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Abstract It is assumed that the unique wall mirrors found at the Archaeological Park of Pompeii (PAP) are made of obsidian.
To contribute to the knowledge of those archaeological artefacts, this work proposes in situ elemental analyses in collaboration
with PAP seeking to determine, in a total no-destructive way, the composition and provenance of the main mirror preserved at the
House of Gilded Cupids. Comparing the geochemical composition of this black glass with that of obsidian samples collected from
the main Mediterranean sources, both X-ray fluorescence (XRF) and laser-induced breakdown spectroscopy (LIBS) confirmed an
incompatible content of many key elements. LIBS in-depth analysis excluded the potential relation between the higher concentration
of Ca and Mg and the presence of alteration products. In addition, XRF analysis missed the detection of Rb, Y, Zr and Nb, which
are widely recognized as the elemental fingerprints of obsidian sources. Combined with the detection of a high content of strontium
(500–700 ppm), the in situ elemental data proved that, rather than made of obsidian, the analysed mirror was handcrafted by the
fusion of coastal sand. Waiting to extend this study to the other mirrors found at Pompeii, the results here presented indicate the
history of these unique artefacts needs to be rewritten.

1 Introduction

The eruption of Mount Vesuvius that occurred in 79 AD buried the city of Pompeii under several meters of volcanic ashes, pumices and
debris [1]. The volcanic material sealed the remains of the Roman city, favouring its optimal preservation until modern days. Beyond
the world famous wall paintings [2, 3] and mosaics [4, 5] decorating Pompeian residences and public buildings, the archaeological
excavations started in the eighteenth century (and still ongoing) enabled the retrieval of many daily life objects that contributed to
unveil new information about Roman habits and customs. Among them, the wall mirrors decorating the House of Gilded Cupids
(two mirrors), the Domus of Euplia (one) and the House of Efebo (one) represent a particularly interesting case of study [6]. Indeed,
to the authors’ knowledge, these are only artefacts of this kind to be ever retrieved from Roman archaeological sites.

Due to their vitreous composition, black colour, and shiny appearance, Pompeian mirrors have always been considered to be made
of obsidian. Indeed, being a very resistant volcanic glass formed by rapidly cooled lava [7], obsidian has been widely employed
since prehistoric age to craft numerous kinds of weapons, tools and ornamental objects [8]. Knowing that 1) the number of obsidian
sources exploited and/or commercialized under the Roman empire were quite limited, and 2) each obsidian outcrop presents an
unique and very homogeneous chemical composition (data dispersion estimated in±1% for major elements and between 2 and 5%
for minor and trace elements [9]), geochemical analysis can be used to disclose the provenance of ancient obsidian artefacts [10,
11]. Inductively coupled plasma mass spectrometry (ICP-MS) [12, 13], particle-induced X-ray emission (PIXE) [10, 14], scanning
electron microscope (SEM) [15] and X-ray fluorescence (XRF) [16, 17] benchtop instruments have been widely used for this purpose,
providing excellent results. By comparing the elemental composition of archaeological artefacts with obsidian fragments sampled
from the main Mediterranean sources, geochemical analyses can be effectively used to determine the provenance of obsidian objects,
thus reconstructing ancient trading routes [8].

Although the mentioned analytical methods could effectively indicate composition and origin of raw materials, the common
assumption that Pompeian wall mirrors are made of obsidian has only recently been reconsidered [18]. On the one hand, this is due
to the fact that sampling the glass material is strictly forbidden, which makes impossible to carry out laboratory analyses. On the
other hand, despite the good results so far provided by portable XRF instruments [11, 19–21], the reliability of in situ provenance
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methods applied to the study of highly degraded or altered artefacts (as is the case of Pompeian wall mirrors) still needs to be
assessed.

In a previous study, carried out by the IBeA Research group through the in situ use of portable spectroscopic techniques, the
conservation of the two mirrors found at the House of the Gilded Cupids was proved to be threatened by the deposition of nitrates,
sulphates and goethite crusts [6]. Caused by the impact of atmospheric acid pollutants such as CO2, NOx and SOx, the elemental
composition of these alteration products could affect in situ XRF analysis, compromising the reliability of provenance studies.

To overcome that issue, the development of a dedicated method to discriminate the nature of Pompeian wall mirrors was
established as one of the main aims of the scientific collaboration between the Archaeological Park of Pompeii (PAP) and IBeA.
Working in this research line the research group recently published a novel method for in situ discrimination of Mediterranean
obsidian sources [22]. Based on the combined use of portable XRF and LIBS systems [23], the discrimination method proved the
in situ characterization of degraded obsidian artefacts can be optimized by taking advantage of the complementarity between both
spectroscopic techniques [24]. On the one hand, in-depth LIBS analyses allow to determine whether the concentration of K, Ca, Mg
and Al (as major components of obsidians) is affected by the presence of superficial alteration products. On the other hand, XRF
analyses carried out using specific fundamental parameter methods optimize the detection of Rb, Sr, Y, Zr and Nb [25], which are
widely known as the elemental fingerprints for obsidian sources [21].

Continuing with our research program, a new analysis campaign was carried out to gather all the elemental data necessary to
disclose the nature of the major wall mirror found at the House of Gilded Cupids. Thus, in situ XRF and LIBS analyses were
carried out by setting the same analytical parameters employed in the previous optimization work [22]. Afterwards, in situ results
were compared to those provided by reference samples to investigate whether obsidian was effectively employed as raw material.
Based on the results derived from the application of the tailored provenance method, the geochemistry of the wall mirror was further
compared to those of additional vitreous artefacts to discern the real origin of the raw material used to produce the Pompeian wall
mirror found in the House of Gilded Cupids.

2 Materials and methods

2.1 Wall mirrors from the house of gilded cupids

The IBeA research group (University of the Basque Country UPV/EHU) has a long collaboration history with PAP. Since 2014, the
scientific partnership has been mainly focused on the in situ study of the House of Gilded Cupids. Located at the Regio IV, Insula
16.7, this residence was built in the first century, and it was named after the gilded plates (decorated with cupids’ figures) that were
retrieved from the house. Once owned by Cn. Poppaeus Habitus (related to Poppea Sabina, Nerone’s second wife), the House of
the Gilded Cupids stands out by the extraordinary richness and variety of its archaeological remains. Besides frescoes, fountains,
polychrome mosaics, marble sculptures and Roman and Egyptians lalariums [26], the east wall of the peristyle is enriched by the
presence of two wall mirrors. As represented in Fig. 1, the first mirror has a rhomboid shape and a size of 35×20 cm, while the
second has an irregular shape and a size of 20×15 cm. Together with those recovered from the House of Efebo (I 7, 10–12.19) and
the Domus of Euplia (I 9, 5–7), they represent the only wall mirrors found so far at this archaeological site [6].

2.2 Obsidian reference samples

Starting from the widely held assumption that Pompeian wall mirrors were made of volcanic glass, a multi-analytical research work
was recently carried out to estimate the capability of the portable XRF and LIBS instruments described in Sect. 2.4 to discriminate
Mediterranean obsidian sources [22]. For this purpose, the elemental composition of obsidian samples collected from Lipari [27],
Palmarola [28], Pantelleria [29] and Sardinia [30] (SA, SB1, SB2 and SC varieties) was investigated.

The results obtained in the previous work proved the suitability of both elemental techniques for obsidian sourcing [31–33]. Besides
demonstrating the perfect complementarity between LIBS and XRF systems, our work enabled to identify, for each spectroscopic
technique, the elemental parameters optimizing obsidian’s discrimination. As such, the elemental parameters and the PCA-based
discrimination models presented in the manuscript were used in the present work to verify whether the wall mirror was effectively
made of obsidian and identify the corresponding Mediterranean source.

2.3 Analytical techniques

The research here presented was focused on the use of portable XRF and LIBS systems, which reliability for materials classification
has been confirmed in previous works [34, 35].

XRF analyses were carried out through a handheld XMET5100 spectrometer (Oxford Instruments, Oxford UK) equipped with a
rhodium anode X-ray tube and a silicon drift detector having energy and resolutions of 150 eV and 20 eV, respectively. As detailed
elsewhere [25], this instrument’s software allows the selection of different analytical methods, which can be used to adjust the
elemental detection to the composition of the analysed target. In this study, each spot of interest (with a diameter of 9 mm) was
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Fig. 1 Floor plan of the House of
the Golden Cupids, combined
with the image of the two mirrors
located at the east wall of the
peristyle

investigated using both SoilFP and SoilLEFP methods. (Further information is provided in Sect. 3.2.) Regarding obsidian standards,
5 points per sample were analysed. On the other side, the main mirror preserved at the House of Gilded cupids was analysed at
7 different spots that, according to in situ microscopic observations and molecular spectroscopic analysis presented in a previous
work [6], did not show any detectable alteration feature. In both cases, spectra were acquired during 100 s (real time) to improve
the limit of detection for the identification of trace elements.

In situ LIBS spectra were acquired using the EasyLIBS commercial system (IVEA, model Easy 2C). This instrument is equipped
with a pulsed Nd:YAG laser, emitting at 1064 nm. The laser beam is focused by a 15-cm focal-length converging lens, which
produces a spot of analysis of around 500 μm in diameter. The plasma signal is finally collected by three spectrometers, covering the
ultraviolet (UV, 196–419 nm), the visible (VIS, 420–579 nm) and the near-infrared (NIR, 580–1000 nm) spectral ranges (HR2000
+ /Ocean Optics, USA) with a resolution of 0.2 nm. In this work, measurements were taken with the double pulse mode by setting
an optimized delay time of 50 μs to the laser pulse and a gate width of 5 ms. The laser energy per pulse on the sample was set to
30 mJ with a repetition rate of 1 Hz and a duration of 5 ns. For each obsidian sample, 5 spectra were collected by accumulating 20
laser-shots from the same spot of analysis. Considering the micro-invasiveness of this analytical technique, the number of analyses
performed on the Pompeian mirror was reduced to three spots. In this case of study, 20 laser shots were accumulated from each
spot. By taking advantage of the camera coupled to the system, the laser beam was focused on areas that were completely free of
any form of visible alterations. The AnaLIBS 6.3 software was used for automatic spectra acquisition and visualization, while peaks
identification was carried out using the NIST database [36].
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Fig. 2 Scores and loadings plots
from the PCA of LIBS data. K
variable has been represented
outside the graph, as its PC2 value
is out of scale (0.93)

2.4 Data treatment

The SpectPro software [37] was used to visualize, normalize, and compare both LIBS and XRF spectra. Afterwards, the intensity
value of the main peak identifying each detected element was calculated using a dedicated MATLAB routine [38]. Agreeing with
previous works [31], the characteristic emission lines selected for LIBS were found at 250.1 (Si), 257.5 (Mn), 276.5 (Fe), 279.6
(Mg), 334.9 (Ti), 393.2 (Ca), 396.0 (Al), 455.5 (Ba), 779.8 (Rb), and 766.6 (K). Regarding XRF data, the normalized intensity of
Kα peaks found at 1.49 (Al), 1.74 (Si), 3.31 (K), 3.69 (Ca), 4.51(Ti), 5.90 (Mn), 6.40 (Fe), 8.63 (Zn), 13.40 (Rb), 14.17 (Sr), 14.96
(Y), 15.76 (Zr) and 16.16 (Nb) keV was analysed. To perform the principal components analysis (PCA) of LIBS and XRF data,
The Unscrambler®7.6 software (CAMO Software, Olso, Norway) was used [39]. The normalized intensities of the selected LIBS
and XRF peaks were used to fill the data matrix for PCA, which was performed using 6 principal component and cross-validation.
Regarding XRF results, additional comparisons have been performed by taking into account the elemental semi-quantitative values
provided by the instrument and based on the use of the fundamental parameter (FP) method [40].

3 Results

As stated before, in situ analyses based on the combined use of portable XRF and LIBS system have been recently identified as
the ideal analytical procedure to characterize the geochemistry of altered obsidian artefacts and to determine the provenance of the
raw material [22]. Starting from the widely accepted assumption that Pompeian wall mirrors are made of obsidian, XRF and LIBS
portable instruments were used in situ to analyse the main mirror found at the House of the Gilded Cupids by strictly following the
analytical procedure proposed elsewhere [22].

3.1 LIBS results

As detailed in Sect. 2.3, three in-depth analyses were performed by accumulating 20 laser shots from each selected point of interest.
After spectra averaging, baseline correction and intensity normalization, the intensity values of the characteristic elemental peaks
listed in Sect. 2.2 were measured. PCA was then used to compare the obtained values to those measured from Mediterranean obsidian
sources.

PCA results underlined a clear separation between Pompeian mirror’s data and reference obsidian samples. As shown in the
score plot presented in Fig. 2, the first principal component (PC1) explains 82% of the variance. By associating scores position with
loadings distribution (red squares), it can be inferred that calcium and magnesium are the elemental variables that contribute the
most to the separation of Pompeian data from obsidian patterns.

According to the comparison of the LIBS spectra, the intensity of Ca and Mg peaks from the LIBS analysis of the mirror is much
higher than those measured from reference obsidian samples. As such, Fig. 3 shows the variation in Mg and Ca contents by taking
into account the intensity ratio of their characteristic emission lines (279.5 and 393.2 nm, respectively) to that of Si (251.0 nm),

123



Eur. Phys. J. Plus         (2023) 138:608 Page 5 of 10   608 

Fig. 3 Plot of Ca/Si and Mg/Si
LIBS intensity ratios, gathered
from the analysis of both obsidian
patterns and Pompeian mirror

Table 1 Averaged shots intensity
values of Mg and Ca lines at 279.5
and 393.2 nm, respectively

Gilded Cupids’ mirror Averaged intensity

Element Point of analysis Shots 01–05 Shots 06–10 Shots 11–15 Shots 16–20

Mg @279.5 nm Point 1 1.6±0.3 1.7±0.2 1.7±0.2 1.7±0.2

Point 2 1.5±0.1 1.5±0.1 1.8±0.1 1.6±0.1

Point 3 2.1±0.4 2.1±0.3 2.3±0.1 2.3±0.4

Ca @ 393.2 nm Point 1 2.2±0.2 2.7±0.3 2.7±0.2 2.5±0.2

Point 2 2.3±0.5 2.9±0.3 2.8±0.4 3.0±0.2

Point 3 2.8±0.4 3.0±0.4 3.0±0.1 2.8±0.1

this being the major component of obsidians (SiO content above 70 wt% depending on the source [41]). The comparison clearly
shows that the ratios calculated from mirror’s data are not compatible with those derived from Mediterranean obsidians. In detail,
SC (from Monte Arci, Sardinia [42]) is the only obsidian variety displaying Mg/Si ratios (from 1.470 to 1.689) close to mirror’s
values (from 1.606 to 2.116). On the contrary, Ca intensity values from Pompeian mirror spectra are far from being compatible
with studied obsidian standards, as the calculated Ca/Si ratio (from 2.557 to 2.77) is 73% higher than the closest obsidian reference
(Palmarola, from 1.664 to 1.873).

As explained in a previous work [6], the analysed artefact may be affected by the superficial deposition of alteration products,
including calcium sulphate (CaSO4·2H2O), potassium nitrate (KNO3) and goethite (FeO(OH)) crusts. As such, the incompatibility
between the calculated ratios could be compatible with the presence of micrometric alteration layers (or patina) on the analysed
spots, which may have caused a superficial enrichment of Ca and Mg elements.

To evaluate this hypothesis, a pulse-to-pulse spectra comparison was carried out to detect potential elemental fluctuations as
moving in depth. Considering the extremely low porosity of obsidians, potential alteration products mostly appear in the form of
superficial deposits. In these cases, the relative intensity of Ca and Mg peaks should decrease by increasing the number of LIBS
shots, since the material ablation produced by laser pulses would remove the superficial patina. Nevertheless, being Si the main
constituent of obsidian glass, its intensity should increase when the number of lasers pulses is sufficient as to penetrate the putative
superficial patina and reach the vitreous substrate. Therefore, if superficial depositions of Mg- and Ca-rich alteration products are
present, shot after shot, the in-depth LIBS analyses should display a decrease of Mg/Si and Ca/Si ratios.

Considering that each LIBS spectrum was obtained by accumulating 20 laser shots, we compared the Mg/Si and Ca/Si ratios
calculated by averaging the intensity values of every 5 consecutive shots. As represented in Table 1, the values obtained by averaging
the most superficial shots (1–5) are very similar to those measured from deeper pulses (16–20). Therefore, it can be inferred that the
higher content of Ca and Mg is an intrinsic characteristic of the glass geochemistry rather than the result of a superficial elemental
enrichment triggered by the putative deposition of micrometric alteration products.

Besides incompatible Mg and Ca contents, LIBS data provided additional analytical information questioning the use of Mediter-
ranean obsidians as raw material. Indeed, it is well known that Mediterranean obsidians present minor contents of Rb, and its
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Fig. 4 Comparison between LIBS
spectra gathered from the main
Gilded Cupids’ mirror (black) and
those collected from obsidian
standards (red)

Fig. 5 Comparison between XRF
spectra (SoilLEFP method)
gathered from the main Gilded
Cupids’ mirror (black) with those
collected from obsidian patterns
(red)

concentration in archaeological artefacts is widely used as elemental fingerprint for provenance studies [43]. As recently presented
by Syvilay et al. [31], the same commercial LIBS instrument used in the present work is able to detect Rb traces contained in
Mediterranean obsidians. As displayed in the comparison provided in Fig. 4, LIBS spectrum gathered from the main Gilded Cupids’
mirror (black lines) does not show any Rb signal, while its characteristic emission line at 780.1 nm was clearly detected in all
Mediterranean obsidian (red lines).

Several publications proved that minor amounts of Rb can be detected in all obsidian sources beyond the Mediterranean region
[44–47]. As such, the lack of Rb is a strong evidence suggesting that the main Gilded Cupids’ mirror was not made of obsidian.

3.2 XRF results

Complementary to LIBS investigations, in situ XRF analyses were also carried out. Taking advantage of the non-destructiveness of
the technique 7 different areas, considered to be free of macroscopic alteration products, were analysed using two different analytical
methods. The SoilLEFP method optimizes the acquisition parameters (voltage of 13 kV and a current of 45 μA) to maximize the
detection of light elements by focusing the detection of spectral emissions in the range between 0 and 13 keV. On the contrary, the
SoilFP method optimizes the detection of the heaviest elements (voltage of 45 kV and a current of 15 μA) and extends the analysed
spectral range up to 40 keV [25].

When comparing SoilLEFP spectra from the main Gilded Cupids’ mirror (Fig. 5, black) with obsidian standards (Fig. 5, red),
remarkable differences in the intensity of numerous emissions peaks were detected. Agreeing with LIBS result, the XRF analysis
of Pompeian mirrors identified remarkable contents of Ca (3.69 keV), Mn (5.90 keV) and Cl (2.62 keV). In contrast, the detected
peaks of K (3.31 keV) and Fe (6.40 keV) are less intense than those gathered from obsidian standards.

As the software controlling the spectrometer calculates, for each analysis, the estimated concentration values of all detected
elements, the values expressing Ca, Fe and K contents were represented in a 3D plot. Although the semi-quantitative data gathered
by the FP method provide a wide margin of uncertainty, the 3D plot displayed in Fig. 6 clearly shows Gilded Cupids mirror’s values
do not fit with any obsidian standards. This fact could be interpreted as an additional clue confirming that, despite the starting
assumption, the Gilded Cupids mirror was not crafted using obsidian as raw material.
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Fig. 6 3D plot of Fe, K, and Ca
semi-quantitative values obtained
from the XRF analysis (SoilLEFP
method) of the Gilded Cupids
mirror and the obsidian standards

Fig. 7 Scores and loading plots
from the PCA of XRF data
(SoilFP method). The K variable
has been represented outside the
graph, as its PC2 value is out of
scale (0.93)

As the detection of the elemental fingerprints is optimized for obsidian sources (Rb, Sr, Y, Zr and Nb) [22], SoilFP XRF data
were used to carry out a spectral comparison based on PCA. To do so, the normalized intensity values of the characteristic elemental
peaks detected in all spectra were calculated using a dedicated MATLAB routine. Afterwards, PCA of the obtained data matrix was
carried out using The Unscrambler software.

PCA results underlined once again a clear separation between the main Gilded Cupids’ mirror and obsidian standards. As
displayed in Fig. 7, obsidian sources are mostly resolved through the PC2 axis (explaining 9% of the variance), being Rb, Sr, Zr
and Fe the key loadings for their separation. On the other hand, PC1 explains 84% of the variance where the greatest differences
between mirror and obsidian data projections lie. By associating scores position with loadings distribution (red squares), it can be
inferred that Sr, Ca, Zr, Rb and Fe are the elemental variables that contribute the most to the separation of Gilded Cupids’ mirror
data from obsidian standards.

As the PCA results confirmed the key role of some metals in samples discrimination, Fig. 8 compares Gilded Cupids’ mirror and
obsidian spectra in the region between 13 and 17 keV. Here, all Mediterranean obsidians (red lines) display different contents of Rb
(13.4 keV), Sr (14.2 keV), Y (14.96 keV), Zr (15.78 keV) and Nb (16.62 keV), while the main Gilded Cupids’ mirror (black line)
almost completely lacks of Rb, Y and Nb (below 50 ppm).

In addition to that, the FP semi-quantitative values clearly indicate the Gilded Cupids artefact has a much higher content of Sr
(between 500 and 700 ppm) compared to obsidian standards (below 200 ppm). As the Pompeian mirror lacks 3 of the 5 elemental
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Fig. 8 Comparison between XRF
spectra (SoilFP method) gathered
from the main Gilded Cupids’
mirror (black) with those collected
from obsidian patterns (red)

fingerprints of obsidian sources (while a fourth showed incompatible values), this geochemical study confirmed this artefact is not
made of volcanic glass.

Once the use of obsidian was analytically excluded, LIBS and XRF data were used to corroborate the putative use of artificial
glass. To do so, the elemental results gathered from the study of the main Gilded Cupids’ mirror were compared to ICP-MS, SEM
and XRF data obtained from the analysis of Roman vitreous artefacts presented in previous works (see below). For instance, the
work presented by De Francesco et al. [48] describes remarkable contents of Mn and Cl in samples of Roman natron glass, these
being some of the elements that clearly distinguish the composition of Pompeian mirrors from the investigated obsidian standards.

Among the numerous articles published on this subject, Cagno et al. presented the quantitative elemental analysis of a wide
collection of glass fragments from the Roman period [49]. According to ICP-MS data, all fragments contain very low amounts of
Y (< 15 ppm), Nb (< 10 ppm) and Rb (< 25 ppm), while the Sr content varies between 300 and 500 ppm. Although our FP semi-
quantitative results present a high margin of uncertainty, the values extrapolated from the in situ XRF analyses of the main Gilded
Cupids’ mirror fit quite well with those presented by Cagno et al. [49]. Focusing on archaeological artefacts recovered within the
Italian peninsula, a remarkable Sr content (up to 650 ppm) was recently detected on vitreous fragments found at the Archaeological
sites of Herculaneum [50] and Pompeii [51].

As Romans mastered the art of glass production and colouring, it must be underlined that archaeological vitreous artefacts often
display strong differences in the concentration of Ca (used in the form of oxide or antimoniate compound to produce white glass),
Pb (yellow), Cu (green), Co (blue) and Mn (black) depending on their colour [52]. On the contrary, the Sr content does not vary
according to the colour of the analysed artefact [49, 51]. This has been widely acknowledged as a proof that strontium was not
employed as colorant additive, but rather represents an elemental impurity of the sand used as the raw material for glass production
[53].

Starting from the geochemical analysis of vitreous mosaics tesserae from Herculaneum, the origin of the raw materials used
for their manufacture was recently investigated [50]. According to the presented results, artificial glasses displaying relatively
high contents of strontium can be related to the employment of coastal sand. Indeed, it is well known that Romans mastered the
production of the so-called natron glass, which was obtained by using sand, sodium carbonate and lime as former, flux and stabilizer,
respectively. From the 5th BC to the 9th AD, the most common production technique consisted in mixing natron with coastal sand
characterized by a high content of calcareous particles (acting as stabilizer) in the form of crushed shells [54]. Knowing that seawater
contain traces of Sr (around 7 ppm), this element partially substitutes for calcium in shells through a bioaccumulation process [50,
55]. For this reason, detecting Sr contents between 300 and 600 ppm in archaeological glasses was found to be a clear indicator
of the use of coastal sands [56], as their Sr value is up to three times higher than the concentration measured in artefacts made of
limestone-bearing sand (< 200 ppm) [56, 57].

In light of the above, this work suggests that the analysed mirror was handcrafted (probably using coastal sand as raw material
for the production of natron glass) rather than made of obsidian.

4 Conclusions

In this work, a rare wall mirror preserved at the House of Gilded Cupids (Archaeological Park of Pompeii) was investigated to trace
back the origin of the glass material used for its production. Starting from the common assumption that Pompeian wall mirrors
were made of obsidian, portable LIBS and XRF instrument were used to characterize the geochemistry of the dark glass in a no-
destructive way. Elemental results were then compared to those provided by the study of obsidian fragments sampled from the main
Mediterranean sources exploited by Romans. Surprisingly, data analysis based on PCA proved the geochemistry of the wall mirror
is far from fitting with obsidian standards. In detail, the LIBS technique detected incompatible amounts of Mg and Ca. In-depth
analyses, carried out by accumulating 20 laser shots per point, helped demonstrating that the high contents detected in the mirror
are linked to the geochemistry of the glass rather than to an elemental enrichment caused by the superficial deposition of alteration
products. Besides confirming LIBS results, XRF spectra additionally detected higher concentrations of Fe and K. However, the
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strongest discrepancies detected by this instrument were found in the spectral range between 13 and 17 keV. Here, the main Gilded
Cupids’ mirror displays the near-total absence of Rb, Y and Nb, which are widely acknowledged as elemental fingerprints for
obsidian sourcing. On the contrary, the ancient glass displayed higher amounts of strontium (between 500 and 700 ppm). Compared
to the results provided in further studies, the elemental composition of the mirror was found to be compatible with the use of
handcrafted glass. Indeed, it is well known that natron glass produced by Romans is rich in Sr, as the coastal sand used as former is
enriched with strontium (due to a bioaccumulation process).

In conclusion, in situ LIBS and XRF analysis were able to provide a solid answer to the question that title this manuscript. Against
all odds and previous assumptions, the main mirror preserved at the House of Gilded Cupids is not made of obsidian. Rather than
that, geochemical analyses point towards the use of artificial glass crafted by Romans using coastal sand as raw silica material.
This unexpected result underlines the need of extending the study to the remaining Pompeian mirrors, as the story of these unique
artefacts probably needs to be rewritten.
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copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
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