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V. FRANCAVIGLIA 

Characterization of Mediterranean obsidian sources 
by classical petrochemical methods 

In memory of my father Antonino and his cousin 

Ottorino De fiore, with whose help I discovered 

Volcanology. 

ABSTRACT 
Characterization of Mediterranean obsidian sources by classi· 

cat petrochemical methods 
The bas ic  worki ng hypothesis  was that a c o m p l ete i nvest iga

t ion by c l a s s i c a l  petroc h e m i c a l  methods on obsid i a n  c o u l d  be 
sufficient to c h a racterize the composit ion of this v o l c a n i c  g l ass .  

The work sta rted by sampl ing Ita l i a n  a n d  G reek obs i d i a n  
sources.  

The Ita l i a n  samples were c o l l ected at M onte Arci  (Sard i n i a )  
from seve ra l  f lows;  on t h e  i s l a n d  o f  L i p a ri from preh istoric 
f lows and, for c o m p a rison p u rposes , from medieval  f lows; on 
P a l m a ro l a  is land a n d  o n  Pante l l e r i a  i s l a n d ,  both from s i n g l e  
sources. 

The G reek s a m ples were c o l l ected on th ree i s l a n d s :  M e l o s ,  
Antiparos,  a n d  Y a l i .  T h o s e  f r o m  M e l os ori g i nate f r o m  t w o  d i ffe
rent and l a rg e  sources:  that of Ag h i a  Nyc h i a  and that of Dheme
negaki o n .  The oth e rs come from s ing le  source.  

M o re than five-h u n d red s a m p l es have been c o l l ected and 
a n a lyzed. 

Each sou rce i s  represented by a m i n i m u m  of ten s a m p l e s .  
The a n a lyses w e r e  c a rried out by X-ray f l u o rescence f o r  m a 

j o r ,  m i n o r  a n d  some t r a c e  e l e m e nts.  The m e t h o d  i n  i t  self i s  o f  
l i ttle i m po rt ,  but  i m porta nt i n  t h i s  case are the e l e m e nts a n a ly
zed , i.e., those of the petroc h e m i stry. In a d d i t i o n ,  the normative 
m i nera l og i c a l  composit ion has been c a l c u l ated . The res u l ts 
show that accu rate a n a l yses of m ajor a n d  m i n o r  ox ides ( S i O , ,  
AI,O,,  F e , O , ,  FeO , M n O ,  M g O ,  C a O ,  N a , O ,  K , O ,  T i O , ,  P,O, ,  H , O )  
a re suffi c i e n t  t o  u n e q u i voca l l y  d i sti n g u i s h  betwee n  obsi d i a n .  

T h e  P a n te l l e r i a  obsid i a n  h a s  reve a l e d  a s i n g l e  a n d  u n m i staka
ble com posit i o n .  

Vincenzo Francaviglia - C N R-ITA B C ,  C.P. 10, 00016 M onte roto n
d o ,  S - Ro m a .  

INTRODUCTION 

Obsidian is a natural glass of volcanic origin. 

Lava can solidify in the form of obsidian (that is, it 

can vetrify) when its content in silica is more than 

59% (trachytic obsidian) and, therefore, its viscosi

ty high. 

Given that obsidian is a typical volcanic rock, it 

should be studied by classical petrochemical 

methods. 

To date, both petrologists and those who have 

analyzed obsidian for archaeological purposes, 

have neglected investigation utilizing classical me

thods. Consequently, a few chemical analyses are 

available: Washington (1913), Georgiadis (1956), 

Cornaggia-Castiglioni (1963) and Assorgia et al. 

(1976). Previous workers concerned with the pro

blem of characterizing the various archaeological 

obsidians chose to use the analytical method for 

trace elements, rather than quantitative analysis 

of the major element. Various methods have been 

used to analyse trace elements before neutron 

activation analysis (NAA) become widespread 

present. 

Searching for the «universal method» that 

would make possible the characterization of obsi

dian from the neolithic period, the various scho

lars have produced a great quantity of non-compa

rable analyses. These methods have often solved 

local characterization problems but, at times, inac

curate analyses led to erroneous conclusions. 

Most evident from the voluminous litterature on 

obsidian analyses in the last 20 years is that the 

analyses are not very representative (in statistical 

terms). Diagrams have been published in which a 

given «cluster» of obsidians is often represented 

by 2 or 3 samples. The composition ranges of a 

given element within a given cluster are rarely 

given. Sometimes, the boundaries for the various 

clusters have been arbitrarily traced to make the 

experimental data to coincide with expectations. 

Only Cornaggia-Castiglioni et al. have considered 

treating the problem on a statistical basis. 

As geologists, we have reconsidered the obsi

dian problem from the viewpoint of classical pe

trochemical methods. Georgiadis was the first to 
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deal with the problem of obsidian characteriza

tion from petrochemical standpoint, although his 

analysis was limited to a few Aegean samples. 

In the present study of characterization of obsi

dian we have paid considerable attention to sam

pling methods. Samples from the different obsi

dian sources had to be representative; consequen

tly, a number of samples was collected having 

sizes proportional to the source size and its ar

chaeological importance. Inevitably this involves 

a large number of samples, but the results, once 

acquired should be of general use. The elements 

to be analysed in each sample would have been, 

first of all, the major ones and then some trace 

elements. The accuracy of the analysis should be 

high, i.e. the accurate sample preparation is at a 

premium. 

Finally, the analytical method is not by it self 

important, so long as it presents the necessary 

requisites of precision, accuracy and reproduci

bility. 

The samples 

Care was taken to ensure that the number of 

samples collected for each obsidian source was 

proportional to the topographical size of the sour

ce itself. 

The size of the single samples has been condi

tioned either by the natural size or by number and 

size of macroscopic inclusions within each single 

piece. lt is evident that if in a piece of obsidian 

there are inclusions of 2-3 mm in size, with an 

average distance of 10 mm from each other, it 

would be necessary to collect samples containing 

at least some 20 inclusions. Otherwise, the sam

ple would no longer be representative. 

After having chosen the samples to be analy

sed, we passed to crushing phase using a Fritsch 

Pulverisette jaw cruscer. The product obtained 

was quarted in a Carpco sampler. The final sam

ple was ground with a Herzog HSM 100 ringmill 

so as to obtain a 260 mesh powder. Variable quan

tities (from 1 to 8 g) of this powder were mixed 

with 10% of Henkel wax. Pellettizing was obtai

ned with a Herzog HTP 40 semi-automatic press, 

using a 4 ton force on a surface of 11.2 cm' (37,8 

mm0). 

The loss on ignition (LOI) and the FeO content 

were separately calculated, the last by the potas

sium permanganate calorimetric method by using 

Zimmermann solution. 
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Instrumentation 

A Siemens SRS 200 automatic sequential X-ray 

spectrometer, equipped with a Rh-target tube, a 

1 0-positions sample-changer and an LC 200 inter

face for controlling the instrumental parameters, 

connected to an HP 1000 computer for calculating 

concentration, corrections for interelementary ef

fects and normative mineralogical composition 

(Francaviglia & Ciriachi, 1984}, was used. The cor

rection method for interelementary effects is that 

reported by Franzini, Leoni and Saitta (1975). 

The method 

The working hypothesis was that accurate quan

tity analysis of the major and minor elements con

tained in obsidian would be sufficient to distin

guish between different sources. In addition, the 

normative mineralogical composition (according 

to the Rittmann method) should increase the pro

bability of distinguish two very close groups. 

The analytical method to apply to this case is of 

little importance by it self, but, intuitively, the fac

tor of precision is very important, expecially if one 

wishes to distinguish between very close groups 

and consider that minor elements of an obsidian 

are present in the amounts of tens to hundreds of 

p.p.m. 

The factor of rapidity was important only at this 

phase of the work, which was that of the institu

tion of a data bank. 

The high number of samples to be analyzed 

(500} and the number of elements to be dosed per 

sample (23) mean that some 11 ,500 dosages are 

required. The undertaking of such a work in reaso

nable amount of time can be achieved only by 

automatic X-ray spectrometry. As is well known, 

the preparation of samples to be subjected to X

ray spectrometric analysis is very simple: cru

shing, grinding and pellettizing with specific bin

der. Therefore, an automatic and sequential X-ray 

spectrometer was used '. However, in spite of the 

rapidity of the instrument, measurements for a to

tal of 650 hours were needed. Actually, the time 

required by the X ray spectrometer was greater 

due to the need to calculate the idle time while 

changing samples. 

The following elements were analysed: 

Si,AI,Fe,Mn,Mg,Ca,Na,K,Ti and P 

trace elements being: 

S,CI,Nb,Zr,Y,Sr,Rb,Zn,Ni,Co,Cr,V and Ba. 

,) A l l  the a n a lyses l i sted in t h i s  paper were perfo rmed out by 
the Author.  



We believe that if a different analytical techni

que was used (e.g. AA), the time required should 

be multiplied by 20, even using the most rapid and 

automated of instruments. In other words, consi

dering the time required for sample preparation, 

we would have needed a whole year to dose 23 

elements in 500 samples by AA. 

Nonetheless, there is nothing to prevent us 

from using the AA technique in the second phase 

of the work, when it will be a question of compa

ring a few unknown samples with the data bank. 

Once the elementary analysis of all the sam

ples is obtained, a computer would calculate the 

mineralogical normative composition and draw 

the classical petrochemistry diagrams. 

We have chosen the Rittmann method for the 

computation of normative mineralogical composi

tion instead of the older CIPW method, since the 

former, though more complicated, permits a bet

ter differentiation of mineralogical parageneses. 

The geological sources studied. 

The geological obsidian sources chosen in this 

first phase of the work were as follows: 

Lipari 

Monte Arci (Sardinia) 

Palmarola (Pontine Islands) 

Pantelleria 

Me Ios 

Antiparos 

Yali 

We cannot be sure that our sampling includes 

all the obsidian sources of the above-mentioned 

localities. lt should be remembered that obsidian 

has always been neglected by petrologists becau

se of its glassy structure and considered little mo

re than a curiosity. Indeed, on pending works on 

vulcanites of a given area, it is not rare to find 

only a few hints of obsidian. We will return to this 

point in the chapter dedicated to the single locali

ties mentioned above. 

Lipari. 

The island of Lipari is the only among Italian 

and Greek localities which presents true obsidia

nic flows. These partly obsidianic flows are those 

of Papesca, Forgia Vecchia and Rocche Rosse. 

Only the first is important for archaeological pur

poses, while the other two date back to medieval 

times. Dolomieu {1783) realized that the last volca

nic event of the island was dated to the sixt centu

ry A.D. Buchner (1949) was the first to show that 
the flows of Forgia Vecchia and Rocche Rosse 

were much more recent than the others, from 

which material for making neolithic tools had 

been quarried, although this suggestion was sub

sequently ignored. Consequently, Cornaggia Casti

glioni et al. (1963), Cann & Renfrew (1964), Belluo

mini et al. (1970), Belluomini & Taddeucci (1971) 

and Gale (1981) continued to think that the two 

above-mentioned flows were a source of raw ma

terial in Neolithic times. 

Keller (1970) published a stratigraphic profile 

showing (from below to above): 

lower pumices of Monte Pelato 

ancient obsidians (which outcrop in the Gabel

lotto valley) 

paleosoil with obsidian tools dated by means of 

C14 from 4810±60 to 1220±100 years 

upper pumices of Monte Pelato 

recent obsidianic flows (Rocche Rosse and For

gia Vecchia). 

Keller does not specify which of these last two 

flows is the oldest one. The same Author asserts 

that Neolithic obsidian tools may also come from 

the flow of Gabellotto, even if the quality of this 

obsidian is poor. 

Pichler {1980), in the most recent work on the 

Island of Lipari, attributes all the obsidianic 

events of the island to what he calls «the fourth 

eruptive period>> , beginning roughly 10,000 years 

ago and ending some 1 ,400 years ago, with the 

two flows of Rocche Rosse and Forgia Vecchia. 

This Author pointes out how the ashes which had 

preceeded the emission of the two mentioned 

flows, had covered the Greek Roman necropolis 

of Lipari with a 25 cm layer. Keller noticed that 

the same ashes cover the lava of Vulcanello, histo

rically dated 183 B.C. There is no doubt, therefore, 

that the flows of Forgia Vecchia and Rocche Ros

se had never been exploited in Neolithic times. 

Newertheless, we carried on with the sampling of 

the flow of Papesca Beach and those of Forgia 

Vecchia, Pomiciazzo Lami and Rocche Rosse. In 

appendix B are listed the analytical results concer

ning these last three flows. 

Monte Arci. 

The volcanic complex of Monte Arci, in the we

stern part of Sardinia, is probably the only loca

tion on the island to furnish obsidian. In this area, 

vulcanites belonging to two magmatologically and 

chronologically distinct moments outcrop. First, 

the intramiocene, which has manifested itself by 

a submarine volcanic activity that produced basis 

rocks of the calc alkaline family; second, the plio

cene, which is related to conditions of tension tec

tonics, is responsible for melting of subaerial vul

canites with rhyolitic to basaltic chemism (Assor-
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gia et al., 1976). Acidic lavas constitute a very fre

quent lithological type in the volcanic complex of 

Monte Arci. These volcanics mainly appears as 

lavic facies, sometimes massive, sometimes folia

ted, sometimes strongly vesiculated: quite fre

quently, there is a gradual transition from a vesi

culated facies filled with bubbles to a perlitic fa

cies where often obsidian nuclei of various dimen

sion, ranging from less than 1 cm to several dm 

(Conca Cannas, Canale Perdera, Riu Solacera, 

Conca S'OIIastu, etc.). The first chemical analysis 

of an obsidian sample coming from Conca Can

nas (Uras) was made by Washington (1913). 

For a long time the authors, who dealt with obsi

dian of Monte Arci as a source of raw material in 

Neolithic times, thought that this obsidian was ex

clusively found in nearby Uras. Actually, the sour

ces are more than one (Puxeddu, 1956). 

Our spot investigations have allowed us to sam

ple the well known sources of Raja Cannas or 

Conca Cannas (Uras), Funtana e Figu (Marrubiu), 

Mitza Sa tassa (Pau), S. Pinna and, finally, Cave 

della Ceca (Morgongiori) among the detrital ones. 

lt is interesting to note (see tables) how the detri

tal deposit of Cave della Ceca resulted in a com

posed mixture of two types of obsidian with a 

considerably different chemical composition. At 

the moment, we have identified four different ty

pes of chemism among obsidians of Monte Arci. 

From a quantitative standpoint, the Sardinian 

obsidians represent the major source of antiquity, 

after that of Melos. 

Puxeddu reports of green, red or hazel-brown 

obsidians found by him in different places of the 

volcanic complex. Actually, they definitively are 

jaspers coming from the miocene sedimentary ba

sement of the volcanic complex. This Author him

self gave us a sample of an authentic blue obsi

dian founf by him in an undefined locality of the 

volcano. 

Pantelleria. 

The island of Pantelleria (Sicilian Channel) is 

formed exclusively by vulcanites (Rittmann, 1967) 

that can be divided into two main groups: bacic 

vulcanites and acidic vulcanites. The obsidians un

der examination belong to the second type and, 

more precisely, to the group of dark sodarhyolites 

(hyalopantellerites) of Fossa della Pernice, Cud

dia Attalora, Contrada Khamma, Cala della Tra

montana and Cala Nica. The dark rhyolites differ 

from the group of the light ones because of the 

presence of a larger quantity of glass, to the point 

that alia the samples show an obsidianoid appea

rance. The crystalline units that can be noticed 
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microscopically are rare: usually, they are alkali

felspars of small dimensions. 

From a chemical point of view, the obsidians of 

Pantelleria present some particular characteri

stics that would make one think they are excep

tions. They are peralkaline rocks in which the 

quantity of alkalis (K,O + Na,O) is greater than 

that o AI,O,. They are particularly distinguishable 

in the relative abundance of soda (Romano, 1970), 

of trivalent iron and titania and in low values of 

lime and magnesia. In addition, on ignition they 

show an average increase in weight of 0.15% 

wich is due to the oxidation of chlorine, in this 

case reaching the value of 0.4% . 

This phenomenon has already been noticed by 

Cornaggia Castiglioni in Sardinian obsidians, but 

it dit not arise during our investigations. 

A last peculiarity of the obsidian of this island is 

its low melting-point, obviously related to its pecu

liar mineralogical composition (see tables): at 730 

oc a rounding of the sharp edges is observed. At 

960 oc the melting is complete. The samples stu

died by us come from the locality of Balata dei 

Turchi, situated in the most southern part of the 

island, where obsidians is associated with light 

pumices. 

Palmarola 

The island of Palmarola belongs to an archipela

go of volcanic origin wich also includes the island 

of Ponza and Zannone, formed by the same volca

nic rocks (Barberi et al., 1967). This island pre

sents several big lava domes, the formation of 

which was due to the external projection of very 

viscous lava and its subsequent stagnation and 

formation of thick flows. One of these domes 

forms Monte della Tramontana, at the northern 

extremity of the island. lt is a typical stagnation 

dome, where the columnar fissures are often inter

rupted by sub orizontal surfaces: this wouls seem 

to indicate that the building of the dome was a 

result of successive lava flows. On the southern 

side of monte della Tramontana a crust of black 

obsidian has been found: it represents a rapidly 

cooled down outer limit of the dome. 

This obsidian has been the object of our 

sampling. 

The obsidian of Palmarola is not of such high 

quality as that of Lipari or Melos: this is due to its 

small size and to its frequent inclusions. 

The characteristic ratio K,O/Na,O = 1 (see ta

bles) distinguishes it quite easily from that of Lipa

ri (K,O/Na,O = 1 ,. 15), from those of Monte Arci 

(K,O/Na,O with a minimum of 1.07 to a maximum 



of 1.58) and, of course, from that of Pantelleria 

(K,O/Na,O = 0.68). 

Me/os 

The island of Melos, in the Cyclades, belong to 

the Aegean volcanic arc (Pichler&Kussmau/, 

1972) that begins at the Gulf of Aegina, extends 

through Santorini, Kos, Nisyros and Yali and rea

ches as far as Turkey. 

The volcanic activity of Melos may have started 

between the late Pliocene and the first Quaterna

ry (Fyticas et al., 1976). Obsidian lies in two locali

ties, 10 km apart from each other: Dhemenega

kion, on the East and M. Bombarda-Aghia Nychia, 

not far from the chief town od Adamas. There are 

rhyolitic lava domes (Fytikas, 1977) that contain 

obsidian in their perlitic crust surface. Such an 

obsidian is present either in form of rounded inclu

sions or in the form of salbands. In both the abo

ve-mentioned localities, mine works are still visi

bles: short galleries, trenches and stocks in open 

area of the mines. The source of Aghia Nychia is 

situated by the sea: for this reason it is possible 

to assume that ships docked to load the quarried 

volcanic glass. 

The two obsidian sources are chemically simi

lar, but clearly distinguishable (see diagrams). 

The archaeological obsidians from the last layer 

of Phylakopi come from the source of Aghia Ny

chia (see appendix A). 

Georgiades has published three analyses on 

Melian obsidians without specifying from which 

sources of the island they come. 

Yali. 

The island of Yali is one of the four volcanic 

islands (the others are Strongili, Pakia and Perigu

sa) situated some miles north east of Nisyros, 

whose volcanic products are petrologically linked 

to. 

The rhyolitic obsidian from Yali may be conside

red as a residual liquid coming from the rhyodaci

tes of Nisyros and, therefore, represents the final 

result of a fractioning process (Di Paola, 1974). 

The island of Yali, with a NNE-SSW elongated 

shape, contains in its SW half a stratigraphic depo

sit of «pumice fall», while the other half is exclusi

vely formed of obsidian flows or of perlite with 

rhyolitic composition. 

The obsidian of Yali if often characterized by 

many white-grey perlitic spherulites. This peculia

rity, that slightly degrades its mechanical featu

res, has been immortalized in a Minoan obsidian 

rython, presently exibited at The Museum of lrak

lion (Aiexiou, Pia ton and Guanella, 1967; Sakellara-

kis, 1978). Analyses carried out by Renfrew have 

demonstrated that the obsidian from which it had 

been shaped comes from Yali. 

The island owes its name to the fact that its 

obsidian is sometimes transparent and colourless 

as glass. 

According to Desio (1930), on Yali it is possible 

to find dark, light-brown, greengrey and bottle

green obsidians. We ourselves have not found 

this to the case. Howerer, with reference to the 

bottle-green obsidian, we do not think it is possi

ble to find green obsidian associated with the mo

re ordinary black one. Since green obsidian owes 

its colour to the presence of aegirine (see obsi

dian of Pantelleria, of Bingi:il and Nemrut Dag), 

the presence in a limited area of two magmatic 

types with a complete different chemical composi

tion would be unusual. 

The first chemical analysis of an obsidian from 

Yali was published by Bianchi (1930). Others have 

been published by Di Paola. 

Antiparos. 

The island of Antiparos, together with the small 

ones of Despotiko and Strongilo, belongs to the 

Aegean volcanic arc. 

The rhyolitic lava domes, in the most southern 

part of the island, present in their crust surface 

many spherically structured obsidians. However, 

it is a material of very poor quality, making it doub

tful that it could ever have been used in tool 

making. 

The 1:50,000 IGME geological map (Zachos, 

1963) is rather imprecise concerning obsidian loca

tion: the dome of Mastixia (SE strip of the island) 

should not conttain obsidian, whereas we have 

found it. On the other hand, we have not found it 

at M. Turloto, on the island of Despotiko. 

From a chemical standpoint, the obsidian of An

tiparos is clearly distinguishable from all the 

others of the Aegean and Italy. Three analyses of 

Antiparian obsidian have been published by Geor

giades. 

Results and discussions 

1 - Use of major elements 

The analytical results for geological (or prima

ry) obsidians are collected in tables 1,2 and 38; 

analyses of several artifacts are collected in table 

4. Comparative analyses for 4 types of Liparian 

obsidians are collected in table 5. 

As a first means of distinguishing between obsi

dians, (apart from the K,O/Na,O ratio of obvious 
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significance) the Rittmann indices Sigma and Tau 

have been employed as follows: 

U = AI,O,-Na,O 

Si0,-43 

7::-:. (Na,O+K,O) ' 

TiO,+P,O, 

it is clear that Sigma can become negative for 

values of Si0,<43, but this is not the case of the 

obsidians, which, generally, are hypersilicic. The 

value of Tau can, occasionally, be negative in so

me hyperalkaline rocks. 

The use of the SiO,-(K,O/Na,O) plot (see fig. 1) 

allows an almost complete discrimination of Medi

terranean obsidians, whereas the SiO,/K,O plot is 

useless in the majority of cases. The use of Rit

tmann indices Sigma and Tau allows a complete 

discrimination of all the sources studied, with the 

exception of the couple Antiparos/Monte Arci

Uras. Even though this distinction is purely theore

tical, it is possible to obtain it by using the 

SiO,-(K,O/Na,O) plot. Discrimination between the 

two obsidian deposits of Melos (Aghia Nychia ad 

Dhemenegakion) is amde possibile either by 

means of the SiO,/K,O, SiO,-(K,O/Na,O) plots and 

the Sigma-Tau plot. 

The obsidians of Antiparos (if ever used by pre

historic man in tool-making) is distinguishable 

from the other Greek ones because of its different 

K,O/Na,O ratio. 

The obsidian of Yali is easily distinguishable 

from its counterpart of Melos on the basis of the 

following prameters: different K,O/Na,O ratio and 

different Sigma and Tau values (particularly the 

second one). 

The present study allows us to widen our know

ledge of the types of Sardinian obsidians used. At 

least, five different flows have been now differen

tiated on Monte Arci. it is interesting to note how 

the two types named Ceca1 and Ceca2 can be 

found mixed with perlite in a detrital deposit. 

it should be pointed out that the sources of 

Monte Arci-Pau and of Monte Arci-S. Pinna are 

almost identical in terms of the K,O/Na,O value, 

given the Sigma and Tau values, although they 

are, perhaps, distinguishable on the basis of a dif

ferent Sr-content. 

The examination of some obsidianic artifacts 

showed surprising results (table 4 analysis 6): a 

surface sample from the Nuraghe Losa (Abbasan

ta) is of comenditic (peralkaline) composition. 

Rocks of such a composition can be found only on 

the islands of S. Antioco and S. Pietro, SW of 

Sardinia (Arafia, Barberi and Santacroce, 1974). 

Note that around the above-mentioned Nuraghe 

other obsidianic artifacts have been found, all eo-
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ming from Monte Arci (table 4 analysis 5). Some 

artifacts from Nuraghe of Puisteris originate from 

Monte Arci, but from two different flows (table 4 

analyses 3 and 4). 

2 - Use of trace elements. 

Gale (op.cit.) has shown that one parameter is 

not sufficient for a complete discrimination of all 

the primary Mediterranean obsidian sources. 

The number of the obsidian sources is without 

doubt bound to increase and it is to be expected 

that probabilities of overlapping will also increa

se. The combination of several parameters allows 

us to increase the «resolution capacity» of a given 

method. The quantitative analysis of trace ele

ments must, therefore, be carried out with high 

accuracy (either by XRF, NAA, AA, OES or other 

methodologies) and must present the necessary 

characteristics of reproducibility. 

The use of some parameters not strictly quanti

tative (measuring, for example ghe gross XRF in

tensity of some spectral lines) may help to solve 

local prove101ance problems, as Fornaseri et al. 

(1977) have shown. However, it is important to 

notice that the technique described in these au

thors' article is not reproducible on XRF spectra

meters of different models and different makes, 

the XRF answer being dependent on instrumental 

geometry and on the X-ray tube used. The dosage 

of trace elements of this work are in accordance 

with those published by Gale (op.cit.). 
The analysis of some trace elements, such as 

S, Cl, Nb, Zr, Y, Sr, Rb, Zn, Co, Cr, V and Ba allows 

further discrimination among obsidian sources. Di

scrimination between Palmarola and Liparian ob

sidians may also be obtained by means of Cl, Nb, 

Zr, Sr and (above all) Rb content. 

Amongst the obsidians of Monte Arci it can be 

noted that: 

- the Ceca 1 type shows an exceptionally high 

Nb and Y content, in comparison with all the 

other obsidians an very low Sr and Ba abun

dances; 

- the Monte Arci-S. Pinna type can be distingui

shed from that of Monte Arci-Uras on the basis 

of its Nb, Zr, Y, Sr, Rb, V and Ba content. 

Amongst the Greek obsidians it can be seen that: 

- the Antiparos type has the lowest Ba content, 

the highest in Rb, is impoverished in Sr and Y, 

but has the highest Nb content; 

- distinction between the two Melos sources 

may, perhaps, be otained on the basis of their 

contents of Sr, Zr and V. However, from the 

standpoint of trace elements, the two types are 

practically identical. 



The Yali type presents the highest content of 

Ba and contents of Rb, Zr and Nb that differentia

tes it from the Melian and Antiparian types. 

The obsidian of Pantelleria, collected at Balata 

dei Turchi, is unique in all respect: this is easily 

understandable if one recalls that the magma that 

originated it is the only one having such a chemi

cal composition in the Mediterranean area. Its 

melting point is very low (about 730 'C) in compari

son with that of other obsidians ( > 1000 'C). Its 

colour is bottle-green, a peculiarity which is found 

only in some Anatolian and Yemeni obsidians. Alu

minium, soda and ferric-iron abundances are ano

malous. Amongst trace elements, high enri

chment in Nb, Zr, Y, Zn and Cl can be noticed and 

impoverishment in Sr, Co and Cr, which are com

mon in peralkaline rocks (Ferrara and Treuil, 

1974). 

The obsidian of Santorini (Thera), of modest 

quality, is to considered as a scientific curiosity, 

since it probably has never been used by prehi

storic man in tool-making. it originates from the 

Bimsstein mittlerer ignimbritic level of Gunther

&Pichler (1973) and from the Bimsstein oberer pu

miceous level of Neumann van Padang (1936) that 

should not have outcrop in prehistotic ages. As 

can be seen in table 3, its chemism is completely 

different from any other obsidian taken into consi

deration. 

Conclusion 

This study has shown that the caracterization 

of obsidian source should be done through the 

following steps: 

- an adeguate sampling in which the number of 

the samples is proportional to source size; 

- accurate and comparable multielemental analy

ses including major, minor and several trace 

elements; 

- measuring of their variation ranges within sin

gle sources; 

- a better use of the analytical data by conside

ring ratios between elemental abundances ra

ther than absolute abundances themselves. 

The use of some petrochemical parameters, li-

ke Rittmann's Sigma and Tau, forms part of this 

technique. 

Newertheless, it is highly predictable that the 

sole use of the above mentioned petrochemical 

parameters will reveal itself to be insufficient to 

solve all the provence problems when applied to 

context wider than the strictly Mediterranean 

ones. 

Therefore, the use of petrochemical parame

ters should be done in connection with trace ele

ment analyses. 

The final conclusion that can be drawn from the 

present study and all the others previously publi

shed is that a single and simple method in solving 

all the prevenance problems does not exist. 
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APPENDIX A 

Archaeological obsidians from Philakopi, Puiste

ris, Nerokouru and Abbasanta (table 4 and 4a) 

In order to check the method proposed for obsi

dian characterization, samples from several ar

chaeological sites have been analyzed. 

Obsidians from Philakopi (Melos): 

the values for Rittmann's Sigma and Tau and that 

of K,O/Na,O tally very well with those of the 

Aghia Nychia sources, being clearly different 

from those of the Dhemenegakion source. Curiou

sly, trace-element abundances do not play the sa

me clear role: the present of Zr, Rb and V, al

though less evidently, allows to assign obsidians 

from Philakopi to the Aghia Nychia source. 

Obsidian from Nerokouru (Chania, Crete): 

a small samples, kindly provided by Dr. Lucia Va

gnetti, from the Minoan settlement of Nerokouru 

has been analysed. From its analytical data it can 

be deduced that any sure attribution to one fo the 

two Melian sources cannot be made. Neverthe

less some resemblances, as K,O/Na,O ratio, Tau 

value and the Sr,Rb and V contents, induce us to 

consider the Aghia Nychia source as the most 

likely. 

Obsidians from the Nuraghe of Puisteris (Sar

dinia): 

five samples had been kindly provided by Dr. Ga-
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briella Puddu. They clearly belong to two different 

flows, although from the same region, that of Mon

te Arci. The relatively low silica content rules out 

the sources of Marrubiu, Uras and that of Ceca 1. 

The K,O/Na,O ratio, the Rittmann's Sigma and 

Tau both show resemblances with those of the 

Pau ans S. Pinna sources. Among trace elements 

only Sr enables us to assign the samples from 

group 3 to the S. Pinna source. Conversely, there 

is no doubt that the samples of group 4 belong to 

the Uras source, via both Rittmann's values or tra

ce-element criteria. 

Obsidians from the Nuraghe of Abbasanta or 

Losa (Sardinia): 

two randomly collected samples show two com

pletely different compositions. 

The analysis 5 of table 4 does not show a clear 

provenance from the S. Pinna source or from the 

Pau one. 

The analysis 6 surprisingly shows a comenditic 

composition. Furthermore, trace-element abunda

ces are very different from those of M. Arci sour

ces. it should be noted that the sample analyzed 

has been obtained by mixing several small obsi

dian pieces. Therefore, as Hallam et alii (op.cit.) 

write, obsidian or pitchstone, where used in that 

area besides M. Arci obsidians. 

The analysis 7 belongs to a small artifact from 

the Omodeo Lake Shore (Sardinia). The same 

doubts as for the analysis 5 arise: Pau or S. Pinna. 

The analysis 8 belongs to an obsidian artifact 

from a site situated along Via Pontina, south of 

Rome. Its K,O/Na,O ratio and its Sigma value are 

very close to those of Palmarola sources. Trace

element abundance, namely those of Nb, Zr, Sr, 

Rb and V, clearly speak for a perfect identity with 

the Palmarola Monte della Tramontana source. 

APPENDIX B 

Obsidians from the Medieval flows of Rocche Ros

se, Forgia Vecchia and Pomiciazzo-Lami on 

Lipari. 

There is no doubt today that the obsidian flows 

of Rocche Rosse, Forgia Vecchia and Pomiciazzo

Lami on Lipari are much younger than those from 

Papesca Beach and, therefore, they have nothing 

to do with tool making. 

Nevertheless, an attempt to distinguish older 

obsidians from younger ones and between medie

val obsidians has been made. 

Samples from the three medieval flows have 

been analysed for major, minor and some trace 
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elements. The results are given in table 6 together 

with those of Papesca Beach for comparison. 

As can be easily seen, older obsidians are vir

tually indistinguishable from younger ones. 

In magmatological terms it can be explained by 

assuming that the magma originating them had 

undergone only very sligth differentiation, the 

elapsed time from the first flow to the last one 

being small. 

APPENDIX C 

Instrumental errors in XFR analyses. 

Shiftings in some instrumental parameters, 

such as voltage (kV), current (mA), vacuum pres

sure, pulse-height analyser (PHA), gas-flow rate 

and electronical ones are a major instrumental 

errors source. 

Siemens sequential automatic spectrometers 

are equipped with a ten-position sample-changer, 

in which all the ten samples are simultaneously 

air-evacuated. it is reasonable to foresee some 

differences between X-ray intensities measured 

among samples in the sample-changer and sam

ples from different cycles. kV, mA and PHA set

tings and vacuum pressure are kept constant du

ring the same measuring cycle. 

However, when a given measuring cycle is re

peated for a new sample-set - when the sample

changer is loaded again - all the above-mentio

ned parameters are resetted. Therefore, instru

mental errors do occur. 

In order to verify this statement rigorous tests 

have been carried out. A given amount of highly 

homogenized Liparian pumice was divided into ni

ne pellets, the tenth pellet being used as an exter

nal standard. Measuring cycles for some 23 ele

ments were repeated ten times. A total of 5400 

intensities was collected and arrayed into a three

dimension matrix 23 by 9 by 10. The results are 

listed in table 6: it can be seen that instrumental 

errors accumulated during the same measuring 

cycle are halved in comparison with those of the 

subsequent cycles. 

Therefore, some soubtle distinctions between 

elemental abundances are better made if the rela

tive X-ray intensities are measured during the sa

me measuring cycle. 



Table 1 - Average XRF-analyses and compos i t ion ranges of Sardinian geologi c al obs i d i ans . 

M . Arc i-Pau M . Arc i-Marrub iu M . Arci-Uras M . Arci-S . P inna M . Arc i-Cecal M . Arc i-Ceca2 

S i O  
2 

71 . 97 72 . 48 72 . 58 72 . 28 73 . 98 75 . 14 73 . 71 74 . 30 74 . 83 72 . 28 72 . 40 72 . 52 74 . 62 75 . 00 75 . 20 71 . 95 72 . 69 73 . 38 

Al 0 
2 3 

14 . 24 14 . 37 14 . 46 13 . 29 13 . 71 14 . 50 13 . 68 13 . 83 14 . 01 14 . 23 14 . 34 14 . 45 12 . 59 12 . 68 12 . 80 13 . 83 14 . 07 14 . 59 

Fe 0 
2. 3 1 . 94 1 . 99 2 . 03 1 .  51 1 . 71 1 . 99 1 .  50 1. 55 1 . 61 1 . 90 1 . 96 :2 . 03 1 .  55 1 .  59 1 . 60 1 .  74 1 . 83 1 . 98 

FeO 

MnO 0 . 04 0 . 04 0 . 04 0 . 04 0 . 06 0 . 07 0 . 07 0 . 07 0 . 08 0 . 08 0 . 08 0 . 08 0 . 07 0 . 07 0 . 07 0 . 05 0 . 06 0 . 08 

M gO 0 . 30 0 . 37 0 . 52 0 . 18 0 . 26 0 . 39 0 . 16 0 . 17 0 . 19 0 . 28 .0 . 32 0 . 36 0 . 12 0 . 13 0 . 14 0 . 27 0 . 30 0 . 36 

CaO 0 . 89 0 . 93 1 . 17 0 . 55 0 . 71 0 . 92 0 . 56 0 . 58 0 . 72 0 . 90 0 . 94 0 . 97 0 . 42 0 . 44 0 . 49 0 . 67 0 . 74 0 . 87 

Na 0 3 . 54 3 . 31 3 . 66 3 . 52 3 . 63 3 . 81 3 . 63 3 . 70 3 . 78 3 . 54 3 . 58 3 . 63 4 . 27 4 . 29 4 . 32 3 . 69 3 . 74 3 . ·85 
2 

K 0 
2 

5 . 50 5 . 56 5 . 63 5 . 01 5 . 24 5 . 79 4 . 71 4 . 97 5 . 18 • 5 . 47 5 . 65 5 . 84 4 . 51 4 . 57 4 . 68 5 . 34 5 . 39 5 . 50 

T i O  
2 

0 . 31 0 . 32 0 . 33 0 . 12 0 . 17 0 . 30 0 . 09 0 . 09 0 . 09 0 . 31 0 . 32 0 . 33 0 . 09 0 . 09 0 . 10 0 . 20 0 . 23 0 . 29 

p 0 
2 5 

0 . 10 0 . 10 0 . 11 0 . 06 0 . 10 0 . 16 0 . 06 0 . 07 0 . 07 0 . 11 0 . 11 0 . 11 0 . 02 0 . 02 0 . 02 0 . 07 0 . 08 0 . 10 

H 0+ 0 . 14 0 . 25 0 . 43 0 . 28 0 . 42 0 . 67 0 . 34 0 . 67 1 . 34 0 . 21 0 . 31 0 . 40 0 . 95 1 . 13 1 .  54 0 . 42 0 . 86 1 . 28 
2 

w 

C.D 



w 
r\) 
0 

·Trac e elements 

s 
Cl 

Nb 

Zr 

y 
Sr 

Rb 

Zn 

Co 

Cr 

V 
Ba 

K 0/Na 0 
2 2 

17 . 0  

483 

31 . 1  

276 

20 . 2  

208 

184 

60 . 5  

2 . 7  

1 . 9  

44 . 8  

923 

a ( R i ttmann) 

( p . p . m . ) 

19 . 6  25 . 0  

571 618 

32 . 8  35 . 0  

281 285 

23 . 6  27 . 7  

214 220 

186 188 

61 . 6  63 . 0  

2 . 9  3 . 0  

2 . 3  2 . 6  

45 . 5  46 . 4  

933 954 

1 .  54 

2 . 85 

'!: ( Rittmann) 25 . 55 

Nr . of samples 27 

17 . 7  18 . 9  22 . 0  15 . 2  18 . 1  

611 776 836 888 916 

30 . 6  40 . 6  55 . 5  61 . 6  64 . 1  

123 149 274 91 93 

13 . 4  19 . 6  26 . 6  27 . 9  29 . 3  

46 . 9  84 . 3  '180 34 . 9  36 . 4  

189 253 268 268 269 

54 . 3  60 . 7  73 . 1  67 . 6  68 . 8  

3 . 0  3 . 1  3 . 3  3 . 0  3 . 1  

0 . 3  0 . 9  2 . 2  0 . 4  0 . 5  

21 . 7  27 . 6  43 . 3  18 . 1  18 . 2  

320 447 924 296 299 

1 . 44 1 .  34 

2 . 54 2 . 40 

36 . 83 63 . 99 

30 77 

28 . 8  13 . 2  15 . 8  19 . 6  19 . 4  22 . 1  29 . 8  18 . 7  20 . 7  23 . 4  

954 523 563 585 1613 1686 1777 716 796 850 

67 . 3  27 . 7  31 . 1  3<.:: . 5  102 108 111 32 . 1  34 . 3  36 . 6  

96 273 275 279 197 222 227 188 223 280 

31 . 6  18 . 4  19 . 7  21 . 8  42 . 0  44 . 2  45 . 8  14 . 3  14 . 9  16 . 4  

38 . 1  152 156 159 1 . 4  4 . 6  7 . 1  87 . 2  107 146 

271 181 184 186 293 297 306 227 235 242 

70 . 9  60 . 3  62 . 0  64 . 2  73 . 6  74 . 7  76 . 2  54 . 2  55 . 2  56 . 9  

3 . 2  2 . 6  2 . 8  2 . 9  3 . 1  3 . 2  3 . 3  2 . 7  2 . 9  3 . 1  

0 . 6  2 . 4  2 . 5  2 . 6  0 . 0  0 . 2  0 . 4  1 . 1  1 . 3  2 . 6  

18 . 4  44 . 1  45 . 4  46 . 3  17 . 0  18 . 6  19 . 3  31 . 4  36 . 2  43 . 3  

306 926 944 957 302 313 322 544 636 769 

1 . 58 1 . 07 1 . 44 

2 . 90 2 . 46 2 . 81 

25 . 22 73 . 86 33 . 29 

18 14 6 



Tab l e  2 - Average XRF-analyses and composit ion ranges 

of other Italian geologic al obsi dians . 

Pantel l eria Palmarola Lipari 

S i O  
2 

71.38 71.65 71.84 73.59 73.87 74.07 73.69 74.10 74.42 

Al 0 
2 3 7.43 7.60 7.76 13.36 13.47 13.59 13.04 13 . 23 13.80 

Fe 0 8.26 8.66 9.03 1. 77 1.83 1.93 1. 79 1.83 1.87 
2 3 

FeO 0.65 0.72 0.79 

MnO 0.28 0.28 0.28 0.10 0.11 0.11 0.08 0.08 0.09 

M gO 0.04 0.09 0 . 11 0.10 0 . 11 0 . 12 0.11 0 . 11 0.12 

CaO 0.30 0.30 0.32 0.43 0 . 47 0.48 0.69 0. 71 0.72 

Na 0 6 . 73 
2 

E?_.86 6.9� 4.19 4.66 5.:?3 4.05 4.24 4.33 

K 0 4.25 
2 

4.29 4.35 4.59 4.65 5.16 4 . 78 4.86 4.95 

T i O  
2 

0 . 23 0.23 0.23 0.09 0.09 0 . 09 0.07 0.07 0 . 07 

p 0 0.03 0.03 0.03 
2 5 

0 . 03 0.04 0.05 0.03 0.03 0.03 

H 0+ 
2 

0 . 57 0.71 1 . 00 0.47 0 . 76 1.05 

Trac e  elements (p . p.m . )  

s 37.5 39.0 43.1 18.3 20.4 28.2 15 . 7 17.4 22 . 7  

Cl 3388 3438 3480 1427 1438 1446 2156 2324 2418 

Nb 431 441 443 70.6 73.0 74.7 42.3 46.6 49.1 

Zr 1944 1976 1988 316 325 328 206 208 210 

y 181 183 187 39.3 43.3 45.1 35.2 38 . 3  41.2 

Sr 3.7 5 . 7  7.9 0-.0 0 . 0  0.0 17.3 19.7 21.6 

Rb 190 195 198 488 496 523 327 329 330 

Zn 240 244 248 54 . 1  56.3 58.8 57 . 6  58.6 62.0 

Co 0.0 0.0 0.0 2.9 3.0 3.1 2.8 2.9 2.9 

Cr 5.4 5.5 5.6 0.3 0 . 4 0.6 0.2 0.3 0.4 

V 32.1 32 . 7  33.7 18.5 18.9 19.1 14.9 15.1 15.3 

Ba 607 614 618 325 336 342 291 314 448 

K
2

0/Na
2

o 0.63 1.00 1 . 15 

a ( Rittmann) 4.34 2.80 2.66 

't , ( Ri ttmann) 2.85 70.06 89.90 

Nr. of samples 30 36 30 
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w 
N 
N Table 3 - Average XRF-analyses and composition ranges of Greek geological obsidians. 

Antiparos Yali Melos-Dhemenegakion Melos-Ag.Nychia Thera 

Si0
2 

74.67 75.31 75.63 76.23 76.83 77.21 74.96 75.28 75.75 75.61 75.94 76.42 61.27 

Al 0 12.35 12.51 
2 3 

12.72 12.27 12.34 12.42 13.32 13.46 13.66 12.90 13.11 13.35 15.57 

Fe
2

o
3 

1.06 1. 14 1.24 1.16 1.23 1.26 1. 54 1.60 1.68 1.27 1.31 1.38 8.13 

FeO 

MnO 0.10 0.10 0.10 0.04 0.04 0.05 0.07 0.08 0.09 0.07 0.08 0.08 0 . 16 

M gO 0.11 0.11 0.12 0.16 0.16 0.17 0.29 0.32 0.36 0.24 0.25 0.26 1. 58 

CaO 0.36 0 . 38 0.41 0.59 0.62 0.71 1.50 1. 56 1.62 1.23 1.26 1.35 4.46 

Na 0 
2 

4.33 4.40 4.55 3.81 3.85 3.99 3.93 4.06 4.15 3.90 4.00 4.09 4.36 

K 0 
2 

4.12 4.34 4.53 3.98 4.06 4.14 2.96 3.03 3.08 3.17 3.24 3.45 2.43 

TiO 0.09 0.09 
2 

0.10 0.07 0.07 0.11 0.18 0.19 0.20 0.15 0.15 0.16 1.20 

p 0 0.02 0.03 
2 5 

0.03 0.03 0.04 0.04 0.04 0.04 0.05 0.04 0.04 0.05 0.14 

H 0+ 
2 

1.27 1.60 1.97 0.58 0.74 1.04 0.18 0.38 0.76 0.35 0.61 0.89 0.60 



w 
N 
w 

Trace elements (p.p.m.) 

s 16.4 19.1 24.1 

Cl 1334 1356 1373 

Nb 36.7 39.1 42.2 

Zr 141 147 152 

y 0.0 1.6 3.6 

Sr 0.0 1.4 3.8 

Rb 409 412 413 

Zn 42.8 43.8 45.0 

Co 3.5 3.6 3.7 

Cr 0.0 0.0 0.4 

V 20.0 20.3 20.7 

Ba 240 246 251 

G (Rittmann) 2.36 

� (Rittmann) 67.64 

Nr.of samples 11 

8.1 10.5 

1070 1255 

16.7 20.0 

98.9 114 

10.9 13.8 

78.9 84.6 

145 149 

43.7 44.4 

3.4 3.5 

0.0 0.2 

21.0 21.9 

761 777 

1.05 

1.85 

75.12 

26 

13.5 14.1 17.1 23.3 14.5 18.1 28.2 31 

1364 487 427 650 481 495 518 1001 

25.1 6.3 8.1 11.4 6.5 8.9 10.3 32.1 

118 135 137 138 122 124 127 395 

15.2 13.2 14.9 16.5 13.4 15.3 16.6 61 

90.6 145 147 149 116 117 118 302 

154 112 114 117 118 121 123 95 

45.1 47.0 48.6 51.5 45.7 46.9 50.2 83 

3.6 2.9 3.0 3.1 3.4 3.4 3.5 0.0 

0.5 0.7 1.0 1.4 0.6 0.8 1.0 15.1 

22.3 31.7 32.2 32.5 25.9 26.3 26.5 151 

786 548 555 561 546 554 562 634 

0.75 0.81 0.56 

1. 55 1.60 2.53 

40.35 47.35 8.46 

63 60 1 



Table 3a - Normative (Rittmann) mineralogical composition 

of the geological obsidians studied. 

1 2 3 4 5 6 7 

Quartz 28.3 30.2 30.2 27.3 31.6 27.9 33.3 

Sanidine 60.6 62.7 64.2 62.2 65.5 63.8 41.8 

Anorthoclase 0.0 0.0 0.3 0.0 0.0 0.0 0.0 

Plagioclase 5.5 2.8 0.0 6.3 0.0 4".1 0.0 

Aegirine 0.0 0.0 0.0 0.0 0.0 0.0 24.4 

Titanaugite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Hypersthene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Cordierite 4.1 2.8 4.7 2.2 0.0 0.0 0.0 

Magnetite 0.3 0.3 0.2 0.3 0.3 0.3 0.0 

Ilmenite 0.3 0.1 0.2 0.2 0.1 0.2 0.0 

Apatite 0.2 0.2 0.1 0.2 tr. 0.2 0.1 

Biotite 0.8 0.8 0.2 1.2 2.3 1.1 0.0 

Zircon tr. tr. tr. tr. tr. tr. 0.3 

Halite tr. tr. tr. tr. tr. tr. 0.2 

c. I. 5.6 4.2 5.2 4.2 2.7 4.1 24.5 

Q 30.0 31.5 31_. 9 28.5 32.5 29.1 44.3 

A 64.2 65.5 68.1 64.9 67.5 66.6 55.7 

p 5.0 3.0 0.0 6.6 0.0 4.3 0.0 

F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 M.Arci-Pau 3 M.Arci-Uras 5 M.Arci-Ceca1 

2 M.Arci-Marrubiu 4 M.Arci-S.Pinna 6 M.Arci-Ceca2 

7 Pantelleria 
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Continued: Table 3a 

8 9 10 11 12 13 14 

Quartz 27.8 29.0 32.3 36.9 36.5 36.9 13.9 

Sanidine 68.9 60.9 65.5 51.8 25.9 30.8 18.8 

Anorthoclase 0.0 7.5 0.0 8.7 0.0 0.0 0.0 

Plagioclase 0.0 0.0 0.0 0.0 34.1 28.9 53.2 

Aegirine 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Titanaugite 0.0 0.2 0.0 0.0 0.0 0.0 4.3 

Hypersthene 0.0 1.1 0.0 0.0 0.0 0.0 6.9 

Cordierite 0.0 0.0 0.0 1.6 1.8 2.2 0.0 

Magnetite 0.3 0.5 0.2 0.2 0.2 0.2 1.3 

Ilmenite 0.1 0.1 tr. tr. 0.2 0.1 1.2 

Apatite 0.1 0.2 0.2 0.2 0.2 0.2 0.3 

Biotite 2.6 0.6 1.8 0.7 1.3 0.8 0.0 

Zircon tr. tr. tr. tr. tr. 0.1 tr. 

Halite 0.2 0.1 0.2 0.1 tr. tr. 0.2 

c. I. 3.1 2.5 2.1 2.6 3.4 3.3 14.0 

Q 28.7 29.8 33.1 37.9 37.9 38.2 16.2 

A 71.3 70.2 66.9 62.1 26.8 31.9 21.9 

p 0.0 0.0 0.0 0.0 35.3 29.9 61.9 

F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

8 Palmarola 12 Melos-Demenegakion 

9 Lipari 13 Melos-Aghia Nychia 

10 Antiparos 14 Thera (Santorini) 

11 = Yali 
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Tab l e  4 - XRF -analyses o f  archae o l o g i c a l  obs i d i ans. 

1 2 3 4 5 6 7 8 

S i O  
2 

75.46 74.70 71.94 74.19 71.95 74.62 72.10 73.55 

A l
2

0
3 

13.12 12.75 14.62 13.95 13.34 11.51 14.23 13.34 

Fe 0 1. 59 1.35 2.36 1.87 2.26 2.76 2.33 2.26 
2 3 

FeO 

MnO 0.06 0.06 0.04 0.06 0.04 0.13 0.04 0.08 

M gO 0.27 0.29 0.35 0.17 0.39 0.13 0.29 0.12 

CaO 1.30 1.42 0.91 0.59 1,.11 0.15 0.95 0.51 

Na 0 
2 

3.92 3.77 3.42 3.56 3.36 5.15 3.29 4.71 

K
2

0 3.27 3.16 5.31 4.81 5.58 4.13 5.56 4.65 

T i O  0.18 
2 

0.18 0.34 0.11 0.37 0.22 0.35 0.12 

p 0 0.02 0.02 0.08 0.05 0.08 0.02 0.08 0.02 
2 5 

H 0+ 0.80 2.29 0.63 0.63 0.29 1.18 0.79 0.63 
2 

Trace e l ements ( p . p . m . ) 

s 18 78 13 10 19 18 11 18 

C l  496 841 595 919 588 1282 565 1474 

Nb 8.9 4.2 30 56 22 102 34 81 

Zr 122 89 256 84 207 1010 269 330 

y 16.6 15.4 20.3 27 19 111 19 49 

Sr 138 116 150 31 254 9.8 158 0.0 

Rb 121 105 178 252 1 64 203 181 500 

Zn 46 53 59 64 65 120 60 55 

Co 3.2 3.5 2.5 3.1 2.8 2.4 2.6 2.8 

Cr 0.0 1.9 0.6 0.0 0.0 1.2 0.9 0.0 

V 27.5 27.6 38 19 47 27 45 19 

Ba 556 545 295 306 9 20 305 919 319 

1 Melos-Ph i l akop i ( 9 analys es ) 5 Nuraghe Losa ( Sardin i a )  

2 Nerokouru ( Chan i a : crete ) 6 Nuraghe Losa ( Sard ini a )  

3 Pui steris  ( Sardin i a ) 7 Omo deo Lake ( Sard ini a )  

4 Pu i s te r i s  ( Sardini a )  8 Pontina Road ( Rome ) 
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Tabl e 4a : 

Quartz 

Sanidine 

Anorthoclase 

Plag i oclas e 

Aegirine 

Titanaugite 

Hypersthene 

Cordi erite 

Magnetite 

I lmenite 

Apatite 

Biotite 

Zircon 

Halite 

c .  I . 

Q 

A 

p 
F 

K 0/Na 0 
2 2 

(J (Rittmann) 

't (Rittmann) 

1 

37 . 0  

30 . 8  

0 . 0  

28 . 8  

0 . 0  

0 . 0  

0 . 0  

2 . 0  

0 . 2  

0 . 1  

tr . 

1 . 1  

tr . 

tr . 

3 . 4  

38 . 3  

31 . 9  

29 . 8  

0 . 0  

0 . 83 

1 .  59 

46 . 00 

normative mineralogical composition 

of archaeological obs idians . 

2 3 4 5 6 7 8 

38 . 2  27 . 6  31 . 2  29 . 8  30 . 5  28 . 5  26 . 6  

29 . 5  59 . 0  59 . 7  56 . 3 .  62 . 6  59 . 9  70 . 3  

0 . 0  0 . 0  2 . 5  0 . 0  0 . 0  0 . 0  0 . 0  

29 . 3  6 . 7  0 . 0  9 . 2 0 . 0  6 . 3  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  6 :·2 0 . 0  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 6  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  1 . 1  

1 . 4  5 . 2 5 . 6  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 2  0 . 3  0 . 3  0 . 3  0 . 2  0 . 3  0 . 6  

0 . 2  0 . 3  0 . 0  0 . 2  0 . 1  0 . 3  0 . 1  

tr . 0 . 2  0 . 1  0 . 2  tr . 0 . 2  tr . 

1 . 2 0 . 7  0 . 7  3 . 9  0 . 0  1 . 0  0 . 5  

tr . tr . tr . tr . 0 . 1  tr . tr . 

0 . 1  tr . 0 . 1  tr . 0 . 1  0 . 2  0 . 2  

2 . 8  6 . 7  6 . 0  4 . 6  6 . 5  5 . 2 2 . 9  

39 . 4  29 . 6  33 . 4  31 . 3  32 . 7  30 . 0  27 . 4  

30 . 4  63 . 2  66 .. 6 59 . 1  67 . 3  63 . 3  72 . 6  

30 . 2  7 . 2 0 . 0  9 . 6 0 . 0  6 . 7  0 . 0  

0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  

0 . 84 1 .  55 1 . 35 1 . 71 0 . 80 1 . 69 0 . 99 

1 .  51 2 . 63 2 . 25 2 . 70 2 . 72 2 . 69 2 . 87 

44 . 90 26 . 67 64 . 94 22 . 40 26 . 50 25 . 44 61 . 64 
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Tab l e  5 - Comparative XRF-analyses  of var ious Liparian geological obs i d i ans . 

S i O  
2 

Fe 0 
2 3 

FeO 

MnO 

M gO 

CaO 

T i O  
2 

Pap e s c a  beach 

73.69 74.10 74.42 

1 3.04 13.23 13.80 

1. 79 1.83 1.87 

Pom i c i azzo-Lami 

73.67 74.17 74.49 

1 3.01 1 3.11 13.24 

1. 75 1.80 1.85 

Forg i a  Vecchia 

73.91 74.08 74.52 

13.13 13.24 13.31 

1.80 1.87 1.91 

Rocche Ros s e  

74.10 74.28 74.49 

13.06 13.12 13.23 

1. 79 1.81 1.89 

0.08 0.08 0.09 0.08 0.08 0.08 0.08 0.08 0.08 0.07 0.08 0.08 

0.11 0.11 0.12 0.10 0.10 0.11 0.10 0.11 0.12 0.10 0.11 0.11 

0.6 9 0.71 0.72 0.68 0.70 0.73 0.71 0.72 0.7 5 0.68 0.71 0.73 

4.05 4.24 4.33 4.03 4.12 4.23 4.09 4.17 4.20 4.06 4.11 4.18 

4.78 4.86 4.9 5  4.77 4.86 5.00 4.88 4.90 4.9 3 4.91 4.9 5 5.00 

0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 

0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 Q.03 

0.47 0.7 6  1.05 0.68 0.9 5 1.33 0.59 0.73 0.91 0.6 5  0.7 3 0.91 

Trace e l ements ( p . p . m . ) 

s 
C l  

Nb 

Zr 

y 
Sr 

Rb 

Zn 

Co 

Cr 

V 

B a  

15.7 

2156 

42.3 

206 

35.2 

17.3 

327 

58 

2.8 

0.2 

14.9 

291 

17.4 

2324 

46.6 

208 

38.3 

1 9.7 

329 

59 

2.9 

0.3 

15.1 

314 

Nr . o f  samp l e s  30 

328 

22.7 

2418 

49.1 

210 

41.2 

21.6 

330 

62 

2.9 

0.4 

15.3 

448 

16.0 

2248 

38.0 

201 

35.7 

14.6 

312 

56 

2.7 

0.2 

15.3 

291 

18.2 

2341 

40.9 

202 

36.9 

15.5 

315 

57 

2.8 

0.3 

15.5 

2 9 5  

1 . 18 

20 

20.8 

2428 

44.6 

205 

38.2 

17.3 

316 

59 

2.9 

0.4 

15.7 

300 

15.6 

1994 

44.4 

207 

38.5 

18.3 

321 

57 

2.7 

0.0 

14.8 

296 

19.8 

2270 

46.6 

211 

40.3 

20.1 

324 

58 

2.8 

0.1 

15.0 

290 

1.17 

10 

35.5 

2427 

48.3 

213 

42.9 

23.1 

327 

6 1  

3.0 

0.2 

15.2 

297 

24.9 

2236 

38.2 

203 

35.2 

20.1 

323 

56 

2.8 

0.0 

15.5 

292 

33.4 

2399 

40.4 

206 

38.1 

23 . 7  

326 

58 

2.9 

0.0 

15.7 

2 94 

1.20 

11 

40.1 

2450 

44.1 

209 

41.5 

26.2 

329 

60 

2.9 

0.1 

15.9 
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Tabl e 6 - Instrumental errors in XRF analyses. 

% <r e  ere% (T i  <ri% 

SiO 71 . 2 1 + 0 . 06 ( 0 . 09 )  + 0 . 04 ( 0 . 06 )  
2 - -

Al 0 1 2 . 7 5 + 0 . 03 ( 0 . 2 5 )  + 0 . 02 ( 0 . 1 6 )  
2 3 - -

Fe 0 2 . 02 + 0 . 03 ( 1 .  38 ) + 0 . 0 1 ( 0 . 46 )  
2 3 - -

MnO 0 . 06 5  + 0 . 00 1  ( 0 . 97 ) + 0 . 0005 ( 0 . 48 )  - -

M gO 0 . 1 7 + 0 . 002 ( 0 . 96 )  + 0 . 00 1  ( 0 . 48 )  - -

CaO 0 . 72 + 0 . 07 ( 1 .  03 ) + 0 . 02 ( 0 . 29 )  - -

Na 0 3 . 82 + 0 . 03 ( 0 . 76 )  + 0 . 02 ( 0 . 51 )  
2 - -

K 0 4 . 76 + 0 . 03 ( 0 . 66 )  + 0 . 0 1 ( 0 . 22 )  
2 - -

TiO 0 . 088 + 0 . 02 ( 1 . 1 3 )  + 0 . 0 1 ( 0 . 56 )  
2 - -

p 0 0 . 0 1 6  + 0 . 0 1 ( 5 . 1 8 )  + 0 . 00 5  ( 2 . 59 )  
2 5 - -

Trac e e l ements ( p . p.m.) 

s 1 9  + 3 . 5 ( 1 8 . 9 3 ) + 1 . 0  ( 5 . 4 1 )  - -
Cl 2470 + 32 ( 1 .  28 ) + 8 . 2  . ( 0 .  33 ) - -
Nb 32 + 2 . 6  ( 7 . 97 )  + 0 . 4  ( 1 .  23 ) - -
Zr 1 28 + 1 . 8  ( 1 .  45 ) + 1 . 1  ( 0 . 89 )  - -
y 4 5  + 2 . 6  ( 5 . 84 )  + 1 . 4  ( 3 . 1 4 )  - -
Sr 1 3  + 2 . 4  ( 1 7 . 88 )  + 1 . 2  ( 8 . 94 )  - -
Rb 306 + 3 . 9  ( 1 .  26 ) + 2 . 1  ( 0 . 68 )  - -
Zn 55 + 0 . 5  ( 0 . 98 )  + 0 . 5  ( 0 . 98 )  - -
Ni 2 . 2  + 0 . 02 ( 1 .  00 ) + 0 . 01 ( 0 . 50 )  - -
Co 2 . 8  + 0 . 1 1 ( 3 . 83 )  + 0 . 05 ( 1 . 74 )  - -
Cr 0 . 6  + 0 . 04 ( 6 . 68 )  + 0 . 03 ( 5 .  0 1 ) - -
V 1 5  + 0 . 4  ( 2 . 55 )  + 0 . 2  ( 1 .  27 ) - -
Ba 284 + 5 . 5 ( 1 .  94 )  + 2 . 3  ( 0 . 81 )  - -

Oe errors between measuring cyc l es. 

Oi errors during the same measuring cyc l e . 
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RESUM E  
Caracterisation de Gites d'obsidienne mediterraneens par les 

methodes classiques de la petrochimie. 
L'hypothese d e  trav a i l  eta i t  q u 'u n e  etud e  c o m p l ete avec les 

methodes classiques d e  l a  petroc h i m i e  a p p l i q u ees a u x  obsi
d i e n nes suff i s a i t  pour  c a racter iser l a  com posit ion d e  ces verres 
vol c a n i q u es a des fins a rc h eo l og i q u e s .  

O n  a comme nce p a r  l 'echati l l o n n a g e  des gites d 'ob s i d i e n n e  
ita l i e n s  et g r e c s .  Les echant i l l ons ita l i en s  prov i e n nent d e  d i ffe
rentes cou lees du M o nte Arci (Sa rd a i g n e ) ,  des c o u l ees prehisto
r i q u e s  d e  l 'il e  de L i p a r i  et,  par c o m p a r a i s o n ,  d e  cel les du moyen 
age, d e  17 1e d e  P a l m a ro l a  et de l 'ile d e  P a nte l l e ri a .  

Les echa nti l l ons g recs a n t  ete recu e i l l i s  a 17 1e d e  M i l os ,  d 'Anti
paros et d e  Y a l i .  Ceux d e  M i ios prov i e n nent d e  deux d i fferentes 
loca l ites : Haya N y c h i a  et Dhemeneg a k i o n .  

O n  a rec u e i l l i ,  a u  tota l ,  p r e s  d e  500 echant i l l o n s .  C h a q u e  lac� l i 
t e  e s t  representee p a r  u n  m i n i m u m  de d i x  echati l l o n s .  

L e s  echa nti l l o n s  c h o i s i s  ant e t e  a n a lyses a u x  r a y o n s  X ( F R X )  
pour  l e  dosage des e l e m ents majeurs ,  m i n e u rs et e n  trace.  
La methode a n a l yt i q u e  e n  q u esti o n  n 'est  pas d ' i m porta nce c a p i 
ta l s ,  m a i s  on veut sou l i g ne r  les e l e m e nts doses,  c'est a d i re ,  
c e u x  d e  l a  petroc h i m i e .  L e  c a l c u l  d e  l a  composit ion m i nera l og i 
q u e  norm ative a l a  methode d e  R i ttm a n n  s'est reve l e  d e  g r a n d e  
a i d e .  L e s  res u l tats obte n u s  nous montrent q u e  des ox i des m a 
j e u rs et m i n e u rs s o n t  suff i s a nts,  d a n s  l a  p l u pa rt des c a s ,  pour  
d i st i n g u e r  d ' u n e  faQon non equ ivoque u n  gite d'obs i d i e n n e  des 
a utres. . 

Enf i n ,  l 'obs i d i e n n e  de Pante l l e r i a  s'est revelee d 'une compOSI
t ion u n i q u e .  
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RIASSUNTO 
L'i potesi di l a vo ro e stata che u n a  c o m p l eta a p p l i caz ione dei  

metodi  de l la  petroc h i m i c a  c l a s s i c a  a l lo  stud i o  d e l l e  oss i d i a ne 
fosse sutt i c i ente a c a ratte rizzare la composiz ione di q u esti vetri 
v u l c a n i c i  a f i n i  a rcheolog i c i .  

1 1  lavoro e i n i z i ato d a l l a  c a m p i onatura de i  g i ac i m e nti d i  ossi
diana i ta l i a n i  e g reci . 

I c a m p i o n i  ita l i a n i  prove ngono da d i ve rse col ate de l  M o nte 
Arci (Sardeg n a ) ,  d a l l e  col ate preistor iche di L i par i  e ,  per con
tronto,  d a  quel le a lto med ieva l i ;  d a l l 'i s o l a  d i  P a l m a ro l a  e d a l l ' i so
l a  d i  Pante l l e ri a ,  i nvece d a  una sola tonte . I c a m p i o n i  g reci  sono 
stati  raccolti  s u  tre i s o l e :  M il o s ,  Anti p a ro e Y a l i .  Q u e l l i  d i  M i los 
p rove ngono d a  due grandi e d i st int i  g i a c i m e nti : Aghia Nychia e 
D h e m e n eg a k i o n .  

C o m p l essiva mente s o n o  stati raccoltri  oltre c i n q u ecento 
c a m p i o n i .  

O g n i  loca l ita e rappresentata d a  a l m e n o  d ieci  c a m p i o n i .  
I c a m p i o n i  sono stati sotto posti ad a n a l i s i  p e r  t l u o rescenza X 

per il dosaggio d e g l i  e l e menti  m a g g ior i , m i nor i  ed a l c u n i  i n  
tracc e .  

1 1  metodo a n a l it ico i n  se stesso e i rri levante,  mentre esse nzia
l i  sono g l i  e l e menti  dosati , q u e l l i  de l la  petroc h i m i c a .  E stata 
a n c h e  c a l c o l ata la l o ro composiz ione m i e r a l o g i c a  normativa . 

I r isu ltati otte nut i  d i m ostra no c h e  accu rati dosaggi  d e g l i  ossi
d i  m a g g i ori  e m i nor i  (SiO,,  AI ,O, ,  Fe,O,,  FeO , M n O ,  MgO, CaO, 
N a, O ,  K , O ,  TiO,,  P,O, ,  H,O) sono sutt i c i e nti a d i st i n g u e re i n e q u i 
voca b i l me nte u n  g i a c i m e nto d i  oss i d i a n a  d a  u n  a ltro . 

L'oss i d i a n a  di Pante l l e r i a  ha r ivel ato u n a  composiz ione i n con
tond i b i l e .  

ZUSAMMENFASSUNG 
Kennzeichung der Mittellandischen Vorkommen von Obsi

dian durch klassische Methoden der Petrochemie. 
D i e  H ypothese w u rd e  geste l l t ,  dass e i n e  vol l stii n d i g e  Anwen

dung d e r  klassische M ethod e n d e r  Petroc h e m i e  fur die O b s i d i a 
nen g e n u g e n  w u rde d i e  Zusa m m e nsetz u n g  d i e s e r  v u l ka n i sc h e n  
G l ii ser zu kennze i c h e n .  

D i e  A r b e i t  hat m it  d e r  Be m u steru ng d e r  ita l i e n i s c h e n  u n d  g ri e 
c h i sc h e n  Vorko m m e n  von Obs i d i a n  begon n e n .  D i e  i ta l i e n i s c h e n  
M u stern s i n d  a u f  ve rsc h i e d e n e n  Stro men des M o nte A r c i  (Sar
d i n i e n ) ,  a u f  priih i stor ischen Stro men von L i p a r i , a u  d e r  P a l m a ro
l a i nsel  und d e r  Pante l leri a i nsel  gesa m m e l t  word e n .  D i e  g r i e c h i 
schen M u stern s i n d  a uf d e r  M i l o i n s e l  i n  z w e i  Lokal itiiten (Aya 
N y c h i a  und D h e m e n eg a k i o n )  und a ut der l n sel von Y a l i  gesam
m e l t  word e n .  

l n sgesamt s i n d  u b e r  500 M uste rn g e sa m m e l t  word e n .  J e d e  
Loka l itiit i st m i t  m i n d este n s  1 0  M u stern vertrete n .  

D i e  a u sgewii hlten M u stern s i n d  a u f  RFA,  a u f  d e n  l n h a l t  d e r  
H a u pt- u n d  M i ndere lemente u n d  e i n i g e r  S p u r e n e l e m e nte a n a l y
s i e rt word e n .  

D i e  a n a lyt ische Methode i s t  a n  s i c h  n i c h t  wicht ig ,  a b e r  m a n  
mochte d i e  Bedeutung u nterstre i c h e n ,  d i e  E l e m ente d e r  k lass i 
schen Petroc h e m i e  zu dosiere n .  D i e  Berec h n u n g  d e r  normat i 
ven m i n e r a l o g i s c h e n  K o m posit i o n ,  n a c h  d e r  M ethode von R it
tm a n n ,  hat s i c h  a l s  g rosse H i lfe in d e r  U ntersc h e i g u n g  der ver
sc h i e d e n e n  O b s i d i a n e n  erwiese n .  

D i e  e r l a ngten Resultate z e i g e n  d a s s  sorgfii lt ige Dos i e r u n g e n  
d e r  h a u ptsiic h l ischen u n d  m i n d e re O x i d e  m e i stenste i l s  a usrei 
chend s ind,  u n m i ssverstii n d l i c h e  eine Lagerung von Obs i d i a n  
von e i n e r  a n d e re n  z u  u ntersc h e i d e n .  

Ausserdem hat d e r  Obsidi a n  von Pante l l e r i a  e i n e  unverwe
c h s e l b a re K o m posit ion g ezeigt.  
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