of one of the present 
paper’s authors. Given that there was no public informa-
tion on this coin it was an excellent opportunity to carry 
out a thorough analytical study of the coin following the 
simple sequence outlined by Al-Saad [19] using all avail-
able techniques to the authors. In this work the chemi-
cal composition of the coin is studied by XRF and SEM 
coupled with EDS, and the alloy has also been character-
ized by XRD. A metrological characterization of the coin 
(width, size and weight) was also carried out and com-
pared with a corpus of 80 similar circulated coins of the 
time.

It is important to highlight that the objective this 
paper is not to determine if the coin is false (as reason-
able doubts of its legitimacy have always existed) but to 
characterize it in order to know (and make available) its 

chemical composition and possible ways of manufactur-
ing. In addition, it is also expected to understand why a 
coin that was not officially minted could end up being 
counterfeited, and how this can be connected to the coin 
counterfeiting in the Americas during the nineteenth 
century.

Experimental
The 1899 dinero coin belongs to a group of more than 
four hundred 1863–1917 silver coins that were acquired 
from local numismatic dealers in Lima from 2014 to 
2018 for their study by postgraduate students and are 
now kept at the chemistry laboratory of the University of 
the authors. The 1899 coin was purchased inadvertently. 
The different objects and counterfeit coins used for com-
parisons during the research (listed in the supplemen-
tary section) belong to private collections from either 
members of the Peruvian Numismatic Society or the San 
Pedro Church in Lima.

An Ohaus Pioneer Analytical balance (with a sensitiv-
ity of 0.1  mg) was employed to measure the weight of 
all coins. A Mitutoyo CD-6″CX digital caliper was used 
to measure the coins’ diameters and widths (sensitiv-
ity 0.01 mm). The XRF analyses were carried out using a 
portable Bruker AXS Tracer III-SD instrument equipped 
with a rhodium X-ray tube and a Si-PIN detector with a 
resolution of 150  eV at FWHM. The instrument’s volt-
age and current were set to 40 kV and 1.3 µA, as recom-
mended by the instrument’s manufacturers for metallic 
samples. No radiation filters were used. Measuring time 
was set to 120 s given that longer times did not improve 
the signal quality. Data were collected on both sides 
(obverse and reverse) of the four coins shown in Fig.  1. 
The approximate beam size is drawn to scale in Fig. 1a. 
XRF spectra were analyzed using the software Spec-
tra 7.4.0 from Bruker AXS, specially to determine the 
peak area of elements that were in very low concentra-
tion. The elemental composition of the 1899 dinero was 
calculated constructing a calibration curve with the aid 
of the 10 certified standards shown in the Additional 
file  1: Table  S1. The curve and the quantification were 
carried out using the online application Cloud Cal v3.0 
[20] which has been proved as a powerful application 
for quantification of XRF data [21] and is based on the 
Lucas-Tooth and Price algorithm that accounts interel-
ement effects in the absorption and emission of X-rays. 
The coin’s alloy was also compared with other contempo-
rary and modern objects with similar compositions, the 
list of which is in the supplementary information (Addi-
tional file 1: Tables S3, S4).

Elemental maps were constructed using the energy-dis-
persive X-ray microfluorescence (ED-XRF) spectrometer 
MIDEX SD from Spectro. The instrument is equipped 
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with a silicon drift detector (SDD) with 30mm2 area and 
a Mo X-ray tube operated at maximum power of 40W 
and a voltage of 48kV. An automatic XYZ tray was used 
to collect the elemental maps. Each map comprised of 
a 60 × 60 grid of points over a 2 cm × 2 cm square. Each 
point was measured for 15 s for a total of nearly 31 h per 
map. Elemental data for each map was extracted using 
internal calibration using the fundamental parameters 
software FP Plus.

X-ray diffraction (XRD) analysis were performed using 
a Bruker D8 Discover DAVINCI instrument equipped 
with a Lynxeye detector and a Cu Kα X-ray tube. The 
XRD data were collected for 2θ angles between 20° and 
80°, with a 0.02° step and an integration time of 0.5  s. 
Crystalline phases were identified from PDF-2 database 
using Bruker AXS Software Difracc.EVA 5.

Microscopical examination was carried out using a 
Leica DM1000 LED microscope equipped with a DFC 
3000 G camera. Images were processed with the Leica 
Application Suite v4.8 software. SEM analysis was car-
ried out using a FEI Quanta 650 scanning electron micro-
scope equipped with a tungsten filament and a concentric 

backscattered electron detector for energy dispersive 
x-ray spectroscopy (EDX). Accelerating voltages of 20 kV 
and working distance of 10.6 mm were used for images 
and EDX analysis.

Results
Macroscopic and metrological description of the coin
The coin under study is the 1899 dinero coin shown in 
Fig.  1a(i). As observed, it is a coin with high degree of 
wear, where the devices and lettering are not very clear, 
in strong contrast with the slightly circulated contempo-
rary coin shown in Fig. 1a(iv). The wear patterns (surface 
pits and scratches, Fig. 1b) are consistent with a coin that 
circulated more than 100 years ago. At first glance, this 
coin cannot be distinguished from a dirty and/or a highly 
worn coin of the time (Fig. 1a (ii) and (iii), respectively).

The diameter of the coin, 17.95(2) mm, is within the 
official specifications [22] and is similar to the aver-
ages observed in contemporary coins from the same 
period (1863 to 1917), as seen in Fig.  2a. Its thick-
ness, although not officially specified, is also within 
that observed in contemporary coins (Fig.  2b). The 

Fig. 1  Photographs and micrographs of selected circulated one dinero coins. a photograph of (i) the 1899 dinero under study, (ii) a highly worn 
1875 specimen (where most of the raised details in the devices –seated Liberty Lady and coat of arms- are lost), (iii) a contemporary 1898 example 
and (iv) a well preserved 1903 specimen in a very fine state. The approximate X-ray spot size has been drawn to scale. b Wear patterns (surface pits 
and scratches) observed on the seated Liberty Lady’s face on the reverse of each coin
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main difference relies in the coin weight: it is nearly 
13% below the mean values observed for contem-
porary coins, as shown in Fig.  2c. This low weight is 
similar to the highly-worn 1875 genuine coin shown in 
Fig.  1b(ii). This is important because, in such a small 
coin, most users would probably be unable to tell this 
weight difference from other used coins, making it 
easy to pass the coin unnoticed.

Analytical study of the coin
Figure  3 shows an example of an XRF spectrum of the 
1899 dinero together with the spectrum of the other three 
dineros depicted in Fig. 1a. As observed, the main met-
als in the genuine circulated coins are silver and copper 
(as expected), whereas in the 1899 coin the main peaks 
correspond to copper, nickel and zinc. Minor peaks of 
potassium, calcium, iron, cobalt and lead (almost imper-
ceptible) were also observed in the 1899 dinero. Calcium, 
potassium and iron are usually associated with surface 
dirt but the iron peak area is above the quantification 
limits so it is probably part of the coin’s alloy (partly could 
be dirt). The presence of iron and nickel in silver coins 
is associated to the instrument background (their area 
under the peaks are nearly identical to those observed in 
the BNF-C30.10.2 standard, Additional file  1: Table  S1, 
with less than 50 ppm of Fe and 100 ppm of Ni). The pres-
ence of cobalt and lead can be associated with the coin’s 
alloy. When measured near the rim (or coin border), 
some XRF spectra of the 1899 coin showed the presence 
of silver traces (Fig. 3b, inset) so its chemical composition 
was calculated from XRF data collected on three different 
points as close to the center as possible, to avoid silver 
peaks. In this regard, cobalt could not be precisely deter-
mined and is expected to be around 500 ppm as the peak 
area analysis of the two available standards containing 
cobalt (36X-CN23, with 500  ppm and 31X-B8-J2, hav-
ing 75 ppm) resulted in statistically identical results, very 
similar with the data of the coin.

The calculations using CloudCal gave the following ele-
mental composition in w/w percentages (mean of three 
points, with the parenthesis indicating the error percent-
age): Ni = 12.5(4), Cu = 67.8(6), Zn = 19.4(4), Fe = 0.19(9) 
and Pb = 0.07(6). Peak area analysis of lead in the 1899 
coin is slightly above the limit of detection and very close 
to the limit of quantification so its values must be inter-
preted with care.

The resulting composition, usually known as nickel 
silver, was compared with known Cu/Zn/Ni stand-
ard alloys since de 1970’s [23] and no close match was 
observed, which could indicate and older origin. To 
delve deeper into this aspect, the spectrum obtained 
for the dinero coin was compared with that obtained 
for different nickel-silver objects, including some coun-
terfeit and genuine coins.These objects (see Additional 
file  1: Tables S3, S4) cover a time span from the mid-
dle of the nineteenth century to the end of the twen-
tieth century. The spectra are shown in Fig.  4. As can 
be seen, the central part of the spectra (Ni/Cu/Zn sig-
nals) is very similar in all cases but differs on the sides. 
There are no lead signals at the higher energy end of 
the spectra in the most recent objects (upper half of the 
figure) but are common in older objects. On the lower 

Fig. 2  Metrological study of the 1899 dinero coin (black squares) 
in the context of other contemporary dinero coins from the 1863–
1917 period. a Yearly mean diameter, b mean thickness, and c 
mean weight. Standard deviation is included when three or more 
coins from the same year were available. Red square is the highly 
worn 1875 dinero coin from Fig. 1b. Grey areas cover the years 
when no dinero coins were minted (according to official figures). The 
horizontal line in a indicates the official diameter. Horizontal lines in c 
are the maximum and minimum legally accepted weights
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energy region, iron peaks are usually more intense 
in old objects, in which cobalt and manganese met-
als are also more common. These observations reduce 
the possibility of a recent manufacture of the coin and 
are consistent with an alloy prepared in the nineteenth 
century. The composition of the contemporary genu-
ine silver coins was not calculated in this research but 
their spectra are consistent with that expected for a 
90% (or higher) silver content as officially specified [18]. 
The great similarity in their spectra (which are almost 
superimposed) is an indication that their composition 
was kept nearly constant within all the years this mon-
etary unit existed (1863–1917).

The observation of blackening in most of the lettering 
sections of the coin (Fig.  1a(i)), together with the pres-
ence of silver in some spectra, were considered strong 
indications that the coin could have been once silver-
plated (the formation of silver sulfides or silver oxides 
gradually blackens the silver [24, 25]). The possibility of 
silvering was initially explored using SEM EDX. The SEM 
EDX study focused on the obverse (the side of the coat of 
arms) given that it was the most blackened side. Conse-
quently, if the coin had been silvered, this side would be 
the most plausible place for finding this metal. Figure  5 
shows two micrographs obtained in backscattered mode, 
one taken in an area near the rim, next to the inscription 

Fig. 3  Comparative X-ray fluorescence spectra of the four coins depicted in Fig. 1. a silver coins, b 1899 dinero coin measured closer to the rim. The 
inset of the XRF spectra selected in b shows the presence of a very small silver peak
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“FINO”, and the other taken over the cornucopia. While 
the cornucopia area shows a ‘‘clean’’ surface, the border 
area contains surface deposits between the letters of the 

legend. The EDX analysis shown in Fig. 4d, clearly indi-
cates the presence of silver in the deposit zone and its 
absence in the letter N and in the cornucopia. The fact 
that the area with silver is also the blackened area of the 
coin (Fig. 4a) confirms the previous supposition of an old 
(now missing) silver plated layer. The presence of Al, Si, 
O, Ca, and Mg elements can be associated with accu-
mulated dirt or Impurities associated with silver ores, as 
observed in ancient or reasonably old coins [9, 26].

Detailed elemental maps of the coin’s surface using the 
X-ray fluorescence instrument described earlier were 
carried out to gain knowledge of the silver distribution 
on the coin’s surface. Figure 6 shows that the silver is con-
centrated on the beaded border, while copper, nickel and 
zinc are evenly distributed. This observation is consistent 
with a previous presence of a silver coating that has been 
progressively worn off as a result of usage. As expected, 
the center shows no silver which is consistent with this 
being the part of the coin most eroded due to the rub-
bing of the fingers during manipulation. The region 
between the letters and the beaded border is especially 
suited for retaining dirt and the silver cover, as observed 
in the SEM–EDX measurements. The past existence of 
an upper layer covering the coin was also observed by 
microscopic examination: Fig. 7a shows some remains of 
what once seemed to have been the silver coating, clearly 
visible around some beads.

The plating method used for the coin is not known 
but mercury amalgamation, which was used for plating 
forged coins in the nineteenth century [27], can be dis-
carded given that no mercury has been detected on the 
surface. Although there are other silvering methods, elec-
troplating seems a plausible option. This latter method 
had been invented at the beginning of the nineteenth 
century and gained momentum with german silver and 
similar alloys which were easily silver-plated and pro-
fusely used as cheap household silverware substitutes 
with similar performance (high corrosion resistance and 
durability) [28].

The manufacturing process of the coin requires more 
work to establish. Genuine coins at the Lima Mint were 
always struck, but some images of Fig.  6b show typi-
cal characteristics of cast coins, such as remains of what 
appear to be air bubbles trapped in a casting mold, the 
absence of sharp edges in the legend’s letters and the 
grainy surface. Nevertheless, there is an intriguing 
absence of many of the typical cast characteristics: the 
coin’s diameter and width are well within the observed in 
contemporary genuine coins, and the reeded edge shows 
no cast line.

The alloy used in the coin was finally analyzed using 
X-ray diffraction. Figure 8a shows the diffraction patterns 
taken on both sides of the dinero coin. It can be observed 

Fig. 4  Comparative X-ray fluorescence spectra of the different 
objects described in Additional file 1: Tables S3, S4 made from similar 
alloys than the 1899 dinero coin (shown in the bottom). Full 
description of each object and corresponding photographs are 
in the supplementary information. CF counterfeit
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that both sides show the same simple pattern from which 
the main peaks were indexed considering a single phase 
with a cubic face-centered crystal structure (space group 
Fm3m ). This observation is consistent with the cubic 
α-phase of the copper-rich region in the ternary Cu-Ni-
Zn phase diagram [29]. A simple XRD pattern fit resulted 
in a unit cell of 3.645 Å, slightly larger than copper’s. This 
unit cell is consistent with a substitutional alloy contain-
ing a higher amount of zinc than nickel, as observed from 
the X-ray fluorescence compositional analysis [30]. Very 
small silver peaks are also observed, especially the (111) 
plane reflection of its face-centered cubic unit cell in the 
obverse side (the most blackened one). Again, this is con-
sistent with a silver-plated core from which most of the 
silver has been washed away.

Figure  8b shows the XRD pattern of the 1899 dinero 
coin, the patterns of two genuine modern coins made 
with nickel silver, and the simulated data of a non-tex-
tured nickel silver pattern (GSAS-II software was used in 
the simulation [31]). All patterns have been aligned and 
normalized to the intensity of the (111) diffraction plane 
in order to show the intensity difference with the other 
planes (the simulated pattern is offset on 2θ for com-
parison purposes). It is clearly seen from the different 
intensity relation of the diffracted planes that the mod-
ern struck coins show a preferred orientation that favors 
the (200) and, more prominently, the (220) planes. The 
1899 coin shows minimal or negligible preferred orienta-
tion in the (111) planes. These differences are consistent 
with published reports of textured cubic FCC alloys that 
have been uniaxially compressed, like struck coins, which 
tend to favor (200) and (220) crystallographic planes at 

the surface [32–34]. Cast FCC alloys, on the contrary, 
tend to show no texture (or one favoring (111) planes due 
to the solidification process [35]). Without a proper tex-
ture study with appropriate equipment (which is not the 
focus of this work), it is not possible to establish the exact 
growth directions in order to get more precise informa-
tion on the coining methods. However, data agree with a 
cast coining method for the 1899 dinero coin.

Discussion
The present study has shown that the analyzed 1899 din-
ero was made using a ternary Cu/Ni/Zn alloy, nowadays 
known as nickel silver (“german silver” was a more com-
mon name in the nineteenth century). The absence of a 
ternary Cu/Ni/Zn standard alloy since the 1970s with a 
similar composition, together with the presence of iron, 
cobalt, and lead in the alloy (elements which have also 
been observed in objects and counterfeit coins made with 
this alloy in the nineteenth century) make it reasonable 
to consider that this coin was made around the turn from 
the 19th to the twentieth century. In the nineteenth cen-
tury the composition of this alloy was difficult to stand-
ardize and their small compositional differences were 
known with different names (german silver, paktong, 
pakfong, Maillechort, Argentan, neusilver, etc.). German 
silver alloys enjoyed ample use for ornamental objects 
and silverware substitutes despite not containing silver 
in its composition. It is interesting to note that, during 
the first half of the nineteenth century, this alloy was 
widely used in the United States and Mexico to coun-
terfeit dollars and half dollars [36, 37], and by Canadian 
and US counterfeiters to forge Spanish colonial coins 

Fig. 5  SEM micrographs of selected obverse regions of the 1899 dinero b–c and the corresponding EDX spectra for the selected points 
on the images d. The red squares in a show the regions of the coin measured in the SEM–EDS instrument
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[38]. Different compositions of the alloy were also used 
for forging coins in Europe during the time mentioned. 
In fact, the chemical treaties published in the mid-nine-
teenth century included special chapters devoted to the 
detection of counterfeit objects (specially coins) that imi-
tated silver but were made using cheaper alloys such as 
german silver [39, 40].

When german silver was proposed to the US Mint 
in 1837 for its use in small coins, it was immediately 
rejected because it presented a fabrication problem: its 
exact composition was difficult to maintain due to the 
volatilization of zinc in the melting furnaces of that time. 
Moreover, since the properties of the resulting alloys 
were very similar regardless of the exact concentration, 
the counterfeiting of coins might be facilitated, resulting 

in a bigger problem [41]. Consequently, this alloy was 
not used for regular coinage in any country at the time. 
However, it was a common alloy used for token coinage 
(low-value money emitted by private land owners, plan-
tation owners, etc.) in the Danish West Indies (now Vir-
gin Islands) from 1887 to 1892 [42], and in many other 
Central American and Caribbean countries such as Cuba, 
Jamaica, Puerto Rico, Costa Rica, El Salvador, and Guate-
mala during the second half of the 19th century [43].

The X-ray fluorescence data also indicates that the coin 
was once silver plated. This was also part of counterfeit-
ing practices. In fact, counterfeit silver-plated german sil-
ver coins were also observed in the United States in the 
nineteenth century [44]. The use of silver-plated alloy 
was as elegant as pernicious choice from counterfeiters 

Fig. 6  XRF compositional maps of both sides of the 1899 dinero coin. a reverse, b obverse. Each side contains elemental maps of the 4 main 
elements detected, and includes the grid of the measurement points. The compositional maps are self-consistent: the color intensity for each 
element is proportional to its concentration in the different locations of the coin’s surface. The intensity between elements, however, cannot 
be considered proportional to their relative concentration. An example of two XRF spectra, one taken on the blackened border, and the other 
in the center of the reverse side, are shown in c 
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Fig. 7  Detailed images of selected sections of the 1899 coin. a obverse and b reverse. The remnants of an old silver-plated layer are clearly seen 
in images (1), (2) and (3). Surface roughness and what appear to be cast bubbles are shown on (4), (5) and (6)
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because it was an inexpensive process (used for cheap 
household silverware substitutes) and ordinary currency 
users were not accustomed to differentiating silver-made 
from silver-plated objects, especially if they were as small 

as the present coin (of just ~ 2,5  g). If we consider that 
both silver and silver-plated coins tarnished similarly 
upon use, discrimination between counterfeit and legal 
coins must had been very difficult for the general public.

Fig. 8  a X-ray diffraction patterns taken on the reverse and obverse sides of the un dinero coin. Asterisks indicate the single face-centered cubic 
phase indexed with a 3.645 Å unit cell. Arrows indicate the small peaks of the silver used for plating. b XRD patterns of the 1899 dinero compared 
with two modern Peruvian struck coins and the simulated pattern of an ideal non-textured nickel silver alloy. The peak position and intensity 
of the (111) plane have been normalized whereas the simulated data has been shifted for ease of comparison
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The presence of what appear to be remnants of bub-
bles, the observation of blurred or not well-formed let-
tering, the grainy surface shown in most of the images of 
Fig. 7, and the XRD data indicate that the coin was prob-
ably made by casting, which was the simplest and cheap-
est process used by counterfeiters of coins intended for 
the general public [45, 46]. It is to note, however, that 
the width and diameter of the coin fit perfectly with the 
genuine coins. Since nickel silver can experience up to 2% 
contraction upon cooling from the melt (on the basis of 
its thermal expansion coefficient [47]), the forgers must 
have had excellent metallurgical knowledge to create an 
appropriate mold that would compensate for such effects.

The last question to be answered is why was a coin that 
was never minted counterfeited? It is our belief that this 
counterfeit coin was not made as a numismatic rarity to 
deceive modern collectors (it had already been dubbed 
as “probable” counterfeit in all catalogs) but rather to be 
used as current money (its worn state indicates ample 
use). As indicated before, counterfeiters usually make 
common coins that do not draw attention expecting 
them to pass unnoticed [4]. This is why an 1899 dinero 
coin is surprising for modern collectors and numismatist 
but probably not for its users in the past. In 1899 other 
fractional Sol coins used for small commerce (such as 
the quintos and medio dineros), had been coined at the 
Lima Mint so there was no reason to doubt the 1899 
dinero. The logic behind the existence of this counterfeit 
coin must then rely on the critical situation of Peruvian 
small commerce. The need for fractional coins of low 
denomination for daily commerce was so high during the 
nineteenth century [11, 12, 48], that probably this extra 
currency was passed inadvertently and could have even 
been welcome by users. This is not a bold supposition, as 
the same reason has been used to explain the great num-
ber of counterfeited small-value coins that circulated in 
the United States during the eighteenth century [49], and 
also in Canada and Mexico in the eighteenth and nine-
teenth century [50].

There are still two open questions, however: given that 
no dinero coins were struck in 1899, the coin from which 
this copy was made, and where it came from, remains a 
mystery. The coin’s letterings are slightly misaligned with 
contemporary coins but not the "seated Liberty" image 
or the coat of arms so this coin might have been an ad 
hoc creation by the counterfeiters inspired in the design 
of previous year’s coins. But why using a year in which 
no dinero coin were minted? The explanation might be 
related with a foreign origin of the coin: given that ger-
man silver alloy was almost absent in coins and tokens of 
Peru at the time, counterfeiters might have been located 
abroad (where the alloy was more widespread). This 

would explain the coining date: they might have been 
unaware of the inexistence of the 1899 dinero. Desperate 
users in need of small change coins probably overlooked 
the detail. Nevertheless, local origin of the coin cannot 
be discarded: german silver objects (as those shown in 
Additional file 1: Tables S3, S4) were not uncommon at 
the time. Moreover, preliminary data compiled in Addi-
tional file 1: Table S5 show that few german silver coun-
terfeit coins had already circulated in the middle of the 
nineteenth century.

These unanswered questions pave the way for future 
historical and scientific studies on coin counterfeiting 
in Peru from the late nineteenth century to the early 
twentieth century and its connection to similar regional 
practices.

Conclusions
The present study has been focused on unveiling the 
chemical composition and coining characteristics of an 
1899 dinero coin whose authenticity was doubtful since 
there was no official record of its minting. The combined 
use of different analytical techniques has made it possible 
to verify that neither the manufacturing methods nor the 
composition of the coin are those observed in the origi-
nal coins of the time (late nineteenth century). The alloy 
used and the fabrication method, together with the rem-
nants of al old silver layer and the high wear observed, are 
consistent with a coin made at the turn of the nineteenth 
and twentieth centuries that circulated for a long period 
of time. The use of german silver indicates that counter-
feiters of coins shared their knowledge all through the 
Americas and with the Old World. The source of the coin 
might have been a North or Central American country, 
as this alloy was uncommon in Peru (at least for coinage 
purposes) at that time. Nevertheless, local origin cannot 
be discarded as other german silver counterfeit coins and 
objects existed during that period. Although it is difficult 
to be certain, this counterfeited coin could have passed 
unnoticed due to the vital need for small change for daily 
commerce. Together, these data fill an existing gap in 
Peruvian numismatics regarding the composition of this 
unofficial coin whose existence, known to the interna-
tional numismatic community at least sin 1978, stands as 
a reminder of a troubled historical period when counter-
feiting, despite being an illegal activity, provided the nec-
essary means to sustain commerce.
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SDD	� Silicon drift detector



Page 12 of 13Ortega‑San‑Martín and Bravo‑Hualpa ﻿Heritage Science          (2023) 11:251 

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40494-​023-​01092-2.

Additional file 1. The additional file material contains 5 tables with infor‑
mation of the XRF standards used for the chemical analysis, metrological 
data of the coins, compositional analysis of several objects from the late 
19th and early 20th century and their photographs and, finally, preliminary 
data on the alloys used in some Peruvian counterfeit coins.

Acknowledgements
The Center for Materials Characterization (CAM-PUCP) is acknowledged for 
allocating us time in SEM and XRD instruments. Javier Nakamatsu is acknowl‑
edged for his help with the microscopical examination of the coin. Special 
acknowledgments are for all the Numismatic Society of Peru (SNP) members, 
including F.R. and R.C.A., who provided the authors with several nickel-silver 
objects and old counterfeit coins used here for comparisons. Father Alfredo 
Ruska S. J. from Basilica and Convent of San Pedro (Lima) is acknowledged for 
granting us access to the church’s sacred objects. Art conservator N. Junchaya 
is recognized for her help with the analyses at San Pedro.

Author contributions
LOSM designed the study, performed the XRF and XRD measurements and 
wrote the paper. FB carried out and interpreted SEM measurements and wrote 
the paper.

Funding
Materials for this research were supported by the Dirección de Fomento de 
Investigación (Project number FAI-0010-2022) and the Departamento Aca‑
démico de Ciencias, Pontificia Universidad Católica del Perú.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article and its Additional file information files.

Declarations

Competing interests
The authors declare that they have no competing interests.

Received: 3 August 2023   Accepted: 16 November 2023

References
	1.	 Kroh D. Knowledge and experience are cited as the best combatants 

against fakes and forgeries. The celator. 1990;4:24–9.
	2.	 Larson CM. Numismatic forgery. Irvine: Zyrus Press; 2004.
	3.	 Jones MA, Craddock P, Barker NJ, editors. Fake? The art of deception. Los 

Angeles: University of California Press; 1990.
	4.	 Kleeberg JM, editor. Circulating Counterfeits of the Americas. Proceed‑

ings of the 14th Coinage of the Americas Conference. The American 
Numismatic Society. New York. 2000. http://​archi​ve.​org/​detai​ls/​circu​latin​
gcoun​t0000​klee

	5.	 Hložek M, Trojek T. Silver and tin plating as medieval techniques of 
producing counterfeit coins and their identification by means of micro-
XRF. Radiat Phys Chem. 2017;137:234–7. https://​doi.​org/​10.​1016/j.​radph​
yschem.​2016.​08.​013.

	6.	 Vlachou C, McDonnell JG, Janaway R. New evidence for the process used 
to silver plate counterfeit Dirhams. Numis Chron. 2002;162:356–8.

	7.	 Mezzasalma AM, Mondio G, Serafino T, de Fulvio G, Romeo M, Salici A. 
Ancient coins and their modern fakes: an attempt of physico-chemical 
unmasking. Mediterr Archaeol Archaeom. 2009;9:15–28.

	8.	 Perucchetti L, Dowler A. The bad side of recycling the use of ancient 
coins as a source of material for modern forgeries. Archaeometry. 
2022;64:75–86. https://​doi.​org/​10.​1111/​arcm.​12738.

	9.	 Pearson PN, Botticelli M, Ericsson J, Olender J, Spruženiece L. Authenticat‑
ing coins of the ‘roman emperor’ Sponsian. PLoS ONE. 2022;17: e0274285. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02742​85.

	10.	 Hida M, Sato H, Sugawara H, Mitsui T. Classification of counterfeit coins 
using multivariate analysis with X-ray diffraction and X-ray Fuorescence 
methods. Forensic Sci Int. 2001;115(129):134. https://​doi.​org/​10.​1016/​
S0379-​0738(00)​00309-1.

	11.	 Flatt HP. The coins of independent Peru, volume VI: decimal silver coins 
1858–1935 Terrell (texas): Haja Enterprises; 2000.

	12.	 Yábar AF. Las últimas acuñaciones provinciales, 1883–1886: las Casas de 
Moneda de Cuzco y Arequipa después de la Guerra del Pacífico [The last 
provincial coinages, 1883–1886: the Mint of Cuzco and Arequipa after the 
Pacific War]. Lima: Self Published; 1996.

	13.	 Zavala Stanbury JC. Moneda decimal de plata peruana [Peruvian decimal 
silver coins]. Rev Numismática del Perú. 1981. 38–52.

	14.	 Almanzar A, Seppa DA. The Coins of Peru 1822–1972 San Antonio. Texas: 
Almanzar’s coins of the world; 1972.

	15.	 Cuhaj GS, Michael T, editors. Standard Catalog of World Coins 1801–1900. 
7th ed. Iola, Wisconsin: Krause Publications; 2012.

	16.	 Beltran G. Monedas peruanas y sus variantes, 1863–1981[Peruvian coins 
and their variants, 1863–1981]. Lima: Self Published; 1982.

	17.	 Roeder R. Las monedas peruanas de 9 décimos y sus variantes [Peruvian 
coins of 9 decimos and their variants]. Lima: Self Published; 1978.

	18.	 Sarango-Ramírez MK. Estudio cronológico de la composición química 
de monedas de sol de plata acuñadas entre 1863 y 1917 por medio de 
fluorescencia de rayos X portátil [Chronological study of the chemical 
composition of silver sol coins minted between 1863 and 1917 by means 
of portable X-ray fluorescence]. Pontificia Universidad Católica del Perú. 
2018. http://​repos​itorio.​pucp.​edu.​pe/​index/​handle/​12345​6789/​146601

	19.	 Al-Saad Z, Rababah M. A systematic scientific analysis for the detection 
of forged copper based coins. Sci Cult. 2020;6:11–22. https://​doi.​org/​10.​
5281/​zenodo.​37248​42.

	20.	 Drake L. CloudCal v3.0. GitHub. https://​github.​com/​leedr​ake5/​Cloud​Cal. 
2018.

	21.	 Da Silva AC, Triantafyllou A, Delmelle N. Portable x-ray fluorescence 
calibrations: workflow and guidelines for optimizing the analysis of geo‑
logical samples. Chem Geol. 2023;623: 121395. https://​doi.​org/​10.​1016/j.​
chemg​eo.​2023.​121395.

	22.	 Ginocchio M. Centenario del “sol” peruano (1863–1963) [Centennial of 
the Peruvian “sol” (1863–1963)]. Numisma (Revista la Soc Iberoam Estud 
numismáticos). 1965;77:15–51.

	23.	 Copper-Development-association-Inc. Application datasheet. standard 
designation for wrought copper alloys. 2023. p. 74. https://​www.​copper.​
org/​resou​rces/​prope​rties/​db/​datas​heets/​all-​alloys.​pdf

	24.	 White WW. Sulfide and the toning process. Numis. 1990;103:398–402.
	25.	 Watkinson D. Conservation, corrosion science and evidence-based 

preservation strategies for metallic heritage artefacts. In: Dillmann P, 
Watkinson D, Angelini E, Adriaens A, editors. Corrosion and conservation 
of cultural heritage metallic artefacts. Darya Ganj: Woodhead Publishing 
Limited; 2013.

	26.	 Nord AG, Tronner K. Analysis of Swedish silver coins: silver surface enrich‑
ment, dirt, corrosion, polishing, and origins. Stud Conserv. 2020. https://​
doi.​org/​10.​1080/​00393​630.​2020.​17814​09.

	27.	 La Niece S. Silver plating and patination cultural, technical & historical 
developments. Oxford: Butterworth-Heinemann; 1993.

	28.	 Bureau of Standards. Circular of the bureau of standards, no100, Nickel. 
Washington: Department of Commerce; 1921.

	29.	 Jiang M, Wang CP, Liu XJ, Ohnuma I, Kainuma R, Vassilev GP, et al. Thermo‑
dynamic calculation of phase equilibria in the Cu-Ni-Zn system. J Phys 
Chem Solids. 2005;66:246–50. https://​doi.​org/​10.​1016/j.​jpcs.​2004.​08.​039.

	30.	 Pearson WB. A Handbook of Lattice Spacings and Structures of Metals 
and Alloys. London: Pergamon Press; 1964. https://​doi.​org/​10.​1016/​
C2013-0-​08243-6.

	31.	 Toby BH, Von Dreele RB. GSAS-II: The genesis of a modern open-source 
all purpose crystallography software package. J Appl Crystallogr. 
2013;46:544–9. https://​doi.​org/​10.​1107/​S0021​88981​30035​31.

	32.	 Bartoli L, Agresti J, Mascalchi M, Mencaglia A, Cacciari I, Siano S. 
Combined elemental and microstructural analysis of genuine and fake 
copper-alloy coins. Quantum Electron. 2011;41:663–8. https://​doi.​org/​10.​
1070/​QE201​1v041​n07AB​EH014​523.

https://doi.org/10.1186/s40494-023-01092-2
https://doi.org/10.1186/s40494-023-01092-2
http://archive.org/details/circulatingcount0000klee
http://archive.org/details/circulatingcount0000klee
https://doi.org/10.1016/j.radphyschem.2016.08.013
https://doi.org/10.1016/j.radphyschem.2016.08.013
https://doi.org/10.1111/arcm.12738
https://doi.org/10.1371/journal.pone.0274285
https://doi.org/10.1016/S0379-0738(00)00309-1
https://doi.org/10.1016/S0379-0738(00)00309-1
http://repositorio.pucp.edu.pe/index/handle/123456789/146601
https://doi.org/10.5281/zenodo.3724842
https://doi.org/10.5281/zenodo.3724842
https://github.com/leedrake5/CloudCal
https://doi.org/10.1016/j.chemgeo.2023.121395
https://doi.org/10.1016/j.chemgeo.2023.121395
https://www.copper.org/resources/properties/db/datasheets/all-alloys.pdf
https://www.copper.org/resources/properties/db/datasheets/all-alloys.pdf
https://doi.org/10.1080/00393630.2020.1781409
https://doi.org/10.1080/00393630.2020.1781409
https://doi.org/10.1016/j.jpcs.2004.08.039
https://doi.org/10.1016/C2013-0-08243-6
https://doi.org/10.1016/C2013-0-08243-6
https://doi.org/10.1107/S0021889813003531
https://doi.org/10.1070/QE2011v041n07ABEH014523
https://doi.org/10.1070/QE2011v041n07ABEH014523


Page 13 of 13Ortega‑San‑Martín and Bravo‑Hualpa ﻿Heritage Science          (2023) 11:251 	

	33.	 Kockelmann W, Siano S, Bartoli L, Visser D, Hallebeek P, Traum R, 
et al. Applications of TOF neutron diffraction in archaeometry. Appl 
Phys A Mater Sci Process. 2006;83:175–82. https://​doi.​org/​10.​1007/​
s00339-​006-​3503-6.

	34.	 Xie Y, Lutterotti L. Texture analysis of ancient coins with TOF. J Mater Sci. 
2004;39:3329–37. https://​doi.​org/​10.​1023/B:​JMSC.​00000​26933.​28906.​19.

	35.	 Spittle JA. Preferred orientations in cast metals. Mater Sci Technol. 
2005;21:546–50. https://​doi.​org/​10.​1179/​17432​8405X​42974.

	36.	 Davignon K, Karoloff BS. Circulating Counterfeit Capped Bust Half Dollars, 
1807–1839. In: Kleeberg JM, editor. Circulating Counterfeits of Proceed‑
ings the Americas the 14th Coinage of the Americas. New York: The 
American Numismatic Society; 2000.

	37.	 Riddell JL. A Monograph of the Silver Dollar: Good and Bad. New Orleans: 
Norman. 1845. https://​books.​google.​com.​pe/​books?​id=​YwAXA​AAAYA​
AJ&​print​sec=​front​cover​&​hl=​es&​source=​gbs_​ge_​summa​ry_​r&​cad=0#​v=​
onepa​ge&​q&f=​false

	38.	 Lorenzo JP. The counterfeit spanish two reales Canadian Blacksmiths or 
North American Tokens. In: Kleeberg JM, editor. Circulating Counterfeits 
of the Americas of the 14th Coinage of the Americas Conference. New 
York: The American Numismatic Society; 2000.

	39.	 Chevallier A, Bautrimont E. Dictionnaire des altérations et falsifications 
des substances alimentaires, médicamenteuses et commerciales avec 
l’indication des moyens de les reconnaître [Dictionary of alterations and 
falsifications of food, medicinal and commercial substances with the 
indication of the means of recognizing them]. 6 ed. Paris: Asselin et Cia., 
Libraire de la Faculté de Mèdecine; 1882.https://​books.​google.​com.​pe/​
books?​id=​of00A​QAAMA​AJ&​print​sec=​front​cover​&​dq=​Dicti​onnai​re+​
des+​altératio​ns+​et+​falsi​ficat​ions+​des+​subst​ances​&​hl=​es&​sa=​X&​redir_​
esc=y#​v=​onepa​ge&q=​Dicti​onnai​re des altérations et falsifications des 
substances&f=false

	40.	 Will H, Botet y Jonullá R. Tratado de Análisis Química y Resumen de 
Química legal [Treatise on Chemical Analysis and Summary of Legal 
Chemistry ]. 3 ed. Lerida: Imprenta y librería de José Sol; 1856.https://​
books.​google.​com.​pe/​books?​id=​oNQ8J​Qp354​8C&​print​sec=​front​cover​&​
hl=​es&​source=​gbs_​ge_​summa​ry_​r&​cad=0#​v=​onepa​ge&​q&f=​false

	41.	 Feely EF. Nickel’s contribution to the art of coinage. Numis. 1941;54:343–7.
	42.	 Carlsen OB. The Coinage of the Danish West Indies, or the Virgin Islands. 

In: Furber EA, editor. The Coinages of Latin America and the caribbean an 
anthology Lawrence. Massachusetts: Quarterman Publications; 1971.

	43.	 Rulau R. Latin american tokens. 2nd ed. Iola, Wisconsin: Krause Publica‑
tions; 2000.

	44.	 Counterfeit coin. Sci Am. 1878. 38:368–9. 
	45.	 Craddock P. Scientific investigation of copies, fakes and forgeries. Oxford: 

Butterworth-Heinemann (Elsevier). 2009. https://​www.​routl​edge.​com/​
Scien​tific-​Inves​tigat​ion-​of-​Copies-​Fakes-​and-​Forge​ries/​Cradd​ock/p/​
book/​97803​67606​275

	46.	 Gainor JR. Detection of altered and counterfeit ancient coins requires 
basic understanding. The celator. 1992;6:6–27.

	47.	 Smith WF, Hashemi J, Presuel-Moreno F. Foundations of materials science 
and engineering, 6th ed. New York: McGraw-Hill Education; 2019

	48.	 Flatt HP. Politics and the peruvian gold coins of 1862–63. Numis. 
1995;108:701–4.

	49.	 Mossman PL, Smith CW. Imported and domestic counterfeit copper 
coins in pre-federal America. In: Kleeberg JM, editor. Circulating Counter‑
feits of the Americas of the 14th Coinage of the Americas. New York: The 
American Numismatic Society; 2000.

	50.	 Akin MH, Bard JC, Akin K. Numismatic archaeology of North America a 
field guide. New York: Taylor Francis; 2016.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1007/s00339-006-3503-6
https://doi.org/10.1007/s00339-006-3503-6
https://doi.org/10.1023/B:JMSC.0000026933.28906.19
https://doi.org/10.1179/174328405X42974
https://books.google.com.pe/books?id=YwAXAAA​AYA​AJ&printsec=frontcover&hl=es&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com.pe/books?id=YwAXAAA​AYA​AJ&printsec=frontcover&hl=es&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com.pe/books?id=YwAXAAA​AYA​AJ&printsec=frontcover&hl=es&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com.pe/books?id=of00AQAAMAAJ&printsec=frontcover&dq=Dictionnaire+des+altérations+et+falsifications+des+substances&hl=es&sa=X&redir_esc=y#v=onepage&q=Dictionnaire
https://books.google.com.pe/books?id=of00AQAAMAAJ&printsec=frontcover&dq=Dictionnaire+des+altérations+et+falsifications+des+substances&hl=es&sa=X&redir_esc=y#v=onepage&q=Dictionnaire
https://books.google.com.pe/books?id=of00AQAAMAAJ&printsec=frontcover&dq=Dictionnaire+des+altérations+et+falsifications+des+substances&hl=es&sa=X&redir_esc=y#v=onepage&q=Dictionnaire
https://books.google.com.pe/books?id=of00AQAAMAAJ&printsec=frontcover&dq=Dictionnaire+des+altérations+et+falsifications+des+substances&hl=es&sa=X&redir_esc=y#v=onepage&q=Dictionnaire
https://books.google.com.pe/books?id=oNQ8JQp3548C&printsec=frontcover&hl=es&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com.pe/books?id=oNQ8JQp3548C&printsec=frontcover&hl=es&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.com.pe/books?id=oNQ8JQp3548C&printsec=frontcover&hl=es&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://www.routledge.com/Scientific-Investigation-of-Copies-Fakes-and-Forgeries/Craddock/p/book/9780367606275
https://www.routledge.com/Scientific-Investigation-of-Copies-Fakes-and-Forgeries/Craddock/p/book/9780367606275
https://www.routledge.com/Scientific-Investigation-of-Copies-Fakes-and-Forgeries/Craddock/p/book/9780367606275

	Analytical study of an 1899 Peruvian dinero: unveiling the mystery of a coin that wasn’t officially minted
	Abstract 
	Introduction
	Experimental
	Results
	Macroscopic and metrological description of the coin
	Analytical study of the coin

	Discussion
	Conclusions
	Anchor 10
	Acknowledgements
	References


