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ABSTRACT

The reconstruction of the tectono-stratigraphical framework of
the oceanic units (Ligurian Units Auctt.: Helminthoid Flysch Units,
Vara Units, Lanciaia Fm.) cropping out in southern Tuscany is diffi-
cult because of the complex tectonics which characterize this sector
of the Northern Apennines. Moreover, the widespread occurrence of
Miocene-Pliocene and Quaternary sedimentary covers interrupt the
areal continuity of the outcrops of the structural pile.

To reconstruct the stratigraphic-structural evolution of the Li-
gurian Units (LU) of southern Tuscany and to compare their sedimen-
tary and compositional features in areas crossed by the CROP-18
profile, the authors performed sedimentological, biostratigraphical,
petrographical and structural studies on some key outcrops (Gam-
bassi-Montaione, S. Donato in Poggio, Northern Monti della Ghe-
rardesca, Micciano-Libbiano and Serrazzano, Lanciaia-Montecastelli
Pisano). Data from geothermal wells were also used in the regional
correlation of units.

The Cretaceous helminthoid flysches have been grouped into a
single formation, the Monteverdi Marittimo Fm., subdivided into
three members: (i) the Larderello Member; (ii) the Montaione Mem-
ber; (iii) the San Donato Member. These represent different parts
of the oceanic basin. The Larderello Member (Flysch Calcareo-
Marnoso, Flysch di Monteverdi M.mo Auctt.) represents normal
sedimentation in the middle part of the basin; the Montaione Mem-
ber (Flysch di Montaione, Flysch di Chianni, Flysch di Castelluccio
Auctt.) was deposited in the inner (western?) part and close to an
ophiolitic ridge because of the occurrence of ophiolitic olistoliths
and breccias; while the San Donato Member (Formazione di S.
Donato: BORTOLOTTI, 1962) represents the distal eastern part of the
turbiditic system. 

Even though the LU of southern Tuscany were affected by a
complex polyphasic evolution (including out-of-sequence thrust-
ing), we can recognize the sequence of five main tectonic units
(from bottom to top of the pile): Morello Unit, Castelnuovo Val di
Cecina Unit (e.g. Marly-Calcareous Flysch Unit, Auctt.), Vara Unit
(Lower Ophiolitiferous Unit Auctt.) and Lanciaia Fm., Castelluccio
Unit (Montaione Flysch Unit Auctt.) and Montignoso Unit (Upper
Ophiolitiferous Unit Auctt.). The Lupicaia Creek Unit (Montecatini
Sandstones Unit Auctt.) is also present locally at the top of the pile
(Montecatini Val di Cecina and south of the Montaione-Gambassi
areas).

In the Early to Late Paleocene, the thrusting of the Vara Unit
onto the Monteverdi M.mo Fm. occurred and was sealed by the sedi-
mentation, in a piggyback basin, of the Lanciaia Fm., which can be
considered an earlier Epiligurian unit. From the Late Eocene the
Lanciaia Fm. was deformed by the out-of-sequence thrusting of the
Castelluccio Unit and, finally, of the Montignoso Unit. 

The main structural features of the LU have an «anti-Apenninic»
trend (N80 to N110) superimposed by a late «Apenninic» (N150 to
N180) trend. The former trend involved the LU at least until Middle-
Late Eocene, while is not recognizable in the Tuscan Units, and the
Neogene deposits which preserve only the Apenninic orientation.
Moreover, the regional distribution of the Cretaceous-Eocene ophiolitic
debris in the flysch sequences reflects the anti-Apenninic trend.

The above said data lead us to hypothesise, at least for the
Ligurian Units of this sector of the Northern Apennines, a structural
evolution probably linked, until the Middle-Upper Eocene, to a
transpressive tectonic context. 

KEY WORDS: Northern Apennines, southern Tuscany, Li-
gurian Units, tectono-sedimentary evolution, ophiolitic
olistoliths and olistostromes.

RIASSUNTO

Le Unità Liguri della Toscana Meridionale.

La ricostruzione dell’evoluzione stratigrafico-strutturale delle
unità oceaniche (Unità Liguri Auctt.) affioranti nella Toscana a sud
dell’Arno è complicata dalla complessa situazione tettonica che ca-
ratterizza questo settore dell’Appennino. Inoltre la diffusa presenza
dei sedimenti Mio-Pliocenici e Quaternari interrompe la continuità
areale degli affioramenti della sottostante pila tettonica.

Per accrescere le conoscenze stratigrafiche sulle Liguridi della
Toscana Meridionale nelle aree interessate dal profilo CROP-18, gli
autori hanno condotto studi sedimentologici, biostratigrafici, petro-
grafici e strutturali in affioramenti chiave (Gambassi e Montaione,
FI; San Donato in Poggio, FI; Monti della Gherardesca settentriona-
li, PI; Micciano, Libbiano e Serrazzano, PI; Lanciaia-Montecastelli
Pisano, PI) che hanno portato alla ricostruzione della loro complessa
evoluzione tettono-sedimentaria. Inoltre i dati dei pozzi geotermici
sono stati utilizzati per creare un punto di contatto tra la geologia di
superficie e quella del sottosuolo e porre un importante fattore di
controllo per quanto riguarda le correlazioni a carattere regionale.

I flysch a helmintoidi cretacei sono stati raggruppati in un’unica
formazione, la Formazione di Monteverdi Marittimo, distinta in tre
Membri: i) Membro di Larderello, ii) Membro di Montaione, iii)
Membro di S. Donato. Il Membro di Larderello (Flysch Calcareo-
Marnoso Auctt.) rappresenta la normale deposizione nella parte cen-
trale del bacino; il Membro di Montaione (Flysch di Montaione
Auctt.) si è deposto nella parte più interna (occidentale?) del bacino
prossimo ad un rilievo ofiolitico che lo riforniva di brecce e olistoliti;
il Membro di S. Donato (Formazione di S. Donato: BORTOLOTTI,
1962) rappresenta la parte orientale distale del sistema torbiditico.

Benché le Unità Liguri della Toscana meridionale siano state in-
teressate da un’intensa tettonica polifasica (comprendente thrust
fuori sequenza) sono state riconosciute cinque principali unità tetto-
niche sovrapposte, che dal basso verso l’alto sono: Unità Morello,
Unità di Castelnuovo Val di Cecina (Unità del Flysch Calcareo-Mar-
noso Auctt.), Unità Vara (Unità Ofiolitifera Inferiore Auctt.) e Forma-
zione di Lanciaia, Unità di Castelluccio (Unità del Flysch di Mon-
taione Auctt.), Unità di Montignoso (Unità Ofiolitifera Superiore
Auctt.). Localmente (zona di Montecatini Val di Cecina e a sud di
Montaione), è presente in cima alla pila strutturale l’Unità del Tor-
rente Lupicaia (Unità delle Arenarie di Montecatini Auctt.).

Tra il Paleocene Inferiore e il Paleocene Superiore l’Unità Vara
si sovrappone alla Formazione di Monteverdi M.mo. Questa sovrap-
posizione è sigillata dalla sedimentazione dalla Formazione di Lan-
ciaia (Paleocene Superiore-Eocene Inferiore-Medio) che quindi può
essere considerato un primo esempio di successione epiligure.

Dall’Eocene Superiore la Formazione di Lanciaia viene sovra-
scorsa in fuori sequenza dall’Unità di Castelluccio, prima, e di Mon-
tignoso, dopo.

Le strutture tettoniche principali delle Unità Liguri presentano
un trend «antiappeninico» (N80-N110) al quale si sovrappone una
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strutturazione «appenninica» (N150-N180) tardiva. L’orientazione
antiappenninica interessa le Unità Liguri almeno fino all’Eocene Me-
dio-Superiore. Le Unità Toscane e i sedimenti neogenici invece mo-
strano unicamente la strutturazione appenninica. Inoltre, anche la
distribuzione geografica del detritismo ofiolitico cretaceo-eocenico
dentro le sequenze flyschoidi liguri riflette a scala regionale un trend
antiappenninico. 

I dati sopra esposti evidenziano per le Liguridi di questo settore
dell’Appennino Settentrionale un’evoluzione tettonica verosimilmente
legata a transpressione almeno fino all’Eocene Medio-Superiore.

TERMINI CHIAVE: Appennino Settentrionale, Toscana Meri-
dionale, Unità Liguri, evoluzione tettono-sedimentaria,
olistoliti e olistostromi ofiolitici.

INTRODUCTION

Within the CROP-18 project, the study of the tectonic
and stratigraphic evolution of the Ligurian Units of
southern Tuscany adds new data to the structural inter-
pretations of the inner part of the Apennine Chain. The
study of such units is complicated by their dismembering
due to both the tectonic polyphasic shortening and the
successive low-angle (e.g. Reduced Tuscan Series: SI-
GNORINI, 1949; GIANNINI et alii, 1971; GIANNINI & LAZ-
ZAROTTO, 1975; DECANDIA et alii, 1993) and high-angle
extensional phases (e.g. development of Neogene basins:
BERTINI et alii, 1991; CARMIGNANI et alii, 1994). More-
over, the presence of widespread Neogene and Quater-
nary sedimentary cover interrupts the continuity of the
outcrops of the underlying tectonic pile. This problem
can be partly solved only in the Larderello geothermal
region by the data obtained from the numerous wells
(MAZZANTI, 1966; LAZZAROTTO & MAZZANTI, 1976).

For reconstructing the paleogeographical setting and
scanning the tectono-sedimentary evolution of the Li-
gurian Units of southern Tuscany, the authors carried out
stratigraphical, structural, biostratigraphical and petro-

graphical studies on typical outcrops of such units (fig. 1):
(a) Gambassi-Montaione area; (b) San Donato in Poggio
area; (c) Sassa area in the northern Monti della Ghe-
rardesca; (d) Micciano, Libbiano and Serrazzano area; (e)
Lanciaia-Montecastelli Pisano area. In particular, the last
three areas are directly affected by the CROP-18 profile.

The study includes: (i) detailed 1:10,000 scale map-
ping with special regard for the relationship between tur-
biditic successions and the ophiolitic bodies, and between
them and the syntectonic sedimentation (e.g. Lanciaia
Fm.); (ii) biostratigraphical dating (calcareous nannofos-
sils) of the turbiditic deposits to define the points of the
beginning and end of the sedimentation, which can be
related to main tectonic events (ABBATE & SAGRI, 1982;
PRINCIPI & TREVES, 1984; SESTINI et alii, 1986); (iii)
petrographical modal analyses according to the Gazzi-
Dickinson method (GAZZI, 1966; DICKINSON, 1970; DI

GIULIO & VALLONI, 1992) on samples collected in the are-
naceous portion of the Monteverdi Marittimo Fm. crop-
ping out in the Montaione and Sassa areas, which allow
us to obtain information about the source areas of the
helminthoid flysches and of the ophiolitic detrital inputs;
(iv) structural consideration of the tectonic pile of the
Ligurian units. The stratigraphic-tectonic reconstruction
was refined by subsurface data from geothermal wells in
the Larderello geothermal area (kindly supplied by Enel
Greenpower S.p.A.).

GEOLOGICAL FRAMEWORK OF THE LIGURIAN UNITS
OF SOUTHERN TUSCANY

The Ligurian-Piedmont Ocean opened during the
Jurassic between Adria (a promontory of the Africa Plate)
and Europe, and represented the westernmost portion of
the Tethys Ocean. From the Late Cretaceous the move-
ment between the Adria microplate and the European
plate changed from divergent to convergent, causing the
consumption and shortening of the Ligurian-Piedmont
Ocean (oceanic phase). After the continental collision, the
ensialic shortening of the Adriatic margin and the over-
thrusting of the Ligurian Units onto it began (ensialic
phase); these events lead to the east-vergent Northern
Apennines fold and thrust belt (ABBATE et alii, 1980;
PRINCIPI & TREVES, 1984; VAI & MARTINI, 2001 with
references therein).

In the geological literature the oceanic Ligurian Units
(Ligurids Auctt.), were divided into Internal and External
(ELTER & RAGGI, 1965). The Internal Ligurids (IL) are
represented by an ophiolitic unit (Vara Unit) topped by
arenaceous and arenaceous-pelitic turbidites (e.g. Gottero
Flysch, etc.). Helminthoid calcareous-marly flysches
deriving from the NW sector (e.g. Monte Antola Flysch,
Marina di Campo Fm.) are also present. According to
ABBATE & SAGRI (1982) and PRINCIPI & TREVES (1984),
in a context of subduction complexes, these units could
be related to a trapped crust environment.

The External Ligurids (EL and hereafter; Trebbia
Unit, Monte Caio Flysch, Southern Tuscany Helminthoid
Flysch complex, Monte Penna/Casanova Complex, Ba-
ganza Supergroup and Morello Unit) mainly consist of
turbiditic units detached from the original oceanic sub-
stratum at the level of the base complexes (i.e. pre-flysch
units). These mainly calcareous-marly turbiditic succes-
sions derived from northern and southwestern areas

30 G. NIRTA ET ALII

Fig. 1 - Distribution of the Ligurian Units in southern Tuscany. The
study areas are evidenced by the boxes. CROP-18 seismic profile is
shown.
– Distribuzione delle Unità Liguri nella Toscana sud-occidentale. Le aree
studiate sono evidenziate da rettangoli. È riportata l’ubicazione delle
linee sismiche CROP-18.
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Fig. 3 - Geological map of Montaione-Gambassi area.
– Carta geologica dell’area di Montaione-Gambassi.



(e.g. Monteverdi M.mo Formation; PAREA, 1965; SAGRI,
1969a). The nature of their basement (oceanic vs. thinned
continental crust) is debated (e.g. BERTOTTI et alii, 1986),
but most authors considered it to be oceanic basement
because of stratigraphical and structural considerations
(ABBATE et alii, 1980, 1984; PRINCIPI & TREVES, 1984;
BORTOLOTTI et alii, 2001). 

From Upper Paleocene-Lower Eocene times, piggy-
back basins formed on the already deformed LU. These
basins were filled by shaly-calcareous deposits rich in
olistoliths and olistostromes (Epiligurian sequence: PRIN-
CIPI & TREVES, 1984).

Southern Tuscany is a typical outcrop area for the
Apennine oceanic units, which were indicated in the geo-
logical literature with different names in the different
areas, because of the fragmentation of the outcrops and
the consequent difficulties in making regional correla-
tions.

According to our studies, five main oceanic tectonic
units can be distinguished in southern Tuscany (fig. 14).
Moreover, all the Upper Cretaceous helminthoid flysches
(MARRONI et alii, 1992; GARDIN et alii, 1994) of this area
can be considered as members (Montaione Member,
Larderello Member, S. Donato Member) of the Mon-
teverdi Marittimo Fm (see discussion). In particular, from
bottom to top of the orogenic pile, the following oceanic
tectonic units are present (for each unit, in brackets, the
previous stratigraphic denomination is shown):

Morello Unit (Supergruppo della Calvana, ABBATE &
SAGRI, 1970; Unità di Monte Morello, BOCCALETTI et alii,
1987). It includes (from bottom to top):

Pietraforte Formation (Upper Cretaceous). It is com-
posed of a regular alternation of medium to fine-grained
quartzose-calcareous sandstones and dark grey shales.
The thickness of the beds ranges between a few centime-
tres and 15-20 cm (max 50 cm).

Sillano Formation (Upper Cretaceous-Lower Eocene).
This is made up of alternating greyish shales, thinly
bedded Pietraforte-like sandstones, light brown to grey
calcareous marls, 15 cm to about 1 m thick brown and
green-grey marly limestones, and iron-grey, occasio-
nally graded calcarenites with 5 to 20 cm thick beds.
Frequently these lithologies, near the contact with the
Pietraforte Fm., are replaced by red, greenish and grey
shales with centimetre-thick green to reddish marly
limestones and rare fine-grained calcareous sandstone
of Pietraforte-type beds (Villa a Radda Formation
Auctt.).

M. Morello Formation (Lower Eocene-Middle Eocene).
This is represented by alternating white to light brown
marly limestones, grey-yellowish calcarenites and shales.
The marly calcareous portions prevail. The thickness of
the carbonate beds ranges from 30 cm to more than 1 m. 

Castelnuovo Val di Cecina Unit (Marly-Calcareous
Flysch Unit; Monteverdi-Lanciaia Unit p.p.; COSTANTINI et
alii, 1991, 1993). This unit is represented by the Larderello
Member (Marly-Calcareous Flysch, Chianni Flysch, Mon-
teverdi Marittimo Flysch p.p.: LAZZAROTTO & MAZZANTI,
1964; 1966; GIANNELLI et alii, 1965; BANNINO & CERRINA

FERONI, 1968; COSTANTINI et alii, 1993) and the San
Donato Member (Chianni Flysch p.p., San Donato in Pog-
gio Formation: BORTOLOTTI, 1962) of the Monteverdi
Marittimo Fm. (Santonian-Lower Paleocene). Locally also
a Cenomanian-Lower Turonian (MARINO & MONECHI,
1994) pelitic-calcarenitic base complex is present, which
we named the Poggio Rocchino Fm. (Shales, Siltstones and
Calcarenites with Pithonella; Poggio Rocchino Shales and
Limestones, COSTANTINI et alii, 1993; CARTOGRAFIA GEO-
LOGICA 1:50,000, FOGLIO 295-POMARANCE, 2002).

The Larderello Member consists of repeated 5 to 10 m
thick turbiditic bodies made up of basal light grey cal-
carenite with frequent yellowish alteration at the base,
grading upwards into marly limestone, marl and shale or
fine-grained limestone; sandstone intercalations are rare.

The San Donato Member is recognizable only in the
San Donato-Sant’Agnese area. It differs from the Larde-
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Fig. 4 - Geological cross section across the Montaione-Gambassi area.
– Sezione geologica nell’area di Montaione-Gambassi.

Fig. 5 - The Montignoso Unit cropping out in the Montignoso quarry.
d: debris; CCL: Calpionella Limestone; APA: Palombini Shale; δ: basalts
monogenic breccias; σ: Serpentinite olistolith; 1: high angle fault;
2: low angle tectonic contact.
– L’Unità di Montignoso affiorante nell’omonima cava. d: detrito; CCL:
Calcari a Calpionelle; APA: Argille a Palombini; δ: breccia monogenica
di basalto; σ: olistolite di serpentinite; 1: faglia; 2: contatto tettonico.



rello member essentially in the low mean thickness of the
beds and for the higher amount of the pelitic lithotypes. It
consists of alternating: (a) 1-8 m thick calcareous marls,
marls and grey to dark grey marly limestones with a local
calcarenitic base; (b) graded fine-grained calcarenites,
30-50 cm thick, sometimes amalgamated up to 3 m thick
bodies; (c) shaly marls (up to 2 m thick); (d) scattered
beds 5-20 cm thick of more or less calcareous finegrained
sandstones.

The Poggio Rocchino Fm. represents the base com-
plex of the Monteverdi M.mo Fm. and is present with
scattered outcrops only in the San Donato-Sant’Agnese
and Lanciaia-Montecastelli P.no areas. The lithologies are
represented mostly by often manganesiferous shales, sil-
tose shales with penetrative scaly cleavage which include
intercalations of isolated, up to 10 m thick bodies of cal-
carenites, marly limestones and marls similar to those of
the Monteverdi Marittimo Fm. The transition between

two formations is gradual, by decrease of the terrigenous
component and increase of carbonates. 

Vara Unit and Lanciaia Fm (Lower Ophiolitiferous
Unit Auctt. and Lanciaia Fm.; Monteverdi-Lanciaia Unit
p.p.: LAZZAROTTO & MAZZANTI, 1976; COSTANTINI et alii,
1993). This includes an oceanic basement (serpentinites,
gabbros), and a volcanic (basalts) and sedimentary Juras-
sic to Lower Cretaceous sedimentary cover (Monte Alpe
Cherts, Calpionelle Limestones, Palombini Shales). The
Vara Unit is uncomformably overlain by the Epiligurian
Lanciaia Fm. (Upper Paleocene-Middle Eocene) which in
the typical outcrops in the Lanciaia-Montecastelli P.no
area is represented by the following lithological associa-
tions (from bottom to top):

a) breccias of very variable thickness (10-200 m)
mainly composed of angular serpentinite fragments (from
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Fig. 6 - Geological map and cross section of San Donato in Poggio-S. Agnese area.
– Carta e sezione geologica dell’area di San Donato in Poggio-S. Agnese.
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Fig. 7 - Geological sketches and cross section in the Sassa area.
– Carta geologica schematica e sezione dell’area di Sassa.
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Fig. 8 - Geological map of Micciano-Libbiano-Serrazzano area. Geological cross section in fig. 9.
– Carta geologica dell’area di Micciano-Libbiano-Serrazzano. Sezione geologica in fig. 9.



a few millimetres to 1 m), without any sorting and scarcely
cemented. Towards the basal contact with the ophiolites,
the sedimentary breccia is replaced by serpentinite or gab-
bro breccias, which locally presents some tectonically brec-
ciated zones. 

b) Rhythmic sequence of minute ophiolite-bearing brec-
cias and sandstones intercalated, at rather regular intervals,
with thinner sequences of calcarenites and siltstones.

c) Calcarenite, calcilutite and siltstone sequences
alternated with marly pelites; moreover, intercalations of
ophiolitic sandstones and silty marl beds can be found.

d) Alternating ophiolitic breccias, calcareous marls
and reddish to greenish shales.

Castelluccio Unit (Montaione Ophiolitiferous Unit:
CARTOGRAFIA GEOLOGICA 1:50,000, FOGLIO 295-POMA-
RANCE, 2002). It is represented by the Montaione Member
(Montaione Flysch; Castelluccio Flysch; Podere Taucci
Member: BORTOLOTTI & LAZZERI, 1964; LAZZAROTTO &
MAZZANTI, 1966; CERRINA FERONI & MAZZANTI, 1967;
CERRINA FERONI et alii, 1968; BRANDI et alii, 1968; CO-
STANTINI et alii, 1991) of the Monteverdi Marittimo Fm. 

The Montaione Member is represented by Tc-e and
occasionally Tb-e, generally incomplete turbiditic cal-
carenites and sandstones with marly-shaly interbeds and
olistostromes. The bed thicknesses range from some cen-
timetres to 1-2 metres. Locally the thickness of the marls
is up to 10-15 m. The sandstones/pelite ratio (= S/P) is
generally <1 but it becomes ≥ 1 nearby the olistostrome
event.

The olistostromes normally have a massive structure;
a crude inverse grading can be observed in the thicker
ones. The clasts (from submillimetric to some metres) are
angular and are made up of ophiolites and Palombini
limestones (i.e. polygenic breccia). The olistoliths usually
associated with the olistostromes locally reach kilometric
dimensions, for example the Poggio della Forra olistolith
(Montaione-Gambassi area).

Montignoso Unit (Upper Ophiolitiferous Unit, Auctt.;
Palombini Shales Ophiolitiferous Unit: CARTOGRAFIA GEO-
LOGICA 1:50.000, FOGLIO 295-POMARANCE, 2002). This is

mostly made up of locally chaotic Palombini Shales
(Lower Cretaceous-Cenomanian?), which include Ophi-
olitic masses of even greater dimensions. Palombini
Shales consist of dark grey shales, iron-grey siliceous
limestones and minor medium to finegrained quartz-
arenite beds. The ophiolitic bodies (metres to several hun-
dred metres in size) within the Palombini Shales can be
ascribed to tectonic slices and, in some cases, to olis-
toliths locally associated with sedimentary breccias
slipped into the Palombini Shales sedimentary basin. 

In the Montecatini Val di Cecina area the Montignoso
Unit is topped by the Lupicaia Creek Unit (Montecatini
Sandstones Subunit, BERTINI et alii, 2000) which consists
of medium to coarse-grained arkosic sandstones (MAZ-
ZANTI et alii, 1963; SAGRI, 1969b), similar to the Cre-
taceous-Paleocene sandstones of the Internal Ligurian
Units (e.g. Gottero, Monghidoro, Ghiaieto). 

Vara, Montignoso and Lupicaia Creek units pertain to
the IL, while Morello, Castelnuovo Val di Cecina and
Castelluccio units pertain to the EL.

FIELD DATA

In the following paragraphs, the lithostratigraphical,
biostratigraphical (fig. 2) and structural data obtained
from each type-area (locations in fig. 1) are given.

MONTAIONE-GAMBASSI AREA

The outcropping Ligurian succession (MAZZANTI,
1961; BORTOLOTTI & LAZZERI, 1964; CERRINA FERONI et
alii, 1968; MARINO, 1988; CISCATO, 1992; NIRTA, 2002)
can be ascribed to two tectonic units: the Castelluccio
Unit and the overlying Montignoso Unit (fig. 3).

Castelluccio Unit
The Montaione Member of this area is characterized

by an olistolith of kilometric dimensions (Poggio della
Forra olistolith) which locally modified the sedimentary
features in the basin.
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SITE FORMATION UNIT ASSOCIATION BIOZONE AGE REFERENCES

MN1

Monteverdi M.mo Fm. 
(Montaione Member)

CSU W barnesae, M. decussata, A. 
parcus constrictus, L., 
maleformis, C. aculeus, 
Braarudosphaera sp., P. 
cretacea

CC20,  CC21 
after Sissingh 
(1977).

middle 
Campanian

Cobianchi in Nirta, 2002

MN2

Monteverdi M.mo Fm. 
(Montaione Member)

CSU A. parcus, P. cretacea, L. 
cayeuxii, C. obscurus, E. 
eximius, C. verbeekii, M. 
furcatus

CC18 after 
Sissingh (1977).

early 
Campanian

Gardin in Ciscato, 1992

MN3

Monteverdi M.mo Fm. 
(Montaione Member)

CSU C. aculeus, A. parcus, C. 
obscurus, A. magnificus

CC20 after 
Sissingh (1977).

early 
Campanian

Gardin in Ciscato, 1992

MN4

Monteverdi M.mo Fm. 
(Montaione Member)

CSU Q. gothicum, Q. trifidum, C. 
aculeus, A. parcus

CC21, CC22 
after Sissingh 
(1977).

late 
Campanian

Gardin in Ciscato, 1992

TABLE 1

Montaione area.



The olistolith is lithologically heterogeneous: serpen-
tinites (spinel-bearing lherzolite), gabbros, basalts and
the Jurassic pelagic cover (fig. 4; CISCATO, 1992).

Analyses of the calcareous nannoplankton of the
Montaione Member point to a Lower to Upper Campa-
nian time interval (zones CC18, CC19, CC20 and CC21
after SISSINGH, 1977; MARINO, 1988; MARINO & MO-
NECHI, 1994; GARDIN et alii, 1994; COBIANCHI IN NIRTA,
2002; tab. 1). In particular, samples of flysch close to the
basal contact with the Poggio della Forra olistolith show
a Middle Campanian age. After the sliding, the sedimen-
tation of the Montaione member resumed in the Middle-
Upper Campanian (Borro delle Cave, zones CC20, CC21
and CC22 after SISSINGH, 1977; GARDIN IN CISCATO,
1992; tab. 1) with a more abundant marly-shaly compo-
nent. South of Montaione the overturned Flysch beds
stratigraphically under the basaltic olistolith can be
referred to Middle-Upper Campanian (CC20 and CC21
zones after SISSINGH, 1977; COBIANCHI IN NIRTA, 2002;
tab. 1).

The main fold axes in the Castelluccio Unit have a
WNW-ESE (50-90N) trend and vergence toward the SSW.
These folds are superimposed upon by large open folds
with NE-SW (150N-180N) axes and NE vergences. A
WNW-ESE trend is clearly recognizable only in the
Castelluccio Unit, while the NE-SW trend is recognizable
in all the LU, in the Tuscan Units and in the Neogene sed-
iments.

Montignoso Unit
This unit represents a large part of the southern por-

tion of the studied area, even though it shows good out-
crops only in the quarry north of Montignoso (fig. 5).
Generally, the contacts between the Palombini Shales and
the ophiolites are tectonic in nature. But locally, blocks of
highly altered ophiolites (generally serpentinites) associ-
ated with ophiolitic breccias with subrounded to rounded
clasts show stratigraphic relationships with the Palom-
bini Shales and could be interpreted as olistoliths (Mon-
tignoso quarry).

SAN DONATO IN POGGIO-S. AGNESE AREA

In this area (fig. 6) it is possible to observe the tec-
tonic superposition of the more external (eastern) portion
of the Monteverdi Marittimo Fm. (San Donato Member,
SAGRI 1969b) on the Sillano Fm. of the Morello Unit
through a SW-dipping low-angle (about 15°) thrust sur-
face (BORTOLOTTI, 1962; MARINO, 1988; MARINO & MO-
NECHI, 1994).

Morello Unit
The contacts between the Pietraforte Fm. and the Sil-

lano Fm and between the latter and the Monte Morello
Fm. are often tectonized. 

Nannofossil datings performed by MARINO (1988) in
the Pietraforte Fm. point to a Cenomanian to Upper San-
tonian age (zones CC9, CC14, after SISSINGH, 1977; tab.
2). Samples collected in the Sillano Fm. near the contact
with the Pietraforte Fm., east of Monsanto (MARINO,
1988; tab. 2), show a Cenomanian age (zone CC9 after
Sissingh, 1977), while those near the contact with the M.
Morello Fm., east of S. Dame, are of Lower Paleocene age
(zone CP4 after OKADA & BUKRY, 1980; MARINO 1988;
MARINO in press). The age of the Monte Morello Fm. is

Lower Eocene (zone CP9 after OKADA & BUKRY, 1980;
MARINO, 1988; MARINO in press).

Castelnuovo Val di Cecina Unit
This is the easternmost outcrop of the Monteverdi

Marittimo Fm. (S. Donato Member) and probably repre-
sents the distal part of the turbiditic system (SAGRI,
1969b). The flysch succession in the S. Donato in Poggio
area yielded an age from the Santonian (zone C. obscurus
after MARINO & MONECHI, 1994) to the Campanian/Maas-
trichtian boundary (zone Q. trifidum after MARINO & MO-
NECHI, 1994). In the same area some silty-clay outcrops
probably related to the Poggio Rocchino Fm. are Ceno-
manian-Turonian in age (zones E. turriseiffelii-E. eximius;
after MARINO & MONECHI, 1994). In the S. Agnese area
the age ranges from Coniacian/Santonian (zone CC14
after SISSINGH, 1977; MARINO, 1988; tab. 3) to Upper
Maastrichtian (zone CC26 after SISSINGH, 1977; MARINO,
1988; tab. 3). 

SASSA AREA

In this area (fig. 7) the analyses were focused on the
Montaione Member, whereas the details of the other Li-
gurian Units (Castelnuovo Val di Cecina Unit, Vara Unit
and Lanciaia Fm., Montignoso Unit) can be found in
COSTANTINI et alii (1993, with references therein). 

Castelnuovo Val di Cecina Unit
In the upper part of the Larderello Member some

bodies of ophiolitic breccias, identical to those founded in
the Montaione Member, are present (COSTANTINI et alii,
1993). This ophiolitic debris probably pre-dates the tec-
tonic emplacement of the Vara Unit in the flysch basin.

In the Botro del Rivivo area (4 km south of Sassa)
COSTANTINI et alii (1993) assumed the contact between
the Lanciaia Fm and the underlying Monteverdi Marit-
timo Fm. (Larderello Member) to be stratigraphic. Given
the lack of good outcrops, hydrothermal alteration along
this contact, and taking into account the subsurface data,
we consider it to be of a tectonic nature (see Discussion).

Vara Unit and Lanciaia Formation
The Vara Unit (mostly made of serpentinites) is tec-

tonically superposed on the Larderello Member and is
uncomformably capped by the Lanciaia Fm. We also
refer the ophiolites interposed between the Castelluccio
Unit and the Lanciaia Fm. to a tectonic slice of the Vara
Unit thrust over the Lanciaia Fm. (see Discussion).

In the Lanciaia Fm. cropping out in this area (Podere
Castellaro Fm., MAZZANTI, 1967; COSTANTINI et alii, 1993),
the basal ophiolitic breccias of the Lanciaia-Montecastelli
type-section are scarce or absent. 

In some cases this formation, dated Late Paleocene-
Early Eocene by COSTANTINI et alii (1993), tectonically
rests on the Castelnuovo Val di Cecina Unit. 

Castelluccio Unit
The main lithological features of the Montaione

Member are identical to those observed in the Montaione
outcrops. 

COSTANTINI et alii (1993) ascribe the Montaione
Member to the Early Campanian (zone CC17, CC18 and
CC19 after SISSINGH, 1977). The samples collected in the
upper part of the flysch show a Late Campanian age
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SITE FORMATION UNIT ASSOCIATION BIOZONE AGE REFERENCES

SA1

Pietraforte Fm. MMU Discorhabdus sp., G. 
diplogrammus, M. 
pemmatoidea, W barnesae, 
W. Biporta, C. crenulatus, E. 
turriseiffelii, E. floralis, L. 
carniolensis, P. cretacea, Z. 
embergeri

CC9 after 
Sissingh (1977).

upper 
Cenomanian

Marino, 1988

SA2
Pietraforte Fm. MMU W. Britannica, C. crenulatus, 

M. pemmatoidea, E. eximius, 
M. decussata

CC14 after 
Sissingh (1977).

Coniacian/ 
Santonian

Marino, 1988

SA3

Sillano Fm. (Villa a 
Radda Fm. Auctt)

MMU W. Barnesae, E. turriseiffelii, 
P. cretacea, C. crenulatus, 
Discorhbdus sp., M. 
pemmatoidea, G. 
diplogrammus, B. constans, 
L. carniolensis

CC9 after 
Sissingh (1977).

Cenomanian Marino, 1988

SA4

Sillano Fm. (Villa a 
Radda Fm. Auctt)

MMU W. Barnesae, P. cretacea, C. 
crenulatus, E. turriseiffelii, G. 
diplogrammus, M. decussata, 
T. orionatus, C aculeus

CC14 after 
Sissingh (1977).

Coniacian/ 
Santonian

Marino, 1988

SA5

Sillano Fm. MMU W. Barnesae, P. cretacea, B. 
constans, C. crenulatus, G. 
diplogrammus, Discorhabdus 
sp., E. turriseiffelii, T. 
orionatus, M. pemmatoidea, 
M. chiastius, R. asper, W. 
Biporta, C. litterarius, 
L. acutus

CC9 after 
Sissingh (1977).

Cenomanian Marino, 1988

SA6

Sillano Fm. MMU M. decoratus, M. decussata, 
P. fibuliformis, C. 
eherembergi, C. crenulatus, L. 
carniolensis, P. cretacea

CC14 after 
Sissingh (1977).

Coniacian/ 
Santonian

Marino, 1988

SA7
Sillano Fm. MMU C. crenulatus, M. decussata, 

P. cretacea, W. Barnesae, L. 
cayeuxii, R. anthophorus

CC16 after 
Sissingh (1977).

Santonian Marino, 1988

SA8

Sillano Fm. MMU M. decussata, P. cretacea, W. 
Barnesae, Broinsonia cf. B. 
enormis, L. cayeuxii, P. 
fibuliformis, C. obscurus, C. 
eherembergi, E. turriseiffelii, 
M. decoratus, R. anthophorus

CC17 after 
Sissingh (1977).

upper Santonian Marino, 1988

SA9

Sillano Fm. MMU M. decussata, W. Barnesae, 
C. eherembergi, C. 
crenulatus, P. cretacea, V. 
stradneri, Broinsonia cf. B. 
enormis, L. cayeuxii, P. 
fibuliformis, M. decoratus, M. 
murus, L. quadratus

CC25 after 
Sissingh (1977).

Maastrichthian Marino, 1988

SA10

Sillano Fm. MMU Broinsonia cf. B. enormis, M. 
decoratus, M. decussata, P. 
cretacea, C. crenulatus, E. 
turriseiffelii, P. fibuliformis, W. 
barnesae, M. murus, L. 
quadratus, N. frequens, 

CC26 after 
Sissingh (1977).

upper 
Maastrichthian

Marino, 1988

SA11
Sillano Fm. MMU CP4 after Okada 

& Bukry (1980).
Early Paleocene Marino, 1988, Marino 

in prep.

SA12
Monte Morello Fm. MMU CP9 after Okada 

& Bukry (1980).
Early Eocene Marino, 1988, Marino

in prep.

SA13

Monteverdi M.mo Fm. 
(S. Donato Member)

CCU M. decussata, W. barnesae, 
Broinsonia cf. B. enormis, C. 
ehrenbergi, P. cretacea, E. 
eximius, E. turriseiffelii

CC14 after 
Sissingh (1977).

Coniacian/ 
Santonian

Marino, 1988

TABLE 2

S. Donato-S. Agnese area.



(zone CC21 after SISSINGH, 1977; COBIANCHI IN NIRTA,
2002; tab. 4). 

As in the Montaione-Gambassi area, in this unit two
main tectonic events are recognizable. The first event pro-
duced tight to close folds with N50-N80 trending axes and
westward vergences. With the secondary event are associ-
ated generally open folds with N150 to N200 axes direc-
tions and eastwards vergence. The folds associated with
the first tectonic event are clearly recognizable only in the
Castelluccio Unit and seem to affect only the LU. In fact,

the nearby Neogene Guardistallo Basin (W of Sassa area)
records just the effects of the late event (CERRINA FERONI

et alii, 2004).

Montignoso Unit
The unit is characterized by Palombini Shales gener-

ally of a chaotic nature including scattered metric to
decametric ophiolitic bodies (usually serpentinites). The
relationship between these bodies and the Palombini
Shales is never clearly observed.
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SITE FORMATION UNIT ASSOCIATION BIOZONE AGE REFERENCES

SS1

Monteverdi M.mo Fm. 
(Montaione Member)

CSU W barnesae, M. decussata, 
Lucianorhabdus spp., C. 
obscurus., A. parcus parcus, 
A. parcus constrictus, 
Eiffellithus spp., Tranolithus 
spp., U. gothicus

CC21 after 
Sissingh (1977).

middle 
Campanian

Cobianchi in Nirta, 2002

TABLE 3

Sassa area.

SITE FORMATION UNIT ASSOCIATION BIOZONE AGE REFERENCES

SA14
Monteverdi M.mo Fm. 
(S. Donato Member)

CCU M. decussata, P. cretacea, W. 
Barnesae, C. ehrenbergi, C. 
obscurus, L. cayeuxii

CC17 after 
Sissingh (1977).

Santonian Marino, 1988

SA15

Monteverdi M.mo Fm. 
(S. Donato Member)

CCU Broinsonia cf. B. enormis, C. 
obscurus, C. ehrenbergi, M. 
decussata, P. cretacea, W. 
barnesae, G. diplogrammus, 
L. cayeuxii, A. parcus, C. 
crenulatus, C. margerelii, E. 
turriseiffelii, Gartnerago sp., 
M. decoratus, T. orionatus

CC18 after 
Sissingh (1977).

lower 
Campanian

Marino, 1988

SA16

Monteverdi M.mo Fm. 
(S. Donato Member)

CCU Broinsonia cf. B. enormis, M. 
decussata, C. ehrenbergi, P. 
cretacea, W. barnesae, 
Biscutum sp., C. crenulatus, 
L. cayeuxii, M. decoratus, P. 
fibuliformis, C. obscurus, C. 
aculeus

CC20 after 
Sissingh (1977).

lower 
Campanian

Marino, 1988

SA17

Monteverdi M.mo Fm. 
(S. Donato Member)

CCU M. decussata, W. barnesae, 
A. parcus, C. ehrenbergi, C. 
crenulatus, L. cayeuxii, M. 
decoratus, P. cretacea, Q. 
gothicum, Biscutum sp., C. 
obscurus, C. aculeus, 
Discorhabdus sp., E. 
turriseiffelii, L. carniolensis, Q. 
trifidum, R. levis

CC22 after 
Sissingh (1977).

upper 
Campanian

Marino, 1988

SA18

Monteverdi M.mo Fm. 
(S. Donato Member)

CCU M. decussata, W. barnesae, 
P. cretacea, C. obscurus, C. 
ehrenbergi, L. cayeuxii, G. 
diplogrammus, R. levis

CC23 after 
Sissingh (1977).

upper 
Campanian / 
lower 
Maastrichtian

Marino, 1988

SA19

Monteverdi M.mo Fm. 
(S. Donato Member)

CCU M. decussata, W. barnesae, 
C. ehrenbergi, C. crenulatus, 
P. cretacea, V. stradneri, 
Broinsonia cf. B. enormis, L. 
cayeuxii, M. decoratus, P. 
fibuliformis, C. aculeus, C. 
litterarius, E. gorkae, E. 
turriseiffelii, M. murus, L. 
quadratus

CC26 after 
Sissingh (1977).

upper 
Maastrichtian

Marino, 1988

TABLE 2 (Continued)

S. Donato-S. Agnese area.
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SITE FORMATION UNIT ASSOCIATION BIOZONE AGE REFERENCES

ML1

Monte Alpe Cherts VVU P. amphitreptera, Z. ovum, P. 
ordinarium, A. apiarum, A. 
suboblongus suboblongus, S. 
elegans

UAZ 9 – 11 after 
Baumgartner et 
alii (1995)

middle-late 
Oxfordian to 
late 
Kimmeridgian-
early Tithonian

Chiari in Bianco, 1996

ML2

Lanciaia Fm. C. pelagicus, E. subpertusa, 
E. formosa, S. radians, S. 
moriformis, P. martini, 
Chiasmolitus sp, Discoaster 
spp, D. binodanes, D. 
barbadiensis, D. diastypus, D. 
rosetta, D. mirus, P. specifica, 
T. orthostylus

poorly preserved 
association

not older than 
Early Eocene 

Gardin in Bianco, 1996

ML3
Lanciaia Fm. C. pelagicus, D. multiradiatus, 

Fasciculitus spp, T. 
orthostylus

poorly preserved 
association

not older than 
Early Eocene 

Gardin in Bianco, 1996

ML4

Monteverdi M.mo Fm. 
(Montaione Member)

CSU W. barnesae, M. decussata, 
P. cretacea, C. ehrenbergi, C. 
crenulatus, S. cretaceus, A. 
cymbiformis "N", E. 
turriseiffeli, Z. spiralus, A. 
parcus parcus

poorly preserved 
association

late Campanian Gardin in Bianco, 1996

TABLE 4

Micciano-Libbiano-Serrazzano area.

SITE FORMATION UNIT ASSOCIATION BIOZONE AGE REFERENCES

LN1

Lanciaia Fm. (basal 
breccias)

C. pelagicus, S. cf. moriformis, 
D. multiradiatus, D. 
lenticularis, P. bisulcus,  E. 
subpertusa, F. tympaniformis,  
T. tovae, S. radians, E. 
macellus, M. inversus, Z. 
bijugatus, Ch. cf. consuetus, 
D. cf. elegans, T. craticulus, 
Chiasmolitus sp, N. 
concinnus, D. mohleri, 
Toracosphaera sp., E. 
formosa

CP8 after Okada 
& Bukry (1980) 

Late Paleocene Gardin in De Siena, 1992

LN2

Lanciaia Fm. (clasts in 
the basal breccias)

M. decussata, P. cretacea, W. 
barnesae, L. carniolensis, C. 
aculeus, C. crenulatus, A. 
parcus, M. decoratus, Z. 
diplogrammus, R. antophorus, 
R. cymbiformis, 
Argkhangeskiella sp., R. cf. 
levis

CC20 after 
Sissingh (1977).

middle - late 
Campanian

Gardin in De Siena, 1992

TABLE 5

Lanciaia-Montecastelli Pisano area.



MICCIANO-LIBBIANO-SERRAZZANO AREA

In this typical and well studied area (MAZZANTI,
1966, LAZZAROTTO, 1966; LAZZAROTTO, 1967; MAZZANTI,
1967; LAZZAROTTO et alii, 1995) the Ligurian Units are
represented by the Castelnuovo Val di Cecina Unit, Vara
Unit, Lanciaia Fm., Castelluccio Unit and Montignoso
Unit (fig. 8).

Castelnuovo Val di Cecina Unit
In the studied area there are no outcrops of this unit,

but its presence in the subsurface is testified to by the
Enel borehole data.

Vara Unit and Lanciaia Formation
The Vara Unit is mainly represented by the serpen-

tinites that crop out over a large area. In some weakly
extended outcrops, serpentinites are associated with gab-
bros, ophicalcites and Jurassic volcano-sedimentary cover
formations. At Mandriolo a stratigraphical succession is
still clearly recognizable and consists of serpentinites
overlaid by ophicalcites and, in their turn, by pillow
basalts capped by Monte Alpe Cherts (middle-late Oxfor-
dian to late Kimmeridgian-early Tithonian; zones UAZ 9-11
after BAUMGARTNER et alii, 1995; CHIARI IN BIANCO, 1996;
tab. 5) and the Calpionelle Limestones (BIANCO, 1996;
CASTELLI, 1996). 

The structural setting of the Vara Unit is character-
ized by broad recumbent folds and imbricated tectonic
slices, as can be detected by the presence of closely asso-
ciated normal and reverse series with similar strikes and
dips. In the Micciano-Libbiano-Serrazzano area these
structures are also confirmed below the surface by the
Enel wells, which show portions of the volcanic-sedimen-
tary cover with normal and reverse polarity intercalated
within serpentinites (fig. 9).

The Lanciaia Fm. crops out widely in the northwest-
ern sector of the map between the Micciano and Libbiano
villages to the north and the Monterufoli Farm to the
south. 

The fossiliferous assemblage found in the samples of
the Trossa Creek can be referred to an age not older than
Early Eocene (GARDIN IN BIANCO, 1996; tab. 5). Early
Eocene is also the age of the clay-silty Cerbaiola outcrop
(GARDIN IN BIANCO, 1996; tab. 5). These data agree with
the ages (zones CP10 and CP11 after OKADA & BUKRY,
1980) given by LAZZAROTTO et alii (1995) for the same
area and for the Botro Botticella outcrop (SW of M. Alto).

The Enel wells of the Micciano-Libbiano-Serrazzano
area (Monterufoli, Zolfara 2, Rimonese and Farneta wells,
see fig. 9 and fig. 13) reveal that the Lanciaia Fm. is tec-
tonically interposed between the Vara Unit and the
Castelnuovo Val di Cecina Unit. This situation seems to
be localized along an ENE-WSW alignment from T.
Rimonese (5 km SW of Pomarance) up to Botro del Ri-
vivo (4 km south of Sassa) where this superposition crops
out.

Castelluccio Unit
The first work in this area considered the Montaione

Member to be the upper portion of the Lanciaia Fm.
(Podere Taucci Member; CERRINA FERONI & MAZZANTI,
1967; BRANDI et alii, 1968), and only later was it corre-
lated with the Sassa and Montaione outcrops (COSTAN-
TINI et alii, 1991).

The samples show generally scarce and poorly pre-
served Late Cretaceous fossil associations, generally of
late Campanian age (GARDIN IN BIANCO, 1996; tab. 5).

The flysch appears extremely tectonized. The main
folds are open to close with E-W oriented axes and south-
ward vergences.

Montignoso Unit
The chaotic Palombini Shales of the Micciano area

include an altered mass of brecciated basalt. The contact
between the two lithologies is indicated by a compact
breccia with centimetre-sized clasts of basalt and lime-
stone. 

LANCIAIA-MONTECASTELLI PISANO AREA

This is another typical area for the LU in the
Larderello geothermal region (LAZZAROTTO & MAZZANTI,
1976) (fig. 10, fig. 11).

Castelnuovo Val di Cecina Unit
In this area the Larderello Member lies stratigraphically

on the Poggio Rocchino Fm. (BANNINO & CERRINA FERONI,
1968; COSTANTINI et alii, 1993; LAZZAROTTO et alii, 2002). 

The upper part of the Larderello Member sampled
along the Pavone Creek shows a late Maastrichtian age
(zone M. murus after MARINO & MONECHI, 1994). 

Dating of the Poggio Rocchino Fm. near the contact
with the Monteverdi Marittimo Fm. (Poggio Scarpinata,
immediately east of the studied area) yielded late Cam-
panian to Turonian ages (zones E. turriseiffelii and L. acu-
tus after MARINO & MONECHI, 1994).

Tectonism of this unit is represented by a main defor-
mational event characterized by tight to isoclinal folds
with WSW-ENE trending axes and SSW vergence. In
some cases a strong tectonic lamination affected original
overturned folds and produced a series of imbricate
tectonic slices (LAZZAROTTO, 1967). These deformations
coexist with a late folding event characterized by gentle to
open folds with NW-SE axial orientation and NE ver-
gence.

Vara Unit and Lanciaia Formation
In the Vara Unit, serpentinites (lherzolite) and gab-

bros (olivine and/or clinopyroxene Mg-gabbro), with
local basaltic dykes, largely prevail on the volcano-sedi-
mentary cover. Under the microscope the serpentinites
show a structure deriving from lherzolites in which ser-
pentinization has led to the replacement of the primary
paragenesis. 

The contacts between serpentinites and gabbros are
often tectonic with local cataclasites (P.gio Lunghieri). 

The uncomformity of the Lanciaia Fm. on the Vara
Unit is observable (SIGNORINI et alii, 1963; MAZZANTI,
1966; LAZZAROTTO & MAZZANTI, 1976) in the outcrops
crossed by the Pavone Creek and in the type-section along
the Cecina River (Tormentaia quarry). Here, in the upper
part of the basal breccias, at least four graded fining-
upwards cycles, passing from breccias to ophiolite-bear-
ing sandstones, are recognizable (BENVENUTI et alii, 2001). 

In the literature a Late Paleocene to Early-Middle
Eocene age (zones CP10, CP11 and CP12 after OKADA &
BUKRY, 1980; MARINO & MONECHI, 1994) was defined for
the Lanciaia Fm. on the basis of planktonic foraminifera
(SIGNORINI et alii, 1963; LAZZAROTTO & MAZZANTI, 1966,
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1976; LAZZAROTTO, 1966; MAZZANTI, 1966; GIANNINI &
LAZZAROTTO, 1972) and calcareous nannoplankton (MA-
RINO, 1988; MARINO & MONECHI, 1994). Marly inter-
calations within the basal ophiolitic breccias in the Tor-
mentaia Quarry section along the Cecina River show Late
Paleocene nannofossil associations (zone CP8 after
OKADA & BUKRY, 1980; GARDIN IN DE SIENA, 1992; tab.
6). Some marly clasts included in the same breccias are
characterized by a Middle-Late Campanian nannofossil

association (zone CC20 after SISSINGH, 1977; GARDIN IN

DE SIENA, 1992; tab. 6) which suggests that it derives
from the Monteverdi M.mo Fm. of a tectonized inner
paleogeographical area (DE SIENA, 1992). 

Except some gentle wide-angle folds, no important
deformations are observable in the Lanciaia Fm. The bed
dip never exceeds 35°, and no reverse attitudes have ever
been found. In some cases deformed layers with isoclinal
folds and ophiolitic blocks embedded in undeformed strata
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Fig. 10 - Geological map of Lanciaia-Montecastelli Pisano area.
– Carta geologica dell’area di Lanciaia-Montecastelli Pisano.



have been observed. These deformations are probably
related to intraformational slumping linked with the
emplacement of the ophiolitic olistoliths (DE SIENA, 1992).

Montignoso Unit
The lithological and structural features of this unit are

quite similar to those observed in areas already considered.
The recognizable folds do not show any preferential distri-
bution. The nature of the contacts between the Palombini
Shales and the enclosed ophiolitic bodies is difficult to
establish, but the greater part of these seem to be tectonic.

PETROGRAPHICAL DATA

To investigate the relationship between turbiditic sedi-
mentation and ophiolitic inputs, a preliminary petro-
graphical study on the Montaione Member of the Mon-
teverdi M.mo Fm. was carried out. A detailed analysis was
made using a storage and management data-processing
system (CIPRIANI et alii, in press). This was applied to 18

thin sections from sandstone samples collected at the base
of the turbiditic beds in the Montaione Member cropping
out at Montaione (9 samples) and Sassa (9 samples).

The data from the two areas were tabulated on ternary
(DICKINSON et alii, 1983) and binary diagrams (CHIOC-
CHINI & CIPRIANI, 1992; CHIOCCHINI & CIPRIANI, 1996)
and show a similar composition (fig. 12). The only differ-
ence is the higher quartz content, and in particular quartz
without undulatory extinction (fig. 12b) in the Sassa sam-
ples, which could be connected to the well-known Neo-
gene silicization effect in this area (e.g. Pseudofilone of
Sassa, LOTTI, 1910; MAINERI, 1991; BALDI et alii, 1995).

Moreover, two distinct petrofacies are recognizable
in the ternary diagrams (fig. 12a; NIRTA, 2002). The first
one comprises well-sorted arkose with low (Q/F≅ 1) to
medium (Q/F>1) compositional maturity; the low propor-
tion (< 15%) of lithic fragments derives from lowgrade
metamorphic rocks (phyllites) and siliciclastic rocks (silt-
stones). The second petrofacies is represented by poorly
sorted sandstones with an evident and variable (in quan-
tity) lithic component and scarce compositional maturity;
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Fig. 11 - Geological cross section across the Lanciaia-Montecastelli Pisano area.
– Sezione geologica dell’area di Lanciaia-Montecastelli Pisano.

Fig. 12 - Petrographical data on the Mon-
taione Member (Sassa and Montaione
areas): a) ternary diagram; b) binary dia-
grams. Q: quartz, F: feldspar, L: lithic,
Qm: monocristalline quartz, Qm0°-5°: mo-
nocristalline quartz without undulatory
extinction (< 5°).
– Dati petrografici nel Membro di Montaio-
ne (aree di Sassa e Montaione): a) diagram-
ma ternario; b) diagrammi binari. Q: quar-
zo, F: feldspato, L: litici, Qm: quarzo
monocristallino, Qm0°-5°: quarzo monocri-
stallino senza estinzione ondulata (< 5°).



the lithic fragments are represented by (in order of abun-
dance): serpentinites, siltstones, shales and limestones.

The arkosic petrofacies is related to broad and mature
turbiditic systems, fed by crystalline rocks probably
derived from a continental block in an erosional phase.
On the other hand the litharenitic petrofacies represents
the dismantling of ophiolitic highs near to the flysch
basin, and is compositionally similar to the olistolith and
olistostrome bodies present in the Montaione Member.

Mixing between the two petrofacies is clearly observ-
able in the QFL ternary diagram. This is partly due to a
tractive reworking phenomenon caused by successive
flows on already deposited materials.

DISCUSSION

The performed study allows the correlation of the dif-
ferent Cretaceous helminthoid flysch units of southern
Tuscany from Monteverdi Marittimo to Western Monti
del Chianti, which were defined in the past with different
names in different outcrop areas. In particular we group
all these units into a single formation, i.e. the Monteverdi
Marittimo Fm., which is divided into three members: the
Larderello Member, the Montaione Member and the S.
Donato Member. Biostratigraphical data point to a

Lower-Middle Campanian to Lower Maastrichtian age for
the Montaione Member, and an Upper Santonian-Upper
Maastrichtian/Lower Paleocene age for the Larderello
and S. Donato Members (MARINO, 1988; MARINO & MO-
NECHI, 1994; GARDIN et alii, 1994; fig. 2). In agreement
with LAZZAROTTO & MAZZANTI (1964, 1976) and LAZ-
ZAROTTO et alii (1990), the shaly-siltose formation of
Upper Cenomanian-Turonian age (Shales, Siltstones and
Calcarenites with Pithonella; Poggio Rocchino Shales and
Limestones: COSTANTINI et alii, 1993; LAZZAROTTO et alii,
2002; MARINO & MONECHI, 1994) that crops out south of
Monteverdi Marittimo and east of Montecastelli Pisano
(COSTANTINI et alii, 2002b), has been referred to the basal
complex of the Monteverdi Marittimo Fm. (Poggio
Rocchino Fm. in this paper) as well as the similar succes-
sion present at the base of the S. Donato Member in the
S. Donato-S. Agnese area. The Larderello Member is a
typical helminthoid flysch of the Northern Apennines,
made up of turbiditic beds consisting of basal calcarenitic
or calcareous sandstone passing upwards into marly
limestone, marls and shales. The Montaione Member dif-
fers from the former in the greater content of arenaceous
lithotypes and the presence of olistostromes and ophi-
olitic olistoliths. The S. Donato Member (SAGRI, 1969b) is
characterized by a low S/P ratio and by ophiolitic-grain-
free, thinly bedded turbidites.
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Fig. 13 - Correlations between the Ligurian Units crossed by wells in geothermal region. Wells: 1) Montecatini1; 2) MV7; 3) MV5; 4) Zolfara2;
5) Rimonese; 6) Farneta1; 7) Monterufoli; 8) Le Sughere; 9) 153; 10) Mandriolo; 11) Miniera2; 12) 122 S. Ippolito; 13) 118; 14) 117 Segarelli;
15) Bulera2; 16) Bulera6; 17) Bulera5; 18) Bulera1; 19) Bulera3; 20) San Michele; 21) San Dalmazio; 22) Montecastelli1; 23) Mitigliano.
– Correlazioni tra le Unità Liguri attraversate dai sondaggi in zone geotermiche. Pozzi: 1) Montecatini1; 2) MV7; 3) MV5; 4) Zolfara2; 5) Rimonese;
6) Farneta1; 7) Monterufoli; 8) Le Sughere; 9) 153; 10) Mandriolo; 11) Miniera2; 12) 122 S. Ippolito; 13) 118; 14) 117 Segarelli; 15) Bulera2;
16) Bulera6; 17) Bulera5; 18) Bulera1; 19) Bulera3; 20) San Michele; 21) San Dalmazio; 22) Montecastelli1; 23) Mitigliano.



On the basis of the sedimentological features, the
Montaione and Larderello members can be related to the
central part of the turbiditic system while the S. Donato
Member represents the fringe area (SAGRI, 1969b). More-
over, the huge ophiolitic detrital input in the Montaione
Member suggests that its deposition was close to a tecton-
ically active ophiolitic relief. Considering the absence of
ophiolitic inputs in the Larderello and S. Donato mem-
bers and the tectonic piling of the units, the ophiolitic
ridge can be paleogeographically positioned to the pre-
sent W-NW of the Montaione Member outcrops. 

The grouping of the Cretaceous helminthoid flysches
of southern Tuscany was proposed by SAGRI (1969b),
who referred them to the M. Antola Fm. of the Ligurian
Apennines. But biostratigraphical and paleocurrent data
suggest that the flysches of southern Tuscany and of
Liguria belong to different depositional systems (see also
GARDIN et alii, 1994). In fact, the helminthoid flysches
of the Ligurian and Ligurian-Emilian Apennines have a
younger age (RIO & VILLA, 1983 and 1987; RIO et alii,
1983; GENNA, 1988; MANIVIT & PROUD’HOMME, 1990;
CERRINA FERONI et alii, 1991) and different source areas
(NW for the former and WSW for the latter unit, SAGRI

1969a,b) compared with the southern Tuscany helminthoid
flysches. 

The ophiolitic detrital input in the helminthoid basin
is also shown by the petrographical analyses carried out
on the Montaione Member. These analyses reveal the
presence of two petrofacies: one is represented by arkoses
characterized by medium compositional maturity and
continental supply (compositionally similar to the Upper
Cretaceous-Paleocene arenaceous flysch of the IL: e.g.
Gottero, Ghiaieto and Montecatini sandstones), while the
other is represented by low maturity litharenites derived
from the dismantling of an ophiolitic high. 

In the Micciano-Libbiano-Serrazzano and Lanciaia-
Montacastelli Pisano areas, the unconformity between the
Vara Unit and the overlying Epiligurian Lanciaia Fm. is
confirmed by our data. The basin in which the Lanciaia
Fm. was deposited originated not later than the Upper
Paleocene (zone CP8; OKADA & BUKRY, 1980).

In the Sassa-Canneto area and in the subsurface of the
Micciano-Libbiano-Serrazzano area (data from geother-
mal wells) the Lanciaia Fm. is tectonically interposed
between the Vara and the Castelnuovo Val di Cecina Unit.

The structural surveys performed in the field inte-
grated with the borehole data (fig. 13) allow us to refer the
Ligurian terrains to five main tectonic units (fig. 14). From
bottom to top of the Ligurian tectonic pile they are: (i) the
Morello Unit (ii) the Castelnuovo Val di Cecina Unit, (iii)
the Vara Unit and Lanciaia Fm., (iv) the Castelluccio Unit,
(v) and the Montignoso Unit. Moreover, the Lupicaia Creek
Unit can be distinguished at the top of the Ligurian tec-
tonic stack in the Montecatini Val di Cecina zone, but also
in isolated outcrops south of the Montaione-Gambassi area
(MACCANTELLI, 1994; COSTANTINI et alii, 2002a).

The Castelluccio, Lupicaia Creek and Montignoso
units have been emplaced, from an internal position, on
to the other LU through out-of-sequence thrusts of
regional importance. However, for the Montignoso Unit a
gravitational emplacement from the inner to the external
area cannot be excluded. The tectonic setting of this unit
(made up of ophiolitic rocks enclosed in the Palombini
Shales) and the poorly preserved outcrops hamper a more
precise analysis. Nevertheless, in a few outcrops in 
the Montaione-Gambassi area, sedimentary relationships
between pelagic Palombini Shales and ophiolitic olistoliths
and breccias are also observable. 

Further structural complications, also evidenced by
the wells in the Larderello geothermal area, are related to
minor out-of-sequence thrusts. This is the case of the
overthrusting of the Vara Unit on to the Lanciaia Fm.
This thrust, aligned WSW-ENE in the Sassa area (Botro
del Rivivo), pre-dated the emplacement of the Castelluc-
cio and Montignoso units

Two folding phases are recognized in the studied
areas. The oldest phase documented at any scale is charac-
terized by close to isoclinal folds whose axes are WSW-
ENE oriented and SSE-vergent. This is also the alignment
of the already mentioned out-of-sequence thrust involving
the Lanciaia and the Vara Unit, as well as of the major
morphostructural elements recognizable in the Ligurian
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Fig. 14 - Structural sketch of the Ligurian Units of southern Tuscany.
– Schema strutturale delle Unità Liguri in Toscana Meridionale.
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Fig. 15 - Sedimentary-tectonic evolution of the Ligurian Unit in southern Tuscany.
– Evoluzione tettonica e sedimentaria delle Unità Liguri in Toscana Meridionale.



Units in the studied areas (main thrusts, geographical dis-
tribution of tectonic units, olistolith alignment, etc.). This
tectonic alignment is not recognizable in the Tuscan Units
and in the Neogene deposits. The younger tectonic folding
phase is represented by decimetre- to kilometre-scale fold
structures from open to close in shape, with NW-SE ori-

ented axes and NE-vergence. These latter tectonic defor-
mations affect all the tectonic units in the studied areas. 

Although the relationships between the two fold fami-
lies are not clearly visible in the field, the absence of the
WSW-ENE oriented event in the Tuscan Units and in the
Neogene deposits (COSTANTINI et alii, 1993; CERRINA
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Fig. 16 - Relationships between the Livorno-Sillaro, Piombino-Faenza and Arbia-Val Marecchia tectonic lines, the distribution of the Monte
Morello Unit and of the ophiolitic debris therein.
– Relazioni tra le linee tettoniche Livorno-Sillaro, Piombino-Faenza e Arbia-Val Marecchia, l’ubicazione degli affioramenti dell’Unità Morello e del
detritismo ofiolitico in essa presente.



FERONI et alii, 1989, 2004), the stronger tectonic effects
and the major frequency in comparison with NW-SE ori-
entated events lead us to consider the former as represen-
tative of the main tectonic event, and the latter as part of
a subsequent secondary event.

This structural situation differs from that characteriz-
ing the tectonic units of the Ligurian and Tuscany-
Romagna Apennines, where the main structures show the
typical NW-SE orientation, parallel to the Apennine chain
(Apenninic trend). This situation can be related to a com-
plex structural evolution that, during the early shortening
phases, favoured tectonic transport from the NNW
towards the SSE (with actual references), thus creating
structures perpendicular to Apennine chain (anti-Apen-
ninic trend). These were re-elaborated by a later folding
event with Apenninic orientation.

In order to explain this anomalous situation, this
paper proposes a palinspastic reconstruction that takes
into account transpressional lineaments which may have
affected the tectonic evolution of the oceanic basin, thus
creating atypical structural orientations (ABBATE et alii,

1980; MARCUCCI et alii, 1982; VESCOVI, 1993; FAZZINI &
GARDIN, 1994; MARRONI & TREVES, 1998). During the
closure phase in some sectors of the Ligurian-Piedmon-
tese Ocean, the role of subduction was probably attenu-
ated by transpressional reactivation of oceanic trans-
forms perpendicular to the continental margins (FAZZINI

& GARDIN, 1994). Successively, during the tectonism
accompanying continent-continent collision, subduction
prevailed by imprinting the previous structures with a
NE-SW Apenninic tectonic orientation. 

Clearly, from a geodynamic point of view, other sectors
of the Apennine orogen must be examined in order to vali-
date or rule out this hypothesis. In any case, the collected
data allow us to define a preliminary model of the tectono-
sedimentary evolution of the LU in this sector of the North-
ern Apennines (see the reconstructions in fig. 15). 

LOWER CRETACEOUS-UPPER SANTONIAN

In this period the oceanic basin was clearly domi-
nated by the shaly-silty sedimentation represented by the
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Fig. 17 - Main apenninic and antiapenninic structural features in southern Tuscany. 1) Neogene-Quaternary sediments; 2) Lupicaia Creek
Unit; 3) Montignoso Unit; 4) Lanciaia Fm.; 5) ophiolites (Vara Unit p.p.); 6) Castelnuovo Val di Cecina Unit; 7) Morello Unit; 8) Subligurian
and Tuscan Units; 9) inferred Apenninic structural alignments; 10) inferred antiapenninic structural alignments.
– Principali lineamenti tettonici appenninici e anti-appenninici in Toscana Meridionale. 1) sedimenti neogenici-quaternari; 2) Unità del Torrente
Lupicaia; 3) Unità di Montignoso; 4) Formazione di Lanciaia; 5) ofioliti (Unità Vara p.p.); 6) Unità Castelnuovo Val di Cecina; 7) Unità Morello;
8) Unità Subliguri e Toscane; 9) lineamenti strutturali appenninici dedotti; 10) lineamenti strutturali anti-appenninici dedotti.



Palombini Shales. By the beginning of the Upper Creta-
ceous, the sedimentation was already affected by the first
compressional pulses, as testified by the presence of ophi-
olitic breccias in the upper part of the Palombini Shales
belonging to the Montignoso Unit. This detrital input
probably derived from the oceanic transform faults suc-
cessively activated as transpression zones (ABBATE et alii,
1980). These lineaments were NW-SE oriented (with paleo-
geographical references), almost perpendicular to the
ocean margins (ABBATE & SAGRI, 1982).

Ophiolitic input is instead absent in the sedimenta-
tion area of the Poggio Rocchino Fm. (Cenomanian-
Turonian); this can therefore be positioned in a distal
area with respect to the ophiolitic inputs. In any case, it is
probable that the Poggio Rocchino Fm. is heteropic with
the coeval portion of the Palombini Shales.

UPPER SANTONIAN-LOWER PALEOCENE

Between the upper Santonian and lower Campanian,
the deposition of the Monteverdi Marittimo Fm. took
place. The emplacement of ophiolitic material, locally of
great size (e.g. Poggio della Forra Olistoliths in the Mon-
taione-Gambassi area), occurred in the Montaione Mem-
ber. The ophiolitic source was probably an intraoceanic
transpressional structure, such as for the Palombini Shales
of the Montignoso Unit.

In a more internal sector the sedimentation of the
Montecatini Sandstones began in the Maastrichtian. These
probably derive from the erosion of the Corsica-Sardinia
margin, similar to the scenario hypothesized for the silici-
clastic flysches of the IL (e.g. Gottero Sandstones; Ghiaieto
Sandstones). BERTINI et alii (2000) reported some ophi-
olitic olistostromes and olistoliths within these sandstones,
in the Montecanini Val di Cecina zone. Nevertheless, obser-
vations carried out as part of this study in the Montecatini
Val di Cecina area did not confirm this report, and in gen-
eral the sandstones do not contain ophiolitic grains.

LOWER PALEOCENE-UPPER PALEOCENE

In this period an important compressional event led
to the tectonic superposition of the Vara Unit on the
basin of the Monteverdi Marittimo Fm. The main defor-
mations observed in the Monteverdi Marittimo Fm. and
the tectonization of the Vara Unit can be ascribed to this
time interval.

UPPER PALEOCENE-LOWER EOCENE

The superposition of the Vara Unit on the Castel-
nuovo Val di Cecina Unit is sealed by the sedimentation
of the Lanciaia Fm. starting from Upper Paleocene-Lower
Eocene times (MACCANTELLI & MAZZEI, 1993; LAZ-
ZAROTTO et alii, 1995). The deformation of the Lanciaia
Fm. is much less than that of the underlying units (e.g.
Vara and Castelnuovo Val di Cecina Units). The Lanciaia
Fm. was deposited on an already largely deformed sub-
stratum with an uneven morphology which was tectoni-
cally unstable as suggested by synsedimentary slumps
and by the abundant inputs of coarse ophiolitic material
(piggy-back basin). Taking into account the geometric
stacking of the LU, the structural observations and the
geographical distribution of the Lanciaia Fm., the sources

of the detrital ophiolitic input can be inferred to be in the
northwestern quadrants. Breccia bodies are mainly pre-
sent at the base of the formation, levelling out the bottom
morphology, and thus showing greater thickness in the
more depressed zones and less thickness (or absence) in
the higher zones. Besides the ophiolitic clasts, the middle-
upper Campanian marly clasts found in the breccias sug-
gest that, in the environs of the Lanciaia sedimentation
basin, an Upper Cretaceous flyschoid unit (i.e. the Mon-
teverdi Fm.) was also tectonized.

From Upper Paleocene-Lower Eocene times the insta-
bility of the Lanciaia Basin increased, breccia levels
became common in the higher portion of the formation,
and sedimentation was coming to an end.

MIDDLE/UPPER EOCENE-LOWER MIOCENE

After the end of the Lanciaia Fm. sedimentation, the
compressional climax resulted in thrust surfaces, which
led to a doubling the Vara-Lanciaia Fm. succession. This
situation can actually be observed at the surface only in
the Canneto-Sassa area (Botro del Rivivo), but was con-
firmed in the subsurface by Enel surveys (fig. 13). Succes-
sively later out-of-sequence thrusts occurred (Castelluccio
Unit, Montignoso Unit and Lupicaia Creek Unit). In fact,
the Montaione Member (Castelluccio Unit) and the
Larderello Member (Castelnuovo Val di Cecina Unit)
show two very different structural positions: the former is
high in the pile of the LU and the latter is in the deepest
position, but always below the Vara Unit. This situation
can be explained by the effect of a late out-of-sequence
thrust of the Montaione Member, which was settled into
a higher structural position just after the thrust of the
Vara Unit (COSTANTINI et alii, 1993; BERTINI et alii, 2000).
Nevertheless, the superposition of the Vara Unit on to the
Castelluccio Unit is never documented, either at the sur-
face or at depth. So the Montaione Member (differently
from the Larderello Member) was never thrust by the Vara
Unit; in this hypothesis the geometry of the present super-
position could be the result of a complex evolution, linked
to the effects of the transpressional tectonics.

The Castelluccio Unit thrust is observable in the
Sassa, Micciano-Serrazzano, Castellina Marittima and
Montaione areas, while it does not occur in the Monte-
castelli Pisano-Lanciaia area, where, in fact, the Lanciaia
Fm. is affected only by the thrust of the Montignoso Unit.
This is also supported by the gentle monoclinal tectonic
setting of the Lanciaia Fm. in this area (DE SIENA, 1992).
Instead the Montignoso Unit thrust is ubiquitous at a
regional scale.

Only in the area of Castellina Marittima is another
late out-of-sequence thrust observed through which the
Montecatini Sandstones (Lupicaia Creek Unit) lie on the
Montignoso Unit. In the same time span, in the more
external sectors, the Castelnuovo Val di Cecina Unit
thrust on to the Morello Unit.

During the Lower-Middle Miocene, an extensional
tectonic regime, associated with the Tyrrhenian Basin
opening, dominated in this sector of the Northern Apen-
nines, first through a ramp-flat-ramp low-angle faulting
event (Lower Miocene-upper Tortonian) and then a high-
angle normal faulting event (BALDI et alii, 1994; BERTINI

et alii, 1991; DECANDIA et alii, 2001). This composite
polyphase tectonics strongly modified the geometric rela-
tionship between the LU.
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During the Neogene, compressional tectonics contin-
ued to play an important role, as shown by the shortening
deformations recorded in the Neogene deposits of south-
ern Tuscany (BERNINI et alii, 1992; BONINI et alii, 2001;
BONINI & SANI, 2002). 

CONCLUSIONS

The data obtained by interdisciplinary studies carried
out on the LU improve our knowledge of the geology of
the Ligurian structural pile and its structural evolution in
the zone crossed by the CROP-18 seismic profile.

The sedimentological, petrographical and biostrati-
graphical analyses allow us to ascribe the Cretaceous
helminthoid flysches cropping out south of the Arno
River to a single formation (Monteverdi Marittimo Fm.).
Moreover, structural observations on the outcropping
units and the data from geothermal wells allow the subdi-
vision of the LU into five main imbricated units (Morello
Unit, Castelnuovo Val di Cecina Unit, Vara Unit and Lan-
ciaia Fm., Castelluccio Unit, Montignoso Unit). In these
units (WSW-ESE) peculiar structural alignments have
been recognized; they lead to the hypothesis that trans-
pressional structures formed along pre-existing lines of
weakness (oceanic transforms). Therefore the subduction
played a secondary role in the evolution of this sector of
the Apennines, and probably fully acted only during the
Eocene phases of ocean consumption.

Moreover, with the beginning of the ensialic phase of
the orogenesis, the transverse structures which led to the
piling-up of the LU in this sector of the Apennines were
likely to have been inherited as passive elements, which
affected the different sectors of the chain with different
movement rates (e.g. Livorno-Sillaro and Arbia-Val
Marecchia line; fig. 16; BORTOLOTTI, 1966; LIOTTA, 1991;
FAZZINI & GARDIN, 1994; BARTOLE, 1995).

To verify this hypothesis, further studies are required,
but it is interesting to note: (a) the parallelism existing
among these lines and the structural orientation of the LU
in the studied area (fig. 17); (b) the occurrence of ophiolitic
detritus in the Morello Unit just along these lines (Monti
Livornesi, Figline di Prato and Barberino del Mugello
along the Livorno-Sillaro line; Monti Rognosi-Pieve Santo
Stefano along the Arbia-Val Marecchia Line; fig. 16).

ACKNOWLEDGEMENTS

We thank Prof. Giovanni Capponi (University of Genova, Italy)
and Prof. Michele Marroni (University of Pisa) for the review and
improvement of the manuscript. This research work was financially
supported by the Project COFIN MURST 2003. Tectonic processes
in Accretionary Prism (coordinator: Prof. G. Principi), by the ex
60% grant (Prof. G. Principi) and CNR-IGG Grants. We also
acknowledge ENEL Greenpower S.p.A. for the data from the wells
in the Larderello geothermal region.

REFERENCES

ABBATE E., BORTOLOTTI V. & PRINCIPI G. (1980) - Appennine Ophio-
lites: a peculiar oceanic crust. Ofioliti Special Issue, 1, 59-96. 

ABBATE E., BORTOLOTTI V. & PRINCIPI G. (1984) - Pre-orogenic tec-
tonics and metamorphism in Western Tethys ophiolites. Ofioliti,
9, 245-278.

ABBATE E. & SAGRI M. (1970) - The eugeosynclinal sequenze. In
Developement of the Northern Appennine Geosyncline. Sed. Geol.,
Special issue of (Sestini G. Ed.), 4 (3-4), 251-340.

ABBATE E. & SAGRI M. (1982) - Le unità torbiditiche cretacee dell’Ap-
pennino Settentrionale e i margini continentali della Tetide. Mem.
Soc. Geol. It., 24, 115-126.

BALDI P., BERTINI G., CECCARELLI A., DINI I., RIDOLFI A. & ROCCHI

G. (1995) - Geothermal research in the Monteverdi zone (western
border of the Larderello geothermal field). Proceedings of the
World Geothermal Congress, 1995, Florence, Italy.

BALDI P., BERTINI G., CAMELI G.M., DECANDIA F.A., DINI I., LAZZA-
ROTTO A. & LIOTTA D. (1994) - La tettonica distensiva post-colli-
sionale nell’area geotermica di Larderello (Toscana Meridionale).
Studi Geologici Camerti, vol. spec. 1994 (1), 183-193.

BANNINO E. & CERRINA FERONI A. (1968) - Stratigrafia delle forma-
zioni alloctone della Toscana Marittima. 3) Studio stratigrafico di
una sezione presso Monteverdi Marittimo (Provincia di Pisa).
Boll. Soc. Geol. It., 86, 317-338.

BARTOLE R. (1995) - The North Tyrrhenian-Northern Appennines post-
collisional system: constraints for a geodynamic model. Terra
Nova, 7, 7-30.

BAUMGARTNER P.O., BARTOLINI A.C., CARTER E.S., CONTI M.,
CORTESE G., DANELIAN T., DE WEVER P., DUMITRICA P., DU-
MITRICA-JUD R., GORICAN S., GUEX J., HULL D.M., KITO N.,
MARCUCCI M., MATSUOKA A., MURCHEY B., O’DOGHERTY L.,
SAVARY J., VISHNEVSKAYA V., WIDZ D. & YAO A. (1995) - Middle
Jurassic to Early Cretaceous Radiolarian biochronology of Tethys
based on Unitary Associations. In: P.O. Baumgartner et alii
(Eds.), Middle Jurassic to Lower Cretaceous Radiolaria of Tethys:
occurrences, systematics, biochronology. Mém. Géol. (Lausanne),
23, 1013-1048.

BENVENUTI M., ELTER F.M., PANDELI E. & SANDRELLI F. (2001) -
Southern Tuscany, B) Colline Metallifere. In Meeting EL.I.C.A. 97,
«The Elba Island» a key puzzle linking the Corso-Sardinian Mas-
sif and Adria. Excursion Guidebook. Ofioliti, 26 (2a), 361-370.

BERNINI M., BOCCALETTI M., MORATTI G., PAPANI G., SANI F. & TO-
RELLI L. (1992) - Episodi compressivi neogenico-quaternari
nell’area estensionale tirrenica nord-orientale. Dati in mare e a ter-
ra. Mem. Soc. Geol. It., 45 (1990), 577-589.

BERTINI G., CAMELI G.M., COSTANTINI A., DECANDIA F.A., DI FILIPPO

M., DINI I., ELTER F.M., LAZZAROTTO A., LIOTTA D., PANDELI E.,
SANDRELLI F. & TORO B. (1991) - Struttura geologica tra i monti di
Campiglia e Rapolano Terme (Toscana meridionale): stato attuale
delle conoscenze e problematiche. Studi Geologici Camerti, vol.
spec. 1991 (1), 155-178.

BERTINI G., CORNAMUSINI G., LAZZAROTTO M. & MACCANTELLI M.
(2000) - Stratigraphic and tectonic framework of the Ligurian
Units in the Castellina M.ma Hills (Southern Tuscany, Italy).
Boll. Soc. Geol. It., 119, 687-701.

BERTOTTI G., ELTER P., MARRONI M., MECCHERI M. & SANTI R.
(1986) - Le Argilliti a blocchi di Monte Veri: considerazioni
sull’evoluzione tettonica del bacino Ligure nel Cretaceo Superiore.
Ofioliti, 11, 193-220.

BIANCO A.M. (1996) - Aspetti geologici e stratigrafici della zona com-
presa tra Libbiano e Serrazzano (Pisa). Unpubl. Thesis, Univ. of
Firenze, 69 pp.

BOCCALETTI M., DECANDIA F.A., GASPERI G., GELMINI R., LAZZAROT-
TO A. & ZANZUCCHI G. (1987) - Note illustrative. Pubbl. n. 429
(1982) C.N.R. Progetto Finalizzato Geodinamica. Sottoprogetto 5.
Modello Strutturale Gruppo Appennino Settentrionale. Tip. Sene-
se, 203 pp.

BONINI M., BOCCALETTI M., MORATTI G. & SANI F. (2001) - Neogene
crustal shortening and basin evolution in Tuscany (Northern
Apennines). Meeting EL.I.C.A. ‘97-25-26 Sept. 1997. Ofioliti, 26,
(2a), 275-286. 

BONINI M. & SANI F. (2002) - Extension and compression in the
Northern Apennines (Italy) hinterland: Evidence from the Late
Miocene-Pliocene Siena-Radicofani Basin and relations with
basement structures. Tectonics, 21 (3), 1/1-1/35. 

BORTOLOTTI V. (1962) - Contributo alla conoscenza della serie Pie-
traforte-Alberese. Boll. Soc. Geol. It., 81, 225-304.

BORTOLOTTI V. (1966) - La tettonica trasversale dell’Appennino. 1) La
Linea Livorno-Sillaro. Boll. Soc. Geol. It., 85, 529-540.

BORTOLOTTI V. & LAZZERI L. (1964) - Sulla giacitura delle rocce della
serie ofiolitica nelle zone di Gambassi e dell’Impruneta (Firenze).
Boll. Serv. Geol. It., 85, 11-22.

52 G. NIRTA ET ALII



BRANDI G.P., DALLAN L., LAZZAROTTO A., MAZZANTI R., SQUARCI P.,
TAFFI L. & TREVISAN L. (1968) - Foglio 119-Massa Marittima.
In: Note illustrative della carta Geologica d’Italia. Serv. Geol.
It., 65 pp.

CARMIGNANI L., DECANDIA F.A., FANTOZZI P.L., LAZZAROTTO A.,
LIOTTA D. & MECCHERI M. (1994) - Tertiary extensional tectonics
in Tuscany (Northern Appennines, Italy). Tectonophysics, 238,
295-315.

CASTELLI M. (1996) - Aspetti geologici e geomorfologici della zona
compresa tra Libbiano e Serrazzano (Pisa). Unpubl. Thesis, Univ.
of Firenze, 160 pp.

CERRINA FERONI A., DECANDIA F.A. & MAZZANTI R. (1968) - Strati-
grafia delle formazioni alloctone della Toscana Marittima. 5)
Nuove osservazioni sul Membro di Montaione (Castelfiorentino).
Boll. Soc. Geol. It., 87 (3), 523-532.

CERRINA FERONI A. & MAZZANTI R. (1967) - Stratigrafia delle forma-
zioni alloctone della Toscana Marittima. 4) La Formazione di
Lanciaia nelle zone di Querceto, Micciano, Libbiano e fattoria di
Monterufoli in Val di Cecina. Boll. Soc. Geol. It., 86 (4), 673-685.

CERRINA FERONI A., MARTINELLI P. & PERILLI N. (1989) - La fase tet-
tonica del Pliocene Inferiore nel settore nord orientale delle Colline
Livornesi in Toscana. Atti Soc. Tosca. Sci. Nat., Mem., Serie A,
96, 59-80.

CERRINA FERONI A., MARTINELLI P. & PERILLI N. (1991) - Dati stra-
tigrafici e strutturali tra le Arenarie di Isola di Palenzano (= Are-
narie di Ostia) e l’Unità di Canetolo, tra la Val d’Enza e la Val di
Cedra (Appennino emiliano). Mem. Descr. Cart. Geol. It., 46,
301-312.

CERRINA FERONI A., MORATTI G., MARTINELLI P. & DEL VENTISETTE

C. (2004) - Structural evolution of the Neogene-Quaternary
deposits in the lower Cecina River Valley. The «Regione Toscana»
project of geological mapping, case histories and data acquisi-
tion (Morini D. & Bruni P. Ed.), 113-120.

CHIOCCHINI U. & CIPRIANI N. (1992) - Provenance and evolution of
Miocene turbidite sedimentation in the Central Appennines, Italy
Sedim. Geol., 77, 185-195.

CHIOCCHINI U. & CIPRIANI N. (1996) - Petrologic binary diagrams for
characterizing and comparing arenites. Sedim. Geol., 103, 281-289. 

CISCATO B. (1992) - Rilevamento delle Liguridi tra Montaione, Gam-
bassi e Castagno. Unpubl. Thesis, Univ. of Firenze, 135 pp.

CIPRIANI N., NEBBIAI M. & NIRTA G. (in press.) - An integrate soft-
ware-hardware system for counting as a useful modal analysis
tool. Bull. Geol. Soc. Am., accepted.

COSTANTINI A., LAZZAROTTO A., LIOTTA D., MAZZANTI R., MAZZEI

R. & SALVATORINI G. (2002b) - Note Illustrative della Carta
Geologica d’Italia alla scala 1:50.000, Foglio 306-Massa Marit-
tima. 172 pp.

COSTANTINI A., LAZZAROTTO A., MACCANTELLI M. & SANDRELLI F.
(1991) - Ligurian units in the Monti della Ghrardesca area
(Southern Tuscany). Boll. Soc. Geol. It., 110, 849-855.

COSTANTINI A., LAZZAROTTO A., MACCANTELLI M., MAZZANTI R.,
SANDRELLI F., TAVARNELLI E. & ELTER F.M. (1993) - Geologia
della Provincia di Livorno a Sud del Fiume Cecina. Quad. Mus.
St. Nat. Livorno, 13, Suppl. 2, 1-164.

COSTANTINI A., LAZZAROTTO A., MAZZANTI R., MAZZEI R., SALVA-
TORINI G. & SANDRELLI F. (2002a) - Note Illustrative della
Carta Geologica d’Italia alla scala 1:50.000, Foglio 285-Volterra.
149 pp.

DECANDIA F.A., LAZZAROTTO A. & LIOTTA D. (1993) - La «serie ridotta»
nel quadro dell’evoluzione geologica della Toscana meridionale.
Mem. Soc. Geol. It., 49, 181-190.

DECANDIA F.A., LAZZAROTTO A. & LIOTTA D. (2001) - Structural fea-
tures of Southern Tuscany, Italy. Ofioliti, 26 (2a), 287-300.

DE SIENA C. (1992) - Ofioliti dell’area di Lanciaia-Montecastelli
Pisano (Alta Val Cecina): rilevamento geologico e pedogenesi.
Unpubl. Thesis, Univ. of Firenze, 130 pp.

DICKINSON W.R., BEARD L.S., BRACKENRIGE G.R., ERJAVEC J.L.,
FERGUSON R.C., INMAN K.F., KNEPP R.A., LINDEBERG F.A. &
RYBERG P.T. (1983) - Provenance of North American Phanerozoic
Sandstones in relation to tectonic setting. Geol. Soc. Am. Bull.,
94, 222-235.

DICKINSON W.R. (1970) - Interpreting detrital modes of greywackes
and arkose. Jour. Sed. Petrology, 40, 695-707.

DI GIULIO A. & VALLONI R. (1992) - Analisi microscopica delle areniti
terrigene: parametri petrologici e composizioni modali. In «Sabbie
e areniti: analisi ottica e classificazione», Acta Naturalia de
l’Ateneo Parmense, 28 (3-4), 55-101.

ELTER P. & RAGGI G. (1965) - Contributo alla conoscenza dell’Appen-
nino Ligure, 3. tentativo di interpretazione delle brecce ofiolitiche
cretacee in relazione con i movimenti orogenici dell’Appennino
Ligure. Boll. Soc. Geol. It., 84 (5), 1-14.

FAZZINI P. & GARDIN S. (1994) - Hypothesis for the evolution of the
External Ligurids in Southern Tuscany and Northern Latium.
Mem. Soc. Geol. It., 48, 289-293.

GARDIN S., MARINO M., MONECHI S. & PRINCIPI G. (1994) - Bios-
tratigraphy and sedimentology of cretaceous Ligurid Flysch: paleo-
geographical implication. Mem. Soc. Geol. It., 48, 219-235.

GAZZI P. (1966) - Le arenarie del flysch sopracretaceo dell’Appennino
modenese; correlazioni col flysch di Monghidoro. Mineral. Petrogr.
Acta, 12, 69-97

GENNA A. (1988) - Nuove datazioni con i nannofossili calcarei dei fly-
sch a elmintoidi cretacei che affiorano tra Lucca e Sanremo.
Unpubl. Thesis, Univ. of Firenze, 79 pp.

GIANNELLI L., LAZZAROTTO A. & MAZZANTI R. (1965) - Stratigrafia
delle formazioni alloctone della Toscana Marittima. 2) Studio geolo-
gico e micropaleontologico di una sezione fra Sassetta e Monteverdi
M.mo (F° 119 Massa Marittima). Boll. Soc. Geol. It., 84 (3), 1-45.

GIANNINI E. & LAZZAROTTO A. (1972) - Significato paleotettonico e
paloeambientale della Formazione di Lanciaia (Toscana Meridio-
nale) nel quadro dei corrugamenti verificatesi nelle aree di sedi-
mentazione dei complessi Liguri nel Cretaceo sup. e all’inizio del
Terziario. Atti Soc. Soc. Tosc. Sc. Nat. Mem. ser. A, 79, 176-196.

GIANNINI E. & LAZZAROTTO A. (1975) - Tectonic evolution of the
Northern Appennines. In: Squyres (Ed.) «Geology of Italy»,
Earth Sc. Soc. Lyb. Ar. Rep., Tripoli, 237-287.

GIANNINI E., LAZZAROTTO A. & SIGNORINI R. (1971) - Lineamenti di
stratigrafia e tettonica. In: La Toscana Meridionale. Rend. Soc.
It. Min. Petr., 27 (fasc. spec.), 33-168.

LAZZAROTTO A. (1966) - Studio di una microfauna paleocenica nella
Formazione di Lanciaia (Pomarance, Toscana Marittima). Atti
Soc. Tosc. Sc. Nat., Mem., Ser. A, 73 (2), 376-407. 

LAZZAROTTO A. (1967) - Geologia della zona compresa tra l’alta valle
del Fiume Cornia ed il Torrente Pavone (Prov. di Pisa). Mem. Soc.
Geol. It., 6, 151-197.

LAZZAROTTO A., MARTELLINI F., MAZZANTI R., MAZZEI R. & SAN-
DRELLI F. (1995) - La Formazione di Lanciaia nelle aree a sud di
Micciano e a nord di Montecerboli (Provincia di Pisa). Atti Soc.
Tosc. Sc. Nat., Mem., Ser. A, 102, 159-169.

LAZZAROTTO A. & MAZZANTI R. (1964) - Stratigrafia delle formazioni
alloctone della Toscana Marittima. 1) Studio geologico e micropa-
leontologico di tre sezioni fra le valli di Milia e di Cornia (F° 119,
tavoletta Frassine). Boll. Soc. Geol. It., 83 (2), 1-24.

LAZZAROTTO A. & MAZZANTI R. (1966) - Studio geologico e micropa-
leontologico di una sezione tra Castelnuovo di Val di Cecina e M.
Gabbri (in provincia di Pisa). Atti Soc. Tosc. Sc. Nat., Mem., Ser.
A, 73 (2), 330-375. 

LAZZAROTTO A. & MAZZANTI R. (1976) - Geologia dell’alta Val di
Cecina. Boll. Soc. Geol. It., 95, 1365-1487.

LAZZAROTTO A. & MAZZANTI R. & NENCINI C. (1990) - Geologia e
morfologia dei Comuni di Livorno e Collesalvetti. Quad. Mus. St.
Nat. Livorno, 11, Suppl. 2, 1-85.

LAZZAROTTO A., SANDRELLI F., FORESI L.M., MAZZEI R. & SALVATO-
RINI G., CORNAMUSINI G. & PASCUCCI V. (2002) - Note Illustra-
tive della Carta Geologica d’Italia alla scala 1:50.000, Foglio 306-
Massa Marittima. 172 pp.

LIOTTA D. (1991) - The Arbia - Val Marecchia Line, Northern Appen-
nines. Eclog. Geol. Helv., 84 (2), 413-430.

LOTTI B. (1910) - Geologia della Toscana. Mem. Descr. Carta Geol.
d’It., 13, 484 pp.

MACCANTELLI M. (1994) - Stratigraphy of the Ligurian formations in
the Montecatini Val di Cecina area (Southern Tuscany). Mem.
Soc. Geol. It., 48, 211-215.

MACCANTELLI M. & MAZZEI R. (1993) - Inquadramento bio-crono-
stratigrafico di due unità riferibili alla Formazione di Lanciaia
affioranti nell’area a nord della bassa val di Cecina (Toscana Occi-
dentale). Atti Soc. Tosc. Sci. Nat. Mem., Serie A, 100, 29-43.

THE LIGURIAN UNITS OF SOUTHERN TUSCANY 53



MAINERI C. (1991) - Le mineralizzazioni epitermali nella zona di sassa
(Pisa). Unpubl. Thesis, Univ. of Firenze.

MANIVIT H. & PROUD’HOMME A. (1990) - Biostratigraphie du Flysch à
Helminthoides des Alpes maritimes franco-italienne. Nannofos-
siles de l’unité de S. Remo-Monte Saccarello. Comparaison avec
les Flysch à Helminthoides des Appennines. Bull. Soc. Géol. Fr.,
(8), 6 (1), 95-104.

MARCUCCI M., PASSERINI P. & SAGRI M. (1982) - Northern Paleoap-
pennine: Subduction or scatterd crumpling? Modern Geol., 8,
107-113.

MARINO M. (1988) - Nuove datazioni con i nannofossili calcarei dei
flysch ad Helmintoidi cretacei che affiorano in toscana a sud
dell’Arno. Unpubl. Thesis, Univ. of Firenze, 172 pp.

MARINO M. & MONECHI S. (1994) - Nuovi dati sull’età di alcuni Fly-
sch ad Helmintoidi cretacei e Terziari dell’Appennino Settentriona-
le. Mem. Soc. Geol., 46, 43-77.

MARRONI M., MONECHI M., PERILLI N., PRINCIPI G. & TREVES B.
(1992) - Late Cretaceous flysch deposits of the Northern Appenni-
nes, Italy: age of inception of orogenesis-controlled sedimentation.
Cretaceous Res., 13, 487-504.

MARRONI M. & TREVES B. (1998) - Hidden Terranes in the Northern
Appennines, Italy; A record of Late Cretaceous-Oligicene Trans-
pressional Tectonics. Journ. Geol., 106, 149-162.

MAZZANTI R. (1961) - Geologia della zona di Montaione tra le valli
dell’Era e dell’Elsa (Toscana). Boll. Soc. Geol. It., 80, 35-126.

MAZZANTI R. (1966) - Geologia della zona di Pomarance-Larderello
(provincia di Pisa). Mem. Soc. Geol. It., 5 (2), 105-138.

MAZZANTI R. (1967) - Geologia della zona di Monteverdi Marittimo-
Canneto (provincia di Pisa). Atti Soc. Tosc. Sc. Nat., Mem. Ser.
A, 73 (2), 467-490.

MAZZANTI R., SQUARCI P. & TAFFI L. (1963) - Geologia della zona di
Montecatini Val di Cecina in Provincia di Pisa. Boll. Soc. Geol.
It., 82 (2), 1-69.

NIRTA G. (2002) - Correlazioni geologiche, stratigrafiche e petrografi-
che Tra le Unità Liguri della zona di Montaione (Firenze) e quelle
della zona di Sassa-Monteverdi M.mo (Pisa). Unpubl. Thesis,
Univ. of Firenze, 154 pp.

PAREA G.C. (1965) - Le provenienze nei sedimenti nel flysch campania-
no-maastrichtiano dell’Appennino settentrionale tra il Passo dei
Giovi e la valle del Panaro. Boll. Soc. Geol. It., 84 (1), 217-222.

OKADA H. & BUKRY D. (1980) - Supplementary modification and in-
troduction of code numbers to the low latitude coccolith Biostrati-
graphic zonation (BUKRY, 1973; 1975). Mar. Micropaleontol., 5
(3), 321-325.

PRINCIPI G. & TREVES B. (1984) - Il sistema corso appenninico come
prisma di accrezione. Riflessi sul problema generale del limite
Alpi-Appennini. Mem. Soc. Geol. It., 28, 549-576.

RIO D. & VILLA G. (1983) - I nannofossili calcarei del cretacico supe-
riore del Flysch di Solignano (Media Val di Taro, Appennino Set-
tentrionale). Mem. Soc. Geol. It., 36, 239-282.

RIO D. & VILLA G. (1987) - On the age of «Salti del Diavolo» conglom-
erates and of the Monte Cassio Flysch «Basal Complex» (Northern
Appennines, Parma province. Giorn. Geol. Ser. 3, 49 (1), 63-79.

RIO D., VILLA G. & CANTADORI M. (1983) - Nannofossils dating of
Helminthoid Flysch Units in the Northern Appennines. Mem. Soc.
Giorn. Geol., 45 (1), 57-86.

SAGRI M. (1969a) - Provenienza dei clastici nella Formazione dell’An-
tola. Boll. Soc. Geol. It., 88, 81-57.

SAGRI M. (1969b) - La Formazione dell’Antola nel versante tirrenico
dell’Appennino Settentrionale e della Toscana a Sud dell’Arno.
Mem. Soc. Geol. It., 8, 797-836.

SESTINI G., BRUNI P. & SAGRI M. (1986) - The flysch basin of the
Northern Appennines: a review of facies and of Cretaceous-Neo-
gene evolution. Mem. Soc. Geol. It., 31, 87-106.

SIGNORINI R. (1949) - Visione odierna della geologia toscana. Boll.
Soc. Geol. It., 65, 82-90.

SIGNORINI R., CENTAMORE E. & CONATO V. (1963) - La formazione di
Lanciaia nella Val di Cecina. Boll. Serv. Geol. It., 82, 83-100.

SISSINGH W. (1977) - Biostratigraphy of cretaceous calcareous nanno-
plancton.Geologie en Mijinbouwn, 56 (1), 37-65.

VAI G.B. & MARTINI I.P. (ED.) (2001) - Anatomy of an Orogen, The
Appennines and the Adjacent Mediterranean Basins. Kluwer Aca-
demic Publ., 151-164.

VESCOVI P. (1993) - Schema evolutivo per le Liguridi dell’Appennino
Settentrionale. Atti Tic. Sc. Terra, 36, 89-112.

54 G. NIRTA ET ALII

Manoscritto pervenuto il 4 Maggio 2004; testo approvato per la stampa il 30 Gennaio 2005; ultime bozze restituite il 7 Aprile 2005.


