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Abstract - Two of a group of thirty coins dating 
between to 1st century BC and 1st century AD, found 
in the so-called “Grotta delle Ninfe” near Cerchiara di 
Calabria (Calabria, Italy), and preserved in the display 
case of the Brettii and Enotri Museum in Cosenza
(Calabria, Italy) have been under archaeometric 
investigation. This paper aims to understand the 
oxidation processes, know constituent material and 
find hidden signs or inscriptions on the coins by means 
of X-ray fluorescence (XRF) portable spectrometer 
and X-ray microtomography (X-ray μ-CT) in order to 
make the hypothetical inscriptions readable, to know 
the period of manufacture and their provenance. The 
coins collection will be analysed in future research to 
make the inscriptions readable and identify the coins’ 
provenience and typology. 
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I. INTRODUCTION
At the base of Mount Sellaro, a limestone relief of the 
Pollino massif, there is the "Grotta delle Ninfe" (fig. 1), a
cave of natural origin (Cerchiara di Calabria, Calabria, 
Italy). The "Grotta delle Ninfe" is an ancient source of 
sulphurous water, which flows at a nearly constant 
temperature of 30°C. Thanks to the therapeutic effect of 
sulphurous water, this cave is used for healing baths, also 
known as "Grotta dei Bagni".

Figure 1: The red point represents the places where the 
coins under investigation were found (a); the interior of 

the “Grotta delle Ninfe” (b)

Archaeological studies [1] carried out at the "Grotta delle 
Ninfe" have demonstrated that in this place, there was a 
continuity of use and attendance since Prehistory. This is 
confirmed both by oral stories and literary sources [1] and
by the natural context, characterized by the presence of 
caves and water sources. The cave looks like a votive 
deposit and a sacred place. Furthermore, the presence of 
the Sanctuary of the “Madonna delle Armi” - whose origin 
goes back to the 10th century and whose name recalls the 
presence of caves - indicates the persistence of worship in 
this area.
In 1905, a large group of oil lamps and coins from the 
Imperial Roman age were found in the “Grotta delle 
Ninfe” cave. These archaeological finds are now preserved 
at the Brettii and Enotri Museum in Cosenza (Calabria, 
Italy), and the coins are catalogued in Coins Collection 
Catalogue  [2-3].
The type of oil lamps found is among the most widespread 
in Italy and in the Mediterranean area, between the 
Augustan age (44 BC - 14 AD) and the 2nd century AD
[4].

Cerchiara di 
Calabria
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It was possible to relate the finds to either the Julio-
Claudian dynasty (27 BC – 68 AD) or the Flavian dynasty 
(69 AD – 96 AD) based on the contextual discovery of 
lamps and coins.
Here, we show how to characterize the alteration processes 
and analyse the constituent materials of the coins 
conserved in the Brettii and Enotri museum in Cosenza. 
Specifically, we focus on two of the thirty coins in the 
aforementioned collection. The samples labelled M73 and 
M75 are altered (see Fig. 2a-b). We compared them with a 
coin in relatively better conservative conditions (M94 in 
the catalogue). This coin, which is used as a reference 
sample, is shown in figure 2c-d.
Chemical and morphological studies were carried out by 
means of both an X-ray fluorescence (XRF) portable 
spectrometer and an X-ray microtomography apparatus 
(X-ray μ-CT). 
The XRF investigations presented in this paper were 
performed by an “Artax 400” portable X-ray spectrometer 
from Bruker at the X-ray and Raman Spectroscopy
laboratory of the Department of Biology, Ecology and 
Earth Sciences (University of Calabria). This technique is
one of the most common and straightforward used in 
archaeometry studies [5-6]. The XRF chemical 
investigation allow us to detect the coin’s chemical nature 
and to understand the alteration processes. Two 
measurement points were chosen for each coin and 
averaged between them. The parameters used to perform 
the XRF measurements are energy 50 keV; voltage 50 kV; 
current 700 μA; collimator 0.65 mm; exposition time for 
each measurement 1200 s.
X-ray μ-CT, one of the most powerful imaging techniques 
for inspecting the internal morphology of an object, is a 
diagnostic method which is frequently used in different 
fields of science [7-9], and in particular, in cultural 
heritage [10–12]. One of the advantages of X-ray μ-CT is 
that it is a non-destructive method and it does not require 
a specific sample preparation. It is used to characterize 
material inner microstructure in three dimensions with a
resolution of the order of microns [13–15]. 
Microtomographic measures were performed at the 
experimental station @STAR Lab at the University of 
Calabria, whose main components are a microfocus source 
(Hamamatsu L12161-07), a flat panel detector 
(Hamamatsu C7942SK-05), and a sample positioning and 
rotation system. The measurement parameters are voltage 
150 kV; current 66 μA; exposure time for each projection 
0.5 s; scaled pixel size is 16.67 μm. The tomographic 
reconstructions were performed by correcting by the ring 
artefact and the beam hardening compensation parameters 
[16–18].
Our results permit, on the one hand, to unveil the period of 
manufacture and provenance of the finds and, on the other 
hand, to reveal the presence of hidden signs, such as 
readable inscriptions.

Figure 2: M73 (a) and M75 (b) coins; obverse (c) and 
reverse (d) of the M94 coin found in better conservative 

conditions 

II. RESULT AND DISCUSSION
As a result of the XRF analysis, the chemical composition 
of each coin is very similar to each other, and then the 
average of each measure was calculated. The surface
measurements revealed a copper and sulphur presence,
whose relative weights are (33.15 ± 1.41)% and (66.44 ± 
1.35)%, respectively. Other secondary elements are 
present: Ti (0.06 ± 0.05)%, Fe (0.10 ± 0.04)%, Zn (0.10 ± 
0.02)%, As (0.02 ± 0.01)%, Sn (0.03 ± 0.01)%, Pb (0.12 ± 
0.02)%. In fig. 3 is shown a XRF spectrum representative 
of the M73 coin.

Figure 3: Representative XRF spectrum of the M73 coin 

The long permanence of the Roman coins in sulphur water 
springs caused several chemical processes that formed a 
thick layer of black crust presumably made by copper 
sulphide minerals, like Chalcocite and Brochantite [19-
21]. Further studies, like  Raman spectroscopy and X-ray 
Diffraction investigations, can help to understand better 
the oxidation processes concerning the findings.
On this base, we can affirm that coins are mainly 
constituted of copper metal. 
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The X-ray μ-CT images shown in figures 4 and 5 report a 
longitudinal (a) and transverse (b) virtual section of the 
M73 and M75 coins, respectively. The outer sulphur-rich 
layer that covers the coins bulk is clearly discernible. In 
both cases, the internal coins thickness is 3.5 mm while the 
sulphur-rich layer thickness is 1.5 mm in average. The 
coin’s diameter is approximately 28-30 mm. The coins
thickness and diameter values are very close to those of the 
M94 coin.

Figure 4: longitudinal (a) and transverse (b) grayscale 
slice of the M73 coin

Figure 5: longitudinal (a) and transverse (b) grayscale 
slice of the M75 coin

The X-ray μ-CT surveys of the M73 and M75 samples 
revealed a series of signs like those found on the M94 
coin’s surface.
The M73 coin’s grayscale cut (virtual section) shown in 
figure 5a own a profile of a thicker layer similar to the head 
profile present in the M94 coin, shown in figure 6b.

Figure 6: M73 coin’s grayscale slice (a) show a profile 
similar to head profile in M94 coin (b)

Other marks are attributable to an inscription found in the 
M73 and M75 coins. The false colour slices of the M73 
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and M75 coins shown in figure 7b and figure 7c,
respectively, show a series of marks similar to those 
constituents the inscription on the M94 coin (see the 
modified picture in figure 7a).

Figure 7: Area of the coin M94modifiedpicturein which 
inscriptions are visible (a); false colour slice of the M73
coin area in which relevant signs are visible (b); false 

colour slice of the M75coin area in which relevant signs 
are visible (c).

III. CONCLUSION
M73 and M75 coins preserved in the Brettii and Enotri
Museum in Cosenza have been studied by complementary 
physical methodologies means as X-ray μ-CT and XRF 
portable spectroscopy. These wholly non-invasive and 
non-destructive methods have allowed us to understand 
the oxidation processes, know constituent material, and 
find hidden signs or inscriptions.
Both coins are made of copper, and have followed an 
oxidation process due to the sulphur spring near the 
discovery site. Oxidation layers made the coins’
inscriptions unreadable. Thanks to morphological studies 
by X-ray μ-CT, we could find signs and inscriptions 
compatible with the inscriptions on the reference coin. 
Therefore, we can say that the coins analysed belong to the 
same typology and we can confirm the archaeological 
hypothesis to relate the finds to either the Julio-Claudian 
dynasty (27 BC – 68 AD) or the Flavian dynasty (69 AD –
96 AD).

Then all the collection coins will be analysed in future 
research to make the inscriptions readable and identify the 
coins’ provenience and typology.
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