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Abstract: Obsidian is a natural volcanic glass formed after eruptions if very rapid cooling of lava
occurs. In particular conditions, the lava silicate ions cannot reach the crystalline lattice ordered
formation and assume a chaotic arrangement, giving origin to obsidian flows. Obsidian has been
used since the Paleolithic period to make tools because of its durability; in the Neolithic period, its
trade played an important role in the Mediterranean area, and currently, obsidian is of particular
interest for tracing prehistoric trading patterns. In this work, we present a semi-quantitative approach,
exploiting energy-dispersive X-ray fluorescence (ED-XRF) coupled with principal component analysis.
We consider geological samples from the five main collection sites of archaeological interest in the
Mediterranean Basin (i.e., Pantelleria, Lipari, Palmarola, and Sardinia islands in Italy and Milos
Island in Greece) and obtain a reliable classification of the fragments’ provenance, also comparing
chemical fingerprints with data from the literature. Reported results show that this non-invasive
semi-quantitative protocol could ease the application to archaeological samples, such as blades and
splinters, permitting the classification of artifacts found in the archeological sites of the Mediterranean
area even when relatively few samples are considered.

Keywords: EDXRF; obsidian; semi-quantitative analysis; multivariate analysis; provenance classification

1. Introduction

Obsidian is a volcanic glass, naturally occurring when lava extruded from an eruption
cools rapidly with minimal crystal growth, and it is usually related to volcanic regions
of young geological age. In particular conditions, the lava silicate ions cannot reach the
ordered formation of a crystalline lattice and assume a chaotic arrangement, giving origin to
obsidian flows. The sources of this material are few and well known, and obsidian artifacts,
also due to their resistance to environmental deterioration, are considered some of the
earliest evidence of commerce [1]. This is especially true for those periods which predate
the manufacture of pottery, the material of choice for many archaeological studies due to its
durability and diffusion. Actually, obsidian has been known since antique times, and it was
already used at the end of the Paleolithic period to make knives and blades because of its
durability. In the Neolithic period, its trade played an important role in the Mediterranean
area: samples of polished obsidian have been found hundreds of kilometers from extraction
sites, thus being of particular interest for tracing prehistoric trading patterns. Indeed, many
published works about obsidian provenance refer to the Mediterranean basin [2–9], as this
geographic area was the most important supplier in ancient times, even if sources were
present also in the Carpathians, Anatolia, the Caucasus, and the Arabia peninsula.

Obsidian that was used for artifact production is usually chemically homogeneous
both in its major and trace elements, and it is a good representative of the original source.
Characterizing the sources thus allows to study the provenance of the artifacts. The primary
constituents in obsidian are SiO2 (up to 80%), Al2O3 (up to 15%), Na2O, and K2O (up to
5%) together with many minor and trace elements which largely vary from one source to
another [10]. When dealing with a high number of geological obsidian samples, major and
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trace element detection and quantification can even distinguish specific sub-sources [11,12],
and this permits archaeological considerations about access to obsidian sources, territorial
control, craft specialization, and mobility of populations.

Several chemical analyses have already proved their ability to distinguish sources
of obsidian since the first studies in the 1960s [13–18]: the earliest measurements used
emission spectrometry [19], atomic absorption spectrometry (AAS), flame photometry [20],
and proton inelastic scattering [21]. Later, laser ablation–inductively coupled plasma
mass spectrometry (La-ICP-MS), particle-induced X emission (PIXE) [4,22], and energy-
dispersive spectroscopy with a scanning electron microscope (SEM-EDS) were applied [23]
as well. One of the most used techniques is still neutron activation analysis (NAA) [2], a
nuclear technique that has sometimes been coupled with particle-induced gamma emission
(PIGE) [18] or X-ray fluorescence (XRF) [23]. This peculiar analytical technique guarantees
high precision and a good range of elements detected, but it requires the irradiation of the
samples with a neutron flux. Throughout the years, Raman micro-spectroscopy [22,24],
Mossbauer spectroscopy [15], and optical emission spectroscopy (OES) [19] were also used
for the same purpose.

Among the techniques applied for obsidian provenance studies, energy-dispersive
X-ray fluorescence (ED-XRF) plays a leading role [5,25–32], as it in principle allows the
performance of element quantification in a non-destructive manner with relatively low
detection limits on samples of any size. Moreover, both portable and laboratory equipment
are available for elemental quantification. Regardless, due to suboptimal detection ability
for low Z elements, specific calculation and calibration software are required, resulting
in the necessity of customizing data elaboration [10,33]. This obstacle is overcome, as the
geographical origin discrimination based on XRF results is usually performed on the basis
of element ratios rather than on the elemental concentration itself [2,23,27,31]; operating
in this manner, reported results on obsidian samples clearly indicate the ability of this
methodology to distinguish sample provenance either when obtained with tabletop XRF or
portable XRF.

Multivariate statistics (MV) coupled to the determination of the chemical elements
have been suggested [9] as a useful tool for a systematic approach to obsidian source char-
acterization; they have been applied in a few cases, exploiting analytical results obtained
from different techniques [34,35].

From these starting points, with the present work, we introduce a semiquantitative
approach as a method of bypassing a lack of reliable quantification while still allowing the
combined use of MV. This alternative protocol based on semi-quantitative XRF analysis and
statistical data elaboration allows a clear separation between the various Mediterranean
provenances of geological obsidian samples even if we have not considered sub-source
discrimination yet.

2. Related Works
2.1. Quantitative ED-XRF Analysis of Obsidian Samples

When using ED-XRF for the quantitative analysis of glasses, ceramics, or low-Z
matrix samples in general, the problem of evaluating self-absorption effects due to the
non-detectable light element matrix (the so-called “dark matrix”) arises [36]. In the specific
case of obsidian, the light elements’ presence can be quite different depending on the
source, and this introduces a further element of complexity in calculations. In particular,
medium–heavy elements’ dispersion in light matrix can be detected and quantified un-
der precise circumstances [37,38]. For instance, quantitative X-ray fluorescence analysis
of vitreous materials can be obtained bypassing the problem of light-element matrix ab-
sorption evaluation by resorting to the concomitant measurement of incoherent Compton
scattering intensity [36]. This method can be applied when dealing with “infinite thick”
materials—that is, when the samples are thicker that the average X-ray penetration depth,
which in turns depends on the chemical composition. An alternative method is to refer to
the ratio between coherent Rayleigh and incoherent Compton scattering intensities, which
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is, for instance, applied in “QXAS-AXIL” XRF spectra evaluation code [39]. In this latter
case, non-infinite thickness samples can also be evaluated. During the evolution of this
technique, there have been several studies dealing with the accuracy of non-destructive
XRF measurements, especially on materials characterized by a light matrix. Some of these
works refer to the determination of elements in obsidians [40] and require various separate
excitation conditions together with several geochemical standards. Recent developments
of this technique have made this option automated in some portable XRF spectrometers.
Indeed, more recent research has shown that inter-instrumental calibration is needed when
changing the ED-XRF device—for example, when using different portable XRF spectrome-
ters [41]. This is still due to the difference between the non-detectable matrix for obsidian
from different provenances.

2.2. Obsidian Sources Discrimination by ED-XRF

In general, rocks of the same type but different geographic provenance can be dis-
tinguished by means of elemental analyses as they contain typical trace elements [42];
actually, obsidian from different sources has distinct concentration patterns for the dif-
ferent elements. Available literature about source discrimination refers to some elements
as markers of different origins, and different elements are considered depending on the
aim. Referring only to the sources considered in the present work, Sr and Zr were used
for the identification of the provenance of Corsican obsidian finds [32], while Rb, Nb, Zr,
and rare earth contents allowed the identification of Palmarola obsidian [12]. Fe, Sr, Rb,
and their ratios were the markers for Lipari sub-sources [27,28,31], while Rb and Zr can
be used to discriminate sub-sources in Pantelleria [26]. Again, Rb/Nb and Sr/Nb ratios
obtained via non-destructive portable XRF are able to distinguish Monte Arci (Sardinia)
sub-sources, as well as Lipari and Pantelleria sub-sources [30]. Monte Arci sub-sources
can also be discriminated using K2O/CaO ratio [29]. Our aim is instead to use as many
elements as possible to obtain a discrimination without sorting out proper elements but
instead exploiting MV potential. It is worth noting that the variability of single elements
withing the same source is quite high due to the presence of sub-sources; for this reason,
average data available in the literature sometimes have large relative errors.

3. Materials and Methods
3.1. Obsidian Geological Samples

In the present work, 33 geological samples from the five main sources in the Mediter-
ranean basin were considered, as indicated in Figure 1. Most of the samples are from the
Italian islands, namely 10 from Pantelleria (PNT1-PNT10), 4 from Palmarola (PA1-PA4), 4
from Sardinia-Monte Arci (MN1-MN4), and 12 from Lipari (LP1-LP12). Four more samples
are from the Aegean Sea, namely from Milos Island in Greece (PM1-PM4). Ongoing studies
are enlarging this data set, which will later be used as a reference for the classification
of archaeological samples. In fact, from the archaeological point of view, the Mediter-
ranean islands of Lipari, Melos, Palmarola, Pantelleria, and Sardinia have always been
known as obsidian sources, and the raw material from these different sources can be clearly
distinguished as they show different chemical–physical characteristics [12]. For instance,
Monte Arci obsidian is grayish and shiny and very rich in microlites and phenocryst, while
Pantelleria samples are poor in microlites, gray-greenish in color and relatively transparent.
Both Lipari and Palmarola have a vitreous aspect, the former black and shiny and the latter
black and semi-opaque [4].

The samples considered in the present work have been supplied during the last
decades to the Laboratory for Fission Track Dating (FTD) of the University of Milan
and underwent FTD age determination. Indeed, a possible alternative to the chemical
characterization for discriminating obsidian sources and provenance is the fission track
dating method, a radiometric technique [43]. In fact, the comparison of fission track
parameters, such as age and track densities, has already been used as a different tool
for correlating obsidian artifacts with their potential natural sources. This method was
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applied by various research groups in the field of fission track dating considering various
regions [44–46], and outcomes can be matched to those obtained via chemical composition
characterization, especially when the chemical fingerprint does not fully discriminate
different sources.
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Please note that for this first study, we did not consider further information about
sample sub-sources as it is not in the aim of the present work and as the number of samples
considered is relatively small. It is worth also noting that materials from geological sources
should not require a non-invasive protocol, but on the other hand, the final scope of this
characterization is the future classification of archaeological samples, such as splinters and
blades, clearly more prone to a non-destructive approach.

3.2. X-ray Fluorescence Analysis

Energy-dispersive X-ray fluorescence (EDXRF) analysis was performed on thick sam-
ples using the FUXYA2020 spectrometer [47], a homemade portable EDXRF spectrometer
equipped with a MINI-X2 X-ray tube (Amptek, Bedford, MA, USA) with a maximum
power of 4 W (50 kV, 0.2 mA) and a transmission rhodium anode. The X-ray detector
used is XGL-SPCM-DANTE25, a complete SDD spectrometer from XGLAB Bruker Nano
Analytics Division (Milan, Italy) with 17 mm2 active area, 500 µm thickness, and 12.5 µm
Be window. FUXYA2020 has a typical 45◦–45◦ geometric configuration: the angle between
the X-ray tube and the detector is set at 90◦ [47]. No filters were mounted on the exit
window of the X-ray tube, so we used unfiltered continuous radiation emitted from the
device: the continuous energy distribution allowed to have a better excitation for low Z
elements. Regardless, energies below 2 keV were poorly detected, as detector efficiency
is limited in this region due to the thickness of its entrance Be window. For instance, Si K
lines (1.7 and 1.8 keV for Kα and Kβ, respectively) were detected, but the evaluation of
their area was affected by a relatively high error due to the background to peak ratio; for
this reason, elements under K (3.3 keV for Kα line) were not considered for MV elaboration.
The radiation produced by the X-ray tube was collimated by a 2 mm diameter pinhole;
the irradiated surface on the sample was therefore about 30 mm2, so as to investigate a
representative area of each sample. Thick obsidian blocks were measured without any
preparation on flat surface areas. More than one point was considered on each of the
33 fragments under investigation to achieve a better statistic.

The working conditions were 40 kV and 0.6 mA with a 300 s acquisition time. Spectra
deconvolution and area calculation were performed using the AXIL-QXAS 3.6 (Quantitative
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X-ray Analysis System) software developed by IAEA, subtracting the background signals
for each considered peak; in this way, a good discrimination between K and L series can
be also be performed in case of very close energy values. Sixteen elements were detected
and considered, namely K, Ca, Ti, Mn, Fe, Cu, Zn, Rb, Sr, Y, Zr, Nb, La, Ce, Pb, and Th;
their areas were normalized to the Rayleigh scattering peak of rhodium (20.2 keV for Kα

line) to eliminate eventual differences deriving from geometrical issues. Indeed, even
when considering trace elements, the probability that obsidian from two different sources
will have the same concentration of a few given elements within the experimental errors
must not be overlooked. To reduce the probability of coincidental similarity it is useful to
consider as many elements as possible, and MV analysis is the best way to handle such a
huge amount of data. Multivariate analyses were performed considering semi-quantitative
data [48] without calculating concentration values for the detected chemical elements. This
approach already proved to be useful for glass classification on the bases of chromophore
elements detected by XRF [49].

3.3. Multivariate Analyses

To give a graphic representation of the data and a more precise evaluation of the
similarity between the samples, we performed both principal component analysis (PCA)
and hierarchical cluster analysis (HC). Indeed, PCA and HC are the most widely used
tools for exploring similarities and hidden patterns among samples and are used mostly
when relationship on data and grouping are unclear. Both PCA and HC do not require any
information about class membership or other response variables to obtain the graphical
representation (unsupervised methods). This aspect makes the two methods suitable for
the so-called exploratory data analysis [50]. PCA creates a low-dimensional representation
of the samples from a data set, containing as much of the variance in the original data set as
is possible. Moreover, it provides a representation of the variables that is directly connected
to that of the samples and allows the user to visually find variables that are characteristic of
specific sample groups. On the other hand, HC builds a dendrogram (i.e., a tree diagram)
where the leaves are the individual objects (samples or variables, depending on the aim).
Hierarchical clustering will always calculate clusters, even if there is no strong signal in the
data; quite the opposite, in the same situation PCA will present a plot similar to a cloud
with samples evenly distributed.

PCA was performed, exploiting the prcomp function of the R stats package [51], and
the calculation was made by means of singular value decomposition on the data matrix.
Before performing the analysis, the variables were scaled to have a unit variance, and
then the correlation matrix was calculated. The 2D plot was obtained by means of pca3d
package (version 0.10.2). For HC, we previously auto-scaled the semi-quantitative data as
areas for detected chemical elements can highly differs in values, and we used the software
Minitab 18®.

4. Results and Discussion
4.1. Direct Comparison of Spectra and Semi-Quantitative Results

The first step through the validation of our methodology is a qualitative evaluation
to check if any inconsistency with literature data (see Section 2.2) is present. Differences
between geological provenances for our samples were thus at first studied from the qualita-
tive comparison of XRF spectra; this procedure allows the identification of sixteen elements
on which to base chemometric elaboration. As reported in Section 2, the chosen elements
are K, Ca, Ti, Mn, Fe, Cu, Zn, Rb, Sr, Y, Zr, Nb, La, Ce, Pb, and Th. A few elements with
energy emissions lower that K, such as Si, were also detected; regardless, the evaluation
of their peak areas was affected by a relatively high error, and they were considered not
suitable for MV elaboration as they could have added some statistical noise. Figure 2
reports one typical spectrum for each provenance using the same color code as in Figure 1.
Spectra obviously appear to be normalized to the Rayleigh diffusion peak (Rh R in Figure 2)
without any data elaboration as all spectra have been acquired in the same irradiating and
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geometrical conditions. Only more evident elements have been indicated in the spectra
reported in Figure 2; please note that the Fe Kα peak in Pantelleria spectrum is cut due
to the vertical scale to allow the comparison of less-present elements from the various
provenance. Differences were then investigated using direct comparison and bivariate
analyses to check correspondence with literature data: for each detected element, peak
area of the principal line of the K or L series was evaluated by spectra fitting using the
AXIL-QXAS 3.6 software developed by IAEA considering the background and the possible
superimposition between different elements. Semi-quantitative values [52] were obtained
considering the intensity of emission in cps (count per second) for each element normalized
to the relative sensitivity for the specific element [48]; in the following, we will refer to the
semi-quantitative values obtained as to “relative concentration” for the sake of brevity.

Figure 2. Comparison between representative XRF spectra for the five obsidian sources considered in
the present paper: Pantelleria (PNT), Palmarola (PA), Sardinia-Monte Arci (MN), Lipari (LP), and
Milos Island (PM). Only the main elements are reported. Spectra are normalized to the Rayleigh
diffusion peak due to the acquisition conditions; Pantelleria spectrum has been cut in the vertical axis.

From comparison between the XRF spectra obtained for considered geological regions
and literature data, it is clear that Pantelleria is the easiest to recognize; indeed, Pantelleria
obsidian shows much higher Fe, Zr, and Mn contents, as evident from the bar chart reported
in Figure 3.

Considering the average semi-quantitative values obtained for Fe in the different
groups (named in Figure 3 and in the following as PNTav, PAav, MNav, PMav, and LPav),
we can calculate a content 3 to 4 times higher in Pantelleria samples [28]. The same
applies to other elements, such as Ti, Nb, and Zn. These details about minor elements are
coherent with literature data, even though high relative errors are present within the same
provenance, depending also on the exploited technique [27,31], as stressed in Section 2.2.

In the Pantelleria sample spectra, we also detected some elements that are under the
minimum detection limit of our spectrometer [16] in the obsidian samples from the other
considered sources. This is the case of La and Ce [5,28]. It is worth noting that the detection
of these elements is performed on the L series (4.6 and 5, and 4.8 and 5.3 keV respectively),
which partially was superimposed to the K series of Ti (4.5 and 4.9 keV). The identification
has been based on the Kα/Kβ and Lα/Lβ ratios via AXIL deconvolution subroutine, but
the quantification of peak areas can be subject to larger errors. Regardless, La and Ce were
not considered when performing statistical elaborations as they have been detected only in
Pantelleria obsidians.
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Figure 3. Relative concentration of Mn, Zr, and Fe; for each class, the average value of the reported
elements is also shown (PNTav, PAav, MNav, PMav, LPav). Samples’ codes are the following:
Pantelleria (PNT), Palmarola (PA), Sardinia-Monte Arci (MN), Lipari (LP), Milos Island (PM).

Bivariate graphs (not reported in this paper) obtained from our data allowed us to dis-
criminate one or two sources from the others depending on the chosen elements or element
ratios, but we were not able to discriminate all the classes at once. As a few examples, the
plot of the relative concentration of Rb vs. Nb allowed us to discriminate Palmarola and
Pamtelleria materials from the three other sources. Pantelleria was again recognized by
plotting the ratios of Rb/Nb vs. Sr/Nb, but Monte Arci and Porto Melos were grouped to-
gether, such as Palmarola and Lipari materials. The best results applying bivariate analysis
to discriminate the five considered provenance were obtained plotting Sr/Fe vs. Rb/Fe,
but again, Porto Melos and Monte Arci samples are not distinguishable yet.

4.2. Multivariate Analyses on Semi-Quantitative Data

As already stated, we choose to apply a MV approach so to consider as many variables
as useful for a reliable discrimination. Indeed, appropriate statistical methods can be used
to handle all the variables at a time on possibly large sample sets when dealing with a
relatively high number of variables—for instance, chemical elements. These methods have
already proved to work on concentration data [53], but also on semiquantitative data or
on XRF spectra [48,49]. Actually, they also permit the consideration of analytical results
from different techniques in one unique elaboration to classify samples [42]. The fourteen
selected elements detected in all the samples (namely: K, Ca, Ti, Mn, Fe, Cu, Zn, Rb, Sr,
Y, Zr, Nb, Pb, and Th) were considered for MV elaborations; statistical elaboration was
applied to all the measured samples with the addition of the five average virtual samples
obtained, one for each class—namely, PNTav, PAav, MNav, PMav, and LPav—as defined
above through the relative concentration average values.

In Figure 4, the result of HC elaboration for our obsidian samples is reported; original
data have been auto-scaled, and average linking method coupled with Euclidean distance
has been used. The scaling of data is mandatory as different chemical element peak areas
can have different orders of magnitude. The five groups for the five provenances are easily
identified and are highlighted in the dendrogram with the same color code as Figure 1.
Comparable results have been obtained by applying PCA to the same set of samples and
detected elements, as evident by the scatter plot reported in Figure 5, in which larger dots
represent the group centroids, while small dots represent the samples; explained variance
for the first three PCs was about 88%. The groups are indeed quite well separated already
by the score plot of the two first PCs, explaining a variance of about 69% (see Figure 5).
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Figure 4. Dendrogram obtained for obsidian samples—Pantelleria (PNT), Palmarola (PA), Sardinia-
Monte Arci (MN), Lipari (LP), Milos Island (PM)—considering all the elements; data have been
auto-scaled, and average linking method coupled with Euclidean distance has been used. Colors are
the same as in Figure 1.

Figure 5. Score plot obtained considering the complete dataset used for dendrogram reported in
Figure 3. The variance accounted by the first two PC is about 69%. Colors are the same as in Figure 1;
samples’ names are not reported for sake of clarity.

From the relative loading plot (not reported), correlation between the original variables
and their loading were highlighted, allowing us to select the most significant variables and
to increase variance up to 92% for the first three PCs. This result was obtained using a set of
data (Data Set I) composed of some of the variables (namely, Fe, Cu, Rb, Sr, Zr, Y, Th) for all
the samples. Score and loading plots for the first two PCs are reported in Figures 6 and 7,
respectively; larger dots in the scatter plot represent the group centroids, while small dots
represent the samples. For PC1 and PC2 alone, the explained variance is 76%, but the
different groups are already evident. It is interesting to note that the dendrogram (not
reported) obtained with the same parameters as that reported in Figure 4 (average linkage,
Euclidean distance) for Data Set I is not as reliable as the one obtained on the complete
dataset, as a few samples (namely PM4 and MN3) are misclassified in the wrong groups.
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Figure 6. Score plot obtained considering Data Set I. The variance accounted by the first two PC is
76%. Colors are the same as in Figure 1; samples’ names are not reported for sake of clarity.

Figure 7. Loading plot obtained considering Data Set I. The variance accounted by the first two PC
is 76%.

We also considered a second set of variables (Data Set II) to undergo MV, selecting
those elements used for bivariate graphs in the quoted papers, and namely K, Ca, Fe, Cu,
Rb, Sr, and Zr. In this case, we obtained a variance of about 87% for the first three PCs, lower
than the one calculated both for the complete dataset and for Data Set I. Score plot and
loading plot for Data Set II are reported in Figures 8 and 9, respectively; larger dots in the
scatter plot represent the group centroids, while small dots represent the samples. For PC1
and PC2 alone, the explained variance is about 78%, but the different groups are already
evident and more compact that those obtained for Data Set I even if they explain a lower
variance. Similarly to what happened considering Data Set I, the dendrogram obtained
for Data Set II (not reported) misclassified some samples, and it is not as useful a reference
as the diagram obtained considering all the detected elements. More in detail, using the
elements selected for Data Set II—i.e., those considered in the quoted papers for bivariate
graph—to distinguish subgroups led to the clear discrimination of only Pantelleria samples,
while the other groups are more confused.
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Figure 8. Scatter plot obtained considering Data Set II. The variance accounted by the first two PC is
about 68%. Colors are the same as in Figure 1; samples’ names are not reported for sake of clarity.

Figure 9. Loading plot obtained considering Data Set II. The variance accounted by the first two PC
is about 68%.

Indeed, the more elements we consider, the better result we achieve through HC
analysis. It is worth stressing once again that lower-Z elements, such as Si, were not
considered for MV data elaboration even if detected so as to not introduce statistical noise,
as the quantification of their peak areas was affected by a large error due to the low detector
efficiency for low energies.

5. Conclusions and Future Perspectives

The Mediterranean Basin was the most important supplier of obsidian in ancient
times. In particular, the Mediterranean islands of Lipari, Melos, Palmarola, Pantelleria,
and Sardinia. This natural glass has been used since the Palaeolithic period to make tools
because of its durability; its trade during the Neolithic period played an important role and
individuating the source of artifact material is of particular interest to trace prehistorical
trading patterns. The present paper presents a non-invasive protocol for obsidian flow
discrimination based on semi-quantitative determination of chemical elements by portable
XRF. Indeed, for the considered geological samples, results allowed to differentiate the
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sources in the Mediterranean basin when considered together thank to powerful of MV
data elaboration and without any other information about provenance. Indeed, the more
elements we consider, the better result we achieve through HC analysis.

The applied protocol is valid even if a relatively low number of samples has been
considered and allows to bypass the critical step of obtaining a reliable quantitative analysis
by XRF spectra on raw obsidian fragments.

For the future, we intend to extend this approach to the classification of archaeological
samples on the bases of the groups obtained in this preliminary study. Moreover, consider-
ing a higher number of geological samples, we intend to apply the same procedure for the
discrimination of sub-sources and, as a consequence, to classify archaeological samples in
relation to the specific exploited lava flow. The method presented in this paper, based on
the semiquantitative analyses of minor and trace elements by XRF, could benefit from the
comparison of results obtained via fission track dating analysis.

Another innovative complementary technique now under investigation is the applica-
tion of the study of radioactive isotope ratios, that is to study a method that uses natural
radioactive isotopes as markers. This approach goes in the same direction of the one
proposed in the present paper and can provide a number of advantages, such as avoiding
the need for calibration or the destruction of the samples, which is extremely important
in the case of obsidian archaeological objects from museums or other collections. This
methodological approach will benefit from the use of chemometric analyses as well.
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