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FOREWORD 

A strange dichotomy exists between many archaeologists and archaeo-
logical scientists. For well over one hundred years scientists have been stud-
ying ways to determine the provenance of classical Mediterranean marble 
and for much of that time archaeologists and art historians have largely ig-
nored the efforts. Many of the latter argue that "gut reactions" are all one 
needs to solve problems. A particularly egregious example took place some 
twenty years ago when a museum decided to purchase an early classical 
Greek statue. The reported price was seven million dollars so the museum 
consulted with many well-known art historians, specialists on early Greek 
art, soliciting their opinions on the statue's authenticity. The authorities 
largely agreed that it was authentic, a sixth century B.C. masterpiece of the 
Attic school, and that the museum should buy it. It was only after the deci-
sion was made to purchase that a sample of marble from the statue was 
sent to a lab for isotopic testing and provenance determination. The results 
of analysis showed that the marble could not be Attic but came from a dis-
tant island in the Aegean Sea. If not fraudulent, at least the statue had a 
chequered past. Although this is a sad tale with a moral not to be ignored, it 
illustrates standard procedure for many museums: consult with art histor-
ians if necessary but ignore any information from scientific testing. 

Much research has been carried out on methods to determine marble 
provenance by labs in Europe and North America with the results pub-
lished in journals and transactions of meetings. Unfortunately, these efforts 
are not usually read by archaeologists or art historians. Hopefully, this 
book which discusses the basic principles of the geology and chemistry of 
marble, and summarizes the widely scattered references dealing with meth-
odologies of analysis, will help overcome the resistance to science of the ar-
chaeology community. Scientists reading the book will also learn of the 
kinds of research needed to solve archaeological problems and hopefully 
the more adventurous might join the effort. 

Physical scientists and social scientists are not rivals in the pursuit of 
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truth; each has a contribution to make and one can reinforce or disprove 
conclusions drawn by the other. Scientists working without archaeologists 
and art historians to first define a problem is equally bad as archaeologists 
and art historians pontificating on provenance or weathering history of an 
undocumented artifact. In the first case much research, time and effort 
might never find applications in the world of archaeology and in the second 
subjective reasoning on the origin and subsequent history of objects may 
turn out to be a costly exercise in futility if subsequent laboratory analysis 
disproves the entire thesis. 

This book establishes a new isotopic and multi method marble database 
and is, at the same time, a much needed compilation of the progress made 
to date on sourcing white marble, the materia prima of ancient Greece and 
Rome. In 1890 the German geologist G. R. Lepsius published petrographic 
descriptions of some of the leading classical marble quarries.' Despite its 
shortcomings, but being all that was available, Lepsius' descriptions were 
accepted by the archaeological community as gospel. Then in 1965 Rybach 
and Nissen used trace elements to source marble and found they varied too 
widely even within the same quarry to be useful as geochemical finger-
prints .2 In 1972 H. and V. Craig published a study using stable isotopic ra-
tios of carbon and oxygen.' The variation was shown to be small within a 
quarry but differed enough to distinguish between quarries. Since that 
landmark study data banks have been established for stable isotope signa-
tures as well as for other physical attributes of marble such as electron spin 
spectroscopy (ESR!EPR), cathodoluminescence, trace elements and others. 

Statistical comparison of different analytical methods, such as stable 
isotopic ratios, petrography, and ESR is making it possible to approach the 
long wished for goal of determining unequivocally the provenance of mar-
ble. Multivariate analysis is providing the necessary tools and is well syn-
thesized in this book. If the solution to the more than one hundred year old 
search is to be found, it might be in these pages.

NORMAN HERZ 

University of Georgia 

December 2005 

I Lepsius, R., 1890. 
2 Rybach, L. and Nissen, H.-U., 1965.. 

Craig, H. and Craig, V., 1972. 
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INTRODUCTION 

For many thousands of years marbles, both white and coloured, have 
been the noble material par excellence of the plastic arts and architecture. 
They were most successfully exploited in the Graeco-Roman world, such 
that the idea of extensive marble usage is most commonly associated with 
classical antiquity, particularly the Roman Imperial period. Marble has 
been a highly prized material in the arts also in other historical periods, the 
Italian Renaissance being the most celebrated example. 

Interest in the field has extended far beyond the pure art-historical and 
stylistic approach to the artworks and now involves a number of different 
aspects of marbles. Scholars from various disciplines have investigated spe-
cific issues ranging from the social and economic organisation required for 
large scale exploitation, to the unsurpassed skill and technological compe-
tence exhibited by marble craftsmen in antiquity. 

An in-depth scientific knowledge of the properties and provenance of 
marble materials has become an indispensable tool for classical archaeolo-
gy and art history. Identifying the quarries of origin of marble is essential in 
order to answer a number of important questions, such as the range of 
commercial relationships and trade routes pursued in antiquity, the chang-
ing tastes for specific varieties and artistic styles and the level of technologi-
cal skill achieved through the use of certain types of marbles. In addition, 
marble studies also contribute to the identification of copies, forgeries and 
later restorations and are necessary pre-requisites in the planning of con-
servation and restoration work. 

This study is intended primarily to provide the archaeological, art-
historical community with the experimental data and expertise required for 
the use of isotopic analysis, probably the most widespread analytical tech-
nique developed so far for determining the places of origin of ancient white 
marbles. 

Dealing with isotopic analysis, a methodology that has long been known 
in the field, this book does not claim any special scientific novelty. It is rath-
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er a utility tool complementing a recently published, more specialized work 
dealing with the same topic and based primarily on electron paramagnetic 
resonance (EPR) spectroscopy and petrographic information. The two 
books, and their respective data sets, are fully compatible and complemen-
tary;- they develop different aspects of what may be considered to be a sin-
gle, multivariate approach to the problem of marble origin. Depending on 
the complexity of the provenancing issue and on the user's experience the 
two methods can be used separately or together, carrying out data analyses 
at various levels of complexity from simple bidimensional graphs to full 
multivariate statistical data processing. The final aim, in any case, is to ob-
tain reliable assignments combining high discrimination with well-defined, 
easy to use data analysis procedures. 

The determination of carbon and oxygen stable isotope ratios is one of 
the many geological and physico-chemical techniques developed for deter-
mining the origin of marble. They include, among others, thin section pe-
trography, trace element analysis, electron paramagnetic resonance spec-
troscopy, cathodoluminescence, quantitative fabric analysis, and light dif-
fusion. The use of isotopic analysis dates back to the early 1970's, when 
Harmon and Valerie Craig published the first paper on the discrimination 
of Greek marbles, bringing to light the potential capabilities of the method. 
Subsequently several isotopic databases were developed independently by 
different research groups and used routinely for the assignment of un-
known samples. Owing to the high discriminant power of the isotopic vari-
ables, the simplicity of the method in terms of interpretation and use of the 
results and the possibility of obtaining reliable analyses at a moderate cost 
on a commercial basis, isotopic analysis has become the most successful 
and widespread among the aforementioned provenancing methodologies. 

In spite of this it has long been known that there is no single method 
capable of solving all real provenancing problems. It is now commonly 
agreed that the most reliable results are obtained by combining two or 
more different analytical techniques in a multivariate approach to the prob-
lem. The most common strategy involves a combination of isotopic data 
and petrographic information, but other established techniques include 
trace analysis and EPR spectroscopy. 

A peculiarity of the work carried out so far, however, and which led us to 
initiate this study is that in most cases complete experimental data has not 
been published,' merely information summarized in graphs or tables. The 
unfortunate result is that, in the absence of numerical data users are unable 

The only exception is the isotopic database established by Norman Herz over the years. 
Detailed results are available from the author upon request and are discussed and used as ref-
erence throughout this book. 
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to perform quantitative assignments of their unknown samples, nor can 
they test alternative or newly developed data analysis procedures using the 
raw source data. 

In contrast with this, detailed publication is common practice in a num-
ber of different fields, also related to the characterization and provenance 
of archaeological materials. A pertinent example, among many others, is 
metal provenance. The main working tool, the lead isotope database, has 
been reported in detail and has continued expanding in a series of papers 
from Oxford Isotrace and other laboratories. It should be added that the 
practice of unpublished or partly published databases has favoured the pro-
liferation of independent data collection instead of promoting the growth of 
a single reference data set, both in terms of the number of samples and the 
properties to be measured. In the case of isotopic databases using only two 
experimental variables, the problems mentioned above, although serious, 
can in some way be circumvented, by using simple bidimensional plots. 
Multi-method databases, however, rely heavily on statistical data analysis 
techniques which are indispensable for exploiting the vast amount of exper-
imental information, and which are almost impossible to use in the absence 
of detailed data. 

The recently published marble database including spectroscopic (EPR) 
and petrographic variables already represents a first step towards multi-
method analysis. From a practical point of view, however, it has the disad-
vantage of using electron paramagnetic resonance spectroscopy, which al-
though powerful, is rather specialized and not readily available. The next, 
obvious step to widen the usage and capability of the method is the intro-
duction of isotopic variables. This would allow simpler, albeit partial, use of 
the database, while preserving, if necessary, the possibility of carrying out 
more detailed measurements and data analyses. 

Following the accepted rules of scientific publishing the complete data 
are at the full disposal of other researchers. This is the main purpose of the 
present book. In this way the EPR, petrographic and isotopic marble data-
base might be considered a starting point for a larger, more exhaustive col-
lection of samples. A second, essential aspect is the possibility of increasing 
the discriminant power of the database by measuring additional properties 
and adding new variables to those already existing. This obviously requires 
that the measurements are carried out on the same quarry samples and 
hence the establishment of a database of real, physical samples, not just a 
datasheet of numerical variable values. The samples utilized, for this work, 
most of which are medium to large in size, are stored at the Istituto di 
Struttura della Materia of the Italian Consiglio Nazionale delle Ricerche 
(CNR) and are freely available for testing and new measurements. 

Since solution of the marble provenance problem still presents several 
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difficulties, we believe that coordination and collaboration among the vari-
ous research groups involved in the field is necessary. In the past several at-
tempts have been made to promote collaboration, including the exchange 
of information and samples by the creation of International Marble Com-
mittees. Unfortunately and for a number of reasons, nothing concrete and 
lasting has come from these efforts. 

Without being too ambitious we hope that this study may encourage the 
publication of related data from other laboratories and stimulate new at-
tempts aimed at a unified set of quarry marble samples. 
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1. THE PROPERTIES AND GEOLOGY OF MARBLE 

1.1 DEFINITION AND GENERAL PROPERTIES OF MARBLES 

The etymologic origin of the word marble derives frora the ancient 
Greek language, its root deriving from the verb mannairo, that means "to 
shine". As a consequence any rock that lends itself to polishing or use as a 
decorative material was commonly referred to in antiquity, as marble. In 
this wide sense marbles are a range of rocks of different origins (magmatic, 
sedimentary and metamorphic), their fundamental properties depending 
on the type and dimensions of the minerals present. These minerals, in 
turn, determine the compactness, structural properties and chromatic ef-
fects of marble. 

Petrographically the term marble has a precise and more restricted 
meaning: it is an originally calcareous rock that has undergone physico-
chemical transformation processes referred to as metamorphism, which 
impart it with its characteristic "saccharoidal" structure. 

The following is a more exhaustive definition of marble: marble is a met-
amorphic, highly crystalline carbonate rock which may be highly calcitic or 
dolomitic. It has varying degrees of purity, from extremely pure to quite im-
pure. It occurs in virtually every colour and may exhibit varying mottled ef-
fects. Because of its unique texture it can be cut more precisely and pol-
ished to a smoother surface than most other stones. 

The Subcommission for the Nomenclature of Metamorphic Rocks 
(SCMR), a branch of the International Union of Geological Sciences 
(ITJGS), recommended the use of the term marble for "metamorphic rocks 
containing more than 50% vol. of carbonate minerals (calcite and/or arago-
nite and/or dolomite). Pure marble contains more than 950/s vol. of carbon-
ate minerals; a marble containing less then 95% vol. of carbonate minerals 
is classified as impure marble".' 

Rosen O.M. et al., 2004.
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Marble is the product of metamorphism of carbonate rocks, where the 
term metamorphism in general indicates the transformation of any rock 
(sedimentary, magmatic or already metamorphic) into another one, under 
modified conditions of temperature and pressure. The original mineral as-
semblages and their structural aggregation are destroyed and new ones are 
gradually created, corresponding with more stable structural and miner-
alogical configurations. The transformation occurs by means of reactions 
between different mineral components and subsequent re-crystallization, 
with the formation of coarser crystals at the expense of finer ones being 
usual; the contribution of circulating fluids is often crucial. 

The primary constituent of marbles is calcite or occasionally dolomite ,2 

although many other minerals in various percentages may be present. They 
are formed from the mineralogical impurities of the calcareous precursor 
or from reaction between these impurities and calcium carbonate during 
metamorphic processes. 

Marbles can be described in terms of their microscopic structure, which 
defines the configuration of the aggregate and indicates how the aggrega-
tion of minerals has taken place. The structure of a rock is generally exam-
ined in thin sections under a mineralogical transmission microscope; its 
study is of fundamental importance since it reflects key episodes of the gen-
esis and evolution of the rock itself. The structure of marbles is typically ho-
meoblastic or more precisely granoblastic, 3 with polygonal or lobed varia-
bly sized grains. As previously mentioned the common term that defines 
the marble's characteristic structure is "saccharoidal". 

Marble is compact, isotropic, and has good resistance to compression It 
is of moderate hardness 4 but high toughness. The fact that marble can be 
easily polished is not a detail that should be overlooked. 

The purest marbles, namely those consisting almost exclusively of cal-
cite or dolomite, are white and homogeneous; this is the case, for example, 
of Carrara statuary marble. Impurities tend to confer various colours to the 
stone and often make its appearance heterogeneous, veined, striped or 
spotted. Micas, for example, is responsible for making the generally grey-
ish, shaly marbles, with green or grey veins, producing the re-known cipolli-
no 5 variety. Marbles with grey/black veins or speckling (such as Lasa mar-

2 As discussed in more detail in § 1.5.2 (P. 36) dolomite is the double carbonate of calcium 
and magnesium, CaMg(CO 3) 2 , whereas calcite is the simple calcium carbonate, CaCO3. 

The structure of a rock is granoblastic when the shape and the inter-locking of its grains, 
approximately equidimentional, is casual; this indicates that the minerals grew without retain-
ing their own habit, modelling themselves on each other. 

In Mobs' relative hardness scale which extends from 1 to 10 (talc = 1; diamond = 10) 
the hardnesses of calcite and dolomite are 3 and 4.5-5, respectively. 

Cipollino is the name introduced by Roman marbleworkers (rnarinorarii) in Medieval 
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ble known commercially as fantastico 6) have graphite or organic carbon 
impurities and derive from bituminous carbonates. 

The secondary constituents of marbles can be a large range of minerals. 
Their variety depends on the composition of the carbonate precursor and 
on the intensity of metamorphism, usually classified as low, medium or 
high grade metamorphism, depending on the temperature and pressure va-
lues controlling the process. 

In the case of low to medium grade metamorphism, calcite does not 
generally react with other minerals, and it is possible to have marbles with 
quartz, muscovite, chlorite, biotite, albite, microcline, zoisite and epidote; 
when the protolith is dolomite, brucite or magnesium silicates (tremolite, 
serpentine) can be present as well, this is because dolomite is more reactive 
than calcite and tends to produce calcium and magnesium silicates. 

In the case of medium to high grade metamorphism calcium silicates 
such as grossularia, vesuviana, anortite, diopside, tremolite and wollasto-
nite, may be produced by reaction between calcite and quartz or silicates in 
a low pressure environment. The reaction with calcite is controlled by the 
partial pressure of CO2 . The escape of carbon dioxide from the system facil-
itates the formation of calcium silicates, while its retention supports the 
stability of calcite coexisting with quartz, and inhibits the formation of cal-
cium silicates. The percent of accessory minerals in marbles may span rath-
er wide limits. Table 1.1 gives typical sample compositions expressed in 
terms of their constituent oxides (CaO and CO2 are the CaCO 3 constituent 
or forming oxides). 

Since marble is the product of metamorphism, some of its chemical and 
physical characteristics are those inherited from the original protolith 
which is generally marine limestone. These most important and abundant, 
commercially employed sedimentary rocks usually have organic origins. 
Fossiliferous, marine sedimentation in oceans and fresh bodies of waters, 
consists of the shells and skeletons of plants and animals, which have grad-
ually accumulated through deposition. The layers of deposition can create 
massive beds of limestones. The carbonate components of living organisms 
are formed by the gradual assimilation of bicarbonate dissolved in seawater 
in the form of carbonate. It induces a slow incremental growth of the shell 
or skeletal structure. On the organism's demise its shell, consisting of al-
most pure calcium carbonate, deposits on the sea bed. After deposition 

and Renaissance times for the famous, green-veined marble quarried in southern Euboea 
(Marmor Carystium). This and similarly derived names such asGiallo Antico, Africano, Breccia 
Coral/ma and many others are currently used in the literature (see for instance Borghini G. 
(ed.), 1997). 

6 Lasa marble, probably known and locally used in antiquity, is quarried in Val Venosta, 
some 30 km West of Merano in the eastern Italian Alps.
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Table 1.1 - Sample chemical composition of some Italian marbles expressed as oxides 
percent (Negretti G. and Di Sabatino B., 1983). 

1 2 3 4 5 

SiO2 2.76 - 6.54 0.19 6.79 
Ti02 0.12 - - traces 0.07 
Al2 03 1.15 - 0.34 0.08 1.79 
Fe2 0 3 0.75 0.15 0.05 traces 0.65 
FeO 0.87 0.14 0.34 0.03 0.10 
MnO 0.18 - - 0.04 0.06 
MgO 0.96 0.50 1.73 0.58 0.67 
CaO 50.59 55.40 50.68 55.60 49.60 
SrO n.y. nv. nv. 0.08 0.10 
Na2 0 0.30 - 0.27 - 0.12 
1(20 0.29 - 0.12 traces 0.51 
H20 0.47 0.08 0.71 0.01 0.08 
H20- 0.23 0.04 0.13 0.08 
P2 05 - - 0.17 0.11 0.21 
CO2 39.42 43.81 39.09 44.07 39.49 
C 1.20 - - - -

1: Marble with accessory quartz and muscovite (Asuni, Sardinia) 
2:Bardiglio marble (Asuni, Sardinia) 
3: Marble with accessory quartz, albite and chlorite (Cape Tindari, Sardinia) 
4: White marble (Mt.Corchia, Apuan Alps) 
5: Cipollino marble (Pruno, Apuan Alps) 

these materials undergo a series of physical and chemical modifications (di-
agenesis stage) with compaction and cementation leading to their lithifica-
tion. These sedimentary rock formations may have been translated and lif -
ted above sea level on several occasions in their geological history. The ge-
ography of the world has been re-shaped by these processes, mountain ran-
ges have been formed in the internal regions of the continents and sedimen-
tary rocks have been exposed to high temperatures and pressures, causing 
the formation of, among others, metamorphic rocks such as marbles. 

This book deals with a specific category of marbles, grouped under the 
name white marbles. With regard to this, the marbles taken into considera-
tion for this study are those that can he defined as crystalline carbonatic 
rocks and consist, almost exclusively, of calcite and/or dolomite. They gen-
erally have the best technical and physical characteristics and have been 
used for thousand years as the noble material par excellence in architecture 
and the plastic arts. An in-depth scientific knowledge of their properties 
and provenances has become an indispensable tool for classical archaeolo-
gy and art history. Identifying the quarries of origin of marble is essential in 
order to answer a number of important questions. These include the range 
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of commercial relationships and trade routes that were pursued in antiqui-
ty; the changing tastes for specific varieties and artistic styles; and the level 
of technological skill that was achieved through the use of certain types. In 
addition, marble studies contribute to the identification of copies, forgeries 
and later restorations and are a necessary pre-requisite i:ri the planning of 
conservation and restoration work. 

1.2 METHODS AND PROBLEMS FOR DETERMINING THE PROVENANCE OF MARBLES 

Owing to the remarkable similarity of their macroscopic appearance 
and physico-chemical properties, the identification of white marbles in or-
der to assess their provenance can be a considerably difficult task. It must 
also be stressed that, within this general similarity, different marble types 
may originate from the same quarry, while different quarries may produce 
hardly distinguishable specimens. It is thus evident that tracing the origin 
of a marble sample requires an in-depth study of its physical and/or chem-
ical characteristics. 

The first scientific approach for resolving the problem of marble prove-
nance was attempted at the end of the 1918 century by G.R. Lepsius, a Ger-
man geologist, who used macro- and microscopic petrographic characteris-
tics." He visited and sampled some of the most important ancient Greek 
quarries and after carrying out petrographic studies was able to assign the 
provenance of several important archaic sculptures in Athens with appreci-
able confidence. The methods developed by Lepsius were in use until the 
mid 20th century, when several methodologies, borrowed from the geologi-
cal sciences and related to mineralogy, petrography and geochemistry star-
ted to complement the petrographic approach developed by the German ge-
ologist and were applied to the problem of provenance on an increasingly 
greater scale. Since then, however, no single analytical technique has 
proved to be conclusive when used alone, and multi-method approaches, 
using sequentially or simultaneously variables from several different tech-
niques are currently considered to be the only possible approach for reli-
ably determining the provenance of unknown samples.' 

The techniques more frequently adopted for studying the provenance of 
classical marbles, are oxygen and carbon isotope mass spectrometry,' cal-
cite or dolomite microstructural analysis,") electron paramagnetic reso-

Lepsius G.R., 1890. 
Moens L. et al., 1988; Matthews KS., et al., 1995; Attanasio D. et al., 2000. 
Herz N., 1985; Herz N., 1987a; Moens L. et al., 1992; Gorgoni C. et at., 2002. 
Kempe D.R.C. and Harvey A.P., 1983; Schmidt. et at., 1999.
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nance spectroscopy (EPR or ESR), 11 cathodoluminescence (CL)," as well as 
petrographic observation of macro- and microscopic characteristics. Sever-
al other physical and geochemical methods have been used with some suc-
cess, such as thermoluminescence (TL), 13 trace and ultratrace element de-
termination, 14 distribution of rare earth elements (REE), 15 porosity, heat ca-
pacity, etc. It has been shown that most of these last methods have moder-
ate utility. They can, however, be considered to be complementary to the 
previous, more important methods. 

In order to be effective all these techniques require a reference database 
which includes data for a reasonably large and representative number of 
samples collected from each quarry exploited in antiquity. For example the 
petrographic features that are investigated when studying the origin of a 
marble are its prevalent mineralogy (calcite or dolomite), its structure, the 
contour shape of its crystals, the dimension of its grains (by a parameter 
usually defined Maximum Grain Size-MGS) and the accessory minerals 
present. All these aspects have already been investigated for the most im-
portant and most commonly used marbles in antiquity and are described in 
the specific literature. 

Beside the petrographic database, extensive collections of quarry data 
are available, at present, mainly for isotopic analysis, electron paramagnet-
ic resonance, trace element analysis and cathodoluminescence. Most of 
this data, however, have been obtained from different, independent sets of 
quarry samples. In addition detailed, numerical results have rarely been 
published, often being substituted by summarizing graphs that demon-
strate the source fields of different marble varieties on a purely qualitative 
basis. 

Assuming that a reference database in its numerical form is available, 
the provenance of unknown marble artefacts is usually determined by 
"comparing" the values of their experimental variables with the results 
available for quarry samples. It is obvious that the methodology adopted for 
"comparing" data is a key step in the analysis and must be carefully defined 
and validated. In the absence of accepted classification procedures many 
different approaches can be used. However, the assignments are often qual-
itative, numerical estimates of the probabilities of provenance are seldom 
obtained and the reliability of the results is often difficult to assess. 

When provenance determinations are carried out using different analyt-

Polykreti K. and Maniatis Y., 2002; Attanasio D., 2003. 
2 Barbin V. et at., 1992, Blanc P., 1999; Pagel M. et at. (eds.), 2000. 

MazeranR. 1995. 
4 Mello E. et at., 1988a; Mello E. et al., 1988b; Moens L. et at., 1989; Matthews K.J., 1997. 

15 Meloni S. et al., 1995. 
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ical techniques two alternative approaches are possible. The first is a se-
quential approach, which takes into account one variable or one analytical 
technique at a time, attempting to eliminate the sites that appear to be in-
compatible with the properties of the unknown sample at each stage, until, 
by a process of elimination, a final assignment is obtained. When the num-
ber of variables is large, however, sequential procedures are difficult to use. 
In addition they do not take into account variable correlation and do not 
yield quantitative probabilistic results. 

A different, more efficient approach to multi-method analysis is to use all 
the experimental variables simultaneously and to obtain the most likely 
provenance on the basis of multivariate statistical analysis of the experi-
mental data. Although neither method can warrant satisfactory solution of 
every possible provenance problem, the advantage of the simultaneous, sta-
tistical approach is that it is a quantitative, objective method, in which as-
signments are considered to be reliable only when the values of relevant pro-
babilistic parameters are greater than properly chosen threshold limits. This 
also allows the clear identification of weak points and questionable results, 
such as data points which create doubt between two or more quarries, 
anomalous results (outliers) and other possible methodological limitations. 
Both approaches obviously require that detailed data, not s:Lmply graphs, col-
lected from a single, coherent set of quarry samples are available. 

Among the many techniques tested over the years and mentioned above 
the isotopic method is certainly the best known and most widely used tool 
for establishing the provenance of marbles. Despite its usefulness and im-
portance, however, isotopic analysis has limitations as other methods and, 
used alone, can provide certain results only in a relatively limited number 
of cases. Rather than its unparalleled discriminant capabilities, the great 
success of isotopic analysis is mainly due to its simplicity in terms of inter-
pretation and use and to the fact that it was, historically, one of the first in-
strumental methods of analysis applied to the problem of marble prove-
nance and represented a great advance on the chemical and petrographic 
methods used before. At present the technology for obtaining isotopic data 
is well established and rather simple; very small quantities of sample are 
needed and no special pre-treatment is required, apart from grinding. In 
addition isotopic analyses can be easily obtained commercially at reason-
able prices and the results are easily interpretable even for those who are 
not accustomed to isotope research. 

Based on the above the main purpose of this book is to report a new iso-
topic database which is open to further expansion and improvement and is 
fully available to the scientific community, to be used as raw data or after 
any kind of statistical analysis. EPR and petrographic or morphological 
data have already been measured on the same set of samples and published 
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