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The present research aims at the characterisation of obsidian by
examination of magnetic properties and relies on the presence within the
obsidian of a small percentage of magnetic minerals disseminated throughout
the predominantly non-magnetic matrix of the rock, causing it to respond
to the ambient magnetic field conditions in which it cooled. Magnetic
properties of different materials vary in accordance with their thermal
and chemical history, composition and grain size and it seems likely that
different obsidian flows will exhibit different magnetic properties
dependent on the mode and occurence of their ferrimagnetic oxides. The
merit of the method lies in its inexpensive, svift and non-destructive
nature.

Over a four-month period, 216 samples, including both geological
and archaeological pieces from the fegean, the ‘‘est Mediterranean, Central
Europe and the Hear East, were analysed at Newcastle University. The bulk .
of measurements were made using the Balanced Fluxgate Rock Magnetometer
as developed by Dr. Lindsay Molyneux. (Dept. of Geophysice and Planetary
Physics, Newcastle Undversity)

: Of the magnetic parameters determined, remnanent intensity and
saturation magnetisation provide the best source discrimination, whilst
low-field susceptibility can also be diagnostic.

Distinet subdivisions emerge within the data from Lipari and Sardinia
in the West Mediterranean and from Acigdl in the Near East suggestive
of separate flows of different magma type within geographically reatricted
areas. Hallaz et al.(1976) report three elementally distinct subdivisions
within Sardinian obsidian, magnetic analysis confirms this and documents

a fourth sub-group,unreported in the literature but recently recognised



by neutron activation.

j\dequate discrimination is effected between Aegean sources and
similarly between Near Lastern material analysed. Uf West Mediterranean
obsidians, the only real discrimination problem is to ssparate one
Sardinian sub-group from one Liparian sub-group.

Thie limited research predicts the potential of magnetic anslysis

for obaidian source identification. Further work in this field mey

determine the magnetic characteristics of particular sources and ul timately

the technique should prove useful in a study of the changing pattemms of
trade and contact in prehistory.
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PREFACE

The aim of the present research programme was primarily to establish
the sensitivity of magnetic analysis as a method for obsidian characterisation.
In particular, if successful, analysis of magne%ic parameters would provide
an alternative, swift, inexpensive means of source identification to add to
the multifarious analytical techniques already in use for provenance studies.

In the first instance examination of geological 'source! material is
required in an attempt to identify the magnetic properties, ideally, unique
to thgt particular source. Neutron activation analysis has been effectively
applied to archaeological specimens for provenance determimation, thus where
geological hand samples for analysis are lacking, archaeological specimens,
attributed to a source by way of neutron activation snalysis, are assumed to
be typical of that source. I have availed myself of the fesults of neutron
activation analysis of archaeological pieces carried out at the Postgraduate
School of Studies in Physics of the University of Bradford (Hallam et al.,
1976; McDaniels, University of Bradford M.A. dissertation, 1976; Williams,
University of Bradford PhD thesis, forthcoming).

Measurements of the intensity of magnetisation of samples were carried
out using a 'Digico' balanced Fluxgate Rock Spinner Magnetométer, credit for
the development of which belongs to Dr. Lindsay Molyneux of Newcastle University.

For provision of material for analysis I owe thanks to many people, too
numerous to name here, but whose help is spcifically acknowledged in table 1.

I must emphasise my debt to many people who gave help and encouragement
at every stage of my research, Tc Olwen Williams ard Brian Hallam I am grateful
for information on specific points, Sincere thanks gzo to Mr. S.E, Warren
(Postgraduste School of Studiss in Physics, University of Bradford.) and

Dr. D.d. Tarling (Derartment of Georhysics and Planetary Physics, University



of Newcastle.) for their unstinted assistance throurhout in discussion

and advice on all aspects of my research and to Dr. Tarling slso for

making availgble to me the exmerimental facilities at Newcastle University.
To Gay Meyer and Ian N. Watson I am especially grateful: to Gay for

constructive critieism ard to Ian for criticism, perhaps not so constructive,

but to both for very necessary moral support. Finally I should like to thank

my sister, Mrs Sheena Seagrave, for undertaking the laborious task of typing

my work.
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PART 1.,
CHAPTER 1.

PROGRESS OF RESEARCE ON CBSIDIAN : A REVIEW

t:1 Introduction

'Obsidian, or volcanic glass, is a form of lava, which'has been completely
fused, and it is found in most volcanic districts'..... Just as flint or chert
can only be derived from particular strata, and must have been carried by trade
if found at any distance from these centres, so the presence of obsidian objects
in a non-volcanic country is proof of trade with some centre of volcanic activity'
(Wainwright, 1927,77). Thus, by the 1920's Wainwright demonstrates an awareness
of the potential usefulness of obsidian as an indicator of contact and com=
municatiéns. If obsidian artefacts, associated with archaeological sites, can
be identified with a particular zeological source from which the material was
obtained, then the geographic extent of culturzl contact and indeed the routes
followed by the 'traders' can be proven.

Obsidian is the earliest object of trade for which material evidence
rem;ins (Renfrew et al., 1966,30), and though not necessarily the principal
object of such exchange, 'obsidian is for us the indicator that contact was
taking place' (1966,50).

" Renfrew and his co-workers (1966,30) see a study of obsidian as the most
promising avenue for elucidating the extent of the contact between the different
early neolithic cultural and ecological rezions., 'Obsidian is a raw material
that was widely used and traded in most major areas of the worid. F¥or this
reason alone it i: worthy of enquiry' (Hright, 1969,2). Renfrew and hnis
colleagues (Renfrew et al., 1906) sugzest the importance of obsidian es
esta®lishins 'trade' routes which mizht serve =2s channels for the passasge ¥+

exchanze of ideas, and along such chaanels we mizht see the develovment of a
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more sedentary economy and the beginnings of farzins.

That contact between cultursl zroups mwas occurrirng in prenistory is in
itself greatly significant, however, 'Trade is not a panacea for explaining
problems of cultura change and the appearance of non-local raw materials and
craft itexs on prehistoric sites. To assert that trade occurred answers
nothing. One must atterpt to demonstrate how the system operated, what its
consequences were and the hyvotheses must be testable' (Wright, 1969, 84).
Obsidian has proved to be a most suitable material for a study of trade
mechanisms., Known geological sources are neither too numerous to render
adequate characterisation impocssible, nor too few to make characterisation
worthless, and there generally exists, in tne lithic assemblage of an
archaeolozical site a sufficient number of obsidian artefacts to warrent
statistical =nalyses.

'Obsidian analyses contribute a gsreat deal to a more thorough understanding
of the scope of trading activities in the early leolithic veriod =and obsidian
would sppear indeed to be the earliest object of tr=de whigh can be recogrised
and characterised with some accurscy today' (Cann et 2l,, 1969, 590). Refore
dizcussing in furtier detail the various analytical techrnigues involved it
seems expedient to define with greater =accuracy the terms 'characterisation'
and 'trade' as arclicable in the vresent context.

The 'procedure of distinguishing the sources from one another may be
termed characterisation' (Cann et al., 1969, 577). A characterisatiorn study
involves the detection of properties of the samples under study which are,
ideally, uniauely characteristic of material from a narticular obsidian flow,
“then all the geological obsidian sources in 2 rarticular archaeological rezion
have been thus 'Tinssrcrinted' the archnsoloicel muterial can be assizmed to
its scurce. 4in adeouate characterisation 07 obsidian thus entsils demonstrating
homogeneity within gzeclogical sources and heterogereit: zetween them. This

necessitates inteisive within-source samplin~, *2 show the Adegree of

[
‘3
ot

ermal) corgictercy ac exhihited “v A =in:12 oheidiap source and
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to suggest bounds within which the material may be considered as homogeneous,
in addition to extensive sampling of the different sources.

Following Renfrew's interpretation 'trade' is 'to be understood in its
widest sense : the reciprocal traffic, exchange or movement of materials or
goods through peaceful human agency' (Renfrew, 1969,152). 1In prehistoric
communities this is not intended to imply commercial transactions or the
presence of professional traders.

'The scientific identification of any given piece of obsidian with
specimens from any one deposit is beset with difficulties....... yet, however,
within limits it is possible to.attain a considerable degree of probability as to

the place of origin and further to eliminate other places as hitherto having

3 T3 T3 T3 T3 T3 T3 T3 T3

produced nothing comparable to the material under discussion' (Wainmwright,

1927,77). 'The development of a battery of sophisticated scientific methods

has diminished the importance of typological analyses and opened up the

 possibility of writing prehistory without the encumbrance of meaningless

r

cultural tags.' (Higham, 1969,149). The archaeologist no longer has to rely
on the all too tenuous evidence of typological similarities aé a definitive
indication of trading links.

‘Trade's particular and sometimes crucial importance lies iﬁ a dual status :
as the indicator for us today that intercultural contact was taking place, and

as a prime motive among prehistoric groups, for such contact.!' (Renfrew, 1969,151)

1:2 Obsidian Characterisation Methods

Several different methods of analysis have been employed in an attempt to
characterise obsidian. Wainwright (1927) made use of refractive index, colour
and density to suggest an Armenian source for Egyptian and Mesovotamian material
and to refute the long-cherished belief that obsidian recovered from Egyptian

sites is a product of the remote little island of Melos in the Aegean. EHe

4 T3 T3 T3 T3 T3 T3 /131
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examined obsidian objects from Abu Shahrein and Warka and made a distinection
between two apparently different forms of obsidian kndwn to exist in Armenia :
the opaque coal-black type and the 'translucent varying from a cylinder of
almost glassy-grey transparency to flakes which are quite opaque in the middle
only becoming translucent where the material thins towards the edges' (Wainwright,
1927,84). He suggests that the opaque type is more common than the transparent
in Egypt whilst the situation is reversed in Mesopotamia. |

Frankfort (1927,190~192), compiled a comparative table of the physical
qualities of specimens of obsidian from various sites and on this basis demon-
strated that Melian obsidian bore the least resemblance to & specimen from Bgypt,
and irdeed the Egyptian specimen could be seen to stand sevarate from all West
Medi terranean and Aegean samples included in the comparison.
Lynch(Wainwright,4 ) reports that obsidian from Nemrut Dag near Lake Van is
of two types:- one coal black and the other dark green. Wainwright in an
examination of Nemrut‘Dag museum Samples again confirmed the presence of the two
kinds, the opaque and the trenslucent 'of yellowish~green tinge'. On the grounds
of similarity of the two types to Zgyptian archaeological material he suggests
an origin at Nemrut Dag (indeed the only sources known in the North East at the
time). With the greater bank of information now to band regarding obsidian and
its sources, some of these earlier observations are no longer credible. There
was an awareness, however, of the limitations of this type of study and the need
for back-up analyses and as early attempts at characterisation the efforts are
worthy of credit.

Refractive index and density of obtsidians were considered by Renfrew and
Cann (1S64) for a number of samples in and around the Hediterranean, the
systematic variation betwsen sources was not, nowever, considered adequate, for
although green obsidians of croups 4b (Pantelleria), 4c (Lake Van) ard 4d

- 3 . Pty e . - - \ . . ] v o
(Aby551nla, Arapia, Tibesti, Auvergne, Kenya), gzererally exhibited higher
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refractive indices and densities than the others, the overlap was considerable.
Obsidian is divided into three broad geological types:- alkaline,

peralkaline and calc-alkaline. A division into these types is reflected by
variation in the physical properties (Renfrew et al., 1968). Obsidians with
refractive indices less than 1.495 are generally alkaline or calc-alkaline and
included in this division are obsidians from Hungary, Slovakia, Melos, Armenia,
Southern Anatolia, Sardinia, Lipari and the Pontine Islands - Renfrew's groups
1,2,3 and 4a. Obsidians with refractive indices greater than 1.505 belong to
the peralkaline type and include samples from Pantellaria, Lake Van, Abyssinia,

Arabia, Tibesti, Auvergne, Kenya and Sardinia - Renfrew's group divisions, 4b,

—3 ~— 73 T3 T3 T3 T3 —T13 ~ 1%

4c, 44, 5 and 6 (1968,581), Appearance provides a more reliable guide than
either refractive index or density, peralkaline obsidians appearing greenish or
brown in transmitted light and calc-alkaline and alkelire obsidians appearing

grey or colourless.

In their analysis of Mediterranean obsidians Cann and Renfrew (1964) first
" investigated obsidian in terms of appearance and found fit to describe it in
terms of 6 properties : 'colour in transmitted light, colour in reflected light,
facture, translucency, transparency with internal structure aﬁd lustre' (114).

Appearance is not alone sufficiently diagnostic 5ut can serve as a good
general indicator when in agreement with the results of physical methods of
chemical analysis.

Appearance criteria have nevertheless been established for obsidians from
certain geological regions. Thus 2 pearly lustre has been taken as an indication
of a Me.]ian origin (Cann and Renfrew, 1964,114), a greenish colour in transmitted
light as indicative of obsidian from Pantelleria, Lake Van, Abyssinia and other
sources contributing to groups 4b, 4c and 4d of Cann and Renfrew's analysis

(Cann and Renfrew, 1964), and the vresence of spherulitic inclusions together

—3 3 T3 T3 T3 T3 /1

with the absence of striationrs = .2ing suggestive of an origin on the Aegean

3
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island of Giali (Renfrew et al., 1945).

then chemical analysis fails to differentiate successfully between
sources, as for example, between Carpathian obsidiars and those of ilelos, then
a distinction has been effected using appearance as a criteria. Carpathien
obsidian is black, fracturing conchoidally and showing a glassy lustre. 1In
transmitted light it appears watery-grey, fairly translucent and trarsparent
though at times somewhat cloudy (Renfrew et al., 1965), and on this basis a
separation from the grey-black almost opaque obsidian of Melos is suggested.

A greenish colour in transmitted light has been used to distinguish
Pantellerian obsidian from that of Lipari in the early strata on Malta and on
similar grounds a separation of the vperalkaline obsidian source at Nemrut Dag
seems justifiable (Renfrew et al., 1966).

Recent investigations have challenged some o the avpearance criteriz as
established by Renfrew et al. (1965), for the Aegean sources of lMelos and Giali.

Shelford (1574) conducted a detailed irvestigdtion of the two obsidian sources

1

on Melos : Sta Yychia near Adhames and Dhexenegaki. In z discussion of the
geochemistry of the Adhamas and Dhemenegaki flows it is stated that 'vearly
lustre is not a common feature of any Sta Nychiz obsidian ! (Cosgrove et al.,
forthcoming).

Torrence =2nd Cherry visited ard described in detail the location zrd extent
of obsidian outcroppings on Giali (Perscnal Comrunication) end concluded on
the basis of the findings of atypicel striated obsidisn objects cn the beach
at the north-east end of Giali bay, that the rreserce of striations is insufficient
in itself tc Tule out a Giali source. A ron-Giali source for these samples

(since not in situ) cannot ke ruled ou:t prior to their exsmination by chemicael

ck

ectnisves, but the imcort 2% frreim 0bsidizn with 2 nlentiful suronly =2 cloce
t2 hand ceers innerently unlikely,

> ure 07 a ourely non-technicsl arrroach severely limits the formulation
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of any definitive statements, and a case in point where indications of
appearance can be a misleading guide to proverance is illustrated in the
presence of red and black mottling which, although uncommon, wnccurs in obsidian
from many of the Near Eastern sources (Rernfrew et al., 1966).

Petrological examination is of limited value in a characterisation study
due to the fine texture of the obsidian. Different outcrops can have a similar
mineralogy and the better the obsidian the smaller and fewer are the crystalline
inclusions,

Analysis of major element composition has also been attempted as a means 6f
differentiation between sources, but the restricted range of major elements
forming obsidian sets a limit to the usefulness of the method. (Georgiades, 1956)
employing this method achieved a meaningful difference between source material
from the Aegean islands of Giali, Antiparos and Melos, though that effected
between Melos and Giali was only slight. Gordus and his colleagues comment that
a knowledge of the aluminum content of obsidian is not particularly useful in
identifying the geological source of the sample, since the aluminum content of
obsidian does not vary markedly between sources. (Gordus et al., 1967,88).
Cornaggia, Fussi and d'Agnolo (1962 and 1963) have attempted characterisation by

several of these methods and found them in general to be inconclusive. They

" decided to base their analyses on concentrations of manganese and phosphorus as

determined by Optical Emission Spectroscopy (henceforth OES) and by this means
drew a distinction between Palmaréla (Pontine Islands ), Lipari, Melos and
Pantelleria. The validity of their conclusions is vperhaps debateable since the
small number of samples znalysed may rot have been representative of the range
of materizl from the resvective sources, and indeed their suggestion of a i‘elizn

origin for altese obsidian is at variance with that reported dy Cann and Renfrew
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(1964).

An adequate characterisation of obsidian has been achieved through
determination of trace and minor element concentration, OES, as previously
mentioned, and more recently, Neutron Activation Analysis (henceforth NAA)
being especially effective. The use of X-ray Fluorescence, (henceforth XEBF)
with either solid or powdered samples, has also provided satisfactory results
(Stevenson, et al., 1971).

Obsidian provides an almost ideal material for such a characterisation
study: as a volcanic glass which solidified from a molten state the effective
homogeneity of trace and minor element concentrations within a single source can
generally be demonstrated. In recent years NAA of Borax Lake obsidian by
Bowman et al., (1973) displayed in temms of variation of 6 trace-elements
relative to iron, shared a wide range of compositional variation. Other
research suggests that the Borax Lake compositional picture is not a common one.
NAA of 1,000 specimens from 60 well defined lava flows in distinct volcanic
regions were reported by Gordus and his associates (Gordus et al., 1968).

The variations deduced were from samples 'wholly random from various points on
the flow' and based on an estimation of manganese, scandium, lanthanum, rubidium,
samarium, barium, and zirconium concentrations showed a range of 40% in a single
flow as compared with 100% up to 1,000% between two flows.

The West Mediterranean, Aegean and the Near East have perhaps focused most
attention in characterisation studies of 0ld Jorld obsidian, though in more
recent times, the central European sources oif north-east Hungary and south-east
Slovalda have received due consideration.

The pioneerinz work of Renfrew and his fellow—woriers from the early
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sixties onwards, has led to a more thorough understanding of the situation
regarding obsidian sources and supply, answering bewildering questions which
had previously obscured the issue. In an early paper (Cann and Renfrew,
1964) they reviewed the current situation listing the sources known in
Europe and Western Asia and assigning them a numerical classification,

based on determinati on of trace-element concentrations, specifically of
barium and zirconium, by OES. Thus, group 1 included sources of Hungary,
Slovakia, Melos, Giali, Armenia, South Anatolia; group 2, Sardinia (2a)

and South Anatolia (2b); group 3, Armenia; group 4, Lipari and Palmarola (4a),
Lake Van (4c), Abyssinia, Arabia, Tibesti, Auvergne and Kenya (4d); group 5
Kenya; and group 6, Sardinia. These early established group divisions have
since been modified and refined azd in certain cases, though the group
members have remesined unchanged, the group terminclogy has been revised.

The progress of research on obsidian will now te discussed relative to
the source areas of the Aegean, the West Mediterranean, the Near East and
Central Europe (Fig. 1).

As an essential preliminary to their investigations Renfrew and Cann
(1964,118) demonstrated internal consistency within sources, using geological
specimens from different locations on Lipari and Vulczno and also that the
change in trace element concentration, brought zbout by burial over many

hundreds of years, appears insignificant.

Xesearch in the iegean area will now be considered ir its group 1

context. . Renfrew et al., (1965) conclude that the only two sources deserving
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Antiparos is noted as a source area but is considered unimportant. Appearance
of the obsidian is described in detail and when necessary, used to confirm the
analytical determinations,

Mackenzie (BSA 1ii 1896-97,77), late in the 19th Century described the two
Melian quarries of Adhemas and Dhemenegaki, trace element analysis by OES did
not, however, effect an entirely adequate separation, no differentiation
between Adhamas and Dhemenegald material being suggested by the ba-zr plots
and all samples falling with group 1,

The analyses did, however, suggest the wide extent of prehistoric trade
in the Aegean, particularly in Melian obsidian, as early as the 6th or 7th
millenium B.C. - a fact borne out by more recent analyses (Durrani et al. 1971;
Aspinall et al., 1972). Melian obsidian was reaching Knossos on Crete end
Nea Nikomedeia in Macedonia in the early neolithic. On the basis of their
analyses Renfrew and his colleagues tentatively outline the changing pattern
of usage and distribution of Aegean obsidian with time, thus the early neolithic
sites in Thessaly andrsouth Greece were fairly well supplied with Melian
obsidian, while in Thrace and Macedonia its presence was rare. In the later
neolithic they predict an expansion of trade witnessed by finds from
Nea Nikomedeia and Servia. Samples of Melian origin were analysed from the
early Chalcolithic site of Morali in Western Anatolia and both Melos and Giali
material was in evidence in Asvripetra cave sites on Kos, In the early Brongze
Age Melian obsidian was common in the islands of the eastern Aegean (Poliochos,
Samos and Lemnos) and at the Minoan sites of Knossos and Phaistos., The péttem
of trade throughout the period seems to be restricted to the southern Aegean,
with Macedonian sites such as Nea Nikomedeia and Sitagroi representing the

northerly limi‘ of Melian distribution (Aspinall et al., 1972,334).

3
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A firm separation was achieved between Melian and Liparian obsidian
which solved much confusion regarding the presence of Melian obsidian in the
West Mediterranean or Liparian obsidizn in the Aegean. BEvidence of obsidian
indeed suggest little or no contact between the West Mediterranean and Aegean,

Melian obsidian appears to have been utilized in Crete from earliest times.
Sir Arthur Evans referred to obsidian uncovered in the early levels at Knossos
as 'Liparite', inferring an origin on the island of Lipari, but analyses
disprove the theory and sugrest Giali as an alternmative source, belonging as
it does to group 1, and exhibiting a similar appeararce to that cited by Evans.
At Knossos and Platanos artefacts of transparent glass-like appearance have been
found in late neolithic contexts. Renfrew, Cann and Dixon dispﬁted the suggestion
of a Giali origin, in the first instance on grounds of appearance (viz. no
spherulitic inclusions) and, secondly supporting' their assumptions by analyses
which placed similar pieces in group 2b. A connection bgtween South Anatelia

and Crete was thus suggested rather tentatively (Renfrew et al., 1965,239), the

hypothesis gaining credence after analysis by Ni& (Aspinall et al., 1972,334)
ra proved obsidian from the Early Bronze Age settlement mounds of Sitagroi in
Northern Greece, to originate from the 2b source. The reciprocity of this
traffic in obsidian is inferred from analysis of obsidian samples from Abydos
and Myndos in Western Anatolia, which proved attributable to a Melian source,

and further implied by the presence also of spherulitic obsidian at Myndos

Late Minoan finds of obsidians in the fom of luxury goods rather than
purely functional objects, from Aghia Triadha, Palaikastro, Knossos and
Eato Zakro are mznufactured of blacldish spherulitic obsidian, probably from
the source on Giali.

The predominance of the .leliun scurce as supplied for the Aezean area

['" suggestive of a Giali origin (Renfrew et al., 1968).
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is noted whilst the obsidian of Giali was exploited by the Minoans as an
attractive material for their stone vases.

The analyses, though a progressive step, had various shortcomings.
Problems were encountered in a division of group 1, and the tentative
separation based on strontium, yttrium, niobium, and magnesium concentrations
was less than adequate. Sufficient data were available for Melos and South
Anatolia, to allow the use of a statistical technique of discriminatory
analysis on trace-element results, in order to effect a separation between
the two, by further division on the grounds of selected elements in
convenient proportions. This rather tenuous division was supported by the
implications of appearance and distribution and as predicted all specimens
from ma;nland Greece and the Cyclades were classed as Melian, whilst those
from South Anatolia or further east were ascribed to South Anatolian sourceg’

No full characterisation of Giali obsidian was achieved in the early
anslyses end a hint that a low calcium content might te diagnostic (Renfrew
et al,, 1965,235) is completely contradicted in a later article vhere the
high calcium content of Giali obsidian is used to distinguiéh it from
Melian material (Dixon et al., 1968,42).

A different approach, through fission track aralysis, was thus attempted
in an effort to distinguish between obsidian from several different sources
when a convergent trace-element composition was causing confusion (Durrani
et al., 1971), as in the case of differentiation of Melos and Giali otsidian
from that of the Tokaj region of Hurgary and that of Anatolian Acigol,
respectively, 1,300 Km. to north-west and 1,000 Km. to the east of ilelos.

The determinztion of the date of eruption of the flows by fission track
analyds was attempted using group 1 samples previously analysed by OZS

(1965 and 1666), so that the established trace-element concentrations could
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serve as a basic guide. In addition three samples from the Mesolithic site
of Francthi Cave were chosen for fission track dating. Inherent in the
method, however, are certain limits, since in two geographically remote
areas eruptions may be of a similar date or indeed successive eruptions
might have taken place over a prolonged peribd of time. Uranium content has
thus been used as a further parameter.

The method due to concurrence of eruption dates was none too successful
in adequately separating the source members of group 1 obsidians from one
another and it would seem that only in exceptionally favourable circumstances
can uranium content and eruption date be fully suitable as criteria for source
idéntification.

The eruption ages for two Hungarian samples gave very similar dates,
whilst the ages for Aegean and Central Anatolian samples, rather than giving
unique dates from each, suggested periods of general volcanic activity in the
area. A certain sequence of eruption was observed, samplés from Adhamas,
Dhemenegaki, Acigol (locality 3) and Giali showing eruption ages between 8
and 9 million years. (Durrani et al., 1971,244), whereas othes from Bor
and Acigol (locality 3), Giali and Dhemenegaki showed dates of c. 2 million
years.,

It is, however, suggested that uranium content and age determination
effect a clear discrimination between Acigol, Giali and Dhemenegaki.,

From fission track analysis.of Francthi Cave samples an origin in either
Melian source or indeed Giali is predicted, though it is necessary to revert
to appearance criteria and geographic location to suggest a Melian source as
the more likely. Attribution of Francthi obsidian to a source on Melos is
important in evidencing maritime traffic as early as the 8th or 7th millerium B.C,
It should be mentioned at this juncture that a discrepancy exists between the

date of eruption of the Melian flows as determined by fission track analysis
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(Durrani et al., 1971) and that determined more recently by Potassium-irgon
dating (Fytikas et a21., 1976). The latter technioque sugrested a date of

1.5 million years f:r Dhemenegaki and 0.5 million years for Adhemas compared
to the fission track determination of c¢. & - 9 million yesrs and ¢, 2 million
years for Adhamas and Dhermenegaki. A further discrevancy exists between the
potassium concentrations reported as the results of separate analysis
programmes, a value of 2.6% (Fytikas et al., 1576) being compared with one of
c. 2.16% reported by Cosgrove and his co-workers (personal commurication). The

dating problem still awaits resolution.

(Aspinall et al., 1972). A complete discrimination among sources was achieved
using Cs, Ta, Rb, Th, Tb, Ce and Fe, expresced relative to Sc.

The function:

Rb Th + La + Ce
. (Cs + Ta + 10 s )

-

was plotted against Fe/Sc on an arbitrary scale (Aspinall et al., 1972, 333).
The analyses though small, show adequate seraration of all sources and a close
correlation between the geological and the archaeological material. The results
allowed a novel distinction to te made between the two Melian sources of Adhamas
and Dhemenegald, only 10 Km., apart and analyses of 4 samples from the Mesolithic
site of Francthi Cave (c. 7,000 B.C.) could all ve attributed to the Adhemas
source. The current opinion of an absence of contact between Central Europe and

Fm In 1972 Neutron Activatiocn Analysis was apvlied to the problematic group 1

the Aegean, received ratification through the aralyses; pieces of obsidian from

fm feolithic Vincz nroving to te 0of Cerntral Zurowesn orisir,
4 study of the zeochemistry of idhamas (elos "aM) and Dhemeregzki obsidigns

(“elos "D") observed that *he uniformity of composition in major element 'within
orcun! variaticn ix suen theb the coefficiant dcec nct exceed T+ (Coszrove, vrivate

: . . \ . L . . . N . . ~
F@ cormuriecation:., Th: miformi<y is ouern that small churres netwean the srouvos are of
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statistical significance. Cosgrove and his associates effect a discrimination
between Melos, Adhamss and Dhemenegaki on the basis of their results. Adhamas
obsidians 'have higher silica potash and water content and lower titania,
alumina, iron, magnesium, calcium and sodium values', whereas 'variation in
opposite directions causes the mean soda/hean potash ratio to rise from 1,08
in the Sta Nychia (Adhamas) group to 1.23 for the Dhemenegaki group. They
report, however, discordance between their own Ba/Zr data obtained by XRF and
those obtained by OES as described by Renfrew et al., (1965 table 2,246-247),
the latter giving higher Ba (790 p.p.m.) and lower Zr (66 p.p.m.) contents,
thus a mean Ba/mean Zr content of 12 in contrast with 4.04 for Adhamas and
3.53 for Dhemenegaki as obtained by XRF. This inconsistency in elemental
abundance determinations (noticed also between OES and NAA) should not, however,
detract from the credibility of soure attributions, provided both the geological
source and the archaeological site material have been subject to the same method
of analysis.

Despite the absence of gross differences between Adhamas and Dhemenegaki
obsidians: the between-group variation of such trace and minor element
constituents as Ni, Cu, Ga, Sr, Y, Sr and Ba appears significant, and by

selecting the abundance of some of these elements a discriminant function is

achieved where

D = Ba + Y
Zr + Ga + Sr

Adhamas obsidian has higher Y and Ba concentrations but lower Ga, Sr and
Zr, thus the D value for Adhamas is quoted as 2.27 and that of Dhemenegaki as
1.90.

A further source of obsidian has been provisionally suggested (Coagrove

priv. comm.” ) at Mandraiia, though no samples have yet been analysed. '

1:3:b, est Mediterranean

Turning to the West iMediterranean, the initial results from analyses by
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Cann and Renfrew (1964,111) using OES, served to establish a basis for the
later research programmes, These early characterisation studies confirmed
that four main sources were utilised in the West Hediterranean, namely Lipari,
Sardinia, Pantelleria and Palmarola (Pontine Islands). Sardinian Obsidian was,
at this stage, divided into two chemically distinct groups (Cann and Renfrew's
groups 2a and 6), though due to inadequate representation no adequate separation
was achieved between Pontine Islands and Lipari material. Since these early
findings the progress of research has been marked : a discrimination between
Pontine Island and Lipari obsidian has been effected on the grounds of caesium
content (Dixon et al., 1968,42) whilst work undertaken at Bradford University,
using NAA as part of an extensive project on Old World obsidian, has done much
to refine and extend early conclusions.

Hellam et al., (1976) were not able to check, by NAA technigues, the
results obtained by OBES, since wide differences in elemental sbundance
determinations were found to exist between the two methods. Indeed, barium
and zirconium, the discriminant peir in OES could not be detected with sufficient
accuracy by NAA to permit direct comparison. (Hallam et al., 1976,89).
Attribution to source by both NAA and OES does, however, seem to be in agreement.

In NAA of West Mediterranean obsidians the elemental concentrations of
lanthanum, scandium and cae;ium are used as discriminators. By plotting
lanthanum/scandium against caesium/scandium the four sources were successfully
separated, and in addition a further subdivision of Sardinian obsidian was
effected. The suggestion in 1968 (Dixon et al., 42) that caesium content could
efficiently discriminate between Lipari and Pontine Islands material was borne
out later by OES work, the latter material containing a significant quaentity of
caesium (Hallam et al., 1976,92). The original numerical classification of 1964
is revised and a new literal terminology established, thus group 2a (Sardinia A)

becomes SA; SB is the new subdivision of Sardirian obsidian; group 6 becomes
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SC (Sardinia C); group 4, (Lipari) becomes LI; group da, (Palmarola)
becomes PI and group 4b (Pantelleria) becomes PA.

The Monte Arci region of Sardinia, has over many years been cited in the
literature as a source of obsidian (Fig. 4). Puxeddu (1955-57) reported early
findings of Sardinian obsidian : Lilliu commented on its occurrence on San
Stefano and Maddalena between Corsica and Sardinia; Ferton in 1900 made the
far-sighted suggestion that obsidian on Elba was of a Monte Arci origin; whilst
Brea (1947,15) supported a Sardinian source for Ligurian material. Puzeddu's
research served to confirm the Monte Arci area as the main region containing
obsidian quarries and workshops.

Only few geological hand samples from Sardinia were available for NAA by
Hallam et al., and in many cases it was necessary to assume archaeological
material found close to source areas as representative of that particular source.

On analysis, geological hand samples from a source near Uras in the Monte
Arci region grouped within the SA subdivision (Hallam et al., 1976,95), and
archaeological material from the same area fell within groups SA and SC. Two
obsidian sources east of Uras in the Roja Canmas district ﬁave been described
(Puxeddu, 1957,33), and these are therefore suggested as likely sources for3
and SC material. Indeed more recently, geological samples have been collected
(by Brian Hallam) in the Monte Arci locality; from Conca Cannas (in situ),
Santa Maria Zuarbara and Pérdasﬁrias(Fig. 4)., Hallam's survey failed to locate
Puxeddu's reported source at Sonnixeddu, and doubts arise as to its existance
(Hallam, B.R., personal communication). Analysis has, however, proven Conca
Cannas to be the source for SA material and further detailed examination shouid
provide useful information on a more precise location of the SB and SC sources.
Basing their assumptions on evidence afforded by archaeological material from
Conca Ilionis and by Puxeddu's mention of two outcrops of obsidian to the north
of Monte Arci Yallam and hic associates poztulate thics rorthern area as the

likely SB source.
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FIG.4 SARDINIA  (AS MODIFIED AFTER PUXEDDU, 19557, showing obsidian source area)
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Guided by the analyses, a distribution pattern for SA, SB and SC is put
forward. Outside Sardinia itself, SB obsidian appears to be restricted to
Corsica and Liguria, where it occurs at Curacchiaghui (on Southern Corsica) and
at Arene Candide. In the early levels at Curacchiaghui obsidian is found in
association with impressed ware, and not only provides the earliest dated
archaeological context available for the appearance of obsidian in the West
Mediterranean, at c. 5,650 and 6,610 bc., but also gives proof of early contact
between Sardinia and Corsica. SC obsidian, outside Sardinia, occurs on Corsica,
Elba, in Northern Italy (at Servirola a San Polo) and in Southern France (at
Marres). SA material appears to be of a wider distribution occurring in Chassey,
contexts in Southern France and in Northern Italy, mainly associated with square-
mouthed pottery sites, though sometimes with Lagozza.

At least 4 individual flows have been reported on Liperi (Fig 5) though two,
Porgia Vecchia and Rocche Rosse, have been shown by fission track dating to have
formed within historic time (Bigazzi and Bonadonna, 1973) and have therefore no -
relevance as sources from which prehistoric obsidian artefacts were ultimately
derived. The sources of importance are those of Gabellotto and Acquacalda, but
as yet differentiation between the historic and prehistoric flows by NAA has
proved troublesome,

NAA confirmed the early assertions (Cann and Renfrew, 1964) for the
importance of Lipari obsidian in Malta after c. 4,000 B.C, Obsidian from the
Lipari Islands, indeed, appears to be widely distributed 'in Malta and Sicily
through most of Southern italy, to some extent in Central Italy and then again
in Tuscany, Umbria and the Marche area’ (Hallam et al., 1976,99). 2 samples
from Southern French Chasseen contexts were attributed to a Lipari source using
NAA and offered the first evidence of Lipari material in that region.

It was supposed as likely then that the distribution patterns of Liparian
and Sardinian obsidian were complemerntary rather than coincident, with Sardinian

meterial to a large extent monorolizing the trade with Provence, Liguria, Lombardy
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end Emilia and Lipari -obsidian (and Pontine Islands) being predominantly used
throughout the larger pé.rt of Italy,

Further analyses on North Italian and Southern French archaeological finds
were conducted to clarify the position regarding this northernmost part of the
distribution (Williams, 1975, Bradford University M.A. Thesis). For the first
time a Lipari origin was proven for obsidian from sites in Northern Italy,
appearing at Servirola a San Pollo, Arene Candide, Isolino, Fiorano, Chiozza
and Razza di Campegino. The evidence for Lipari material in the South of France
(as suggested by the two finds from Fonte-Marthe and La Bertaude) was substant-
iated by material from Grotte de 1l'eglise superieure. Obsidian from Isolino and
Servirola a San Pollo in Northern Itely and Beaumajour and Camp Plan in Southern
France were analysed and designated SA.

Thus, far from being mutually exclusive, the geographical occurrence of
material from the two sources overlaps considerably, presenting a situation far
more complex than was first conceived.

Nevertheless, contra Brea and Cavalier (1956,92) who suggested Lipari as a
more amenable source for North Italian obsidian when cousidefing maritime travel
of a commercial nature, analyses by NAA, when expressed in nqmerican terms, still
favour a predominance of.Sardinian obsidian in North Italy as indeed in South
France.

Material of a Lipari derivation is generally to be found in association with
Middle Neolithic square-mouthed pottery of c. 4,000 - 3,000 B.C. and it has been
suggested as reaching North Italy via the painted ware cultures of South Italy
and from Italy some may have been transported to the Chasseen contexts in which
it appears in South Erance. Again though, evidence is slight, Italy is suggested
as the intermediary via which Sardinian obsidian reached France. In early work
(Renfrew and Carn, 1964) obsidian from the natural source Punta Vardella cn the

island of Palmarola, one of the Pontine Island group, was analysed by CES.
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2 blades of glassy obsidian on the nearby island of Ponza, arother

belonging to the Pontine Island group, were attributed to the 4a source
(Renfrew and Cann, 1964,129). Analysis by NAA has proven a Palmarolan origin
for glassy obsidian artefacts occurring on Ponza (Hallam, et al., 1976,95),
indeed devitrified material cropping naturally on Ponza and neighbouring
Procida, is unsuitable for artefact manufacture. Obsidian from these two
latter localities proved to be of different trace element composition.

Analyses show a wide distribution of Palmarolan obsidian throughout
Central Italy and its occurrence has been noted at sites on the Adriatic
coast of Italy and at Vlasca Jam#a in Dalmatia, Thus, its presence on the
Tremiti Islands (Cornaggia - Castiglioni et al., 1963,310) is likely, though
its existence on Arene Candide in Liguria (ibid. 310) awaits confirmation.

The distinctive chemical nature of the veralkaline obsidian of
Pantelleria has been borne out by analysis and a high concentration of
zirconium (Renfrew and Cann, 1964,119) corresponds to thé properties of
Pantelleritic obsidians (Carmichael, 1962, Zeis. , 1960). Analysis by OES
demonstrated Maltese obsidian to be of Pantellerian origin (Camn and Renfrew,
1964,121), it is documented from the earliest neolithic lev;ls od Malta and
suggests contact between the two islands from c. 5,000 B.C. Material uncovered
on sites on the immediate coast of North Africa has also been suggested as of
a Pantellerian type. Until very recently this was thought to represent the
total span of distribution of Pantellerian obsidian but two obsidian arrowheads
from the Copper Age dolmen of San Sebastien in Southern France, proved on
analysis to belong to group Pa, (Williams, O., M.A. Thesis, Bradford 1975)
though belonging to & later and sevarate distribution phase.

It should be noted that therz is 2s yet no evidence for the occupation
of Sardinia in the Middle Veolithic (when finds were reaching liorth Italy) nor

for the prehistoric occupation of Pantelleria. (Fig. 6).
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FIG.6 PANTELLERIA (AFTER IMBO,1964-1366)
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Anomelous samples from Southern France, Southern Germany and North Italy,
have not fallen into any currently established group divisions and the
existence of, albeit minor sources not previously recognised, cammot be ruled
out,

Obsidian in the West Mediterranean did not form a major part of the stone
industry but as an indicator of the extent of prehistoric contact by land and

sea it assumes a position of some importance.

1¢3sc. Near East

The situation in the Near East is very different, with 'obsidian reported
from nearly every neolithic settlement, although many of these sites are
distant from the natural sources' (Renfrew et al., 1966,30). Indeed Wright
comments (1969,5) that 'in terms of the amount of integrated work on both
source and site specimens there are more data currently available on the
percentages of different chemical elements present in Mear Essterm obsidian
than for obsidians from any other area’.

Barly analysis by OES (Cann and Renfrew, 1964) laid emphasis on the

~complexity of the situation in the Near East, for example the site of

Arpachiyah in Northern Iraq was utilising 3 different obsidian sources:
Lake Van (4c), Bastern Armenia (3) and a group 1 source. At this stage
difficulties became evident wnen attempting a separation between obsidians
from Armenia, South Anatolia and Kenya, also between those of Lake Van (4c)
and Abyssinia, Arabia and Tibesti (4d) due to inadequate representation.
Research on Near Eastern obsidian shortly identified the two geographical
foci of the major groups as Central Anatolia and Lake Van,'more specifically
defined by Renfrew et :l., as the district west of Kayseri in Southern
Anatolia, formerly Capradocia and that of Eastern Anatolia with Armenia from

Lzke Van to Erevan.

Ir 1965 (Renfrew et al.) findincs based on analysis of a geological hand
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sample collected by Professor H.,E. Wright from Acigol proved this to bé the
principal group 1 source in South Anatolia.

Cann and Renfrew state that no sources are believed to exist between
Anatolia and Arabia, west of the 3agros range (1964,122), and indeed Wright
(1969,5) holds the same opinion. Spectrographic analysis of samples from
PPNA levels at Jericho proved attributable to group 2b, along with specimens
from Neolithic Mersin and from surface scatter at Bor and Gazi in the Kayeri
region of South Anatolia. The Kayseri region, more specifically Hasan Dag,
was tentatively suggested as the source for 2b obsidian (Renfrew et al.,
1965,237).

In 1966 (Renfrew et al.) an attempt was made to class the analyses of
Near East specimens in their respective groups ; to establish new groups and
to define more precisely the 0ld groups. They defined two element groups with
sources in Central Anatolia - 1e - f and 2b.

The Near Eastern sub-divisions of group 1 are distinguished by high barium
and low to moderate zirconium content. 3 sub-groups are identified within the
group - 1h with low zirconium, lanthanum and rubidium; 1g with high zirconium
and 1e = £ with a zirconium content between the two extremes. Karakapu, south
of Hasan Dag is the source for 1h material, the source is, however, of little
importance and as yet no artefacts of th obsidian have been discovered. Group 1g
will be discussed in its proper context with the additional Lake Van sources.

Although the geographical separation between Kars in Armenia, (theoretically
group 1f) and Acigol in Cappadocia, (theoretically group 1e) is considerable,
trace element analysis by OES could not effect any distinction between the two.
Por this reason Renfrew and his fellow-workers classed them together as groupile-f.

The Acigol-Tovada source (Fiz. T)islocated 8 Km. east of Acigol Topada, 11 Km.

south-west of Nevsehir on the Aksaray road. Todd's survey of the area reported
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several sources in the Acig0l region, the most important area being the
northern face of Hotamis Dag, but a thorough survey of the whole mountain
was felt necessary.

On analysis of geological hand samples collected by Mr. A. Renfrew, the
source for group 2b material was preciselyidentified for the first time as
Ciftlik, near Meleniz Dag (Renfrew et al., 1966,33), Todd's field survey in
the Ciftlik locality resulted in the discovery of 2 sizeable sources on the
mountein of Gollu Dag, east of Ciftlik, but again the need for more detailed
survey of the whole mountain was recognised. Nevertheless the importance of
Ciftlik and Acig61 as source areas of Central Anatolia had gained confirmation.

Gordus et al., (1967) report that analysis of sodium and manganese, by
NAA provided useful data for preliminary identification of geological sources,
since thgir contents may differ respectively by a factor of two or more and by
a factor‘of 10 or more. The Na and ln content for a specific geological source
exhibit a range probably not greater than 1,35. Gordus and his associates have
refined and adapted the system so that an accuracy of %% cen be achieved and as
many as 10,000 samples run per year. For final identification, five additionsl
elements, namely lanthanum, iron, rubidium, scandium and samarium have been
successfully employed.

Wright (1969) makes use of combinations of the avove listed elemental
concentrations to effect a separation between the geological sources of the
Near East. 7 localities were investigated, in the Aksaray - Nevsehir - Nigde
region of Central Turkey. Localities 1 — 5 are east of Acigdl, locality 6 crops
out on the eastern slope of Kokuyu ridge (part of the Gollu Dag mass)t 30 Km.
south of Acigdl and the Tth locality is that of Ciftlik (Fig. 7). Wright
reports results from localities 2,3,5,6 and Ciftlik,

The Acigdl-Topada source (group e - f) as defined by Renfrew et al., (1566)
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is synonymous with localities 2 and 3 as identified by Wright (1969,6), whilst
Ciftlik is their group 2b. Adequate separation of the localities was achieved
using scandium, manganese and rubidium concentrations as identification criteria.
No significant difference was noticed between localities 2 and 3, only a few
kilometres apart, but together they shared a significantly lower scandium
content than other flows and a lower manganese content than samples from
locality 5 and Ciftlik. The 6 million year age difference established between

2 samples from Acigol locality 3 by fission track analysis (Durrani et al., 1971)
has already been noted and suggests that this locality is not a single source.
Locality 5 showed a higher rubidium and manganese content than the remaining

6 localities.

Wright, Gordus and their fellow-workers carried out NAA of samples of
Near Eastern obsidian previously analysed by OES. In general the results from
the two methods have proved to be in harmony, though re-analysis of several
samples placed in groups 2b and 1 e-f by Renfrew et al., have shown an inter-
esting outcome.

Wright expressed doubt thet only 2 sources were exploited in Central
Anatolia, indeed Benedict's survey in the Nevehir-Aksaray-Nigde region, located
5 exposures previously unreported (Wright et al., in press). On reconsideration
of the data obtained by Renfrew et al., Wright draws attention to the wide
variation of barium and zirconium content as exhibited by samples contained
within their group 2b, and considers it likely that material from more than ore

element group is included. Repeat analysis were conducted serving to strengthen

the credibility of Wright's hypothesis: a sample from Trebizond (of Renfrew et al,.,

group 2b), displayed a lower menganese and a higher sodium/menganese content
than 4 of Wright's geological hand samples from Ciftlik. The average strontium

content of 7 Ciftlik geological samples was 13 p.p.m. wnereas that of the
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Trebigond specimen was 63 p.p.m. and for a second specimen 120 p.p.m, (Wright,
1969,19)

Analyses were conducted on samples from 4 sites in Central Anatolia:
Catal Huyuk West, Catal Huyuk (Neolithic), Cukurkent and Hacilar II. Renfrew
et al., placed samples from Neolithic Catal Huyuk, Hacilar and Cukurkent into
their group 1 e = f (Renfrew et al., 1966,33 and table 1,62). NAA, however,
presented results incompatible with these earlier group allocations. Na/Mn
ratios for Catal Huyuk West samples fell in { e - f range, but those for Catal
Buyuk, Hacilar and Cukurkent were closer to group 2b. Although the Na/Mn ratio
for Catal Huyuk samples suggested a 2b origin, a lower scandium content than
Ciftlik samples and a higher Sc/Ta ratio than either Ciftlik or Acigdl, again
suggested the likelihood of a sevarate group. The analyses of Benfrew et al,
(1968) and Wright (1969) and subsequent survey in the field makes clear then
the existence of several sources in both the Ciftlik and Acigdl regions. The
resolution of the 'fine structure' of the Acigol-Ciftlik région is fraught
with complications which will perhaps remain until information comes to the
fore relating the obsidian localities to eruptive centres and correlating them
stratigraphically.

A distribution pattern of Central Anatolian obsidian nevertheless emerges
from the data. Material from group 1e, notionally Acigdl, has been identified
at early Neolithic Mersin and as far south as Byblos, later exploitation of this
source is evidenced by finds from Bogazkoy and Kultepe. Analysis by Wright of
a sample from Munhata also places this in group 1 e - f (Wrights Central Anatolia
Locality 3). Attribution of a vase from Tepe Gawra of the late 4th millenium 3B,.C.,
to group 1 e - f provides an instance of Czpmdocian material apvearing east of
the Syrian desert, wrilst anotner group 1 e - f find from Bahrain (e. 2,000 B.C.)

or the Persian Gulf, nearly 2,000 Km. south east of the Cepadocian source area

Rl
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represents to date the southernmost extent of Anatolian obsidian (Renfrew
et al., 1968).

Group 2b obsidian makes its early appearance in Aurignacian levels at
Oklizini and Karain, near Antalya (before 8,000 B.C.). Upper Palaeolithic
material from Curkini is attributed a 2b source, though neolithic material from
the same site falls within the 1 e - f group (Dixon, 1976).. 2b obsidian has
also been recognised at Mersin, as with 1 e - f in an early neolithic context.
The distribution and density of archaeological finds of 2b obsidian in Cyro-
Silicia and the Levant suggest it as the all important source for that region
during pre-pottery Neolithic A and B. The exclusive use of 2b obsidian at PPNA
Jericho has already been mentioned. During PPNB times 2b is present at Jericho
(though no longer the sole group present) and Beidha (Renfrew et al., 1966) in
the first and second phases at Ghoraife and Tell Aswad and throughout the
occupation of Abg Hureyra (Warren, S.E., personal communication), and in
aceramic levels at Tabbat al-Hamman and Tell-al-Judiadah, Tell Ramad, Ras Shamra
and Beisamoun (Renfrew et al., 1966 and Wright and Gordus, 1969). The importation
of Lake Van obsidian to the area by c. 6,500 B.C. is documented by the presence of
4c  obsidian at Beidha, Tell Ramad and Beisamoun and later, c. 4,000 B.C. 2b
material is found in association with 1g and 4c at Munhata and Hazorea (Wright,
1969,26). A first instance of its occurrance east of the Syriax"z desert is
documented by a find from Tepe Sabz (Renfrew and Dixon, 1976,144).

It seems convenient at this juncture to include asrchaeological material from
Cyprus in the discussion., Obsidian formed only a very minor part of the lithic
assemblage at pre-pottery neolithic Khirokitia, a reported 6 pieces out of a
total of 1,051, 4 of these vieces were anslysed (Renfrew et al., 1968,325) and
a 2b origin proposed. A radiocarbon date of 5,650 3.C. exists for aceramic
Khirokitia, and an=lyses suggest maritime trade with Cyprus at this time. This

general ccnclusion hes been confirmed by results of samples from aceramic
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Dhali-Agridhi, 12 miles south of Nicosia, submitted to the Bradford laboratories
for analysis by NAA (Warren, S.E., personal communication). These again fell
within the range of variability of the 2b source material. The aceramic
deposits at Dhali Agridhi have a radiocarbon date of 5,340 : 465 B.C., thus
demonstrating their contemporary nature with aceramic Khirokitia.

The eastern Anatolian sources, located with the boundaries of present-day
Turkey (principally in the Kars and Van Vilayets) in the Azerbai jan province of
Iran and in the Armenian Soviet Socialist Republic of the U.S.S.R., were formerly
designated by the term 'Armenian' (Renfrew et al., 1966 and 1968), however, for
political reasons the terminology has been altered and the regidn is now
designated by Renfrew and Cann (1975), the Van-Azerbai jn-Armenian S.S.R. region,
abbreviated to V.A.A. The shortened form will be employed here.

Groups le - f, 1g, 3 and 4c, as defined in the originsl numericel class-
ification based on barium and zirconium contents determined by OES, have their
sources in the VAA region (Cann and Renfrew, 1964). Together with Cappadocian
obsidian groups, the VAA groups are listed in numerical order by Renfrew and his
colleagues with referénce to their characteristic trace and minor element
concentrations (Renfrew et al., 1966,3335).

Wright and Cordus effect a preliminary separation between VAA and Central
Anatolian obsidians on the basis of sodium and manganese content. All central
Anatoli;n source specimens have less than 3.9% sodium, whilst Lake Van source
specimens have more than 3,95% sodium (Wright and Gordus, 1969,75). Within
this somewhat crude division a more refined structure isestablished and
separation of grcups is purported, based on sodium and manganese contents and
ratios and on samarium and lanthanum content where necessary.

Obsidian studies in the VAL region are still in their infancy. Dixon
defines a four-stage heirarchical »nrogression to illustrate the ultimate aim

in a characterisation study (stage 4) and the stages through which the research
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must advance on the road to this goal (Dixon, 1976,289). The VAA region is yet

at Dixzon's stage 1, the source location or source confirmation stage, establishing
the link between analytical groups and major sources, or merely attesting the
presence of sources. Indeed only two exploited sources have been located with

any degree of precision and certainty : the peralkaline sources of Nemrut D=g. on
the west side of Lake Van and the source c. 50 Km. east of Bingol, 100 Km. west of
Lake Van,

Renfrew et al., (1968) effected no discrimination between Bingol and Nemrut
Dag obsidian (only noting the presence of caesium in the former) and placed both
in their group 4c, Wright, however, was able to show disparity in the manganese
contents of the two (1969,15) and Aspinall and Pearson, using NAA were able to
define more precisely the caesium content, that of Bingol being approximately
twice that of Nemrut Dag material. A Cayonu svecimen (Wright, 1969,22) was the
first to be attributed to the Bingol source, appearing with 1g and 4c material,
but the unpublished work of Jill McDaniels (M.A. dissertation, University of
Bradford, 1976) using NAA documents its presence in small quantities throughout
the neolithic occupation of Tell Abu Hureyra in Syria. This is the first indication
of exploitation of Bingol obsidian from sites outside Anatolia. McDaniels
designates obsidian from the Bingol source G 2, and variations in elemental
concentrations observed within this group suggest the presence of sub-groups as
likely.

NAA distinguishes at least two separate flows ¥ithin the Nemrut Dag source on
the basis of the elemental concentrations of scandium, manganese, iron and zirconium
(Wright, 1969,16). Wright terzs these Nemrut Dag A and B and sugvests that visual
re-examination of the Yemrut Dag analyticzl results as oreserted by Renfrew et al.,
supports this division. Nemrut Dag 3 (-ith hrigher average zirconium content), is

equated with site material analysed by OES and attributed a 4c source.
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NAA conducted at Bradford University using the method of Aspinall et al.,
(1972), defined groups of green peralkaline obsidian (G1 and G3) at Tell Abu
Hureyra (McDanels, 1975). G1 has been equated with Renfrew's Nemrut Dag 4c
source. G3 is represented by two specimens in the ceramic neolithic levels;
and elthough no comparison with geological material was possible, it is perhaps
to be equated with the alternate Nemrut Dag source, and if so would represent
its first appearance on an archaeological site.

Sources imprecisely located include the 1f group. 2 1f sources are
documented in the Kars and Erivan regions and Dixon suggest (1976) the volcano
Atis or the obsidian source at Gutansar as the likely source for the Erivan
Armenian obsidian. Tke need for back-up analyses is obvious,

The need for modification and revisor of the 1966 group 3 subdivisions
was realised and a view division outlined by Renfrew and Dixon (1976). It
was noted in 1966 that the group 3 analyses were not so closely convergent as
those of other groups, the implications being that one is dealing with a multi-
source, rather than a unique source group. Renfrew and Dixon ze-examined the
concentration of 15 elements, eventually identifying 4 subordinate groups on
the basis of zirconium, yttrium, lithium and rubidium contents. The homogeneity
of 3a and 3¢ analytical results lends support to the idea of a single source for
both sub-groupé. Within this structure further tentative and purely hypothetical
divisions of 3a and 3¢ are outlined on the basis of high iron and manganese
contents. For reference it can be noted that groups 3a& and 3b plus sub-groups,
and group 3¢ are analogous respectively with 3a and 3c groupings of the 1966
division (Renfrew at al., 1966).

Renfrew et al., (1966), on the basis of their anslysis of a geological
hand sample from 3ayezid, suggested this as the locality of their 1966 3a group.
The 1966 3a group is now eauated with 3a ard 3b and reaporaisal of their own

work and that of Gary Wright (1969) supports the non-equivalence of Bayezid
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with their new 3a group and suggests its reallocation to the 1976 group 3b,

Both Renfrew and co-workers (1968) and Wright (1969) document the
occurrence Of 3a obsidian in the earliest levels (c. 5,000 B.C.) at Tilki Tepe
on the e;stern shores of Lake Van and suggest some correlation with the early
exploitation of group 3a. The source or sources of 3a obsidian, whose products
though occurring mainly in the Urmia region, extend also south to Khuzistan.
Susa and Tepe Sabz and Tal-i-Bakun and west to Tilki Tepe and Arpachiyah,
perhaps lie, like Bayezid, to the north or north-east of Lake Van (Renfrew and
Dizon, 1976). The more limited distribution of 3c obsidian almost exclusively
in the Urmia region and Solduz valley, perhaps suggests a source 'more accessible
from the Urmia area than from Lake Van and probably closer to Shahpur than
Tilki Tepe' (Renfrew and Dixon, 1976,147). 3d obsidian is documented by finds
from Ras Shamra, Ubaid and Dahran on the Persian Gulf, and the recognition of
3a together with 1g and 4c at Dahran suggests the exclusive use of VAA obsidian
in the Persian Gulf.

A shift in source emphasis in the VAA area is implied by the distribution
pattern throughout the neolithic periode 4c¢ and 1g from c. 7,500 to 5,000 B.C.
occur at many sites along the Zagros range, from c¢. 5,500 B.C. group 3 makes its
appearance, replacing tg in the Zagros, and group 1g shifts westward to the
Levant., The enigmatic group 1g is suggested as having its origin in the Lake
Van region, partly due to its similiarity of distribution to 4c obsidian and
also on account of the absence of Ciftlik material in Mesopotamia or Iran,

Dixon mentions a geological approach to the problem by the application of
plate tectonic principles (Dixon, 1976,304ff.). The tectonic activity of the
ViA area is the result of complex dynamic interaction of large and small plates,
this process is continually cranging so that the chemical craracter of any
associated vulcanism, at any one centre t-rough time and indeed at any ore time

at different centres, might te expected to change. 3ince in tectonically active
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regions along major faults vulcanism produces vast quantities of obsidian
(Taylor, 1976), a study of plate tecfonics could provide useful general limits
to the area of search for missing obsidian sources, but introduces no real
constraints on composition,

Suitable artefact material occurs in the Agh Kand to Keyah Dag area of
I?an and in the volcanoes of Artenis, Aris and Gutansar in the Armenian S.S.R.
Tentative suggestions that these may represent respectively the sources of 3c
and 3a archaeological material await aralytical confirmation (Dixon, 1976).
The occurrence of geological obsidian at Suphan Dag was documented by Altinli
(Altinli, 1964,67). NAA of a poor quality specimen from this 'source!
(Mahdavi ard Bovington, 1972), compared with Wright's la aralyses leads Dixon
to postulate Suphan Dag as the missing 1g source (Dixon, 1976, Fig,15,".). The
results of OES'on a good quality Suphan Dag ge0logical sample are awaited with

interest. ( Dixon, 1976, 309f. )

1:3:d. Central Burope

The present state of knowledge as regards obsidian in Central Burove (Fig. 8)
seems retarded when a comparison is drawn with the vast bank of information
obtained from an impressive array of analytical techmiques available for the
West Mediterranean, Aegean and Near Eastern regions. The brevity of this section
is commensurate.

Cann, Renfrew and Dixon in their early reports (1964, 1965, 1968) present
in tabular form results of spectroscopic analyses from Slovakian and Hungarian
source material and from Fungarian, Yugoslavian and Rumanian site material.
Geological hand samples from Tolcsva ard Mad in the Tokay region of Hungary fell
in group ta, whilzt those from Hlinik in Slovalda formed a group 1b. Archaeological
samples frem Vinca in Tugoslavia, Borscd, Herpaly and Derekegyhaza in Fungary and

Lunea Noua in Rumania compared with Hungariean source specimens (1a). Mo samples

1. Dixon states that a nhenocryst free samnle from Suphan Dag is now
to hand and analysis for Ba and %4r is intended in the near future.
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from Rumania were subject to analysis, though the existence of a Rumanian
source centred on Mt. Yargitta was noted (Renfrew et al., 1965,113),

Fission track analysis and NAA conducted on Carpathian material have been
considered in context with other group 1 material (Aspinall et al., 1972:
Durrani et al., 1971).

An examination of the literature and history of research on obsidian in
South-East Europe leads Nandris to discount Rumanian and Transylvanian 'sources'
and to conclude that much confusion in the literature arose from the visual
similarity of, for example, opalites with obsidian.

The 'sources' of Central Europe do not generally (Tokaj and perhaps
Viniéky are exceptions) occur as primaryébsidian flows but as geologically
redeposited material in the form of volcanic ejecta or weathered out matrix of
less glassy rhyolitic lava flows (villiams and Nandris, 1977). This gives rise
to problems in location of sources and in differentiating between archaeological
site deposits and geological source deposits.

Fieldwork in 1974 and 1975 concentrated on the Zemplen mountains in the
Tokay-Zemplen region of north-east Hungary. These short but intensive field

surveys located sources at Erdobenye, Csepegd Forras, Telkibanya and Tokaj, the

latter two, prdbably of unworkable obsidian and so of less relevance (Nandris,

1975, Williams and Nandris, 1977).

The much quoted source at Tolscva in Hungary has been investigated by
Dr. D. Backsay of the Hungarian Geological Survey, Budapest, and 3 obsidian
localities reported, whilst.the occurrence of a primary source of glassy
obsidian at Vinicky (Szolloska) in south-east Slovakia is reported by
Dr. Rozloznik of Kosice University. Further 'sources'in eastern Slovakia
are suggested at Bysta, Streda nad Bodrogam, Mala Torona and Cejkov and in

the U.S.S.R. in the Gertsovtse-Fedelshovtse region (¥Williams and Nardris, 1977).
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Samples from Csepegd Forras, Telkibanya, BErdobenye, Tolscva, Mala Torone,
Streda nad Bodrogam and Vinicky have all been subject to analysis by NAA at
Bradford University.

In a paper presented at the International Symposium on Archaeometry and
Archaeological Prospection research conducted at Bradford University in
collaboration with Dr. Nandris of the London Institute of Archaeology is
described (University of Pennsylvania Conference, March 1977, Warren, Williems
and Nandris). Carpathian archaeological obsidian from 66 sites in Hungary,
Czechoslovakia, Rumsnia, Austria, Yugoslavia and the north-east Adriatic coast
of Italy, has been analysed by NAA. The analytical results suggested a division
into two groups, supported by appearance criteria, called Carpathian 1 and 2.
The maﬁozity group Carpathian 1, comprised of blaclk or grey transparent obsidian
and the minority Carpathian 2 group of black opaque samples. Geological hand
samples from the south-east Slovakian and north-east Hungarian Zemplen mountains
sources were analysed and equated respectively with Carpathian 1 and 2.

NAA has identified Liparian and Carpathian 1 material, tcgether at the
cave site of Grotta Tartaruga this evidence, together with vrevious determinations
of a Lipari origin for obsidian from North Itely and other Italian cave sites on
the Adriatic coast, and a Pontine Islands origin for a single piece from
Vlaeca Jena, Warren et al., postulate that the north-east Adriatic coast might
represent the north eastward extent of West Mediterranean obsidian and the west-
ward extent of Carpathian material.

On the basis of analytical results the geogrsphical and chronological
overlap of Carpathian 1 and 2 obsidian is evident;both are used from Upper
Palaeolithic through Neolithic times and Carpathian 1 appears even into the

2ronze Age.
Further research on Central Zurovean obsidian is 21=0 being undertzker in

the States, using X3® and OES techniques (Rasson et 2., University of Pennsylvanis
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Conference, March 1977). Archaeological obsidian artefacts from Obre, Vinca
ard Potporanj were examined and the X alpha spectra of rubidium, zirconium,
niobbum, yttrium and strontium determined by a modified rapid scan XRF method.
Barium content was detemmined by OES. Computer ciassification of the results
by stepwise discriminant analysis was used to effect a final discrimination.
Rasson et al., suggest that Bosnia (Western Yugoslavia) was importing obsidian
exclusively from the west and the Danubian area to the east was receiving
obsidian from West Mediterranean sources es well as from the Carpathians. They
place some of their material in Renfrew's 'old' Sardinian group 2a, and view
this as evidence of an eastward extension of the limits of Sardinian obsidian,
stretching over 800 Km. from its source area well into Yugoslavia. The
hypothesis seeks confirmation,

The distribution pattern of Central European obsidian, on the basis of
current information, appears to stretch eastwards to the Black Sea and finds
are documented from North and Central Poland, Austria, Southern Yugoslavia anrd
Greek Macedonia (Warren et al., 1977).

The unpublished work of Olwen Williams on NAA of Central European obsidian

(Ph.D. thesis in preparation. Bradford University) will be of much interest.

1:4 Quantitative Statistical Analvses

The study of prehistoric exchange systems and trade mechanisms in the West
Mediterranean, Aegean and Near East has been approached by quantitative
statistical analyses.

A common typ= of quantitative information is the percentage of obsidian
from a known source at a number of archaeological sites. In its simplest fomm
this can involve the use of two variables; the percentage of obsidi»n on a site
and the distance of the site from the source. Rerression analysis has been

employed 2s a means of exazinstion of the relationsihips between the variables -
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éstablishing that one variable changes in a predictable manner as the other
changes. A third variable (e.g. 'attractiveness' of obsidian) may also be
related to changes in the first variable with the second.

For a detailed discussion of such models reference should be made to the
work of Renfrew and Wright (Renfrew, 1969, 1970, 1972; Wright, 1969;

Hallam et al., 1976; Renfrew and Dixon, 1976).
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CHAPTER 2.

Practicable Physical Techricues of Ubsidian inalysis.

2:1 Macroscovic and Microscopic Examination

'In the past identification cf unique products has sometimes been made
on'the basis of simple inspection. Lapis Lazuli, Polish banded flint, Grand
Pressigny flint and Olonetz slate are examples of raw materials which can
very probably be assigned to a limited source area on the grounds of visual
inspection along'. (Renfrew, 196G, 151). Unfortunately, as already mentioned
(Chapter 1. p.567) source attribution based wholly on the examination of vusual
characteristics is not, as a rule, possible. To quote yet another instance:-
a single piece of obsidian from Sardinia was coloured red and black with a
sharp dividng line between the two, yet chemicel analysis proved it to be
indistinguishable from other Sardinian samples! The pearly lustre of ifelian
ébsidian and the distinctive greenish colour of peralkaline Pantellerian
obsidian have been consisterntly quoted as distinguishing features of these
two well-known island sources, yet rather than serving asagnique source.
indicator, these attributes have been used in corroboration of tried and
tested chemical analyses.

Griffin et al. (1969,2) noted variations in the colour of obsidizan
within a single flow and also found both translucent and opaque obsidian in
fairly close association within one flow, Macroscopic characteristics can
thus only be of superficial use. In the early stages of obsidian research
nicroscovic examination was seen 2s a2 possitle =zvenue of extension, supole-
menting the evidence from direct visual insmection,

Tariations in tre netroura~hic pattern of similar rock %;pes (2s seen in
the minerals rresent, treir .hene, size, relative nroverties and textural

. 5 N - » . - > . -
relasions =~ =2ach 2%har) are inown 0 exigt omd throu.n fthe exz~inaticn of
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the mineralogical pattern and composition of thin sections of svecimens
and their comparison with rocks of known orovenance it is, in cases, possible
to match the section with its vparent source.

Of prime consideration in vetrologiczl examination is the damage done
to an artefact in preparation of a thin section. The technique is essentially
destructive in its nature, involving the removal of a thin slice from the
object by two parallel cuts of 2 diamond wheel, leaving a gap c. 1mm. in depth
and 2cm2 in area (which can later be filled with olaster). After removal the

rrades of silicon

section is ground to a smooth surface with successively finer
carbide navers and this polished surface a%tached to a e¢l-ss slide by way of a
suitable tronsparent sdhesive (i.e. Canada 3alsam or Lakeside). The section

is further a®raded until c. O0.C%mm. in thickness and = corver glass cemerted on

tha slides which Tay now be examined under 2 polarizing microscope.

'y

The first recorded use of netrlozy for concluding thot an ohjeat has

tzen imported from some consideratle distance comes from Yillioxz Dugdale's
Antiocuities of “arwiclkshire, sublished in 1556, it ic not, however, until the
late 19th and early 20th cerntury that the method becomes of more com-on usace.

A classic aprlication of petrological examina*ion is Thomas's (1923) study
of the 'bluestones' at Stonenrenze and his conclusion that the svotted dolerite
matched that from Carn ¥eini irn the Prescelly mountains, some 150 miles away.

(It should bhe noted that in a recent article, Xellaway, 1971, the presence of
spotted d0lerite in Wiltshire is'concluded to be the result of glacial erratics).

The pioneerirg work, stretching over some 25 years, on British Yeolithic

re stone axes stands out as a successful avolication of thin

and Zarly Zronze A
section work. <Cver 2C petrological catecories have been defired and in some
cases axes from Xrown faoctory sites or from narticular cetegnrias have been

successfully matehed it- their narent source., 3rotton, however, mentions the

failure 0¥ netrslo-icsl org to senarote tha Tliats of YTorkshire from those of
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Lincolnshire, Suffolk, Kent, Sussex or intrim (1969,572). With obsidian, as with

flint, petrological examination has proved unrewarding as a guide to provenance.

The interpretation of thin sections of obsidian (and flint) is hampered by

the very nature of the mineral. Obsidians isotrovic and amorphous character

generally precludes the identification of any distinctive microcharacteristics

which might give to obsidian from individual sources a uniqueness hitherto

recognizeable,
The usefulness of examiration of obsidian under the polarizing microscove

appears limited to effecting the broad division between alkaline, calcalkaline

and peralkaline types by way of inspection of phenocrysts or embryonic crystals

(and indeed the better quality the obsidian the fewer the vhenocrysts) or again

in corroboration of chemical analyses.

Petrological methods were used in a study of Mexican obsidian as early as

1892 (Ordonez, 1892), a more recent instance where rvetrographic work nas been

brought to bear on obsidian characterisation is in a study of material from the

prehistoric site of Melka Konture in Ethiopia.(iuir and Ziver~l, 1976). Thin

sections of material from the site were examined and compared with those from

the nearby obsidian quarry at 3altchit. Baltchit obsidizn contained less than

1°: of crystalline material, nearly all in the form of microlites-of anortho-
clase, and whereas specimeans from the site itself reveal a somewhat more
advanced stage of devitrification and tydration, in every other respect, source
and site material are virtually identical in petrogravhic character. #et

chemical analysis and trace element analysis confirmed the likelihood of z

Baltchit origin.

As with apnearance criterina, netrolocical characteristics serve only to

zive evidence of a confirmatory nature,
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2:2 Refractive Index and Density Determination.

Muir (1967) quotes refractive index as the most diagnestic of all the
optical properties of a substance. Determination of the principal refractive
indices, under a polarizing microscope, are generally achieved using variations
of the immersion technique and depend on the fact that when refractive indices
of crystal and immersion medium approach, the contrast between the two is
reduced. In monochromatic light a liquid may be found where the refractive
indices of mineral and liquid match exactly, at this point the margirns of the
mineral fragment become invisible. The procedure, in simple form is, to place
mineral fragments into a liquid of approximately the same refractive index and
to achieve a match by addition of drovs of a liguid of higher or lower refractive
indices, the refractive index of the liquid then being determined with a refract-
ometer. The refractive indices of liquids decrease with rising temperature to a
greater extent than solids and, especially in the high index range, dispersion
of liquids is generally greater than solids. These proverties have been utilised
in accomplishing the metching of refractive indices of immersion media and
mineral by way of wavelength or temperature variation methods. An intezral part
of the equipment is a set of liquids of known refractive index from c. 1.44 -
1.78 in intervals of .01, thouzh where smaller intervals are useful (i.e; .002
or better) over selected ranges tren this may be achieved by mixing.

Refractive indices have been used as a tentative guide to provenance.
Campbell Smith (1963) used this proverty to aid differentiation between jadeite
ard nevhrite, the former having 2 hisher refractive index than the latter. UYe
concluded that the majority of 3ritish N=o0lithic 'jade' axes were of jadeite
and since this miner-=l is not indigeneous to Britain, an origin in Europe,
verhaps Brittany has deen sussested tut not confirmed. Fornmaseri and his

colleasues (Tzrnaseri et al., 1975) determtined the refracive indices for
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punices found 2long the north coast of Cyprus, as =n aid to establishing
provenence. The samples were grouped in intervals of ,002 of refractive

index and the overall variation,from 1.4956 - 1.5099 showed a clear bimodal
distribution, with one group having a maximum in the range 1.498 - 1.500 and
the other group ranging from 1.504 - 1,510 (Fornaseri, 1975,112). On the
basis of this initial division, chemical analyses were performed on each

group of pumices. One group proved to be of rhyolitic composition and the
other of dacitic composition, each in agreement with the refractive index
determinations. On grounds of refractive index, in conjunction with heavy
mineral content and chemical composition, the pumice groups have been compared
with materiel from sources on elos, Giali, Kos and Santorini and the two latter
sources, Kos and 3antorini, singled out as the two probable scurce localities,

The refractive indices of obsidian are quoted by Read and Watson (1968,
788) as between 1.48 - 1.61, tending to increase with decreasing silica content
or with an increase in the number of crystalites and microlites sresent, whilst
Cann, Dixon and Renfrew (1969, 520) give fisures as between 1.49 2nd 1.52. The
similarity between the refractive indices of obsidian and those of pumice is
evident.

The use of refractive indices as an aid to identification of obsidizn
sources has been applied with some success. The early research efforts of
Frankfort (1927) and Wainwright (1927) have been mentioned previously (Chap. 1).
Georgiades (1956) reports refractive index measurements for Aegean source.
material, giving one measurement of 1,570 from Giali and ranges of 1.444 -
1.500 and 1.480 - 1.500 from Antivaros ard Melos respectively. ¥ayor Island
obsidian (Mew Zealand) is tyvically of a distinctive peralkalire greenish type
(thoush brown snd horey coloured varieties do occur and scme neralkaline

. N v N (4 et - . . .
meterial iz claar) and dreen (1942) rerorts an ecunliy distinetive range of
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refractive indices from 1.4970 - 1.5070 for this ﬁaterial. Ranges for
Maraetai and Taupo are less distinct, showing resnective ranges of 1.4866 -
1.4940 and 1.4867 - 1,4894, Semples from Arid Islands (Ralditu) east of
Great Barrier Island, showed refractive indices of 1.4857 - 1.4873 and as
such could fit in with a Tmupo or Marzetei origin, chemical analyses were
necessary to confirm the identify of the samples with Taupo source material
( -In Taylor, R.E., 1976). Cann and Renfrew (1964) on determining refractive
indices of c. 55 samples from in and around the Mediterranean, concluded that a
difference could be seen between the broad peralkaline and calc-alkaline groups
but felt that in general, appearance was more diagnostic of provenance. |
Green (1962) suggested that refractive index measurements might initially
serve as a check on differences observed 2y macro ¢r microscopic examination of
a sample and thus if a correletion could be established tetween refractive
index and certain more easily observeable diagnostic appearance features, then
the more lengthy and laborious task of “etermining refractive indices could be
abandoned and charactericsation could be based on these féatures alone (1962,13).
The author notes 'a fair success' in this direction betweern geolozical provirces
but less succe s within a provirce.
As can be seen with measurerents here quoted, a considerable overlap in
values often exists between sources, naturally resulting in ambiguity of
source attritution. The fact that refractive indices increase with increasing
devitrifica*ion (Read and Watson, 1963, 258) provides a further obstacle, in
recessitating the avoidance of matérial ir different stages of devitrification.
Refractive ‘ndex messurements provide useful inforration only in thke form
of 2 preliminzry i-svection, thoush in excerticnal cases, 2s with veralkaline
obgidiane, a hiwh refractive inilex, torether with a-rearaznce cheracteristics
mar e sulfiniertly iz moctiz 70 surast oroveranc=z, 7Tho incdecvacy of 2

- non— ayor Islsnd discrimination
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'Density is a fundamental and characteristic property of a crystalline
substance or solid and 2s such is an important determinative proverty' (¥uller,
1967, 459). Though cften assumed to be synonymous a distinction does exist
between specific gravity (henceforth S.G.) ard density. S.G., an abstract
number having the same value in all unit systems, is defined as the ratio of
the mass of a substance to that of an equal volume of a liquid (generally water
taken to be 0.988 i.e. 1) at a specific temperature (i.e. 60°F) and pressure.
Density is defined as the ratio of %he zass of =ny aquantity of a substance to
its wlume, when expressed in C.G.S. units this becomes the mass in grams of
1 cubic centimetre of the substance, and as that volume of water at 60°7 weighs
one gram, density is then numerically equivalent to S,C.

In determining the dersity of rocks, where relatively large samples are
available, any simple method of measurement may yield acceptable results. Many
techniques in use necessitate the immersion ¢f a s0lid in a2 liecuid, wherein the
possible adherence of small air oubbles to the surface of the solid creates a
major source of vossible error. ileasurements on obsidian may be further
disturbed by inclusions within the materizl in the form of gas bubbles or
vesicles. As a general guide Semerov quotes the S.G. of obsidian as between
2.35 and 2.5 (1964,34)

Despite problems inherent in physiczl property analysis attempts have ?een
nade t0 use density determination as a non-destructive means of obsidian char-
acterisation. Cann and Renfrew (1964), on the basis of their work, conclucded
density not to bte 2n adequate discriminart, though in more recent years it was
felt that the arelysis of obsidizn bty way of density determination warranted
re-examination. The densities of “editerranearn obsidian were measured t0 an
accuracy of oniy I wheress, Reeves and irmitage (1972) sugrest that without
much Aifficuity and wiih cimovle exiipment a srecision of 0,01 - 0.04% is

Teacibls wnz with thic imoproved nrecision misht come a corresoorndinz improvement
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in the source discriminations o effected. Usirz two simple and reproducible
methods of density determinatiorn, the free flotation method and the hydro-
static method, Reeves and Armitage (1573) undertook a study of New Zealand
obsidian. The free flotation techricue involves finding a liouid in which
obsidian will neither sink nor float and then measuring the liquid density
with a calibrated pycnometer. The obsidian can be floated in the more dense
component of a liguid mixure and the less dense comvonent added until the
s0lid is just suspended. A temperature variation version of this method was
used ir which the dersity of the Tlotation medium is adjusted by temperature
changes of z 0.02°C. A suitable flotation liquid Zor use with obsidian was
prepared by the addition of 7.36 zm. of 1 = pentanol to 85,55 :m. of bromoform,
givirg a iiquid containing 92.06% bromoform by weizht and hevirng a refractive

20)

index (N of 1.5515, the density of which, at temperatures between 9°C.

D
and 45°C. was determined using a pycnometer of Svrerngel Ostwald tyve. A suick-
fit tube 20 x 25 cm., fitted with a ground glass joint and a ther—ometer which
could be read to b4 0.02°C. was used, placing an u~+»er limit of c. 1 gram on the
size of obsidian sample. The tube was half-filled with the flotation liguid

then immersed in a water bath and the temperature of this bazth raised at a rate
not exceeding 0.10°C. per minute. By this me*hod obsidizn densities were found
to an accuracy of Z 0.004 gm. . (Reeves »nd Armmitage, 1973, 563). The
alternative method of hydrostatic weighing was found more suitable for samples
in excess of 1 gram. The technique involves the weizhing of the specimen, first
in air, then suspended in 2 licuid of known density. The obsidian, susvended by
a fine steel wire, was immersed in distilled water at a kmown temperature ard the

density of the otsidian, after correction for izrersicn of nart of the steel wire,

was caculated froa the enuation:



Yhere p, oW and pa are the resvective densities of obsidizn, water and air
and Wa and Ww the respective weights of obsidian in air and in water.
Measurements on obsidians of mass 1 gram. ar larger, using this method could

3

be made with ar accuracy of 0.0010 em. cm ° in a few minutes (Reeves and

Armitage, 1973, 564).

Using whichever method was more appropriate (mainly due to size consigd-
eration) Reeves and Armitage determined the density of &1 obsidians from 6
major sources in New Zealand, together with archaeolosical specimens for which
the sources had oreviously been identified by chemical analyses. The results
were disapzcintingly inconclusive. Mayor Islarnd sub-grouping distinguished by
chemical analyses (Armitage et al., 1972) were not auvarent through density
differences, though the range of revorted dernsities, from 2.3%375 -~ 2.432, 2llowed
Mayor Island material to bte separated from some other New Zealand source material.,
Xaeo (2.403 - 2.420) and nayor Island obsidian show 2 higher density range than
Huruild (2.358 - 2.364), Whitianga (2.351 - 2.353), Tzurco (2.346 - 2.354) or
Great Barrier Island (2.%35 - 2.354). The overlap is obvious and the discrim-
ination achieved exclusively through dersity neasurements is essentially on an
'either - or' basis; Mayor Island or Kaeo (though appearance discriminates
easily between the pair); Suruiki or Whitianza and Taupo or Great Barrier
Island.

The within~-source variability and between-source similarity of density
determinations is emphasised 2rd this reaporaisal acain demonstrated the

prelizinary neture of density in characterisation of obsidian,

Of the many rs2oorashically sesarate obsidian sources somes may fortuitously

resembl2 0°:2rs 1rn crecicel comnoszition, Shus maudns diFfi~vlt chorzcterisastion

hv w2y of aralysis o7 elarmentnl concentraiicas. Datine techrniwues, generzlly
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giving indication of the time of eruption of the obsidian flow, provide a
useful alternative means for identification of the geologic origins of
obsidian artefacts. Various diiferent methods have been attempted with

varying success.

2:3:a Thermoluminescence

The phenomena of thermoluminescence (henceforth TL) has to the present
dey, been utilised in archaeology primarily as a dating technique applied to
ceramic mdterial. Recent research has, however, extended the possible
applications to dating of other silicate materizls and to studies of proven-
ance.

It is rot within the scope of this paver to describe in detail the
mechanism of TL and several comprehensive review articles are available for

reference (Seeley, 1975; Fleming,1976 ). Briefly then, 'TL dating makes use

of the fact that many crystallire materials nave the ability to store enerzy

m derived from radiations of radioactive substances arnd from cosmic radiation and
rh under favouratle circumstances, to emit a part of this stored energy in the form
F“ of light when the materiel is heated to a temperature below that at which normal
radiative light emission would otherwise occur' (Seeley, 1975). Siliceous
material will have been subject to a radiation dosage from its time of form-

ation at some remote geological epoch. Heating, whether irntentional or accidental

i

r" to above 2 critical temperature removes the stored TL and the process of acquis-
ition restarts from zero, increasing linearly with time. WWith resrect to

rﬂ ceramics TL is placirg a date %5 a heatinz event ; the deliberate. firing of the

il clay by man, whilst for i~va Tlows the rescetting of the ML 'clock' is effected

by their naturs:l orocess of formation and the date annlins 4o the time of

3
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TL of lava flows or the products of these flows (unaltered by sub-
sequent heating) ray ultimately enable some degree of source characterisation
by way of variations in dates of formstive vulcanism, though in utilisirg a
dating technique to suggest heterogereity vetween sources, there remains the
inherent possibility that two geographically separate flows may have formed
during a similar time period.

TL can indicate whether heating of flint by prehistoric man (in an effort
to improve the flaking propertios of the raw materisl) has taken place (Goksu
and Fremlin, 1972; Rowlett et al., 1975) and although the acplication may
reveal aspects of lithic techrology it is not of direct relevance in the present
context.

Thermoluminescence of ignedus rocks and minerals has not as yet bezn
extensively studied but preliminary investigations on lava flows in the hope
of age determination have so far oroved discouraging (Aitken et al., 1963;
“lintle, 1974). Aitken and his co-workers corducted thermoluminescent studies
on lava flows of known age from Mount Etna, Hawaii and Kahg-a (Sunset Crater,
Arizona). The thermoluminescence as exhibited by whole rock sanples from Mount
Etna was lower than expected, though between the TL and the kmowm age of the
flows some relationship, albeit rough, did seem to exist. To account for the
low equivalent dosage the authors suggested that perhaps the natural TL- wes
concentrated in the phenocrysts. Minersl separates from the lava flow samples
were thus investigated and the extected dose calculated, based on beta and
gomma rediation ard on the flow aze, 'nhavnily tre eocuivelent doses from the
separates nroved aromalously hizh, The study hishlichts the difficultiss
involved in dating lava flows by tre nature of their TL 2nd any future hooe of

1ating obsidian flows must aw2it tne outceme of furirer research in this fizld.

Ia moz* i mzouz rcesn, Talic ars wre *le nrincinal Tource of TL
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{McDougall, 1968, 533). Feldsoar-rich rocks usunlly exhibit fairly

pronounced glow curve peaks which decrease in heiht with increase in the
non-TL mineral content. For most iznmeous rocks McDougall (1963, 535) suggests
that the level of TL is dependert on 2 number of variables; the percent of
feldspar present, the composition of these feldspars and the presence of

other TL minerals. Thermoluminescence of feldspars may also depend on the
temperature of formation, on trace elements and on radioactive elements, though
to what extent remains uncertain. Farrington Daniels (1953), Boyd and Saunders
in an early review article pointed to a simple applicaiion of TL to geologzy in
identifying stratigraphy within sedimentary deposits. 'A complicated zlow curve
with peaks coming at definiie temperatures provides a means of "fingerorinting"
rocks of the same geclogical history' (Daniels 1968, 15). éhe extersion of thizs
fingerprint technigue to igneous rocks and indeed to obsidian might thus be
expected to prove effective.

Provanance studies of siliceous materi~lc by observation of their TL have
in recent years, proved successiul. Saaples of marble froﬁiGrecian statues
oroduced artificial TL glow curves, differing with respect fo the material from
different quarries (Afordakos et al., 1974l whilst distinctive slow curves were
obtzined from 7 known Zurcpeon and imerican sources for majolica ceramics,
enabling source identification of archaeolozical pottery finds by comparison of
their individual g¢low curves with those of the sources (Vaz end Cruxent, 1975).

Research on artificial glasses sugzested that the TL of obsidi=n might be
exgected and work by Leach and Fankhnucer (1977) Aeronstrated that the zlow
curves and the amount of artificial TL irduced under controlled conditions of

P irrodiztion were uniquely characterisiic of individual sources. This current

research is rectricted to ."zw Zealand obsidi~n sources, out in view of its
consideratle nosenti:l ag =n »lzervative, svift and inexnensive method of

3
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characterisation, the techricue employed will bte described in bdrief. It is
to be hoved that extension’of TL characterisation studies o other obsidian
sources will meet the commensurate success. FHowever, the method must be
viewed with cautious ootimism. Saturation effects and the vossible bleaching
of TL in excavated material may create problems and the artificial szlow
curves may therefore be more dizgnostic than the natural TL of specimens.

20 mg. samples firom each of the sources were ground, ucing 2 kaolin
pestle and mortar, then shsken in a 4 cm. colurn of etheanol in a test tube.
15 secords allows the courser fraction of the cediment to sink to the bottom
and the finer fraction can be poured off. The decanted fraction is then washed

o}

in acetone and dried in an oven for 10 minutes at 50 C. 3 sazples in the ranzge
of 7.3 - 8.3 mg., were taken for each individual source, one being retsined for
estimation of the natural TL and the two remaining beinz anrezled in an electric
furnace =2t 400°C. for an hour. Samples were spread on silver discs then exvosed
to beta radiation from a 40 mCi 9OSr - Y placue source for 10 minutes at %00 raods.
per minute. TL was detected with an SMI - 9635 (B bi-zlka'ire pvhotomultiplier
tube increassing the temperature at a rate of 1500. ver second, ard the glow curve
was sutomatically recorded on an ® - y plotter and scaler. 4 corning 5.57 colour
filter with moyimum transmittence of the order of 4200 insstzom was interposed
between the photomultiplier tube and the samplz (since the radiation of interest
is in the blue region of the spectrum). The 1i£ht-tight ‘glow oven' was evac-
uated for 150 seconds prior to analysis ard then flushed with a current of
hizly purified nitrogen during the nmoce dure (in zvoidance of spurious TL).

3 curves were ottazined for aach source (minimum). After obtaining the
natural TL, the same samvle was expozed t0 9 known doege Of hets radiation anl

re-run., ‘he first run only »artially avvealed tre naturzl TL, so that the
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2L oporn artificisl oo oot natural. Tor reproducibilitr of
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results thus only the first glow curve was considered. The aréificial TL
curves wvere then obtained from semarate samples whose natural TL had beer
removed by successive reheatings., Finally the normal thermal radiation
component or black body curve is obtaned and subtracted from the total
counts recorded by the scaler to give the integrated area for all curves.

TL studies as applied to characterisation of obsidian may hold much

promise for the future.

2:3:b Fission Track Datinz

The past fifteen yeers have witnessed the development of the fission
track dating techrique, as first described by Price and *falker (1963) =2nd
originally applied to the dating of various ratural crystals and glasses
(Price and Walker; 1963, Fleischer and Price, 1964aand Fleischer et al., 1965a).

The method relies on the presence in trace zmounts of the uranium isotope
238U, in many minerals and natural glasses (obsidians, tektites, ete.). iost
uranium atoms will decay by alpha-particle emission to the stable lead isotovpe,
206Pb, approximatély 1 in 2 million, however, will decay by spontaneous fission,
when the uranium nucleus disintegrates to form two heavy nuclei with atomic
weights in the range 70 - 160 (Tite, 1972). The sponta-eous fission of 238U
impurities produces minute sub-microscopic fission tracks or damage trails of
the nuclear fragments in most crystalline and glassy insulating solids. Spontar-
gous fission of 238U contained in obsidian may be considered to take place at a
constant rate =nd if the radiation damage tracks so created are permanent over
Zeological time, then radicmetric acges carn te calculated by a count of these
tracks., Thermal fading of trscks car occur, though it has been empiriczlly
demonstrated <int m-terials (chsidion inclifed, wrose fading temperatures lie
abtove 400 - 57CC retqir tracks over zeoloiical time. Thus, in the sbzence of

sion tracks ages for obsidian indicate the tiwe of the orizinel

tracx fadirne, 71

m

crrstallisation or solidificazicn 97 the flow, The traclk denmsity is provortional
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to the uranium content of obsidian as well as to the time lapse since the
formation of the flow, thus necessitating the determination of 238U atoms
contained within the material. A traci density proportional to the uranium
content is induced by bombarding the obsidian in a nuclear reactor, with a

known dose of thermal neutrons. The present day ratio of 238U to 235U atoms

is a known constant in geological material (Fleischer, Price and Walker, 1969,59),
thus the ratio of spontaneous to artificial fission enables sample age to be
determined.

The submicroscopic fission tracks are rendered visible under an optical
microscope by first etching with some suitable chemical resgent. For obsidian
the preparation typiczlly involves the cutting of 2 small viece (c. 100 mg.)
from the sample which is then polished to an opticel finish and etched with
hydrofluoric acid for several seccnds at room temperature. This treatment offers
preferential dissolving of the damaged obsidian alonz the fission tracks, producing
conical etch vits which can be counted under magnification, c. x 1000 in the field
of an optical microscope. After irradiation with a ccntrolled dose of thermal
neutrons the induced fission traclzs on the sare sample surface can be counted.

The half-life by spontaneous fission is c. 8 x 1015 years, a uranium content
of c. 100 ppm. being rnecessary to determine in a short count period ( c. 1 hour) a
minimum sarple age of 3000 years, whereas a more laborious count of the order of
30 to 40 hours can facilitate determinations of more recent date.

Fission track dating has been used in an attempt at characterisaticn of
obsidi;n sources by their zeological ages. The shortcemings of the techrnicue as
a source discriminant have already been discuszed with resvect to tne research by
Jurrari et al., (1971) on Aegearn, Centrsl Eurcpean and iiear Zasterm materisl
(Chapter 1, oo. 14-17). The measurins of fi sion trac: azes =nd of uraniur
conterts has tecn more succeszsiulily anrlied £0 characterisation of Test iediter-

raresn (Bi;azzi and Hornadonna, 1§67%: 3Biznzzi et z21., 1671) ang Japanese obsidiers
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(Suzuld, 1969, 1970; Kaneoka and Suzud, 1970). Bizazzi and Bonadonna examined
Liparién geological material and archaeological material from sites on the
Adriatic coast of Italy. Of the four main source flows on Lipari : Forgia
Vecchia, Rocche Rosse, Gabellotto and idcquacalda, only the latter two proved to
be af prehistoric date. The sugrested date for the Gatellotto flow is ec. 11,5C0
years in geological age and all archaeological samples analysed proved of ccmpar-
able date. Small vebbles of obsidian from the Acauwicalds pumices were dated to
c. 21,000 years (1973, 322). The discrimination so effected by fission track is
varticularly intercsting since similarities in the chemical composition of historic
and prehistoric Lirarian flows had previously been noted.

Bignzzi 224 his co-workers (1971) acrnievad o discrimination hetwsen the 4
source regions of the fest Hediterraneén, ottrininT dates of 0.021 b C.C04 m,y.,
3.1 b 0.3 mey.; 1.7 : 0.3 muy. and 135 = 0.016 m.¥., for source material from
Liperi, Sardinia, Pnlmarola and Pantelleria resmectively. .

Suzukd (197C) reports the successful a2nrlication of fission track work to
obsidien from workatle sources in Japan, the material showing a wide rance of
me2sured values of ages 2nd uranium contents, arzrarently homogenecus within and
heterogereous between sources.

The limitations are set on charzcterisation of obsidian by use of fission
track (as with other dating metrods) in that, as seems to be the case with
Acigol 2nd Aegean material studied (Durrani et al., 1971), simultaneous flow
eruptions may have occurred in two or more geogravhically rerote localities or
indeed within a2 single source reziom, successive eruntions may have occurred

over arn exterded »eriod.

2:3%:c. 20tassinm Arson Doting (H - ir)

Zotageium iz one 27 tra most atundent elerents in “he enrths crust 2and is

contzined iu sricticnllv all inevile (Zentner ~-d Linuolt, 1369, 89). Gf this

=Y
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. . Co 40
total potsssium, the radioactive isotope K forms a constant fraction of

c. 0.012%, this 40 decays by two processes: by Beta decay to 40c, (89%) and

by electron capture to 40Ar (1Y), The latter decay process provides the basis

for age determination.

Since argon is a gas the heating to a molten state associated with flow
formation of volcanic rocks will expel any existing 40Ar vresent and at the time,
t = 0, the minersl will contain only argon with an isotopic ratio the same as
atmospheric argon. The amount of radiogenic 40Ar will increase continually with
time és a result of 4OK decay and from measurement of the 4OK concentration and
the radiogenic 40Ar content the time lapse since the formation of the volcanic
deposit may ve determined. In addition to radiogenic 4Oargon a sample will

38 36

Ar @

0.19 : 1 (Gentner and Lippolt, 1969, 90). The ratio of “Car to -0

contain atmostheric argon with an isotopic ratio 40Ar H Ar = 296 :
Ar for
atmospheric argon is knmown, thus by mass spectrometric deterrinziions of the
isotopic ratios the atmospheric 4O;J.r content can be measured and subtracted to
give the radiogenic 40Ar content.

The long half-life of 4Op0tnssium of 1.720 x 109y reans that in zeologically
recent rocks the radiogenic AoAr content will compose only avfraction (less than
107%) of the total 40Ar nresent. Very real problems exist in fhe accurate mass
spectrometric determination of small amounts of argon ard in normsl circumstances
contamination by atmospheric argcon limits the aprlicability of the X - Ar dating
method to rocks older than 100,000 years (Tite, 1972, 92).

Trom obsidian blocks enbedded in a perlite matrix from the viciniiy of Uras
in the Yonte Arci area of Zardinia a X - Ar date of 3.0 0.2 m.y. bas been
obtzined (Relluomini st al., 1970} whilet from Yonte Tramonteno obsidian on
Sulmarola a K = 4v a-2 of 1.6 = 0.2 m.¥. has been detervined (Barberi et al.,1957).

30th these dawes are in »od agr: ment with fission track determinations for

3]
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Serdinian and Pontine Island material of 3.1 ¥ 0.3 m.y. and 1.7 £ 0.3 m.y.
(Bigazzi et al., 1971), and suggest that obsidian does retain argon and eges
obtained are therefore justifiable.

If a dating technique is to be used in obsidian characterisation by way
of the contrast in ages between different sources, then difficulties inherent
in K ; Ar dating of geologically young samples (i.e. Lipari and Pzntelleria

obsidian) suggest fission track dating as more readily applicable to the problem.

2:3:d. Obsidian Hydration Dating

The potential of obsidian hydration as an archaeoclogical dating technique
was brought to the fore oy Fiie'man and Smith (1960). They recognised that
freshly fractured otsidian over geclogical time absorbed water from the ground
surface environment ultimately forming its hydration product, perlite. Moreover
they noted a seeming regularity in the extent of hydration (in the form of a
measureable layer or rim) with resvect to tize.

Barly studies encountered discrepant hydration rates, and it -became rapidly
aprarent that the hydration process could no* be viewed as 'addition of water to
obsidian in the manner of a permeable seive' (acorose, 1375, 85). The fundemen-
tal assumption that the hyd;ation band increases in thicrness with time, never-
theless remained unchallenged.

Since the original paper discussing the technique, advances in this field
have aimed mainly at establishinz the relative importance of the many variables
contributing to and effectinz the rate of hydration.

Priedansn and Smith orizinally determined variant hydration rates for
different climatic =ones usins tne expression x = Lt, to descrite the relation-
stir between nydraticn and time, where x is the thicimiess of the hydrated layer
in miercmeters, ¥ iz the nydra<ion constart for 2 Tixed temverature and %, the

time lapse in years. Uther workers in %the field found it necessary to susrest
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alternative numerical variables, for the exponent of tire. Thus Clark
(1961, 1964) suggested x = Kf% for Centrnl Californian material, Meighan
and colleagues suggest linear hydration eguations to satisfy data from the

3

Morret site in West Mexico, whilst Kimberlin found x = Kt” a suitable
equation for this same site. =2ricson et al., (1975 and 1976) suggest that
the discordance in reported hydration equations reflects a disregard of
systematic variables (other than time and temperature) which may be overative
in the hydration mechanism, thus they zive consideration to the alumina and
alkali concentration in obsidian, the initial water concentration, the svecific
volume, the silicon-oxygen ratio and the reaction energies of individual water
species in verlite (1976, 43). These writers in no way imagine these to be the
only other operative variables e;d on thi-~ account sugeest an emvirical apnrosch
as essential in definition of h-dration rates for individual obsidiars. On
theoretical erounds therefcre, they predict different hydration rates for
different obsidian sources.

Althonsh primarily ohsidi-n hydration i~ waluatle ns a chrondolorical
techrigue the concept 0f scurce sr2ei®ic hydrztion rates holds interestin

imnlications with respzct %0 ciioracterisation of the mgterial., Ericscen ard

reference to obsidian artefacts from Oreson, Colifornis and Test México.
Analysis of Central and Northern Californian source obsidians by N4A allowed
2 division into 9 chemicelly distinct zrcurings representative of 6 source
areas (Triceon and Berger, 1976, 47 - 48). 7o nut their theorv %o the test
Zriceoon a2rd Berser chose samples from burinl contervts on Zeatr-l C-lifornian

sites, maidns- the assumntion thot obsidinr =2ssociated with the hurialzs would

have btean marufactur-~d4 convemnireneously. Anv fiscontinuities in the hvdraticn

Bard widtr el fnus indicnte measuramant errov or indeed the evnloitation of

Tor2 4 o e Chaiiien eourca chgidisn ~rtifactz from tvo Te- tr-) Californian

hurisl aontexis, Toddardi and 3loscom, on mich rrevicusly o9tained hydration
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measurements had shown unexolzired internmal dizeccntinuvitr, (Clark, 1061
Friedman, Swith ard Clark, 1969) were selected for M4i. 3ource attribution
by NAA confirmed the dual-nature of the Godiard hydration data, whilst
discontinuities observed within the 3lossom site data suggested interval
variation in the trace element characteristics of the St. Helena zource
area.2 samples from the Peterson-2 site (Central California) shovwing consis-
tent hydration values were analysed and attributed both to one source in the
St. Helena region. Surported by further data from Oregon ard West *exico,
(Friedman et al., 1976 and Kimberlin, 1976) thz argument for the correlation
between chemical grouping a2nd hydration values is convincing.

In view of the recent firdirgs, attampts at stratigraphic analysis
(Michels, 1969, Michels, 1973 and Mei-+han, 1G78) by measurement of bydration

rims on artefacts from each level should he considered with due caution.

nreviously necessitated explanation in terrs of stratigraphic mixing, exposure
to fire or direct sunlight, svalling,reuse or mezsurerment error,

The present state of knowled:re sets limits to the widespread zpolication
of the technique, its refinement will devmend on determination of source-
sveci fic hydration rates for individual sources within 2 given region and on
identification of the artefact source orior to datinz (Ericson, 1975). CUnce
established, the nydration phenomenon can be utilised to date the exposure of
a new surface (either the date of formation of the flow or manufacture of the
obsidinn artefact) or verhans where artefacts closely dated by typolosical or
physical methods are availanl: source attridbution of artefacts may be 2 faiture
TOossibility,

ne oocidi-n zampnles for measmurement involves tre cutting
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to a thickness of 0.003 inch 2nd covered with a slacs cover szlide using
carnada balsam. An optical petrographic microscope with 2 Leitz micrcmeter
eyepiece was used 0 make measurements of the rim 2t 3 or 4 different voints
with 5 readings per point (Bricsen, 1975). Precision of measurements depends
on hydration rim variability, instrument ard overator error a2nd readings are
reproducible within 0.2 micron (Ericson and Berger, 1976, 52). By means of
photographic enlargement Findlow and de Atley (1976, 165) report a reduction

in error to less than 0.05 micron.

2:3:e. Palaeomacnetism and Archaeomagnetism

Igneous rocks, on cooling from thes molten state and baked earths on firing,
acquire a magnetism (due to the small vercentage of magnetic minerals within
the material), thermoremanent in oriein, The furdamental basis of palaeo-and
archaeomagnetism is that the direction of this remarent masmetism, as preserved
in rocks and baked clays, is in accordance with that of the ambient geomagnetic
field at the time of formation or manufacture and thot the intensity of remarent
magnetism is proportional to this field.

An objective of palaeo- and arcnaeomagnetism is to develop a complete
record of the arcient geomagnetic field, once established this 'record may serve
as a space and time reference system' reccrded by volcanic rocks and baked clays
(Clark, 1974). The ear*h's magnetic field is chanzing continually in both its
direction and intensity and on estatlishing the vattern of variation with time
it should, in theory, be possible to correlate new direction and intensity
values as recorded by rocks and clay with thic vattern and to assign a date to
the heatinzy event. In rnractize, whaere the magmetic elemerts (intensitﬂ and
dizection, as defined by declinsfion and irclination) for 2 specific 7e0sraphical
area are xmowm over a sufficiensly lons nariod (2s in London after 2. 1540) trer

arciaeomsznatic dating is possible, but more oftan tie magnetic elements are
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inadequately krown and zeasurements of stables 2:d reliable directions and
intensities from dated rocks, kilns and the lie serve to further suvplement
the incomplete magmetic record.

Direction and intensity of the zeomasmetic field both differ with
respect to latitude and are subject to regionsl disturbarces in addition to
exhibiting long term or secular variation. Declination ard inclination of
the field vary by only one or two deerees in c. twenty vears, whilst the
secular variation in intensity, anparently unrelated to direction changes,
is markedly less. Latitudinal variations in present day intensity values
range from 0,40 oersted at the equator to c. 0.£1 oersted at thz magnetic
poles.

The earliest records of geomagnetic field Airection measurements are to
be found in Paris and London dating back to the 16tk Century, whilst field
inteﬁsity measurements were initiated in thg last century by Gauss, working on
lavas and baked earths.

Much data for secular variatior in declination (D) inclination (I) and
field intensity (F) derives from fired structures and objects of baked earth.
Results are available from France (Thellier, 1946), Javan (7atanabe, 1958;

Xawsi et al., 1955); 3ritain (Aitken and Weaver, 1962; Aitken and Hawley, 1G67);
Russia (Burlatskaya, 1962) ard Greece (Belshe et al., 1963), élucidating the
field direction in the serarate areas over srtecific time periods. Field
intensity date exists for Zurope stretching tack to c. 7000 B.C. (RBucha, 1967,
3ucha et al., 1970), for Central America baci to c. 2CCO 3.C. (Buchs et =1.,
1G70) and for Janan (iazata et al., 1963; 3asajmra, 1965) back to c. 2CCO 3.C.
rom c. ‘0,0CC 2.C. onwsris remarent masmaeitic data from fired archaeological
strctures and objonts =re nced 2 troce seculsr variations in the veomarmetic

Tiell, piior :n thi- suitahle arcraeolo-micsl cumplas are lacxdnr and the record

(SR

of field wearig=onr 13 wrecerved in recks murt e stndied,  Ubsidien suitsble
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for working by prehistoric man (i.e. exhibitirz cconchoidal fracture) is

credominantly the product of Tertiary or Quatern-ry Volesnism (Cann and

Renfrew, 1964, 113), thus it ic evidence on the zeclogical time scale which
assumes importance. Dating of obsidian flows by palaeomagnetic means will
depend on the establishment of secular variation curves, as derived from
rocks. Age deteminaiion of obsidian artefacts derived from the flows (in
an attempt to attribute artefact to source by comparison of their magnetic

dates) will necessitate the use of intensity measurements, since the orizinal

direction of magnetisation as preserved in the in situ source material is lost
on removal of material from the flow.

The first systematic palaeomagnetic study of secular variation of the
geomagnetic field direction, using data from the well dated historic volcznic
flows of Mount 3tna, was ccnducted by Chevalier (1c25). The favourabls nature
of the materi=l for such a study encouraged Tanguy (1970) to continue this

research and results make possible the determinction of the geomagnetic field

direction in Sicily subsecuent to the 12tk century. Doell and Cox (1961, 1963)
Fm have carried out intensive palzeomagnetic studies on prehiétoric and historic
Hawaiian lavas, =nmilst the historic lavas of Huzi, Sakarjuha and Ozima in Japan
have also focused attention (Xato and sagata, 1953; Yulkutake, 19€1). On the

geological time-scale, however, palaeOmagnetic research suzgested the occurrence

; of reversely magnetised rocks. Brunhes (1906) revorted a direction of magneti-

il gcation, as recorded in lava flows in France, vractically onnosite to that of the

oresent day zecmagnetic field and Matsuyama (1929) tasing his conclusions on
data from post-Terfiary basalts of XNorea and Japnzan, swurrested periodic reversals
of the geomagmetic field. Zrymiolfsson (1957) from his studr of Tertiary

o

celandic Bazaltis sztirated the treonsition intervel {for reversal of the Tield
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The aveilable data on zeomagnetic field intensity show 2 terdency
towards a continuous decrease during the past 20C0 years. Jarcanese =z
Russian research suggests a cyclic variation of field in*ensity with a
periodicity of c¢. 10,000 years and data points to an increase in intensity
orior to 2000 B.C. 3Bucha, reporting on measurerents from Czechcslovakia,
postulates a maximum geomagnetic field internsity occurring at around 400 B.C.
when the field was 1.6 times its present value, and 2 minimum value occurring
betweer 4000 - 3500 B.C. wien the Cield drops to .6 times its current intersity.
Thellier and Thellier (195%) wor¥ing in France, found that ¢. 02D the field
was almost twhce its 1959 value.

41though advantageous in showing effectively simultaneous variation over
a region severzl hundred miles across, direction values may recur witnh time.
It has been suggested (Weaver, 1966) that the slow.varietion in field intensity
may allow discrimination between in situ material for which the field directions
are similar. XNaturally gzlobzal or rezional variations in field strength cresent
an advantage ir rot requiring in situ material, but age determinations based on
intensity values 2re Tar less accurate than direction determinaticns, since the
overall variation in inte:sity is : 507 of the oresent vizlue and since the
srecision of measurements is reported as c. 10 as compared with 1o for direction
vslues in favoura®xle conditions,

As mentioned, if aprlied to obsidian artefacts, age determinat{on would
necessarily be based on field intensity values, the estimation of which involves
comparison of the intersity of natursl remarent megneticsm (primary and secondarvy

components combinzd) with that oF thercoremarert msenetism (msznetism -fter

(9]

reroval of secondary comronents) prrcduced on heating and cooling in a controiled

latoratory finld., The mont sasic

2ctory method is the dcuble-hesatins method as

teseritad by helliar ari Dhelliep (1063Y,
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Two main procedures sre in uce for extraction of rock samples from
outcrops and exposures: the block method, involvinz the use of an
aluminium frare placed on tie urver portion of the campls and wedged so
that the uover surface defined by its sides is exactly horizontel,  then
filled with plaster of paris; and the core metkod, irvolving the drilling
of a long core. The sample, before removal, is oriernted, so that ifs
direction of magnetisation may be related to preseat day geograrthic co-
ordinates.

the absence of any rez:lar pattern of variation in the geomagnestic
components means that a magnetic date can be no more reliable than the
chronolozy used in establishing the macnetic reference curve. (iitken, 1974).
There is as yet much reszarch nzcessary on securely dated geological flows,
in developing a time scale for palaeomagnetic studies. At present the status
of studies is nct sufficiently zdvanced to facilitate ace determination of

obsidian source and artefsctuzl meteriel, in an attempt at charscterisation.

2:4 Yssbaver inalysis

The vBssbauver effect refers to the recoil-free emission (Vertheim, 1964)
of nuclear gamma rays frcm excited nuclei, formed in a radicactive source and
their resonant absorption by nuclei c¢f the same isotope in the s0Xd under
examinztion.

Iron is widely distributed in nature so that solid materisls of the earth

will normally contain iron in small auantities, Obsidian containinz a few ver

cent weizght of iron disserinated throushout the matrix of the materiel, is this
. . . 5Ta . . s

2menadls to examination by 72 NUssbauer snectroscony and information may te

obtrired cozcerni.. the- dciritndion 07 the iron i itz 4ifferent oxidation

atates, The g2veral nor cont o iron in o~z emacimen nir he Alztribuied

throwst 2 oanter o differe. 1 inarel nhazeosz, sith norrarat only o Srecsion of

1. in anyv one »h=se. nrreirately 2,12 57 2 ircn nuclei in : natursl
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sample are the resonant isotope Tae (Herzenterg, 1970, 211) and the
xissbauer spectra associated with this isotope have fregquently been used

to study the iron-containing mineral phases in archaeological materials.

The gamma ray source is provided by 570

57

0. The radiocactive cobalt isotope,
Co, decays to an excited state of the iron isotope, 57Fe, which then
decays to its ground state by emission of recoil free gamma rays with an
energy of 14.4 KeV (Tite, 1972, 293). A sample, typically of c. 100 mgs.
in weight is exposed to gamma rays from the source ard the intensity of
radiation detected with a scintillation or semiconductor counter, after
absorption by the radioactive nuclide 57Fe in the svecimen. By varyinrg the
incident gamma ray energy over a range of c. 10-5ev and moving the sburce

relative to the svecimen (i.e. by mountirg the gamma ray =ource on an electro-

FRN

mechanical vibrator) the 10ssbauer spectral pattern is ottained (i.e. the -
transmission of gamma rays by the svecimen versus the velocity of the gamma
ray source).

The hyperfine interaction (the tiny verturbations of the nuclesr energy
levels hv surrounding electrons) composes three basic parsmeters, nesmely the

isomer shift, the nuclesr electric auadruvole splitting and the nucizsr

L0
N

irols colisting (Yertheim, 1364,

B
t
®
ct
.J
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. ~he isomer shift meascurins
the charge Aersity 0f 2tomic electrans =round tha nucleus reswlts in a2 die~

placement 9F the mein absorption peak +ith resnzet to zero source velocity.

The:quadrupole sovlitting of the main a2bsorption peak into two commonents is

devendent on “he electric field zradient at the nuclei =nd is related to the
point symmetry of the lattice surrounding thz atoms., The masnetic field

r 2=sorntion neaks at each side
0f the main razk »nd i3 “mz reslt 0f <2 interaciion OFf rnuclesr meometic

>

dioole mCmentr ard e mnmetic Ti2ld e f0 Lne atoms Oovm 2lzctrons.

Tarictions in isomer =liift and in vluer 97 ~sdryurole snlitiings w1l orovide
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information for distinsuiching between the ferric and fsr-cus iron states

in obsidion 2rd presumably reflect the differing conditions of flow formation
(tenperature, pressure, cooling rate etc), wiereas the splitting of the
spectra into 6 peaks is an indication of the rresence of mzznetic minerals
(e.g. magnetite, haematite).

Herzenberg, (1970, 223) discussed the use of the M8ssbeuer effect as an
analytical tool in determinative mineralogy and mentioned its vossible poten~
tial in obsidian source characterisation - l8ssbauer spectra of synthetic
glasses have proven to differ with resnect to compositional variations, thus
the absorption spectra of obsidian from any geoclogical source is compositon-
delfendent + might be exvected to shcw unique spectral forms,

A recert anslvsis of ‘est ifediterrsrean obsidiarn by Mossbauer effect
study, in an attempt at differentiation of source material, has been conducted
by . Longworth in collaboration with 3.5. arren at Bradford University
(Longworth, G. ard Warren, S.Z., Archaeometry Conference»Paper, 1978). fueh
of the material (toth geslogical ard archaeolosical) unie? examiration had
nreviously been subiect to znalysis by NiA therefore allowing compari son of
the preliminary results of JBssbauer spectrometry with the data available from
chemical aralyses. Geologicel materizl wés vresented for snalysis in vovdered

form, whereas artefactual materizl was nresented in its orierinal form (the
possibility of non-destmctive analysis should be agnreciated). Counting
oeriods were aof the order of 1 Aay.

Freliminar; results on fne Jossbaver sp2etra of Uest -éditerranesn

ohzidinns are ~vailatle (3.7, Tapran, Privote Communieati
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iation between Pontine Island and Liparian materisl, thouzh a plot of the
marnitude of quadrupole splittin~ of ferric ions versus trat of ferrous ions
shows reasonably distinct clusters for Pantelleriz, Sardinia =2rd for Pontine
Island and Lipsrian material together. The total absorption would probably
sort oﬁt Liparian from Pontine Island sQurce material, but would rot enable
the non-~destructive analysis of artefactual pieces. Source material from the
prehistoric Liparian flow of G-bellotto (locality R - see Fig. 5) showed a
sextuplet form of spectra indicative of the presence of maemestite szaller
amounts of magnetite were detected within other sazples, notatly in the one
Sardinia group C specimen included and in two samples from Vulceno. IBssbauer
work at Bradford has alco beern carried out on Aegean obsidian and though
aralysis is not yest complete, the data holds vromise.

Further work in this field is necessary to evaluate the vossible contri-

bution of MBssbauver spectra in colving obsidi»n source discrimination oproblems,
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CHAPTER 3,

PRINCIPLES OF HAGNETISM AND AIMS OF RESEARCH

3s1 Magnetism in Igmeous Rocks
The magnetic properties of different materials will vary according to

thermal and chemicel history, composition and grain size of the material.
Igneous rocks are formed by cooling of a solution of oxides, silicates and
various volatiles (magma). The mineral composition of igneous rocks depends
on the chemical composition of the parent magma and on the éeological conditions
under which they formed. Crystallisation may proceed at varying temperatures,
deep in the earth's crust or, as with obsidian, upon extrusion at the surface.
The magnetic properties, as exhibited by igneous rocks are generally to
be attributed to the various iron oxides and sulphides (i.e. magnetite,
titanomagnetite, pyrrohotite etc.), comprising perheps 3 to 4% of the total
and causing the rock to respond to the magnetic field in which it is situated.
The present study relies on the presence within the obsidian.of a smell
percentage of magnetic minerals disseminated throushout the predominantly
non-magnetic matrix of the material. Crystallisation of magnetic minerels
occurs above the Turie point, often between 1,100° and 8e0° (Irving, 1964),
and obsidian will acquire most of its magnetism (Thermo-memanent magnetism)
on cooling through the Curie temperature, The resulting grain size may be
expected to depend on the rate of cooling during crystallisation and as such

is very variable.

3:2 aAccovisition of Thermoremanent magnetism

Cf prime importance in palaeomagnetism is the two-fold pheromenon of

gneous rocis on cooling in the earth's fisld and acquisition

magnetisation of %



3

3.

of a stable thermoremanent magnetism (henceforth TRH) in a direction parallel
to and of magnitude proportionzl to the earth's field in which they cooled,

Natural remanent magnetisation (henceforth NRM) comprises a primary stable
component (TRM) and a secondery viscous comoonent (viscous remanent magnetism, VRM,
D 83.)The 'primary magnetisation' is acquired as the rock cools down from its
molten state and in obsidian this may be considered as largely thermoremanent
in origin. A brief exposition of the theory of TRM will be given here, though
for greater detail reference should be made to 'Neel's (1955) standard work,
and to later works discussing the subject (Stacey 1563, Strangway 1970,

Tarling 1971, McElhinny 1972 and Stacey and Banerjee 1974).

The phenomenon of TRM can be explained adequately with reference to single
domain theory. Neel (1955) defires a critical grain diameter (the blocking
volume, VB) above which magnetic grains on removal of the applied field can
'block! the direction of the magnetic moments as dictated by the ambient field
(H) and exhibit a remanence measureable in the laboratory. Related to this is
the blocking temperature (TB)’ above which magnetic domains can realign with
the applied field and below which the thermal agitation energy is insufficient
to ceuse domain reversal within the time interval of observation, The theory
of acquisitioﬁ states that on cooling from a high temperature spontaneous
magnetism aprears at the Curie point (TC). On cooling below the blocking
temperature the magnetisation acquired at this temperature is 'frozen in' and
subsequent changes in field direction are ineffectual in altering the direction
of magnetisation. This TR is essentially stable through geologiczl time. The
magritude of the TRM is dependent not only on the ambient field in which the
rock cooled (generally that due to the earth: i.e. 0.5 Oerste"i) but also

on the concentration and mineralosy of magnetic oxides within the material,

1. The figure quoted relers to the approximate field strength
at the present day.
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3¢5 Mineralogy of Magmetic Oxides
The term 'fe:romagnetic' is often used when referring to iron oxide

and sulphide minerals but in sensu stricto these minerals exhibit ferrimagnetic

or imperfect antiferromagnetic properties and can retain a magnetisation even

in the absence of an applied fiseld. (This spontaneous magnetisation is the

result of interaction between spins of unpaired electrons in neighbouring

orbits). The composition of magnetic minerals in igneous rocks is governed by

the composition and the physical conditions operative during cooling (Irving, 1964).
The primary chemical units of ferrimagnetic oxide minerals are Fe.O

374
(magnetite); Fe203 (haematite and maghaemite); Fe Tio, (ulvospinel) and

274
Fe Tio3 (ilmenite). Since the oxide minerals in rocks rarely conform to pure
compositions, their magnetic properties can gererally be well explained in terms
of solid solution series between the above minerals within the Ternary System
(Fe0 - Tio, - Fe 0 - Fig.9.), whilst it is convenient to consider the physical
theory in relation to the two most important accessory minerals, magnetite and
haematite. The mineralogy of magnetic oxides has bteen reviewed in detail (Nicholls,
1953; Aldmoto, 1957; Gorter, 1957; Nagata and Akimoto, 1961; Aldmoto, 1961).

In basic igneous rocks the iron-titanium oxides are generally of a comp-
osition between ulvospinel and magnetite which together form é solid solution -
the titanomagnetite series. In acid igneous rocks, however, the ferrimagnetic
constituent may have a composition lying between the titanomagnetite and ilmeno-
haematite series.

Iron-titanium oxides in rocks have proven variable in composition and have
shown a wide range of magnetic properties, differing with respect to these
variations. The intrinsic magnetic proverties of intensity of saturation
megnetisation devend {o a large extent on chemical composition for example the
Curie Temper;t:re of zz2zmetite is reported as <. 578°C, with a fairly nigh

hr 4
. . . o a - . . o} .
saturation magnetization of 430 emu/cm 7 and that of haematite as 680 C., with a

1. WNagata, T., 1961, Zock lagnetism, Tokyo, ilarmzen,
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Ternary diagram of the composition of the common

iron-titanium oxides

Rutile
Ti 0,

Ilmeno-rutile
Fe ThOs

Ulvospinel
Fe,Ti0,

Wustite
FeC
Maghemite

Fe,0y

Fig.9  After Tarling, 1971

The average chemical composition of the iron-titanium oxides found in most
ignecus rocks is shown dotted.
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small saturation magnetisation of 2.2 emu/cm.-3 (McElhinry, 1972 and otkers)
(Kittel, 1946 and 1949).

The grain size of ferrimagnetic mirerals in natural rocks can range from
ce .01 to 1 cm. (Nagata and Ozima, 1967,115) though a range lying between
.05 mm. and 1 mm. in dismeter is more usual in volcanic rocks (Irving, 1964,16).
Unlike the properties of Curie temperature and intensity of spontaneous magnet-
isation which are indeed independent of grain size, the magnetic properties of
susceptibility, coercive force and remarent megnetisation are sensitive to
structure and grain size of the material (NichoDls, 1955,113). Chevallier and
Mathieu, (1937) and Akimoto, (1951) demonstrated the dependence of magnetic
susceptibility on grain size respectively for haematite and for ferromagnetics
close in composition to magnetite. Gottschalk (1935) and Nagata (1953) have

both shown a general increase in coercive force as grain size decreases.

3:4° Adms of Research
The primary component of magnetisation (TRM) or indeed the primary and
secondary components together (NRM) may be of value in discrimirating between

obsidian flows. Measurement of intensty of remanernt magnetism, together with

measurements of susceptibility, seturation magnetisation and backfield co-

ercivity may be expected to vary from one obsidien flow to another with
differences in mode and occurrance of ferrimagnetic oxides.

Early work on the remanent megnetism of Italian volcanic rocks (Meloni,
1853; Folgheraiter, 1899), suggested a connection between this remanence ard
the georagnetic field at the time of vroduction of the rock. Since thut time
studies have graduslly developed, meking use of the remarent magnetism of baked
earths and natural rocis to study the direction and more recently, the intersity
of the geomagnetic field in archaeological =and zeolozical time. By building uo
2 secular variation curve or the ancient intoncity und dirsction of the field,

determinations of the 'sge' of rccus and taxed earths car be made. This is the
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basis of magnetic dating.

The present research is an attempt at magnetic characterisation of
obsidian varticularly by measurement of magnetic intensities. Theory suggests
that magnetic properties of obsidian may be used as discriminating variables,
the examination of which might illustrate homogeneity within geological sources
and heterogeneity between sources. If successful in practice then valid
conclusions could be drawn from the magnetic enalysis of archaeological
obsidian artefacts suggestive of proverance and hence allow inferences to be
made on the nature =nd extent of the prehistoric obsidian trade.

Of prime consideration in the present magnetic work is the speed and
economy with which such anslyses can be corducted, together with the non-

destructive neture of the technique.
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CJAPTER 4.,

PROCEDURE OF MAGNETIC AINALYSIS

4:1 DMeassurement of NEM

The NRM of obsidian is measured by rotating the specimen and noting the
magnitude and phase of the alternating voltage induced in nearby pick-up
coils. The magnitude of the signal is dependent on the intensity of the
component of magnetisation in a plane at right angles to the axis of spin
and parallel to the axes of the coils, while the phase of the direction is
measured relative to a fiducial mark on the rotating platform.

Tre instrument used is a balanced fluxzate rock megnetometer, developed
at the University of Newcastle by Dr. Lindsay !folymeux (Molyneux, 1971) and
now available commercially. The unit compiises megnetometer measuring head

to hold samples, electronics unit, computer and teletype (s 10).

4:1:a. Balanced Muxgate Spinner

The sample is placed in position on the measuring heéd; a special
platform mounted at the top of a metre long shaft and surrounded by the
balanced fluxgate, then lowered below the mu-metal shielding (which effectively
preéludes any ambient magnetic disturbances). The cabinet housing the
rotating mechaniam and the platform itself are manufactured from non-magnetic
materials. The one metre shaft is turred by direct motor drive at approximately
7 revolutions per second. A reference signal is generated by means of light
emitting diodes and photodiodes and the vhase of the alternating voltage is

measured with respect to this sigral by a phase-sensitive detector.

4:1:b. Mazmetometer Slectronics Unit

The urit provides 2 5 KHz. sigral to drive ‘the fluxgate and detects the

nagnetic disturbarnces created bty rotation of the szmple. The amplifier
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BALANCED FLUXGATE SPINNER

Drive Sample ~~mu-metal shields
Sense i Flugate
Platform
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Teletype \\‘ 3 & Disc? =
. 00
ELECTRONICS UNIT L% Emiting l
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FIG.10 Schematic Diagram

BALANCED FLUXGATE SPINNER
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sensitivity can be altered to cover a range of intensities.

4:1:c. Micro 16V + ADC Computer

The magnetometer uses a Digico Micro 16V minicomputer with a 4K. of
store and a 12 bit ADC. for signal analysis. The results are printed out on

the Console Teletype.

4:2 Sample Preparation

All samples to be measured are weighed on an analytical balance.

The Digico balanced fluxgate rock spinner magnetometer is designed to
measure the remanent magnetisation of rock samples which have been machined
to a eylinder of specific dimensions and quotes an intensity in emu/cc X 10"6
(microgauss) assuming a sample of the set dimensioms. A hollow wooden cylinder
was machined to fit within a length of plastic drainpipe (cylindrical), of
dimensions dictated by the geometry of the messuring head and within the whole
is placed a cylindrical plastic container holding the obsidian. The obsidien
is held firmly in position by embedding in volystyrene. Wood, polystyrene and
plastic are megnetically inert and will not contribute to the resultant intensi ty.
Measurements are made relative to an arbitrary fiducial mark drawn on the plastic

contziner (see Fig. 11). The samples were presented for measurement in this fomm

and the intensity values so obtained, corrected to give a result in emu/cc b4 10-6.

4:3 Measurement of a sample

Calibration, usirng a test sample containing a strip of megnetic material of
lmown intensity, is carried out as a preliminary to measurement of obsidian
samples and due to drifting of intensity is repeated approximately every half-
hour:

A procedure involving © spins is used (FMig. 11). With the computer
integrating over 24spins (i.e. 16 spins over 2.3 secs.), it is possible to

measure approximstely 30 sarples ver hour. Tor each of the 6 spins of a
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After measurement on the spinner magnetometer of the initial Jdirection
and intensi ty of remanence, the obsidian samples still oriented in the plastic
containers are placed within a coil and subjected to an alternating current of
peak intensity (HP). This field is then reduced slowly and smoothly to zero
by decreasing the current of the field coil. The magnetisation of the 'larger!
grains (magnetically softer) with coercive force less than the magnitude of the
peak field is randomised and effectively removed. The magnetisation of the
sample is then remeasured and the process repeated at progressively higher
alternating field strength.

For the procedure the full symmetry of the field is necessary. Even
harmonics of the alternating field are precluded by tuning the demagnetising
coil and steady (de) field effects by cancelling the geomagnetic field at the
demagneti sing c0il. Demagnetisation is carried out in field~free space to
prevent acquisition of anhysteretic remenent magnetisation {ARI). Spurious
components comprise less than 1% of the total current. The apperatus used is
of the general type described by Creer (1959).

Within the demagmetising coil the srecimen is 'tumbled' about three
mutually perpendicular axes. The grains within the obsidian are thus presented
to the field in all possible orientations. Imperfect annulment of the earth's
field, assymetry of the alternating field and the polarising effect of the
alternating field are effectively reduced or counteracted by sample rotation.

The alternating current for the solenoid is obtained from the normal mains
supply of frequency 50 cycles ver second (Creer, 1959; Irving et al., 1961) and
controlled by a potential divider to avoid abrupt jumps in the current.

An empirical artproach is emploved since prior to demagnetisation the optimum
a.c. field treatment to effect magnetic 'cleaning' is unknovm. 24 number of pilot
samples are subject te a.c. demacmetisation at pro:ressively increasing field
values. 'Cleaning' intensities used for these smecimens are 25, 50, 75, 100,

150, 200, 250, 300, 400, 500, and 750 oersted with measurement of remanent
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magnetism between each step.

The remaining samples are subject to a.c. demagnetisation at two
successive field values (200 and 500 oe.) as dictated by visual examination
of the demagnetisation curves,reinforced by the less subjective method of
computation of the stability index of remanence (section 4.5) for the pilot
specimen,

As a general guide, optimum field treatment in the range of 150 - 300 oe.
for igneous titanomagnetite beering samples (though higher peak fields for

haematite-bearing samples) has been suggested (Stacey and Banerjee, 1974).

4:5 Computation of the Stability Index of Remanence
Objective choice of the optimum field treatment for magnetic 'cleaning'

is based on computation of a Stability Index (SI) for the pilot specimens
(Tarling and Symons, 1967), a property related to the remanent magnetisation
and changing during altemating field demagnetisation.

The Stability Index is a function of tke direction of remanence (irrespective

of intensity) over two or more successive increases in field expressed in spherical

statistics and the range of field over which the directional change is least
(Tarling and Symons, 1967,443) .

SI = max (Range +/circular standard deviééion) of three or more successive
directions for each progressively demagnetised pilot specimen. The range of
field which yields the stability index is the range of the most suitable
'cleaning' field for isolating the stable component of magnetisation. SI exists
as a dimensionless fizure allowing comparison of stability of reranence within

and between source material,

4:6 Low Field Suscentibilitr of & mnles

Susceptitility measurements were made on 2ll samples after completion of

a.c. field treatment. Apparatus uced to measure initizl suscertibility of
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magnetic technique has much to recommend it as an alternative method

of characterisation. Magnetic analysis is essentially swift and inexpensive
and its' non-destructive nature is a major advantage over OES, which
necessitates destructive sampling.

With very small samples a real difficulty in the present study was
that of integrating a weak signal above the noise level of the magnetom-
eter system in use. On this account a sample mass limit of c. 0.7 - 1 gm
was introduced,( pl46 ) below which results were considered less relisble.
This is an obvious disadvantage of the technique over OES and NAA, both
of whioch are capable of analysing samples less than a milligram in total
mass.

Although further evaluation of the magnetic distinction of obsidian
sourées is yet required, the present study confirms the general validity
of this approach and demonstrates that it mey, on occasion, be used success-
fully as an alternative to trace element ahalysis. The extent of overlap
in magnetic properties of obsidian observed fromvthe Aegean, West
Mediterranean, Near East and Central Europe suggests that the magnetic
approach will never supplant characterisation by qﬁantitative determin-
ation of elemental concentrations, either by OES or NAA. Essentially
its' current importance lies in its potential as a swift and economic
means of prelimimary examination, giving a sound basis for source
discrimination, which may be later confirmed by detailed trace element

analysis.



obsidian samples is of the type described by Collinson ct =21, (1963)'. The
transformer susceptibility bridge consists of a balanced circuit of coils wound
on two ferrite rings, in both of which a gap is cut. Each rins has primary
windings or exciting coils which carry a low freguency alternating field of
approximately 10 oersted. The secondary windings or pick up coils on either
side of the core gaps are comnected in series opposition. Initial balancing

of the circuit is achieved by controlled adjustment of a small ferrite slug
lying close to one of the core zZeps and is calibrated by measuring the
deflection produced by standard discs containing ferrous sulphate and adjusting
the sensitivity accordingly.

The sample is placed between the gap faces of one of the core rings giving
rise to imbalance of the circuit. The amplified out-of-balance signal from the
cores produces a direct current proportional to its magnitude and phase (snown
in the deflection produced on the output microammeter) - i.e. in proportion to
the mass of the material and its susceoptibility. The attenuater setting can be
altered to cover the range of susceptibilities apparent in the obsidians
measured. By this method a hundred or more specimens can be measured in one
hour.

The deflection in microamps produced on the output microammeter is corrected
to.give the total susceptibility of a 1" cylindrical sample. This figure is
then divided by the mass of the obsidian to give the mass susceptibility in

euny@rn X 10—6.

4:7 Measurement of Saturation Maonetisation and Coercivity of Remanence

Zxperimentally 'ferromagnetics' are characterised by hysteresis or
irreversibility of magrnetisation (Stacey and Banerjee, 1974).

Saturation magned@ sation (Nc‘m) and coercivity of remanence (Hcr) are

[P Y

e

mezsured by means of zn iron-cored eilectrcmegnet producing 2 high field in a

Collinson, D.W., Molyneux, L., Stone, D.B., 1963,

A Total and Anisotropic MHa:melic Susceptibility Meter
ThrssmmeTl A QA amd s ™ A Toved mameast~ 20 210072170
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5 cm. gap. The apparatus consists principally of an iron yoke, iron-alloy
pole pieces and two coils carrying electric current to build up and maintain
the flux in the yoke. Only a few kilowatts of electric power are required.
The sample, initially in a demagnetised state is introduced into the
pole gap and the field applied in the direction of the fiducial mark (i.e.
along the direction of the x component) effectively magnetising in this
direction. On applying a field (H) the magnetisation changes slowly at
first and reversibly, with increase in the strength of the field (H) the
magnetisation changes more rapidly and irreversibly and on reducing the field
to zero the magnetisation does not fall to zero but to a remanence value. (MIRM)'
The field values used for the pilot specimens are 200, 500, 1,000, 2,000,

3,500 and 4,500 oersted. Between each step the intensity of magnetisation of

the x component is measured on the spinner magnetometer (spin positions 5 and 6).

The intensity of this component should be approximately equal for both spins
(within : 2%), the best value being obtained by averazing the data from these
spins,

The material is driven into saturation by a field of appropriate strength
in one direction, then the field direction is reversed by tﬁrning the sample
through 180o and placing in the pole gap. Fields of increasingAstrength are
applied in this direction until the magnetisation falls belowvzéro (indicated
by a negative x component on the magnetometer printout). A reverse field of
100 oe. is produced, increasing in 100 oe., sters as necessary.

Magnetic hysteresis curves of igneous rocks generally show saturation of
magnetisation to be attained at magnetic fields of c. 3,000 - 4,000 oe., and
coercive force of only a few nundred Oersted (though 1,000 oe. and over if
haematite present). (Yagata and Uyeda, 1961,135). Data frem the obsidian

pilots specimens generally conform to these maxdms and the remsining samples
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are only treated in saturating fields of 1,000, 2,000 and 3,500 oersted.
Graphical presentation of saturation magnetisation curves shows the

saturation magnetisation (MSAT)fthe field required to saturate (HSAT)'

4:8 Precision, Accuracy and Estimation of Errors

Precision

Precision of remanent magnetisation measurement using the 6 spin
procedure is dependent on the noise level of the instrument together with any
operational errors. Instrument noise of a mechanical type produced by the
rotating mechanism is kept to a minimum by the use of carefully made synthetic
materials in manufacture. A greater source of error is that due to electronic
noise. In principle, since the magnetometer employs linear integration to
calculate a result, all information is weighted equally and reduction in noise
level is inversely proportional to the square-root of the observational time
(Molyneux, 1971). With the computer integrating over 27 spins (ie. 18 seconds
per spin), giving a total measurement time of under 4 minutes, the noise level

of the machine has been quoted as 25 x 10_9 emu/cc. In theory a spin-time of

10 9

2"~ should reduce the noise level to 9 x 10 emu/cc.

Checks on the noise level of the instrument using a time-constant of 24
(the spin time gererally used throughout the present work) were made by taking
a set of measurements with no obsidian sample present. The noise level indicated
by the printout of the three orthogonal directions and defined as the largest of
the x,:y or z components, was fqund from a series of runs. The 'worst' component
or eifective noisé level was determined as 28 x 10-8 emu/cc.

The magnetometer is capable of measuring rocks with an intensity of
magnetisation as low as .5 x 10—’7 gauss, provided the samples are rotated for

lornz enough stin times, 2llowing integration of the signal atove the noise
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level, Obsidian samples yielding low uncorrected intensities (either due to
intrinsically low intensity or to very small saple mess) were measured first
using 24 as the spin constant, then repeat measuremerts were made at a spin
time of 26, the respective time for 6 spins being aporoximately 1 minute and
15 seconds. Results obtained using a time constant of 26 were not considered
sufficiently more accurate than those obtained over 24 spins to warrant the
extra time spent. Intensity measurements proved comparable to within 2.5%
and declination and inclination resgectively to within .30 and .350. A much
longer spin~time would be necessary for integration of the signral atove the
noise-level, however, due to the restricted period of study this was not
feasible.

Estimates of reproducibility of intensity =2nd direction of reranen
magnetisation have been quoted resvectively as : ¥ and : 1%. To ensure
precision of the present experimental measurements, 10 successive 6-spin
measuremrents were made on a selected sample. The results obtained are in
accordance with those quoted (see Table 1). Repeat measurements on selected
samples were conducted after a time lzpse of up to = month,'the results are, in
general, less precise though still reproducible within 5% for intensity
determinations and within 4° for direction determinations.

.Components of magnetism of the rock platform and the standard deviation
for each orthogonal vector of the result were computed for chosen specimemns.
The maximum noise level of the platform over 89 full measurements is
631 emu/cc x 10-6, though the value is more usuzlly of one or of two orders
of magnitude lower. The fiducial mark drawn on the cylindrical container is
invariably c.i - 2o in width and can result in some loss of precision in re-
vositioning of tha sazple on *he roclk holder after eéch srin. The stardard

deviation on the X, y and z -omporents oI 3 measurement shows the operator
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error in positioning the samvles and on average the error observed over the
89 measurements was .094 emu/cc X 10-6. Occasionally very small specimens
appeared to be adversely affected by exposure to a.c. field, exhibiting
large and erratic directional changes and acquiring a spurious magnetisation.
Such results are naturally viewed with extreme caution and where possible
duplicate or similar specimens of larger mass were oObtained for measurement.

Error due to intensity drift was avoided by regular calibration.
Precision of susceptibility measurements is dependent on the ability of the
operator to determine correctly the deflection produced on the microammeter.
The a.c. susceptibility bridge microammeter used in the present research can
be read to 1 micro amp with some degree of certainty, further interpolation of
the microammeter scale is impossible. Revneat susceptibility measurements were
conducted on selected samples about 1 month after the initial measurements, the
results so obtained showed reproducibility within 1 micro amp.

Accuracy

The accuracy of both spinner magnetometer anrd a.c. susceptibility bridge
measurement are assured by regular calibration. Specimen share and magnetic
inhomogeneity have little effect on spinner magnetometer accuracy, being largely
counteracted by specimen rotation in the 6 spin positions, For accurate deter-
minations of susceptibility with the rock in bulk form, the magnetic material
must be uniformly distributed through the predominantly non-magnetic matrix of
the sample and errors may occur, #ith increasing anisotropy. Samples in
powdered form snould be efifectively isotrovic and as such are sugcsested as
giving more reliable susceptibility 4.terzinziions as measured by the transformer
susceptibility bridge. Time shortaze precluded the nowdering of selected semplss,
in ordér to deduce tne statistical significa:rce of the error introduced by sample

inhomogenei ty.
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In several instances, with samples of very small mass, no deflection
was observed on the microammeter. This did not necessarily reflect the
intrinsic 'zero' susceptibility of the material, but gave an indication of
the practicable sensitivity limits of the apparatus in use. An empirical
check was made on this by observing the deflection produced by comparable
or dupiicate specimens of larger mass. The practicable mass limit, below
which accurate determinations cannot be made on the apparatus in use, depends
on the intrinsic susceptibility of the material, the present analyses, however,
suggest that erroneous results may derive from low susceptibility obsidian

where less than a gram of material is present.
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TABLE A TEST ON PRECISION OF {BASUREMENT

Results of 10 successive 6-spin measurements on a selected sample (it 185)

i ' Deciination Inclination Intensity of NRM (emu/ccx10—6)
- 47.9 -56.9 253.0
47.2 ~55.8 254.1
LI : 4406 -5502 251 .9
46,7 -55.5 256.1
Tr‘ 4810 -56n7 24’6'7
w 47.3 . -56.9 249.3
i
45.8 -56.0 248.6
[ |
| 45.0 -56.6 251.3
I
; 50.5 _57.8 249.9
45.9 -55.3 248,7

T
i
i
l,

[




CHAPTER 5,

MATERTAL ANALYSED 49D RISULTS OF AGALYSIS

5:1:a., Material Analysed
li A total of 216 samples of obsidian were analysed. Table 5 documents
the provenarce of the materizl and Table 6, the results of the presen
analysis together with details of arrearance for each piece.
Geological samples comprised msterial from iegezn, Yest Mediterrarean,
Cen:ral Buropean and Near Zastern sources. (Figs. 1 - 8), in all 105 samples
were analvsed and included:-

22 fragments from lelos

22 " " Giali
: 1 n " Wisyros
%a
i ! " " EKarpathos
P 17 " " Lipari
L 2 " " Vulcano
m 1 " " Italy
i
B 1 " " South Frarce
4 " " Sardinia
1 " " 3, Antioco
2 " " Pantelleria
4 " " Pontine Islundz
7 n n "u_yw_ ;{-ary
1 " " Slovaxia

19 " " ieirol-Topnla
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108 archaeological obtsidian samples included:-

'};%%

9 fragments from 3Jreece

-

7 " " Gialil
. 3 " "  Karpathos
L 2 n " Lipari
Fﬁ 1 " " North Africa
4 n " South France
rﬂ 27 " " Sardinia.
12 " " Corsica
=
[ﬂ 5 n " Pantelleria
= 10 " " Pontire Islands
r 4 1" n Itals .
1" " Hungary

[T
n

3 " " Slovzkia

12 n " Syria

1

3 n " Cy—pms

The chcice of samples was influenced to a larze extent Yy the otjectives

of the anslysis, i.e. to estatlisn the validity and usefulnzss of the tech-

rigue. ieny of the samplss chosen had been previously anslysed at the

Bradford laboratories by the successful discriminatory technioue of Heutron

1

Activation Analysis. The data from NAA provided an independent reference for

comparison with results of magnetic enalysis.
A distinction iz effectad in the tatlss v2tweer zralyses of irradiated

and unirradiated obsidiarn pieces. “ren 2 sacple formerly irrsdiated and

L
i 4
©
1=
3
e
—
5
1,
1]
fu B
T
ot
]
.)
3
3
i3
[
;‘:_','
<
D
3
o
«
[
L]
D
_b
Pl
-
{
au
&

analvsed (at Zradford by 4

, Craver, & . 2 , then
Fﬁ
&Ym= VA A . - -’ S - - - e Fad
The il run numbar for fh: nurent irredisted samplzs is giver for reference.
hl

]
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Choice of material was influenced to some exte % by availability of
sacples and in several instances where few or 20 -eological hand spacimens
were accessible, archaeological material, previously analysed and attributed
to source by NAA has been taken as representative of that particular source
(i.e. Tell Abu Hureyra and Cyprus archaeological obsidian vieces, attributed
a Ciftlik origin by NAA are taxen as characterising the Central Anatolian
Ciftlik source),

For the purpose of the vresent analysis samples have been allocated
magnetic analysis reference numbers which will be used throughout discussion
and interpretation of results (i.e. M.i. Nos. 1 - 210).

Drawings of selected artefactusl material are presented in Figure 12,

At e late stage in the present research, after completion of analysis of
212 samples and compilation of Tables 5 and 6, several Pontine Island samples
were ‘received from A, Ammerman of Parma University. It was considered of
value to include some in the analysis and for this reason the four samples
chosen appear at the end of Tatles 5 and 6 rather than with the other Pontire

Island material aralysed.

5:1:b. Tests of Homogeneitv

Five large geologicsl hand samples from five geological source localities
on Lipari were each broken into 2 or 3 pieces and analysed separztely. Samples
initielly from one geological hand sample are given a single msgnetic aralysis
nurber but identified by a suffix (a, b or ¢) and shown bracketed together in
Tables 5 and 6. Theoretically, sample homovereity should ensure identical

results from the mssnetic an2lysis. The error otserved, due mainiy to magmetic

2nisotrony effects, suggests limi+s within which Aiscrerznciss mzy ve considered

b

55 statisiically inzsisnificens, [ Ponle 2),



%. B
FIG.12. TYPICAL ARTEFACTUAL MATERIAL ANALYSED
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Tl 2 PERCENTAGE DITFEXENCE BETWEEH INTENSITY VALUES FUR SUBI}SAMPLES FROM LIPARI PARENT SAMPLES.
District Sample No. Minit M2000e MSOOoe Msat350009 Susc,
Rocelwr Rosse MA T6a 100 160 100 100 100
b T2.1 62.2 58.3 14.5 102.4
c 62.8 62.8 53.9 64.9 98.5

for.ia Yecchia MA T7a 100 100 1CO 100 100
b B4.4 86,3 87.1 127.5 149.3

Woreis Yecchia i 18n 100 100 100 100 100
b 130.6 134.3 148.8 83.7 78.3

Eeqane=1adn ML 91a 1C0 100 100 100 100
b 94.0 91.8 97.0 115.0 108.0

“abkellollo 4 O03a 100 1C0 100 100 100
b 62.7 62.0 60.3% 94.5 79.4

fole ¢ To effect a compsrison in each case values for sub-sample - a — are corrected to 1OQ%.
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5:1:c. Tests of Internal Consistency

As an essential preliminsry, representative sample batches {of ¢. 20
pieces) from the Adhamas flow on Melos and(of c. 20 pieces) from Giali
were analysed to demonstrate the degree of internal consistency within a

single flow. (MA 1 - 29 ard 42 - 63 in table 6)

5:2 Abbreviations used in Tables 5 and 6

Sourcg attritution by both NAA and Magnetic 2nalysis is included in
the tables under the heading ‘group'; Melos 'A' indicates Melos Adharas;
Melos 'D', Melos Dhemenegaki; Gi, Giali: Li &, Li 2, Li €, Lipari A,B and C,
three magne*ticslly distinct groups on Livnari; SA,S3,3C,SD, Sardinia A,B,C,
ard D, four magnetically distinct zroups on Sardinia; Pa, Pantelleria;
PI, Pontine Islands; Ac A (Wright's localities 2 and 6), Ac B (¥Wrisht's
locality 3) and Ac C (Wrizht's locality 5),icig8l 4,B and C, three magneticelly
distinct grcups in the AcigBl-Topada resion; Ci, Ciftlik; and Carp 4,B,C,D,
four maznetically distinct zroups witﬁin Slovakian and Hunearian obsidian.
Several entirely new groupings are reoresented. ‘here sroun membership remains
unaltered but where the revised literal terminoclogy is used, these individual
groupings are equated with the former numerical groupings of Renfrew et él
(1964, 1965, 1966, 1968.) in table 3 and the terminology here employed will
be further explained in sectim 6:1.

Wnere attribution is based exclusively on the results of magnetic
analyéis the tentative source srouping is preceded bv an asterisx in the
grour coluzn., “here attributions dy the techriaues 40 not seem to be in
axreement. tfhe sourcs srouring i3 vpreceded by AA (suzzesting that the

3

group is bassi on L.4 results) ard the imolica“ions are discussad in the

\

te:t.(CLﬁpter ' I% can otherwise te assuzed that the t0 technioues

In tavle 6 -h2 vrefix 2L tefore the arolyaiz nunter indicates a pilet

amarimen. The abhreviations used Ty Tonn ari 2onfroy (1024 ) anA Hallam
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et al (1976) are retained. Colour of specimens in iransmitted lizht are;
R red; G: srey or smoky; 3: black; Y: clear (white); E: green; Br: brown.
A cross in the column headed Suitability (Suit) indicates irregular or
vitchy fracture, otherwise conchoidal fracture can be assumed.
The transparency/translucency scale (T/T) is after Cann and Renfrew
(1964) :-

O : not transparent/opaque

1 " " /almost opaoue

2: " " /fairly translucent
3 3 fairly " /almost opaque

43 " " /fairly translucent
5: " " /translucent

6 transparent/ "

In the 'Remarks column , P indicates vearly lustre; S: striations
in transmitted licht; V: white spots (vesicles); M: mottled in dirzct light;
C: opaque clouds; G: gritty and Pt: pitchstore.

In table 5 G.H.S. indicates geological hand specimen. This term includes
both primary source materizl and secondary source material, the latter
occurring as scatters of obsidian lumps which asre either volcasniic ejecta

or the products of weathering and fragmentation of flows.

5:3 Results of Analyses

5:3:a Bstimation of Reliability

A problem raised in the context of the present study is to decide om
21 index of reliagbility for samnle results. The Stability Index(SI) exists

2s

)

n abstract numrer comnuted ty ohservation of cnan.ses in remanence

direction Fro- stap t¢ ston with a.a. demarmeisiree o, (sme d:3). Chenzes
in reransnce diprection oen =3 ler.oe and errsiic wear very small samplac

or camnles of intrinc~iecallr jow siadilit
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SI thus incorgorates both variatles and =s éuch should give a true
indication of reliability of results. In the first instance computation

of the stability index for pilot specimens was used to suggest the optimum
field treatment for 'magnetic clearing' and it seemed that this dirensionless
figure could be used as the fourdation on which to zauge reliability of res-
ultant discriminations. (table 4). It was therefore decid=d to compute SI

for all remaining samples, but based only on the change in direction of

remarence over two increases in alterrating field (a2t 200oce. ard 5000e.). The
,,,,, stability index for these samples, however, proved incorparavle with that

rm computed for nilot specimens over eleven directionel changes 2nd fizures are
not included in the SI column of tstle b. *hare an indicaticn of somple
stability is ucefl therefore, pilot especimens from 2 particular source are

often assumed to e typical of sazmples of similar mass from the like source.

5:3:b Homogereity of Sacples

As can be sesn in table 2, tesis on frugment samples from Liveri (3:1:b)
show large varis—ions in irnfensity values within the whole. The vercentage

e
01

difference in initizl intencsities (¥
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Considered in isolation the apparent magnetic inhomogeneity exhibited

by certain sub-samples from Lipari parent samples assumes some importance.
Two explanations are postulated to account for the non-equivalence of
magnetic values from Lipari sub-samples. Firstly, close examination of . .
appearance characteristics reveal the presence of spherulitic inclusions
and yesicles within certain of the pieces. Prehistoric man would
natuially have a preference for good quality obsidian, fracturing conc-
hoidally and wherever possible this would preclude the use of material

of a spherulitic variety. The non-ecuivalence of geological Lipari
material analysed in the present study with archaeological pieces |
analysed (having been previously activated and assigned a Lipari origin
by NAA ) has been suggested in the text.(vl58) Therefore the sample
inhomogeneity may reflect the unsuitable spherulitic nature of the
obsidian and if such be the case then close agreement of magnetic intensit-
ies and susceptibilities from these pieces might not be expected.Indeed
the avparent magnetic inhomogeneity might be an indication that the

very nature of these pieces precluded their use in prehistory.

A second suggestion to acdount for the diversity in magnetic values
is the use of sub-samples whose total mass falls below the limit
suggested on page 146.

It should be strongly emphasised, however, that representative
sample batches from the Adhamns flow on Melos and from Giali (totalling
some 50 pieces) were analysed as a preliminary test on internal consistency
of magnetic properties within a single flow and results showed a
relatively good degree of within-source consistency.

It is suggested therefore that the discrepancies observed between
certain duplicate pieces of Lipari geological obsidian are atypical

and should not invalidate the magneticapproach to obsidian characterisation.
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Present Terminology

Melos 'A!
Melos 'D'
Gi

LIi A

1Ii B

Li C

SA

SC
Sh

PI

Ac.A
Ac.B
Ac.C
v

Ci
Carp 1
Carp 2
Carp 3

Carp 4

iMelos Adhamas

Melos Dhemenegaki

Giali

Lipari A

Lipari B

Lipari €

Sardinia A (Conca Cannas)
Sardinia B

Sardinia C

Sardinia D

Pontine Islands (Palmarola)
Pantelleria

AcigOl - Tovada A

Acig0l - Topadzs B

Acig0l ~ Topada C

Lake Van area

Ciftlik

Srdobenye

Tolcsva

Rerfrew's Grouping

1c

1c

1d

2a
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TABLE 4 STABTLITY INDEX FOR PILCT SPECIMENS
instable Metastable Poorly Stable Stable Very Stable Very Stable (cont) Extremely Stable
= 0-0.5 0.5-1-5 1.5-2.5 2.5-5 5-10 Over 10
NA 03 MA 1€0 MA 14- MA 16* MA 1*Melos 'A' MA 99 Tour Tour Mh 2*Melos ‘A
Alu Hureyra Pantelleria Meloo 'A! Melos ‘A
My GO* Ma 3 m MA 104 Tanca Tamis Mz 7= "
Giali .
MA 64 ML 4% v MA 109 Monte Arei i 8% ® B
iiali @)
Y]
HA 72% Ma % v MA 131%S.M.Zuarbara M3 15%
K:rpathos
MA 6% " MA 145*Pontine Is. MA 20% v
14 O " MA 153 Molise MA 234 0
MA 1O+ M ML 164*RrdBbénye Mk 91b* Acquacalds
A 14% M MA 168%Tolcsva MA 93b* Gabellotto
WA qoR M MA 173“Csepegd F. MA 76b* Rocche Rosse
My 13* " MA 181*Acighl 4 95* Conca Cannas
MA 36%*Melos 'D' MA 189% M MA 112¢ Sonnixeddu
MA 424Ciali MA 20% Dhali Agridhi MA 117 RBasi
MA 55+40iali MA 123 Grotta Tn Ucce

133 Monte Grosso
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5:3:c. Choice of Discriminating variables.

The data was scarned to determine which of the mngnetic varizbles
were likely tc prove the betters discrimina“ors. Of the range of magnetic
variables considered in the current research some prove better discrimin-
ators than others. EZxamination of resultc susgested that sources could be
best distinguished on the tasis of two variables; intensity of effective
saturation magnetisation and intensity of ratural remarent magnetisation.
A third variable, low-field mass susceptibility, 21so oroved on occasion a2
usefl discriminator.

Saturation magnetisation (Msat) is assumed =2s having been a‘ttaired on
application of a magnetic field of 350Coe. this figure (MsatZSOOOe.) is
quoted as the effective intensity of saturation, thus avoiding subjective
estimation of the intensity value by visual examination of the magnetisation
curves. In this choice the assumption is izplicit that saturating field

(# ) is not diagnostic, an assimption su.cested by literature references

sat
(vage 87) and suvported by the present ar=lyses.

Backfield coercivity (Her) for tre bulk of pilot specimens from all
individual areas fell in the range of 150-25Coe, a very few showed higher
coercive force in the resion of 4C0oe and only one gave a v~alue in excess

o

of 9COoe (ii4 173) suzgestive of the presence oF hmematite zrairs witﬁin
the material. Coercive force ;s reliant on variszbility in the structure
and grain size of tne obsidian snd althouzh source-dependent are not
sufficiently marked to be source-discriminant.

The strensth of remarence in 2 sveciren rzlative tc the quantiiy

of mamnetic .ineral is sxrressed in er 2.(the Koenigs-

ct
®
[&]
3
[
3
§3
ts
vl
@®©

o

berzer ratio, ~f<zr .oarirs-arver 1?38) “he retio 0F remarent mormetic-

ation t2 induced mo netiant
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where MIM is the remarence of a specimen in the earth's field (either
the initial intensity or that after sten demegnetisation at 200 or 5COoe.)
and X ¥ is the magnetisation induced by a low field in the lavoratory (10oce.)
9 values, likz coercive force arz dependert on grain size of the sample,
spinel minerzls (i.e. magnetite) giving v=lues of one order of magnitude
lower than those for hexagonal minerals (i.e. haematite). The ratio can
thus give information siding identification of magnetic minerals witkin the
naterial. Cobparison of G valuss for the three intensity values (Minit
’

M2000e. HSOCoe.) with resrect to suscertibvility of individual semplas can
be a valuable indication of whether or not the natural remanence is thermo-
remanent in origin.

Percertage change from one irtensity value to the next with a.c. demag-
netisation can also zive a2n indication of magnetic mirerslogy. ifinerals of
svinel form will generzlly be demagnetised to less than one half of their

initizl value by 'magnetic cleaning' in fields of uv to several hundred oersteds

nly a2 little even on exposure to

Q

whereas ilmeno-haeratite is demagnetised
fields in excess of 1000oe. The ahove can only ~ive gualitative information
on megnetic minernlory, in ifself this is not sufficiernt to effect source
discrimination,

Indeperdent consideration of each of the major variables permits certain
divisions between source materials and demagnetisation and magnetisation
curves of selected samples (Fizs. 13, 14, 16 and 18) and histcgrems of
suscertibility values (7iz. 20} =2re included for comrerison within arnd
between eources. Jiscussion of the maanetic data is based on considerstion

natural reranence, intensity

camaa 2l h

o¥ these thres main variaties (viz. intensity of

3 4he saturatior moment ord low “ield mace svsceptibiliter)

gemarate w2z to 1wk at the dafa in 2o atterrt .t characte~ization: firstly

IS

two varizhlas any ve selected ~f one time Tor dizmplerr on 2 two dimencional
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plot (simultarecus consideration of the two varaneters of intensity of
natural remnanence and saturation magrnetigation ajrears to provide the best
discrimination). Secondly, mean and stardard deviation on individual
measurements of the 5 variatles (Ninit, 00, 500, Susc. and Msat) may be
calculated and plotted graphically. Thirdly  a non-statistical approach
(i.e. cluster analysis) and fourthly a discriminant function analysis mey

ve atterpted. A discriminant function =2ralysis programme vwas nedlv available

at Bresdford but was still bheing tested on alterrative 3ata.

5:%:d. Treatment of Results

It is proposed therefore to disnlzay the data in three differernt weyrs.
In the first instance, where a statistically significart number of genlogical
samples (5 or over) or archaeolosical NAA source-zttributed nieces (weighing
over 0,7 gram) from a sincle source were available the mean znd standard
deviation on individuel measurements of tne five variables (M, M

init; 2COoe.;

Susc.) were calculated. The mean valuss of intensity

[
‘sat35000e.;

together witn approprinte standard deviation values are given in tatle 7.

a
i
5C00e.;

As mentioned, the coercivity and saturation field values 40 not vary signif-
icantly from source to source and therefore these results are not included here,
Tris treatment suggested the extent of within cource variation to be exrected
and also showed certain patterns smerging within the data.

In an sttempt to emphasise differences azong sources all other groups of
data were compared with thet from ¥elos Adhsmas (i.4. 1-29) which was selected
as a 'standard' scurce. The choice of :elos 'A' was not purely erbitrary but
rested upon the wenlth o0f dat: av-ilakls vor that source. Intersity values are
shown in grachice) form vela*ise o Y 07e of oYus 'A' (Fi~. 24) and as an aid
in source 2ttrinhuticon ¢ -recihwmeoloicel samnles 0F nkmown rtroverarnce, the

o

snread frem unitv o intoensity veluae from o 2lo: 'A' are also shown., Standard
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deviations for other source material are plotted, assuming Melos 'aA' to
be standard.
Intersity of remanent magnetisation for all samples waa measured prior

to any treatment (Mi ) then after exposure to a.c. pe=k fields of 200 and

nit
500 oe. (M200 and MSOO)‘ Calculation of the standard deviation on a measure-
ment for each of the three treatments indicates the group of measurements
giving the closest statistical spread. In the alternative data disvlay
method, on the basis of this information it was decided ‘o use the values of

initial magnetisation (M. ) as one of the discriminating variables, The initial
x) i s

nit
intensity (VRM) is composed of primary” and secondary components, the presence of
an unstable secondary component need not preclude use of the initial magnet-
isation as a discriminator since the masmitude of TRM and VEM tceether will
reflect the material composition, grair size and the like. Secondary magnet-
isation acquired by archaeological materials after removel from the flow will

be negligitle compared to that accumulated over the irterval from the time of
formation of the flow to the time of deliterate removal of obsidian by man.

Thus the secondary components of artefactusl material taken from any particdar
flow should not be very different from secondary componerts of the source mat-
erial itself.

In this second form, the results are displayed on a two-dimensional plot
with saturaticon magnetisation (:»1350006.) as the ordinzte and intensity of
remanent magnetisation as the abscisse : for convenience a log-log scale is
adooted (Pigs. 15, 17,19, 21 2nd 22). Trom thic freatment certain cisar
dircriminations and grcupings withir the Aata are sprerent. The seconé ore-
sentation erables inccrvoration of zrcineolosical material 2s well os gzeclogicel

data treviously axciuded (on srsuris of insufficient sangle mwmbers), Jence

211 ayailasnla dntn 1z dievlayed, if in « ccumuviat sublizctive manner.
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Cluster Analysis of selected Aegean and est Mediterranean szmvles
is attempted in an effort to verify or clerify the discriminztions effected
by subjective visual exarination of the magnetic data presented in table 6,
and moreover provides a means of displaying, in derndogram form, the data
for more than two variables. Clustering procedure and results of Cluster

Analysis are discussed in Chapter 7.
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Group

inclos A

M.A. Mo.

1

o

6

O

District

Melos

Site

Sta Nychia
Nr. Adhamas

TABLE 5.

Cultural Context

(Source)Loc.No,1
Horizon HNo.1.

(Source)Loc.NQ1
Horison No.IV

(Source)Loc.No.2
Horizon No.I

(Source)Loc.No.2
Horizon NO.III

(Source)Loc.No.2
Horizon No,VI

(Source)Loc.No.3
Horizon No.II

(Source)Loc.No.3
Horizon No.II

(Source)Loc.No.3
Horizon No,VIII

(Source)Loc.No.4
Horizon No.I

(Source)Loc.Mo. 4
Horizon No.II

(Source)Loc.No. 4
Horizon Ho.Vi

(Source)Loc.No. 4
Horizon No.X

Object

G.H.S.

"

Collected by

P.H, Shelford

From

Prof.C.A. Renfrew

n

THE PROVHNANCE OF MATKRIAL ANALYSED

NAA Run
No.

584/11
584/5
584/10
584/3
584/16
584/24
584/25
584/26
584/9
584,/90
584/2

584/6

Reference

11

1V

2IA

2IT1IB

2VIB

601

3IIA

3I11C

SVIIIA

414

4118

4VID

4XA
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Group l.A.NO, District Site Cultural Context Object Collected by From NAA Run Reference
No,
Melos 'A' 13 Melos Sta Nychia (Source)Loc.No.4  G.H.S. P.H. Shelford ~Prof.C.A. Renfrew 584/4 4XIIA

Nr. Adhamas Horizon No.XII

" 14 " " (Source)Loc.No. 4 " " " 584/14 4XVA
Horizon Ho XV

" 15 " " (Source)Loglo. 4 " " " 584/15 4XVe
Horizon Ho.ZAV

" 16 " " (Source)Loc.No. 4 " " " 584/13 4XVIIB
Horizon Lo XVII

" 17 " " (Source)Loc.No.5 " " " 5IIA
Horizon No,Il

ULy

" 18 " " (source)Loc.No.5 n " " 584/2% SITIA
Horizon No,III

" 19 " " (source)Loc.l0.5 " " " 584/8 SVA
Horizon No.V

N 20 " " (Source)Loc.No.5 " " " 584/19 SYIA
Horizon No,VI

" 21 " n Source)Loc. 0.5 " " " 584/21 5VIIB
Horizon No,VII

" 22 " " (Source)Loc.No,5 " " " 584 /28 SVIIIC
Horizon No,VIII

" 23 " " (Source)Loc.No.5 " " " 584/29 5XA
’ Horizon No.X

" 24 " " (Source)Loc.No.5 " " " 584 /22 5XD
Horison No. X



Group M.A. No, District
Melos 'AY 25 Melos
" 2() 1]
" .7 "
n 2(’ "
n I')() n
! ) i‘ncedomnia,
‘ireece.
" '51 [1]
" ‘I)) n
~on %3 Thessaly,
Greece
lelos I 34 Melos
tr 35 [{]

Site

Sta Nychia
Nr. Adhamas

Servia

Lagonissi

Dhemengaki

Cultural Context

(Source)Loc.Nab
Horizon No,I

(Source)Loc.¥No.6
Horizon No,III

(Source)Loc. 0.6
Horizon No,IV

(Source)Loc.lNo.6
Horizon No,V

(cource)loc.Ho.6
Horizon No,VI

Late leolithic

Barly Neolithic
Varytimidnes V

Unstratified
Source)Loc.Ho.T
Horizon No,I

(Source)Loc.No,7
Horizon Mo.Il

Object

G.H.S,

"

Flake

Blade

Flake

NAA Run
No.

From

Cdllected by

P.H. Shelford Prof.C.A.Renfrew 584/17
584/1
584/12
5924/27
Cressida Ridley Cressida Ridley *583/1
*583/3
*583/5
Dr, J. Nandris
P.H. Shelford

Prof.C.A.Renfrew 584/7

584/20

Reference

6
6111
61IVD
&v

Y1

!

E10/n-F

10/D Baulk

q 3732
EQ/C

2601 (SF 952)

1

711
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Group M.A. No. District
Melos 'i! %6 Melos
HEA 37 Macedonia,
lelog 'i!! Greece.

" 3}3 "

n EC) "
son 40 Thessaly,

Greece.

" 41 "
ai 47 Giali

1 4'5 1"

1 44 1]

" 46 ”

Site
Dhemenegaki

Servia

Lagonissi

Area A
(see-map)

Cultural Context

(Source)Loc.No,7
Horizon No, III

Late Neolithic

Middle Neolithic/
Late Neolithic

Early Bronze Age
or Late Neolithic

Unstratified
1]

(Source)ist
‘Pransect O.m.
Bottom

(Source) 1st
Transect 12.m.
Bottomn.

(Source) 1st
Pransect 24.m.
from Bottom.

(Source) 2nd
Transect %4.m.
a.sS.1.

Object

G.H.S,

Flake

Blade

Flake

Blade

Collected by

P.H. Shelford

Cres:ida Ridley

R. Torrence &
J. Cherry

From N£A Run
No.
Prof.C.A. Renfrew 584/18
Cressida Ridley %5073 /2
" *583/4
" *583/6
Dr. J. Nandris
n
R. Torrence & 623/16
J. Cherry
" 623/20
" 623/24
n 623/27

Reference
TI1I
E10/A

3737

F10/8
3014

F20/4

" 7 H20

gl

A1 1

AS 5

A9 9

A10 10




Group F.A. Moo District Site Cul tural Contexmt Object Collected by From NAA RUn Reference
No.
Gi 46 Giali Area A (Source) 2nd G.H.S. R. Torrence & R. Torrence & 623/27 A12 12
(see map) Transect 54.m.a.s.l, J. Cherry J. Cherry
" 47 " " (Source) 3rd " " " A13 15
Transect Bottom,
Sea Level
n 48 n n (Source) 3rd " n " A15 17
Transect Top of
Cliff
" 19 " Area B (Source) 1st " " " 623/31 B16 1
Transect 20,m.
a.s.l.
" 50 n " (Source) 1st " " " 623/33 Big8 3 g:
Transect
" 51 " " (Source) 1st n " " 623/35 B20 5
Transect
" 52 " " (Source) 8. end of " " " 623/36 B21

B, Sea Level

" 5% " " (Source) N. end of " " " 624/1 B22
B, Cliff Top

" 54 " " (Source) N. end of " " " 624/2 B23
area B. from outcrop
N, of



Group

Gi

M.A. llO,

55

Hrs

00

o1

62

63

District

Giali

Site

Area C

Area

Area

Area

Area

Cultural Context

(Source) 1st
Transect at S. end
samples taken
Horizontally from
S. to N.

(Source) 1st
Transect 12.m.
along.

(Source) 1st
Transect 24.m.,
along

(Source) 2nd
Transect at H.
end from N. to S.

(Source) 1st
Transect. Middle.

(Source) 8. Wall
of Valley

(Source) N. Cliff
of Valley at Head

(Source) Top of
Tallest Hill.
Eastern Side.

(Source) 2nd
Transect at N.

End from N.to 8.

Object

G.H.S.

Collected by

R. Torrence &
J. Cherry

From

R. Torrence &
J. Cherry

NAA Run

No.

624/4

624/8

624/12

624/14

624/20

624/22

624/23

624/24

624/17

3 3 —3 —3 —3 ~3 —3 —3 —3 —3 ~—3 —3 —3 —3 ~——3 —3

Reference

€25 1

€29 5

€33 9

€35 1

D41

E43

E44

G45

C38 4

3

‘il



GGroup M.4. No, District Site Cultural Context Object Collected by From NAA Run No, Reference
LIRSS 64 Giali Beach at N.E. Unstratified Rolled R. Torrence & R. Torrence & 626/2 46/2
end of Giali Pebble J. Cherry J. Cherry
Bay

* oy 65 " " " 1" " n 626/9 46/1 0
* om0 e " " n " " " 626/1 5 46/17
# N 9 67 " n n n " n 46/26
xn 9 683 n " n " " n 46/61
£ n 9 64 " " n " " w o 46/68
PRI 70 n noo, " n " " 46/76 .J;

- vs Nisyros " G.H.S. " G.H.S. " " 624/25

(Greece)
- T2 Rarpathos Vrontounta G.H.S. FMlint " Christos Dounes  Prof.C. A. Rerfrew *460/4 L 226
(Greece)
- 73 "o " Unstratified Flake " " *460/3 A 225
Flint.

_ 74 " n "o Lump " " *461 /1 A 220

_ G 1" " " ] " " %461 /3 A 222
*1i A T6 a Lipari Rocche Rosse G.H.S. (see map) G.H.S. 0. villiams 0. Williams 467/1
® g 76 b n L1} " " 1" " "

*® " 76 c " ] :r ] n UJ n "
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Group M.A. No. District Site Cultural Context Object Collected by From NAA Run Reference
No.
* 0 TTa Lipari Forgia Vecchia (Source) Loc. h. G.H.S. O, Williams 0. Williams 461/9
Top of Porgia
Vecchia
% u 7']1) " " " 1] n n n
* n T8a " " (Source) Loc. i. " " ' " 467/8
Bottom of Forgia
Vecchia
% N 7bb n . n L n (1] . " "
L 79 " Acquacalda (source) Loc. j. " " "
in situ. but N
redeposited bed >
W. end of .
Acquacalda
x n £0 " " (Source) Loc. 1. " " " 467/4
Boulder on
Acquacalda beach
E. end.
* 0 31 n " G.H.S. " BM93466
L 82 " Rocche " " B.M. Nat.Hist. B.M. Nat.Hist. 236/2 BMS0540
Rosse
* n 8% n Campi " " " " 236/3 BNM50482
Bianco

L 84 " Vulcano " " O, Williams 0, Williams 461/6 Vii



3 T3 T3

Group

* Gi

#+ N ‘?

RET- N 51

HAA Li

*LiB

M.A. No.

91a

91b

93a

93b
94

v g f g f “g
District Site
South Font-Marthe
France
Lipari
Italy Biferno Valley
Molise
Italy Biferno Valley
Molise
Lipari "
North Bechater
Africa
Lipari Acquacalda
" 11}
u n
" Gabellotto
” n
" Volcano,

Della Possa

Cultural Context

Neolithic
(Chasseen)

Capri (Neolithic)

Appenine Bronze
Age

Capri (Neolithic)

(source) Loc. k.
Acquacalda Beach
E. end.

(Source) Loc. m.
Acquacalda Beach
E. End.

(Source) Loc. r.

G.H.S.

Object

Blade

Lump

Flake

Chip

G.H.S,

Collected by

M.Jean Courtin

M. Cavalier

G. Barker

M. Cavalier

M.Jean Courtin

0. Williams

Dr. P. Baker

3 —31 3% —3 3 ~—3 3 —% —3 3

From

M.Jean Courtin

M. Cavalier

G. Barker

M. Cavalier

0, Williams

0. Williams

Dr. F. Bsker

NAA Run Reference
No.
188/4
194/5
Gl VII
12 A2
G VII
3 D1
195/6
467/1
1]
220/6 474/1T

“Lid



M.A. No. District Site Cul tural Context Object Collected by From NAA Run Reference
No.
95 Sardinia Conca Cannas (Source) 1st Flow G.H.,S. B, Hallam B, Hallam 572/5
9% " " (Source) 2nd Flow " " " 572/10
g1 " Ile Monica Nr. Unstratified Flake M.Jean Courtin ¥.Jean Courtin 185/7
Str. of Bonifacio Neolithic 1960's
=t South Marres, Southern Chasseen Blade M.Jean Courtin M.Jean Courtin 188/2
Frauce Rematuelle Excavs. 1967.
O " Tour Tour (Var) " " M.Jean Courtin M.Jean Courtin 188/5
1960's
L 100 Sardinia Tanca Tamis Unstratified Lump B. Hallam B. Hallam 572/3 §3
xon 101 n Grotta Sa Ucca Chip Dr.D.H. Trump Dr.D.H. Trump 558/6 /10
(30 Km, S.S.E. of
Sassari)
£ g 100 " Grotta Del Inferno " " " T/14
(4 Km. S.E. of
Sassari)
* S4? or 103 " Perdas Urias Unstratified Lump B, Hallam B. Hallam 572/4
507
* SA? 104 " Tanca Tamis " Scraper " " 572/3
* SA? 105 Corsica Monte Grosso Level IVb Late Flake M.F, de lanftandhi Dr.P.Philips M.G.3047
Neolithic
* Sa? 106 " " Test. Pit-Sondage " " " M.G. 673

Late Neolithic
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Group
SB 107
n 1C8
[}} 109
" 110
" 11
% 1 112
® u 1‘3
® 2 114
* N 115
SC 116
L 117
" 118
] 119

R T N A L3 -

M.A. NO. DiStrict

Sardinia

Corsiea

Sardinia

Corsica

Site

Monte Arci

Currachiaghiu
Nr. Levie.
Grotta Ba Urca
Sonnixeddu

Santa Maria
Zuarbara

Tanca Tamis

Ile Monica Nr.

Cultural Context

Unstratified

Level V Late
Neolithic
c., 2980 b.c.

Unstratified

Str. of Bonifacio Neolithic

Basi (Coffres
De)

Vascolaccio

Coffres de
Tivolaggio

Upper Neolithic

Upper Neolithic

Object

Flake

Collected by

M.Jean Courtin

1960's

From

M.Jean Courtin

M.F. de lenfranctii MF. delanfrancthi

Excavs. 1968

Dr. D.H. Trump

B. Hallam

M.Jean Courtin

MF. de lanfrancth

Dr. D.H. Trump

B, Hallam

M.Jean Courtin

NAA Run
No.

185/2

185/%
186/1

201/5

5568/1
572/1
572/2

185/6
189/1

200/3
200/7

Reference

C5b 173

T/6

C 3a

C 4a



Group M,A, No, District Site Cultural Context Object Collected by From NAA Run Reference
No.
SC 120 South Marres Neolithic (Chasseen) Chip M.Jean Courtin M.Jean Courtin 211/9
France
" 121 Italy Servirola a San " Dr. D. Evett 229/6
Polo (Emilia)
" 12 Sardinia Grotta Sa Ucca "o Dr. D.H. Trump Dr., D.H. Trump 558/2 T/3
#1 123 n n n " 558/3 T/4
0 124 " " Scraper n " 584/33 T/5
#0 125 " " Flake " " 558/4 T/7 .
S
*n 126 " " Scraper " " 558/5 /9 y
"l 127 " n Chip " n 'P/1 1
o 128 " " Flake " " 584/32 T/12
®uQ 129 " Grotta Del Chip " " 584/31 /13
Inferno
1 130 1] 1" Flske ] n 558/8 T/1 5
*n 131 " Antioco Porcu G.H.S. G.H.S. B. Hallam B. Hallam 572/1
E. of Santa Maria
Zuarbara

oL 132 " " Unstratified Lump " " 572/2



Group

*SA

PI

M.A,

133

134

135

157

13€

129
140

141

142

144

145

NDistrict

Carsica

tr.

Sardinia

Ttaly

South

France

Pontine

Site

Monte Grosso

Scaffa Piana

"
Ariguina
Perdas Urias

1]

Sunmit, Monte
Arci.

S. Antioco

Marostica

Palmarola

—3% ~ 3 T3 T3 773

Cultural Context
Level IVb Late
Neolithic

Level II Late
Neolithic

Level IV Late
Neolithic

Level XXB

Middle Neolithic
Layer XVb 1970,

G.H.S.

Unstratified

G.H.S. (Rnhyolite
Pitchstone)

G.HQS.

Object

Flake

Blade

Flake

Blade

G.H080
Lump

Flake

G.H.S.

Collected by

From NAA Run

No.

M.P. de Lanfrancthi Dr. P. Philips

Dr. D.H. Trump

B. Hallam

Dept. of Mineral-
ogy & Petrology,
Cambri dge.

M.Jean Courtin

Dr. D.H. Trump

B. Hallam 572/5
" 572/4

Dr. P. Philips

Dept. of Miner- 198/7

alogy & Petrology

Cambridge.

Dr. C.Cornaggia 189/7

Castiglioni

Harvard

University

M.Jean Courtin 189/2

Reference

M.G.3029

M.G.3165

M.G. 660

S.P.1525
S.P.3346

No. 2467

N
-_
.
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rroup

PT

HAA PT

M.z, No.

146

151

152

istrict

Pontine
Islands

Pontine
Iglands

Pantelleria

Site
Palmarola

Ponza
Palidoro (Latium)

Grotta Sant'angelo
(Calabria)

Grotta Delle
Felei (Capri)

Monte Circeo
(Latium)

Campo Mezzomonte
(Latium)

Molise
Ponza, Chiaja
Di Luna

Procida Island.

Cultural Context

G.H.S.

Unstratified
Lower Neolithic

Lover-Middle
Neolithic

Middle-Late
Neolithic

Unstratified

Neolithic
Probably Early

G.H.S. (Pitchstone)

Unstratified

Object

G.H.S.

Blade
Core

Flake

Blade

Chip

Blade

G.H.S.

Collected by

M.Jean Courtin

Dr.G. Buchner

G, Barker

B.M. Nat.Hist.

4 3 ~ 3 3
From NAA Run
No

M.Jean Courtin 189/3

Dr.G. Buchner 189/4

Dr. D. Evett 211/2
" 211/3
" 211/6
" 229/1
" 229/2

G. Barker

B.M. Nat.Hist. 232/8
" 235/5

Mrs.P. Guido 193/1
" 193/2
" 193/3
" 193/4

Reference

OES. 18

€186 II f

BM56612

BM456

recl



Group

Pa

?

HAA -

*Carp A

*Carp X

*Cuarp B

M.A.

160

169

166

167

168

District

Site

Pantelleria Citta

N.E.
Hungary

S.Hungary

N.Hungary

S.E,

Slovakia

N.E.
Hungary

- S.E.

Slovakia

N.Hungary

Salto La Vecchia

Mida, E., of Cudda
Erddbenye
Zengovarkony

Nr. Pecs.

Tizsacsege

Bohdanovce

Tolcsva

Bohdanovce

Tizsacsege

Cultural Context

Unstratified

G.H.S.

G.H.S. (Pitchstone)

G.H.S.
Lengyel

E. Linear
Bandkeramik
Bukk

G.H,S.

Bukk

E. Linear
Bandkeramik

Object Collected by
Flake
n
G,H,S. Dr.De Michele
Geol . Mus, Milan
" B.M. Nat.Hist.
" 0. Williams
Blade
Blade
n
G.H.S. O, Williams
Blede

From

Dr.C. Cornaggia
fastiglioni

B.M. Nat.Hist,
0, Williams

Janua Pannonius
Museum, Pecs.

Vychodoslovenste
Museum Kosice
CSSR

0. Williams
Vychodoslovenste

Museum Kosice
CSSR

NAA Run
No.

193/5

193/6

236/7
615/7

587/6
589/4

593

614/7

593

589/5

Reference

19%6.14.6/
3d.b. /936

3

no
A
.
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Group

*Carp
3 or C?7

#Carp C

*Carp D

« A A

M,A.

1

172

174
15
176

1717

173

179

180

131

182

District

S.E.
Slovakia

H.E.
Hungary

"

S.Hungary

Nl
Hungary

Slovakia

S.Hungary

Cappadocia

Site

Kasov

Csepegd Forras

Erdobenye

Zengovarkony Nr.
Pecs

Lebuj Tokaj

Vinicky

Babarc. Nr.Pecs.

E. of Acigol,
Acigol-Topada

Cultural Context

Neolithice? Surface

Find.

G.H.S.

Lengyel

G.H.S.

G.H.S.

Lengyel

(Source) ‘Loc. 2.

Object

Blade

G.H.S.,

Blade

G.H.S.

Core

G.H.S.

Collected by

0. Williams

O, Williams

Dr, Eva Harf

Peter Benedict

3

—3 —3 —3 —3 —3 3

From

Slovenske
Narodne Museum
Martin CSSR

0. Williams

Janus Pannonius
Museum, Pecs.

0. Williams

Janus Pannonius
Museum, Pecs.

G.A. Wright

NAA Run
No.

593

612/3
615/6

587/6

611/1

355/1

355/2

355/3

Reference

A 200
0B 676

A 201
OB 677

A 203
0B 673

vl



Group

*Ac A

*AC B

*AC C

L.V.

M.A. No.

183

134

155

186

137

168

190

131

192

193

194

District

Cappadocia

Site

E.of Acigtl,
Acigdl-Topada

E.of Acigdl,
Acigol-Topada

Tell Abu Hureyra

Cultural Context Object

(Source) Loc. 2. G.H.S.

(Souroe) Loc. 3. "

(source) Loc. 5. "

Late Aceramic Excav. Blade-

Level 23. let.
Late Aceramic Excav. "
Level 53.

Ceramic Neolithic Elade

Excav. Level 30

Collected by

Peter Benedict

Andrew Moore
1973 Excavs.

Lt}

From

G.A. Wright

Andrew Moore
1973 Excavs.

F'_a. .r_;% "-éé"

NAA Run
No.
355/4
355/5
355/6
356/3
356/4
356/5
255/7
356/2
356/2

445/4

449/13

459/6

3

Reference
A 204
OB 674

A 205
OB 675

A 206
OB 678

L 210
OB 559

A 211
OB 660 %}

A 212
0B 661

4 207
OB 666

A 209
UB 654

A 209
OB 654
B23 F150 1

B53 F95 2

B30 F47



Group

L.V.

paa®

3

M.A. No.
195-.
196
197
198

199

200
2M
202

203

District

Syria

Cyprus

Site

Tell Abu Bureyra

Dhali
Agridhi

Cultural Context
Ceranic Neolithic
Excav. Level 30

Late Aceranmic.
Excav. Level 10

Ceramic Neolithic
Excav. Level 30.

Early Aceramic
Excav. Level 147.

Ceramic Heolithic
Excav. Level 30.
Ceramic Neolithic

Excav. Level 32.

Ceramic Neolithic
Excav. Level 40.

Ceramic Neolithic
Excav. Level 30.

Ceramic Neolithic
Excav. Level 28.

Aceramic Neolithic

Area 2.76
Locus 015 S.W.

Object Collected by From

Bladekt Andrelt Moore
1973 Excavs.

Andrew Moore

Blade ® "

Bladelet " "

Tang of " 1

Projectile

Point

Flake Andrew Moore "
1972 Excavs.

" n n

Blade Andrew Moore "
1973 Excavs.

Budelet Andrew Moore " "
1972 Excavs.

Chip Yechiel.M.Léhavy Yechiel M.Lehavy

NAA Run
No.
459/11
*449/11
*459/6

445/11

459/4

466/%

466/10
*459/12
*468/2

610/21

3 —3 —3 — —3 —3 —3 —3 — —3 —3 —3 —3 —3 —3 —3 —3 -

Reference

B30 F54

B10 F15

B30 F47

B147 F228

B30 F44

72-B30 F68

72-B40 F89 3

B30 F55

T2 B28 F4

732



Group

¢i

M.A. No.

205

206
207
208
209

210

District

Cyprus

Pontine Is.

1Italy

Ponza

Site

Dhali Agridhi

Pedel Freno

Fondi nr
Sperlonga
Punta del
Papa
1]

-Cultural Context

Aceramic Neolithic
Area 31,76
Locus 003 N,E.

Object Collected by

Blade
Fagment

Yechiel M.Lehavy

Chip "
Scraper A. Ammerman
Flake "
Chip "

Flake "

From

Yechiel M.Lehavy

1

NAA Run Reference
No.
610/22 777
610/23 855
02-~1
PP3
PP2

‘L2l
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Yeight H.4.Ho.

(,’:lu)

1.9

2. G40

PL

O

PL -

Pl 4

P

|

-3
~—
e

PLiD
PLI
PL1?
PL13
PL14
PL15

PL16

Origin

Adhamas

”

Group

Melos '4&'

(In emu/cc x 10—6)

e

M M

init

842.4
615.3
1392.4
1094.0
1213.3
403,7
681.4
135.6
546.3
376.0
631.5
538.5
592.2
439.8
456.2

1088.5

2000e.

794.5
684.9
1302.2
1005.7%
1308.9
433.6
760443
648.,5
616.4
492.8
758.0
644.6
741.0
592.7
609.5

569.6

TABLE 6.

N e

MSOOoe. Sulc.
545.3  63.48
464.3  41.16
559.8 70.54
345.,7 67.84
615.7 51,97
261.4 28,12
496.4  63.33
386.0  44.69
370.6  49.10
290.8  64.23
383.0 33,27

349.3  50.25
405.1  43.87
332.,2  64.11
361.6 58.63

291.5  T7.65

19.0
10.7
13.5
6.9
7.8

14.0

RESUTA'S OF ANALYSES

Yoo

12.5
16.6
18.5
14.8
25.2
17.2
12.0
14.5
12,6

7.7
22.8
12,8
16.9

9.3
10.4

7.3

11.5
7.0
9.2
5.2
6.2

3.8

emu/c
x 1o'g

Msa|t35000e.
26364.2
25026.6
41087.5
30434.4
21427.2
26098,5
24133.8
32910,3%
30616.2
28735.8
29339.0
22525.6
28872.9
23315.3
31880, 6

33212.4

7.85

24.718

7.81
T.44
20,78
16,21
11,84
11,01
5.178
7.38
13.32
2.34
25,28

4.66

Colour Suit T/T

B-G

B-G

G

PS

PS

PS

Remark
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deipht ML.ALNo,

(¢m)
54425
2.4066
6.944
1.47

4.6%50

5.721
1,706
1,745
2.40

0,672

0. 411

P

17

30
31
32

33

Nat. Origin
source

* Adhamas

* "

#* 1]

*® "

»* H]

* "

* "

-« "

4 "

*® "

*® "

* "

3# n

Servia

Lagonissi

Group

Melos 'A!

x

M. .
I:mlt

1038.0
1074.0
2384.2
1115.1
1731.9
983.5
997.6
1310,0
536073
7.0
548.6
596.9
1198.6
841.5
544.9
526.73

1222.1

—3 T3 T3 —3 T3 3

M2000e.

896.9
1065.2
1986.9

965.4
1465.4
1388.8

£41.8
1089.5

34.5

638.6

499.0

446.6
1021.7

570,0

457.6

424.,2

954.3

M5000e.

484.1
806.0
1207.2
617.5
1005.9
466.4
L84.7
T11.3
194.5
%65.0
247.6
267.0
517.8
375.7
169.1
263,0

410.8

Susc.

53.10
55.70
49,68
68.93
11.90
7.24
34.86
70.96
49.08
24.7

30.84
80.55
66.42
38.42
57.96
40.89

64.84

19.6
19.3
4&.0
16,2
145.5
13.9
28.6
18.5

10.9

24.7

17.8
7.4
18.1
21.9
9.4
12.9

18.9

200

16.9
19.1
40.0
14.0
123.1
19.5
24.2
15.4

7.0
19.6
16,2

5.5
15.4
14.8

7.9
10,4

14.7

%500

9.1
14.5
24.3

9.0
834.5

6.6
16.8
10.0

4.0
1.2

8.0

3.3

7.8

9.8

2.9

6.4

6.3

-‘% ’ ’-zgj — ‘g ’j y—-,-_g \._..q

MsatBSOOoe.

30486.6
33012.8
19990.6
30337.6
31938.4
32227.2
18038.9
269194
22073.5
18671.0
20641.5
22494.6
27151.2
18996.4
26013.3
25298.2

34412,.2

SI

27.85

18,78

Colour Suit T/T Remarks

B-G 0 PS

G 0 PS

G 0 PS

G 0 PS

G Y] PS
B-G 0 Ps
B-G 0 P e

o

B-G ( p

G 0 P

G 0 P
B-G O  PSM

G 0 PS
B-G 0 PHM

G 0 S

G 0 S

G ] PM
B-G 0



’Z;::ll)lt N.2A. Mo, 2;3[@0 Urigin Group Minit M2OOoe. MSOOoe. Susc. QO QZOO QSOO Msat35000e. SI Colour Suit T/T Remarks
LWBTA 54 * Dhemenegaki Melos 'D' 238.8 236.3  165,5 | 53.95 4.4 4.4 3.1 14652.5 ¢ 0 . PS
Lo %5, * " " 493.8 409.9  267.7 50.08 9.9 8.2 5.4 15008.3 G 0 PS
LR PL36 * " " 267.4 216.9  152,7 80.62 3.3 2.7 1.9 15098.7 G 0O PS
T K Servia NAA 539.9 386.3  235.4 T5.13 7.2 5.1 3.1 30057.6 G 2 S
Melos 'D!
531 5 " " 125.8  141.4 82.8 66,13 1.9 2.1 1.3 23400.6 GE) 0O P
O n " 251.8 210.5 87.5 70.14 3.6 3.0 1.3 10324.4 GE) 0 p
BRI Lavonissi = * " 9 501.1  374.7  220.2 33,06 15.2 11.3 6.7 16045.0 G 1o 2
1206 41 n *n 2 431.2 2265 201.8 19,90 21,7 11.4 10.1 18352.9 B-G 0
110 PLA2 * Giali Gi 100,3  67.0 51.7 29.15 3.4 2.3 1.8 4251.9 5.07 G@r) 5 VC
.T54 4 * " " 62.9  82.1 54,3 13.07 4.8 6.3 4.2 3829.4 Gr) 5 V¢
96T 44 * " " 98.7  85.7 70.8 25.44 3.9 3.4 2.8 2849.9 G 5 Ve
L5160 45 * " n 206.2 121.3 AN.2 51.39 4.0 2.4 1.8 4186.4 GE) 4 VC
5,300 46 * " n ~101.0  80.5 54.2 26,09 3.9 3.1 2.1 3848.4 (%) 5 vC
23T 4T * " .o 17.7  48.3 42.2 23,20 5.1 2.1 1.8 32133 1@(Br) 6 Vs
423 48 * " " 41,2 73.8  54.2 24.49 1.7 3.0 2.2 4467.6 e(Br) 5 Ve

.229 49 * " " 101.9 89.6 66,8 40,03 2.6 2.2 1.7 4376.9 G(Br) 4 ve
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Yeirht M.4.No,

()
0,960
1.25
1.948
1.601
1.946
1.434

1.5073

1.047
0,947
1.202
1.827
1.172
0.808
1.937
0.845

6.96%

0
1
pre
5%
Ha
PLbE

"

59
60
01
62
]
1-1.64

65

Nat.
Source

*

*

Origin

Giali

Group

Gi

L1}
® 1t ?
% n ?

*ll?

init
97.4
207.8
113.9
321.9
1411
261.1
392.5
128.0
300.9
62.9
341 .1
300.2
38.7
32.3
16.0
18.7

3.1

M2000e.

3.2
168.7
41.9
61.5
103.3
213.7
338.7

102.9

235.0
53.8
294.9
264.5
38.2
50.1
17.2
36.4
3.3

Mo 00e.

58,1
147.2

51.8

20,1

4.2

Susc.

17.08
€9.94
28.41
34.56
17.91
32.88
48.53
11.70
25.45
54.12
17.05
61.7
12.24

12,69

%

5.7
3.0
4.0
9.3
7.9
7.9
8.1
10.9
11.8
1.2
20.0
4.9
3.2
2.6
4.8
4.1

2.1

Boo Boo Msat3s000e.

4.3
2.4
1.5
1.8
5.8
6.5
7.0
8.8
9.2
1.0
17.3
4.3
3.1
4.0
5.2
7.9

2.2

3.4
2.1
1.8
0.9
4.0
4.2
4.9
6.3
12.1
0.7
13.1
3.0
2.4
3.7
3.0
4.4
2.9

4800,0
8779.0
4434.8
3243.6
4943.5
6688,3
16119.1
4371.7
12614.8
3143.8
4893.8
9444.73
2747.4
1957.1
1230.4
1341.7
306.2

SI

3.43

12.32

G(Br)

G(Br)
G(Br)

B-G

G(Br)
WG

B-G

Ve

Ve

Ve

Ve

Ve

v

ve

vec

ve

Ve

VS

Colour Suit T/T Remarks

LT



Weirht MoAL.NO.

(¢an)
0.799

0.864

67

"
PLT7?
¥

74

7"'".
P60
To¢

PLT T4

TTb

Tesb

Origin

Gi#lli

Nisyros

Karpathos

Foreia
Vecchia

Group

*Gi ?

init
45.5
19.5
8,2
2.9
25.3
16.9
2C.4
27.2
9.1
386.7
265.8
242.8

216.1

182.3
415.8

543.2

M

41.2
25.4
12.9
8.1
24.2
7.5
8.0
9.4
4.2
3%0.8
205.9
207.9

177.9

153.5
344.7
462.9

2000c¢c. MSOOoe.

30.6
26.4
10.8
8.3
23.3
7.5

9.2

14.4

3.2
258.1
150.5
139.0

13,0

115.9
260.6

387.8

13.86
14019
13,65

8.31

12.41
15.95
12.49

%

3.6
4.1
7.8
0.9

2.2

27'9
18,7
17.8

26.0

14.7
26.1

43.5

Boo Boo Msat35000e.

342
5.4
12.3
2.5

2.1

12.4
21.6

371

2.4
6.6
10,3
2.6

2.0

18.6
10,6
10,2

16.0

9.3
16.3

311

2001.4
991 .1
674.6
758.5
1127.5
T0.7
111.9
270.1

36.9

078.1

6767.5

5893.3

3014.7

384218
8563.0

T164.7

SI

2.90

2347

10.62

G(E)
G(Br)
G
G(Br)
G(Br)
Br.

B

Br

(]

N O

)Y

Vs

Cs

Vs

Mlint

VCM

Vi

Colour Suit T/T Remarks

Pl

jat]

AN



Jc(z;ltnl)lt R Group Minit Mooce. Msoooe. SU9% Y Yoo Y500  Msat3sesoe. SI Colour Suit T/T Remarks
6.543 79 *  Acquacalda * " 299.8 238.8  173.8  14.41 20.8 16.6 12,1  7235.2 -G 3 ¢
0.789 &0 * - * n 223.0  195.2  124.3  2.60 85.8 T5.1 47.8  5372.7 G 4 Ve
2,721 &1 * Lipari Is, * " 287.1  242.4  180.7 11,30 25.4 21.5 16.0  7564.% G(Br) 3 Ve
0.926 eo * Hocche Kosse * M 251.9 228.6 166.5 4.43 56.9 51.6 37.6 6572.4 B-G 5 v
Volus 63 *  Campi Bianco * " 5443 477.5  365.1 10,27 53.1 46.5 35.6 12T12.6 BC X 2 v
1.9 e +  Vulcano * 0 336,7  173.5 66,9  31.47 10.7 5.5 2.1  8811.5 B~G 2 c
0.2¢0 b Font-ilarthe "2 120.8 152.4 152.8 - - - - 3762,6 G 4 GV _
G0l Lipari " 252.3 289.6  233.6 9.28 27.2 31.2 25.2  4285.2 G 6 s
¢.143 57 Folise L 291.6 255.1 315.3 14.34 20.3 17.8 23.5 6T760.5 B-G 3 CM
0500 & " 9 97.7  70.8  102.5 8.20 11.9 8.6 12.5 5383.6 ' W-G 5 c
C.1%6 59 Lipari NAA Li 152.3  212.1  253.1 - - - - 803. 4 G 6

0.095 Bechater " " 597.1  186.3  128.9  21.58 27.7 8.6 6.0°  259.6 E 1

1.113 9t = Acquacalda * Li B 86558 T#46.4 36538 13814 62.7 58.9 26.5 98740.0 B-G -
2.466 PLIIb * " * 8133.2 71534 35472 49.23 53.5 47.9 23.8 113575.2  16.25 B-C o P
2.665 92 » " * n 3534 M7 T783.6  107.88 114.5 99.6 7T2.6 119788.1 B-C X O  GPt.
3,360 9% x  Gobellotto * Ii C  9602.6 ©6450.4 32457 44494 21.6 19,0 171727.6 B-C X O GV

9.159 PLIY3b * " Cowom 60244 523%9.3 19557  353.40 17.1 14.8 5.5 162347.1 20,08 B-G X 0 G



~ ~3 T3 —1 T3 —3 3 T3 T3 T3 T3 I 3 T3 T3 T3 T3 3 —y

w?iﬁyt i.A. N0, :2:;05 Origin Group My .. Moo Mogooe. Susee Qo Qg Qg Motzsoooe. ST Colour Suit T/T Remarks
2.859 94 *  Vuleano - 2070.3 1792.6 1315.9 52,66 39.3 34,0 25.0 43404,9 G >
Della Fossa

7,496  PLYS *  Conca Cannas SA 511.7 456.5 364.8 17.59 29.1 26.0 20,7 8051.0 45.31 G 4 cs
10515 Y6 * nooow " 282,8 229.2 151.7 14.65 19.3 15.7 10.4 5514.6 G 4 cs
0.721 97 Tle Monica " 533.5 454.4 425.6 28.43 18.7 16.0 15.0 10451,0 G 4 - SGC
0,146 G Marres " 978.3 1123.0 951.1 20,92 46.8 53.7 45.5 13211.8 G 4 SG
0.216  PLY Tour Tour " 828.0 648.5 635.6  9.49 87.3 68.3 67,0 12319,6 6.20 G 4
1L.000 100 Tunca Pamis * SA 195.2 166.3 119.7 14.88 13.1 11,2 8.0 6575.1 B-G 0 -
3,013 101 Grotta Sa * SA??  159.6 144.1 107.2 11,19 14,3 12.9 9.6 4566.8 G(Br) 4 S :

Ucca
0,759 102 Grotta Del  * SA? 58.4  51.7  40.5 33.56 1.7 1.5 1.2 10731.9 G(Br) 4 c

Inferno
1.419 103 Perdas Urias * SA? or 3069.5 2683.3 2456.8 21.67 141.7 1238 113.4 11630.6 B 1

sc?

1,121 1LK04 Panca Tamis * SA?  285.0 225.6 169.9 20.12 14.2 11,2 8.4 2896.8 G 5 SGC
0.40% 105 Honte Grosso * SA?  589.1 493.4 421.6 25.43 23,2 19.4 16.6 14402.6 G 4 GC
0.385 106 n " * SA?  1124.5 1025.6 862.2 15.97 70.4 64.2 54,0 12860.1 G 5 SG

0.852 107 Monte Arci SB 152,9 157.8 103.2 43.31 3.5 3.6 2.4 18557.1 G 4 S



Weight bi.allo. at. i . .
"Zlfn')‘t Hodollo. fat. Orien Group  M;nit Maooce. Mso00e U5 Q9 Booo %00  Msat3s000e. SI Colour Suit T/T Remarks
9, Grs7 10 Monte Arci SB 394,3 322,9 228.8 65,11 6.1 5.0 3.5 24331.4 G 4 sece
0.521 PLIGY " " " 440,35  350,5 246.1 59.02 7.5 5.9 4,2 24701.3 G 4 SG
0.070 110 Curacchia- n 1021.5 1026.7 948.8 58,57 17.4 17.5 16,2 17845.5 B-G 1
chiu V
2.475 11 Grotta Sa n 380,0 314.1  282.9 48.04 7.9 6.5 5.9 18823,0 B-G cs
Ucca
3,42 FL112 Sonnixeddu # SB T21.7 607.9 53%3.1 20.93 34.5 29.0 23.3 17625.7 30.21 B ] c
.74 15 Santa Maria #* " 180.,6 213.5 123,55 55,94 3.2 3,8 2.2 17944.3 B-G 0 S
Juarbara -
3
2.60% 114 n * M2 1243.8 1095.6 1014.6  34.65 35,9 31.6 29.3 23317.0 B~ 0 s -
4.075 15 Tancy Tamis * 861.2 T41.3 616,2 39,24 22.0 18,9 15,7 17584.8 B 0
1.124 116 Ile ¥onica sc 4368056 29370.1 7695.8 T76.60 570.2 383.4 100.5 104412.1 B-Br 0
0.326 117 Basi " 242968 206M.7 14573.4 81.75 297.2 252.9 178.3 66292.1 15.17 G 0
0.100 118 Vascolaccio " 2445.8 2154.9 1698.0 82,00 29.8 26.3 20.7 46116.0 B 0
0.244 119 Tivolagriu n 43811.4 36006.3 21722.7 75.61 579.4 476.2 287.3 107225.4 B 0
0.112 120 Marres " 6500.2 5582.6 33%03.7 54.91 118.4 101.7 60,2 49220.4 B-G 1 S
0.060 121 Servirola A " 1460.5 1432.2 440.4 170.83 8.6 8.4 2,6 57289.2 B-Br 0
San Polo
0.817% 122 Grotta Sa L 11396.1 10%6.5 8149.0 113,47 100.4 93.8 T1.8 50397.6 B-G X 0 SPt

Ucca



Height M.A. Mo,

(;m)

1.092

2.830%

PL1?23

~3 ~—3 —3 ™31 T3 —3 —3 —3 T3 —3 TI I —F —F —3 3 I

Nat, Origin
Source
Grotta Sa
Ucca
"
L]
(1]
"
"
Grotta Del
Inferno
1]
* S.M.Zuarbara

Monte Grosso

Scaffa Piana

Group Minit

* SC 6502.8
il 13404.7
* 7883.5
* 5568.2
xn 1232,
* 0 1003%0.6
* n9 20%4.8
* o 15253%.8
* 6359.5
*on 8592.1
® 0 12719.4
* 0 12789.4
*n 4411.5
* o0 10636.4
* 0 1645.7

M2OOoe.

5965.5

1108.7
7402.0
2517.9

901.1
9378, 2
1859.8
1119.7
5483. 4
T7724.0

12200.7

10995.2
4376.6
9581 .1

1233.2

MSOOoe.

3985.9

4361, 1
6830.7

871.0

4924.8
7583%.3
7589.9
4017.1
6979.1

537. 6

Susc.

0.1

100.42
93,74
36470
95.70
97.13
52.94
58.64

138.64

128.49

52.%4
88.85

69.49
74.10

89.13

%

12,2

133.5
79.8
151.7
12.9
103.3
38.4
260, 1
45.9
66,9

243.0

143.9

63.5

oo 00

66.2 44.2

109.7 43.4
75.0 69.2
63,6 23.7

9.4 5.8
101.7 88.2
35.1 27.6
189.6102,2
39.6 17.1

60.1 38,3

233.1144.9

12%3.8 85.4

63.0 57.8

143.5 129,3 94.2

18.5

13.8 6.0

M sat35000e.5

66292.1

71489.3
65899. 1
30258.5
29304.2
46333.7
31156.1
55555.3
86067.8
171252.2

40465.4

53368. 4
78087.0
87699.7

29042.3

I

20.68

9.07

18.16

B-G

B-G

B-G

B-G

B-G

B-G

B-G

B-G

Colour Suit T/T Remarks

Pt

Pt

Pt

Pt

Pt

"9z 4



'u(11:1)1t Mok lio, E;Eree Origin ~ Group Minit M2000e. M‘SOOoe. Susc. QO Q200 QSOO Msat35000e. S1 Colour Suit T/T Remarks
1,175 PLIC3 Holise *PI  134.8 107.0 97.6 40.13 3.4 2.7 2.4 29088.5 B-G 1 Vs
1.656 194 * Ponza - 10.7 20.7 1.6 2.42 4.4 8.6 4,8 192.7 B-E X 0] Pt
R - Procida Ir. - 82,4 119,7 51,6 1578.60 0.1 0.1  0.0% 171039 3 X 0 Pt
Co714 1ee Poitelleria Pa 8.9 82.6 119.0 7.51 1.2 11.0 15.9 155.4 B 1 s
(71 tof " " T71.6 57.7 83,6 - - - - 164.8 BE 0
G.1159 1h " " 99.1 201.3 211.8 35,65 2.8 5.7 5.9 402.6 E 4 C
GUE0 18 " " 35.3 87.0 75.2 6.43 5.5 13.5 11.7 218.6 E 1 S
0.199 FL16O Citta " 41.4 7.3  43.8 20,60 2.0 3.5 2.1 158.6 6.79 B 0 ~
(RN RS 161 " " 65.2 162.6 182.6 - - -~ - 273.1 E 0 54
H. 49 152 ¥ S:1to la |

Vecchia ? 0.69 6.5 2.4 1.72 0.1 0.6 0.2 20,0 B-G 0
0.743 103 * Pantelleria NaA - 9.1 26,7  28.9 5.52 1.7 4.8 5.2 %20.6 B-E 0 Pt
O.74 vi16a * Bridbénye *Carp A 1800.3 1171.6 110.8 16.44 109.5 T1.3 6.7 21897.5 9.59 G 1 S
0.209 14 Zonerovnyre  * M 41271 490.6 129.9 39.23 105.2 12,5 3.3 15624.5 W 5 S
0.311 160 Tizs:ZZde * " 2029.6 205.8 165.6 46.14 44.0 4.5 3.6 12863.6 W 5 S
1.627 107 Bohdanovce * " 4429.3 1450.4 164.3 32.76 135.2 44.3 5.0 12776.5 ) 5 S
5.609 PL16# * Tolcsva *Carp B 281.3 273.5 226.3 13,52 20.8 20.2 16.7 8486.4 13.47 B-G 1
0. %31 169 Bohdanovce * "? - 76.0 47.3 38.5 29.26 2.6 1.6 1.3 8239.5 W-G 5 S
0.557 170 Tizsacsege *0'11 g 270.% 114.7 35.5 25.76 10.5 4.5 1.4 12021.4 W-G 5



l?1rful)nt . AL No. gézrce Origin Group M, .. Myono. Ms000s, SUSC- Q Voo o0 Msat35000e. SI Colour Suit T/T Remarks
2.004 138 Ariguina * SC  15550.4 13708.3 10582.8 90.02 172.7 152.3 117.6  69420.7 " B-G 0 Pt
4.067 179 #  Perdas Urias * SD 3.9 0.9 3.6 4.03 1.0 0.2 0.9 225.5 Br 4 Ve
L 106 140 " nooowo 7.6 18,5 17.3  3.T 2.1 5.0 4.7 302.6 G(E) 3 VeS
0546 1M Fonte Arci * n 28.2 43.5 43,3 - - - - 117.0 G 5 Ve
2,076 142 * S, hntioco - 5560.3 950,33 579.6 254.82  21.8 3.7 2.3 227540.1 G X 0 SPt
0,720 14% *+  Narostica ? 86,5 61.9 50,0 8,54 10,1 7.2 5.9  5059.2 ¢ 5
3,0 144 * South France ? 73.5 67.7 . 30.3 448.3% 0.2 0,2 0.1 2927.4 B-G X 0 Pt
1,612 ri145 *  Palmarola PI 267.3 243%.3  188.2 66,13 4.0 3.7 2.9 31904.4 8.46 G 0 A
0.797 146 * " " 184.0 145.3  94.0 59,16 3.1 2.5 1.6  35562.6 G 4
.14 147 Ponza HAA PI 83.8 205.0 185,0 30.83 2,7 6.7 6.0 12928.6 G 4
0.020 148 Palidoro NAA " T733.3 1399.9 1278.7 205.00 3.6 6.8 6.2 27194.3 G 2 c
0.246 1419 Grotta Sant NAA " 11,4 49.5 123.3 13,85 8.0 3.6 8.9 10559,2 B-G 1

'Angelo
0.267 150 Crotia Dele  NAA " 81.7  90.8  T6.T 15.36 5.3 5.9 5.0  9867.3 G 2 ¢
0,08 19 jmonke Circao NAA " 340.8 355.0 319.4 24.12 14.1 14.7 13.2 40692.3 B-C 1 C
0105 162 Campo HaA ™ 1625.5 1457.6 1687.8 27.7 58,7 52.6 60.9 20961.0 B-G 1 | c

lMezzomonte



deigoht A 0o,

()
0.

312

0.:574

G.927

i

O,

[

l .

2.

00

0

0.

0.

4.

2-

7'

0.

L2100

&7
b9
049
639

1073

275

147
925
174
181
939

093

147
Vi3
PL1-%
140

19

20

202

Hat.
ISP
aource

*

*

*

OI"L(‘,’.LH

Acigdl

Tell Abu

Hureyr:
u

Group

*Ac A
* "
*Ac B?
*Ac C
* "
LV
”

n

NAAII
6i
"

M

init
195.8
42.3
899.0
165.3
247.8
274.7
122.6
423.6
57.8
140.7
742.9
340.9
2049.6
688,2
876.0

561.7

M2000e
196.2
35.4
808.1
161,0
187.3
298.5
131.8
461.,5
45.2
115.0

730.5

292.1.

1987.9
724.9
905.4

285.4

. M5000e.
82.4
50.6

602.0

202,5
59.6
360.1
49.7
127.4
262.2
272,0
1397.0
633.3
628.8

181.1

Susc.

13.14

9.38
37.99
18,62

19.31

2.20
5.40
2.53

2.82

%

14.9
4.5
23.9
8.9

12.8

155.0
379.6
266.7
310,6

Q200

14.9
3.8
21.5
8.7

9.7

132.8
368.1
281.0

321.1

Uoo

6.3

5.4

16.0
6.1

7.5

123.6
258.7
245.5

223.0

T115,.2
5394.2
34694.4
15652.4
21596.4
1626.0
2179.0
4175.3
710.6
1951.8
5276.8
4814.3
21490.9
7939.6
9282.6

7626.9

Msat35000e. SI

5.69

Colour Suit
W-GC
W-G
B-G

G

G
vi-G(E)
G-Br
B-G
W-E(Br)
Br

B-G

W-G

T/T Remarks
5

4 M

3 S

3 CH

3 M

4 C ;5
1-3 S

1-3 8

2-4 C

1-3

1-3 Cs

5

0

5 S

2-3

5



Yeight M. A.No.,

(en)
1.683
_0.310
0. %0
0. 402

0.5%3%

6.714
1.541
1.518
2.149
7.013

0.47%7

171

172

PL

PL

1775

174

VT
173
179
180
1651

182

164

1855

Origin

Kasov

Csepego
Forras
"

Erdobenye

Zengovar—
kony
Toka j
Vinicky
Babarc

Acig0ol

Group M
*Carp B? 213.8
#Carp C 639.3
* o 544.7
# 0 T81 .1
LA 631.7
* " 561.9
—_ 996.6
*Carp D? 263.2
? 15.9
*Ac A 373.4
*on 260.9
® o0 299.5
*» o 167.3
*on 230.4
* 253.0
* 336.1

96.0

656.9
481.6
664.9
580.6

92.0
903.5
255.0

14.8
343.1
233.7

267.3

140.7 -

136,42
237.9

328.4

init lA‘q2000e. M‘5000e.

38.7
601.0
454.5
563.6
452.5
110.1
724.3
191.1

6.8
269.1
179.8
213.3
108.9
161.4
185.4

146.0

Susec.

36.54
19.84

6.66
15.07
19.23
28.81
25.15

6.63
20.76
14,63

8.10
17.17
17.54
14.07

9.64

15.81

8.1
39.7

0.8
25.5
32.2
17.4

9.5
16.4
26.2

21.3

2,6
33.1
72.3

44.1

30.2

342
35.9
38.5

0.7
23.5
28.9
15.6

8.0

9.7
24.7

20.8

1.1
30,3
68.2
37.4
23.5

3.8
20.2
28.8

0.3
18.4
22.2
12,4

6.2
1.5
19.2

9.2

Msat3SOOoe.

12696f5
10767.7
12094.0
9721.9
12906.0
10921.5
18900.8
4616.1
T7205.3
10832.3
6261.2
8200.3
6293.2
5205.1
7519.3
11945.7

SI

10.63

Colour Suit

W-G

B-G

B-G

B-G

B-G

B-G

W-G

V-G

T/T

Remarks

‘OF L

Ve

CS

CS



Weight M.A.No,

(gm)
0.092

1.285
0,602
0.%18
15.48%

1.111

PL.203%
204
PL20S
206
207
208
209

-
210

Hat.
Source

Origin Group M

Tell Abu Ci
Hureyra
Dhali Agridhi "

Pedel Freno PI
Fondi "

Punta del "
Papa
n

init
656.1
767.8
636.9
546.9
40.3%
36.5
18.6

54.6

MZOOoe. MSOOoe.

328.0
132.3
627.7
556.4
37.9
26.5
56.1

60.9

318.8
573.0
564.4
494.7
23.5
3.1
49.9
13.3

Susc.

36.69
27.24
12.89
23.82
38.76
91.34
76.45

20.9
23.4

42.4

0.9
0.2

0.7

%200

20.0
23.0
43.2
1.6
0.7
0.6

0.8

oo

15.6
20.7
38.4
1.0
1.9
0.5

0.2

M

sat35000e. SI

6614.7
17039.1
24996.8
20352.6
23834.3
27525.2
20291.3

9358.5

0.36

9.08

Colour Suit

W-G

G

G

G

B-G

B-G

B-G

T/T Remarks
6

4

4 c

4 c

0 Pt

0 SPt

0

1 Spt 5
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CEAPTER 6.

DISCUSSICY AND INTTRPRETATION UF R3LULTS

6:1 Introduction

Comparison of the magnetic data from the four resions under consideration;
the Aegean, the West Mediterranean, Central Europe znd the Near East, shows a
degree of overlap. This does not invalidate use of magnetic analysis es a
discriminant technique provided certain 2 priori assumptions are made. Tor
the purpose ¢f the present attempt at characterisation it is supposed, for
example that litfle or no interaction exists netween.the ‘lest Mediterrarean
and Aegean, or indeed the YWest Mediterranezn and lear Zast, and that in general
obsidian from a gzeological source locality will have been predominantly utiliged
in the immediate environs. Indeed all srcraeclogical material to date analysed
by NAA from Sardiries and Corsica has been atiributed to 2 Sardinian source and
therefore with respect to the magnetic annlysis ¢f Sardinian and Corsican raterial
(where NiA results are not available) the vmotion 0f a2 Sardinien origin is
imzlicit,

Evidence to date from Ciftlik, Melos and 5iali.does, however, sucrest the

e Aegean area =nd it

I3

réciprocal traffic of obsidiun betwesn South inatolia and t
is thus important to attempt distinction tetween the three sources. Carpathiesn
otsidian has been identified bty NiA as occurrin;, tczether with Pontire Islarnd

tuation most

n
He

and Lipari obsidian, on the Yorth Bast Adristic co=st. This

S

robably reflects the bounds of distribution rather than the overleopings

distribution of the souwrces involwed, thus in "nic cace, cource seraration

thcush raturaily legizenls <7 of lios inmzortancs thern in the situation ¢F

racivrocs) trefio i choiiien Lacan 0 - rong,
. . . L .. .. . . s
Jizcuscion 07 tha mestic data i1l acurersive’y revesl limdicz: ond
.. L St ot e
mzrits of ths method a3 2 diseritdin-tory fa2oqniste,
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In accordance with the revired rroun terrinolozy set up by Z2llam et al.,
(1976) for est Mediterranean obsidisn, I have ndonted a liternl termirolosy,
equated with Renfrew's original numerical classification in Table 3. Sub-
divisions suggested in the course of discussicn (desiznated A, 3, C etc.) are

essentially hypothetical and tentative and should be viewed in the manner of

a provisional explanation of the observed data.

6:2 Implications of the Magnetic Data

6:2:a. Aegean Jeological =nd Archaeolosical Material

Tabular and graphical presentation of geological Aewean obsidian dzata
(table 6, Fig. 15) suggests a egenerally clear discrimination between Felian and
Gialian meterial. & distinction tetwe=n the ¥eliasrn flows of Aidhemas and
Dhemenegaki apvears also to emerge from mzgnetic 2n2lysis of the geological
material, though it must be noted that only three Xelcs 'D' (Dnemenegaki)
sarplas were availa®le for anzlysis.

Yagnetic results from three archaeolozical pieces (¥.1. 33, 35, 37)
previously irradiated and ascribed =2 ¥elcs 'y! (:4haces) socurce, fall well
within the rarge of varizbility observed within lielos 'A' geological material.
This is highly satisfactory, unfortunately the simple discrimination is confused
when source ascription ty ¥4A of fur<her irradisted artefactual material is
compared with that suggested by magnetic results. Thus, notwithstanding the
fact that three Yelos 'D' geolozicel samples showed intensity values (as a

. . \ . . v . .
result of identical treatment) sirildnsly homoseneodus withi

=
ct
i
4]
i
(/2]
(11
-
<
o
0]
L
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distinct from iitsemas materizl scme sxrleonation mus- Te zoctnlated to 2ccount

for discrenancices in reource crounine of srchaenlo dc:l roteris]l ny the tvo
tecrricues., Zevsrel sliarcocives rresavt Sremgelvss;y Jirstts thes irrsdiation
0T z2mwlee Tov .n i omioln ozome v efTect the ~oareiic nroo-rhies of the
materd 1, coroondly fheT femnlc moos oL ont te 0f lvroriarcs, ond crirdly the
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vossible z2nozaliztic megnetic nature of the samples. On the basis of

additional znalyses tne first sugszestion can be rmled out ard the last,

though feasible, seems unlikely. The second altermative is suovorted by

the material aralysis; of three sawples attributed a glos 'D' source by

NiA, only one falls remotely within the expected rarge of variability and

this sample weighs in the region of 1 zm. (i.X. 39) in contrast to the two
remaining pieces weighinz resvectively, c. C.2 and 0.% gm. (M.i. 37 =nd 38).
Magnetic analyéis of the thrce archaeologicnl Telos 'A' pieces (.. 33, 35,
37), weighing from ¢. 0.7 to 2.4 sm: harmorize well with the mvailable source
analyses. With very sm2ll samples 2 genuine problem anpears to be that of
integratinz a very weak sismal atove tne noise level of the marnetometer

syster in use. It is impossible to place =2 ~=frict limit cn size since intrinsic
sample magnetisation must be taxen into =zccount but in avoidance of erronsous
group attributions, a sarple mass limit in the range of 0.7 - 1 zm. is suggested
below whnich results thouch inciuded in the fables must be treated with reserve.
Clzarly there is a nsed for further investigntion of the ragnetic properties of
zeological Dheimenegaici obsidian,

-

o
..-P

m

Results of znalvses of Zialian geological mn*erizl frem a rense of ==z
ling localities on the island show in gereral = high degree of irternazl! consis-

(see M. 2) are all

[

tency supporting the suggestion trat areas A,3,0 and
part of the same flow (Torrence and Cherry, versonal communication)., Material
from arez C. exhibits 2 greater range of Zozmetic variability than that from the

5 . . - - o) . . s v s
other locations : w0 ~“ece: (.. 34 2ng 83) zev2 notanlv hivher initisl intern-

sity =nd saturation waluer thsan the Tullk of Tis'izn mrterisl. Unnapoily these
two placee d2z% 0y the cumnlaobt o dilgtipetion ustugen .elos 'T' oard Gisli obsidian
28 bagad exclusivzls on fle rerulos 0f L rimatug cnnt e = without recourse Lo
semaarance © Ltiri: oo e .t crses (Fies 157,
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Interestirz imolications emerge from ~:

snzideration of the Gisli veach

data (¥.A. 64-70). Seven s= amplsas (7rcoably rerrecentative of artefactuzl

.: . . \ .
materizl, thouzh 2lterad by waler 2ction) for an2lysis were chosen from 80

collected on the teach at the north-easzt end

samples for znzlysis was not comnletely =rbit

of Gi=li bay. Selection of

rary: Dbased on detailed

appearance criteriz Torrence ard Cherry (versonal comrmunication) suggested

the presence within this batch of two visually distinct groups of obsidian;

the one containing inclusions typical of the

z20loical srecimens and the

other containings few or no inclusicns, cho<ing dars clouds, blotches, streaks

3

and striations and appearing more *ranstc-

.~ than in situ g=20lozical samples.

Samples were selected with a view to coveri:..- the range of apnearaince

characteristics reported. Fazretic data frem these tieces proved | atermally

homogeneous (con+ra Torrence and _e‘ry' yet
geological material. A non-Gi=li origin for
imitr to an abundant source secms inberently
either that the true rarnge of variability of

represented cr trat water zction ez altered

distinct froa the btulk of Gialian
vieces found in such close prox-
unlikely snd it =mzy be supnosed

5iali ze20logical material is not

the mesmetic mirnernlesy of the beach

szmples. Since haematite may form from decomposition of paramagmetic iron-

vearing minerals (i.e. olivines, amphiboles,

weathering

ot
-

saturation intensity exhibited by the ba=ch

DJ“OVPnOS) often associated with

he latter sugrestion seems nlausible =nd could account for the low

gamnles.

Based solely on close visual insvection of *re orecent analytical data

twC pOssible scurce candidetes mi:zht te ore

visionslly cvroposed. Two zeological

hand samples (area G, M.i., 83 and 2rea 3, L.\, £2) from Siali srovide masznetic
data in zccordance with *ha% Zrom tne Tasgh cavricg and thoush liitlz can ote

zssvned on t.e basis of w0 gamplas 15 nuld e intereating 9 cee if [furtrer
szmpl=ae Trem thece lioalicics i o minvs aomnatilble itk intzrciftiaz ond suse
caniisilitizs 07 th2 hewgn d:ta, Tha czegsdt T Eapee Bieen of ror=Gieli orizin
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suggested itself on =xa ination :f 2 sirrle reoclosical sample frov MNiasvros
(.4, 7’) wnicn rnrovided intensitv yalues in verv cloce azreement wi = the
veach data. Indeed Jiali lice betwcen the irlonds »f Yisyros and Kos, only

2 few kilometres distant frocm Uisyros itself, IF, however, efther attridution

is t3 be 2cecepted ther it must te nssured thaet marine ac*ion has radically

2ltered the macroscovic characteristics of rome o7 the Yeack specimens
analysed. Confirmation or refutaticn of 2ny of the above suggestions must
await the results of elemental 2ralyses.

Pour samples from the site of Yrontounta, Z{armathos (i.A. 72, 13, 74, 7°)
rezutesly one zeolowicel sample and thiree arcraeological pnisces, were included

in the =2nalysis. The pi2ces vroved internally consistent yet distinguishatle

from the slassy obsidian of the nearby islet ol Fiali by virtue of their very
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low intensity of sztwation magmetisatior
values. Reservations oreviously mentioned (4:3) regardingz the oracticable

sensitivity limi-s of the a.c. suscentibili{y bridge should be ineffectual

sinc= -=mple mass is in the range of c. '.5 - £ gm., and an intrinsic'zero’
suscer=i»ility c:n ve accentad =2s m2aninyful. Tubseauent elemental anslysis of

samples “rom £arpathos by NAA nas, however, nroven the material to te other thar
obsidian srnd perhaps flint. The pitchy and irregular nuture of the fracture

of the naterial from Xarnatnos would in zeneral have onrecluded its v-= for
artefact meanufzctire wher. an inherently more atirzctive mnterial was amailsble

close at hand.

(“if“. 17 a1 14 ~rd zho ¢lzerly Sna differant reszjponnes of the ohsidian to
saturzings o1 alternsting Tislds. i discriminution efTected amongst the
t2-eon isle-1 onrear o e ooedir 07 dntaczif o o sotiretion noment and
inmangizr 57 Svoe T rwenans moowani st g ie el lie-Tead din P, 16,
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6:2:b. Hest Mediterrarean Geological and Archaenlosical Moterial

Detailed inspection of the magnetic datz from the ‘est iiediterranean
suggests that some meaningful source discrimination and sub-division is
possible.

The distinctive nature.of Pantelleritic obsidian, well known for i+s
peralkaline properties has long been recognised in its characteristic s»sanish
colour in transmitted light, high reffactive index and more recently, in the
presence of high concentrations of sodium and iron and low concentrations of

scandium and cobalt as detceted by NAA. Magnetic analysis of Pantellerian

samplés, both archaeological and geologiczl, once more emchasises the dist-
inctive nature of this obsidian =28 exemplified in the very low intensity of
remanent magnetisation and saturation magmetisation values (Fig. 17).

Only two geological Pantellerian samples, one of vitchstone variety
and the other of glassy type, were presented for analysis. The two appear
distinguishable on the basis of analysis,‘the glassy fraément showing notice-
ably lower initisl and saturation intensity values. Arte%gctual materinl of
a glassy tyve (M.i. 156 - 161) was found to compsre more cfpsely with <he
viitchstone variety of zeological origin (M.A. 163) than witﬁ‘the glassy
geological viece (M.A. 162). Neutron activation analyses (Hallam et al., 1975)
had proposed the elemental equivalence of the bulk of Pantellérian artefactual
material (the majority of which were included in tke present analysis) 'rith
one geo;ogical sample of glassy type. This particular geological piece was
not included in the uvresent anélysis i 80 comnarison was ﬁot possible.

The number of potential sowrces of wor.. "= obsidisn on Partelleria is
not 2t oresent clear, thowgh the various differernt loecnlifies zerntioned in
N

terature zre ~ werently snresd =zdund <the ictlard (Digon, 1275} anA imnly

the eristerce o7 zeverel individwel flows., (re dilTewence in v-luss Tor the
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this proposition. The metastatle naturz of tre Pantellerian vilot svecimen
(H.A. 160) should, however, bz noted and if tymicrl of FTantellerisn samnlos
ther this may account for the slisht diversences in intensitw values.

T he three elementally distinct groupinss identified witrhin Sardinian
obsidian by ¥AA (Hellam et al., 1976) emerged 21s0 as magnetically distinct.
A fourth subdivision (here desicn ted SD) rreviously unreported in the
literature though recently recognised by Nia (S.E. Warren, personal communic-
ation) emerged within the Sardinien zzenetic data.

Conca Cannas, in the Monte Arci resiorn of Sardinia (See Mg, 4) has been
identifiad by NAA as the source for Si material. asnetic =ralysis of fonca
Cannas flowr material and archaeolo-ical vieces nerviously activated znd
assigred to an SA grouving vrovides resnlis, intermally homogeneoud, confirm-

ing the equivalence of the SA subgroup with the ConcaCanrnas source, tut more-

abtle relevance of magnetic analysis tc the problem

Q

over erphasising the practi
of source characterisation 2nd ultimately verharns to interpretation of patterns
of trade and contoct.

The sources for the ZB, 27 and ZD ~ubgroups are not »as yet identified witl:
any certainty. On the basis of the present znalyses 0f :eological szinles
(collected by B.R. Jallem ard occurring 2s secondary source material) from
the ¥onte Arci region, two sources reroried by Puxeddu (1 ;7) are tentatively
suggested as potential can tes for SC and =D material. A single +=20logical

. . -~ / . 1
fragment (M.A. 131) from Santa Faria Zuarbsra (located approwimztely 1+ Kams.

west 07 ths source area amsstad Ty Puxeddw, 1937, F,Zellam, rrivate communi-

. \ Ly .~ . N
c2tion) comrares well ~vith existing arcineonloricesl 50 niecszz showdngs higsh
infensity 0F nmatrrY rovanect soammziisetion ol gntvretion rorenta, wnilst
o + 3 . ~ - Nonm han i T e 1 v o eene RN ep Vo ~ -

g frarueat. ¢ #entd ieol Ovioln Trim Fardeg Urias 3nevs Low rolzs in
3 - - . e . = 2 5 .o fad oy Py Ea R NN - N -, . 3 . +
sonnTMmAavaag 0T ASC AR aT oL P ~ e oY o : N S PR ROSIRIE TNnD T N 7iq
ananriznce It w0 srera At omrrlies THoTe) Sue st oin The sfcinidyg
s Tardes TTrd s, mra afhan A g mn At o Aa 1 Sanm kho gyeed =gt
A "C"
2 LT .
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Fuxeddu (1957, 24) rafers to tho croliferation of eolorical maierial
a2t Sonnixeddu, south~east 0f Corca Tannas: 'corerto da Frammenti 3i
ossidiare nera in modo che si crederebbe di cnmminzre su i resti 4i una
grande fabbrica di bottiglie nere'. ZSonnixecdu,therefore, seemed a likely
source for SB obsidian. Most of the material from Sardinia is in the form
of artefacts and waste flakes from chipning floors. Pieces collected from
Tonca Tamis, at the confluence of the valleys from Sonrixeddu ard Corca
Cannas appear attributable to an SA& or SB grouving whilst one stecimern from
Sonnixeddu itself and two from Santa Maria Zuarbara showed values consistent
with an SB grouping. Analytical data is not inconsistent with an SB source =zt
Sonnixeddu although the scarcity of material noted by Brian Hallam in a recent
survey and the presence of SB material at 3anta ¥aria Zuarbara suggests that
a source locality north of Conca Cannas cannot be ruled out.

SC and 3D material are easily distinguished by their resvectively high
ard low remanent intensities, saturation moments znd low-field suscentibility,
dlthoush readily senarable from SC and SD, the distinction between SA and SB
is not so pronounced (Fig. 19), SB obsidian exhibited values of saturation
magnetisation and susceptibilities only slightly higher than those character-
ising SA. Definitive attribution of archaeological samples to either SA or SB
is on occassion difficult ard magnetic aralysis of further materisl previously
assigned to either grouping by sn independent technique should prove valuatle
in defining more accurately the rarge of mzgretic variability.

Cf artefactual materi.l from Srotia 3= ‘ccz, %0 Xms. south-south-east

Py

of Sassari (see Fig. 4) seven 0ut oF nine pi=ces aralysed fell with group 2C

L. Y
03 out of
rizgen nie ot
. N N - . . e [ s IS ps L
NS el - S - N A . . -~ . '
s dln,\ R R . . PRSI G SR y ’ e
: 3 5 - - Ea T B - - ~ v S I ho ] Y A e o s -~ 2
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three from the sites of Zasi, Tivolaggio and Tzscolaccio 1=d been oreviously

activated and attributed to 2n 3C grouping, wiile six, three from onte Srosso

n

two from Scaffa Piuna and one from Ariguina were assizned zn SC orizin exclu-
sively on magnetic results. Two further lMonie Grosso semples were provision-
ally attributed to the SA group =2ré one piece, previously irraiiated , from
Late Neolithic Currachiaghiu, fell in with SB mzterial. The current sample
would strongly support the suggestion by Hallam et al., (1976, 97), that SC
obsidian occurs more frequently in Corsica than does the SA variety.

Of 2°1 the analysed finds from Sardinie ard Corsica, only two, and both
of these from Sardinia itself, showed vroperties consistent with the single
geologicel SD oiece from Perdas Urias (H.i. 179). The scarcity of SD material
within Sardinia and its ahsence in Corsica might imply that thic scurce was
irherently less attractive than SA, S3B or 3C source materizl and for this
reason was not extensively worked by prehistoric mar. Aprearance criteria
would suprort thiz view : the three pieces analysed contained stherulitic
inclusions net gerer2lly scen in materizl of 34, SB and 3C tyve 2nd perhaus
rendering the obsidinn less Jdesire-le for ariefact ronufacture., Curscchiaghiu
in Corsica is notable for the prodOminance of 3B materiel. Of Sardinian and
Corsican obsidian anelysed by masmetic means, only one sarvle, =2rd that from
Curacchiaghinu, oreviously activated and atiributed to source oy ¥a4, fell in
group SB. 32ased on present aralyses the occurrence of SE obsidian aprnezrs res-
tricted. NAA has documented the presence of S& 2rnd SC otsidian on sites in
southern Prance and Yorthern Italy, the cursent samrle only included four

replicate pieces (.4, ©9, ©G, 120, 121) and offzre no new avidence in Aistri-

s > 2 333 i [ Sa ~
Tution 0f Szrdiinian ma*terizl ou! cide Sardinia 2nd Jorsice.
A omirzle  onweriatla frasmen® 07 nitchetore variety from South irnztioco
(oie 142), o0 L-1e-3 Yerpas 0FF =oo roushewess oCast OF Tardinia, nroved
3 . . . - -
Aistinmadstabia Trom She mend anglify slazer onzidiane o llonte irei Gy



virtue of its sxtreordirarily hish saturaticn momen

2 reswlts of mameticonnlysis of Liparian me*eriz1 document trhree

Wi

distirnct grouds, here designsted Li 4, Li 3 2rnd 1i € ar? twz implicetions of
the data are sarticulzrly interestinge,
Geological materisl from the historic flows of Forzia Vecchia ard

Rocche Rosse (see mep: g, 5) tosether with mat terial, zorarently redenosited

{0

(0. Williams, persoral communication) from fcauacaldz (locality 3y T.h.YO. 79)

and 2 lump, rresunztly of gseclogiczl origin, fourd on icauaceldas berch (loc-

ality 1, ¥.1.Yo. 20) all fall within the grous here termed Li 4 (Fiz. 17).

\
]

N

w0 archaeolo:ical nirces (oM. Mog. #5 and & aval yoed by marnatic means

fall also withir the rance o7 variabvility of Li 4, whereas thz in situn

veem

3abellotto (locality r, hele .0, 93 - Li C) and icouncalda (localities m 2nd
k¥, M,A, Mos, 91, G2 - Li ) vrehisteric flow m=teriasl show intensity vslues
convincingly sa2parable from ore another snd markedly hisher thon those of

Li A (Fiz. 17). Anslysic by Cann and 2enrev (1564), 2ellucmini and
Taddeucei (197*) 2nd Hallam et al., (1976) estatlisned the mecchemiczl sizil-
arity of Gabellotto obsidiun =nd Lipsrian artafactusl materisl) with tihot of
the two younger flows, thouzn the non-iderntity of these flows iz new spmarent
in differences in lantheznom ecn*ent detected by 17i4 (S.Z. “arren, parsonal
communication). Fresent mornetic 2nalyiical results sugrest th'n the sirilar

magnetic minzr~logzy of historic flow materiz2l a2nd =ome prehistoric archaeo-

logical pieces. Twoc further archaedlogicul frarments (.4, Nos. 89 ard 90)

[
"
D
V.

again having been irradi

nrovided mammetic veluas ineonsictent with ary oecliorsies

arelysed, 30th siscces ware vare Sing (00095 m, and 0,175 gm) and resarvaiions
concarnins the nractics iy zmenasicivify 1imits o the maosmesorsier must acain
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source sazples inciuded in the present studr. If archaeoloeien] materisl
is to have derived ultimzately from these flos then somz exclanation must

be out ferward o =ccount for their vastly d4i
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This apparently anomalous situation might te resclved if a change in the
mzgnetic properties of the original in situ Gabellotto 214 icauzcalda
material over time, could be demonstrated. The possibility remains that tris
obsidian may have been effected by heating, perhape that associated with the
fecrration of the historic flows. The heating process might result in oxid-
ation of titanomagnetites terdinz t7 olter the mognetic composition of the

obsidian towards haematite, yet the hizh intensities, suscertibilities =and

saturation moments of in situ Gebellotto and icavacalda pieces typically

n

indicate the presence of magnetite (and indeed i(Basbauer wor has confirmed
the présence of maznetite inclurions forzming c. 6C% of sbsorption in the

coefficient in the a*ellotto locality r material). 4 crarce in the marmetic

o]
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(o]
i3
£t
(o]
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Q
rh

oxides present within the obsidian resul¥ins i snetite, though
remotely possibles, remwins unlikely. To test the kypothesis it mar prove useful
to hest Liparisn archsznlogical samnles, the intensities =nd suscertibilities

of which are known, in differert experimental conditions (oxidising, reducing
ate). Remeasurement of the mazmeiic parameters subseauent tc heat treatment
would reflect any chemicszl changes

Tn the light of present evidence, suprorted by MBssbauer effect studies,
i+ seems likely that geclosical muterial ¢n2lyszed from Acauaczldia (% 2nd m)

D

5 " 7N . -~ ~ . .
ard Gavellotto (r) is not renresentaiive of the Tlows from hich erchiaeological

(l

moteri=l was ultimntely derived =rd thit Tirtner Sflowe zust te invol-red.

me ~e2iomiznl zamnl~ coilociad Trom fre niernyv L20lisn i=lsand of
TWiean0 save rzived o7 ooteeesioa movmetimaticon and intencicr of rerarent
marngtisation in acesme oify ha T 2ingizv dictinmuianed Tt oche rrasent
' - Vo - woy et - e B -} Sm e es DV mes Y AT A rimaaedg b V5 bl
studr (Gdv, 170 but erercad v oacorate on the heoiz 97 Tow Miald wumes-iikiliss
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from the remaining Lipari materizl (the 2nomclous neature of this sazple
was previously deronstrated bty naA),
Three archaeological samples frcm the 2iferno valley in iolise,
southern Italy were included in the analysis.u? these, two (M.A.los. 87 2 88),

exhibit properties in accordance with a Lipari orisin (ILi A) whilst the other

T3 T3 T3 T3 Ty e

(M.a.No. 153) compares more cliosely -ith Fon*ine Island data. These source

3

attributions are based exclusively on the mnenetic data 2nd as such are

naturally tenuous. A Lipari source for come .olise artefacts is not incon-

—3

sistent with the evidence tc date: although P2lmarola is the closer source,
Livarian obsidian crors out in lzrger blocks ard is thus a more attractive
commodity. Lipari obsidian has therefore, 2 {ir wider distribution, aprearing
north of Palmarola though the source ifself is to the south. It is evarticularly
interesting thzt the two possible pieces of Liparian otsidian come from an
Appenine Bronze Age context, whilst the possible Fontine Island speciper

belongs to a late Meolithic horizon. These facts may be without significance

but may, on the other hand, be indicative of the chancing patterm of source

exploitation in Molise.

vagnetic data from the Pontine Islard material shews a wide range of

fm variability suggestive of the presence of zaterial from more thzz one flow.

]

rm Subdivision within the cluster is not clear though for exarple samples 147,
149, 150 and 206 would appear to form 2 homossneous subt-group. A compre-
nensive range of geological material from the Pontine Islands was unfortunat-

ely not zvailanle and analyzes are bssed on archaeclosical samples, 07ten of

2 10+ girmal to noise ratic

escurerant A% anlt, . hatcn of re@losics samtles sert to 2radiord

asraar $2 h-ve baccte lort in the

v

g osna nuive I end cpovr o Celneroln Tevi oand Zannore only
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(.A.No. 154) and the nearby icland of Procida (“.A.Jo. 155), both of
devitrified rature, were incluied in the analysis., The Frocida piece was
clearly different, showinz 2 very hizh low field suscertibility and althouzh
the sample from Ponza fell within the rarge of variability of P-ontellerian
material, this creates no source discriminstion problems since Ponza obsid-

ian was not utilized for artefact marufacture.

6:2:c Near Bastern Geologiczal and irchaseolo:icel Material

Materiel from the sources of icigol, Ciftlik and the Lake Van area
(Renfrew's 1g) was subject to analysis.

Three magmetically distinct srouns ererze with the icigdl data, hers
termed 4¢ A, Ac B and Ac C. Ac i comprises source materigl from Wright's
(1965) 1localities 2 =2nd 6; Ac 2, loczlity 3; =rd ic G, locelity 5 (see ™z, 21).
The separation effected tetween vieces from 1locality 2 2rnd a single vpices from

locality 3 is of interest: "right could estatlish no clear cut elemental

.

discrimination btetwesn his sumples frem fie two localitizs,

5]

ission track
dating (Durrani et 2l., 1971) however, establiszed tast locality 3 wss not a
single source since two specimans Tave resvective daztes o7 ¢, 2 m.y. 22d of
3 - 9 m.y. Naturally unecuivocal evidence is lucking but there exists the
possibility that the variations chserved in mismetic parareters are reflecting
thz zegnetic mineralozy of 4o different moma types of vastly differings age.
Obsidian from Tell Abu Hureyra in Syria and Shall Agridhi on Cyprus
(previously assigned to source by ii44) is taken 3s represertative of the
CiTtlik scurce. Tre (iftlik 4ats 370w remidte not cloz=ly converzent 2nd

snzvar 27 the ares 1oeafad Syo zizenl

o o Mt L1t At A3 am B v et o
~imgoe 07 194117 obeidian from Tell ity Iurevrn
. . . ~ A~~~
mmmatiaation poerives Peoe oo, 3000 - SO00 =nd
=0T 5 em = 3se En verninins Svvien argnactlnrizel niaeceq, in
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addition to three samples from Cyprus give hizher values in the region

> en !, The two-fold division is less clear on

of 20000 x 10°° ¢ cm
considering natural remanent intensity and low field susceptibility
figures.

On obsidian from Lake Van (Renfrew tg - here designated LV) the five

fragments analysed appear.to form a relatively homogereous cluster, part-

igularlj distinct by virtue of their intrinsic 'zero' susceptibility.

6:2:d4 Central European Geologiczl and Archaeolozical Material

Informstion on the present state of knowledge regarding characterisation
of Central European obsidian by NAL has beern ldndly made svailable (0. Williams
personal communication). Vithin geclogical material from the sources of
Erddbénye, Tolcs§a, Cseppegd Forras and Vinicky, three elemental groupings
were distinguished. Materizl from ErdSbénye was of two different types, the
one forming a group together with material from Cseppegé-?orrés and Slova?ian
Vinicky and the other being the single merter of a distin@t sub-group. lMaterial

from Tolcsve 2ls0 emerged 25 elementally distinct. #With the discriminations
effected by NAL serving as guide lines examinstion of magnétic varameters appears,
in the main to substantiate these servarations (fig. 22). 1In 2ddition a single
piece from the Slovakian source of Vinidky does seenm convincingly separatle

from the Hungarien sources of Csevpegd Forras and Erddbénye, which together

form a singlé cluster (here desigrated Zarp. C). %Mo archaeological Central
Buropean pieces analysed Occury a rezion on thz natural remanent intensity/
saturation megratisation zranh (7iz. 22) corresvonding to that of the Vinié'zy

semrle and further aralyses are recessary in confirmation of the sut-division

\
3 ta T T M 5 4 Yy MY 4 4 q -©~
hers termed Carmatiicn D (Tar~. D). :is nredicted hy Yii materizl “rom
Aha PP 4, - + - 3 + s v A n
Srdohanve clearly fo-us tue sersrnte orougs, ledimmnted Carmethian A and O,

8

. .- e s P . P
sirzle zeological seornle from Zrddienye tosether with three arcnaenlcesical
Z Y ¥ : {

nisces from sitas in unrarc and <lownlds (V.M. Tos. 154, 145, 166, 167) Aisplay
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high intensities of natural remanence, dropning by unususlly large factors
(of c. 10 to 30) on exvosure tc alternating fields of 500ce,. Exposed rock
outcrops can be effected magnetically by lightning strikss. The curreat
discharge travels along the surface of an outcrop on striking the ground,
In the immediate vicinity of the current the magnetic field created is large
ard virtually remégnetises the outcrov at these points but the effect falls off
with increasing depth so that severe effects are restricted to the top few
métres. Th? large IRM component produced by a lightning strike'is readily
removed by altermating field demagnetisation, The behaviour of the four
samples here analysed might therefore éuggest that the obsidizn has been
affected by lightning., If such is the case, then the sample intensity after
exposure to a cleaniﬁg field of 200 or 50Cce. would reflect the primary com-
ponent of magnetisation on flow formation after removal of the secondary IRM
and since it remains unlikely that the whole flow was affected, other pieces
from Zrddbénye misht be expected to show values correspénding te tkis stable
componext.

The very tentative nature of subdivisions sugzgested ﬁ%th Carpathicn
material must be emphasised but it is hoved that additionaf analyses will

clarify the position.

"6:3 3Source Discriminotion

The generally convincing distinction made between material from the

Melos sources and Giali has alreadv been mentioned. It may orove less easy

k!

=3

t5 identify vossibles incoming Carmatiian obzidizn since values T2ll ccmrletely

Dorpathisn ohsidi=n, on the Yagi~ 27 the inteasity saturation magnetisation

o et e - . -

and initisl i-Farmsi il 2> Dur -eszured e nrees ac Aigiinet foom ect ledlta
. . s X .

arrasesw Lirori z2d Pontine Tel- 4 7otarial,
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The Near Eastern sources of icigdl, Ciftlik ard Lake Van (Renfrew's

_1g) emerge as magnetically serarabls, by consideration of the two main

discriminating variatles (saturation magrietisation and intensity of natural

remanence), low field susceptibility proving a valuable perameter in further

substantiating the discrimination between Lake Van and Ciftlik materisl. On

account of the evidence for reciprocal traffic it is desirable tc differsn-
tiate between Melian and Central 4natolian obsidien., However, it is doubtful
whether a study of the magnetic parameters considered here is sufficient to
adequately characterise these sources. A single piece from .Acigdl, that from
locality 3, is not distinguishable from Melos 'A' obsidian, whilst four from
the nine Ciftlik pieces analysed also show values similar to that of Melos 'A'
(as can be seen by comparison of Figs. 15 and 21).

Fig. 17 disvlays the separation effected tetween the three West Mediter-
ranezn sources of Pantelleriz, Lipari (with its three sub-divisons) and the
Pontine Islands. A comparison of this vlot with Fig. 19 . demonstrates, however,
some overlapping between Sardinian and Liparian obsidian, . Very high initial
intensity values and values of szturation magnetisation naﬁg differentiztion
between SC and Lipari B 2and C difficult, but since no archaéological material
of Lipari origin has yet proved tc be magnetically similar to that of the in
sity Gabellotto (Li C) and Acquacalds (Li B) prehistoric flow material sampled
there should be no problem, BExcepting Li B a2nd €, internsities for SC material
far exceed those from all other material analysed and on the basis of opresent
evidence, magnetic analysis shquli prove a2 swift and effective mears of
determing an SC oricin for archaeclogical materizl, Yo c¢loor differences in
the trends for the two mnin diceriminating narazmeters 2re chown for Pantellerian

LY

moteriel 2and Sardiria T nizeacs (Figs.17 2na 19) dut differences in low Tield

suscentitility as showm in the two diresnsional nlot, using the waristlss of
- P - <

sstur-fion ramitization snd 1n  “iali ouzcectibiliys vesr-metively oo srdinsie

"w
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nature of reralxalire obsidian ~zd the ¢iffaring distribution natterms

of the two sources shoull ficilitste cheracterisntion. Discrimination
between Sardinia 3 obsidirn ~nd the Pontine Islind variaty asiears adeguate,
only the geolosical samples of unworkable quality from Procida snows very

his piece emerges as

ct

similar satursficn and inditial irtensitiss 2nd aven
distirct by virtue of its abnormally high low ficld susceetitility. Between
the Fontire Islands and Lipari and between Lipari A and Sardinia B and C

adeguate separation seems possible, but the overlapring values of low field

o

'y

succeptibility, intensity of nctural remazence znd satirstion roments for

<

Lipari 4 and Sardinia & samples create a very real problem. Charascterisation

of these two sources by measurement of ths magnetic parzmeters considered her

.)

oroves .therefore ineffectual. S material has turred up 2t onte Circe
(Ballam, et al., Tig. 4) but this is unusual and it has not yet been identified
south of Rome. Generally Linzrizn =nd Pontine Island material predominates in
this recion, whilst in Southern France and Horthern Italy, Sardinrian obsidian
is predeminant. Dixon and Renfrew (1976) defire =an ocsidian interaction zone
2s the region 'within which sites derive %% or zore of their obsidian from

the same specific scurce'. The intsraction zones of Jardinian ~nd Liparian

material ars senarate whereas the interaction zone of Pontine Isleond material

()

ies totelly withir the Liparisn zore. Althoush distinction between SA 2nd
Lipzri 4 proves difficult it seems more important to discririnate between
Palmarolan and Livarizn obsidian. An=lysis by magmetic means allows this

1

w

tter sennration,

)

Ctsidizn earmples from nerih-west 2nd north-eczst Calabria

re currently

hein~ 2nalveed of 2radford using rentron sctiyatisn

in merticulsr +2 azceriein wn=zther tne meiariel ig of Tinerier arizin, Uoimmetic
suolveia should wecos el o ls i Cevther ot on 2tapeatapicstion f Lir-rd

a°d Toncdire I3Tend gnterisl fn 2lucidate Tha rvatiern 07 interregionzl cortact

v aarmirisaasion ol sain - T ari barye cae s,
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6:4 Discussio:.. of the mean ard standard deviation cattern techinicue of

data treatment (see 5:2:4).

A statistically valid number of samnles were not availadle from all the
sources included in the analysis and it was only possible, therefore, to
establish the pattern of variation of intensities and susceptibilities for
the sources of Melos Adhamas, Giali, Lipari A (values for Forgia Vecchia
and Rocche Rosse material), Sardinia 4, Serdinia B, Sardinia C, Ciftlik and
Acigdl (see Table 7, Fig. 24).

The wide scatter of data for each of the five uagnetic parameters is
apparent in Pig, 24. The intensity of saturation masmetisa-ion emerges
clearly as the parameter showing the closest statistical spread, followed
by low field susceptibility, and as such irdividusl values for each of these
variables may be treated with reascnable confidence. Intensity of natural
remanent magnetisation and of magretisation after partial demsgnetisation
at 200 and 500 oe. generally showed a larzer datz spread. The natural inten-
sity of remanence is dependent upon the intrinsic suscevntibility of the mat-
erial and on its magnetic history, wnile the intensity after removal of any
magnetisation acquired over archaeologiczl tir2 should reflsct sample suscep-
tibility plus the stiength of the geormagmetic field at the time of coolirg.
Contrary to expectation in the majority of cases thes i3 shows a lesser spread
of data than that after partial demagnetisation. Low field susceptibility
values, though exhibiting a lgsser data spread than intensity of remanence,
are clustered in the vicinity of the 'standard' lire a2nd as such it groves

less valuable as 2 discriaoinnting varistle.
=l

Y

In pany cases resvlts from different sources {211 close to the 'standard’

. v ma e s et v oo o ions
line, maidng effective charsctarisatiocn, oy 4riz m=thod, 4difficult. Sardinia
n = -~ - - S PPN Kol . - F- ——ta I W

C is 2 notadla sxcastion ani ilsnt ficetion zhell 2e f=aciliiztsld, thouch
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TABLE 7 MEAN TNTENSITY VALUES FOR SOURCE MATERTAL.

Intensity x 10_6 -~ (standard deviation)
Soures No of Samples Mini N M2OOOe MSOOoe Msa £35000e Susc.
oo lo, 'i‘.' 29 895.8 850.5 48005 27241 02 53-4
(445.1) (268.2) (227.3) (5358.4) (16.6)
N o 162.3 122.2 86.7 5418.2 30.8
(110.0) (89.7) (64.3) (3441.3) (16.8)
i 10 336.6 28%.2 215.7 7117.3 1.7
(131.2) (115.6) (27.9) (2726.7) (3.3) 3
Crlide 1o 5 626.9 562.% 505.8 9909.5 18.2 -
(275.8) (3%6.8) (302.8) (3153.4) (7.1)
Serdiin T 5 477.8 434.4 424.8 20851.7 54.8
(323.7) (339.5) (224.5) (3367.0) (8.9)
Gorlinia 0t 7 19084. 5 15193.5 8226.0 68707.5 93.6
(18477.0) (13763.2) (7639.5) (26204.4) (38.2)
L0 G 264.1 226.5 186.7% 7385. 2 13.5
(69.0) (73.7) (53.4) (1928.6) (3.9)
CifLlik 7 €43.8 832.4 651.9 15130.8 12.8
(791.6) (543.5) (350.9) (7757.2) (13.8)
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Intensity values and standard deviations of sources
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however, be extracted from Fig. 24. or instance Helos '&' and Ciftlik

samples show similar mean values and spreads for intensity of remerent
magnetisation but for the latter source this is coupled with markedly lower
mean values of saturation magnetisation and low field susceptibility. ilelos
'A' and Giali appear distinguishatle, the only overlap occurring in the spread
of susceptibility values whilst for icigdl end Ciftlik, though susceptibility

and saturation values prove comparahble, reasoncble separation seems possible

on the besis of remanent intensities.,
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CHAPTER 7

CLUSTER ANALYSIS

7:1 Introduction

It was considered a useful exercise to perform a cluster analysis on
the magnetic data of selected obsidians. The analysis was initiated with two
objectives in mind. Primarily, the discrimination effected between various
obsidians by the somewhat subjective method of visusl examination of the
data could be verified, or indeed, consequertial revision of the =z priori
groupings could be suggested, by an independent objective data classification
based oOn simultaneous consideration of all variables. Secondly the data
could be presented in an alternative form, as a two-dimensionsl graphical
plot.

'Clustering' or the pattern of estatlishment of relatively distinct
groups of material related to, but distinguished from, other comparable
groups c2n be achieved by way of cluster analysis. For the archaeologist
classification and compression of data are of tremendous importance and
numerical clusterirg of a large archaeclogical dota set can determine

patterns of covariation within the data.

T7:2 General techniaue and choice of a svecific clustering procedure

The data to be classified must be arrarged in the form of ann x p

matrix. n rows represent the individuals to be grouved, according to homogeneity

hetween entities and v columns revresent the charocteristic variables on the

basis of which these zroupirss will take clace. In the present set of data

()]

arrlasg 07 ahcidian from 7arious localities ard the

the n indiviiasls are

a

e

v variabtles are the mavrertic var-meters of iritial intensity of mesmetisatiior,

intensity after steo d=m2 retisatior,( af 200 =nd S5 oe ) low field mass
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In common with many other methods of multivariate data analysis, a
preliminary procedure is the formation of a matrix of similarity coefficients
calculated between each pair of units to be analysed. If n individuals
are to be grouped on the basis of p measurements on each then the n x n
distance matrix is the natural summarization. (Solomon,1971 )

A generally appropriate and relatively simple clustering criterion
is thaf based on the Squared Buclidean distance or Sum Squared Error,
defined‘as the percentage ratio of the sum of the squared distances
between points and their cluster centres relative to the summed distances
from the overall data mean.(Hodson,1971,34)

Of the range of sequential, agglomerative, heirarchic, non-overlapping

(SAEN) clustering methods available within the Clustan 1A package (Bradford

" University Computer Centre) the similarity criteria of the nearest neighbour

method was chosen as suitable. (Trasi,1975) The choice of the single linkage
or nearest neighbour technique was bast on rather arbifrary considerations.
9 standard methods were available within the Clustan A1 ﬁgcka;e. Practising
taxonomists have levelled criticism against single link cfuster analysis
on account of the chaining effect which it often exhibits,eonversely the
method has been shown to be the only directly heirarchical procedure in
current use possessing the formal prOperfies required by a comprehensive
theory of clustering.(Jardine and Sibson, 1968) The method has been
successfully applied to archaeological problems on previous oOccasions
(Hodson et al.,1966) and with the present relatively small data set it was
thought that the chaining effect would not matter greatly. Moreover the
single linkage method was economic in use of computer time.

The clustering orccedure,in the first instance,treatc 'a' individuals
28 n senarate clusters each with on2 member. The similarity mstrix is then

scanned and fusion of two individuals to form one single cluster proceeds
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§000rding to distance between nearest members. Repetition of this pro-
cedure finds the next highest similarity coefficient, if one of the linked
units is already a group member then the whole of that group is included
in the fusion. If both units are groun members then the two groups fuse,
thus each fusiop decreases by one the number of groupings. Fusions once
made are irrevocable. The search procedure thus continues and the groups are grad-
ually enlarged until all individuals merge sequentially into one large cluster.

The dendogram presentation of the data illustrates the fusions made at
each successive level, culminating when all individusls zre in one group

The cluster codes for the present data range from 1-29,(since there
are 29 individuals) numbered according to the input order of the individuals.
Specific identity of samples togzether with their cluster code numbers is
presented in tabular form.(table 8)

| Two separate runs vwere performed on the data using the nearest neighbour
clustering method. The initial run made use of 8 numeric.variables as a
framework of reference within which to establish groups of‘clusters. A
decision was made to mask the low field mass susceptibilit}land the
dependent Koenisberger (Q) retios from the coefficient calcﬁlation
as 'noisy' variables, and the second cluster separation was %ased therefore
on the remaining 4 varisbles: initial intensity of remanence,aintensity
after alternating field demagnetisation at 200oce, intensity after alternating
field demagnetisation at 5000e,and intensity of saturation magnetisation.
(35000e) This reductior in the number of variables resulted in some changes

in the internal relationships of the classification array.

T7:3 Material analvzed,. results of Clus*er Analvysis and their intervoretation

Data fcr obsidians from the Aegean and ‘lest Mediterranesn sources of
V¥elos, Giali, Lirari, and Sardiria were selected for cluster anzlysis.

To gain a ¢ = visual picture of the clustering as shown by the dendosrems

PO . v em e . N - N < &  om o
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TABLE 8 CORRELATION OF CLUS%%S‘CODE Nos WITH MAGNETIC ANALYSIS Nos.
Cluster Code No MA No Provenance
1 * 1 Melos Adhamas
2 * 5 " n
3 * 7 " n
4 #11 " n
5 *7 " "
6 *25 v
7 *34 " Dhemenegaki
8 *35 " "
9 *36 " "
10 *56 Giali
1 *58 "
12 *42 "
13 *43 "
14 *49 "
15 *54 "
16 *57 i "
17 *59 "
18 64 " beach
19 65 oo
20 67 weon
'21 68 " "
22 *63 Giali
23 *142 S.Antioco ’
24 122 Grotta Sa Ucca, Sardinia
25 116 Tle Monica, Sardinia
26 117 Basi, Corsica
27 119 Tivolaggio, Corsica
28 *91b Acquacalda,locality k,Lipari
29 *93b Gabellotto,locality r, "

N.B. * indicates geological'hand sample.
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'A' source; 7-9, from Melos 'D'; 10-17,and 22, from Giali; 18-21 from Giali beach,

23 from S. Antioco, south-west of Sardinia; 24-27 from Serdinie and Corsica(SC)
and finally 28 and 29 from Lipari.
Results of cluster aralysis, using 8 numeric variables, as presented in

dendogram form (fig.25) were disappointing. A clear discrimination is effected

‘between individuals from Aegean sources and those from the West Medi terranean,

yet,wifhin these two broad groupings the subdivisions established are none

too satisfactory. In dendogram form (fig. 25) the strikingly close relation-

~ ship between all Melos and Giali obsidians seems apparent, yet this is not

the case on visual inspection of the numerical data from these two source areas.
The cluster analysis gfoups raterial from Melos Adhamas, Melcs Dhemenegaki
and Giali in one very homogeneous cluster (cluster code nos. 6,7,8,10.) and
whilst two Dhemenegaki samples (7 and 8) appear together in this cluster ,
the remaining Melos 'D' sample is linked on singly as an outlier to the
main Aegean group.Ilt seems then that no adequate divisién can be achieved
between Melos material and Giali material on the basis of this first two-
dimensional plot. The Melos and Giali material merge sequentially into one
large cluster at a level where the distance criterion is fairly small,

this would fend to suggest that the grouping is of significance, but in
factpreliminary visual inspection of the measurement data does reveal
differences which render possible a separation between Melos 'A', Melos

'D' and Giali.

Turnirg to the ‘yest Medi£erraneen material, the three Sardinian (SC)
semples grour together. hut this groupning is established well down the
dendogram, with the laryzest distance criterion. Materisl from the prehistoric
flous:on Liperi is diviled: Gabelloito obsician (79} bveinz erroneously
groured witl: citcnstone from S.intioco, south-west of Sardinia(27) and
Acquzcalda obsidizn (2%) with archeeolorical material from Grotta 3z Ucea

in Sardinia. {°4)
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The differentiation achieved on the second dendogram plot,(fig.26)
with grouping based on only 4 variables, is of a far more satisfactory
nature. Several distinct clusters emerge. As before, Liparian and Sardinian
material is well distinguished from that of Melos and Giali. A dichotomy
emerged within Melian obsidian samples; those from Melos 'A' all clustering
together and those~from Melos 'D' forming part of a cluster. This was satisfactory
» unfortunately a spurious relationship is shown between the three Melos 'D!
samples and two from locality C on Giali. However, from prior visual examin-
ation of the magnetic data confusion between Melos 'D' and Giali locality
C might have been anticipated. Source material from Giali and material
found §cattéred on Giali beach is put in the same sub-group, and although
the beach samples appear adjacent to one another, together with a single
geological hand sample from locality C, forming the extreme member , whilst
source material from other Giali localities appear as nearest neighbours
at the other end of this group, the whole is integrated ég one homogeneous
cluster on the dendogram. As in figure 25, the hOmogeneit;gof Melian and Gialian
obsidian appears over-emphasised but in figure 26 the smalfhdiversities
shown do seem to represent genuine discriminatory groupings;

Heterogeneity within Sardinian S€ material is again sugg_ested by
figure 26, the three obsidians from Sardinia appearing as nea;est neighbours
but only forming a cluster with all other individuals when the distance
criterion is completely relaxed. The two Liparian samples (28 and 29)
cluster together initially but as the similarity coefficient decreases
samples from S.Antioco and Grotta Sa Ucca (23 and 24) merge into this

cluster.
The dangers of misrepresentation are apparent: to quote ore instance,
visual inspection of the S.Antioco data shows what seems a very significant

difference in respect of one variable, this, however, is not evident from

the dendogram plots.
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The cluster analysis demonstrates one way in which the computer can
present numerical data in a simple, objective form as a foundation for
discussion and interpretation. Since the procedure relies wholly on the
data set to obtain a grouping of individuals, it would be, perhaps, optimistic
to imagine that the subjective groupings should be greatly improved by
cluster andlysis. Indeed the analysis led to roughly the same clustering
as that based on subjective visual data examination and as such, this
_ means of visual display of data does allow a greater measure of confidence

in the groupings recognised and discussed in the previous chapter.



CCHCLUSIONS.

The principal concern in tke tresent research is to illustrate the
scope of magnetic analysis. Several concrete conclusions ererge from the
deta here presented:
1. Studies of obsidian from Zurove and the Near East showed some magnetic
pa;ametérs to be better source discriminators thun others, backfield coercivity
and saturating field did not vary significantly from ore source to another and
the best indication of provenance resulted frcm consideration of the intensity
of natural remanent magnetisation together with the intensity of the saturation
moment and where necessary low field susceptibility proved useful in substan-
tiation of source attributions.
2. Specimens from a sirgle source siowed a restricted fange of vaeriation in
the magnetic parameters of saturation mzgmetisation, initisl intensity of
rezanence and 10w-field suscertibilit;’, Clearly it was ionrtant to establish
this at the outset since wide variations in thes maemnetic pérameters measured
within a single source, would render the method i.':practicab:lte. The internal
magnetic homogeneity of flows was tested using geological ha;r}d samples from
Melos ahd Giali ard the within-source consistency of results pbtained'is well
demonstrated (Fig. 15).
3. Between-source variztions appeared in mary cases to be greater than the
magnetic parameter veriations within individual svecific flows, allowing
adeouate seraration of several‘of the zowrce2 Trterizls studiaé.
4. The Melian flcows of Adhamas and Themerese!d an-eared, on the basis of
geological szmrle data, 1o show sisrificont differences in sormetic properties
and toth were in gerersl, sasily 32--ratle from 3ialian cbsidian,
5 inalyses dcorment A mormefically distinet trounings ¢f rrsidizn from the
lon2lity of ionte Arei in “svrdinia, Uf archzeclozical zoterial from forsica

included in the aralycisg, 211 niscss telont to sub-zrouns S84, 53 e2nrd SC. The
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SD sub-groups does not appear to be renresented outside Sardinia itself.

6. Three clear sub-divisions Qere apparent within Liparian meterial.
Material from the historic flows was magnetically indistinguishable from
those archaeological pieces, previously activated and attributed a Liparian
origin by NAA. In siitu samples from localities on the prehistoric flows of
Gebellotto and Acquacalda are ckarly separated from the remaining material
and convincingly separable from one another. The remote possibility that
the prehistoric flows had been radically altered, perhaps by heat action on
formation of the later flows, was considered. A more plausible suggestion
put forward is that the prehistoric flow material sampled is not that from
which prehistoric archaeologicel material was derived.

7. Tentative sub-divisions are proposed within Carpathian material and that
from the Cappadocian source of Acigdl.

8. Within the Pontire Island and Ciftlik source groupings, the extent of
variation in magnetic varameters would support the sug'estion of the presence

of more than one single flow. Clear sub-divisions wers not apparent.

14

9. . Some unfortunate source discrimination problems do e£ist: within tha
“Jest Mediterranean no effective magnetic distinction coulé be achieved
between suo-groups SA and Li 4, whilst there eristed considerable o&erlap
between obsidian from the Aegean source -f Melos aud that from Ciftlik in
Canpedocia.

10.The magnetic approach to the problem of obsidian characterisation
has certain advantages and disadvantages as compared with the tried
and tdsted methods of trace and minor element analysis. NAA and OES
are two methods of trace element analysis most successfully applied
to obsidian characterisation.

: Hhen considering the time factor and expense involved in analysis

of obsidian by determining trace and minor element concentrations, the



magﬁetic technigque has much to recommend it as an altemative method of
éharacterisation. Magnetic analysis is essentially awift and inex%ensive.
Its non-destructive nature is a major advantage over OES, which necessitates
destructive sampling.

With very small samples, a real difficulty in the present study was
that of integrating a weak signal above the noise level of the magnetometer
system in use. On this account a sample mass limit of c. 0.7 - 1.0 gm
was introduceé (p146), below vhich results were cogsidered 1ess.reliab1e.
This is an obvious disadvantage of the techrnime over OES and NAA, both
of which are capable of.analysing samples less than a milligram in tofal
masse.

The extent of overlan in magn~otic properties of ohsidian observed
from.the Aegean, West Mediterranean, Near East and Central Europs suggests
that the magnetic approach will never supplant characterisation by
quantitative determination of elemen£a1 concentrations, either by CES or NAAj;
although it has been demonstrated here that it may on certain occasions be
used successfully as an alternative to trace element énalysis. Essentially
its current importance lies in its potential as a speeéy and economic means

of preliminary examination, giving a sound basis for source discrimination,

which may be later confirmed by detailed trace element analysis.. Further

evaluation of the magnetic distinction of obsidian sources is yet required,

the present study however, confirms the general validity of this approach.



3 T3 3% T3

186.

SUGGESTIONS FOR FUTURE WORK

In the course of the present study of selected magnetic parameters,

difficulties were encountered in measurement of the intensity of magnetisation

- of small samples on the magnetometer system in use - where archaeological

specimens available for analysis are of microlithic tyove this becomes a
problem. The difficulty is one of integrating a very werk signal above the
noise level of the magnetometer. One solution would be to increase the spin

constant from 2% (commonly used in the present study ) sc that the computer

. 8 1
- integrates over, for example, 2~ or 2 0 spins. (taking respectively c. 37secs.

and 2mins.26secs.) This effectively increases the signal to noise ratio but,

“of course, makes the procedure of measurement a far l:nzhier process.

Alternatively a magnetometer system with a very low noi.z level should
facilitate measurement of small samples. Indeed magneto-:ter systems are
commercially available with noise levels of an order of naghitude lower
than that used at Newcastle.

To thoroughly investigate the potentiality of mammeatic aﬁglysis as a
discriminant technique, further parameters must be examined and their
usefulness evalﬁated. It is suggested that thermal analysis might provide
v;luable information. Two thermal demagnetisation methods are in general
use: the progressive and continuous methods. Although furnaces ;re built
to hold 40-S0 samples, the-time factor involved ( viz - the time for the
oven to reach equilibrium at each set temperature for wre continuous method
and the time for the heating and coolinz cycle for t:z progressive method )
precluded the use of thermal anz2lysis in the present project. The demagnetisation
of remarences by reheatins has however, several applications of possitle
uée. For example, the chane of the curves relating the z-—metic moment

remaining 23 a Tunction of the temperaturs of keaiing ¢-n contritute
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to a study of the magretic composition of specimens. A specimen ccquires a
partial thermo-remanent magnetisation (PTRM) if it is cooled in a field
through a limited temperature range and then cooled throuzh the remaining
ranges in zero field. The PTRM spectra can show the important ranges of
blocking temperatures, approximste Curie points and the number of ferrimagnetic
componeﬁts in the rock specimen. A comparison of the stable high temperature
component of natural (MPNRM) and thermal remanence (MPTRM°) can give
information on the intensity of the ancient geomagnetic field (comparison
can also be drawn between MPNRM and MPTRM isolzated by a/c demagnetisation)

Further work should give consideration to these further parameters.
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