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ABSTRACT

This paper discusses the first geochemical characterization of obsidian fragments from the prehistoric site of
Roccapalumba (Palermo, Italy). The Neolithic age of the prehistoric settlement was constrained by pottery
and flint tools discovered in the same archaeological context. To define the provenance of the investigated
obsidian artifacts major and trace element analyses have been carried out by using scanning electron micre-
copy (SEMOEDX) and inductively coupled plasma mass spectrometry (LA 8ICP8MS). The comparison with
literature data of the Central Mediterranean source areas, based on trace elements content and their ratios
allow of constraining a provenance of the Roccapalumba obsidians from the Lipari Island. The obsidian lava
flow from Gabellotto Valley is the most probable source of volcanic glass at Lipari and also the most exploi t-
ed in the Mediterranean area for manufactured tools. The obtained results can contribute in reconstructing
the trade/exchange and procurement relationships occurred between the prehistoric human groups inhabi t-
ing Sicily during Neolithic age.
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1. INTRODUCTION

An assemblage of 85 lithic artifacts consisting of
34 obsidians and 51 flints has been brought to light
in the prehistoric site of Roccapalumba (Fig. 1), a
village located about 60 km away to the south east of
Palermo, Italy, (Mannino, 1998, 2008; Gagliardo,
2005). The lithic artifacts were collected in 1980, by a
student (author Francesco ltaliano) of the Palermo
University during a geological excursion at Castel-
laccio di Fiaccati nearby the village of Roccapalumba.
This area was intended for quarry of limestones.
Among the limestone blocks subjected to the extrac-
tion works, the obsidian and the flint artifacts were
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found mixed with abundant ceramics fragments,

which allowed archeologi sts to attribute the site to
the Neolithic age, despite the settlement has never
been found (Mannino, 1998). The discovered lithic
and ceramic artifacts
tonino Salinasdéd Regional
those materials represert significant witnesses of
cultural and social relationships by inhabitants of
Sicily during prehistory, we carried out an archae o-
metric characterization of the obsidian artifacts to-
gether with typological analyses of the included
flints, in order to estab lish their provenance and use.

PALERMO Roccapalumba

SiciLy

g" Roccapalumba
" Railway Station

Figure 1. Castellaccio di Fiaccati, the hill near Roccapalumba (Palermo, Italy) where the Neolithic settlement was di  s-
covered in 1980 and where the obsidian tools of this study were collected (Images from Google Earth, modified by the
authors).

The Central Mediterranean is an interesting area
for archaeological obsidian researches, because I
sidian-bearing volcanoes are very few in this geo-
graphical area, being located far one from another.
Such volcanoes are found in some Italian and Aege-
an islands. The latest studies related to obsidian ari-
facts suggested that in the Central Mediterranean,
from Neolithic to the Middle Bronze Age ( ~6000
1300 BC), the main geologicalsources of raw materi-

al used to made obsidian cutting tools and weapons
were located over some volcanic islands in Italy (Fig.
2), such as Monte Arci (Sardinia), Palmarola (Pontine
Island), Lipari (Aeolian Islands) and Pantelleria (P e-
lagian Islands) and Greece (Islands of Melos ad
Gyali; De Francesco et al., 2008).

Each obsidian occurrence has a specific geochetin
cal signature that can be constrained by different
analytical methods, based on destructive, micro-
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destructive or non-destructive analyses with the aim
to determinate their major and trace elements cao-
tents. A variety of methods for multi -elemental char-
acterization of obsidians including SEM -EDX, XRF,
NAA, EMPA, LA -ICP-MS were used in the last dec-
ades (Cann and Renfrew, 1964; Hallam et al., 1976;

2005; Le Bourdonnec et al., 2006; 2010). Therefore,
tracing the geological source of any obsidian artifact
allows reconstructing contacts and cultural ex-
changes between distant populations during prehi s-
tory. Sometimes it is also possible to discriminate
among sub-sources of the same sourcearea using

Williams Thorpe et al., 1984; Francaviglia, 1984, 1988; specific geochemical markers (Tykot, 2002, 2017
Tykot, 1996; Barca et al., 2007; 2008; Crisci et al.,Freund et al., 2015).
1994; Acquafredda et al., 1999; 2018; Bigazzi et al.,
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Figure 2. The four obsidian sources in Central Mediterranean

and their distribution in archaeological sites from VI to Il

millennia BC ( modified after Freund, 2017).

These studies highlighted the widespread diff u-
sion of Central Mediterranean obsidians over about
1200 prehistoric villages, distributed in Italy, France,
Slovenia, Croatia, Bosnia Herzegovina, Albania, Tu-
nisia, Algeria, Malta and Spain. Interestingly, the
Lipari obsidia n was the most widespread in the Cen-
tral Mediterranean area (Freund, 2017). Furthermore,
in Sicily the diffusion
predominant and in many cases exclusive. In some
prehistoric sites of western Sicily relevant obsidian
imports fro m Pantelleria Island, and occasionally
from the most distant Palmarola Island were demo n-
strated (Francaviglia and Piperno, 1987; Francav-

glia, 1988; Tykot et al., 2013; Foresta Martin et al.,
2017).

Here we provide the first results of archaeometric -
geochemical characterization of obsidians artifacts
found at the Castellaccio di Fiaccati (Roccapalumba)
site. To achieve this objective we carried out SEM
EDX and LA-ICP-MS analyses of obsidians with the
airh to ddiire thé sopreeraied sind o Ipovidd neavn
information to better constrain the commercial and
cultural exchanges in Sicily during the Neolithic age.
Moreover, our results may enhance the knowledge
of the social complexity of Neolithic settlements in
the widest context of the Central Mediterranean Ba-
sin.
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2. THE SITE AND THE
ARCHAEOLOGICAL EXCAV ATION

Castellaccio di
13A40'23.012E) ,

Fiaccati (Mannino, 1998), is a hill rising 411 m as|
located to the East of the small village of Roccam-

lumba, about 20 km away from the northern coast of

Sicily and 60 km from Palermo city. The geographic
site was ideal for a Neolithic settlement, being pro-

tected be; Madome mountain ran%e and éet close to

Flaccatﬂqeﬂgrt st Way t
sometimes.,,glys Ol'yrrﬁeﬁla{n s8ad Morebver, Rti?ecl\fécﬁltﬁlc

site was surrounded by wooded areas rich in hunt-

fiver vaflef, Whith of

ing animals, timber and firewood (Fig. 3).

Figure. 3. View from the North of t he hill of Castellaccio di Fiaccati (marked by the red arrow), site of the Neolithic se t-
tlement.

From a geological point of view, the hill in which
the Neolithic site stood is one of the many limestone
blocks scattered in this area, which represents the
remains of deep-water deposits formed in the open
sea during Middle -Upper Jurassic and Cretaceous
(Catalano et al., 2011).

Local historians refer that the first written reports
of prehistoric finds in Castellaccio di Fiaccati dates
back to the end of XIX century. During that time, the
landowner of the site, donated to the Archaeological
Museum of Palermo some lithic instruments and
ceramic artifacts found in his property (De Gregorio,
1917; Gagliardo, 2005). This donation is onfirmed
by an annotation written on the General Entrance
Register of the Salinas Museum, dated April 10t
1901 (ASMARP, 1887). Nevertheless, from that time

onwards a systematic destruction of the site was ca-
ried out for both railway line construction and lime-
stones quarry exploitation (Gagliardo, 2005). It was
only soon after the report of a geologist in 1980 that
the Soprintendenza ai Beni Archeologici of the west-
ern Sicily planned archaeological excavation surveys
on the hill (Mannino, 1998, 2008).

The excavation was directed by Giovanni Man-
nino, assistant superior to the Archaeological Super-
intendency, with the collaboration of one of the a u-
thors of this article (F. Spatafora), and it was the first
and nowadays, the only official intervention in that
area. The archaeological excavation was carried out
near the top of the hill of Castellaccio di Fiaccati,
where the mining activity of limestones had hig h-
lighted a deep rift filled with thousands of ceramic
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fragments. Inside the rift it was possible to coll ect a
large quantity of pottery besides lithic and bone
tools, all datable to the Neolithic age. However,
within the discharge of these Neolithic materials it
was not possible to highlight any stratigraphy or to
understand its function. The presence of some vases
with evident manufacturing defects and fragments
that cannot be recomposed, suggests a dumping of
waste and materials no longer functional for daily
use. On the other hand, the numerous tools made of
bone, flint and obsidian, and the presence of sane

re-composable forms, also suggests a possible ritual
use of that cavity (Mannino 2012).

Regardless of unpainted gray pottery, about one
third of the recovered fragments is made of ceramic
with engraved, embossed and graffiti decorations,
attributable to the Stentinello facies (middle Neolit h-
ic, 61-5th millennium BC). The figulina ceramic
fragments are also significant, with a painted two -
color or trichrome decoration, in some cases d-
tributable to the so-called Capri style (Middle Ne o-
lithic, 5" millennium BC, Fig. 4).

Figure 4. Middle Neolithic vase with trichrome decoration collected at Castellaccio di Fiaccati

-Roccapalumba during

excavation in 1980. (Courtesy of Archaeological Museum Salinas, Palermo, Italy).

With regard to the shapes of the pottery, among
the Stentinello ceramics various open vases are re-
ognizable, including hemispherical cap bowls and
truncated conical bowls, and a series of small closed
forms such as collared olle and small continuous
wall orbits. Articulated and complex are the decor a-
tions, consisting mainly of linear motifs, variously
composed, on the surface of the vasesThe painted
ceramics, of excellent quality as regards the ceramic
body that is hard, compact and sufficiently purified,
is characterized by different shapes, including tru n-
cated conical cups, also on pedestals, collar olle, and
slightly concave necks. As in the engraved and em-
bossed ceramics, in this case too the decoration o-
folds on the surface of the vases, mainly with linear
motifs arranged in various ways, but also with zig -
zag and fluted-on-the-border motifs typical of the
so-called Capri style.

The excavations, unfortunately, did not bring to
light any trace of the Neolithic village. Howev er,
considering the quality and quantity of the pottery

and of the tools recovered, it must have been popu-
lated by a community numerically consistent and

technologically advanced, that had to possess wide
and articulated cultural references, as can be infered
from the variety of the vascular repertoire.

Although it does not concern the Neolithic co n-
text, it should be noted that the archaeological exca-
vation carried out on the top of the hill led to the
discovery of a dwelling formed by quadrangular
environ ments, and some nearby huts, likely belong-
ing to the Norman farmhouse of Burgiseleth me n-
tioned in a document dated 1170 (Mannino 1998).

2.1 Typological analyses of the lithic
assemblage

The group of lithic artifacts includes 34 obsidians
and 51 flints. The study was conducted on the basis
of Laplace (1964) typological system. Fragments of
cores and knapping wastes (platforms, flakes cores,
debris) have been identified for both the raw mater i-
als and attesting the work in the settlement.

Mediterranean Archaeology and Archaeometry, Vol. 18, No 3, (2018), pp. 151-167
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The obsidian group (Fig. 5, Table 1) include only 5 The group of flint artifacts includes a few tools: n.
tools: 3 blade scrapers (L0O); n. 1 backed blade (LD2); 1 fragment of blade-sickle; n. 1 scarper with margin-
n. 1 flake scraper (E1). The other artifacts are n. 21 al retouch (R1); n. 1 simple burin. Most of the arti-
fragments of flakes not retouched, n. 1 fragment of facts are characterized by n. 46 very little flakes (15
core, n. 1 platform and n. 7 blades. Some of the 30 mm length), n. 1 core fragment, n. 1 thin blade (50
blades are regular and thin bladelets (3 mm thick). mm length).

The conservation is mostly fragmentary and only 8
pieces are integer.

Table 1. Obsidian Ty pological analyses

Lithic typologie

Number Flake/Blade Laplace 1964 Conservation Measures (mm)
1 Flake Fragment 13x16x8
2 Flake Whole 28x18x3
3 Flake Middle distal fragment 15x18x3
5 Flake Whole 22x20x5
6 Flake core Whole 40x23x9
7 Flake Whole 22x15x2
8 Bladelet Middle fragment 20x12x3
9 Bladelet Scraper (LO) Middle fragment 28x12x3
10 Blade Middle fragment 26x15x4
11 Flake Middle fragment 20x25x5
12 Blade Scraper (LO) Middle fragment 24x16x3
13 Flake Whole 25x17x3
14 Blade Scraper (LO) Middle fragment 28x16x3
15 Blade Middle fragment 13x13x3
16 Core Middle fragment 15x20x6
17 Flake Whole 42x28x7
18 Flake Middle fragment 28x18x6
19 Flake Middle fragment 36x22x5
20 Platform Whole 23x25x7
21 Flake Middle fragment 19x31x9
22 Crested blade Middle fragment 22x12x4
24 Bladelet Middle proximal fragment 20x10x3
25 Blade Middle fragment 12x12x3
26 Flake Middle fragment 12x21x3
27 Flake Middle fragment 22x11x4
28 Flake Middle fragment 15x10x7
29 Flake Middle fragment 12x15x4
30 Bladelet Middle proximal fragment 25x10x2
31 Flake Whole 19x7x2
32 Flake Middle fragment 13x12x3
33 Flake Middle fragment 7x14x4
34 Flake Middle fragment 12x9x5
35 Blade Backedblade (LD2) Middle fragment 16x7x3
36 Flake Scraper (E1) Whole 7x11x5

Figure 5. Some of the obsidian flakes and tools analysed in this study.
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On the surfaces of the flint artifacts deadlifts of
circular shape are visible and probably caused by
contact with fire. About raw material, were used
flint nodules of different colors (yellow, red, grey,
white, blond). Many of these artifacts show pseudo -

stant laser repetition rate of 10 Hz, a fluency of 15
J/icm2and a He flux of 0.8 L/min in the ablation cell.
Despite the homogeneity of the obsidians, being
composed of aphyric volcanic glass, the presence of
some rare microlite is possible. Therefore, each san-

retouch and abrasions due to reworking onthe find pl e was analysed with a 32 Tm
site. in order to minimize possible errors due to the local

Features of the lithic industry suggest an intense heterogeneity. Total analysis time was 2 min per
knapping activity in the settlement. Some of the tools  spot, including 1 min of background acquisition.
are probably wastes that could be in the fireplace. Glass reference material NIST612 was used as»
The type of tools, the presence of obsidian and sickle ternal standard and was measured at the beginning,
elements, even if in a small number, allow of attri- in the middle and at the end of each analytical se-
buting them to the Neolithic age (Martinelli, 1995; quence.?°Si, estimated by ESEM measures, was used
Martinelli and Quero, 2013). as internal standard. The data were processed using

the Glitter program (Van Achterbergh et al. 2001).

3. ANALYTICAL METHODS The analytical accuracy (RSD%) was calculated by

Thirty -four obsidian artifacts coming from the repeated analyses of the USGS basaltic reference
Roccapalumba archaeological site and presently kept glass BCR2 G, and resulted to be O
at the o0Salinasé Museunb-odn,PaRbe,r mds, hBageg bheenCsu Nd, (
jected to geochemical analyses. All obsidian spe¢ Cu, Sr, Pr,S m, Eu, Yb, Lu, Hf and Pb
mens have been analysed to define major and trace Zr , Gd, Tb and Ho, 020% for Ti

element composition by means of Scanning electron
microscopy (SEM-EDX) and Inductively Coupled
Mass spectrometer with laser ablation (LA -ICP-MS).

3.1.SEM-EDS

Scanning Electron Microscopy is an environmen-
tal ESEM-FEI InspectS equipped with a spectrome-
ter Oxford INCA Pent aFETx3 EDS, and a Si(Li) @-
tector equipped with a ultra -thin window ATW?2
(MIFT Department of the Messina University).
Measurements were performed using a resolution of
137 eV at5.9 keV. Data acquisition was made under
environmental conditions, at a working distance of
10 mm with an acceleration voltage of 20 kV, count-
ing times of 60s, approximately 3000 cps with dead
time below 30%. The obtained semiquantitative d a-
ta were processed by INCA software Energy. This
software uses the XPP matrix correction schene de-
veloped by Pouchou and Pichoir (1984, 1985).

3.2LAICP-MS

Trace elements composition of the obsidians was
analysed at the INGV laboratory -Palermo using a
GeolLasPro 193nm ArFExcimer laser ablation (LA)
system, connected to an Agilent 7500ce quadrupole
ICPOMS. The analyses were performed with a con-

4. DISCUSSION OF RESULT S

Thirty -four fragments of obsidian artifacts recov-
ered from the prehistoric site of Roccapalumba have
been analysedto trace back the source area through
definition of physical/typological and geochemical
properties of the materials. All the fragments are
dated to the Neolithic age, on the base of typological
features showed by flint artifacts also founded in the
archaeological site. The obsidian fragments are black
in color, variably transparent to opaque. They mai n-
ly include blade scrapers, backed blade and flake
scraper; others artifacts are instead classified as not
retouched flakes, fragment of core, platform and
blades. The overall recognized types suggest that in
the Neolithic settlement an intense knapping activity
was carried out.

Taking into account that obsidian artifacts are
well preserved, that sources are limited in number
and that the compositional variabi lity between di f-
ferent obsidian sources is high, it is possible to link
artifacts with great confidence to specific sources
using elemental analysis. SEMEDX major element
data of the Roccapalumba obsidians, expressed in
wt % of oxides (SiO,, Al 03 FeO, MgO, CaO, N&O,
K>0) are reported in Table 2.

Mediterranean Archaeology and Archaeometry, Vol. 18, No 3, (2018), pp. 151-167
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Table 2. Major elements of obsidian set in wt% determined by SEM (Pl=Peralcaline Index).

Sample/

Element SiO2 Al 203 FeO MgO CaO Na0 K20 Na0+K20 PI
rocpl 76,43 12,5 1,32 0,18 0,71 34 5,47 8,87 0,71
rocp2 75,56 12,32 1,39 0,34 1,03 2,46 6,9 9,36 0,76
rocp3 76,41 12,41 1,41 0,1 0,79 3,32 5,56 8,88 0,72
rocp5 74,52 13 15 0,27 1,18 342 6,11 9,53 0,73
rocp6 76,35 12,45 1,32 0,03 0,73 3,69 5,43 9,12 0,73
rocp7 76,2 12,54 1,28 0,16 0,92 4,00 49 8,9 0,71
rocp8 76,62 12,28 1,35 0,06 0,75 34 5,53 8,93 0,73
rocp9 76,44 12,42 1,3 0,08 0,69 3,75 5,32 9,07 0,73
rocpl0 76,38 12,55 1,23 0,23 0,73 3,84 5,04 8,88 0,71
rocpll 76,32 12,54 1,26 0,03 0,71 3,91 5,24 9,15 0,73
rocpl2 75,78 11,96 1,77 0,11 1,79 3,25 5,34 8,59 0,72
rocpl3 76,51 12,45 1,3 0,07 0,8 3,6 5,27 8,87 0,71
rocpl4 76,38 12,28 1,32 0,1 0,79 3,76 5,37 9,13 0,74
rocpl5 76,18 12,47 1,31 0,15 0,81 3,73 5,36 9,09 0,73
rocpl6 76,01 12,6 1,35 0,11 0,78 3,93 5,23 9,16 0,73
rocpl7 75,5 12,7 1,48 0,6 0,76 3,84 5,12 8,96 0,71
rocpl8 76,59 12,45 1,28 0,1 0,73 3,76 5,08 8,84 0,71
rocpl9 76,69 12,41 1,35 bdl 0,79 3,28 5,48 8,76 0,71
rocp20 76,69 12,5 1,37 bdl 0,8 347 5,24 8,71 0,7
rocp21 76,53 12,6 191 0,11 1,08 3,55 6,32 9,87 0,78
rocp22 76,47 12,5 1,42 bdl 0,79 3,13 5,71 8,84 0,71
rocp24 76,22 12,59 1,25 0,06 0,98 3,96 4,95 8,91 0,71
rocp25 75,96 12,33 1,3 0,11 1,09 3,81 5,38 9,19 0,75
rocp26 76,1 12,76 1,26 bdl 0,77 4,27 4,84 9,11 0,71
rocp27 76,18 12,73 1,31 0,02 0,74 3,86 5,17 9,03 0,71
rocp28 76,29 12,41 1,34 0,08 0,87 3,45 5,57 9,02 0,73
rocp29 75,72 12,31 1,25 0,01 1,82 3,92 4,97 8,89 0,72
rocp30 74,58 12,52 16 0,26 1,55 1,65 7,84 9,49 0,76
rocp31 76,44 12,41 1,34 0,03 0,83 3,76 5,19 8,95 0,72
rocp32 76,31 12,64 1,32 0,01 0,86 3,45 54 8,85 0,7
rocp33 75,99 12,64 1,39 0,15 1,01 3,48 5,34 8,82 0,7
rocp34 75,74 12,98 1,17 0,03 1,04 4,06 4,97 9,03 0,7
rocp35 75,99 12,79 1,23 0,06 0,74 3,96 5,22 9,18 0,72
rocp36 76,33 12,5 1,28 bdl 0,92 3,86 5,12 8,98 0,72

The studied obsidians show an average SiQ con-
tent of about 75 wt%, Al.O3ranging from 12.28 to
13.0%, and NaO+K,0 values from 8.59 to 9.87 wt%.
The total alkali vs silica (TAS after Le Bas, 1986; inset
of Fig. 6) classification indicates that all the analysed
obsidians fall in the compositional field of rhyolites
and are alkaline according to the Miyashiro classifi-
cation (1978). In particular, all samples show potassic
alkaline affinity according to La Maitre (2002) classi-
fication (Na0-2 < K;0). Moreover, their peralkaline
index P.l.= [(Na.O + K;0)/Al ,0O3 molar ratio)] is < 1
(from 0.70 to 0.78).

The provenance of the studied obsidians is inves-
tigated comparing their key major and trace ele-

ments with those of natural occurrences from the
Tyrrhenian islands of Pantelleria, Palmarola, Lipari
and Sardinia (M. Arci) and from the Aegean Islands
of Melos and Gyali (Crisci et al., 1994; Acquafredda
et al.,, 1999;Tanguy et al., 2003; Bigazzi et al., 2005;
Barca et al. 2007; 2008; De Francesco et al., 2008-
kot et al., 2013; Tykot, 2017).Te rhyolitic field of the
TAS diagram is reported in Figure 6 with compos i-
tional fields of the Mediterranean occurrences. The
studied samples fall near the Lipari field, but some
samples plot in the area where the fields of Lipari,
Palmarola and Monte Arci overlap.
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Figure 66 A) Total alkali vs silica diagram (after Le Bas, 1986 ), with the discriminating boundary between alkaline and
sub-alkaline magmas (dashed red line) after Miyashiro (1978) used to classify the studied Roccapalumba obsidians (red
dot); B) Literature compositional fields of the main source areas from the Central M editerranean area (data after Ac-

quafredda et al.,1999; Le Bourdonnec et al., 2010 and De Francesco et al., 2008).

In order to better discriminate among these three
possible source areas, values of the peralkaline index
can be used. The low values of P.I. (< 1) showed by
the studied samples from Roccapalumba allow ex-
cluding the Palmarola obsidians, which are alk a-
line/p eralkaline with P.I &1 or slightly higher (C a-
doux et al., 2005). Moreover, also Pantelleria obsid-
ans can be excluded due to their strong peralkaline
character and P.l. values > 1 (MacDonald and Bailey,
1973). Despite the affinity with the Lipari obsidians
showed by the majority of the studied samples, ma-
jor elements appear not to be enough discriminative
to constrain the source area. These preliminary re-
sults only allow to exclude Pantelleria and the Aeg e-
an islands as possible sources.

Several authors (eg.: Crisci et al., 1994Barca et al.
2007, 2008)demonstrated that some trace elements
such as Nb, Sr, Zr, Rb, Yb and Y, are particularly in-
dicative of petrogenetic processes that generated
various silicic magmas. Since each magma batch had
its own petrogenetic history, the abundances and
ratios of these elements are different from one occu-
rence to the other therefore, they can help to distin-

guish, with high accuracy, the obsidian sources in
the whole Mediterranean area.

To exclude M. Arci and other possible source are-
as, the use of trace elements abundances and their
ratios as discriminative parameters represent the
most reliable approach. The trace elements analyses
of the obsidians artifacts from Roccapalumba per-
formed by LA -ICP-MS, expressed in ppm, ae re-
ported in Table 3.

Csvs Nb and Zr/Y vs La variation diagrams pr o-
posed by Barca et al. (2007) turned out particularly
discriminative. On these diagrams, the obsidian
samples from Roccapalumba ever fall in the field of
the Lipari obsidians (Fig. 7A-B). Furthermore, on the
Nb/Y vs ZrlY and Nb/Sr  vs Rb/Sr diagrams (Fig.
7C-D) by Acquafredda et al. (2018), the Roccap-
lumba obsidian artifacts fall again in the Lipari co m-
positional field. Following this discrimination met h-
od, it can be confidently concluded that the studied
obsidians come from Lipari Island.

In addition to these discrimination diagrams we
propose the use of supplementary tools to better de-
fine or verify the source area.
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Table 3. Trace elements in ppm analysedby LA-ICP-MS (3 analyses per sample).

Sample/Elements rocpl  rocp2  rocp3  rocp5  rocp7  rocp8  rocp9 rocplO0 rocpll rocpl2 rocpl3 rocpl4d
Li 89.67 19.92 94.2 20.68 96.42 96.03 101.79 93.95 104.96 94.84 90.43 98.63
Be 7.22 6.04 5.48 5.76 7.21 7.21 8.46 6.58 7.71 7.4 6.11 7.47
B 205.43 21547 21237 21447 22501 24151 23153 2144 23323 21454 2072 216.34
Sc 11.66 10.75 8.75 8.02 7.95 6.44 7.49 16.8 5.69 6.47 7.12 6.05
Ti 438.16 428.87 438.45 450.11 430.69 465.92 483.93 330.22 380.68 318.56 479.36 389.67
\% 0.49 0.66 0.53 1.34 0.59 0.58 0.55 0.55 0.62 0.63 0.58 0.49
Cr 16 bdl 1.76 1.52 1.89 bdl 222 bdl 171 13 bdl 1.29
Mn 449.62 448.68 462.31 44145 47147 45412 47758 451.02 493.14 460.8 449.86 450.33
Co 0.33 0.3 0.3 0.39 0.37 0.34 0.26 0.32 0.4 0.34 0.34 0.37
Ni 0.28 0.35 bdl 0.59 0.18 bdl bdl 0.18 0.3 bdl 0.17 bdl
Cu 6.95 3.74 6.65 3.59 7.3 7.45 6.85 6.87 7.13 7.17 7.19 7.89
Zn 49.65 5141 51.09 54.09 49.96 52.99 54.68 51.64 55.29 48.26 44.14 52.91
Rb 306.99 317.65 316.44 313.57 320.43 316.17 333.56 316.96 356.73 3259 313.04 337.29
Sr 13.3 15.52 14.75 16.87 15.54 14.56 15.84 15.65 18.31 14.36 15.25 15.02
Y 3326 3652 36.29 39.28 39.68 36.93 4092 40.62 4692 37.17 3741 39.29
Zr 138.41 150.41 14853 156.91 161.07 150.42 162.49 1649 186.95 146.89 148.65 162.04
Nb 3219 3233 3359 3254 3268 3209 3355 33.81 3884 33.08 3215 34.02
Cs 16.06 16.53 16.83 16.81 17.34 16.75 1756 17.34 20.01 18.63 16.58 18.3
Ba 13.43 16.79 13.68 16.79 14.06 14.06 14.82 15.15 17.38 14.87 12.76 14.45
La 4742 5097 5232 55.05 54.14 50.07 5375 56.21 66.23 5143 51.7 55.36
Ce 100.28 102.36 106  104.97 106.43 102.79 109.2 109.85 129.45 112.32 102.62 112.73
Pr 10.06 10.88 10.97 11.49 11.26 10.8 11.32 11.73 13.41 11.44 10.5 11.75
Nd 3481 37.67 3923 3993 3991 3659 3949 4122 4869 3822 3759 41.05
Sm 7.27 7.9 7.77 8.27 8.13 7.28 8.07 8.34 9.74 7.65 7.82 7.78
Eu 0.11 0.13 0.14 0.12 0.12 0.12 0.13 0.13 0.14 0.1 0.12 0.13
Gd 6.1 6.81 6.82 6.73 7.21 6.41 6.86 7.68 8.18 6.43 6.29 6.57
Tb 0.9 0.95 1.01 111 1.02 0.97 1.04 1.09 1.24 0.96 0.97 1.07
Dy 5.72 6.24 6.5 6.72 6.67 6.26 6.56 6.9 7.92 6.62 6.03 6.53
Ho 1.16 1.18 1.31 1.39 1.4 1.29 1.36 1.51 1.72 1.28 1.29 1.34
Er 3.22 3.85 4.02 4.31 4.4 3.91 4.22 411 4.76 4.1 3.95 4.17
™™ 0.52 0.65 0.59 0.65 0.7 0.59 0.64 0.67 0.81 0.64 0.67 0.63
Yb 4.13 451 4.34 5.04 4.86 4.63 4.35 4.85 6 441 4.43 4.68
Lu 0.58 0.65 0.62 0.67 0.71 0.65 0.68 0.67 0.89 0.67 0.67 0.7
Hf 5.18 5.58 5.87 6 6.21 541 591 6.37 7.73 6.04 5.23 5.88
Ta 2.3 2.48 241 2.32 2.55 2.37 2.37 2.55 2.93 2.62 231 2.62
Pb 3155 3226 3335 31.72 33.89 3592 3529 3423 4118 3541 32.04 36.11
Th 41.28 46.04 46.75 49.34 49.5 45.09  48.65 51.31 64.14 47.93 46.01 50.28
U 14.46 15.05 14.85 14.93 15.42 14.83 15.66 16.01 19.59 16.12 14.25 16.12
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Table 3. Continued

Sample/Elements  rocpl5 rocpl6 rocpl7? rocpl8 rocpl9 rocp20 rocp2l rocp22 rocp24 rocp25 rocp26 rocp27
Li 109.02 9151 98.43 108.27 101.55 104.03 98.24 94.87 92.89 93.89 91.84 98.69
Be 7.99 7.95 6.86 6.17 7.35 7.93 7.27 7.6 7.85 7.76 6.51 6.42
B 226.27 201.07 225.88 216.23 228.35 224.68 249.74 287.66 21586 217.11 205.16 219.37
Sc 5.89 6.78 6.1 17.54 9.99 10.95 155 9.37 11.32 8.48 6.92 7.09
Ti 37257 287.84 320.26 34158 381.98 362.93 350.65 356.62 334.61 43143 269.69 407.81
\Y 0.59 0.58 0.56 0.59 0.6 0.56 0.89 0.54 0.63 0.88 0.5 0.55
Cr 2.19 1.7 bdl 0.84 1.3 bdl 1.37 2.85 1.13 2.11 1.96 2.23
Mn 467.48 454.71 47262 426.04 467.55 460.09 483.37 460.02 476.27 458.76 468.89 445.79
Co 0.31 0.33 0.33 0.33 0.29 0.31 0.36 0.33 0.36 0.39 0.36 0.27
Ni 0.29 bdl bdl 0.19 bdl bdl 0.28 bdl 0.18 0.23 0.42 0.17
Cu 6.79 6.74 6.62 6.13 6.91 7.18 7.18 6.24 3.93 6.35 6.59 7.04
Zn 53.46 44.09 49.9 53.96 54.02 52.47 54.02 51.94 53.87 52.17 43.42 43.83
Rb 339.84 32142 333.81 333.63 336.77 324.75 351.94 324.82 331.02 298.91 313.45 328.59
Sr 15.54 15.29 15.84 14.52 15.37 15.03 16.99 15.91 17.9 14.41 15.46 14.39
Y 37.34 3793 4276 36.14 39.5 38.67 43.61 40.89 4268 3227 38.82 36.66
Zr 152.87 154.97 167.9 149.11 156.94 153.37 172.38 163.83 166.17 130.39 150.59 148.36
Nb 35.12 33.2 3422 3352 3389 33.04 3396 3328 3459 3131 3227 3274
Cs 18.77 17.08 18.4 18.06 17.93 17.72 19.18 17.54 18.6 16.06 16.83 18.25
Ba 15.23 14.15 15.59 14.45 14.8 14.39 14.78 13.97 15.72 12.96 14.78 13.52
La 54.95 53.23 56.43 51.71 54.49 53.22 56.41 53.79 57.49 46.58 53.02 51.27
Ce 118.21 105.54 112,57 10545 110.82 109.58 114.73 106.97 11537 97.91 107.36 106.14
Pr 121 11.32 11.92 11.12 11.44 11.37 11.79 11.12 121 9.89 10.85 10.92
Nd 4159 3998 40.38 38.05 39.89 3946 4222 40.31 4207 3428 37.68 37.12
Sm 7.83 7.62 8.2 7.66 7.77 7.57 8.58 8.15 8.65 6.89 7.49 7.34
Eu 0.13 0.14 0.15 0.11 0.12 0.14 0.13 0.13 0.16 0.12 0.13 0.1
Gd 7.29 6.42 7.22 6.83 6.88 7.18 8.18 7.41 7.9 5.9 6.61 6.18
Tb 1.01 1.05 1.08 0.99 1.01 1.02 1.07 1.07 1.09 0.81 0.93 1
Dy 6.82 6.74 7.42 6.09 6.65 6.41 7.07 6.58 7.38 5.39 6.77 6.05
Ho 1.34 1.33 15 1.31 1.36 1.37 1.44 1.36 1.49 1.14 1.31 1.3
Er 4.21 3.96 4.55 3.79 4.12 4.09 4.18 4.15 4.52 3.56 4.05 3.85
Tm 0.64 0.68 0.71 0.61 0.67 0.64 0.67 0.66 0.68 0.52 0.63 0.59
Yb 4.89 431 5.14 4.49 4.8 454 5.09 5.13 5.06 3.76 4.45 4.43
Lu 0.7 0.65 0.8 0.64 0.67 0.69 0.7 0.68 0.75 0.54 0.69 0.68
Hf 5.82 5.98 6.76 5.67 5.96 5.92 6.49 6.11 6.54 4.83 5.82 5.56
Ta 2.67 2.46 2.68 2.49 2.48 2.54 2.56 2.49 2.6 2.14 2.34 2.36
Pb 38.07 3459 37.01 3651 3574 3527 3817 39.3 3754 3138 3349 3265
Th 52.82 50.09 5388 47.18 49.78 50.35 53.03 5041 55.6 42.17  46.69 45.9
U 17.98 15.68 16.67 15.95 16.33 16.07 16.7 15.21 17.73 14.84 15.27 15.49
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