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a b s t r a c t

The results of a combined minero-petrographic and isotopic study carried out on representative marble
sculptures from the Museum of Carthage are presented. Pentelikon source has been identified for nine of
the analyzed items, Carrara and Prokonnesos sources have been also identified for three and one items
respectively, confirming in some cases previously-made hypothesis. Local Chemtou and Djebel Ichkeul
stones present very different petrographic fabrics compared with the most recurrent marbles. The
undertaken approach adds value to the descriptions of the studied artifacts and could be extended to
other art pieces of this and other museums.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The National Museum of Carthage is, along with the Bardo
Museum, one of the main archaeological museums in Tunisia. The
museum locates on the Carthage acropolis, on top of the Byrsa hill. It
was founded at the endof the 19th century (Gandolphe,1952) by the
Pères Blancs (a society of Catholic missionaries), its building was
originally amonastery, and indeed, thefirst archaeologicalworks on
the site were performed by the missionaries. After the indepen-
dence of Tunisia from France, and the decommissioning of the
religious functions of the building, themuseumopened as a national
museum in 1964. It was refurbished at the end of the 20th century
and it is at present undergoing again major restructuring.

The history of the Carthage Museum is only the last chapter of
the full story of Byrsa hill and its surroundings. On top of this hill,
known as l’esplanade, there was, once on a time, the Punic city of
Carthage (prosperous from the 6th century BC onwards) that was
completely destroyed by the Romans after the Third Punic War
(146 BC). A century later, a new Roman Carthage was built on its
ruins under the rule of Julius Caesar. The Roman city became one of
þ34 935811263.
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the biggest cities of the Empire and a center of early Christianity
(4th to 7th century AD). Under the Vandals and the Muslims, the
city was progressively abandoned, used as a quarry and finally
forgotten until the arrival of the French missionaries.

Thought some of the finest finds from Carthage are now at the
Bardo Museum and elsewhere, the National Museum of Carthage
contains the largest collection of objects from this archaeological
site, covering both the Punic and the Roman periods. The Punic
objects include tomb and votive stones, inscriptions, sarcophagi,
ossuaries and grave goods. From the Roman period there are mainly
mosaics, funerary inscriptions, sculptures and architectural
elements. Finally, among the early Christian objects are worth to
mention the funerary inscriptions and sarcophagi.

The scope of this paper is to bring archaeometric data to iden-
tify, and in some cases to confirm, the provenance of several arti-
facts from the Carthage Museum. The presented approach will help
to produce new explanatory notes for the visitors and could be
extended to other art objects from the Museum.

2. Archaeological background

As a result of the old and complex history of the Carthage
Museum (Ennabli, 1998; Gandolphe, 1952), some of the objects
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from its collections lack of a complete description of its archaeo-
logical setting. Basic information, as the provenance of the stone-
made pieces is not mentioned or assumed without any rigorous
archaeometric approach.

Themarbles of a number of sculptures, see Fig. 1, (including low-
reliefs and sculpted sarcophagi) have been subjected to petro-
graphic, X-ray and isotopic analyses for identification of its
provenance.

All the studied statues and low-reliefs belonged to the Roman
city. From the iconographic point of view, they reflect the abun-
dance and nourishing vocation of the city: three sculptures include
representations of overflowing edibles as a symbol of wealth. Item
#1 depicts a Genius Coloniae Cathaginis, i.e. a protecting spirit for
the Carthaginians, holding a cornucopia or horn of plenty. This
sculpture was found not far from the alleged emplacement of the
Capitolium and presents all the features of the official imperial art
from early 2nd century AD. Its face has some similarities with the
known representations of Antinous (the favorite of the Roman
emperor Hadrian). Item #2 is a torso of a standing woman holding
what seems to be a basket full of fruits. The statue could represent
Pomona, the goddess of fruit, usually associated to abundance. Item
#3 is one of two colossal (3-m high) fine low reliefs from the
Museum depicting Victoria, the goddess of victory, as a winged
woman holding a cornucopia.

The two similar low-reliefs of Victoria were found scattered in
many fragments by Delattre (1898) at the end of the 19th century
nearby the Saint Louis cathedral that still today stands on top the
Byrsa hill. Along with these low-reliefs, it was found item #4, also
exceedingly fragmented, this one after reconstruction yielded
another 3-m-high low relief of even finer manufacture. It depicts
again Victoria, now as a winged woman holding a trophy of Roman
arms. This statue is considered one of the masterpieces of the
museum, and together with the other mentioned low-reliefs, has
been interpreted to be part of a triumphal arch or a similar
monument, perhaps to commemorate the victory over the
Parthians in 166 AD (Picard, 1951).

Other mythological characters from the studied set include
Silenius (item #5), the old fat satyr who tutored the wine-god
Bacchus. The statue is a free-standing sculpture that depicts
a drunken Silenius being supported by four satyrs. The statue dates
from the 1ste3rd century AD, perhaps is a reproduction of a bigger
statue and surely is an adaptation to a free-standing sculpture of
this classical theme (Saumagne et al., 1964). It was found broken in
45 fragments and after reconstruction two of the satyrs are still
missing. According to the excavators, it appeared intentionally
broken (Saumagne et al., 1964), perhaps as a victim during the
Christian destruction of pagan temples, in 399 (Lavagne, 2000).
Item #6 is very incomplete, it was found in the 19th century behind
the amphitheatre (Delattre, 1899) and consists of a torso fragment
that could depict a young Bacchus or perhaps Apollo. Finally, item
#7 is a Roman copy, possibly from the 3rd century AD, of a Helle-
nistic statue of a sleeping Eros (the god of love).

Besides mythological characters, other Roman sculptures from
the studied set depict famous and anonymous people. Thus, item
#8 portrays the head of co-emperor Lucius Verus, who ruled with
Marcus Aurelius, from 161 AD to 169 AD, it was found during the
19th century at the southern side of Byrsa hill (Delattre, 1899). Item
#9 and #10 are funerary statues that were found within the same
mausoleum, in the Yasmina necropolis, 200 m south-west from the
emplacement of the Carthage circus. Item #9 was found in 1981
(Annabi, 1981) and it is usually referred as an auriga (a slave that
drove a biga chariot) though he could be an agitator (quadriga
driver) as well. However, taking into account, among other features,
that he is holding a small amphora, an alternative and plausible
interpretation has turned him into a sparsor (stable hand who
cooled Roman chariot horses with water) (Thuillier, 1999). In 1992,
item #10 was retrieved and it is usually assumed that it depicts the
spouse of the sparsor (Norman, 1993; Norman and Haeckl, 1993).
Both sculptures would be from middle 3rd century AD. Item #11 is
a statue of an idealized woman wearing a stola sculpted using the
flowing drapery technique, and item #12 is the torso of an
unknown figure wearing distinguished clothes.

In addition to Roman sculptures, materials from two sarcophagi
were also studied. On one hand, item #13, known as the Sarcoph-
agus of the Priest, depicts, carved in Greek style (Picard, 1951) on its
lid, a bearded figure wearing a beltless tunic and thick sandals. This
sarcophagus was retrieved in 1902 from the Punic necropolis in
Bordj-Djedid (near Sainte Monique) along with the so-called
Sarcophagus of the Priestess (Delattre, 1903a); both are central
pieces of the Punic-dedicated area of the museum, other similar
sarcophagi were found in the same necropolis, all of them are
supposedly from the late 4th century BC to early 3rd century BC.
Another simpler sarcophagus, item #14, was also studied. This is
decorated with parallel s-shaped strigils like many other
sarcophagi found in the early Christian basilicas of the site
(Delattre, 1912; Béjaoui, 1985, 1987). These sarcophagi date from
late-4th to early 5th century and have been described as being
made either of local biosparitic limestone ‘kadel’ or Prokonnesos
marble (Rodà, 2001).

3. Materials and methods

Small samples, in form of irregular chips of about 1 cm3, were
obtained from the fourteen listed items using a small chisel, always
from hidden parts of the objects (the back side or the outer bottom)
to minimize the damage on the artifacts. Besides samples from the
artifacts, samples from two local quarries of recrystallized lime-
stones (Chemtou, in northwestern Tunisia and Djebel Ichkeul, in
northern Tunisia) were also obtained for comparison purposes. Part
of the samples was powdered to be analyzed using both powder X-
ray diffraction (XRD) andmass spectrometry. The remaining part of
each sample was used for visual inspection and observation under
a stereoscopic microscope and to produce thin sections to be
viewed using a petrographic microscope. All samples were labeled
according to the corresponding item number; samples from
Chemtou and Djebel Ichkeul were labeled Ch and Dj respectively.

3.1. Minero-petrographic analyses

Standard thin sections of the samples were prepared at CEREGE.
Petrographic descriptions were mainly performed using a NIKON
Eclipse 50iPOL microscope in the Institut d’Arqueologia Clàssica, in
Tarragona, pictures were taken using a NIKON COOLPIX5400
mounted on the microscope. Reference materials from the collec-
tion of classical marbles assembled by the LEMLA (Álvarez and
Rodà, 1992) in the Universitat Autònoma in Barcelona were used
for comparison purposes. Thin section observation permits to
determine the fabric of themarble and to identify the accessory and
secondary minerals, in addition to calcite. Analyses performed by
experienced petrologists are known to be a successful method to
identify different types of marbles and related rocks.

3.2. XRD analyses

XRD measurements were performed at CEREGE on powdered
samples with a q-q Panalytical X’Pert Pro MPD diffractometer
running at 40 kV and 40 mA using Co Ka radiation (l¼ 1.79�A) with
a linear X’Celerator detector and a secondary flat monochromator.
The 2q range was 23e75� with a step size of 0.033� and a counting
time of 3 s per step. Samples were finely crushed in an agatemortar



Fig. 1. Pictures of all the studied artifacts from the Museum of Carthage, numbers correspond to labels as defined in Section 2 and Table 1.
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and sieved on “zero-background” silicon plate to avoid preferential
orientation. Particles statistic was improved by spinning the
samples at 15 rpm. Rietveld refinements (Rietveld, 1969) were
performed in order to obtain semi-quantitative information about
the mineral phases present in the samples. Rietveld analysis
consists in simulating a diffraction pattern from the crystallo-
graphic parameters of each mineral phase (space group, unit cell),
peak profile parameters and some instrumental parameters. The
theoretical pattern is then iteratively compared to the experimental
one adjusting the parameters to minimize the differences between
the two patterns. X’Pert Highscore Plus (Panalytical) was used to
obtain the contribution of each mineral phase fitting only the
scale factor and the background. Maud software was also used
refining furthermore some instrumental, profile and structural
parameters. In particular, our target was the identification of
dolomitic components.

3.3. Isotopic analyses

Isotopes analysis (d18O and d13C) were conducted at CEREGE on
crushedmarble samples using a mass spectrometer (Finnigan Delta
Advantage) equipped with a carbonate device. Measured isotopic
values are normalized against international standard NBS-19. Mean
external reproducibility was better than 0.03& for d13C and 0.05&
for d18O. Isotopic characterization has proven to be a very useful tool
to identify marble provenance in artefacts (Gorgoni et al., 2002),
specially when its use is combined with minero-petrographic
results (Gorgoni et al., 2002; Pensabene et al., 2012). The isotopic
signature is a measure of the deviation of 13C/12C and 18O/16O ratios
found in the investigated sample with respect to a standard sample
VDPB (Belemnitella americana from the Cretaceous Pee Dee
Formation, South Carolina) (Capedri et al., 2004). The principal
factors controlling the isotopic ratios in marbles are linked to the
Table 1
Analytical features of the materials sampled (all from the National Museum of Carthage b
MGS ¼ maximum grain size. % Dol ¼ Dolomite percentage. Attr. ¼ Attribution. Pe ¼ Pen

Object Item Petrography

Textural features

Genius Coloniae 1 HE, mosaic of lineated crystals, strained crystals,
occasional microcrystal aggregates.

Pomona 2 HO, polygonal non-oriented, straight/curved
boundaries, triple points.

Victoria with
cornucopia

3 HE, mosaic of slightly lineated crystals, elongated
microcrystal aggregates.

Victoria with arms 4 HE, mosaic of slightly lineated crystals, lamellar
clusters with carbonate and micas.

Silenius 5 HO, polygonal non-oriented, straight/curved
boundaries, triple points.

Bacchus 6 HE, mosaic of slightly lineated crystals, curbed
boundaries.

Eros 7 HE, dispersed and aggregated microcrystals,
zoned rhomboid crystals (dolomite).

Lucius Verus 8 HE, mosaic of slightly lineated crystals,
curbed boundaries.

Sparsor 9 HE, mosaic of slightly lineated crystals,
microcrystal aggregates.

Sparsor’s wife 10 HE, mosaic of slightly lineated crystals.
Woman with stola 11 HE, polygonal non-oriented, straight/curved

boundaries, triple points.
Unknown torso 12 HE, mosaic of slightly lineated crystals,

occasional microcrystal aggregates.
The Priest 13 HE, mosaic of slightly lineated crystals.
Christian

sarcophagus
14 HE, xenoblastic structures, sutured boundaries,

intense twinning, strained crystals and twinning lines
Chemtou sample Ch HO, microcrystalline, anhedral grains, twinning,

occasional fine-grained crystals in veins.
Ichkeul sample Dj HE, very fine grained, embayed boundaries.
nature of the protolith, the temperature and interactionwith water
during metamorphism and later weathering history.

4. Results

Table 1 lists the essential features of the analyzed marble arti-
facts obtained from the different applied methods.

The minero-petrographic analyses of thin sections (Fig. 2)
revealed textural and mineralogical information. Regarding the
composition, calcite is plainly the main, if not the only, component
in all samples. Rounded quartz crystals have been identified in
samples #1, #4, #6, #9, #10, #12 and #13, whereas elongated mica
crystals (possible muscovite) have been found in samples #4, #6
and #12. Finally the presence of dolomite was also distinctive in
sample #7 (in form of zoned rhomboid crystals, Fig. 3a) and
perhaps in sample #4 (in form of lamellar crystals with micas,
Fig. 3b). As far as texture is concerned, all the samples, except
one (sample #14), present mosaics of fine-grained crystals
(MGS< 1mm). A systematic counting of several digitized images of
thin sections was performed to obtain crystal size distributions
(CSD). Almost all samples exhibit rather large heteroblastic distri-
butions covering at least the 0.15 mme0.60 mm range, generally
with slightly lineated crystals and sometimes (samples #1, #3, #7,
#9 and #12) containing microcrystal aggregates (Fig. 3c) of
microspar size (up to 20 mm). In contrast, samples #2 and #5 show
no microcrystals at all and a narrower CSD (w0.12 mme

w0.42 mm) of equidimensional crystals with occasional triple
point boundaries (Fig. 3d), which can be called as homeoblastic.
Finally, sample #14, definitively different from the rest, has a wider
CSD, from w0.10 mm to w2.28 mm. Other identified distinctive
features are occasional strained crystals with undulating extinc-
tions (samples #1 and #14) and intense twinning (again sample
#14). Fabrics of samples from local quarries exhibit microcrystalline
ut items Ch and Dj). XRD ¼ X-ray diffraction. HE ¼ heteroblastic. HO ¼ homoblastic.
telikon. C ¼ Carrara. Pr ¼ Prokonnesos.

XRD Isotopic ratio Attr.

Accessory minerals MGS (mm) % Dol d13C d18O

Quartz 0.67 Traces 2.63 �7.29 Pe

e 0.42 e 2.21 �1.71 C

e 0.60 6 2.64 �4.37 Pe

Muscovite, quartz 0.55 Traces 3.25 �5.55 Pe

e 0.43 Traces 2.12 �2.21 C

Quartz, mica 0.60 Traces 2.43 �7.56 Pe

e 0.60 12 2.85 �6.48 Pe

e 0.77 1 2.57 �4.17 Pe

Quartz 0.61 2 2.36 �6.17 Pe

Quartz 0.72 e 2.58 �4.96 Pe
e 0.62 e 2.14 �1.67 C

Quartz, muscovite 0.61 12 2.97 �5.55 Pe

Quartz 0.85 2 2.80 �7.77 Pe

.
e 2.28 e 3.28 �0.65 Pr

e 0.04 e 1.24 �10.45 e

Opaque minerals 0.38 Traces 1.46 �6.46 e



Fig. 2. Crossed polarized light photomicrographs of the thin sections of some of the objects studied. Numbers correspond to labels as defined in Section 2 and Table 1.
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equidimensional anhedral calcite crystals with veins filled with
coarser grains (Fig. 4a) and a very fine-grainedmosaic of calcite and
opaque crystals with embayed boundaries (Fig. 4b).

XRD analyses, in agreement with petrographic analyses, reveal
that calcite is the main component of all the samples (representa-
tive patterns are shown in Fig. 5). However, there are slight
discrepancies between XRD and petrographic data regarding the
accessory minerals: XRD diffractograms indicate an important
Fig. 3. Crossed polarized light photomicrographs of detailed fabric features found in the th
dolomite; (b) sample #4 e lamellar crystals of carbonate; (c) sample #9 e microcrystal ag
fraction of dolomite in samples #7 (Fig. 5b) and #12 (12%) and
sample #3 (6%), though petrographic analyses only detected it in
sample #7 (Fig. 3a) and thus, they went unnoticed in samples #3
and #12. In contrast, presumed dolomite lamellar crystals in
sample #4 could be, after all, calcite crystals. XRD patterns have
revealed the presence of quartz in all the samples, but only in
a significant amount in samples #9 and #13 (2%) and #6 and #12
(1%), though quartz crystals were also seen in the thin sections of
in sections of some of the objects studied: (a) sample #7 e zoned rhomboid crystal of
gregate; (d) sample #2 e homeoblastic mosaic with triple points.



Fig. 4. Crossed polarized light photomicrographs of the thin sections of samples from two Tunisian quarries: (a) Chemtou and (b) Djebel Ichkeul.
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samples #1, #4 and #10 and finally muscovite traces have been
found in samples #4, #6 and #9, though petrographically this
mineral went unnoticed in sample #9 but it appeared in thin
sections of sample #12. Discrepancies between XRD and petro-
graphic analyses reflect the natural variability of accessory
components in the studied samples. In fact, the powdered XRD
samples were not obtained from thematerial immediately adjacent
to the cut slab.

The isotope ratios (d18O and d13C) of the samples are shown in
the diagrams of Fig. 6. According to the petrographic data, all the
samples except one (#14) are plotted in the comparative diagram
for fine-grained classical marble varieties (Gorgoni et al., 2002),
Fig. 5. Indexed X-ray diffraction patterns for (a) sample #10 e all the peaks correspond
to calcite except the quartz-labeled (101) which is the main reflection of quartz; (b)
sample #7 e same peaks as in sample #10 and extra dolomite-labeled peaks (in italics)
that correspond to dolomite.
whereas sample #14 is plotted separately in the diagram for
medium- to coarse-grained classical varieties (Gorgoni et al., 2002).
The majority of samples lie unambiguously within a given area,
corresponding either to Carrara marbles (for samples #2, #5 and
#11) or to Pentelikon marbles (for the rest of the samples, though
sample #8 could also correspond to a Dokimeian marble). Finally,
the coarse-grained sample (#14) should belong to a Prokonnesos-1
marble (from the island of Marmara) or a Thasos-2 marble (from
the Aliki district, in the island of Thasos). Moreover, regardless of
their grain size, all the samples have been also plotted in
a comparative diagram with the isotopic areas of several known
white marbles from Roman Hispania (Lapuente et al., 2000) and
Morocco (Origlia et al., 2012; Antonelli et al., 2009a). All samples,
except #6 and #13 lie within a given area of Hispanic marbles,
sometimes with ambiguity between two different provenances.
Samples #2, #5, #11 and #14 lie within the area of the Málaga
marble district, samples #3, #8 and #10 within the area of the
Macael group, in the Almeria marble district, though sample #10,
along with samples #1, #4, #7, #9 and #12, also lie within the area
of the Estremoz marble district. Finally samples #7 and #9 are also
within the area of the Almadén de la Plata marbles.

5. Discussion

The use of isotope diagrams is a good starting point to constraint
the possible origin of the studied marbles. Considering classical
marbles, our isotopic results indicate quite unambiguously that
nine of fourteen investigated items are made of Pentelikon marble,
three of them are made of Carrara marble (Fig. 6a), and only one
item (#14) is ambiguously identified as a Prokonnesos-1 or Thasos-
2 marble (Fig. 6b). Besides classical marbles, we have considered
Roman Hispania marbles because some of its marbles have been
identified in African sites (Antonelli et al., 2009a; Origlia et al.,
2011) and several researchers have hypothesised that Hispanic
marbles were not only used in Iberia but also exported (Morbidelli
et al., 2007). We have also considered Moroccan marbles for
proximity reasons though its isotopic signature resulted to be
different from that of our studied marbles. Despite being quarried
even closer to Carthage, we have disregarded the greco scritto
marble (from Cap de Garde, Algeria) because its fine gray-blackish
veining and dark gray-to-bluish patches/spots (Antonelli et al.,
2009b) are absent in all our studied items.

The overlapping between the isotopic signature of classical and
Hispanic marbles is a problem that has to be solved taking into
account data from other techniques, mainly petrography. Indeed,
the Hispanic origin of the samples can be excluded due to petro-
graphic and mineralogical reasons. For the samples that lie within
the area of the Málaga marble district (#2, #5, #11 and #14), this
origin can be rejected because Málaga marbles are invariably
dolomitic (Lapuente et al., 2000) and our samples are calcitic, thus



Fig. 6. Isotopic signatures of white marbles used for the studied artifacts; isotopic
fields from Gorgoni et al. (2002), Lapuente et al. (2000) and Origlia et al. (2012). (a) Pa-
1 ¼ Paros Stefani; D ¼ Dokimeion; Pe ¼ Pentelikon; C ¼ Carrara; (b)
Aph ¼ Aphrodisias; N ¼ Naxos; Pa ¼ Paros; Pr ¼ Prokonnesos; T ¼ Thasos; (c) Hispanic
AE ¼ Estremoz Anticline district. Ossa Morena Zone district: VA ¼ Viana do Alentejo,
Al ¼ Alconera, AM ¼ Almadén de la Plata. Almeria district: Lu ¼ Lubrin, Mc ¼ Macael
group. Ma ¼ Malaga district. AG ¼ Alhaurin el Grande; and Moroccan T ¼ Tiskram;
SL ¼ Sidi Lamine; HI ¼ Hrent Ifou and BA ¼ Bou Acila.
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these samples would have a Carrara provenance (except for the
coarse-grained #14). Moreover, samples within the isotopic area of
the Estremoz district (#1, #4, #7, #9, #10 and #12) are fine-grained,
whereas almost all lithotypes from the Estremoz district are
medium- or coarse-grained, and often with pinkish veins (Álvarez
et al., 2009). Among the Estremoz varieties, only the marbles
from Borba are fine-grained, but they contain gray veins (Álvarez
et al., 2009) and contrary to our samples, they have not lineated
crystals and are texturally closer to Carrara marbles (Lapuente,
1997). Thus, Mount Pentelikon remains as the most probable
provenance for these samples. Hypothetical Macael origin for
samples #3, #8 and #9 can also be excluded because the larger
grain size of the Macael marbles compared with our samples
(Lapuente et al., 2000; Álvarez et al., 2009). Finally, marbles from
Almadén de la Plata have a distinctive mortar and strained texture
(Lapuente et al., 2000), very dissimilar to the samples that match
their isotopic signature (#7 and #9).

Once excluded the Hispanic marbles, we can keep the results
obtained from the isotopic diagrams of classical marbles, these in
general point to Pentelikon and Carrara. The petrographic features
of our samples are in agreement with these isotopic attributions.
Despite being marbles with a similar tectonic setting (regional
metamorphism), Pentelikon and Carrara have distinct isotopic
signatures, for instance isotopic values for Carrara marbles are
muchmore clustered indicating a static recrystallization that is also
apparent by a petrographic homeoblastic texture.

The occurrence of Hispanic marbles in Carthage would have
been surprising but the occurrence of both Pentelikon and Carrara
marbles in Carthage during Roman times was expected. White-
marble formations are quite scattered in the Mediterranean basin
and some of them have been quarried since Antiquity, among the
most renowned we find certainly those from Pentelikon and Car-
rara. The quarries of Mount Pentelikon (Greece) were worked from
the 5th century BC (Korres, 1995) and from that time onwards its
marbles were freely exported. Pentelikon exports reached Rome as
early as the 2nd century BC and though its quarries never became
an imperial property (Attanasio et al., 2006), it was widely used and
distributed across the Roman Empire (Herrmann et al., 2009),
including distant areas such as north-west Africa (Antonelli et al.,
2009a). In Carthage, for instance, it was applied in the bases and
the capitals of the Antonin thermae (2nd century AD) (Duval, 1971).
Concerning Carrara, Pliny the Elder explained, in his Natural History
(André et al., 1981), that the first works in the Carrara quarry were
done in Julius Caesar’s times (1st century BC) and soon became one
of the main marble sources both for sculpture and building
purposes and its exports reached the Roman colonies in Africa
(Azedine, 2004) as well. We cannot make any chronological
distinction between the use of Pentelikon or Carrara marbles. Both
types of marbles were used in Rome preferentially during the 1st
and 2nd centuries AD (Bruno et al., 2002) and quite consistently,
the ages of the items according to artistic/typological features
would be 2nd and 3rd centuries AD.

As previously mentioned, the overlapping between the fields of
variability of the two isotopic parameters (d18O and d13C) has been
one of the problems of isotopic analysis applied to provenance
studies. For classical marbles, this problem has been overcome by
taking account of data from other techniques, such as the
maximum grain size (MGS). However some overlapping persists. In
the present study, sample #8, and perhaps #3 and #10 too, could be
identified as Dokimeian as well as Pentelikon marble. Again, the
petrographic information is essential to make the distinction,
Dokimeion marble is fine-grained as Pentelikon but its fabric is
completely different: the crystal boundaries are often sutured and
include strained, often kinked, crystals indicating unstable condi-
tions reached after quite brief metamorphic events (Gorgoni et al.,
2002). Thus, samples #8, #3 and #10 are Pentelikon marbles and
not Dokimeian.

Sample #13 deserves a separate mention because its origin is
not Roman but Punic. According to the isotopic analysis this sample
is made of Pentelikon marble. However, due to its pale yellow tint
and its Punic origin we wondered if this could be made of a local
stone. Our candidates were the yellowish recrystallized limestones
from Chemtou and Djebel Ichkeul quarries. Looking at the isotopic



N.L. Ouazaa et al. / Journal of Archaeological Science 40 (2013) 1602e1610 1609
ratios obtained from samples from these two quarries (see Table 1)
we get values that lie within the field of variability of Pentelikon
marble, though with quite low values of d13C. Other data sources
can help to identify the provenance of sample #13 marble. On one
hand, Chemtou can be excluded because of historical reasons: its
quarry produced the renowned giallo antico (Roman marmor
numidicum) but it was worked from the second half of the 2nd
century BC (Mezzolani, 2008) and thus, long after the presumed
age of item #13 (the Punic sarcophagus), moreover its fabric is
definitively not similar to sample #13. On the other hand Djebel
Ichkeul, although it was quarried during Punic times (Mezzolani,
2008), can also be excluded taking into account petrographic
data: the fabric of sample #13 is unequivocally that of a fine-
grained marble (a material that has undergo complete recrystalli-
zation due to metamorphism) whereas the stone from Djebel Ich-
keul, like that from Chemtou, is an intermediate type of rock
between the sedimentary and metamorphic types. It has exten-
sively recrystallized through diagenesis and low-grade meta-
morphism. Recrystallization has resulted in a marble-like fabric but
with a significant lower grain size (see Table 1) compared to fine-
grained marbles. The question remains as to where the yellowish
tint of item #13 comes from. This could, in fact, be compatible with
the Pentelikon attribution for some authors have referred on Pen-
telikon marble a golden tint due to weathering of iron compounds
(Gardner, 1920). However, the opaque components seen in the thin
sections of sample #13 are very small (<20 mm) and unseen in the
diffraction patterns, and thus possibly amorphous. An extra source
of tint could be the wooden coffins that lay on the sarcophagus as it
has been pointed out for other items from the same site (Delattre,
1903b). In conclusion, sample #13 could be made of Pentelikon
marble, its Punic origin is not an objection to this attribution. The
Punic culture was strongly influenced by the Greeks; this has been
specially remarked after revision of the findings from the necrop-
olis in Bordj-Djedid where item #13 was found. Sarcophagi from
this necropolis are carved in Greek style and its possible Greek
origin was already hypothesized by Picard (1951).

Another marble with a different background is that of item #14.
Petrographically, it is a marble with grains coarser than those of all
other items and thus, its isotopic results are plotted in a different
comparative diagram for classical marbles. Isotopic analyses point
to two possible origins (Prokonnesos-1 or Thasos-2). Once more,
petrographic data are the clue to narrow the attribution. The Tha-
sian origin can be excluded because MGS for sample #14 is below
2.5 mm (Palagia et al., 2003). Moreover sample #14 shows xeno-
blastic structure with some crystals granulated along their borders
(mortar texture), sutured boundaries and deformation elements
that match with the typical features of Prokonnesos-1 marbles
(Gorgoni et al., 2002). However, the lack of the typical gray veins of
Prokonnesian could cast some doubts on this attribution, though
these characteristic stripes are sometimes absent in Prokonnesos
(Attanasio et al., 2008). Anyhow, this attribution is consistent with
the early Christian character of the item as Prokonnesos largely
replaced other marbles from the 2nd century BC onwards
(Attanasio et al., 2006, 2008).

6. Conclusions

An archaeometric approach has been undertaken to determine
scientifically the provenance of some artifacts from the Museum of
Carthage. The obtained data add value to the characterization and
descriptions of the studied items and the undertaken approach
could be extended to other art pieces. Analytical results indicate
that the most probable source for nine of the fourteen investigated
items is Pentelikon marble, for three of them is Carrara and only
one would be Prokonnesos-1 marble. These sources are consistent
with the historical context and facts, and some authors had already
correctly presumed them for some items: e.g. item #5 (Saumagne
et al., 1964), item #9 (Thuillier, 1999) or item #14 (Rodà, 2001),
even without a rigorous archaeometric approach.

Thanks to the compilation of isotopic databases, the fields of
isotopic fractionation variability (d18O and d13C) for the most
recurrent marbles seem to be now well-established. This allows
a fast identification of marble provenance that requires a very small
amount of sample. However, isotopic values alone are of poor
significance as they do not even discriminate between pseudome-
tamorphic carbonates (like Ch or Dj samples) and marbles. It is
known that metamorphism on carbonates can actually keep unal-
tered, to a certain extent, their original sedimentary isotopic
signature (Valley et al., 1990). The combination of minero-
petrographic and isotopic analyses has proved once again to be
a reliable approach to identify the provenance of marbles.
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