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NORTH-WESTERN ITALY): MINERALOGICAL AND
PETROGRAPHIC ANALYSIS FOR THE DEFINITION OF ITS
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The Arch of Augustus in Susa (north-western Italy) was built in 9-8 BC by King Cottius, to
celebrate the treaty between the Romans and the Gauls. It is made of white marble, which
was considered for a long time to be locally extracted, but no archaeometric studies have been
performed up to now. Therefore, a multi-analytical study based on petrographic (optical and
scanning electron microscopy), electron microprobe and stable isotope analyses was carried
out on the marble from the arch and from reference samples, with the aim of defining the
provenance. All the data confirmed that white marble belonging to the metamorphosed
carbonate cover of the Dora Maira Massif, known as Foresto marble, was used for the Susa
Arch. This choice was probably made for economic reasons, but also due to the relative
independence of the ruling family of the Alpes Cottiae, which was obviously interested in
promoting a local marble.

KEYWORDS: WHITE MARBLE, PROVENANCE, PETROGRAPHIC ANALYSIS, MINERAL
CHEMISTRY, SUSA (NORTH-WESTERN ITALY)

INTRODUCTION

In the context of the Earth sciences, the description and classification of rocks has always been
one of the prerequisites for understanding the genetic and evolutionary process of the Earth’s
crust. More recent is the recognition of the contribution that the Earth sciences can make to the
petrographic study of historical ancient stone materials. During recent decades, the development
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of archaeometry has made it possible to highlight how the study of the nature and origin of
ornamental stones is predominantly a geological matter, which cannot be solved without a
petrographic approach (Lazzarini 2004). In particular, a multi-analytical approach is essential for the
identification of monuments and artefacts made of white marble, a stone material most commonly
traded in antiquity and, most of all, in the Roman age (Matthews 1997; Gorgoni ef al. 2002; Polikreti
2007; Borghi et al. 2009; Ebert et al. 2010).

In this paper a multi-analytical case study is presented that led to the characterization of the white
marble used for the building of Arch of Augustus in Susa (north-western Italy), the ancient Segusio.

The Susa Arch (Fig. 1 (a)) was built in 9-8 BC by the indigenous King Marcus Iulius Cottius, F1
in order to celebrate an agreement between Romans and local Alpine autonomous tribes, and was
built entirely of white marble. It is one of the oldest Roman arches and it was part of a complex
building programme for the construction of the new capital of the Alpes Cottiae Province
(Barello and Gomez Serito, 2013; Barello 2015). It was placed along the ancient road to Gaul,
near the Praetorium, the headquarters of the Roman praefectus, in the more elevated urban area.
Its illustrated friezes are an exceptional historical testimony of the metting of two different
cultures, with representations of religious ceremonies and administrative procedures that took
place immediately after the political agreement (13 BC) between the Roman Empire and the local
dynast M. L. Cottius, who obtained, on that occasion, Roman citizenship and the title of Prefect
(Letta 1976). The architectural design is characteristic of the Roman architecture of the period
(Pensabene 2015) and shows the local effort to provide the new capital with infrastructure and
monuments typical of contemporary Roman city planning, such as paved streets, temples, a
marketplace (forum) and so on. The position in which it was built (at the starting point of the
route for the Montgenevre Pass) and his distinctive architectural structure testify to the symbolic
significance attributed to the arch, and also demonstrated that it was built with white marble, a
stone material considered quite unusual for that period. Actually, in this early part of the imperial
age, marble was still a precious material and its use was full of symbolic implications. it was
precisely in the Augustan age that the use of marble became widespread in Roman society, not
only in the private luxuria, but also in the context of public architecture, both civil and sacred,
where its introduction became a norm (Pensabene 2002). Therefore, the determination of the
provenance (local or exotic) of the marble employed for the Susa Arch has both significant
historical and archaeological implications.

The marble appears light-coloured in a macroscopic observation, with the widespread presence
of yellow—ochre patina. It may also be noted that a marble has been employed that is distinguished
by different aspects regarding the porosity and the degree of anisotropy. Sacco (1907) studied the
origin of the marble of the arch in the early part of the 20th century and suggested the use of
Foresto marble (middle Susa Valley). More recently, based on stylistic and geotechnical analysis,
Betori et al. (2009) confirmed the use of a local marble (Chianocco marble). However, despite its
importance in terms of archaeology, the Susa Arch marble has never been studied systematically
from an archacometric perspective. The aim of this study is to better define the provenance of the
employed marble using a modern petrographic and geochemical approach.

THE GEOLOGICAL SETTING OF THE LOCAL WHITE MARBLE

The ‘Chianocco and Foresto marble’ outcrops along the central portion of the Susa Valley
(north-western Italy), which corresponds geologically to the meta-carbonate cover of the Dora
Maira Massif (Fig. 1 (b)). The Dora Maira Massif is a unit of continental crust belonging to the
Pennidic Domain in the Western Alps, which was pervasively deformed and metamorphosed

© 2016 University of Oxford, Archaeometry *e, ** (2016) se—se



The white marble of the Arch of Augustus (Susa, Italy) 3

=
[ ] Hetwetic-Dauphines
| Plo-Cruatemary deposts L _]
777 Post-otogenic deposts
o (Tertary Premonte Basin) E Southern Alpine unis
!— DCEANIC UNITS CONTINENTAL UNITS
E, Heimintasdes Fiysch - Austroalpens Lnts
| Pie " Uppﬂ Penninic unis
g! L_ ; s s
i W A W ows
- Micidle Penninic units
T Taull ,H—""" e ~  Ehiust
Major tectonic lines: IL- insubric Line, PT Penninic Thiust

| 45°08'59™ N
j 7°10’15" E

f

f 45008;31” N .o

\,45°08’10” N RS :
G e 7°05'36" E
== 45°08'36".N

-~ 7°07'00” E

45°07°50"” N

7°04'23" E

Figure 1  (a) The Arch of Augustus, located at the historic site of Susa (Graian Alps, north-western Italy): it was built
along the ancient road to Gaul. (b) A geological sketch map of the Western Alps: the red rectangle points out the Dora
Maira Massif. (c) A satellite toponomastic map of the middle Susa Valley (from Google Earth®, 25 July 2015) with
the locations of Susa and the four historical quarry sites.

during the Alpine orogeny, which occurred about 50 Ma ago. The Dora Maira Massif is predom-
inantly made up of gneiss and micaschists of Palacozoic age and rare slices of the original carbonate
cover from Triassic to Liassic age, which during Alpine metamorphism became dolomitic marbles
and now outcrop along the middle Susa Valley. The Alpine metamorphic cycle resulted in a first
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event that developed under eclogitic conditions, during which peak pressure (P) and temperature (7)
conditions were reached, followed by a retrograde metamorphic event that developed under
greenschist facies conditions (Gasco et al. 2011).

SAMPLING AND ANALYTICAL TECHNIQUES

During the study of colour traces commissioned in 2012 by the Superintendence of Archaeological
Heritage of Piedmont, a few samples of a small size (a few mm?) were collected from different
points of the arch. These samples were compared with marble samples collected near Susa, at the
localities of Chianocco, Foresto, Crotte and Tre Piloni (Fig. 1 (c)), corresponding to the historical
sites of disused quarries.

Petrographic analysis by optical and scanning electron microscopy, together with minero-
chemical analysis of the main and accessory minerals by means of an EDS electron microprobe,
and finally mass spectroscopy for the determination of stable isotope ratios were carried out. The
petrographic analyses were undertaken using a Cambridge S360 scanning electron microscope,
connected to an Oxford Instruments Inca Energy 200 EDS equipped with an Oxford SATW
Pentafet Si(Li) detector. The analyses were conducted as follows: working distance 25 mm, probe
current 200 pA, accelerating potential 20kV, counting time 60s. Natural oxides and silicates
(Astimex Scientific Limited, Ontario, Canada) were acquired as standards. A cobalt standard
was used for instrumental calibration and the relative abundance of the elements was calculated
by the instrument software, using the ZAF correction. All the analyses were recalculated using
the MINSORT computer program of Petrakakis and Dietrich (1985). The mineral compositions
are expressed as atoms per formula unit (apfu). The mineral symbols are those reported by Kretz
(1983). The electron microprobe analysis has provided the chemical composition of the main
mineral component (calcite and/or dolomite), and the chemical composition of subordinate or
accessory minerals that are useful in collecting additional discriminative elements.

A Micro-XRF Eagle III-XPL (Rontgenanalytik MeBtechnik GmbH, Germany) was used for
trace element analysis of the calcite and dolomite in the rock samples.

The system includes a Rh X-ray tube, working at a maximum voltage of 50kV and a maximum
current of 1 mA. The X-ray fluorescence is detected by means of a thermoelectrically cooled
Si-drift detector, which has an active area of 30 mm? and a 5 um beryllium window. The energy
resolution turns out to be lower than 135 eV. Poly-capillary lenses collimate the X-ray microbeam
at the sample surface (30 wm). The sample positioning is controlled by a two CCD video cameras,
with 10x and 100x magnification, respectively, and optical focusing. The X—Y-Z stage minimum
step is 1.5 pm. The instrument can work both in air or in vacuum, and data can be acquired by
selecting a single spot, line-scan or element mapping scan mode.

The peak-to-background ratio can be optimized in the energetic range of interest using a set of
various primary filters and adjusting the analytical conditions accordingly. The use of filters also
minimize the incidence of artefact peaks, which occur in the characteristic X-ray spectra as a
result of Bragg diffraction. The selection of proper primary filters is a compromise between
optimization of the peak-to-background ratio in the energetic range of interest and the minimization
of coherent scattering phenomena. More details of the analytical procedure are reported in Vaggelli
and Cossio (2012).

The stable isotope analyses (i.e., 8'°C and §'0) have been carried out on calcite and on
dolomite for the studied marble types. The protocol reported in McCrea (1950) was followed.
In particular, a quantity of 10mg of powered calcite or dolomite was reacted with 100%
orthophosphoric acid under vacuum conditions. The oxygen and carbon isotopic composition
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produced by CO, was analysed using a Finningan MAT 250 mass spectrometer. The results
are expressed as an isotopic ratio in relation to the PDB standard (Craig 1957), following the
convention defined by the International Atomic Energy Agency.

RESULTS

Petrographic analysis

The petrographic features of the investigated marbles are reported in Table 1 and shown in a T1
series of photomicrographs of representative marble samples (Fig. 2). The Susa Arch samples F2
show a mainly xenoblastic structure, which is characterized by an irregularly shaped
aggregate of crystals of calcite and dolomite (Fig. 2 (a)). This feature indicates that the
crystallization occurred under syn-kinematic conditions during the development of regional
tectonic foliation, which is characteristic of Alpine marbles that outcrop as small and
discontinuous lenses interlayered in the crystalline schists of the different tectonic units that make
up the Alpine Chain.

The texture of the rock is predominantly anisotropic, with a weak preferred orientation of the
mineralogical components, defining the schistosity. The grain size is mainly heteroblastic (HE),
although in some samples it is homeoblastic (HO). As for the grain boundary shape (GBS), the
arch marble mainly shows irregular crystals marked by boundaries ranging from curved—sutured
to embayed. Moreover, single carbonate crystals show polysynthetic twinning and undulate
extinction, which reflects the large amount of ductile deformation suffered by the rock under
syn-kinematic conditions. The Susa Arch marble shows, only in rare cases, a granoblastic
texture, which is characterized by the orderly disposition of carbonate crystals with straight grain
boundaries and triple joint contacts (Fig. 2 (b)). This is the typical structure found in marbles
crystallized in later static conditions, such as is the case for the marble of the Apuan Alps.

Four representative photomicrographs of the microstructure prevailing for the marbles
collected in the historical quarry sites (see Fig. 1 (c)) are shown for comparison. The Foresto
(Fig. 2 (c)) and Tre Piloni (Fig. 2 (e)) marbles are characterized by a clear anisotropic texture
defined by the preferential dimensional orientation of white mica. The grain size of the carbonate
crystals is mainly heteroblastic and the GBS is rather irregular. On the contrary, the Crotte marble
(Fig. 2 (d)) is characterized by a typical granoblastic texture with triple joints and crystal
boundaries marked by sharp or slightly curved edges. In this case, the lepidoblasts of white mica
are not oriented. Finally, the Chianocco marble is characterized by the finer grain size and an
isotropic texture, although less regular than that for Crotte marble.

Two important archaeometric parameters have also been measured: the main grain size (MGS)
and the average grain size (AGS). The MGS values were collected using a micrometer scale
under the optical microscope; the AGS was determined using an image analysis program applied
to digital microphotographs acquired at a defined and known magnification. The MGS parameter
can provide useful information for the classification of the marble. It is an important diagnostic
parameter, strictly related to the maximum temperature reached by the marble during its
metamorphic evolution (Moens et al. 1988). The diagrams of Figure 3 show that the samples F3
of the Susa Arch have rather homogeneous MGS and AGS values, showing averages ranging
from 0.25 to 0.85mm for the first parameter and from 0.05 to 0.25mm for the second. If
compared to data reported in the literature (e.g., Antonelli and Lazzarini 2015), these two values
correspond to fine-grained marbles and reflect conditions of crystallization that occurred at low
temperatures; this is consistent with the metamorphic history of the Dora Maira Massif, where
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The white marble of the Arch of Augustus (Susa, Italy) 7

Figure 2 (a,b) Representative microscopic features of the Arch of Augustus marble: (a) microscopic images for the most
common variety, characterized by an anisotropic texture defined by the preferential orientation of white mica lamellae
(ARCHI11), (b) microscopic images for the less common variety, showing a granoblastic and isotropic fabric (ARCH20).
(c—f) Representative microscopic features of the marble varieties coming from the four historical quarries located near
Susa: the Foresto (c) and Tre Piloni (e) marbles are marked by a syn-kinematic foliated microstructure, while the
Chianocco (d) and Crotte (f) marbles show a post-kinematic microstructure defined by a granoblastic fabric and by
the occurrence of the typical triple-joints microstructure.

the Alpine metamorphism developed under high-pressure — low-temperature conditions,
reaching a peak at around 500 °C (Gasco et al. 2011). The comparison with samples collected
in the historical quarries of the Susa Valley shows that the Susa Arch marble matches well with
the Chianocco, Crotte and Tre Piloni marbles; while the AGS and MGS of the Foresto marble are
slightly higher and less homogeneous. A comparison with fine-grained classical Mediterranean
marble is also reported in Figure 3 (c). Only the fine-grained group (Carrara, Goktepe,

© 2016 University of Oxford, Archaeometry *s, ** (2016) se—se
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Figure 3 The (a) MGS and (b) AGS parameters for the Arch of Augustus and the four historical Dora Maira marbles.
The box charts represent the dispersion of the experimental points: the median and the two percentile values 0.25 and
0.75 are displayed. The bars join the minimum and maximum values. (c) The MGS values for the most common
Mediterranean marbles, also reported for a comparison (modified after Antonelli and Lazzarini 2015).

Dokymeion, Penteli and Hymettos) separated by Antonelli and Lazzarini (2015) shows a MGS
range compatible with that of the arch marble.

Mineral chemistry

The examination of representative polished thin sections of the analysed marbles using the
SEM-EDS system, employing backscattered electron (BSE) and X-ray signals, allowed us to
clearly define the carbonate composition. The brightness signal in the BSE images is sensitive

to differences among mean atomic numbers, so the different carbonate phases (i.e., calcite and
dolomite) appear as grains at different grey levels; the minerals with higher mean atomic numbers
(e.g., calcite) being brighter than those with lighter-forming elements (e.g., dolomite). From a
mineralogical point of view, the Susa Arch marble is predominantly composed of dolomite, while
calcite is always present, but in lesser amounts (Fig. 4 (a)). Numerous silicatic minerals occur among F4
the accessory minerals. In particular, the most abundant and most significant is the white mica (Fig. 4
(b)), recognized in all samples, which defines the schistosity of the marble. Representative analyses

of mica arch samples as well as the micas of the four local quarries are reported in Tables 2 and 3, T2 T3
respectively. Quartz, iron oxides and pyrite also appear and, occasionally, chlorite, apatite, epidote,
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Figure 4  SEM backscattered images for the Arch of Augustus marble: (a) calcite (light) and dolomite (dark) distribution;
(b) an oriented phengite crystal, which defines the anisotropy, (c) the phlogopite-phengite association; (d) a rare crystal of
chlorite eecurrence:

sphene and rutile. The presence of rutile, a typical accessory mineral of high-pressure rocks,
suggests a local origin for the arch marble, as the various marbles of the Western Alps suffered
an eclogitic event that characterized the early metamorphic evolution of the Alpine orogeny. In
one sample (ARCH11), phlogopite, the pure Mg end-member of biotite, was also detected (Fig. 4
(c)). Its occurrence in the marbles is relatively rare and therefore can be considered a good marker
for the mineralogical characterization of the Susa Arch marble variety. Rare phlogopite crystals
were also observed in the samples collected in the Crotte quarry. Representative electron microprobe
analyses of phlogopite are reported in Table 4. T4

The white mica of the Susa Arch samples (ARCH10, ARCHI11, ARCH20 and ARCH22),
analysed by electron mlcroprobe shows a phengmc composition and is characterized by a high
silicon conte nde rstatliza at-high pressures (Fig. 5 (a)). In particular, the amount of [Q7] F5
Si, expresse: he atoms per formula unit (apfu) based on 22 oxygens, varies between 6.93 and
7.24, and is plotted in the field of high-pressure phengite, according to the classification diagram
of Capedri et al. (2004). The Mg content is between 0.765 and 0.994 apfu, while an Fe content
was always absent, consistent with the composition of the carbonatic system. Simtlarly, Ca and
Na contents are alse absent in the site X, in coordination 12, which turns out to be entirely
occupied by potassium.

Comparing the composition of the phengitic mica of the Susa Arch marble with the mica
samples from the quarries, a partial overlap with those of the Foresto and Tre Piloni marbles
can be detected (Fig. 5 (b)). It is worth noting that the micas of the historical quarry samples
are much more zoned, showing Si contents between 6.32 and 7.45 apfu. In particular, the micas
of the Chianocco and Tre Piloni quarries are the ones that are richer in Si. This zoning can be

© 2016 University of Oxford, Archaeometry *s, ** (2016) se—se
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The white marble of the Arch of Augustus (Susa, Italy)
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(a) white mica (b) white mica
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Figure 5 (a,b) The Si-Aly,, classification diagrams for white mica from the Arch of Augustus and the local quarries,
respectively. The ellipse in (b) represents the field in which the phengitic mica of the arch samples is shown to project.
The fields of high phengite (High-Phe), phengite (Phe) and muscovite (Ms) are reported according to Capedri et al.
(2004). (c,d) The trace element distributions for (c) Fe versus Mn and (d) (Fe+ Mn) versus Sr- of the investigated marble.

attributed to the effects of partial retrogression of phengite towards muscovite during the second
metamorphic event that affected the Dora Maira Massif, which took place in conditions of low
pressure.

Chlorite is present in the same marbles where muscovite occurs. The chlorite analysed, both
those in the quarry samples and in those of the marble used in the Arch of Augustus (Fig. 4
(d)), was always very homogeneous from a compositional point of view. Its chemical composition
is shown in Table 5. In particular, using the classification diagram of Hey (1954), chlorite is
projected at the boundary of the clinochlore and pennina fields, being characterized by Si contents
ranging between 6.009 and 6.316 apfu, based on 28 oxygens and null values of Fe.

For a better discrimination of Susa Arch marble, the contents of three trace elements (Fe, Mn and
Sr) were determined, by using the micro-X-ray fluorescence technique. The results are expressed in
parts per million (ppm) and are plotted in Figures 5 (c) and 5 (d). Three (ARCH11, ARCH20 and
ARCH22) of the four samples of the Susa Arch are characterized by rather homogeneous values,
while sample ARCHIO is characterized by a greater compositional variation. In particular, the
Mn content is the lowest and ranges between 14 and 28 ppm, followed by the Sr= content, which
varies between 105 and 184 ppm. Iron has been an interesting element in this study. Its content is
rather homogeneous for samples ARCH11, ARCH20 and ARCH22, varying from 101 to
215 ppm, while sample ARCH10 shows significantly higher values, from 358 to 511 ppm.

Examining the trace element data obtained for the samples from historical quarries, it can be
asserted that the trace element contents of the four quarry sites are characterized by narrow
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and well-separated fields. In particular, the Tre Piloni, Foresto and Crotte marbles are distin-
guished by a progressive increase in the Fe content; while Chianocco is characterized by a low
Fe concentration and Mn values in excess of 20 ppm (Fig. 5 (c)). The Sr= content, reported in
Figure 5 (d), is not discriminating for any of the quarry samples. The Sr= concentration ranges
between 100 and 220 ppm, with Tre Piloni and Chianocco samples, which turned out to be the
most zoned, in respect with the Crotte and Foresto marbles. he comparison between the arch
and quarry samples shows that samples ARCH11, ARCH20 and ARCH22 overlap nicely with
the representative fields of the Tre Piloni and Foresto marbles; while sample ARCH10 shows
Fe and Mn concentrations comparable with those of the Crotte marble. Finally, none of the arch
samples show trace element values compatible with the Chianocco marble. The same consider-
ations apply to the diagram shown in Figure 6 (d). F6

C-O stable isotope analysis

The approach based on measurement of the isotopic ratios of carbon and oxygen has produced
interesting and promising results ever since its first appearance (Craig and Craig 197). Isotopic
data sets were significantly implemented by Moens et al. (1988, 1992 and Gorgoni et al.
(2002), producing excellent reference diagrams for marbles coming from the main quarries that
were active in Greek and Roman times.

According to the recent compilations of Lazzarini (2004) and Antonelli and Lazzarini (2015),
these diagrams have also been widely used by archaeometrists for other marbles belonging to the
Mediterranean basin. However, up to now no isotopic analyses have been reported for the white
marbles of the Arch of Augustus at Susa (north-western Italy). For a complete archacometric
characterization of the Susa Arch white marble, C-O stable isotope analyses have been carried
out. For comparison, isotopic analyses of local marbles of the Susa Valley have been also re-
ported. Values of 5'%0 and §'°C have been determined on both calcite and dolomite. The results,
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Figure 6 The 5" Cversus 5'%0 diagram for the investigated marbles. The global isotopic reference diagram for the fine-
grained marbles (MGS < 2 mm) of the Mediterranean, according to Antonelli and Lazzarini (2015), is also reported for
comparison.
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referred to the PDB standard, are reported in Table 6 and Figure 6. A good correlation between T6
the isotopic data of the arch samples and those of the reference local quarries can be noted. Also,

a slightly bimodal distribution may be noted, with the values for the ARCH10 and Crotte marble
samples slightly shifted towards higher 5'%0 values, while most of the data is projected for §'*0
values ranging between —6.32 and 5.04 and §'°C ranging from 0.40 to 1.04. Therefore, even
isotopic data suggest that the marble employed for the building of the Arch of Augustus can have

a local provenance.

In Figure 6, the characteristic fields for the Mediterranean historical marbles for MGS values
<2 mm, according to Antonelli and Lazzarini (2015), were also plotted for comparison. Most of
the arch samples fall within the range of Docimium marble and, in part, of Goktepe, while the
ARCHI10 sample, with a higher 880 ratio, also falls in the field of Paros 1 marble. On the other
hand, none of the analysed samples plots in the field of Carrara marble.

DISCUSSION AND CONCLUSIONS

In this paper, the white marble used for building the Arch of Augustus at Susa (Cottian Alps,
north-western Italy) has been investigated by means of various analytical techniques, such as optical
and electron scanning microscopy, the electron microprobe, micro-fluorescence and isotopic analysis,
in order to determine its provenance, which can yield some important archaeological implications.
The time at which the Susa Arch was built (9 BC) matches with the period when the ancient Susa
(Segusio) became the political and administrative centre of the Alpine region just conquered by
Romans. In this context, the search for good-quality stone materials for monumental apparatus became
a primary necessity, which could be achieved by the opening of new marble quarries on the northern
side of the middle Susa Valley. This assumption is in agreement with the evaluated archacometric data,
which show a good correlation between the arch samples and those from the local historical quarries,
which can be geologically attributed to the carbonate cover of the Dora Maira Massif.

In particular, it can be supposed that the blocks for the Susa Arch originate from the quarry sites of
Tre Piloni and Foresto for samples ARCH11, ARCH20 and ARCH22, which show a good fit relative
to the microstructural, AGS, isotopic and trace element data. Sample ARCH10, on the other hand,
shows a good correlation with Crotte marble (isotropic texture, high concentration of iron, isotopic
data). Finally, the analytical data from the marble of the Chianocco quarry turned out to be more dif-
ferent from the samples of the Susa Arch. This could be due to the fact that the Chianocco quarry is
further from Susa than the other quarries and, consequently, was used less for the building of the arch.

Table 6 The 6"°C and 5"°0 values of the calcite and dolomite from the Susa Arch and quarry marbles: the 5"3Cand §"°0
data are expressed relative to the PDB standard (Craig 1957); the analytical protocol is according to McCrea (1950)

(513C, calcite (5180, calcite 515C, dolomite 5180, dolomite
ARCHI10 0.95 —3.64 1.47 —4.04
ARCHI11 0.40 —-5.92 0.52 —5.53
ARCH20 0.78 -5.83 0.31 —5.04
ARCH22 1.04 —6.32 0.40 —5.80
Crotte 1.24 —4.25 0.97 —4.02
Chianocco 1.39 —4.63 1.19 —-5.27
Foresto 0.92 —5.55 0.25 —5.01
Tre Piloni 1.01 —5.37 0.59 —5.51
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The data therefore suggest the use of local marble rather than the most precious marbles from
more distant areas, such as the marble of the Apuan Alps, or even the Greek marbles.

This matter opens up more general considerations. As is known from the literature, in the early
years of the Roman Empire, the importation of precious marbles coming from well-known
historic sites such as those of Ancient Greece was still rather limited (Pensabene 2002). On the
other hand, in that period the use of Luni marble, extracted in the vicinity of the Apuan Alps,
became more widespread. However, the data reported in this paper (mainly the anisotropic
texture, the occurrence of abundant phengitic mica, the mainly dolomitic composition and the
isotopic data) allow us to rule out an Apuan origin with a good degree of certainty. The isotope
data suggest, instead, a similarity with Asian marbles, such as the Docimium and Goptepe types,
but these marbles were diffused later in the Roman Empire, from the end of the first century AD
(Pensabene 2002) and therefore should be excluded from our assumptions of the provenience.
The hypothesis of a local origin, therefore, remains the most likely.

With regard to the choice of local stones, it can be supposed that decisions were made for
economic reasons, but also due to the relative independence of the ruling family of the Alpes
Cottiae, who were obviously interested in promoting a local marble (Pensabene 2005). On the other
hand, the use of this local marble was extended for architectural elements not only at Segusio, but
also in contemporary public and private buildings in the Transpadana region (Betori et al. 2009),
such as the so-called Palatine Gate and the porticus of the Roman Theatre in the Roman colony
of Augusta Taurinorum (present-day Turin), which was founded in around 20 BC, and was for a long
time a satellite to the neighbouring small kingdom and-the-Almese-Villa-eelonnades.
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