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CERAMIC PRODUCTION AND RAW MATERIALS

IN THE TUSCAN-LIGURIAN REGION:

AN ARCHAEOLOGICAL AND PETROGRAPHIC APPROACH
IN A DIACHRONIC PERSPECTIVE

Abstract: This contribution focuses on the
history of ceramic production of a large geo-
graphic area of NW Italy summarized from an
archaeological point of view but employing a
petrographic approach. In this work we will
briefly summarize the data and acquisitions
mainly relating to the area between western
Liguria and north-western Tuscany, also con-
sidering comparisons with the Central-South
[talian volcanic area (S-Tuscany, Latium and
Campania). The scope of our research is to
reconstruct the productive districts combin-
ing information from Prehistory to the late
Roman, Medieval, and post-medieval ages in
a diachronic perspective. The region under
study is characterized by a marked geodiversity
allowing the definition of specific production
areas based on minero-petrographic (including

1. Introduction

paleontological) data. Our long-term research
combines information collected from different
archaeological sources, from prehistoric ceram-
ics to Roman pottery workshops identified in
the region. This diachronic approach allows the
definition of subregional productive districts
characterized by the mineralogical-petrographic
content of the products, that can be considered
as fingerprints for pottery provenance. Our goal
is to promote a «green archacometry/green ar-
chaeology» approach, recycling and reusing old
samples for reanalysis, rather than resample for
new analyses and to limit new sampling to the
strict necessary.

Keywords: 1) ceramic sourcing; 2) Tosco-
Ligurian region; 3) petrographic approach; 4)
production markers.

This paper presents one of the achievements of a long-term research project based
on the mineralogical-petrographic (including paleontological aspects) analysis of
a large thin section dataset, encompassing prehistoric (from the early Neolithic to
the Iron Age), Roman and post-Roman age ceramics produced and/or imported in
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fig. 1. Petrographic slide storage boxes
in metal drawer conserving the collec-
tion of DISTAV-University of Genoa
(photograph by the Authors).

Liguria and Tuscany. This research benefits from two main pillars: the legacy of the
pioneer studies in the field of archacometrical analyses applied to ceramics of the late
Prof. Tiziano Mannoni and the thin sections Database of Mediterranean ceramics,
that he started to set up in the 1960s at the University of Genoa (Mannoni, 1994;
Capelli & Mannoni, 1999; Capelli et al., 2006; Starnini, 2011; Levi & Muntoni,
2014; Menchelli, 2018; Pesce et al., 2020) and it is constantly implemented by the
research group of the DISTAV (Dipartimento di Scienza della Terra, dell’ Ambiente
e della Vita, Universita di Genova).

It is a long-lasting project, following the principle that can be called “slow science”
(Stengers, 2018) and for which we still consider some of T. Mannoni’s remarks im-
portant. For example, the need for continuous dialogue between Archaeologists and
Archaeometrists, starting from the archaeological-historical question asked by the
“Humanists”, and subsequently in the sampling phase to choose the potsherds to be
analysed and finally in the interpretation of the data (Mannoni, 1987).

Thanks to about 60 years of continuous research, over 13.000 thin sections of
Mediterranean ceramics from Prehistory (early Neolithic) to the 19th century, and
several hundreds of thin sections of clays and sands samples as comparative materials
are currently stored at the Genoa University (DISTAV Department) (fig. 1). Moreover,
XRD and SEM-EDS analyses have been carried out whenever necessary to get insight
into specific problems. Chemical bulk analyses have been performed in some cases in
cooperation with specialized Laboratories (namely the Laboratoire de Céramologie
of Lyon, founded by Maurice Picon).

So far only samples of prehistoric and protohistoric ceramics have been included in
a digitized database (Capelli et al., 2006), which we intend to continue implementing
with samples from post-prehistoric periods. Among them, some thousand samples
are from the Ligurian-Tuscan area.

The project involves several approaches, in a holistic perspective, among which:

* the mineralogical-petrographic and archaeological-typological integrated study
* the comparison and integration with works published by other research groups
* the continuous implementation of the collection with new samples
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fig. 2. Geological maps of Liguria (modified after Giammarino et al., 2002) and Tuscany (mod-
ified after Carmignani et al., 2013) and their location on the geological map of Italy (modified
after Compagnoni et al., 2004).

On these bases, it is now possible to distinguish with good reliability several ce-
ramic production districts especially in the territorial transect encompassing Liguria
and Tuscany.

The characterization of these districts is based on the identification of compositional
markers of the fabrics directly related to the sub-regional geology. The identification
oflocal productions also allows us to better distinguish the regional and extra-regional
imported ceramics, characterized by raw materials incompatible with the local geology.

2. Geographical, geological features and discriminant petrographic
markers of the ceramic productions of the study area

The focus-area of the present synthesis (i.e. Liguria and NW Tuscany) (fig. 2)
is geologically characterized by a high lithological diversity that includes the entire
range of magmatic, sedimentary, and metamorphic rocks (Giammarino et al., 2002;
Conti et al., 2020). The transect comprises the Ligurian Alps and Northern Apennine
orogenic systems, with rocks belonging to the pre-Alpine, Alpine and Apennine geo-
logical history, and the related late- to post-orogenic sedimentary covers. The central
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Liguria

fig. 3. Location of the production districts on the Liguria geological map and ceramic thin section
photomicrographs showing their characteristic minero-petrographic markers: 1) Albenga hinterland
markers: acidic meta-volcanic and meta-sedimentary rocks, in the microphoto meta-rhyolite, fine-
grained quartz-micaschist; 2) Finalese area markers: acidic and basic metavolcanites and spathic
calcite, in the microphoto spathic calcite and meta-quartzarenite; 3) Savona-Albisola markers:
ortho- and paragneisses, amphibolites, serpentinites, calcareous and siliceous microfossils, in the
microphoto: gneiss; 4) central-western Liguria markers: ophiolithes and calcschists/quartz-mi-
caschists, in the microphoto: serpentinite; 5) eastern Liguria markers: ophiolites without Alpine
metamorphism, in the microphoto: gabbro, basalt and “diallage” clinopyroxene (the actual area
of the microphotographs is 1.3x1 mm, crossed polars) (map modified by the Authors after Gi-
ammarino et al., 2002).

Tyrrhenian sector comprising the volcanic area encompassing S-Tuscany, Latium and
Campania will be briefly discussed too, especially regarding the presence of peculiar
volcanic markers that can be used to trace long-distance imported ceramics.

So far, the Ligurian geological areas that can be fingerprinted by the presence of
peculiar rocks and associations of minerals and petrographic markers that have been

identified are listed below (fig. 3):
Albenga hinterland markers (fig. 3, 1):

This microregion is located in western Liguria and encompasses the plain of Alben-
ga, the Centa River basin and the Pennavaire Valley. This area shows a notable geolog-
ical variety, due to presence of several tectonic units piled in the Ligurian Alps and of
late- to post-orogenic and Quaternary sedimentary deposits (Lanteaume, 1968; Lorenz,
1968; Boni et al., 1970; Boni et al., 1971; Dallagiovanna & Seno, 1984; Vanossi et al.,
1984; Marini, 2004; Gaggero et al., 2004; Decarlis et al., 2013). Overall, the units are
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made up of acidic metamorphites, acidic to intermediate volcanites, quartz-arenites,
quartz-conglomerates, polygenic breccias, dolomites, limestones, arenaceous-conglom-
eratic and calcareous-marly turbidites, clayey and calcareous-clayey pelites, basaltic
olistoliths (Lanteaume, 1968; Boni et al., 1970; Boni et al., 1971; Dallagiovanna &
Seno, 1984; Marini & Terranova, 1985; Marini, 1988; Di Giulio, 1992; Gaggero et
al., 2004; Decarlis et al., 2013). The late- to post-orogenic and Quaternary deposits
are represented by very fine to very coarse clastic deposits feed by the Alpine rocks of
this sector: it is to be noted the presence of the Pliocene fossiliferous marine pelites
of the Ortovero Clay (Lorenz, 1968; Boni et al., 1970; Boni et al., 1971; Fanucci et
al., 1980; Boni, 1984; Marini, 2004).

A recent work provided a preliminary definition of the origin markers of this
ceramic production district (Capelli et al., 2023). The fabrics are mainly character-
ized by inclusions related to the Permian metamorphic quartz-conglomerates and
quartz-arenites, meta-rhyolites, fine-grained quartz-micaschists.

Finalese area markers (fig. 3, 2):

This area corresponds to a karstic highland characterised by Mesozoic Brian¢on-
nais dolostones and limestones (and minor siliciclastic sedimentary rocks and acidic
metavolcanites) and Miocenic biocalcarenites/biocalcirudites of the Pietra di Finale
(Boni et al., 1968; Bonci et al., 2019; Dallagiovanna et al., 2011; Decarlis et al., 2013;
Baucon et al., 2020) overlying the Paleozoic crystalline and sedimentary Units.

In this area the main rocks and minerals characterising the local productions derive
from the Permian acidic and basic metavolcanites, and acidic metasediments, along
with spathic calcite from Mesozoic and Miocene limestones (Capelli et al., 2018;
Capelli & Starnini, 2019).

Savona-Albisola area markers (fig. 3, 3):

This area is largely characterized by the occurrence of Paleozoic gneiss, meta-
granitoids, amphibolites and associated metasediments as well as metaophiolites
outcropping in the eastern part (Dallagiovanna & Seno, 1984; Vanossi et al., 1984;
Marini, 2004; Gaggero et al., 2004; Dallagiovanna et al., 2011; Decarlis et al., 2013;
Federico et al., 2014; Capponi et al., 2016; Federico et al., 2022). These crystalline
units are locally covered by Oligocene mainly siliciclastic, fine to very coarse sed-
iments (Molare Formation) and Pliocene pelitic deposits (mainly marls and clays,
Ortovero Formation) (Lorenz, 1968; Boni et al., 1970; Boni et al., 1971; Fanucci
et al., 1980; Boni, 1984; Marini, 2004; Federico et al., 2014; Capponi et al., 2016;
Federico et al., 2022).

The studied fabrics of all ages and typologies, from the Iron Age (Bulgarelli et al.,
2023) to the modern age (Capelli, 2001; Capelli et al., 2013; Capelli & Cabella, 2015)
are strongly distinguished by a complex association of inclusions derived from the
Paleozoic basement (gneisses and amphibolites), minor Jurassic metaophiolites, and
both calcareous (foraminifera) and siliceous (sponge spiculae, diatoms, radiolarians)
microfossils from the Pliocene clays. This association is recognizable not only in the
coarse fabrics, partly or completely made from alluvial sediments, but also in the
Ligurian majolica, made with Pliocene clays (Capelli & Cabella, 2013).
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Central-W Liguria markers (fig. 3, 4):

This microregion, encompassing the basin of Rio Sanda to the west and the Polce-
vera River Valley to the East is distinguished by the presence of Jurassic meta-ophiolites
affected by Alpine HP — and greenschist — facies metamorphism (mainly serpentinites,
metagabbros, metabasites, prasinites, eclogites) and of the related oceanic metasediments
(caleschists, metacherts, marbles, minor dolomitic marbles and fine-grained siliciclastic
and carbonate turbidites) (Federico etal., 2014; Capponi et al., 2016; Federico etal., 2022).

Inclusions derived from metaophiolites and calcschists/quartz-micaschists charac-
terise the fabrics of this area (Mannoni, 1970/71; Capelli, 2006).

Eastern Liguria markers (fig. 3, 5):

This area, located between the Entella River Valley and the border with Tuscany,
is mainly composed of ophiolites (gabbros, basalts, peridotites) without Alpine met-
amorphism and related pelagic sedimentary rocks (cherts, micritic limestones, marly
to clayey pelites) and of siliciclastic and carbonate turbidites (claystones, sandstones,
conglomerates, calcilutites and calcarenites) pertaining to the Internal and External
Ligurian Units (Elter & Marroni, 1991; Marroni et al., 1992; Marroni & Pandolfi,
1996; Catanzariti & Perilli, 2011; Conti et al., 2020). In the easternmost part of this
area, the Tuscan units, which are described in the following lines, also occur.

The fabrics are well distinguished by the presence of the Jurassic ophiolitic inclu-
sions, including “diallage” clinopyroxene and Ca-rich plagioclase, sometimes associated
to sandstone clasts.

In the adjacent NW part of the Tuscany region, the main geo-petrographic markers
are the following (fig. 4):

Luni-Massa microregion markers (fig.4, 1):

Located on the border between Liguria and NW Tuscany, this area that includes
the Magra river basin and the westernmost stretch of the Apuan Alps, is characterized
by the occurrence of a large variety of lithotypes, including pre-Alpine acidic meta-
morphic rocks (Tuscan Metamorphic Unit), Meso-Cenozoic sedimentary rocks of the
Tuscan Nappe Auctt. (cherts, claystones, siltstone, sandstones, marls, conglomerates,
vacuolar to micritic to bioclastic limestones) and the corresponding metamorphic
terms (Tuscan Metamorphic Unit), Ligurian ophiolites (peridotites/serpentinites,
gabbros, basalts), and Pliocene to Recent sandstones and shales (Carmignani &
Kliegfield, 1990; Elter & Marroni, 1991; Marroni et al., 1992; Marroni & Pandolfi,
1996; Carmignani et al., 1978; Carmignani et al., 2013; Catanzariti & Perilli, 2011;
Carmignani et al., 2013; Conti et al., 2020).

The fabrics of the various productions of this area contain polygenic inclusions
derived from ophiolitic, acidic metamorphic, and sedimentary rocks (Capelli et al.,
2022; Genovesi & Capelli, 2016)

Serchio valley markers (fig. 4, 2):

The Serchio is the second largest river in Tuscany; here, several geological units
belonging to different paleogeographic domains crop out: from SW to NE, occur
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Tuscany

fig. 4. Location of the production districts on Tuscany geological map and ceramic thin section
photomicrographs showing their minero-petrographic markers: 1) Luni-Massa makers: ophiolites,
acid metamorphites, sedimentary rocks, in the microphoto: serpentinite, metasiltite; 2) Serchio
Valley markers: acidic metamorphites, ophiolithic basalts, shales, and sandstones, in the micropho-
to: quartz-micaschist, basalt; 3) Mid-lower Arno Valley markers: fine grained fabrics with acidic
metamorphic elements, sandstones, calcareous microfossils (echinoid spines), in the microphoto:
feldspar, sandstone; 4) Livorno-Vada markers: ophiolites, sedimentary rocks, siliciclastic elements,
calcareous microfossils, in the microphoto: serpentinite, basalt, plagioclase, quartzite; 5) volcanic
area extending from southern Tuscany, to Latium and Campania: markers: alkali-potassic volcanic
rocks, in the microphoto sanidine feldspar, clinopyroxene, limestone, quartz (the actual area of
the microphotographs is 1.3x1 mm) (map modified by the Authors after Carmignani etal., 2013).

the Ligurian, Subligurian and Tuscan domains (Nardi et al., 1986; 1987; Carmignani
et al., 2013; Conti et al., 2020); for the lithological aspect refer to the information
reported in the above lines (i.e., Eastern Liguria and Luni-Massa areas). Fluvio-la-
custrine, siliciclastic, fine- to coarse-grained deposits (“Villafranchian” continental
deposits Auctt.) crop out too in tectonic depressions: they are part of the Barga and
Castelnuovo di Garfagnana fluvial-lacustrine basins (Perilli et al., 2004).
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The fabrics of the productions located in the mid and lower valley are characterised
by an association of inclusions derived from acidic metamorphites, ophiolitic basalts,
shales, and sandstones (Menchelli et al., 2001; Capelli et al., 2017a).

Mid-lower Arno River Valley markers (fig. 4, 3):

This hydrographic basin is located in the northern Apennines and it is characterized
by the occurrence of sedimentary siliciclastic and calcareous rocks and minor acidic
metamorphites pertaining to Ligurian, Subligurian and Tuscan domains, as well as
Cervarola and Mt Modino siliciclastic turbidites. All these units are part of the North-
ern Apennines tectonic pile (for a lithological view refer to the information reported
in the above lines, i.e., Eastern Liguria and Luni-Massa areas, and to Carmignani &
Kligfield, 1990; Cencetti & Tacconi, 2005; Nisi et al., 2008); Plio-Pleistocene fine-
grained, marine to alluvial sediments also occur (Aruta et al., 2003; Nisi et al., 2008;
Conti et al., 2020).

The lower part of the basin is characterised by Fe-rich alluvial clays, extensively
used and generally poorly modified for the pottery production in all ages (Capelli,
2001; Menchelli etal., 2001). The fabrics generally show fine, generic inclusions (acidic
metamorphic elements, sandstones, calcareous microfossils from Pliocene sediments;
among which, echinoid spines in the Empoli area: Bulgarelli et al., 2018).

Livorno-Vada markers (fig. 4, 4):

The Vada plain, which belongs to the coastal sector between the port cities of Li-
vorno and Piombino, falls within the wider plain south of the Fine River valley. The
area is part of the Castiglioncello-San Vincenzo sedimentary basin. It is characterised
by a succession of marine sediments, including transgressive coastal conglomerates
of Villa Magrini; Santernian-Emilian sands and clays with Arctica islandica of the
Morrona Formation; the Montescudaio Limestones, transgressive sediments of a
shallow environment dated to the Emilian; and the Riparbella Conglomerates, found
at the roof of the succession only in this locality. The bedrock of the area of interest
is formed by the units of the Tuscan Nappe and the Ligurian Domain. The former is
composed of a marine succession of Mesozoic to Eocene sedimentary rocks, overlain
by Oligo-Miocene turbidite deposits. The Ligurian Units here include deep to very
deep marine deposits, such as limestones, marls, and cherts, and rare ophiolitic terms
(Pasquinucci et al., 2001; Bosellini, 2005; Carmignani et al., 2013).

The ceramics of this area are distinguished by inclusions derived from the Jurassic
ophiolites (serpentinites, gabbros, basalts) associated with sedimentary rocks, silici-
clastic elements, and Pliocene microfossils (Pasquinucci et al. 1997; Boschian, 2000;
Cabella et al., 2023).

Central-S Italian volcanic area (S-Tuscany, Latium, and Campania) (fig. 4, 5).

This large coastal region is composed of a number of units forming the tectonic
pile of the Apennines on which rest a large variety of volcanic and sedimentary rocks
and unlithified sediments (Messinian to Recent), but it is strongly characterised by
the presence of the volcanic complexes of Plio-Pleistocene age (Conticelli et al., 1986;
Cosentino et al., 1993; Peccerillo, 2005; Carmignani et al., 2013; Fedele et al., 2016;
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Conti et al., 2020, 2022). According to the just cited Authors, the Apenninic units
include virtually all types of clastic and carbonate sedimentary rocks and also some
metasediments (Permian to Oligocene in age). The Messinian to Recent sedimen-
tary cover is composed of fine to coarse grained siliciclastic sediments deposited in
marine to subaerial environments as well as of chemical deposits (e.g., travertine).
The volcanic rocks have mainly alkaline (from K-alkaline to high-K-alkaline) and
calcalkaline composition (Conticelli et al., 1986; Cosentino et al., 1993; Peccerillo,
2005; Fedele et al., 2016; Conti et al., 2020, 2022) and contain very discriminant
minerals (among which: sanidine feldspar, clinopyroxene, biotite, leucite, “melanitic”
garnet), that allow the provenance identification of the various pottery productions
distributed in the area (for example: Capelli & Iliopoulos, 2021; Izzo et. al., 2021;
2023).

3. Aims and methods

Our research has been designed to build a reference dataset of local productions
for provenance studies on ceramics from the Neolithic to historical periods. This can
be achieved by the identification of mineralogical-petrographic markers of origin in
the fabric aplastic inclusions, independent of their frequency, their morphological-di-
mensional characters, the typology, and chronology of the ceramics, considering the
hypothesis/assumption that, in general with rare exceptions, the raw materials for the
ceramic production were not traded from long distance in ancient times (about this
topic see: Grifa et al., 2021).

Geological data archaeological
and historical data

mineralogical and petrographical

characterization of a production
centre

LOCAL
PRODUCTIONS

production for the

ceramics of probable local
L archaeologists

fig. 5. A model of the relationships

IMPORTS ceramics of 5 . P
icertainoeimimousn oriih between the components involved in

provenance for the archaeologists ceramic sourcing studies (modified and
hypothesis translated by the Authors from Capelli

& Mannoni 1999, fig. 1).
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The compositional and technological comparison between the samples of the
database allows to obtain information on the technological evolution and use of raw
materials in the same production centre or district over a wide chronological span and
to recognize the distribution area of products, traditions, and technological knowledge
(Capelli & Mannoni, 1999; Spataro & Villing, 2015) (fig. 5).

For provenance studies, comparisons with reference groups of certain origin are
fundamental, particularly the kiln wastes.

The analytical methods systematically employed in our research are Optical mi-
croscopy, with both stereomicroscope and magnifying lens, followed by thin section
analyses under polarizing microscope of representative samples selected on the base of
typology, fabrics, and technology. However, other techniques (e.g., Scanning Electron
Microscopy and microanalysis, X Ray Diffraction, X-Ray Fluorescence) are also used
when necessary to solve specific problems (as well as bulk chemistry) in collaboration
with specialized Labs.

As mentioned before, the final goal of the research is to identify the minero-pe-
trographic markers of provenance in the paste, independently from their frequency,
morpho-dimensions, and typo-chronology of the pottery. The advantage of the pe-
trographic approach versus the geochemical one is that petrography gives provenance
indications even when archaeological hypotheses and reference materials are lacking,
as the comparison between the petrography of the inclusions and the geological car-
tography always gives some results, in both positive (the inclusions are compatible
with the local geology) and negative (the inclusions are incompatible with the local

geology) ways.

4. Achievements

Beside the identification of regional-subregional markers, an important result of
the exam of the collection was obtained from the comparison of prehistoric potsherds
with historical ceramic samples from the same area present in the database. It emerged
that the origins of some technological traditions and the use of particular raw materials
can be traced back to Prehistory or Protohistory, such as the utilisation of ground
spathic calcite or gabbro as a temper found also in later period in some Roman and
medieval productions of Eastern Liguria and Northern Tuscany, for the cooking wares
in particular (Boschian, 2000; Capelli et al., 2006; Cagnana et al., 2008; Capelli et
al., 2022; Cabella et al., 2023, 86; Menchelli & Bianchini, 2023, 236) .

Moreover, prehistoric ceramic circulation along the Tyrrhenian coasts could be
traced and can be used as a proxy to infer the existence of Neolithic production cen-
tres filling voids in the knowledge and predicting the presence of sites that have yet
to be found (Capelli et al., 2017b). In particular, the research revealed the earliest,
long-distance circulation of ceramic products in the Mediterranean during the early
Neolithic (ca. 5800 BC). In some Prehistoric and Roman potsherds, long distance
exotic markers such as Apennine gabbro as well as volcanic components (sanidine
and basalts) have been identified by thin section analyses (Capelli et al., 2011; 2017b;
Cabella et al., 2023, 87-90) (fig. 6, 1-2).
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fig. 6. Imported fabrics found in
Liguria and Tuscany from Neolithic
and Roman age sites, with volcanic
inclusions in the paste: 1) Early
Neolithic impressed pottery from
Pian del Ciliegio (Liguria, Finalese);
2) Graeco-Italic and Dressel 1 am-
phorae forms found in the Portus
Pisans seabed (the actual area of the
microphotographs is 1.3x] mm)
(photographs by the Authors).

For later periods, samples from pottery workshops are represented in the database,
along with samples from sites distributed along the northern coastal Tuscany and
dated to Etruscan and Roman times.

In fact, the geological features and the many workshops identified in the Pisan-Vol-
aterran area made possible the mineralogical-petrographic characterization of their
products, dated from the late 7* cent. BC to the Late Roman period (Menchelli et
al., 2011; Cabella et al., 2023). In this district the Isola di Migliarino site, located
at the mouth of the Serchio River, was particularly important because it was a port
belonging to the Pisa Harbour System (Pasquinucci & Menchelli, 2010) and includ-
ed a manufacturing centre of Italian Sigillata vases (mainly cups and dishes) that,
according to the archaeological and epigraphical findings, was active from 20 BC
to 150 AD (Menchelli et al., 2001; Menchelli & Sangriso, 2017). These fine wares
were made of alluvial clay, while the spacers feature an alluvial sandy temper (acidic
metamorphic rocks + sandstones + basalts) added to the same clay (Menchelli et al.,
2001) (fig. 7, 1). Based on the comparison with these reference materials, rectangular
sesquipedalians bricks (Augustan age — Ist century AD) found in various contexts
in Pisa and in the hinterland of the Arno River Valley (SantIppolito di Anniano,
Oratoio) were attributed to the workshops located in the Isola di Migliarino district
(Capelli & Cabella, 2022).

Workshops of Italian Sigillata, producing the same vases forms as those from Isola
di Migliarino, were also located in the northern suburbs of the Roman Pisa, as doc-
umented by significant discharges of kiln wasters as well as kiln furniture (Menchelli
etal., 2001; Menchelli et al., 2020). However, the Pisa products show quite different,
more refined and generic, fabrics and thus can be distinguished from those of the
lower Serchio River Valley workshops.
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fig. 7. 1) Dishes, cups, and spacers from the Isola di Migliarino Workshops; 2) Etruscan ampho-
rae and pots produced in the Pisan territory; 3) Empoli type Amphora (the actual area of the
microphotographs is 1.3x1 mm) (photographs by the Authors).
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Moreover, the minero-petrographic analyses demonstrated to be also effective, along
with the more employed chemical analyses, for particularly fine ware productions such
as the black-gloss ware (4th-1st century BC). The productions that have been identified
in the Serchio valley as well as in Pisan area can be distinguished from the central
and southern Tyrrhenian ones for the absence of volcanic inclusions (Capelli, 1998).

Regarding the amphorae, a Pisan Etruscan wine container production (type Py
3a dating to the late 7"-6* cent. BC), with alluvial sands or ground shales as added
temper in the paste has been identified (Capelli et al., 2017a) (fig. 7, 2).

This is a typical fabric of the Pisan territory and, thanks to mineral-petrographic
analyses, these Etruscan amphorae together with pots of the same ware have been
recognised in Genoa (Monte Castello: Mannoni, 1975, classe I, tipo I; Portofranco:
Capelli, 2006; San Silvestro: Milanese & Mannoni, 1984, Gruppo XII), thus doc-
umenting the marketing of Pisan goods towards the north during the Archaic age.

Concerning Roman Amphorae, the Empoli type wine containers were produced
throughout the Arno River valley and in other Tuscan districts from the late 2nd to
the late 5th/early 6th cent. AD (fig. 7, 3). These amphorae were traded both to the
Rome’s markets and along the western Mediterranean coasts and to Corsica, Sardinia
and the other minor islands (Menchelli, 2022). Thanks to the finding of kilns and
wasters and to geo-archaeological and minero-petrographic studies, three main pro-
duction areas have been identified:

a) Empoli area (mid-Arno River Valley). Markers: calcareous microfossils (echinoid
radioles) from Pliocene sediments.

b) Pisan district (low Arno River Valley). Markers: fine-grained alluvial clays, fine-grai-
ned inclusions: acidic metamorphic elements + sandstones and shales.

c) Coastal Volaterran district (Low Fine and Cecina Rivers areas). Markers: Jurassic
ophiolites (serpentinites, gabbros, basalts) + sedimentary rocks + Pliocene microfossils.
The morphological peculiarities of the Empoli type Amphorae were very similar

in the various districts/workshops, but the specific markers of their fabrics allow

identifying the precise provenance of their products in the consumer sites (Capelli et

al., 1999; Bulgarelli et al., 2018; Del Rio, 2023).

In the same way, the characterisation of the local and regional fabrics allowed the
distinction of the Graeco-Italic and Dressel 1 wine amphorae imported from central
and southern Italy from those produced locally, for example in the case-study of a
sector of the Portus Pisanus seabed (Menchelli et al., 2013) (fig. 8, 1)

In fact, starting from the 3rd cent. BC, Portus Pisanus, the main centre of the Pisan
Harbour system (immediately north of Livorno), became the military base for the
Roman army during its expansion towards the north-west. Therefore, a remarkable
quantity of Graeco-Italic (3rd-2nd cent. BC) and Dressel 1 (late 2nd-1st cent. BC)
amphorae were sent from Latium and Campania to the Pisan area, and the presence
of the armies stimulated the local production of wine amphorae as demonstrated by
the pottery kilns found in the hinterland of Portus Pisanus (fig. 8, 2-3). Therefore,
the minero-petrographic analyses, not only distinguished various imported products,
but also identified the presence in the port of local amphorae ready for the trade of
the local wine (fig. 8, 4) documenting significant import-export activities during the
Romanization process in the Pisan district.
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fig. 8. Portus Pisanus area. 1) The seabed being excavated (2004); 2-3) amphorae workshops; 4)
locally produced Dressel 1 amphora form (the actual area of the microphotographs is 1.3x1 mm)
(photographs by the Laboratory of Ancient Topography, University of Pisa, & microphotographs
by the Authors).
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5. Conclusive remarks

Our goal is a «green archacometry», that is: sustainable as aimed at providing
the archaeologists with tools for recognizing the combination of the compositional,
technological, and typological macroscopical markers, for identifying a specific pro-
duction without destructive and expensive analyses. Moreover, in the spirit of «green
archaeology» (Costanzo et al., 2024) our aim is to recycle and reuse old samples for
reanalysis, rather than resample for new analyses and to limit new sampling to the strict
necessary. In many cases, new and groundbreaking information have been achieved
simply restudying old collections of thin sections in the light of new knowledge and
with new, holistic approaches.

Considering the large amount of data collected so far by our research group, with
samples spanning from the Neolithic to the post-Medieval period, it will be necessary
in the future to create a digital database to store information, possibly with open data
access, in the policy of Open Science (European Commission, 2015:33). Ideally, the
database should include contextual, typological, chrono-cultural, geographic, and
petrographic information for each sampled potsherd. This database will let us archive
previously acquired data and to input new and ongoing research. It will be conceived
for searching through queries the information among the individual samples and ce-
ramic pastes at a Mediterranean scale and longue-durée perspective. There are already
several Databases accessible on the net (Tomber & Dore, 1996; 1998; Odelli, 2023,
tab. 1; Stilborg et al., 2023). Nevertheless, we do believe that our thin section col-
lection deserves a further effort for its digitalization due to its unique characteristics
that reside precisely in its geographical and chronological breadth, the result of a long
work of over 50 years of analysis.
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