NEOLITHIC EXPLOITATION AND TRADE OF OBSIDIAN
IN THE CENTRAL MEDITERRANEAN:
NEW RESULTS AND IMPLICATIONS FOR CULTURAL INTERACTION

Robert H. TYKOT

Résumé ; Les objets fabriqués de ["cbsidienne ont ét¢ trouvés a beaucoup sites préhistoriques dans le central Méditerranéen, jusqu’a
centaines de kilométres de leurs sources géologiques sur les iles de Lipari, Palmarola, Pantelleria, et Sardaigne. Nouvelles études de ces
sourccs ont cu de I'emplacement plus précis et documentation de chaque courant de 1'obsidienne ou affleurement pour résultat, ct autorise
la considération des facteurs tel qu'aceds {par exemple topographie, distance de cote), dimension et fréquence des nodules, et mécanique et
propricués visuelles, dans leur cxploitation. Physique et le chimique analyse de nombres grands des spécimens géologiques démontre
"uiilité des méthodes pour identifier des sources, par excmple mesure précise de densité, ct analyse d’élémentaire ct de la composition
isotopique. Analyses de nombres grands des objets fabriqués démontrent 1'usage différenticl de subsources de la fle, ot suggére des motifs
particuliers et des mécanismes pour leur expleitation. Les modéles spatiaux et chrenologiques de distribution de 1’obsidienne peuvent étre
utilisés pour adresser tel public comme la colonisation des iles; Ia présentation des économies du Néolithique; et la complexité sociale
croissante des Néolithiques et [es sociétés de 1"dge du bronze dans Te eentral Méditerrancen.

Abstract: Obsidian artifacts have been found at many prehistoric sites throughout the central Mediterranean, many of them up to hundreds
of kilometers from their geological sources on the islands of Lipari, Palmarola, Pantelleria, and Sardinia. New gecarchaeological surveys
of these sources have resulted in the more precise location and documentation of cach obsidian flow or outcrop, and allow the consideration
of factors such as access {¢.g. topography, distance from coast), size and frequency of nodules, and mechanical and visual propertics, in
their exploitation. Physical and chemical analyses of large numbers of geological specimens demonstrates the utility of methods such as
high precision density measurement, as well as elemental and isotopic fingerprinting, in identifying sources. Analyses of large numbers of
artifacts demonstrate the diffcrential use of island subsources, and suggest particnlar motives and mechanisims for their exploitation. The
spatial and chronclogical patterns of obsidian distribution may be uscd to address such issues as the colonization of the islands; the
introduction of Neolithic economies; and the increasing social complexity of Neolithic and Bronze Age socicties in the central Mediterranean,

INTRODUCTION OBSIDIAN IN THE CENTRAL MEDITERRANEAN

Obsidian sourcing has been a major aspect of archacological ~ Obsidian was used in the central Mediterranean primarily
research for more than a quarter-century (Cann & Renfrew  during the Neolithic period {ca. 6000-3000 BC) for blade
1964, Williams-Thorpe 1995; Tykot 2002a), yet untilrecently  and flake tool technologies. The sources on Lipari, Pantelleria
the central Mediterranean sources were not all fully  and Palmarola are widely thought to have been a major factor
documented (Fig. 1}, Furthermore, while many studies (e.g.  in the initial settlement of these islands. Although Sardinia
Hallam et al. 1976; Williams-Thorpe ez al. 1979; 1984, Crisci was settled earlier, the exploitation of its obsidian sources
etal, 1994; Bigazzi & Radi 1996} have contributed to ageneral ~ only began in the Neolithic. The detailed analysis of obsidian
picture of obsidian distribution, the source analysis of artifacts ~ sources and mechanisms of exploitation, along with
maostly has been limited to small numbers from any one site,  typolegical and use wear studies promise to provide important
limiting the determination of regional and chrenological  insights into the socioeconomic structures of Neolithic
patterns of obsidian use (Tykot & Ammerman 1997). societies in this region (Tykot 1999).

Our current NSF-funded geoarchacological survey of  Previous research on the muitiple obsidian sources in the
obsidian sources on Lipari, Palmarola and Pantelleria has Monte Arci region of Sardinia has revealed differential
employed a systematic approach to the documentation of the  patterns of exploitation which may be attributed to
multiple localities where obsidian may be found, and  chronological and cultural change, as well as geographic
complements previous work done on the Monte Arci sources  variation and the availability of alternative lithic raw
in Sardinia (Tykot 1997; 1998). The anzalysis of over 1200  materials. These patterns were only revealed through the
artifacts from dated archaeological contexts will allew  systematic characterization of each obsidian seurce locality
geographic and chronological paiterns of specilic source  and the analysis of large numbers of archaeological artifacts.
exploitation to be recognized (for results on Sardinian  Distinetly different patterns of utilization of Sardinian
obsidian, see Tykot 1996; 2001; 2002b; 2002c), These data  obsidian existed at archaeological sites in France, where type
will be used to test models of maritime capabilities, identify ~ SA accounts for more than 90% of the Sardinia obsidian,
inferconnections between island and mainland populations,  compared to Sardinia, Corsica and northern Italy, where it
and to reconstruct the economic and sociopolitical role of  accounts for less than 50% (Tykot 1996; 2002b; 2002¢;
obsidian and other raw materials in prehistoric Mediterranean Williams-Thorpe ef al. 1979; 1984, Crisci et al. 1994,
societies. Ammerman & Polglase 1997; Poupeau et al. 2000; de
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Figure 1. Obsidian sources in the Mediterranean area, and archaeological sites where obsidian has been found in the
central Mediterranean. Sites in Sardinia not shown.
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Figure 2. Regional frequencies of obsidian source usage in the central Mediterranean. Data from published sources cited in
the text. Most fission track analyses attribute obsidian to Monte Arci {Sardinia) without differentiating between subsources.
The number of artifacts analyzed is shown at the top of each bar.

Francesco & Crisci 2000) (Fig. 2). This could be explained  In other areas of the ceatral Mediterranean, obsidian from
by different trade and transport mechanisms, the availability ~ Lipari, Palmarola, and Pantelleria was used more frequently.
of other lithic raw materials, particular obsidian use  While obsidian from Lipari clearly has the widest distribution,
functions, and/or selection for certain visual and physical ~ Palmarola obsidian is quite common in archaeological

assemblages in central Italy, and Pantelleria contributes a

properties.
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significant percentage at sites in Sicily, Malta, and Tunisia
(Bigazzi & Radi 1996; Francaviglia & Piperno 1987;
Nicoletti 1997). This project is proceding to characterize these
other isiand sources using the same detailed and
comprehensive approach, with the expectation that previously
unknown patterns of exploitation and distribution will be
revealed. Geoarchaeological fieldwork was conducted in
2000 and 2001 tw fully document each source and obtain
samples for physical and chemical characterization studies.
The preliminary results of this research are reported here.

LIPARI

On Lipari, eruptions during the historic period have
significantly changed the island’s landscape and obscured
most of the obsidian outcrops available during the Neolithic
(Buchner 1949; Pichler 1980). Settlements on Lipari dating
to the Neolithic have been identified, however, as have large
workshops in nearby western Calabria (Ammerman 1985).
Earlier geochemical studies by Francaviglia (1986) and others
were unable to distinguish more than one source on Lipari,
and fission-track dates on 66 artifacts of Lipari obsidian from
archaeological sites in ltaly include only one determination
older than 12,500 BP (Bigazzi & Radi 1996), suggesting that
most if not all of the obsidian used in antiquity was the result
of a single geological episode.

In our survey, more than 1200 geological samples were
collected from over 40 localities, each precisely marked using
a hand-held global positioning system unit (Fig. 3). Workable
obsidian was found along the e¢astern and northern coasts
(perhaps a mixture of prehistoric and recent flows), as well
as inland at Gabellotto and above Canneto, Papesca, and
Acquacalda. The in situ cbsidian located on Monte della
Guardia appears to be mostly of unworkable quality. Detailed
cxamination of bath these geological samples and prehistoric
artifact assemblages has revealed at least two visual types of
Lipari obsidian, one black and highly transparent, the other
gray-banded, otten with many spherulites present. Dating of
each deposit will confirm its age, and chemical analyses will
reveal whether mose than a single “island’ fingerprint exists.

PALMAROLA

Palmarola is a tiny island with no evidence of prehistoric
settlement, and until recently its geological history has not
been widely studied (Barberi ef al. 1967; Tethys stl 2000).
In the Neolithic, obsidian was likely obtained by seasonal
fishermen coming from the mainland or the nearby island of
Ponza. Obsidian on Palmarola is primarily to be found along
its southeastern and northwestern shores, near Punta Vardella
and Monte Tramontana, respectively. A geochemical
investigation by Herold (1986) failed to reveal any differences
amony the deposits on the island, although fission track dates
on artifacts (Bigazzi & Radi 1996) suggests a range in their
age of formation.

in the current study, over 300 geological samples were
collected from 10 localities (Fig. 4). At least two visually
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distinguishable types of workable obsidian have been
identified, including some specimens from the northern part
of Punta Vardella that are quite transparent and visually similar
to the most commonly used type of obsidian from Lipari,
although the size and quantity of workable nodules is much
more limited on Palmarola. The obsidian recovered from the
southern part of Punta Vardella and from Monte Tramontana,
however, is grey to black and nearly opaque (and difficult to
visually distinguish from opaque Sardinian obsidian). Only
devitrified obsidian of unworkable quality was found in sifu
anywhere else on the island. Preliminary results from
elemental analysis of the geological specimens from Palmarola
indicate that these three source localities are chemically
distinguishable so it will be possible to determine whether
obsidian for artifacts was selected from one or more of them.

PANTELLERIA

Pantelleria is located ca. 120 km from Sicily and ca, 90 km
from Tunisia, making it the most remote obsidian source in
the Mediterranean. Nevertheless, obsidian from Pantelleria
is regularly found at Neolithic sites in Sicily and Malta, and
may gven have been settled itself in the Neolithic, Five
chemical groups of Pantellerian obsidian had been described
by Francaviglia { 1988), but were not all based on the analysis
of geological samples. While it is generally thought that most
artifacts of Pantellerian obsidian probably come from the
Balata dei Turchi sources at the southern end of the island,
chemical analysis of Bronze Age artifacts from sites on
Pantelleria (Francaviglia 1988), in Sicily (Francaviglia &
Pipermo 1987), and on Ustica {Tykot 1993) shows that
obsidian from near Lagoe di Venere and Gelkhamar was aiso
used. Furthermore, fission-track dates on archaeological
artifacts from other sites have a range of nearly 100,000 years,
suggesting the use of multiple source flows (Bigazz1 & Radi
1996).

In 2000-2001, over 900 samples were collected tfrom some
35 localities on Pantelleria (Fig. 5). Three vertically distinct
obsidian flow layers were confirmed at both Balata dei Turchi
and at Salta La Vecchia, apparently representing different
eruptive cycles. Much smaller quantities of obsidian were
found in sifu within pumice deposits near Lago di Venere,
but only surface finds of workable quality were observed
near Gelkhamar, perhaps the product of airborn distribution
or of erosion from a mostly buried deposit. Two extensive
workshep areas were also located near Balata dei Turchi.
Pantellerian obsidian may be easily distinguished from the
other Mediterranean sources by its dark green color in
transmitted light, and at least two visual types have been
identified; preliminary results from elemental analysis
confirm the existence of at least five chemical groups to which
artifacts can be specifically attributed.

MONTE ARCI, SARDINIA

On Sardinia, all of the obsidian exploited in antiquity comes
from the Monte Arci region in the west central part of the
island, The existence of two or three chemical groups was
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Figure 3. Map of Lipari showing localities where geological samples of obsidian were collected in this study.

revealed from early analyses of central Mediterranean
artifacts (Cann & Renfrew 1964; Hallam e al. 1976),
although it was not until later that the geological sources
themselves were identified and fully characterized (Mackey
& Warren 1983; Francaviglia 1986; Herold 1986; Tykot 1997;
1998) (Fig. 6). Best known is type SA from the Conea Cannas
area, very glassy and highly translucent; the SC1 and SC2
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chemical groups, represented by large blocks found between
Punta Piczighinu and Perdas Urias on the northeast side of
Monte Arci, are less glassy and mostly opaque. Type SB2,
which ranges from highly transparent to nearly opaque and
with phenocrysts, also occurs in large natural blocks but
apparently less frequently, on the western slopes of Monte
Arci near Cucru Is Abis, Seddai, and Conca $’Ollastu. Type
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Figure 4. Map of Palmarola showing localities where geological samples of obsidian were collected in this study.
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Figure 5. Map of Pantelleria showing localities where geological samples of obsidian were collected in this study.

SB1, not nearly as well represented among artifacts, actually
represents three chemically distinct source localities at high
elevations east of Santa Maria Zuarbara (Tykot 2001). Survey
of the Monte Arci region by Puxeddu (1958) revealed over
200 archaeological sites and several workshops, including
the major production center of Mitza Sa Tassa near Perdas
Urias where additional fieldwork to document this site has
recently begun.

VISUAL ANALYSIS

Most provenance studies of obsidian have depended on
chemical analyses which take advantage of the homogeneous
elemental composition of most sources and the significant
differences between each of them., although visual and
physical characteristics are also useful in many cases (Tykot
2002a). Since the latter are inexpensive and non-destructive
techniques, the ability to use them on very large numbers of
artifacts, even if not 100% accurate, may counter-balance
the statistical limitations of small numbers of chemically-
sources artifacts (even if 100% accurate), and therefore should
be investigated first (Tykot & Ammerman 1997). In our
studies, physical attributes including workability, color,
transparency, luster, and the presence and orientation of
microlite crystals, larger phenocrysts, and banding are
recorded for all samples. Lipari obsidian is black-grey and
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either very transparent or streaked with microlites and
phenocrysts. Palmarola obsidian is black but opaque,
although some transparent obsidian was found near Punta
Vardella. Pantellerian obsidian is nearly opaque but its green
color can be seen in thin edges. The color and translucency
of the Pantellerian sources appears to have some systematic
variation. Were it not for the several Sardinian obsidian
sources, which appear similar to Lipari (SA, SB2) and to
Palmarola (SB1, SB2, SC), it would be possible to reliably
attribute artifacts found at Neolithic central Mediterrancan
sites at least to its source island based on visual means. By
starting with visual assessments on artifacts from many
Neolithic sites, some may be attributed without further
analysis, allowing physical and chemical methods to be used
as necessary on those still questionable. It must be
remembered, however, that significant Neolithic usage
patterns and differences have only been revealed through
specific intra-island source attribution and visual analysis
alone will rarely be sufficient for this purpose.

DENSITY

High resolution measurement of density (specific gravity)
has also revealed systematic variation among Sardinian
obsidian sources, and is an important factor in the calibration
of hydration dates (Stevenson & Ellis 1998). Density was
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Figure 6. Map of Sardinia showing major geological source
localities (after Tykot 1997).

therefore also determined for geological samples collected
from Lipari, Palmarola, Pantelleria, and Sardinia using a
Mettler electronic balance with precision to five decimal
places. Cleaned pieces of obsidian were weighed and their
volume determined using the water displacement method.
Results indicate that Lipari, Palmarola and Pantelleria are
mostly non-overlapping, while some of the Pantellerian
sources (Lago di Venere: 2.51 “ 0.03; Balata dei Turchi 1:
2.46 “ 0.02; Balata dei Turchi 2: 2.62 “ 0.03) may also be
differentiated (Fig. 7). The combination then of visual
analysis and density measurement can be quite reliable for
attributing artifacts to a single island, and in the case of
Pantelleria some more specific source localities.

ELEMENTAL ANALYSIS

For the last quarter-century, the vast majority of provenience
studies of central Mediterranean obsidian using chemical
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Figure 7. Box-and-whisker plot of obsidian density.

analysis relied on neutron activation analysis (e.g. Hallam et
al. 1976; Williams-Thorpe ef al. 1979; 1984; Crummett &
Warren 1985; Bigazzi ef al. 1986; Ammerman et al. 1990;
Randle e al. 1993; Ammerman & Polglase 1997) or X-ray
fluorescence (Francaviglia 1986; Francaviglia & Piperno
1987; Crisci et al. 1994; Giardino ef al. 1998; De Francesco
et al. 1998; De Francesco & Crisci 2000; Poupeau ef al.
2000). While all were successtul in attributing artifacts to an
island source, some were unable to specify a particular island
sub-source either because their laboratory database did not
include samples from the different subsources or they were
unable to calibrate their results against already published data
for these subsources. Of course none attributed artifacts to
the specific Palmarola subsources only recognized in the
present study, but it is particularly notable for the Sardinian
artifacts in some of these studies as well.

Results from the present study are now available for 320
geological samples from Lipari, Palmarola, Pantelleria, and
Sardinia, comprehensively analyzed using several analytical
techniques (at least 200 more are being analyzed). At the
Missouri University Research Reactor Laboratories,
instrumental neutron activation analysis was used to measure
27 major and trace elements, while X-ray fluorescence was
used for 23 and laser ablation ICP mass spectrometry for
more than 30 major and trace elements. This multi-method
approach was designed to fully characterize the geological
sources using the ‘technique of the future’ while allowing
cross-referencing with previously published data on artifacts
(mostly XRF and NAA) which may be reexamined and found
sufficient to attribute them to specific island subsources.
Abbreviated protocols for future analyses of obsidian artifacts
are also being developed to maximize information about
specific source exploitation while minimizing analytical costs
and damage to artifacts. Laser ablation ICP-MS appears to
best satisfy these requirements as it produces quantitative
elemental (and even isotopic) data for the smallest of artifacts
while leaving only the tiniest surface scar (Tykot & Young
1996; Gratuze 1999) (Fig. 8).

As already indicated, trace element analysis of the Sardinian
samples show seven distinct groups, but the four most
significant (SA, SB1, SB2, SC) are also differentiable using
major element analysis (Figs. 9-10). So when it is already
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Figure 8. Barely visible laser ablation ICP-MS craters.

known that artifacts are made of Sardinian obsidian (e.g. by
a combination of site location and date, visual and density
analysis), other techniques such as the electron microprobe
are also sufficient for source specific attribution (Tykot 1997).
The preliminary results available for Lipari fall into a single
chemical group, although analyses for several localities have
not yet been completed, so at present there is no advantage
of one elemental technique over another for artifacts made
of Lipari obsidian. Obsidian from Palmarola falls into three
distinct groups, while at least five groups are present among
the samples analyzed from Pantelleria; in both cases trace
element analysis is necessary to attribute artifacts to their
specific source locality. It must be noted that certain methods
which have been successfully used to attribute artifacts to a
particular island, including fission track dating and elemental
analysis using a scanning electron microscope (Acquafredda
et al. 1999), cannot distinguish among the island subsources.
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SOURCE TRACING OF ARTIFACTS

Obsidian is very commonly found at Neolithic sites in the
central Mediterranean, although in generally decreasing
frequency at greater distance from the sources. Long-standing
research efforts by a few scholarly groups have revealed a
general pattern of obsidian distribution in the region although,
as mentioned above, the number of sites for any one cultural
period and with more than a few analyzed artifacts is still
quite limited (Williams-Thorpe 1995; Tykot 1996; Bigazzi
& Radi 1996) (Fig. 11). Nevertheless, it is becoming clear
that obsidian from Palmarola, rarely documented previously
in northern Italy, is actually well represented at a few sites
(Ammerman ef al. 1990; Ammerman & Polglase 1997), while
Pantellerian obsidian is continuously present in the Neolithic
levels of Grotta dell’Uzzo in Sicily (Francaviglia & Piperno
1987) and common elsewhere (Nicoletti 1997), when Lipari
was previously thought to be a nearly exclusive source for
Sicily. Lipari appears to have been the main source, however,
of obsidian distributed in the Adriatic, both along the Italian
coast and across to the islands of Palagruza, Susac, Korcula,
and elsewhere along the Dalmatian coast (Tykot et al. 2001).

The similar relative frequencies of the Sardinian obsidian
sources in Early Neolithic assemblages in northern Sardinia,
Corsica, and Tuscany are supportive of a simple down-the-
line trade mechanism, while the dominance of type SA
obsidian in southern France must reflect specific selection
for cultural preferences and/or functional reasons (Tykot
1996;1999; 2002b; Tykot et al. 2002). Chronological change
has also been documented at individual sites such as Arene
Candide in Liguria, where it has been proposed that a shift
occurred in the Late Neolithic towards the presence of
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Figure 9. Major element plot of Mediterranean obsidian sources. Data from Francaviglia (1986; 1988) and Tykot (1997).
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Figure 10. Trace element plot showing 7 sources on Sardinia.
Similar plots show 3 sources on Palmarola and 5 on Pantelleria.

Figure 11. General distribution pattern of obsidian from central Mediterranean sources for the Nealithic period. All obsidian
tested from Corsica and Sardinia {individual sites not shown) has been attributed to Monte Arci. At most sites, only a few
artifacts have been tested, and the broad time span represented obscures chronological variation as well.
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exclusively small blades of Lipari obsidian while Sardinian
obsidian was obtained as both prepared cores and larger
blades (Ammernman & Polglase 1997), and at Filiestru in
Sardinia, where the decreasing frequency of types SA and
SB obsidian may be explained by increasingly intense
exploitation of obsidian with particular physical properties
(Tykot 1996; 2002c). These patterns would not have been
observed if the individual Monte Arci obsidian sources had
not been documented and characterized, and perhaps provide
a glimpse of the patterns which may become noticeable for
the other central Mediterrancan island sources and the
interpretations that may be made about their exploitation.

CONCLUSION

While the characterization of the geological sources on Lipari,
Palmarola and Pantelleria are still in progress, a much better
understanding of the accessibility, quantity and quality of
obsidian available from these islands for prehistoric
exploitation already has been obtained, and the central
Mediterrancan island sources may be reliably distinguished
based on their visual characteristics and density, both
inexpensive and non-destructive techniques. Chemical
analysis allows precise source attributions, and analyses of
obsidian collections from significant archaeological sites are
in progress which will double the number of artifacts tested
for the entire region, This research will ultimately allow
quantitative rather than qualitative assessment of obsidian
cxploitation and distribution during the Neolithic, and will
be integrated with studies of typology, reduction technology
and use function to reconstruct the entire chaine opératoire
from acquisition to tool disposal. Only in so doing can we
interpret dynamic spatial and temporal behavior patterns in
their functional and cultural contexts.
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