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Foreword

The present thesis has been organised around several publications, following the course

and design of this research project.

Part I presents an introduction to this work (Chapter 1), the background and general
research context of this project (Chapter 2), and a review of the literature (Chapter 3).
Chapter 2 includes more precisely: (i) a presentation of the obsidian material on a
geochemical level, (ii) a description of the main obsidian sources of the Western
Mediterranean area, (iii) a review of the current state of the archacological research on
obsidian economies in the area, and (iv) an introduction to the archacological sites
selected for the case studies. Chapter 3 was originally conceived as book chapter, written
for an Archaeometry! manual destined for Peruvian undergraduate students. It
introduces the history of obsidian sourcing as a discipline, through the diverse analytical
techniques that can be applied to the obsidian material in archacological studies. The
publication of this manual is scheduled for 2016 by the IFEA Lima editions under the
title ‘Manual de Arqueometria’ (Editors: R. Chapoulie, M. Sepulveda, V. Wright).

Part II focuses on the methodologies and protocols adopted in this work. Chapter 4
includes a scientific publication entitled ‘On sourcing obsidian assemblages from the
Mediterranean area: analytical strategies for their exhaustive geochemical characterisation’.
This paper, presented at the GeoMedislands conference held in Cargese (Corsica) on the
30™ June — 2™ July 2015, was invited for submission in the GeoMedislands special issue
of the Journal of Archaeological Research: Reports. Submitted in February 2016, it was

accepted with minor revisions, and published online on the 14" of June 2016

" Archaeometry, or Archaeological Science, is the use of scientific disciplines such as physics, chemistry,
or mathematics for the study of archaeological artefacts, materials, or data.





http://www.sciencedirect.com/science/article/pii/S2352409X16302449
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OBSIDIAN SOURCING STUDIES IN THE WESTERN
MEDITERRANEAN: AN OVERVIEW
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1.3. Overall objective and aims of the research

The overall objective of our research is to contribute to the reconstruction of a ‘general
picture’ of the obsidian economy in the Western Mediterranean area during the
Neolithic (ca. 6000-2500 B.C., Guilaine, 2005), through the study of obsidian artefacts
associated with specific communities in place during this period. To reach this goal, four

overarching aims are systematically pursued:

v" To produce new and comparable data on the obsidian economy of the
Western Mediterranean area for the Middle Neolithic, through the exhaustive
and non-destructive (or virtually? non-destructive) analysis of the selected
assemblages;

v" To contextualise the sourcing results by integrating them to the data obtained
on the typological and technological characteristics of the artefacts;

v" To obtain synchronic and diachronic perspectives by comparing the data of
the different sites and periods (by referring to previous studies for the later);

v" To draw conclusions on the obsidian economies of the Neolithic settlements

studied at site level, then on a broader regional context.

The information obtained with this type of study can then be coupled to other aspects
of archaeology, to understand past societies as a whole through their different features
such as economy, religion and beliefs, social organisation, exchange networks,

interactions between different communities, human/environment interactions, lifestyles,

* The ablation performed is invisible to the naked eye (between 20 and 200 pm width) and keeps the
artefact ‘whole’, thus not compromising any further investigation of the artefact (i.e. typo-technological
or use-wear study, complementary geochemical analyses).
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seasonality, hierarchies, cognitive aspects, technical know-how — all of the characteristics

that embody a community’s identity.

The present Ph.D. project, conducted in three years, primarily focuses on the
achievement of the first of the aims described above, i.e. the production of new and
comparable data on the obsidian economy of Western Mediterranean archaeological

sites.

1.4. Research design
To achieve this specific aim, several important steps were designed:

v" A review of the methods available and of their potential for sourcing obsidian
artefacts recovered from the Western Mediterranean area (see Chapter 3). This
step led us (i) to reconsider the traditional Laser-Ablation Inductively-Coupled-
Plasma Mass-Spectrometer [LA-ICP-MS] analytical protocols for the obsidian
material and (ii) to develop an optimised version, taking into account previous
research techniques (Speakman and Neff, 2005) that, despite their proven
efficiency, are rarely applied in obsidian sourcing studies (although see e.g
Tabares ez al., 2005; Glascock ez al., 2005; Speakman ez al., 2007);

v" The constitution of a geological database, involving an extensive sampling of the
obsidian sources from the Western Mediterranean area, and their geochemical
characterisation with the different analytical techniques at our disposal, 7.e. SEM-
EDS and LA-ICP-MS. Geological data for the other available methods (PIXE,
pXRF, ED-XRF) were collected from earlier studies conducted by our research
group (see Poupeau ez al., 2000; Luglie ez al., 2007, 2008, 2009; Mulazzani ez
al., 2010). Some of the archacological assemblages have been, depending on a

number of factors (see Chapter 4), analysed by different and/or several methods.
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However, only the results obtained with a specific method can be compared to
one another, hence the need to analyse the geological samples in the current study
with several techniques, to allow accurate comparisons with the archaeological
assemblages;

v" The selection of assemblages excavated from well-dated and well-documented
Corsican archaeological settlements from the Neolithic period (5% millennium)
and the creation of multidisciplinary research projects/teams for their study;

v" The elaboration, for each assemblage, of a tailored analytical strategy relying on
the complementarity of the available methods, to allow the exhaustive
geochemical sourcing of each artefact regardless of their size, thickness, or
geometrical shape (limiting factors for most methods);

v" The comparison and matching of the geochemical ‘fingerprint’ of the artefacts to

those of the geological samples from our database to propose a possible origin;

Once the results of the aforementioned steps are put together, the integration of the
sourcing results with the information brought by the technological and typological
characteristics of the artefacts will be attempted, in collaboration with the
Archaeologist/Lithic expert, and as part of the broader context of the multi-disciplinary
research projects initiated within this Ph.D. dissertation. Subsequently, a comparison
between the different periods of the sites studied (diachronic perspective), and in

between the same period of different sites (synchronic perspective) will be achieved.

It is only with such information that we will be able to endeavour, once these larger
projects reach their completion, to understand how the obsidian material was
apprehended and distributed by these prehistoric communities, which will ultimately

allow larger conclusions to be drawn on their lifestyles.
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2.2. Geochemistry of obsidian

The obsidian material is originating from a felsic — or acidic — magma, which has the
highest silica content of all magmas (more than 66 %, and generally between 65 and
75 % in obsidian, Pollard and Heron, 2008:77). This high SiO content gives it a high
viscosity, i.e. 10* to 10° poises at 1200°C; as a comparison, basalts will generally have a

viscosity of 300 to 600 poises at same temperature (Gourgaud, 1998:16).

Obsidian is thus a rhyolitic glass (granitic composition), which has gone through the
highest level of differentiation’. It is therefore the most ‘evolved’ type of magma,
generally enriched in sodium, potassium, and silica, but depleted in calcium and
magnesium (Le Bourdonnec, 2007:9). As a relatively anhydrous material, obsidian
generally contains less than 3 % of water (Zhang, 1999:494); nevertheless, a partial

hydration can be induced over time and produce inclusions of perlite (up to 5 % H-O,

Zielinski et al., 1977:426).

Obsidian has originally been classified into three types, i.e. peraluminous, meta-

aluminous or peralkaline, depending on the molecular proportions of CaO,

(Na,O + K;0O) and ALO; (MacDonald ez /., 1992:14-16):

e Peraluminous: ALO; > CaO + (Na,O + K,O)
e Meta-aluminous: (Na,O + K;O) < ALO3 < CaO + (Na,O + K;0)

e DPeralkaline: (Na;O + K;O) < AL O3

Besides silica, the average amount of major and minor elements in obsidian are as follows
(Le Bourdonnec, 2007:9): AlLO3 10-15 %, Na,O 3-5 %, KO 1-5 %, and Fe;O3 1-3 %

(up t0 9 % for some peralkaline obsidians). Trace elements (less than 1 %) present in

7 Steps leading to the formation of chemically different types of rocks from the same original magma,
e.g. fractional crystallisation; see Bowen, 1928; Thompson, 1972.
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Poidevin, 1998; Lugli¢ ez al., 2006; Cherry ez al., 2008; Binder e al., 2011; Carter and
Contreras, 2012; Speakman ez al., 2005).

2.3. Significance of provenance studies and concept of ‘source’

2.3.1. The significance of provenance studies

Researching the origin of archaeological objects through their physical or chemical
similarities with geological samples is not a recent endeavour. The concept appears in
Europe during the 19™ century, and was mostly initiated by mineralogists and chemists
such as Gobel, Damour, or Helm (Harbottle, 1982:14; Caley, 1951, 1967). Interested
in different materials — respectively brass, jadeite, and amber — they reveal the usefulness
of chemistry for archacology purposes and thus lay the foundations of what later became

a full-fledged discipline: ‘Archacometry’ or ‘Science applied to Archaeology’.

Provenance studies then flourished to attain the success it is today, and due to the
significant technological advances accomplished since then, an increasing number of
archaeological materials can now be ‘sourced’. Following the multiplication of this type
of study, Harbottle (1982:15) however draws our attention on an important
consideration, i.e. the necessity for archaeologists to understand that sourcing studies
cannot categorically confirm an artefact’s origin/source, but only propose its possible

attribution to a specific source:

“Archaeologists love the term sourcing, with its upbeat, positive thrust — that you
analyse or examine an artifact and, by comparison with material of known origin,
Source’it. In point of fact, with a very few exceptions, you cannot unequivocally source
anything. What you can do is characterize the object, or better, groups of similar

objects found in a site or archaeological zone by mineralogical, thermoluminescent,
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density, hardness, chemical, and other tests, and also characterize the equivalent source

material, if they are available, and look for similarities to generate attributions.”

This recommendation ultimately relies on a crucial concept when conducting sourcing
campaigns, which is the contextualisation of (i) the artefacts analysed within their
archaeological and special context and environment, and (ii) the analyses themselves, as

expressed here again by Harbottle (1982:17):

“[...] the physical scientist must warn the archaeologist that chemical characterization
and indeed all other physical methods are not panaceas. They will not, in general,
supply information that is very meaningful unless they are projected against an
extensive analytical and archaeological background. As an adjunct, however, they can
often supply decisive hard data for hypothesis testing in the form of probabilistic
statements. Another thing that they can do is to suggest unexpected connections, and

from this allow the archaeologist to generate new hypotheses.”

If not properly contextualised, our geochemical analyses are as a result stripped of their
full meaning and potential. Thus, they should not be conducted for the sole purpose of

the sourcing itself but rather embedded in a larger archaeological research question.

Following the popular ‘provenance postulate’ defined for the first time in Weigand ez
alii (1977) and more recently reformulated by Neff, who states that « Sourcing is possible
as long as there exists some qualitative or quantitative chemical or mineralogical difference
between natural sources that exceed the qualitative variation within each source » (Neff,
2000:107-108), the obsidian material — with its fingerprint unique to each source - is

hence considered as an ‘ideal’ material for sourcing studies in archaeology (Glascock,

1998:2).
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2.4.1. Sardinia

With an area of about 25 000 km* (Tykot, 2002a), Sardinia is the biggest island of the
Mediterranean presenting obsidian, which was produced by the Monte Arci volcanic
complex (Figure 2.2; Lugli¢ ez al., 2006). Spread across an area of about 25 km long by
8 km wide (Tykot, 1995) and formed during the late Tertiary?, the Monte Arci presents
three main obsidian flows: SA, SB, and SC (Hallam ez a/., 1976). Further distinctions
can be made within the SB (SB1a, SB1b, SBlc; Tykot, 1995) and the SC groups (SC1,
SC2; Tykot, 1995), but only SA, SB1, SB2, and SC (see details in Table 2.1; Le
Bourdonnec, 2007) are considered to be of archaeological significance (Tykot, 1996).
The Sardinian obsidian is generally black, translucent to opaque, and sometimes
presenting grey bands (SC). A further description of the different Monte Arci types can
be found elsewhere (Tykot, 2002b:4). We report in Table 2.2 a synoptic description of
the SA, SB1, SB2, and SC types adapted from Tykot (1996).

Table 2.2. Synthetic description of the SA, SB1, SB2, and SC Sardinian obsidian types.
Adapted from Tykot, 1996.

TYPE | TRANSLUCENCY | REFLECTIVITY | VISUAL CHARACTERISTICS
SA 4 4 Visible microlites, flow banding
SB1 1.5-2 2-3 Usually indistinguishable from SC
SB2 2.5-5 4-4.5 Quite variable, phenocrysts
SC 1 3-4 Frequent surface banding

* Pliocene epoch, i.e. from 5.3 to 1.8 million years ago, see K-Ar datings in Di Paola ez al., 1975.
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be contextualised with the reconstruction of the chaine opératoire (cf Figure 1.1) and
compared with data from other periods and other sites (see Chapter 1). Only this type
of approach will allow us to capture the complexity of obsidian trade, exchange, and

consumption patterns in place during the Neolithic.

The larger research project in which this Ph.D. is embedded aims to follow such a
perspective, and also to further the work conducted within a larger research group —
initiated by Dr. Gérard Poupeau — composed of several specialists in Archaeology,
Geochemistry, and Geoarchaeology. The research on obsidian economies in Neolithic
Corsica from which this work originates was chiefly initiated by Dr. Francois-Xavier Le
Bourdonnec in his Ph.D. dissertation (Le Bourdonnec, 2007), and was the fruit of a
collaboration with several specialists. As a co-supervisor of the present Ph.D. project, Dr.
Le Bourdonnec has strongly supported this study, in a common effort to bring new data

on the obsidian procurement and consumption patterns in Neolithic Corsica.
The researchers and students mainly involved in this work are:

o Gérard Poupeau’, UMR 7194, Département de Préhistoire, Muséum National
d’Histoire Naturelle, Paris, France

e Ludovic Bellot-Gurlet, Sorbonne Université, UPMC Université Paris 6,
MONARIS 'de la Molécule aux Nano-objets : Réactivité, Interactions et
Spectroscopies”, UMR 8233, UPMC-CNRS Paris, France

o Carlo Lugli¢, Dipartimento di Scienze Archeologiche e Storico-Artistiche, Universita
di Cagliari, Cagliari, Italy

e André D’Anna, LAMPEA, UMR 7269, CNRS, MCC, MMSH, Aix-Marseille
Université, Aix-en-Provence, France

e Pascal Tramoni, INRAP Méditerranée, France

Sylvain Mazet, INRAP Grand Ouest, France
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o Jean-Michel Bontempi, Musée d’Archéologie d’Aléria Jérome Carcopino, France

e Francoise Lorenzi, Université de Corse, CNRS UMR 6240 LISA, Campus
Mariani, Corte, France; Association pour la Promotion de [’Archéologie
Universitaire Corse (APAUC), Département d’Archéologie, Université de Corse,
Corte, Corse

o Céline Bressy-Leandri, DRAC/SRA de Corse, Ajaccio, France

o Henri Marchesi, DRAC/SRA de Languedoc-Roussillon, Montpellier, France

e Stéphan Dubernet, IRAMAT-CRP2A, UMR 5060 CNRS - Université Bordeaux
Montaigne, Pessac, France

o Joséphine Tuquoi, IRAMAT-CRP2A, UMR 5060 CNRS - Université Bordeaux
Montaigne, Pessac, France

e Elsa Perruchini, JRAMAT-CRP2A, UMR 5060 CNRS - Université Bordeaux
Montaigne, Pessac, France

e DPierre Machut, IRAMAT-CRP2A, UMR 5060 CNRS - Université Bordeaux

Montaigne, Pessac, France

2.6.1. The Cauria plateau, Corsica: Renaghju and I Stantari

The first case study within this research project was led on two Corsican Middle
Neolithic settlements, Renaghju and I Stantari. Located on the Cauria plateau, south of
Sartene (Figure 1.3), both sites are famous for their stone alignments (see Figure 2.6)
and were thus reported as early as the 19" century (Mérimée, 1840). Described later on
by Adrien de Mortillet (1893), the excavations only started during the second half of the
20" century under the supervision of Roger Grosjean (I Stantari: Grosjean, 1964, 1968;
Renaghju: Liégeois, 1975; Jehasse, 1976). They mainly concerned the western and
north-western part of the stone alignments, which they aimed to redress (D’Anna, Dir.,

2009).
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A larger operation has since been directed by André D’Anna and Henri Marchesi within
a PCR’ focusing on the ‘Statues-menhirs, Menbirs et Mégalithisme de la Corse’ (Statues-
menhirs, Menhirs, and Megalithism in Corsica), and involving several steps: preliminary
prospections in 1994, and excavation campaigns led in 1995 and 1997-2000 in
Renaghju (D’Anna, Dir., 2009). They were mainly followed by the excavation
campaigns led on the I Stantari site (2001-2009) and the Stazzona structure (2006-
2011).

Figure 2.6. Statue-menhirs of I Stantari (from left to right: M5, M4, M2, and M1).
©A. D’Anna. D’Anna, 2013.

5 Projet Collectif de Recherche (Ministére de la Culture en France) | Collective Research Project (Ministry
of Culture in France).
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Renaghju

The study of Renaghju’s stratigraphy (see Chapter 6) revealed an occupation period

lasting from the Neolithic to modern times, and divided into 6 different phases (D’Anna,

Dir., 2009):

Phase 1 corresponds to an Early Neolithic occupation (‘Cardial’ EN) dated from
5600-5000 B.C. (D’Anna ez al., 2007);

Phase 2 reveals a period of abandonment of the site, occurring at the end of the
Early Neolithic and eventually linked to climatic changes. The stratigraphy of
this level is strongly disturbed by the implantation of standing stones during the
following occupation phase;

Phase 3 sces the erection of the first megalithic monument, ca. 4500-4400 B.C.
(D’Anna, Dir., 2009:58), which corresponds to the Middle Neolithic period;
Phase 4 reveals a second megalithic monument, probably implanted at the end
of the Late Neolithic period or the beginning of the Bronze Age (estimated date:
2300-2000 B.C., D’Anna ez al., 2007);

Phase 5 is a post-megalithic occupation phase, and lasts from Antiquity to
Modern times (D’Anna ez al., 2001);

Phase 6 mainly shows modern perturbations of the site caused by the early

excavation campaigns led by Roger Grosjean in 1975, as well as tourist activity.

A total of 5806 lithic artefacts have been unearthed during the excavations. Several raw

materials are represented: two available locally (quartz and rhyolite) and two exogenous

(chert and obsidian). The quartz has presumably been collected in the outcrops

surrounding the site, within a few hundred meters (Bressy ez al., 2003:196). The rhyolite

originated from a nearby source located on the Pastini plateau, only about 2.5 km of
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Renaghju (Bressy ez al., 2003, 2008). The closest sources for both allochthonous
materials — chert and obsidian — are located in Sardinia. A petrographic study (Bressy,

2002) seems to confirm that the chert was obtained from the Perfugas basin, located in

Northern Sardinia (¢f Figure 2.2).

Regarding the obsidian industry, so far only part of the Phase 1 (Cardial Early Neolithic)
assemblage has been studied as part of a sourcing campaign (Bressy ez al., 2003, 2008,
Le Bourdonnec ez al., 2015a). Among the 622 artefacts sourced by visual characterisation
(n=348), PIXE (n=250), and SEM-EDS (n=24), the majority matched the Sardinian
sources of the Monte Arci, with a prevalence of the SA type (45.3 % of the assemblage)
over SB2 (35.4 %) and SC (19.1 %), while the SB1 type is completely absent. Only one
artefact was attributed to the furthest source of Palmarola. This consumption pattern
follows what has been generally observed for this period in the area, be it for the origin
of the obsidian raw materials used for manufacturing the objects or the way in which
they were exploited (Le Bourdonnec ez al., 2015a). As mentioned eatlier, the sporadic

use of sources other than Sardinia is relatively uncommon but has been reported in a few

cases (Salotti e al., 2000; Le Bourdonnec ez al., 2010, 2014, 2015).

The present research project has focused on the Phase 3 (Middle Neolithic) obsidian
assemblage, gathering a total of 112 artefacts. The intrinsic characteristics of these
artefacts (thickness, dimensions, surface state) has been taken into consideration for the
establishment of a tailored analytical strategy to allow the sourcing of the complete
assemblage (¢f Chapter 4). In this case, the artefacts were generally of an irregular shape
and small dimensions (< 1 cm diameter), often presenting surface alterations. We thus
opted for LA-ICP-MS analyses, conducted at the SOLARIS laboratory in Southern
Cross University (Australia) to allow the fast and virtually non-destructive

characterisation of every artefact.
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[ Stantari

The I Stantari site is located only 400 meters from Renaghju, on the Cauria plateau. The
excavations campaigns (2001-2009) revealed here again a rather long and complex
occupation sequence, from the Middle Neolithic to modern times (D’Anna ez al., 2014).
The first standing stones appear in the phase 1 occupation level and seem to have been
elevated during the same period as those of Renaghju, 7.e. 4600-4300 B.C. (D’Anna,
2011). Further comparisons can be made between the phase 2 of I Stantari and the phase
4 of Renaghju, the former being dated from the Early Bronze Age, i.e. 3315£55 B.D.
(Poz 22818:1687-1510 cal. B.C. [20]; D’Anna er al,, 2014: 315). The phase 3
corresponds to the Middle Bronze Age (3045+35 B.P. — Poz-16680: 1410-1212 cal.
B.C. [20]; Ibid.) and seems partly contemporary to the Stazzona structure. Phases 4
(2945430 B.P. — Poz-21143: 1265-1048 cal. B.C. [20]; 1bid.) and 5 (2720+45 B.P. —
Ly-12024: 974-802 cal. B.C. [20]; [bid.) correspond to the Late Bronze Age, while phase
6 has provided dates matching the Iron Age (2120+110 B.P. — Gif-1397: 395 cal. B.C.-
77 cal. A.D. [20]; 1bid.).

The chrono-cultural similarities between the phase 1 of I Stantari and the phase 3 of
Renaghju motivated their selection for study and comparison in the present research

project.

The lithic material uncovered for the phase 1 occupation level of I Stantari is mostly
made of obsidian, constituting 60 % of the assemblage. Quartz and chert represent the
rest (D’Anna ez al., 2006). The obsidian artefacts from I Stantari (n=99, all phases

combined) have not previously been the object of sourcing studies.
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Table 3.1. Summary of the main characterisation and dating methods applied to the

obsidian material.

h El P Analysi
Method Method Acronym Sampling ements / Parameters nalysis
type assessed type

Inductively Coupled . .

Plasma - Atomic [CP-AES 10-20mg Major, minor, and trace
o clements
Emission Spectroscopy
Inductively Coupled . .
Plasma - Mass [CP-MS <20 mg Major, minor, trace, and Bulk
ultratrace elements
Spectrometry
Neutron Act.lvatlon NAA 100 mg Major, minor, and trace
Analysis elements
Laser Ablation -

Inductively Coupled LAICP-MS < 104 mm? Major, minor, trace, and
Plasma - Mass ultratrace elements
Spectrometry

Electron Microprobe — Mator and minor
n
Wavelength Dispersive EMP-WDS | A few mm? ajora ©
elements
Elementary Spectrometry
Scanning Electron Maior and minor
n
Microscope — Energy SEM-EDS A few mm? ajora ©
. . elements
Dispersive Spectrometry
Energy Dispersive — X- ED-XRE Major, minor, and trace Surface
Ray Fluorescence elements
Wavelength Dispersive — WD-XRF Major, minor, and trace
X-Ray Fluorescence . elements
Strictly
Portable Energy . .
. . non- Major, minor, and trace
Dispersive X-Ray pXRF d .
estructive elements
Fluorescence
Particle Induced X-ray
Emission PIXE Major, minor, and trace
Particle Induced y-ray | PIGE/PIGME elements
Emission
Strictly Spectrum shape and level
o Bulk or
Raman Spectroscopy Raman non- of depolymerisation of
. - local
destructive the silicate network
Nature and relative
Structural | plociron Spin Resonance abundance of
ESR <10 mg .
Spectroscopy paramagnetic and
ferromagnetic species
. Hyperfine structures,
57F M
e Méssbauer Maéssbauer 250 mg Fe?*/Fe’ ratio, presence Bulk
Spectroscopy .
of a magnetic component
. Coercive force, magnetic
Magnetic Superconducting susceptibility, remanent
shet Quantum Interference SQUID 30 mg b T
properties ) and saturation
Devices Magnetometry N
magnetization
Fission Track dati TF A f 2
Dating [¥lolt _Tack daling cwomm Geological age Bulk
“Ar/*Ar dating OAr/PAr 40-140 mg
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PART II

TOWARDS AN EXHAUSTIVE CHARACTERISATION
OF OBSIDIAN ASSEMBLAGES: ANALYTICAL
STRATEGIES AND ENHANCED PROTOCOLS
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Chapter 4

Analytical strategies

A

s discussed in Chapter 3, the obsidian sourcing tradition is relatively long and

prosperous, and the number of papers published in this field is still increasing (see

Carter, 2014: Fig.1). Its success is mostly due to the particular ‘qualities’ of this material

which, when considered together, introduce new information on past populations (cf.

Chapter 1). Numerous methods are available to archacometrists for the analysis of

obsidians, and many have been previously applied - however not always in a sensible way

(¢f Chapter 3). The obsidian sourcing discipline has hence been somehow ‘victim of its

success’ in two different ways:

Its success and apparent ecase of application have at times encouraged
inexperienced users to apply some of the sourcing techniques themselves; this
has been mostly demonstrated with studies involving portable technologies such
as pXRF. The use of this technique has spread quite hastily in the world of
Archaceology, and is applied in a wide range of studies - some of them
disregarding the main challenges inherent to such a method (e.g. standardisation,
calibration protocols, data treatment, appropriate and exhaustive sampling). The
issue was raised a few years ago by Speakman and Shackley (2013), who strongly
recommended that pXRF users be consistent in their analytical procedure, and
urging them to ensure the accuracy and reproducibility of their data as well as to
avoid ‘internally consistent’ results through the measurement of international
standards (Speakman and Shackley, 2013:1435).

The development of a large number of methods applicable to obsidian has

consequently multiplied the number of analyses. Although this is a positive
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Highlights

e Non-destructive and exhaustive analyses of lithic assemblages are recommended
e The concept of analytical strategy for obsidian sourcing studies is introduced.
e Integration of sourcing results with typo-technological data is imperative.

e The importance of international multidisciplinary collaborations is highlighted.

Abstract

This paper presents an overview of the work conducted by our research group in the
Mediterranean area. Initiated in the 1990s by the late Gérard Poupeau, our research
relies on international and multidisciplinary collaborations to endeavour archaeological
and anthropological issues linked to the diffusion and consumption of the obsidian raw
material during the Neolithic period. Our line of action is to develop flexibly unique
analytical strategies, tailored to each obsidian assemblage considered for a sourcing study.
Drawing its strength from the complementarity of the methods available within our
group, .e. visual characterisation, SEM-EDS, ED-XRF, pXRF, PIXE, and LA-ICP-MS,
this approach allows for the exhaustive and non-destructive analysis of those assemblages,
thus optimising the potential of sourcing studies. Working hand in hand with
archaeologists, the results are closely integrated to the information brought by the
typological and technological characteristics of the artefacts, in the aim to reconstruct an
overview of the obsidian economy at site level, but also to replace it in a

broader — regional and supra-regional — context.

Keywords

Obsidian sourcing; analytical strategy; archacology; Western Mediterranean; Aegean
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4.4. Discussion
When designing an obsidian sourcing study, several objectives have to be fulfilled:

e A diachronic and synchronic selection of well-documented assemblages
e An exhaustive characterisation of those assemblages

e A non-destructive or partially/virtually non-destructive analysis.

These objectives ensure that (a) the produced results are included in the general
archacological debate, (b) conclusions can be made on the overall obsidian economy of
the site, and (¢) the integrity of the archaeological samples is preserved and further
analyses (use-wear, typo-technology, efc.) can still be performed on the artefacts when

returned to the archaeologist.

To this end, a number of interdependent challenges and decisions that arise from either
the assemblage's characteristics or the project's specifics, and constituting the limiting

factors of the study, must be considered:

o Availability of the assemblage — determines if the samples can be analysed in the
laboratory or if an in-situ analysis is required

e Budget and deadline

e Number of samples within the assemblage

e Samples' size, geometry, and surface state (possible alterations, weathering)

e Type of analysis requested by the Archacologist/Heritage authorities— destructive
or non-destructive

o Geographical area — chosen method (or synergies between methods) will depend

on the ‘geochemical complexity’ of the potential sources considered

e Availability of the instrument(s)
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To illustrate the reliability of our analyses, our optimised protocol (named ‘V2’) was

compared to:

e A protocol using ablation lines but measuring 30 isotopes (referred to as V1’) —
enabling the evaluation of the differences in sensitivity and accuracy between two
protocols assaying a different number of isotopes;

e Previous studies delivering data on the BCR2-G (glass) standard — this allowed
a check for any matrix-induced effects;

e DPrevious studies using different methods and presenting data on the SA, SBI,
SB2, and SC obsidian types (Monte Arci source) — such data ensured the validity

of our protocol for obsidian sourcing studies.

The contents of this chapter have been published in the STAR journal
(d0i:10.1080/20548923.2016.1236516).
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demonstrating the efficiency of the new advanced LA-ICP-MS protocol in answering

fundamental archaeological questions.
Statement of significance

Our new LA-ICP-MS protocol, specifically tailored for the geochemical sourcing of
obsidian artefacts in the Western Mediterranean area, was developed at SOLARIS
(Southern Cross GeoScience, Southern Cross University, Australia) with a top-of-the-
range Agilent 7700x ICP-MS coupled to a an ESI NWR213 Laser Ablation System.
Taking into account the common analytical issues encountered with the LA-ICP-MS
technique, we focused on two parameters: the use of ablation lines instead of ablation
points, and the development of a reduced list of measured isotopes. The use of ablation
lines aims to compensate for any sample heterogeneity, achieve a higher count rate as
well as a better signal stability, and also reduce laser-induced elemental fractionation.
The measured isotopes have been carefully selected amongst the most efficient to
discriminate between the different obsidian sources. This shortened list of isotopes
achieves precise and accurate measurements with a higher sensitivity, and with the use
of ablation lines, contributes to enhancing the potential of this geochemical

characterization technique for obsidian sourcing.

Data availability

The LA-ICP-MS results for the obsidian geological samples from the Mediterranean area

are available as supplementary data.
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5.1 (23 measurements represented). The variations frequently remain within a 20 range,

thus attesting to the repeatability of these measurements.

133Cs 137Ba 146Nb
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Figure 5.1. Evolution of the measured ®Zn, #Sr, 133Cs, '¥Ba, and “Nd contents on
the NIST SRM 613 international standard over 5 months (23 measures represented).
Data obtained by LA-ICP-MS with V2 protocol. The dotted lines represent the + 20

dispersion.

Matrix-induced effect and comparison to a common protocol

The BCR-2G standard (glass, basaltic composition; USGS, 2014) from the U.S.
Geological Survey (USGS) was analyzed several times to control for matrix-induced
effects (see complete data in Appendix G). The obtained average composition was

compared against the USGS and GeoRem reference values, as well as against the values

obtained by Barca ez alii (2007) with LA-ICP-MS (see Table 5.5).
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Abstract

This paper aims to study and compare the obsidian economies of Renaghju and I
Stantari, two neighbouring Neolithic sites located on the Cauria plateau (south-western
Corsica). The occupation phase 3 of Renaghju and phase 1 of I Stantari, both dated
from the Middle Neolithic period (5" millennium B.C.), have provided respectively 112
and 99 obsidian artefacts. The entire assemblages have been geochemically characterized
virtually non-destructively using LA-ICP-MS at SOLARIS (Southern Cross University
[SCU]). Our analyses, coupled to the typo-technological data, revealed rather different
consumption patterns for the two sites despite their comparable nature (megalithic sites)

and geographical proximity (400 meters distance).

Introduction

Obsidian sourcing has long been a successful tool for the study of past population
movement, by retracing cultural contacts and revealing procurement, trade and exchange
patterns (see e.g. Cann and Renfrew, 1964; Williams-Thorpe, 1995; Poupeau ez al.,
2010a). Often treated as an end itself instead of as a ‘means to an end’, the discipline has
deeply evolved in the recent decades to embrace a more integrated and contextualised

approach. Lately, the following trends can be observed:

o the development of analytical strategies (Carter ez al., 2006; Le Bourdonnec,
2007; see also Chapter 4), relying on the combination of different techniques
(virtually or strictly non-destructive) to achieve the exhaustive characterization of
the assemblages. As already illustrated in various studies (Lugli¢ ez al., 2009;
Orange et al., 2013; Freund, 2014 i.a.), such an approach allows the extraction

of the maximum amount of information from the lithic assemblages and is crucial
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to better understand the economy of the obsidian material at site level and in a
larger regional context;

o the integration of the sourcing results with the typo-technological information
(see e.g. Carter et al., 2006; Eerkens ez al., 2008) in order to better apprehend the
use of the raw material and discuss in details the chaine opéraroire. This sometimes
reveals complex consumption patterns - where ‘diffusion’ not always equals
‘interaction’ between two groups (Perles, 2012). Among the areas where those
research perspectives are being followed, the Western Mediterranean is
undoubtedly one of the most prosperous. By the means of collaborative and
multidisciplinary research projects, more than 11 000 artefacts (all periods
combined) have hitherto been sourced in this region (Poupeau et al., 2014). It is
also where, through a close collaboration between archaeologists and
archacometrists, the typo-technological aspects have regularly been integrated to
the chemical analyses in the study of complete collections (Luglie ez a/., 2007,
2008, 2009; Bressy ez al., 2010; Poupeau et al., 2010a; Le Bourdonnec et al.,
2010, 2011, 2012, 2015; Freund and Tykot, 2011 inter alia).

Following these trends, the present paper opens the discussion on the obsidian economy
of the Middle Neolithic occupation levels of the Renaghju (phase 3) and I Stantari (phase
1) settlements. Situated on the Cauria plateau, one of the most informative areas for the
study of the Neolithic period in Corsica (D’Anna ez al., 2007a, 2007b; D’Anna, 2013),
they are chiefly renowned for their stone alignments (Figure 6.1), spotted by Prosper

Mérimée as early as 1839 (Mérimée, 1840).

Both sites present relatively long, substantial, and complex settlement sequences
(D’Anna et al., 2001, 2007a, 2007b; D’Anna, 2014), and therefore are rich in

information about the social, cultural, and economic patterns in place at the time. Yet
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Figure 6.7. (previous page) Examples of obsidian artefacts from the Renaghju phase 3 and

I Stantari assemblages.

The upper section of the stratigraphy, directly below the excavations of Roger Grosjean
and largely disturbed by those, shows layers of loamy sediments of a grey to black colour,
reflecting various modern and medieval agrarian structures (respectively phases 8 and 7),

or attesting alternating periods of activity, abandonment, and destruction (phase 6).

In the middle section of the stratigraphy, some brown sandy-clay sediments — slightly
loamy and more or less gravelly — integrate monumental remains. They attest of a
complex site involving three rows of standing stones, steles, armed steles and statues-
menhirs. The western row (phases 4 and 5) comprises the famous steles and the armed
statues (Figure 6.9) with explicit anatomic representations on their eastern face: faces
and arms, diverse clothing attire and a warrior panoply, helmets, swords, and harnesses.
They are just as explicit on the western face, with the representation of an erected phallus.
This monument is implanted on a slight eastern slope, and built on a terrace/podium

that contributes to making the display ostentatious.

All of these characteristics and features (stratigraphy, artefacts, stone monuments), along
with the radiometric dating conducted on the site, point to a final Bronze occupation of
this monument. It was preceded by an earlier edifice involving large standing stones —
without any kind of figuration on their surface, and erected during the Late Neolithic -
Early Bronze age (phases 2 and 3), i.e. contemporary of the Renaghju phase 4. This level

is very disturbed and its organisation/structure thus remains relatively unclear.

Figure 6.8. (next page) Stratigraphic profiles of the I Stantari site. A: Profile #6 (2002),
West-East, H to N, 15 to 16. B: Profile #8 (2005), South-North, M to N, 3 to 10. C:
Profile #9 (2003, 2007), K to P, 19 to 20.
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the data. The ablation parameters applied to the artefacts are reported in Table 6.1; this
protocol was developed to reduce the ablation of the archacological objects to a

minimum - ze. approximately the width of a human hair (40 pm).

A total of 13 isotopes, which allow the discrimination of Mediterranean obsidian sources
(see Chapters 4 and 5), were measured: ©°Sc, *Zn, ®¥Rb, %Sr, Y, Zr, ¥Nb, 133Cs,
137Ba, "Nd, ¥Sm, 2%Pb, 23Th, and ®U. At the beginning and end of each run, the
international standard NIST SRM 613 was analysed to ensure the accuracy (always

better than 6.5 %, see Table 6.2), precision and reproducibility of our measures (see

Chapter 5).

Table 6.1. Ablation parameters adopted for the LA-ICP-MS analyses conducted on the
archacological samples at SOLARIS (SCU, Australia). The ablation parameters used for
the geological samples can be found in Orange ez 4l., 2016, along with the analytical

protocol developed (Chapter 5).

Ablation parameters Archaeological samples
Spot size 40 pm

Laser pulse frequency 10 Hz

Laser power (output) 80 %

Scan speed 5 pm/sec

Depth 10 pm

Passes 1

Line length 0.6 mm

Total time acquisition .
. 1 2:15 min
per line
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Table 6.2. Comparison of the *Sc, ®Zn, 5Rb, #Sr, Y, 2Zr, *Nb, 13Cs, 1¥7Ba, “°Nd,
147Sm, 2%8Pb, 22 Th, and 2*3U contents with uncertainty (+ 1 standard deviation) obtained
on the NIST SRM 613 standard during this study (16 measurements over 8 runs) and
the reference values recommended by the NIST and the GeoRem database. Relative

error calculated in comparison with the GeoRem reference values. Concentrations are in

ppm.
NIST GeoRem This study (16 measures)
Concentration Concentration Concentration (1sd) Relative error
5S¢ 39.9(2.5) 38.5(0.8) 3.6%
67n 39.1(1.7) 41.0(4.2) 4.9%
$Rb 31.4(0.4) 31.4(0.4) 30.5(0.5) 2.9%
8Sr 78.4(0.2) 78.4(0.2) 76.2(1.1) 2.8%
8y 38.3(1.4) 37.0(0.5) 3.5%
NZr 37.9(1.2) 36.9(0.4) 2.7%
%Nb 38.9(2.1) 37.3(0.4) 4.2%
133Cs 42.7(1.8) 40.0(0.6) 6.4%
157Ba 38.6(2.6) 39.3(0.9) 38.7(0.8) 1.6%
16Nd 36 35.5(0.7) 33.6(0.6) 5.3%
7Sm 39 37.7(0.8) 36.2(0.6) 4.1%
208pp 38.57(0.2) 38.57(0.2) 38.89(1.95) 0.82%
22Th 37.79(0.08) 37.79(0.08) 35.69(0.58) 5.55%
B8y 37.38(0.08) 37.38(0.08) 35.98(0.54) 3.79%
Sampling

Thanks to the swiftness of the analytical protocol, the geochemical compositions of the
entire obsidian assemblages from the Middle Neolithic levels of each site (211 artefacts)
were determined. No selection of the artefacts was performed beyond a first sorting by

raw material type. However, if quartz and chert are easy to visually distinguish from
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obsidian, small artefacts made of rhyolite can sometimes be trickier to differentiate from
the less glassy types of Sardinian obsidians. In such cases the artefact was selected for

geochemical analysis to try to determine its classification.

Performed analyses involved 112 artefacts for Renaghju phase 3 and 99 for I Stantari
phase 1, whose chemical signatures were compared to those of the main obsidian sources
in the Mediterranean region (Figure 6.2). This reference database is made of 200
geological samples from our collection (see Chapter 5), originating from Sardinia
(Monte Arci complex: SA, SB1, SB2, and SC subtypes), Lipari, Palmarola, Pantelleria
(Balata dei Turchi and Lago di Venere), the Carpathian basin, as well as the Aegean Sea

(Melos, Yali, and Antiparos sources).

6.2.2. Sourcing results
Renaghju

The complete obsidian assemblage of Renaghju phase 3, including 112 artefacts, has
been geochemically characterised by LA-ICP-MS. The results are reported in Appendix
H1. The fact that the compositions “provide information on relative rather than absolute
values of the components of compositions, that relative values are characterised by ratios and
that logarithms of ratios are simpler to handle mathematically and interpret statistically than
ratios” (Aitchison, 2002:3) motivated our choice to use a logratio® analysis (see Aitchison,
1986) instead of a standard multivariate analysis for the statistical treatment of the
obtained data. The Zr, Nb, and Cs elements being amongst the most significant for the
characterization of obsidians, they are frequently used for sources discrimination as well
as artefact attribution in the Western Mediterranean area (Tykot ez al., 2011; Terradas

et al., 2013; Freund, 2014 7.4.) and elsewhere (Orange e al., 2013; Kellett ez al., 2013

6 Logarithms of the ratios of the concentrations.

152



i.a.). Therefore we chose to compare the log(***Cs/*’Nb) and log(**Zr/*’Nb) ratios
(Figure 6.10), which discriminate all Mediterranean sources and clearly show that a
total of 58 artefacts can be attributed to the SB2 sub-source, 37 to SC, and 16 to SA (see

Table 6.3).

Table 6.3. Number of artefacts — and proportions within the complete

assemblage — attributed to each source for the Renaghju and I Stantari Middle Neolithic

assemblages.
SITE Nb. artefacts SA SB2 SC Other facies
Renaghju Phase 3 112 16 58 37 1 unknown
% of the assemblage 14 % 52 % 33 % >1%
| Stantari Phase 1 99 6 38 51 4 unknowns
% of the assemblage 6 % 38 % 52 % 4%

Besides Zr, Nb, and Cs, Sr was also revealed to be a diagnostic element, and clearly
confirms the attributions made with the log-ratio analysis: for the artefacts assigned to
the SC group, it varies from 87 to 143 ppm, while for SA and SB2 its concentrations are
much lower, respectively ranging between 20-25 ppm and 22-45 ppm. The Y, '¥Ba,
and #?Th values also participate to match the artefacts to the sources. Only one artefact
(SCU.ARCH.86; see Figure 6.7 and Appendix H1), run several times to ensure the
results, could not be matched with any of the sources of our geological database. A
further macroscopic examination, showing a fine grained matrix, suggests that this object

could be made of rhyolite rather than obsidian.
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Chapter 7
The Abri des Castelli site

7.1. The Abri des Castelli site: context and lithic industries

7.1.1. General context

iscovered in 2003, the Abri des Castelli is the first high-altitude Neolithic site
D excavated in Corsica, whereas most sites from this period are usually located in
the lowlands. Situated in northern Corsica on the Corte municipality (Figure 1.3) it
culminates at about 2140 meters asl” where a granitic boulder, detached from the
adjacent granitic inselberg, offers a shelter of approximately 7 m* (Figure 7.1). This rock
shelter is associated with three other areas on the plateau (Figure 7.2): a main settlement
situated at 2000 meters asl - ‘T Pozzi’, a rhyolite outcrop (250 meters from the rock
shelter, and between 2080 and 2130 meters of altitude), and a restricted area located on
the ridge which could have allowed the occupants of the Castelli plateau to control the

northern slope of the mountain.

Figure 7.1. The Abri des
Castelli — view from the
north-east. ©N. Marini.

Mazet, Dir. 2011.

7 asl: above sea level.
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Figure 7.2. The Castelli plateau — view from the south-west. ©S. Mazet. Mazet, Dir.
2011.

A succession of 5 excavation campaigns conducted between 2008 and 2014 on the
Castelli rock shelter revealed a long occupation sequence, starting from the Early
Neolithic. In total, three main occupation periods were revealed during the Neolithic

(Figure 7.3), two of which were clearly dated by 4C (Mazet, Dir., 2011):

e Middle Neolithic:

o Layer 1: 4958+55 B.P. (LT 4436A: 3939-3642 cal. B.C. [20])
e Early Neolithic:

o Level G: 6325+55 B.P. (LT 4435A: 5469-5212 cal. B.C. [20])

Below the surface level is a disturbed layer in which the majority of the piercing
projectile points ‘@ crans obtus’ was found. This could indicate that the site might also

have been occupied during the Late Neolithic, although more punctually (Mazet, Dir.,
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2010:64). Such a hypothesis will have to be confirmed by further excavation campaigns,

which are currently under way.

Archaeological structures of the site include paved hearts, retaining walls, and a storage
pit, supplemented by a debitage workshop. The large amount of lithic remains excavated
from such a restricted area suggests that it was mainly dedicated to the production of

stone tools, while the I Pozzi open air site probably constituted the main seasonal

settlement (Mazet, Dir., 2011:60).

7.1.2. Lithic industries

The lithic industry of the site was thus abundant, with a total of 7786 artefacts collected
thus far in the rock shelter itself, all occupation levels considered. Several raw materials
are represented (Table 7.1), and are both local and exogenous. Local materials involve
a grey rhyolite likely obtained from the nearby outcrop, a reddish rhyolite (facies present
at the Monte Cinto, situated north of the Abri des Castelli, see Figure 1.3), and quartz,
omnipresent on the plateau. A small proportion of the assemblage is made of obsidian
(n=620, > 8 %) and flint (n=15, > 0.2 %), which cannot be found on the Corsican
island. Microscopic studies (see Mazet ez al., 2014) revealed a Sardinian origin for the

flint artefacts (Perfugas basin; ¢f. Figure 2.2).

It is important to note that the lithic artefacts recovered from the rock shelter include a
large number of projectile points, i.e. 98 cutting projectile points, 40 piercing projectile
points, and 55 lunate projectile points. This substantial proportion of projectile points

might indicate that the Castelli plateau may have been used as a hunting territory.
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7.4. LA-ICP-MS analyses
7.4.1. Protocol

The rest of the artefacts - 344 involving 8 unattributed by ED-XRF - were characterised
by LA-ICP-MS at the SOLARIS laboratory (Southern Cross University, Australia) with
an Agilent 7700 Series ICP-MS coupled to a NWR213 (Nd:YAG deep UV laser [213
nm]) laser ablation system. Following our recently developed protocol (see Chapter 5),
a line of 0.6 mm length, 40 pm width, and 10 pm depth was ablated on each
archacological sample. The NIST 613 international standard was analysed at the
beginning and end of each run to ensure the accuracy and reproducibility of our analyses
(data reported in Chapter 5 and Appendix F). A total of 14 isotopes was measured
(5S¢, %°Zn, BRb, *8Sr, #Y, 2Zr, P>Nb, 133Cs, 1¥Ba, “°Nd, YSm, 2®Pb, 2*?Th, and 2**U),
and the results compared to those of our geological database, including the main sources
of the Western Mediterranean area (Monte Arci, Lipari, Palmarola, Pantelleria) and

reference points on the Carpathian and Aegean (Yali, Antiparos, Melos) sources.

7.4.2. Results

Following the LA-ICP-MS results obtained on the 344 artefacts of the Abri des Castelli
(complete data reported in Appendix 12), we were able to match the majority of this
assemblage (95 %) with the Sardinian obsidian source of the Monte Arci. This is clearly
illustrated in a comparison of the log('*>Cs/*’Nb) and log(**St/*?Nb) ratios in
Figure 7.5. More precisely, the SB2 and SC obsidian types largely prevail, respectively
representing 39.8 % and 39.5 % of the assemblage (n=137, n=136). Less than 15 % was

attributed to the SA type, and even less to the SB1 type (=1 %).
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7.6. Further studies

The advancement of this interdisciplinary research project will require the completion

of several steps:

o the integration of the typological and technological characteristics of the
assemblage to the sourcing results,

o the contextualisation of the artefacts within the archacological context of the site,

o the elaboration of hypotheses regarding the obsidian economy of the site for the
Neolithic period,

e asynchronic and diachronic analysis of the data obtained, and

e the contextualisation of all of the data above to a wider regional context.

To achieve these aims, further analyses are programmed to characterise the remaining
artefacts, investigate further the unexpected results obtained for the 16 unattributed
obsidians, and determine the provenance of the most recently excavated material. So far,
only part of the material excavated during the 2008, 2009, and 2010 campaigns has been
studied. For the 5% millennium B.C., the high portion of unattributed or not yet
analysed artefacts (40 %) is preventing us from making accurate conclusions on the
obsidian consumption patterns in place during this particular period, or to reconstruct

an evolution of these patterns for the overall occupation of the site.

Complementary studies will therefore focus on pursuing the exhaustive analysis of the
assemblage, and the integration of these results with the information brought by their
typo-technological study, to help complete our knowledge of this exceptional high

altitude site.
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Appendix Bl

Identification of the geological samples from the Mediterranean area included in the geological database. With the exception of the Antiparos
(Carter and Contreras, 2012) and Palmarola samples (PSE mission 2013), the geological samples have been transferred to Prof. Gérard Poupeau
in the framework of the research led at the IRAMAT-CRP2A, and more particularly the Ph.D projects of Dr. Mathieu Duttine (2005) and Dr.
Francois-Xavier Le Bourdonnec (2007).

SOURCE

GEOGRAPHICAL AREA ORIGINAL ID SCU ID SCU RESIN ID (LA-ICP-MS) ORIGIN / PUBLICATION
Western Mediterranean 102 SCU.GEOL.16 SAR#1 SB1 C. Lugli¢
Western Mediterranean 103 SCU.GEOL.17 SAR#1 SB1 C. Lugli¢
Western Mediterranean 105 SCU.GEOL.18 SAR#1 SB1 C. Luglie
Western Mediterranean 109 SCU.GEOL.19 SAR#1 SB1 C. Luglie
Western Mediterranean 111 SCU.GEOL.20 SAR#1 SB1 C. Luglie
Western Mediterranean 113 SCU.GEOL.21 SAR#1 SB1 C. Lugli¢
Western Mediterranean 115 SCU.GEOL.22 SAR#1 SB1 C. Lugli¢
Western Mediterranean 117 SCU.GEOL.23 SAR#1 SB1 C. Luglie
Western Mediterranean 120 SCU.GEOL.24 SAR#2 SB1 C. Lugli¢
Western Mediterranean 119 SCU.GEOL.25 SAR#2 SB2 C. Lugli¢
Western Mediterranean 124 SCU.GEOL.26 SAR#2 - C. Lugli¢
Western Mediterranean 126 SCU.GEOL.27 SAR#2 SB2 C. Lugli¢
Western Mediterranean 128 SCU.GEOL.28 SAR#2 SB2 C. Lugli¢
Western Mediterranean 131 SCU.GEOL.29 SAR#2 SB2 C. Lugli¢
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SOURCE

GEOGRAPHICAL AREA ORIGINAL ID SCU ID SCU RESIN ID (LA-ICP-MS) ORIGIN / PUBLICATION
Western Mediterranean 138 SCU.GEOL.30 SAR#3 SB2 C. Lugli¢
Western Mediterranean 141 SCU.GEOL.31 SAR#3 SB2 C. Luglie
Western Mediterranean 132 SCU.GEOL.32 SAR#2 SA C. Luglie
Western Mediterranean 134 SCU.GEOL.33 SAR#2 SA C. Lugli¢
Western Mediterranean 136 SCU.GEOL.34 SAR#3 SA C. Lugli¢
Western Mediterranean 143 SCU.GEOL.35 SAR#3 SA C. Lugli¢
Western Mediterranean 146 SCU.GEOL.36 SAR#3 SA C. Luglie
Western Mediterranean 147 SCU.GEOL.37 SAR#3 SA C. Luglie
Western Mediterranean 149 SCU.GEOL.38 SAR#3 SA C. Lugli¢
Western Mediterranean 151 SCU.GEOL.39 SAR#3 SA C. Lugli¢
Western Mediterranean 153 SCU.GEOL.40 SAR#4 SA C. Lugli¢
Western Mediterranean 155 SCU.GEOL.41 SAR#4 SA C. Luglie
Western Mediterranean 157 SCU.GEOL.42 SAR#4 SA C. Luglie
Western Mediterranean 159 SCU.GEOL.43 SAR#4 SC C. Lugli¢
Western Mediterranean 161 SCU.GEOL.44 SAR#4 SC C. Lugli¢
Western Mediterranean 168 SCU.GEOL.45 SAR#4 SC C. Lugli¢
Western Mediterranean 170 SCU.GEOL.46 SAR#4 SC C. Lugli¢
Western Mediterranean 171 SCU.GEOL.47 SAR#4 SC C. Lugli¢
Western Mediterranean 172 SCU.GEOL.48 SAR#5 SC C. Lugli¢
Western Mediterranean 173 SCU.GEOL.49 SAR#5 SC C. Luglie

256



SOURCE

GEOGRAPHICAL AREA ORIGINAL ID SCU ID SCU RESIN ID (LA-ICP-MS) ORIGIN / PUBLICATION
Western Mediterranean 175 SCU.GEOL.50 SAR#5 SC C. Lugli¢
Western Mediterranean 177 SCU.GEOL.51 SAR#5 SC C. Luglie
Western Mediterranean 179 SCU.GEOL.52 SAR#5 SC C. Luglie
Western Mediterranean 181 SCU.GEOL.53 SAR#5 SC C. Lugli¢
Western Mediterranean 183 SCU.GEOL.54 SAR#6 SC C. Lugli¢
Western Mediterranean 185 SCU.GEOL.55 SAR#6 SC C. Lugli¢
Western Mediterranean 187 SCU.GEOL.56 SAR#6 SC C. Luglie
Western Mediterranean 189 SCU.GEOL.57 SAR#6 SC C. Luglie
Western Mediterranean 191 SCU.GEOL.58 SAR#6 SC C. Lugli¢
Western Mediterranean 193 SCU.GEOL.59 SAR#6 SC C. Lugli¢
Western Mediterranean SA-15 SCU.GEOL.60 SA#1 SA A. M. De Francesco
Western Mediterranean SA-40 SCU.GEOL.61 SA#1 SA A. M. De Francesco
Western Mediterranean SA-44 SCU.GEOL.62 SA#1 SA A. M. De Francesco
Western Mediterranean SA-46 SCU.GEOL.63 SA#1 SA A. M. De Francesco
Western Mediterranean SA-47 SCU.GEOL.64 SA#1 SA A. M. De Francesco
Western Mediterranean SA-49 SCU.GEOL.65 SA#2 SA A. M. De Francesco
Western Mediterranean SA-55 SCU.GEOL.66 SA#2 SA A. M. De Francesco
Western Mediterranean SA-60 SCU.GEOL.67 SA#2 SA A. M. De Francesco
Western Mediterranean SA-66 SCU.GEOL.68 SA#2 SA A. M. De Francesco
Western Mediterranean SA-67 SCU.GEOL.69 SA#2 SA A. M. De Francesco
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SOURCE

GEOGRAPHICAL AREA ORIGINAL ID SCUID SCU RESIN ID (LA-ICP-MS) ORIGIN / PUBLICATION
Western Mediterranean LAGV-18 SCU.GEOL.151 LDV#3 Lago di Venere E. Tufano
Western Mediterranean LAGV-19 SCU.GEOL.152 LDV#3 Lago di Venere E. Tufano
Western Mediterranean LAGV-20 SCU.GEOL.153 LDV#3 Lago di Venere E. Tufano

Acgean yali-01 SCU.GEOL.154 YALI#1 Yali A. M. De Francesco
Acgean yali-04 SCU.GEOL.155 YALI#1 Yali A. M. De Francesco
Acgean yali-06 SCU.GEOL.156 YALI#1 Yali A. M. De Francesco
Aegean yali-08 SCU.GEOL.157 YALI#1 Yali A. M. De Francesco
Aegean yali-09 SCU.GEOL.158 YALI#1 Yali A. M. De Francesco
Aegean yali-10 SCU.GEOL.159 YALI#1 Yali A. M. De Francesco
Aegean yali-11 SCU.GEOL.160 YALI#1 Yali A. M. De Francesco
Aegean yali-12 SCU.GEOL.161 YALI#2 Yali A. M. De Francesco
Aegean yali-13 SCU.GEOL.162 YALI#2 Yali A. M. De Francesco
Aegean yali-14 SCU.GEOL.163 YALI#2 Yali A. M. De Francesco
Aegean Gia-01 SCU.GEOL.164 YALI#2 Yali -

Aegean Gia-02 SCU.GEOL.165 YALI#2 Yali -

Aegean Gia-02b SCU.GEOL.166 YALI#2 Yali -

Aegean dem-05 SCU.GEOL.167 DEM#1 Melos A. M. De Francesco
Aegean dem-06 SCU.GEOL.168 DEM#1 Melos A. M. De Francesco
Aegean dem-08 SCU.GEOL.169 DEM#1 Melos A. M. De Francesco
Aegean dem-14 SCU.GEOL.171 DEM#1 Melos A. M. De Francesco
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SOURCE

GEOGRAPHICAL AREA ORIGINAL ID SCU ID SCU RESIN ID (LA-ICP-MS) ORIGIN / PUBLICATION
Aegean Antiparos 11.001 SCU.GEOL.192bis ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos I1.002 SCU.GEOL.193 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos 1.004 SCU.GEOL.194 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos 1.005 SCU.GEOL.195 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos 11.006 SCU.GEOL.196 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos 11.008 SCU.GEOL.197 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos I1.009 SCU.GEOL.198 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos [1.012 SCU.GEOL.199 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos I1.013 SCU.GEOL.200 ANTIP#1 Antiparos T. Carter and D. Contreras
Aegean Antiparos I11.002 SCU.GEOL.201 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos I11.003 SCU.GEOL.202 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos I11.005 SCU.GEOL.203 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos [I1.006 SCU.GEOL.204 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos I11.007 SCU.GEOL.205 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos [11.008 SCU.GEOL.206 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos [11.009 SCU.GEOL.207 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos [I1.010 SCU.GEOL.208 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos [11.012 SCU.GEOL.209 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos [11.014 SCU.GEOL.210 ANTIP#2 Antiparos T. Carter and D. Contreras
Aegean Antiparos [I1.015 SCU.GEOL.211 ANTIP#2 Antiparos T. Carter and D. Contreras
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SOURCE

GEOGRAPHICAL AREA ORIGINAL ID SCUID SCU RESIN ID (LA-ICP-MS) ORIGIN / PUBLICATION
Carpathians PM 86/2 B SCU.GEOL.212 CARPA#1 Carpathians G. Bigazzi
Carpathians PM 86/3 D SCU.GEOL.213 CARPA#1 Carpathians G. Bigazzi
Carpathians PM 86/3 B SCU.GEOL.214 CARPA#1 Carpathians G. Bigazzi
Carpathians PM 86/3 A SCU.GEOL.215 CARPA#1 Carpathians G. Bigazzi
Carpathians PM 86/2 A SCU.GEOL.216 CARPA#1 Carpathians G. Bigazzi
Carpathians PM 86/4 C SCU.GEOL.217 CARPA#2 Carpathians G. Bigazzi
Carpathians PM 86/10 D SCU.GEOL.218 CARPA#2 Carpathians G. Bigazzi
Carpathians PM 86/10 C SCU.GEOL.219 CARPA#2 Carpathians G. Bigazzi
Carpathians PM 86/10 A SCU.GEOL.220 CARPA#2 Carpathians G. Bigazzi
Carpathians PM 86/4 A SCU.GEOL.221 CARPA#2 Carpathians G. Bigazzi
Carpathians PM 86/12 A SCU.GEOL.222 CARPA#3 Carpathians G. Bigazzi
Carpathians PM 86/19 A SCU.GEOL.223 CARPA#3 Carpathians G. Bigazzi
Carpathians PM 86/18 SCU.GEOL.224 CARPA#3 Carpathians G. Bigazzi
Carpathians PM 86/16 B SCU.GEOL.225 CARPA#3 Carpathians G. Bigazzi
Carpathians PM 86/15 A SCU.GEOL.226 CARPA#3 Carpathians G. Bigazzi
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Appendix C

Polishing protocol adopted for the samples embedded in epoxy resin and scans of the resins (following pages). Protocol developed at the IRAMAT-
CRP2A for automated polishing on Mecatech 334 (PRESI).

TOTAL

ROTATION POLISHING

STEPS ABRASIVE LUBRICANT SUPPORT PRESSURE SPEED DURATION CLEANING CONTROL
Resinoid grid RG2
(ESCIL) Grain . Binocular
Prel - Water 180/240 — Lubricate ++ T th-h30 Water rinse microscope
moderately with water
Resinoid grid RP2
(ESCIL) Grain Water i Bi I
Pre2 - Wiater 1000/1200 - - . 1h30-2h ater Thse nocurar
) Ultrasonic bath microscope
Lubricate moderately
with water
Mecaprex LD 33 E
Poll monocrystalline 6 pm L [2)82(;5 S(iIL) Cloth Reflex PAD- | DaN* 50 rpm (tray) 5400 second Water rinse Metallographic
© (PRESI) - 0.30 ml o MAG RAM (PRESI) a 30 rpm (arm) SeCONE  Ultrasonic bath microscope
25 seconds
45 seconds
Mecaprex LD 33 E
Pol2 monocrystalline 3 pm L [2)82(;5 fn(iIL) Cloth Reflex PAD- | DaN 40 rpm (tray) 5400 second Water rinse Metallographic
© (PRESI) - 0.30 ml ) MAG RAM (PRESI) : 20 rpm (arm) SECORE  Ultrasonic bath microscope
25 seconds
45 seconds
Mecaprex LD 33 E
monocrystalline 1 pm L DS (ESCIL) Cloth Reflex PAD- 40 rpm (tray) Water rinse Metallographic
Pol3 0.25 mL 0.5 DaN 1800 seconds . )
(PRESI) - 0.30 ml 20 seconds MAG RAM (PRESI) 20 rpm (arm) Ultrasonic bath microscope

45 seconds
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TOTAL

ROTATION POLISHING

STEPS ABRASIVE LUBRICANT SUPPORT PRESSURE SPEED DURATION CLEANING CONTROL
Mecaprex LD 33 E
: L PS (ESCIL) . .
monocrystalline 1/4 pm Cloth Reflex PAD- 40 rpm (tray) Water rinse Metallographic
Pol4 (PRESI) - 0.30 ml 0.25 mL MAG NT (PRESI) 0.3DaN— rpm (arm) 1800 seconds (1 - onic bath microscope
20 seconds
45 seconds
Ethanol and Metallographic
Pol5 - - - - . .
blow-drying microscope

*DaN: DekaNewton.

282






SOURCE SAMPLE Nbrows “Sc *“Zn ®Rb %St Y 2Zr Nb '3Cs 'Ba '"Nd '7Sm 2®Pb 2?Th 2*¥U

Antiparos SCU.GEOL.201 61 2 22 357 8 12 118 32 35 26 9 1 47 52 26
Antiparos SCU.GEQOL.202 59 2 21 364 8 11 105 31 35 24 8 1 48 48 27
Antiparos SCU.GEOL.203 67 2 21 352 8 11 106 31 34 24 8 1 46 47 26
Melos SCU.ARCH.175 60 3 27 107 71 11 75 7 3 433 11 2 11 10 4
Melos SCU.ARCH.176 54 3 26 103 70 11 73 7 410 11 2 10 10 3
Melos SCU.ARCH.177 67 3 26 108 83 13 86 7 3 452 12 2 10 11 4
Melos SCU.ARCH.178 54 2 27 106 66 11 75 7 3 422 11 2 10 10 3
Melos SCU.ARCH.179 67 2 27 105 79 12 78 7 3 435 11 2 10 10 3
Melos SCU.ARCH.180 66 2 27 102 76 11 76 7 3 431 11 2 10 10 3
Melos SCU.ARCH.181 56 2 26 102 80 11 74 7 3 419 11 2 10 10 3
Melos SCU.ARCH.182 56 2 27 105 75 11 75 7 3 432 11 2 10 10 4
Melos SCU.ARCH.183 69 2 26 102 82 11 77 7 3 431 11 2 10 10 3
Melos SCU.ARCH.184 57 2 26 105 71 11 76 7 3 431 11 2 10 9 3
Melos SCU.ARCH.185 62 2 27 102 79 12 78 7 3 435 11 2 10 10 3
Melos SCU.GEOL.167 63 3 32 96 91 13 98 7 3 462 12 2 11 11 3
Melos SCU.GEOL.168 63 3 33 101 96 13 100 7 3 463 12 2 11 11 3
Melos SCU.GEOL.169 64 3 31 97 87 12 94 7 3 453 11 2 11 10 3
Melos SCU.GEOL.171 58 3 33 96 9 13 101 7 3 460 12 2 11 11 3
Yali SCU.GEOL.154 65 3 29 133 47 14 89 15 5 775 16 2 17 16 4
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SOURCE SAMPLE Nbrows “Sc *“Zn ®Rb %St Y 2Zr Nb '3Cs 'Ba '"Nd '7Sm 2®Pb 2?Th 2*¥U

Antiparos SCU.GEOL.201 61 2 22 357 8 12 118 32 35 26 9 1 47 52 26
Antiparos SCU.GEQOL.202 59 2 21 364 8 11 105 31 35 24 8 1 48 48 27
Antiparos SCU.GEOL.203 67 2 21 352 8 11 106 31 34 24 8 1 46 47 26
Yali SCU.GEOL.155 64 3 28 135 46 13 84 15 5 767 15 2 17 15 4
Yali SCU.GEOL.156 72 3 29 141 48 13 86 16 5 790 15 2 18 16 5
Yali SCU.GEOL.157 63 3 28 134 48 14 87 15 5 774 15 2 17 16 4
Yali SCU.GEOL.158 67 3 28 135 47 14 89 15 5 784 16 2 17 17 4
Yali SCU.GEOL.159 70 3 29 138 47 13 85 15 5 773 16 2 18 16 4
Yali SCU.GEOL.160 67 3 28 131 44 13 83 15 5 771 15 2 17 15 4
Yali SCU.GEOL.161 64 2 29 130 47 13 81 15 5 761 15 2 17 15 4
Yali SCU.GEOL.162 66 2 28 131 45 12 78 15 5 752 15 2 16 15 4
Yali SCU.GEOL.163 63 2 29 132 46 13 82 14 5 773 15 2 16 15 4
Yali SCU.GEOL.164 69 2 29 136 49 14 88 15 5 812 16 3 17 16 5
Yali SCU.GEOL.165 65 3 31 123 57 15 93 16 4 845 17 3 16 15 4
Yali SCU.GEOL.166 64 2 30 117 48 13 80 15 4 758 15 2 15 13 4
Carpathians SCU.GEOL.212 59 4 28 155 53 19 43 8 8 402 16 3 27 12 8
Carpathians SCU.GEOL.213 64 3 48 161 68 7 28 9 7 549 12 3 29 8 4
Carpathians SCU.GEOL.214 58 3 47 158 67 7 27 9 7 540 12 3 28 7 4
Carpathians SCU.GEOL.216 64 4 28 155 57 20 44 8 8 407 15 3 28 12 8
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SOURCE SAMPLE Nbrows “Sc *“Zn ®Rb %St Y 2Zr Nb '3Cs 'Ba '"Nd '7Sm 2®Pb 2?Th 2*¥U
Antiparos SCU.GEOL.201 61 2 22 357 8 12 118 32 35 26 9 1 47 52 26
Antiparos SCU.GEOL.202 59 2 21 364 8 11 105 31 35 24 8 1 48 48 27
Antiparos SCU.GEOL.203 67 2 21 352 8 11 106 31 34 24 8 1 46 47 26
Carpathians SCU.GEOL.217 57 3 27 163 41 19 37 8 9 349 13 3 29 11 9
Carpathians SCU.GEOL.218 61 5 44 185 66 24 127 10 8 533 24 5 25 18 5
Carpathians SCU.GEOL.219 56 5 41 186 65 23 121 10 8 515 23 5 24 17 5
Carpathians SCU.GEQOL.220 62 5 40 183 64 22 121 10 8 527 23 5 23 17 5
Carpathians SCU.GEOL.221 57 4 29 159 49 19 41 8 9 385 15 3 30 12 8
Carpathians SCU.ARCH.222 59 5 42 186 64 25 96 12 9 590 24 5 27 19 5
Carpathians SCU.ARCH.223 68 6 37 206 76 27 146 11 9 593 27 5 24 19 6
Carpathians SCU.ARCH.224 62 4 26 183 54 24 47 9 10 415 17 4 29 13 9
Carpathians SCU.ARCH.225 63 5 43 187 66 25 96 12 9 597 24 5 28 20 5
Carpathians SCU.ARCH.226 60 5 43 179 62 24 93 12 8 572 23 5 26 18 5
Carpathians SCU.GEOL.215 70 3 45 161 60 7 25 8 7 495 11 3 29 7 4
Pantelleria - Balata Dei Turchi  SCU.GEOL.107 67 3499 185 4 191 1960 378 3 24 191 38 16 36 11
Pantelleria - Balata Dei Turchi  SCU.GEOL.113 64 3 508 192 4 192 2072 391 3 25 197 38 16 36 11
Pantelleria - Balata Dei Turchi  SCU.GEOL.114 63 3 496 191 4 190 1963 382 3 24 185 38 16 37 11
Pantelleria - Balata Dei Turchi  SCU.GEOL.115 61 3 513 186 4 187 1986 375 3 23 181 37 16 36 10
Pantelleria - Balata Dei Turchi  SCU.GEOL.116 66 3 541 192 4 187 1932 383 3 24 198 37 16 36 10

286

































Appendix E

Proposed chronology and associated cultural facies for the Neolithic of Corsica and Sardinia. Data adapted from Soula, 2012.

Cauria XX and XXI

CORSICA SARDINIA
Proposed dates 5900/5800-4900 B.C. 5900-4800 B.C.

O Facies Filiestru-Basi-Pienza (FDB) Strette-A Petra Filiestru-Basi-Pienza
> E 5800-5400 B.C. 5400-4900 B.C. Filiestru-Grotta Verde
% ) Filiestru (Sardinia) Strette-Barbaghju (Corsica) Grotta Corbeddu-Oliena
23 8 Archacolovical si Basi-Serra-di-Ferro A Petra-ile Rousse (Corsica) Filiestru-Mara

Z. rehacologicat sites Pienza (Tuscany) Goulet-Bonifacio Rio Saboccu-Guspini

Renaghju phase 1 Longone-Bonifacio Sa Punta-Terralba
Proposed dates 4900-3900/3800 B.C. 4800-4200/4000 B.C.
L Middle Neolithic I Middle Neolithic IT . .
- :E) Subdivision 4900 — 4400/4300 4400/4300 — 3900/3800 B.C. Middle Neolithic I
S = Faci Curasien - San Vincente p Bonu Ighinu
a 5 acies ‘Bonu Ighinu Corst’ resa 4800-4200 B.C.
= %‘1 Curacchiaghju-Levie San Ciprianu-Lecci Sa “Ucca de su Tintirriolu
Archaeological sites Renaghju (phase 3) Monte Revincu-Santo-Pietro-di-Tenda Su Caroppu-Sirri
I Stantari (phase 1)? Abri de la Figue Grotta Ulari-Borutta San Ciriaco

O Proposed dates 3900/3800 — 3100/3000 B.C 4200-3400 B.C. 4500-4200/4000 B.C.

s Basien ?
[LE E Facies Monte Grossu
5 5 Basi-Serra-di-Ferro

[2] Archaeological sites Monte Grossu-Biguglia San Michele/Ozieri

I Sapari

&) Proposed dates 3100/3000 — 2200/2100 B.C.
é E Facies Terrinien
Z 3 Terrina S
2 8 Archaeological sites Araguina-Sennola-Bonifacio San Michele di Ozieri Cucur.ru S Arriu

Z. Is Arriu-Cabras
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MEASUREMENT Nb Rows ®Sc  *Zn  ®Rb 88Sr Yy NZr  BNb Cs 'Ba Nd 'YSm 2Pb 2?Th 2%y
NIST 613 start 24-05-14-Runl 54 39 45 31 77 36 36 37 40 38 33 36 41 36 36
NIST 613 end 24-05-14-Runl 64 38 44 31 77 37 38 39 42 39 33 37 41 36 36
NIST 613 start 25-05-14-Runl 53 34 43 30 74 30 31 35 38 38 32 32 40 31 36
NIST 613 end 25-05-14-Runl 58 35 47 31 77 34 35 37 42 40 34 36 42 35 37
NIST 613 start 12-08-14-Runl 64 38 43 31 75 36 36 36 40 38 33 35 42 36 36
NIST 613 end 12-08-14-Runl 66 38 45 31 76 37 36 36 39 37 33 35 41 36 36
NIST 613 start 16-08-14-Runl 47 38 43 30 76 37 37 37 39 38 33 36 39 35 36
NIST 613 end 16-08-14-Runl 62 39 42 31 77 37 37 37 39 37 34 36 38 36 36
NIST 613 start 16-09-14-Runl 56 39 42 30 76 37 37 38 41 40 33 36 41 36 37
NIST 613 end 16-09-14-Runl 54 38 43 30 77 37 38 38 40 39 34 37 39 37 37
NIST 613 start 16-09-14-Run2 60 38 33 30 75 37 37 37 40 38 33 36 35 36 36
NIST 613 end 16-09-14-Run2 62 39 36 31 77 38 37 38 40 39 34 37 38 36 36
NIST 613 start 17-09-14-Runl 57 39 43 30 75 37 37 37 40 39 33 36 41 36 37
NIST 613 end 17-09-14-Runl 61 39 43 30 77 38 37 37 40 39 34 36 39 35 35
NIST 613 start 22-09-14-Runl 58 40 44 32 79 38 38 38 41 39 34 36 40 36 37
NIST613 end 22-09-14-Runl 58 39 45 31 76 36 37 37 40 39 33 36 39 36 36
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SAMPLE Nb Rows *Sc  *Zn ®Rb  ®Sr ®Y Zr "Nb "3Cs 'Ba '"Nd '"Sm Pb 2?Th »*U PROVENANCE

SCU.ARCH.109 48 4.6 140 159 143 21 225 25 1.7 964 50 9.6 34 24 3.2 SC
SCU.ARCH.17 57 4.5 78 164 112 23 213 27 2.0 853 51 9.8 31 25 3.4 SC

SCU.ARCH.2 50 4.4 77 171 111 23 223 26 1.7 872 53 9.9 31 25 3.2 SC
SCU.ARCH .41 50 4.4 78 167 123 22 227 26 1.9 916 50 9.8 32 25 3.3 SC
SCU.ARCH.43 52 4.5 71 168 128 22 227 26 2.0 929 49 9.5 30 24 3.3 SC
SCU.ARCH.45 52 4.6 69 168 112 24 230 27 2.1 903 54 10.3 32 26 3.4 SC

SCU.ARCH.5 52 4.3 64 170 108 22 224 25 1.9 910 50 9.7 31 25 3.4 SC
SCU.ARCH.50 50 4.2 77 166 117 21 212 25 1.7 866 48 9.3 31 23 3.2 SC
SCU.ARCH.64 47 4.3 62 175 107 23 226 26 1.9 922 53 10.0 32 25 3.3 SC
SCU.ARCH.107 52 5.2 93 164 106 22 218 26 1.9 902 48 9.3 32 24 3.3 SC
SCU.ARCH.16 47 5.3 95 166 102 22 226 26 1.9 908 51 9.7 48 24 3.3 SC
SCU.ARCH.19 42 4.7 99 168 114 23 230 26 1.9 913 53 9.9 36 25 3.4 SC
SCU.ARCH.26 51 4.5 100 166 115 22 219 25 1.9 904 51 9.2 32 24 3.3 SC
SCU.ARCH.36 46 4.4 104 175 89 23 241 26 2.1 816 48 9.4 35 25 3.6 SC
SCU.ARCH.51 53 4.3 73 161 106 21 210 25 1.7 864 49 8.9 31 23 3.1 SC
SCU.ARCH.68 51 4.5 103 162 116 22 228 26 2.0 891 51 9.6 31 24 3.3 SC

SCU.ARCH.7 51 4.1 77 161 87 21 224 24 1.9 736 45 8.7 32 23 3.3 SC
SCU.ARCH.86 29 4.2 75 128 88 15 98 11 34 562 18 3.5 23 12 4.2 N/A
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SAMPLE Nb Rows “Sc  “Zn ®Rb ®Sr ®Y 2Zr »Nb B3Cs "Ba '"Nd '"7Sm Pb »?Th ?*U PROVENANCE

SCU.ARCH.209 50 4.3 73 169 93 23 223 25 1.7 840 49 9.4 31 23 3.2 SC
SCU.ARCH.182 24 3.1 14 134 70 12 100 3 2.3 553 5 1.0 10 11 4.3 N/A
SCU.ARCH.130 52 4.3 57 204 8 19 170 24 5.5 551 32 6.4 24 19 4.4 N/A
SCU.ARCH.158 50 3.7 50 203 74 17 150 23 5.4 503 28 5.7 23 17 4.2 N/A
SCU.ARCH.196 57 4.4 84 204 92 19 188 24 5.4 591 32 6.4 28 18 4.2 N/A
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SAMPLE #Sc  %Zn 8Rb 8Sr ¥y %Zr  "Nb B3Cs "Ba Nd '“Sm Pb ?Th U PROVENANCE
CAST.2654 4.6 62 220 93 20 186 25 5.9 603 34 6.8 27 21 4.8 N/A
CAST.1328 4.5 59 216 81 19 164 23 5.8 544 32 6.2 27 20 4.6 N/A
CAST.3406 4.6 64 217 85 19 179 24 5.8 600 34 6.7 28 22 4.9 N/A
CAST.2206 4.5 63 221 81 20 173 25 6.0 556 32 6.5 28 21 4.9 N/A
CAST.S.0314 4.4 66 217 84 20 172 24 5.9 556 33 6.7 27 21 4.6 N/A
CAST.2925 4.4 56 210 81 19 169 23 5.5 528 32 6.5 26 21 4.7 N/A
CAST.3814 4.6 64 226 87 21 182 26 6.0 582 35 6.8 29 22 5.0 N/A
CAST.3975 4.6 62 230 87 21 180 26 6.2 584 34 6.6 28 22 5.0 N/A
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SAMPLE MEASUREMENTS TiO, MnO  Fe;O3 Zn Ga Rb Sr Y Zr PROVENANCE
AG12-2b-92 3 964 742 14525 93 28 289 36 40 90 SA
AG12-3-37a 1 978 793 15155 98 31 294 42 41 88 SA

AG13-2b-116 4 966 738 14542 91 28 284 35 40 88 SA
AG13-2b-13 2 865 666 13238 87 28 265 35 36 78 SA
AG13-2b-35 1 785 620 12518 79 24 255 31 37 81 SA
AG13-2b-35bis 2 857 631 12674 80 26 266 34 42 80 SA
AG13-2b-36 4 947 691 13530 84 26 269 33 39 96 SA
AG13-2b-37 1 815 689 13504 85 28 273 34 38 88 SA
AG13-2b-40 2 875 717 14098 89 28 274 34 39 85 SA
AG13-2b-68a 2 922 688 13511 87 26 268 33 40 82 SA
AG13-2b-74 3 904 702 13821 88 28 273 34 39 84 SA
AG13-3-105 4 927 689 13614 85 27 273 34 39 87 SA
AG13-3-109 3 940 697 14246 89 28 282 35 39 88 SA
AG13-3-126 3 860 646 13122 82 26 256 33 34 75 SA
AG13-3-175 2 810 655 12774 83 27 264 36 38 86 SA
AG13-3-49 3 860 677 13286 85 28 267 33 38 86 SA
AG13-3-84 3 927 695 13827 86 27 274 35 39 94 SA
AG13-3-V6remplissage-a 2 845 685 13367 88 26 280 35 40 89 SA
AG13-3-V6remplissage-b 1 832 650 12606 81 25 262 32 40 89 SA
AGO08-2a-106 1 1114 398 12387 46 19 237 39 19 95 SB2
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SAMPLE MEASUREMENTS TiO, MnO  Fe;O3 Zn Ga Rb Sr Y Zr PROVENANCE
AGO08-2a-153 3 1369 445 13971 51 21 268 42 23 105 SB2
AGO08-2b-127a 2 1397 449 14207 52 21 270 51 19 95 SB2
AGO08-2b-127b 2 1228 444 14072 52 20 249 48 16 86 SB2
AGO08-2b-148 3 1313 436 13680 55 21 277 43 23 110 SB2
AG09-1-9a 3 1208 426 13019 50 20 259 36 21 105 SB2
AG09-2a-114 3 1206 425 13278 51 20 274 40 23 106 SB2
AG09-2a-138 3 1226 428 13296 50 20 257 41 21 96 SB2
AG09-2a-tamisage99/100 3 1580 422 14622 53 21 273 54 25 122 SB2
AG09-2b-57 3 1427 467 14984 56 22 297 44 25 123 SB2
AG09-2b-5b 2 1780 479 15270 55 22 288 53 26 117 SB2
AG09-2b-71 3 1670 441 15052 56 23 283 64 25 134 SB2
AG11-2b-106 2 1227 433 13160 50 20 266 43 23 108 SB2
AG11-2b-256 2 1580 411 13636 50 20 253 58 22 110 SB2
AG12-2a-13 1 1660 515 15256 60 24 300 52 25 119 SB2
AG12-2a-3 4 1730 483 15304 57 22 293 45 26 117 SB2
AG12-2a-39 3 1488 412 13457 48 19 244 55 21 112 SB2
AG12-22-96a 2 1226 430 13395 51 21 268 39 25 108 SB2
AG12-2a-96b 1 1289 455 13674 53 21 283 43 24 113 SB2
AGI12-2b-77b 1 1125 389 12306 47 18 224 43 16 81 SB2
AG12-3-33 4 1717 433 14665 60 22 284 70 25 132 SB2
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SAMPLE MEASUREMENTS TiO, MnO  Fe;O3 Zn Ga Rb Sr Y Zr PROVENANCE
AG12-3-37b 1 1362 468 14372 56 22 279 49 22 107 SB2
AG12-3-58 2 1360 441 14021 55 23 277 44 23 112 SB2
AG13-2a-5 4 1580 441 14318 53 21 267 55 24 120 SB2
AG13-2a-6 3 1291 449 13369 51 21 265 39 23 106 SB2
AG13-2b-11 3 1194 405 12920 49 20 261 38 23 104 SB2
AG13-2b-115 2 1581 403 13608 52 21 257 61 24 122 SB2
AG13-2b-22 4 1344 452 14242 56 23 282 43 24 112 SB2
AG13-2b-39 2 1417 454 13947 52 21 268 39 23 104 SB2
AG13-2b-50 2 1155 417 13157 48 21 251 40 19 97 SB2
AG13-2b-54 3 1347 431 13606 52 22 259 46 23 113 SB2
AG13-2b-68b 2 1457 418 13277 49 21 250 57 21 109 SB2
AG13-2b-8 2 1136 434 13714 54 24 283 44 24 113 SB2
AG13-2b-88 3 1292 412 13285 51 21 261 40 23 104 SB2
AG13-2b-tamis bande 3-4a 3 1184 410 12816 48 19 256 37 20 96 SB2
AG13-2b-tamis Z4a 2 1231 409 12905 51 20 256 40 22 100 SB2
AG13-2b-vidance foyer carre B3 2 1344 451 13599 51 20 262 39 24 108 SB2
AG13-3-123 2 1144 429 13325 51 21 266 40 21 102 SB2
AG13-3-124 2 1653 450 15435 57 23 294 69 26 137 SB2
AG13-3-154 2 1194 404 12463 47 20 237 41 20 95 SB2
AGI13-3-16 1 1189 428 13659 52 22 272 42 22 111 SB2
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SAMPLE MEASUREMENTS TiO, MnO  Fe;O3 Zn Ga Rb Sr Y Zr PROVENANCE
AG13-3-23(Z2100) 2 1600 418 14229 51 21 268 62 23 121 SB2
AG13-3-23a(V7) 1 1283 462 14415 51 19 252 44 19 93 SB2
AG13-3-36 1 1226 438 13110 51 22 257 41 19 103 SB2
AG13-3-73 2 1175 407 12761 50 20 253 37 23 105 SB2
AG13-3-78 4 1872 499 16002 59 23 277 68 23 127 SB2
AG13-3-7b 2 1209 425 12659 47 19 255 43 24 113 SB2
AG13-3-7¢ 4 1383 437 13611 51 21 267 44 24 116 SB2
AG13-3-tamisage Z1/Z2a 2 1471 402 13581 48 21 253 65 22 115 SB2
AG13-3-tamisage Z1/Z2b 1 1138 395 12518 48 19 251 38 22 98 SB2
AGO08-2a-194 3 3522 421 18476 66 24 195 162 27 233 SC
AGO08-22a-210 2 3758 403 18420 64 24 190 179 28 251 SC
AGO08-2b-195 3 3358 395 17511 64 22 193 155 28 229 SC
AG09-2a-83 3 3610 430 18923 66 24 193 167 28 234 SC
AG09-2b-5a 3 4300 435 20202 73 25 202 187 30 244 SC
AG09-2b-67 3 3997 404 19261 66 23 195 187 28 244 SC
AG10-2a-19 2 3632 415 18434 67 23 187 169 24 221 SC
AG10-2a-52 3 3932 401 19572 72 24 203 189 27 250 SC
AG10-22-63 2 3846 427 18748 69 24 199 177 29 242 SC
AG10-2b-139 2 4385 435 20852 70 23 187 201 26 228 SC
AG10-2b-142 2 4106 445 20209 75 25 204 189 29 249 SC
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SAMPLE MEASUREMENTS TiO, MnO  Fe;O3 Zn Ga Rb Sr Y Zr PROVENANCE
AG10-2b-97 2 3717 414 19914 70 24 190 178 28 227 SC
AG10-tamisage-W4 4 3732 437 19259 70 24 198 177 26 235 SC
AG11-2b-129 4 3609 391 17804 65 23 181 163 25 226 SC
AG11-2b-22 3 3701 393 18015 64 22 182 172 26 229 SC
AG11-2b-302 3 3793 450 19384 72 24 201 168 29 239 SC
AG11-2b-42 2 3629 405 17685 64 23 180 174 24 217 SC
AG11-2b-81 2 3734 412 18224 65 24 190 169 27 233 SC
AG12-2a-126 4 3533 418 18129 66 23 193 160 28 236 SC
AG12-2a-14 3 4032 443 20241 70 25 216 195 31 274 SC
AGI12-2a-175 2 4241 469 20800 72 24 194 182 28 237 SC
AG12-2a-209 3 3740 437 18858 68 23 197 176 27 240 SC
AG12-2a-61 1 3623 413 18275 68 24 204 183 27 247 SC
AGI12-2a-8 2 3978 453 19623 68 24 194 172 27 232 SC
AG12-2a-tamisagecarreU8a 2 3552 428 18542 67 22 192 162 27 230 SC
AG12-2a-tamisagecarreU8b 3 4220 449 20659 72 24 190 195 28 242 SC
AG12-2a-tamisV6 4 3561 410 17966 65 22 190 164 28 232 SC
AG12-2b-116 4 3494 409 17461 64 22 183 155 26 223 SC
AG12-2b-142 3 3468 402 17159 63 23 178 151 24 215 SC
AG12-2b-145 4 4027 472 20230 74 25 204 186 30 258 SC
AG12-2b-15 4 3944 451 19479 70 24 195 172 28 243 SC

348



SAMPLE MEASUREMENTS TiO, MnO  Fe;O3 Zn Ga Rb St Y Zr PROVENANCE
AG12-2b-153 4 3564 412 18413 67 22 185 171 27 231 SC
AG12-2b-77a 3 3312 394 16731 62 22 177 146 24 200 SC

AG12-2b-tamisageU6 3 4568 490 22054 78 24 203 214 27 249 SC
AG12-3-16 4 3680 417 18305 67 23 196 169 28 243 SC
AG12-3-31 3 4085 451 19594 70 23 192 181 27 239 SC
AG12-3-73 3 3622 428 18117 65 22 192 171 28 235 SC
AG12-3-79 4 3929 441 19854 71 25 197 187 28 267 SC
AG13-2a-3 4 3718 422 18308 63 21 184 167 27 236 SC
AG13-2a-42 3 3506 413 17777 63 23 183 159 25 222 SC
AG13-2a-68 4 3763 417 18460 68 24 185 161 25 224 SC
AG13-2a-81 1 3594 476 17185 64 24 190 159 27 228 SC

AG13-2b-124 3 3660 441 18502 65 23 186 166 25 226 SC
AG13-2b-20 3 3440 407 17725 65 23 187 156 26 227 SC
AG13-2b-23 4 3408 401 17770 64 22 181 166 25 227 SC
AG13-2b-39' 3 3535 399 17415 63 22 173 152 22 197 SC
AG13-2b-tamis bande 3-4b 4 3623 430 18071 68 24 193 161 28 238 SC
AG13-2b-tamis Z4c 2 3377 384 17341 66 23 181 158 24 216 SC
AG13-3-117 4 3388 432 18192 67 24 199 166 28 243 SC
AG13-3-120 3739 526 18769 65 23 193 171 26 237 SC
AG13-3-139 4 3359 405 17884 64 23 189 162 27 237 SC
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SAMPLE MEASUREMENTS TiO, MnO  Fe;O3 Zn Ga Rb Sr Y Zr PROVENANCE
AG13-3-139bis 1 3552 417 18462 67 24 189 166 28 237 SC
AG13-3-152 3 3431 410 17842 65 22 173 152 21 194 SC
AG13-3-155 4 3637 411 18274 66 22 188 171 26 233 SC
AG13-3-165 4 4677 509 22009 75 26 207 190 31 262 SC
AG13-3-179 4 3900 430 20149 71 25 196 177 27 247 SC
AG13-3-2 2 3550 372 17276 63 24 186 160 26 226 SC
AG13-3-23b(V7) 3 3353 388 16800 59 21 174 158 25 214 SC
AG13-3-28'a 2 3616 440 18458 68 24 191 163 26 220 SC
AG13-3-28'b 3 3810 399 17968 63 22 171 176 24 205 SC
AG13-3-28'c 4 3573 416 17736 67 23 199 167 30 238 SC
AG13-3-29 4 3367 384 17149 62 22 185 159 27 226 SC
AG13-3-37 3 3954 422 19237 65 24 192 183 28 245 SC
AGI13-3-42 4 3498 403 17816 64 24 183 170 27 234 SC
AG13-3-5 2 3482 431 18609 68 25 195 160 27 242 SC
AG13-3-55 3 3580 400 17891 68 23 191 160 25 220 SC
AG13-3-7a 2 3389 412 17088 65 22 190 162 29 232 SC
AG13-3-98 2 4208 520 21307 75 26 216 194 30 273 SC
AG-2a-12a 2 3577 412 17383 72 23 184 159 26 216 SC
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Appendix ]2

LA-ICP-MS data obtained on 6 artefacts of A Guaita. Analyses conducted at the SOLARIS laboratory (Southern Cross University). Number of
rows [Nb rows] indicates the number of measurements obtained within a single ablation line, after statistical treatment with removal of the outliers
with JMP statistical software (SAS); the results displayed for each isotope represent the average concentrations (in ppm) for the corresponding

number of ‘rows’. N/A: artefacts non-attributed to a specific obsidian source.

SAMPLE Nb Rows ©Sc  ®Zn ®Rb %S¢ ¥Y %Zr Nb 'B3Cs "Ba Nd YSm Pb ?Th ?2*®U PROVENANCE
AG10-2b-131 57 2.6 64 263 14 36 150 29 14 14 35 7.2 29 46 14 Lipari
AG12-2b-14 65 2.5 58 279 15 38 160 31 15 14 38 7.7 32 50 15 Lipari
AG09-2b-22 57 2.6 57 280 15 39 162 31 15 15 37 7.6 30 50 15 Lipari
AG13-3-150 55 5.1 98 230 20 30 73 41 4 90 21 6.1 31 16 5.3 SA
AG12-2a-63 62 4.7 60 215 82 19 166 24 6 558 32 6.4 26 20 4.7 N/A
AG13-2b-tamis Z4b 58 4.8 60 212 78 19 159 23 6 517 31 6.2 27 20 4.9 N/A
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