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Preface and Introduction

1. Preface

This dissertation is submitted for the degree of Doctor of Philosophy at the

Universita degli Studi di Torino. The manuscript is an original contribution by the

author, except where references are made to previous studies. Part of this work has

however been presented in already published papers and congress presentations:

Papers:

Gambino F.*, Borghi A., d’Atri A., Martire L., Cavallo M., Appolonia L., Croveri
P. (2019). Minero-Petrographic Characterization of Chianocco Marble Employed
for Palazzo Madama Fagade in Turin (North-West Italy), Sustainability 2019,
11(15), 4229; https://doi.org/10.3390/su11154229.

Barale L., Borghi A., d'Atri A., Gambino F.¥, Piana F. (2020). Ornamental Stones
of Piemonte (NW Italy): an updated geo-lithological map. Journal of Maps, 16:2,
867-878, https://doi.org/10.1080/17445647.2020.1837685.

Gambino F., Bellopede R. (2020). La pietra naturale nei Beni Culturali, Pangea,
Periodico dell'Associazione Georisorse Ambiente GEAM N. 2, 19-25,
https://www.geam.org/pangea2.php.

Congress presentations:

Gambino F., Borghi A., Dino G.A., Rossetti P.G., Castelli D., “Balma Syenite
(Cervo Valley, northern Italy): a nearly unique material which could be
designated as Heritage Stone”, I Workshop on Heritage Stones_2-4 October 2018,
Salamanca.

Gambino F., Borghi A., d"Atri A, Martire L., Appolonia L., “Archaeometric study
of two of the most important ancient white marbles, for Cultural Heritage
exploited in Piemonte region (NW Italy)”, EGU General Assembly 7-12/04/2019.

Borghi A.,_Gambino F.,_d’Atri A., Dino G., Favero-Longo S.E., Giardino M.,
Lombardo V., Martire L., Perotti L., Piana F., “Petrographic geodatabase of
Alpine ornamental rocks (Cultural Heritage of Piemonte region, NW Italy)
compliant with the “GeoPiemonte Map, web-GIS service”, EGU Geophysical
General Assembly 7-12/04/2019.
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- d’Atri A, Barale L., Borghi A., Dino G., Favero-Longo S.E., Gambino F., Giardino
M., Lombardo V., Martire L., Perotti L., Piana F., “The Piemonte Ornamental
Stones geodatabase compliant with the “GeoPiemonte Map” web-GIS service”,
Congresso congiunto SGI-SIMP-SOGEI, Parma, 16-19/09/2019.

- Gambino F., Dino G. A, Borghi A., d'Atri A., Barale L., Favero Longo S. E,,
Giardino M., Martire L., Perotti L. and Piana F., Geo-referenced database of
Ornamental and Building Stones from Piemonte region: from Heritage Stone
exploitation to potential economical and social impacts., EGU General Assembly
2020, Online, 4-8 May 2020, EGU2020-17808. doi:10.5194/egusphere-egu2020-
17808, 2020.

- Gambino F., Borghi A., d’Atri, Martire L., Croveri P., Russo D., Cardinali M.,
Appolonia L., Archaeometric characterization of Chianocco Marble employed
for Palazzo Madama facade in Turin (North-West Italy), 43¢ International
Symposium on Archaeometry Lisbon, 18t — 227 May 2020 (abstract accepted but
postponed to 2022 for Covid-19 emergence).

- Gambino F., Borghi A., Cossio R., d"Atri A., Martire L., Appolonia, Glarey A.,
Vendrell M., Characterization of ancient mortars: an archaeometric protocol of
analysis, 43rd International Symposium on Archaeometry Lisbon, 18" —22n May
2020 (abstract accepted but postponed to 2022 for Covid-19 emergence).

Abstract:

This PhD Thesis proposes a multidisciplinary approach that allowed to collect
different types of data in the field of the study of geomaterials used in the Cultural
Heritage. It regards the characterization, conservation and archaeometric study of
geomaterials from Western Alps employed in the Cultural and Architecture
Heritage. The study of “geomaterials” concerns ornamental stones and ancient
mortars in order to investigate these materials and to support the correct diagnosis
of their conservation state.

The starting point of the research is the editing of the “Map of Ornamental Stones of
Piemonte Region” at 1:250,000 scale. It is a simplified lithological map, consisting of
21 lithological classes, showing the distribution of the ornamental stones exploited
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in Piemonte and it was obtained by modifying the Geological Map of Piemonte
(GeoPiemonteMap, Piana et al., 2017a) and its Data Model. The Map represents a
lithological synthesis of a very complex geological setting that comprehends a large
number of lithotypes and geological units.

Closely related to the geo-lithological map is the Geodatabase of the Piemonte
ornamental stones gathering all those geomaterials used in historical buildings of the
Piemonte region. It contains the following informations: the quarry district,
coordinates, quarry state—active/inactive, tectonic unit, commercial name of
ornamental stone, petrographic name, rock type, a short petrographic description
and finally the main uses in architecture in Piemonte region and the main
references. This is an original work that brings together geological, historical and
modern knowledge, archaeometry and architecture.

Additionally, six representative historical religious and civil buildings have been
chosen in order to furnish an overview of the employments of some of the most
used ornamental stones quarried in Piemonte.

The UNESCO World Heritage Palazzo Madama in Torino is one of these important
buildings, where a multidisciplinary geological study on the used ornamental
stones (the so-called Chianocco Marble) is performed. A detailed petro-architectonic
relief and minero-petrographic and isotopic analyses were carried out comparing
quarry samples coming from the historic sites of exploitation with selected
fragments detached from the fagade. The petro-architectonic survey allowed to
recognize all lithotypes used for the facade and it can be consulted by restorers,
architects and engineers who will deal with the future restoration of the fagade. The
minero-petrographic characterization of the Chianocco Marble allowed to define the
reasons of its degradation. It shows that some charachteristics, detected on the
Palazzo Madama fagade, such as a vacuolar structure and local reddenings, usually

absent in ornamental marbles, that are primary features of the rock itself and are

3



Preface and Introduction

not due to degradation in an urban context. Only gypsum crystals grown in voids
and the application of mortars in natural voids, enhancing the physical degradation
of the stone, are due to pollution and anthropic interventions respectively. This
research underlines the importance of studying the characteristics of stone materials
in conservation issues in Cultural Heritage.

Finally, regarding geomaterials used in the Cultural Heritage, this thesis focuses on
the study of mortars. This kind of research provides many information about
supply areas, variation of raw materials over the time, network/transportation
systems, development and production processes. Original and restoration mortars of
the Ancient Roman Theatre of Aosta_(Aosta Valley, Italy) were studied and an original
analytical protocol for the characterization of mortars based on automated
acquisition and semi-automated processing of quantitative multi-elemental X-ray
maps has been designed. A new Software called GeomatMap has been developed
consisting in a semi-automated image processing procedure based on multivariate
statistical analysis of X-Ray spectrum images. Data regarding the production
technology of mortars, both Roman and restoration, the supply areas of raw
materials and the Hidraulicity Index are investigated.

The study of aggregate of the Roman mortars sites the source of supply of the raw
material to the area of Aosta, it is therefore material found in close proximity to the
Roman Theatre. The study of binder, a calcic aerial lime, highlights that it is entirely
compliant with its function as a bedding material.

The study of aggregate of the restoration mortars sites the source of supply of the
raw material to the entire Aosta Valley, an area, although local, larger than that of
Roman mortars. Moreover, the hydraulic composition of the binder which places

them in the field of cement mortars.
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1. Introduction

Ancient buildings, artifacts and findings are mainly made up of natural and
artificial materials obtained from geological resources. The development of
geosciences applied to Cultural Heritage highlights how the study of the genesis
and characteristics of stones materials is primarily a geological matter and has to be
solved by a geologic approach. A proper characterization of these materials requires
minero-petrographic studies in order to define their composition, provenance and
conservation state, being fundamental for the application of good preservation
strategies.

This PhD Thesis regards the characterization, conservation and archaeometric
study of geomaterials from Western Alps employed in the Cultural and
Architecture Heritage. The study of “geomaterials” concerns ornamental stones and
ancient mortars; in this regard, the role of Geosciences is crucial to better
characterize these materials and to support the correct diagnosis of their
conservation state.

In this context, the Thesis is organized in four main chapters developed with the
aim to properly face the complex role of Geosciences in the study and
comprehension of geomaterials.

Chapter 2 regards the achievement of the “Map of Ornamental Stones of Piemonte

Region” at 1:250,000 scale. This research was carried out in collaboration with

Istituto di Geoscienze e Georisorse of C.N.R. (Torino unit) and in the framework of
the project GeoDIVE “From rocks to stones, from landforms to landscapes” co-
financed by Compagnia di San Paolo and University of Torino. The compilation of
this map aims to gather all the ornamental stone heritage of Piemonte at the regional
scale. The map derives from a thorough revision of the available literature (e.g. the
official register of quarrying activities of the Piemonte Region, 2019), integrated

with unpublished original data showing the location of 117 quarries of ornamental
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stones of the region. Besides, a new geo-lithological map (starting from the
GeoPiemonte Map of Piana et al., 2017) was produced with the aim to simplify the
geological complexity of the region using strictly lithological criteria. This process
led to the definition of only 21 synthetic lithological type for the pre-Quaternary
rocks of the region used as ornamental stones.

Closely related to the geo-lithological map, the Chapter 3 shows the_geodatabase

of the Piemonte ornamental stones used in historical buildings of the Piemonte
region. The database includes the commercial and scientific name of the rock, the
quarry location, the Tectonic units, the petrographic description, their main uses in
the historical buildings of Piemonte region and the references.

Moreover, six representative historical religious and civil buildings have been
reported on the Map as ancillary graphics, to provide an overview of the final use
of some ornamental stones quarried in Piemonte.

One of these buildings, the UNESCO World Heritage Palazzo Madama in Torino,
is the topic of Chapter 4 where a multidisciplinary geological study on the adopted
ornamental stones (the so-called Chianocco Marble) is reported. In the frame of an
ongoing project on the conservation state of the monument carried out in
collaboration with “Centro Conservazione e Restauro La Venaria Reale” a detailed
petro-architectonic relief and minero-petrographic and isotopic analyses were
carried out comparing quarry samples coming from the historic sites of exploitation

with selected fragments detached from the fagade.

Concerning geomaterials used in the Cultural Heritage, Chapter 5 focuses on the
study of mortars. Indeed, the study of geomaterials in cultural heritage cannot be
separated from the study of mortars. Moreover, within this thesis work, it
represented an important experimental aspect, essential for innovative and

pioneering research. This kind of research is not very diffused even though it
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provides many information about supply areas, variation of raw materials over the
time, network/transportation systems, development and production processes. In
particular, the characterization of mortar samples allows to investigate the
production technology, to understand which kind of stone has been used to
produce the lime, the ratio between binder and aggregate, the origin of the
aggregate and its composition (Fratini et al., 2018). This study was focused on the

original and restoration mortars of the Ancient Roman Theatre of Aosta (Aosta

Valley, Italy). The research was carried out in collaboration with the
Superintendence Department for Cultural Heritage and Activities of Aosta Valley
Region and with Patrimoni 2.0, a spin-off of the University of Barcelona (Spain). An
original analytical protocol for the characterization of mortars based on automated
acquisition and semi-automated processing of quantitative multi-elemental X-ray

maps has been developed.

Archaeometry and restoration diagnostics in the Cultural Heritage is a very
multifaceted field that can be divided into many different specializations that study
different materials using different analysis techniques. Furthermore, being a multi-
disciplinary field, it coordinates harmoniously with other fields. In such cases,
research is often possible in several case studies that provide the space to investigate
certain issues and/or topics. This type of research is therefore intrinsically
heterogeneous and ranges from natural rocks to mortars, anthropic in nature, so as

to allow the widest possible panorama of study of geomaterials in the geosciences.
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2. Geo-lithological Map of ornamental stones of Piemonte region

Figure 2.1: Logo of Geo-lithological map of ornamental stones of Piemonte region

Natural stone has been used as a construction material since ancient times
(e.g., since about 4700 BC in Egypt). Initially, these expensive materials were
used for temples, tombs, palaces, civic buildings and major infrastructure as
well as decoration and sculptures. Selection of stone was guided partly by
suitability but was also influenced by personal prestige and social and mystic
beliefs. (Pereira and Market, 2016). The use of stone has never suffered a
setback during the history up to the present day. Knowing the areas of
outcrop and cultivation makes it possible to plan conservation measures that
are better suited to the architecture of the monument and the territory (Pereira
and Pratt, 2016; Prikryl and Smith, 2007).

Moreover, natural rocks represent a heritage to be valued and preserved.

In Piemonte region (NW Italy) over one hundred varieties of rocks have been
quarried over the centuries as both building and ornamental stones.
Quarrying activity is attested since Roman times (e.g., Borghi et al., 2016) and
had a progressive development starting from 16th century under the push of

the expanding Savoy Kingdom (Borghi et al., 2014). At present, ornamental
8
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stone quarrying is still an important economic activity in the north-eastern
part of the region (Verbano-Cusio-Ossola—Sesia Valley district; Cavallo et al.,
2019a and b; Dino and Cavallo, 2014), whereas elsewhere it underwent a
progressive decay during the 20th century (with a few exceptions, as the
Luserna Stone district in the Cottian Alps; Barisone et al., 1979; Sandrone et
al., 2004).

The great variety of ornamental and building stones of Piemonte (e.g., Catella,
1969) is due to the extreme geological diversity of the region, which
encompasses rock types pertaining to very different geological contexts
(Piana et al., 2017a, b) (see Paragraph 2.1).

A concise graphic representation on a map of such a complex geology and
geodiversity requires the setting up of some classification criteria suitable for
the task at hand. The proposed map (Figure 2.1 and Figure 2.2 and Appendix
I; Barale et.al, 2020) is thus a simplified lithological map, consisting of 21
lithological classes, showing the distribution of the ornamental stones
exploited in Piemonte.

It was obtained by modifying the Geological Map of Piemonte
(GeoPiemonteMap, Piana et al., 2017a) and its Data Model, also available as
a WebGlIS service
https://webgis.arpa.piemonte.it/Geoviewer2D/index.html?config=other-
configs/geologia250k_config.json). A detailed version of the Map at the
original scale is reported as PDF file in the Appendix I.

The information about the quarry site and the quarried material is reported in
the database described in Chapter 3 and entirely reported in Appendix II. Six
representative historical buildings have been reported on the Map as ancillary
graphics, to provide an overview of the final use of some ornamental stones

quarried in Piemonte (see Paragraph 3.3).

9
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Figure 2.2: Geo-lithological map of ornamental stones of Piemonte region. It reports the
lithological legend and the location of the selected active and inactive ornamental stone
quarries, which have been subdivided into five ‘quarry districts” on the basis of geographic and
historic criteria. The extended version of the map can be consulted in Appendix L.
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Figure 2.3: Tectonic sketch map of Piemonte Region (Piana et al., 2017).

The geological setting of Piemonte consists of fragments of different
lithospheric sections ranging from deep lithospheric mantle rocks to oceanic
basalts and relevant sedimentary covers, from plutonic and volcanic
continental rocks to the overlying carbonate and siliciclastic sedimentary
successions, as well as many kinds of metamorphic rocks originated in

different geodynamic contexts and wunder different pressure and
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temperature conditions. A long-lasting sequence of magmatic, metamorphic
and sedimentary events can be recognized.

The above-mentioned geological complexity is the result of a continuous
geodynamic process, which, since the beginning of Mesozoic, led, in Jurassic
times, to the development of two continental passive margins: the “Palaeo-
European Margin” and the “Palaeo-Adriatic Margin”, and of two interposed
oceanic zones: the Liguria-Piemonte Domain and the Valais Domain (Handy
et al., 2010 for a review).

Since Late Cretaceous, the European and the African (Adria) continental
plate margins started to converge inducing the subduction of the interposed
oceanic lithosphere. This process led, since middle-late Eocene, to the
collision and mutual indentation of the two plate margins. In this
framework, the Alpine orogenic system originated, involving both
continental and oceanic crustal units that were affected, to very different
degrees, by metamorphic and tectonic reworking (Dal Piaz, 2010 for a
review). An extensive development of magmatic bodies, intrusive into the
orogenic belt, occurred in the early Oligocene.

Contemporaneously, since middle Eocene, synorogenic sedimentary basins
developed in the external (Alpine Foreland Basin) and internal (Tertiary
Piemonte Basin, Pliocene and Quaternary basins) part of the Alpine chain.
These events led to the formation of the present Alpine chain, where units of
pre-Alpine continental basements and of the interposed Mesozoic oceanic
units, metamorphosed at depth during the Alpine orogenesis, were exposed
on the Earth’s surface after having been uplifted and exhumed since middle
Eocene. Discontinuous portions of the Mesozoic sedimentary covers of the
continental and oceanic units, metamorphosed as well at different degrees,

are extensively exposed in Cottian, Maritime and Ligurian Alps and, to a
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lesser extent, in the Ossola region and “Lakes district” in the northern part of
the Piemonte region. Portions of these sedimentary successions, which did not
undergo metamorphic transformations at depth, are now part of the northern
Apennines and of the Maritime and Ligurian Alps. Furthermore, wide areas
of Piemonte are made up of sediments of the Eocene to Quaternary
synorogenic basins that have recorded very clearly the above described
geodynamic evolution. In turn, these sediments progressively became part of
the overall orogenic system.

The geological and structural subdivisions used in the Geo-lithological

map of ornamental stones of Piemonte region are the following (Figure

2.3):

1) Alpine Internal Belt (Southalpine Domain) belonging to the Adriatic

plate and only partially involved in the Alpine orogenic process;

2) Alpine External Belt corresponding to the Helvetic, Dauphinois,
Provengal and External Briangonnais domains of the geological
literature, which underwent only anchizone to subgreenschist-facies
metamorphism;

3) Alpine Axial Belt, i.e. the Austroalpine-Penninic collisional wedge,
corresponding to the continental and oceanic nappes bounded by two

main tectonic discontinuities, the Canavese Line on the inner side and

the Penninic Frontal thrust on the outer side, respectively (Beltrando et

al., 2010). These HP metamorphic units originally belonged to the
Piemonte-Liguria oceanic Domain, to portions of the paleo-European
margin (Middle Penninic Briangonnais Domain, Lower and Upper
Penninic Domains such as Monte Rosa, Gran Paradiso and Dora Maira
units) and/or to the paleo-Adriatic margin (Austroalpine Domain).

4) Synorogenic Cenozoic basins, corresponding to the external Alpine
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Foreland Basin and to the internal Tertiary Piemonte Basin, Pliocene
and Quaternary basins.

5) Alpine synorogenic magmatic bodies.

2.2 Map representation criteria

The complex legend of the GeoPiemonteMap (Piana et al. 2017a, b), which

includes more than two hundred items representing the complex geological

setting of the region, has been simplified here, using strictly lithological

criteria. In this way, only 21 synthetic lithological units were created for the

pre-Quaternary rocks of the region, each grouping rocks characterized by

homogeneous lithology, even if belonging to geological units characterized

by different paleogeographic origin, geological evolution and age. The

Quaternary deposits are present too.

The topographic basemap is composed of a raster DEM base (the only

basemap suitable for representation at this scale and available over the entire

region; the same used in Piana et al. 2017a), integrated by the following vector

levels:

- hydrography and coastlines;

- region and country boundaries;

- toponyms (cities, rivers, lakes, peaks, passes, adjoining regions and
countries). The choice of toponyms was pondered in order to include also
localities of lesser but important for the regional geology (e.g., localities

that are namesakes of geological units or ornamental stones).

2.3 Map legend

The 21 lithological units of substrate rocks have been grouped into

Sedimentary Rocks, Magmatic Rocks, Metamorphic Rocks and Fault Rocks.
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Quaternary deposits have been subdivided into four units (Recent alluvial
deposits; Terraced alluvial deposits; Glacial deposits; Landslide, block stream
and rock glacier deposits), which are not further described here since they
have no relevance for ornamental stone quarrying. A short description of the
rock types included in each lithological unit is given in the following, with
essential bibliographic references (for an extended regional bibliography, the
reader is referred to Piana et al., 2017b). For each lithological unit, the main
ornamental stones are also listed.

2.3.1 Sedimentary rocks

They are subdivided into five units according to their origin (terrigenous,

allochemical, and orthochemical) and age (Mesozoic or Cenozoic) (Figure 2.4).

MAP LEGEND
Quaternary deposits

B . 7 3 : i Landslide, block stream and
i Recent alluvial deposits ’ Terraced alluvial deposits - Glacial deposits s rock glacier deposits

Sedimentary rocks

Cenozoic i rocks: , marly and d 1l Cenozoic allochemical rocks: calcarenite and calcirudite of Eocene to Miocene age (Tertiary

successions of middle Eooene to Pliocene age (Alpine Fore\and Basin; Tertiary Piemonte l:l Piemonte Basin, Alpine Foreland Basin). Calcareous-marly turbidite successions of Eocene age

Basin; Pliocene succession; Ligurian units of Monferrato). alel (Ligurian units of Monferrato).

Mesozoic terrigenous rocks: Lower Triassic quartzarenite, Upper Triassic pelite (External Mesozoic allochemical rocks: Triassic—Jurassic limestone and dolostone and Cretaceous
l:l Briangonnais, Dauphinois and Provengal successions). Varicoloured argillte, pelite and marly mestone (External Dauphinois and Provengal

arenite (Ligurian units of Maritime Alps; Ligurian units of Northern Apennines). alm C: ly turbidite of Cret: age (Ligurian units of Maritime Alps;

Ligurian units of Northern Apennines).
Orthochemical rocks: primary and resedimented evaporitic gypsum of Messinian age
(Tertiary Piemonte Basin). Main gypsum and anhydrite masses within tectonic contact zones.

Metre-thick speleothem bodies within the marble of the Dora-Maira Unit.

Figure 2.4: Map legend for the quaternary deposits and the sedimentary rocks.

- Cenozoic terrigenous rocks (tec): arenaceous, arenaceous—pelitic, marly and
sandy-gravelly successions of middle Eocene-Miocene age (Tertiary
Piemonte Basin, BTP); upper Eocene-lower Oligocene arenaceous-pelitic
successions (Alpine Foreland Basin); pelitic and arenaceous Pliocene
successions; conglomerate and chaotic pebbly mudstone successions
(Ligurian units of Monferrato). Cemented arenites and greywackes of the BTP
succession were exploited as dimensional stones in the past (Vico Stone;
Villadeati Stone; Montaldero Stone) and are locally still exploited (Langa

Stone).
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- Mesozoic terrigenous rocks (tem): Lower Triassic quartzarenite, Upper
Triassic pelite (Provencal, Dauphinois, External Briangonnais successions);
varicoloured argillite, pelite and arenite (Ligurian units of Maritime Alps;
Ligurian units of Northern Apennines). Mesozoic terrigenous rocks were only
rarely exploited for local uses (Monte Fenera Sandstone, an Early Jurassic
lithic greywacke from the mainly carbonate succession of the Southalpine
Domain).

- Cenozoic allochemical rocks (alc): calcarenite and calcirudite of Eocene to
Miocene age (BTP; Alpine Foreland Basin); calcareous-marly successions of
Eocene age (Ligurian units of Monferrato). In the BTP succession, the Gassino
Limestone, a biocalcirudite of Eocene age (Campanino and Ricci, 1991), was
used as ornamental stone in Torino in the 18th-19th centuries, largely
employed in the Basilica di Superga. Miocene biocalcarenite and
biocalcirudite of the BTP were exploited in Monferrato (Pietra da Cantoni)
and Alto Monferrato sectors (Visone Stone).

- Mesozoic allochemical rocks (alm): Middle Triassic—Jurassic carbonate and
Cretaceous marly limestone successions of the Palaeo-European Continental
Margin (Provengal, Dauphinois, External Briangonnais successions), Middle
Triassic—Jurassic limestone and dolostone of the Palaeo-Adriatic Continental
Margin (Southalpine sedimentary succession), and calcareous-marly
successions of Cretaceous age (Ligurian units of Maritime Alps; Ligurian
units of Northern Apennines). Historic ornamental stones were exploited
from the Triassic-Jurassic succession of the External Briangconnais Domain
(Persichino di Garessio, Persichino di Corsaglia, Bardiglio di Garessio,
Portoro di Nava, Nero di Ormea, Casotto Breccia), largely used in Torino in

the 18th-19th century, and from the Middle Triassic-Lower Jurassic

16



Geo-lithological Map of ornamental stones of Piemonte region

Southalpine sedimentary succession (Angera Stone, Gozzano Limestone),
mostly for local uses.

- Orthochemical rocks (ort): primary and resedimented Messinian evaporite
gypsum (BTP), main gypsum and anhydrite masses within tectonic contact
zones, speleothems. Metre-thick bodies of speleothems (calcite alabaster)
filling fissures within the dolomite marble of Dora Maira Unit were exploited
in the past as Busca Onyx.

2.3.2 Magmatic rocks

They are subivided into four classes according to their composition (acid or

basic) and emplacement mechanisms (plutonic or volcanic) (Figure 2.5).

MAP LEGEND
Magmatic rocks
Acid volcanic rocks: Permian volcanic and volcanoclastic successions (External Acid plutonic rocks: granite of the Permian magmatic Complex (Lake Massif) and Permian
Briangonnais units). Ignimbritic volcanite, mainly with rhyolite composition, and volcanoclastite l:l granite of the Canavese Zone. Alpine synorogenic magmatic bodies of Oligocene age (Biella,
¥og of Permian age (Southalpine Domain and Canavese Zone). pla Traversella and Miagliano plutons). Permian granite of the Argentera Massif.
Basic volcanic rocks: andesite and basic pyroclastic rocks of Oligocene age of the Biella Basic plutonic rocks: masses of gabbro, gabbro-norite, amphibole gabbro and diorite to
"l:l Volcanic Suite. Pillow basalt and basalt breccia (Chenaillet Unit of the Liguria-Piemonte Oce- ‘bl:l tonalite (lvrea-Verbano Mafic Complex). Gabbro and dolerite dykes (Chenaillet Unit of the
vl anic Domain; Sestri-Voltaggio Zone). Pl Liguria—Piemonte Oceanic Domain).

Figure 2.5: Map legend for the magmatic rocks.

- Acid volcanic rocks (voa): Permian volcanic and volcaniclastic rocks of the
palaeo-European continental margin (Provencal, Dauphinois, External
Briangonnais successions) and of the Palaeo-Adriatic continental margin
(Permian magmatic Complex, Southalpine Domain; Canavese Zone). Several
meter-thick dykes of subvolcanic porphyritic rocks intruded in Permian
volcanites (Rongio Stone) and granites (Ponte Guelpa Stone) of Biellese area
were quarried for local uses.

- Acid plutonic rocks (pla): Permian granite (Southalpine Domain, Lake
Massif, Cavallo et al., 2004b; Canavese Zone; Argentera Massif). Permian
granites of the Southalpine Domain were and still are largely quarried in the
Lago Maggiore-lower Sesia Valley sector (Montorfano, Baveno, Alzo,
Quarona granites). Alpine synorogenic magmatic bodies of Oligocene age
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(Biella, Traversella, and Miagliano plutons; Bigioggero et al., 1994; Alagna et
al., 2010); these provided important building stones (Vico, Traversella and
Brosso Diorite; Balma Syenite), largely used in Torino from 15th to 20th
century.

- Basic volcanic rocks (vob): Oligocene andesite and basic pyroclastic rocks of
the Biella Volcanic Suite (Alpine synorogenic magmatic bodies). Rare bodies
of pillow basalt and basalt breccia derived from the Liguria-Piemonte
Oceanic Domain, which escaped Alpine metamorphism (Chenaillet Unit,
Polino, 1984; Figogna Unit of the Sestri-Voltaggio Zone; Cortesogno and
Haccard, 1984). No ornamental stones from these lithotypes are reported on
the map.

- Basic plutonic rocks (plb): masses of gabbro, gabbro-norite, amphibole
gabbro and diorite to tonalite (Ivrea—Verbano Mafic Complex, IVMC, of
Southalpine Domain; Rivalenti et al., 1984; Mazzucchelli et al., 2014). Gabbro
and dolerite dykes of the Chenaillet Unit (Liguria-Piemonte Oceanic
Domain). The Anzola Black Granite, a gabbro-norite of the Ivrea-Verbano
Zone, was extensively used for funerary art during 20th century.

2.3.3 Metamorphic rocks

They are subdivided into 11 classes on a merely lithological basis (Figure 2.6).
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MAP LEGEND

Metamorphic rocks

Phyllite, slate and calcareous schist: phyllite and slate with limestone layers of Early Cretaceous age
(Sestri—Voltaggio Zone). Calcareous schist of Cretaceous age (Internal Briangonnais units).

73
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Caleschist: calcschist with intercalations of phylladic schist, calc-micaschist and paragneiss of Cretaceous age
(Liguria—Piemonte Oceanic Domain and Valais Domain) and of Jurassic—Cretaceous age (Pre-Piemontese
Auct)).

aQ
@

Marble: marble and dolomitic marble of Triassic—Jurassic age in the meta-sedimentary cover units (Pre-
Piemontese Auct.; Palaeo-European Continental Margin). Marble lenses of pre-Mesozoic age (Palaeo-
European Continental Margin units; Palaeo-Adriatic Continental Margin units: Southalpine and Austroalpine
domains). Marble and silicate-bearing marble of Triassic—Early Jurassic age (Liguria—Piemonte Oceanic
Domain and Valais Domain).

mrb

Quartzite: quartzite of supposed Permian—Early Triassic age at the base of meta-sedimentary cover units (Pre-
Piemontese Auct.; Internal Briangonnais units and Dora—-Maira Unit). Rare quartzite of Jurassic age at the base
of meta-sedimentary successions of oceanic units (Liguria—Piemonte Oceanic Domain and Valais Domain).
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N

Metabasite: Mesozoic metabasite (meta-basalt, meta-gabbro, prasinite, amphibolite, eclogite) of oceanic units
(Liguria—Piemonte Oceanic Domain and Valais Domain), pre-Mesozoic metabasite of the Palaeo-European and
Palaeo-Adriatic Continental Margin units, Paleozoic amphibolite with lesser masses of meta-gabbro and
serpentinite (Serie dei Laghi Complex) and migmatitic amphibolite with eclogite and granulite relics
(Ivrea—Verbano Kinzigite Complex; Argentera Massif).

3
o
@

Ultramafite and serpentinite: more or less metamorphosed ultramafite (Lanzo and Voltri ‘massifs’), main
masses of serpentinite (Liguria—Piemonte Oceanic Domain), meta-peridotite and serpentinite (Lepontine units;
Sesia—Lanzo Zone; Canavese Zone), more or less serpentinized mantle peridotite (Ilvrea-Verbano Mafic
Complex).

um

Graphite schist: graphite-rich schist with graphite lenses and graphite-bearing paragneiss (Dora—Maira Unit).
Upper Carboniferous graphite-bearing phyllite (Internal Briangonnais units).

@
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Micaschist s.I.: micaschist and metamorphic rocks of the pelitic system of the polyciclic metamorphic base-
ments of the Palaeo-European Continental Margin units and of the Palaeo-Adriatic Continental Margin units
(Southalpine and Austroalpine domains).
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Orthoderivate rocks s.I.: metamorphic rocks derived from late Paleozoic magmatic rocks of the polyciclic met-
amorphic basements of the Palaeo-European Continental Margin (Internal Crystalline Massifs; Lepontine Units).
Jadeite-bearing meta-granite and orthogneiss of the Sesia—-Lanzo Zone. Paleozoic orthoderivates (Serie dei
Laghi Complex; Ambin Massif; Internal Briangnnais units). Permian meta-volcanoclastites (Internal Briangonnais
units).
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Migmatite: migmatitic rocks of various composition and texture (Argentera Massif; lvrea-Verbano Kinzigite
Complex).
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Granulite and high-grade schist: felsic granulite and quartz-feldspar-garnet paragneiss (Ilvrea—Verbano
Kinzigite Complex), sillimanite—garnet-bearing micaschist and paragneiss (lvrea—Verbano Kinzigite Complex;
Sesia—Lanzo Zone).
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Figure 2.6: Map legend for metamorphic rocks.

- Phyllite, slate and calcareous schist (sch): Early Cretaceous phyllite and slate
(Sestri-Voltaggio Zone; Cortesogno and Haccard, 1984). Cretaceous
calcareous schist of the Internal Briangonnais Units. No ornamental stones
from these lithotypes are reported on the map.

- Calcschist (cls): Cretaceous calcschist and calc-micaschist, locally containing
bodies of paragneiss, marble, carbonate breccia and ophicarbonate (Liguria—
Piemonte Oceanic Domain and Valais Domain; e.g. Elter, 1971; Lagabrielle et
al., 1984; Deville et al., 1992; Martin et al., 1994). Alternations of prevailing

calcareous schist, quartz-micaschist and phyllite, with carbonate breccia
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bodies, of Jurassic-Cretaceous age, belonging to the Palaeo-European
Continental Distal Margin (Pre-Piemontese Auct.; Caron, 1971). Calcschist
were not reported among the ornamental stones on the Geo-lithological map
because no proper quarries of these rocks existed, though in the past they had
a widespread local and rural usage (e.g. roof coverings, drywalls), and were
also used in numerous architectural elements of historic buildings in the
Cottian Alps (e.g., Fenestrelle Fortress, Sacra di San Michele; see below).

- Marble (mrb): marble and dolomitic marble of different age are widespread
in many units of Piemonte Alps (Borghi et al., 2009). They mainly consist of
Triassic-Jurassic marble in the meta-sedimentary units of Alpine Axial Belt
(Internal Briangonnais units; Continental Distal Margin, Dora Maira Unit).
Marble lenses occur in the crystalline basements of pre-Mesozoic age of the
Palaeo-European Continental Margin (Dora Maira Unit) and of the Palaeo-
Adpriatic Continental Margin (Ivrea Verbano Zone, Southalpine Domain;
Sesia-Lanzo Zone, Austroalpine Domain). Marble and silicate-bearing marble
of Triassic-Early Jurassic age are present in Liguria-Piemonte Oceanic Domain
and Valais Domain.

Several varieties of these marbles were exploited in the past: Mesozoic
marbles from the Internal Briangonnais units of the Monregalese area (e.g.,
Bianco di Garessio, Nero nuvolato di Miroglio, Viola Piemonte, Bigio di
Moncervetto, Seravezza di Moncervetto, and Frabosa marble, with the
varieties Bianco, Verzino, Giallo, Bigio, Nero) and from the Lepontine units
(Crevoladossola Marble); pre-Mesozoic marbles from Sesia-Lanzo Zone (Pont
Canavese Marble, Massucco Marble) and from Ivrea-Verbano Zone
(Candoglia, Ornavasso, Valle Strona Marble); marbles of the Dora-Maira Unit,
both from Mesozoic sedimentary covers (Foresto and Chianocco Marble) and

from pre-Mesozoic basement units (Prali, Paesana and Brossasco Marble);
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coloured marbles associated with ophi-carbonate bodies of the Liguria
Piemonte Oceanic Domain (Rosso Cesana, “Livernea Est” quarry). Moreover,
hectometre-sized bodies of marble, originated by hydrothermal processes
within the non-metamorphic Mesozoic Provengal-Dauphinois succession
(Valdieri Marble, Bertok et al., 2019) were exploited as Bardiglio di Valdieri
and Cipollino di Valdieri. The marbles of Piemonte were widely used in the
past centuries throughout the region, and especially in Torino. A particular
mention is due to the Candoglia Marble, exploited since the 14th century
uniquely for the building and restoration of the Duomo di Milano. The Aisone
Stone (Carraro et al., 1970), an impure marble charged in detrital quartz and
feldspar grains, which derived from hydrothermal transformations of
Cenozoic Alpine Foreland Basin sediments, has been included within the
‘stone’ class on the Geo-lithological map because it was only used as rough
building material for local uses (polishing being hampered by the high
content of siliciclastic grains).

- Quartzite (gtz): quartzite of supposed Permian—Early Triassic age occurs at
the base of meta-sedimentary units of Alpine Axial Belt (Pre-Piemontese
Auct.; Internal Briangonnais Units; Acceglio-Longet Unit; Ambin Massif;
Dora-Maira Unit). Quartzite of Jurassic age at the base of meta-sedimentary
successions of oceanic units (Liguria-Piemonte Oceanic Domain and Valais
Domain). The quartzite of the southern Dora Maira Unit was extensively
quarried up to a few years ago (Barge Quartzite); quartzite of the same unit
was also quarried for local uses in the Susa Valley (Baume Quartzite).

- Metabasite (mbs): these include the Mesozoic metabasite (meta-basalt, meta-
gabbro, prasinite, amphibolite, eclogite) of oceanic units (Liguria—Piemonte
Oceanic Domain and Valais Domain). Lenses of pre-Mesozoic metabasite

intercalated in continental crust units (Argentera Massif; basement of Internal
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Briang¢onnais units; Dora Maira, Gran Paradiso and Monte Rosa units; Ambin
Massif; Sesia Lanzo Zone) are also included. This class also comprehends the
Paleozoic amphibolite with minor masses of meta-gabbro and serpentinite
(Serie dei Laghi Complex) and migmatitic amphibolite with eclogite and
granulite relics (Ivrea—Verbano Kinzigite Complex; Argentera Massif). Due to
their discontinuous occurrence in outcrop and their mineralogical-textural
heterogeneity, these rocks are not usually used as ornamental stones, apart
from few local cases (e.g., Susa Valley prasinite widely used in the Sacra di
San Michele abbey; see below).

- Ultramafite and serpentinite (umf): ultrabasic rocks, more or less
metamorphosed, of the Lanzo and Voltri massifs, main masses of serpentinite
(Liguria—Piemonte Oceanic Domain; Valais Domain; Sestri-Voltaggio Zone);
meta-peridotite and serpentinite (Lepontine units, Cervandone — Geissfpad
Complex; Sesia—Lanzo Zone, Rocca Canavese Unit; Canavese Zone, Pesmonte
Serpentinite); more or less serpentinized mantle peridotite (Ivrea—Verbano
Mafic Complex, Finero, Balmuccia and Baldissero bodies). Several
ornamental stones, widely used in the 20th century, were obtained from the
ophicarbonates of the Liguria-Piemonte oceanic domain cropping out in the
Cottian Alps (Verde Acceglio, Verde Susa, Verde del Frejus, Verde e Rosso
Cesana) and in the Ligurian Apennine (Verde Polcevera). The Laugera Stone
(used as a soapstone in the past) and the Verde Oira, a dark green
serpentinised peridotite, are also included.

- Graphite schist (grf): graphite-rich schist with lenses of pure graphite and
graphite-bearing paragneiss (Dora—Maira Unit; monometamorfic “Pinerolese
Graphitic Complex” Auct, Sandrone et al., 1993). Upper Carboniferous
graphite-bearing phyllite of the Internal Briangonnais Units (Malusa et al.,

2005). No ornamental stones from these lithotypes are reported on the map.
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- Micaschist s.1. (msc): this class groups all metamorphic rocks of the pelitic
system belonging to the pre-Mesozoic metamorphic basements of the Palaeo-
European Continental Margin (Dora-Maira, Gran Paradiso, Monte Rosa
units; Ambin Massif; Pre-piemontese units Auct.; Gran San Bernardo Unit;
Lepontine units; Moncucco—-Orselina-Isorno Unit), of the Palaeo-Adriatic
Continental Margin (Sesia Lanzo Zone; Serie dei Laghi Complex) and of the
Canavese Zone. Although this lithology is one of the most widespread in the
western Alps, it has been used only locally (e.g., Forte di Fenestrelle; see
below), due to its strong planar anisotropy.

- Orthoderivate rocks s.l. (gne): metamorphic rocks derived from late
Paleozoic magmatic rocks of the polycyclic metamorphic basements of the
Palaeo-European continental margin (Dora-Maira, Gran Paradiso, Monte
Rosa units; Lepontine units). Jadeite-bearing orthogneiss of the Sesia-Lanzo
Zone, Paleozoic orthoderivate (Serie dei Laghi Complex; Ambin Massif;
Internal Briangonnais units) and Permian meta-volcanoclastite (Internal
Briangonnais units) are also included.

A great number of ornamental stones derive from these lithotypes. These
include the orthogneiss of the Dora-Maira Massif (Borghi et al., 2016), such as
the Luserna Stone, widely used for roof coverings (e.g., dome of the Mole
Antonelliana in Torino) and pavement/road flooring and still largely
extracted at present, and other orthogneiss (Malanaggio, Perosa, Cumiana
and San Basilio stones; Borgone and Vaie gneisses). Jadeite- and phengite-
bearing orthogneiss have been exploited in the Sesia-Lanzo Zone (Verde Jaco,
Verde Selene, Verde Oropa, the latter widely used in the Oropa Sanctuary).
Several varieties of Beola and Serizzo orthogneiss are widely extracted in the
Lepontine Units, such as Beola Bianca, Grigia, Ghiandonata, Favalle; Serizzo

Antigorio, Formazza, Sempione, Monte Rosa (Cavallo et al., 2004a)
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- Migmatite (mig): migmatitic rocks of various composition and texture
(Argentera Massif; Ivrea—Verbano Kinzigite Complex). No ornamental stones
from these lithotypes are reported on the map.

- Granulite and high-grade schist (gra): felsic granulite and quartz-feldspar-
garnet paragneiss (Ivrea—Verbano Kinzigite Complex), sillimanite—garnet-
bearing micaschist and paragneiss (Ivrea—Verbano Kinzigite Complex; Sesia—
Lanzo Zone). No ornamental stones from these lithotypes are reported on the
map.

2.3.4 Fault rocks

MAP LEGEND
Fault rocks

Tectonite: mylonite (Argentera Massif), tectonites of the Canavese Zone, carnieule and tectonic breccia along
fit the main tectonic contacts.

Figure 2.7: Map legend for the fault rocks.
Fault rocks developed along main tectonic contacts have been grouped in one
lithological class (Tectonite, fIt) (Figure 2.7). This class includes carnieule and
tectonic breccia, mylonite of the Ferriere-Mollieres shear zone (Argentera
Massif; Compagnoni et al., 2010), and tectonites of the Canavese Zone (Fobello
and Rimella Schist; Sacchi, 1977). Within the latter, two varieties of mylonitic

orthogneiss were quarried (White Quartzite, Verde Vogogna).

2.4 Ornamental stone classification

The ornamental stones have been subdivided into six classes, each indicated
by a different quarry symbol colour:

- sedimentary rocks: allochemical and orthochemical (yellow colour in
Map);

- sedimentary rocks: terrigenous (brown colour in Map);
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- ‘granite’ (red colour in Map): following the traditional commercial
definition, this term refers to as quartz- and feldspar-bearing, mostly
magmatic rocks, which receive polishing for ornamental purposes;

- ‘stone’ (grey colour in Map): following the traditional commercial definition,
this term refers to as quartz- and feldspar-bearing metamorphic rocks which
are used as ornamental stones without polishing;

- ‘marble’ (blue colour in Map): this term indicates only ‘true” marbles, i.e.,
metamorphic rocks of carbonate composition. Non-metamorphic carbonate
rocks traditionally included in the commercial definition of ‘marble’, have
been here classed among ‘sedimentary, allo-/orthochemical rocks;

- mafic and ultramafic rocks (green colour in Map): metamorphic and

magmatic rocks of mafic and ultramafic composition.

2.5 Quarries

The selection of quarries to be represented on the geo-lithological map derives
from the first comprehensive review of stone material made at the regional
scale for Piemonte. Quarries and materials of historical, artistic and
architectural interest have been selected. Distinction was made between active
and inactive quarry, based on the latest release of the official record of
quarrying activities of the Piemonte Region (Regione Piemonte, 2019). Over
the entire Region, 115 quarries have been mapped (Figure 3.8). For some
lithotypes, which occur in a wide area and were subjected to a diffuse
exploitment in many localities, only the largest or most significant quarries
were mapped. As an example, for the Pietra da Cantoni, which counts tens of
small quarries all over the eastern Monferrato hills (Sassone, 2005), only four
main quarries were selected. Moreover, for the Luserna Stone, which counts

68 active quarries over the territory of three municipalities (Luserna San
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Giovanni; Rora; Bagnolo Piemonte; Regione Piemonte, 2019), three areas have
been indicated, each corresponding to the territory of a municipality and

comprehending several active quarries.
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Figure 2.8
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2.6 Remarks on the geo-lithological map of Piemonte

The 1:250,000 geo-lithological map of ornamental stones of Piemonte, besides
scientific aspects, represents a source of information for people operating in
the fields of cultural heritage and geo-environmental sciences. The Map
represents a lithological synthesis of a complex geological setting that
comprehends a large number of lithotypes. Since the Map derives from the
interactive GeoPiemonteMap (Piana et al., 2017a, b) available on the Web, it
provides an added informative value to the graphic documentation. This
work is proceeding to ensure that the geodatabase is available on the web too
in order to get to the reader the access to more detailed information on the
historical, geological and physical properties of rocks and stones, by querying
the GeoPiemonteMap database, which has a structure compliant with that of
the presented Map of Ornamental Stones.

Software

The geological map (polygons and lines) was compiled using QuantumGIS,
version 2.18 Las Palmas. The final layout of the map, including the tectonic
sketch and legend, was assembled using Canvas X GIS 2018 and Adobe
lustrator CS5 Version 15.1.0.
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3. Petrographic geodatabase of Piemonte ornamental rocks

3.1

The geodatabase

The geo-lithological map described in Chapter 2 is based on an updated

geodatabase, which will be the base for the creation of a WebGIS service.

Each mapped quarry, indicated by a number on the Geo-litological Map,

corresponds to an instance in the geodatabase of Appendix II. This contains

the basic information about the quarry site (quarry district, coordinates,

quarry state—active/inactive), the quarried material (commercial name,

petrographic name, rock type, age, short petrographic description) the main

uses in architecture in Piemonte region and the main references. In Table 3.1

an ecxerpt of the database has been reported.
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49b

501
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Commercial name

Brossasco Marble

Brossasco Marble

Chianocco Marble

Foresto Marble

Paesana Marble

Prali Marble

Prali Marble

Bleu des Alpes
Stone

Canosio Stone

Luserna Stone

Coordinates

44°34'58.91"N

7°21'55.91"E

44°35'28.88"N

7°2224.62"E

45°8'53.96"N
7°10'15.78"E

45°8'37.56"N
7°7'0.49"E

44°41'6.80"N
7°14'15.24"E

44°54'23.79'N
7°4'55.20"E

44°54'18.00"N
7°5'33.58"E

44°23'28.4'N
7°1831.7"E

44°27'10.2"N
7°04'19.0"E

44°44'59.61"N
7°13'50.02"E

Location

Rore (CN);

Varaita Valley

Rore (CN);
Varaita Valley

Chianocco
(TO); Susa
Valley

Foresto (TO);
Susa Valley

Calcinere
Inferiore,
Paesana (CN)

Cave della
Maiera, Prali
(TO);
Germanasca
Valley
Rocca Bianca,
Prali (TO);
Germanasca
Valley
Saretto,
Monterosso
Grana (CN)

Bagnolo
Piemonte (CN)

Rora (TO)

Quarry state

inactive

inactive

inactive

inactive

inactive

inactive

inactive

active

active

active

Petrographic

Rock T
Name ock Type
Cottian Alps district
Saccaroid marble  Metamorphic
Saccaroid marble Metamorphic
Dolomitic marble Metamorphic
Dolomitic marble Metamorphic
Marble Metamorphic
Silicate marble Metamorphic
Silicate marble Metamorphic
Listed marble Metamorphic
Listed marble Metamorphic
Orthogneiss, micro- .
rthogneiss, micro Metamorphic

augen gneiss

29

Age

Triassic

Triassic

Triassic

Triassic

Palaeozoic

Palaeozoic

Palaeozoic

Early
Jurassic

Jurassic

Permian

Tectonic Unit (referred  Tectonic Unit (referred
to tectonic sketch map) to tectonic sketch map)

Alpine Axial Belt
(Penninic Domain)

DM: Dora-Maira Unit

Alpine Axial Belt
(Penninic Domain)

DM: Dora-Maira Unit

Alpine Axial Belt
(Penninic Domain)

DM: Dora-Maira Unit

Alpine Axial Belt
(Penninic Domain)

DM: Dora-Maira Unit

Alpine Axial Belt
(Penninic Domain)

DM: Dora-Maira Unit

Alpine Axial Belt

(Penninic Domain) DM: Dora-Maira Unit

Alpine Axial Belt
(Penninic Domain)

DM: Dora-Maira Unit

Alpine axial belt (Liguria
- Piemonte Oceanic
Domain)

Alpine axial belt (Liguria

OU: undifferentiated
oceanic units

OU: undifferentiated

— Piemonte Oceanic I
oceanic units

Domain)

Alpine Axial Belt
(Penninic Domain)

DM: Dora-Maira Unit
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49b

50b

Petrographic description

White marble with isotropic structure, xenoblastic texture and coarse

grained size. Abundant silicate accessory minerals.

White marble with coarse grain size and isotropic structure, weakly
micaceous

Brecciated marble, white to yellow in color, characterized by vuggy
texture and weakly foliation

Micaceous dolomitic marble, with medium-fine grain size and anisotropic

structure. White to gray in color.

White marble with isotropic structure, heteroblastic grain size and
granoblastic texture.

Fine-grained calcitic marble. Banded structure characterized by gray to

green in color levels made up of femic minerals (amphibole, wiihite mica

and other silcates)

Fine-grained calcitic marble. Banded structure characterized by gray to

green in color levels made up of femic minerals (amphibole, wilhite mica

and other silcates)

Calcitic marble with anisotropic structure, fine grained graiz size and
granoblastic texture. Gray in color

Calcitic marble with anisotropic structure. Gray in color.

Micro-augen orthoneiss, gray to green in color with foliation defined by
phengite. Principal minerals: quartz, albite, K-feldspar and micas.

Main uses

Cottian Alps district

“Torino: statues and vases on top of the Juvarra fagade of Palazzo Madama,

columns and architrave of S.Filippo Neri Church fagade, Corinthian
capitals of the aedicule of Superga Church.

“Torino: statues and vases on top of the Juvarra fagade of Palazzo Madama,

columns and architrave of S.Filippo Neri Church fagade, Corinthian
capitals of the aedicule of Superga Church.

Torino: plinth of Duomo di Torino facade, Palazzo Madama fagade,
columns of Piazza S. Carlo arcades. Susa (TO): Arch of Augustus.

Torino: Duomo di Torino fagade, pillars and plinths of Sindone Chapel,

bases of the columns of S. Carlo and S. Cristina churches, internal uses in
S.Lorenzo Church. Susa: Arch of Augustus, portal of S. Francesco Church.

Saluzzo: portal of Casa Cavassa.

Torino: pillars of the railing of Palazzo Reale, statues of Gran Madre di
Dio Church, external sculptures of the Basilica Mauriziana.

Torino: pillars of the railing of Palazzo Reale, statues of Gran Madre di
Dio Church, external sculptures of the Basilica Mauriziana.

Public and private contemprary buildings, rural architecture.

Torino: slabs covering the dome of the Mole Antonelliana, paving of

Piazza Castello and other squares of the city, coverings old prisons Nuove,

facade of the Automabile Museum, sidewalk of Vittorio Emanuele I and
Umberto I bridges.

References
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white marbles used in antiquity: an archacometric distinction
inferred by a minero-petrographic and C-O stable isotope study.
Archacometry, 51, 913-931

Borghi A., Vaggelli G., Marcon C,, Fiora L. (2009) The Piedmont
white marbles used in antiquity: an archacometric distinction
inferred by a minero-petrographic and C-O stable isotope study.
Archacometry, 51, 913-931

Gambino F., Borghi A, d’Atri A., Martire L., Cavallo M.,
Appolonia L., Croveri P. (2019) Minero-Petrographic
Characterization of Chianocco Marble Employed for Palazzo
Madama Fagade in Turin (Northwest Italy). Sustainability, 11(15),
4229,

Agostoni, A.; Barello, F.; Borghi, A.; Compagnoni, R. (2017) The
white marble of the Arch of Augustus (Susa, North-Western ltaly)
Mineralogical and petrographic analysis for the definition of its
origin. Archacometry, 59, 395-416.

Borghi A., Cossio R, Fiora L., Pianea E., Sandrone R. (2005)
Catodoluminescenza pan e monocromatica di marmi bianchi
piemontesi. In: D'Amico C. Ed. Innovazioni tecnologiche per i
beni culturali, 351-360, Patron Editore Bologna.

Borghi A, Vaggelli G., Marcon C, Fiora L. (2009) The Piedmont
white marbles used in antiquity: an archaeometric distinction
inferred by a minero-petrographic and C-O stable isotope study.
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(Italian Cottian Alps): a reservoire of omamental stones since
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Table 3.1: Example of geodatabase entirely reported in Appendix II. Section of Cottian Alps
district Information about the quarry site (quarry district, coordinates, quarry state—
active/inactive), the quarried material (commercial name, petrographic name, rock type, age,
tectonic unit, short petrographic description), the main uses in architecture in Piemonte region
and main references are furnished.
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3.2 Quarry districts

The quarrying for ornamental stones of Piemonte can be subdivided into five
main quarry districts (which include both active and inactive quarries) based

on geographical and historical criteria (Figure 3.1).

active  inactive
SUAIT || T VERBANO-CUSIO-OSSOLA
sedimentary rocks [ -SESIAVALLEY
allo-/orthochemical| 0 DISTRICT
terrigenous & L]
magmatic and
metamorphic rocks
‘granite’ L 2 0
‘stone’ 3 ]
marble O [ ]
332%222 rocks ® .

Novara
(]

CANAVESE-BIELLESE
DISTRICT

® Alessandria

Luserna Stone
district
(68 active
quarries)

SOUTHERN PIEMONTE
HILLS DISTRICT

L

MARITIME AND
LIGURIAN ALPS
DISTRICT

Figure 3.1: Scheme of the quarry districts of Piemonte.

- Verbano-Cusio-Ossola-Sesia Valley district: it includes the Lago Maggiore

area and the Sesia and Ossola valleys in northeastern Piemonte. The main
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quarried lithotypes are represented by orthoderivate metamorphic rocks and
granites (Boriani et al., 1988; Dino and Cavallo, 2014).

- Canavese-Biellese district: this district encompasses the northwestern
Piemonte area between the Sesia and Orco valleys; the main varieties of
ornamental stones are represented by magmatic and metamorphic lithotypes.
- Cottian Alps district: it corresponds to the Alpine segment comprised
between the Stura di Lanzo and Grana valleys, where several varieties of
metamorphic rocks (mainly orthoderivate from the Dora Maira Unit) were
quarried.

- Maritime and Ligurian Alps district: it corresponds to the mountain area of
southern Piemonte, where a wide variety of marble and sedimentary
carbonate rocks were quarried and includes the historic “Monregalese”
district (G.A.L. Mongioie, 2005).

- Southern Piemonte hills district: this district corresponds to the hilly sector
of central and southeastern Piemonte, where some units of the Cenozoic
sedimentary successions of the Tertiary Piemonte Basin and a metamorphic
rock of the Liguria-Piemonte oceanic unit were exploited as ornamental

stones.
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3.2.1 Verbano Cusio Ossola — Sesia Valley district

kilometres:

%,
\

i

‘}\

Verbano. Cusio Ossola-Sesia Valley district
1: Alzo Gr

Z Guarona Geanite

3: Anzola Black Granite

4: Montorfano White Granite, Cavadonna quarry

: ontano Wik Grant. Porke Toos cuany
ory

mEneeeenen

Ve o
: Verde Mer

9 10: Candogia Marble, Cava Madre quarry.
& i1 Candogla Matble. Comovo aary
2:Vall Srona Matbie, Sambughetis

3 ar
15: Ornavasso Marble, ‘Rosa Valtoce' variety
8 16: Omavasso Marble, ‘Grigio Boden' variety

. | Plod quarry
20: Beola Ghiandonata, | Piod quarry
1: Verde Vogogna, | Piod quarry
: White Quartzite, | Piod quarry.
23: Whie Becle. Cromosine quary
24a: White Beola, Beura
24b; Beola Ghiandonata, Beura

. Trontano

Campieno
eri; igorio, Passo quarry

inactive %
quarry | quarry 34 F Tight. y
35: Serizzo Formazza
36: Serizzo Formazza

sedimentary rocks
allo-forthochemical | &
terrigenous 230 Lzumsx e, Val Loana

magmatic and 840: Laugera Stone, Cisore quarry
metamorphic rocks W41: Monte Fenera Sandstone

*
L]

v ‘granite™ * " o
g 143: Gozzano Limestone:
Re sentative historical building
7 i = % | stone” > L] Hero, the term granite’ indicates quartz- and.
= — with  large  employment  of 'spar-bearing, mostly magmatic, rocks, which are pol-
Do) ¥ 3 i ¥ o ko marble * L] ished for ormamental . The term

521 et i X s iy i s o || e ey e
Q*E_E b= g 0 deony = Y ORO: Oropa Sanctuary ultramafic rocks Ppoliting

Figure 3.2: Verbano-Cusio-Ossola-Sesia Valley district, detail of Geo-lithological map of
ornamental stones of Piemonte region.

Exploitation in the Verbano-Cusio-Ossola province (VCO) takes place among
the area of Cusio and Verbano lakes and the northern Ossola Valley, up to the

border with Switzerland (Figure 3.2). It is one of the most important quarrying

33



Petrographic geodatabase of Piemonte ornamental rocks

districts of Piemonte since Roman Age representing a natural and economic
resource for the local community.

In the Database of ornamental stones of Piemonte region, 43 different
lithotypes are reported within this district.

Such diversity is strictly related to its peculiar geological setting. Indeed, it
shows one of the most complete and complex structural section of the Alpine
chain. The most significant ornamental stones belonging to this area are:
Serizzo and Beola orthogneiss, granite, marble, ultramafite and carbonate
rocks (Cavallo et al., 2004b).

3.2.1.1 The Serizzo
Serizzo is the most important and widely exploited ornamental stone from the

VCO and it shows four varieties: Serizzo Antigorio, Serizzo Formazza, Serizzo

Sempione and finally Serizzo Monte Rosa (Figure 3.3).
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Figure 3.3: Macroscopic pictures of the four varieties of Serizzo. a. Serizzo Antigorio b. Serizzo
Formazza c. Serizzo Sempione d. Serizzo Monte Rosa
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They are all augen or micro-augen orthogneiss, from dark to light gray in
color, characterized by a foliated texture. They belong to the Antigorio Unit
with the only exception of Serizzo Monte Rosa which belongs to the Monte Rosa
Unit.

Concerning the uses, they are all employed for local and rural architecture.
Furthermore, all over the Piemonte and Lombardia regions they are also used
as coating of buildings, pavements and street furniture.

Serizzo Antigorio is the most abundant and used Serizzo variety. It consists of
a micro-augen gneiss with medium to fine grain texture, dark gray color,
showing porphyroclasts of pale K-feldspar and abundant dark levels of biotite
which defines the foliation.

Among its principal uses, it is widely employed in Torino, the capital city of
Piemonte. It occurs in the columns of the arcades of Via Roma in the blocks
between Piazza S.Carlo and Piazza Carlo Felice (Figure 3.4), in the basement
of the Po and Dora Riparia statues as well as in the basements of the external

apses of S.Carlo and S.Cristina churches in Piazza C.L.N.

Figure 3.4: Columns of the arcades of Via Roma in the blocks between Piazza S. Carlo and
Piazza Carlo Felice in Torino made up of Serizzo Antigorio (Italy).
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3.2.1.2 The Beola

The second important class of ornamental stones is the Beola (also known as
Bevola) (Figure 3.5). It is a gneissic dimension stone extensively quarried in the
lower-medium part of the Ossola Valley, between the villages of Vogogna and
Montecrestese-Crevoladossola. Like Serizzo, different varieties belong to this
class: Beola Bianca, Beola Ghiandonata, Beola Favalle, Beola Grigia, Beola Monte

Rosa, Verde Vogogna and Quarzite Bianca.
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Figure 3.5: Macroscopic pictures of the most representative varieties of Beola. a. Beola Bianca b.
Beola Ghiandonata c. Beola Favalle d. Beola Grigia e. Verde Vogogna f. Quarzite Bianca.

Except for Verde Vogogna that is a schist, all the other varieties consist of augen
granitic orthogneiss characterized by a milonitic foliation ranging from light
gray to silver in color.

Interestingly, the same commercial variety belongs to different geological
units. In fact, according to their geological and structural setting, these rocks
are exploited in four main geological units: Beola Bianca, Beola Ghiandonata,
Quarzite Bianca and Verde Vogogna belong to the Fobello-Rimella Schists of the
Canavese Zone, Beola Bianca and Beola Ghiandonata refers to the Monte Rosa
Unit, Beola Grigia refers to the Orselina-Moncucco-Isorno Unit and, finally,
Beola Favalle and Beola Grigia refers to the Monte Leone Unit.

Since the Roman Age, Beola slabs were used as roof covering, but
transportation problems limited their use to the only areas near the quarries.
At the end of the 17th century, the Beola was massively utilized for building
houses in the Ossola Valley (Dematteis, 1985; Cavallo et al., 2004a).

The principal varieties are reported following: Beola Bianca was used for the
facade of the building of RAI (Radiotelevisione italiana) in Torino and for the
internal pavement of the Sacro Cuore di Gesu Church in Vogogna. Beola
Ghiandonata was adopted for the facade of the building of RAI, too. Beola
Grigin was used for the facade of the Santa Maria Assunta Church in
Montecretese. Beola was also employed for local architecture of the Ossola
Valley and, widely, for coating of buildings, pavements and street furniture
in Torino.

3.2.1.3 The acid plutonic rocks
Third for commercial importance in the VCO province, after Serizzo and Beola,

granites occur. If the past the quarries were located close to Alzo, nowadays

active quarries are sited in the Baveno-Gravellona-Mergozzo area. They
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belong to the Permian magmatic complex of “Serie dei Laghi” in the

Southalpine basement.

Figure 3.6: Macroscopic pictures of the most representative varieties of Acid Plutonic rocks. a.
Alzo Granite b. Baveno Granite c¢. Montorfano Granite d. Verde Mergozzo.

Alzo Granite (Figure 3.6a), cropping out in Alzo (NO), is a light gray phaneritic
granite with granular texture and medium-fine grained texture. The main
mineral phases are quartz, white K-feldspar, plagioclase and black biotite. Its
quarry, now inactive, was operative from Roman Age up to the 19th century
and the exploited granite used as building and ornamental stone. Among the
others, it has been used in Torino as paving of San Vincenzo block of Via
Roma, the 19th century fagade of Palazzo Carignano (Piazza Carlo Alberto)
and balustrade of Umberto I bridge (Figure 3.7).
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Figure 3.7: Umberto I bridge in Torino.

Quarona Granite crops out in Quarona (NO); its petrography is the same of
Alzo Granite, and it is still exploited. As ornamental stone it is used for the
columns of S. Giacomo Church in Quarona and, during the 20th century, it
was widely employed for local architecture.

Baveno Granite (Figure 3.6b) crops out in Baveno (Seula and Locatelli quarries)
and it consists of a pink phaneritic granite with medium-fine grained texture.
The main mineral phases are quartz, pink K-feldspar (the color is due to
hematite micro-dispersions), white plagioclase and black biotite. Because of
its color, hardness, texture and durability it was widely used from the 16th to
the 20th century and, in Torino, it shows several employments. The most
significant ones are: the columns, plinths, capitals, architraves and skirting in
Via Roma blocks between Piazza S. Carlo and Piazza Castello, the columns
and the plinth of Mole Antonelliana (Figure 3.8), the 19th century facade of
Palazzo Carignano in Piazza Carlo Alberto (Figure 3.9), the 19% century

columns of the gate of Castello del Valentino, the fagade and the columns of
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S. Carlo Church in Piazza S. Carlo (Figure 3.10), the columns of S. Massimo
Church.

Figure 3.9: a. 19th century fagade of Palazzo Carignano in Piazza Carlo Alberto in Torino b.
Detail of columns made up of Baveno Granite.
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Figure 3.10: Baveno Granite used in the fagade (a.) and the columns (b.) of S. Carlo Church in
Piazza S. Carlo in Torino.

Montorfano Granite crops out in Montorfano (Mergozzo municipality) (Figure
3.11) and it is made up of a medium to fine grain phaneritic monzogranite,
light gray in color (Figure 3.6c). The main minerals are quartz, white feldspars
and black biotite. As for the Baveno Granite, it was extensively used in
architecture and, in Torino, shows several employments: the columns, plinths,
capitals, plates and angle pilasters of S. Vincenzo block in Via Roma arcades,
the 19th century facade of Palazzo Carignano in Piazza Carlo Alberto, the
cornices and archways of upper side fagade of Porta Nuova Railway Station,
the columns of Via Pietro Micca, Via Viotti and Via Sacchi arcades.
Importantly, it has been employed also in Roma (Lazio region) for the facade

of the San Paolo Fuori le Mura Church.

Figure 3.11: Montorfano Granite quarry.
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Mergozzo Granite (Figure 3.6d) crops out along the northwestern area of
Montorfano, near the Toce river, in the Mergozzo municipality. It is a
phaneritic granite with medium-fine grain, green in color. It is strongly
altered by hydrothermal metasomatism, which led to the partial dissolution
of quartz, alteration of K-feldspar into albite and biotite into chlorite. The age
of several buildings in Milano (Lombardia region) (e.g. Palazzo Mellerio)
attest that the exploitation was surely active since the 18th century and was
abandoned at the end of the 20th century. It was mostly used for the slabs for
tacades and paving (Cavallo et al., 2004b; Dino, 2004).

3.2.1.4 The basic and ultrabasic plutonic rocks
Pietra Laugera is a clorite-schist with medium-fine grain, it shows a foliation

defined by abundance of chlorite. It crops out in Loana and Vigezzo Valleys
and belongs to the Complesso degli Gneiss Minuti of the Sesia Lanzo Zone.
Pietra di Laugera, also known as Pietra Ollare, was extracted in Bognanco Valley
in the Cisore quarry which is the most famous district, active at least since the
17t century. It belongs to Moncucco-Orselina-Isorno Unit and it is a
serpentine-schist and a chlorite-schist with medium-fine grain. The foliation
is defined by abundant chlorite, talc and serpentine. It was used since the
Bronze Age and it shows many applications: the typical “laveggi” (cooking
pots), stoves and fireplaces (still in use, due to the excellent temperature
resistance), millstones for cereals. It was also employed in many churches and
buildings in the Ossola Valley. In Domodossola, for example, many details of
the columns, the capitals and the bas-reliefs of the Sacro Monte del Calvario
chapels (now UNESCO heritage) and the Collegiale Church are made up of
this stone.

Because of its easy workability, in the past the Pietra Laugera was manually

extracted and processed, as attested by many outcrops and erratic boulders
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that show the typical cavities of the cookstone known as “laveggi”. The use of
hydraulic lathes was introduced only at the beginning of the 19th century, to
produce pipes and pots of any kind of shape (Cavallo et al., 2004b).

Verde Oira crops out in Nonio and it belongs to the Strona-Ceneri Zone of the
Serie dei laghi Unit. It is a dark green serpentinised peridotite with medium-
fine grain and characterized by irregular clear veining. Its principal minerals
are olivine and pyroxene with accessory magnetite. The serpentinization may
be very extensive, obliterating the original texture.

This lithotype was used between the 15th and the 20th century and it shows
some important employments in Milano: the architrave of the portal of S.
Maria delle Grazie Church, the capitals of courtyard of Canonici next to S.
Ambrogio Church, the panels of the S. Raffaele Church facade. This rock
replaced Saltrio Stone in the Certosa di Pavia facade during the restorations
of the beginning of the 20th century. Finally, it was widely adopted in
architecture and cemetery decoration up to the first decade of the 20th century
(Dino and Cavallo, 2014).

Anzola Black Granite is a phaneritic gabbro-norite with granoblastic texture
and medium-fine grain. Its principal minerals are grey calcium-rich
plagioclase and femic black minerals. Optical microscopy reveals that the

ortho- and clinopyroxene are partially replaced by hornblende (Figure 3.12).

E Y

Figure 3.12: Anzola Black Granite macroscopic photograph.
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This rock belongs to the Mafic Complex of Ivrea Zone and was exploited near
Anzola (middle Ossola Valley) (Figure 3.13), close to the Toce river, during
the 20th century and it was used as paving of the S. Maria Maddalena block
in Via Roma, the plinth and staircase of Santissima Annunziata Church in Via
Po in Torino and for the funerary art all over the region (e.g. Museo Cadorna
in Pallanza). Nowadays, the Anzola quarry produces only crushed stones

(Cavallo et al., 2004b).

o=

Figure 3.13: a. and b. Anzola Black Granite quarry (middle Ossola Valley, Italy)

3.2.1.5 The Marble
The marbles of VCO are very important ornamental stones; they have been

extensively quarried since the Renaissance and used for buildings and
monuments in Lombardia and in Piemonte regions, Ornavasso Marble,
Candoglia Marble, Valle Strona Marble, belong to the Kinzigitic Unit of the Ivrea
Zone, Crevoladossola Marble belongs to the Mesozoic cover of the Antigorio
Unit and, finally, Massucco Marble belongs to the Sesia-Lanzo Zone.

Candoglia Marble is one of the most important marble of the VCO district from

the point of view of Cultural Heritage (Figure 3.14). It is a calcitic marble (80—
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85% of CaCO:s) that shows a characteristic pink to gray color and a coarse-
grained texture (>3 mm). Frequent centimeter-thick, dark-greenish silicate
layers (mainly represented by diopside and tremolite) characterize the texture

of this marble.

Figure 3.14: a. Block of Candoglia Marble. b. Macroscopic aspect of Candoglia Marble.

Romans used this rock for altars and columns (e.g. the two columns in the
Chiostro Arcivescovile of Novara). In 1387, the Duke Gian Galeazzo Visconti
obtained the authorization to the exclusive exploitation of the Candoglia
Marble. From that time onward, Candoglia Marble have been quarried by the
“Veneranda Fabbrica del Duomo of Milano” and the exploited material,
nearly 1.000 tonn/year, uniquely employed for the maintenance and
restoration of the Cathedral (Dino et al.2019) (Figure 3.15). Despite this, other
uses must be mentioned: the Certosa di Pavia facade, the Colleoni Chapel in

Bergamo, the S. Petronio Cathedral in Bologna (Cavallo et al., 2004b).

45



Petrographic geodatabase of Piemonte ornamental rocks

Figure 3.15: Facade of Cathedral of Milan. The Candoglin Marble have been quarried by the
“Veneranda Fabbrica del Duomo of Milano” and the exploited material is uniquely employed
for the maintenance and restoration of the Cathedral.

The Madre and Cornovo quarries (Figure 3.16), located close to Candoglia

municipality, are the two historical quarries of this marble.

Figure 3.16: Cornovo quarry of Candoglia Marble.
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Ornavasso Marble pertains to the same marble lenses of Candoglia Marble and
is locally known as the Candoglia “bastard brother” (Dino et al., 2019).
Similarly, to its “brother”, it is less valuable than the Candoglia, due to the
coarse-grained texture. It occurs in the Rosa Valtoce variety, which is pinkish
in color with more abundant dark veins, and in the Grigio Boden variety, dark
in color.

The first traces of the marble exploitation in the Ornavasso territory date back
to the Roman period and the quarrying of this material crosses the history.
Nowadays the activity has ceased but the “Antica Cava Moschini” quarry is
visitable (Figure 3.17). In Torino, it was used for the external coating of the
apses of S. Cristina and S. Carlo churches in Piazza C.L.N. (Figure 3.18), and
in Pallanza for the portal of Madonna di Campagna Church (Cavallo et al.,
2004b).
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Figure 3.17: a. External view of “Antica Cava Moschini” quarry of Ornavasso Marble; b. Visit of
the quarry; c., d., e., and £. Interior of the quarry where the marble shows the characteristic pink
to gray color and a coarse-grained texture. Frequent centimeter-thick, dark-greenish silicate
layers are also observable.
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Figure 3.18: External coating of the apses of S. Cristina and S. Carlo churches in Piazza C.L.N.
(Torino) made up of Ornavasso Marble.

Valle Strona Marble is a calcitic marble with isotropic medium to coarse grained
texture. Avory to light gray in color, this marble shows three varieties: Bianco
Avorio di Vallestrona, Grigio di Vallestrona and Bianco Rosato. It was largely
exploited since 1881 until 1973 from the Massiola and Sambughetto quarries.
This marble was used for the upper coatings of the buildings of Piazza C.L.N.
and Via Roma between Piazza C.L.N. and Piazza Carlo Felice and for the
coating of the Banca Popolare di Torino in Torino. It was also used in Pallanza
for the statues of "Fante" in the Mausoleo di Cadorna. Finally, it occurs in
several buildings in Italy such as Palazzo delle Assicurazioni in Venezia,
Palazzo di Giustizia in Milano, Ministero delle Corporazioni in Roma, Nuovo
Palazzo delle Poste in Napoli but it was also exported in USA (New York)
(Cavallo et al., 2004b).

The last valuable marble of VCO is the Crevoladossola Marble, that is a silicate-
bearing dolomite marble, in contrast to the Ornavasso and Candoglia calc-rich
marbles, with fine grain and white to yellow color due to the abundance of

phlogopite, also responsable of the anisotropic texture. It belongs to the
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Teggiolo Unit (Lepontine Units) of the Penninic Domain. The location of the
quarry (Lorgino di Crevoladossola) is the same of the historic Pavia quarry of
the «Fabbriceria del Duomo di Pavia», active at the beginning of the 16th
century. Nowadays, there is only one active quarry which produces the
commercialized varieties: Palissandro Bluette, Palissandro Blu Nuvolato,

Palissandro Classico and Palissandro Oniciato (Figure 3.19).

Figure 3.19: Macroscopic pictures of the four commercialized varieties of Palissandro. a.
Palissandro Bluette b. Palissandro Blu Nuwvolato c. Palissandro Classico d. Palissandro Oniciato.

Since the 13th and 14th centuries this marble was used for the local
architecture of Domodossola, Baceno and Montecrestese. It shows some

important employments in Lombardia such as the eight monolithic marble
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columns (10 m in height) of the Arco della Pace of Milano and the Duomo of
Pavia (Cavallo et al., 2004b).

Finally, Marmo di Massucco is a calcite white marble with anisotropic texture
and accessory white mica. It was used for the local architecture of Sesia Valley
(e.g. Church of Rassa; Fiora, 2009).

3.2.1.6 The sedimentary rocks
The sedimentary rocks of the VCO district have minor importance compared

to the previously described Serizzo, Beola and Granites. They are Dolomia di
Arona, Monte Fenera Sandstone and Gozzano Limestone and belong to the
sedimentary successions of the Southalpine domain.

Dolomia di Arona is a pinkish, yellowish to whitish very fine-grained dolostone
characterized by high and homogeneous porosity.

This lithotype was quarried on the western shore of the Maggiore Lake near
Arona municipality and it was used for the local architecture.

A similar dimension stone was quarried near Angera municipality on the
eastern shore of the Maggiore Lake (VA) (Pietra di Angera) since Roman times
and mainly used in Lombardia region up to the middle of the 20th century. In
the 17th century the exploitation was abandoned, because it damaged the
stability of the Rocca dei Borromeo in Angera (Cavallo et al. 2004b).

Monte Fenera Sandstone is a medium to fine-grained lithic greywacke, grey in
color, with clasts made up of dolostone fragments, quartz and rare glauconite.
It was quarried during the first half of the 19th century at Cava Bianchi (Monte
Fenera) and it belongs to the Early Jurassic Arenarie di San Quirico Formation.
This sandstone was used for civil and religious buildings of many villages in
the Sesia Valley and in Torino for the Isabella Bridge rose windows (now

replaced) (Fantoni et al., 2005).
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Gozzano Limestone is a calcareous breccia made up of pinkish micritic clasts
and fractures filled up by calcite spar. It belongs to the Arenarie di San
Quirico, Early Jurassic in age (Montanari, 1969). It was used for local
architecture and for the balustrade of the church of Gozzano (Montanari,

1969).
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3.2.2 Canavese - Biellese district

The Canavese-Biellese district (Figure 3.20) is located in the NW Piemonte
between the lower Sesia Valley and Orco Valley. The most relevant
ornamental stone varieties belong to different geological units and are

represented by magmatic and metamorphic lithotypes.
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Figure 3.20: Canavese-Biellese district, detail of Geo-lithological map of ornamental stones of
Piemonte region.

3.22.1 The magmatic rocks
The magmatic rocks mainly belong to the Biella and Traversella plutons. They

pertain to the Alpine synorogenic magmatic bodies of Oligocene age intruded
in the eclogitic micaschists complex of the Sesia-Lanzo Zone. From an
extractive point of view, the following commercial varieties can be
distinguished: Balma Syenite, Pantheon Red Granite, Traversella Diorite, Vico
Diorite and Brosso Diorite. Rongio Stone and Ponte Guelpa Stone belong to
magmatic rocks geologically attributed to the Permian magmatic Complex of

the Alpine Internal Belt.
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Figure 3.21: Macroscopic pictures of the most representative variaties of magmatic rocks of
Canavese-Biellese district; a. Balma Syenite; b. Pantheon Red Granite; c. Vico Diorite; d. Rongio
Stone; e. Ponte Guelpa Stone.

Balma Syenite (Figure 3.21a) is the most exploited stone of Canavese-Biellese
district. The quarrying activity, at present, involves two quarries in the Cervo
Valley: the Vej della Balma quarry (reactivated in 2003) and the Colombari
quarry, both of which located in the San Paolo Cervo Municipality in the Biella

Province.
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This quartz-syenite has a typical grey-violet color and shows a weak
anisotropy defined by the magmatic flow texture. Its mineralogical
composition consists of K-feldspar (orthoclase), plagioclase (andesine), Mg-
hornblende, biotite, diopside relict and rare quartz. Sphene is the distinctive
accessory mineral; the others are apatite, zircon and opaques. K-feldspar
typically occurs as crystals with Carlsbad twinning and perthitic exsolutions;
its color mainly influences the color of the rock (Sandrone et al., 2004).

The Balma Syenite is widely used in Torino; among its employments it must
be mentioned the Monument to Emanuele Filiberto Duca d’Aosta located in
Piazza Castello in front of the Teatro Regio (Figure 3.22), the columns and
paving of the San Damiano block in Via Roma, the columns of Porta Nuova
Railway Station, the columns of Via Cernaia arcades, the paving of Vittorio
Emanuele I and Umberto I bridges, the paving of the ancient roads for
carriages of Piazza San Carlo, the steps and the architectural elements of
Chiesa di San Massimo facade, the paving in front of Cathedral. It has also
been adopted for architectural elements (e.g. the columns of the fagade of the

Basilica Nuova) of the Oropa Sanctuary (BI).

Figure 3.22: Monument to Emanuele Filiberto Duca d”Aosta located in Piazza Castello
(Torino) made up of Balma Syenite.
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The Pantheon Red Granite (Figure 3.21b) (Belmonte Granite or Valperga
Granite) was extracted in the hamlet of Case Piandane, in the municipality of
Pertusio, a few kilometres far from Valperga and the Belmonte Sanctuary
(TO). Its exploitation was probably dated back to the mid of 20th century and
it was completely abandoned around the '70s, possibly because of the
unfavorable position of the site. This granite belongs to the Canavese Zone
and is characterized by a medium grained texture and red color due to the
presence of red orthoclase. The other main minerals phases are plagioclase,
quartz and biotite partially replaced by chlorite.

In Torino it was used for the pavement of the hall of the National Social
Welfare Institution building in Piazza C.L.N.

Traversella Diorite, Vico Diorite (Figure 3.21c) and Brosso Diorite crop out on the
left side of Chiusella Valley (near Ivrea) at Laj quarry (Traversella, TO),
Piancampiglia quarry (Vico Canavese, TO) and Brosso (TO) municipality,
respectively. They belong to the Brosso-Traversella Pluton and consist of
phaneritic magmatic intrusive rocks, with fine grained texture, made up of
plagioclase, amphibole, biotite, rare quartz and K-feldspar. Compositionally
they vary from quartz-diorite to quartz-monzonite. Traversella variety is light
gray in color, Vico variety is dark gray in color with a very fine-grained texture
and the Brosso one is gray in color with a coarser texture (Sandrone et al.,
2004).

This kind of rocks are still exploited and, among the main uses in Torino, they
were adopted for the paving of ancient roads for carriages of Piazza San Carlo,
the columns of the S. Emanuele block in Via Roma (Figure 3.23) and the

Vittorio Emanuele I and Umberto I bridges.
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Figure 3.23: Columns of the S. Emanuele block in Via Roma (Torino) made up of Vico Diorite.
Rongio Stone (Figure 3.21d), exploited at Rongio Superiore (BI), is a quartz-
diorite porphyry, a filonian rock with oligoporphyric structure and
microcrystalline matrix. Its phenocrystals are idiomorphic plagioclase and
lamellar brown biotite, often iso-oriented. It shows a medium- to fine-grained
holocrystalline matrix composed by plagioclase, brown biotite, quartz and
rare interstitial K-feldspar. In the 19th century, this stone was systematically
exploited and widely used in the Vercelli and Biella areas, especially in the
manufacture of plinths, slabs and shelves for balconies, sidewalk paving and
other architectural elements. The quarry was gradually abandoned since
1880-1890.

Among its local uses it must be mentioned the church of S. Teonesto of Rongio
Superiore, the arcades of the church of the Nativity of Brusnengo and the
blocks priory masonry of San Pietro at Castelletto Cervo (BI) (Figure 3.24)
(Piana et al., 2018).
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Figure 3.24: External (a.) and interior arcades (b.) of priory masonry of San Pietro at Castelletto
Cervo (BI).

Ponte Guelpa Stone (Figure 3.21e) crops out at Ponte Guelpa (BI) and it is a
quartz-monzodiorite porphyry, a sub-volcanic rock with porphyritic
structure. It presents phenocrystals of zoned plagioclase, biotite (replaced by
chlorite), hornblende and quartz. It shows a holocrystalline matrix composed
by quartz, K-feldspar, biotite and apatite. It was used for rural and local uses.

3.2.2.2 The gneiss
Verde Argento, Verde Selene (Figure 3.25a) and Verde Oropa (Figure 3.25b)

belong to the Eclogitic Micaschists Complex of the Sesia-Lanzo Zone.

Figure 3.25: Macroscopic picture of Verde Selene (a.) and Verde Oropa (b.).

Verde Argento and Verde Selene (Figure 3.25a) are both giadeite orthogneiss,

metagranitoid that recorded eclogitic facies conditions with isotropic texture.
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Both are characterized by light-green color due to the occurrence of abundant
giadeite replacing plagioclase and white mica pseudomorphs on biotite.
Quartz and rare K-feldspar complete the paragenesis. Verde Argento is
exclusively quarried in the Settimo Vittone Municipality (TO) with a
production of about 1.500 m?®y of «workable stone» whereas Verde Selene is
quarried in two quarries in the Tavagnasco Municipality (TO) with an overall
production of about 20.000 m3/y (Sandrone et al., 2004).

They are both used as coating of few buildings in the Torino city center and
for the Court building of Ivrea. Buildings, churches, cemeteries, sidewalks
and supports of vineyards in the Municipalities of Borgofranco, Tavagnasco
and Settimo Vittone, the structure of the underpasses of the Chivasso-Aosta
railway, the stretch between Ivrea and Pont-Saint-Martin are all made up of
these rocks. Applications are attested also in Aosta, Zermatt, Verbier, Crans-
Montana (CH), Innsbruck (AT), Chamonix (FR).

Verde Oropa (Figure 3.25b) is a heterogeneous orthogneiss in which leucocratic
domains alternate with melanocratic ones: the latter are green in colour and
partially preserve eclogitic paragenesis. Its mineralogy is given by quartz,
phengite, omphacite, garnet and epidote while sphene, apatite and zircon are
present in accessory quantities. It was quarried right above the Oropa
sanctuary in the province of Biella. As a consequence, it was used for many
architectural elements of the Oropa Sanctuary such as the columns of the
principal courtyard (see Paragraph 3.3.6).

Finally, Verde Jaco takes its name from the name of Giacomo Tibaldo, the
biellese founder of the quarry at Pont Canavese (TO) in the lower Orco Valley.
The peculiar name is due to the Biella surroundings dialectal contraction
“Jaco” of the name Giacomo. It belongs to the Sesia-Lanzo Zone and it is a

veined orthogneiss light gray to green in color. Its principal minerals are
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quartz, albite, white mica, chlorite and epidote. It is characterized by
abundant folded meta-aplitic intercalations (Gasco and Gattiglio, 2011). It is
used for contemporary interior and external architectural elements for public
and private buildings.

3.2.2.3 The marble
Pont Canavese Marble crops out at Pont Canavese (TO) and it belongs to the

pre-triassic marble intercalation of the Sesia-Lanzo Zone. It is a dolomitic
marble with isotropic, granoblastic and fine-grained texture, white to gray in
color. It was employed in Torino during 18th and 19th centuries, for example
for the statues of the Basilica di Superga and the statue of "Fama che incatena

il Tempo" at Palazzo dell'Universita (Figure 3.26).

Figure 3.26: Statue of "Fama che incatena il Tempo" at Palazzo dell'Universita in Torino carved
in Pont Canavese Marble.
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3.2.3 Cottian Alps district
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Figure 3.27: Cottian Alps district, detail of Geo-lithological map of ornamental stones of
Piemonte region.

This quarry district is located in the inner part of the Cottian Alps (Figure 3.27)
and its ornamental stones mainly belong to two different units of the Alpine
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Axial Belt: the continental crust of the Dora Maira Unit (Penninic Domain)
and the undifferentiated Liguria — Piemonte Oceanic Units. Due to the
multitude of the lithotypes occurring in the area, the district, since Roman
times, has been a source of ornamental stones over the centuries and still
represents a reservoir of material used for architectural heritage (Borghi et al.,
2016).

The conspicuous mining activity in the Cottian Alps (Susa, Sangone, Chisone,
Chisola, Germanasca, Pellice, Po, Varaita, Maira, and Grana valleys), is
testified by all those buildings and monuments spread all over the Piemonte
region built with “Cottian” rocks. Moreover, in the past, this activity
represented one of the most important economic resource for the alpine
valley’s inhabitants.

For instance, in the Susa Valley, for centuries the quarrying activity was led
with simple and primitive techniques while, in the second half of the 19th
century, important changes occurred. Indeed, thanks to the Industrial
Revolution, the introduction of the explosive for mining purposes, and the
arrival of the railway up to the upper Susa Valley, the transport of stone
materials to Torino was remarkably improved. This first economic boom was
followed by several periods of crisis, mainly related to the two war conflicts,
which strongly damaged the region's economy. Currently the activity of
extraction in these valleys has significantly reduced due to the competition of
the international market and only the quarrying district of the Luserna Stone
is able to resist well on the stone trade.

3.23.1 The Marble
Seven principal marbles can be recognized in the district: Brossasco Marble,

Chianocco Marble, Foresto Marble, Paesana Marble, Prali Marble, Bleu des Alps

Stone (Figure 3.28) and Canosio Stone. They belong to the Dora Maira Unit,
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unless the Bleu des Alps Stone, which occurs in the Liguria—Piemonte Oceanic

Domain.

Figure 3.28: Macroscopic pictures of the most representative marbles of Cottian Alps district.
a. Brossasco Marble b. Chianocco Marble c. Foresto Marble d. Prali Marble.

The marbles of Dora Maira unit show different aspect, grain size, composition
and workability, even though they were all adopted for buildings and
statuary for both local uses and cultural heritage of the region. The Prali,
Brossasco and Paesana Marble belong to the polymetamorphic basement of
DM unit, whereas the Foresto and Chianocco Marble come from its Permian—
Mesozoic metasedimentary succession, only affected by Alpine
metamorphism.

Brossasco Marble (Figure 3.28a), cropping out in Rore (Varaita Valley, CN),
belongs to the Brossasco-Isasca Complex, a thin slice of the Dora Maira Unit,

which suffered ultra-pressure metamorphic conditions during Alpine age
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(Compagnoni et al., 1995). It is a Triassic white coarsely crystalline isotropic
marble consisting of calcite and minor dolomite and formed under high-grade
metamorphic conditions (over 700°C). The marble has a massive, largely
saccharoidal texture. Garnet (reddish brown), omphacite (light green),
amphibole (dark green), white mica, and locally phlogopite (brown)
associated with carbonate are also present. Among its principal uses, the
statues and vases on top of the Juvarra facade of Palazzo Madama (Figure
3.29), the columns and architrave of the S. Filippo Neri Church facade, the
corinthian capitals of the aedicule of the Superga Church in Torino Hill must

be mentioned.

Figure 3.29: Statue in Brossasco Marble on top of the Juvarra facade of Palazzo Madama in
Torino.

Paesana Marble was quarried in Calcinere Inferiore, a hamlet of Paesana (CN).
It is a Paleozoic white marble characterized by isotropic structure,
heteroblastic grain size, and granoblastic texture. The Paesana Marble belongs
to the same unit of the Brossasco Marble and show quite similar petrographic

features. Its quarry furnished a valuable white marble, widely used for aulic
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buildings in Piemonte region during the 17th and the 18th century. Moreover,
it was used for the portal of Casa Cavassa in Saluzzo (Borghi et al., 2005).

Prali Marble (Figure 3.28d) is a Paleozoic fine-grained calcitic marble. It is
characterized by a banded structure, gray to green in color, with levels made
up of femic minerals (amphibole, white mica and other silicates). It has been
quarried in the Germanasca Valley since the 14th century and was also known
as Perrero or Faetto Marble. The Rocca Bianca (a mountain 2,383 m a.s.l.
located on the border between the municipalities of Prali and Perrero), from
1584 until 1968, was the most important quarry in terms of quantity of
exploited material. Since 1981, the marble has been occasionally extracted in
the Maiera quarry (western slope of the Rocca Bianca) with production rate of
several hundred cubic meters per year (Borghi et al., 2016). This material
shows some important uses: the pillars of the railing of Palazzo Reale (Figure
3.30), the statues of the Gran Madre di Dio Church, and the external sculptures

of the Basilica Mauriziana.
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Figure 3.30: a. Pillars of the railing of Palazzo Reale in Torino made up of Prali Marble. b.
Detail of banded structure of the marble.

Chianocco Marble (Figure 3.28b) crops out in Chianocco (Susa Valley, TO) and
it is a Triassic dolomite brecciated marble, white to yellow in color,
characterized by vuggy texture and weak foliation. In the past, the vacuolar
structure was improperly attributed to the degradation in urban context (e.g.
acid rains, pollution). Conversely, it has been demonstrated that it is a
primary feature of the rock itself (Gambino et al., 2019).

It was used in Torino during the baroque era by the Savoy architect Filippo
Juvarra (1678-1736) for historical buildings, such as the fagade of Palazzo
Madama, the plinths of the facade of the Cathedral, and the columns (now
plastered) of the portico of Piazza San Carlo. It was also adopted for the Arch
of Augustus (9-8 BC) in Susa (TO). The choice of this material was probably
taken for two main reasons: the first was economic as the Chianocco Marble
quarries were located closely to Susa; the second was political and related to
the promotion of local materials by the Romans and the ruling family of the
Cottian Alps (Agostoni et al., 2017).

Foresto Marble (Figure 3.28c) crops out in Foresto (Susa Valley, TO), close to
Chianocco municipality. It shows a fine grain size, a planar fabric, and is
white to ice-grey in color. It consists mostly of dolomite, although calcite
crystals occur. White phengitic mica and chlorite define the anisotropy of the

rock (Fiora and Audagnotti, 2001).
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Figure 3.31: Ancient quarry of Foresto Marble.

Aslocal uses, it was employed for the Arch of Augustus (Agostoni et al., 2017)
(Figure 3.32), for the same reasons of Chianocco Marble, and for the portal of S.

Francesco Church in Susa.

4

Figure 3.32: Arch of Augustus in Susa made up of Foresto and Chianocco Marbles.
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In Torino it was used for some important buildings: the Cathedral fagade
(Figure 3.33), the pillars and plinths of the Sindone Chapel, the bases of the
columns of the S. Carlo and S. Cristina churches, the interior of the S. Lorenzo

Church.

Figure 3.33: Cathedral facade of Torino made up of Foresto Marble.

In the last decades, the similar chemical composition and the proximity
between the Foresto and Chianocco quarries led to mistakenly merge these
marbles in a unique lithotype. Recently, (Gambino et al., 2019) on the base of
a detailed petrographic study, demonstrated that they are two distinct types
of marble.

Bleu des Alpes Stone crops out in Saretto and Monterosso Grana (CN). It is a
banded calcite marble, gray in color, with anisotropic structure, fine grained
and granoblastic texture. It was adopted for public and private contemporary
buildings and rural architecture of Piemonte region.

Finally, Canosio Stone crops out in Canosio (CN) and itis a calcitic marble, gray

in color, with anisotropic structure. It was employed for local uses.
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3.2.3.2 The Gneiss
From the past to the present day in the Cottian Alps district, the orthogneisses

belonging to the Dora Maira Unit represent an important source of
ornamental stones which can be gathered in seven varieties: Luserna Stone,
Borgone and Vaie Gneiss, San Basilio Stone, Cumiana Stone, Malanaggio and Perosa

Stone (Figure 3.34).

Figure 3.34: Macroscopic pictures of the most representative gneiss of Cottian Alps district. a.
Luserna Stone; b. Cumiana Stone; c. San Basilio Stone; d. Malanaggio Stone.

Luserna Stone (Figure 3.34a) is one of the most representative and employed
silicate stone in historical and current applications. It crops out over a large
area (approximately 50 km?) along the border between Torino and Cuneo
provinces. The Luserna Stone quarries are located in the Bagnolo Piemonte,
Rora and Luserna S. Giovanni municipalities. Nowadays, the Luserna Stone is

the most important dimension stone quarried from the Dora-Maira Unit.
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It shows a fissile texture and is easy to split along schistosity planes defined
by the iso-orientation of phyllosilicates. The phyllosilicates are mainly
represented by white mica crystallized under high pressure conditions and,
in smaller quantities, biotite and chlorite. Magmatic porphyroclasts,
represented by K-feldspar, in addition to quartz and albite, partially
recrystallized during the Alpine metamorphic event, imparts a micro-augen
texture to the rock (Sandrone et al. 2000). It is widely used for any kind of
private and public buildings and architectural elements in the whole
Piemonte region. Among the principal uses in Torino, it must be mentioned:
the slabs covering the dome of the Mole Antonelliana (Figure 3.35), the paving
of Piazza Castello and other squares of the city, the coverings of the old “Le
Nuove” prison, the fagade of the Historic Car Museum, the sidewalk of the

Vittorio Emanuele I and Umberto I bridges.

Figure 3.35: Detail of the slabs covering the dome of the Mole Antonelliana made up of
Luserna Stone.
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In the past, the lower Susa Valley was characterized by the presence of
numerous quarries designated to the exploitation of gneisses, namely the
Borgone and Vaie Gneiss, and San Basilio Stone. Borgone and Vaie Gneiss were
probably employed in the Bronze Age and certainly used during the Roman
time. Currently, only the San Basilio Stone quarry is still active (Borghi et al.,
2016).

Borgone Gneiss crops out in Borgone municipality (TO) and it is an orthogneiss
with augen texture characterized by centimeter-large porphyroclasts of K-
feldspar embedded in a recrystallized matrix mainly consisting of quartz and
albite, in addition to white mica and minor biotite. Epidote and rare garnet,
representing the metamorphic products of magmatic plagioclase, are also
present. Allanite, zircon, monazite and apatite occur as accessory minerals. It
shows a weak foliation defined by white mica. In Torino, it was adopted for
the Murazzi coatings and the new Wing of Palazzo Reale (columns, pilasters,
cornices, capitals, rusticated basement).

Vaie Gneiss crops out in Vaie municipality (TO) and it is an orthogneiss with
augen texture characterized by porphyroclasts of K-feldspar, quite similar to
the Borgone gneiss. The main difference between these two stone varieties is
the presence of primary muscovite (partially replaced by phengite) in the Vaie
Stone (Cadoppi, 1990). It was employed in Torino for the columns, the plinths
and the cornices of S. Cristina Church in Piazza San Carlo, the plinth of
Palazzo Madama fagade and the coating of the Basilica Mauriziana fagade.
San Basilio Stone corresponds to the historic Villar Focchiardo Gneiss (Borghi et
al,, 2016) and it is an orthogneiss light gray in color with a weakly defined
foliation (Figure 3.34c). It is characterized by a lineation highlighted by
tourmaline crystals, black in color. Its active quarry is located in Bussoleno

(TO). In Torino it has been adopted for the basement of the pillars of the
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Isabella bridge, the balustrade of staircase of Murazzi, the paved and the
sidewalks. Moreover, in the Susa Valley (Sant’Ambrogio di Torino
municipality), two sarcophagi of Savoy kingdom at the Sacra di San Michele
are made up of this stone. Lastly, it is the material used for the 19th century
artillery emplacements of Exilles fortress (TO).

The other important orthogneisses exploited in the Cottian Alps district in
Chisone Valley are the Cumiana Stone, Malanaggio Stone and Perosa Stone; the
latter is the only actively quarried gneiss at present.

Cumiana Stone (Figure 3.34b) crops out in Cumiana (TO) and it is an
orthogneiss with augen texture characterized by millimeter-large
porphyroclasts of pinkish K-feldspar and abundant white mica, which defines
the foliation. It was adopted in Torino for the batteries coatings and the
armlets of the arches of the Vittorio Emanuele I bridge (Figure 3.36, Figure

3.37), the skirting of Palazzo Carignano, and the coatings of Murazzi.

Figure 3.36: Vittorio Emanuele I bridge and Gran Madre di Dio Church on the right shore of
the Po River.
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Figure 3.37: Detail of batteries coatings and the armlets of the arches of the Vittorio Emanuele
I bridge made up of Cumiana Stone.

Malanaggio Stone (Figure 3.34d) is an amphibole-biotite orthogneiss of quartz-
diorite composition that intruded the Pinerolo Graphitic Complex of the Dora
Maira Unit ca. 288-290 Ma (Bussy and Cadoppi, 1996). It is a medium-fine
grained gneiss, dark gray in color due to abundance of biotite. It shows dark
grey inclusions of mafic differentiates and sporadic white veins. Its quarrying
activities began in the early 19" century with the opening of five quarries.
Among the others, the F.1li Guglielminotti quarry in Malanaggio municipality
was the most important and the most famous; despite this, because of the low
demand of stone materials and the decreased availability of manpower after
World War II, these quarries were closed.

This variety of stone was largely used in Torino for the columns of the facade
of Gran Madre di Dio Church (Figure 3.38), the piers of the Umberto I bridge,

the facade of the Basilica Mauriziana, the front steps of the Palace of Fine Arts
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in the Valentino Park, the columns, the cornice, the crowning, the plates and
the inner gallery of the Law Court Palace and for the lateral skirting of S.
Cristina and S. Carlo churches (Figure 3.39).

Figure 3.38: Columns of the facade of Gran Madre di Dio Church made up of Malanaggio
Stone.

Figure 3.39: Detail of lateral skirting of S. Cristina and S. Carlo churches made up of
Malanaggio Stone (upper part) and Baveno Granite (lower part).
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Moreover, architectural elements of Castello di Racconigi (TO) and Fenestrelle
Fortress (Fenestrelle, Chisone Valley) (see Paragraph 3.3.4) are made up of this
stone.

Perosa Stone is a micro-augen gneiss similarly to the Malanaggio Stone. It is
distinguished mainly by the presence of white mica (which is absent in the
historic Malanaggio variety) which defines the main schistosity. The rock
consists primarily of quartz, plagioclase, chlorite, biotite, hornblende, zoisite
and clinozoisite; garnet, apatite and titanite occur as accessory minerals. The
microstructure is weakly foliated; in places, the original sites of magmatic
amphibole and plagioclase (mainly oligoclase/andesine) can still be

recognized. The quarry is located in Brandoneugna, a village near Perosa

Argentina (Figure 3.40).

Figure 3.40: Perosa Stone quarry.

In Torino it has been adopted for the plinth of the Modern Art Gallery and

the external cladding of the Automobile Museum. It has also been used in
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Sestriere ski station for the Church of S. Edoardo, and in Villar Perosa for the
funeral chapel of the Agnelli family.

3.2.3.3 The Prasinite and the Ophicalcite
Commonly known as “Pietre Verdi”, the Prasinite and the ophicalcites of the

Susa Valley belong to the Oceanic Units of the Western and Ligurian Alps and

played a major role as ornamental rocks.

Figure 3.41: Macroscopic picture of (a.) Prasinite and (b.) Verde Alpi Cesana.
Prasinite is a green metabasite with tabular and fine-grained texture (Figure
3.41a). It is characterized by micro-augen texture due to peciloblastic albite.
Its principal constituents are chlorite, amphibole, epidote, and albite. It crops
out in the M. Pirchiriano, in the lower Susa Valley; on the top of this mount
was erected the historic Sacra di San Michele (10th-13th century), an
important abbey symbol of the Piemonte region, whose apses and flying
buttresses are made up of this stone (see Paragraph 3.3.1).

Prasinite was also used in Torino, for example as architectural and decorative
elements of the atrium and the 17th century fagade of Palazzo Carignano, the
skirting of the Regional Museum of Natural Sciences and the skirting of the
Santissimi Martiri Church.

The meta-ophicalcites are known as “Marmi Verdi” (“Green Marbles”), and
they represent a valuable and unique ornamental material. The Verde Alpi

Cesana (Figure 3.41b) is the most famous, but it must be also mentioned the
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Verde Acceglio, the Verde del Frejus and the Verde Susa. At present, all the
quarries are inactive.

Verde Acceglio crops out near Acceglio (CN) and belongs to the Oceanic Units
of Western and Ligurian Alps (Figure 3.42). It is a meta-ophicalcite with
brecciated texture consisting of fragments of green serpentinite cemented by

a fine system of white veins composed of pure calcite.

Figure 3.42: Verde Acceglio quarry.

Verde Alpi Cesana, even if part of a different geological unit (Chenaillet Unit;
Ligurian — Piemonte domain, Polino, 1984), shows the same petrographic
feature of Verde Acceglio.

The mining activity was localized within the Montgenevre - Chenaillet Massif,
in the upper Susa Valley, at the border with the France, and involved an area

of about ten square kilometers between the Val Gimot, the municipality of
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Cesana Torinese, Monte Cruzeau, and Lago Nero. This material was firstly
discovered at the end of the 19* century by Oreste Catella (a famous quarry
owner) and was historically extracted from four quarries: Menconi, Palestra
di roccia (“climbing wall”) (Figure 3.43), Livernea, and Lazzoni-Catella.

The Menconi quarry and the Liverna quarry were active from 1920 to 1970
and 1900 to 1976, respectively. Verde Alpi Cesana shows, at both sites, a
remarkable heterogeneity in color. In both these sites the rock is characterized
by chlorite, magnetite and calcite veins running almost parallel one the others.
Palestra di roccia quarry had been exploited from the end of the 19* century
up to 1930. Here, on the contrary of Menconi and Liverna quarries, the calcite
veins characterizing the rock mass are almost perpendicular to each other.

Iron and chromium oxides also occur.

Figure 3.43: Palestra di roccia (“climbing wall”) quarry of Verde Alpi Cesana.

Finally, the material exploited in the Lazzoni-Catella quarry from the
beginning of 1900 to 1940, shows also hematite and magnetite minerals (Di
Pierro and Fiora, 1998).
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This peculiar material shows many employments in Torino: the plinth of
Palazzo di Citta, Industria Sudalpina Gallery (internal and the external
plinths, pavement, internal and external rounds, strips in exteriors) (Figure
3.44); the San Federico Gallery (pilasters, windowsill on balconies, jambs,
frames, pavement); the hall of Sala degli Svizzeri at Palazzo Reale; the
Beaumont Gallery; the Politecnico di Torino Faculty chair floor; the pavement
of the foyer of the Teatro Regio; the decorations inside the chapels of the
Cathedral; the internal flooring and other internal decorations of the

Consolata Sanctuary.

Figure 3.44: Detail of pavement of Sudalpina Gallery made up of Verde Alpi Cesana.
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Moreover, it was also widely used in Cesana Torinese in several historical and
ecclesiastical buildings. Finally, it presents another important employment for

the internal architectural elements of the Vicoforte Sanctuary (CN). Finally,

-

Figure 3.45: Facade of Cartier jewellery store in Paris made up of Verde Alpi Cesana.
Verde Alpi Cesana has been adopted also out of Italy: it was very appreciated
in France during the Empire (e.g. the portals and the plinth of the Annecy
Cathedral and the exterior of the Cartier jewelery in Paris (Figure 3.45)).

)), in Belgium it was adopted for all the decoration of the Brussels Courthouse,
in Bangkok for several buildings (Bonetto and Fornaro, 2005).

Alongside the extraction of the Verde Alpi Cesana, in the Livernea and Lazzoni-
Catella quarries, Rosso Cesana was quarried too. This meta-ophicalcite differs
from the Verde Alpi variety for its typical red-purple color due to a hematite
groundmass.

Verde del Frejus crops out at Comba del Frejus, Bardonecchia (TO) and
exploited from 1750 to 1915 and from 1929 to 1952 (Fiora and Gambelli, 2006).
It belongs to the Internal Piemonte Zone in the middle Susa and consists of a

meta-ophicalcite with a strongly brecciated texture made up of clasts of green
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serpentinite cemented by a fine system of beige dolomite veins. Its principal
minerals are abundant serpentine, dolomite, rare talc, chlorite and magnetite.
The only ornamental use attested in literature (Fiora and Gambelli, 2016) are
the windowsills, the benches and the jambs of the Railway station of
Bardonecchia (TO).

Finally, Verde Susa, also known as “Verde Faussignana” or “Verde Fugera”,
crops out in Falcemagna, a hamlet of Bussoleno (TO) in the middle Susa
Valley. It is a meta-ophicalcite with a brecciated texture with fragments of
serpentinite cemented by a fine system of veins composed of pure calcite. Its
quarry is inactive now, but this stone was largely used in the Susa Valley for
the founts and baptisteiries. It also shows some important uses in Torino: the
Sala degli Svizzeri of Palazzo Reale, the Beaumont Gallery, the Mole
Antonelliana pavement. Furthermore, it was adopted for internal
architectural elements in the Vicoforte Sanctuary (CN).

3.2.3.4 The Quartzite
Two quartzite rocks were exploited in this district: Barge Quartzite and Baume

Quartzite.

Barge Quartzite (Figure 3.46) is another important dimension stone quarried in
the Dora-Maira Unit, and it is exploited along the western slope of the Monte
Bracco (in the Barge and Sanfront municipalities, east of Paesana village), in
the lower Po Valley (Borghi et al., 2016). Geologically, it represents Permian—
Triassic quartzarenite deposited during the post-Variscan marine
transgression and subjected to Alpine-age metamorphism (Vialon 1966). It is
a micaceous, fine-grained quartzite that displays a tabular and homogeneous
appearance. It is a micaceous quartzite made up of quartz (>95%), yellow to
gold in color, showing a fine-grained texture and well-defined foliation. Since

prehistoric times it is known as “Bargiolina” and used as a substitute for flint
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and celebrated by Leonardo da Vinci. It has been intensely exploited since the

early 20" century (Borghi et al., 2016).

Figure 3.46: Macroscopic picture of Barge Quartzite.

Among its several uses in Torino, it must be cited the atrium of the S. Filippo
Church, the paving of Via Roma (S. Casimiro and S. Costanza blocks), the roof
coverings of the old “Le Nuove” prisons and some portions of the Via Po
pavement.

Baume Quartzite crops out at Baume, Oulx (Susa Valley, TO) and it is a fine-
grained micaceous quartzite with tabular texture and weak foliation (Figure
3.47). It was used for the steps in front of the presbytery and the roof covering
of the church of Oulx, for the 18" century pavement of the Novalesa Abbey

Church, and the roof covering of Exilles Fortress.
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Figure 3.47: Detail of Baume Quartzite quarry.
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3.2.3.5 The Alabaster
The only sedimentary rock, belonging to the undifferentiated sedimentary

and metasedimentary units preserved along the main tectonic contacts, is the
so-called Busca Onyx quarried at Eremo di Busca (CN), which is a very
valuable stone material (Figure 3.48). It consists of a carbonate alabaster
(speleothem) characterized by a translucent appearance and a regular
alternation of yellow to light brown bands formed by calcite spar separated
by thin sandy-pelite levels. The Busca Onyx was formed in veins systems

within Triassic dolostone.

Figure 3.48: Macroscopic picture of Busca Onyx.

In Torino, it is employed for the S. Filippo Neri Church (altar and interiors),
the Sala degli Svizzeri in Palazzo Reale, the Beaumont Gallery, and the
interior of S. Francesco d'Assisi Church. It was also used in the interiors of the
Basilica di Superga (TO) (see Paragraph 3.3.2), and the Vicoforte Sanctuary
(see Paragraph 3.3.5) (CN) (Marengo et al, 2019).
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3.24 Maritime and Ligurian Alps district
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Figure 3.49: Maritime and Ligurian Alps district, detail of Geo-lithological map of ornamental
stones of Piemonte Region.

This district includes the mountain area of southern Piemonte and, in
particular, the Mondovi hinterland, historically known as “Monregalese”,

84



Petrographic geodatabase of Piemonte ornamental rocks

where a wide variety of marbles and sedimentary carbonate rocks was
quarried (Figure 3.49). The marbles belong to the Internal Briangonnais units
(Pennidic Domain) of the Alpine Axial Belt, whereas the sedimentary
carbonate rocks are part of the External Briangonnais successions of the
Alpine External Belt.

It must be noted that all these rocks are historically commercialized as
“marbles”.

The quarrying activity in the area flourished in the 17% and 18" centuries,
when these materials, with their extraordinary chromatic variety, were used
as structural elements (e.g. columns), for important buildings of the Piemonte
Baroque (e.g. the Sindone Chapel in the Torino Cathedral and the Vicoforte
Sanctuary). After this period of time, exploiting activity was considerably
reduced and nowadays it is limited only to few quarries.

The feature of this district consists especially in the chromatic variety of the
stone materials; in addition to black, grey and white “marbles” also purple,
red, brecciated red, Verzino and yellow ones occur.

For over two centuries, the choice of different marble (and carbonate
sedimentary rock) varieties from the Monregalese district just depended on
the taste of the period and was not based on their geological feature. Marbles
have always represented an exclusive material with an important symbolic
value; and, even in modern times, the choice of marbles were directly linked
to the central power. This is the reason why the colored “marbles” of this
district, between the late 16th to middle 19th centuries, were used almost
exclusively in Torino and in the headquarters of central power. With a few
exceptions, local uses were allowed only when the marbles were no longer

chosen by the kingdom.
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These precious materials have been mainly used as small decorative elements,
such as masonry ashlars, flooring, steps, inlays, balustrades and entablatures,
although there are also examples of monolithic elements (mostly columns).

Because of their unfavorable location (most of the quarries are located in
mountain areas that are difficult to reach) and the limited volume of stone
material that could be quarried, in the last centuries these “marbles”
succumbed in the competition with the larger quarries in Toscana, Veneto and

Lombardia (Badino et al., 2001).
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3.24.1 The grey and black carbonate “marble”
The grey and black stones of this district (Figure 3.50) were mainly used

during the 17th century in relation with the incoming of the famous architect
Guarino Guarini in Torino. Bigio di Frabosa marble, for example, has never
been used before the Guarini intervention in the dome of the Sindone Chapel.
Five principal historical marbles can be be recognized: Bardiglio di Valdieri,
Bigio di Moncervetto Marble, Bigio and Nero di Frabosa, Nero Nuvolato di Miroglio,
Nero Vallone.

In addition, Nero di Ormea and Portoro di Nava, two allochemical carbonate
rocks historically known as “black marbles” (G.A.L. Mongioie, 2005), have to
be cited.

Bardiglio di Valdieri (Figure 3.50a) crops out in San Lorenzo, Valdieri (CN) and
it is a calcite marble with white mica, K-feldspar, and pirite as accessory
minerals. The Bardiglio di Valdieri began to be quarried in the Gesso Valley in
the mid 18% century and in a few years, it replaced Bigio di Frabosa. Indeed, the
resource of Bardiglio was considered the most valuable for the greater
homogeneity of the material and the quarry of Valdieri, owned by the royal
family, was more frequently used for those employment sponsored by the
royal house.

It was employed in Torino for the Sala dei Medaglioni mantelpiece of Palazzo
Reale and the central hall of the Town Hall; it was also adopted for the interior
of the S. Filippo Neri Church, the Consolata Sanctuary, and the Spirito Santo
Church. It is also one of the marbles employed for the interior of the Vicoforte
Sanctuary (CN) (see Paragraph 3.3.5).

Bigio di Moncervetto marble was quarried at I Bassi locality, Moncervetto (CN)
and it is a saccaroid marble gray in color characterized by large and white

calcite veins. It is an heteroblastic marble consisting of calcite. Dolomite, white
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mica, quartz and rutile occur as accessory minerals It was widely used in
Torino for interiors such as the halls of the Polytechnic. Another important

use consists of the internal and external columns of the Crocetta Church.

Figure 3.50: Macroscopic pictures of the most representative grey and black carbonate “marble”
of Maritime and Ligurian district a. Bardiglio di Valdieri; b. Bigio di Frabosa; c. Nero Miroglio
(G.A.L. Mongioie, 2005); d. Nero Vallone (G.A.L. Mongioie, 2005); e. Nero Ormea; f. Portoro di
Nava.

For the Vicoforte Sanctuary (CN) it was adopted for the capitals and the bases
of columns of the interior. Of international significance is the use of this rock
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for the monolithic columns and other decorations in Annecy Cathedral
(Figure 3.51) in France and for the Swiss National Bank in Lausanne (Catella,
1969).

Bigio and Nero Frabosa marble (Figure 3.50b), exploited in Frabosa (CN), is a
calcite marble with fine grained texture, gray to black in color. It shows an
heteroblastic grain size and anisotropic texture. The Frabosa Marble quarries
were considered among the most important of the Southern Piemonte area.
Their exploitation was particularly intense between the 17th and 18th
centuries, especially for the construction the Vicoforte Sanctuary (CN), then
for the entirely covering of the dome of the Sindone Chapel in Torino, and, in
the following century, for stems and pedestals of the large interior columns of

the Basilica of Superga (Torino Hill) (see Paragraph 3.3.2).

Figure 3.51: Monolithic columns and other decorations in Annecy Cathedral (France) made
up of Bigio di Moncervetto marble.
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Other important uses in Torino are the bases of the columns of the Gran
Madre di Dio Church and the pediment and the tympanum of the S. Filippo
Neri Church.

After the discovery of Bardiglio di Valdieri quarries, in the middle of the 18"
century, Bigio di Frabosa was only used in secondary applications, such as
skirting, steps and flooring.

Nero Nuvolato di Miroglio (Figure 3.50c) was exploited in Frabosa Sottana (CN)
and its quarry was open at the beginning of the 20th century. It is a dark gray
marble with several whitish, yellowish and reddish nuances (shaded). The
most significant employments in Torino are the atrium of the Galileo Ferraris
Institute and the internal decoration of Ossario dei Caduti of the Gran Madre
di Dio Church.

Nero Vallone (Figure 3.50d) crops out at Frabosa Soprana (CN) and it is a black
marble with fine grained texture and gray nuances(shaded). It was
occasionally used during the 19* century and all along the 20t century. The
altar of Montaldo Church in Mondovi (CN) is one of the most remarkable
employment of this black marble.

Nero di Ormea (Figure 3.50e) is certainly the most significant sedimentary
carbonate rock historically known as “black marble”. It was exploited at Isola
Perosa, Ormea (CN) and it is a black fine-grained limestone where the color
is due to the presence of organic matter; its texture can be uniform or veined.
It was used for the steps and the portal of Santa Sindone Chapel in Torino and
for the S. Rocco Chapel of the Vicoforte Sanctuary between the 20th and the
21th centuries (Badino et al., 2001).

Portoro di Nava (Figure 3.50f) crops out at Ponte di Nava in Tanaro Valley (CN)
and it is a homogeneous black limestone characterized by a dense network of

dolomite veins with subordinate light-yellow limonite (like Portoro di Porto
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Venere). It was used during the 19th century for small interior decorative
elements of the Vicoforte Sanctuary (CN) (Paragraph 3.3.5). It was also
adopted for the high altar of S. Maria Assunta Church in Mondovi (CN).

3.2.4.2 The white marbles
Bianco and Verzino Frabosa marble (Figure 3.52) are known since Roman times

(IVB.C.). It crops out at Frabosa Soprana (CN), and it is a white calcitic marble.
It is characterized by a very fine grain, heteroblastic structure, sutured grain
edges and anisotropic texture. Accessory minerals include quartz, white mica

and dolomite.

Figure 3.52: Macroscopic picture of Verzino Frabosa marble.
In Torino it was used for the capitals and decorations of S. Carlo Church
facade, for the decorations and statues of S. Cristina Church fagade (Figure
3.53), for the capitals, the