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Abstract Although most of the ancient monuments found in
Ruspina Roman town situated near the town of Monastir in
the Sahil region of Tunisia were built with local materials, the
Roman baths in this site were mainly decorated with imported
marbles from Greece, Asia, Numidia, Italy and Algeria, indi-
cating the important trade relationships between Ruspina and
the other Mediterranean Roman towns. Among the seven
types of marbles used in the decoration of Ruspina’s Roman
baths, four have been characterized in previous studies: white
Proconnesian from Asia, Penthelic and green cipolin from
Greece, and Antique yellow from Simitthus in Tunisia. To
characterize and identify the other three types, series of ana-
lytical methods had to be applied: minero-petrographic anal-
ysis of thin sections, chemical analysis, and isotopic analysis
of oxygen and carbon. Used together, the methods enabled to
identify the marbles studied: the white fine-grained marble
corresponds to Carrara white marble from Italy, and the spot-
ted dull grey and greco scritto came from Cap de Garde
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quarries in Algeria. With the exception on one type (antique
yellow), the other six types were imported marbles.

Keywords Ruspina - Tunisia - Roman baths - Marble
provenances - Petrographic analyses - Isotopes

Introduction

Since the end of the second century/beginning of the third
century, urban construction and renovation were a quite gen-
eral phenomenon in Ancient Africa, essentially due to eco-
nomic growth and the influence of Roman civilization
(Picard 1990; Mahjoubi 2000). During this period, urbaniza-
tion and urban development were encouraged leading to the
proliferation of cities in which intense public and private
building activities were undertaken. Inevitably, this led to
the growing demand for building and decorating materials
which were not only found locally but were also imported
from other Roman provinces.

In ancient Tunisia, many private and public constructions
were built with different types of stones (sandstones, lime-
stones, sand-limestones and marbles) extracted from local an-
cient quarries (Gaied et al. 2010; Youngs et al. 2012; Younes
2014). Nevertheless, numerous other public constructions,
and sumptuous private dwellings, especially situated in har-
bour towns, were built and decorated with marbles imported
from other Roman provinces (Younés 1999; Agus et al. 2007;
Stone et al. 2011).

The archaeological excavations in Ruspina’s site located
near the town of Monastir in the Sahil region of Tunisia
(Fig. 1) tended to focus on the medium-sized Roman baths,
nearly 1486 m? and dating back from the second century A.D.
They were situated in the south-south-west of the archaeolog-
ical site where a great amount of ceramic and marble
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fragments were discovered. Most of the marbles used in the
decoration of the baths have been studied and analysed mac-
roscopically in a recent article (Younés 2013). Yet, the char-
acterization and the exact provenance of three marble types
(white, spotted dull grey, and greco scritto) could not have
been determined with the sole experienced eye.

The aim of this paper is to identify and determine the prov-
enance of these three types of marbles used in the baths dec-
oration through multi-analytical analyses: minero-
petrographic analysis, together with chemical and isotopic
analyses of oxygen and carbon.

Presentation of the site of Ruspina

The site of the Ancient Punic-Roman harbour town of
Ruspina is located at Henchir Tennir, about 5 km west-
south-west from the modern town Monastir in the Sahil region
of Tunisia (Kallala 1998) (Fig. 1). The Latin and Greek
sources located Ruspina in Eastern Byzacium between two
important ancient harbour towns, Hadrumetum (modern town
of Sousse) and Leptiminus (modern town of Lamta).

Compared to these two harbour towns and others such as
Thapsus' (modern town of Békalta) where systematic archae-
ological studies were carried out and published, Ruspina did
not enjoy the same treatment and only limited studies have
been published so far. Indeed, no systematic archacological
field surveys have been carried out to identify the still visible
constructions and to collect the archaeological remains includ-
ing marble fragments scattered on the ground. With the ex-
ception of the Roman baths where five excavations had been
carried out during five different periods (in 1987, 1988, 1991,
2001 and 2002), the archaeological site has not revealed all his
past secrets yet (Fig. 2). These baths have an area less than
1500 m? and date from the second century A.D. (Fig. 3). The
marble fragments collected during the last period of excava-
tions (2002) were analysed macroscopically leading to the
identification and provenance of four types of marbles out of
seven” (Table 1). To identify the other three fragments, further
analytical analyses have to be applied to discriminate and
assign these fragments to their corresponding sources.

! Among the archaeological studies published on Ancient harbour towns
in the Sahil region of Tunisia, see: Foucher 1964; Ben Lazreg and
Mattingly 1992; Younes 1999.

2 During the 2002 excavation campaign, I (Professor Ameur Younés) was
responsible for studying the collected marble fragments. I would like to
express all my acknowledgments to Professor N. Kallala for granting me
this study.
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Sampling and analytical methods
Sampling

A total of seven fragments collected from the Roman baths
were sampled and analysed in terms of composition and prov-
enance (Fig. 4). Moreover, six fragments extracted from work-
ing fronts of two known ancient quarries (respectively, two
from Fossa Cava, in Italy, and four from Cap de Garde, in
Algeria) were also sampled for further analyses (Fig. 5a, b).
The samples identified only through the experienced eye rep-
resent the majority of them (4/7) and were not submitted to
other analyses, whereas several analytical procedures had to
be applied to discriminate the other three samples (F31, F33
and F42).

Minero-petrographic analyses

The three samples have been studied mineralogically in thin
sections under the polarizing microscope Leica DM 500 P and
their mineralogical composition evaluated by means of a swift
point counter. Thin sections observations permit to determine
the fabric of the marbles and to identify the accessory and
secondary minerals in addition to calcite. These main petro-
graphic characteristics were compared with those of the sam-
ples taken from Cap de Garde and Fossa Cava ancient
quarries.

Chemical analysis

The samples have also been submitted to chemical analysis
and their chemical compositions were performed under atom-
ic absorption spectroscopy (AAS) at the Mineral Resources
and Environment Laboratory, Faculty of Sciences, Tunis. The
results of their chemical composition have been compared
with those of the samples collected from Cap de Garde and
Fossa Cava ancient quarries.

Isotopic analyses

Oxygen and carbon analyses of the sampled marbles were
conducted at the Cornell Isotopes Laboratory, Ithaca, New
York, USA. Isotopic ratios of either two elements ('*0/'°0
and *C/'?C) were measured by either elemental analyser/
isotope ratio mass spectrometry (EA/IRMS: carbon (5'°C)
or by thermal chemical conversion-EA/IRMS
(TCEA/IRMS: oxygen: (5'%0). Reproducibility (internal pre-
cisions) is better than 0.05%o for both isotope ratios (5'>C and
§'%0). The results of the isotopic analysis were expressed as
8(%o) values relative to the international PDB standard and
compared with isotopic diagrams of the most important fine-
to-coarse grained Mediterranean ancient marbles (Moens et al.
1992; Gorgoni et al. 2002).
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Fig. 2 View of a part of the
excavated caldarium in the
Roman baths

Results of the analytical procedures
Minero-petrographic results

The minero-petrographic analyses of thin sections performed
on the three samples from Ruspina baths (F31, F33, and F42)
reveal that calcite is the main component for all of them. The
texture of the medium-to-coarse grained greco scritto sample
(F33) is heteroblastic formed by interlocked crystals of calcite.
Abundant black particles of graphite are found concentrated in

Fig. 3 Preliminary plan of

irregular veins and dispersed in the carbonated mass. Slightly
deformed traces of polysynthetic twinning planes can also be
seen (Fig. 6). The maximum grain size (MGS) of the grains of
calcite varies from 2.08 to 3.02 mm with an average value at
about 2.5 mm. Accessory minerals include graphite which is
particularly abundant and responsible for the black coloured
areas of the marble and quartz which is the other common
accessory phase (Table 2).

The texture of the medium-to-coarse grained spotted dull
grey sample (F31) is heteroblastic formed by crystals of

Ruspina Roman baths (based on
R. Hanoune’s sketch),
(excavation state 2002)

]
Legend
| o [
o ** . preserved mosaic pavements
¢ : preserved marble plates covering the walls
I | \-( : marble fragments found in the soil |
L -
o I
° .“
|0
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Fig. 4 Examples of collected
sample. a White marble. b Dull
grey marble. ¢ “Greco scritto”
marble. d Wall covered with
fragment of greco scritto marbles

calcites, and the grey colour could be due to a small amount of
dispersed organic carbon (Schmid et al. 1980). The MGS of
the grains of calcite ranges from 1.6 to 2.4 mm with an aver-
age value of 2.04 mm. Accessory minerals include amphibole
(essentially tremolite), chlorite and muscovite (Fig. 6 and
Table 2).

These two samples (F31 and F33) reveal to be impure
graphitic marbles since accessory minerals are distinctive in-
dicating that the initial rock has experienced low grade of

9
2
N

e
i
.}E‘
8 b
N

metamorphism in the area. However, calcite crystals, in the
two samples, show mainly straight and embayed boundaries.

The white marble sample (F42) is characteristically fine-
grained, with a homeoblastic texture with sometimes a
lepidoblastic local schistosity and has granoblastic
microfabric mostly made of calcite grains commonly forming
polygonal grains with triple junctions meeting at about 120°
angles. Its MGS is ranging from 0.5 to 1 mm (Fig. 6 and
Table 2). These features are a characterization of marbles that

Table 1  Types, number, dimensions and location of the recovered studied marbles

Type of marble Number of Dimensions (length x width x thickness) ~ Location in the baths (Fig. 4)
Fragments recovered

1/Greco scritto 276 26.77 mx18.24 mx 0.7 to 2.9 cm 8 fragments in the caldarium, and 268

2/Marmor Pentelicum, Penthelic marble 22

273.5 cmx 1589 cm % 0.6 to 3.1 cm

fragments in the frigidarium.

Frigidarium

3/Marmor Carystium, marmor 19 1473 cmx 879 cmx1to2 cm 18 fragments in the frigidarium, and
styrium, green cipolin marble 1 fragment in the caldarium
4/Marmo bianco di Carrare, 9 104.7 cm x 66.1 cm % 1.05 to 2.05 cm Frigidarium
Carrare white marble
5/Proconnesium marmor 10 90.5 cm*x63.1 ecmx 1.1 to 3 cm Frigidarium
Proconnesian white marble
6/Dull grey white spotted marble 4 32.8cm*262 cmx1.2to 1.6 cm Frigidarium
7/Marmor numidicum, Simitthus 2 17cmx11.5 emx19to 2 cm Frigidarium

yellow marble
Total =342

Total=33.45 mx22.38 mx 0.6 to 3.1 cm

@ Springer
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Fig. 5 A partial view of the
ancient quarries a Fossa Cava and
b Cap de Garde

have suffered a late static recrystallization (Molli et al. 2010;
Antonelli and Lazzarini 2015; Antonelli et al. 2015a, b).

Chemical results

The results of the chemical analysis led on the three samples
are presented on Table 3. In general, the three marbles reveal a
high content of CaO ranging from 52.09 % (F33) to 55.60 %
(F42), with elevated LOI value (loss on ignition representing
the sum of CO, and H,0), and containing minor and traces of
others elements.

The fine-grained white marble, essentially composed of
calcite (F42), has the highest content of CaO. The insignifi-
cant content of silica is mainly explained by the slight amount
of MgO, Al,05 and K,O.

Greco scritto sample (F33) reveals a significant content of
MgO due to the presence of ferromagnesian components as
well as dolomite. Both greco scritto and dull grey marbles are
rather rich in SiO, due to the presence of free quartz and other
silicates. These impurities confirm the results of mineralogical
study which highlights the presence of quartz, amphibole (es-
sentially tremolite), chlorites and muscovite.

Isotopic results

The results of the isotopic analyses conducted on the three
samples (F31, F33 and F42) are reported on Table 2. The
isotopic ratios showed positive values of 5'°C and negative
values of 5'®0 for the three samples concerned. Their isotopic
composition was compared with the isotopic diagrams of the
most important fine-to-coarse grained Mediterranean ancient
marbles (Moens et al. 1992; Gorgoni et al. 2002).

Determination of the provenance of Ruspina’s baths
ancient marbles

The macroscopic and microscopic analyses, as well as the
isotopic signatures of the samples collected from Ruspina’s
baths led to identify their provenances. The origin of the ma-
jority of the studied marbles (4/7) could have been identified

@ Springer

only through macroscopic analyses and the concerned mar-
bles are as follows:

—  Green cipolin from Karystos (Greece)

—  Penthelic white marble from the Mt of Penteli (Greece)
—  Antique yellow from Simitthus (Tunisia)

—  White Proconnesian from Asia

Fig. 6 Photomicrographs of thin sections of studied marbles in crossed
polarized light a, b Carrara marble, sample 44. ¢ dull grey marble, sample
31. d, e greco scritto marble, sample 33. (4m amphibole, Gr graphite, Q
quartz)
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Table 3  Chemical composition of the analysed samples

Sample LOI SiO, Al,O4 Fe,05 MgO CaO Na,O K>0 TiO, P,0Os5 Total
F42 43.19 0.10 <0.01 0.04 0.87 55.60 0.36 0.03 <0.01 <0.01 100.1
F31 42.95 2.50 0.13 0.19 1.34 53.08 0.00 0.02 <0.01 <0.01 100.2
F33 42.61 2.20 <0.01 0.03 1.91 52.09 0.36 0.01 <0.01 <0.01 99.2
Recrystallized marble Carrara 43.70 0.05 0.09 0.11 1.24 54.66 - - - 0.12 99.97
(Molli et al. 2010)

Annealed marble Carrara 43.50 0.15 0.08 0.12 1.08 54.92 - - - 0.11 99.96
(Molli et al. 2010)

67/07 PPO (Cap de Garde) 41 3.2 23 0.78 2.17 49.57 0.08 0.07 0.049 0.023 99.24
67/07 PP1 (Cap de Garde) 44 0.0 0.1 0.06 1.57 53.65 0.03 <0.01 <0.01 <0.01 99.41
67/07 PP13 (Cap de Garde) 41 3.6 1.5 0.72 1.58 50.51 0.11 0.12 0.053 0.027 99.22
67/07 PP14 (Cap de Garde) 41 33 24 0.87 2.12 49.45 0.12 0.12 0.041 0.027 99.44

The minero-petrographic and isotopic results carried out on
the other three samples enabled to identify their identification
(F31, F33 and F42). Concerning the white fine-grained sam-
ple (F42), the minero-petrographic and chemical results, as
well as the isotopic signatures are comparable with the same
features observed in Carrara white marbles.

Fig. 7 Isotopic signatures of a

On the minero-petrographic point of view, both marbles
(Carrara white marble and Ruspina’s white marble) corre-
spond to the same microfacies. In both marbles, calcite is
plainly the main component. The presence of quartz, dolomite
and silica was also slightly distinctive in both marbles, and no
mineral of high temperature was detected indicating that both
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Fig. 8 a, b Fragments from
Carrara quarry. ¢, d
Photomicrographs of thin sections
of Carrara marble

marbles result from a prograde metamorphism of low pressure
and low metamorphism. Finally, both marbles show polygo-
nal textures with triple grain junctions meeting at about 120°
angles which indicate a good recrystallization under equilib-
rium condition (Figs. 7 and 8).

The chemical results, in agreement with petrographic anal-
yses, reveal that both marbles have a high content in CaO
(superior to 50 %), and impurities such as SiO,, MgO and
Fe,O3 are very scarce, indicating that both marbles are very
pure.

The isotope ratios (5"°C and §'%0) of the studied marble
are shown in the diagrams of Fig. 7. Plotted in the comparative
diagram for fine-grained classical marble varieties (Gorgoni
et al. 2002), its isotopic values fall into the isotopic area of
Carrara marbles.

As far as greco scritto and dull grey marbles are concerned
(F31 and F33), their minero-petrographic and chemical re-
sults, together with their isotopic signatures are comparable
with the same features observed in Cap de Grade marbles.

Fig. 9 a, b Photomicrographs of
thin sections of greco scritto
marble from Cap de Garde quarry.
Cross-polarized light

The minero-petrographic results reveal that calcite is the
main component of these both medium-to-coarse grained mar-
bles and accessory minerals are also distinctive such as quartz,
chlorite, muscovite and tremolite indicating that both samples
are impure graphitic marbles and that the metamorphic se-
quence was formed in a prograde metamorphism (Hadj
Zobir et al. 2014). Their MGS varies from 2.04 to 2.5 mm
and such a microfabric is a characterization of Cap de Garde
quarries (Yavuz et al. 2011; Herrmann et al. 2009; Antonelli
etal. 2009, 2010; Attanasio et al. 2012) which were known to
have produced a coarse grained marble (Fig. 9), which fre-
quently has grey markings with a maximum grain size (MGS)
higher than 2 mm.

The chemical results, in agreement with minero-
petrographic analyses, reveal that both samples (F31 and
F33) have a high content in SiO,, due to the presence of
impurities such as free quartz and other silicates.

The isotopic ratios of greco scritto sample fall into the
general Cap de Garde field (Fig. 7a), whereas the isotopic

@ Springer


https://www.researchgate.net/publication/227950816_On_the_white_and_coloured_marbles_of_the_Roman_town_of_Cuicul_Djamila_Algeria?el=1_x_8&enrichId=rgreq-021e1aea-ce55-4448-85bb-a67a49278eb1&enrichSource=Y292ZXJQYWdlOzI5Nzc1MzQ3MztBUzozMzg0Mzk4MjExMTk0ODhAMTQ1NzcwMTc1MDI2MA==
https://www.researchgate.net/publication/266350010_An_updated_and_detailed_mineropetrographic_and_C-O_stable_isotopic_reference_database_for_the_main_Mediterranean_marbles_used_in_antiquity?el=1_x_8&enrichId=rgreq-021e1aea-ce55-4448-85bb-a67a49278eb1&enrichSource=Y292ZXJQYWdlOzI5Nzc1MzQ3MztBUzozMzg0Mzk4MjExMTk0ODhAMTQ1NzcwMTc1MDI2MA==
https://www.researchgate.net/publication/266350010_An_updated_and_detailed_mineropetrographic_and_C-O_stable_isotopic_reference_database_for_the_main_Mediterranean_marbles_used_in_antiquity?el=1_x_8&enrichId=rgreq-021e1aea-ce55-4448-85bb-a67a49278eb1&enrichSource=Y292ZXJQYWdlOzI5Nzc1MzQ3MztBUzozMzg0Mzk4MjExMTk0ODhAMTQ1NzcwMTc1MDI2MA==
https://www.researchgate.net/publication/267640666_Geochemistry_and_petrology_of_metamorphosed_submarine_basic_ashes_in_the_Edough_Massif_Cap_de_Garde_Annaba_northeastern_Algeria?el=1_x_8&enrichId=rgreq-021e1aea-ce55-4448-85bb-a67a49278eb1&enrichSource=Y292ZXJQYWdlOzI5Nzc1MzQ3MztBUzozMzg0Mzk4MjExMTk0ODhAMTQ1NzcwMTc1MDI2MA==
https://www.researchgate.net/publication/267640666_Geochemistry_and_petrology_of_metamorphosed_submarine_basic_ashes_in_the_Edough_Massif_Cap_de_Garde_Annaba_northeastern_Algeria?el=1_x_8&enrichId=rgreq-021e1aea-ce55-4448-85bb-a67a49278eb1&enrichSource=Y292ZXJQYWdlOzI5Nzc1MzQ3MztBUzozMzg0Mzk4MjExMTk0ODhAMTQ1NzcwMTc1MDI2MA==

Archaeol Anthropol Sci

signatures of the dull grey-stripped sample overlap with
Naxos and Cap de Garde fields. However, the petrographic
characteristics of the sample F31 are quite different from those
of the Naxos lithotype characterized by a very coarse grain
(MGS arranging from 2 to 10 mm) (Gorgoni et al. 2002;
Polikreti and Maniatis 2002; Ebert et al. 2010; Attanasio
etal. 2012).

Conclusions

An archaeometric approach has been undertaken to determine
scientifically the provenance of the marbles used in the deco-
ration of Ruspina’s baths. Hence, the macroscopic results,
together with minero-petrographic, chemical and istopic re-
sults indicate six different sources for the seven samples
analysed. According to previous studies, there are four sources
that have been identified: Green cipolin from Karystos
(Greece), Penthelic white marble from the Mt of Penteli
(Greece), Antique yellow from Simitthus (Tunisia), and
White Proconnesian from Asia. However, two new origins
arise in the present investigation: white marble from Carrara
(Italy), greco scritto and the dull grey white spotted marble
both from Cap de Garde (Hippo Regius, Algeria).

The results also reveal that Ruspina’s baths were mainly
decorated with imported marbles from Greece (Karystos and
Mt of Penteli), Italy (Carrara), Asia (Proconesia) and Numidia
(Cap de Garde); only one fragment came from local quarries
(Simitthus).

According to the number of collected marble fragments,
greco scritto marble was the most used for covering the walls
of the caldarium and frigidarium rooms, whereas the least
used was the local Simitthus marble, the Antique yellow.

The important number of imported marbles used for deco-
rating Ruspina Roman baths reveals the town’s economic
prosperity, its cultural relationships with other Eastern and
Western Roman towns and also its integration into the
Mediterranean commercial network (Ben Russell 2014).

Further studies on marbles used in public constructions and
sumptuous dwellings situated in Eastern Byzacium harbour
towns will permit to increase the data not only on the imported
marble types but also concerning the trade relationships be-
tween this region and the rest of the Mediterranean world.
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