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Geochemical fingerprinting of obsidian sourceswasfirst applied
inthe Mediterranean region nearly four decadesago. Sincethen,
a number of analytical methods have proven successful in
distinguishing the western Mediterranean island sources of
Lipari, Palmarola, Pantelleria, and Sardinia. The existence of
multipleflowsin the Monte Arci region of Sardiniaand on some
of the other islands, however, has enabled the study of specific
patterns of source exploitation and the trade mechanisms which
resulted in the distribution of obsidian hundreds of kilometers
away during the neolithic period (ca. 6000-3000 BC). Resultsare
presented herefrom the chemical analysisof significant numbers
of artifacts from several Early Neolithic sites in Sardinia,
Corsica, and northern Italy as part of the largest and most
comprehensive study of obsidian sourcesand tradeinthisregion.
The patterns of source exploitation revealed by this study
specifically support a down-the-line model of obsidian trade
during this period.
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Obsidian tools found at prehistoric sitesin the Mediterranean are evidence of
a complex series of activities including procurement and transport of the raw
material from island sources, production and distribution of cores and finished
tools, use and eventua disposal. The identification of the geological source
establishesthebeginning of thischaine opératoire, whiletheanal ysisof geographic
and chronological patterns of obsidian source exploitation complements lithic
reduction and use-wear studies in elucidating the intervening behavioral links.
Obsidian is perhaps the most visible indicator of interactions during the Neolithic
period (ca. 6000-3000 BC), and as such isimportant not only to our understanding
of long-distance exchange networks and craft specialization, but also of the earliest
settlement of the Mediterranean islands and the transition from hunting and
gathering to an agricultural way of life.

TheEarly Neolithicin the Western Mediterranean

The Early Neolithic in the western Mediterranean is defined by the first
appearance of ceramicsalong with domesticated plantsand animals. Thistransition
went hand in hand with an accelerated involvement of Sardinia and Corsica in
Mediterranean interrelations (1). Several dozen Early Neolithic sites have been
identified ontheseislands, including cavesand rocksheltersconcentrated intheless
mountai nous parts of theislandsor near the coasts, but al soincluding open-air sites.
Some are located well in the interior of the islands, away from fluvial systems.
Radiocarbon dates place the Cardial phase of the Early Neolithic in Sardinia and
Corsicaat 5700-5300 cal BC (2).

Early Neolithic pottery decorated with impressions of Cardium edule shellsis
found not only in Sardinia and Corsica, but also in other areas of the western
Mediterranean. At Filiestru Cavein Sardinia, for example, Cardial impressed bowls,
plates, and jars comprise 7% of the ceramic assemblage (3). Provenance studies of
these wares indicates the existence of intra-regional, multi-directional interaction
networks, with vessels found up to 50-70 km from their production area (4).
Overall, wemay interpret the Cardial phenomenon as suggesting acommon cultural
base over much of the western M editerranean, with broad inter-group interaction
evidenced not only by the ceramics (5, 6, 7), but also by inter-regional movement
of ground and chipped stone artifacts including obsidian (Figure 1).

Lithic assemblages are typically composed of geometric microliths, including
rectangles, trapezes, lunates, triangles, and larger implements including scrapers,
burins, and transverse tranchet arrowheads (8, 9, 10). These tools were fashioned
from flint, quartz, rhyolite, and above all obsidian. In Corsica, obsidian is rare or
non-existent in the earliest Cardial | phase, although the flint from which most tools
were made was imported from the Perfugas areain Sardinia (11, 12). In Sardinia,
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Figure 1. Obsidian sourcesin the Central Mediterranean and archaeol ogical
sites with more than 10 analyzed obsidian artifacts.

obsidian isfound at all Early Neolithic sites, and accounts for 17% of the Cardial
| lithic assemblage at Filiestru (3). In Cardia Il, obsidian becomes abundant at
Corsican sites, athough obsidian cores are small and rare, and arrowheads are

infrequently made of obsidian.
Geological Sources of Obsidian

The existence of obsidian sources on the Italian islands of Sardinia, Lipari,
Palmarolaand Pantelleria has been well documented, and early provenance studies



identified them as the source of virtually all obsidian artifacts found at
archaeological sitesin the western Mediterranean (13, 14). Resolution has become
one of the most important considerations in the characterization of western
Mediterranean obsidian sources, since obsidian may be found in more than one
locality oneachidand (15). Whilethe geologi cal age of obsidian formation on each
island is sufficiently different for fission-track dating to have been widely used as
aprovenancetechnique (16), it isgenerally insufficient to separate the more closely
related volcanic events on each island. Since there is considerable variation in the
quantity, quality, and accessibility of specific obsidian sources, this knowledge is
essential to a complete understanding of obsidian exploitation in thisregion (17).

For Sardinia, the exploitation of multiple sourceswas noted prior to the actual
identification and characterization of each outcrop. The obsidian sources in the
Monte Arci region of Sardinia have now been thoroughly documented and
geochemically characterized (18, 19), while the results of recent fieldwork by this
author on the other islands are expected to add significantly to earlier studies on
Lipari (20), Pamarola (21, 22), and Pantelleria (23, 24). The western
Mediterranean sources are briefly described here;

* Sardinian A. Type SA obsidian is black, glassy, and highly translucent.
Abundant nodules up to 40 cm are typically found in soft perlitic matrices at
Conca Cannas and Su Paris de Monte Bingias in the southwestern part of
Monte Arci. Individual microlite crystalsare visiblein transmitted light, often
with some flow orientation.

» Sardinian B1. Type SB1 isalso black, but less glassy and usually opague. It
may be found as smaller nodules in harder matrices along the upper western
flanks of Monte Arci at Punta Su Zippiri and Monte Sparau North, and as
pyroclastic bombs up to 30cm in length on the slopes of Cuccuru Porcufurau.

»  SardinianB2. Type SB2isblack but rangesfromvirtually transparent to nearly
opaque, and from very glassy to including many white phenocrysts up to 2mm
indiameter. It also occurs along the western flanks of Monte Arci, but at |ower
elevations near Cucru Is Abis, Seddai, Conca SOllastu, and Bruncu Perda
Crobina, occasionadly in very large blocks.

»  Sardinian C1. Type SC1isblack but frequently haswell-defined external gray
bands, and islessglassy and totally opaque. Rare pieces havered streaksor are
partialy transparent but tinted brown. This type may be found along the high
ridge from Punta Pizzighinu to Perdas Urias on the northeastern side of Monte
Arci, in blocks up to 20cm in length.

*  SardinianC2. Type SC2isvisually indistinguishablefrom SC1. Itiscommonly
found as large blocks in secondary deposits between Perdas Urias and Santa
Pinta. Sinceit isfound mixed with material of SC1 type and differschemically
only in its trace concentrations of a few elements, the characterization of
material as simply SC is probably sufficient for archaeological purposes.
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» Lipari. Obsidian from Lipari iseither glassy and very highly transparent, with
ablack to gray tint, or not very transparent due to the presence of many small
phenocrysts which give it a gray streaky appearance. Historic-era vol canism
has covered much of the island, but prehistorically available obsidian is till
present in the Gabellotto gorge and along the northern and eastern coasts.
Thereisno evidencethat an earlier flow at Monte della Guardiawas expl oited
in antiquity.

» Pamarola. Obsidian from Palmarola is aimost always black and opaque,
without any phenocrysts present. It is found primarily as secondary deposits
along the southwestern coast of Monte Tramontana, typically in small nodules,
and near PuntaV ardellaat the southeastern tip of theisland, frequently in much
larger blocks.

» Pantelleria - Baata dei Turchi. Nearly opaque dark-green obsidian is
abundantly present in large blocks along the southern end of Pantelleria, with
principal exposures at Balatadei Turchi and SaltaLa Vecchia. At least three
chemically distinct volcanic layers have been identified.

» Pantelleria- Lagodi Venere. Similar appearing obsidian of aslightly different
composition occurs as smaller and infrequent nodules within perlitic matrices
in the slopes above a natural hot spring in northeastern Pantelleria.

» Pantelleria - Gelkhamar. Obsidian is aso thought to occur in western
Pantelleria, based on the presence of a 5™ chemical group among artifactsin
thisarea. No geol ogical material hasbeenidentified there, however, suggesting
perhaps that it was available only as bombs in scattered secondary deposits
which were mostly exhausted.

Chemical Characterization of Obsidian Sources

Obsidians, by definition, have relatively limited ranges in their bulk element
composition. For this reason, many Mediterranean and Near Eastern provenance
studies have focused on trace element characterization of both geological samples
and archaeol ogical artifacts, primarily using x-ray fluorescence (21, 23, 24, 25, 26,
27) or instrumental neutron activation analysis (14, 28, 29, 30, 31, 32, 33, 34),
although laser ablation | CP-M Sis expected to become the technique of choice (35,
36, 37). Nevertheless, quantitative analysis of the magjor and minor elements is
sufficient to differentiate not only the different island sources (Sardinia, Lipari,
Palmarola, and Pantelleria, as well as Melos and Giali in the Aegean) but even
several sub-sources on Sardinia, Pantelleria and Melos, so that at least in the
Mediterranean al currently known and useful source distinctions can be made
without resorting to trace element techniques.

The most complete characterizations currently available for the western
Mediterranean obsidian sources have been accomplished using XRF and the
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electron microprobe (Table 1). Comparison of the average major/minor element
valuesfor the western M editerranean sources reveal sthat K, O concentration alone
can often distinguish SA from SB from SC (5.24 + 0.12; 5.48 + 0.17; and 5.89 +
0.34 %, respectively); SB1 has 1.2% lower SiO, and 0.7% higher Al,O, than SB2;
and type SC obsidian is distinguished from all other western Mediterranean
obsidians by its high Al,O; (13.9%), MnO (0.14%), and BaO (0.11%). All four of
these types are easily distinguished from Lipari and Palmarola obsidian by their
NaO concentrations (<3.5 vs. >4%), while the perakaline obsidian from
Pantelleriais easily distinguished by its extremely low SiO,, Al,O,, and Ca0, and
its extremely high Fe,O, and Na,O concentrations (Figure 2).

Early Neolithic Obsidian Artifacts

Sixty-one obsidian artifacts from four Early Neolithic sites were selected for
chemical analysis. The analysis of significant-sized assemblages from single
cultural periods alows direct comparison between contemporary sitesin different
geographic locations. Many early provenance studies, however, relied on very few
artifacts from individual sites so that such patterns in the exploitation of specific
obsidian sources could not be determined (15).

Tablel. Electron microprobe data for Sardinian obsidian

Type SO, AlL,O; TiO, Fe,0; MgO CaO Na,0O K,O MnO P,O; BaO Total

Sardinia A

ave 74.72 1340 0.09 1.25 0.08 059 3.44 526 008 0.06 0.02 99.00
sd 026 015 001 009 0.01 004 0.16 0.22 0.01 0.01 0.02
Sardinia B1

ave 73.87 1363 0.17 1.33 0.12 0.75 3.38 555 0.10 0.04 0.05 99.00
sd 035 010 0.03 020 0.04 0.06 0.10 020 0.02 0.01 0.02
Sardinia B2

ave 75.05 1297 0.13 1.17 0.11 057 3.34 551 0.08 0.04 0.02 99.00
sd 033 015 0.02 017 0.02 0.02 0.22 035 0.01 0.01 0.02
SardiniaC

ave 72.71 1392 0.27 153 0.21 0.88 3.30 590 0.14 0.03 0.11 99.00
sd 037 019 0.03 021 0.07 010 0.20 0.30 0.01 0.01 0.03

NOTE: Mean and standard deviation in percent. Values standardized to atotal of 99%
allowing 1% for water and trace elements.
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Figure 2. Bivariate plots of major element oxides for Sardinian obsidian

sources and artifacts analyzed in this study.
CaO vs. K,0 (top); AlL,O; vs. K,O (bottom)
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Obsidian accountsfor 17% of the over 400 Cardial Early Neolithic stonetools
excavated at Filiestru Cavein northwestern Sardinia(3, 38). Twenty-sevenobsidian
artifactswere selected from theselevelsin trenches B (B10; B11t.2 andt.3) and D
(stratigraphic column) for chemical analysis. An additional 45 obsidian artifacts
from the same contexts were also visually analyzed, while obsidian artifacts from
alater Early Neolithic (Filiestru culture) level aswell asMiddleand Late Neolithic
contexts were also analyzed by chemical and visual means (17).

Ten obsidian artifacts each were also selected from two sites in northern
Corsica. The Cardial Early Neolithic levels at Strette included over 1000 lithic
artifacts, with over 11% in obsidian; theten artifacts selected came from level XIV
of Strette 1 (39, 40). The 24 obsidian artifacts excavated in level VI at
Pietracorbara, however, comprised only about 6% of the lithic assemblage there
(42).

Fourteen obsidian artifactsfromthe small islet of LaScolanear Pianosainthe
Tuscan Archipelago were also analyzed. About 20% of the 1500 lithics recovered
areinobsidian, and they are predominantly microlithswith no retouch and showing
only the faintest traces of use (42, 43). The analyzed obsidian was recovered from
units BC 11-12 1/3; A12 tg3 (13); and A8-9-10 B12, al associated with Cardia
ceramics.

Chemical Analyisof Obsidian Artifacts

Electron probe microanalysisusing wavel ength dispersivex-ray spectrometers
was sel ected asthe method of choicefor analyzing large numbers of archaeol ogical
artifacts since only atiny 1-2mm sample needsto be removed, sample preparation
isminimal, and fully quantitative measurement of all major and minor elementsis
possibleat avery low per-sample cost. Although recent studiesindicate that energy
dispersive spectrometry can also produce excellent quantitative results for ancient
glassy materials(44, 45), TiO,, MgO, MnO, P,0Os, and BaO are bel ow the minimum
detection limits of SEM-EDS systems, and at least TiO,, MgO, and BaO are
important discriminators among western Mediterranean obsidian sources (19).

Cylinders one inch in diameter were made using Epotek two-part epoxy, and
up to 18 holes 2mm in diameter and 3mm in depth were drilled in the flat surface
of the hardened disk. Fresh epoxy and obsidian samples, cut earlier with a fast-
speed diamond saw if necessary, were inserted in the holes and allowed to harden
for 48 hours before grinding and polishing to a 1-micron finish. Sample diskswere
carbon-coated prior to analysis to minimize local surface charging under the
electron beam.

Sampleswere analyzed using aCamecaMBX electron microprobe equipped
with a Tracor Northern computer control system, and quantitative wavelength
dispersive analysis was performed using a modified version of Sandia TASKS.
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Samples were excited by a wide 40 micron electron beam at 15 KeV in order to
minimize the influence of tiny microlite inclusions (typically high iniron) on the
overall composition of the sample, as well as to prevent the heat-induced
decomposition of akali elements during analysis. Two to three points on each
sample were analyzed to further reduce any heterogeneity in the results. The X-
radiation produced was measured by wavelength dispersive spectrometry (WDS)
using TAP (thalium acid phthalate), PET (penta-erythritol) and LiF (lithium
fluoride) crystals, with counting times of 10-80 seconds per element. All samples
were analyzed for SiO,, Al,O,, TiO,, Fe,0,;, MgO, Cal, Na,0, K,O and Ba0;
MnO, P,O; were also measured for some samples. The measured X-ray intensities
were corrected for matrix effects, absorption, and secondary fluorescence by the
Bence-Albee correction program. Results were internally calibrated against
international standards, and a laboratory reference material (hornblende) was
repeatedly measured to insure consistency between analytical sessions. Theresults
for each point analysiswere normalized to total 99.00% (allowing 1% for water and
trace elements) and then the average calculated for each sample (Table 2).

Seven of the artifacts from the La Scola site were analyzed by ICP-MS.
Samples were ultrasonically cleaned and dried, and then pulverized at liquid
nitrogen temperatures using a SPEX 6700 freezer mill. 100 mg of the powdered
sample were mixed with 0.2 mL aqua regia and 2.5 mL hydrofluoric acid and
dissolved in a Parr acid digestion bomb at 120 °C for 2 hours. Samples were then
diluted to atotal volume of 250 ml so that elements of interest would be present at
concentrations of 500 ppb or less.

Immediately prior to analysis, 100 pLL of a 10 ppm ***In solution were added
to a 10 mL aiquot of each sample as an internal spike to correct for instrument
drift. Analyses were performed on a Fisons PQ 2 Plus quadrupole ICP mass
spectrometer. Rather than produce calibration curves for each of the 41 elements
analyzed, simple blank subtraction was used and the results for the artifacts were
compared directly against geological source samples prepared and analyzed in the
same way (35).

Results and Discussion

Sourceattributionswereinitially made using bivariate el ement plots, and were
confirmed by applying multivariate discriminant functions determined for the
geological samples to the artifact samples using the jackknife option of the
software program BMDP 7M. The specific geological source of al 61 artifacts
analyzed wasidentified with greater than 95% statistical probability (Table 3). Not
surprisingly, al of the artifacts from all four sites come from the Monte Arci
sourcesin Sardinia. To date, no obsidian from any of the other island sources has
been found on Corsica or Sardinia. Obsidian from both Lipari and Palmarola,
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Tablelll. Source Attributions of Archaeological Artifacts

Ste SA SB1 B2 SC Total
LaScola 3 0 5 6 14
Filiestru 4 1 18 4 27
Pietracorbara 5 1 3 1 10
Strette 0 0 9 1 10
total 12 2 35 12 61

however, have been identified at the Early Neolithic site of Cala Giovanna on
Pianosa, in sight of and presumably contemporary with La Scola, athough
Sardinian obsidian doesaccount for morethan 90% of the obsidian found there (27,
46).

The relative proportions of each Sardinian source are also significant. Types
SA and SC each represent about 20% of the artifactstested, but are not consistently
present in quantity at all four sites, type SA being absent at Strette and type SC
accounting for only two artifacts total at the two Corsican sites. Type SB1 is
represented by just two artifacts, but notably at two different sites, while type SB2
isconsistently well represented at all four sites, accounting for nearly 60% of all the
artifacts tested.

This pattern is consistent with that observed at other Early Neolithic sitesin
Corsica (27), Tuscany (47), and Liguria (34), but contrasts sharply with southern
France (26, 29) where type SA accounts for the vast majority of obsidian found
there (Figure 3). These patterns would not have been observable without the level
of resolution enabled by the analytical methodology used here, and allow us to
makeinterpretationsthat were not possi ble using morebasic distributional data (48,
49). Down-the-line trade (50), characteristic of societies without marked social
hierarchies, iswidely considered to be acommon exchange mechanism during the
Neolithic period. Settlements close to an obsidian source would have direct access
and an abundant supply. They would have exchanged some of their obsidian with
neighboring villages further from this supply zone, and these villages would have
done the same with others even further away, so that the frequency of obsidian
would decrease with distance from the source. The presence, in all but one case, of
three Monte Arci obsidian types, with a high importance of type SB2 in all cases,
at Filiestru, Strette, Pietracorbara, Lumaca, La Scola, Cala Giovanna, Padul etto di
Castagneto, Querciolaia, and Arene Candide, isconsistent with suchamodel for the
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Figure 3. Relative frequency of obsidian at Early Neolithic sitesin Sardinia,
Corsica, and northern Italy. Other authors have not separated any of the SB
subsources, but are most likely to be SB2 as they are shown here.

distribution of obsidian from Sardinia to Corsica to Tuscany and northwards to
Liguria, perhaps in exchange for ground stone tools, pottery, and more perishable
materials (1).

Theobviously different patternin southern Franceimplies, however, that more
than one exchange mechanism may have been in place at one time, and/or that
cultural and other factors were much more complex than the heuristic explanation
proposed here. Maritime contacts between Sardiniaand the mainland perhapswere
not necessarily routed acrossthe shortest open-water crossings. Furthermore, there
may have been significant differences in the use-function of obsidian within
different groups, perhaps depending on the availability of alternative lithic
resources. The integration of provenance studies with typological and use-wear
analysis (51) shows great promise for testing these hypotheses.

In conclusion, high-resolution provenance studies of western Mediterranean
obsidian artifacts produce more detailed information on Early Neolithic exchange
patterns than can studies which only attribute artifacts at theisland level. Thiswas
atime when an agricultural way of lifewasfirst introduced and the Mediterranean
islands were first widely settled. Obsidian, as the most visible indicator in the
archaeological record of intercultural contact, is a critical material for the
reconstruction of this most important transition in human prehistory.

ACS obsidian paper pdf layout.\dgaliary 30, 2002 11



o uk

©

10.

11.

12.
13.

14.

15.
16.

17.
18.

19.
20.

21.

References

Tykot, R.H. In Social Dynamics of the Prehistoric Central Mediterranean;
Tykot, RH.; Morter, J.; Robb, J. E., Eds.; AccordiaResearch Center: London,
1999; pp 67-82.

Tykot, R. H. In Radiocarbon Dating and Italian Prehistory; Skeates, R.;
Whitehouse, R., Eds.; Accordia Research Centre: London, 1994; pp 115-145.
Trump, D. H. Lagrottadi FiliestruaBonu Ighinu, Mara. Quaderni 13; Dessi:
Sassari, Italy, 1983.

Barnett, W. K. Antiquity 1990, 64, 859-865.

Chapman, J.C. Journal of Mediterranean Archaeology 1988, 1, 3-25.
Barnett, W. K. In Europe's First Farmers; Price, T.D., Ed.; Cambridge
University Press: Cambridge, England, 2000; pp 93-116.

Binder, D. InEurope'sFirst Farmers; Price, T. D., Ed.; Cambridge University
Press: Cambridge, England, 2000; pp 117-143.

Brandaglia, M. Studi per I'ecologia del Quaternario 1985, 7, 53-76.

Binder, D. Le Néolithique Ancien Provencal. Typologie et Technologie des
OutillagesLithiques; GalliaPréhistoire Supplement 24; Paris: C.N.R.S., 1987.
Costa, L.; Sicurani, J. In Il primo popolamento Olocenico dell'area corso-
toscana; Tozzi, C.; Weiss, M. C., Eds,; Edizioni ETS: Pisa, Italy, 2000; pp
189-200.

de Lanfranchi, F. Bulletin de la Société préhistorique frangaise 1980, 77(4),
123-28.

de Lanfranchi, F. Corsica Antica 1993, 2-9.

Cann, J. R.; Renfrew, C. Proceedings of the Prehistoric Society 1964, 30, 111-
33.

Hallam, B. R.; Warren, S. E.; Renfrew, C. Proceedings of the Prehistoric
Society 1976, 42, 85-110.

Tykot, R. H.; Ammerman, A. J. Antiquity 1997, 274, 1000-1006.

Bigazzi, G.; Radi, G. In XllI International Congress of Prehistoric and
Protohistoric Sciences-Forli-Italia-8/14 September 1996; Arias, C.; Bietti, A.;
Castelletti, L.; Peretto, C., Eds.; A.B.A.C.O.: Forli, Italy, 1996; Vol. 1, pp 149-
156.

Tykot, R. H. J. Mediterranean Archaeology 1996, 9, 39-82.

Tykot, R. H. In Sardiniain the Mediterranean: A Footprintin the Sea; Tykot,
R. H.; Andrews, T. K., Eds.; Sheffield Academic Press: Sheffield, England,
1992; pp 57-70.

Tykot, R. H. J. Archaeol. Sci. 1997, 24, 467-479.

Pichler, H. Rendiconti Societa Italiana di Mineralogia e Petrologia 1980, 36,
415-440.

Herold, G. Ph.D. thesis, Universitét (TH) Fridericiana Karlsruhe, Germany,
1986.

ACS obsidian paper pdf layout.\dgaliary 30, 2002 12



22.
23.
24,
25.
26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.
40.

41.

Barberi, F.; Bors, S.; Ferrara, G.; Innocenti, F. Memorie della Societa
Geologica Italiana 1967, 6, 581-606.

Francaviglia, V. Preistoria Alpina - Museo Tridentino di Scienze Naturali
1986, 20, 311-32.

Francaviglia, V. J. Archaeol. Sci. 1988, 15, 109-22.

Francaviglia, V.; Piperno, M. Revue d'Archéométrie 1987, 11, 31-39.

Crisci, G. M.; Ricg-deBouard, M.; Lanzaframe, U.; de Francesco, A.M. Gallia
Préhistoire 1994, 36, 299-327.

De Francesco, A. M.; Crisci, G. M. In Il primo popolamento Olocenico
dell'area corso-toscana; Tozzi, C.; Weiss, M. C., Eds,; Edizioni ETS: Pisa,
Italy, 2000; pp 253-258.

Williams-Thorpe, O.; Warren, S. E.; Barfield, L. H. Preistoria Alpina - Museo
Tridentino di Scienze Naturali 1979, 15, 73-92.

Williams-Thorpe, O.; Warren, S. E.; Courtin, J. J. Archaeol. Sci. 1984, 11,
135-46.

Crummett, J.G.; Warren, S. E. In The Acconia Survey: Neolithic Settlement
andthe Obsidian Trade; Ammerman, A. J., Ed.; Ingtitute of Archaeology Occ.
Pub. 10; Institute of Archaeology: London, 1985; pp 107-114.

Ammerman, A. J.; Cesana, A.; Polglase, C.; Terrani, M. J. Archaeol. Sci. 1990,
17, 209-20.

Renfrew, C.; Aspinall, A. In Les Industries Lithiques Taillées de Franchthi
(Argolide, Grece). Tome 1. Les Industries du Mésolithique et du Néolithique
Initial; Perlés, C., Ed.; Indiana University Press. Bloomington, IN, 1990; pp
257-70.

Randle, K.; Barfield, L. H.; Bagolini, B. J. Archaeol. Sci. 1993, 20, 503-509.
Ammerman, A. J,; Polglase, C. R. In Arene Candide: A Functional and
Environmental Assessment of the Holocene Sequence (Excavations Bernabo
Brea-Cardini 1940-50); Maggi, R., Ed.; || Calamo: Rome, Italy, 1997; pp 573-
592.

Tykot, R. H.; Young, S. M. M. In Archaeological Chemistry V; Orna, M.V .,
Ed.; American Chemical Society: Washington, DC, 1996; pp 116-130.
Gratuze, B. J. Archaeol. Sci. 1999, 26, 869-881.

Halliday, A. N.; Der-Chuen, L.; Christensen, J. N.; Rehkamper, M.; Yi, W.;
Luo, X.; Hall, C. M.; Ballentione, C. J.; Pettke, T.; Stirling, C. Geochim.
Cosmochim. Acta 1998, 62, 919-940.

Trump, D. H. In Sudiesin Sardinian Archaeology; Balmuth, M.S.; Rowland,
R. J. Jr., Eds,; University of Michigan Press: Ann Arbor, M, 1984; pp 1-22.
Magdeleine, J. Archeologica Corsa 1983-84, 8-9, 30-50.

Magdeleine, J.; Ottaviani, J. C. Bulletin dela Societe des Sciences Historiques
& Naturelles de la Corse 1986, 650, 61-90.

Magdeleine, J. Bulletin de la Société Préhistorique Francaise 1995, 92(3),
363-377.

ACS obsidian paper pdf layout.\dgaliary 30, 2002 13



42.

43.

45,

46.

47.
48.

49,
50.

51.

Ducci, S.; Perazzi, P. In XIlI International Congress of Prehsitoric and
Protohistoric Sciences-Forli-Italia-8/14 September 1996; Cremonesi, R. G.;

3, 425-430.

Ducci, S.; Guerrini, M. V., Perazzi, P. In Il primo popolamento Olocenico
dell'area corso-toscana; Tozzi, C.; Weiss, M. C., Eds.; Edizioni ETS: Pisa,
Italy, 2000; pp 83-90.

Verita, M.; Basso, R.; Wypyski, M. T.; Koestler, R. J. Archaeometry 1994, 36,
241-251.

Acquafredda, P.; Andriani, T.; Lorenzoni, S.; Zanettin, E. J. Archaeol. <ci.
1999, 26, 315-325.

Bonato, M.; Lorenzi, F.; Nonza, A.; Radi, G.; Tozzi, C.; Weiss, M. C,;
Zamagni, B. In Il primo popolamento Olocenico dell'area corso-toscana;
Tozzi, C.; Weiss, M. C., Eds.; Edizioni ETS: Pisa, Italy, 2000; pp 91-116.
Tykot, R. H.; IIPP

Pollmann, H.-O. Obsidian im Nordwestmediterranean Raum: Seine
Verbreitung und Nutzung im Neolithikum und Aneolithikum; BAR
International Series585. Tempus Reparatvm: Oxford, England, 1993.
Renfrew, C. Current Anthropology 1969, 10, 151-160.

Tykot, R. H. InWritten in Stone: The Multiple Dimensions of Lithic Analysis;
Kardulias, P.N.; Yerkes, R., Eds.; Lexington Books: Baltimore, MD, 2002.
Hurcombe, L.; Phillips, P. In Sardinian and Aegean Chronology: Towardsthe
Resolution of Relative and Absolute Dating in the Mediterranean; Balmuth,
M. S.; Tykot, R. H., Eds; Oxbow Books: Oxford, England, 1998; pp 93-102.

Tablell. Electron Microprobe Data for Obsidian Artifacts

No. 90O, AlL,0, TiO, Fe,0; MgO CaO Na,0 K,0O MnO P,0; BaO Total
La Scola

292 74.85 1358 0.07 1.19 0.09 058 3.35 5.11 0.03 98.85
293 72.82 1397 0.26 155 0.26 0.86 3.19 5.73 0.15 98.85
294 73.27 14.08 0.26 1.10 0.06 0.85 3.19 5.87 0.14 98.85
295 74.88 13.39 0.06 1.17 0.08 0.58 3.37 5.18 0.01 98.85
296 75.22 13.15 0.12 1.17 0.12 059 3.26 528 0.11 0.07 0.02 99.00
297 75.21 1322 0.11 092 0.09 0.60 3.36 5.29 0.05 98.85
298 7296 1398 0.32 1.25 0.11 094 3.20 581 0.17 98.85
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Tablell (continued). Electron Microprobe Data for Obsidian Artifacts

No. SO,

AlLO;

Tio,

Fe,0O; MgO CaO

Na,0 K,O0 MnO

P05

BaO Total

Grotta Filiestru

1170 75.27
1171 74.30
1172 74.62
1173 74.42
1174 74.41
1175 75.06
1176 73.85
1177 75.06
1178 75.11
1179 75.01
1180 74.97
1181 74.96
1182 72.71
1183 74.90
1184 72.37
1185 74.35
1186 74.97
1227 75.31
1228 74.81
1229 74.71
1230 75.46
1231 72.67
1232 75.28
1233 74.61
1234 75.04
1235 72.49
1236 75.35

12.94
13.56
13.22
13.29
13.62
13.04
13.77
13.00
13.02
13.05
12.96
13.01
13.88
13.08
13.92
13.28
13.14
12.92
13.35
13.13
12.80
13.97
12.98
13.43
13.06
14.00
12.90

Pietracorbara

1308 74.61
1309 74.63
1310 75.23
1311 74.36
1312 74.14
1313 74.81
1314 72.61
1315 74.59
1316 73.44
1317 74.64

13.36
13.42
12.86
13.59
13.62
13.07
14.00
13.42
13.55
13.05

011
0.10
0.13
0.14
0.09
0.13
0.17
0.12
0.12
0.12
0.12
0.12
0.26
0.13
0.29
0.15
0.12
0.13
0.10
0.16
011
0.28
0.12
0.09
0.15
0.27
011

0.09
0.09
011
0.10
0.09
0.14
0.30
0.08
0.18
0.14

1.08
133
125
123
1.19
112
1.04
111
1.07
113
114
117
1.55
115
1.58
132
0.99
1.18
124
114
1.09
1.60
111
131
1.04
143
1.16

1.28
1.30
111
1.19
135
115
131
1.19
1.60
122

0.10
0.08
0.15
0.14
0.07
0.10
0.07
0.11
0.10
0.09
0.13
0.11
0.21
0.11
0.22
0.14
0.12
0.10
0.07
0.14
0.07
0.15
0.10
0.09
0.12
0.18
0.09

0.09
0.08
0.10
0.07
0.07
0.12
0.19
0.07
0.18
0.14

0.55
0.59
0.58
0.60
0.62
0.55
0.72
0.56
0.57
0.57
0.56
0.58
0.82
0.56
0.94
0.62
0.57
0.56
0.58
0.60
0.55
0.92
0.56
0.61
0.59
0.85
0.57

0.60
0.59
0.55
0.63
0.65
0.59
0.92
0.62
0.74
0.57

3.35
3.45
3.42
3.42
3.37
3.39
3.42
3.42
343
3.36
3.39
3.45
3.29
343
331
341
3.48
3.30
3.39
3.34
3.28
331
3.35
3.40
3.26
3.26
3.32

3.53
343
3.38
3.62
3.71
3.39
3.39
3.57
343
3.46

547
543
5.50
5.67
541
547
5.75
543
5.48
5.55
543
547
6.03
5.49
5.85
5.60
5.48
5.36
5.32
5.64
5.52
5.92
5.37
5.35
5.65
5.82
5.38

5.30
531
5.50
525
521
5.55
6.04
5.27
572
5.57
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0.07
0.08
0.06
0.07
0.08
0.07
0.11
0.08
0.06
0.08
0.08
0.08
0.12
0.08
0.17
0.08
0.08
0.07
0.08
0.08
0.07
0.15
0.08
0.06
0.07
0.14
0.07

0.04
0.07
0.04
0.02
0.07
0.03
0.03
0.04
0.04
0.04
0.03
0.03
0.03
0.04
0.03
0.05
0.04
0.05
0.06
0.03
0.03
0.02
0.03
0.04
0.04
0.03
0.03

0.01
0.02
0.01
0.01
0.04
0.02
0.07
0.00
0.01
0.00
0.04
0.02
0.10
0.03
0.15
0.00
0.03
0.01
0.01
0.03
0.02
0.11
0.00
0.00
0.01
0.08
0.02

0.01
0.00
0.00
0.02
0.03
0.04
0.08
0.06
0.03
0.06

99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00
99.00

98.85
98.85
98.85
98.85
98.85
98.85
98.85
98.85
98.85
98.85
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Tablell (continued). Electron Microprobe Data for Obsidian Artifacts

No. S0, ALO; TiO, Fe,0; MgO CaO Na,0K,0 MnO P,0; BaO Total
Srette

1330 75.09 1291 0.12 1.14 0.11 055 341 5.49 0.04 98.85
1331 75.01 1288 0.14 1.12 0.12 0.58 3.39 556 0.07 98.85
1332 75.17 1295 0.12 1.10 0.11 054 342 5.43 0.03 98.85
1333 75.15 12.88 0.13 1.13 0.09 0.56 3.41 5.48 0.03 98.85
1334 75.14 1294 0.14 1.08 0.11 057 3.36 550 0.01 98.85
1335 74.79 12.71 0.13 1.74 0.09 0.56 3.39 5.43 0.02 98.85
1336 75.17 1293 0.12 1.15 0.09 0.56 3.36 5.47 0.00 98.85
1337 75.09 1290 0.12 1.09 0.10 0.56 3.40 555 0.05 98.85
1338 72.89 13.72 0.25 154 0.20 0.85 3.35 5.98 0.08 98.85
1339 75.32 1284 0.11 1.09 0.11 055 340 544 0.00 98.85

NOTE: All unitsin percent. Vaues standardized to atotal of 99% allowing 1% for water and

trace elements, or to 98.85% when MnO and P,O; were not determined.
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