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ABSTRACT

An outline of the geology of the Italian Northern Apennines, to 
accompany a geological map at 1:250,000 scale covering the Emilia-
Romagna, Marche, Tuscany and Umbria regions, is presented herein. 
The map is intended as a first result of a longer term project carried 
out by the Geological Surveys of the above regions, aimed to create a 
common geological map at 1:10,000 scale, useful for environmental 
planning and management.

The lithostratigraphic units are grouped in domains and 
successions (with references to main tectonic units), and a special 
effort was made to correlate similar lithostratigraphic units across 
the area. The enclosed geological map distinguishes stratigraphic 
successions deposited in: a) Ligurian Domain (Internal and External 
Ligurian domains); b) Subligurian Domain; c) Tuscan Domain 
(Tuscan Succession, Tuscan Metamorphic Succession, Cervarola-
Falterona Succession, Modino Succession, Rentella Succession, 
Pseudoverrucano Succession); Umbria-Marche-Romagna Domain. 
Tectonic units derived from regional tectonic mélanges and shear zones 
(Sestola-Vidiciatico Unit), and units affected by HP metamorphism 
in the Tuscan Archipelago and southern Tuscany have been mapped. 
Distinguished younger successions are: a) Epiligurian Succession; b) 
Miocene-Pleistocene succession of the Tyrrhenian margin; c) Miocene-
Pleistocene succession of the Po Plain and Adriatic margin. The 
main outcrops of magmatic rocks (Miocene-Pleistocene in age) and 
Quaternary alluvial, continental and coastal deposits have also been 
mapped. Main tectonic contacts (high-angle normal faults, main thrust 
and low-angle normal faults) are indicated. The 1:250,000 geological 
map of the Northern Apennines is freely available as PDF, raster and 
vector GIS data from the web site: https://www.geological-map.it.

Key words: Northern Apennines, stratigraphy, tectonics, 
GIS.

INTRODUCTION

This paper and the enclosed geological map are the 
result of a project involving the geological departments 
of the Emilia-Romagna, Marche, Toscana and Umbria 
regions, and the University of Siena.

The 1:250,000 geological map is compiled starting 
from the 1:10,000 geological databases produced by the 
Geological Surveys of the aforementioned regions and 
a significant work of reinterpretation, homogenization 
and generalization was carried out, integrated by data 
coming from literature and original field work. During 
generalization we also took into account the most 
important published geological maps at 1:250,000 
or regional scale covering the area: Merla (1951);  

Compagnoni et alii (1980); Boccaletti & Coli (1982); 
Centamore (1986); Bigi et alii (1990); Cerrina Feroni et 
alii (2002b) and maps produced by the CARG Project of 
the Italian Geological Survey. Geology of the area outside 
of the administrative boundaries of the above regions is 
from Giammarino et alii (2002), Vezzani & Ghisetti (1998) 
and Cosentino & Pasquali (2012).

As all the geological boundaries of the map 
(stratigraphic contacts, faults, tectonic contacts) derive 
from original 1:10,000 maps, boundaries are coherent 
with the topography at 1:10,000 scale (“Carta Tecnica 
Regionale”) produced by Emilia-Romagna, Marche, 
Toscana and Umbria regions. Until today no vector 
topographic map at 1:250,000 covering the whole area 
exists and the only map covering the entire area is the 
quite old Topographic Map at 1:250,000 scale produced 
by the Italian “Istituto Geografico Militare” (Florence).
We used this map as the base map for printing and at 
a closer look of the printed map, some discrepancies 
could be locally present between geological boundaries 
and topography. We decided to keep these possible minor 
inconsistencies as the boundaries are coherent with 
the 1:10,000 map and are coherent if users work with 
downloaded GIS data.

By no means this paper aims to deliver a comprehensive 
and exhaustive work about the geological evolution of the 
Northern Apennines, for this purpose and to appreciate 
the development of knowledge on the regional geology 
of the area please refer to the several published works, 
as Sestini (1970); Boccaletti et alii (1971); Alvarez et 
alii (1974); Kligfield (1979); Castellarin et alii (1985); 
Malinverno & Ryan (1986); Cremonini & Ricci Lucchi 
(1982); Principi & Treves (1984); Treves (1984); Vai 
(1987); Patacca & Scandone (1989); Pini (1999); Patacca et 
alii (1990); Doglioni et alii (1998); Vai & Martini (2001); 
Cerrina Feroni et alii (2004); Di Bucci & Mazzoli (2002); 
Crescenti et alii (2004); Finetti (2005); Molli (2008); 
Mantovani et alii (2009); Scrocca et alii (2007); Doglioni 
et alii (2010); Carminati & Doglioni (2012), with extensive 
reference lists. This work is intended instead to serve as 
a sort of explanatory note for the enclosed geological 
map, to illustrate the lithostratigraphic units represented 
in the map and discuss some stratigraphic and tectonic 
features that are still matter of debate, besides providing 
an updated bibliographic review.

A printed copy of the geological map is here enclosed, 
the map is also freely available as PDF, raster and vector 
GIS data from: https://www.geological-map.it and in the 
Italian Journal of Geosciences Supplementary Material.
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STRATIGRAPHY

We present here an overview of the main stratigraphic 
features of the Northern Apennines. Lithostratigraphic 
units are grouped in paleogeographic domains and 
successions, with references to the main tectonic units 
(Fig.  1, Fig.  2). In the following, in parentheses are 
indicated the labels of lithostratigraphic units as in the 
geological map (e.g. UMsc).

More examples of regional correlations and grouping 
for lithostratigraphic successions of the Northern 
Apennines are in Sestini (1970); Boccaletti et alii (1987); 
Vai & Castellarin (1992); Vai (2001); Cerrina Feroni et alii 
(2002a).

Ligurian Domain

The Ligurian Domain consists of magmatic-
sedimentary successions that represent the remnants 

of the Piedmont-Ligurian ocean. Following classical 
interpretations (Elter, 1975; Elter & Marroni, 1991; 
Bortolotti et alii, 2001; Marroni et alii, 2010, 2017, and 
references therein) we separate the Ligurian Domain in 
an Internal Ligurian Domain and an External Ligurian 
Domain (Fig.  3, Fig.  4); the External Ligurian Domain 
is further divided in Inner Successions and Outer 
Successions (Western and Eastern Successions of Marroni 
et alii, 2001). The lithostratigraphic units of the Ligurian 
Domain are grouped by some authors in “supergroups”, 
as Vara Supergroup, Trebbia Supergroup, Parma 
Supergroup, Baganza Supergroup, Calvana Supergroup, 
etc.: refer to Abbate & Sagri (1970) and Bortolotti et alii 
(2001) for overview and references.

Successions in the Ligurian Domain are related to 
basin architecture and therefore directly inherited from 
modes of rifting, that during Middle Jurassic led to the 
formation of the Piedmont-Ligurian Ocean, for which 
different models for opening have been proposed. First 
Decandia & Elter (1972) proposed a passive rifting with 

Fig. 1 - Tectonic map of the Northern Apennines. Subsurface thrust fronts from Bigi et alii (1990).
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delamination of the continental crust by faults located 
at the crust-mantle boundary, this results in a wide area 
of continental mantle to be unroofed and exposed on the 
seafloor and to development of an oceanic area bounded by 
a pair of symmetrical continental margins characterized 
by high-angle ocean-dipping normal faults. Later Lemoine 
et alii (1987) proposed a model where opening occurred 
by asymmetrical extension of the lithosphere by simple 
shear, with development of a low-angle detachment fault 
crossing the whole continental crust into the lithospheric 
mantle (Fig.  4a). This low-angle detachment separated 
the continental lithosphere in an upper and lower plate 
with very different tectonic and stratigraphic (uplift/
subsidence) evolution: the Adria margins is the lower 
plate for this detachment. Similar to what documented in 
the Alps (Froitzheim & Manatschal, 1996), in the hanging 
wall of this detachment portion of upper plate crust are 
found (“extensional allochthons”). This model was later 
adopted by various Authors (Hoogerduijn Strating et alii, 
1993; Marroni et alii, 1998, etc.).

Hereafter, we discuss the stratigraphy of the Ligurian 
Domain, more general information can be found in Abbate 
et alii (1970); Beccaluva et alii (1984); Piccardo et alii 
(1994); Principi (1994); Abbate et alii (1986); Cortesogno 

et alii (1987); Hoogerduijn Strating & Van Wamel (1989); 
Hoogerduijn Strating (1990); Malavieille et alii (2016); 
Fonnesu & Felletti (2019).

Internal Ligurian Domain

The Internal Ligurian Domain is represented by 
successions deposited in the Piedmont-Ligurian oceanic 
basin (Fig.  4b), now dismembered and outcropping in 
different tectonic units, like the Gottero Unit, Bracco-Val 
Graveglia Unit, Colli-Tavarone Unit, etc.

The successions consist of a basal ophiolite sequence 
(ILof) with mantle peridotites (serpentinized lherzolites) 
intruded by Jurassic isotropic and layered gabbros. 
Peridotites and gabbros are intruded by gabbros, diorite and 
plagiogranite dikes and stocks. The top of the peridotites 
is covered by tectono-hydrothermal breccias (ophicalcites) 
and sedimentary breccias that testify to the exposure of 
peridotites at the seafloor. This succession is then covered 
by basalts (pillow-lavas) (Decandia & Elter, 1972; Abbate et 
alii, 1980; Beccaluva et alii, 1984; Cortesogno et alii, 1987).

The sedimentary cover of the ophiolite sequence 
starts with pelagic deposits represented by cherts and 

Fig. 2 - Successions, tectonic units and main deformation events in the Northern Apennines. Labels of map units are indicated.



P. CONTI ET ALII152

marls Callovian to Tithonian in age (ILds), the cherts 
derived from pelagic siliceous ooze reworked by oceanic 
bottom currents. Upsection pelagic shales, marlstones 
and limestones follow (ILap: Calpionella Limestones and 
Palombini Shales) and derive from distal carbonate and 
mixed siliciclastic-carbonate turbidites and pelagites 
that grades upward in a thick turbiditic succession of 
mainly siliciclastic composition; the whole succession is  
Cretaceous in age.

During Late Cretaceous-earliest Paleocene time 
deposition of coarse-grained sandstone siliciclastic 
turbidites occurs, interpreted as the proximal portion of 
deep-water fan system developed at the foot of the European 
continental margin at the transition with the ocean basin. 
This results in a thick succession of alternating arkoses, 
sandstones and shales (ILgo: Gottero Sandstones, Nilsen & 
Abbate, 1984; Marini, 1991, 1994; Pandolfi, 1996; Fonnesu 
& Felletti, 2019) and the Montecatini Sandstones in the 
southern Tuscany (Bertini et alii, 2000; Nirta et alii, 2005).

The youngest rocks (Late Cretaceous-Paleocene) 
of the Internal Ligurian Domain are trench deposits 
represented by thin-bedded turbidites interbedded with 
ophiolite-bearing slide and debris flows (ILbo: Bocco 
Shale) interpreted as developed from reworking of oceanic 

lithosphere and its sedimentary cover already incorporated 
in a Cretaceous accretionary wedge (Marroni & Pandolfi, 
2001; Marroni et alii, 2017).

External Ligurian Domain

The External Ligurian Domain represents the portion 
of the Piedmont-Ligurian Ocean close to the Adria 
continental margin (Fig. 4b). Successions of the External 
Ligurian Domain are characterized by the absence of 
the pre-Cretaceous succession (no ophiolite suite at the 
base) and by thick Upper Cretaceous carbonate flysch 
deposits (Helminthoid Flysch), with underlying associated 
sedimentary mélanges (“Complessi di base”). In the Inner 
Succession (Fig. 3) the sedimentary mélanges often contain 
blocks of rocks of oceanic crust origin (lherzolites, gabbros, 
basalts, etc.) indicating a position closer to the Internal 
Ligurian Domain, whereas in the Outer Succession blocks 
are represented almost exclusively by rocks of continental 
origin (sandstones, conglomerates, platform carbonate 
deposits, etc.; Salti del Diavolo Conglomerates), ophiolite 
rocks are scarce and an origin next to the Adria continental 
margin can be proposed (Marroni et alii, 2001).

Fig.  3 - Stratigraphy of the Ligurian 
Domain, after Marroni et alii (2001, 
2017), modified. Occurrence of ophiolite-
bearing clastic debris is shown in grey. In 
italics are labels of the geological map.
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Inner Succession
This succession (Fig.  3, “Western succession” of 

Marroni et alii, 2001) occurring now in tectonic units as in 
the Ottone Unit, Caio Unit, Bettola Unit, Monghidoro Unit, 
Val Baganza Unit, Groppallo Unit, etc., is characterized 
by Upper Cretaceous sedimentary mélanges consisting 
of basal breccias, conglomerates and sandstones (ELcb) 
derived from slides, debris flows and high density turbidite 
currents. Common are pebbly sandstones, coarse grained 
sandstones and rudites. The larger, km-sized, slide blocks 
are mapped (ELof) and consists of mantle ultramafic rocks 
(lherzolites, piroxenites), gabbros and blocks of basalts, 
locally with their preserved stratigraphic cover (cherts, 
etc.). The blocks represent portions of the ophiolite suite 
and its sedimentary cover. Continental-derived rocks 
are also present, as granitoids, schists, orthogneisses, 
paragneisses, arkoses and arenites.

Upward follows a thick succession of alternating 
thick calcareous turbidites with calcarenitic base, marly 
limestones, thin siliciclastic turbidites and hemipelagic 
limestones (EL

he, Helminthoid Flysch: Caio Fm., Ottone 
Fm.). Locally polygenic conglomerates and breccias 
(sometimes with ophiolitic clasts) with shaly matrix 
are present (Parea, 1961; Abbate & Sagri, 1967; Sagri & 
Marri, 1980; Mutti et alii, 1984; Fontana et alii, 1994). In 
the Emilia Apennines, the Helminthoid flysch successions 
pass locally to siliciclastic turbidites, with alternating 
arenites, sandstones and shales (ELmo: Monghidoro Fm., 
Daniele et alii, 1995; Fioroni et alii, 1996). The succession 
is here more arenitic-rich at the base and more pelitic in 
the upper part. Intercalated are marly-calcareous turbidite 
beds, similar to the Helminthoid flysch succession.

In central Tuscany the calcareous Helminthoid 
flysch and the ophiolitic complex are locally overlain 
stratigraphically by a very heterogeneous succession 
(ELla: Lanciaia Fm.) consisting of alternating marls, 
marly limestones, conglomerates and breccias with 
ophiolite clasts and blocks, calcarenites, siltstones, 
ophiolitic sandstones, varicolored shales, of early-middle 
Eocene age (Signorini et alii, 1963; Cerrina Feroni et alii, 
1973; Lazzarotto & Mazzanti, 1976; Lazzarotto et alii, 
1995, 2002). This succession is interpreted as a proximal 
turbidite-slope deposit, developed within thrust-top basin 
during the Ligurian tectonic phases.

Outer Succession
The Outer Succession is represented by different 

successions, now outcropping in the Antola Unit, Cassio 
Unit, Sporno Unit, Morello Unit, Solignano Unit, Media 
Val Taro Unit, Farini Unit, S. Fiora Unit, etc.. In general 
it is characterized by thick shaly “basal complex” with 
interbedded siliciclastic conglomerates and turbidite 
sequences, capped by a Cretaceous-Eocene Helminthoid 
flysch. Blocks of mafic and ultramafic rocks (ophiolites) 
are scarce or absent (Fig. 3).

The basal succession (EL
vr) is represented by thick 

varicolored shales alternating with siltstones, siliceous 
limestones, calcareous marls and carbonate sandstones 
(Fontana et alii, 1994; Vescovi et alii, 1999; Nirta et alii, 
2005; Marroni et alii, 2015b). Shales are often affected 
by diffuse black manganese alterations. This succession 
is characterized by the occurrence of conglomerates 
(“Conglomerati di Salti del Diavolo”, Sames, 1967; Rio 
& Villa, 1987) with well-rounded clasts of continental 

Adriatic origin (metamorphic rocks, granitoids, limestones, 
etc.). Based on the occurrence of these continental 
conglomerates early Authors postulated the presence of 
a continental area (ridge, “Ruga Insubrica”, Baldacci et 
alii, 1972) between the Ligurian and the Tuscan Domain. 
Intercalated in this basal succession are siliciclastic 
turbidites (ELpf: Arenarie di Ostia, Pietraforte) consisting 
of a regular alternation of medium to fine-grained quartz-
feldspathic-calcareous sandstones and shales (Bortolotti, 
1962a; Mezzadri, 1963; Bortolotti, 1967; Elter & Marroni, 
1991; Vescovi et alii, 1999; Nirta et alii, 2005; Marroni et alii, 
2015b). In the basal succession, clasts of ophiolite rocks 
are usually missing, but with some notable exceptions, 
as in central Tuscany and especially near Arezzo (Monti 
Rognosi), where ophiolite rocks outcrop (ELro) and their 
relationships with adjoining successions are still a matter 
of debate (Bortolotti, 1962b; Plesi et alii, 2002b).

The varicolored shales grade upward to Cretaceous-
Paleocene Helminthoid flysch (ELel: M. Cassio, Sporno, 
Solignano flysch, Papani & Zanzucchi, 1969; Daniele 
& Plesi, 2000), and consist of a thick succession of 
marly-calcareous turbidites (marly limestones, marls 
and limestones) with intercalated arenaceous-pelitic 
turbidites. Clasts within the sandstones are derived from 
low and medium grade metamorphic rocks, acid and basic 
volcanic rocks, extra basinal dolostones and limestones. 
We included in this succession also the Antola Fm. 
(Marroni et alii, 1992) and the younger Monte Morello 
Fm., an Eocene carbonate turbiditic succession consisting 
of alternating marly limestones, calcarenites and shales 
(“Alberese” Auctt.: Sestini, 1959; Bortolotti, 1964; Abbate 
& Sagri, 1970; Ponzana, 1993). Small and rare Cretaceous 
volcanic and subvolcanic bodies with alkaline composition 
(lamprophyre) occur within Cretaceous succession in 
southern Tuscany as intruded or interbedded bodies 
(Faraone & Stoppa, 1990; Brogi et alii, 2000).

In central-southern Tuscany the partition of the 
External Ligurian Domain in an Inner and an Outer 
succession is difficult and often problematic, due to the 
intense compressional and, especially, later extensional 
tectonics (Bettelli et alii, 1980; Costantini et alii, 1995; 
Bertini et alii, 2000; Lazzarotto et alii, 2002; Nirta et alii, 
2005; Pandeli et alii, 2005a; Marroni et alii, 2015b).

Epiligurian Succession (pre-evaporitic)

The Epiligurian Succession (Fig.  5) consists of 
formations outcropping along the Northern Apennines, 
from its northwestern part in the Emilia region to the 
Romagna, San Marino area and the northernmost Marche. 
The Epiligurian Succession was sedimented within minor 
basins placed onto the Ligurian thrust sheets (top of the 
orogenic wedge) so to be configured as satellite basins 
(Ricci Lucchi, 1986, 1987; Argnani & Ricci Lucchi, 2001) 
or thrust-top, wedge-top or piggy-back basins (sensu 
Ori & Friend, 1984). This succession is not significantly 
deformed by the Ligurian tectonic phases.

The Epiligurian Succession spans in age from 
the middle Eocene to the late Miocene or the earliest 
Pliocene, recording the foreland allochthonous transport 
of the orogenic prism (Ricci Lucchi & Ori, 1985; Argnani 
& Ricci Lucchi, 2001). Deposits lie on top of the Ligurian 
units through a regional angular unconformity, middle-
late Eocene in age (Bettelli et alii, 1987b; Remitti et alii, 



P. CONTI ET ALII154

Fig. 4 - (a) Mode of asymmetrical extension of continental crust; based on Wernicke (1985) and Lemoine et alii (1987) models. (b) 
Paleogeography of the Piedmont-Ligurian ocean and adjoining areas at the Jurassic-Lower Cretaceous. (c), (d), (e) Reconstruction of 
the geodynamic setting and evolution for Late Cretaceous (Campanian-Maastrichtian), late Eocene and early Oligocene of the Ligurian 
Units of the Northern Apennines, after Marroni et alii (2010), modified.
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2012; Piazza et alii, 2016). Moreover, the deposits of the 
Epiligurian basins are laterally connected with the deposits 
of the episutural Piedmont Tertiary Basin (Di Giulio, 1991; 
Mutti et alii, 1995).

The Epiligurian Succession has been here divided into 
three sequences delimited by stratigraphic unconformities 
(Ricci Lucchi, 1986).

A lower sequence (EPra), Lutetian to early Burdigalian 
in age (Cerrina Feroni et alii, 2002a; Catanzariti et alii, 
2002; Piazza et alii, 2016), is formed by a great variety 
of lithological terms, deposited in deep marine to upper 
bathyal environments (Bettelli et alii, 1987b; Di Giulio 
et alii, 2002; Mancin et alii, 2006), in response to the 
tectono-sedimentary variability within the satellite basins. 
This is testified by marls and clays occurring in different 
stratigraphic positions (Monte Piano Marls, Antognola 
Marls; Contignaco Fm.), turbidite sandstones with great 
variability in composition and provenance (Ranzano Fm., 
Loiano Sandstones; Poggio Carnaio Sandstones, Lagrimone 
Sandstones), breccias and sedimentary melanges (Baiso 
Breccias, Valle del Savio Complex) (Cibin, 1993; Bettelli et 
alii, 1994; Martelli et alii, 1998; Cibin et alii, 2001, 2003). 
The complete stratigraphic record shows from bottom to 
top: Baiso Breccias and Loiano Sandstones, Monte Piano 
Marls, Ranzano Sandstones, Campaolo Fm., Antognola 
Marls, Contignaco Fm. (Catanzariti et alii, 2002).

An intermediate sequence (EPbs) follows an important 
regional-scale unconformity, Burdigalian in age (Fregni & 

Panini, 1988; Bettelli et alii, 1987b; Amorosi et alii, 1995; 
Mutti et alii, 1995; Remitti et alii, 2012), and is represented 
by the Bismantova Group (Amorosi et alii, 1996a; Roveri 
et alii, 1999; Papani et alii, 2002). It corresponds to the 
LT1 sequence of Ricci Lucchi (1986), ranging in age from 
the Burdigalian to the early Tortonian (Catanzariti et alii, 
2002) It is characterized by conglomerates, bioclastic 
calcarenites (San Marino Fm., La Verna Calcarenites, 
Pantano Fm. p.p.), marls, siliciclastic and hybrid sandstones 
(Bismantova Sandstones, Monte Fumaiolo Fm., Pantano 
Fm. p.p.), clays and silts (Montebello Clays; Cigarello 
Fm.), marls and sandstones, breccias and olistostromes, 
referred to shallow marine to basin slope environment 
(Amorosi, 1992; Amorosi et alii, 1996b; Roveri et alii, 1999; 
Catanzariti et alii, 2002; Argentino et alii, 2017; Conti et alii, 
2017). The stratigraphic record of the Bismantova Group 
is represented, from bottom to top, by the Pantano Fm. 
and San Marino Fm., Monte Fumaiolo Fm., Bismantova 
Sandstones and Montebello Clays (Catanzariti et alii, 2002; 
Conti et alii, 2016). This sequence occurs widely also in the 
Marecchia Valley and in the easternmost Tuscany, where it 
occurs in large  slabs  lying unconformably directly on to the 
Ligurian Units (Conti, 2002; Conti et alii, 2016; Cornamusini 
et alii, 2017) as at La Verna, Mt. Fumaiolo, Sasso Simone-
Simoncello, San Leo, Mt. Fotogno, Pietracuta, San Marino, 
Torriana (Cornamusini et alii, 2009a; Conti et alii, 2016).

The upper Epiligurian sequence (EPte) is represented 
by the Termina Group or T2 sequence of Ricci Lucchi 
(1986). It lies unconformably on the Bismantova Group 
(Roveri et alii, 1999), characterizing the upper part of the 
Epiligurian Succession, below the upper Messinian and 
Pliocene deposits. This sequence consists of sediments 
ranging from fluvio-deltaic conglomerates and sandstones 
(Acquaviva Fm.), shallow marine marls and clayey marls 
with sandstone interbeds (Termina Fm., Sant’Agata Fossili 
Marls), shallow marine clays (Casa i Gessi Clays), to 
evaporite gypsum and bituminous muds (Gessoso-solfifera 
Fm., mapped as MIgs).

The complete stratigraphic record of the T2 sequence 
is formed, from bottom to top: Acquaviva Fm. and Termina 
Fm., Casa i Gessi Clays, Gessoso-solfifera Fm. (Ricci Lucchi, 
1986; Catanzariti et alii, 2002; Cornamusini et alii, 2009a, 
2017; Conti et alii, 2016). The age of this sequence ranges 
from Tortonian to Messinian.

In the Val Marecchia area the Epiligurian Succession, 
part of the “Coltre della Val Marecchia”, typically 
includes also Messinian and earliest Pliocene age 
deposits, as evaporites of the Gessososolfifera Fm., deltaic 
conglomerates and sandstones of the Casa Monte Sabatino 
Fm., foreshore clays and sandstones of the Monte Perticara 
Fm., and some basal beds of the “Argille Azzurre” Fm., that 
in turn are sealed by the autochthonous Pliocene deposits 
(De Feyter, 1991; Conti, 1994; Roveri et alii, 1999; Conti 
et alii, 2016; Cornamusini et alii, 2017). In the geological 
map these deposits are included in the “Messinian 
evaporite succession” and in the “Messinian post-evaporite 
succession”, respectively.

Subligurian Domain

The Subligurian Domain is classically regarded as 
a domain with a paleogeographic position intermediate 
between the Ligurian Domain and the Tuscan Domain 
(Fig.  6). The stratigraphic succession of the Subligurian 

Fig. 5 - Stratigraphy of the Epiligurian Succession, after Roveri et alii 
(1999), depositional sequences from Ricci Lucchi (1986). New data 
and an updated overview of the Epiligurian Succession are reported 
in Conti et alii (2016) and Argentino et alii (2017). In italics are labels 
of the geological map.
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Domain is characterized by the presence of a main regional 
unconformity, middle-late Eocene in age, separating two 
portions: a) a pre-middle-late Eocene succession, that 
ranges from early Paleocene to the lower part of the 
middle Eocene), and b) a post-Eocene succession (early 
Oligocene earliest Miocene in age) (Zanzucchi, 1963; 
Elter et alii, 1964; Plesi, 1974, 1975b; Montanari & Rossi, 
1982; Cerrina Feroni et alii, 1991; Catanzariti et alii, 1996; 
Vescovi, 1998; Bruni et alii, 2007; Perilli et alii, 2009; 
Remitti et alii, 2011; Vannucchi et alii, 2012). From this 
domain originated, during the Miocene tectonic phases 
of nappe emplacement, a series of tectonic units now 
outcropping in the Ligurian and in the Emilia-Tuscany 
Apennines, interposed between the Ligurian Units (above) 
and the Tuscan Units (below).

The (?upper Cretaceous) lower Paleocene-middle 
Eocene succession (SL

ac: Canetolo Shales and Limestones 
Fm., Groppo del Vescovo Limestones Fm.) is represented 
by shales, siltstones and limestones with affinity with 
successions of the External Ligurian units of Late 
Cretaceous to early Eocene in age and also, for what 
concerns the Groppo del Vescovo, with the limestone 
serie of the Scaglia Toscana of the Tuscan Domain. This 
succession is strongly deformed in low-temperature 
conditions and isoclinal folds are common in the 
more shaly layers; Remitti et alii (2011) showed that 
deformation is similar to what has been described for the 
External Ligurian Units. Definitively, this lower portion of 
the Subligurian Domain Succession is therefore similar 
in stratigraphy to the External Ligurian Domain.

The uppermost lower Oligocene-lowermost Miocene 
succession is characterized by siliciclastic turbidite 
sandstones, with close affinities with turbidites of 
the Tuscan Domain, volcanic-rich sandstones and 
conglomerates (SL

ar: Petrignacola Sandstones, Aveto 
Sandstones, Ponte Bratica Sandstones, etc.). This 
succession is only slightly folded and internal thrusting 
shows a top-NE transport direction. All these features 
allow to infer for this upper succession a paleogeographic 
origin close to the Tuscan Domain.

Based on all the above considerations and in 
agreement with earlier Authors, we consider the 
lower Oligocene-lowermost Miocene succession of the 
Subligurian Domain to be deposited above the already 

deformed lower Paleocene-middle Eocene succession, 
i.e. onto the previously deformed Ligurian prism (Fig. 6). 
The sandstone-rich lower Oligocene-lowermost Miocene 
succession deposited therefore as the infill of a thrust-
top type basin developed on the accretionary wedge, 
with close lithological affinity with the more external 
sandstone successions (Modino Fm., Macigno, etc.), with 
the main difference consisting in the great amount of 
volcanic clasts, probably due to a closer location to the 
volcanic source.

Tuscan Domain

In the Tuscan Domain we separate the Pseudoverrucano 
Succession, the Modino Succession, the Tuscan 
Succession, the Tuscan Metamorphic Succession, the more 
external Cervarola-Falterona Succession and the Rentella 
Succession (with a close affinity with the Umbria Domain).

Pseudoverrucano Succession

The Pseudoverrucano Succession is represented 
by small and scattered outcrops in southern Tuscany 
near Grosseto, with a peculiar stratigraphic succession 
unlike any other successions of the Tuscan Domain, so 
to be considered as a sort of “incertae sedis” in the old 
geological literature of the area. “Pseudoverrucano” is an 
informal term to indicate coarse quartz-conglomerates 
with a diffuse dark red color, very similar to the Lower 
Triassic Verrucano lithofacies of Tuscany, but that pass 
upsection to Liassic-Eocene successions. This succession 
outcrops in complex tectonic settings, in thrust sheets 
below the Tuscan Nappe.

The Pseudoverrucano-bearing succession of southern 
Tuscany represents a still uncertain, controversial and 
debated subject, as to its significance, stratigraphic-
paleogeographic and structural position and in the 
past, despite the limited outcrops, has gained attention 
by many Authors (Fazzini & Parea, 1966; Signorini, 
1967; Costantini et alii, 1980; Decandia & Lazzarotto, 
1980b; Moretti, 1991; Campetti et alii, 1999; Aldinucci 
et alii, 2008a; Montomoli et alii, 2009; Conti et alii, 2010; 

Fig.  6 - Paleogeographic 
reconstruction for the 
Subligurian-Tuscan domains 
at Early Oligocene-Miocene 
transition, before early-middle 
Miocene underthrusting and 
subduction. Grayed is the 
Ligurian prism/accretionary 
wedge, in italics are labels of 
the geological map.
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Baldetti et alii, 2011; Gandin, 2012; Perrone et alii, 
2006). We consider this succession as belonging to the 
westernmost part of the Adria continental paleomargin, 
i.e. the most internal portion of the Tuscan Domain 
(Conti et alii, 2010). In the geological map we separated 
the lower conglomeratic, coarse quartz-rich terrigenous 
and shallow-marine carbonate succession (PSvr) from the 
uppermost limestone-rich deposits (PSnu) similar to the 
Cretaceous-Eocene formations of the Tuscan Succession 
and particularly with the “nummulitic” lithofacies. The 
lower portion of the succession (PSvr) is diachronous, 
but with a general age ranging from the late Triassic to 
the early Jurassic, whereas the upper carbonate portion 
(PSnu) has a ?Cretaceous-Eocene age.

Modino Succession

This succession now occurs in the Modino tectonic 
Unit. A long-lasting debate concerned the stratigraphic 
and structural position of the Modino Unit, with two 
end-member interpretations that consider the Modino 
succession either (i) stratigraphically overlying the Macigno 
Fm. of the Tuscan Nappe (Abbate & Bortolotti, 1961; 
Nardi, 1965; Martini & Sagri, 1977; Abbate & Bruni, 1987; 
Lucente & Pini, 2008) or (ii) tectonically superposed on the 
Tuscan Nappe (Reutter, 1969; Plesi, 1975a; Bettelli et alii, 
1987a; Chicchi & Plesi, 1991; Cerrina Feroni et alii, 2002a). 
In this overview we favour this second interpretation, also 
based on recent tectonic and biostratigraphic data (Marchi 
et alii, 2017; Cornamusini et alii, 2018). The Modino Unit, 
similar to the Subligurian Succession, can be divided into 
two parts: a strongly deformed Cretaceous basal complex, 
followed (through an unconformity, Mochi et alii, 1995) 
by a less deformed marly-shaly-sandstone succession of 
middle Eocene-early Miocene age.

The basal chaotic complex (MObs: Modino basal 
complex, Abetina Reale Fm.) consists of Cretaceous 
Ligurian-derived rocks as limestones, marly limestones 
(similar to the Helminthoid Flysch), siliceous limestones, 
varicolored shales and shaly-calcareous breccias with 
clasts of Ligurian limestones. This succession is strongly 
deformed and is considered a tectonic mélange belonging 
to the easternmost part of the Ligurian prism (Fig.  6), 
developed during the Paleocene-Eocene Ligurian phases 
(Marchi et alii, 2017).

Above this tectonic mélange unconformably lies 
a succession (MIfi) of middle Eocene-late Oligocene 
(Bartonian-late Chattian) age made of green-reddish 
shales with intercalated calcarenites, marls, siltstones 
and sandstones (Fiumalbo Shales), passing upwards to 
massive marlstones (Marmoreto Marls), with subordinate 
siltstones, sandstones and local breccia bodies. The upper 
part of the unit (MOar) is represented by the Modino 
Sandstone Fm., some hundred meters thick, formed by 
siliciclastic turbidite sandstones, with thin to thick beds 
and a thickening- upwards trend, of late Oligocene-early 
Miocene age (Catanzariti & Perilli, 2009; Marchi et alii, 
2017, with references therein).

Based on the above features we consider the Eocene-
Oligocene Modino Succession deposited close to the Tuscan 
Succession, but in a more internal basin position located 
above the advancing Ligurian orogenic prism (Fig. 6).

Tuscan Succession

This succession, Triassic-early Miocene in age 
(Fig.  7), occurs in the Tuscan Nappe tectonic unit and 
outcrops extensively in Tuscany. The stratigraphy of the 
Tuscan Succession points to a marine shelf carbonate 
sedimentation starting in the Norian up to Early Jurassic 
(Hettangian). Since the Sinemurian extensional tectonics 
linked with the opening of the central Atlantic led to breakup 
and downthrowing of the carbonate shelf, with pelagic 
sedimentation below CCD which continues throughout 
the Jurassic. During Cretaceous and part of the Paleogene, 
pelagic conditions continue with ongoing lowering of the 
sea bottom. Starting late Oligocene the Tuscan Domain 
developed as a foreland basin with siliciclastic turbidite 
deposition. Sedimentation stops in the early Miocene 
(Aquitanian) because of the emplacement of the overlying 
Ligurian Units. The stratigraphy of this succession was 
investigated by many Authors; see reviews in Bortolotti 
et alii (1970), Dallan Nardi & Nardi (1972), Kälin et alii 
(1979), Fazzuoli et alii (1985), Ciarapica & Passeri (1994, 
1998) and Cerrina Feroni et alii (2002a).

The bottom of this succession, Norian in age (TNcv: 
Calcare Cavernoso Fm.), consists of alternating dolomites 
and anhydrites representing carbonate platform deposits 
with evaporites; these deposits are found in their primary 
position stratigraphically below the Rhaetian formations 
only in some scattered outcrops in southern Tuscany, 
but are well documented from wells (Burckhardt, 1946; 
Merla, 1951; Vighi, 1958; Trevisan, 1955). The presence 
of evaporites makes this stratigraphic level a preferential 
detachment level for the development of thrust and faults 
during underthrusting and exhumation of tectonic units, 
with widespread development of typical cataclasites, 
consisting of dolomite clasts and cavities due to hydration, 
de-dolomitization and subsequent dissolution of sulphates 
during cataclastic flow; this cataclasites now represent 
almost all of the outcrops for this formation (Calcare 
Cavernoso Fm.). The cataclasites mainly developed along 
thrusts during the early Miocene tectonic phase, but also 
along late Miocene and younger normal faults. Cataclasites 
along normal faults show, associated with the dolomite 
clasts, blocks and slivers derived from adjacent tectonic 
units, as slivers of metamorphic rocks occurring in the 
Alpi Apuane, Cerreto Pass and Soraggio area. Due to the 
high porosity, the cataclastic Calcare Cavernoso Fm. is 
frequently reworked and affected by karst phenomena in 
recent times (Holocene), with karst cave sedimentation.

Upsection Rhaetian deposits follow (TN
ma) and 

they sedimented in subtidal platform carbonate ramp, 
poorly oxygenated to anoxic, represented by well bedded 
limestones and marly limestones with typical dark 
gray color (Calcari a Rhaetavicula contorta Fm.). Then 
follows deposits of inter tidal carbonate platform as the 
Calcare Massiccio Fm. (Hettangian-early Sinemurian); 
this formation shows a lower portion with dolomitic 
limestones and a thicker upper part, with massive to well-
bedded limestones. Heteropic with the Calcare Massiccio 
Fm. are the Dolomie di M. Castellana Fm. and the Calcari 
ad Angulata Fm.

The succession continues upsection (TN
ca) with 

hemipelagic and condensed deposits (Rosso Ammonitico 
Fm.), consisting of calcilutites and nodular marly 
limestones of red, pink and yellowish colors, with 
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interbedded marls and shales; cherty nodules are present, 
and frequent are evidences of synsedimentary deformation 
(slump). Upsection follows a thick basinal succession with 
fine carbonate turbidites (Calcare selcifero di Limano 
Fm.), represented by well-bedded siliceous calcilutites 
with whitish chert nodules, with interbedded calcarenites, 
often with graded bedding, marls and shales (in some 
areas, i.e. near Carrara, a condensed succession of few 
meters of hemipelagic calcilutites outcrops). Upward again 
follows the pelagic sedimentation of the Calcari e marne a 
Posidonomya alpina Fm. with marls and marly limestones 
interbedded with calcilutites and calcarenites, locally with 
cherts nodules, siliceous marls and radiolarites. Pelagic 
turbiditic sedimentation is then testified by the Calcare 
selcifero della Val di Lima Fm. with graded calcarenites 
and silicic calcilutites with abundant black chert nodules 
and layers; coarse grained intraformational breccias 
are moreover present. Deep water deposits continues 
with sedimentation, below the Carbonate Compensation 
Depth (CCD), of well bedded siliceous radiolarites with 
interbedded shales (Diaspri Fm.), passing upsection 
to siliceous marls and limestones (Rosso ad Aptici 
Fm.). Later on pelagic sedimentation above the CCD is 

represented by the Maiolica Fm., consisting of calcilutites 
and intercalated calcarenites and calcirudites, with cherts 
layers and nodules. Calcarenites prevail in the upper part 
of the formation.

During the Early Cretaceous (Aptian) to the late 
Oligocene (Chattian) the Tuscan Domain was a wide marine 
basin with a thick succession of shales, siliceous shales and 
marlstones with reddish color, with intercalated calcilutites 
and turbiditic calcarenites (TNst: Scaglia Toscana Fm.). The 
Scaglia Toscana Fm. is partitioned in several members and 
lithofacies; this reflects the difference of depth in different 
parts of the basin, the fluctuation of CCD controlled 
by global events, and volumes of carbonate materials 
resedimented by turbiditic flows. It is widely accepted that 
the high lithological variability of the Scaglia Toscana Fm. 
with its subdivision in members, reflects the complexity 
of the basin, in terms of structural/morphological highs 
and basinal lows (Fazzuoli et alii, 1985; Conti et alii, 2019), 
where the marlstone deposits sedimented on the highs or 
along deep ramps, whereas the shales and the turbidite 
limestones sedimented in the basin plain (Canuti et alii, 
1965; Fazzuoli et alii, 1994; Ielpi & Cornamusini, 2013). 
Furthermore, significant stratigraphical differences have 

Fig. 7 - Stratigraphic logs of the Tuscan Succession (Tuscan Nappe) and Tuscan Metamorphic Successions in the Alpi Apuane area.
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been recorded between the northern Tuscany (Fazzuoli et 
alii, 1985, 1998; Del Tredici & Perilli, 1998; Conti et alii, 
2019) and the southern Tuscany successions (for a review 
see Canuti et alii, 1965; Fazzuoli et alii, 1996; Bambini et alii, 
2009; Cornamusini et alii, 2012; Ielpi & Cornamusini, 2013; 
Pandeli et alii, 2018).

Starting from the late Oligocene, the Tuscan Domain 
represents the foredeep basin of the developing and 
migrating Apennine orogen (Ricci Lucchi, 1986; Argnani 
& Ricci Lucchi, 2001), with sedimentation of the Macigno 
Fm. (TNmg), a thick and wide arenaceous turbidite system 
with significant internal bottom-to-top diachrony between 
northern and southern Tuscany, ranging in age overall from 
late Rupelian/early Chattian to Aquitanian. This formation 
consists of thick turbidite arenaceous sandstones and 
siltstones, arkose-lithic to arkose in composition, with 
rare thin carbonate beds and chaotic beds. In the upper 
part, olistostromes of Ligurian and Subligurian rocks 
and mudstones are present, indicating the closure of the 
basin due to the emplacement of the Ligurian thrust sheet 
(Castellucci & Cornaggia, 1980; Cornamusini, 2004a). The 
successions cropping out along the Tuscan coast have been 
indicated as “Macigno costiero” Auctt. and distinguished 
in literature by the Macigno s.s., for facies, stratigraphic 
architecture, composition/provenance and age (Gandolfi 
& Paganelli, 1992; Costa et alii, 1997; Cornamusini, 2002, 
2004b). Differently, the outcrops of Macigno along the 
La Spezia coast, are characterized by the dominance of 
the mudstone- fine arenaceous lithofacies, and named as 
“Arenarie zonate di Riomaggiore” (Abbate, 1969; Abbate et 
alii, 2005).

In this overview, we consider the Tuscan Succession 
with its classic succession, as well defined in northern 
Tuscany and starting with the Triassic evaporite of the 
Calcare Cavernoso Fm.. In southern Tuscany (Tafone 
Valley, Monte Bellino, etc.) the Calcare Cavernoso Fm. 
possibly is in stratigraphic contact with the underlying 
Triassic clastic formations (Tocchi Fm., “Verrucano” 
Group); if this is the case, the start of sedimentation in the 
Tuscan Succession should be brought back at least to the 
Carnian. As these relationships are still a matter of debate 
and since Triassic clastic deposits in Tuscany are usually 
deformed and metamorphic, we described the Tocchi Fm. 
and the “Verrucano” Group in the “Tuscan Metamorphic 
Succession” section.

Tuscan Metamorphic Succession

Metamorphic rocks outcrop only in Tuscany (Alpi 
Apuane, Mt. Pisano, Iano, Monticiano- Roccastrada ridge, 
Elba Island, Gorgona Island, Uccellina Mts., Mt. Argentario 
and Mt. Bellino) and represent the effects of metamorphism 
on successions deposited on the Tuscan margin of the Adria 
Plate, with a Mesozoic-Cenozoic succession similar to the 
Tuscan Nappe, and its underlying Paleozoic basement. The 
metamorphic conditions are in the greenschist facies, and 
high-pressure metamorphic rocks are only reported from 
scattered outcrops in central-southern Tuscany (see section 
“Units affected by HP metamorphism”). Metamorphism 
is related to underthrusting and deformation of the 
Adria- derived units during early Miocene time and 
is accompanied by severe internal deformation of 
rocks, isoclinal folding (often strongly non-cylindrical), 
development of widespread axial plane foliation and NE-

SW directed stretching lineations, associated with top-NE 
tectonic transport direction. Retrograde metamorphism 
and low-temperature deformation occurred during 
late Miocene phases of exhumation and core complex 
formation. For more informations about metamorphism 
refer to the works of Franceschelli et alii (1986, 1997); 
Kligfield et alii (1986); Jolivet et alii (1998); Giorgetti 
et alii (1998); Brunet et alii (2000); Molli et alii (2000); 
Franceschelli et alii (2004); Leoni et alii (2009); Conti et alii 
(2019); Molli et alii (2018).

In the metamorphic units we distinguish (Fig.  7, 
Fig.  8): a) a Paleozoic basement affected by Variscan 
deformation (possibly the basement of the entire Tuscan 
Domain); b) a younger Paleozoic succession not affected 
by Variscan deformation; c) Triassic continental deposits 
transgressive on the Paleozoic successions, d) a Triassic-
Jurassic carbonate marine platform succession, e) a 
Jurassic-Cretaceous basinal succession and f) Oligocene-
lower Miocene flysch deposits.

The Variscan basement (TM
bs) outcrops extensively 

in the Alpi Apuane area, to a lesser extent in central and 
southern Tuscany, and is reached in some deep wells in 
northern Tuscany (Pontremoli) and in the geothermal 
area of southern Tuscany (Vai, 1978; Bagnoli et alii, 1979; 
Elter & Pandeli, 1990; Conti et alii, 1991a, 1993; Rau, 
1993; Pandeli et alii, 1994; Franceschelli et alii, 2004). The 
Variscan basement includes rocks of Cambrian-Devonian 
age with strong similarities with successions outcropping 
in central-southern Sardinia. In southern Sardinia the 
Variscan orogeny (nappe emplacement, deformation and 
metamorphism) is considered to be of early Carboniferous 
(Visean) age, and the same is assumed for Tuscany (Conti 
et alii, 1991a). It is important to note that the outcropping 
Variscan basement in Tuscany shows greenschist facies 
metamorphism paragenesis, i.e. Variscan orogeny 
developed regional metamorphism not higher than Alpine/
Apenninic deformation. Higher metamorphic conditions 
for the Variscan basement are only reported from deep 
wells (Pandeli et alii, 2005b). The stratigraphic succession 
starts with alternating quartzites and phyllites of early 
Cambrian age with relics of sedimentary structures (graded 
and cross-bedding) followed by acidic to intermediate 
metavolcanic rocks that are correlated with the middle 
Ordovician calc-alkaline continental volcanism of Sardinia. 
Upsection follow quartzites and phyllites regarded as 
continental deposits unconformably transgressive above 
volcanic rocks, passing to basinal deposits. Silurian black 
shales and radiolarites (lydian stones) are reported and the 
succession closes with carbonate deposits as Orthoceras-
bearing dolostones, metalimestones and calcschists of 
Devonian age. These rocks are involved in the Variscan 
orogeny during early Carboniferous (Visean).

Unconformably above the deformed Variscan 
basement, an upper Carboniferous-Permian succession 
developed, outcropping mainly in central and southern 
Tuscany (Lazzarotto et alii, 2003; Aldinucci et alii, 2008b), 
with metaconglomerates, metalimestones, metasandstones 
metavolcanic rocks and phyllites (TMcp, Fig.  8). This 
succession was deposited in very different environments 
and basins, as strike-slip basins and uplifted areas, resulting 
from post-collisional deformation of the Variscan orogen.

Mesozoic sedimentation started in the Tuscan Domain 
with a Middle Triassic (Anisian-Ladinian) succession 
deposited in narrow continental rift basins, as testified 
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Fig. 8 - Stratigraphic relationships for the Permian-Triassic successions of the Tuscan Domain (after Lazzarotto et alii , 2003 and E. Patacca in 
Conti et alii , 2019, modified). In italics are labels of the geological map.
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by clastics, phyllites and carbonate deposits interbedded 
with alkaline basalts (pillow lavas) in the Massa Unit 
(Punta Bianca: Passeri, 1985; Rau et alii, 1985) and coeval 
deposits in southern Tuscany; elsewhere non depositional 
conditions continues, with subaerial exposure of the 
Variscan basement. During Late Triassic (Carnian) time 
widespread fluvial and littoral deposits unconformably 
covered the Variscan basement throughout the Tuscan 
Domain (Verrucano Auctt., see Rau & Tongiorgi, 1974; 
Cassinis et alii, 1979; Perrone et alii, 2006 and references 
therein), with deposition of conglomerates, sandstones 
and phyllites, with very variable thickness in the area. In 
the map the Middle and Upper Triassic successions are 
mapped together (TMvr).

Starting in the Norian, carbonate platform deposition 
occurs, now resulting in the thick dolomites, dolomitic 
marbles and marble successions (TMma). Local episodes 
of subaerial conditions of the carbonate platform are 
documented. These conditions persisted up to the Early 
Jurassic (Sinemurian).

Fragmentation of the carbonate platform since the 
Pliensbachian (Early Jurassic) led to the deposition 
of progressively deeper marine deposits (cherty 
limestones, calcschists) up to meta-radiolarites of Late 
Jurassic (Callovian-Tithonian) age. Upsection carbonate 
sedimentation resumed, with pelagic limestones, reworked 
carbonates and local neritic limestones (TMsc: Scisti 
sericitici Fm. and Cipollino marble Fm.).

The Metamorphic Succession, similar to the Tuscan 
Nappe, closed with deposition of terrigenous flysch 
deposits, with typical alternating metasandstones and 
phyllites (TMpm: Pseudomacigno Fm.).

Cervarola-Falterona Succession

The Cervarola-Falterona Succession was deposited 
in the outermost portion of the Tuscan Domain. It is 
composed of lower marlstones, shales and limestones 
referred to the pre-foredeep phase, a thick sandstone 
turbidite complex referred to the foredeep sedimentation, 
and the upper marlstones and shales referred to the basin 
closure phase (Ricci Lucchi, 1986; Argnani & Ricci Lucchi, 
2001). This succession occurs in the Cervarola-Falterona 
tectonic Unit.

The paleogeographic and structural position of the 
Cervarola-Falterona Unit has been the object of a long 
scientific debate which has not yet generated a unique 
accepted view (see the several hypotheses in Chicchi & 
Plesi, 1991 and in Bettelli et alii, 2002a). Some authors 
infer that the Monte Cervarola Sandstones and the Monte 
Falterona Sandstones are in stratigraphic lateral-vertical 
relationships (Bruni & Pandeli, 1980; Günther & Reutter, 
1985; Abbate & Bruni, 1987; Bettelli et alii, 2002b), whilst 
other authors suggest a tectonic independence between 
the Falterona Unit and the Cervarola Unit, derived from 
different stratigraphic and paleogeographic settings 
(Cerrina Feroni et alii, 2001, 2002b; Plesi et alii, 2002a; 
Benini et alii, 2014).

We adopt here the comprehensive term “Cervarola-
Falterona Succession” and we group together two similar 
stratigraphic successions now outcropping in two distinct 
tectonic units: the Cervarola Unit s.s. outcropping west 
of the Futa Pass - Collina Pass (Pistoia area) and the 
Falterona Unit s.s. outcropping east of the Futa Pass - 

Collina Pass, both with a tectonic position between the 
Tuscan Nappe (above), and the Marnoso-arenacea Fm. 
of the Umbria-Marche Domain (below) (Cornamusini et 
alii, 2018; Conti et alii, 2019). Paleogeographically the 
Falterona Unit seems to have a more internal origin with 
respect to the Cervarola Unit.

In the Falterona Succession the base is represented 
by the Villore Fm. (CFvl), passing upwards to the Monte 
Falterona Sandstones (CFfa), up to the Vicchio Marls (CFvc). 
In the Cervarola Succession the bottom is represented by 
the Villore Fm. or Civago Marls (CFvl), passing upwards to 
the Monte Cervarola Sandstones (CFce).

The Monte Falterona Sandstones, ranging in age from 
the Chattian to the early-middle Burdigalian, include 
the Acquerino Fm., the Pratomagno Sandstones (Abbate 
& Bruni, 1987; Bruni & Pandeli, 1980), the Trasimeno 
Sandstones (Bigi et alii, 1990) and extend for a wide 
and long belt, from the Pistoia Apennines to south of 
the Trasimeno Lake (Aruta & Pandeli, 1995; Aruta et 
alii, 1998; Bortolotti et alii, 2008). They are turbidite 
sandstones, siliciclastic in composition, subdivided in 
some members on the base of the sand/mud ratio. The 
Monte Falterona Sandstones lie above the marls and 
shaly marls of the Villore Fm. for the northern area, while 
in the southernmost Umbria area, the Monte Falterona 
Sandstones lie conformably above marlstones, shales 
and limestones that we correlate with the Villore Fm. 
Such differences, as well as other features involving the 
sandstone succession, allowed some Authors (Martelli, 
2002; Brozzetti, 2007; Pialli et alii, 2009; Plesi, 2010; 
Barchi & Marroni, 2014) to correlate the Monte Falterona 
Sandstones of the Umbria area with the Macigno Fm. and 
the underlying Villore Fm. with the Scaglia Toscana Fm. 
of the Tuscan Nappe.

The Monte Cervarola Sandstones, outcropping 
extensively in the Emilia Apennines, are referred to a 
complex and confined foredeep basin (Tinterri & Piazza, 
2019), subdivided in an inner and in an outer part 
(Andreozzi, 1991). The inner part includes the Torre degli 
Amorotti, Gazzano, Gova, Ozola, Cerreto systems, the 
outer part includes the Fellicarolo-Dardagna, Stagno, 
Torrente Carigiola, Castiglion dei Pepoli systems, which 
are respectively late Chattian-Aquitanian (Cornamusini et 
alii, 2018), or Aquitanian-Burdigalian (Andreozzi et alii, 
1991; Plesi, 2002b) the former, Burdigalian-Langhian in 
age (Botti et alii, 2002, 2017; Bettelli et alii, 2002b) the 
latter.

The whole Monte Cervarola Sandstones are turbidite 
sandstones and siltstones forming a thick succession, 
siliciclastic in composition, with different sand/mud 
ratio, so to identify different lithostratigraphic members 
(Botti et alii, 2002; Bettelli et alii, 2002a; Cornamusini 
et alii, 2018; Tinterri & Piazza, 2019). The upper and 
younger parts of this unit show an increase in carbonate 
sandstone composition.

In the more external areas (i.e. Scoltenna and 
Fellicarolo systems of Andreozzi, 1991) stratigraphic 
above and locally lateral of the sandstones, a thick 
marlstone succession is preserved (CFvc). This marlstone 
succession is related to the closure of the turbidite basin 
(Ricci Lucchi, 1986), as the San Michele Marls for the 
Monte Cervarola Sandstones of the Emilia Apennines and 
the Vicchio Marls for the Monte Falterona Sandstones. 
These are marlstones and silty/shaly marlstones with 
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minor thin-bedded-turbidites, Aquitanian to Langhian in 
age (Catanzariti et alii, 2002). Differently, for the internal 
areas (i.e. Torre Amorotti system) these sandstones are 
for some authors (Andreozzi, 1991; Tinterri & Piazza, 
2019) stratigraphically overlain by chaotic deposits 
with Ligurian affinity, the Sestola-Vidiciatico Fm., and 
lie stratigraphically onto the Civago Marls, a chaotic 
formation with Ligurian affinity, and a marly complex 
with high grade of internal deformation (Pievepelago 
Fm.), which in turn lies stratigraphically on to the Mt. 
Modino Succession (see also in Gunther & Reutter, 1985, 
Plesi, 2002b and Tinterri & Piazza, 2019).

Rentella Succession

South of the Trasimeno Lake a stratigraphic succession 
is recognized, now occurring in the Rentella Unit (Fig. 1). 
Its stratigraphic features are intermediate between the 
Tuscan and the Umbria-Marche successions (Signorini & 
Alimenti, 1968; Brozzetti et alii, 2000). Tectonically the 
Rentella Unit is interposed between the Tuscan units and 
the Umbria-Marche-Romagna Unit.

The basal succession (REst) consists of varicolored 
marlstones, marly limestones and siltstones with a 
thickness of about 250 m Rupelian-Aquitanian in age (M. 
Rentella Fm. of Barchi & Marroni, 2014). These rocks 
represent pelagic to hemipelagic sedimentation, with 
thin turbiditic carbonate levels to testify a progressive 
change  of the sea level. Upsection follow turbiditic 
marls and silty-marls with silica-rich levels Aquitanian 
to Burdigalian in age (REar, Montagnaccia Fm. of Barchi 
& Marroni, 2014), with typical graded bedding and Tc-d 
interval of the Bouma sequence, that testify turbiditic 
foredeep deposition in this area. Thickness is about 700 
m. Based on composition of lithic fragments (richer in 
clasts of sedimentary origin) is possible to differentiate 
this succession respect to the siliciclastic turbidites of the 
Tuscan Domain (Barchi & Marroni, 2014).

Umbria-Marche-Romagna Domain

In the Umbria-Marche-Romagna Apennines crops 
out extensively a thick and articulated sedimentary main 
succession deposited onto the more external sector of the 
Adria plate, subdivided in some minor successions. We 
first illustrate here the Triassic-Miocene Succession, then 
we describe the siliciclastic successions outcropping in 
the more internal areas, then the siliciclastic succession 
outcropping in the more external areas and in the 
“intra-Apenninic minor basins”. Successions have been 
distinguished on the base of age, basin size and lateral- 
vertical relationships. Comprehensive overviews of the 
stratigraphic evolution of this sector of the Northern 
Apennines can be found in Centamore et alii (1971, 1986); 
Cresta et alii (1989); Boccaletti et alii (1990b); Centamore 
& Micarelli (1991); Ciarapica & Passeri (1998); Barchi et 
alii (2001); Pierantoni et alii (2013); Barchi & Marroni 
(2014) and more detailed informations in Selli (1954); 
Crescenti et alii (1969); Colacicchi et alii (1970); Capuano 
et alii (1986); De Donatis (1993); Santantonio (1993). A 
schematic lithostratigraphic log is in Fig. 9.

Triassic-Lower Jurassic succession

Pre-Triassic rocks are not exposed in this external 
part of the Northern Apennines, but are only reached by 
some deep wells (Martinis & Pieri, 1964; Anelli et alii, 
1994; Barchi et alii, 1998c), as Permian sandstones and 
phyllites. The Triassic starts with alternating anhydrites, 
dolomites and subordinate limestones and marls, only 
outcropping at the core of main anticlines in Umbria 
(UMcv, Anidriti di Burano Fm., Martinis & Pieri, 1964; 
Ciarapica & Passeri, 1976). The widespread occurrence of 
evaporites at the base of the Umbria-Marche Succession is 
documented by well data, with thickness of a few hundred 
meters and a maximum of about 2500 m in the S. Donato 
1 well (Anelli et alii, 1994). The fossil content is poor 
(gastropods, echinoids, sponges fragments, etc) and only 
a generic Early Triassic age can be inferred. These rocks 
document deposition in a widespread platform margin, 
with coastal basins, lagoon and sabkhas (Centamore et 
alii, 1986). The evaporitic succession passes upsection to 
alternating blackish limestones and marls (UMrt) similar 
to the Rhaetian deposits of the Tuscan Domain (Calcari a 
Rhaetavicula contorta Fm.).

During the early Liassic (Hettangian) a carbonate 
platform developed, with oolitic bar, lagoonal and tidal 
facies. Later, in the Sinemurian, the carbonate platform 
broke up developing a series of intrabasinal highs and 
low, producing diversity of depositional environments, 
that persisted throughout the Jurassic. In the Map we 
distinguish the condensed succession deposited on top 
of seamounts and the more complete basinal successions 
(Fig. 9).

The complete succession represents sedimentation in 
basins experiencing subsidence during this time span, with 
development of massive carbonate platform limestones 
(UMms, Calcare Massiccio del Burano).

Jurassic condensed succession

The Jurassic condensed succession (UMbg), Sinemurian-
Tithonian in age, is deposited on structural highs and 
is represented by tidal massive limestones followed by 
detritic facies (Calcare Massiccio del M. Nerone) that 
testify to the inception of fragmentation of the carbonate 
platform, upsection follow well-bedded nodular limestones 
and marly limestones with hard-grounds, unconformities 
and syn-sedimentary dykes (Bugarone Fm.).

Jurassic complete succession

Carbonate sedimentation continues with micritic 
pelagic limestones with cherty nodules and layers (UMco, 
Corniola). Upsection follow limestones, marly limestones 
and marls, with nodular limestones and marls (UMpo; 
Rosso Ammonitico, Marne a Posidonia) and then more 
siliceous sedimentation with micritic limestones with 
cherts and calcarenites (UMdi; Calcari diasprini).

Cretaceous-Miocene calcareous-marly succession

The Maiolica Fm. (UMmi) closes the mainly carbonate 
sedimentation in the Umbria-Marche Domain, the 
extensional events that affected the carbonate platform 
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come to end and uniform sedimentation conditions 
developed throughout the basin (Barchi et alii, 2001). This 
is associated with a progressive deepening of the whole 
area with deposition of well bedded micritic limestones 
with black chert layers and interbedded black pelites.

The deposition of the Marne a Fucoidi Fm. (UMfu) 
marks the end of the mainly calcareous sedimentation and 
the inception of marly sedimentation throughout, with local 
anoxic deposits (i.e. Livello Selli, Livello Bonarelli). Marly 
sedimentation continues during Cretaceous to Eocene, 
with deposition of Scaglia Bianca, Scaglia Rossa and 
Scaglia Variegata fms. (UMsr), together with development 
of local basins and high zone. This is testified by deposition 

of micritic limestones with cherts, interbedded with 
detritic levels, passing to marly limestones and limestones; 
calcarenites and slumpings are common. The pelagic 
calcareous sedimentation in the area ends with the 
deposition of the Scaglia Cinerea Fm. (UMsc: late Eocene-
early Miocene), consisting of alternating limestones, marly 
limestones and marls.

Starting in the Miocene, the Umbria-Marche Domain is 
affected by shortening and gradually evolved in a turbiditic 
foredeep. But, before of the turbiditic sedimentation, 
hemipelagic deposits developed, as the Bisciaro Fm. (UMbi: 
Aquitanian p.p.-Burdigalian p.p.) consisting of alternating 
marly limestones, marls, clays with volcanoclastic levels 

Fig.  9 - Lithostratigraphic 
log of the Umbria-Marche 
succession. Arrows indicate 
the main rheological 
discontinuities, where thrust 
and detachment nucleate 
during compressional 
tectonics. After Barchi (2015) 
and Cipriani (2016). In italics 
are labels of the geological 
map.
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and the following upwards Schlier, Marne con Cerrogna 
and Marne a Pteropodi fms. (UMsh), consisting of 
alternating marls and clays, with locally marly limestones 
and calcarenites. Linked with eastward migration of 
compression, age of the top of the Schlier Fm. is younger 
toward the East (late Burdigalian in the more internal 
areas, early Messinian in the more external areas).

Ongoing deformation led to development of basins 
where siliciclastic turbiditic deposition occurred (Barchi 
et alii, 2001). We differentiate in the geological map the 
siliciclastic successions of the major and more internal 
area/basin and the siliciclastic successions of the more 
external areas and “intra-Apenninic” minor basins.

Siliciclastic succession of the inner basin

The Siliciclastic Succession of the inner basin (also 
called Umbria-Romagna subdomain succession) is mainly 
represented by the Marnoso-arenacea Fm. s.s. (UMma), that 
consists of a very thick turbidite complex extending from 
the Emilia Apennines to the Umbria-Marche Apennines, 
forming a belt some hundreds of km long. The Marnoso-
arenacea Fm. is subdivided in several members, on the base 
of the age, sand/mud ratio, stratigraphic, paleogeographic 
and basinal position, as well as sedimentological and 
structural features. The Marnoso-arenacea Fm. represents 
the infilling of the main foredeep basin of the Northern 
Apennines, from the late Burdigalian to the earliest 
Messinian, recording an articulated foreland migration 
of the basin depocentres, accompanied by a structural 
basin fragmentation (Ricci Lucchi, 1986; Argnani & Ricci 
Lucchi, 2001; Tagliaferri & Tinterri, 2016, with references 
therein). The Marnoso-arenacea Fm. lies conformably on to 
the Schlier Fm. representing the uppermost marly deposits 
of the Cretaceous-Miocene calcareous-marly succession of 
the Umbria-Marche-Romagna Domain, whilst it is overlain 
conformably by marly deposits marking the foredeep basin 
closure (Ricci Lucchi, 1986; Argnani & Ricci Lucchi, 2001). 
These closure deposits (UMgh) are progressively younger 
eastwards the foreland: the Verghereto Marls and the San 
Paolo Marls, the Ghioli di letto Fm. and Campo Marls 
(respectively late Tortonian – to earliest Messinian in age) 
(De Feyter, 1991; Conti, 1994; Roveri et alii, 1999; Argnani 
& Ricci Lucchi, 2001; Cornamusini et alii, 2009b; Pialli et 
alii, 2009).

The Marnoso-arenacea Fm. consists of turbidite 
sandstones and siltstones with high variability in facies 
and bed thickness, siliciclastic in composition, interlayered 
with marlstones. Several turbidite key-beds occur within 
it, formed of siliciclastic meter-thick sandstone beds, 
thick hybrid beds (sensu Zuffa, 1980) (i.e. Contessa bed) 
and calcarenite beds (called “colombine”, Ricci Lucchi & 
Valmori, 1980). Some internal unconformities have been 
recorded within the formation, due to synsedimentary 
tectonics, as well as slumps, olistostromes and chaotic 
complexes, to document a complicated evolution of the 
foredeep basin (Tinterri & Tagliaferri, 2015; Tagliaferri & 
Tinterri, 2016; Tinterri & Magalhaes, 2011).

Some other sandstone successions show peculiar 
relationships with the Marnoso-arenacea Fm. and have 
been grouped with it in the map, as the Monte S. Maria 
Tiberina Fm. and the Monte Vicino Sandstones. The 
Monte S. Maria Tiberina Fm. is considered by Brozzetti 
(2007) a succession deposited between the Tuscan and the 

Umbria domains, lying unconformably on to the Falterona 
Succession and conformably on to the Marnoso-arenacea 
Fm. The Monte Vicino Sandstones could represent the 
turbidite deposits of the innermost of the Marche minor 
basins (Centamore et alii, 1977, 1978; Cantalamessa et alii, 
1986b). But due to their stratigraphic relationships and 
analogies, they have been grouped with the Marnoso-
arenacea Fm. in the Map. These successions and 
relationships could represent evidence of a segmentation 
of the foredeep during late Tortonian-early Messinian, that 
led some authors to subdivide the Umbria-Marche-Domain 
in Umbria-Romagna and Marchean-Adriatic subdomains.

The Verghereto Marls and the San Paolo Marls (UM
gh) 

consist of marl and clay deposits with occasional interbeds 
of thin-bedded turbidite sandstones, at the top of the inner 
Marnoso-arenacea Fm. The Ghioli di letto Fm. (UMgh) 
is represented by clays and marly clays with lenticular 
interlayers of coarse sandstones, slumps and Ligurian-
derived olistoliths in the upper part; it is placed at the top of 
the outer Marnoso-arenacea Fm., and it is in turn overlain 
by the euxinic clays of the Tripoli Fm. or unconformably by 
the resedimented evaporites of the Sapigno Fm. belonging 
to the Evaporitic Messinian Succession and to the Post-
evaporitic Messinian Succession, respectively (Conti, 1994; 
Roveri et alii, 1999; Cornamusini et alii, 2017).

Siliciclastic succession of the intra-Apennine minor ba-
sins and outer basins

This succession crops out in the Adriatic foreland, 
extensively in the Marche Region (also called Marchean-
Adriatic subdomain succession) and are sedimented in 
foreland basins, simple foredeep or complex foredeep 
basins sensu Argnani & Ricci Lucchi (2001). Most of these 
successions are represented by turbidite systems, with 
minor starved euxinic shales and resedimented evaporites. 
They consist of pre-evaporite turbidite deposits of the 
Marchean Marnoso-arenacea Fm. (UMam) and of the pre-, 
syn- and post-evaporite turbidite deposits of the Laga Fm. 
(UMla1, UMla2 and UMla3).

The oldest and inner deposits belong to the the 
Marchean Marnoso-arenacea Fm. (UMam in the Marche 
region; Capuano, 2009; Cornamusini et alii, 2009b), Tortonian 
– early Messinian in age, which represent the turbidite 
basinal sediments of the Umbria-Marche Succession and 
also corresponds to the “minor Marche basins” or molasse 
basins of Centamore et alii (1978) and of Cantalamessa 
et alii (1986b). These basins were located in a complex 
foredeep system, with syntectonic activity and complicated 
tectonics vs. sedimentary relationships, with sharp lateral 
discontinuity, facies change and diachrony (Ricci Lucchi, 
1975; Centamore et alii, 1978). The Marchean Marnoso-
arenacea Fm. is characterized by a 1000 m thick turbidite 
sandstones with minor conglomerates and mudstones, with 
high-grade interfingering, so to determine a subdivision in 
several members and lithofacies (Capuano, 2009). It lies 
conformably on to the marly Schlier Fm. and it is overlain 
by the bituminous clays and marls, sandstones, diatomites 
and dolomitic limestones of the Tripoli Fm. belonging to the 
Messinian Evaporite Succession, passing unconformably 
upwards, to the resedimented gypsum of the Sapigno Fm., 
belonging to the Messinian Post-Evaporite Succession 
(Cremonini & Farabegoli, 1978). These deposits are in turn 
unconformably overlain by post-evaporite continental 
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deposits of the Po Plain-Adriatic Margin Mio-Pleistocene 
Succession with the continental Colombacci Fm. and the 
Pliocene marine deposits.

Furthermore, Cantalamessa et alii (1986b) separate the 
whole siliciclastic successions of the minor basins in an 
inner and older Marche Basin system and in an outer and 
younger Marche Basin system. These turbidite systems are 
many and known in literature with different names (i.e. 
Urbania Sandstones, Urbino Sandstones, Sant’Angelo in 
Vado Sandstones for the Marchean Marnoso-arenacea 
Fm., Serraspinosa Sandstones, Matelica Sandstones, 
Collamato Sandstones, San Donato-Cantia Sandstones, 
Camerino Sandstones for the inner system, the Laga 
Fm. for the outer system), outlining the complexity of 
the basinal fragmentation, confinement and depocentre 
migration (Centamore et alii, 1978; Cantalamessa et alii, 
1986b; Ricci Lucchi, 1986; De Feyter, 1991; Argnani & Ricci 
Lucchi, 2001).

The Laga Fm. is an important and thick turbidite 
complex deposited within the outermost and southern 
minor Marche basin (Centamore et alii, 1990, 1991, 1993; 
Cantalamessa et alii, 1986b; Bigi et alii, 1995; Milli et alii, 
2007). It has been ascribed to the Messinian p.p. and 
across the Messinian Salinity Crisis, so to recognize a Pre-
evaporite Member (UMla1), an Evaporite Member (UMla2) 
and a Post-evaporite Member (UMla3) (Cantalamessa et alii, 
1982, 1986b; Micarelli & Cantalamessa, 2006; Cello, 2009). 
The UMla1 member lies onto the Schlier Fm. or the Pteropods 
Marls, and consists of turbidite sandstones and mudstones. 
The UMla2 member, laterally corresponding to the Gessoso-
solfifera Fm. following the early authors, but overall to 
the Sapigno Fm. of the minor basins, consists of turbidite 
sandstones and mudstones with thin interlayers of euxinic 
bituminous clays and recrystallized gypsum and gypso-
arenites. The above UMla3 consists of turbidite sandstones 
and mudstones, and conglomerates, with a volcanoclastic 

interlayered level. Recently, some authors (Roveri et alii, 
2003; Manzi et alii, 2005; Roveri & Manzi, 2006) through 
a review of the Messinian Salinity Crisis stratigraphic 
record along the Peri-Adriatic Basin, established that the 
primary gypsum due to the evaporite phase, is restricted 
to the Gessoso-solfifera Fm. of the marginal setting of the 
Vena del Gesso, whereas the gypsum settled in deeper 
basins, as the Laga Basin or the other minor Marche and 
Romagna basins, should be considered as resedimented, 
both as slide blocks, and as gypso-arenites (Fig.  10). In 
such case, the gypsum-bearing deposits of the Laga Fm., 
particularly of the Evaporite Member UMla2, corresponds 
to the basinal p-ev1 sequence of Roveri et alii (2003), to be 
correlated with the Sapigno Fm. or “Formazione di tetto”. 
Consequently, the post-evaporite Member of the Laga Fm. 
(UMla3) can be considered subdivided in two successions: 
the lower, corresponding upbasin to the San Donato Fm. 
(upper part of the sequence p-ev1 of Roveri et alii, 2003) and 
the upper, separated by a correlative conformity surface, 
corresponding upbasin to the Colombacci Fm. (sequence 
p-ev2 of Roveri et alii, 2003). Following this view, the 
resedimented deposits of the Gessoso-solfifera Fm., should 
be considered as post-evaporite deposits, whereas the 
euxinic clays represent the basinal record of the evaporite 
phase, time-equivalent to the Gessoso-solfifera Fm. of the 
Vena del Gesso.

Miocene-Pleistocene syn-and post-evaporite succession of 
the Po Plain and Adriatic margin

This succession consists of a complex system of 
depositional units at the front of the chain recording 
the late foredeep deposits of the late orogenic phases. It 
has been subdivided by Ghielmi et alii (2013) into four 
allogroups on the base major unconformities: EM-early 
Messinian allogroup; LM-late Messinian-early Pliocene 

Fig. 10 - Schematic cross-section of the Adriatic foredeep representing the upper Tortonian - lower Pliocene stratigraphic relationships, after 
Roveri & Manzi (2006). T/M and LM2 are intra- Messinian unconformities. In italics are labels of the geological map, for other labels see text.
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allogroup; EP-early-late Pliocene allogroup; LP-late 
Pliocene-Pleistocene allogroup; in turn subdivided in 
lower rank unconformity bounded units, defined as Large-
Scale Sequences. The deposits crop out extensively from 
Piacenza to San Benedetto del Tronto and also occur in 
the Po Plain subsurface. Geographically the succession 
can be divided into two lateral successions: the Po Plain-
Apenninic Margin Succession to northwest (Emilia- 
Romagna Region) (Ricci Lucchi et alii, 1982; Roveri et 
alii, 2004) and the Adriatic-Apenninic Margin Succession 
to southeast (Marche Region) (Savelli & Wezel, 1978; 
Barchi et alii, 2001; Roveri et alii, 2005; Artoni, 2013). The 
two successions are similar and laterally correlated but 
showing some differences in the stratigraphic architecture 
(Fig. 10).

In the whole, this succession is comprehensive of 
the Messinian evaporite succession, the Messinian post-
evaporite succession and the Pliocene-middle Pleistocene 
marine succession. The Messinian evaporite succession and 
the Messinian post-evaporite succession are separated by 
the intra-Messinian unconformity. The whole succession is 
classically subdivided in sedimentary cycles by Ricci Lucchi 
et alii (1982): cycle T2 p.p. early-middle Messinian in age 
containing the euxinic pre-evaporite and the gypsum and 
clay syn-evaporite deposits; cycle M late Messinian in age, 
of continental to shallow marine environment; cycle P1 
early Pliocene in age, of marine environment; cycle P2 late 
Pliocene in age, of marine environment; cycle Qm early 
Pleistocene in age, of marine environment; above the cycle 
Qm, there is the cycle Qc middle-late Pleistocene in age, 
of continental environment, lying through a disconformity 
(Di Celma et alii, 2015). The deposits related to this last 
cycle (Qc) are discussed in the section “Quaternary (“post-
Villafranchian”) continental and coastal deposits”.

These “cycles” consist of different successions as 
they deposited in different position, in the basin margin 
or in the deep-sea basin depocenter and are separated 
by unconformities for the former case and by correlative 
conformities for the latter case (Ricci Lucchi et alii, 1982; 
Cantalamessa et alii, 1986a). The Laga Fm., although 
belonging to the T2, M and P sequences or “cycles”, is 
discussed in the section dedicated to the “Siliciclastic 
succession of the intra-Apennine minor basins and outer 
basins”. The Central Periadriatic Basin in southern Marche, 
including the Laga Fm. up to Pleistocene foredeep deposits, 
has been subdivided into eight large-scale stratigraphic 
units (UBSU sensu Salvador, 1987) showing a progressive 
infilling of the basin and a shallowing-regressive upwards 
trend (Artoni, 2013; Ghielmi et alii, 2019).

Messinian evaporite succession

This succession consists of pre- and syn-evaporite 
deposits (Tripoli Fm. and Gessoso-solfifera Fm. p.p. 
respectively) early-middle Messinian in age, relative to the 
Messinian Salinity Crisis of the paleo-Mediterranean Sea 
(Hsü et alii, 1973, 1977; Krijgsman et alii, 1999; Roveri et alii, 
2001, 2014). It occurs in different settings: a) conformably 
on to the Ghioli di letto and Marnoso-arenacea fms. of the 
inner main foredeep basin of the Umbro- Marche-Romagna 
Domain; b) conformably on to the Marnoso-arenacea Fm. 
of the outer minor basins, and; c) conformably on to the 
Schlier Fm. in the structural highs of the outer minor 
basins. Furthermore, evaporites occur also within the 

outer and southern minor basin (as in the Laga Fm.) and 
at the top of the Epiligurian Succession.

Case a) corresponds to the most complete and thick 
evaporite succession, like at the Vena del Gesso (Roveri et 
alii, 2003), where the Gessoso-solfifera Fm. is mainly formed 
by primary gypsum, deposited on a morpho-structural 
and basin-margin setting. Case b) corresponds to the 
occurrence of pre-evaporitic euxinic clays and diatomites 
of the Tripoli Fm. following the foredeep turbidite 
sedimentation, whereas the primary evaporites are lacking. 
Case c) corresponds to euxinic clays of the Tripoli Fm. and 
gypsum of the Gessoso-solfifera Fm. deposited on top of 
structural anticline high as in the Montefiore-Montescudo 
Ridge, where these deposits sedimented directly on to the 
Schlier Fm., lacking the basinal turbidite deposits.

The Tripoli Fm. (MI
tr) consists of euxinic and 

bituminous clays, marly clays, thin-bedded sandstones 
and siltstones, diatomites, limestones and tripolaceous 
marls, to represent the basin starvation anticipating the 
salinity crisis. The evaporites of the Gessoso-solfifera Fm. 
(MIgs) are particularly well-developed at Vena del Gesso, 
a shallow water thrust-top basin linked with the Riolo 
anticline (Roveri et alii, 2003), and consist of a wide variety 
of gypsum, mainly selenitic, and minor intrabasinal 
reworked gypsum, like gypsarenite and gypsum rudite.

Messinian post-evaporite succession

It represents the post “intra-Messinian tectonic phase” 
succession, linked with the sedimentation recovery after 
the evaporite Messinian crisis, i.e. the post-evaporite and 
“lago-mare” facies (Selli, 1973; Ricci Lucchi et alii, 1982; 
Roveri et alii, 1998, 2003, 2004; Gennari et alii, 2013). It 
corresponds to the “cycle” M of Ricci Lucchi et alii (1982) 
and to the Unit MP p.p. (UBSU) of Roveri et alii (2004), 
divided into two subunits by an unconformity (Fig. 10): the 
“p-ev1” formed by resedimented evaporites and siliciclastic 
deposits, occurring particularly in the deep basins, and 
the “p-ev2” occurring both in deep and marginal settings 
(Roveri et alii, 1998; Ricci Lucchi et alii, 2002).

This succession lies unconformably on the Messinian 
evaporite succession, which is represented by evaporite 
deposits for the marginal areas and by the pre-evaporite 
euxinic shales or siliciclastic turbidites for the basinal 
areas (Roveri et alii, 1998), and locally, where the latter is 
lacking, directly onlaps the topmost units of the Umbria-
Marche-Romagna Succession, such as the Ghioli di letto 
Fm.

In more detail, the deposits of the the “p-ev1” subunit 
consists of resedimented gypsum bodies from the Gessoso-
solfifera Fm., known as Sapigno Fm., “Formazione di tetto”, 
or Gessoso-solfifera Fm. p.p., associated with bituminous 
and organic-rich clays, dolomitic limestones, gypsarenites 
(MIgr), that grade laterally basinward and upwards, to 
alternations of turbidite sandstones and clays (San Donato 
Fm., MIsd) of continental to shallow marine environment 
and more basinward to the Laga Fm. (Bassetti et alii, 1994; 
Invernizzi et alii, 1995). These deposits occur both in the 
inner main foredeep basin and in the outer “minor Marche 
basins” of Cantalamessa et alii (1986b).

The “p-ev2” subunit, separated by the lower succession 
through another Messinian unconformity (LM2 of Roveri et 
alii, 1998), is represented by continental clays, sandstones, 
conglomerates and limestones, known as Colombacci Fm. 
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(MIco) or Cusercoli Fm., or Pietrarubbia Conglomerates 
and turbidites of the Turrino Sandstones (Centamore et alii, 
1978; Cantalamessa et alii, 1986b; Bassetti, 1994, 2000). 
This subunit, relative to the “lago-mare” facies, occurs 
both in the basinal and in the marginal areas, or structural 
highs (as the Montefiore-Montescudo Ridge), where it lies 
unconformably onto the evaporites of the Gessoso-solfifera 
Fm. and the euxinic shales of the Tripoli Fm., belonging to 
the messinian evaporitic succession. In the deeper areas 
of the “minor Marche basins”, it lies unconformably on to 
the San Donato Fm. In the Marche area, thhese subunits 
have been defined as M2b and M3 sequences by Guerrera 
& Tramontana (2011).

The two subunits grade basinward (southern Marche) 
and laterally to the Laga Fm. (Roveri & Manzi, 2006), 
which has been here assigned to the Messinian siliciclastic 
succession of the outer basins, representing the most 
recent post-evaporite turbidite unit of the Umbria-Marche-
Romagna Domain (Cantalamessa et alii, 1986b; Barchi et 
alii, 2001).

Pliocene-Pleistocene marine succession

The bottom of this succession marks the marine 
transgression after the “lago-mare” phase and the 
subsequent filling of the Adriatic foredeep (Ricci Lucchi et 
alii, 1982). Four main sequences have been identified (P1, 
P2, Qm, Qm1) based on significant environmental changes, 
sea-level rise-and-fall and tectonic settings (Colalongo et 
alii, 1982; Ricci Lucchi et alii, 1982; Cantalamessa et alii, 
1986a), and correspond to the MP Unit p.p. and particularly 
to the upper part of the “p-ev2” of Bassetti et alii (1994). The 
subdivision in sequences, especially for the Periadriatic 
Basin, is discussed in Cantalamessa et alii (2002) and in Bigi 
et alii (1995).

The marine deposits of the P1 sequence, early 
Pliocene in age, consist of fossiliferous marls, clays, 
minor sandstones and conglomerates of shallow marine 
environment. They are known in the literature as Cella 

Marls, “Argille Azzurre inferiori”, Santerno Clays p.p., 
Borello Sandstones, Porto Corsini Fm. (Fig. 11). They lie 
paraconformably on to the Colombacci Clays of the p-ev2 
subunit or unconformably on to other units. This sequence 
or cycle (sensu Ricci Lucchi et alii, 1982), has been locally 
divided into two subsequences by Ricci Lucchi et alii (1982) 
for the Emilia-Romagna area and by Cantalamessa et alii 
(1986a, 2002) for the Marche area: the “P1a” and “P1b” 
both of early Pliocene age, separated by unconformity or 
correlative conformity surface.

It is worth to note that in the northern Marche - 
southeastern Romagna, between the two subsequences 
and marking the unconformity, is comprised the “Coltre 
della Val Marecchia”. It represents for some Authors huge 
submarine complexes emplaced in the Messinian and in 
the early Pliocene, formed of Ligurian and Epiligurian 
gravitational slivers triggered by tectonic pulses (Ricci 
Lucchi, 1986; Veneri, 1986; De Feyter, 1991; Lucente et alii, 
2002; Lucente & Pini, 2008; Cornamusini et alii, 2009a, 2017), 
whereas for other Authors is considered not gravitational, 
but linked to pure tectonic activity and advancement of 
thrust sheets (Conti, 1994; Conti & Tosatti, 1996; Cerrina 
Feroni et alii, 2002a; Conti, 2002, cum biblio).

The deposits of the P2 sequence are marine too, but 
late Pliocene/early Pleistocene in age, and are separated 
from the P1 sequence through a complex surface, varying 
from unconformable to conformable, depending by the 
basin position (Ricci Lucchi et alii, 1982). It consists of 
fossiliferous clays, alternations of clays and sandstones, 
minor conglomerates, known as “Argille Azzurre 
superiori”, Santerno Clays p.p., Montecalvo in Foglia Mb. 
p.p., Porto Garibaldi Fm. p.p.. In the southern Marche 
an unconformity subdividing the P2 sequence into two 
subsequences P2a (Spungone Mb. or Montefalcone Mb. 
of the “Argille Azzurre” Fm.) and P2b (Monte Ascensione 
Mb. of the “Argille Azzurre” Fm.), has been recorded 
(Cantalamessa et alii, 2002; Micarelli & Cantalamessa, 
2006). In particular, the P2a has been referred to the 
Piacenzian and the P2b to the Gelasian (Cantalamessa et alii, 

Fig. 11 - Stratigraphic relationships between lithostratigraphic units in the Pliocene-Pleistocene succession of the Adriatic basin, after Cello 
(2009).
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2002). Pliocene lower Pleistocene marine conglomerates 
and sandstones have been mapped as PLar, whereas the 
lithostratigraphic units showing an increase in the clay 
content, as fossiliferous clays, silty clays, with interlayers 
of sandstones and conglomerates, have been grouped as 
PLaz in the geological map.

The deposits of the Qm sequence are marine in 
environment, early Pleistocene (post-Gelasian) in 
age, and consists of fossiliferous clays, sandstone and 
conglomerates, analogously to the P2 sequence, with 
conformable to disconformable stratigraphic relationships. 
The Qm sequence, with respect to the below P2 sequence, 
represents a regressive cycle (Ricci Lucchi et alii, 1982). 
Furthermore, Cantalamessa et alii (2002) recognize a Qm 
sequence (Santernian-Emilian early Pleistocene) and an 
unconformable above lying Qm1 sequence (Sicilian; early 
Pleistocene) formed of littoral sands and conglomerates. 
Sandstones and clays of the Qm sequence are indicated 
as PEim in the geological map (i.e. Imola Sands), whereas 
the coarser units with sandstones and conglomerates have 
been grouped as PEfe (i.e. Fermo Fm.). The subdivision 
of the Pliocene-Pleistocene marine deposits in sequences 
have been also adopted by the CARG Project cartography 
(Cello, 2009; Deiana, 2009; Guerrera & Tramontana, 2011, 
2012). Other stratigraphic subdivisions, using UBSU, 
particularly for the Periadriatic Basin are in Artoni (2007) 
and Ghielmi et alii (2019). The Fermo Fm. (PEfe) represents 
the main marine regressive sequence of the whole 
succession (Cantalamessa & Di Celma, 2004; Cello, 2009; 
Sarti & Coltorti, 2010).

Miocene-Pleistocene succession of the Tyrrhenian margin 
and intermontane basins

This succession (Fig.  12) is composite and strongly 
heterogeneous, mainly clastic and with very subordinate 
carbonates and evaporites, linked with the post-orogenic 
depositional phases that took place in the Northern 
Apennines back-arc, since the middle-late Miocene 
(Martini & Sagri, 1993; Carmignani et alii, 1995b; Bossio et 
alii, 1998; Jolivet et alii, 1998; Martini et alii, 2001; Sartori, 
2001; Carmignani et alii, 2004). The deposition developed 

from the western and deeper Corsica Basin to the Tuscan 
Shelf, to the inland Tuscany basins, through different 
paleoenvironmental shifting (Bossio et alii, 2000; Pascucci 
et alii, 1999; Mauffret & Contrucci, 1999; Cornamusini et 
alii, 2002; Cornamusini & Pascucci, 2014). The geodynamic 
context of such basins is nowadays debated, with a vision 
privileging an extensional basin system (Martini & Sagri, 
1993; Carmignani et alii, 1994, 1995a; Bossio et alii, 1998; 
Jolivet et alii, 1998; Pascucci et alii, 1999; Martini et alii, 
2001; Carmignani et alii, 2004; Bonciani et alii, 2005; Brogi 
& Liotta, 2008), and an alternative hypothesis which states 
that most of the basins were formed within a compressional 
setting generating significant stratigraphic unconformities 
(Bernini et alii, 1990; Boccaletti & Sani, 1998; Finetti et alii, 
2001; Bonini & Sani, 2002; Bonini et alii, 2014; Benvenuti et 
alii, 2015).

The Miocene-Pleistocene Succession of the Tyrrhenian 
margin has been classically named “Neoautochthonous” 
Auctt., as it lies unconformably onto the orogenic 
unit stack, and it has been subdivided in some minor 
successions or stratigraphic-depositional units, through 
unconformable and disconformable boundaries, which 
can be locally erosional, changing in extension, significance 
and importance from basin to basin (Bossio et alii, 1993, 
1998, 2000). Each minor succession represents a different 
depositional cycle due to the relative sea-level changes 
induced by post-collisional tectonics, magmatic and climate 
events, which determined different paleoenvironmental 
and basinal conditions through time (Pasquarè et alii, 
1983; Martini & Sagri, 1993; Bossio et alii, 1993; Carmignani 
et alii, 1995b; Bossio et alii, 1998; Carmignani et alii, 2004; 
Pandeli et alii, 2010; Cornamusini et alii, 2011).

Middle Burdigalian - lower Tortonian marine deposits 
(Tyrrhenian Epiligurides Auctt.)

The succession lie unconformable only onto the 
deformed Ligurian Units, and upsection passes to the Upper 
Miocene continental deposits of the Neoautochthonous 
Succession s.s., through a transition variable from angular 
unconformity, to disconformity, to conformity (Foresi et 
alii, 1997a; Cornamusini et alii, 2011; Ielpi & Cornamusini, 

Fig. 12 - Miocene-Pliocene stratigraphic sketch for the central and southern Tuscany; modified after Costantini et alii (2009). In italics are labels 
of the geological map.
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2016), showing relationships coherent with a regional 
progressive unconformity (Ielpi & Cornamusini, 2012).

These deposits (MIma) are represented by minor 
outcrops scattered within the inner Tuscany- northern 
Latium, of shallow marine sandstones with subordinate 
conglomerates and marlstones. Sandstones are fossiliferous, 
bioturbated and characterized by cross-bedding and sandy 
bedforms, together with other sedimentary structures 
typical of shoreface-deltaic environment. The rocks have 
different ages. The oldest and westernmost are represented 
by the Marina del Marchese Fm. in the Pianosa Island, 
middle Burdigalian in age, which has partially different 
lithological association formed by shallow marine turbidite 
calcarenites and marlstones (Colantoni & Borsetti, 1973; 
Cornamusini et alii, 2014). In southern Tuscany-northern 
Latium the Manciano Sandstones are recognized, ascribed 
to an unspecified middle Miocene (Giannini, 1957), or to an 
not well constrained Miocene age (Barbieri et alii, 2003), 
and the Ponsano Sandstones of southern Tuscany of late 
Serravallian-early Tortonian age (Mazzanti et alii, 1981; 
Foresi et alii, 1997a, b). These deposits are here considered 
as the base of the Miocene-Pleistocene Succession of the 
Tyrrhenian Margin and thus included in the post-collisional 
succession, but this is a matter of discussion. Classically, 
these deposits have been considered “Epiligurian” thrust-
top basins with respect to the latest collisional phases 
(Martini et alii, 1995), or relative to a not well-defined 
geodynamic setting (Bossio et alii, 1998). Recently some 
evidence, both stratigraphic (Foresi et alii, 1997a, b; 
Cornamusini et alii, 2011, 2014; Ielpi & Cornamusini, 2012, 
2016) and structural (Brogi, 2004; Bonciani et alii, 2005; 
Brogi & Liotta, 2008), suggests to consider them (at least 
the Manciano Sandstones and Ponsano Sandstones) as 
the lower part of the “Neoautochthonous” Succession, 
developed during the first rifting phase of the inner 
Northern Apennines.

Lower Turolian (upper Tortonian) fluvio-lacustrine suc-
cession

This succession is classically known as “Serie 
Lignitifera” (Lazzarotto & Mazzanti, 1976) and comprises 
many formational lithostratigraphic units (as Golfo 
della Botte Fm. for the Pianosa Island, Luppiano Castle 
Conglomerates, Fosci Creek Clays, Bithynia Marls, Sellate 
Creek Fm., Ribolla Clays, Collacchia Conglomerates, 
Casino Clays, etc.). This succession lies unconformable 
to conformable onto the middle-upper Miocene marine 
deposits (Ielpi & Cornamusini, 2012, 2016), or where these 
are lacking, directly on to the Ligurian units through a 
marked angular unconformity. Upwards it passes to the 
Messinian Pre-evaporite marine succession, through a 
conformable surface (correlative conformity), which 
locally could become an unconformable transition at 
the basin margin (Bossio et alii, 1993, 1998; Cornamusini 
et alii, 2011). These deposits represent the widespread 
lowest portion of the “Neoautochthonous” Succession 
(Bossio et alii, 1993, 1994, 1998; Martini & Sagri, 1993; 
Rook & Ghetti, 1997; Foresi et alii, 2000; Benvenuti et alii, 
2001; Costantini et alii, 2002a; Lazzarotto et alii, 2002; 
Costantini et alii, 2009; Cornamusini et alii, 2011; Rook et 
alii, 2011), occurring within the western Neogene post-rift 
basins of the hinterland of the chain (e.g. Fine, Volterra, 
Radicondoli, Cornia, Ribolla, Casino, Baccinello, Albegna, 

Tafone, Fiora basins), and representing its base when the 
MIma deposits are lacking. They have been indicated as 
MIfo in the geological map, Tortonian in age, but they are 
very heterogeneous in association, with conglomerates, 
sandstones, siltstones, clays and marly limestones with 
complex relationships, interfingering, internal erosional 
surfaces and disconformities. The facies are relative to 
alluvial systems, formed by alluvial fans, fluvial, lacustrine 
and palustrine systems (Martini & Sagri, 1993; Bossio 
et alii, 1998, 2000; Benvenuti et alii, 1999, 2001; Ielpi & 
Cornamusini, 2012). Ielpi (2013) revealed some evidences 
suggesting lacustrine-paralic setting interplays and the 
formation of subaerial unconformities within the middle 
part of the succession for the eastern part of the Volterra 
Basin. Brackish water clays have been well recorded by 
many authors (Bossio et alii, 1996, 1998; Lazzarotto et alii, 
2002) for the upper part of the Fosci Fm. (only for the basins 
west to the Middle Tuscan Ridge, see Fig. 12), relative to a 
lagoonal-brackish environment, earliest Messinian in age, 
outlining a gradual environmental change to the upper 
succession. The former, of fresh water, has been ascribed 
to the depositional-stratigraphic Unit T “Lignitiferous 
Unit”, the latter of brackish water, to the lower part of the 
Unit M1 “Acquabona-Spicchiaiola Unit” (Bossio et alii, 
1998; Costantini et alii, 2002a, 2009; Lazzarotto et alii, 
2002). Unit T is also important for its lignitiferous seams, 
particularly in the southern Tuscany basins of Baccinello 
and Cinigiano, and for significant mammal and hominoid 
remnants as Oreopithecus bambolii (Benvenuti et alii, 2001; 
Rook et alii, 2011). It is worth to note that the presence 
of pre-Messinian late Miocene land mammals, documents 
different bioprovinces with endemic features and peculiar 
paleogeography (Rook et alii, 2006).

Messinian pre-evaporite marine succession

This succession (MIro) represents the post-orogenic late 
Miocene marine transgression in the back-arc of the chain. 
It developed during the early Messinian for the western 
Tuscany basins (Riforgiato et alii, 2008), whereas in the 
same time continental settings persisted in the eastern 
basins (Bossio et alii, 1978, 1981, 1993, 1998, 2000). Indeed, 
two different successions have been recorded, a marine 
one west of an important morpho-structural high which 
is the Middle Tuscan Ridge, and a lacustrine/alluvial one 
east of it (Bossio et alii, 1993, 1998; Costantini et alii, 2009). 
The western succession occurs particularly in the Volterra, 
Radicondoli and Fine basins and also in the southernmost 
Tafone Basin, delineating a complex marine transgression 
in basins west to the Middle Tuscan Ridge, but also affecting 
southeastern areas linked with the Latium-Tarquinia Basin 
(Bossio et alii, 1993; Cornamusini et alii, 2011).

The succession is made up by the upper part of the 
Unit M1 “Acquabona-Spicchiaiola Unit”, of brackish water 
and by the Unit M2 “Castelnuovo Unit” of shallow marine 
water environment (Bossio et alii, 1998; Costantini et alii, 
2009). This succession comprises the Pycnodonta Clays, the 
Raquese Fm., the Rosignano Limestones, etc. These units 
lie on brackish water deposits of the top part of the lower 
Turolian (upper Tortonian) fluvio-lacustrine succession 
(Bossio et alii, 1997, 1998; Ielpi & Cornamusini, 2016), and 
pass upsection through an unconformity (or correlative 
conformity) to the above succession (Messinian syn- and 
post-evaporite succession, in Bossio et alii, 1997, 1998), 
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as shown by seismic lines in the Tuscan Shelf (Pascucci et 
alii, 1999; Cornamusini et alii, 2002), in the offshore Corsica 
Basin and onshore Corsica (Mauffret et alii, 1999; Bossio 
et alii, 2000).

West of the Middle Tuscan Ridge deposits are 
characterized by clays, marls, silty clays, sandstones, 
conglomerates, gypsum-arenites and bioclastic reef 
limestones, organized in a complex architectural system, 
characterized by lateral facies transitions. More in detail, 
the lower part of the succession shows brackish water 
clays, with sandstone and thin gypsum-arenite interlayers 
(this last for the Volterra Basin only), indicating a lagoonal 
environment, with intrabasinal reworking of evaporite 
deposits (Bossio et alii, 1978; Lazzarotto & Mazzanti, 1976; 
Bossio et alii, 1996; Costantini et alii, 2009). The middle-
upper part of the succession is characterized by marine 
water clays, rich in Pycnodonta navicularis with sandstone 
interlayers and lateral relationships with bioclastic 
limestones and conglomerates. They record a marine 
transgression replacing the lagoonal environment, leading 
to a shallow water environment with shoal, interacting reef 
complex and fan-delta at the basin margin (Bossio et alii, 
1978, 1993; Costantini et alii, 2009).

To the east of the Middle Tuscan Ridge, the lagoonal 
and marine deposits are lacking, as in the Casino-Val 
d’Elsa, Siena, Radicofani and Ombrone basins, resulting in 
a lacuna involving the whole early Messinian, or with the 
sedimentation of the lacustrine clays comparable to those 
of  the previous cycle (MIfo) (Bossio et alii, 1981, 1993, 1996, 
1998; Lazzarotto et alii, 2002; Costantini et alii, 2009).

Messinian syn- and post-evaporite succession

This succession records the depositional systems 
developed during the Messinian evaporite crisis affecting 
the whole Mediterranean Sea (Hsü et alii, 1977; Cita, 
1982; Krijgsman et alii, 1999; Manzi et alii, 2013) and 
the subsequent inception of brackish to freshwater 
environments, particularly lacustrine to lagoonal or 
salmastrine (Bossio et alii, 1998, 2000; Aldinucci et alii, 
2005; Carnevale et alii, 2006; Orszag-Sperber, 2006). It 
corresponds to the Unit M3 “Lago-Mare Unit” and has 
a late Messinian age (Bossio et alii, 1978, 1993, 1998). It 
is widespread both west and east of the Middle Tuscan 
Ridge, but with different stratigraphic relationships with 
the underlying successions. In the western basins (i.e. 
Volterra, Tora, Radicondoli), the succession (i.e. Era Morta 
River Clays and Gypsum Fm.) lies disconformable to 
conformable basinward above the Messinian pre-evaporite 
marine succession, with a gradual transition, whereas in 
the eastern basins (i.e. Casino, Ombrone) the succession 
(i.e. Casino Clays, Lilliano Conglomerates, Grotti Breccia; 
Montebamboli Conglomerate fms.) lies unconformable 
onto fluvial-lacustrine deposits (Fosci Creek Clays) of the 
previous older successions, lacking the brackish-marine 
deposits, or directly onto the Ligurian Units of the bedrock 
(Lazzarotto & Sandrelli, 1979; Bossio et alii, 1993, 1998, 
2002). In such case, as evident in the Casino Basin, two 
lacustrine cycles overlap directly through an angular 
unconformity, the “lower lacustrine” and the “upper 
lacustrine” cycles (Bossio et alii, 2002; Abbazzi et alii, 2008; 
Costantini et alii, 2009).

This succession has different stacking patterns, 
depending on the depositional basins, if west or east of 

the Middle Tuscan Ridge. The western succession shows 
clays, sandstones, with interbedded lens of reworked 
gypsum, thin-bedded limestones and conglomerates 
(MIen) conformable lying onto the marine clays. They are 
referable to a fresh to slight brackish water depositional 
system with paralic lakes, playas and fan deltas of late 
Messinian age, defining the so-called “lago-mare facies” 
(Bossio et alii, 1978, 1981, 1993, 1998, 2000). Conversely, 
the gypsum level occurring at the base of the succession 
is due to a coastal marine/lagoon evaporite phase with 
supersaturated water (alabastrine and laminated facies) 
(Bossio et alii, 1978, 1981; Lazzarotto et alii, 2002). The 
successions east of the Middle Tuscan Ridge show lignite-
bearing clays, sandstones, conglomerates and breccias 
(MIcg) of freshwater environment or with “lago- mare” 
Paratethyan affinity as for the Valdelsa Basin (Abbazzi et 
alii, 2008; Benvenuti et alii, 2014), late Messinian in age, 
lacking evaporites (Bossio et alii, 1978, 1993, 1998, 2000). 
The environmental setting is relative to shallow water lakes 
interacting with fan-deltas to alluvial fan system, changing 
to swamps depending by the oscillation of the base water 
level (Bossio et alii, 1998; Costantini et alii, 2009).

Pliocene-Pleistocene marine succession

The Pliocene marine deposits mark an important 
phase linked with the marine ingression from the Gibraltar 
Strait, connecting again, after the Messinian crisis, the 
Mediterranean Sea with the Atlantic Ocean. Ingression 
was very fast or catastrophic (Garcia-Castellanos et alii, 
2009), as demonstrated by the transgressive marine basal 
Pliocene clay deposits occurring in the back-arc of the 
Northern Apennines and elsewhere in the Mediterranean 
area (Bossio et alii, 1978, 1998, 2000; Riforgiato et alii, 
2011, with references therein). The Pliocene marine 
succession locally shows disconformable fresh/brackish 
water deposits, with two or more Pliocene marine cycles, 
as recorded for the Volterra Basin (Bossio et alii, 1994; 
Costantini et alii, 2002b; Lazzarotto et alii, 2002; Riforgiato 
et alii, 2005). The successions of southern Tuscany, up to 
the Chianti-Cetona Ridge to east, show regressive trends 
during the late Pliocene, up to continental deposits for 
the Pleistocene (Bossio et alii, 1993, 1998). Differently, the 
northern Tuscany and the eastern basins (Upper Valdarno, 
Mugello), do not record lower Pliocene marine deposits 
(Bossio et alii, 1993, 2010). In particular, the Val di Chiana 
and the Val Tiberina basins show Pliocene-Pleistocene 
marine deposits, to outline a paleogeographic articulated 
scenario for the Pliocene marine transgression (Ambrosetti 
et alii, 1978, 1987; Bossio et alii, 1993, 1998). The lower 
Pliocene marine deposits lie on to the Messinian “Lago-
Mare” Unit in different settings: a) through a conformable 
boundary, as in depocentral part of basins, marking a 
water salinity change, from fresh/brackish to marine as for 
the basins west to the Middle Tuscan Ridge (i.e. Volterra 
Basin, Lazzarotto et alii, 2002); b) through an erosional 
disconformity; c) through angular unconformities, as for 
the basins east to the Middle Tuscan Ridge (Bossio et alii, 
1993, 1998), especially along the basin margins, that can 
be variable from low- to high-angle. In these last cases 
particularly, the Pliocene deposits onlap unconformably 
also directly onto the orogenic unit stack, sealing the 
Ligurian and the Tuscan tectonic units (Bonciani et alii, 
2005; Costantini et alii, 2009; Carmignani et alii, 2013).
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The Pliocene marine deposits belong to two 
depositional units (Bossio et alii, 1998): the Pliocene 
I Unit and the Pliocene II Unit, respectively early and 
late Pliocene in age, in conformable or unconformable 
stratigraphic relationships, depending by the shape 
and size of the basin and by their position respect to 
the depocenter or basin margin; for these last cases, the 
boundary is often unconformable. The Pliocene I Unit 
marine deposits extend both west and east of the Middle 
Tuscan Ridge (i.e. Elsa, Siena, Radicofani, Chiana-Tevere 
basins for the latter), mainly formed by fossiliferous clays, 
silt and sand interbeds (PLaa) of outer shelf environment 
(Bossio et alii, 1993; Barberi et alii, 1994; Bossio et alii, 
1998). Minor occurrence of conglomerates and sandstones 
(PLcg), locally marking internal minor unconformities, 
occur in the marginal portion of the major basins or within 
minor basins (Bossio et alii, 1998; Benvenuti & Degli 
Innocenti, 2001; Lazzarotto et alii, 2002; Pascucci et alii, 
2006; Aldinucci et alii, 2007). The Pliocene II Unit marine 
deposits occur both west and east of the Middle Tuscan 
Ridge, locally marking an unconformity with the below 
Pliocene Unit I or directly on to the older units or the 
bedrock. It is formed of fossiliferous clays (PLaa) of outer 
shelf environment and in the upper part of biocalcarenites 
and sandstones (PLcg) of inner shelf environment (Bossio 
et alii, 1998; Nalin et alii, 2016). The above and younger 
Chiani-Tevere-Montescudaio Unit (Unit Q1) consists also 
of lower Pleistocene shallow marine to brackish water 
deposits (PEag), cropping out in the homonym eastern 
basins and along the Tuscan-upper Latium coast (Mazzanti, 
1983; Ambrosetti et alii, 1987; Bossio et alii, 1993, 1998). 
They are represented by fossiliferous silty clays, sandstones 
and arenaceous limestones.

Ruscinian and “Villafranchian” non-marine succession

This succession includes the “Villafranchian” Auctt. 
deposits, here considered as continental freshwater 
deposits of Ruscinian, Villafranchian and Galerian ages, 
until 0.37 Ma. The successions are extremely articulated 
and they occur in southern and northern Tuscany, Umbria 
and Marche. They consist of Plio-Pleistocene units of Bossio 
et alii (1998), and in more detail, continental deposits are 
interlayered within the Unit Pliocene I (i.e. Ruscinian 
deposits of the Volterra Basin), as well as within and at 
the top of the Unit Pliocene II (Villafranchian deposits) of 
southern Tuscany basins (Bossio et alii, 1998). But overall, 
they form the whole Unit Pliocene III and the continental 
portion of the Chiani-Tevere-Montescudaio Unit, where 
deposits are Villafranchian in age (Bossio et alii, 1993, 
1998). These deposits occur in northwestern Tuscany 
basins (Aulla-Olivola, Pontremoli, Garfagnana, Altopascio, 
Tuscan coast), where they are the only Neoautochthonous 
deposits lying unconformably onto the bedrock (Bossio 
et alii, 1993, 1998; Bernini & Papani, 2002). In southern 
Tuscany they lie unconformably or disconformably onto 
the marine Pliocene deposits or directly onto the orogenic 
bedrock or Miocene deposits (Fine, Valdera-Volterra, Elsa, 
Montescudaio-Guardistallo, Pesa, Pomarance-Chiusdino, 
Albegna, Tafone, Ombrone, Roccastrada and Valdichiana 
basins) (Ambrosetti et alii, 1978, 1987; Galiberti et alii, 1982; 
Bossio et alii, 1993, 1998). The eastern intermontane basins 
are filled only by Villafranchian continental deposits, as 
the Mugello Basin (Martini et alii, 2001; Benvenuti, 2003), 

the Upper Valdarno Basin (Fidolini et alii, 2013; Ghinassi 
et alii, 2013, cum biblio), southern part of the Florence 
Basin, Upper Chiana Basin, Casentino Basin and Tiber 
Basin, Gubbio, Gualdo Tadino, southern Umbria basins 
(Ambrosetti et alii, 1978; Boccaletti & Coli, 1982; Bossio et 
alii, 1993, 1998; Barchi, 2010). The deposits of the Tiberino 
and Valdichiana basins have been subdivided using UBSU 
(sensu Salvador, 1987) in Chiana Valley Supersynthem 
passing upwards to Tiberino Supersynthem, late Pliocene 
to Pleistocene in age (Barchi & Marroni, 2014). The main 
UBSU for these intermontane basins of the Umbria, are 
the Colfiorito, the Umbra Valley p.p., the Morgnano p.p., 
the Perugia p.p., the Sanfatucchio, the Nestore, the Fighille 
synthems (Plesi, 2010; Damiani, 2011; Barchi & Marroni, 
2014). The internal disconformities allowed also to 
subdivide other basin fillings in synthems, as the Valdelsa 
Basin (Benvenuti & Degli Innocenti, 2001; Aldinucci et alii, 
2007), the Mugello Basin (Benvenuti, 2003), the Upper 
Valdarno Basin (Fidolini et alii, 2013), and others.

These deposits (PLvl) are represented by conglomerates, 
sands, silts, clays, lignite and carbonates of alluvial 
environment, ranging from alluvial fan, fluvial to lacustrine 
environments, characterizing later phases of the Neogene-
Quaternary depositional systems. They can contain rich 
vegetal and mammal fauna (Ambrosetti et alii, 1987). 
Carbonate fluvial-lacustrine deposits, as well as travertine 
and calcareous tufa, interlayered with conglomerates and 
clays, have been recorded extensively in the Upper Valdelsa 
Basin (Colle di Val d’Elsa area), where they have been 
subdivided into synthems (Capezzuoli & Sandrelli, 2004).

Quaternary (“post-Villafranchian”) continental and coastal 
deposits

Quaternary deposits (gravels, conglomerates, sands, 
silts, clays), ranging in age from the late middle Pleistocene 
(Aurelian, 0.37 Ma) to the Holocene, are here indicated as 
“post-Villafranchian” Auctt. deposits and are ubiquitous 
along the Tyrrhenian and the Adriatic coastal plains, as 
well as along rivers, and in particular the Po Plain. These 
deposits have been usually mapped and stratigraphically 
subdivided using UBSU (sensu Salvador, 1987), in order  
to recognize synthems and subsynthems, as in many maps 
produced within the CARG Project of the Italian Geological 
Survey.

We mapped also main bodies of travertines and 
other continental carbonates as calcareous tufa with few 
organic-rich clay layers (Qtv), linked with hydrothermal 
or cold freshwater, respectively (Ford & Pedley, 1996; 
Capezzuoli et alii, 2014). Areas where these deposits crop 
out extensively are the surroundings of Colle di Val d’Elsa, 
Rapolano Terme, Saturnia, Sarteano and Magliano in 
southern Tuscany.

The alluvial/fluvial and coastal deposits, late middle 
Pleistocene (Aurelian) to Holocene in age, of the Tyrrhenian 
side and of the inner hydrographic pattern (inner Tuscany 
and Umbria), including the intermontane basins, have 
been indicated as Qt in the geological map. They are 
comprehensive of the terraced and thalweg fluvial deposits, 
of the alluvial fans, of the lacustrine/palustrine deposits, as 
well as of coastal, lagoonal and deltaic deposits (Bellotti 
et alii, 2004; Biserni & van Geel, 2005; Barchi & Marroni, 
2014; Ghinassi, 2011; Rossi et alii, 2011; Amorosi et alii, 
2013). They consist of gravels, sands, silts and clays, more 
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or less organic-rich. Usually, they are uncemented, but some 
terraced deposits, particularly the gravel beds, can show a 
good cementation grade. Some of these deposits have been 
distinguished using synthems in the recent literature and 
geological maps. In particular, for the inner areas of the 
Umbria Region, the synthems here included, belong to the 
Tiberino Supersynthem, as the Citerna, Pian di Nese and 
upper part of the Perugia synthems (Plesi, 2010), or to the 
Chiana Valley Supersynthem, as the Trasimeno Synthem 
(Barchi & Marroni, 2014), or the innermost Umbra Valley 
Synthem p.p. and Morgnano Synthem p.p. (Damiani, 2011).

These deposits occur extensively also along the main 
Tyrrhenian side valleys (Arno, Serchio, Tevere, Ombrone 
rivers), in the intermontane basins (i.e. Pistoia-Florence, 
Mugello Basin, the Lucca Plain, the Lower Chiana Valley, 
the Lower Tiber Valley and Trasimeno Lake, the Casentino, 
the Upper Valdarno Basin, the Perugia-Terni Basin). The 
littoral/lagoonal deposits occur along the coastal and 
delta plains (from Carrara to Livorno, from Rosignano 
to Follonica, the Grosseto Plain, from Talamone to the 
Latium border).

The alluvial fan and fluvial deposits of the Po Plain 
and Adriatic side are indicated as Qa1 in the geological 
map. They correspond to the alluvial fan, thalweg and 
terraced deposits of the hydrographic pattern draining 
towards the Po Plain and the Adriatic Sea. They consist 
of gravel, sand, silt and clay sediments, that in some 
cases have been subdivided in UBSU, as for example the 
Emilia-Romagna Upper Synthem (Amorosi et alii, 1996c; 
Boccaletti et alii, 2004; Gasperi et alii, 2005; Benini et 
alii, 2009), including the Ravenna, Villa Verucchio and 
Bazzano subsynthems for the Emilia-Romagna side and 
the Musone, Matelica, Colle Ulivo, Colonia Montani and 
Urbisaglia p.p. synthems for the Marche side (Cello, 
2009; Cornamusini et alii, 2009a; Sarti & Coltorti, 2010; 
Guerrera & Tramontana, 2012).

The deposits of the Po Plain are distinguished on 
the base of lithological, facies, stratigraphical and 
environmental features (Regione Emilia-Romagna & Eni-
Agip, 1998), in the geological map the limits are taken from 
the map of Preti (1999). The mapped lithostratigraphic 
units are alluvial fan and fluvial terraced deposits (Qa1), 
fluvial channel and proximal channel levee deposits (Qa2), 
fluvial channel and distal channel levee, interchannel 
and palustrine deposits (Qa3), meandering fluvial plain 
deposits (Qa4), delta plain deposits as channel, levee and 
swamp (Qa5), delta plain deposits as interdistributary bay 
(Qa6), littoral bar deposits as eolian dune and brackish-
water swamp (Qa7).

Units affected by HP metamorphism

Some Ligurian and Tuscan rocks are affected by high-
pressure low-temperature metamorphism as evidenced 
in scattered outcrops in southern Tuscany, at Mt. 
Argentario, Giglio and Gorgona islands, in the Grosseto 
area. Glaucophane schists were reported in these areas 
by Mazzoncini (1965), Lazzarotto et alii (1964) and Ricci 
(1972), but only more recently constraints for a HP-LT 
evolution for these rocks are set by the occurrence of 
magnesio-carpholite (Theye et alii, 1997; Giorgetti et 
alii, 1998; Jolivet et alii, 1998; Rossetti et alii, 2002), 
with conditions of 0.8-1 GPa and 350-380 ◦C at Mt. Leoni 
and of 1-1.2 GPa and 350-420 °C at Mt. Argentario. HP-

LT conditions are also reported for the Elba Island by 
Bianco et alii (2015, 2019). HP metamorphism is dated 
as late Oligocene-early Miocene (Brunet et alii, 2000). 
These metamorphic rocks occur as slivers in complicate 
tectonic settings in thrust sheets, shear zones, mylonites, 
developed during underthrusting and shortening phases 
of nappe emplacement. For more details for the Gorgona 
Island see the works of Mazzoncini (1965); Capponi et alii 
(1990); Rossetti et alii (2001), for the Mt. Argentario 
and Giglio Island the works of Lazzarotto et alii (1964), 
Capponi et alii (1997) and Rossetti et alii (1999a,b) and 
Brogi & Giorgetti (2012) for the outcrops in the Grosseto 
coastal area (Mt. Leoni, etc.).

In the geological map we grouped these rocks in two 
units, the first formed by rocks of Tuscan continental crust 
origin (HPtu, Cala Piatti Unit of Decandia & Lazzarotto, 
1980a) and the second formed by rocks of Ligurian 
oceanic origin (HPli, Cala Grande Unit of Decandia & 
Lazzarotto, 1980a).

Tectonic mélanges and shear zones

In this section, we discuss tectonic complexes 
cropping out extensively and represented at the 1:250,000 
map scale. These tectonic complexes incorporate rocks 
derived from different tectonic units and domains, so their 
position in the geological map legend cannot be ascribed 
to a definite paleogeographic domain or stratigraphic 
succession.

Sestola-Vidiciatico Unit

The Sestola-Vidiciatico Unit is here meant in its 
modern significance (Remitti et alii, 2007, 2011; Vannucchi 
et alii, 2008, 2012), a thick (up to 500 m) tectonic mélange 
made of highly sheared rocks interpreted as remnants 
of the “subduction channel” between the Ligurian prism 
and the Adriatic Plate, developed during the early-middle 
Miocene. This tectonic unit is composed of juxtaposed 
tectonic slivers of different rock types detached from both 
the overriding Ligurian Units and the underlying Tuscan 
tectonic units and incorporated into the shear zones. In 
the geological map we distinguish main bodies of rocks 
of “Ligurian” origin (SV

li: limestones, shales, etc.), main 
bodies of shales and marls of probable Tuscan Domain 
origin, mainly from the Modino Unit (SVtu: Marmoreto 
Marls, Fiumalbo Shales, etc.), and main slivers of 
turbiditic sandstones of Tuscan origin (SVar: Monte 
Cervarola Sandstones, Monte Modino Sandstones, etc.). 
This tectonic unit occurs above the Modino Unit and the 
Cervarola Unit in the Tuscan-Emilia Apennines.

Shear zones

During Miocene time, the Tuscan Domain experienced 
underthrusting, emplacement of tectonic units, with 
development of shear zones along tectonic contacts and 
later, during the late Miocene-Pliocene, it experienced 
exhumation and tectonic denudation. Usually, fault rocks 
along these shear zones are cataclasites or greenschist 
facies mylonites. At the scale of the geological map these 
shear zones usually cannot be mapped, notable exceptions 
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being the shear zones in the Cerreto-Secchia Valley area 
and the Libro Aperto shear zone, in the Emilia-Tuscany 
Apennines.

The Cerreto Pass - high Secchia Valley area attracted 
the attention of many Authors during the years because it 
is the only area in the Northern Apennines where scattered 
slivers of highly deformed medium grade metamorphic 
rocks outcrop closely juxtaposed with non metamorphic 
rocks of the Tuscan Succession (Calcare Cavernoso with 
anhydrite levels, Oligocene-Miocene sandstones, etc.) and 
shales and limestones of Ligurian origin (Baldacci et alii, 
1967a; Krampe, 1969; Di Sabatino et alii, 1979; Andreozzi 
et alii, 1987; Chicchi et alii, 2002; Costa et alii, 2002; Leoni 
& Pertusati, 2003; Lugli et alii, 2002; Molli et alii, 2002; 
Bonini et alii, 2013a; Lo Pò et alii, 2018). We interpret this 
area as an outcrop, in the form of an antiformal tectonic 
window, of a thick shear zone. It developed along a 
regional low-angle normal fault during the final stages of 
exhumation and core complex formation in this part of the 
Northern Apennines, during late Miocene-early Pliocene. 
The normal fault cuts the Ligurian and Tuscan units, so 
slivers of rocks of different paleogeographic origin are now 
found side by side.

Sheared rocks outcrops moreover along the Libro 
Aperto shear zone (Cornamusini et alii, 2018; Conti et 
alii, 2019), a main shear zone along the Cervarola Unit/
Tuscan Nappe thrust between M. Cimone and Pistoia, 
probably active during early-middle Miocene (Burdigalian-
Langhian).

In these shear zones rocks of different ages and 
origin are juxtaposed, we mapped: rocks derived from 
Ligurian formations (SEli), main slivers of Monte Modino 
Sandstones and Monte Cervarola Sandstones (SEar), main 
slivers of Fiumalbo Shales and Marmoreto Marls (SEfi), 
main outcrops of cataclasites with dolomite and limestone 
clasts (“Calcare Cavernoso”) and slivers of metamorphic 
rocks (SEcv).

Magmatic rocks

In the Northern Apennines magmatic rocks of 
different ages are present in various tectonic units and 
in different tectonic or stratigraphic settings: Ordovician 
magmatic rocks are present in the Variscan basement of 
the Tuscan Metamorphic Unit, Triassic pillow lavas in 
the Middle Triassic succession of the Tuscan Domain, 
ultramafic rocks, gabbros and basalts of Jurassic age 
are present in the Ligurian Units, Neogene-Quaternary 
intrusive and effusive rocks occur in the hinterland of the 
chain (Tuscany, Latium and small outcrops in Umbria). 
All the Paleozoic-Mesozoic magmatic rocks have been 
described in the sequences where they are incorporated 
and are discussed in the framework of the geodynamic 
evolution of the relative domains, in this section we 
discuss only the Neogene-Quaternary magmatic rocks.

After tectonic phases of shortening and nappe 
emplacement, and contemporaneous with regional 
extension, magmatic activity took place in the Tyrrhenian 
side of the Apennine orogen. This resulted during Neogene 
and Quaternary in the emplacement of plutonic, volcanic 
and pyroclastic rocks now outcropping in the Tuscan 
Archipelago, central and southern Tuscany, and northern 
Latium (Fig. 13). These magmatic rocks will be illustrated 
in this section, for an in-depth discussion refer to the 

exhaustive review works of Serri et alii (1991); Innocenti et 
alii (1992); Serri et alii (2001); Peccerillo (2002); Conticelli 
et alii (2004); Poli (2004); Peccerillo & Frezzotti (2015); 
Marroni et alii (2015a) and Peccerillo (2017). Tuscany 
hosts moreover an important metallogenic province that 
is related to magmatism, with mineralization at Elba, in 
southwestern Tuscany (Colline Metallifere), and at Monte 
Amiata. Important quantities of iron, lead, copper, zinc, 
silver, antimony, mercury, and gold, have been extracted 
until a few decades ago (Tanelli & Lattanzi, 1986; Dini, 
2003).

Most of the magmatic rocks belong to the “Tuscan 
Magmatic Province”, that extends from the Tuscan 
Archipelago to the Tuscan mainland and northern Latium 
(Tolfa-Manziana area). The Tuscany Magmatic Province 
consists of various intrusive and extrusive bodies ranging 
from mafic to felsic in composition and from calcalkaline 
to ultrapotassic lamproitic. Ages range from about 8.5 Ma 
(Elba Island) to 0.3 Ma (Monte Amiata), and decreases 
eastward from the Tuscan Archipelago to the southern 
Tuscany mainland as a result of eastward migration of 
backarc crustal extension. Silicic magmas are polygenetic 
and have been formed by crustal melting, mixing between 
crustal anatectic and minor amounts of mafic melts, 
and fractional crystallization. Mafic melts originated 
in the mantle but resemble closely some upper crustal 
rocks (trace elements, radiogenic isotope signatures). 
The particular composition of these magmas reveals 
sources consisting of upper mantle rocks that underwent 
contamination by subducted upper crustal rocks, such 
as metapelites during Tertiary “Alpine” and “Apenninic” 
subduction processes.

Plutonic rocks (γ) outcrop in the Elba Island 
(monzogranite stock with aplites and pegmatites), 
Montecristo Island (monzogranite stock with aplites), 
Giglio Island (multiple monzogranite intrusions, aplites 
and pegmatites), Campiglia Marittima (monzogranite 
to alkali-feldspar granite, mostly beneath surface), 
Gavorrano (monzogranite to alkali feldspar granite) and 
in some hidden intrusion below surface (monzogranites, 
syenogranites, granodiorites: Larderello, Campiglia, 
Gavorrano).

Volcanic and subvolcanic rocks (β) are present as 
silicic and mafic volcanic centres. Silicic volcanic centres 
are present at San Vincenzo (lava flows and domes with 
calcalkaline peraluminous rhyolites), Roccastrada (dome 
and pyroclastic deposits with trachydacites to high-silica 
rhyolites), Monte Amiata (silicic lava flows and domes with 
trachydacites and minor olivine-latites and shoshonites). 
Mafic volcanic and subvolcanic centres are present at 
Capraia Island (remnants of a large stratovolcano formed 
mainly of calcalkaline andesites and dacites lavas, with 
final shoshonitic basalts), Montecatini Val di Cecina 
(phlogopite-rich plug with high-silica lamproites), 
Orciatico (mafic hypabyssal body, with high-silica 
lamproites), Radicofani (mafic neck and remnants of lava 
flows with basaltic andesites to shoshonites), Torre Alfina 
(mafic necks and lava flows with high-silica lamproites).

In the southernmost part of the geological map 
volcanic rocks belonging to the Roman Province occur. 
This part of the Roman Province consists of two large 
volcanic complexes, the Vico and Monti Vulsini volcanic 
complex. In the Monti Vulsini volcanic complex some 
minor complexes can be distinguished: the Latera, 
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Bolsena, Paleovulsini, Montefiascone and South Vulsini 
complexes (Fig. 13), with preserved calderas and cones. 
In the Vulsini complex (0.6 - 0.13 Ma) prevailing rocks 
are pyroclastic (fall deposits, ignimbrites, surges) and 
minor lavas with potassic to ultrapotassic affinity, 
undersaturated in silica (trachybasalt to trachyte, 
leucitite and leucite tephrite to phonolite). Major and 
trace element variations for the Vulsini rocks point to 
an evolution dominated by fractional crystallization 
starting from different types of parental melts.

The Intra-Apennine Province is only represented 
in the geological map by the small outcrops of San 
Venanzo and surroundings in Umbria (San Venanzo, 
0,26 Ma, Polino 0,25 Ma, Acquasparta 0,39 Ma and  
Colle Fabbri 0,8 Ma). The San Venanzo volcanic field 
includes three distinct eruptive vents: San Venanzo 
(maar), Pian di Celle (tuff-ring) and Celli (tuff cone) 
(Zanon, 2005). Pyroclastic rocks predominate (fall, flow 
and surge deposits), with olivine-melilitite lava flows. A 
complex mechanism of compression, mantle eviction 
and normal faulting could be responsible for the San 
Venanzo magmatism (Peccerillo, 2017).

SYNTHESIS OF THE TECTONIC EVOLUTION

The successions outcropping in the Northern Apennines 
experienced the following tectonic phases, from the oldest:

1)	 Variscan phases, related to the building of the Variscan 
chain during the Carboniferous;

2)	 Jurassic extension related to the opening of the 
Piedmont-Ligurian ocean;

3)	 Ligurian phases (Late Cretaceous-Paleogene) that led to 
the formation of the Ligurian prism;

4)	 Tuscan phases (early Miocene), that led to metamorphism 
and nappe emplacement in the Tuscan Domain;

5)	 Miocene-Quaternary tectonics of the Tyrrhenian margin;
6)	 Miocene-Recent tectonics in the Umbria-Marche-

Romagna Apennines.

Variscan phases

Rocks of Paleozoic age are documented in the Tuscan 
Domain and outcrop at Punta Bianca, the Alpi Apuane, 
Pisani Mountains, Monticiano-Roccastrada Ridge, 

Fig. 13 - Magmatic provinces and distribution of Neogene-Quaternary magmatic rocks in Tuscany and Northern Latium. Ages after Peccerillo 
(2017), volcanic complexes in the Roman Province after Vezzoli et alii (1987), modified.
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eastern Elba Island, Romani Mountains and also in the 
subsurface of the Larderello-Travale geothermal area 
and in the Pontremoli area. Due to the bad quality of 
the outcrops, their limited extensions and the overprint 
of the Alpine deformations, regional correlations are 
problematic and the Variscan tectonic evolution it is still 
a matter of debate.

The Alpi Apuane area shows the best mappable 
outcrops of Paleozoic rocks and tectonic structures 
related to the Variscan orogeny (Conti et alii, 1991b), with 
synclines with Devonian rocks at the core. No absolute 
age dating is available for Variscan deformation in this 
area, but based on correlation with the Sardinia Variscan 
basement, an early Carboniferous (Visean) age is assumed. 
This is also supported by the presence of non-conformable 
non-metamorphic successions of Carboniferous age in 
southern Tuscany (Lazzarotto et alii, 2003).

In the other areas of Tuscany where Paleozoic rocks 
crop out shear zones, regional-scale schistosity, mylonitic 
foliation, tectonic mélanges, etc. have been studied (Conti 
et alii, 1991a; Bertini et alii, 1994; Pandeli et alii, 1994; 
Batini et alii, 2003; Franceschelli et alii, 2004; Pandeli et 
alii, 2005b; Lo Pò et alii, 2016a, b, 2018). The Variscan age 
for these features is documented by isotopic dating (Borsi 
et alii, 1967; Del Moro et alii, 1982; Molli et alii, 2002; 
Musumeci et alii, 2011), but their regional correlations are 
difficult.

Jurassic extension

Extension related to the rifting phase that will lead 
to the opening of the Piedmont-Ligurian Ocean started 
affecting the Adria continental margin in the Early 
Jurassic (Sinemurian), as results of first opening stages of 
the central Atlantic. This is documented by dismembered 
carbonate platform sequences of the Tuscan Domain and 
in the Umbria-Marche Succession (Bernoulli & Jenkyns, 
1974; Bernoulli et alii, 1979; Centamore et alii, 1986; 
Ciarapica & Passeri, 1998; Bosellini, 2004, and references 
therein).

In the Middle Jurassic ongoing rifting led to the 
formation of the Adria and Europe passive continental 
margins. Rifting was probably asymmetric, with simple 
shear kinematics along a major detachment dipping below 
the European margin (Lemoine et alii, 1987; Stampfli et 
alii, 1991; Marroni et alii, 1998; Manatschal & Bernoulli, 
1999; Manatschal, 2004). This led to the formation of the 
two continental margins (Europe: upper plate, Adria lower 
plate) that had two very different stratigraphic evolution 
during the Jurassic (Fig. 4a).

At the end of Middle Jurassic rifting evolved into 
spreading, with formation of the Piedmont-Ligurian 
oceanic basin (Fig. 4b), a slow-spreading mid-ocean ridge 
system with oceanic lithosphere of reduced thickness, 
serpentinized mantle peridotites, gabbro bodies, basalts 
with intercalated sedimentary ophiolitic breccias 
(monogenic, polygenic and ophicalcites, Decandia & Elter, 
1972; Abbate et alii, 1980; Bortolotti et alii, 2001).

No oceanic crust younger than Late Jurassic is found 
in the Northern Apennines, and no volcanic activity or syn-
sedimentary deformation is testified in Lower Cretaceous-
Santonian rocks. The Late Jurassic marks, therefore, the 
end of spreading in the Piedmont-Ligurian Ocean (Marroni 
et alii, 1992; Principi et alii, 2004).

It is worth mention finally that earlier rifting phases 
of Middle Triassic (Ladinian) age are proposed to have 
affected the Tuscan Domain with development of 
continental-shallow marine basins with alkaline basalts 
(“aborted rift” of Punta Bianca, Massa: Passeri, 1985; 
Rau et alii, 1985; Stoppa, 1985; Martini et alii, 1986). This 
interpretation is still a matter of debate as in the southern 
Alps Ladinian basins with volcanic rocks (pillow lava 
basalts, etc.) are instead interpreted to be related with 
regional strike-slip tectonics (Doglioni, 1984; Blendinger, 
1985; Massari, 1986). Probably similar process affected 
the External Ligurian Domain of southern Tuscany, with 
the occurrence of Lower Cretaceous alkaline basalts 
(Brunacci et alii, 1983; Faraone & Stoppa, 1990; Brogi et 
alii, 2000).

Ligurian phases

The term “Ligurian phases” (Elter, 1973) is often 
used with different meanings in the geological literature 
of the Northern Apennines. It is here used with its original 
meaning, i.e. a comprehensive term to indicate all the 
tectonic phases affecting the Ligurian Units from the 
Late Cretaceous to the middle Eocene, when closure of 
the Piedmont-Ligurian Ocean and complete subduction 
of oceanic crust occurred. The complicated internal 
structure of the Ligurian Units led to the development of 
many different reconstructions during the years to explain 
their tectonic evolution, often with very contrasting 
views. It is now widely accepted that deformation of the 
Ligurian Units is linked first with a Late Cretaceous-
middle Eocene “Alpine” east dipping oceanic subduction 
(Fig.  4c) and then with a late Eocene-Quaternary west 
dipping “Apenninic” subduction (Fig.  4d, Boccaletti 
et alii, 1971; Elter & Pertusati, 1973; Doglioni, 1991; 
Marroni et alii, 2010; Molli & Malavieille, 2011; Marroni 
et alii, 2017).

The presence of a tectonically active “double-vergent” 
accretionary wedge in the Late Cretaceous is testified 
by debris with ophiolite blocks in the Internal Ligurian 
Domain and in the External Ligurian Domain (Inner 
Succession) (Fig.  4b). This elevated area that separated 
the Internal and External successions was postulated 
since the first studies in the Ligurian Apennines (“Ruga 
del Bracco” of Elter & Raggi, 1965). The accretionary 
wedge incorporated during this stage mainly material of 
the Piedmont-Ligurian oceanic domain (mantle, oceanic 
crust and oceanic sedimentary cover).

Ongoing subduction led to thickening of the 
accretionary wedge through continuing incorporation 
of oceanic crust. As no sedimentary rock of age younger 
than middle Eocene is documented in the Internal 
Ligurian units incorporated in the Ligurian prism, middle 
Eocene is usually regarded as the age of the closure of the 
Piedmont-Ligurian Ocean. Deformation did not stop at 
this stage and continuing convergence between Europe 
and Adria caused the deformation of the Outer Succession 
of the External Ligurian Domain (Fig.  4d). During this 
stage portion of the External Ligurian Domain (Antola 
Unit) are emplaced above Internal Ligurian units.

End of oceanic crust subduction, closure of Piedmont-
Ligurian Domain and inclusion in the accretionary wedge 
are marked by deposition of the Epiligurian Succession 
started at the middle-late Eocene. Close to the continental 
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collision, the deformation is at this time transferred 
eastward producing an early Apennine orogenic prism 
with foredeep deposits (Fig.  4d). The sedimentation 
developed at this time therefore in two different settings: 
a) over the Ligurian units in wedge-top basins (Epiligurian 
Succession); b) at the front of the Ligurian prism, within 
a migrating foredeep basin.

Tuscan phases

During Oligocene-Aquitanian time ongoing 
convergence and W-dipping subduction caused foredeep 
development to affect more external areas of the Adria 
continental margin, with siliciclastic turbidite deposits of 
the Monte Modino Sandstones (outcropping in the Modino 
Unit), of the Macigno Fm. (belonging to the Tuscan Nappe) 
and of the Pseudomacigno Fm. (now part of the Tuscan 
Metamorphic Unit), and following Cornamusini et alii 
(2018), also of the innermost part of the Mt. Cervarola 
Sandstones (Torre Amorotti System, Fig. 14). According to 
the above authors, turbiditic sedimentation stopped in all 
these basins in the late Aquitanian. Based on this evidence, 
the Burdigalian is considered to mark the inception of 
the “Tuscan phase”, during which the Ligurian prism was 
emplaced onto the turbidite basins of the Tuscan Domain, 
leading to the end of sedimentation. Several different 

models have been proposed over the years concerning the 
paleogeographic position of successions, the kinematics 
and the timing of their tectonic evolution, specially 
concerning the original position of the Monte Cervarola 
Succession, in some reconstruction placed in a more 
internal position, next to the advancing Ligurian orogenic 
front (Andreozzi, 1991; Chicchi & Plesi, 1991; Plesi et alii, 
2000; Plesi, 2002a; Tinterri & Piazza, 2019).

During the Tuscan Phase is documented emplacement 
and deformation of the Ligurian and Subligurian units, the 
Modino Unit, the Tuscan Nappe and the Internal Cervarola 
Unit (Fig.  14b), all with top-NE tectonic transport 
direction. Along the boundary between the Ligurian prism 
and the Adria margin a thick shear zone developed, which 
corresponds to the Sestola-Vidiciatico Unit (Remitti et 
alii, 2007; Vannucchi et alii, 2008), active until the early 
Serravallian. However, it is important to point out that 
extensive and often contrasting literature exists about 
timing of deposition and deformation for the successions 
outcropping in the Emilia-Tuscany Northern Apennines, 
as well as different interpretations for the origin and 
emplacement (tectonic vs. sedimentary) of the Ligurian 
complexes interposed with turbidite systems in this 
area. This led over the years to various paleogeographic 
reconstructions, basin evolution and tectonic settings 
for the Tuscan successions of the area (Dallan Nardi & 
Nardi, 1972; Plesi, 1975a; Sagri, 1975; Martini & Sagri, 

Fig. 14 - (a) Paleogeographic reconstruction for Subligurian and Tuscan units of the Tuscan-Emilia Northern Apennines during flysch deposition 
(Chattian-Aquitanian). (b) Tectonic units develop- ment during the Tuscan phase (Burdigalian). The Sestola-Vidiciatico Unit developed as a 
shear zone between the Ligurian prism and the Adria Plate, incorporating rocks of “Ligurian” and “Tuscan” origin.
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1977; Abbate & Bruni, 1987; Bettelli et alii, 1987a; Martini 
& Plesi, 1988; Chicchi & Plesi, 1991; Bruni et alii, 1994; 
Bettelli et alii, 2002b; Botti et alii, 2002; Cerrina Feroni 
et alii, 2002b; Plesi et alii, 2002a; Vescovi, 2005; Lucente 
& Pini, 2008; Cornamusini et alii, 2018; Conti et alii, 2020; 
Tinterri & Piazza, 2019).

Moreover, during this phase, the subducted portion of 
the Adria crust experienced high-pressure metamorphism 
(HP units in central-southern Tuscany) and greenschist 
facies metamorphism (Tuscan Metamorphic Unit: Alpi 
Apuane, etc.), with development of km-scale folding, 
regional foliation, and NE-SW oriented stretching lineation 
(Carmignani et alii, 1978; Carmignani & Kligfield, 1990; 
Jolivet et alii, 1998). In the Modino Unit, Tuscan Nappe 
and Cervarola Unit, metamorphism is much lower than 
in the Tuscan Metamorphic Unit (sub-greenschist facies, 
anchizone facies), as internal deformation and strain, and 
all primary features of rocks are preserved. Antiforms 
and synforms are however developed in the Modino Unit, 
Tuscan Nappe and Cervarola Unit, with locally overturned 
limbs. During the late Burdigalian probably later stages of 
shortening led to the final emplacement of the Tuscan Nappe 
above the central part of the Cervarola Unit (Libro Aperto 
shear zone) and to the development of km-scale open folds 
in the frontal part of the Tuscan Nappe (Conti et alii, 2019, 
with references therein). For more information about the 
tectonics of the Tuscan Domain refer also to the works of 
Trevisan (1962); Baldacci et alii (1967b); Boccaletti et alii 
(1980); Cerrina Feroni et alii (1983); Reutter et alii (1983); 
Bettelli & Panini (1991); Decandia et alii (1993); Elter & 
Sandrelli (1994); Boccaletti & Sani (1998); Bernini & Papani 
(2002); Zattin et alii (2002); Liotta et alii (2015).

Miocene-Quaternary tectonics in the Tyrrhenian margin

Starting from the early-middle Miocene, due to slab 
retreat, the Apennine compressional front migrated 
eastward, so the tectonic regime progressively changed 
in the hinterland (northern Tyrrhenian Sea and Tuscany) 
from compressional to extensional, with termination of 
thrusting and tectonic units emplacement (Jolivet et alii, 
1990, 1998; Carmignani et alii, 1995a; Brunet et alii, 2000). 
This phase produced in the inner Northern Apennines 
widespread extensional tectonics and exhumation 
(Carmignani et alii, 1994, 2001, 2004; Doglioni et alii, 1999; 
Brogi, 2004; Brogi & Liotta, 2008) with core complex 
formation as in the Alpi Apuane area. Extension was also 
accompanied by widespread late Miocene-Quaternary 
magmatism deriving from mixing of crustal and mantle 
sources. Shortening was transferred to more external areas 
(Umbria-Marche-Romagna Apennines).

In the Alpi Apuane the earlier compressional (D1) 
structures and tectonic contacts are overprinted by different 
generations of later structures (D2). The D2 structures are 
represented by syn-metamorphic, high strain shear zones 
and well-developed fold systems mainly associated with a 
sub-horizontal axial planar foliation (S2) of crenulation 
type, associated with different generations of brittle 
faults as in Carmignani & Giglia (1979) and Carmignani 
& Kligfield (1990). Younger late Tortonian-Quaternary 
evolution produced in the area NW-SE striking normal 
faulting, which developed graben structure (Garfagnana, 
Lunigiana) and played a key role in the development of the 
NW-SE oriented Tyrrhenian coast.

Southern Tuscany, south of the Arno Valley, is 
characterized by high rates of extension, with the 
development of structural highs and basins, to be defined 
as a basin-and-range structural setting (Carmignani et alii, 
1994; Brogi, 2003; Pauselli et alii, 2006; Barchi, 2010). 
The structural highs are characterized by outcrops 
of Paleozoic-lower Miocene rocks deformed and 
metamorphosed during collisional phases, whereas the 
basins (“Neoautochthonous” basins) are characterized 
by the infilling of sediments, ranging from Miocene 
to Pleistocene (Martini & Sagri, 1993; Martini et alii, 
2001). Central-southern Tuscany shows tectonic features 
linked to rifting and crustal thinning processes, with a 
lithosphere thickness estimated to be about 30 km, very 
high heat flow values and positive Bouguer anomalies 
(Calcagnile & Panza, 1981; Decandia et alii, 1998; Della 
Vedova et alii, 2001).

In southern Tuscany, a first extensional event during 
middle-late Miocene time developed low-angle normal 
faults and it was responsible of strong tectonic elision 
and crustal thinning, forming the so-called “serie ridotta” 
(Trevisan, 1955; Giannini et alii, 1971; Bertini et alii, 
1991). Starting from late Miocene until Pleistocene time, 
listric high-angle normal faults cross-cut the previous 
structures and bounded highly subsiding basins (Baldi 
et alii, 1994; Dallmeyer & Liotta, 1998; Bonciani et alii, 
2005; Brogi & Liotta, 2008; Barchi, 2010). These basins 
were also affected by transverse tectonic lineaments, 
determining the discontinuity of such basins and acting 
as controlling structures of magmatic activity (Liotta, 
1991; Acocella & Funiciello, 2002; Pascucci et alii, 2007; 
Brogi et alii, 2010).

A different tectonic framework for the Neogene inner 
Northern Apennines has been developed by some Authors 
(Bernini et alii, 1990; Bonini & Sani, 2002; Boccaletti et 
alii, 1995, 1999; Sani et alii, 2009; Bonini et alii, 2013b, 
2014), which infer a main compressional tectonics acting 
in such area. On the base of structural and geophysical 
data, these Authors consider the role of compressional 
tectonics as controlling the basin development, as thrust-
top basins instead of rift basins, until the late Pliocene-
early Pleistocene, when started the extensional tectonics. 
This different tectonic scenario represents a strongly 
debated topic that still needs to be definitively resolved.

For more informations about the tectonics of 
this portion of the Northern Apennines refer also to 
the works of Decandia (1982); Lavecchia et alii (1983); 
Lavecchia (1985); De Feyter et alii (1986); Menichetti & 
Pialli (1986); Barchi et alii (1988); Lavecchia et alii (1988); 
Boccaletti et alii (1990a); Calamita (1990); Calamita et alii 
(1991); Bertotti et alii (1997); Tavarnelli (1997); Barchi 
et alii (1998b); Pialli et alii (1998); Calamita et alii (1999); 
Boncio et alii (2000); Lavecchia et alii (2003); Picotti & 
Pazzaglia (2008).

Miocene-Quaternary tectonics in the Umbria-Marche-
Romagna Apennines

Evidence from the Tiberina Valley, Casentino, Mugello 
and Marecchia Valley allow to infer that the Ligurian 
Units covered almost completely the Northern Apennines, 
and that their emplacement progressively interrupted 
the sedimentation of the foredeep successions: in the 
Serravallian for the Marnoso-arenacea Fm. of the western 
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Romagna Apennines and in the Tortonian for the eastern 
Romagna Apennines (Menichetti et alii, 1991; Pizziolo & 
Ricci Lucchi, 1991; Conti, 1994; Landuzzi, 1994; Cerrina 
Feroni et alii, 1997; Barchi et alii, 2001). Advancing of 
Ligurian Units is associated with precursor olistostromes 
sliding in the foredeep basins.

As recorded in the Marecchia Valley area, emplacement 
of Ligurian complexes occurred in this portion of the 
Northern Apennines in the late Messinian and in the early 
Pliocene, above mainly already deformed successions 
(Fig.  15). This is evidence for the important tectonic 
event in the area in the late Messinian, as emphasized by 
the “intra-Messinian” regional unconformity. The large 
outcrop of the “Coltre della Val Marecchia” Auctt. in the 
Romagna Apennines was in details investigated over the 

years and different modes of final emplacement, tectonics 
vs. gravitational, or mixed, were proposed (Ricci Lucchi 
& Ori, 1985; Veneri, 1986; De Feyter, 1991; Conti, 1994; 
Bettelli et alii, 1994; Conti & Tosatti, 1996; Lucente et 
alii, 2002; Lucente & Pini, 2008; Cornamusini et alii, 2017).

In the westernmost portion of the Umbria-Romagna 
Apennines the overthrust of the Tuscan Nappe onto the 
Cervarola-Falterona Unit along top-NE directed thrust 
planes has been documented, with repeated imbricates 
of Macigno and Scaglia Toscana fms.

In the Umbria-Romagna-inner Marche area tectonics 
is characterized by multiple thrust planes developing a 
complicate imbricate structure involving the Mesozoic 
cover and the basement (Fig.  16). Thrusts usually 
developed along the main rheological discontinuities in 

Fig. 15 - Tectonic map of the Val Marecchia area, with evidenced the “Coltre della Val Marecchia” formed by stacked slivers of Ligurian and 
Epiligurian units. The main tectonic structures as well as the main sedimentary successions are indicated. FSA: Sant’Agata Feltria fault; FMB: 
Molino di Bascio fault. The gray arrows indicate the two inferred emplacement trajectories. After Cornamusini et alii (2017).
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the stratigraphic succession, i.e. top of basement, top of 
the evaporites, within the Marne a Fucoidi Fm., top of the 
Scaglia Fm. and top of the Schlier Fm. (Fig. 9) and nucleate 
typical compressional structures (Barchi et alii, 2001; 
Deiana & Pialli, 1994): a) imbricate thrusts and shallow 
folds detached within the Marne a Fucoidi, Scaglia or 
Schlier fms; b) box fold anticlines (“carbonate folds” Auctt.) 
and tight synclines nucleating from the Triassic evaporites 
and affecting the whole Jurassic- Cretaceous carbonate 
succession, developing the main Umbria-Marche ridges; 
c) major thrust sheets involving the upper part of the 
metamorphic basement (basement wedges), with regional 
longitudinal continuity and that can be responsible for 
development of major antiformal structures of the area 
(Inner Ridge and Outer Ridge of Fig. 16).

In the outer Marche, different fold-and-thrust 
structures can be recognized nucleating within the 
Triassic evaporites or Messinian deposits, producing main 
antiformal structures as the Acquasanta Terme-Cingoli-
Cesana antiforms, Montagna dei Fiori antiform, Teramo-
Bellante-Ortezzano-Montescudo antiforms, Mt. Conero 
antiform (Centamore et alii, 1972; Bally et alii, 1986; Ori et 
alii, 1986; De Feyter, 1991; Calamita et alii, 1995; Ori et alii, 
1993; Deiana & Pialli, 1994; Capozzi et alii, 1998; De Donatis 
et alii, 1998). Similar structures are documented also in 
the Po Plain area (Monferrato, Emilia and Ferrara folds: 
Pieri & Groppi, 1981; Castellarin, 2001) and in the Adriatic 
offshore (Argnani et alii, 1991; Ori et alii, 1993; Argnani & 
Gamberi, 1995).

A peculiar tectonic feature of the Northern Apennines is 
the “Sillaro Line” in the Romagna Apennines, an important 
transverse lineament whose kinematic significance is still 
debated, as testified by the large number of works and 
interpretations. In the years it was interpreted as: a) the 
original floor thrust of the Ligurian Units onto the Marche 
Units; b) a right lateral strike-slip zone; c) a shear zone 
belonging to the Sestola-Vidiciatico tectonic Unit; d) a tear 
fault developed in response to along-strike variations in 
the rates of slab rollback (Bortolotti, 1966; de Jager, 1979; 
Patacca & Scandone, 1985; Ten Haaf, 1985; Castellarin 
& Pini, 1987; Bettelli & Panini, 1991; Nirta et alii, 2007; 
Bettelli et alii, 2012; Vannucchi et alii, 2012; Rosenbaum & 
Piana Agostinetti, 2015).

Chronology of all these deformation events is 
constrained by stratigraphic data and allows to recognize 
(Barchi et alii, 2001) a late Burdigalian age for the 
emplacement of the Tuscan Nappe onto the inner Umbria-
Romagna Succession, whereas a late Serravallian-early 
Tortonian age is documented for the development of the 
carbonate folds in the Mt. Martani, Assisi, Gubbio and 
Verghereto folds, crosscut by later thrusts during early 
Messinian. The carbonate folds of the outer Umbria 
developed during early Tortonian-early Messinian time, 
while those in the inner Marche started developing in the 
early Messinian. At the same time deformation started 
in the Laga Basin and the Ferrara folds in the Po Plain 
subsurface. Acquasanta, Montagna dei Fiori, Cingoli and 
Monti della Cesana carbonate folds developed in the late 
Messinian and were cut by thrusts in the early Pliocene. 
Compression and tectonic activity in the external Adriatic 
offshore areas started in the Pliocene and continues until 
present times, as in the Ferrara folds.

The Umbria-Marche area was then affected by 
extensional tectonics since the late Pliocene, developing 
continental and shallow marine basins, like the Val 
Tiberina Basin (Fig.  16). The Val Tiberina Basin is the 
more important basin of this portion of the Northern 
Apennines and is related to activity along a NE-dipping 
low-angle normal fault (Boncio et alii, 1998), which 
reach a depth of about 12 km. Eastern basins (Colfiorito, 
Norcia, etc.) have minor extension and younger ages, as 
witnessed by present-day seismic activity, documented to 
occur along normal faults bordering the basins (Boncio & 
Lavecchia, 2000; Brozzetti et alii, 2009; Chiaraluce et alii, 
2005; Barchi, 2010).

FINAL REMARKS

We present here an overview of the geology of the 
Northern Apennines and a new geological map (scale 
1:250,000) based on geological maps at 1:10,000 scale 
produced by Geological Services of the Emilia-Romagna, 
Marche, Tuscany and Umbria. This map represents 
the first product of a larger project aimed to produce 
a common geological map at 1:10,000 scale for all the 

Fig. 16 - Geological cross section from the Mt. Cetona ridge (Tuscany) to the Adriatic Sea, based on interpretation of the seismic reflection line 
CROP 03; inset: location of the CROP03 section (dashed line), after Barchi et alii (1998a).
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above regions. The map (GIS vector data and raster) is 
freely available from: https://www.geological-map.it.

For the compilation of the map we employed the 
most consolidated and shared geological interpretations 
for the different paleogeographic domains and tectonic 
units of the Northern Apennines. The Ligurian Domain 
is divided in Internal and External domains; the External 
Domain is further divided in two successions, an Inner 
Succession and an Outer Succession. All these units and 
successions represent different paleogeographic domains 
in the Jurassic-Cretaceous paleogeography of the Tethys 
Ocean and adjoining area.

The Subligurian Domain is considered a 
paleogeographic domain which can be identified from 
the Paleocene until the middle Eocene, with an Oligocene 
earliest Miocene succession deposited on the deformed 
accretion prism. The Subligurian Units, together with the 
Sestola-Vidiciatico Unit represent the main zones where 
subduction of Adriatic crust occur, with development of 
a “subduction channel” now evidenced by thick shear 
zones.

The successions of the Tuscan Domain were deformed 
in different tectonic units, originating from different 
portion of the Adria plate: a) the Pseudoverrucano Unit 
(regarded as the paleogeographically more internal unit); 
b) the Modino Unit (tectonically placed above the Tuscan 
Nappe); c) the Tuscan Nappe; d) the Tuscan Metamorphic 
Unit; e) The Cervarola-Falterona Unit; f) the Rentella 
Unit (a transitional unit between the Tuscan Domain and 
the Umbria-Marche Domain). Rocks derived from the 
Tuscan and the Ligurian domains were offscraped during 
subduction and locally experienced HP metamorphism.

The Umbria-Marche Domain is the more external 
domain of the Adria plate and shows a complete Triassic-
Miocene Succession. The upper part of the succession 
shows different age in the inception of turbidite deposition 
and we distinguish a Siliciclastic succession of the inner 
basin and a Siliciclastic succession of the intra-Apennine 
minor basins and outer basins.

The top of the deformed Ligurian Units was covered 
by the Epiligurian Succession (Eocene-Miocene) that 
in the Po Plain Adriatic margin stratigraphically passes 
to the Messinian evaporite, post-evaporite and Plio-
Pleistocene successions. In the Tyrrhenian margin 
a succession of Miocene-Pleistocene age developed, 
testifying extension and basin infilling in central-southern 
Tuscany, accompanied by magmatic processes.

Acknowledgments

We are grateful to the Editor William Cavazza, Stefano Conti 
and another anonymous reviewer for their valuable and constructive 
revisions. They significantly helped to improve the manuscript. We 
thank Giancarlo Molli, Luca Foresi, Claudio Di Celma and Marco 
Menichetti for their critical comments and fruitful discussions. 
We acknowledge the support of the Geological Survey Dept. of 
the regions Emilia-Romagna (Marco Pizziolo, Giovanna Daniele), 
Toscana (Guido Lavorini, Maurizio Trevisani), Umbria (Andrea 
Motti, Norman Natali) and Marche (Claudia Bettucci, Achille 
Bucci). We are also grateful to Altair Pirro, Natalie Marsico, 
Debora Graziosi, Luisa Vernacchia and Giulia Verdiani (Centre for 
GeoTechnologies, University of Siena) for GIS preparation and final 
editing of the Map.

Dedicated to Giovanni Massa and Marco Meccheri.

REFERENCES

Abbate E. & Bortolotti V. (1961) - Tentativo di interpretazione dei livelli 
di “Argille Scagliose” intercalate nella parte alta del “Macigno” lungo 
l’allineamento M. Prado - Chianti mediante colate sottomarine. 
Bollettino della Società Geologica Italiana, 80, 335–342.

Abbate E., Bortolotti V., Conti M., Marcucci M., Principi G., Passerini 
P. & Treves B. (1986) - Apennines and Alps ophiolites and the 
evolution of the western Tethys. Memorie della Società Geologica 
Italiana, 31, 23–44.

Abbate E., Bortolotti V. & Passerini P. (1970) - Olistrostromes and 
olistoliths. In: G. Sestini (Ed.), Development of the Northern 
Apennines Geosyncline. Sedimentary Geology, 4, 521–557. 
Elsevier.

Abbate E., Bortolotti V. & Principi G. (1980) - Apennine ophiolites: a 
peculiar oceanic crust. Ofioliti, 5(1), 59–96.

Abbate E. & Bruni P. (1987) - Modino-Cervarola o Modino e Cervarola? 
Torbiditi oligo-mioceniche ed evoluzione del margine nord-
appenninico. Memorie della Società Geologica Italiana, 39, 19–33.

Abbate E. & Sagri M. (1967) - Suddivisioni litostratigrafiche nei calcari 
ad Elmintoidi Auctt. della placca dell’Ebro-Antola e correlazioni 
con terreni simili affioranti tra Voghera e Castelnovo né Monti 
(Appennino Settentrionale). Memorie dalla Società Geologica 
Italiana, 6(1), 23–65.

Abbate E. & Sagri M. (1970) - The eugeosynclinal sequences. In: G. 
Sestini (Ed.), Development of the Northern Apennines Geosyncline, 
Sedimentary Geology, 4, 251–340. Elsevier, Amsterdam.

Abbazzi L., Benvenuti M., Ceci M.E., Esu D., Faranda C., Rook L. 
& Tangocci F. (2008) - The end of the Lago-Mare time in the SE 
Valdelsa Basin (Central Italy): interference between local tectonism 
and regional sea-level rise. Geodiversitas, 30(3), 611–639.

Acocella V. & Funiciello R. (2002) - Transverse structures and volcanic 
activity along the Tyrrhenian margin of central Italy. Bollettino 
della Società Geologica Italiana, 121(1), 739–747.

Aldinucci M., Bigazzi G., Dall’Antonia B., Da Prato S., Donia F., 
D’Orazio M., Foresi L.M., Mazzei R., Riforgiato F., Sandrelli F. 
(2005) - The upper Messinian post-evaporitic succession of Serredi 
Quarry (southern Tuscany, Italy): new stratigraphic data and 
geochronology of an ash layer. GeoActa, 4, 67–82.

Aldinucci M., Gandin A. & Sandrelli F. (2008a) - The Mesozoic 
continental rifting in the Mediter- ranean area: insights from the 
Verrucano tectofacies of southern Tuscany (Northern Apennines, 
Italy). International Journal of Earth Sciences, 97, 1247–1269.

Aldinucci M., Ghinassi M. & Sandrelli F. (2007) - Climatic and tectonic 
signature in the fluvial infill of a late Pliocene Valley (Siena Basin, 
Northern Apennines, Italy). Journal of Sedimentary Research, 
77(5), 398-414.

Aldinucci M., Pandeli E. & Sandrelli F. (2008b) - Tectono-sedimentary 
evolution of the Late Paleozoic-Early Mesozoic metasediments of 
the Monticiano-Roccastrada Ridge (southern Tuscany, Northern 
Apennines, Italy). Bollettino della Società Geologica Italiana, 
127(3), 567–579.

Alvarez W., Cocozza T. & Wezel F.C. (1974) - Fragmentation of the 
Alpine orogenic belt by microplate dispersal. Nature, 248, 309–314.

Ambrosetti P., Carboni M., Conti M., Costantini A., Esu D., Gandin 
A., Girotti O., Lazzarotto A., Mazzanti R., Nicosia U., Parisi G. 
& Sandrelli F. (1978) - Evoluzione paleogeografica e tettonica nei 
bacini tosco-umbro-laziali nel Pliocene e nel Pleistocene inferiore. 
Memorie della Società Geologica Italiana, 19, 573–580.

Ambrosetti P., Carboni M.G., Conti M.A., Esu D., Girotti O., La Monica 
G.B., Landini B. & Parisi G. (1987) - Il Pliocene ed il Pleistocene 
inferiore del bacino del Fiume Tevere nell’Umbria meridionale. 
Geografia Fisica e Dinamica Quaternaria, 10(1), 10–33.

Amorosi A. (1992) - Correlazioni stratigrafiche e sequenze deposizionali 
nel Miocene epiligure delle formazioni di Bismantova, San Marino e 
Monte Fumaiolo (Appennino settentrionale). Giornale di Geologia, 
54(1), 95–105.

Amorosi A., Colalongo M. & Vaiani S. (1996a) - Detecting a sequence 
boundary across different tectonic domains: an example from the 
Middle Miocene of the northern Apennines (Italy). Terra Nova, 8, 
334–346.

Amorosi A., Colalongo M. & Vaiani S. (1996b) - Revisione 
litostratigrafica dell’Unità Bismantova (Miocene epiligure, 
Appennino settentrionale). Bollettino della Società Geologica 
Italiana, 115, 355–366.

https://www.geological-map.it


OUTLINE OF THE GEOLOGY OF THE NORTHERN APENNINES 181

Amorosi A., Farina M., Severi P., Preti D., Caporale L. & Di Dio G. 
(1996c) – Genetically related alluvial deposits across active fault 
zones: an example of alluvial fan-terrace correlation from the upper 
Quaternary of the southern Po Basin, Italy. Sedimentary Geology, 
102(3-4), 275–295.

Amorosi A., Ricci Lucchi F. & Tateo F. (1995) - The Lower Miocene 
siliceous zone: a marker in the paleogeographic evolution of 
the northern Apennines. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 118(1-2), 131–149.

Amorosi A., Rossi V., Sarti G. & Mattei R. (2013) - Coalescent valley 
fills from the late Quaternary record of Tuscany (Italy). Quaternary 
International, 288, 129–138.

Andreozzi M. (1991) - Stratigrafia fisica delle Arenarie di M. Cervarola 
nel settore nord-occidentale dell’Appennino settentrionale tra la Val 
Secchia (RE) e la Val Panaro (MO). Memorie Descrittive della 
Carta Geologica d’Italia, 46, 269–285.

Andreozzi M., Casanova S., Chicchi S., Ferrari S., Patterlini P., Pesci 
M. & Zanzucchi G. (1987) - Riflessioni sulle evaporiti triassiche 
dell’Alta Val Secchia (RE). Memorie della Società Geologica 
Italiana, 39, 69–75.

Andreozzi M., Fornaciari E., Rio D. & Zanzucchi G. (1991) - 
Biostratigrafia a nannofossili calcarei ed età dell’Unità Cervarola 
nell’Appennino reggiano-bolognese. Memorie Descrittive della 
Carta Geologica d’Italia, 46, 185.

Anelli L., Gorza M., Pieri M. & Riva M. (1994) - Subsurface well data in 
the northern Apennines (Italy). Memorie della Società Geologica 
Italiana, 48, 461–471.

Argentino C., Reghizzi M., Conti S., Fioroni C., Fontana D. & Salocchi 
A.C. (2017) - Strontium isotope stratigraphy as a contribution 
for dating Miocene shelf carbonates (S. Marino Fm., northern 
Apennines). Rivista Italiana di Paleontologia e Stratigrafia, 
123(1), 39–50.

Argnani A., Artoni A., Ori G. & Roveri M. (1991) - L’avanfossa centro-
adriatica: stili strutturali e sedimentazione. Studi Geologici 
Camerti, vol. spec 1991/1, 371–381.

Argnani A. & Gamberi F. (1995) - Stili strutturali al fronte della catena 
appenninica nell’Adriatico centro-settentrionale. Studi Geologici 
Camerti. Volume Speciale, 1995/1, 19–27.

Argnani A. & Ricci Lucchi F. (2001) - Tertiary silicoclastic turbidite 
systems of the Northern Apennines. In: G.B. Vai & I.P. Martini 
(Eds.), Anatomy of an Orogen: the Apennines and Adjacent 
Mediterranean Basins, pp. 327–350. Kluwer Academic Publishers, 
Dordrecht.

Artoni A. (2007) - Growth rates and two-mode accretion in the outer 
orogenic wedge-foreland basin system of Central Apennine (Italy). 
Bollettino della Società Geologica Italiana, 126(3), 531–556.

Artoni A. (2013) - The Pliocene-Pleistocene stratigraphic and tectonic 
evolution of the central sector of the Western Periadriatic Basin of 
Italy. Marine and Petroleum Geology, 42, 82–106.

Aruta G., Bruni P., Cipriani N. & Pandeli E. (1998) - The siliciclastic 
turbidite sequences of the Tuscan Domain in the Val di Chiana-
Val Tiberina area (eastern Tuscany and north-western Umbria). 
Memorie della Società Geologica Italiana, 52, 579–593.

Aruta G. & Pandeli E. (1995) - Lithostratigraphy of the M. Cervarola-M. 
Falterona Fm. between Arezzo and Trasimeno Lake (Tuscan-
Umbria, Northern Apennines, Italy). Giornale di Geologia, 57(1-
2), 131–157.

Bagnoli G., Gianelli G., Puxeddu M., Rau A., Squarci P. & Tongiorgi 
M. (1979) - A tentative stratigraphic reconstruction of the Tuscan 
Paleozoic basement. Memorie della Società Geologica Italiana, 20, 
99–116.

Baldacci F., Brandi G.P., Nardi R., Squarci P. & Taffi L. (1967a) - Sulla 
giacitura dei calcari cavernosi e dei gessi di Sassalbo, del Passo del 
cerreto e della Val di Secchia (Appennino tosco-emiliano). Memorie 
della Società Geologica Italiana, 6, 199–211.

Baldacci F., Cerrina Feroni A., Elter P., Giglia G. & Patacca E. (1972) 
- Il margine del paleocontinente nord-appenninico dal Cretaceo 
all’Oligocene: nuovi dati sulla ruga insubrica. Memorie della 
Società Geologica Italiana, 11, 367–390.

Baldacci F., Elter P., Giannini E., Giglia G., Lazzarotto A., Nardi R. 
& Tongiorgi M. (1967b) - Nuove osservazioni sul problema della 
Falda Toscana e sulla interpretazione dei flysch arenacei tipo 
“Macigno” dell’Appennino settentrionale. Memorie della Società 
Geologica Italiana, 6(2), 213–244.

Baldetti A., Cornamusini G. & Conti P. (2011) - Structural and 
stratigraphic setting of the “Pseudoverrucano” in the Montebrandoli 
area, southern Tuscany. Rendiconti online della Società Geologica 
Italiana, 15, 1–5.

Baldi P., Bertini G., Cameli G., Decandia F., Dini I., Lazzarotto A. & 
Liotta D. (1994) - La tettonica distensiva post-collisionale nell’area 
geotermica di Larderello (Toscana meridionale). Studi Geologici 
Camerti, Volume speciale 1, 183–193.

Bally A., Burbi L., Cooper C. & Ghelardoni R. (1986) - Balanced 
sections and seismic reflection profiles across the Central Apennines. 
Memorie della Società Geologica Italiana, 35(1), 257–310.

Bambini A.M., Brogi A., Cornamusini G., Costantini A. & Lazzarotto A. 
(2009) - Nuovi dati litostratigrafici e biostratigrafici sulla Scaglia 
Toscana nella Toscana Meridionale (area di Rapolano Terme). 
Italian Journal of Geosciences, 128(3), 669–693.

Barberi F., Buonasorte G., Cioni R., Fiordelisi A., Foresi L., Iaccarino 
S., Laurenzi M., Sbrana A., Vernia L. & Villa I. (1994) - Plio-
Pleistocene geological evolution of the geothermal area of Tuscany 
and Latium. Memorie Descrittive della Carta Geologica d’Italia, 
49, 77–134.

Barbieri M., Chiocchini U. & Madonna S. (2003) - Nuovi dati sull’età 
dell’arenaria di Manciano (Miocene) sulla base dei valori di 
rapporto isotopico 87Sr/86Sr (Italia centrale). Bollettino della 
Società Geologica Italiana, 122(3), 351–354.

Barchi M. (2015) - Carta Geologica d’Italia alla scala 1:50.000 “Foglio 
324 - Foligno”. Servizio Geologico d’Italia, Roma.

Barchi M., De Feyter A., Magnani M.B., Minelli G., Pialli G. & Sotera 
M. (1998a) - Extensional tectonics in the Northern Apennines 
(Italy): evidence from the CROP 03 deep seismic reflection line. 
Memorie della Società Geologica Italiana, 52, 527–538.

Barchi M., Guzzetti F., Lavecchia G., Lolli O. & Bontempo R. (1988) 
- Sezioni geologiche bilanciate attraverso il sistema a peighe umbro-
marchigiano; I, La sezione Trevi-Valle dell’Ambro. Bollettino della 
Societa Geologica Italiana, 107(1), 109–130.

Barchi M., Landuzzi A., Minelli G. & Pialli G. (2001) - Outer Northern 
Apennines. In: G.B. Vai & I.P. Martini (Eds.), Anatomy of an 
Orogen, The Apennines and Adjacent Mediterranean Basins, pp. 
215–254. Kluwer Academic Publishers, Dordrecht.

Barchi M. & Marroni M. (2014) - Note Illustrative della Carta Geologica 
d’Italia alla scala 1:50.000 “Foglio 310 - Passignano sul Trasimeno”. 
Servizio Geologico d’Italia, Roma, 196 pp.

Barchi M., Minelli G. & Pialli G. (1998b) - The CROP 03 profile: a 
synthesis of results on deep structures of the Northern Apennines. 
Memorie della Società Geologica Italiana, 52, 383–400.

Barchi M.R. (2010) - The Neogene-Quaternary evolution of the Northern 
Apennines: crustal structure, style of deformation and seismicity. 
In: M. Beltrando, A. Peccerillo, M. Mattei, S. Conticelli & C. 
Doglioni (Eds.), Journal of the Virtual Explorer. The Geology of 
Italy: Tectonics and Life Along Plate Margins, 36, pp. 1–24. 

Barchi M.R., De Feyter A., Magnani M.B., Minelli G., Pialli G. & 
Sotera B.M. (1998c) - The structural style of the Umbria-Marche 
fold and thrust belt. Memorie della Società Geologica Italiana, 52, 
557–578.

Bassetti M.A. (1994) - Coarse-grained clastics (fan delta deposits) in the 
Messinian of Montefeltro (Pesaro Province, northern Apennines). 
Giornale di Geologia, 56(2), 259–273.

Bassetti M.A. (2000) - Stratigraphy, sedimentology and paleogeography 
of Upper Messinian (“Post- evaporitic”) deposits in Marche area 
(Apennines, central Italy). Memorie della Società Geologica 
Italiana, 52, 319–349.

Bassetti M.A., Ricci Lucchi F. & Roveri M. (1994) - Physical stratigraphy 
of the Messinian post-evaporitic deposits in Central-southern 
Marche area (Apennines, Central Italy). Memorie della Società 
Geologica Italiana, 48, 275–288.

Batini F., Brogi A., Lazzarotto A., Liotta D. & Pandeli E. (2003) - 
Geological features of Larderello-Travale and Mt. Amiata geothermal 
areas (southern Tuscany, Italy). Episodes, 26(3), 239–244.

Beccaluva L., Macciotta G., Piccardo G.B. & Zeda O. (1984) - Petrology 
of lherzolitic rocks from Northern Apennine ophiolites. Lithos, 17, 
299-316.

Bellotti P., Caputo C., Davoli L., Evangelista S., Garzanti E., Pugliese 
F. & Valeri P. (2004) - Morpho-sedimentary characteristics and 
Holocene evolution of the emergent part of the Ombrone River delta 
(southern Tuscany). Geomorphology, 61(1-2), 71–90.



P. CONTI ET ALII182

Benini A., De Nardo M.T. & Severi P. (2009) - Note Illustrative della 
Carta Geologica d’Italia alla scala 1:50.000 “Foglio 238 - Castel S. 
Pietro Terme”. Servizio Geologico d’Italia, Roma, 124 pp.

Benini A., Martelli L., Poccianti C. & Rosselli S. (2014) - Note 
Illustrative della Carta Geologica d’Italia alla scala 1:50.000 “Foglio 
253 - Marradi”. Servizio Geologico d’Italia, Roma, 86 pp.

Benvenuti M. (2003) - Facies analysis and tectonic significance of 
lacustrine fan-deltaic successions in the Pliocene–Pleistocene 
Mugello Basin, Central Italy. Sedimentary Geology, 157(3-4), 197–
234.

Benvenuti M. & Degli Innocenti D. (2001) - The Pliocene deposits in 
the Central-Eastern Valdelsa Basin (Florence, Italy), revised through 
facies analysis and unconformity-bounded stratigraphic units. 
Rivista Italiana di Paleontologia e Stratigrafia, 107(2), 265–286.

Benvenuti M., Del Conte S., Scarselli N. & Dominici S. (2014) - 
Hinterland basin development and infilling through tectonic and 
eustatic processes: Latest Messinian-Gelasian Valdelsa Basin, 
Northern Apennines, Italy. Basin Research, 26(3), 387–402.

Benvenuti M., Moratti G., Sani F., Bonini M., Oms O.L., Papini M., Rook 
L., Cavallina C. & Cavini L. (2015) - Messinian-earliest Zanclean 
tectonic-depositional dynamics of the Cinigiano- Baccinello and 
Velona basins (Tuscany, Italy). Italian Journal of Geosciences, 
134(2), 237–254.

Benvenuti M., Papini M. & Rook L. (2001) - Mammal biochronology, 
IBSU and paleoenvironment evolution in a post-collisional basin: 
evidence from the Late Miocene Baccinello-Cinigiano basin in 
southern Tuscany, Italy. Bollettino della Società Geologica 
Italiana, 120(1), 97–118.

Benvenuti M., Papini M., Testa G., Agustí J., Rook L. & Andrews P. (1999) 
- Sedimentary facies analysis in paleoclimatic reconstructions. 
Examples from the upper Miocene-Pliocene successions of south-
central Tuscany (Italy). In: Hominoid Evolution and climatic 
change in Europe, Volume 1: The Evolution of Neogene Terrestrial 
Ecosystems in Europe, pp. 355–377. Cambridge University Press, 
Cambridge.

Bernini M., Boccaletti M., Moratti G., Papani G., Sani F. & Torelli 
L. (1990) - Episodi compressivi neogenico-quaternari nell’area 
estensionale tirrenica nord-orientale. Dati a mare e a terra. Memorie 
della Società Geologica Italiana, 45, 577–589.

Bernini M. & Papani G. (2002) - La distensione della fossa tettonica 
della Lunigiana nord-occidentale (con carta geologica alla scala 
1:50.000). Bollettino della Società Geologica Italiana, 121, 313–
341.

Bernoulli D. & Jenkyns H.C. (1974) - Alpine Mediterranean and central 
Atlantic Mesozoic facies in relation to the early evolution of the 
Tethys. In: R.H. Dott & R.H. Shaver (Eds.), Modern and Ancient 
Geosynclinal Sedimentation, SEPM Special Publication, 19, 
129–160. Society of Economic Paleontologists and Mineralogists, 
Tulsa.

Bernoulli D., Kälin O. & Patacca E. (1979) - A sunken continental 
margin of the Mesozoic Tethys: the northern and central Appennines. 
In: B. Beaudoin & B.H. Purser (Eds.), Symposium Sédimentation 
jurassique W européen, A.S.F. Publication spéciale, 1, 197–210. 
Association Sédimentologique Française, Paris.

Bertini G., Cornamusini G., Lazzarotto A. & Maccantelli M. (2000) - 
Stratigraphic and tectonic framework of the Ligurian Units in the 
Castellina M.ma Hills (southern Tuscany, Italy). Bollettino della 
Società Geologica Italiana, 119, 687–701.

Bertini G., Costantini A., Cameli G., Di Filippo M., Decandia F., 
Elter F.M., Lazzarotto A., Liotta D., Pandeli E., Sandrelli F. & 
Toro B. (1991) - Struttura geologica dai Monti di Campiglia a 
Rapolano terme (Toscana meridionale): stato delle conoscenze e 
problematiche. Studi Geologici Camerti, 1, 155–178.

Bertini G., Elter F.M. & Talarico F.M. (1994) - Evidenze di una fase 
estensionale pre-triassica nel complesso degli gneiss nell’area 
geotermica di Larderello (Toscana meridionale). Studi Geologici 
Camerti, Volume Speciale 1994/1, 129–137.

Bertotti G., Capozzi R. & Picotti V. (1997) - Extension controls 
Quaternary tectonics, geomorphology and sedimentation of the 
N-Appennies foothills and adjacent Po Plain (Italy). Tectonophysics, 
282(1), 291–301.

Bettelli G., Boccaletti M., Cibin U., Panini F., Poccianti C., Rosselli S. 
& Sani F. (2002a) - Note Illustrative della Carta Geologica d’Italia 
alla scala 1:50.000 “Foglio 252 - Barberino di Mugello”. Servizio 
Geologico d’Italia, Roma, 130 pp.

Bettelli G., Bonazzi U., Fazzini P. & Gelmini R. (1987a) - Macigno, 
Arenarie di Monte Modino e Arenarie di Monte Cervarola del Crinale 
Appenninico Emiliano. Memorie della Società Geologica Italiana, 
39, 1–17.

Bettelli G., Bonazzi U., Fazzini P. & Panini F. (1987b) - Schema 
introduttivo alla geologia delle Epiliguridi dell’Appennino Modenese 
e delle aree limitrofe. Memorie della Società Geologica Italiana, 
39, 215–244.

Bettelli G., Conti S. & Panini S. (1994) - Brecce poligeniche a matrice 
argillosa alla base della successione epiligure della coltre della 
Val Marecchia (Appennino tosco-marchigiano): implicazioni 
tettoniche. Atti Ticinensi di Scienze della Terra, 37, 111–131.

Bettelli G., Fazzini P. & Gelmini R. (1980) - Evoluzione strutturale della 
Toscana meridionale. Memorie della Società Geologica Italiana, 
21, 137–141.

Bettelli G. & Panini F. (1991) - Liguridi, mélanges e tettoniti nel 
complesso caotico lungo la “Linea del Sillaro” (Appennino 
Settentrionale, Province di Firenze e Bologna). Memorie Descrittive 
della Carta Geologica d’Italia, 46, 387–415.

Bettelli G., Panini F., Fioroni C., Nirta G., Remitti F., Vannucchi 
P. & Carlini M. (2012) - Revisiting the Geology of the “Sillaro 
Line”, Northern Apennines, Italy. Rendiconti online della Società 
Geologica Italiana, 22, 14–17.

Bettelli G., Panini F. & Pizziolo M. (2002b) - Note Illustrative della 
Carta Geologica d’Italia alla scala 1:50.000 “Foglio 236 - Pavullo nel 
Frignano”. Servizio Geologico d’Italia, Roma, 168 pp.

Bianco C., Brogi A., Caggianelli A., Giorgetti G., Liotta D. & Meccheri 
M. (2015) - HP- LT metamorphism in Elba Island: Implications for 
the geodynamic evolution of the Inner Northern Apennines (Italy). 
Journal of Geodynamics, 91, 13–25.

Bianco C., Godard G., Halton A., Brogi A., Liotta D. & Caggianelli 
A. (2019) - The lawsonite-glaucophane blueschists of Elba Island 
(Italy). Lithos, 348-349, 1–18.

Bigi G., Cosentino D., Parotto M., Sartori R. & Scandone P. (1990) 
- Structural Model of Italy. Scale 1:500,000 , C.N.R. - Progetto 
Finalizzato Geodinamica, Roma.

Bigi S., Calamita F., Cello G., Centamore E., Deiana G., Paltrinieri W. & 
Ridolfi M. (1995) - Evoluzione messiniano-pliocenica del sistema 
catena-avanfossa nell’area marchigiano-abruzzese esterna. Studi 
Geologici Camerti, Volume speciale 1995/1, 29–35.

Biserni G. & van Geel B. (2005) - Reconstruction of Holocene 
palaeoenvironment and sedimentation history of the Ombrone 
alluvial plain (South Tuscany, Italy). Review of Palaeobotany and 
Palynology, 136(1-2), 16–28.

Blendinger W. (1985) - Middle Triassic strike-slip tectonics and igneous 
activity of the Dolomites (Southern Alps). Tectonophysics, 113, 
105–121.

Boccaletti M., Bonini M., Corti G., Gasperini P., Martelli L., Piccardi 
L., Severi P. & Vannucci G. (2004) - Carta Sismotettonica della 
regione Emilia-Romagna, scala 1:250.000. Note Illustrative. 
Regione Emilia-Romagna, Servizio Geologico, Sismico e dei 
Suoli, Bologna, 62 pp.

Boccaletti M., Bonini M., Moratti G. & Sani F. (1995) - Le fasi 
compressive neogenico-quaternarie nell’Appennino settentrionale: 
relazioni con l’evoluzione dei bacini interni. Studi Geologici 
Camerti, Volume speciale 1995/1, 51–72.

Boccaletti M., Bonini M., Moratti G. & Sani F. (1999) - Compressive 
Neogene-Quaternary tectonics in the hinterland area of the Northern 
Apennines. Journal of Petroleum Geology, 22(1), 37–60.

Boccaletti M., Calamita, Deiana G., Gelati R., Massari F., Moratti G. 
& Ricci Lucchi F. (1990a) - Migrating foredeep-thrust belt system 
in the northern Apennines and southern Alps. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 77, 3–14.

Boccaletti M., Ciaranfi N., Cosentino D., Deiana G., Gelati R., 
Lentini F., Massari F., Moratti G., Pescatore T., Ricci Lucchi F. & 
Tortorici L. (1990b) - Palinspastic restoration and paleogeographic 
reconstruction of the peri-Tyrrhenian area during the Neogene. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 77(1), 41–50.

Boccaletti M. & Coli M. (1982) - Carta Strutturale dell’Appennino 
Settentrionale, 1:250.000. Pub- blicazione n. 429 C.N.R. - Progetto 
Finalizzato Geodinamica, Sottoprogetto 5 - Modello Strutturale. 
SELCA, Firenze.

Boccaletti M., Coli M., Decandia A., Giannini E. & Lazzarotto A. (1980) 
- Evoluzione dell’Appennino settentrionale secondo un nuovo 
modello strutturale. Memorie della Società Geologica Italiana, 21, 
359–373.



OUTLINE OF THE GEOLOGY OF THE NORTHERN APENNINES 183

Boccaletti M., Decandia F.A., Gasperi G., Gelmini R., Lazzarotto 
A. & Zanzucchi G. (1987) - Carta Strutturale dell’Appennino 
Settentrionale: Note Illustrative. Pubblicazione n. 429 C.N.R. - 
Progetto Finalizzato Geodinamica, Sottoprogetto 5 - Modello 
Strutturale, Tipografia Senese, 203 pp.

Boccaletti M., Elter P. & Guazzone G. (1971) - Plate tectonic models 
for the development of the Western Alps and Northern Apennines. 
Nature, 234, 108–111.

Boccaletti M. & Sani F. (1998) - Cover thrust reactivations related 
to internal basement involvement during Neogene-Quaternary 
evolution of the Northern Apennines. Tectonics, 17, 112–130.

Bonciani F., Callegari I., Conti P., Cornamusini G. & Carmignani L. 
(2005) - Neogene post- collisional evolution of the internal Northern 
Apennines: insights from the upper Fiora and Albegna valleys (Mt. 
Amiata geothermal area, southern Tuscany). Bollettino della 
Società Geologica Italiana, Volume Speciale 3, 103–118.

Boncio P., Brozzetti F. & Lavecchia G. (2000) - Architecture and 
seismotectonics of a regional low-angle normal fault zone in central 
Italy. Tectonics, 19(6), 1038–1055.

Boncio P., Brozzetti F., Ponziani F., Barchi M., Lavecchia G. & Pialli 
G. (1998) - Seismicity and extensional tectonics in the northen 
Umbria-Marche Apennines. Memorie della Società Geologica 
Italiana, 52, 539–555.

Boncio P. & Lavecchia G. (2000) - A structural model for active extension 
in Central Italy. Journal of Geodynamics, 29(3-5), 233–244.

Bonini L., Montomoli C. & Pertusati P.C. (2013a) - Le evaporiti triassiche 
di Sassalbo e della Val di Secchia (Appennino Tosco-Emiliano): 
dati geometrici e cinematici. Atti della Società Toscana di Scienze 
Naturali, Memorie, Serie A, 120, 5–23.

Bonini M., Moratti G., Sani F. & Balestrieri M.L. (2013b) - 
Compression-to-extension record in the Late Pliocene-Pleistocene 
Upper Valdarno Basin (Northern Apennines, Italy): structural and 
thermochronological constraints. Italian Journal of Geosciences, 
132(1), 54–80.

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), TC900024.

Bonini M., Sani F., Stucchi E.M., Moratti G., Benvenuti M., Menanno 
G. & Tanini C. (2014) - Late Miocene shortening of the Northern 
Apennines back-arc. Journal of Geodynamics, 74, 1–31.

Borsi S., Ferrara G. & Tongiorgi E. (1967) - Determinazione con il 
metodo del K/Ar dell’età delle rocce magmatiche della Toscana. 
Bollettino della Società Geologica Italiana, 86, 403–410.

Bortolotti V. (1962a) - Contributo alla conoscenza della stratigrafia 
della serie Pietraforte-Alberese.

Bollettino della Società Geologica Italiana, 81, 225–314.
Bortolotti V. (1962b) - Stratigrafia e tettonica dei terreni alloctoni 

(ofioliti e Alberese) nei dintorni di Pieve S. Stefano (Arezzo). 
Bollettino della Società Geologica Italiana, 81(3), 257–306.

Bortolotti V. (1964) - Nota illustrativa della carta della distribuzione 
geografica della Formazione di Monte Morello (Alberese). Bollettino 
della Società Geologica Italiana, 83, 155–190.

Bortolotti V. (1966) - La tettonica trasversale dell’Appennino. 1 - La 
linea Livorno-Sillaro. Bollettino della Società Geologica Italiana, 
85, 529–540.

Bortolotti V. (1967) - Le paleocorrenti della Pietraforte. Bollettino della 
Società Geologica Italiana, 86, 687–701.

Bortolotti V., Mannori G., Principi G. & Sani F. (2008) - Note Illustrative 
della Carta Geologica d’Italia alla scala 1:50.000 “Foglio 278 - Pieve 
Santo Stefano”. Servizio Geologico d’Italia, Roma, 96 pp.

Bortolotti V., Passerini P., Sagri M. & Sestini G. (1970) - The 
miogeosynclinal sequences. In: Sestini (Ed.), Development of the 
Northern Apennines Geosyncline, Sedimentary Geology, 4, 341–
444. Elsevier.

Bortolotti V., Principi G. & Treves B. (2001) - Ophiolites, Ligurides and 
the tectonic evolution from spreading to convergence of a Mesozoic 
Western Tethys segment. In: G.B. Vai & I.P. Martini (Eds.), Anatomy 
of an Orogen: the Apennines and Adjacent Mediterranean Basins, 
pp. 151–164. Kluwer Academic Publishers, Dordrecht.

Bosellini A. (2004) - The western passive margin of Adria and its 
carbonate platforms. In: U. Crescenti, S. D’Offizi, S. Merlino & 
L. Sacchi (Eds.), Geology of Italy. Special Volume of the Italian 
Geological Society for the IGC Florence 2004, pp. 79–92. Società 
Geologica Italiana, Roma.

Bossio A., Bradley F., Esteban M., Giannelli L., Landini W., Mazzanti 
R., Mazzei R. & Salvatorini G. (1981) - Alcuni aspetti del Miocene 
superiore del Bacino del Fine. In: IX Convegno della Società 
Paleontologica Italiana (3-8 ottobre 1981), pp. 21–54. Pacini, Pisa.

Bossio A., Cerri R., Mazzei R., Salvatorini G. & Sandrelli F. (1996) 
- Geologia dell’area Spicchiaiola-Pignano (settore orientale del 
Bacino di Volterra). Bollettino della Società Geologica Italiana, 
115, 393–438.

Bossio A., Cornamusini G., Ferrandini J., Ferrandini M., Foresi L.M., 
Mazzanti R., Mazzei R. & Salvatorini G. (2000) - L’evoluzione 
sedimentaria neogenica dell’area tirrenica settentrionale (Toscana 
marittima, Isola di Pianosa, Bacino di Aléria in Corsica orientale). 
In: Actes du Congres “Environnement et Identité en Mediterranée”, 
pp. 72–79. Corte, juin 2000.

Bossio A., Costantini A., Foresi L., Lazzarotto A., Mazzanti R., Mazzei 
R., Pascucci V., Salvatorini G., Sandrelli F. & Terzuoli A. (1998) - 
Neogene-Quaternary sedimentary evolution in the western side of 
the Northern Apennines (Italy). Memorie della Società Geologica 
Italiana, 52, 513–525.

Bossio A., Costantini A., Lazzarotto A., Liotta D., Mazzanti R., Mazzei 
R., Salvatorini G. & Sandrelli F. (1993) - Rassegna delle conoscenze 
sulla stratigrafia del Neoautoctono Toscano. Memorie della Società 
Geologica Italiana, 49, 17–98.

Bossio A., Da Prato S., Bambini A.M., Foresi L.M., Catanzariti M., 
Cerrina Feroni A., Ellero A., Marroni M., Palandri S., Principi G., 
Lazzarotto A. & Abbate E. (2010) - Atlante dei Dati Biostratigrafici 
della Toscana. Regione Toscana - Servizio Geologico Regionale, 89 
pp.

Bossio A., Esteban M., Giannelli L., Longinelli A., Mazzanti R., Mazzei 
R., Ricci Lucchi F. & Salvatorini G. (1978) - Some aspects of the 
Upper Miocene in Tuscany. In: Messinian Seminar N. 4, Rome, 
October 9-14, 1978, Field Trip Guidebook, 4, 1–88.

Bossio A., Foresi L.M., Mazzei R., Pascucci V., Salvatorini G. & Sandrelli 
F. (1997) - Allostratigraphy and seismic stratigraphy of the Miocene 
sediments of the Spicchiaiola-Pomarance area, southern side of the 
Volterra Basin (Tuscany, Italy). Rivista Italiana di Paleontologia e 
Stratigrafia (Research In Paleontology and Stratigraphy), 103(3), 
357–368.

Bossio A., Mazzanti R., Mazzei R., Pascucci V., Salvatorini G.F. & 
Sandrelli F. (1994) - Il bacino di Volterra: notizie preliminari 
sull’evoluzione della sua area centro meridionale durante il Pliocene. 
Studi Geologici Camerti, Volume speciale 1994/1, 19–31.

Bossio A., Mazzei R., Salvatorini G. & Sandrelli F. (2002) - Geologia 
dell’area compresa tra Siena e Poggibonsi (“Bacino del Casino”). 
Atti della Società Toscana di Scienze Naturali, Memorie, Serie A, 
107, 69–86.

Botti F., Daniele G. & Baldacci F. (2017) - Note Illustrative della Carta 
Geologica d’Italia alla scala 1:50.000 “Foglio 251 - Porretta Terme”. 
Servizio Geologico d’Italia, Roma, 194 pp.

Botti F., Palandri S. & Plesi G. (2002) - The Mt. Cervarola Sandstones 
in the T. Fellicarolo and T. Dardagna Valleys (Northern Apennines): 
petrographic and biostratigraphic features, regionalcorrelations. 
Bollettino della Società Geologica Italiana, 121(1), 305–317.

Brogi A. (2003) - Il megaboudinage della Falda Toscana nell’area 
geotermica del Monte Amiata e relazioni con la tettonica distensiva 
miocenica dell’Appennino Settentrionale. Geoacta, 2, 33–36.

Brogi A. (2004) - Miocene low-angle detachments and upper crust 
megaboudinage in the Mt. Amiata geothermal area (Northern 
Apennines, Italy). Geodinamica Acta, 17(6), 375–387.

Brogi A., Cornamusini G., Costantini A., Di Vincenzo G. & Lazzarotto 
A. (2000) - Cretaceous volcanism of the southern Tuscany: record 
of volcanic bodies from Tuscan succession of Rapolano Terme. 
Memorie della Società Geologica Italiana, 55, 329–337.

Brogi A. & Giorgetti G. (2012) - Tectono-metamorphic evolution of 
the siliciclastic units in the Middle Tuscan Range (inner Northern 
Apennines): Mg-carpholite bearing quartz veins related to syn-
metamorphic syn-orogenic foliation. Tectonophysics, 526-529, 
167–184.

Brogi A. & Liotta D. (2008) - Highly extended terrains, lateral 
segmentation of the substratum, and basin development: The 
middle-late Miocene Radicondoli Basin (inner northern Apennines, 
Italy). Tectonics, 27(5), TC5002.

Brogi A., Liotta D., Meccheri M. & Fabbrini L. (2010) - Transtensional 
shear zones controlling volcanic eruptions: the Middle Pleistocene 
Mt Amiata volcano (inner Northern Apennines, Italy). Terra Nova, 
22(2), 137–146.



P. CONTI ET ALII184

Brozzetti F. (2007) - The Umbria Preapennines in the Monte Santa 
Maria Tiberina area: a new geological map with stratigraphic and 
structural notes. Bollettino della Società Geologica Italiana, 126 
(3), 511–529.

Brozzetti F., Boncio P., Lavecchia G. & Pace B. (2009) - Present activity 
and seismogenic potential of a low-angle normal fault system 
(Città di Castello, Italy): Constraints from surface geology, seismic 
reflection data and seismicity. Tectonophysics, 463(1), 31–46.

Brozzetti F., Luchetti L. & Pialli G. (2000) - La successione del Monte 
Rentella (Umbria Occi- dentale); biostratigrafia a nannofossili 
calcarei ed ipotesi per un inquadramento tettonico regionale. 
Bollettino della Società Geologica Italiana, 119(2), 407–422.

Brunacci S., Donati C., Farone D., Manganelli V. & Stoppa F. (1983) - 
Vulcanismo alcalino cretaceo post-ofiolitico nell’alloctono liguride 
della Toscana meridionale. I: L’area del T. Senna (Siena- Grosseto). 
Ofioliti, 8(1), 47–76.

Brunet C., Monié P., Jolivet L. & Cadet J.P. (2000) - Migration of 
compression and extension in the Tyrrhenian Sea, insights from 
40Ar/39Ar ages on micas along a transect from Corsica to Tuscany. 
Tectonophysics, 321, 127–155.

Bruni P., Cipriani N., Nebbiai M. & Papini M. (2007) - Dati litostratigrafici 
e petrografici delle arenarie silicoclastiche del complesso di Canetolo 
affiorante tra le Cinque Terre e la Val di Magra (Paleocene-Oligocene 
sup., Appennino Settentrionale). Bollettino della Società Geologica 
Italiana, 126(3), 557–565.

Bruni P., Cipriani N. & Pandeli E. (1994) - Sedimentological and 
petrographical features of thre Macigno and the Monte Modino 
sandstones in the Abetone area (Northern Apennines). Memorie 
della Società Geologica Italiana, 48, 331–341.

Bruni P. & Pandeli E. (1980) - Torbiditi calcaree nel Macigno e nelle 
Arenarie del Cervarola nell’area del Pratomagno e del Falterona 
(Appennino sett.). Memorie della Società Geologica Italiana, 21, 
217–230.

Burckhardt C.E. (1946) - Il sondaggio di Belagajo (Grosseto) e il suo 
significato geologico. Bollettino della Società Geologica Italiana, 
65(1), 97–107.

Calamita F. (1990) - Thrust and fold-related structures in the Umbria-
Marche Apennines (Central Italy). Annales Tectonicae, 4(1), 83–
117.

Calamita F., Cello G., Centamore E., Deiana G., Micarelli A., 
Paltrinieri W. & Ridolfi M. (1991) - Stile deformativo e cronologia 
della deformazione lungo tre sezioni bilanciate dall’Appennino 
umbro-marchigiano alla costa adriatica. Studi Geologici Camerti, 
Volume speciale 1991/1, 295–314.

Calamita F., Centamore E., Deiana G. & Ridolfi M. (1995) - 
Caratterizzazione geologico-strutturale dell’area marchigiano-
abruzzese esterna (Appennino centrale). Studi Geologici Camerti. 
Volume Speciale, 1995/1, 171–182.

Calamita F., Coltorti M., Pieruccini P. & Pizzi A. (1999) - Evoluzione 
strutturale e morfogenesi plio-quaternaria dell’Appennino umbro-
marchigiano tra il preappennino umbro e la costa adriatica. 
Bollettino della Società Geologica Italiana, 118(1), 125–139.

Calcagnile G. & Panza G. (1981) - The main characteristics of the 
lithosphere-astenosphere system in Italy and surrounding regions. 
Pure and Applied Geophysics, 199, 865–870.

Campetti A., Carosi R., Decandia F.A., Elter P., Lazzarotto A., Montomoli 
C., Pertusati P.C. & Polverosi B. (1999) - Assetto ed evoluzione 
strutturale dei Monti dell’Uccellina (Toscana Meridionale). 
Bollettino della Società Geologica Italiana, 118, 149–165.

Cantalamessa G., Centamore E., Chiocchini U., Colalongo M.L., 
Micarelli A., Nanni T., Pasini G., Potetti M., Ricci Lucchi F., 
Cristallini C. & Di Lorito L. (1986a) - Il Plio-Pleistocene delle 
Marche. Studi Geologici Camerti, Volume speciale “La Geologia 
delle Marche”, pp. 61–82.

Cantalamessa G., Centamore E., Chiocchini U., Micarelli A. & Potetti 
M. (1982) - Tectonic- sedimentary evolution of the Northwestern 
part of the Laga Basin (Upper Miocene-Lower Pliocene, Central-
Southern Marche). Memorie della Società Geologica Italiana, 
24(2), 221–232.

Cantalamessa G., Centamore E., Chiocchini U., Micarelli A. & Potetti 
M. (1986b) - Il Miocene delle Marche. Studi Geologici Camerti, 
Volume speciale “La Geologia delle Marche”, pp. 35–55.

Cantalamessa G., Centamore E., Didaskalou P., Micarelli A., Napoleone 
G. & Potetti M. (2002) - Elementi di correlazione nella successione 
marina plio-pleistocenica del bacino periadriatico marchigiano. 
Studi Geologici Camerti, Nuova Serie, 1, 33–49.

Cantalamessa G. & Di Celma C. (2004) - Sequence response to 
syndepositional regional uplift: insights from high-resolution 
sequence stratigraphy of late Early Pleistocene strata, Periadriatic 
Basin, central Italy. Sedimentary Geology, 164(3-4), 283–309.

Canuti P., Focardi P. & Sestini G. (1965) - Stratigrafia, correlazioni e 
genesi degli Scisti Policromi dei Monti del Chianti (Toscana). 
Bollettino della Società Geologica Italiana, 84(5), 93–166.

Capezzuoli E., Gandin A. & Pedley M. (2014) - Decoding tufa and 
travertine (fresh water carbonates) in the sedimentary record: the 
state of the art. Sedimentology, 61(1), 1–21.

Capezzuoli E. & Sandrelli F. (2004) - I sedimenti quaternari del settore 
meridionale della Valdelsa (Provincia di Siena). Il Quaternario - 
Italian Journal of Quaternary Sciences, 17(1), 33–40.

Capozzi R., Landuzzi A. & Zanoli S. (1998) - Neogene evolution of the 
Apennine foothill structures from northern Marche to eastern 
Romagna. Memorie della Società Geologica Italiana, 52, 631–646.

Capponi G., Cortesogno L., Gaggero L. & Giammarino S. (1997) - The 
Promontorio del Franco (Island of Giglio): a blueschist element in 
the Tuscan Archipelago (central Italy). Atti Ticinensi di Scienze 
della Terra, 39, 175–192.

Capponi G., Giammamrino S. & Mazzanti G. (1990) - Geologia e morfologia 
dell’Isola di Gorgona. Quaderni del Museo di Storia Naturale di 
Livorno, 11, 115–137.

Capuano N. (2009) - Note Illustrative della Carta Geologica d’Italia alla 
scala 1:50.000 “Foglio 279 - Urbino”. Servizio Geologico d’Italia, 
Roma, 109 pp.

Capuano N., Tonelli G. & Veneri F. (1986) - Ricostruzione dell’ evoluzione 
paleogeografica del margine appenninico nell’area feltresca (Marche 
settentrionali) durante il Pliocene Inferiore e Medio. Memorie della 
Società Geologica Italiana, 35, 163–170.

Carmignani L., Conti P., Cornamusini G. & Meccheri M. (2004) - The 
internal Northern Apennines, the Northern Tyrrhenian Sea and the 
Sardinia-Corsica Block. In: U. Crescenti, S. D’Offizi, S. Merlino 
& L. Sacchi (Eds.), Geology of Italy. Special Volume of the Italian 
Geological Society for the IGC Florence 2004, pp. 59–77. Società 
Geologica Italiana, Roma.

Carmignani L., Conti P., Cornamusini G. & Pirro A. (2013) - The 
geological map of Tuscany (Italy). Journal of Maps, 9(4), 487–497.

Carmignani L., Decandia F., Disperati L., Fantozzi P.L., Lazzarotto A., 
Liotta D. & Oggiano G. (1995a) - Relationship between the Tertiary 
structural evolution of the Sardinia-Corsica- Provençal Domain 
and the Northern Apennines. Terra Nova, 7(2), 128–137.

Carmignani L., Decandia F., Disperati L., Fantozzi P.L., Lazzarotto A., 
Liotta D., Oggiano G. & Tavarnelli E. (1995b) - Relazioni tra il 
bacino balearico, il Tirreno settentrionale e l’evoluzione neogenica 
dell’Appennino settentrionale. Studi Geologici Camerti, Volume 
speciale 1995/1, 255–268.

Carmignani L., Decandia F., Fantozzi P.L., Lazzarotto A., Liotta D. & 
Meccheri M. (1994) - Teriary extensional tectonics in Tuscany 
(Northern Apennines, Italy). Tectonophysics, 238, 295–315.

Carmignani L., Decandia F.A., Disperati L., Fantozzi P.L., Kligfield R., 
Lazzarotto A., Liotta D. & Meccheri M. (2001) - Inner Northern 
Apennines. In: G.B. Vai & I.P. Martini (Eds.), Anatomy of an 
Orogen: the Apennines and Adjacent Mediterranean Basins, pp. 
197–214. Kluwer Academic Publishers, Dordrecht.

Carmignani L. & Giglia G. (1979) - Large scale reverse “drag folds” in 
the late Alpine building of the Apuane Alps (N. Apennines). Atti 
della Società Toscana di Scienze Naturali, Memorie, Serie A, 86, 
109–125.

Carmignani L., Giglia G. & Kligfield R. (1978) - Structural evolution of 
the Apuane Alps; an example of continental margin deformation in 
the northern Apennines, Italy. Journal of Geology, 86(4), 487–504.

Carmignani L. & Kligfield R. (1990) - Crustal extension in the Northern 
Apennines: the transition from compression to extension in the Alpi 
Apuane core complex. Tectonics, 9(6), 1275–1303.

Carminati E. & Doglioni C. (2012) - Alps vs. Apennines: The paradigm 
of a tectonically asymmetric Earth. Earth-Science Reviews, 112(1-
2), 67–96.

Carnevale G., Landini W. & Sarti G. (2006) - Mare versus Lago-mare: 
marine fishes and the Mediterranean environment at the end of the 
Messinian Salinity Crisis. Journal of the Geological Society of 
London, 163(1), 75–80.

Cassinis G., Elter G., Rau A. & Tongiorgi M. (1979) - Verrucano: a 
tectofacies of the alpine- mediterranean southern Europe. Memorie 
della Società Geologica Italiana, 20(1), 135–149.



OUTLINE OF THE GEOLOGY OF THE NORTHERN APENNINES 185

Castellarin A. (2001) - Alps-Apennines and Po Plain-frontal Apennines 
relations. In: G.B. Vai & I.P. Martini (Eds.), Anatomy of an Orogen, 
The Apennines and Adjacent Mediterranean Basins, pp. 177–196. 
Kluwer Academic Publishers, Dordrecht.

Castellarin A., Eva C., Giglia G. & Vai G.B. (1985) - Analisi strutturale 
del Fronte Appenninico Padano. Giornale di Geologia, 47, 47–75.

Castellarin A. & Pini G. (1987) - L’arco del Sillaro: la messa in posto 
delle Argille Scagliose al margine appenninico padano (Appennino 
bolognese). Memorie della Società Geologica Italiana, 39, 127–141.

Castellucci P. & Cornaggia F. (1980) - Gli olistostromi nel Macigno dei 
Monti del Chianti: analisi stratigrafico-strutturale. Memorie della 
Società Geologica Italiana, 21, 171–180.

Catanzariti R., Cerrina Feroni A., Martinelli P. & Ottria G. (1996) - 
Le marne dell’Oligocene- Miocene inferiore al limite tra Dominio 
Subligure e Dominio Toscano: dati biostratigrafici ed evoluzione 
spazio-temporale. Atti della Società Toscana di Scienze Naturali, 
Memorie, Serie A, 103, 105–134.

Catanzariti R., Ottria G. & Cerrina Feroni A. (2002) - Tavole 
Stratigrafiche. In: A. Cer- rina Feroni, G. Ottria, P. Martinelli 
& L. Martelli (Eds.), Carta Geologico-Strutturale dell’Appennino 
Emiliano-Romagnolo, 1:250.000, pp. 1–44. Regione Emilia-
Romagna, C.N.R., Bologna.

Catanzariti R. & Perilli N. (2009) - Calcareous nannofossils: the 
key to revealing the relations between the Macigno and Monte 
Modino Sandstone, two widespread clastic wedges of the Northern 
Apennines. Rivista Italiana di Paleontologia e Stratigrafia, 115(2), 
233–252.

Cello G. (2009) - Note Illustrative della Carta Geologica d’Italia alla 
scala 1:50.000 “Foglio 303 - Macerata”. Servizio Geologico d’Italia, 
Roma, 85 pp.

Centamore E. (1986) - Carta geologica delle Marche. Scala 1:250.000, 
Università di Camerino - Dipartimento Scienze della Terra, 
Regione Marche - Giunta Regionale, Amministrazione Provinciale 
Ascoli Piceno, Amministrazione Provinciale Macerata.

Centamore E., Cantalamessa G., Micarelli A. & Potetti M. (1993) 
- Contributo alla conoscenza dei depositi terrigeni neogenici di 
avanfossa del Teramano (Abruzzo settentrionale). Bollettino dalla 
Società Geologica Italiana, 112(1), 63–81.

Centamore E., Cantalamessa G., Micarelli A., Potetti M., Berti D., 
Bigi S., Morelli C. & Ridolfi M. (1991) - Stratigrafia e analisi di 
facies dei depositi del Miocene e del Pliocene Inferiore dell’avanfossa 
marchigiano-abruzzese e delle zone limitrofe. Studi Geologici 
Camerti, Volume speciale 1991/2, 125–131.

Centamore E., Cantalamessa G., Micarelli A., Potetti, M., & Ridolfi 
M. (1990) - I depositi terrigeni di avanfossa (Messiniano-Pliocene 
inferiore) dell’Abruzzo settentrionale. Memorie dalla Società 
Geologica Italiana, 45, 563–568.

Centamore E., Chiocchini M., Deiana G., Micarelli A. & Pieruccini U. 
(1971) - Contributo alla conoscenza del Giurassico dell’Appennino 
umbro-marchigiano. Studi Geologici Camerti, 1, 7–89.

Centamore E., Chiocchini U., Cipriani N., Deiana G. & Micarelli A. 
(1978) - Analisi dell’evoluzione tettonico-sedimentaria dei “Bacini 
Minori” torbiditici del Miocene medio-superiore nell’Appennino 
umbro-marchigiano e laziale-abruzzese. Memorie della Società 
Geologica Italiana, 18, 135–170.

Centamore E., Chiocchini U. & Micarelli A. (1977) - Analisi 
dell’evoluzione tettonico-sedimentaria dei “Bacini Minori” 
torbiditici del Miocene Medio-Superiore nell’Appennino umbro-
marchigiano e laziale-abruzzese. 3) Le Arenarie di M. Vicino, un 
modello di conoide sottomarina affogata (Marche settentrionali). 
Studi Geologici Camerti, 3, 7–55.

Centamore E., Deiana G., Micarelli A. & Potetti M. (1986) - Il Trias-
Paleogene delle Marche. Studi Geologici Camerti, Volume speciale 
“La Geologia delle Marche”, pp. 9–27.

Centamore E., Jacobacci A. & Martelli G. (1972) - Modello strutturale 
umbro- marchigiano.Correlazioni possibili con le regioni adiacenti. 
Bollettino del Servizio Geologico d’Italia, 93, 155–188.

Centamore E. & Micarelli A. (1991) - Stratigrafia. In: A. Minetti, T. 
Nanni, F. Perilli, L. Polonara & M. Principi (Eds.), L’Ambiente 
Fisico delle Marche, pp. 5–58. Regione Marche, Assessorato 
Urbanistica e Ambiente, Ancona.

Cerrina Feroni A., Ghiselli F., Leoni L., Martelli L., Martinelli P., 
Ottria G. & Sarti G. (1997) - L’assenza delle Liguridi nell’Appennino 
romagnolo: relazioni tra il sollevamento quaternario e implicazioni 
strutturali. Il Quaternario, 10, 371–376.

Cerrina Feroni A., Leoni L., Martelli L., Martinelli P., Ottria G. & 
Sarti G. (2001) - The Romagna Apennines, Italy: an eroded duplex. 
Geological Journal, 36(1), 39–54.

Cerrina Feroni A., Martelli L., Martinelli P., Ottria G. & Catanzariti 
R. (2002a) - Note Illustrative della Carta Geologico-Strutturale 
dell’Appennino Emiliano-Romagnolo a scala 1:250.000. Regione 
Emilia-Romagna, C.N.R., Bologna., 118 pp.

Cerrina Feroni A., Martinelli P. & Perilli N. (1991) - Stratigrafia e 
struttura dell’Unità di Canetolo in Val Cedra (Appennino parmense). 
Memorie Descrittive della Carta Geologica d’Italia, 46, 301–312.

Cerrina Feroni A., Ottria G. & Ellero A. (2004) - The Northern 
Apennine, Italy: geological structure and transpressive evolution. In: 
U. Crescenti, S. D’Offizi, S. Merlino & L. Sacchi (Eds.), Geology of 
Italy, pp. 14–32. Special Volume of the Italian Geological Society 
for the IGC 32 Florence-2004, Società Geologica Italiana, Roma.

Cerrina Feroni A., Ottria G., Martinelli P. & Martelli L. (2002b) - 
Carta Geologico-Strutturale dell’Appennino Emiliano-Romagnolo. 
Scala 1:250.000, Regione Emilia-Romagna, C.N.R., Bologna.

Cerrina Feroni A., Patacca E. & Plesi G. (1973) - La zona di Lanciaia fra 
il Cretaceo inferiore e l’Eocene inferiore. Atti della Società Toscana 
di Scienze Naturali, Memorie, Serie A, 80, 162–187.

Cerrina Feroni A., Plesi G., Fanelli G., Leoni L. & Martinelli P. (1983) - 
Contributo alla conoscenza dei processi metamorfici di grado molto 
basso (anchimetamorfismo) a carico della Falda toscana nell’area 
del ricoprimento apuano. Bollettino della Società Geologica 
Italiana, 102(2-3), 269–280.

Chiaraluce L., Barchi M., Collettini C., Mirabella F. & Pucci S. (2005) 
- Connecting seismically active normal faults with Quaternary 
geological structures in a complex extensional environment: The 
Colfiorito 1997 case history (northern Apennines, Italy). Tectonics, 
24(1).

Chicchi S., Costa E., Lugli L., Molli G., Montanini A., Torelli L. & 
Cavozzi C. (2002) - The Passo del Cerreto-Val Secchia evaporites and 
associated rocks. Field Trip 5 October 2002 Guide Book, Real Mod 
Conference, San Donato Milanese (MI) 2-4 October 2002. ENI, 46 
pp.

Chicchi S. & Plesi G. (1991) - Il Complesso di M. Modino-M. Cervarola 
nell’alto Appennino emiliano (tra il Passo del Lagastrello e il M. 
Cimone) e i suoi rapporti con la Falda toscana, l’Unità di Canetolo 
e le Liguridi. Memorie Descrittive della Carta Geologica d’Italia, 
46, 139–163.

Ciarapica G. & Passeri L. (1976) - Deformazioni da fluidificazione ed 
evoluzione diagenetica della formazione evaporitica di Burano. 
Bollettino della Società Geologica Italiana, 95, 1175–1199.

Ciarapica G. & Passeri L. (1994) - The Tuscan Nappe in the Northern 
Apennines: data, doubts, hypotheses. Memorie della Società 
Geologica Italiana, 48(1), 7–22.

Ciarapica G. & Passeri L. (1998) - Evoluzione paleogeografica degli 
Appennini. Atti Ticinensi di Scienze della Terra, 40, 233–290.

Cibin U. (1993) - Evoluzione composizionale delle areniti nella 
successione epiligure eo-oligocenica (Appennino settentrionale). 
Giornale di Geologia, 55(1), 69–92.

Cibin U., Di Giulio A. & Martelli L. (2003) - Oligocene-Early Miocene 
tectonic evolution of the northern Apennines (northwestern Italy) 
traced through provenance of piggy-back basin fill successions. 
In: Tracing Tectonic Deformation Using the Sedimentary Record, 
Geological Society London Special Publications, 208, 269–288. 
Geological Society London.

Cibin U., Spadafora E., Zuffa G.G. & Castellarin A. (2001) - Continental 
collision history from arenites of episutural basins in the Northern 
Apennines, Italy. Geological Society of America Bulletin, 113(1), 
4–19.

Cipriani A. (2016) - Geology of the Mt. Cosce sector (Narni Ridge, Central 
Apennines, Italy). Journal of Maps, 12, 328–340.

Cita M.B. (1982) - The Messinian salinity crisis in the Mediterranean: a 
review. In: H. Berckhemer & K.J. Hsü (Eds.), Alpine-Mediterranean 
Geodynamics, Geodynamic Series, 7, 113–140. American 
Geophysical Union.

Colacicchi R., Passeri L. & Pialli G. (1970) - Nuovi dati sul Giurese 
Umbro-Marchigiano ed ipotesi per un suo inquadramento regionale. 
Memorie della Società Geologica Italiana, 9, 839–874.



P. CONTI ET ALII186

Colalongo M.L., Ricci Lucchi F., Guarneri P. & Mancini E. (1982) 
- Il Plio-Pleistocene del Santerno (Apennino romagnolo). In: G. 
Cremonini & F. Ricci Lucchi (Eds.), Guida alla Geologia del 
Margine Appenninico-padano, pp. 161–166. Società Geologica 
Italiana. Guide Geologiche Regionali, Bologna.

Colantoni P. & Borsetti A. (1973) - Geologia e stratigrafia dell’Isola di 
Pianosa. Giornale di Geologia, 29, 287–302.

Compagnoni B., Valletta M., Martelli G., Nappi G. & Pialli G. (1980) - 
Carta Geologica dell’Umbria. Scala 1:250.000. Servizio Geologico 
d’Italia - Regione Umbria, Giunta Regionale, Diparti- mento per 
l’Assetto del Territorio.

Conti P., Carmignani L., Massa G., Meccheri M., Patacca E., Scandone 
P. & Pieruccioni D. (2019) - Note Illustrative della Carta Geologica 
d’Italia alla scala 1:50.000 “Foglio 249 - Massa Carrara”. Servizio 
Geologico d’Italia, Roma.

Conti P., Cornamusini G., Carmignani L. & Molli G. (2019) - The 
geological structure of the Emilia-Tuscany Northern Apennines 
and Alpi Apuane. Geological Field Trips and Maps, 11(2.5), 1-79. 
https//doi.org/10.3301/GFT.2019.07.

Conti P., Cornamusini G., Uccelletti F. & Baldetti A. (2010) - 
Stratigraphic and structural setting of the “Pseudoverrucano” 
lithofacies in southern Tuscany. Rendiconti online della Società 
Geologica Italiana, 11, 324–325.

Conti P., Costantini A., Decandia F., Elter F., Gattiglio M., Lazzarotto 
A., Meccheri M., Pandeli E., Rau A., Sandrelli F., Tongiorgi M. 
& Di Pisa A. (1991a) - Structural frame of the Tuscan Paleozoic: a 
review. Bollettino della Società Geologica Italiana, 110, 523–541.

Conti P., Di Pisa A., Gattiglio M. & Meccheri M. (1993) - The pre-Alpine 
basement in the Alpi Apuane (Northern Apennines, Italy). In: J.F. 
von Raumer & F. Neubauer (Eds.), Pre-Mesozoic Geology in the 
Alps, pp. 609–621. Springer-Verlag, Berlin.

Conti P., Gattiglio M. & Meccheri M. (1991b) - The overprint of the 
Alpine tectono-metamorphic evolution on the Hercynian orogen: 
an example from the Apuane Alps (Northern Apennines, Italy). 
Tectonophysics, 191, 335–346.

Conti S. (1994) - La geologia dell’alta Val Marecchia (Appennino tosco-
marchigiano). Atti Ticinensi di Scienze della Terra, 37, 51–98.

Conti S. (2002) - Palaeogeographic implications and relations 
between tectonics and sedimentation in satellite basins (Northern 
Apennines); insights from Neogene Epiligurian arcs. Bollettino 
della Società Geologica Italiana, Volume Speciale 1, 353–364.

Conti S., Fioroni C. & Fontana D. (2017) - Correlating shelf carbonate 
evolutive phases with fluid expulsion episodes in the foredeep 
(Miocene, northern Apennines, Italy). Marine and Petroleum 
Geology, 79, 351–359.

Conti S., Fioroni C., Fontana D. & Grillenzoni C. (2016) - Depositional 
history of the Epiligurian wedge-top basin in the Val Marecchia area 
(northern Apennines, Italy): a revision of the Burdigalian- Tortonian 
succession. Italian Journal of Geosciences, 135 (2), 324–335.

Conti S. & Tosatti G. (1996) - Tectonic vs gravitational processes 
affecting Ligurian and Epiligurian units in the Marecchia Valley 
(Northern Apennines). Memorie di Scienze Geologiche, 48, 107–
142.

Conticelli S., Melluso L., Perini G., Avanzinelli R. & Boari E. (2004) - 
Petrologic, geochemical, and isotopic characteristics of potassic and 
ultrapotassic magmatism in Central-Southern Italy: infer- ences 
on its genesis and on the nature of mantle sources. Periodico di 
Mineralogia, 73 (Special issue 1), 135–164.

Cornamusini G. (2002) - Compositional evolution of the Macigno Fm. 
of southern Tuscany along a transect from the Tuscan coast to the 
Chianti Hills. Bollettino della Società Geologica Italiana. Volume 
Speciale, 1(1), 365–374.

Cornamusini G. (2004a) - Evoluzione deposizionale di un settore del 
sistema catena-avanfossa dell’Appennino settentrionale: stratigrafia 
fisica e sedimentologia del Macigno della Toscana meridionale. 
Bollettino della Società Geologica italiana, 123(2), 201–227.

Cornamusini G. (2004b) - Sand-rich turbidite system of the Late Oligocene 
Northern Apennines foredeep: physical stratigraphy and architecture 
of the ‘Macigno costiero’(coastal Tuscany, Italy). Geological Society, 
London, Special Publications, 222(1), 261–283.

Cornamusini G., Conti P. & Bambini A.M. (2018) - The Late Oligocene 
to Early Miocene foredeep basin system evolution of the Northern 
Apennines (Emilia-Tuscany, Italy): review and new litho- 
biostratigraphic data. Italian Journal of Geosciences, 137, 396–
419.

Cornamusini G., Conti P., Bonciani F., Callegari I., Carmignani L., 
Martelli L. & Quagliere S. (2009a) - Note Illustrative della Carta 
Geologica d’Italia alla scala 1:50.000 “Foglio 267 - San Marino”. 
Servizio Geologico d’Italia, Roma, 125 pp.

Cornamusini G., Conti P., Bonciani F., Callegari I. & Martelli L. (2017) 
- Geology of the “Coltre della Val Marecchia” (Romagna-Marche 
Northern Apennines, Italy). Journal of Maps, 13(2), 207–218.

Cornamusini G., Foresi L.M., Dall’Antonia B., Bossio A., Mazzei R. 
& Salvatorini G. (2014) - The Miocene of Pianosa Island: key to 
understanding the opening of the Northern Tyrrhenian back-arc 
basin (Central Mediterranean). Journal of the Geological Society, 
171(6), 801–819.

Cornamusini G., Foresi L.M., Massa G., Bonciani F., Callegari I., Da 
Prato S. & Ielpi A. (2011) - The Miocene successions of the Fiora 
Hills: considerations about the development of the minor basins of 
Southern Tuscany. Italian Journal of Geosciences, 130(3), 404–
424.

Cornamusini G., Ielpi A., Bonciani F., Callegari I. & Conti P. (2012) 
- Geological map of the Chianti Mts (Northern Apennines, Italy). 
Journal of Maps, 8, 22–32. https/doi.or/10.1080/17445647.2012.
668423.

Cornamusini G., Lazzarotto A., Merlini S. & Pascucci V. (2002) - 
Eocene-Miocene evolution of the north Tyrrhenian Sea. Bollettino 
della Società Geologica Italiana, volume speciale 1, 769–787.

Cornamusini G., Martelli L., Conti P., Pieruccini P., Benini A., Bonciani 
F., Callegari I. & Carmignani L. (2009b) - Note Illustrative della 
Carta Geologica d’Italia alla scala 1:50.000 “Foglio 266 - Mercato 
Saraceno”. Servizio Geologico d’Italia, Roma, 124 pp.

Cornamusini G. & Pascucci V. (2014) - Sedimentation in the Northern 
Apennines-Corsica tectonic knot (Northern Tyrrhenian Sea, Central 
Mediterranean): offshore drilling data from the Elba–Pianosa Ridge. 
International Journal of Earth Sciences, 103(3), 821–842.

Cortesogno L., Galbiati B. & Principi G. (1987) - Note alla “Carta 
geologica delle ofioliti del Bracco” e ricostruzione della paleogeografia 
Giurassico-Cretacica. Ofioliti, 12, 261–342.

Cosentino D. & Pasquali V. (2012) - Carta Geologica Informatizzata della 
Regione Lazio. Università degli Studi Roma Tre - Dipartimento di 
Scienze Geologiche, Regione Lazio - Agenzia Regionale Parchi 
Area Difesa del Suolo; http://dati.lazio.it/catalog/it/dataset/carta-
geologica-informatizzata-regione- lazio-25000.

Costa E., Di Giulio A., Plesi G., Villa G. & Baldini C. (1997) - I Flysch 
oligo-miocenici della trasversale Toscana meridionale-Casentino: 
dati biostratigrafici e petrografici. Atti Ticinensi di Scienze della 
Terra, 39, 281–302.

Costa E., Torelli L., Camurri F., Chicchi S., Lugli S., Molli G., Montanini 
A., Masini E. & Cavozzi C. (2002) - The role of the evaporites and 
associated metamorphic slices in the evolution of the Cerreto-Val 
Secchia area (Northern Apennines, Italy): an integrated approach. 
Bollettino di Geofisica Teorica ed Applicata, 42(1-2), 157.

Costantini A., Decandia F., Gandin A., Giannini E., Lazzarotto A. & 
Sandrelli F. (1980) - Lo Pseudoverrucano nella Toscana meridionale. 
Memorie della Società Geologica Italiana, 21, 395–401.

Costantini A., Decandia F.A., Lazzarotto A., Liotta D., Mazzei R., 
Pascucci V., Salvatorini G. & Sandrelli F. (2009) - Note Illustrative 
della Carta Geologica d’Italia alla scala 1:50.000 “Foglio 296 - 
Siena”. Servizio Geologico d’Italia, Roma, 129 pp.

Costantini A., Lazzarotto A., Liotta D., Mazzanti R., Mazzei R. & 
Salvatorini G.F. (2002a) - Note Illustrative della Carta Geologica 
d’Italia alla scala 1:50.000 “Foglio 306 - Massa Marittima”. Servizio 
Geologico d’Italia, Roma, 172 pp.

Costantini A., Lazzarotto A., M. M., Mazzanti R., Sandrelli F. & 
Tavarnelli E. (1995) - Geologia della Provincia di Livorno a Sud del 
Fiume Cecina. Quaderni del Museo di Storia Naturale di Livorno, 
13, 1–164.

Costantini A., Lazzarotto A., Mazzanti R., Mazzei R., Salvatorini G. & 
Sandrelli F. (2002b) - Note Illustrative della Carta Geologica d’Italia 
alla scala 1:50.000 “Foglio 285 - Volterra”. Servizio Geologico 
d’Italia, Roma, 149 pp.

Cremonini G. & Farabegoli E. (1978) - Tettonica sin-sedimentaria 
messiniana dell’Appennino romagnolo (Italia). Rendiconti della 
Società Geologica Italiana, 1, 7–8.

Cremonini G. & Ricci Lucchi F. (1982) - Guida alla Geologia del Margine 
Appenninico-padano. Guide Geologiche Regionali, Società 
Geologica Italiana, Roma, 248 pp.

http://https//doi.org/10.3301/GFT.2019.07
http://https/doi.or/10.1080/17445647.2012.668423
http://https/doi.or/10.1080/17445647.2012.668423


OUTLINE OF THE GEOLOGY OF THE NORTHERN APENNINES 187

Crescenti U., Crostella A., Donzelli G. & Raffi S. (1969) - Stratigrafia 
della serie calcarea dal Lias al Miocene nella regione marchigiano-
abruzzese (Parte II - Litostratigrafia, biostratigrafia, paleogeografia). 
Memorie della Società Geologica Italiana, 8, 343–420.

Crescenti U., D’Offizi S., Merlino S. & Sacchi L. (2004) - Geology of 
Italy. Special Volume of the Italian Geological Society for the IGC 
Florence 2004. Società Geologica Italiana, Roma, 232 pp.

Cresta S., Monechi S. & Parisi G. (1989) - Mesozoic-Cenozoic 
stratigraphy in the Umbria-Marche area, Memorie Descrittive 
della Carta Geologica d’Italia, vol. 39. Servizio Geologico d’Italia, 
Roma, 185 pp.

Dallan Nardi L. & Nardi R. (1972) - Schema stratigrafico e strutturale 
dell’Appennino settentrionale. Memorie dell’Accademia 
Lunigianese di Scienze “G. Capellini”, 42, 1–212.

Dallmeyer R. & Liotta D. (1998) - Extension, uplift of rocks and cooling 
ages in thinned crustal provinces: the Larderello Geothermal Area 
(Inner Northern Apennines, Italy). Geological Magazine, 135, 
193–202.

Damiani A.V. (2011) - Note Illustrative della Carta Geologica d’Italia alla 
scala 1:50.000 “Foglio 336 - Spoleto”. Servizio Geologico d’Italia, 
Roma, 176 pp.

Daniele G., Mochi E. & Plesi G. (1995) - L’insieme ligure-emiliano 
dell’Appennino modenese: unità tettoniche e successioni 
stratigrafiche nella zona di Frassinoro. Atti della Società Toscana 
di Scienze Naturali, Memorie, Serie A, 102, 147–158.

Daniele G. & Plesi G. (2000) - The Ligurian Helminthoid flysch units 
of the Emilian Apennines: strati- graphic and petrographic features, 
paleogeographic restoration and structural evolution. Geodinamica 
Acta, 13, 313–333.

De Donatis M. (1993) - Considerazioni stratigrafiche e tettoniche sulla 
successione Falterona-Vicchio nell’Alta Val Marecchia (Appennino 
Settentrionale). Giornale di Geologia, 55(2), 35–49.

De Donatis M., Invernizzi C., Landuzzi A., Mazzoli S. & Potetti M. 
(1998) - Crop 03: structure of the Montecalvo in Foglia-Adriatic sea 
segment. Memorie della Società Geologica Italiana, 52, 617–630.

De Feyter A. (1991) - Gravity tectonics and sedimentation of the 
Montefeltro, Italy. Geologica ultraiectina, 35, 1–168.

De Feyter A.J., Koopman A., Molenaar N. & Van Den Ende C. (1986) 
- Detachment tectonics and sedimentation, Umbro-Marchean 
Apennines (Italy). Memorie della Società Geologica Italiana, 
105(1-2), 65–85.

de Jager J. (1979) - The relation between tectonics and sedimentation 
along the Sillaro line (Northern Apennines, Italy). Geologica 
Ultraiectina, 19, 1–98.

Decandia F. & Lazzarotto A. (1980a) - Le unità tettoniche del Monte 
Argentario (Toscana merid- ionale). Memorie della Società 
Geologica Italiana, 21, 385–393.

Decandia F. & Lazzarotto A. (1980b) - L’Unità dello Pseudoverrucano 
negli affioramenti di Punta delle Rocchette, dei Monti dell’Uccellina 
e di Montebrandoli (Toscana meridionale). Memorie della Società 
Geologica Italiana, 21, 403–412.

Decandia F., Lazzarotto A. & Liotta D. (1993) - La “Serie ridotta” 
nel quadro dell’evoluzione geologica della Toscana meridionale. 
Memorie della Società Geologica Italiana, 49, 181–191.

Decandia F., Lazzarotto A., Liotta D., Cernobori L. & Nicolich R. 
(1998) - The Crop03 traverse: insights on post-collisional evolution 
of Northern Apennines. Memorie della Società Geologica Italiana, 
52, 427–439.

Decandia F.A. (1982) - Geologia dei Monti di Spoleto (Provincia di 
Perugia). Bollettino dalla Società Geologica Italiana, 101, 291–
315.

Decandia F.A. & Elter P. (1972) - La zona ofiolitifera del Bracco nel 
settore compreso tra Levanto e la Val Graveglia (Appennino Ligure). 
Memorie della Società Geologica Italiana, 11, 503–530.

Deiana G. (2009) - Note Illustrative della Carta Geologica d’Italia alla 
scala 1:50.000 “Foglio 302 - Tolentino”. Servizio Geologico d’Italia, 
Roma, 113 pp.

Deiana G. & Pialli G. (1994) - The structural provinces of the Umbro-
Marchean Apennines. Memorie della Società Geologica Italiana, 
48, 473–484.

Del Moro A., Puxeddu M., Radicati Di Brozolo F. & Villa I.M. (1982) - 
Rb-Sr and K-Ar ages on minerals at temperatures of 300-400 ◦C from 
deep wells in the Larderello geothermal field (Italy). Contributions 
to Mineralogy and Petrology, 81(4), 340–349.

Del Tredici S. & Perilli N. (1998) - Stratigrafia ed evoluzione strutturale 
della Falda Toscana lungo la terminazione nord-occidentale delle Alpi 
Apuane (area di Castelpoggio-Tenerano Appennino Settentrionale). 
Atti Ticinensi di Scienze della Terra, 7, 139–158.

Della Vedova B., Bellani S., Pellis G. & Squarci P. (2001) - Deep 
temperatures and surface heat fow distribution. In: G.B. Vai & I.P. 
Martini (Eds.), Anatomy of an Orogen: the Apennines and Adjacent 
Mediterranean Basins, pp. 65–76. Kluwer Academic Publishers, 
Dordrecht.

Di Bucci D. & Mazzoli S. (2002) - Active tectonics of the Northern 
Apennines and Adria geodynamics: new data and a discussion. 
Journal of Geodynamics, 34(5), 687–707.

Di Celma C., Pieruccini P. & Farabollini P. (2015) - Major controls 
on architecture, sequence stratigraphy and paleosols of middle 
Pleistocene continental sediments (“ Qc Unit”), eastern central Italy. 
Quaternary Research, 83(3), 565–581.

Di Giulio A. (1991) - Detritismo nella parte orientale del Bacino 
Terziario Piemontese durante l’Eocene- Oligocene: composizione 
delle arenarie ed evoluzione tettono stratigrafica. Atti Ticinensi di 
Scienze della Terra, 34, 21–41.

Di Giulio A., Mancin N. & Martelli L. (2002) - Geohistory of the Ligurian 
orogenic wedge: first inferences from paleobathymetric data of the 
Epiligurian sediments. Bollettino della Società Geologica Italiana, 
volume speciale 1, 375–384.

Di Sabatino B., Negretti G. & Potenza P.L. (1979) - Metamorfismo 
ercinico ed alpino negli affioramenti del Passo del Cerreto 
(Appennino tosco-emiliano). Memorie della Società Geologica 
Italiana, 20, 117–121.

Dini A. (2003) - Ore deposits, industrial minerals and geothermal 
resources. Periodico di Mineralogia, 72(2), 41 – 52.

Doglioni C. (1984) - Tettonica triassica compressiva nelle Dolomiti. 
Giornale di Geologia, 46(2), 47–60.

Doglioni C. (1991) - A proposal for the kinematic modelling of W-dipping 
subductions-possible applications to the Tyrrhenian-Apennines 
system. Terra Nova, 3(4), 423–434.

Doglioni C., Beltrando M., Conticelli S., Mattei M. & Peccerillo A. 
(2010) - The Geology of Italy: tectonics and life along plate margins. 
Journal of Virtual Explorer, 36.

Doglioni C., Gueguen E., Harabaglia P. & Mongelli F. (1999) - On the 
origin of west-directed subduction zones and applications to the 
western Mediterranean. In: B. Durand, L. Jolivet, F. Horvàth & 
M. Séranne (Eds.), The Mediterranean Basins: Tertiary Extension 
within the Alpine Orogen, Special Publications, 156, 541–561. 
Geological Society London.

Doglioni C., Mongelli F. & Pialli G. (1998) - Boudinage of the Alpine 
belt in the Apenninic back-arc. Memorie della Società Geologica 
Italiana, 52, 457–468.

Elter P. (1973) - Lineamenti tettonici ed evolutivi dell’Appennino 
Settentrionale. In: B. Segre, B. Accordi, P. Elter, L. Ogniben & 
A. Scherillo (Eds.), Atti del Convegno sul Tema: Moderne Vedute 
sulla Geologia dell’Apennino, Quaderni, 183, 97–109. Accademia 
Nazionale dei Lincei, Roma.

Elter P. (1975) - L’ensemble ligure. Bulletin de la Société Géologique 
de France, 17, 984–997.

Elter F. & Sandrelli F. (1994) - La fase post-nappe nella Toscana 
meridionale: nuova interpretazione sull’evoluzione dell’Appennino 
settentrionale. Atti Ticinensi di Scienze della Terra, 37, 173–193.

Elter F.M. & Pandeli E. (1990) - Alpine and Hercynian orogenic phases 
in the basement rocks of the Northern Apennines (Larderello 
geothermal fields, Southern Tuscany, Italy). Eclogae geologicae 
Helvetiae, 83, 241–264.

Elter P., Gratziu C. & Labesse B. (1964) - Sul significato dell’esistenza 
di una unità tettonica alloctona costituita da formazioni terziarie 
nell’Appennino settentrionale. Bollettino della Società Geologica 
Italiana, 83(2), 373–394.

Elter P. & Marroni M. (1991) - Le Unità Liguri dell’Appennino 
settentrionale: sintesi dei dati e nuove interpretazioni. Memorie 
Descrittive della Carta Geologica d’Italia, 46, 121–138.

Elter P. & Pertusati P.C. (1973) - Considerazioni sul limite Alpi-
Appennino e sulle relazioni con l’arco delle Alpi occidentali. 
Memorie della Società Geologica Italiana, 12, 359–394.

Elter P. & Raggi G. (1965) - Contributo alla conoscenza dell’Appennino 
Ligure: 3) - Tentativo di interpretazione delle brecce ofiolitiche 
cretacee in relazione con i movimenti orogenetici nell’Appennino 
ligure. Bollettino della Società Geologica Italiana, 84(5), 1–12.



P. CONTI ET ALII188

Faraone D. & Stoppa F. (1990) - Petrology and regional implications of 
Early Cretaceous Alkaline-Lamprophyres in the Ligure Maremmano 
Group (Southern Tuscany, Italy): an outline. Ofioliti, 15(1), 45–59.

Fazzini P. & Parea G.C. (1966) - Contributo alla conoscenza dello 
Pseudoverrucano. Memorie della Società Geologica Italiana, 5(3), 
189–224.

Fazzuoli M., Ferrini G., Pandeli E. & Sguazzoni G. (1985) - Le 
formazioni giurassico-mioceniche della Falda Toscana a Nord 
dell’Arno: considerazioni sull’evoluzione sedimentaria. Memorie 
della Società Geologica Italiana, 30, 159–201.

Fazzuoli M., Pandeli E. & Sandrelli F. (1996) - Nuovi dati litostratigrafici 
sulla Scaglia Toscana (Scisti Policromi) dei Monti del Chianti 
(Appennino Settentrionale. Atti della Società Toscana di Scienze 
Naturali, Memorie, Serie A, 103, 95–104.

Fazzuoli M., Pandeli E. & Sani F. (1994) - Considerations on the 
sedimentary and structural evolution of the Tuscan domain since 
Early Triassic to Tortonian. Memorie della Società Geologica 
Italiana, 48(1), 31–50.

Fazzuoli M., Sani F., Ferrini G., Garzonio C.A., Sguazzoni G., 
Becarelli S., Burchietti G. & Mannori G. (1998) - Geologia del 
nucleo mesozoico della Val di Lima (province di Pistoia e Lucca, 
Appennino Settentrionale); note illustrative della carta geologica 
(scala 1:25.000). Bollettino della Società Geologica Italiana, 
117(2), 479–535.

Fidolini F., Ghinassi M., Magi M., Papini M. & Sagri M. (2013) - The 
Plio-Pleistocene fluvio- lacustrine Upper Valdarno Basin (central 
Italy): stratigraphy and basin fill evolution. Italian Journal of 
Geosciences, 132(1), 13–32.

Finetti I.R. (2005) - CROP Project: Deep Seismic Exploration of the Central 
Mediterranean and Italy, Atlases in Geoscience, 1. Elsevier, 779 pp.

Finetti I.R., Boccaletti M., Bonini C., Del Ben A., Geletti R., Pipan 
M. & Sani F. (2001) - Crustal section based on CROP seismic data 
across the North Tyrrhenian-Northern Apennines-Adriatic Sea. 
Tectonophysics, 343, 135–163.

Fioroni C., Fontana D., Panini F. & Parmeggiani F. (1996) - La 
successione Monte Venere- Monghidoro nell’Appennino modenese 
e bolognese. Accademia Nazionale di Scienze, Lettere e Arti di 
Modena, Collana di Studi, 15, 223–257.

Fonnesu M. & Felletti F. (2019) - Facies and architecture of a sand-
rich turbidite system in an evolving collisional-trench basin: a 
case history from the Upper Cretaceous-Palaeocene Gottero system 
(NW Apennines). Rivista Italiana di Paleontologia e Stratigrafia 
(Research In Paleontology and Stratigraphy), 125(2), 449–487.

Fontana D., Spadafora E., Stefani C., Stocchi S., Tateo F., Villa G. & 
Zuffa G.G. (1994) - The Upper Cretaceous Helminthoid flysch of 
the Northern Apennines: provenance and sedimentation. Memorie 
della Società Geologica Italiana, 48, 237–250.

Ford T.D. & Pedley H.M. (1996) - A review of tufa and travertine 
deposits of the world. Earth-Science Reviews, 41(3-4), 117–175.

Foresi L., Cornamusini G., Bossio A., Mazzei R., Salvatorini G. & 
Argenti P. (2000) - La successione miocenica dell’Isola di Pianosa 
nel Mar Tirreno Settentrionale. In: Actes du Congres Environnement 
et identité en Mediterranée, pp. 175–178. Corte, juin 2000.

Foresi L., Pascucci V. & Sandrelli F. (1997a) - Sedimentary and 
ichnofacies analysis of the Epiligurian Ponsano Sandstone 
(northern Apennines, Tuscany, Italy). Giornale di Geologia, 59, 
301–314.

Foresi L.M., Pascucci V. & Sandrelli F. (1997b) - L’Arenaria Miocenica 
di Ponsano (Toscana, Italia): evoluzione paleoambientale e bio-
cronostratigrafica. Bollettino della Società Paleontologica 
Italiana, 36, 213–231.

Franceschelli M., Gianelli G., Pandeli E. & Puxeddu M. (2004) - 
Variscan and Alpine metamorphic events in the northern Apennines 
(Italy): a review. Periodico di Mineralogia, 73(special issue 2), 
43–56.

Franceschelli M., Leoni L., Memmi M. & Puxeddu M. (1986) - Regional 
distribution of Al-silicates and metamorphic zonation in the low-
grade Verrucano metasediments from the Northern Apennines, 
Italy. Journal of Metamorphic Geology, 4, 309–321.

Franceschelli M., Memmi I., Carcangiu G. & Gianelli G. (1997) - 
Prograde and retrograde chloritoid zoning in low temperature 
metamorphism, Alpi Apuane, Italy. Schweizerische Mineralogische 
und Petrographische Mitteilungen, 77, 41–50.

Fregni P. & Panini F. (1988) - Lacuna stratigrafica tra le Formazioni di 
Ranzano e di Antognola nelle zone di Roteglia e Montebaranzone 

(Appennino reggiano e modenese). Rivista Italiana di Paleontologia 
e Stratigrafia, 93, 261–280.

Froitzheim N. & Manatschal G. (1996) - Kinematics of Jurassic 
rifting, mantle exhumation, and passive margin formation in the 
Austroalpine and Penninic nappes (estern Switzerland). Geological 
Society of America Bulletin, 108(9), 1120–1133.

Galiberti A., Giannelli L., Mazzanti R., Salvatorini G. & Sanesi G. 
(1982) - Schema stratigrafico del Quaternario della zona compresa 
fra Castiglioncello, Guardistallo, S. Vincenzo (Toscana marittima). 
In: Atti XXIII Riunione Scientifica Ist. It. Preist. e Protost., 
Firenze 7-9-Maggio 1980, pp. 499–510.

Gandin A. (2012) - Tectonic control on the sedimentary architecture 
of Early Mesozoic mixed siliciclastic- carbonate Pseudoverrucano 
successions (southern Tuscany, Italy). Italian Journal of 
Geosciences, 131(1), 77–94.

Gandolfi G. & Paganelli L. (1992) - Il Macigno costiero fra La Spezia e 
Grosseto. Giornale di Geologia, 54(1), 163–179.

Garcia-Castellanos D., Estrada F., Jiménez-Munt I., Gorini C., 
Fernández M., Vergés J. & De Vicente R. (2009) - Catastrophic 
flood of the Mediterranean after the Messinian salinity crisis. 
Nature, 462(7274), 778–781.

Gasperi G., Bettelli G., Panini F. & Pizziolo M. (2005) - Note Illustrative 
della Carta Geologica d’Italia alla scala 1:50.000 “Foglio 219 - 
Sassuolo”. Servizio Geologico d’Italia, Roma, 195 pp.

Gennari R., Manzi V., Angeletti L., Bertini A., Biffi U., Ceregato 
A., Faranda C., Gliozzi E., Lugli S., Menichetti E., Rosso A., 
Roveri M. & Taviani M. (2013) - A shallow water record of the 
onset of the Messinian salinity crisis in the Adriatic foredeep 
(Legnagnone section, Northern Apennines). Palaeogeography, 
Palaeoclimatology, Palaeoecology, 386, 145–164.

Ghielmi M., Minervini M., Nini C., Rogledi S. & Rossi M. (2013) - Late 
Miocene–Middle Pleistocene sequences in the Po Plain–Northern 
Adriatic Sea (Italy): the stratigraphic record of modification phases 
affecting a complex foreland basin. Marine and Petroleum Geology, 
42, 50–81.

Ghielmi M., Serafini G., Artoni A., Di Celma C. & Pitts A. (2019) - 
From Messinian to Pleistocene: tectonic evolution and stratigraphic 
architecture of the Central Adriatic Foredeep (Abruzzo and Marche, 
Central Italy). In: 34th IAS Meeting of Sedimentology, Rome - Italy, 
September 10th-13th 2019, Field Trip A4 - Guide Book, p. 44. 
International Association of Sedimentologists.

Ghinassi M. (2011) - Chute channels in the Holocene high-sinuosity 
river deposits of the Firenze plain, Tuscany, Italy. Sedimentology, 
58(3), 618–642.

Ghinassi M., Fidolini F., Magi M. & Sagri M. (2013) - Depositional 
environments of the Plio- Pleistocene Upper Valdarno Basin 
(Tuscany, Italy). Italian Journal of Geosciences, 132(1), 33–53.

Giammarino S., Giglia G., Capponi G., Crispini L. & Piazza M. (2002) - Carta 
Geologica della Liguria. Scala 1:250.000, Università di Genova - 
Dipartimento per lo Studio del Territorio e delle sue Risorse, Genova.

Giannini E. (1957) - I fossili dell’arenaria di Manciano (Grosseto). 
Palaeontographia Italica, 51, 97–103.

Giannini E., Lazzarotto A. & Signorini R. (1971) - Lineamenti di 
stratigrafia e tettonica. Rendiconti della Società Italiana di 
Mineralogia e Petrologia, 27, 33–168.

Giorgetti G., Goffé B., Memmi I. & Nieto F. (1998) - Metamorphic 
evolution of Verrucano metasediments in northern Apennines: new 
petrological constraints. European Journal of Mineralogy, 10, 
1295–1308.

Guerrera F. & Tramontana M. (2011) - Note Illustrative della Carta 
Geologica d’Italia 1:50.000 “Foglio 281 - Senigallia”. Servizio 
Geologico d’Italia, Roma, 116 pp.

Guerrera F. & Tramontana M. (2012) - Note Illustrative della Carta 
Geologica d’Italia 1:50.000 “Foglio 292 - Jesi”. Servizio Geologico 
d’Italia, Roma, 122 pp.

Günther K. & Reutter K.J. (1985) - Il significato delle strutture 
dell’unità di M. Modino-M. Cervarola tra il Passo delle Radici e il M. 
Falterona in relazione alla tettonica dell’Appennino settentrionale. 
Giornale di Geologia, 47(1-2), 15–34.

Hoogerduijn Strating E.H. (1990) - The evolution of the Piemonte-
Ligurian ocean. A structural study of ophiolite complexes in Liguria 
(NW Italy). Geologica Ultraiectina, 74, 1–127.

Hoogerduijn Strating E.H., Rampone E., Piccardo G.B., Drury M.R. 
& Vissers R.L.M. (1993) - Subsolidus emplacement of mantle 



OUTLINE OF THE GEOLOGY OF THE NORTHERN APENNINES 189

peridotite during incipient oceanic rifting and opening of the 
Mesozoic Tethys (Voltri Massif, NW Italy). Journal of Petrology, 34, 
901–927.

Hoogerduijn Strating E.H. & Van Wamel W.A. (1989) - The structure 
of the Bracco Ophiolite complex (Ligurian Apennines, Italy): a 
change from Alpine to Apennine polarity. Journal of the Geological 
Society, 146(6), 933–944.

Hsü K.J., Montadert L., Bernoulli D., Cita M.B., Erickson A., Garrison 
R.E., Kidd R.B., Mèlierés F., Müller C. & Wright R. (1977) - 
History of the Mediterranean salinity crisis. Nature, 267(5610), 
399–403.

Hsü K.J., Ryan W.B.F., Cita M.B. - (1973) - Late Miocene desiccation of 
the Mediterranean. Nature, 242(5395), 240–244.

Ielpi A. (2013) - Frequency-reliant correlative patterns of asymmetric 
lacustrine–paralic sequences: a genetic approach to the late Miocene 
Bithynia marlstones of the southeastern Volterra Basin, Italy. 
Journal of Sedimentary Research, 83(5), 377–394.

Ielpi A. & Cornamusini G. (2012) - A progressive unconformity-bounded 
stratigraphic unit within extensional settings, SE Volterra Basin, 
Italy. Rendiconti online della Società Geologica Italiana, 21, 
1047–1049.

Ielpi A. & Cornamusini G. (2013) - An outer ramp to basin plain 
transect: Interacting pelagic and calciturbidite deposition in the 
Eocene-Oligocene of the Tuscan Domain, Adria Microplate (Italy). 
Sedimentary Geology, 294, 83–104.

Ielpi A. & Cornamusini G. (2016) - Geology of the late Miocene south-
eastern Volterra Basin (Northern Apennines, Italy). Journal of 
Maps, 12(1), 12–25.

Innocenti I., Serri G., Ferrara G., Manetti P. & Tonarini S. (1992) - 
Genesis and classification of the rocks of the Tuscan Magmatic 
Province: thirty years after Marinelli’s model. Acta Vulcanologica, 
2, 247–265.

Invernizzi C., Landuzzi A., Negri A. & Potetti M. (1995) - Stratigrafia ed 
evoluzione tettonico- sedimentaria mio-pliocenica dell’area pesarese 
tra il F. Foglia e il F. Metauro. Studi Geologici Camerti, Volume 
speciale 1995/1, 451–464.

Jolivet L., Duboius R., Fournier M., Goffé B., Michard A. & Jourdan 
C. (1990) - Ductile extension in Alpine Corsica. Geology, 18, 1007–
1010.

Jolivet L., Faccenna C., Goffé B., Mattei M., Rossetti F., Brunet C., 
Storti F., Funiciello R., Cadet J., D’Agostino N. & Parra T. (1998) - 
Midcrustal shear zones in postorogenic extension: example from the 
northern Tyrrhenian Sea. Journal of Geophysical Research, 103, 
12123–12160.

Kälin O., Patacca E. & Renz O. (1979) - Jurassic pelagic deposits 
from Southeastern Tuscany; aspects of sedimentation and new 
biostratigraphic data. Eclogae geologicae Helvetiae, 72(3), 715–
762.

Kligfield R. (1979) - The Northern Apennines as a collision orogen. 
American Journal of Science, 279(6), 676–691.

Kligfield R., Hunziker J., Dallmeyer R.D. & Schamel S. (1986) - Dating 
of deformation phases using K-Ar and 40Ar/ 39Ar techniques; results 
from the Northern Apennines. Journal of Structural Geology, 8(7), 
781–798.

Krampe K.D. (1969) - Sulla posizione dei terreni preliassici nell’Appennino 
tosco-emiliano fra Sassalbo e Busana (Massa-Carrara, Reggio 
Emilia). L’Ateneo Parmense - Acta Naturalia, 5(1), 111–136.

Krijgsman W., Hilgen F.J., Raffi I., Sierro F.J. & Wilson D.S. (1999) - 
Chronology, causes and progression of the Messinian salinity crisis. 
Nature, 400(6745), 652–655.

Landuzzi A. (1994) - Relationships between the Marnoso-Arenacea 
formation of the inner Romagna units and the Ligurids (Italy). 
Memorie della Società Geologica Italiana, 48, 523–534.

Lavecchia G. (1985) - Il sovrasconimento dei Monti Sibillini; analisi 
cinematica e strutturale. Bollettino della Società Geologica 
Italiana, 104(1), 161–194.

Lavecchia G., Boncio P. & Creati N. (2003) - A lithospheric-scale 
seismogenic thrust in central Italy. Journal of Geodynamics, 36(1-
2), 79–94.

Lavecchia G., Minelli G. & Pialli G. (1983) - Strutture plicative minori 
dell’Appennino umbro-marchigiano. Bollettino della Società 
Geologica Italiana, 102(1), 95–112.

Lavecchia G., Minelli G. & Pialli G. (1988) - The Umbria-Marche 
arcuate fold belt (Italy). Tectono- physics, 146, 125–137.

Lazzarotto A., Aldinucci M., Cirilli S., Costantini A., Decandia F., 
Pandeli E., Sandrelli F. & Spina A. (2003) - Stratigraphic correlation 
of the Upper Paleozoic-Triassic successions in southern Tuscany, 
Italy. Bollettino della Società Geologica Italiana, Volume speciale, 
2, 25–35.

Lazzarotto A., Martellini F., Mazzanti R., Mazzei R. & Sandrelli F. 
(1995) - La Formazione di Lanciaia nelle aree a Sud di Micciano 
e a Nord di Montecerboli (Provincia di Pisa). Atti della Società 
Toscana di Scienze Naturali, Memorie, Serie A, 102, 159–169.

Lazzarotto A. & Mazzanti R. (1976) - Geologia dell’Alta Val di Cecina. 
Bollettino della Società Geologica Italiana, 95, 1365–1487.

Lazzarotto A., Mazzanti R. & Mazzoncini F. (1964) - Geologia del 
Promontorio dell’Argentario (Grosseto) e del Promontorio del 
Franco (Isola del Giglio-Grosseto). Bollettino della Società 
Geologica Italiana, 83, 1–124.

Lazzarotto A. & Sandrelli F. (1979) - Stratigrafia e assetto tettonico delle 
formazioni neogeniche nel bacino del Casino (Siena). Bollettino 
della Società Geologica italiana, 96, 747–762.

Lazzarotto A., Sandrelli F., Foresi L.M., Mazzei R., Salvatorini G.F., 
Cornamusini G. & Pascucci V. (2002) - Note Illustrative della Carta 
Geologica d’Italia alla scala 1:50.000 “Foglio 295 - Pomarance”. 
Servizio Geologico d’Italia, Roma, 140 pp.

Lemoine M., Boillot G. & Tricart P. (1987) - Ultramafic and gabbroic 
ocean floor of the Ligurian Tethys (Alps, Corsica, Apennines): in 
search of a genetic model. Geology, 15(7), 622–625.

Leoni L., Montomoli C. & Carosi R. (2009) - Il metamorfismo delle 
unità tettoniche dei Monti Pisani (Appennino settentrionale). Atti 
della Società Toscana di Scienze Naturali, Memorie, Serie A, 114, 
61–73.

Leoni L. & Pertusati P.C. (2003) - Il metamorfismo dei depositi clastici 
triassici di Lerici-S. Terenzo, del Passo del Cerreto, di Collagna (Val 
di Secchia) e di Soraggio (Appennino Settentrionale). Atti della 
Società Toscana di Scienze Naturali, Memorie, Serie A, 108, 
113–124.

Liotta D. (1991) - The Arbia-Val Marecchia line (Northern Apennines). 
Eclogae geologicae Helvetiae, 84(2), 413–430.

Liotta D., Brogi A., Meccheri M., Dini A., Bianco C. & Ruggieri G. 
(2015) - Coexistence of low-angle normal and high-angle strike- to 
oblique-slip faults during Late Miocene mineralization in eastern 
Elba Island (Italy). Tectonophysics, 660, 17–34.

Lo Pò D., Braga R. & Massonne H.J. (2016a) - Petrographic, mineral 
and pressure–temperature constraints on phyllites from the 
Variscan basement at Punta Bianca, Northern Apennines, Italy. 
Italian Journal of Geosciences, 135 (3), 489–502.

Lo Pò D., Braga R., Massonne H.J., Molli G., Montanini A. & Bargossi 
G.M. (2018) - High-pressure tectono-metamorphic evolution of 
mylonites from the Variscan basement of the Northern Apennines, 
Italy. Journal of Metamorphic Geology, 36, 23–39.

Lo Pò D., Braga R., Massonne H.J., Molli G., Montanini A. & Theye T. 
(2016b) - Fluid-induced breakdown of monazite in medium-grade 
metasedimentary rocks of the Pontremoli basement (Northern 
Apennines, Italy). Journal of Metamorphic Geology, 34, 63–84.

Lucente C.C., Manzi V., Ricci Lucchi F. & Roveri M. (2002) - Did the 
Ligurian Sheet cover the whole thrust belt in Tuscany and Romagna 
Apennines? Some evidences from gravity emplaced deposits. 
Bollettino della Società Geologica Italiana, volume speciale n. 
1, 393–398.

Lucente C.C. & Pini G.A. (2008) - Basin-wide mass-wasting complexes 
as markers of the Oligo-Miocene foredeep-accretionary wedge 
evolution in the Northern Apennines, Italy. Basin Research, 20(1), 
49–71.

Lugli S., Morteani G. & Blamart D. (2002) - Petrographic, REE, fluid 
inclusion and stable isotope study of magnesite from the Upper 
Triassic Burano Evaporites (Secchia Valley, northern Apennines): 
contributions from sedimentary, hydrothermal and metasomatic 
sources. Mineralium Deposita, 37, 480–494.

Malavieille J., Molli G., Genti M., Dominguez S., Beyssac O., Taboada 
A., Vitale- Brovarone A., Chia-Yu L. & Chih-Tung C. (2016) - 
Formation of ophiolite-bearing tectono- sedimentary mélanges in 
accretionary wedges by gravity driven submarine erosion: Insights 
from analog models and case studies. Journal of Geodynamics, 
100, 87–103.

Malinverno A. & Ryan W.B.F. (1986) - Extension in the Thyrrenian Sea 
and shortening in the Apennines as result of arc migration driven by 
sinking of the lithosphere. Tectonics, 5, 227–246.



P. CONTI ET ALII190

Manatschal G. (2004) - New models for evolution of magma-poor rifted 
margins based on a review of data and concepts from West Iberia 
and the Alps. International Journal of Earth Sciences, 93(3), 432–
466.

Manatschal G. & Bernoulli D. (1999) - Architecture and tectonic 
evolution of nonvolcanic margins: present-day Galicia and ancient 
Adria. Tectonics, 18(6), 1099–1119.

Mancin N., Martelli L. & Barbieri C. (2006) - Foraminiferal 
biostratigraphic and paleobathymetric constraints in geohistory 
analysis: The example of the Epiligurian succession of the Secchia 
Valley (northern Apennines, Mid Eocene-Late Miocene). Bollettino 
della Società Geologica Italiana, 125(2), 163–186.

Mantovani E., Babbucci D., Tamburelli C. & Viti M. (2009) - A review 
on the driving mechanism of the Tyrrhenian–Apennines system: 
Implications for the present seismotectonic setting in the Central- 
Northern Apennines. Tectonophysics, 476(1-2), 22–40.

Manzi V., Gennari R., Hilgen F., Krijgsman W., Lugli S., Roveri M. & 
Sierro F.J. (2013) - Age refinement of the Messinian salinity crisis 
onset in the Mediterranean. Terra Nova, 25(4), 315–322.

Manzi V., Lugli S., Ricci Lucchi F. & Roveri M. (2005) - Deep-water 
clastic evaporites deposition in the Messinian Adriatic foredeep 
(northern Apennines, Italy): did the Mediterranean ever dry out? 
Sedimentology, 52, 875–902.

Marchi A., Catanzariti R. & Pandolfi L. (2017) - Calcareous nannofossil 
biostratigraphy: a tool for deciphering the stratigraphic evolution 
of the Mt. Modino Unit. Italian Journal of Geosciences, 136(2), 
171–185.

Marini M. (1991) - Considerations on the sandstone bodies of the Monte 
Gottero Unit west of the Bracco Massif (Ligurian Apennines, Italy). 
Giornale di Geologia, 53(2), 207–2018.

Marini M. (1994) - Le arenarie di Monte Gottero nella sezione del M. 
Ramaceto (Unità del Monte Gottero, Appennino Ligure). Bollettino 
della Società Geologica Italiana, 113, 283-302.

Marroni M., Meneghini F. & Pandolfi L. (2010) - Anatomy of the Ligure-
Piemontese subduction system: evidence from Late Cretaceous–
middle Eocene convergent margin deposits in the Northern 
Apennines, Italy. International Geology Review, 52(10-12), 1160–
1192.

Marroni M., Meneghini F. & Pandolfi L. (2017) - A revised subduction 
inception model to explain the Late Cretaceous, double vergent 
orogen in the pre-collisional Western Tethys: evidence from the 
Northern Apennines. Tectonics, 36, 2227–2249.

Marroni M., Molli G., Montanini A. & Tribuzio R. (1998) - The 
association of continental crust rocks with ophiolites in the 
Northern Apennines (Italy): implications for the continent-ocean 
transition in the Western Tethys. Tectonophysics, 292, 43–66.

Marroni M., Molli G., Ottria G. & Pandolfi P. (2001) - Tectono-
sedimentary evolution of the External Liguride units (Northern 
Apennines, Italy): insights in the pre-collisional history of a fossil 
ocean-continent transition zone. Geodinamica Acta, 14, 307–320.

Marroni M., Monechi S., Perilli N., Principi G. & Treves B. (1992) - 
Late Cretaceous flysch deposits of the Northern Apennines, Italy: 
age of inception of orogenesis-controlled sedimentation. Cretaceous 
Research, 13, 487–504.

Marroni M., Moratti G., Costantini A., Conticelli S., Benvenuti M.G., 
Pandolfi L., Bonini M., Cornamusini G. & Laurenzi M.A. (2015a) 
- Geology of the Monte Amiata region, Southern Tuscany, Central 
Italy. Italian Journal of Geosciences, 134(2), 171–199.

Marroni M., Pandeli E., Pandolfi L. & Catanzariti R. (2015b) - Updated 
picture of the Ligurian and Sub-Ligurian units in the Mt. Amiata 
area (Tuscany, Italy): elements for their correlation in the framework 
of the Northern Apennines. Italian Journal of Geosciences, 134(2), 
200–218.

Marroni M. & Pandolfi L. (2001) - Debris flow and slide deposits at 
the top of the Internal Liguride ophiolitic sequence, Northern 
Apennines, Italy: a record of frontal tectonic erosion in a fossil 
accretionary wedge. The Island Arc, 10(1), 9–21.

Martelli L. (2002) - Note Illustrative della Carta Geologica d’Italia 
alla scala 1:50.000 “Foglio 265 - Bagno di Romagna”. Servizio 
Geologico d’Italia, Roma, 106 pp.

Martelli L., Cibin U., Di Giulio A. & Catanzariti R. (1998) - Litostratigrafia 
della Formazione di Ranzano (Priaboniano-Rupeliano, Appennino 
Settentrionale e Bacino Terziario Piemontese). Bollettino della 
Società Geologica italiana, 117(1), 151–185.

Martini G. & Plesi G. (1988) - Scaglie tettoniche divelte dal complesso 
di M. Modino e trascinate alla base delle unita Subligure e Ligure; 
gli esempi del M. Ventasso e del M. Cisa (Appennino Reggiano). 
Bollettino della Società Geologica Italiana, 107(1), 171–191.

Martini I., Cascella A. & Rau A. (1995) - The Manciano Sandstone: 
a shoreface deposit of Miocene basin of the Northern Apennines, 
Italy. Sedimentary Geology, 99, 37–59.

Martini I.P., Rau A. & Tongiorgi M. (1986) - Syntectonic sedimentation 
in a Middle triassic Rift, Northern Apennines, Italy. Sedimentary 
Geology, 47(3-4), 191–219.

Martini I.P. & Sagri M. (1977) - Sedimentary fillings of ancient deep-sea 
channels: two examples from Northern Apennines (Italy). Journal 
of Sedimentary Petrology, 47(4), 1542–1553.

Martini I.P. & Sagri M. (1993) - Tectono-sedimentary characteristics 
of Late Miocene-Quaternary extensional basins of the Northern 
Apennines. Earth-Science Reviews, 34, 197–233.

Martini I.P., Sagri M. & Colella A. (2001) - Neogene-Quaternary 
basins of the inner Apennines and Calabrian arc. In: G.B. Vai & I.P. 
Martini (Eds.), Anatomy of an Orogen: the Apennines and Adjacent 
Mediterranean Basins, pp. 375–400. Kluwer Academic Publishers, 
Dordrecht.

Martinis B. & Pieri M. (1964) - Alcune notizie sulla formazione 
evaporitica del Triassico superiore nell’Italia centrale e meridinale. 
Memorie della Società Geologica Italiana, 4(1), 649–678.

Massari F. (1986) - Some thoughts on the Permo-Triassic evolution of 
the South-Alpine area (Italy). Memorie della Società Geologica 
Italiana, 34, 179–188.

Mauffret A. & Contrucci I. (1999) - Crustal structure of the North 
Tyrrhenian Sea: first result of the multichannel seismic LISA 
cruise. In: B. Durand, L. Jolivet, F. Horvath & M. Séranne (Eds.), 
The Mediterranean Basins: Tertiary Extension Within the Alpine 
Orogen, Special Publications, 156, 169–193. Geological Society of 
London, London.

Mauffret A., Contrucci I. & Brunet C. (1999) - Structural evolution of 
the Northern Tyrrhenian Sea from new seismic data. Marine and 
Petroleoum Geology, 16, 381–407.

Mazzanti R. (1983) - Il punto sul Quaternario della fascia costiera e 
dell’arcipelago di Toscana. Bollettino della Società Geologica 
Italiana, 102(4), 419–556.

Mazzanti R., Mazzei R., Menesini E. & Salvatorini G. (1981) - L’Arenaria 
di Ponsano: nuove precisazioni sopra l’età. In: IX Convegno 
della Società Paleontologica Italiana, pp. 135–160. Società 
Paleontologica Italiana, Pisa.

Mazzoncini F. (1965) - L’Isola di Gorgona. Studio geologico e petrografico. 
Atti della Società Toscana di Scienze Naturali, Memorie, Serie A, 
72, 186–237.

Menichetti M., De Feyter A. & Corsi M. (1991) - Crop 03-Il tratto 
Val Tiberina-Mare Adri- atico sezione geologica e caratterizzazione 
tettonico-sedimentaria delle avanfosse della zona umbro- 
marchigiano-romagnola. Studi Geologici Camerti, Volume 
Speciale 1991/1, 279–293.

Menichetti M. & Pialli G. (1986) - Geologia strutturale del Preappennino 
umbro tra i Monti di Gubbio e la catena del M. Petrano-M. Cucco 
(Appennino Umbro-Marchigiano). Memorie dalla Società 
Geologica Italiana, 35(1), 371–388.

Merla G. (1951) - Geologia dell’Appennino settentrionale. Bollettino 
della Società Geologica Italiana, 70, 95–382.

Mezzadri G. (1963) - Petrografia delle Arenarie di Ostia. Rendiconti 
della Società Italiana di Mineralogia, 20, 193–228.

Micarelli A. & Cantalamessa G. (2006) - Note Illustrative della Carta 
Geologica d’Italia alla scala 1:50.000 “Foglio 314 - Montegiorgio”. 
Servizio Geologico d’Italia, Roma, 90 pp.

Milli S., Moscatelli M., Stanzione O. & Falcini F. (2007) - Sedimentology 
and physical stratigraphy of the Messinian turbidite deposits of the 
Laga basin (central Apennines, Italy). Bollettino dalla Società 
Geologica Italiana, 126(2), 255–281.

Mochi E., Plesi G. & Villa G. (1995) - Biostratigrafia a nannofosili 
calcarei della parte basale della successione del M. Modino (nell’area 
dei Fogli 234 e 235) ed evoluzione strutturale dell’unità omonima. 
Studi Geologici Camerti, 13, 39–73.

Molli G. (2008) - Northern Apennine–Corsica orogenic system: an 
updated overview. In: S. Siegesmund, B. Fugenschuh & N. Froitzheim 
(Eds.), Tectonic Aspects of the Alpine–Dinaride–Carpathian System, 
Geological Society of London Special Publications, 298, 413–442. 
Geological Society of London, London.



OUTLINE OF THE GEOLOGY OF THE NORTHERN APENNINES 191

Molli G., Giorgetti G. & Meccheri M. (2000) - Structural and 
petrological constrains on the tectono-metamorphic evolution 
of the Massa Unit (Alpi Apuane, NW Tuscany, Italy). Geological 
Journal, 35, 251–264.

Molli G. & Malavieille J. (2011) - Orogenic processes and the 
Corsica/Apennines geodynamic evolution: insights from Taiwan. 
International Journal of Earth Sciences, 100, 1207–1224.

Molli G., Montanini A. & Frank W. (2002) - Morb-derived Variscan 
amphibolites in the Northern Apennine basement: The Cerreto 
metamorphic slices (Tuscan-Emilian Apennine, NW Italy). Ofioliti, 
27(1), 17–30.

Molli G., Vitale Brovarone A., Beyssac O. & Cinquini I. (2018) - 
RSCM thermometry in the Alpi Apuane (NW Tuscany, Italy): New 
contraints for the metamorphic and tectonic history of the inner 
northern Apennines. Journal of Structural Geology, 113, 200–2016.

Montanari L. & Rossi M. (1982) - Evoluzione delle unità stratigrafico-
strutturali terziarie del nordap- pennino; 1) L’Unità di Canetolo. 
Bollettino dalla Società Geologica Italiana, 101(2), 275–289.

Montomoli C., Carosi R. & Pertusati P.C. (2009) - Tectonic history of the 
Monti dell’Uccellina range, Southern Tuscany, Italy. Bollettino della 
Società Geologica Italiana, 128, 515–526.

Moretti A. (1991) - Stratigrafia e rilevamento geologico dell’area di 
Monte Leoni-Roselle (Grosseto). Studi Geologici Camerti, Volume 
Speciale 1991/1, 149–153.

Musumeci G., Mazzarini F., Tiepolo M. & Di Vincenzo G. (2011) - U-Pb 
and 40Ar-39Ar geochronology of Palaeozoic units in the northern 
Apennines: determining protolith age and alpine evolution using the 
Calamita Schist and Ortano Porphyroid. Geological Journal, 46(4), 
288–310.

Mutti E., Lucchi F.R., Seguret M. & Zanzucchi G. (1984) - 
Seismoturbidites: a new group of resedimented deposits. Marine 
Geology, 55(1-2), 103–116.

Mutti E., Papani L., Di Biase D., Davoli G., Mora S., Segadelli S. & 
Tinterri R. (1995) - Il Bacino Terziario Epimesoalpino e le sue 
implicazioni sui rapporti tra Alpi ed Appennino. Memorie di 
Scienze Geologiche, 47, 217–244.

Nalin R., Ghinassi M., Foresi L.M. & Dallanave E. (2016) - Carbonate 
deposition in restricted basins: a Pliocene case study from the 
central Mediterranean (northwestern Apennines), Italy. Journal of 
Sedimentary Research, 86(3), 236–267.

Nardi R. (1965) - Schema geologico dell’Appennino tosco-emiliano tra 
il Monte Cusna e il Monte Cimone e considerazioni sulle unità 
tettoniche dell’Appennino. Bollettino della Società Geologica 
Italiana, 83(4), 353–400.

Nilsen T.H. & Abbate E. (1984) - Submarine-fan facies associations of 
the Upper Cretaceous and Paleocene Gottero Sandstone, Ligurian 
Apennines, Italy. Geo-Marine Letters, 3(2), 193–197.

Nirta G., Pandeli E., Principi G., Bertini G. & Cipriani N. (2005) - The 
Ligurian Units of Southern Tuscany. Bollettino dalla Società 
Geologica Italiana, Volume Speciale n. 3, 29–54.

Nirta G., Principi G. & Vannucchi P. (2007) - The Ligurian Units of 
Western Tuscany (Northern Apennines): insight on the influence 
of pre-existing weakness zones during ocean closure. Geodinamica 
Acta, 20(1-2), 71–97.

Ori G., Serafini G., Visentin C., Lucchi F.R., Casnedi R., Colalongo M. 
& Mosna S. (1993) Depositional history of the Pliocene-Pleistocene 
Adriatic foredeep (Central Italy) from surface and subsurface data. 
In: A.M. Spencer (Ed.), Generation, Accumulation and Production 
of Europe’s Hydrocarbons III, Special Publication of the European 
Association of Petroleum Geoscientists, 3, 233–258. Springer.

Ori G.C., Roveri M. & Vannoni F. (1986) - Plio-Pleistocene 
sedimentation in the Apenninic-Adriatic foredeep (Central Adriatic 
Sea, Italy). In: Foreland Basins, International Association of 
Sedimentologists Special Publications, 8, 183–198. Blackwell 
Scientific Publications.

Ori G.G. & Friend P.F. (1984) - Sedimentary basins formed and carried 
piggyback on active thrust sheets. Geology, 12, 475–478.

Orszag-Sperber F. (2006) - Changing perspectives in the concept 
of “Lago-Mare” in Mediterranean Late Miocene evolution. 
Sedimentary Geology, 188, 259–277.

Pandeli E., Bartolini C., Dini A. & Antolini E. (2010) - New data on 
the paleogeography of Southern Tuscany (Italy) since Late Miocene 
time. International Journal of Earth Sciences, 99, 1357–1381.

Pandeli E., Bertini G., Castellucci P., Morelli M. & Monechi S. (2005a) 
- The sub-Ligurian and Ligurian units of the Mt. Amiata geothermal 
region (south-eastern Tuscany): new stratigraphic and tectonic 
data and insights into their relationships with the Tuscan Nappe. 
Bollettino dalla Società Geologica Italiana, Volume Speciale n. 
3, 55–71.

Pandeli E., Fazzuoli M., Sandrelli F., Mazzei R., Monechi S., Nocchi M., 
Martini I. & Valleri G. (2018) - The Scaglia Toscana Formation of 
the Monti del Chianti: new lithostratigraphic and biostratigraphic 
data. Italian Journal of Geosciences, 137(1), 38–61.

Pandeli E., Gianelli G. & Morelli M. (2005b) - The crystalline units 
of the middle-upper crust of the Larderello geothermal region 
(southern Tuscany, Italy); new data for their classification and 
tectono-metamorphic evolution. Bollettino della Società Geologica 
Italiana, Volume Speciale 3, 139–155.

Pandeli E., Gianelli G., Puxeddu M. & Elter F.M. (1994) - The 
Paleozoic basement of the northern Appennines: stratigraphy, 
tectono-metamorphic evolution and Alpine hydrothermal processes. 
Memorie della Società Geologica Italiana, 48, 627–654.

Pandolfi L. (1996) - Le arenarie del M. Gottero nella sezione di Punta 
Mesco (Campaniano sup.- Paleocene inf., Appennino settentrionale): 
analisi stratigrafica e petrografica della parte prossimale di un 
sistema torbiditico. Atti della Società Toscana di Scienze Naturali, 
Memorie, Serie A, 103, 197–208.

Papani G., De Nardo M.T., Bettelli G., Rio D., Tellini C. & Vernia L. 
(2002) - Note Illustrative della Carta Geologica d’Italia alla scala 
1:50.000 “Foglio 218 - Castelnuovo ne’ Monti”. Servizio Geologico 
d’Italia, Roma, 140 pp.

Papani G. & Zanzucchi G. (1969) - Nuove unità litostratigrafiche 
dell’Appennino emiliano: il Flysch di Monte Cassio. L’Ateneo 
Parmense - Acta Naturalia, 5(1), 1–16.

Parea G.C. (1961) - Contributo alle conoscenze del Flysch ad Elmintoidi 
dell’Appennino settentrionale. Strutture sedimentarie, modo 
di deposizione e direzione di apporto. Bollettino dalla Società 
Geologica Italiana, 80(3), 185–214.

Pascucci V., Costantini A., Martini I.P. & Dringoli R. (2006) - Tectono-
sedimentary analysis of a complex, extensional, Neogene basin 
formed on thrust-faulted, Northern Apennines hinterland: 
Radicofani Basin, Italy. Sedimentary Geology, 183(1-2), 71–97.

Pascucci V., Martini I.P., Sagri M. & Sandrelli F. (2007) - Effects of 
transverse structural lineaments on the Neogene-Quaternary 
basins of Tuscany (inner Northern Apennines, Italy). In: G. 
Nichols, C. Paola & E.A. Williams (Eds.), Sedimentary Processes, 
Environments and Basins – A Tribute to Peter Friend, International 
Association of Sedimentologists Special Publication, vol. 38, pp. 
155–183. Blackwell Publishing.

Pascucci V., Merlini S. & Martini I.P. (1999) - Seismic stratigraphy of the 
Miocene-Pleistocene sedimentary basins of the Northern Tyrrhenian 
Sea and western Tuscany. Basin Research, 11, 337–356.

Pasquarè G., Chiesa S., Vezzoli L. & Zanchi A. (1983) - Evoluzione 
paleogeografica e strutturale di parte della Toscana meridionale a 
partire dal Miocene superiore. Memorie della Società Geologica 
Italiana, 25, 145–157.

Passeri L. (1985) - Il Trias dell’Unità di Punta Bianca. Memorie della 
Società Geologica Italiana, 30, 105–114.

Patacca E., Sartori R. & Scandone P. (1990) - Thyrrenian basin and 
Apenninic arcs: Kinematic relation since late Tortonian times. 
Memorie della Società Geologica Italiana, 45, 425–451.

Patacca E. & Scandone P. (1985) - Struttura geologica dell’Appennino 
emiliano-romagnolo: ipotesi sismotettoniche. In: Atti del Seminario 
“Progetto Cartografia Geologica”, Bologna, 22-23 Febbraio 1985, 
pp. 102–118. Regione Emilia-Romagna, Bologna.

Patacca E. & Scandone P. (1989) - Post-Tortonian mountain building in 
the Apennines. The role of the passive sinking of a relic lithospheric 
slab. In: A. Boriani, M. Bonafede, G.B. Piccardo & G.B. Vai (Eds.), 
The Lithosphere in Italy, Atti dei Convegni Lincei, 80, 157–176. 
Roma.

Pauselli C., Barchi M.R., Federico C., Magnani M.B. & Minelli G. 
(2006) - The crustal structure of the northern Apennines (Central 
Italy): an insight by the CROP03 seismic line. American Journal of 
Science, 306(6), 428–450.

Peccerillo A. (2002) - Plio-Quaternary magmatism in Central-Southern 
Italy: a new classification scheme for volcanic provinces and its 
geodynamic implications. Bollettino della Società Geologica 
Italiana, Volume speciale n. 1, 113–127.



P. CONTI ET ALII192

Peccerillo A. (2017) - Cenozoic Volcanism in the Tyrrhenian Sea Region. 
Advances in Volcanology, Springer International Publishing, 399 
pp.

Peccerillo A. & Frezzotti M.L. (2015) - Magmatism, mantle evolution 
and geodynamics at the converging plate margins of Italy. Journal 
of the Geological Society of London, 172(4), 407–427.

Perilli N., Catanzariti R., Cascella A. & Nannini D. (2009) - The Calcari 
di Groppo del Vescovo Formation (Subligurian Units; Northern 
Apennines, Italy): new dating based on calcareous nannofossils. 
Atti della Società Toscana di Scienze Naturali, Memorie, Serie A, 
114, 75–83.

Perrone V., Martin-Algarra A., Critelli S., Decandia F., D’Errico 
M., Estevez A., Ian- nace A., Lazzarotto A., Martin-Martin M., 
Martin-Rojas I., Mazzoli S., Messina A., Mongelli G., Vitale S. & 
Zaghloul M. (2006) - “Verrucano” and “Pseudoverrucano” in the 
Central-Western Mediterranean Alpine Chains: palaeogeographical 
evolution and geodynamic signifi- cance. In: G. Moratti & A. 
Chalaouan (Eds.), Tectonics of the Western Mediterranean and 
North Africa, Geological Society of London Special Publications, 
262, 1-43. Geological Society of London.

Pialli G., Barchi M. & Minelli G. (1998) - Results of the CROP03 
deep seismic reflection profile, Memorie della Società Geologica 
Italiana, 52. Società Geologica Italiana, Roma, 657 pp.

Pialli G., Plesi G., Damiani A.V. & Brozzetti F. (2009) - Note Illustrative 
della Carta Geologica d’Italia alla scala 1:50.000 “Foglio 289 - Città 
di Castello”. Servizio Geologico d’Italia, Roma, 133 pp.

Piazza A., Artoni A. & Ogata K. (2016) - The Epiligurian wedge-top 
succession in the Enza Valley (Northern Apennines): evidence 
of a syn-depositional transpressive system. Swiss Journal of 
Geosciences, 109(1), 17–36.

Piccardo G., Rampone E. & Scambelluri M. (1994) - Ophiolitic 
peridotites from Liguria (NW Italy): implications on rifting and 
subduction processes. Bollettino di Geofisica Teorica ed Applicata, 
36, 221–242.

Picotti V. & Pazzaglia F.J. (2008) - A new active tectonic model for 
the construction of the Northern Apennines mountain front near 
Bologna (Italy). Journal of Geophysical Research: Solid Earth, 
113(B08412), 1–24.

Pierantoni P., Deiana G. & Galdenzi S. (2013) - Stratigraphic and 
structural features of the Sibillini Mountains (Umbria-Marche 
Apennines, Italy). Italian Journal of Geosciences, 132(3), 497–520.

Pieri M. & Groppi G. (1981) - Subsurface geological structure of the 
Po Plain, Italy, Progetto Finalizzato Geodinamica, Sottoprogetto 
“Modello Strutturale”, 414. C.N.R., Roma.

Pini G.A. (1999) - Tectonosomes and Olistostromes in the Argille 
Scagliose of the Northern Apennines, Italy, Geological Society of 
America Special Paper, vol. 335. Geological Society of America, 
Boulder, 70 pp.

Pizziolo M. & Ricci Lucchi F. (1991) - Le Marne di Vicchio nel quadro 
evolutivo dei bacini oligo- miocenici dell’Appennino Settentrionale 
(Zona del Casentino). Memorie Descrittive della Carta Geologica 
d’Italia, 66, 287–300.

Plesi, Chicchi S., Daniele & Palandri S. (2000) - La struttura dell’alto 
Appennino reggiano-parmense, fra Valditacca, il Passo di Pradarena 
e il M. Ventasso. Bollettino della Società Geologica Italiana, 119, 
267–296.

Plesi, Daniele G., Botti F. & Palandri S. (2002a) - Carta strutturale 
dell’alto Appennino tosco- emiliano (scala 1:100.000) fra il Passo 
della Cisa e il Corno alle Scale. Atti del Terzo Seminario sulla 
Cartografia Geologica, Bologna 26-27 Febbraio 2002.

Plesi G. (1974) - L’Unità di Canetolo nella struttura di Bobbio (Val 
Trebbia), Montegroppo (Val Gotra) e lungo la trasversale Cinque 
Terre - Pracchiola. Atti Società Toscana de Scienze Naturali, 
Memorie, Serie A, 81, 121–151.

Plesi G. (1975a) - La giacitura del complesso Bratica-Petrignacola nella 
serie del Rio di Roccaferrara (Val Parma) e dei Flysch arenacei tipo 
cervarola dell’Appennino settentrionale. Bollettino della Società 
Geologica Italiana, 94, 157–176.

Plesi G. (1975b) - La nappe de Canetolo. Bulletin de la Société 
Géologique de France, 17(6), 979–983.

Plesi G. (2002a) - Carta Geologica d’Italia alla scala 1:50.000 “Foglio 
235 - Pievepelago”. Servizio Geologico d’Italia, Roma.

Plesi G. (2002b) - Note Illustrative della Carta Geologica d’Italia alla 
scala 1:50.000 “Foglio 235 - Pievepelago”. Servizio Geologico 
d’Italia, Roma, 138 pp.

Plesi G. (2010) - Note Illustrative della Carta Geologica d’Italia alla 
scala 1:50.000 “Foglio 299 - Umbertide”. Servizio Geologico 
d’Italia, Roma, 142 pp.

Plesi G., Galli M. & Daniele G. (2002b) - The Monti Rognosi 
Ophiolitic Unit (cfr. Calvana Unit Auct.) paleogeographic position 
in the External Ligurian Domain, relationships with the tectonic 
units derived from the Adriatic margin. Bollettino della Società 
Geologica Italiana, Volume speciale n. 1, 273–284.

Poli G. (2004) - Genesis and evolution of Miocene-Quaternary 
intermediate-acid rocks from the Tuscan Magmatic Province. 
Periodico di Mineralogia, 73(1), 187–214.

Ponzana L. (1993) - Caratteri sedimentologici e petrografici della 
Formazione di Monte Morello (Eocene inferiore-medio, Appennino 
Settentrionale). Bollettino della Società Geologica Italiana, 112, 
201–218.

Preti D. (1999) - Carta Geologica di Pianura dell’Emilia-Romagna. 
Scala 1:250.000. Servizio Geologico, Sismico e dei Suoli, Regione 
Emilia-Romagna, Bologna.

Principi G. (1994) - Stratigraphy and evolution of the northern Apennine 
accretionary wedge with particular regard to the ophiolitic 
sequences: a review. Bollettino di Geofisica Teorica ed Applicata, 
36(141-144), 243–269.

Principi G., Bortolotti V., Chiari M., Cortesogno L., Gaggero L., 
Marcucci M., Saccani E., Treves B. (2004) - The pre-orogenic 
volcano-sedimentary covers of the western Tethys oceanic basin: a 
review. Ofioliti, 29(2), 177–211.

Principi G. & Treves B. (1984) - Il sistema corso-appenninico come 
prisma d’accrezione. Riflessi sul problema generale del limite Alpi-
Appennini. Memorie della Società Geologica Italiana, 28, 549–
576.

Rau A. (1993) - Paleozoico toscano: da segmento della catena Varisica 
sud-europea a margine passivo alpidico peri-adriatico. Memorie 
della Società Geologica Italiana, 49, 325–334.

Rau A. & Tongiorgi M. (1974) - Geologia dei Monti Pisani a Sud-
Est della Valle del Guappero. Memorie della Società Geologica 
Italiana, 13(3), 227–408.

Rau A., Tongiorgi M. & Martini I.P. (1985) - La successione di Punta 
Bianca: un esempo di rift “abortivo” nel Trias medio del Dominio 
Toscano. Memorie della Società Geologica Italiana, 30, 115–125.

Regione Emilia-Romagna & Eni-Agip (1998) - Riserve Idriche Sotterranee 
della Regione Emilia- Romagna. Servizio Geologico, Sismico e dei 
Suoli, Regione Emilia-Romagna, Bologna.

Remitti F., Bettelli G., Panini F., Carlini M. & Vannucchi P. (2012) 
- Deformation, fluid flow, and mass transfer in the forearc of 
convergent margins: A two-day field trip in an ancient and 
exhumed erosive convergent margin in the Northern Apennines. 
In: P. Vannucchi & D. Fisher (Eds.), Deformation, Fluid Flow, 
and Mass Transfer in the Forearc of Convergent Margins: Field 
Guides to the Northern Apennines in Emilia and in the Apuan Alps 
(Italy), Geological Society of America Field Guide, 28, 1–34. The 
Geological Society of America.

Remitti F., Bettelli G. & Vannucchi P. (2007) - Internal structure 
and tectonic evolution of an underthrust tectonic mélange: The 
Sestola-Vidiciatico tectonic unit of the northern Apennines, Italy. 
Geodinamica Acta, 20(1-2), 37–51.

Remitti F., Vannucchi P., Bettelli G., Fantoni L., Panini F. & Vescovi P. 
(2011) - Tectonic and sedimentary evolution of the frontal part of 
an ancient subduction complex at the transition from accretion to 
erosion: The case of the Ligurian wedge of the northern Apennines, 
Italy. Geological Society of America Bulletin, 123(1-2), 51–70.

Reutter K.J. (1969) - La Geologia dell’alto Appennino Modenese tra 
Civago e Fanano e considerazioni geotettoniche sull’Unità di M. 
Modino - M. Cervarola. L’Ateneo Parmense - Acta Naturalia, 5(2), 
3–86.

Reutter K.J., Teichmüller M., Teichmüller R. & Zanzucchi G. 
(1983) - The coalification pattern in the Northern Apennines 
and its paleogeothermic and tectonic significance. Geologische 
Rundschau, 72, 861–894.

Ricci C.A. (1972) - Geo-petrological features of the metamorphic 
formations of Tuscany. Atti della Società Toscana di Scienze 
Naturali, Memorie, Serie A, 79, 267–279.

Ricci Lucchi F. (1975) - Miocene palaeogeography and basin analysis in 
the Periadriatic Apennines. In: C.H. Squyres (Ed.), Geology of Italy, 
2, 129–236. Petroleum Exploration Society of Lybia, Tripoli.



OUTLINE OF THE GEOLOGY OF THE NORTHERN APENNINES 193

Ricci Lucchi F. (1986) - The Oligocene to Recent foreland basins of the 
northern Apennines. In: P.A. Allen & P. Homewood (Eds.), Foreland 
Basins, International Association of Sedimentologists Special 
Publications, 8, 105–139. Blackwell Scientific Publications, 
Oxford.

Ricci Lucchi F. (1987) - Semi-allochthonous sedimentation in the 
Apenninic thrust belt. Sedimentary Geology, 50(1), 119–134.

Ricci Lucchi F., Bassetti M., Manzi V. & Roveri M. (2002) - Il Messiniano 
trant’anni dopo: eventi connessi alla crisi di salinità nell’avanfossa 
appenninica. Studi Geologici Camerti, 2002/1, 127–142.

Ricci Lucchi F., Colalongo M., Cremonini G., Gasperi G., Iaccarino S., 
Raffi S. & Rio D. (1982) - Evoluzione sedimentaria e paleogeografia 
nel margine appenninico. In: G. Cremonini & F. Ricci Lucchi (Eds.), 
Guida alla Geologia del Margine Appenninico-Padano, pp. 17–46. 
Società Geologica Italiana, Guide Geologiche Regionali, Bologna.

Ricci Lucchi F. & Ori G. (1985) - Field Excursion D: Syn-orogenic 
deposits of a migrating basin system in the NW Adriatic foreland. 
In: P.H. Allen, P. Homewood & G. Williams (Eds.), International 
Symposium on Foreland Basins, pp. 137–176. International 
Association of Sedimentologists, Freiburg (CH), 2-4 Sept. 1985.

Ricci Lucchi F. & Valmori E. (1980) - Basin-wide turbidite in a Miocene, 
over-supplied deep-sea plain; a geometrical analysis. Sedimentology, 
27(3), 241–270.

Riforgiato F., Foresi L., Aldinucci M., Mazzei R., Donia F., Gennari R., 
Salvatorini G. & Sandrelli F. (2008) - Foraminiferal record and 
astronomical cycles: An example from the Messinian pre-evaporitic 
Gello Composite Section (Tuscany, Italy). Stratigraphy, 5(3-8), 
265–280.

Riforgiato F., Foresi L.M., Di Stefano A., Aldinucci M., Pelosi N., 
Mazzei R., Salvatorini G. & Sandrelli F. (2011) - The Miocene/
Pliocene boundary in the Mediterranean area: New insights from 
a high-resolution micropalaeontological and cyclostratigraphical 
study (Cava Serredi section, Central Italy). Palaeogeography, 
Palaeoclimatology, Palaeoecology, 305(1-4), 310–328.

Riforgiato F., Foresi L.M., Mazzei R., Salvatorini G. & Sandrelli F. 
(2005) - Chronostratigraphic revision of some Pliocene basins in 
Tuscany at the Zanclean/Piacenzian boundary. Bollettino della 
Società Geologica Italiana. Volume speciale, 3, 7–13.

Rio D. & Villa G. (1987) - On the age of the Salti del Diavolo 
conglomerates and of the Monte Cassio Flysch Basal complex 
(Northern Apennines, Parma province). Giornale di Geologia, 
49(1), 63–79.

Rook L., Gallai G. & Torre D. (2006) - Lands and endemic mammals 
in the late Miocene of Italy; constrains for paleogeographic 
outlines of Tyrrhenian area. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 238(1-4), 263 – 269.

Rook L. & Ghetti P. (1997) - Il bacino neogenico della Velona (Toscana, 
Italia); stratigrafia e primi ritrovamenti di vertebrati fossili. 
Bollettino della Società Geologica Italiana, 116(2), 335–346.

Rook L., Oms O., Benvenuti M.G. & Papini M. (2011) - 
Magnetostratigraphy of the Late Miocene Baccinello–Cinigiano 
basin (Tuscany, Italy) and the age of Oreopithecus bambolii faunal 
assemblages. Palaeogeography, Palaeoclimatology, Palaeoecology, 
305(1-4), 286–294.

Rosenbaum G. & Piana Agostinetti N. (2015) - Crustal and upper mantle 
response to lithospheric segmentation in the northern Apennines. 
Tectonics, 34(4), 648-661. https://doi.org/10.1002/2013TC003498

Rossetti F., Faccenna C., Jolivet L. & Funiciello R. (1999a) - Structural 
evolution of the Giglio Island, Northern Tyrrhenian Sea (Italy). 
Memorie della Società Geologica Italiana, 52, 493–512.

Rossetti F., Faccenna C., Jolivet L., Funiciello R., Goffè B., Tecce F., 
Brunet C., Monié P. & Vidal O. (2001) - Structural signature and 
exhumation P-T-t path of the Gorgona bluescist sequence. Ofioliti, 
26, 175–186.

Rossetti F., Faccenna C., Jolivet L., Funiciello R., Tecce F. & Brunet 
C. (1999b) - Syn- versus post-orogenic extension; the case study 
of Giglio Island (northern Tyrrhenian Sea, Italy). Tectonophysics, 
304(1-2), 71–93.

Rossetti F., Faccenna C., Jolivet L., Goffé B. & Funiciello R. (2002) - 
Structural signature and exhumation P–T–t paths of the blueschist 
units exposed in the interior of the Northern Apennine chain, 
tectonic implication. Bollettino della Società Geologica Italiana, 
volume speciale 1, 829–842.

Rossi V., Amorosi A., Sarti G. & Potenza M. (2011) - Influence of 
inherited topography on the Holocene sedimentary evolution of 

coastal systems: an example from Arno coastal plain (Tuscany, 
Italy). Geomorphology, 135(1-2), 117–128.

Roveri M., Argnani A., Lucente C.C., Manzi V. & Ricci Lucchi F. (1999) 
- Guida all’Escursione nelle Valli del Marecchia e del Savio. Gruppo 
Informale di Sedimentologia, Riunione autunnale, 3-6 Ottobre 
1999, Rimini, 52 pp.

Roveri M., Bassetti M.A. & Ricci Lucchi F. (2001) - The Mediterranean 
Messinian salinity crisis: an Apennine foredeep perspective. 
Sedimentary Geology, 140(3-4), 201–214.

Roveri M., Boscolo Gallo A., Rossi M., Gennari R., Iaccarino S.M., 
Lugli S., Manzi V., Negri A., Rizzini F. & Taviani M. (2005) - The 
Adriatic foreland record of Messinian events (central Adriatic sea, 
Italy). GeoActa, 4, 139–158.

Roveri M., Flecker R., Krijgsman W., Lofi J., Lugli S., Manzi V., Sierro 
F.J., Bertini A., Camerlenghi A., De Lange G., Govers R., Hilgen 
F., Hubscher C., Meijer P.T. & Stoica M. (2014) - The Messinian 
Salinity Crisis: past and future of a great challenge for marine 
sciences. Marine Geology, 352, 25–58.

Roveri M., Landuzzi A., Bassetti M., Lugli S., Manzi V., Ricci Lucchi F. 
& Vai G.B. (2004) - The record of Messinian events in the Northern 
Apennines foredeep basins. In: Field Trip Guide Book - B19, 32 ◦ 
International Geological Congress, pp. 1–44. Firenze.

Roveri M. & Manzi V. (2006) - The Messinian salinity crisis: Looking 
for a new paradigm? Palaeo- geography, Palaeoclimatology, 
Palaeoecology, 238(1-4), 386–398.

Roveri M., Manzi V., Bassetti M., Merini M. & Ricci Lucchi F. (1998) 
- Stratigraphy of the Messinian post-evaporitic stage in eastern-
Romagna (northern Apennines, Italy). Giornale di Geologia, 60(3), 
119–142.

Roveri M., Manzi V., Ricci Lucchi F. & Rogledi S. (2003) - Sedimentary 
and tectonic evolution of the Vena del Gesso basin (Northern 
Apennines, Italy): implications for the onset of the Messinian 
salinity crisis. Geological Society of America Bulletin, 115, 387–
405.

Sagri M. (1975) - Ambienti di deposizione e meccanismi di 
sedimentazione nella successione Macigno- olistostroma-Arenarie 
del Monte Modino (Appennino modenese). Bollettino della Società 
Geologica Italiana, 94(4), 771–788.

Sagri M. & Marri C. (1980) - Paleobatimetria e ambienti di deposizione 
delle unità torbiditiche cretaceo- superiori dell’Appennino 
settentrionale. Memorie della Società Geologica Italiana, 21, 231–
240.

Salvador A. (1987) - Unconformity-bounded stratigraphic units. 
Geological Society of America Bulletin, 98, 232–237.

Sames C.W. (1967) - Sui conglomerati medio-cretacei della geosinclinale 
emiliana e la loro importanza per la paleogeografia. Bollettino dalla 
Società Geologica Italiana, 86, 49–58.

Sani F., Bonini M., Piccardi L., Vannucci G., Donne D.D., Benvenuti M., 
Moratti G., Corti G., Montanari D., Sedda L. & Tanini C. (2009) - 
Late Pliocene-Quaternary evolution of outermost hinterland basins 
of the Northern Apennines (Italy), and their relevance to active 
tectonics. Tectonophysics, 476(1-2), 336–356.

Santantonio M. (1993) - Facies associations and evolution of pelagic 
carbonate platform/basin systems: examples from the Italian 
Jurassic. Sedimentology, 40(6), 1039–1067.

Sarti M. & Coltorti M. (2010) - Note Illustrative della Carta Geologica 
d’Italia alla scala 1:50.000 “Foglio 293 - Osimo”. Servizio Geologico 
d’Italia, Roma, 139 pp.

Sartori R. (2001) - Corsica-Sardinia block and the Tyrrhenian Sea. In: 
G.B. Vai & I. Martini (Eds.), Anatomy of an Orogen: the Apennines 
and Adjacent Mediterranean Basins, pp. 367–374. Kluwer 
Academic Publishers, Dordrecht.

Savelli D. & Wezel F. (1978) - Schema geologico del Messiniano del 
Pesarese. Bollettino della Società Geologica Italiana, 97(1-2), 
165–188.

Scrocca D., Carminati E., Doglioni C. & Marcantoni D. (2007) - Slab 
retreat and active shortening along the Central-Northern Apennines. 
In: O. Lacombe, J. Lavé, F. Roure & J. Vergés (Eds.), Thrust Belts 
and Foreland Basins, pp. 471–487. Springer, Berlin.

Selli R. (1954) - Il bacino del Metauro. Descrizione geologica, risorse 
minerarie, idrogeologia. Giornale di Geologia, 24, 1–214.

Selli R. (1973) - An outline of the Italian Messinian. In: C.W. 
Drooger (Ed.), Messinian Events in the Mediterranean, pp. 150–
171. Koninklijke Nederlandse Akademie van Wetenschappen, 
Amsterdam.

https://doi.org/10.1002/2013TC003498


P. CONTI ET ALII194

Serri G., Innocenti F. & Manetti P. (2001) - Magmatism from Mesozoic 
to Present: petrogenesis, time-space distribution and geodynamic 
implications. In: G.B. Vai & I. Martini (Eds.), Anatomy of an 
Orogen: the Apennines and Adjacent Mediterranean Basins, pp. 
77–104. Kluwer Academic Publishers, Dordrecht.

Serri G., Innocenti F., Manetti P., Tonarini S. & Ferrara G. (1991) - Il 
magmatismo neogenico-quaternario dell’area tosco-laziale-umbra: 
implicazioni sui modelli di evoluzione geodinamica dell’Appennino 
settentrionale. Studi Geologici Camerti, Volume speciale 1991/1, 
429–463.

Sestini G. (1959) - Osservazioni geologiche sui Monti della Calvana. 
Bollettino dalla Società Geologica Italiana, 78(2), 207–231.

Sestini G. (1970) - Development of the Northern Apennines Geosyncline, 
Sedimentary Geology, 4. Elsevier, Amsterdam, 445 pp.

Signorini R. (1967) - Pseudoverrucano e anomalie della serie stratigrafica 
toscana nei dintorni di Grosseto. Bollettino del Servizio Geologico 
d’Italia, 88, 97–134.

Signorini R. & Alimenti M. (1968) - La serie stratigrafica del M. Rentella 
fra il Lago Trasimeno e Perugia. Geologica Romana, pp. 75–94.

Signorini R., Centamore E. & Conato V. (1963) - La formazione di 
Lanciaia nella Val di Cecina. Bollettino del Servizio Geologico 
d’Italia, 84, 83–100.

Stampfli G., Marcoux J. & Baud A. (1991) - Tethyan margins in space 
and time. Palaeogeography, Palaeoclimatology, Palaeoecology, 87, 
373–409.

Stoppa F. (1985) - Problematiche petrologiche e geologiche delle prasiniti 
di Punta Bianca. Memorie della Società Geologica Italiana, 30, 
127–134.

Tagliaferri A. & Tinterri R. (2016) - The tectonically-confined 
Firenzuola turbidite system (Marnoso- arenacea Formation, 
northern Apennines, Italy). Italian Journal of Geosciences, 135(3), 
425–443.

Tanelli G. & Lattanzi P. (1986) - Metallogeny and mineral exploration 
in Tuscany: state of the art. Memorie della Società Geologica 
Italiana, 31, 299–304.

Tavarnelli E. (1997) - Structural evolution of a foreland fold-and-thrust 
belt: the Umbria-Marche Apennines, Italy. Journal of Structural 
Geology, 19 (3-4), 523–534.

Ten Haaf E. (1985) - A structural review of the Bolognese Apennines 
(with two field trip itineraries). Giornale di Geologia, 47(1-2), 
35–45.

Theye T., Reinhardt J., Goffé B., Jolivet L. & Brunet C. (1997) - Ferro 
and magnesiocarpholite from Mt. Argentario (Italy): first evidence 
for high-pressure metamorphism of the metasedimentary Verrucano 
sequence, and its significance for the P-T path reconstruction. 
European Journal of Mineralogy, 9, 859–873.

Tinterri R. & Magalhaes P.M. (2011) - Synsedimentary structural 
control on foredeep turbidites: An example from Miocene Marnoso-
arenacea Formation, Northern Apennines, Italy. Marine and 
Petroleum Geology, 28(3), 629 –657.

Tinterri R. & Piazza A. (2019) - Turbidites facies response to the 
morphological confinement of a foredeep (Cervarola Sandstones 
Formation, Miocene, northern Apennines, Italy). Sedimentology, 
66, 636–674.

Tinterri R. & Tagliaferri A. (2015) - The syntectonic evolution of 
foredeep turbidites related to basin segmentation: Facies response 
to the increase in tectonic confinement (Marnoso-arenacea 
Formation, Miocene, Northern Apennines, Italy). Marine and 
Petroleum Geology, 67, 81–110.

Treves B. (1984) - Orogenic belts as accretionary prisms: the example of 
the Northern Apennines. Ofioliti, 9, 577–618.

Trevisan L. (1955) - Il Trias della Toscana e il problema del Verrucano 
triassico. Atti della Società Toscana di Scienze Naturali, Memorie, 
Serie A, 62(1), 1–30.

Trevisan L. (1962) - Considérations sur deux coupes à travers l’Apennin 
septentrional. Bulletin de la Société Géologique de France, Sér. 7, 
9, 675–681.

Vai G.B. & Martini I.P. (2001) - Anatomy of an Orogen: the Apennines 
and Adjacent Mediterranean Basins. Kluwer Academic Publishers, 
Dordrecht, 633 pp.

Vai G.B. (1978) - Tentative correlation of Palaeozoic rocks, Italian 
Peninsula and Islands. Oest. Akad. Wiss. Schrift. Erdw. Kom, 3, 
313–329.

Vai G.B. (1987) - Migrazione complessa del sistema fronte deformativo-
avanfossa-cercine periferico: il caso dell’Appennino settentrionale. 
Memorie della Società Geologica Italiana, 38, 95–105.

Vai G.B. (2001) - Structure and stratigraphy: an overview. In: G.B. 
Vai & I.P. Martini (Eds.), Anatomy of an Orogen: the Apennines 
and Adjacent Mediterranean Basins, pp. 15–32. Kluwer Academic 
Publishers, Dordrecht.

Vai G.B. & Castellarin A. (1992) - Correlazione sinottica delle unità 
stratigrafiche nell’Appennino settentrionale. Studi Geologici 
Camerti, vol. spec. 1992/2, 171–185.

Vannucchi P., Remitti F. & Bettelli G. (2008) - Geological record of 
fluid flow and seismogenesis along an erosive subducting plate 
boundary. Nature, 451(7179), 699–703.

Vannucchi P., Remitti F. & Bettelli G. (2012) - Lateral variability of 
the erosive plate boundary in the Northern Apennines, Italy. Italian 
Journal of Geosciences, 131(2), 215–227.

Veneri F. (1986) - La colata gravitativa della Val Marecchia. Studi 
Geologici Camerti, volume speciale “La Geologia delle Marche”, 
pp. 83–87.

Vescovi P. (1998) - Le Unità Subliguri dell’alta Val Parma (Provincia di 
Parma). Atti Ticinensi di Scienze della Terra, 40, 215–231.

Vescovi P. (2005) - The Middle Miocene Mt. Ventasso-Mt. Cimone 
arcuate structure of the Emilia Apennines. Bollettino della Società 
Geologica Italiana, 124, 53–67.

Vescovi P., Fornaciari E., Rio D. & Valloni R. (1999) - The basal complex 
stratigraphy of the Helminthoid Monte Cassio Flysch: a key to the 
eoalpine tectonics of the Northern Apennines. Rivista Italiana di 
Paleontologia e Stratigrafia, 105(1), 101–128.

Vezzani L. & Ghisetti F. (1998) - Carta Geologica dell’Abruzzo. Scala 
1:250.000, Università di Catania Regione Abruzzo.

Vezzoli L., Conticelli S., Innocenti F., Landi P., Manetti P., Palladino 
D.M. & Trigila R. (1987) - Stratigraphy of the Latera Volcanic 
Complex: proposals for a new nomenclature. Periodico di 
Mineralogia, 56, 89–110.

Vighi L. (1958) - Sulla serie triassica “Calcare cavernoso-Verrucano” 
presso Capalbio (Orbetello - Toscana) e sulla brecciatura tettonica 
delle serie evaporitiche “rocce madri” del Cavernoso. Bollettino 
della Società Geologica Italiana, 77 (1), 221–235.

Wernicke B. (1985) - Uniform-sense normal simple shear of the 
continental lithosphere. Canadian Journal of Earth Sciences, 22, 
108–126.

Zanon V. (2005) - Geology and volcanology of San Venanzo volcanic field 
(Umbria, central Italy). Geological Magazine, 142(6), 683–698.

Zanzucchi D. (1963) - La geologia dell’alta Val Parma. Memorie della 
Società Geologica Italiana, 82(4), 131–167.

Zattin M., Picotti V. & Zuffa G.G. (2002) - Fission-track reconstruction 
of the front of the northern Apennine thrust wedge and overlying 
Ligurian unit. American Journal of Science, 302, 346–379.

Zuffa G.G. (1980) - Hybrid arenites: their composition and classification. 
Journal of Sedimentary Petrology, 50, 21–29.

Manuscript received 16 July 2019; accepted 06 November 2019; published online 02 December 2019. 
editorial responsibility and handling by W. Cavazza


	Introduction
	_bookmark12
	Ligurian_Domain
	_bookmark14
	_bookmark16
	_bookmark161
	External_Ligurian_Domain
	Inner_Succession
	_bookmark17
	Subligurian_Domain
	_bookmark20
	Pseudoverrucano_Succession
	_bookmark22
	Modino_Succession
	_bookmark23
	Tuscan_Succession
	_bookmark24
	Tuscan_Metamorphic_Succession
	_bookmark25
	Cervarola-Falterona_Succession
	_bookmark26
	Rentella_Succession
	_bookmark27
	Umbria-Marche-Romagna_Domain
	_bookmark28
	_bookmark29
	_bookmark291
	Triassic-Lower_Jurassic_succession
	Jurassic_condensed_succession
	_bookmark30
	Jurassic_complete_succession
	_bookmark31
	Cretaceous-Miocene_calcareous-marly_succ
	_bookmark32
	Siliciclastic_succession_of_the_inner_ba
	_bookmark33
	Siliciclastic_succession_of_the_intra-Ap
	_bookmark34
	Miocene-Pleistocene_syn-and_post-evapori
	_bookmark35
	_bookmark36
	_bookmark361
	Messinian_evaporite_succession
	Messinian_post-evaporite_succession
	_bookmark37
	Pliocene-Middle_Pleistocene_marine_succe
	_bookmark38
	_bookmark40
	_bookmark401
	Middle_Burdigalian_-_lower_Tortonian_mar
	Lower_Turolian_(upper_Tortonian)_fluvio-
	_bookmark41
	Messinian_pre-evaporite_marine_successio
	_bookmark42
	Ruscinian_and_%60%60Villafranchian''_non
	_bookmark45
	Units_affected_by_HP_metamorphism
	_bookmark47
	Tectonic_m%252525252525C3%252525252525A9
	_bookmark48
	Sestola-Vidiciatico_Unit
	_bookmark49
	Shear_zones
	_bookmark50
	Magmatic_rocks
	_bookmark51
	Synthesis_of_the_Tectonic_evolution
	_bookmark52
	_bookmark53
	_bookmark531
	Variscan_phases
	Jurassic_extension
	_bookmark54
	Ligurian_phases
	_bookmark55
	Tuscan_phases
	_bookmark56
	Miocene-Quaternary_tectonics_in_the_Tyrr
	_bookmark57
	Miocene-Quaternary_tectonics_in_the_Umbr
	_bookmark58
	_bookmark61
	_bookmark60
	_bookmark62
	_bookmark63
	_bookmark64
	_bookmark65
	_bookmark66
	_bookmark67
	_bookmark68
	_bookmark69
	_bookmark70
	_bookmark71
	_bookmark72
	_bookmark73
	_bookmark74
	_bookmark75
	_bookmark76
	_bookmark77
	_bookmark78
	_bookmark79
	_bookmark81
	_bookmark82
	_bookmark83
	_bookmark84
	_bookmark85
	_bookmark86
	_bookmark87
	_bookmark88
	_bookmark89
	_bookmark90
	_bookmark91
	_bookmark93
	_bookmark94
	_bookmark95
	_bookmark96
	_bookmark97
	_bookmark99
	_bookmark100
	_bookmark101
	_bookmark102
	_bookmark103
	_bookmark104
	_bookmark105
	_bookmark106
	_bookmark107
	_bookmark108
	_bookmark110
	_bookmark109
	_bookmark111
	_bookmark112
	_bookmark113
	_bookmark114
	_bookmark115
	_bookmark116
	_bookmark117
	_bookmark118
	_bookmark119
	_bookmark120
	_bookmark122
	_bookmark123
	_bookmark124
	_bookmark125
	_bookmark126
	_bookmark127
	_bookmark128
	_bookmark129
	_bookmark130
	_bookmark1311
	_bookmark132
	_bookmark133
	_bookmark134
	_bookmark135
	_bookmark136
	_bookmark137
	_bookmark138
	_bookmark139
	_bookmark141
	_bookmark142
	_bookmark143
	_bookmark144
	_bookmark145
	_bookmark146
	_bookmark147
	_bookmark148
	_bookmark149
	_bookmark150
	_bookmark151
	_bookmark152
	_bookmark153
	_bookmark154
	_bookmark155
	_bookmark156
	_bookmark157
	_bookmark158
	_bookmark159
	_bookmark160
	_bookmark1611
	_bookmark162
	_bookmark163
	_bookmark164
	_bookmark165
	_bookmark1661
	_bookmark166
	_bookmark167
	_bookmark168
	_bookmark169
	_bookmark170
	_bookmark171
	_bookmark172
	_bookmark173
	_bookmark174
	_bookmark175
	_bookmark176
	_bookmark177
	_bookmark178
	_bookmark179
	_bookmark180
	_bookmark181
	_bookmark183
	_bookmark184
	_bookmark185
	_bookmark186
	_bookmark187
	_bookmark188
	_bookmark189
	_bookmark190
	_bookmark191
	_bookmark192
	_bookmark193
	_bookmark194
	_bookmark195
	_bookmark196
	_bookmark197
	_bookmark198
	_bookmark199
	_bookmark200
	_bookmark201
	_bookmark202
	_bookmark203
	_bookmark204
	_bookmark205
	_bookmark206
	_bookmark207
	_bookmark208
	_bookmark209
	_bookmark210
	_bookmark211
	_bookmark212
	_bookmark213
	_bookmark214
	_bookmark216
	_bookmark217
	_bookmark218
	_bookmark219
	_bookmark220
	_bookmark221
	_bookmark222
	_bookmark223
	_bookmark224
	_bookmark225
	_bookmark226
	_bookmark227
	_bookmark2271
	_bookmark229
	_bookmark230
	_bookmark231
	_bookmark232
	_bookmark233
	_bookmark234
	_bookmark235
	_bookmark236
	_bookmark237
	_bookmark239
	_bookmark238
	_bookmark240
	_bookmark241
	_bookmark242
	_bookmark243
	_bookmark245
	_bookmark246
	_bookmark247
	_bookmark248
	_bookmark249
	_bookmark250
	_bookmark251
	_bookmark252
	_bookmark253
	_bookmark254
	_bookmark255
	_bookmark256
	_bookmark257
	_bookmark258
	_bookmark259
	_bookmark260
	_bookmark261
	_bookmark262
	_bookmark263
	_bookmark264
	_bookmark265
	_bookmark266
	_bookmark267
	_bookmark268
	_bookmark269
	_bookmark270
	_bookmark271
	_bookmark272
	_bookmark273
	_bookmark274
	_bookmark275
	_bookmark276
	_bookmark278
	_bookmark279
	_bookmark280
	_bookmark281
	_bookmark282
	_bookmark283
	_bookmark284
	_bookmark285
	_bookmark286
	_bookmark287
	_bookmark288
	_bookmark289
	_bookmark290
	_bookmark2911
	_bookmark292
	_bookmark293
	_bookmark294
	_bookmark295
	_bookmark296
	_bookmark297
	_bookmark298
	_bookmark299
	_bookmark300
	_bookmark301
	_bookmark302
	_bookmark303
	_bookmark304
	_bookmark305
	_bookmark306
	_bookmark307
	_bookmark308
	_bookmark309
	_bookmark310
	_bookmark311
	_bookmark312
	_bookmark313
	_bookmark314
	_bookmark315
	_bookmark316
	_bookmark318
	_bookmark319
	_bookmark320
	_bookmark321
	_bookmark323
	_bookmark324
	_bookmark325
	_bookmark326
	_bookmark327
	_bookmark328
	_bookmark330
	_bookmark331
	_bookmark332
	_bookmark333
	_bookmark334
	_bookmark335
	_bookmark336
	_bookmark337
	_bookmark338
	_bookmark339
	_bookmark340
	_bookmark341
	_bookmark342
	_bookmark343
	_bookmark344
	_bookmark345
	_bookmark346
	_bookmark350
	_bookmark351
	_bookmark352
	_bookmark353
	_bookmark354
	_bookmark355
	_bookmark356
	_bookmark357
	_bookmark358
	_bookmark359
	_bookmark360
	_bookmark3611
	_bookmark362
	_bookmark363
	_bookmark364
	_bookmark365
	_bookmark366
	_bookmark367
	_bookmark368
	_bookmark369
	_bookmark370
	_bookmark371
	_bookmark372
	_bookmark373
	_bookmark374
	_bookmark375
	_bookmark376
	_bookmark377
	_bookmark378
	_bookmark379
	_bookmark380
	_bookmark381
	_bookmark382
	_bookmark383
	_bookmark384
	_bookmark385
	_bookmark386
	_bookmark387
	_bookmark388
	_bookmark389
	_bookmark390
	_bookmark391
	_bookmark392
	_bookmark393
	_bookmark394
	_bookmark395
	_bookmark396
	_bookmark397
	_bookmark398
	_bookmark399
	_bookmark400
	_bookmark4011
	_bookmark402
	_bookmark403
	_bookmark404
	_bookmark405
	_bookmark406
	_bookmark407
	_bookmark409
	_bookmark410
	_bookmark411
	_bookmark412
	_bookmark413
	_bookmark414
	_bookmark415
	_bookmark417
	_bookmark418
	_bookmark419
	_bookmark420
	_bookmark421
	_bookmark422
	_bookmark423
	_bookmark424
	_bookmark425
	_bookmark426
	_bookmark427
	_bookmark428
	_bookmark429
	_bookmark430
	_bookmark431
	_bookmark432
	_bookmark433
	_bookmark434
	_bookmark435
	_bookmark436
	_bookmark437
	_bookmark438
	_bookmark439
	_bookmark440
	_bookmark441
	_bookmark442
	_bookmark443
	_bookmark444
	_bookmark445
	_bookmark446
	_bookmark447
	_bookmark448
	_bookmark449
	_bookmark450
	_bookmark451
	_bookmark452
	_bookmark453
	_bookmark454
	_bookmark455
	_bookmark456
	_bookmark457
	_bookmark458
	_bookmark459
	_bookmark460
	_bookmark461
	_bookmark462
	_bookmark463
	_bookmark464
	_bookmark465
	_bookmark466
	_bookmark467
	_bookmark468
	_bookmark469
	_bookmark470
	_bookmark471
	_bookmark472
	_bookmark473
	_bookmark474
	_bookmark475
	_bookmark476
	_bookmark477
	_bookmark478
	_bookmark479
	_bookmark480
	_bookmark482
	_bookmark483
	_bookmark484
	_bookmark485
	_bookmark487
	_bookmark488
	_bookmark489
	_bookmark490
	_bookmark491
	_bookmark492
	_bookmark493
	_bookmark494
	_bookmark495
	_bookmark496
	_bookmark497
	_bookmark498
	_bookmark499
	_bookmark500
	_bookmark501
	_bookmark502
	_bookmark503
	_bookmark504
	_bookmark506
	_bookmark505
	_bookmark507
	_bookmark508
	_bookmark509
	_bookmark510
	_bookmark511
	_bookmark512
	_bookmark513
	_bookmark514
	_bookmark515
	_bookmark516
	_bookmark517
	_bookmark518
	_bookmark519
	_bookmark520
	_bookmark522
	_bookmark523
	_bookmark524
	_bookmark525
	_bookmark526
	_bookmark527
	_bookmark528
	_bookmark529
	_bookmark530
	_bookmark5311
	_bookmark532
	_bookmark533
	_bookmark534
	_bookmark535
	_bookmark536
	_bookmark537
	_bookmark538
	_bookmark539
	_bookmark540
	_bookmark541
	_bookmark542
	_bookmark543
	_bookmark544
	_bookmark545
	_bookmark546
	_bookmark547
	_bookmark548
	_bookmark550
	_bookmark549
	_bookmark551
	_bookmark552
	_bookmark553
	_bookmark554
	_bookmark555
	_bookmark556
	_bookmark557
	_bookmark558
	_bookmark559
	_bookmark560
	_bookmark561
	_bookmark562
	_bookmark563
	_bookmark564
	_bookmark565
	_bookmark566
	_bookmark567
	_bookmark568
	_bookmark569
	_bookmark570
	_bookmark571
	_bookmark572
	_bookmark573
	_bookmark574
	_bookmark575
	_bookmark576
	_bookmark577
	_bookmark578
	_bookmark579
	_bookmark580
	_bookmark581
	_bookmark583
	_bookmark584
	_bookmark585
	_bookmark586
	_bookmark587
	_bookmark588
	_bookmark590
	_bookmark591
	_bookmark592
	_bookmark593
	_bookmark594
	_bookmark595
	_bookmark597
	_bookmark599
	_bookmark600
	_bookmark601
	_bookmark602
	_bookmark603
	_bookmark604
	_bookmark605
	_bookmark606
	_bookmark607
	_bookmark608
	_bookmark609
	_bookmark610
	_bookmark611
	_bookmark612
	_bookmark613
	_bookmark614
	_bookmark615
	_bookmark616
	_bookmark617
	_bookmark618
	_bookmark619
	_bookmark620
	_bookmark621
	_bookmark6221
	_bookmark622
	_bookmark623
	_bookmark624
	_bookmark625
	_bookmark626
	_bookmark627
	_bookmark628

