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Abstract
An inland region in northeastern Algerian has produced a
rich harvest of white marble figural sculpture of the Ro-
man Imperial period, most of which is preserved in the
city of Guelma. Guelma lies a short distance from the
quarries of Mt. Mahouna, and the Seybouse River gives it
access to the the quarries of the Mediterranean, including
those of coastal Algeria: Mt. Filfila and Cap de Garde.
The great variability of marble from Mt. Filfila creates
problems for identifying sources for sculptures in Algeria,
but a combination of isotopic analysis, EPR, cathodolumi-
nescence, and macroscopic observation makes it possible
to identify sources with varying levels of confidence. In
the Guelma collection, it is clear that the onyx
marble/travertine of Mt. Mahouna was used for relief
sculpture, and the marble of Filfila was used for sculp-
tures of various levels of quality. The famous quarries of
the Aegean area also provided a substantial part of the
sculptures in this sampling.

Keywords
Mt. Filfila, Mt. Mahouna, Aegean quarries, isotopic
analysis, statues, reliefs

Introduction

Guelma, ancient Calama, in northeastern Algeria, was
an important city in antiquity and preserves the remains
of a Roman bath building and a heavily restored theatre,
which is used as museum for ancient sculpture (BLAS DE

ROBLÈS, SINTES 2003, 211-216). Guelma lies on the Sey-
bouse River and remains the center for a substantial re-
gion. Most of the Roman sculpture in its museum was
actually found in the surrounding cities, which include
Madaura (ancient Madauros), Announa (ancient Thi-
bilis), and especially Khamissa (ancient Thubursicu Nu-
midarum). The sources for sculptural marble in this
area are especially intriguing since Algeria’s quarries of
white marble lie relatively nearby. The quarries of Cap

de Garde and Mt. Filfila are on the Mediterranean coast
about 65 km to the north, and the quarries of Mt. Ma-
houna, lie a dozen km to the south of Guelma. These
quarries may have been used as alternatives or supple-
ments to the sources in Italy, Greece, and Turkey that
usually provided the marble for ancient figural sculp-
ture elsewhere in the Mediterranean.

The largest and most important of the quarries in
modern times are those on Mt. Filfila, where pure
white, patterned, and dark gray marble was produced
until recently. The quarries on Cap de Garde are famous
for their white and gray, striped and spotted marble,
which includes a variant of greco scritto (ANTONELLI et
al. 2009; ATTANASIO et al. 2012; Herrmann et al. 2012a).
Usually Mt. Mahouna produces a vividly colored pink,
brown, and white travertine or onyx marble, but some
areas are predominantly white.

In 1983 the British Museum analyzed five samples
from Mt. Filfila (WALKER, MATTHEWS 1990, 127, 130,
134, Fig. 3). All three northeastern Algerian quarries
have recently been sampled and analyzed in connection
with a study of marble use at Djemilia, Algeria (AN-
TONELLI et al. 2010, 599-594). We have also sampled
these quarries independently, analyzing the stable iso-
topes of carbon and oxygen of the samples at the Univer-
sity of South Florida (USF) and their EPR (that is, para-
magnetic resonance spectography) characteristics at the
Istituto di Struttura della Materia, Rome. Our analyses
significantly expand the isotopic fields for the quarries
because of their greater number of samples, and they
provide previously absent EPR data (Figs. 1-5). 

Marble from these quarries has recently been identi-
fied in ancient sculpture and architectural decoration at
Djemila (Antonelli et al. 2010) and in architectural dec-
oration at other sites in Algeria, Tunisia, and Italy (HER-
RMANN et al. 2012a; HERRMANN et al. 2012b). The pres-
ent provenance study is based on samples from twenty
works of figural sculpture, all of which appear to date
from the second or third century CE, in the Roman the-
atre and the Jardin Archéologique of Guelma. Some
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Fig. 1. Isotopic values of main Classical quarries (Gorgoni et al. 2002, fig. 5a) and Algerian quarries of white marble and travertine.
Aph = Aphrodisias; C = Carrara; D = Dokimeion (Afyon); N = Naxos; Pa = Paros; Pe = Pentelikon; Pr = Prokonnesos; T = Thasos.

Fig. 2. Isotopic values of quarries of fine-grained marble. Afy = Afyon; Ca = Carrara; Gök = Göktepe; Hy = Hymettus; Pe = Pen-
telic.
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Fig. 3a. EPR diagram of main ancient quarries of fine-grain marble, which are partly or entirely overlapped by Filfila.

Fig. 3b. Combined isotopic and EPR values for main ancient quarries of fine-grain marble, which are partly or entirely overlapped
by Filfila.
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Fig. 4. Isotopic ratios of Algerian White Marble and Onyx Marble Quarries and sculptures of Algerian marble at Guelma.

Fig 5. Isotopic ratios of Algerian White Marble Quarries and sculptures of Aegean marble at Guelma.



samples from these sculptures have also been analyzed
with X-ray diffraction (XRD) and/or cathodolumines-
cence (CL) to determine whether they are calcitic or
dolomitic.

Analytical techniques and Methodological
strategies for provenance determination

The quarries of Cap de Garde and Mahouna have
ratios of carbon and oxygen isotopes that tend to be
very negative on the oxygen axis (Fig. 1). These ratios
generally distinguish the two quarries from each other
and from virtually all other ancient sources of white
marble. Mt. Filfila, on the other hand, presents a severe
problem for provenance studies; its isotopic field is
huge and overlaps a large part of the internationally im-
portant ancient white marbles (Figs. 1-2). 

EPR analysis of manganese impurities has again re-
vealed great variation, and the EPR values again overlap
those of most of the international marbles (Fig. 3a-b).
EPR also shows that Filfila marble is usually calcitic, but
7% of the samples proved to be pure dolomite. Filfila
marble varies greatly in its markings and color (ranging
from dark gray to white, with much mottling and spot-
ting). It has been considered fine grained (ANTONELLI et
al. 2010, 599-594), but in our sampling its grain size
varies from fine to coarse (Table II).

In spite of Filfila’s variability, it is possible to some
degree to separate it from “international” marbles.
While Filfila’s δ18O isotopes spread widely, its ratios of
δ13C mainly fall into a band between +2.0 and +3.0.
Many also fall below this band, but only one of the 62
quarry samples rose slightly above it (the total includes
our 45 samples, the 12 previously taken by Antonelli et
al. 2010, Table I, Fig. 12a, and the 5 tests reported by
WALKER and MATTHEWS 1990, 127). Sculptures with
values for δ13C above +3.0 are therefore very likely to be
imported marbles. Macroscopic characteristics – maxi-
mum grain size (MGS), markings, and color (whiteness)
– can also provide a basis to separate Filfila from interna-
tional marbles. Grain size has been measured in the lab-
oratory when solid samples were taken and estimated in
the field in the case of powder samples. These measure-
ments and estimates can be compared with the data for
international quarries provided in ATTANASIO 2003, Fig.
5. The presence or absence of dolomite can be a useful
discriminating factor. Markings, which can only be as-
sessed macroscopically, can be very revealing; cloudy
grayish mottling, as will be seen, seems particularly char-
acteristic of Filfila. Many sculptures in Guelma, howev-
er, are displayed out-of-doors, and the effects of air pol-
lution and sandstorms must be taken into consideration. 

Results: Table I, Figs. 2, 3

Two of the twenty sculptures analyzed had highly
negative isotopic ratios for 18O that could only be Al-

gerian. One of them was an ambitious altar decorated
on all sides with figures in relief and dated by inscrip-
tion to the year 164. The altar was made of two blocks
of conspicuously layered travertine or marble, which
could only come from Mahouna, USF9403-4 (Fig. 4).
The material, however, is porous, and the workmanship
correspondingly lacks refined finishing. 

The other sculpture with highly negative isotopic
values was a headless statue of a draped woman,
USF10842 (Fig. 4), a variant of the “Large Hercula-
neum Woman” type. Replicas are also preserved in
Olympia, Patras, Cyrene, and Rome (CALZA et al. 1977,
cat. 362, 368). Isotopically the marble of the Guelma
statue could be from Mahouna, but it is not layered
travertine. A few “outliers” from the Fifila quarry are
just as negative isotopically, and it is highly probable
that Filfila is the source of the marble. This sophisticat-
ed and well-carved production makes it clear that Alger-
ian marble was not restricted to relief sculpture or lower
levels of quality.

Six statues or parts of statues are made of coarse-
grained, pure white marble, which macroscopically re-
sembles the dolomitic marble of Thasos, USF
8701/9384, 9386, 9387, 9391, 9392, 9398. All have been
proven to be dolomite with CL and/or XRD, confirm-
ing their Thasian origin (fig. 5). As mentioned above,
7% of the quarry samples from Mt. Filfila were
dolomite, but they were either fine-grained or gray;
none had the brilliant, uniform white color and glitter-
ing flakes of Thasian dolomite. All the Thasian-looking
sculptures in Guelma have isotopic ratios compatible
with dolomitic Thasian marble, and three have values
for δ18O higher than anything found at Mt. Filfila: that
is, above +3.0 (Fig. 5). It is also significant that these
Thasian-looking marbles form a compact group and
don’t display the isotopic scattering of Filfila quarry
samples. One of the dolomitic pieces, a magnificent
bust of Jupiter, USF9398, has a carbon value that is
somewhat low for the Gorgoni field for Thasos, Cape
Vathy (Gorgoni et al. 2002) (Fig. 1), but several other
dolomitic, Thasian-looking sculptures have similar,
“low carbon” isotopic ratios (HERRMANN, NEWMAN

1995, 74, Table II). 
A Thasian marble man wearing a toga, USF9391, is

equipped with a Thasian head, USF9392, which seems
to have been correctly replaced on the body. Not only
are both parts dolomitic, but also their isotopic ratios
are similar. The head is that of an Isiac priest with
shaved head, of a type that appears elsewhere, and in
the case of an example in Athens, in Thasian marble
(optical identification; THOMPSON 1948, 178, pl. 56
“Parian [?] Marble”)

A high-quality armored torso in dolomitic Thasian
marble, USF9387, is closely related typologically and
stylisticallly to two statues of Trajan, one from Utica,
Tunisia (in Leiden) and the other from Castel Gandolfo
near Rome (Ny Carlsberg Glyptotek, Copenhagen,
IN15840)  (STEMMER 1978, 65). The Utica statue has al-
so been proven to be dolomitic marble (HERRMANN
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USF # δ13C δ18O Grain size,
optical features

Guelma museum # Description,
provenance

Dolomite? Prefered quarry
& justification

8701 –1.1 –11.6 Jardin Arch.
Sta JAG 001

Goddess with
chlamys 

Dolomite CL/XRD Th: isotopes; see retest 
USF9384, XRD

9384 3.5 –3.3 Coarse; pure white Jardin Arch.
Sta JAG 001

Goddess with
chlamys

Dolomite CL/XRD Th: isotopes, XRD,
optical

9386 3.3 –4.1 Coarse; pure white Sta.guel. 027 Proserpina/ Orans Dolomite XRD Th: isotopes, optical, 
XRD

9387 3.5 –3.3 Coarse; pure white M 397 Sta.guel. 013 Cuirassed torso;
from Madaura1

Dolomite CL/XRD Th: isotopes, XRD, 
optical

9391 2.9 –4.2 Coarse; white Kh 242 Togatus; from
Khamissa2

Dolomite CL/XRD Th: isotopes, XRD, 
optical

9392 2.5 –4.5 Coarse; white Kh 243 Portrait head
of Kh242; from
Khamissa3

Dolomite XRD Th: isotopes, optical,
XRD

9393 2.5 –7.4 Fine; broad faint 
grayish zones

Kh 244 Togatus; from
Madaura4

F or Pe: isotopes;
optical characteristics

9394 –2.6 –8.6 Fine; grayish zones;
thick intrusive vein

Kh 245 Head of Kh 244; from
Madaura5

F: isotopes;
intrusive veins
unknown in Pe

9395 2.3 –7.7 Fine; faint shadows? Sta.guel. 002 Aesculapius; from
Khamissa6

F: isotopes,
optical (no foliation)

9396 a&b 2.9 –8.0 Fine; mica, grayish, 
foliation

Sta.guel. 003 Neptune; from 
Khamissa7

Pe: isotopes,
optical character

9397 2.1 –7.7 Fine; mica, foliation Sta.guel. 004 Aesculapius; from
Khamissa

Pe: isotopes.
Optical characteristics

9398 a & b 2.4 –4.2 Coarse: pure white Sta.guel. 010 Jupiter head & torso;
from Khamissa8

Dolomite CL/XRD Th: XRD, optical,
isotopes 

9399 3.9 –6.1 Fine; foliation Sta.guel. 012 Cuirassed torso; from
Madaura

Pe: isotopes, optical

9400 4.1 –6.0 Fine; foliation Sta.guel. 012 Cuirassed torso: from
Madaura9

Pe: isotopes, optical

9401 1.8 –3.5 Coarse; glassy,
grayish, translucent

Sta.guel. 014 Statuette of Neptune;
from Khamissa10 Pa: isotopes, optical

9402 2.9 –3.6 Fine; gray with
white veins

Sta.guel. 28 Ceres/ Pudicitia
from Announa11

F: isotopes, optical
(color,markings)

9403 0.5 –14.9 Banded travertine Th.462 Altar of Anstitii front;
from Announa12

M: isotopes, markings

9404 0.5 –19.3 Fine; white, scribbly
veins

Th.462 Altar of Anstitii back;
from Announa13

M: isotopes

10834 3.3 –3.1 MGS 0.8mm Theatre Colossal torso, braid
on shoulder, Bacchus

F or Afy: isotopes,
grain, optical

10835 3.0 –8.2 MGS 0.4mm;
gray zones

Garden behind
Theatre

Aesculapius,
H 102 cm.14

F: isotopes, optical

10842 1.4 –15.2 MGS 0.8mm;
clear white marble

Jardin Arch. Herculaneum 
Woman variant
H 102 cm.14

F: isotopes, optical

10854 3.1 –1.5 MGS 6mm; long gray
patch, translucent

Theatre Tall togatus15 beside
huge Neptune16

Proc 1, Thasos 2, F 
most probable

1. Stemmer 1978, 64-65, V 16, pl. 40, 5-6.
2. Goette 1989, 143, n. 3.
3. Pachtère 1909, 37, pl. 7.4.
4. Pachtère 1909, 37, pl. 7.6; Goette 1989, 141, n. 15, pl. 31,6.
5. Goette 1989, 143, n. 4, pl. 35,5.
6. Blas de Roblès and Sintes 2003, 50, 212-214.
7. Blas de Roblès and Sintes 2003, 213, 215.
8. Pachtère 1909, 26-7, pl. 4.4; Martin 1987, 135-136, fig. 31.
9. Hanfmann et al. 1987, 236, pl. 74; Vermeule 1959, 59, fig. 54.
10. Dorbane M., in L’Algérie en heritage 2003, 193, cat. 103, Baratte F., in Sintes, Rebà 2003, 169, cat. 80; “Marbre (des Cyclades?)”.
11. Pachtère 1909, 50-1, pl. 10.3.
12. Pachtère 1909, 52-3, pl. 9.6.
13. Pachtère 1909, 52-3, pl. 9.4; Blas de Roblès and Sintes 2003.
14. Pachtère 1909, 31, pl. 5.6.
15. Pachtère 1909, 38, pl. 3.7.
16. Probably K 250: Goette 1989, 141, n. 16..

Abbreviations: Afy = Afyon; Eph = Ephesus; F = Filfila; G = Göktepe; H = Hasancavuslar (Ephesus); M = Mahouna; Pa = Paros, Marathi; Pe = Pentelikon; Proc = Pro-
connesus; Th = Thasos 3, Cape Vathy (dolomitic)

Tab. 1. Sculpture in the Guelma Musée Archéologique and Jardin Archéologique; Stable C and O isotopic analysis at the Depart-
ment of Anthropology, University of South Florida (USF). CL at Université Pierre et Marie Curie, Paris.



1992, 96; HERRMANN et al. 2002, 359, fig. 3), and the
Castel Gandolfo statue looks Thasian (optical examina-
tion 1993). The head of the latter (JOHANSEN 1995, cat.
34), however, is more refined than that of the Utica stat-
ue (BASTET 1979, cat. no. 48). The statues are by three
artists who followed the same fashions in marble and ar-
mor types and who evidently belonged to the same
“school,” understood in a broad sense. 

Two dolomite female torsos are good quality works
of unusual types. A goddess wears a male military cloak,
a chlamys or paludamentum, USF8701/9384 (Fig. 6). A
Kore/Proserpina/Orans, USF9386, belongs to a well-
known category, but most examples with well-wrapped
right elbow normally have a veiled head (Filges 1997).
This example was unveiled (Fig. 7). Two similar statues
in Leiden came from Utica (BASTET 1979, cat. no. 49-
50) but clearly are not Thasian marble.

Two sculptures of fine-grained marble had values for
δ18O above the upper limit of +3.0 for Filfila; both are
likely to be imported material. One was a cuirassed tor-
so, which fell into an isotopic field for which Mt. Pente-
likon was the only plausible solution, USF9399 (Table
I). The assignment to Pentelikon is confirmed by the
macroscopic characteristics of the marble. The stone
has fine grain, some grayish shadows, and long, parallel

streaks or “foliation”, all features typical of Pentelic
marble. 

The other relatively high-carbon sculpture of fine-
grained marble was a beautiful and unusual torso of a
nude Bacchus, USF 10834 (Fig. 8), which can be recon-
structed on the basis of a statue in Naples and the Vati-
can (REINACH 1920, 250, pl 487 pl. 681, n. 1585). Iso-
topically the marble corresponds to the very fine-grained
marble of Göktepe, District 3, quarry D (ATTANASIO et
al. 2009, 348, Table C), but the EPR intensity is incom-
patible with Göktepe (Table II). The marble of the torso
could be from Filfila, but EPR, isotopes, and grain size
fit slightly better with Afyon, Turkey (ancient
Dokimeion) (ATTANASIO et al. 2012B, table 1) (Table II). 

Several statues had isotopic ratios that were possible
for both Pentelikon (PIKE 1989, 2009) and Filfila.
Macroscopic characteristics (foliation, micaceous glit-
ter) can in some cases justify a preference for the one or
the other. Isotopically a colossal statue of Aesculapius,
USF9395, fits well into either Filfila or Pentelikon, but
the absence of foliation favors the Algerian assignment
(fig. 4). It thereby becomes another fine piece of virtual-
ly pure white, unflawed Filfila marble, like the female
statue in the Jardin Archéologique, USF10842. In two
other colossal statues, however, foliation makes it likely
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Fig. 7. Proserpina/Orans, USF9386, Guelma Museum.
Dolomitic marble from Thasos.

Fig. 6. Foddess wearing a military cloak over a tunic,
USF9701/9384, Guelma, Jardin Archéologique. Dolomitic
marble from Thasos. Jardin Archéologique.
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that the marble is from Pentelikon rather than Filfila:
the Neptune from Khamissa, USF9396 (Fig. 9) and an
Aesculapius also from Khamissa, USF9397 (Fig. 10). A
portrait head, USF9394, which is mounted on an alien
body of a toga-wearing man, USF9393, fits perfectly in-
to the Pentelic isotopic field and is less centrally placed
in Filfila. It has, however, a conspicuous vein of coarse,
white stone passing through the back of the cranium
(Fig. 11). The feature seems to be unknown in the Pen-
telic quarries (personal communication, Yannis Mani-
atis). Somewhat comparable features can be seen in the
Filfila quarries, and this is the more probable source.

Several statues in Guelma have isotopic values and

markings so similar to what is seen in the Filfila quarries
that there can be little doubt that this is the source of
their marble: a Ceres/Pudicitia, USF9402, (Fig. 12) and
an Aesculapius, USF10835 (Fig. 13). Their marble has
cloudy gray tones, which at times are marked by white
streaks. The workmanship expended on this rather
dingy material tends to be quite lackluster.

A togatus with coarse grain, USF10854, could iso-
topically be either Filfila or Proconnesian marble (fig.
14). The gray area in the marble has a soft definition
that seems more like Filfila. This and all the other togati
in this study display a virtually identical compositional
formula, which also gives them a local flavor.

Fig. 8. Torso of Bacchus, USF10834, Guelma Museum. Mar-
ble from Afyon, Turkey or Mt. Filfila.

Fig. 9. Neptune, USF9396, Guelma Museum. Foliation con-
firms that the marble comes from Mt. Pentelikon.

Location and samples EPR intensity % d13C d18O MGS

Guelma Museum,
USF 10834

272 3.3 - 3.1 0.8 mm

Afyon
(Attanasio et al. 2012B)

242.5 (6/626) 1.80  (-1.4/3.1) -4.32 (-4.3) 0.86

Göktepe, district 3,
quarry Q3D GW07.2B7-9

3.9 (1/13) 3.10/3.42 -2.93 (-3.0) 0.35-0.55

Mt. Filfila (Tykot et al., in press) 237 (4/2148) 1.8±1.4 (-3.9/3.0) -5.9±3.4 (-18.6/-1.4) 2.1±2.4 (0.3-14.0)

Tab. II: Archeometric comparison of Guelma Bacchus torso USF 10834, the Afyon quarries and, Göktepe quarry district 3. Median
values and range (in parentheses)
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A beautiful statuette of Neptune, USF9401, has iso-
topic ratios compatible with both Filfila and Paros, but its
optical characteristics particularly favor the latter. Previ-
ous observers have also identified it as “Cycladic marble”.

Although this sampling is relatively limited, it is
tempting to offer some generalizations about the roles
or lack thereof for different sources of marble identified
at Guelma. Mahouna marble was used for relief sculp-
ture, while Aegean marble appears only in three-dimen-
sional sculpture (that is, statuary and busts). To some
degree there is a hierarchy of quality: Aegean marble ap-
pears to have been used for good- to medium-quality
statues, Filfila marble for medium- to poor-quality. In
the case of the artistically unconvincing sculptures, the
quality of the marble from Filfila was also poor. Often
no separate typologies are apparent in statues made of
marble from the various sources. Very similar togati
could be produced in both Filfila and “imported” mar-

bles. The same is true for the statues of Aesculapius, all
three of which belong to the “Tunis type” (HOLTZMANN

1984, 884-885, cat. 276-280). Even if migrant artists had
been involved, prevailing conventions in the Guelma
area apparently dictated the compositional types.
Provincial and cosmopolitan work appears in marble
from each source. Many of these statues are made of
thin, flat slabs irrespective of the marble source. One
type of cuirassed statue, however, seems to be the work
of a cosmopolitan workshop active in Tunisia and Italy
that favored Thasian marble.

Conclusions

The variability of marble from Mt. Filfila in both analyt-
ical and macroscopic terms makes the identification of
the sources of marble used for sculpture in eastern Alge-

Fig. 10. Aesculapius, USF 9397, Guelma Museum. Conspicu-
ous foliation on shoulder and overfold of mantle confirms that
the marble comes from Mt. Pentelikon.

Fig. 11. Portrait head, USF9394, of togatus, USF9393, Guel-
ma Museum. Detail of intrusive vein, probably marble from
Mt. Filfila.

Fig. 12. Ceres/Pudicitia, USF9402, Guelma Museum. Soft
grayish zones confirm that the marble comes from Mt. Filfila.
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ria unusually difficult. EPR is of limited value in distin-
guishing Filfila from other marbles. Nonetheless, scien-
tific techniques (in this case, EPR, CL, XRD, and
analysis of stable isotopes of carbon and oxygen) in
combination with macroscopic observation make it
possible to identify both local and Aegan sources for
sculptural marble at sites in the neighborhood of Guel-
ma with varying levels of confidence. In some cases, it
is possible to arrive at virtually unambiguous identifica-
tions largely on the basis of isotopic ratios. More often,
considerable weight must be placed on optical charac-
teristics of the marble to make an attribution.  In any
case, it is clear that the primary local source for fine
sculpture – both statues and portrait heads - was Mt.
Filfila. Relief sculpture but no statuary was carved in
the travertine of Mt. Mahouna, and we found no figural
sculpture of any kind in the marble of Cap de Garde.
The marbles imported from the Aegean came from Mt.
Pentelikon, Paros, and Thasos, and possibly Afyon as
well. No figural sculpture of Carrara or Göktepe mar-

ble was recognized. The marble of eight of the sculp-
tures was attributed to Algerian and twelve to Aegean
sources. This preliminary study also suggests that both
good and poor quality statuary could be produced in
the marble of Filfila, while imported marble statues
tended to range from good to superior. While marble
came from the Aegean, the cases of the Jupiter of the
Capitolinus type USF9398 or the armored torso
USF9387 indicates that often the orientation of sculp-
tural workshops was towards Rome. The bald “Isiac
priest” type, USF9392, suggests a possible orientation
toward Athens.
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749

J. J. HERRMANN JR., R. H. TYKOT, D. ATTANASIO, P. BLANC, A. VAN DEN HOEK

Bibliography

ANTONELLI F., LAZZARINI L., CANCELLIERE S., and DESSANDI-
ER D., 2009: «Minero-petrographic and Geochemical
Characterization of ‘Greco Scritto’ Marble from Cap de
Garde, Near Hippo Regius (Annaba, Algeria)», Archaeom-
etry 50, 1-15.

ANTONELLI F., LAZZARINI L., CANCELLIERE S., and DESSANDI-
ER D., 2010: “On the White and Colored Marbles of the
Roman Town of Cuicul (Djemila, Algeria)”, Archaeometry
52, 575-596.

ATTANASIO D. 2003: Ancient White Marbles: Analysis and
Identification by Paramagnetic Resonance Spectroscopy,
“L’Erma” di Bretschneider, Rome, 2003.

ATTANASIO D., BRUNO M., YAVUZ A.B. 2009: “Quarries in the
region of Aphrodisias: the black and white marbles of Gök-
tepe”, Journal of Roman Archaeology 22.1, 2009, 312-348. 

ATTANASIO D., YAVUZ A. B., BRUNO M., HERRMANN J., TYKOT

R., VAN DEN HOEK A. 2012: “On the Ephesian origin of
greco scritto marble”, in ASMOSIA 9, 245-254.

ATTANASIO D., BRUNO M., PROCHASKA W., YAVUZ A. B.
2012B: “Aphrodisian marble from the Göktepe quarries:
The Little Barbarians, Roman copies from the Attalid ded-
ication in Athens”, Papers of the British School at Rome 80,
65-87.

BARATTE F. 2003: in Sintes, Rebahi 2003, 169, cat. 80.
BASTET F. L. 1979: Beeld en Reliëf, Staatsuitgeverij, ‘s-Graven-

hage, 1979.
BLAS DE ROBLÈS J.-M., SINTES C. 2003: Sites et monuments an-

tique de l’Algérie, Édisud, Aix-en-Provence, 2003.
CALZA R., BONANNO M., MESSINEO G., PALMA B., PENSABENE

P. 1977; Antichità de Villa Doria Pamphilj, De Luca, Roma,
1977.

FILGES A. 1997: Standbilder jugendlicher Göttinnen, Böhlau,
Cologne, Weimar, Vienna, 1997.

GOETTE H. 1989: Studien zu Römische Togadarstellungen, von
Zabern, Mainz am Rhein, 1989.

GORGONI C., LAZZARINI L., PALLANTE P., TURI B. 2002: “An
updated and detailed minero-petrographic and C-O stable
isotopic reference database for the main Mediterranean
marbles used in antiquity”, in ASMOSIA V, 115-131.

GSELL S., JOLY C. 1914: Khamissa, Mdaourouch, Announa, vol.
1: Khamissa, Carbonel: Algiers, 1914.

GSELL S., JOLY C. 1918: Khamissa, Mdaourouch, Announa, vol.
3, Announa, Carbonel: Algiers, 1918. http://catalog.
hathitrust.org/Search/Home?lookfor=%22%20An-
nouna.%22&type=subject&inst=

HANFMANN G., VERMEULE C., YOUNG W., JUCKER H. 1957:
“A New Trajan”, American Journal of Archaeology 61.3,
1957, 223-253.

HERRMANN J. 1992: “Exportation of dolomitic marble from

Thasos: evidence from European and North American
collections”, in  ASMOSIA 4, 93-104.

HERRMANN J., NEWMAN R. 1995: “The exportation of
dolomitic sculptural marble from Thasos: evidence from
Mediterranean and other collections”, in ASMOSIA III,
73-86.

HERRMANN J., VAN DEN HOEK A., NEWMAN, R. 2002: “New
sculptures in Thasian dolomite: Ukraine, Tunisia, and
questions of style”, in ASMOSIA VI, 357-362.

HERRMANN J., ATTANASIO, D., TYKOT R., van DEN HOEK A.
2012A: “Characterization and distribution of marble from
Cap de Garde and Mt. Filfila, Algeria”, in ASMOSIA IX,
300-309. 

HERRMANN J., ATTANASIO D., TYKOT R., VAN DEN HOEK A.
2012B: “Aspects of the Trade in White and Gray Architec-
tural Marbles in Algeria”, in Africa Romana 19, 2012,
1315-1330.

HOLTZMANN B., 1984: “Asklepios”, in Lexikon iconograph-
icum mythologiae classicae, 2, 1984, 863-897.

JOHANSEN F. 1995: Catalogue Roman Portraits II: Ny Carlsberg
Glyptotek, Ny Carlsberg Glyptotek, Copenhage, 1995.

L’Algérie en héritage: art et histoire, 2003, Institut du Monde
Arabe/Actes Sud, 2003.

MARTIN H. 1987: Römische Tempelkultbilder, L’Erma di
Bretschneider: Rome, ca. 1987.

PACHTÈRE F-G. 1909: Musée de Guelma, Musées et collections
archéologiques de l’Algérie et de la Tunisie, Leroux: Paris.
http://digi.ub.uni-heidelberg.de/diglit/pachtere1909.

PIKE, S., 2009, “A stable isotope database for the ancient
white marble quarries of Mount Pentelikon, Greece”, in
ASMOSIA 7, 699-708

REINACH S. 1920: Répertoire de la statuaire grecque et romaine
I, Leroux, Paris 1920. http://archive.org/stream/reper-
toiredelas01reiniala#page/n9/mode/2up.

SINTES C., REBAHI Y. 2003: Algérie antique, Musée de l’Arles
Antique, 2003.

STEMMER K. 1978: Untersuchungen zur Typologie, Chronologie
un Ikonographie der Panzerstatuen, Mann, Berlin, 1978.

THOMPSON H. 1948: “The Excavation of the Athenian Agora
Twelfth Season: 1947”, Hesperia 17, 149-196, http://
www.ascsa.edu.gr/pdf/uploads/hesperia/146874.pdf.

TYKOT R., HERRMANN J., VAN DEN HOEK A. in press: “Marble
Quarry Sources in Algeria and Tunisia”, 39th International
Symposium on Archaeometry, Leuven, Belgium, 2012.

VERMEULE C. 1959: “Hellenistic and Roman Cuirassed Stat-
ues”, Berytus 13, 1959, 1-82; reprint Munksgaard, Copen-
hagen.

WALKER S., MATTHEWS K., 1990: “Stable Isotope Analysis of
Carrara Marble: Some Questions for the Archaeologist”,
Marble: Art Historical and Scientific Perspectives on An-
cient Sculpture, J. Paul Getty Museum: Malibu 125-134.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




