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Abstract. This paper is aimed at studying different pottery sherds excavated in the site of
Valcorrente, located in Sicily, occupied in three main periods, dating respectively to the end of
the Neolithic period, to the end of the Chalcolithic period, and to the Early Bronze Age. The
chemical composition of the pottery sherds has been analysed with Ion Beam techniques at
AGLAE facility at Centre de Recherche et Restauration des Musées de France and the results
have been treated with principal component analysis in order to extract indications about the
ceramic production technology in the area and the evolution in time.

1. Introduction
Pottery, thanks to the evidence of changes in technology, style, and use, is one of the best indicators for
the definition of chronological sequences, reconstruction of economic, domestic, social, and symbolic
activities, as well as the definition of areas and exchange system, connections, and relations between
communities, sometimes even through long distances. The typological and stylistic analysis, associated
with archacometric studies of the fabrics, allows us to analyze the changes in both the manufacture
processes adopted by the craftsmen and in the practical and symbolic uses

Valcorrente site is situated on a low hill on the south-western slopes of the volcano Etna, on the
outskirts of the plain of Catania, less than 20 km from the sea. It was fortuitously identified in 2005
during some agricultural works and was systematically excavated from 2012 to 2015 by the University
of Catania and the Local Archaeological service with three large trenches: two located in proximity to
a rescue excavation conducted in 2005, and another one 80 m to the east, to ascertain the overall
extension of the site. This issue was also tackled through an extensive survey that was carried out in
2013 and led to a hypothesis that during the EBA an area of about two hectares had been frequented [1-
3]. The excavations revealed three main periods of frequentation, which date respectively to the end of
the Neolithic period, to the end of the Chalcolithic period, and to the Early Bronze Age, dated with C14
and TL and OSL methods [4] between the end of fifth mill. BC and the half of the second mill. BC.

The different pottery fabrics recognized, belonging to different periods, seem to be mostly locally
produced, although it is likely that different technological choices are related to the function of the
different classes of materials. The aim of the work is to study similarities and difference in sherd coming
from different periods to look for an evolution in production techniques and raw material origin.
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2. Materials and methods

2.1. The samples

A set of 33 ceramic sherds among all the excavated ones has been chosen for this study; they are
illustrated in figure 1. According to archeology classification, two sherds are remains of furnace, and
they are identified as 101 and 102. The other fragments (numbers from 1 to 40) refer to similar vase
forms, mainly closed vessels, with various fabric type. The production period ranges from Neolithic
(NEO) to Final Copper — Bronze Age (FC-BA) and to Bronze Age (BA). The details about the
identification code, and the dating are shown in Table 1.
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Figure 1. Picture of analysed sherds

2.2. The PIXE analysis
The chemical composition of all the sherds has been obtained with PIXE analyses, widely used in
archacometry to obtain for different materials the major and minor components, with very low detection
limits and small uncertainties. Measurements have been performed at the New AGLAE facility (ANR-
10-EQPX-22) of the Centre de Recherche et Restauration des Musées de France (C2RMF) in the Louvre
Palace in Paris [5].
A 3 MeV proton beam was extracted through a 0.1 pm thick SizNs window (surface 1 mm?) and
delivered to the samples 2 mm downstream, with a magnetic focus allowing a beam spot about 50 um
wide. Three 50 mm? SDD detectors were used with 50 um aluminium filter to enhance the detection of
high energy X-Rays, while one SDD with a smaller solid angle was used in helium atmosphere to
enhance the response to low energy X-Rays. The sherds have been abraded by sandpaper and cleaned
with ethylic alcohol to eliminate the contribution to the PIXE analysis of surface secondary alteration
product due to the burial environment. For each sample several measurements were done, on internal
and external surfaces and over the broken edge, i.e., in the bulk of the sherd. Inhomogeneity effects of
sample were reduced in each measurement by analysing a 0.5x0.5 mm? wide area, scanned by
combining rapid vertical magnetic deflection of the beam with horizontal mechanical translation of the
sample holder. PIXE data sorting was performed with TRAUPIXE [6] AGLAE’s software using the
GUPIX code.

In Table 1, the PIXE analysis results, in terms of major (MgO, Al,O3, SiO», K,0, Ca0, TiO,, Fe;03,
minor (P,05, Cr,03;, MnO) and trace elements (NiO, CuO, ZnO, Ga,0s, Rb,0, SrO, Y»03, Zr0,), are
listed.
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Results have been analysed with Principal Component Analysis; a multivariate technique used to
simplify the structure of compositional data. In this work, the PCA calculations have been performed
with the Statistica software on the standardized set of data.

3. Results

The chemical compositions of all the 33 samples have been studied with PCA in order to look for
possible similarities and differences among the various observed ceramic typologies using all the
elements and excluding only the Calcium because it is susceptible to be attacked by groundwater
circulation and it can be interested in the formation of secondary products [7-8].

The scatter plot of the data set in the plane of the two principal components PC1 and PC2, accounting
for 18.9 % and 15.9 % respectively, is presented in Figure 2. The PC1 vs PC3 and PC2 vs PC3 plots are
not presented because they did not provide different results.
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Figure 2. Data sample scatter plot in PC2-PC1 for all sherds

The Figure 2 shows how data does not present any particular pattern related to sample characteristics,
as for example production period. It seems thus that all the specimens are homogeneous in composition
and thus in provenance of the raw materials.

The correlation between the single elements can be studied to look for further confirmation of
observed similarities and to search for peculiarities of some given single sample. Furthermore, the binary
plots provide us information about the peculiar aspect of the technology and manufacturing phase. In
order to acquire indications about the main components of the bulk, correlations among some elements
(Al>O3 vs SiO; and CaO vs Al,O3) are plotted in Figure 3 a-b.
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Figure 3. A,O;3 vs SiO; (a) and CaO vs Al,Os (b) concentrations (ppm) for all analysed samples
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Figure 4 reports the CaO vs SrO (a) and the TiO; vs Fe,Os (b) concentrations for the samples. In the
last case, the plot shows the expected linear relationship between these major elements, related to the
sand used for the terracotta manufacturing. In Figure 5, the binary plots relating to the trace elements
Cr,03 vs NiO (a) and MgO vs K,0 (b) concentrations for all analysed samples are displayed.
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Figure 4. CaO vs SrO (a) and TiO, vs Fe>O; (b) concentrations (ppm) for all analysed samples
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Figure 5. Cr,03 vs NiO (a) and MgO vs K»O (b) concentrations (ppm) for all analysed samples

In all the figures, it can be observed that no particular differences are present among samples of
different periods (Bronze age, Final Copper-Bronze age, Neolithic) as well as among the sherds and two
pieces of the remains of furnace.

4. Discussion and Conclusions

Chemical compositions of a set of ceramic sherds coming from the Valcorrente and produced in three
different historical periods site has been determined with PIXE technique. The obtained data have been
analysed with PCA, showing a quite homogeneous pattern, confirmed by the study of correlation plot
between major elements. These results seem to suggest a common origin of raw materials and a
similarity in realization techniques along all the concerned periods as we all the local provenance. This
evidence is proved also by the analysis of two sherds of furnace, typically realized with local material.
A further confirmation of this conclusion could be given by petrological analysis presently in course on
the studied samples.
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