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Abstract

The Brecce di Seravezza s.l. (including Breccia medicea=Medici’s Breccia) represent a geological and commercial pecu-
liarity in the heritage of the Alpi Apuane (Tuscany, Italy). The appearance of this ornamental stone varies, due to the size
of the clasts and their colour, to the provenance from one quarry to another and within the same quarry depending on the
stratigraphic level, giving rise to different typologies. In this contribution, samples coming from two historical quarries of
the typical Stazzema area (Cava del Rondone c/o Pontestazzemese and Cava Grotte Bianche c¢/o Volegno) were studied.
The Brecce of these two sections are stratigraphically interposed between the Marmi a Megalodontidi, at the bottom,
and Marmi of Alpi Apuane, at the top. The “classical” feature of the Brecce di Seravezza s.l. used in art and architecture
(consisting in a “disorganized” breccia with whitish to reddish marble and minor dolomitic marble pebbles to boulders in
a reddish/violet, foliated carbonatic-phyllitic matrix) is recognizable only in some parts of the sections. Lithostratigraphic-
structural, petrographic and microstructural observations in polarized light (PLM), mineralogical qualitative analyses with
X-ray powder diffraction (XRPD), Scanning Electron Microscope Energy-Dispersive Spectroscopy (SEM-EDS) analyses
allow us to identify the main features for 14 representative samples (8 from Cava del Rondone section and 6 from Cava
Grotte Bianche section). Furthermore, the main uses of these materials in the cultural heritage context and the main decay
phenomena observed in the outdoor and indoor areas will be presented.

Keywords Brecce di Seravezza - Breccia medicea (Medici’s Breccia) -+ Alpi Apuane - Petrography and mineralogy -
Cultural heritage

Introduction

The Alpi Apuane (northern Tuscany) is well known all
over the world for its marbles that were carved and used
in Italy and abroad since Etruscan period and Roman times
(Antonelli and Lazzarini 2013), through the Middle Ages
and Renaissance (e.g. marmo statuario of Michelangelo) up
to now. In this frame, the Brecce di Seravezza s.1. (including
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Breccia medicea=Medici’s Breccia) represent a geological
and commercial peculiarity in the geoheritage of the Alpi
Apuane metamorphic core. The aim of this paper is to detail
the features of the Brecce di Seravezza s.1. in two historical
quarries of the typical Stazzema area (Cava del Rondone
c/o Ponte Pontestazzemese and Cava Grotte Bianche c/o
Volegno) through geological, petrographic and mineralogi-
cal studies.

Historical Heritage

Brecce di Seravezza s.. (sl. = in a broad sense) is an
umbrella term including many commercial types and com-
mercial varieties of historical marbles, that have taken on a
multitude of different names over the centuries (Carmignani
et al. 2007a, b; Bartelletti and Amorfini 2010-2011, 2013;
Bartelletti et al. 2022-2023). They are definable as poly-
mictic and polychrome metabreccias, exclusively extracted
for ornamental uses from the geological formation named
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Brecce di Seravezza-Scisti a Cloritoide (belonging to the
Apuan Unit).

The archaeological literature describes occasional uses
of these breccias during the Roman Imperial Age, espe-
cially (but not only) in Rome (Pilla 1845; Lazzarini 1990;
De Vecchi and Lazzarini 1994; Pensabene and Bruno 1998;
Bruno 2002; Bartelletti and Amorfini 2003; Taelmann et al.,
2019). Such information was supported by an archacometric
investigation of mineralogical-petrographic compatibility
on Roman finds bearing autoptic resemblance (Bartelletti
and Amorfini 2003); Taelmann et al., 2019documented the
earliest in situ large-scale attestation of the Breccia Medicea
in a Roman archaeological context, in the flooring decora-
tion of the Roman Theatre of Urvinum Mataurense (Urbino,
Marche, central Italy).

It is necessary to highlight an important archacometric
aspect, namely the strong similarity between Breccia di
Seravezza s.I. and the famous Greek marble from Skyros,
also known as Breccia di Sciro or Breccia di Settebasi, which
is one of the most widely used coloured stones throughout
the Roman period (Lazzarini and Turi 1999) and sometimes
reused during the Middle Ages (Bartelletti et al. 2005-2006).

The importance and fame of these polychrome marbles
began to spread rapidly in Italy and Western Europe with the
decision of Grand Duke Cosimo I de’ Medici to make them
an ornamental stone, first exclusive and then symbolic of
his gran-ducal power. The careful exploitation of the Brecce
began in 1563 in Monte di Stazzema, in a quarry called
Filone del Granduca (Grand Duke Vein) or Filone bandito
(reserved Vein). The material was supplied for sculpture
and architecture works to some of the greatest artists of Tus-
can Mannerism (Bartolomeo Ammannati, Giambologna,
Giovanni Fancelli, Francesco Mosca, Antonio and Battista
Lorenzi, etc.) (Fabretti and Guidarelli 1980). The best exam-
ple of the value of this lively and meaty marble can be read
in Michelangelo’s tomb in Santa Croce in Florence, where
Giorgio Vasari designed and made the sarcophagus with the
Brecce di Seravezza s.1. (Bartelletti et al. 2022-2023).

The Medici’s quarrying activity imposed these poly-
chrome breccias everywhere among the main ornamental
stones of the Baroque, especially when the chromatic explo-
sion of the coloured marbles was most intense. From that
time onwards, private individuals opened other quarries
to extract similar lithotypes, near the Filone del Granduca
(Rondone, Piastraio, Tino) and in other places in Alta Ver-
silia (Petarocchia, Grotte Bianche, Montalto, Corchia, Polla
dell’ Altissimo, ecc.), supporting a further diffusion of these
materials. In the same periods, new types and varieties of
Brecce di Seravezza s.1. were researched and exploited also
in other areas of the Alpi Apuane (e.g. in Massa and Fiviz-
zano areas). Today, we find them used mainly in altars, bal-
ustrades and floors of Catholic churches built or modified
during the Counter-Reformation, but also in architectural
elements (portals, columns, fountains, fireplaces, etc.) of
villas, palaces and castles of noble and aristocratic families
in Tuscany (Italy) and all over in the world. Therefore, the
Brecce di Seravezza s.1. form currently a unique geo-cultural
heritage esteemed internationally, together with the white
and grey marble of the Alpi Apuane (Amorfini and Bartel-
letti 2013). Not for nothing, the same area has been rec-
ognized since 2015 as a UNESCO Global Geopark, within
the International Geoscience and Geoparks Programme
(IGGP), also for the contribution offered by its geomaterials
to artistic and architectural productions inside and outside
the UNESCO cultural sites (Bartelletti et al. 2015).

The first lithotype extracted in the Filone del Granduca
was a particular variety of the Brecce di Seravezza s.l.,
called Mistio or Mischio di Seravezza already at the end of
the 16th century (Del Riccio 1597). In this denomination,
Mischio/Mistio (mixed) replaced the term Breccia, since this
lithotype showed a “mass of simple and uniform limestone
paste, with veins and shades of different colours variously
arranged” and not “angular limestone fragments in a matrix
of variable nature” (Simi 1855) (Fig. 1a). Furthermore, the
toponym Seravezza is still confirmed in this denomination —
even if the Filone quarry is in the Stazzema area — because

Fig. 1 (A) Mischio di Seravezza variety belonging to the Brecce di
Seravezza s.1 (Collegiate Church of San Martino-Pietrasanta); (B)
Breccia Medicea variety belonging to the Brecce di Seravezza s.l
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(Fountain of Neptune by Bartolomeo Ammannati, Florence); (C)
Breccia Medicea variety belonging to the Brecce di Seravezza s.1 (Col-
legiate Church of San Martino-Pietrasanta)



Geoheritage (2026) 18:129

Page30of20 129

in the first location the Medici family had its seasonal resi-
dence and, from here, it followed the quarrying activity.

However, the Brecce di Seravezza s.l. appear more fre-
quently, in almost all types and commercial varieties of the
same formation, as polymictic and polychrome metabrec-
cias, formed by predominantly white clasts, elongated in
shape and different sized, often together with other grey to
yellowish and something purple clasts, in a scarce matrix
showing conspicuous colourations (red, yellow, green, but
also purple of different shades) (Figs. 1b, c).

The most famous and appreciated commercial variety of
Brecce di Seravezza s.l. is the Breccia medicea (=Medici’s
Breccia) that always has an evidently brecciated appear-
ance. Over time, the same name has also been attributed
to different lithotypes and sometimes even belonging to
other geological formations, increasing the confusion in its
autoptic determination. More correctly, the Breccia medicea
is recognized by the purple-violet coloration of the matrix
and of some clasts, confirming the general descriptive char-
acteristics of the Brecce di Seravezza s.l., reported above.
Another fundamental indicator is its provenance from quar-
ries located near Monte di Stazzema. Furthermore, in the
typical Filone del Granduca or Filone bandito outcrop,
the Breccia medicea is adjacent to the Mistio/Mischio di
Seravezza, suggesting a possible lateral or vertical variation
of facies, from which a clast-dominant texture in the first
case and a matrix-dominant texture in the second (Bartel-
letti 2022-23).

Geological Background

The Apuan core (“Autoctono Apuano” Auctt.) is made up of
different Tuscan-type metamorphic units (Apuan Unit cov-
ered by Massa, Stazzemesi and Panie Units) that represent
the deepest outcropping ones of the Northern Apennines.
These Tuscan Metamorphic Units includes Paleozoic to late
Oligocene formations (Fig. 2) that suffered low grade meta-
morphism during the late Oligocene-early Miocene syn-
collisional stages of the chain (Carmignani and Kligfield
1990; Conti et al. 2019a; Vai and Martini 2001 and refer-
ences therein). In this frame, the Breccia di Seravezza-Scisti
a Cloritoide formation of Norian/Rhaetian-Hettangian p.p.
age (Fig. 3) is a peculiarity not only for the geo-lithological
point of view of the.

Alpi Apuane metamorphic “core”, but also in the
paleoenvironmental and sedimentological evolution of the
Mesozoic carbonate platform in Tuscany (Giglia and Trev-
isan 1966; Ciarapica and Passeri 1978, 2005). This forma-
tion crops out discontinuously as lenticular bodies, usually
less than 100 m long and with a thickness from decimetric to
about 40-50 m only in the central-eastern and southern parts
of the Apuan Unit (Ciarapica and Passeri 1978; Conti et al.

2019b; ISPRA 2007), whereas it is lacking in the other coeval
Tuscan-Umbrian successions of the Northern Apennines
(Fazzuoli et al. 1985, 1994; Ciarapica and Passeri 2005).
From a stratigraphic point of view, the Brecce di Seravezza-
Scisti a Cloritoide formation is present in different uncon-
formable position in the upper part of the Late Triassic
epimetamorphic successions of the Alpi Apuane (Fig. 3): (a)
between the Triassic Grezzoni and Marmi a Megalodontidi;
(b) between the Marmi a Megalodontidi and the overlying
Liassic Marmi dolomitici/Marmi; (c) between Grezzoni and
Liassic Marmi where Marmi a Megalodontidi are lacking
(Ciarapica and Passeri 1978; Carmignani et al. 2006; Conti
et al. 2019). The lower contacts are erosive with paleosoils
and modeled by paleokarst. The Brecce di Seravezza-Scisti
a Cloritoide formation traditionally is linked to the tectonic-
sedimentary evolution of thedolomitic Grezzoni hiperhaline
carbonate platform (Ciarapica and Fazzuoli 1976; Ciarapica
and Passeri 1978). This platform was mostly characterized
by shallow water conditions, apart from a local emersion
and karst shown by the Brecce di Seravezza-Scisti a Clori-
toide formation. From a lithological point of view, this unit
is made up of a polymictic metabreccia including deformed
heterometric (millimetric to pluridecametric/metric in size)
white, pink, red, yellow, light green or grey mostly carbon-
ate clasts (marble, impure marbles i.e. Marmi Cipollini and
minor dolostone and carbonatic phyllites), rare metabaux-
ite/laterite, Mn-rich rocks and cherts in a red-violet, white
greenish, greenish to yellow whitish calc-phyllitic matrix
often with Fe-oxides pigment and, at times, with chloritoid
and/or epidote. Franceschelli et al. (1996) demonstrated the
continental nature of the matrix of the breccias which origi-
nally derived from residual lateritic soils highly enriched in
titanium, iron and alumina formed in a hot, arid/semi-arid
subtropical climate. Locally (see Monte Corchia area in
Franceschelli et al. 1996), the matrix is manganese-rich (up
to MnO 69%, mostly braunite, piemontite and hollandite)
or Mn is concentrated in massive homogeneous compact
metallic black beds and ores, decimetric in thickness.

The features of these ornamental stones vary, due to the
size of the clasts and the colour, to the provenance from one
quarry to another and within the same quarry depending on
its statigraphic level, giving rise to different typologies of
breccias (see also Franceschelli et al. 1996).

In different places, a centimetric to metric horizon of
dark grey-green, chloritoid-bearing phyllites and phyllitic
quartzites (Scisti a Cloritoide o Scisti ottrelitici Auctt.),
locally associated to metabreccias and impure marbles,
occurs at the top of the Brecce di Seravezza-Scisti a Clori-
toide or they are interposed between Grezzoni and Marmi
where the Breccias are lacking or strongly reduced (e.g. in
the NE-E Apuan core) (Ciarapica and Passeri 1978; France-
schelli et al. 2003).

@ Springer
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Fig.2 Geological sketch map of the Alpi Apuane. The studied area is squared (after Conti et al. 2019a; Carmignani et al. 2006; modified)

Together with the other Palaezoic to Tertiary forma-
tions of the Apuan core (Tuscan Metamorphic Units), the
Brecce di Seravezza-Scisti a Cloritoide suffered a low grade
polyphase high pressure-low temperature metamorphism
(P=0.4-0.6 GPa and temperatures of T=350°-380 °C,
according to (Franceschelli et al. 1996, 1997) or about 0.8
GPa and T=340°-410 °C, according to (Jolivet et al. 1998
and Franceschelli et al. 2004) and three main superimposed
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deformation phases (see Kligfield 1979; Coli et al. 1988;
Moratti et al. 1989; Coli and Pandeli 1992) and references
therein:

D1 27 Ma in (Kligfield et al. 1986) - It represents the
main shortening event characterized by the metamorphic
peak and producing isoclinal folding at every scale with a
very transpositive continuous schistosity (S1) with a tec-
tonic transport to the NNE/NE.
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Fig. 3 Geological map of the
Pontestazzemese-Stazzema-
Vologno area with the location
of the two studied sections (after
Conti et al. 2010, modified)

Marmi a Megalodontidi
(?Norian-Rhaetian)

- Pseudomacigno (Upper Oligocene)

Brecce Seravezza-Sc. cloritoide Scisti sericitici

(Norian/Rhaetian-Hettangian p.p.

D2 14—12 Ma in (Kligfield et al. 1986) — It generally
consists of a close to tight folding with a sub-centimetric
to centimetric, zonal to discrete crenulation cleavage (S2).
These folds are generally coaxial with F1 and with both
NNE and SSW vergences on the two sides of the Apuan
core (Doppia vergenza apuana Auctt.).

Grezzoni (Norian)

Formazione di Vinca (Carnian) Marmi (Hettangian)

(Upper Cretaceous-Lower Oligocene)
Calcari selciferi

)
i (Pleinsbachian p.p.)

D3 about 12—10 Ma in (Kligfield et al. 1986) — it is
characterized by metric to decametric, open to gentle folds
that undulate the previous tectonic framework with a weak
centimetric-spaced fracture or zonal cleavage.

In the classical view of Carmignani and Kligfield (1990)
considered D2 and D3 due to the extension and uplift of

@ Springer
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the metamorphic “Apuan Core complex”; instead, other
Authors put also D2 in a polyphase shortening evolution
coupled with syn-orogenic extension (Fazzuoli et al. 1994;
Jolivet et al. 1998; Bortolotti et al. 2001 a; Carosi et al.
2004).

The Brecce di Seravezza are considered as the evidence
of the local emersion and karst of a part of the late Trias-
sic carbonate platform due to sin-sedimentary tectonics
(i.e. block faulting) just active also in the underlying Grez-
zoni (Ciarapica and Passeri 1978). They can be interpreted
as debris flow deposits at the base of the footwall scarp of
normal faults bordering extensional marine coastal basins
and dismantling local tectonic highs made up of karstified
carbonate successions and paleosoils (Carcangiu et al. 1992;
Franceschelli et al. 1996). Instead, the Scisti a Cloritoide
represent a continental paleosoil (metabauxites) referable
to weathering of the underlying breccias or the other Late
Paleozoic-Triassic rocks in sub-aerial conditions after the
general emersion of the late Triassic carbonate platform and
before the beginning of the Liassic transgression that pro-
duced a new carbonate platform (Marmi dolomitici/Marmi
formations) (Franceschelli et al. 1996; 1998; 2003).

Materials and Methods
Sampling Area and Selected Materials

The locations of the two studied and sampled sections are
reported below (see geological map in Fig. 3):

e Cava del Rondone section c/o Pontestazzemese (32T
604214.40E 4871928.35 N, 210 m asl) (Fig. 4A).
The section was measured along the road from Pon-
testazzemese to Mulina (west of Stazzema) just after
the Ponte del Tomarlo. Additional observations were
performed in the correspondent nearby latomia-type
Cava del Rondone (Fig. 4B) and in other historical
Breccia medicea-Mischio di Seravezza quarries on the
other side of the valley. The quarries provided most of
the material used for coverings and decorations during
the Medicean times in Tuscany, especially at the court
of Cosimo I de’ Medici, Grand Duke of Tuscany (XVI
century AD).

e (Cava Grotte Bianche section c/o Volegno (32T
604450.39E 4873607.42 N, 515 m asl). This quarry is to
the NW of Volegno and consists in a lower and an upper
part (Fig. 4C, D). This quarry was opened in the second
half of the nineteenth century and its great fortune was
during the Liberty period between the two World Wars.
The excavations were finished during 1970s.

@ Springer

Considering the evident vertical lithological variations pres-
ent inside the examined sections, the different lithotypes
were sampled and described together with their mesoscopic
structural features. From these we chose 14 representative
samples (8 from Cava del Rondone section and 6 from Cava
Grotte Bianche section, see Figs. 5 and 6 respectively) to
perform detailed laboratory analyses of them.

Methods

After the mesoscopic analyses, petrographic and microstruc-
tural observations in polarized light (PLM) were performed
through thin sections of the samples using the microscope
Zeiss Axioscope A.1 (Carl Zeiss, Jena, Germany), equipped
with a 5-megapixel resolution video camera and Zen lite 3.1
image analysis software defining texture/structure and min-
eralogical characteristics of the rocks (UNI EN 2007).

In addition, mineralogical qualitative analyses were
obtained by X-ray powder diffraction (XRPD) on bulk pow-
der samples, using a Philips PW 1050/37 diffractometer
(Philips, Almelo, The Netherlands) coupled with a Philips
X’Pert PRO system for data acquisition and interpretation.
The detection limit for this method is 4%. The operating
conditions included 40 kV and 20 mA, a Cu anode, a graph-
ite monochromator, and a goniometer speed of 2 p/min
goniometry in the range of 5-70° 26 (UNI-EN 2006; UNI-
EN 13925-2 (2006); UNI-EN 13925-3 (2006)).

Scanning Electron Microscope Energy-Dispersive Spec-
troscopy (SEM-EDS) analyses were performed to obtain
semi-quantitative microchemical composition and textural
characterizations [29]. A scanning electron microscope
(SEM) ZEISS EVO MA 15 (Carl Zeiss, Jena, Germany)
equipped with a W filament and an analytical system in the
dispersion of energy (EDS/SDD), specifically the Oxford
Ultimax 40 (with a 40 mm2 area and resolution of 127 eV
5.9 keV), was employed. The measurements were con-
ducted on thin sections after carbon-metallized treatment.
The operating conditions were as follows: 15 kV accelera-
tion potential, 500 pA beam current, 9-8.5 mm working dis-
tance. For point analyses, a 20 s live-time acquisition rate
was employed to achieve at least 600,000 cts on a Co stan-
dard, a processing time of 4 was used for map acquisition,
and a 500 ps pixel dwell time with a resolution of 1024 x 768
pixels was used. The microanalysis was carried out using
Aztec 5.0 SP1 software, utilizing the XPP matrix correc-
tion scheme developed by Pouchou and Pichoir (1991). The
process used acquired standard elements for calculations,
enabling “standard-less” quantitative analysis. The use of
numerous analyses of a cobalt metallic standard permitted
the documentation of constant analytical conditions (i.e.,
filament emission).
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Fig. 4 (A) Cava del Rondone section along the road from Pon-
testazzemese to Mulina just after the Ponte del Tomarlo (c/o Pon-
testazzemese); (B) Latomia-type Cava del Rondone close to the Ponte

Results
Lithostratigraphic Data

The two sections of Brecce di Seravezza-Scisti a Cloritoide are
stratigraphically interposed between the Marmi a Megalodon-
tidi (massive or coarsely stratified white to light grey marbles
that include small lenticular dark grey areas), at the bottom,
and Marmi (white marble and grey Bardiglio marble with
local dolomitic marble interbeds), at the top (see Fig. 3). The
“classical” feature of theBrecce di Seravezza s.l. used in arts

halh, A

del Tomarlo (c/o Pontestazzemese); (C) Lower part of the Cava Grotte
Bianche (c/o Volegno); (D) Upper part of the Cava Grotte Bianche
(c/o Volegno)

and architecture (consisting in a “disorganized” breccia with
whitish to reddish marble and minor dolomitic marble pebbles
to boulders in a reddish/violet, foliated carbonatic-phyllitic
matrix) is recognizable only in some parts of the sections. The
matrix/clast ratio is <1 to <<1 (often the matrix is between 35
and 15% in volume), but locally the clasts are in contact.

Commonly, the clasts of the Breccia are deformed and
aligned along the main schistosity S1 that is very perva-
sive in the matrix; the S1-foliated matrix always wraps the
clasts. S1 is then deformed by close D2 folds with zonal-
type crenulation cleavages (see later Fig. 7E).

@ Springer
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{ Fig.5 Analysed samples from Cava del Rondone section

A synthetic lithological description of the two sections
is below:

Cava del Rondone section (see Fig. 4A).

The total thickness is about 26 m. The following parts
can be distinguished:

1. A Lower-middle part characterized by whitish-yellowish
breccia. This is constituted by an heterometric breccia
white and minor clasts with yellowish impregnations
(Samples BM1 and BM2 in Fig. 5). In the basal por-
tion, some whitish clasts include a peculiar gray/dark
gray internal part (Fig. 7A). The size of the clasts varies
from centimetric to decametric (up to 1.30 cm in length)
(Fig. 7A and B) and sometimes they show a notable
packing.

2. A varicoloured middle-upper part represented by:

a. basal and upper, 5-6 m-thick breccias with reddish and
pinkish clasts in an ochre/reddish, but locally variegated
(from light grey, silvery-pearlish, purple-red and some-
times greenish/dark grey) foliated matrix (Sample BM6
in Figs. 5 and 7B and Sample BM7 in Figs. 5 and 7F).
The heterometric clasts can reach lengths of more than
80 cm (whitish marble boulders up to 120 cm thick and
more than 2 m in length are also locally present, see
Fig. 7B).

b. Intermediate about 260-thick horizon mostly consisting
in breccias with white and pink marble elements (max
lengths up to 90 cm), in a more foliate and locally preva-
lent, schistose greenish/grey to blackish matrix, often
rich in epidote crystals (Sample BMS5 in Figs. 5 and
7C). This horizon also includes two peculiar intercala-
tions, made up of a 25 cm thick breccia characterized
by elongated (generally 5-13 cm long) grey pinkish,
rarely whitish clasts, strongly packed and with a scarce
greenish to violet matrix (Fig. 7C and D) and a 30 cm
breccia (Filone del Granduca or Filone Bandito typical
level) that contains millimetric to centimetre-sized, well
packed white to pink clasts often with typical purple-red-
dish cores (Sample FB in Figs. 5 and 7C and E).

c. An about 1 m-thick chloritoid-rich top level (Fig. 7G).
It consists of a basal breccia with mostly white marble
centimetric clasts in a grey-green, chloritoid-bearing
matrix (Sample PT2bis in Fig. 5; CB in Fig. 7G ) and
a top 10-15 cm-thick granular “salt and pepper” — type,
chloritoid-rich phyllitic quarzite level (Sample PT2 in
Fig. 5; CQ in Fig. 7G).

Cava Grotte Bianche section (see Figs. 4C, D).
The total thickness is about 30-35 m, and it is repre-
sented by:

1. An about 10 m-thick lower part in which a metric
whitish-yellowish breccia (Sample BM3 in Figs. 6 and
8A) similar to that of Cava del Rondone section pass-
ing upward into breccias with mostly white and subor-
dinately pinkish/yellowish and reddish clasts, in a grey
to greenish calcschist-phyllitic matrix sometimes with
purple/reddish to pinkish areas (Samples BM4 and GB2
in Fig. 6).

2. Cover of about 4-5 m.

3. Amiddle-upper part. At the base there is about 1 m of brec-
cia with mostly pink and subordinately whitish clasts of
centimetre size (max 10—15 cm) that are mostly elongated
and strongly packed with scarce dark green matrix (pb in
Fig. 8B). It passes laterally to finer-grained breccias and
coarse-grained sandy lenses in a locally abundant dark
green matrix (Fig. 8C). Then, about 15 m thick, disorga-
nized and strongly heterometric breccias with white, some-
times yellowish and subordinately pinkish marble clasts
follow (Fig. 8B and C). They are strongly heterometric
from centimeter-decimeter size to 90 cm in length and
25-30 in thickness (exceptionally 250 cm and 3040 cm,
respectively) and are mostly elongated with respect the
main schistosity S1. The scarce matrix (max 25% respect
to the clasts) is generally often micaceous and grey green
in colour, but locally it is brown-yellowish and more car-
bonatic when the clasts are close or in contact (sample GBS
in Figs. 6 and 8D). Instead, in the breccias of the upper part
of the interval, the matrix is usually phyllitic, dark green in
colour and shining. This breccia body includes:

a) a lenticular horizon of about 80 cm-thick breccias (about
2 m from the base) similar to the basal ones (plh in Fig. 8E, F).

b) mainly phyllitic green/dark green lenticular horizons
(glh in Fig. 8E) in the middle-upper part of the breccia
body. This phyllitic horizons includes dispersed or variously
packed whitish and pinkish clasts of centimetre/decimetre
dimensions (max 30 cm long 15-20 thick) (Sample GB4 in
Fig. 6) and lenses of breccias, over 3 m long and 30-40 cm
thick, that are characterised by a high concentration of the
centimetre- sized clasts (Fig. 8G).

A decimetric level of varicoloured, greenish to red-
dish/violet breccia characterizes the uppermost part (vb in
Fig. 8H) of the interval 3.

4. The top part of the section consists of about 1.5 m of
breccias with white and pink clasts of centimetre/decimetre
size dispersed in a dominant greenish matrix (gh in Fig. 8H).
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Fig. 6 Analyzed samples from Cava Grotte Bianche section

Petrographic and Mineralogical Data (PLM)

Some of the samples collected in the two quarries show
strong similarities not only for a lithological, but also for a
petrographic point of view. Others are peculiar of one quarry
and of the stratigraphic level in the section. In Fig. 9A the
typical blasto-psephitic texture of the Brecce di Seravezza
s.l. is shown at a mesoscopic scale and at reflected light. The
petrographic-mineralogical features of the different groups
of similar samples are described below:

@ Springer

BM1, BM2, BM3

These whitish to yellow breccias, present in the basal part of
the two sections, include mostly white hematite-free marble
clasts characterized by the following textures: (a) Medium-
grained (max 0.4 mm) granoblastic with polygonal texture
with planar junctions (Fig. 9B); (b) Medium-to fine-grained
(generally between 0.2 and 0.08 mm) granoblastic, often
with concave/convex junctions, from homeoblastic to het-
eroblastic (Fig. 9C).
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Fig. 7 Lithologies in the Cava del Rondone section. (A) Basal brec-
cias; (B) Vertical passage from the whitish- yellowish breccia to het-
erometric breccia with whitish, reddish and pinkish clasts in a reddish
foliated matrix including a marble boulders in the middle; (C) Pinkish
grey breccia (PB) and Filone Bandito (FB) levels in the varicoloured
horizon; (D) Pinkish grey breccia intercalation (PB in Fig. 7C); (E)

Rare fine-grained, granoblastic pink clasts with small
scattered or rarely about isoriented muscovite and hematite
pigment are also present.

The matrix between the clasts presents a prevalent cal-
citic heterometric blasto-psammitic texture with variable
amount of scattered or aligned Fe opaque grains/ pigment
and sericite/muscovite (Fig. 9D); muscovite flakes can be
locally concentrated along clast/matrix contact. Rare areas
of fine/very fine-grained calcitic/marly matrix with diffuse
iron oxide/hydroxide pigments and small dispersed musco-
vite blasts can be locally present (Fig. 9E).

BM4 and GB2

It was defined only in the lower part of Cava Grotte Bianche
just over the basal yellow breccias. These breccia with
varicoloured matrix contains mostly marble clasts that are
characterized by hematite-free, medium to medium-fine/
fine- grained granoblastic, approximately homeoblas-
tic, texture with contacts from flat to concave/convex that
include typical quartz porphyroblasts (from ipidiomorphic
to granular xenomorphic), max 0.5—-1 mm in size (Fig. 9F).
The quartz porphyroblasts often contain calcite granulations
at the core and are cut by the borders of the clasts. Pink-
ish, fine/very fine grained granoblastic marble clasts rich in
small muscovite/sericite and with iron oxide pigment can be

Filone Bandito intercalation (FB in Fig. 7C), in the upper part of the
picture some F2 close folds deform S1; (F) Heterometric breccias with
predominantly whitish, yellowish and pink-red clasts in a varicoloured
matrix; (G) Chloritoid level at the top of the heterometric varicoloured
breccias, CB=Chlorite, chloritoid-bearing breccia; CQ=Chloritoid-
rich phyllitic quartzite

locally present. The foliated blasto-psammitic to phyllitic
matrix of the breccia contains variable amounts of musco-
vite/sericite and Fe-oxides pigment.

BM5

This breccia is present only in the Cava del Rondone area
and constitutes two horizons below and above the Filone
Bandito level, respectively. The examined sample can be
divided into two parts: a blasto-psephytic one (a) where
large whitish clasts are present, stretched along S1, in con-
tact or separated by a very reduced calcitic-phyllitic matrix,
and a lepidoblastic (b) of dark grey/black colour with locally
scattered few small white marble clasts.

The clasts are hematite-free and are medium- to medium/
fine- grained, from homeoblastic to locally heteroblastic
with concave-convex junctions, sometimes with scattered
small muscovite. Rare heteroblastic, medium grained mar-
bles with often twinned blasts characterized polygonal to
concave/convex junctions were also distinguished.

In b) the texture is mostly lepidoblastic consisting of ser-
icite+abundant iron oxide pigment=fine-grained calcite,
but often is nematoblastic to diablastic for the presence of
numerous epidote (clinozoisite) blasts (Fig. 9G). Their size
is max about 2 mm and frequently they show boudinage
structure filled by fine-grained calcite. Often, they appear
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Fig. 8 Lithologies in the Cava Grotte Bianche section: (A) Basal yel-
lowish breccia; (B) Pinkish breccia (pb) passing upward in the disor-
ganized heterometric breccia in the lower part of the upper quarry;
(C) Pinkish breccia (pb) passing laterally to finer-grained breccias and
coarse-grained sandy lenses; (D) Magnification of the disorganized
strongly heterometric breccia with dark green foliated or mostly car-
bonatic matrix; (E) Lenticular horizon of pinkish breccia (plh) and the

partially or entirely opaque due to the replaced/ inclusions
by abundant Fe pigment. Sometimes the epidotes cut the
contact between clasts and matrix.

BM6 and BM7

These two samples, represented by a breccia with varico-
loured clasts and matrix that are present in the middle and
upper part of the Cava del Rondone section just below and
above the black epidote-rich horizons.

Among the clasts the white ones with no hematite pig-
ment and characterized by mostly medium- to medium/fine-
grained, about homeoblastic texture, with plane to concave/
convex contacts (Fig. 9H) prevail. The coarser-grained
clasts sometimes show deformed twinnings and junctions
also of sutured type.

The pinkish/reddish clasts (Figs. 9H) are generally
homeoblastic, medium/fine grained to rarely medium/
coarse-grained (max 1.6 mm), with junctions from plane to
concave/convex and often show twinnings. Hematitic pig-
ment tends to fill the interblastic spaces or partially diffuses
in various blasts (also underling the twinning) (Fig. 91). The

@ Springer

mainly phyllitic, dark green horizon (glh) in the middle upper part of
the upper quarry; (F) Magnification of the pinkish breccia lenticular
horizon (plh in Fig. 7E); (G) Mainly phyllitic green/dark green len-
ticular horizon with whitish and pinkish clasts (glh in Fig. 7E); (H)
Uppermost part of the Cava Grotte Bianche section: vb= varicoloured,
greenish to reddish/violet breccia; gh=top greenish matrix-dominated
breccias; M= Hettangian Marbles

phyllitic-carbonatic matrix includes Fe ox pigment, seric-
ite, crystals and aggregates of muscovite, opaque grains and
rare epidote.

PT2bis and PT2

These two samples represent the top part of the Cava del
Rondone section. PT2 bis is a breccia with whitish, hema-
tite-free, granoblastic with concave-convex junctions and
medium/fine to fine-grained marble clasts in a locally domi-
nant, foliated greenish chlorite-rich and muscovite-sericite
(£calcite) matrix with scattered chloritoid and locally also
epidote blasts.

Instead, the overlying PT2 is a foliated phyllitic (with
muscovite-sericite and chlorite), medium/fine - grained
quartzite which include many submillimetric sheaves of
chloritoid (often opaque due to hematite pigment), hema-
tite-pigment and rare blasts of epidote (Fig. 9J). The chlo-
ritoid sheaves are static above S1 but locally appear as
deformed by S2. Chloritoid is also present within S1 and
sometimes shows boudinage with fractures filled by fine-
grained quartz.



Geoheritage (2026) 18:129

Page 130f 20 129

GB5

It is the breccia of the intermediate-upper part of the Cava
Grotte Bianche section. This matrix-poor breccia is charac-
terized by whitish, hematite-free, marble clasts character-
ized by a medium to medium-fine/fine- grained granoblastic,
approximately homeoblastic, texture with planar to con-
cave/convex junctions. The matrix can vary from foliated
muscovite/sericite and /or chlorite-rich to more carbonatic
blastopsammitic and, yellowish-ochraceous in colour.

GB4

It represents the matrix-rich breccia associatedwith the len-
ticular greenish horizon in the middle-upper part of the Cava
Grotte Bianche section. The clasts arelike a GBS sample.
They are included in a dominant foliated matrix constituted
by chlorite and muscovite.

GB6

Also, this breccia, coming from the upper part of the Cava
Grotte Bianche section, is made up of the same whitish mar-
ble clasts of GB4 and GB5. The greenish phyllitic matrix is
reduced and locally purple/violet areas containing hematite
pigment are also present.

Mineralogical Data (XRDP)

Mineralogical analyses were performed only on some bulk
samples of Cava del Rondone and Cava Grotte Bianche
above all, confirming the petrographic observations in thin
sections. Samples belonging to Cava del Rondone contain
calcite, quartz, clay minerals, mica (muscovite), and some-
times hematite with minor amounts of feldspars. A variable
association of phyllosilicates (illite, chlorite and sometimes
kaolinite) was identified. Epidote (the type of epidote can-
not be discriminated by diffractometer analysis) and chlo-
ritoid were identified in the middle and the top samples of
Cava del Rondone, respectively. Samples belonging to Cava
Grotte Bianche show the presence of calcite, quartz, mica
(muscovite), hematite, feldspars, clay minerals (illite) and
dolomite.Some representative graphs of X-ray diffraction
patterns of the Cava del Rondone and Cava Grotte Bianche
samples, are reported in Supplementary Materials (S1).

Chemical Data (SEM-EDS)

In order to provide a more correct characterization of brec-
cia’s matrix and clasts composition, microchemical analyses
were carried out in some samples to highlight similarities
and differences (Lanterna, 1999). The selection of samples

was based on macroscopical appearance of matrix and clasts
colour. BM3 and BM4 samples from Cava Grotte Bianche
have white clasts and respectively orange and violet matrix
(Fig. 6). BM5 and BM6 samples of Cava del Rondone have
white clasts and respectively black and red-purple matrix
(Fig. 5).

The EDS layered maps of the samples BM3 (Cava Grotte
Bianche, area in orange colour in the sample of Fig. 6) and
BM4 (Cava Grotte Bianche, area in violet colour in the
sample of Fig. 6) show that the matrix is mainly composed
of carbonates and subordinate phyllosilicates for the pres-
ence of Fe, K, Ca, Si, Al, Mg; spots enriched in Fe content
are widespread in most of the samples. The raster analy-
sis of the areas shows that Fe is about 1% for sample BM3
and 3% for BM4. EDS maps also illustrate the presence of
clasts in which Ca predominates (between 50 and 70%); a
small amount of Mg (up to 2%) is present in sample BM3
(Figs. 10A, B).

The analysis of sample BMS5 (Cava del Rondone, black
area in the sample in Fig. 5) shows a phyllosilicatic matrix
with a composition of Fe, Ca, K, Si, Al, Na. Theblack-
coloured area also contains a high Fe amount (about 9% in
the raster area) and epidote rhombohedral crystals with a
composition of Si, Al and Fe; some spots are characterized
by enrichment of Fe and Ti (Fig. 10C). The white coloured
area in the macroscopic sample (Fig. 5) shows clasts in
which Ca predominates (up to 70%) that are separated by
a very reduced matrix, phyllitic in composition, with spots
constituted by Fe and Ti (Fig. 10D). Also sample BM6 (red-
purple area seen in the macroscopic sample of Fig. 5) is
characterized by reduced phyllitic matrix consisting of Fe,
Ca, K, Si, Al and Na (Fig. 10E). Locally, the latter shows a
higher Fe content of 1.65-0.70% and small clasts with a Ca
content of up to 60% (Fig. 10F). Anyway, no Mn was found
in the examined samples.

Decay and Conservation Issue

The Brecce di Seravezza s.1., when polished and installed in
cultural heritage buildings, exhibit a good state of conserva-
tion. This observation also applies to the Breccia Medicea
and to the related variety known as Mischio di Seravezza.
Nevertheless, these lithotypes can undergo alteration and
decay, as is common with many other breccias, especially
those exhibiting foliate textures due to dynamic-thermal
metamorphism. Such textures lead to heterogeneity and dis-
continuity, which, in turn, represent points of mechanical
weakness.

Regarding the alteration and decay of breccias, as with
all rocks in general both internal and external factors should
be considered. Internal factors depend on the mineralogical,
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{ Fig. 9 Photomicrographs of the Brecce di Seravezza samples : (A)
Typical blastopsephitic texture at necked eye of the Sample BM4 in
the Cava Grotte Bianche section (reflected light); (B) marble clast
with medium grained granoblastic with polygonal texture in the
Sample BM1 of the Cava del Rondone section (crossed polar); (C)
marble clast with medium- to fine- grained, often with concave/convex
junctions, heteroblastic texture in the Sample BM2 of the Cava del
Rondone section (crossed polar); (D) sharp contact of a fine-grained,
granoblastic impure pink marble clast and the foliated blasto-psam-
mitic matrix in the Sample BM1 of Cava del Rondone section (crossed
polar); (E) breccia with blastopsammitic matrix including an area of
fine/very fine-grained calcitic/marly matrix (see arrow) in the Sample
BM3 of Cava Grotte Bianche section (parallel polars); (F) marble
clast including quartz porphyroblasts in the Sample BM4 of the Cava
Grotte Bianche section (crossed polar); (G) darkish clinozoisite-rich,
lepidoblastic/nematoblastic part of the BM5 Sample of the Cava del
Rondone section (crossed polar); (H) contact between medium/fine-
grained whitish marble clast and a medium/coarse-grained, reddish-
pink marble including hematite pigment. Sample BM6 of Cava del
Rondone section (parallel polars); (I) coarse-grained marble in Fig. 9h
showing hematite-rich substitutions and inclusions. Sample BM6 of
the Cava del Rondone section (reflected light); (J) chloritoid-rich phyl-
litic quartzite at the top of the Cava del Rondone section. Cld=chlori-
toid; Ep= epidote (crossed polars)

petrographic, chemical-physical and structural properties
of the stone (Siegesmund and Snethlage 2014; Salvini et
al. 2023). In the case of breccias, it is important that also
the intrinsic characteristics of the clasts and rock fragments
contained within are considered. Among the rock frag-
ments, the microstructural and physical properties of the
marbles are the most important parameters (Cantisani et al.
2009). Marble fragments can develop alteration and decay
phenomena, such as discoloration, granular decohesion,
that significantly influence the state of conservation of the
breccias. Chemical and mineralogical composition, as well
as the microstructure of the matrix, are other relevant key
factors.

Among external factors we can include the methods
of installation and setting of breccia’s slabs, exposure to
weathering or thermohydrometric conditions indoors, and
unsuitable cleaning methods employed during restoration.

Thickness and orientation with respect to metamorphic
foliation must be considered for breccias used as cladding
slabs (Fig. 11A); that is, the greater the thickness, the more
resistant the slab is to degradation.

The foliation, developed in the matrix that binds marble
fragments, represents another point of weakness for chemi-
cal, mineralogical composition and microstructural features.
Generally, the matrix consists of minerals that can easily
altered by weathering such as hematite, phyllosilicates
(micas, chlorite, kaolinite etc.) and calcite; furthermore, the
presence of oriented structure can be a cause of fragment
detachment. When this is parallel to the surface, matrix
exfoliation and flake detachment can occur (Figs. 11B and
C) while when it is perpendicular to the surface, intergranu-
lar disintegration can happen (Fig. 11D).

Moreover, in outdoor, breccias are often used in monu-
mental fountains. In such cases, the continued exposure to
water leads to the development of biological patina, often
concentrated in cracked areas. The presence of cracks, in
turn, can cause moisture stagnation and subsequent bio-
logical growth (Fig. 11E) (Warscheida and Braams 2000).
While phenomena such as capillary rise or moisture from
the masonry behind can cause phenomena of decohesion
and colour alteration (discolouration) (Fig. 11F).

Conclusions

The Brecce di Seravezza s.l. include different varieties of
ornamental stones of notable historical-monumental mean-
ing, such as the Breccia medicea and the congener Mischio
di Seravezza. Their lithostratigraphic, petrographic and
mineralogical characterisation assumes a high connotative
and distinctive value from both a geological and an archaeo-
metric point of view, partly perceptible also in the autoptic
analysis of the ornamentations and colours present in the
several lithotypes of this heterogeneous group. The appear-
ance of the Brecce di Seravezza s.l. varies, due to the size of
the clasts, quantity of matrix and their colour, depending on
the quarry origin and also within the same quarry, giving rise
to different typologies with particular beauty. Despite their
heterogeneity, these ornamental stones represent a peculiar-
ity, universally recognized and appreciated, of the geodiver-
sity and geoheritage of the Alpi Apuane. In this contribution,
samples coming from the Brecce di Seravezza s.1. of two his-
torical quarries of the typical Stazzema area (Cava del Ron-
done c/o Pontestazzemese and Grotte Bianche c/o Volegno)
were fully studied for the first time. The lithostratigraphic,
petrographic and microstructural observations, mineral-
ogical and microchemical analyses allow us to identify the
main features for 14 representative samples (8 from Cava
del Rondone section and 6 from Grotte Bianche section).
The study points that “classical” feature of the Brecce di
Seravezza s.l. used in art and architecture, (consisting in a
“disorganized” breccia with whitish to reddish marble and
minor dolomitic marble pebbles to boulders in a reddish/
violet, foliated carbonatic-phyllitic matrix) is recognizable
only in some parts of the two sections that contain also other
metabreccias that are characterized by different colours and
textural/petrographiccharacteristics.

The low grade polyphase high pressure-low temperature
metamorphism, testified by the chlorite+muscovite+quartz+
chloritoid=+clinozoisite and low deformation features, allow
preserve the overall features of the Brecce di Seravezza pro-
tolith that can be defined a syn-tectonic sedimentary breccia
derived by karst and dismantling of the Triassic carbonate
platform (see also Franceschelli et al. 1996). Its characteristics
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Fig. 10 EDS layered maps of: A) sample BM3 showing carbonates and
subordinate phyllosilicatic matrix; B ) sample BM4 where is always
visible the phyllosilicatic component of the matrix and carbonates;
C ) sample BMS5 with rhombohedral crystals (epidotes); D) sample violet) are present

BMS5 with calcitic clasts; E) sample BM6, presence of reduced phyl-
litic matrix areas in violet-pink colour; F) sample BM6, in between
small clasts rich in Ca, matrix areas with spots more rich in Fe (colour
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Fig. 11 (A) Church of the Santissima Annunziata (Florence): internal
cladding in Mischio di Seravezza of the walls (pluri-centimetric thick-
ness of the wall is evident); (B) Church of the Santissima Annunziata
(Florence): internal cladding in Mischio di Seravezza, phenomenon of
exfoliation of the matrix; (C) Church of the Santissima Annunziata
(Florence): internal cladding in Mischio di Seravezza-Breccia medi-
cea, the detachment of flakes is evident; (D) Obelisk Piazza Santa

Maria Novella (Florence): granular disintegration of Breccia medicea;
(E) Fountain in Piazza Santa Croce (Florence), development of biolog-
ical patinas on Mischio di Seravezza in correspondence with cracks;
(F) Cathedral of Santa Maria del Fiore (Florence): internal cladding in
Mischio di Seravezza-Breccia medicea with phenomena of discolor-
ation and decohesion due to humidity
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are similar to the Greek Marmor Scyrium as already pointed
out by Lazzarini and Turi (1999). Our breccias, sampled in the
southern sections of the Brecce di Seravezza (Pontestazzemese-
Stazzema- Volegno area), reveal the lack of Mn-rich levels and
piemontite that are instead typical in the sections of the central
Alpi Apuane (Mt. Corchia area) as shown by (Lazzarini and
Turi 1999; Franceschelli et al. 1996, 2003).

Furthermore, taking into consideration the mineralogi-
cal, textural characteristics of the examined breccias, and
the main uses of these materials in the cultural heritage
context, it was possible to highlight the decay phenomena
observed in the outdoor and indoor monuments and works
of art in Florence.It is always fundamental to consider for
decay problems: the thickness (greater thickness favouring
more resistance to degradation) and the orientation (slab cut
with respect to metamorphic foliation determines fragment
detachment). Another source of degradation, due to external
conditions is, as always, the presence of water or phenom-
ena of capillary rise in the masonry, for the development of
biological patinas or decohesion and discoloration.

SupplementaryInformation The online version contains supplementary
material available at https://doi.org/10.1007/s12371-026-01339-x.
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