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Stone A - Mining Age — Der Anschnill, Beikwalt 19, 2008

Sylvie Cousseran, Arnaud Pecher & Pierre Bintz

Circulation of archaeological quartz artefacts

in the Western Alps

New evidences from fluid inclusions data

Abstract

¥ the Wastam Alpg, bath the Messithic and the Nealithic ithio
industry iz mainy based on find, some faction of the sfone
implamants e made of guats AS mam patential guarz
spurmes are distant from the arhaealsgical stes whers quarz
artelaets have been found, anthvepis rarsportation i needed.
To fix the transpartetion roads implies the abiily 1o fix the gea.
Ve proveriEnee of & fiven Guarts,

Chemica charscheraation of quarts samakis is vary dificit e
QUATTZ 1135 8 Yary covafant compasition. Buw in neady al gusds
crystals there ans Muid inclusions (Fll, ramaanfs of the fud
trapped in the growing crystal or in sary sesled microcracks.
Condrary o chemical cOmpositioe. Mg insusnns comdard —
W [halr gensily end thed chamical compasition — vafes o
oNE QUANE [0 GNother, depamding on [He varows peokgicsl
GTVATAITAS RS Tl [hair frmalion.

Stugy of fiwa fuid clusions content = eazily doma using &
Fraating/Coning mcnEcone saga;

] coolng leads fo &7 estimatian of Me Mwd comaosiion,
frarodiph i5 malling fempararine,

(%) heafing teads i &0 asiimation of the dansity of e fnclucdad
figwdd ihrpugh B3 homogenisation feamperaiung,

From this hwo-sitlea approach # 2houfd be possitie fo wfer for
gach archasoagics site fha probatve sourcs of Byallis QUaTz.
This assumpiion & valided by 8 cass siudy b the Westem
Alps, which indicates that:

= guaaniz fiad inplusions shdy &8 aciually & decniminagn ool 68
fiad inchusions charsclensics vary from ona sile io anodher
= povTadian bafween fiad inclusions dale in querz amefacts
and in oufcrops of quanz ko ihe Exfemsd Crysiaiine messis
[l us whal were the sourne zones far the Epipalacalihic o
MNaplithic stas.

Keoywonds: Hyalng quarz arfedact, fuld wolusons, Westem

Introduction

Thrgughdnd recent prehistarny, quarlz was used like flink, as
raw rmalerial in many prehislons siles, Sourcing archaoo-
logical quarz is & key preblem, a% (his provenancs s a
soufée of precis information in e analysis of the provi-
Sln’_'ll'!iﬁg 51|'3|.E'gi-&5 tor each sie sludied,

Dizcrmination of archaealogical quarke Source(s) mplies
their characterisalion, comparison batween them, and
ability to separate distined groups Tae each provenance, As
quartz has & canstant and simge chemical lormuls ($20;),
it Is afficult 1o descminate the samples on usual chemi.
cEl andfor mineralogical tests, Oaly frace elemenls pals
tern could change from one quartz o ancther, bul lhere
Iz a complele lack of such dala on the quartz found i he
possible source afess. Butl, guarz crystals aften conlam
tiny fluid inclusions, remnants of the fluids surrounding the
crystalwhen growing (2ee for example Roedder 1984, who
gives many referances on the wse of fluld incusions). Az
quartz crystals nave grown from place o place in differ-
ant P-T and chernical environments, reflectad by different
gealogicsl fluids. it shauld be possinle to diecrminate dif-
ferent quartz families and even have same raugh idea of
their provenance through the foasil fueds trapped in the
quartz inclusions.

Althowgh thare are numarous meathods possible to sludy
flusd inclusions, the microthermaomelry appears to be the
mizst switad for an explorstory work and methodological
testing. Often used in geclogical sludiss (metallagenic
sludies for example). this mathod is rather insxpensive and
aasy 1o use (although fuid inclesions obsarealian under
the microscopa is ime consuming), and seems to have a
sufficiant pracision 1o alow a typology of archeeological
quartz of soma prehistoric sites in the Wastam Alps. Nev-
erthekess it should be noted that this mathod is destructive
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Geographic leca- Samples
Sitas tlon Altitude  Site type Poriods e
1 Midda Epipalasclith-
Balme-de-Thu Boares massif E2im Rock-shalar o Middke Mesokinke 217
{Haute SavaisFrance] JP.Ginestet Mardthic
La Fru Chareuse massf  570m  Rock-shalter A 26
(Saint Christophe-Savels-Erance] G.Pion icidier Bieaoiiine
2
Gerbaix Charlrausa massif a20m Cipan air Epipatagakini: 23
(5zint Christophe-Savale-France) G.Pian
3 - )
Aulp-du-Seuil Middle Mesolithic
{Saint Bernard du Touvet-sére-Francs) Charreuge mass 1700m Rock-shalier Nochic 137
P.Einte
4 Cirac and Romanche .
varces Valley 210m Oy aif rhddie Mealithic 134
[Isére=France) AFAN i
3
Grande Rivaire aroars B40m  Rock-shaler Mesolithic a5
(Sassenagedsére-Franca) R-Plcavet
=} -
Combeoire Drac a’fhﬂ""a“w T Sepdre Last Meakthic 8
|Clainssére-France] R.Picavet
Torrss Blrihed M‘ggﬂ;"m STha  openar Mezalithic T2
[ Menglon-DromeFrance) H Mbller
B
Clager Southam Prealps 51610 Do e s rithic &
{Recoubeau-Dréma-France) A Jourdan (Do) 525m e Mealithic
Ba g Sauth P
e du Rif gim Praalps Fock-shoier :
{La Matte Chalancon-Dréme-France) {Dicis) S00M  nd Open air B 18
A Jourdan
Yo
Alpe Veglia 3
[Alpi Lopontine- Italy) A.Ghiretti and Lamihaed Alps 1750m Open ar IAaselilkez 105%
P Wavassor

as the cnsensation of Muid inciusions undar the mitrosoops
ie done in polished thin-sections (thickness: 150 1o 300
micremeters). Thus, enly not bo waleable arlelacls could
e Lged.

Prehistoric sites

The principal characiers of the sites whare quanlz was se-

lected ara dascribed in Tab, 1 demenstrating Ihat the pras-

ence of guariz arefacls is 8 commaon phenamenon from

the Marthern o the Southern Alps, We have selected the

sites studied on several cribenia:

» diffarant ages fam Eppalasolithic 1o Neolithic,

* proaimity wilh crystalline maseifs, where possible quanz
SOUCES A0 NUME0US,

+ differant types of dwelling: rock-shelter and open air
EilBE.

The diffusion of quartz shows a diachronic evolution

(Tab. 1. Actually, it seems that it is nol pessible to attribule

200

=l agiven period in particular the choice of quartz as a riw
material,

Quartz arlefacts can come Tram several different gealog-
cal envitonmenis: guarzites [rocks of sedimentary ormels-
morphic arigin, formed almost exclusively of millimetac
grains of quartz), or more often single milky o limpid quartz
crystals, commonty found in Ihe erysialline rocks, and even
in sadimentany rocks (for cxample bi-pyramidal quatz of
geodies in the slaty formations of the “Temes Noires”™, inthe
galermal French Alps). Only limpld quarz weins, of more
rarely milky quanz, present Muid inclusions large encagh
(a1 least some tens micromelers) to be studied By the opti-
cal melhods,

The use of fluid inclusions seems adapied in this cass
sludy as for all the siles quanz are limpsd, lilkhe delormes
and not recrisiallised after thelr formaton. Bul bo b able
to make a typology of quartz besed on fluid inclusions, we
nead a database of the Muid inclusions quarl2 characker-
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izng possible source areas, From this point of view, the
mathodological test previously carried out (Causseran e
al. 19948} was done & a relatively Fayourable conbext;

+ probabla onigin of guanz of the sites partially slucidated
by other methods,

* formerwork in mecrothermarmedry Fl having brought data
on some of the suppesed Source areas (vains of the
crysialline massifs of the Exlermal Mps: North to South,
Mant-Blanc mased, Poly 1969; Rochoray massif, Ochoa
Alencaszira 1979; area of Bourg d'Qisans, Jenation
18E1, particularly with the quartz of the Gardetle mins,
studied by Poty 1969; Narth of the Pehvoux massif and
Haule Romanche, Bernard 1978 and Mrigngui 1993),

# gxistence of significant differences of fhe fluids obsarved
bétwedn one araa lo anolher.

In our prefiminary study, micrethermomedry analysis of
the fluids included was done on aboul 1en quardz samples
for each site, In spita of this restricled sampling, it was
passible 16 highlight the similanties or the differences of
sountes Irarm ane sHe to anothar, and 1o evidence the pos-
Sible Souce Arcas,

The fluid inclusions tool

Principles of the method

In a rock erystallising or racristallising in deplh, beside the
solid phases (mingrals) one or more liquid phagses (M0,
CO..) exisl in thermal and baromelric equilibrium with
these minerals, & small par of these fluids is Irapped in
the crystal {in the early growing defects or in laler sealed
micrafraciures), Remaands of those fluids are preserad
as fluid inclugions which can form in the same erysial sov-
aral distinct families: primary inclusions, formed a1 he time
of crystal growing, or secondary inclusions in the various
generalions of microfractures.

To use a fluid inchesion as markar of the geological con-
diions during the: formafion of the crystal-host, we adms
that its content was not modified since its frapping, either
considering its chermical composition or ids densily. That
implies thet the mclusion behaved like a tiny mecro-con-
tainer of a constant voleme. Genarally it is admitted 1hat if
the mineral-host is quarkz such an hypothesis is frue.

If 50 wa easily can have a good idea of the fluid composi-
bion by cryometry (of. chapter Cryometry). In addition, the
constant luid densiy implics that inclusion {or al least its
content) follows, at the fire of the exhumation of the crys-
tal-haost, a well defined P-T path (Fig. 1}, correspending 1o
an iszchor line of the PALT phase diagram of the included
fivid (Roadder 1984, Weiskeod 1984), This property s ex-
phoiled to find out the density of the trapped fluid {of, Chap-
ter Microthermometry) By thermomaelry.

Pressure

Thues, stedy of compasition and densily of the included
s can be used 1o discrimimate Nuid indusion fTamilies,
i | leads {o a typology of the quarlz sampdes bassd on
included fluids (distinction of quartz inside a same site or
frawen @ sibe bo another). It can also helfn o characieriss
Ihe: Tarrmaslion areas, and thus ta find sources of quarz ar-
lefacts.

Cryometry

Cryomelry is the measurement of the femperatures of
phase change {melting) cbsensd In an inclusion a1 low
temperature, Afler cooling of the sample and freesing of
the inclugions, wi measure under the micfoseope bhe
rmefling poenls of the various phasas formed at low lem-
perabwre (e, chlislotes... ) from these temperaiures we
can deducs the chemical components of the trapped Auids,
For exampde, melling of a phase at approxmaltely -56.6°C
indicates the presence of GOy (the tempersture of the 5
ple point of S0, 05 -56.6°C), meting of a phase a1 appraxi
matsly -182.5°C indicates the presence of CH,. A H,O +
Mald mixture melts 1 variable temperaturas according 1o

Fig. Iz Fluid indusion micrefhermometric siudy. Exampla of gn
inclusian filke with & HyQ + 10 wiis MaCl brine. Top: PAT dia-
gram, P-T corditiens into tha coaling inclusian {pT: tripie poing;
pl: crlicad printy. Beloe: phase changes abserved whan heat-
ing lhe inclusion (T malting lemperaiune of st iz crystsl, Th,
bubble disappearanca; homogenisalion emperatura), Battom:
solution salinity dedermination, usng the Hy0 = MaCl sysiem 51
kow tempesature. Valsas ae ecoording Lo Macflincor (Srcen and
Hageman program. 156834}

dodng of inglusons

A I srch tempenitare ad presserr
M= mckewion is infifled with

Lqud B0

orical poler (§T0C, 478 bars
fise BE, 0= L0053 Chmehing)

e maE
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the sbundance af salt in solutisn (-21°C for a brine wilh
23.3% weight of MaCl, and 07 C fer pure water, see Fig. 1).
These iemperatures could be kewer than -217C if the: brine
contains salls of bivalend cations, CaCly for example.

Microthermometry

The migrethermomatry is based on the assumplion that
fluid inclusions keep a constant density (volumelric mass)
sine brapping of the fluid indusions. Then, during exhuma-
fion, the P-T path followed by the fluid inclusion conlents
musl be an lsochaodc path, whatever is the P-T path fol-
loweed by the host-rock itsell.

During cocling of the sample (Fig. 1), the exhumation path
followed by the included fluid in the comesponding P-V-T
system can be subdivided in two parts:

fi) the included fluid first lallows the isochor corespanding
te il trapping prassion &nd temparature, During this step.
na change of phase is observed.

{ii} &1 the point wher the isachor joins the ebullition curve,
the fiuld demixts in beo phasas {vapor and liguid). Then the
vaper+liguid inclusion follows tha ehullition curve, down
{o room temperature, whers tha two phases can be ob-
gerved.

When haating the sample from room lermperature the fluid
follows the same path. That means, the measurement of
lhe homoganisalion temperaturas gives the density of the
fubd included. 1 carespands to an iscschor, on which musl
be the trapping P-T coupls.

Fluids in French Alps quartz
artefacts

Fluid inclusions data

Fusion temperatures end salinily

Melting points measurad highlight significant differences
in nature of Ihe fuids observed in our samples. We have
observad three types of quarz:

H,O+MNa G bearing fwid inclesions.

This type is encountarad in the French Westemn Alps &l
eiles like Balme-de-Thuy, Gardbaix-La Fru, Aulp-du-Seuil
and Varces, and in the French Scuthern Alps af sites like
Teres-Blanches, Le Clapier and La Baume-du-Ri. Freez-
ing usually occurs around -50°C, while the maasured meit-
ing points spread out from -£7C o -16.5°C. As we did not
know by this methed the exacl composition of dissalved
sall. the sall content is expriss in an “equivalent Nacl,
bacause the MaCl is by far the more frequent natural salt
franslermation of the melling point of salty walter in b
weight ef MaCl, using the data for the system H;O+NaCl,
Polter af &, 1978; Bodnar & Vilyk 1904). Rather low rredt-

&2

ing temperalures oblained (from -15°C to -T70) lead 1o
rather high equivelent MaCl salinilles, r@anging from 10 10
18wt %,

0, ar CH, beanng fuid nclusions:

This farmily includes two lypes of quanz:

{1y G0 bearing fluid indusions heve threes phases at room
temperaiure. in aach indusion, we see GQy-rich gas bub-
bles, liguid ©Oy and liquid HyO. The camonic phase is
nearly pure GOy as the melting point of the CO, phase
is always very close bo -56.8°C. AL low lemperatura a
CO,+NaCl hydrate & fermed. itmels between +£.1°C and
+10°C implying that the carbonaceous companent in the
fluid inclusions is nearly pure GOy (pure SO rpure waler
hydrate has a melling temparature of +10.5°C; mT lower
fan +10°C impfies GO, +NaCl+H,0 mixtures). The ho-
miogenisation of GOy is done in Bguid phase around +31°0
{CO, critical temperalure = +31.17C)

(&) Some uniphased fluid inclusions do not freeze ata tem-
perature &5 low as -B0°C. It could indicate the prescrce
al CH, or M, bul due 1o spparaius restriclions, we have
nat been able ks determine their aclual compostion: CH,
rmelting ocours at -163°C. and its freezing siill lower down,
due to surfusion phenomena, whils he device we used can
hardly reach less than -150°C.

Such GO, fluid inclusions or GHy fluid inclusions have
only been encountered in the Soulhern Alps. in the siles
af Terres-Blanches and Alpe Vaglia (in Halian Alps) far ihe
first ana. and in the sites of Temes-Blanches, Le Clapier
and La Baymie-du-Rif for the second one.

Tempsratures of e Fomogenizs=aion

Heating runs have been done anly on the H;0-NaCl fluid
inclusions. Qlher fluid inclusions have not been wsed as {1}
the ©0,+H.0 bulk homogenisiion usually ocours highsr
than the maxienum temperature allowed by tho used de-
vica (300°C) and evan at lower lermperature, haating aften
leads tn decrepitetion of the inclusion (britile failure of the
inclusion walls do to heating related overpressure of the
fluidy, and (i} CH, or My fusd inclusions are already one
phase inclusian at room temperalune.

The homagenisation temperatures for the HyO-MaCl bear-
ing fluid inchusions in @ site are represantad &5 a “eormposita”
histogram, cormesponding fo the summing up of several his-
tngrams, each obiained on @ single quartz of fhe site. Caon-
sidering hese histograms, we can separaie bvo cases:

# one characierissd by an unimodal distribution of homog-
pnisation temoeratures (siles of Balme-de-Thuy, Aulp-
du-Seuil, Le Clapier and La Baume-du-Rif},

+ another one characierised by & plurmedal distribution of
harmogenisation temperalures (two or thrie peaks histo-
grams: two peaks in sites of Teres-Blanches and three
peaks in sites of Gerbaix-La Fru and Varces).
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Fig. & Histogram of Th measured in the la Balma-de-Thay quarz.
Top: B& Misd inclusions lroen bao different quartz, Bekrw: 100 fuid
mclusicns ngm Tour dilferant quarle. Bottom: 36 fud inclisions
Tram tes ditarenl guarz.

Sifer by site dala

This two-sided approach {eryomelry + thermometry] al-
leyars us bo distinguish verlows families of quars in saveral
prechistonc sites in the Westarn Alps, From our divia we can
infizr the following information for each sibe

La Balma-da-Thuy [Haute-Sevale, France)

This site was mxcavated by J.-F Ginestel (Ginesbed 1984),
Sludied quartz artefacts were selecied in yyer TA (Epipal-
acolithic)

Fiar the etight studied quartz artefacis, flusd nclusions have
rlling ponds spraad ot from -7.2°C to -12.68°C, These
temperatures comaspond o a salinidy ranging fram 15,5
b 16,2 % Mall.

The: Th hisiograms are unimadal but the temperatune o
resganding o the peak of the histagrarm can vary fram one
guartz taanalhar, Sludied quartz can be divided inlo (hreo
groups, each group being charsctenzed by a distine] bem-
petalure, respectively 21002, 230°C and 255°C, with litile
recowery of the paaks of the histogram from one group 1o
anaother [Fig. 2]

=]
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0ot i el
ali} Eh- TEq i1 1] 112
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Fig. 3 Histogram af Th messured in the Gerbai-La Fry quanz
245 Nisd inciusions i 8 dillerent guarz. In each guartz, we can
fird pnikass 2 ol 3 maxina seen on lhe histogram,

It can e infernied thal the site of La Balme-de-Thuy hes &
lithee indusiry knapped of at least thres famities of differ-
ent quarte. It can be thres distinet weins may close from
each ather bul which are probably not cresscutting {ne fusd
mislure j.

Gerbaix and Fru [Savoie, France):

These sites were excavated by G. Pion {Pion 1980). Stud-
led guanz artefacts were solected in dhe Mesolithic layer
of the site of La Fru and in thi Epipalaaalithic layear of the
site of Gerbaix. These twe siles of only few meters distance
show the simdanties of the measvred ranges of Th which
would imply & same gecagraghical quartz source.

For the eight sludied quarte objects, Auid inglusions have
melling paints sgeead oul from -T7G 10 -13.4°C. Thesa tem-
paraiures correspond 10 @ Salinily mnging from 13,500 16.7
wiie Maci,

The single quanz hislograms are more oflen bimodal,
with a peak at low temperature (fud with relatively high
density), approxmately 20°C kywer han the paak ad high
temperature [1'|IJI|:| wilth refatively lower density]. fwa draw
oui the composite histegram far all the measuremenls
of the site (Fia. 3), three modes anise cdeardy at 2057,
240°C and 265°C. But no Th hialus is ohserved betwesn
the different samples: if we sorl the quartz by increasing
lempearature peaks, each histograrm for an individual thin-
gaction has at l=ast one commaon mode with the pravious
or naxl sample,

Thus, althcugh the composile hislogam suggests lhrea
different types of guanz we more probably deal with only
one guarz type: the quartz af the site would coame cilhar
from a same vein in which ssveral generations hawe Gir-
culated, or from saveral vains crosseulling each alber (e,
possabdity of fluid mixture) and hawing been excivabed suc-

cassivaly.

L'Aulp-du-Seuil (Isére, France]:

This site was excavated by F. Binkz (1993). Studied quarlz
chijects were salacied in the layers C1 (Mesalilhic- Neolithi
fransition) and C2 (Middle Mesalithic).
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Fig. 4: Histogram of Th measured in the LAul-du-Sewl quariz.
Top: 58 flud inclusions from four different quartz. Battam: 52 fluid
inclusmons froem fowr diferend guartz.

Faor e eight objects shudied, fluid indusions have melting
pointe spread out from -5°C to - 1078, These temperatures
correspond 1o & salindy ranging from & bo 14,2 with MaClL
The Th histograms are unimodal but the temparature cor-
responding 1o the peak of the hstegram can vary from ons
quartz to another. Stedied guarz can be divided into two
groaps, esch of them being charactensed by a distinct
peak temperature, 175°C, and 290°0 respectivaly, with
littte recovery of the histogram from one group to anather
{Fig. 4).

We can infer, that at the L'Aulp-du-Seuil. the lithic industry
= made with &t l=ast two familiss of diferent quarz.

“arces (Isére, France):

Located on the leyaut of the motorway ALT, this e was
excevated during rescus operations by the AFAMN [Asso-
ciation des Fouilles Archéalogigues Malionales) in 15034,
Far the twelve sludied quartz chjects, fluid inclusions have
mealting points spresd out from -7.5°C to -16.5°C. Thesa

Fig. &: Histogram of Th measured in the Varces quartz. 333 fuid
meolusions to 12 diSerend quartz. Inoeach quarz, we can find une
less 2 of 3 maxma seen on the histogram.

2 VARCES
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Fig & Histogram af Th measurad in the Teros:Blanches quarts
44 fikd inciusiors 1o twe different quanz. in each guarlz, we can
find 1 mawima saen on the hisogram.

temperaiures comespond 1o 2 salinidy ranging from 1237
to 18 with Mall.

Individual histograms (Fig. 5) are bimodal. From the com-
peaite hislogram we can infer, as in the Gerbaix-La Fru
sites, anly ane family of quartz and three main fwid circu-
lation ewenis, correspanding to Th arcund 180°C, 205°C
and 225°C.

Terres-Blanches (Dndme, France):

This site was excavated by H. Mallar {Muller 1930; Hanon
14d0). Studied guartz artefacls ware salected in the lay-
ars of the recant Mesolithic and the old and fnal Neclithic

layers.

In eighl stedied quartz cbjects. we heva cbsarved thrao

types of fluid inclusions:

# three samplas in which all fluid inclusions have vary low
freazing temperatures (probabla CHy4 or M; fluid inclu-
signs). For these samplas no cryomelric nedher therm.
matric dala have bean obtainad.

# three samples have COy+HLO fliad inclusions [melting
points of GO, at -56.6°C and CO; homoganisalion lem-
paralures ara +31°C),

# twio zamples have MaCl+H,0 fluid inclusions (meas.
urernents of melling points spread oul fram -9.9°C 1o
-10.4°C, corrasponding to a salinity from 13,2 ta 143
wi% MaCl).

The individual histograms arg bimodal, Whezn we drine The

composia histogram (Fig. ) we obseree anly ane Rme

ily of quarlz, with two main fuid circulation events, oor.
rasponding to Th around 175°C and 1B0°C,

Le Clapiar {Drams, Francal:

Thiz sile was excavaled by A Jowrdan and D, Ofand

{Baaching & Brochiar 1934). Sludied quarlz samples wane

selecied in the layers of the Mescolthic and the Neolithic

Inthe three sludied quarks samgbes, s have absenaed bvo

typas of fluid inchesions:

# in one sample, all fud melescns i very Koy ireezing
temparaiures {lhoy probabhy are CH, ar M, ud intl-
sions) Mo cryometric neilher thermemelnic data could
be ohlaingd from this samgle,

# o samples have MaC+HLO fluid inclugsions (msting
pords from 450 Lo -5.2°C, eormesponding 1o a salinity
from 6.4 1o & wi% Macl),
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1. Balme de Thuy
2, Gierhaix et La Fru
3. Aulp-du-Seuil

4, Varces

5. Terres-Blanches
6, Le Clapter

7. Baume-du-Eil

0 km

line massifs data show a rathar regular rend e Gver-
age values of Th, which decrease from North to South,
and/or fluid compositions more sally and CO-rich in the
Morhem massifs:

* i the Kont-Blanc massif, Poly (1359) measures in
warious veins valuas of Th gathered in the ranges 179-
207°C, 183-230°C and 225-3107C. We can remark; that
the majodity of quariz studied in the Mont-Blanc massi
&re smoky quarte and amdlhyst, and that the highast
temperaturas correspond bo Nuid inclusions filled by CO;
and Hz + HaCl

+ in the Belledonne massi Ochaa (1979) describes in the
quartz of the Rocheray massil (Maunenne vallay) sav-
eral families of inclusions wilh ranges of Th respectivaly
at 158-175°C, 186-232"C and F97-358°C, for aquaous
fluids with a salinity usually less than 10 g, witts NaCl,

506

30 km

[ 1000
o> [ ]=s00m

200 m

A

——

Fig. 3 Patential saurces-siles with ralationships for hyaling quanz in Western Alps.

& in the Disans massif, nesyr the Romanche river, there
&re several data from the Marlh e Pelvoux massif {Bar-
nard 1974; Mziengui 1933} o Ihe Bourg d'Cisans basin
(Poty 196%; Bernard 1978; Jenalton 1931} The resulis
are wery similar; the fuwids included are Mall poor {in
general, kess than 5 eg. with MaCl), the homogenisation
temperatures ang low in the Morth of Pelvoux and in the
Qisans basin {110 ko 130°C), higher close ta the infernal
bordar of the Grandes-Rousses massif (until 185°C)

If we compare the values already known in the veins of
the Alpine External Grystalling messifs and the values
measured in the quarke Trom archaeological sikes, wa can
deducs the most probable spurce greas and draw the po-
tential sources-sdes relationships for yaline guarz in the
French Western Alps (Fig. 8]



Circulation cd archagological quarts arefacts in the Western Alps. Hew avidences from fluid indusions data

# for the sile of La Balma-de-Thuy there is a good compat-
ibility betwesen the measwed values and those cbseniad
in the Mont-Blanc massif. Complementary maasura-
menis are currently done on not smoky quartz of tha
Maont-Blanc veins te belter validate our interpretation.

+ for the sites of Gerbaix-La Fru and of LAulp-du-Seud,
althowgh we canngd exclude the Mont-Blane massif,
praximity and compalibility of measurements from Belle-
donne suggest this last crigin.

+ forthe site of Warces we shill notice temperatures compat-
ibla with those measured in the Mont-Blane and Bolle-
donne massifs. They ane: nevarheless lower hanin the
previous sites. Congidering the decrease of tempera-
twmes noded inthe erystaliing massifs from Moah 1o Saulk
w could suggest & southemmost onigin (quartz from fhe
Qizans massidf or Eastern bordar of the Taillefer massif),
The values obtained in Disans veins (Th=185°C) are log
krwy, tharafore this area can be excluded. Mew dala ab-
tained on quanz from the Taillefer massif (Th from 1607
o 270°C} as well &3 the praximity of the massif allow us
o consider this area as the mast probable sownce Tor Dhe
sile of Varces,

* for the 5ie of Temres-Blanches: the lamperatures all ane
rinech bowwar than 185°C, filting Bestwith the Qizans mas-
sl ciarda,

* [or the 5ie of Clapier guanz seems lo have teo disting
and redadively distant origing, bodh kazated in the Extarnal
massifs: lemperatures measened in Clapier 1 are similar
1o thase faund in the Talllefer mass while thoss mess-
wred in Clapier 2 are very similar o Morth Belledonne
and the: Moni-Blanc massif zome,

* for the sile of Baume-du-Ril, again best accordance is
wilku he: Taillefer massif data.

Conclusion

The fluid inclusions mathod I8 not yet a fool commanly
usad i e fdd of prehistony but has overcome the best
phase [Coussaran af af, 1080) becayuse;

+ fluid inclugions of hyaline quartz from prehistoric sites in
the Weslern Alps may be used in provenienca studies.
Using Auid inclusions, we have highlighled significant
aifferences between the flusts af shused samples. We
can i) diglinguish differant quartz families from a site
to another sing (i) charactense several quartz families
inside the: same site,

# it is now possitde, wsing fluld incusions to make rea-
eonable azsurmplions which External Crystaling massifs
could have provided hyaline guanz for adefacts found in
Epipalaeolithés to Neolithic siles.

Even if fluid inclusions provide a good typology for the

quartz artefacls the determination of their exact sources

remains imprecse, The future study of fuid inchusions as

typical markers should extand in bwo directions:

* the uze of ciher methods 10 refine o supplement the
analysis by Fl. The analysis of the long dissalved in the
aqueows phase (lor oxample by LA-ICP-MS] and the

quaniitative and non destnuctive analysis of Ruids [Ra-
man spaciramelsy) will belp to charactense the sourcn
araas in & mone significant and discriminant way,

* an increase of the reference databasa for i iy hyaline
quartz would allow & mare accurate interpretation of the
fivid inclusions data in archagchogical quartz. Up o new
we have used dala restricied 1o the Morhern Franch
Alps. Wa must extend our dalabase to all the Alpine are
[Suisse Valaks, Northemn and Southam Franch Alps and
Lombardian Alps), either freen published data or by new
measuremants in several mone localilias,

We will also apply these methads (i) to prehisionc sies
whirse sources are more difficull lo delermine as far awey
fram the quartz farmation areas, and (i} io prehistonic sites
whene quartz has various fluld inchsions signatures. itwill
nat anly allow 1o bettar approach the roke of quarlz in the pro-
wisioning sirateqies of siliceous raw maxlerals but also give
an idea of quarz global circuletion in all e Alpine anc.

Unlartunalely our attempts falled 1o contact the awhors
for any proafs,
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