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ABSTRACT
Chemical fingerprinting using major or trace element composition
is used to characterize the Mediterranean island sources of obsidian
and can even differentiate as many as nine flows in the Monte Arci
region of Sardinia. Analysis of significant numbers of obsidian
artifacts from Neolithic sites in the central Mediterranean reveals
specific patterns of source exploitation and suggests particular trade
mechanisms and routes. The use of techniques such as X-ray
fluorescence, the electron microprobe, neutron activation analysis,
and laser ablation ICP mass spectrometry are emphasized in order
to produce quantitative results while minimizing damage to
valuable artifacts.

Introduction
The study of prehistoric exchange systems is a fundamen-
tal topic of archaeological research, as the successful
reconstruction of trade may illuminate not only economic
aspects of ancient societies but also the social and political
climate in which it operated.1-3 While changing theoretical
emphases in recent decades have affected how archaeo-
logical data relevant to exchange systems have been
interpreted, technological advancements in our ability to
determine the source of archaeological materials have
greatly enhanced the quantity and quality of these data.
This is reflected in the goals, design, and implementation
of modern provenance studies.

In the Mediterranean, provenance studies have typi-
cally focused on ceramics, ground stone tools, flint, and
obsidian. A volcanic glass widely used for stone tools
(Figure 1), obsidian is an ideal material for reconstructing
trade since it occurs geologically in a limited number of
locations, is frequently found on archaeological sites even
great distances from a source, and may be chemically
“fingerprinted”, allowing definitive source attributions of
artifacts.4,5 The application of currently available analytical
methods permits the construction of statistically signifi-
cant geographic and chronological patterns of obsidian

source exploitation, and new interpretive schemes rees-
tablish exchange as critically important for understanding
all stages of the chaı̂ne opératoire of lithic raw material
acquisition, modification, use, and discard. As the most
visible indicator of Neolithic interactions in the Mediter-
ranean, obsidian use is also relevant to discussions of the
earliest settlement of the Mediterranean islands, the
transition from hunting and gathering to an agricultural
way of life, long-distance exchange networks, craft spe-
cialization, and the development of social differentiation
and other precursors of more complex Copper and Bronze
Age societies.
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FIGURE 1. Formal obsidian tools from a Neolithic site in Sardinia.
Simple flakes and blades without evidence of retouch are much
more commonly found at archaeological sites.
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Previous Research
Long before chemical characterization studies of obsidian
began in the 1960s, the Mediterranean islands of Giali,
Lipari, Melos, Palmarola, Pantelleria, and Sardinia were
known to have obsidian sources which likely supplied the
raw material used for artifacts found at archaeological sites
in the Mediterranean (Figure 2). While an ordinary wet
chemical analysis of major elements had led to the
surprising (and erroneous) conclusion that obsidian ar-
tifacts in Malta were of Melian origin, the seminal
contribution of Cann and Renfrew demonstrated that
most of the island sources could be differentiated on the
basis of their trace element composition (especially
barium, zirconium, niobium, and yttrium) as determined
by optical emission spectroscopy.6 During the 1970s and
1980s, further research on the Mediterranean sources
using neutron activation analysis (NAA) and X-ray fluo-
rescence (XRF) was successful not only in attributing
artifacts to specific islands but also in demonstrating the
existence of more than one flow on both Sardinia and
Melos.7-9 More recent applications using XRF10-12 and
PIXE13 have utilized a nondestructive approach in which
no sample is removed from the artifact. Nondestructive
analysis using a scanning electron microscope equipped
with energy dispersive spectrometers is sufficient to
discriminate among all of the Mediterranean island
sources but only some of the intraisland subsources.14 The
Mediterranean island sources can also be differentiated
by their geological age, usually determined by fission-track
dating, although this technique often cannot distinguish
among flows of similar age and is therefore of limited
value for identification beyond the island level.

The general distribution of obsidian from the Mediter-
ranean island sources may be constructed from the

elemental and fission track data.15-17 In the Aegean region,
obsidian artifacts from relatively few archaeological sites
have been analyzed since it is generally assumed that
Melos supplied virtually all of the obsidian utilized in
mainland Greece, Crete, and the Aegean islands.18,19

Obsidian from Melos has been confirmed at but a single
site west of the Balkans,20 and a few pieces of Anatolian
obsidian have been identified in Eastern Europe and
Greece.21 The Carpathian sources22-24 are responsible for
a few artifacts found in northern Italy and some as far
east as Greek Macedonia.25 In the central Mediterranean,
virtually all archaeological obsidian artifacts come from
the four Italian island sources.26 Obsidian from Lipari and
Sardinia is the most widely distributed, while obsidian
from Palmarola appears limited to the Italian peninsula,
and obsidian from Pantelleria has only rarely been identi-
fied north of Sicily.

New Directions
Despite this long history of obsidian studies, until recently
no systematic program of field survey and documentation,
physical and chemical analysis, and detailed publication
has been completed for the Mediterranean island sources.
Significantly, the obsidian from each island has been
treated by most archaeologists as deriving from a single
source, when in fact it occurs as multiple primary outcrops
and secondary deposits.27 Notably, earlier analyses of
artifacts made of obsidian from Sardinia6,7 indicated that
multiple, chemically differentiable sources exist, and
subsequent research by several teams has resulted in the
location and characterization of as many as nine chemi-
cally distinct obsidian sources in the Monte Arci region,
with at least five exploited in antiquity.9,28-31

FIGURE 2. Obsidian sources in the Mediterranean area and archaeological sites with obsidian artifacts in the central Mediterranean. Not
shown are hundreds of sites with obsidian on Sardinia.
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Recently, this author has also directed an intensive
geoarchaeological survey of the obsidian sources on Lipari,
Palmarola, and Pantelleria, identifying multiple flows and
visual types on each island. My research program repre-
sents the only sustained effort to fully characterize the
Mediterranean island sources, to analyze significant num-
bers of archaeological artifacts and interpret prehistoric
exploitation patterns and their socioeconomic signif-
icance.3,15,30-38

Another advance has been the application of nonde-
structive or minimally destructive, relatively inexpensive
analytical techniques, especially to large numbers of
artifacts from single archaeological contexts. The analysis
of large numbers of artifactsseven of entire site
assemblagesshas led to the significant revision of distri-
bution patterns based on earlier research using limited
numbers of samples. Obsidian from Palmarola, rarely
documented previously in northern Italy, is actually well
represented at a few sites,39,40 while Pantellerian obsidian
is continuously present in the neolithic levels of Grotta
dell’Uzzo in Sicily,41 when Lipari was previously thought
to be a nearly exclusive source for Sicily. Chronological
change has been documented within sites such as Arene
Candide40 and Filiestru,15 and the work on obsidian
provenance is now integrated with studies of reduction
technology and use-wear.42,43 One preliminary observa-
tion for northern Italy is that a shift occurred in the Late
Neolithic toward the presence of exclusively small blades
of Lipari obsidian while Sardinian obsidian was obtained
as both prepared cores and larger blades. At the same
time, sites in southern France employed obsidian almost
exclusively from a single Monte Arci subsource (SA),
suggesting selection or transport mechanisms different
than those for Corsica and northern Italy.15

Clearly, important information about the exploitation
and use of raw materials, and their economic and socio-
political significance, can be obtained from detailed, large-
scale, integrated studies of Mediterranean obsidian sources.
In order for a provenance study of lithic artifacts to be
successful, however, there are several prerequisites: (1)
all relevant geological sources must be known; (2) these
sources must be characterized for the properties (e.g.,
color, density, and mineralogic, elemental, or isotopic
composition) which will be measured for the artifacts; (3)
one or more properties must be homogeneous within a
source; (4) measurable, statistically valid differences be-
tween sources must exist for one or a combination of these
parameters; and (5) they must be measurable using
analytical methods appropriate for archaeological artifacts.
In the Mediterranean, these conditions have been met at
the island level of resolution, and in some cases at the
level of specific source localities.

Monte Arci, Sardinia (Figure 3)
Unlike all other Mediterranean island sources of obsidian,
Sardinia is a large land mass, at approximately 25 000 km2,
and was first settled prior to the exploitation of its obsidian
sources.36 In a comprehensive survey of the Monte Arci

zone, Puxeddu44 found 246 archaeological sites with
obsidian in an area of ca. 200 km2, several of them major
workshops for the production of tools. The Monte Arci
volcanic complex includes acidic lavas which often grade
into a perlitic facies where obsidians are likely to occur;
K-Ar and fission-track dates on geological obsidian
samples have uncorrected ages of about 3.2 million years.
The recognition by the 1970s that at least three chemical
groups (SA, SB, SC) were represented among artifacts
raised questions about which sources were utilized, since
only one had been analyzed,6,7 and both translucent and
opaque obsidian had long been recognized in archaeo-
logical assemblages.

In the 1980s, several independent studies contributed
to the characterization of the multiple Monte Arci obsidian
outcrops. Unfortunately, results of the first study are
available only in a brief conference paper;28 no details
about the obsidian deposits themselves were published
with the second study;9 and the third is an unpublished
dissertation.29 None of these studies included samples
from all source localities.

My more recent survey of the Monte Arci zone located
an in situ obsidian source on the northeast side of Monte
Arci for the first time, as well as multiple localities with
in situ obsidian on the northwestern slopes of Monte Arci,
in addition to the well-known deposits at Conca Cannas.30

Very glassy, black but highly translucent obsidian was
found in situ near Conca Cannas and Su Paris de Monte
Bingias, in nodules up to 40 cm in length. Less glassy and
black but usually opaque obsidian was found in situ at
high elevations on Punta Su Zippiri, Punta Nigola Pani,
and Monte Sparau North, and in the form of bombs up
to 30 cm in length on the slopes of Cuccuru Porcufurau.
Very glassy obsidian, variable in transparency and some-
times with phenocrysts up to 2 mm in diameter, was
found to occur in large blocks (occasionally up to 1 m in
length) near Cucru Is Abis, Seddai, Conca S’Ollastu, and
Bruncu Perda Crobina. Black, opaque, and less glassy
obsidian, frequently with well-defined external gray bands,
was found in situ along the ridge from Punta Pizzighinu
to Perdas Urias on the northeastern side of Monte Arci,
in blocks up to 20 cm long; in one area here was found a
concentration of pieces with red streaks. Abundant obsid-
ian in loose but natural blocks may also be found at lower
elevations, from Santa Pinta to Mitza Sa Tassa. The
variability in visual characteristics observed for different
areas of Monte Arci suggested that it should be possible
to match the previously identified chemical source groups
to specific geographic localities.

Analytical Methods and the Characterization of
Black Gold
Continuing our systematic approach to the characteriza-
tion of the central Mediterranean obsidian sources, the
geological sample collection described above was followed
by comprehensive physical and chemical analysis and
statistical evaluation of the results. Only then were
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protocols developed which were necessary and sufficient
for the provenance analysis of archaeological artifacts.45

A multimethod exploratory approach was designed to
chemically characterize geological obsidian samples from
Sardinia and, more recently, Lipari, Palmarola and Pan-
telleria. For the full chemical characterization of geological
samples from Sardinia, a combination of electron micro-
probe analysis, XRF, NAA, and ICP mass spectrometry was
employed.

The electron microprobe, equipped with wavelength
dispersive spectrometers, is an excellent method for the
quantitative determination of 10 major/minor elements
and for assessing the heterogeneity of individual sources
and artifacts. Only a tiny sample must be removed from
artifacts, with 15-20 samples mounted and polished on
a single 1-in. epoxy disk.31,34 Mounted samples may be
reanalyzed as necessary, by microprobe or by other

methods including laser ablation ICP-MS. Many artifacts
may be quantitatively analyzed by the microprobe at very
low per-sample costs. The microprobe (or SEM) with
energy dispersive spectrometers also has been used for
obsidian studies in the Mediterranean and elsewhere,14,46

but Ti, Mg, Mn, and P are typically below the minimum
detection limits of EDS systems, and these are useful
elements for discriminating among the Mediterranean
island sources and subsources.

The principle of X-ray fluorescence is similar to that
used for electron microprobe analysis, but XRF instru-
ments achieve considerably lower (better) elemental
detection limits, allowing for the analysis of a broad range
of trace elements. XRF would be the preferred technique
for major, minor, and trace element analysis of homoge-
neous materials such as obsidian if a sufficiently large (1
cm2) and flat surface were available and the entire artifact

FIGURE 3. Obsidian sources in the Monte Arci region of Sardinia.
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could fit inside the sample chamber. While these criteria
are not obstacles for the analysis of geological specimens,
they can be limiting for archaeological collections. Several
Mediterranean obsidian studies have used XRF, so some
pre-existing data are already available.8-10,12,28,29,47-49

Neutron activation analysis, however, has been the
workhorse of archaeological provenance studies for three
decades. Some 30-35 elements can be routinely measured
in a solid or powdered sample, with excellent precision
for rare earth elements, although NAA is not appropriate
for determining bulk chemical composition in silicate rock
samples. The results of several hundred obsidian analyses
are available for the Mediterranean region.7,8,21,29,39,40,50-52

Unfortunately, the unsubsidized cost of analysis by NAA
is high, and access to research reactors is expected to
decrease significantly in the near future.

ICP-MS is now an established method of trace element
analysis with applications in a number of fields including
archaeology.38,53 Compared to NAA, ICP-MS has greater
sensitivity for many elements, especially those found in
silicate rocks,54,55 and is probably the best single technique
for initially evaluating which trace elements may be useful
in an archaeological provenance study. The preparation
of silicate samples for solution analysis, however, is both
time-consuming and destructive. Solid samples may be
introduced using a laser ablation device, but this results
in somewhat reduced sensitivity and precision.56 If this
precision is nevertheless sufficient for the separation of
all archaeologically significant source groups, though, then
LA-ICP-MS becomes an excellent technique for the analy-
sis of obsidian artifacts since samples need not even be
removed from whole artifacts and the tiny holes left by
the laser (as small as 10 µm in diameter) make this
microanalysis technique virtually nondestructive (Figure
4). Another advantage of ICP-MS is that isotope ratio data
are also produced, with precisions approaching those of
thermal ionization mass spectrometers (at least for mul-
ticollector instruments), and strontium,57 lead, and neody-
mium isotope ratios are likely to be good discriminators
of Mediterranean obsidian sources.

Nearly 200 geological obsidian samples from 20 col-
lection localities in Sardinia were analyzed for 38 major
and trace elements using a Fisons PQ 2 Plus quadrupole
ICP mass spectrometer. Since the purpose of these initial

analyses was to determine how many subgroups could
be chemically distinguished, rather than to characterize
them quantitatively, calibration curves were generated for
only some elements, and the data produced should not
be considered indicative of the actual composition of the
samples, although in most cases they are reasonably
close.31 Exploratory multivariate statistical analysis initially
identified five source groups of workable obsidian (SA,
SB1, SB2, SC1, SC2), but it did not seem archaeologically
significant to distinguish between two of them (SC1 and
SC2) since they are visually indistinguishable and co-occur
in the same secondary deposits.34 A re-examination of the
data now shows that the SB1 subgroup may be further
subdivided into three discrete sub-subgroups (SB1a, SB1b,
SB1c), but it is unlikely that distinctions at this tertiary
level are archaeologically significant.

For the quantitative characterization of the Sardinian
sources, 125 geological obsidian samples from Monte Arci
were analyzed using a Cameca MBX electron microprobe.
Samples were excited by a relatively wide (40 µm) 15 keV
electron beam, and the X-radiation was measured by WDS
with counting times of 10-80 s per element. Samples from
Lipari and Pantelleria, and a standard reference material,
were also analyzed in order to enable comparison with
results from other laboratories and by other methods.34

The results confirm Francaviglia’s finding that the central
Mediterranean island sources can be easily distinguished
from one another by their major/minor element composi-
tion,9 which is also sufficient for distinguishing at least
four Sardinian flows,31,34 two on Melos, and five on
Pantelleria,47 using simple bivariate plots (Figure 5).

A subset of 60 geological obsidian samples from Sar-
dinia was then quantitatively analyzed for 27 elements by
INAA using the 10 MW light-water-moderated Missouri
University Research Reactor. Gamma rays were measured
at different points during the decay period after irradiation
using a high-purity germanium detector. The same set of
60 samples was also analyzed for 15 elements by XRF
using a Spectrace 5000 spectrometer at the Northwest
Research Obsidian Studies Laboratory. Depending on the
elements analyzed, samples were scanned in air or
vacuum paths for 200-600 s, with X-ray tube settings of
12-50 kV. The NAA and XRF results confirmed the initial
findings by ICP-MS of the existence of seven chemically
distinguishable groups (Figure 6). The microprobe, NAA,
and XRF data are presented in Table 1. The differing
chemistries of the relatively coeval Monte Arci obsidian
sources are best explained by variable crustal contamina-
tion rather than fractional crystallization.58,59

Following the assessment that it was archaeologically
unnecessary to further subdivide the SB1 and SC sources,
the electron microprobe was selected for the analysis of
nearly 700 obsidian artifacts from dozens of prehistoric
sites, doubling the total number of artifacts analyzed in
the central Mediterranean. In addition to the use of
bivariate plots of the major elements, robust multivariate
statistical analysis was used to attribute each artifact to a
specific source. Discriminant functions determined from
the geological data were applied to each unknown (ar-

FIGURE 4. Three laser ablation craters are barely visible on this
small obsidian artifact attributed to Lipari. The artifact is 2 cm in
length.
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chaeological) sample using the jack-knifing option in the
software program BMDP 7M. More than 95% of the
artifacts were attributed to an individual subsource with
greater than 95% probability.

Discussion and Conclusion
The provenance results now available provide a much
more detailed view of the distribution of obsidian from
the central Mediterranean island sources (Figure 7). While
the distribution map indicates that obsidian from Sardinia
and Lipari was much more widely used than obsidian
from Palmarola and Pantelleria, it does not quantitatively
describe the relative importance of each source or sub-
source at each archaeological site, nor does it suggest
particular transport routes or mechanisms. In particular,
it disguises the fact that outside of the results of my own
research, only a dozen of the 200 sites shown represent
10 or more analyses. When significant numbers of artifacts
are analyzed from individual sites, it is possible to
demonstrate real temporal and spatial differences in
source exploitation.37 At Filiestru Cave in northwest Sar-
dinia, for example, the chemical analysis of 86 artifacts
indicated that the use of source SB obsidian steadily
decreased over the course of the Neolithic period, to be
replaced primarily by obsidian from source SC.15 At Arene
Candide on the coast of Liguria, the analysis of 53 artifacts
also shows a decrease during the Neolithic in the use of

source SB obsidian and the increasing importance of
obsidian blades from Lipari.40 Factors which result in
differential exploitation may include variation in acces-
sibility, quantity, quality, and appearance of the raw
material, as well as social, political, and/or technological
variables which may control the timing and frequency of
access, lithic reduction techniques, transportation routes
and mechanisms, and ultimately the function of obsidian
artifacts in particular regions and time periods.

Perhaps most interesting is a comparison of the relative
source frequencies by region (Figure 8). As expected,
Palmarola obsidian is never dominant, accounting for just
over 20% of obsidian assemblages in central Italy. Obsid-
ian from Pantelleria surprisingly accounts for nearly 40%
of the analyzed obsidian in Sicily but only 20% of the
obsidian in Malta, which is much farther from the Lipari
source.60 Obsidian from Lipari dominates assemblages
throughout southern and central Italy but tapers off in
frequency with distance, comprising about 30% of the
obsidian tested from sites in northern Italy and only 17%
in southern France. This falloff is characteristic of down-
the-line exchange systems in which obsidian would have
been traded from one village to the next in ever decreasing
quantity.1 That no obsidian from Lipari has been identified
in Corsica (or Sardinia) would support the hypothesis that
obsidian was transported northward from Lipari primarily

FIGURE 5. Characterizing Mediterranean island obsidian sources.
(a) SiO2 vs CaO; (b) Al2O3 vs Na2O/K2O. Data adapted from
Francaviglia9,47 and Tykot.15

FIGURE 6. High-resolution characterization of the Monte Arci,
Sardinia, obsidian sources. Two additional subsources, not illustrated,
contain obsidian only in tiny nodules unsuitable for tool use. (a) La
vs Co; (b) La vs Mn.
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FIGURE 7. Central Mediterranean archaeological sites with provenienced obsidian artifacts. Numbered sites have been published elsewhere;17,15

specific data for unnumbered sites have not yet been published.60

Table 1. Elemental Composition of Obsidian Subsources, Monte Arci, Sardinia

SA SB1a SB1b SB1c SB2 SC1 SC2

SiO2
a 74.72 ( 0.26 73.77 ( 0.26 74.01 ( 0.09 74.14 ( 0.48 75.05 ( 0.33 72.48 ( 0.19 72.68 ( 0.39

Al2O3 13.40 ( 0.15 13.68 ( 0.05 13.61 ( 0.05 13.56 ( 0.12 12.97 ( 0.15 14.03 ( 0.10 14.01 ( 0.11
MgO 0.08 ( 0.01 0.13 ( 0.04 0.11 ( 0.01 0.10 ( 0.04 0.11 ( 0.02 0.25 ( 0.03 0.18 ( 0.07
CaO 0.59 ( 0.04 0.75 ( 0.02 0.74 ( 0.02 0.74 ( 0.05 0.57 ( 0.02 0.88 ( 0.05 0.87 ( 0.05
Na2O 3.44 ( 0.16 3.34 ( 0.07 3.39 ( 0.03 3.43 ( 0.12 3.34 ( 0.22 3.28 ( 0.05 3.30 ( 0.12
K2O 5.26 ( 0.22 5.63 ( 0.12 5.49 ( 0.06 5.48 ( 0.12 5.51 ( 0.35 5.96 ( 0.10 5.94 ( 0.15
TiO2 0.09 ( 0.01 0.18 ( 0.01 0.15 ( 0.00 0.16 ( 0.04 0.13 ( 0.02 0.28 ( 0.02 0.26 ( 0.04
MnO 0.08 ( 0.01 0.11 ( 0.02 0.09 ( 0.00 0.09 ( 0.01 0.08 ( 0.01 0.13 ( 0.01 0.14 ( 0.01
Fe2O3 1.25 ( 0.09 1.31 ( 0.27 1.33 ( 0.10 1.21 ( 0.10 1.17 ( 0.17 1.57 ( 0.13 1.47 ( 0.24
P2O5 0.06 ( 0.01 0.04 ( 0.01 0.05 ( 0.01 0.04 ( 0.01 0.04 ( 0.01 0.03 ( 0.01 0.03 ( 0.01
Clb 860 ( 54 584 ( 39 765 ( 27 771 ( 44 691 ( 34 541 ( 35 540 ( 45
Sc 3.9 ( 0.1 3.3 ( 0.1 3.8 ( 0.1 4.0 ( 0.1 3.2 ( 0.0 3.3 ( 0.1 3.3 ( 0.0
Co 0.38 ( 0.01 0.98 ( 0.05 1.24 ( 0.02 1.45 ( 0.07 0.74 ( 0.02 1.26 ( 0.03 1.27 ( 0.05
Zn 75 ( 2 62 ( 2 73 ( 2 72 ( 2 48 ( 3 58 ( 2 73 ( 12
Ga 23 ( 4 25 ( 2 24 ( 3 25 ( 1 24 ( 4 2( 2 23 ( 5
Rb 249 ( 3 235 ( 4 237 ( 4 238 ( 3 242 ( 8 173 ( 3 172 ( 1
Sr 31 ( 2 84 ( 7 76 ( 16 82 ( 11 56 ( 7 130 ( 4 131 ( 5
Y 37 ( 2 29 ( 3 33 ( 3 31 ( 4 26 ( 1 27 ( 1 28 ( 1
Zr 121 ( 10 198 ( 8 166 ( 17 176 ( 12 161 ( 9 247 ( 10 245 ( 7
Nb 49 ( 3 36 ( 4 40 ( 2 38 ( 6 30 ( 3 29 ( 3 29 ( 3
Sb 0.21 ( 0.01 0.16 ( 0.01 0.17 ( 0.01 0.18 ( 0.01 0.33 ( 0.01 0.11 ( 0.01 0.11 ( 0.01
Cs 4.1 ( 0.1 3.7 ( 0.1 3.8 ( 0.1 3.8 ( 0.1 6.7 ( 0.2 2.0 ( 0.0 2.0( 0.0
Ba 152 ( 9 470 ( 6 320 ( 20 345 ( 11 298 ( 6 936 ( 12 907 ( 20
La 21.8 ( 0.4 37.0 ( 0.6 29.9 ( 0.3 30.9 ( 0.6 32.1 ( 0.6 57.3 ( 0.8 59.7 ( 0.7
Ce 51 ( 1 77 ( 1 65 ( 1 67 ( 2 66 ( 2 116 ( 2 124 ( 3
Nd 23 ( 1 32 ( 1 28 ( 1 31 ( 2 28 ( 1 52 ( 1 50 ( 2
Sm 6.7 ( 0.1 7.6 ( 0.1 7.3 ( 0.1 7.4 ( 0.3 6.2 ( 0.1 9.8 ( 0.1 9.6 ( 0.2
Eu 0.32 ( 0.00 0.70 ( 0.05 0.59 ( 0.01 0.63 ( 0.02 0.56 ( 0.02 1.14 ( 0.02 1.13 ( 0.01
Tb 1.07 ( 0.02 0.89 ( 0.01 1.00 ( 0.02 0.96 ( 0.10 0.76 ( 0.01 0.93 ( 0.02 0.87 ( 0.03
Dy 5.9 ( 0.3 4.6 ( 0.2 5.7 ( 0.4 5.8 ( 0.6 4.3 ( 0.3 4.8 ( 0.2 4.9 ( 0.3
Yb 2.8 ( 0.1 1.9 ( 0.0 2.4 ( 0.1 2.2 ( 0.3 1.7 ( 0.1 1.8 ( 0.1 1.7 ( 0.1
Lu 0.42 ( 0.01 0.32 ( 0.01 0.40 ( 0.01 0.37 ( 0.03 0.32 ( 0.01 0.29 ( 0.01 0.29 ( 0.01
Hf 3.7 ( 0.1 5.1 ( 0.1 4.7 ( 0.2 5.0 ( 0.4 4.4 ( 0.1 6.8 ( 0.1 6.8 ( 0.1
Ta 3.6 ( 0.1 2.3 ( 0.0 2.9 ( 0.1 3.0 ( 0.0 2.3 ( 0.0 1.9 ( 0.0 1.9 ( 0.0
Pb 32 ( 3 31 ( 3 28 ( 2 31 ( 4 32 ( 1 30 ( 3 31 ( 4
Th 16.0 ( 0.2 20.4 ( 1.0 18.5 ( 0.3 18.9 ( 0.6 19.1 ( 0.5 24.9 ( 0.5 25.1 ( 0.2
U 5.7 ( 0.5 5.8 ( 1.7 4.0 ( 0.2 4.2 ( 0.3 5.1 ( 0.4 2.5 ( 0.1 1.7 ( 0.5
a Major elements (in oxide %) obtained by electron microprobe using wavelength dispersive spectrometers. b Trace element results (in

ppm) from INAA, except for Ga, Sr, Y, Nb, and Pb (XRF).
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by land or along coastal routes and around rather than
across the Ligurian Sea to southern France.

The Sardinian sources account for all of the obsidian
found at hundreds of archaeological sites in Sardinia and
Corsica (not shown in Figure 6), as well as more than 80%
of the obsidian found in southern France and more than
50% of that in northern Italy. Sardinian obsidian is found
at several sites north of the Po River but apparently did
not reach the shores of the Adriatic Sea, and there is no
evidence of any Sardinian obsidian in North Africa, to
which it is closer than Lipari. Particularly informative is
the relative usage of the three major Monte Arci sub-
sources, which clearly demonstrates that in Sardinia
differential exploitation of the individual obsidian flows
occurred, resulting in significantly different geographic
and chronological distribution patterns.15,31,34,35 Locally,
these differences may be correlated to the quantity,
quality, and accessibility of obsidian in each source zone.

In Sardinia and Corsica, source SC accounts for more
than half of all assemblages, followed by SA at about 30-
35%. In northern Italy, the relative proportion of source
SC is greatly reduced, while in southern France source SA
comprises more than 95% of the Sardinian obsidian found
there. If one examines relative usage at specific archaeo-
logical sites in these regions, one finds that there is a
similar pattern of source representation at many sites in
Sardinia, Corsica, Tuscany, and Liguria, which is also
consistent with a down-the-line trade mechanism. The
predominance of source SA obsidian in southern France

and at a few northern Italy sites, however, suggests either
a different trade route or specific selection of one obsidian
type over another, perhaps because of cultural prefer-
ences, perceived differences in obsidian quality or sym-
bolic value, or the substitution of alternative materials for
the functions served specifically by SB and SC obsidian.

Similar detailed characterization studies have now been
extended to the obsidian sources on Lipari, Palmarola, and
Pantelleria, with several thousand geological samples
collected during intensive field surveys in 2000-2001. Two
visual types were identified on both Lipari and Palmarola,
and at least four distinct source localities were docu-
mented on Pantelleria. Unlike Sardinia, it is anticipated
that trace element analysis will generally be necessary to
reliably distinguish the multiple flows on these islands. A
single method will then be selected for the analysis of
more significant-sized assemblages of artifacts from pre-
historic sites in the central Mediterranean, virtually revo-
lutionizing the archaeological documentation of prehis-
toric trade and interaction networks and their cultural
interpretation in this region. When integrated with typo-
logical, technological, and use-wear studies, a more
complete understanding of human behavior in the Neolith-
ic central Mediterranean will result. The scientific meth-
odology employed and the interpretive integration of
geochemical, archaeological, and other data may be used
as a model for lithic provenance studies in other world
regions.
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