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Geology of the Southern Apennines

E. PATACCA (*) & P. SCANDONE (¥)

ABSTRACT

This paper aims to provide a concise description of the geology
of the Southern Apennines especially useful for readers having
scarce familiarity with this complex region. The text is divided into
four parts:

— Brief introduction to the geology of the Southern Apennines
in which the general outlines of the thrust belt-foredeep-foreland
system are given together with a general description of the internal
structural architecture of the mountain chain;

— Summary of the paleogeographic models existing in the geo-
logical literature and discussion of the basic criteria used for the
palinspastic restoration of the Apennine depositional domains pro-
posed in this paper;

— Synthetic description of the Apennine tectonic units and of
the Neogene-Quaternary thrust-sheet-top deposits cropping out in
the study area and discussion on the available structural and strati-
graphic information constraining the time-space reconstruction of
the tectonic deformation;

— Short illustration of the principal steps describing the kine-
matic evolution of the thrust belt-foredeep-foreland system from the
early Miocene to the end of the early Pleistocene.

The enclosed simplified geological-structural map will help the
reader to keep in mind without difficulties the key points of the
regional framework. Selected references on the single tectonic unit
or thrust-sheet-top deposit have been provided at the end of each
paragraph, with the aim of assisting the reader who wanted to
tackle the Apennine geological problems by navigating through the
numerous controversies and internal inconsistencies of the current
literature.

KEY WORDS: Italy, Central Apennines, Southern Apennines,
tectonic units, thrust-sheet-top deposits.

RIASSUNTO

Geologia dell’Appennino Meridionale.

Questo lavoro ha lo scopo di fornire una succinta descrizione
della geologia dell’Appennino meridionale rivolta sopratutto ad un
lettore che abbia scarsa dimestichezza con l'area. Il lavoro ¢ diviso in
quattro parti:

- breve introduzione alla geologia dell’Appennino Meridionale
nella quale viene fornito un quadro generale relativo agli elementi di
primo ordine del sistema catena-avanfossa-avampaese e alla struttu-
ra interna della catena;

- rassegna dei modelli paleogeografici esistenti in letteratura e
discussione dei criteri utilizzati per la ricostruzione palinspastica
che viene qui proposta;

— descrizione sintetica delle unita tettoniche che formano la ca-
tena Sud-Appenninica e dei depositi che le ricoprono in discordanza;
discussione sulle evidenze strutturali e sui dati stratigrafici disponi-
bili per vincolare la ricostruzione spazio-temporale della deforma-
zione tettonica;

(*) Dipartimento di Scienze della Terra dell'Universita di Pisa -
Via Santa Maria, 53 - 56100 Pisa, Italy - patacca@dst.unipi.it -

scandone@dst.unipi.it

- breve descrizione delle tappe piu significative dell’evoluzione
cinematica del sistema catena-avanfossa-avampaese dal Miocene in-
feriore alla fine del Pleistocene inferiore.

La carta geologica strutturale allegata dovrebbe aiutare il lettore
a conservare il quadro regionale d’assieme, volutamente semplifica-
to, durante la lettura della nota. Qualora il lettore volesse approfon-
dire le sue conoscenze sulle problematiche dell’ Appennino meridio-
nale, & stata messa a disposizione, unita per unita, una bibliografia
selezionata. Attraverso di essa il lettore potra navigare all'interno
delle numerose controversie e contraddizioni interne che rendono
variegata la letteratura geologica italiana

TERMINI CHIAVE: [talia, Appennino Centrale, Appennino
Meridionale, unita tettoniche, depositi discordanti sulla
catena.

1. FOREWORD

This paper aims to provide a concise description of
the geology of the Southern Apennines especially useful
for readers having scarce familiarity with this complex
region. The work is divided into four parts:

— Brief introduction to the geology of the Southern
Apennines in which the general outlines of the thrust
belt-foredeep-foreland system are given together with a
general description of the internal structural architecture
of the mountain chain;

— Summary of the paleogeographic models existing
in the geological literature and discussion of the basic cri-
teria used for the palinspastic restoration of the Apennine
depositional domains proposed in this paper;

— Synthetic description of the Apennine tectonic
units and of the Neogene-Quaternary thrust-sheet-top
deposits present in the study area and discussion on the
available stratigraphic and structural information con-
straining the time-space reconstruction of the tectonic
deformation;

— Description of the principal steps describing the
kinematic evolution of the thrust belt-foredeep-foreland
system from the early Miocene to the early Pleistocene.

Where possible, the surface geological data have been
integrated with the subsurface information coming from
extensive petroleum exploration in the area.

The enclosed simplified geological-structural map will
help the reader to keep in mind without difficulties the
key points of the regional framework. Selected references
on the single tectonic unit or thrust-sheet-top deposit
have been provided at the end of each paragraph, with
the aim of assisting the reader who wanted to tackle the
Apennine geological problems by navigating through the
numerous controversies and internal inconsistencies of
the current literature.
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GEOLOGY OF THE SOUTHERN APENNINES 71

2. GEOLOGICAL FRAMEWORK OF THE SOUTHERN APENNINES

The area object of this paper is located in the north-
ern part of the Southern Apenninic Arc, a segment of the
mountain chain that extends from the Southern Abruzzi-
Alto Molise region to Sicily through the Calabrian Arc
(see fig. 1). Four first-order geological elements may be
distinguished in this region (see PATACCA et alii, 1990 and
references therein):

1) The Tyrrhenian area, characterized by oceanic
crust and thinned continental crust, representing a back-
arc extensional feature developed at the rear of the Apen-
nine system in late- and post-Tortonian times. Intermedi-
ate and deep-focus earthquakes depict a relic lithospheric
slab dipping towards the NE beneath the Aeolian calc-
alkaline arc (ANDERSON & JACKSON, 1987; GIARDINI &
VELONA, 1991);

2) The Southern Apennine mountain chain, formed
by a deep-seated carbonate duplex system («Inner Apulia
Platform» of the geological literature, see MOSTARDINI &
MERLINI, 1986) tectonically overlain by a thick pile of
NE-verging rootless nappes derived from basin and plat-
form domains (MOSTARDINI & MERLINI, 1986; CELLO et
alii, 1987, 1989; CASERO et alii, 1988, 1991; PATACCA &
SCANDONE, 1989, 2001; PATACCA et alii, 1992a,b; ROURE
et alii, 1991; MATTAVELLI et alii, 1993; ROURE & SASSI,
1995; LA BELLA et alii, 1996; LENTINI et alii, 1996, 2002;
CORRADO et alii, 1997, 1998a,b; SPERANZA et alii, 1998:
MONACO et alii, 1998; CELLO & MazzoL1, 1999; D1 Buccl
et alii, 1999; Scrocca & Tozzi, 1999; MENARDI NOGUERA
& REA, 2000; IMPROTA et alii, 2000; MAzzoLI et alii, 2000,
2001). The buried duplex system is composed of shallow-
water and subordinate deeper-water Mesozoic-Tertiary
carbonates stratigraphically covered by Pliocene terrige-
nous deposits. The Mesozoic carbonates, representing the
main target of oil research in the Southern Apennines,
have been extensively explored and carefully mapped over
the whole study area (see Nicorar C. & GAMBINI R.,
Structural architecture of the Adria platform-and-basin sys-
tem, in this volume);

3) The Southern Apennine foredeep basin, corre-
sponding to the youngest (Plio-Pleistocene) flexural
depression developed at the front of the thrust belt. A
description of the Plio-Pleistocene deposits filling the
foredeep basin, accompanied by selected references, is

provided in other pages of this volume (see PATAacca &
SCANDONE, Constraints on the interpretation of the CROP-
04 seismic line derived from Plio-Pleistocene foredeep and
thrust-sheet-top deposits);

4) The Adriatic-Apulia foreland, constituted of Meso-
zoic-Tertiary carbonates and Triassic evaporites overlying
a thick pile of mixed carbonate-siliciclastic Paleozoic
deposits the top of which has been reached at a depth of
6112 m be the Puglia 1 well. A Precambrian (Baikalian-
Panafrican) crystalline basement has been hypothesized
under the whole Adriatic-Apulia foreland (Va1, 1994,
2001).

The enclosed simplified geological-structural map
shows the areal distribution of the tectonic units in the
Southern Apennines and their mutual geometric relation-
ships. Our definition of «tectonic unit» roughly corre-
sponds to the definition of «structural-stratigraphic unit»
of IppPoLITO et alii (1975). A tectonic units is represented
by a single thrust sheet or, more frequently, by a group of
thrust sheets constituted of stratigraphic successions
referable to the same paleogeographic realm, which have
undergone a specific tectonic evolution different from the
tectonic evolution recorded in the overlying and underly-
ing thrust sheets. Every tectonic unit is separated from
the underlying and overlying ones by first-order thrust
surfaces (e.g. Triassic-Cretaceous deep-water deposits of
the Lagonegro Units tectonically sandwiched between the
Triassic-Miocene platform carbonates of the Alburno-Cer-
vati plus Monti della Maddalena Units (hangingwall) and
the lower Pliocene siliciclastic flysch deposits stratigraph-
ically covering the Mesozoic-Tertiary carbonates of the
Apulia Platform (footwall). Thrust surfaces delimitating
tectonic units are usually represented, in the Southern
Apennines, by long thrust flats displaying very low cutoff
angles at the footwall. The only exception is represented
by the Sannio Unit, the basal contact of which with the
underlying Lagonegro Units corresponds to a detachment
surface. We could obviously use the term «nappe» for
most of the Apennine units. However, the term nappe
could result ambiguous in a region where it has been
used for indicating either thrust sheets having the same
meaning as our tectonic units (e.g. Lagonegro, Molise and
Sannio Nappes of SELLI, 1962) or piles of thrust sheets
including different groups of tectonic units, which in cer-
tain times moved coherently as a single body towards the

Fig. 1 - Structural sketch of the Italian Peninsula and surrounding areas showing the partition of the Apennine mountain chain into two
major arcs: the Northern Apenninic Arc and the Southern Apenninic Arc (after PATACCA et alii, 1993 with slight modifications). The box at
the center delimitates the region mapped in pl. 1. In the lower left box, the present-day differential sinking of the foreland lithosphere in the
Northern and Southern Apenninic Arcs has been schematized. Large arrows indicate the directions of the last orogenic transport. The length
of the arrows is proportional to the rates of the flexure-hinge retreat in the sinking plate. Small arrows indicate the dip of the lower plate.
1) Mesozoic-Tertiary carbonates of the foreland areas. 2) Depth (in kilometers) of the base of the Pliocene-Pleistocene deposits in the Apen-
nine and Sicily foredeep basins. 3) Major Quaternary volcanic edifices. 4) Tyrrhenian areas with Bouguer gravity anomalies exceeding 200
mgals, floored by oceanic crust or thinned continental crust. 5) Wadati-Benioff zone in the Southern Tyrrhenian area (depths in kilometers).
6) Front of the Maghrebides, Apennines, Southern Alps and Dinarides. 7) Other major thrusts, including the front of the Alps. 8) Normal
faults. 9) High-angle faults, mostly strike-slip faults. 10) Anticline axis. 11) Syncline axis.

— Schema strutturale della penisola italiana ed aree adiacenti mostrante la suddivisione della catena appenninica in due archi principali: 'Arco
Appenninico Settentrionale e I'’Arco Appenninico Meridionale (da PATACCA et alii, 1993 con lievi modifiche). Il riquadro delimita l'area rappresen-
tata nella carta geologico-strutturale di tav. 1. Nel riquadro in basso a sinistra é stata schematizzata la diversa struttura litosferica nei due archi
appenninici. Le frecce grandi indicano la direzione dell’ultimo trasporto orogenico. La lunghezza delle frecce é proporzionale alla velocita di arre-
tramento dell’asse di flessura della placca in subduzione. Le frecce piccole indicano limmersione della placca inferiore. 1) Carbonati mesozoico-
terziari delle aree di avampaese. 2) Profondita (in chilometri) della base dei depositi plio-pleistocenici nei bacini di avanfossa dell' Appennino e della
Sicilia. 3) Principali edifici vulcanici quaternari. 4) Aree del Mar Tirreno con valori dell'anomalia di Bouguer superiori a 200 mgals, a crosta
oceanica o continentale assottigliata. 5) Zona di Wadati-Benioff nell'area tirrenica meridionale (profondita in chilometri). 6) Fronte delle Maghrebidi,
dell’Appennino, delle Alpi meridionali e delle Dinaridi. 7) Altri sovrascorrimenti principali. 8) Faglie normali. 9) Faglie ad alto angolo, sopratutto
faglie trascorrenti. 10) Asse di anticlinale. 11) Asse di sinclinale.
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Fig. 2 - Schematic representation of the geometric relationships between the tectonic units of the Southern Apennines in correspondence to
three transects cutting across the mountain chain in the Southern Abruzzi-Alto Molise, Molise-Sannio and Cilento-Basilicata regions.
— Rappresentazione schematica dei rapporti geometrici tra le varie unita tettoniche dell’Appennino lungo tre transetti (Abruzzo meridionale-Alto

Molise, Molise-Sannio e Cilento-Basilicata).

foreland region (e.g. Metaponto Nappe sensu OGNIBEN,
1969).

A single tectonic unit is usually constituted of numer-
ous lithostratigraphic units. In the enclosed map of plate
1, we have just separated within the single tectonic units
the flysch deposits from the underlying pre-flysch
deposits with the intent to outline the important change
in the sedimentation that took place when a stable fore-
land segment was incorporated in the foredeep basin. We
will see that the age of the siliciclastic flysch deposits in
the different Apennine units is one of the most important
criteria for reconstructing the time-space migration of the
thrust belt-foredeep-foreland system.

3. GEOMETRICAL PATTERN OF THE APENNINE UNITS
AND PALINSPASTIC RELOCATION OF THE CORRESPONDING
DEPOSITIONAL DOMAINS

The geometrical relationships between the tectonic
units present in the study region are schematized in fig. 2.
We have chosen to illustrate the internal nappe geometry
by means of three transects because some tectonic units
are present only in specific sectors of the mountain chain.
A representation by means of transects helps the reader
to understand the major lateral variations in the struc-
tural configuration. Owing to the forward tectonic trans-
port principally towards the NE, i.e. from the Tyrrhenian

region towards the Adriatic-Apulia foreland, the geomet-
ric order of the Apennine units from the highest to the
lowest ones roughly follows the arrangement of the corre-
sponding paleogeographic domains from the SW towards
the NE. However, the existence of important breaches
that have modified the primary nappe geometry and the
occurrence of important longitudinal changes in the
internal structural architecture of the mountain chain
make difficult to operate correlations between the north-
ern and the southern portions of the study area (Abruzzi-
Alto Molise and Sannio-Matese regions in the north;
Campania-Lucania region in the south). These longitudi-
nal structural variations, sometimes controlled by origi-
nal paleogeographic variations, explain why a lot of dif-
ferent reconstructions coexist in the geological literature.
The only agreement among these reconstructions is the
identification of a more internal (western) basinal realm
referable to the southern margin of the Tethys Ocean
flanked by a more or less complex system of platform and
basins. However, significant differences exist as concerns
the number and the extent of the platforms and basins.
The simplest palinspastic restoration, quite popular
among oil geologists, was proposed by MOSTARDINI &
MERLINI (1986) who recognized six paleogeographic
domains moving from west to the east: Tyrrhenian Basin,
Apenninic Platform. Lagonegro-Molise Basin, Inner Apu-
lia Platform, Apulia Basin and Outer Apulia Platform, the
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latter corresponding to the present foreland of the South-
ern Apennines (fig. 3). The principal differences between
this paleogeographic model and a similar reconstruction
proposed in the last sixties by OGNIBEN (1969) consist in
the partition of the Apulia domain into two platforms
separated by an intermediate basinal domain (Apulia
Basin) from which the Daunia Unit should have derived.
In the scheme of OGNIBEN (1969), on the contrary, the
Daunia Unit («Ex-basal Complex») had been referred to
the Lagonegro Basin. In addition, MOSTARDINI & MER-
LINI (1986) suggested a possible derivation of the Sicilide
Unit from the Lagonegro Basin rather than from an inter-
nal depositional realm flanking the oceanic Tethys. This
indication has been followed by PESCATORE and co-work-
ers (PESCATORE, 1988, 1995; PESCATORE & TRAMUTOLI,
1980; PESCATORE et alii, 1988, 1992, 1996, 1999a) who
have described in Basilicata questionable stratigraphic
contacts between the lower Cretaceous Galestri Forma-
tion (attributed in this paper to the Lagonegro Unit II)
and the Cretaceous-Paleogene Corleto Perticara Forma-
tion (here attributed to the Sicilide Unit).

A more articulated model, popular in the seventies,
was proposed by D’ARGENIO et alii (1972, 1975) and
IpPOLITO et alii (1975). According to this model (fig. 4), an
intermediate platform (the Abruzzi-Campania Platform)
separated the Lagonegro Basin from the Molise one.
Greater paleogeographic complexities have been subse-
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Fig. 3 - The Southern Apennine depositional realms during Creta-
ceous-Paleogene times according to MOSTARDINI & MERLINI (1986).
— I domini deposizionali dell’Appennino meridionale nel Cretaceo-Paleo-
gene secondo MOSTARDINI & MERLINI (1986).

quently postulated by SGrRosso (1986, 1988, 1996, 1998)
who has proposed a palinspastic restoration (fig. 5)
according to which five platforms and five basins existed
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Fig. 4 - The Southern Apennine platform-and-basin system during Jurassic-Paleogene times according to D’ARGENIO et alii (1972) and

IPPOLITO et alii (1975).

— Il sistema piattaforme-bacini nell Appennino meridionale durante il Giurassico-Paleogene secondo D’ARGENIO et alii (1972) e IppoLiTO et alii (1975).
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Fig. 5 - The Southern Apennine platform-and-basin system during Jurassic-Paleogene times according to SGROss0 (1998).
— Il sistema piattaforme-bacini nell’ Appennino meridionale durante il Giurassico-Paleogene secondo SGROSSO (1998).
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during Mesozoic and Paleogene times between the inter-
nal oceanic basin and the Apulia Platform (=Outer Apulia
Platform of MOSTARDINI & MERLINI, 1986).

Finally, a completely different restoration, which
revived old models of SELLI (1962) and SCANDONE (1967),
was proposed by MARSELLA et alii (1992, 1995). Accord-
ing to these authors, the Lagonegro Units derived from an
oceanic realm located west of the Apenninic Platform
together with the Ligurian (=North-Calabrian), Sicilide
and Molise Units.

With the exception of SGRosso (1986, 1988, 1998), no
author has made explicit the assumptions and postulates
that existed behind the proposed palinspastic restoration.
Consequently, a reader not familiar with the Apennine
geology has no element to make a choice among so many
different and mutually incompatible models. In our opin-
ion, no cylindrical reconstruction can satisfy the available
geological information. For instance, the simple scheme
admitting an undifferentiated Lagonegro-Molise Basin
between the Apenninic Platform and the Apulia Platform
agrees with the general geological features of the Campa-
nia-Lucania region (southern part of the study area) but
conflicts with a lot of geological evidence in the Sannio-
Molise and southern Abruzzi regions (central and north-
ern parts of the study area, respectively). The application
of this model, in fact, would led to the paradox that dur-
ing a forelandward thrust propagation platform domains
belonging to the Apenninic Platform (e.g. Western Mar-
sica platform domain), which were located west of the
Lagonegro basin, were reached by the lower-plate flexure-
hinge retreat and were incorporated in the Apennine fore-
deep basin in a time (early Messinian) in which more
external (eastern) Lagonegro domains had already been
incorporated in the thrust belt.

The palinspastic relocation of the Apennine deposi-
tional domains proposed in fig. 6 admits important longi-
tudinal variations in the platform-and-basin areal distrib-
ution. The principal basic criteria and procedures we
have followed for palinspastic restoration are:

— Definition of the geometrical relationships between
the tectonic units forming the thrust belt. A long thrust
flat separating two tectonic units with a low cutoff angle
at the footwall suggests (suggests but does not prove,
because important backthrusts cannot be excluded a pri-
ori) an internal (south-western) provenance of the upper
unit. However, the original thrust geometries in the
mountain chain have been largely modified by subse-
quent breaching processes (e.g. repeated imbrications of
the Sicilide/Sannio tectonic couple in the Lucanian Apen-
nines). In some cases, these tectonic complications make
difficult the identification of the primary nappe geometry
and this fact explains, for example, why an internal
provenance of the Lagonegro Units has been affirmed by
some authors;

— Identification and characterization of the facies in
the single tectonic units following well defined isochrones.
Basin analysis resulted a powerful tool for identifying
important tectonic shortening indicated by the lack of
facies necessarily present in the original depositional
domain. In addition, basin analysis helped very much in
the definition of the role of the paleotectonic activity in
the time-space evolution of platform and basin systems;

— Definition of the age of incorporation of foreland
domains in the foredeep basin. The age of the siliciclastic

flysch deposits gets progressively younger moving from
the internal (western) to the external (eastern) deposi-
tional domains because of the progressive flexure-hinge
retreat of the lower plate. However, the possible occur-
rence of free boundaries sensu ROYDEN et alii (1987)
accommodating differential flexure retreats in adjacent
areas makes dangerous cylindrical extrapolations. In fact,
paleogeographic realms occupying different positions in
the foreland region (more internal in areas with low-rate
flexure-hinge retreat and more external in areas with
high-rate flexure-hinge retreat) may have been incorpo-
rated in the foredeep basin in the same time;

— Definition of the age of incorporation in the thrust
belt of the different foreland domains. Due to the overall
forward thrust propagation, the incorporation of foreland
domains in the thrust belt gets younger moving from the
internal to the external depositional realms. However,
out-of-sequence processes can make difficult to discrimi-
nate between the first tectonic transport and subsequent
ones. In addition, transpressional features related to the
activity of strike-slip faults in the foreland region may be
mistaken for compressional features related to the for-
ward migration of the thrust front.

In the palinspastic restoration proposed in this paper,
the provenance of the Sicilide Unit from a basinal realm
located west of the Apenninic Platform is based on the
geometrical relationships between the Sicilide and
Alburno-Cervati Units. The Sicilide Unit systematically
overlies the Alburno-Cervati and Monti della Maddalena
Units in the whole study region wherever the carbonate
massifs are exposed (e.g. synform between Monte
Soprano and Monte Alburno, Sele Valley, eastern margin
of Monte Marzano, High Agri Valley). A possible differen-
tiation of the Sicilide Unit Auct. into an internal nappe
derived from a western basinal realm and an external
group related to the Lagonegro basin has been indicated
in literature as a reasonable compromise for combining
the tectonic evidence in the Cilento-Monte Marzano area
with the stratigraphical relationships between the
Galestri Formation and the Argille Varicolori plus Corleto
Perticara formations described by PESCATORE and co-
workers (Groppa d’Anzi Lagonegro Unit of PESCATORE et
alii, 1988). However, there are no lithostratigraphic or
biostratigraphic differences between the Sicilide sequences
exposed in the Tyrrhenian areas of the mountain chain
and those cropping out in Basilicata attributed to the
Lagonegro Basin. In addition, the contacts between the
Galestri Formation and the overlying Argille Varicolori
plus Corleto Perticara formations described in geological
literature as conformable stratigraphic contacts are, in
our opinion, unquestionable tectonic contacts (tectonic
truncations of the strata in the hangingwall and footwall;
mechanical lamination of the rocks above and below the
contact; different structural fabrics in the rocks forming
the footwall and the hangingwall blocks; in some cases,
overturned beds in the hangingwall).

The attribution of the Apennine carbonate thrust
sheets present in the northern part of the study area to
four different groups of tectonic units derives from their
different geometric positions in the nappe pile and from
the different times in which the corresponding deposi-
tional realms were incorporated in the foredeep basin
and subsequently in the thrust belt. The first group
includes the Capri-Bulgheria, Alburno-Cervati and Monti
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Fig. 6 - Palinspastic restoration of the Central Mediterranean region in the late Oligocene (about 30 Ma) showing the distribution of the Central
and Southern Apennine platforms and basins before their incorporation in the mountain chain. 1) European foreland. 2) Paleogene mountain
chains. 3-6) African foreland: 3) shallow-water carbonate platforms; 4) deeper-water basins floored by oceanic or thinned continental crust;
5) basinal areas with isolated structural highs; 6) wide pelagic plateaux. 7) Fronts of the orogenic belts.

— Ricostruzione palinspastica dell'area centro-mediterranea nell’Oligocene superiore (circa 30 milioni di anni fa) mostrante la distribuzione dei
domini di piattaforma e bacino nell’Appennino Centrale e Meridionale prima della loro incorporazione in catena. 1) Avampaese europeo. 2) Catena
paleogenica. 3-6) Avampaese africano: 3 carbonati di piattaforma di mare basso; 4) bacini profondi a crosta oceanica o continentale assottigliata;

5) aree bacinali con alti strutturali isolati; 6) plateaux pelagici. 7) Fronte di catena.

della Maddalena Units; the second and third groups are
represented by the Simbruini-Matese Unit and by the
Western Marsica-Meta Unit respectively; the fourth
group includes the Morrone-Porrara and Majella Units,
as well as platform carbonates present in the southern-
most outcrops of the Gran Sasso-Genzana Unit. The exis-
tence of a deeper-water tongue that separated the Apen-
ninic Platform from the Simbruini-Matese Platform
providing a sort of connection between the Umbria

domain and the Lagonegro-Molise Basin is suggested by
the occurrence of Lagonegro-Sannio deposits tectoni-
cally sandwiched between the Alburno-Cervati and Sim-
bruini-Matese Units. In the whole Campania-Lucania
Apennines, the basinal deposits of the Sannio and
Lagonegro Units are tectonically overlain by the carbon-
ates of the Alburno-Cervati and Monti della Maddalena
Units. In the Caserta-Benevento area, on the contrary,
the Sannio Unit tectonically overlies the carbonates of
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TABLE 1

— Major sedimentary characteristics and ages of the stratigraphic sequences representative of the tectonic units and of
the thrust-sheet-top deposits cropping out in the Southern Abruzzi-Alto Molise region (see fig. 2). In tables 1-3, the age
of the siliciclastic flysch deposits and the age of the unconformity at the base of the thrust-sheet-top deposits, becoming
younger from the Tyrrhenian margin to the Adriatic margin of the mountain chain, reflect the time-space migration of
the lower-plate flexure-hinge retreat and of the compressional deformation from the internal (southwestern) to the
external (northeastern) paleogeographic domains.
— Caratteristiche principali ed eta delle sequenze stratigrafiche rappresentative delle unita tettoniche e dei depositi discor-
danti sulla catena nell’Abruzzo meridionale e nell’Alto Molise (vedi fig. 2). Nelle tabb. 1-3 l'eta dei depositi silicoclastici e
leta della base dei depositi discordanti che si ringiovaniscono andando dal margine tirrenico al margine adriatico della
catena riflettono larretramento dell’asse di flessura della placca inferiore e la migrazione spazio-temporale del fronte di
compressione dai domini piti interni (sud-occidentali) a quelli piti esterni (nord-orientali).

EARLY PLEISTOCENE | continental to shallow-marine deposits
LATE PLIOCENE continental to shallow-marine deposits g“ggghonous
EARLY PLIOCENE flysch deposits basinal marls
MESSINIAN shallow-marine deposits sch deposits evaporites
ch deposits
TORTONIAN sch deposits
ramp
SERRAVALLIAN carbonates
LANGHIAN _
homoclinal-ramp carbonates
BURDIGALIAN
AQUITANIAN
OLIGOCENE
EOCENE
distally-steepened-ramp carbonates
PALEOCENE
LATE CRETACEQUS platf
tected-platfo I d basi carbon,
EARLY CRETACEOUS protectec-piatiorm siope andbasin
carbonates carbonates
LATE/
mippLe JYRASSIC
EARLY JURASSIC no outcrop
LATE TRIASSIC intertidal dolomites
MIDDLE TRIASSIC
no outcrop
EARLY TRIASSIC
SIMBRUINI- W.MARSICA- GRAN SASSO- MORRONE- CASOLI-
AGE MATESE META (North) | GENZANA (North)| PORRARA (North) QUEGLIA WMAJELLA BOMBA
TECTONIC UNITS

the Simbruini-Matese Unit. In addition, the Monte
Taburno 1 well, located near the eastern foot of the
Taburno-Camposauro massif, encountered at the base of
a stratigraphic succession surely belonging to the Sannio
Unit more than 1000 meters of Cretaceous shaly deposits
referable to the Galestri Formation of the Lagonegro
sequence. A lateral transition between the original outer
margin of the Matese carbonate platform and the south-
western margin of the Frosolone basin is demonstrated
by the wide spectrum of transitional facies preserved in
the Western Matese area (CLERMONTE & PIRONON,
1979). The existence of a deeper-water tongue separating
the Simbruini-Matese Platform from the Western Mar-

sica one, suggested by the structural restoration of the
Molise nappes, would justify the occurrence of am-
monite-bearing Jurassic hemipelagic deposits in the Sim-
bruini Mountains (AccoRrbi et alii, 1988). The Simbruini-
Matese carbonate had to be replaced towards the south
by a deeper-water depositional realm, which was part of
the wide Lagonegro-Molise Basin, but we do not know
how far the platform facies extended. A transition
between the Molise Basin and the Western Marsica Plat-
form is supported by the facies of the Jurassic-Creta-
ceous deposits of the Mainarde Mountains. Finally, the
original position of the Tufillo domain adjacent to the
Agnone one is proved by the gradual transition of facies
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TABLE 2

— Major sedimentary characteristics and ages of the stratigraphic sequences representative of the tectonic units and of
the thrust-sheet-top deposits cropping out in the Molise-Sannio region (see fig. 2).
— Caratteristiche principali ed eta delle sequenze stratigrafiche rappresentative delle unita tettoniche e dei depositi discordanti
sulla catena nel Molise e nel Sannio (vedi fig. 2).

EARLY PLEISTOCENE | continental to shallow-marine deposits
LATE PLIOCENE continental to shallow-marine deposits and
EARLY PLIOCENE Torrente Calaggio Chaotic Complex
BV N N N N N N W W W W W W o W N N W N N W W W W U W WV LN
MESSINIAN shallow-marine deposits
P flysch deposits
TORTONIAN sch deposits
ramp
ASTELVETERE Fm.
SERRAVALLIAN CAS m —— carbonates basinal limestones and marls
deposits
LANGHIAN flysch deposits basinal marls
BURDIGALIAN *+* . NUMIDIAN QUARTZARENITES °, * *.* ., NUMIDIAN QUARTZARENITES *, *
ramp )
AQUITANIAN carbonates basinal
N ﬂb?smalt cherty limestones
OLIGOCENE cheryfimestones and red shales
and
EOCENE
varicoloured
PALEOCENE shales
LATE CRETACEOQOUS foreslope to proximal basin
tected- i
EARLY CRETACEOUS|  protected- P atformy deposits
platform

LATE/ )

JURASSIC limestones
MIDDLE limestones no OUTC-"Op
EARLY JURASSIC

intertidal intertidal
LATE TRIASSIC dolomites dolomites
MIDDLE TRIASSIC
no outcrop
EARLY TRIASSIC
ALBURNO- SIMBRUINI- TUFILLO-SERRA
FROSOLONE
AGE CERVATI SANNIO MATESE AGNONE PALAZZO DAUNIA
TECTONIC UNITS

between the Miocene pre-flysch deposits of the Agnone
and Tufillo sequences in the Sangro Valley.

Synthetic information on depositional characteristics
and ages of the stratigraphic sequences representative of
the thrust sheets and thrust-sheet-top deposits of the
Southern Apennines is given in the synoptic schemes of
tables 1-3 referring to the Southern Abruzzi-Alto Molise,
Molise-Sannio and Cilento-Basilicata transects illustrated
in fig. 2. In these schemes, the onset of the siliciclastic fly-
sch deposits in the different tectonic units and the base of
the thrust-sheet-top deposits getting younger from the
Tyrrhenian to the Adriatic regions illustrate the eastward
time/space migration of the thrust belt-foredeep-foreland
system.

4. THE SOUTHERN APENNINE TECTONIC UNITS

This section contains a short description of all tec-
tonic units forming the Southern Apennine mountain

chain. Description starts from the most internal units that
occupy the highest position in the tectonic edifice and are
represented only in the southern part of the study area. At
the end of each description, a few selected references will
be provided aimed at helping the reader who wishes learn
more about regional geology.

4.1. INTERNAL NAPPES

The term «internal nappes» is commonly used by
Apennine geologists to indicate allochthonous sheets
the original depositional realmof which was located
somewhere west of the Apenninic Platform, The inter-
nal nappes include the ophiolite-bearing Ligurian Units,
derived from basinal domains floored by the Tethyan
oceanic crust, and the Sicilide Unit, derived from a
more external basinal domain the basement of which
was constituted of oceanic crust as in the Ligurian
domain or, more probably, by a thinned continental
crust.
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TABLE 3

— Major sedimentary characteristics and ages of the stratigraphic sequences representative of the tectonic units and of
the thrust-sheet-top deposits exposed in the Cilento-Basilicata region (see fig. 2).

— Caratteristiche principali ed eta delle sequenze stratigrafiche rappresentative delle unita tettoniche e dei depositi discordanti
sulla catena nell’ Appennino campano-lucano (vedi fig. 2).

EARLY PLEISTOCENE

LATE PLIOCENE

continental to shallow-marine deposits

continental to shallow-marine deposits and
Torrente Calaggio Chaotic Complex

LATE CRETACEOUS

EARLY PLIOCENE
MESSINIAN shallow-marine deposits

5. BARTOLOMEO Fin flysch deposils ramp carbonates
TORTONIAN

basinal
SERRAVALLIAN GORGOGLIONE Fm. CASTELVETERE Fm. fiysch limestones basinal
d limestones
LANGHIAN deposits sang:ton es
sch deposits basinal marls
BURDIGALIAN ALBIDONAFM. [* %0 2 et et e e e e e e e s e’ NUMIDIAN QUARTZARENITES %% 0® 00’ e e e s’
TUSA TUFFITES .
ramp distal ramp .
AQUITANIAN “7 carbonates carbonates basinal basinal
mixed - .

cherty limestones cherty limestones
OLIGOCENE carbonate-siliciclastic and and red shales
EOCENE basinal deposits s':g;r:o varicoloured
PALEOCENE carbonates shates

décollement surf.
—
protected-

EARLY CRETACEOUS| protected GALESTRI Fm| platform
platform D | carbonates
LATE/ 0 no outcrop
MIDDLE JURASSIC carbonates § 'g scIsT)
EARLY JURASSIC %3 SILICEI Fm
£ .
LATE TRIASSIC 10 outcrop intertidal dolomites % CALCARI CON
®  MONTE
MIDDLE TRIASSIC FACITO Fm
EARLY TRIASSIC
MONTI
NORTH- ALBURNO- SANNIO- TUFILLO-SERRA
AGE CALABRIAN SICILIDE CERVATI WADDATENA | LAGONEGRO PALAZZO DAUNIA MONTE ALPI
TECTONIC UNITS

4.1.1. «Diorite-Kinzigite» and ophiolite-bearing units

Ophiolite-bearing nappes (Ligurian Complex of
OGNIBEN, 1969), originated from the closure of the Juras-
sic Tethys Ocean, crop out only in the southernmost part
of the study area associated with crystalline rocks («Dior-
ite-Kinzigite» Unit Auct.) derived from a continental base-
ment facing the oceanic realm. These units, occupying
the highest position in the Apennine pile of nappes, are
still badly defined in terms of internal geometry, strati-
graphic successions and age of deformation. Conse-
quently, different interpretations coexist in the current lit-
erature. In this paper, we refer to BONARDI et alii (1988)
according to which the ophiolite-bearing nappes basically
consist of three major units characterized by different
age, structural fabric and metamorphism. The lower
thrust sheet, called the Frido Unit, is composed of slightly
metamorphosed shales, quartzarenites and subordinate
limestones with lenticular bodies of mafic and ultramafic
rocks. According to BONARDI et alii (1993), the age of the
sequence ranges from the upper Jurassic to the upper
Oligocene. The age of the metamorphism is probably
lower Miocene, as in the Verbicaro and San Donato Units
(see paragraphs 4.3.1 and 4.3.2 in the next pages). The

Frido Unit is overlain by a tectonic melange (Episcopia-
San Severino Melange) made up of metapelites including
huge blocks of serpentinites, granulites, amphibolites,
granitoids and marbles (SPADEA, 1982). A non-metamor-
phic unit averaging 1500 meters in thickness follows,
called the North-Calabrian Unit. The sequence consists of
pillow basalts overlain by upper Jurassic radiolarites,
shales and quartzarenites (Timpa delle Murge Fm), black
shales (Crete Nere Fm) and mixed calcareous-siliciclastic
turbidites (Saraceno Fm). The age of the entire sequence
ranges from the upper Jurassic to the lower Miocene
(BONARDI et alii, 1988; D1 STaso & GIARDINO, 2002).
Since no evident gap has been recognized in the strati-
graphic sequence of the North-Calabrian Unit, the afore-
mentioned authors have supposed the local persistence of
an undeformed segment of the Jurassic Tethys Ocean
until the Oligocene-Miocene boundary at least. However,
an ocean floor persistence through Cretaceous and Paleo-
gene times cannot be considered as a fact because the
stratigraphic continuity of the sedimentary sequence is
poorly documented.

BONARDI ef alii (1988) have recognized on top of the
North-Calabrian nappes a fourth unit, informally called
«Parasicilide» Unit because of close similarities with the
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Sicilide Unit (see also BONARDI et alii, 1993), constituted
of upper Cretaceous-upper Oligocene calcareous and sili-
ciclastic turbidites. In our opinion, the bulk of the «Para-
sicilide» deposits can be referred to the Sicilide Unit
sensu stricto (Corleto Perticara Fm) while a minor portion
belongs to the North-Calabrian Crete Nere Formation.

Selected references: BOUSQUET, 1962; SELLI, 1962; IETTO et alii,
1965; VEzzANI, 1968a,b, 1969; OGNIBEN, 1969; DIETRICH & SCAN-
DONE, 1972; HACCARD et alii, 1972; AMODIO MORELLI ef alii, 1976;
DE BLASIO et alii, 1978; LANZAFAME et alii, 1978, 1979a,b; SPADEA,
1982; Marcuccr et alii, 1987, KNoTT, 1987, 1994; BONARDI et alii,
1988, 1993; MAURO & SCHIATTARELLA, 1988; MONACO et alii, 1991;
MoNAco, 1993; MoNAcOo & TorToORICI, 1995; CIRRINCIONE &
MONACO, 1996; D1 STASO & GIARDINO, 2002.

4.1.2. Sicilide Unit

The Sicilide Unit, established in the Southern Apen-
nines by OGNIBEN (1969) is widespread in the Basilicata
region. The stratigraphic succession, reaching a thickness
of 1500-2000 meters, consists of three major intervals:

1) Lower Varicolored Clay, made up of some hun-
dred meters of gray-greenish and red shales with thin
intercalations of siliceous calcilutites. A Cretaceous age
has been merely inferred by the stratigraphic position
since no diagnostic fossils have been recovered from this
part of the sequence;

2) Corleto Perticara Formation. The Corleto Perticara
Formation (sensu SELLI, 1962) may be divided into two
portions. The lower portion is characterized by white cal-
cilutites containing planktonic foraminifers and cream
siliciclastic calcarenites with sporadic intercalations of
red marls and gray calcareous sandstones. The calcaren-
ites contain sporadic reworked macroforaminifers. This
part of the sequence corresponds to the Sant’Arcangelo
member of the Varicolored Clays of the geological litera-
ture. The age ranges from a dubious late Cretaceous to
the late Oligocene. The upper portion of the Corleto Per-
ticara Formation, corresponding to the Corleto sand-
stones of the geological literature, consists of medium to
coarse-grained gray calcareous sandstones with subordi-
nate siliciclastic calcarenites containing Lepidocyclina
and Miogypsinoides. The age of this sandy interval
approximates the Oligocene-Miocene boundary. The
thickness of the entire Corleto Perticara Formation
exceeds 600 meters;

3) Upper Varicolored Clay and Tusa Tuffite. The
Upper Varicolored Clay consists of red, green and gray-
greenish shales and silty shales with intercalations of calci-
lutites and siliciclastic calcarenites; fine-grained green
quartzarenites occur in the upper portion. The thickness
exceeds 800 meters. The uppermost part of this interval
contains variable amounts of volcaniclastic sandstones
(Tusa Tuffite) that in some areas (e.g. Rotondella area) pre-
vail over the other lithologies reaching a thickness of some
hundred meters. The age of the entire interval 3 ranges
from the Oligocene/Miocene boundary to the Burdigalian
(N5-N6 foraminiferal zones, NN3 nannofossil zone).

Numidian quartzarenites and associated basinal lime-
stones and marls cropping out between Potenza and
Pietragalla (see CENTAMORE et alii, 1971), attributed in
the current geological literature to the Sicilide Unit,
belong in reality to the Sannio Unit. Small outcrops of
Numidian sandstones possibly belonging to the Sicilide
Unit have been recognized in the Nova Siri area.

The Sicilide Unit tectonically overlies the Alburno-
Cervati Unit (Cilento-Monte Marzano area), the Lagone-
gro Units (from the San Fele area to the High Agri Valley)
and the Sannio Unit (from the Vulture area to the
Sant’Arcangelo synform). Near Rotondella, the Sicilide
Unit tectonically overlies the more external Tufillo-Serra
Palazzo Unit. The contact between the Sicilide Unit and
the underlying allochthonous sheets is systematically rep-
resented by a thrust flat showing low cutoff angles at the
footwall and higher angles at the hangingwall. In the
study area, the Sicilide Unit is unconformably covered,
together with the North-Calabrian Unit, by the Gor-
goglione Formation (see chapter 5 of this paper dedicated
to the thrust-sheet-top deposits).

Between the Vulture Volcano and the Sant’Arcangelo
depression, the thrust flat separating the Sicilide and San-
nio nappes is cut across by upper Pliocene and Pleis-
tocene breaches that have created an imbricated zone
characterized by a remarkable telescopic shortening. In
subsurface the breaching and the consequent imbrication
are well documented in commercial boreholes (Tempa
Rossa 1 and 2, Gorgoglione 1, Tempa d'Emma 1) that
have encountered several repetitions of the Sicilide-San-
nio tectonic couple.

Selected references: SELLI, 1962; OGNIBEN, 1969; CENTAMORE et
alii, 1971; LENTINI, 1979, 1991; ZUPPETTA et alii, 1984a; PESCATORE

et alii, 1988, 1992, 1999a,b; FORNELLI et alii, 1989; CRITELLI et alii,
1990; BARUFFINI et alii, 2002.

4.2. TECTONIC UNITS DERIVED FROM THE APENNINIC
PLATFORM

Tectonic units certainly derived from the Apenninic
Platform (which is also indicated in the geological litera-
ture as the Campania-Lucania Platform or Inner Platform
or Western Platform) form the bulk of the carbonate mas-
sifs in the Campania-Lucania Apennines. We have
included in this group of units the carbonate sequences of
the Lepini Mountains (see COSENTINO et alii, 2002)
exposed in the northern part of the study area. Four
major units have been distinguished, known in the geo-
logical literature as the Capri-Bulgheria, Alburno-Cervati,
Monti della Maddalena and Monte Croce Units (D’ARGE-
NIO et alii, 1972, 1975; IPPOLITO et alii, 1975; SCANDONE,
1972). The Mesozoic carbonate sequences of the Alburno-
Cervati Unit are indicative of a platform interior and sub-
ordinately (e.g. Monte Marzano area) of a platform-edge.
The facies of the Capri-Bulgheria sequences are indicative
of slope to basin environments, with basinal characters
mostly developed in the Monte Bulgheria sequence. The
Monti della Maddalena Unit is characterized by slope
deposits with wide erosional/mon-depositional hiatuses.
The Mesozoic sequence of the Monte Croce Unit shows
similarities with the Monti della Maddalena sequence.

As concerns the mutual geometric relationships, the
primary contact between the Capri-Bulgheria and
Alburno-Cervati Units is never exposed. The contact
between the Alburno-Cervati and Monti della Maddalena
Units, well exposed east of the Vallo di Diano depression,
is represented by a thrust surface with low cutoff angles
at the footwall and variable, in some cases significant,
cutoff angles at the hangingwall. A good example of tec-
tonic truncation of the beds at the hangingwall is exposed
northeast and east of Arenabianca, not far from the
southern termination of the Vallo di Diano Basin. Here,
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NNW-SSE trending sub-vertical Jurassic limestones of
the Alburno-Cervati Unit are separated by east/north-east
dipping Upper Triassic dolomites and dolomitic lime-
stones of the Monti della Maddalena Unit by a thrust sur-
face gently dipping towards the NNE.

4.2.1. Capri-Bulgheria Unit

This unit crops out only in the Capri Island and in the
Monte Bulgheria-Capo Palinuro area.

In the Capri Island, the stratigraphic succession con-
sists of shallow-water dolomites dubitatively attributed to
the early Liassic stratigraphically overlain by slope to
basin carbonate deposits ranging in age from the middle-
late Liassic to the late Oligocene/early Miocene.

In the Monte Bulgheria-Capo Palinuro area, a middle
Liassic to lower Miocene sequence of basinal carbonates
900-1000 meters thick overlies 500-600 meters of Upper
Triassic-lower Liassic shallow-water dolomites and lime-
stones. An interval of lower/middle Liassic resedimented
calcirudites several tens of meters thick marks the transi-
tion from the shallow-water deposits to the basinal ones.

Jurassic basinal deposits cropping out near Salerno
and in the Monti Mai area have been dubitatively attrib-
uted to the Capri Unit. However, their geometric relation-
ships with the adjacent carbonates surely belonging to the
Alburno-Cervati Unit have not been sufficiently investi-
gated.

Selected references: SCARSELLA, 1961; SCANDONE et alii, 1963;
SGROSSO0, 1965, 1995; TORRE, 1969; DE ALFIERI ef alii, 1986; BARAT-

TOLO & PUGLIESE, 1987; PAPPONE et alii, 1988; CASTELLUCCIO &
NAPOLITANO, 1989; Tozzi et alii, 1996.

4.2.2. Alburno-Cervati Unit

Carbonate deposits belonging to the Alburno-Cervati
Unit are widespread in the whole Campania-Lucania
Apennines and in the Pollino Mountain. Complete upper
Triassic-upper Cretaceous sections are well exposed in
the Pollino, Picentini and Marzano Mountains, as well as
in the Sorrento Peninsula. Natural sections of the upper
Cretaceous to Miocene portion of the sequence are avail-
able in the Monte Sottano, Monte Soprano-Monte Chi-
anello and Monte Cervati areas, as well as in the Sapri-
Lauria region. In all these sections, with the exception of
the Monte Marzano area where Jurassic slope deposits
and Cretaceous platform-edge deposits occur, the Juras-
sic to Paleocene stratigraphic succession is indicative of a
platform-interior environment. The overlying lower
Miocene deposits indicate a deepening-upward carbonate
ramp.

A composite type-section representative of the car-
bonates of the Alburno-Cervati Unit, reaching a total
thickness of about 4500 meters, is made up of the follow-
ing intervals:

— Massive white dolomites (Carnian, 350-400 m)
overlain by Raiblian lagoonal mudstones (100-150 m);

— Well-bedded gray dolomites (Norian, 600-650 m)
with episodes of restricted circulation in the upper part of
the interval («Scisti Ittiolitici» Auct.) grading upward into
white stromatolitic dolomites (Norian, 600-800 m) and
dolomitic limestones with large megalodonts (Rhaetian,
200-300 m);

— Sporadically dolomitized subtidal to intertidal lime-
stones (Jurassic-upper Cretaceous, 1800-2000 m);

— Disconformable shelf-lagoon limestones (Trenti-
nara Fm, Paleocene-Eocene, 50-100 m) and scattered
nummulitic limestones with sporadic euxinic deposits
rich in fish remains (Middle Eocene, a few meters) over-
lain by lateritic paleosoils mostly developed in the Monte
Soprano-M. Chianello and Sapri areas. The latter mark a
generalized gap spanning the late Eocene and the
Oligocene;

— Disconformable shallow-water calcarenites charac-
terized by open circulation on a deepening carbonate
ramp (Cerchiara Fm and Roccadaspide Fm, Lower
Miocene, 30 m). Near the top of the interval an important
volcanic activity is recorded by tuffite deposits (Burdi-
galian);

— Hemipelagic marls rich in sponge spicules (a few
meters) followed by Numidian quartzarenites and quartz-
bearing calcarenites (Bifurto Fm, Upper Burdigalian, a
few tens of meters). The hemipelagic marls indicate a
subsidence not compensated by sedimentation that led to
the drowning of the platform;

— Immature sandstones (Civita sandstones) con-
formably overlying the Numidian quartzarenites. The
Civita sandstones, well exposed only in the southern part
of the study region (Pollino area, where they reach a total
thickness of a few hundred meters) mark the incorpora-
tion of the Alburno-Cervati depositional realm in the fore-
deep basin around the Burdigalian/Langhian boundary.

In the Monte Marzano area, shelf-lagoon Liassic lime-
stones are disconformably overlain by middle-upper
Jurassic resedimented calcirudites. The breccias, in turn,
are stratigraphically overlain by lower Cretaceous shelf-
edge limestones testifying to a progradation of the plat-
form edge over slope deposits after a retrogradation
episode caused by the activity of backstepping Jurassic
faults. A generalized retrogradation of the platform likely
related to an extensional faulting took place during the
late Senonian. This important episode of platform-edge
retreat is testified in the Monte Alburno and Monte
Marzano areas by the occurrence of talus breccias and
coarse-grained calcarenites («Calcari Pseudosaccaroidi»
Auct.) disconformably overlying shelf-lagoon upper Creta-
ceous limestones.

Selected references: SELLI, 1957, 1962; SARTONI & CRESCENTI,
1961; DE CASTRO, 1962b, 1987, 1990; SCANDONE & SGROSSO, 1963;
PESCATORE, 1965a; CRESCENTI, 1966; SGROSSO, 1968; D’ARGENIO et
alii, 1972, 1975, 1992; Boni, 1974; D’ARGENIO, 1974; IPPOLITO et alii,
1975; BRAVI & SCHIATTARELLA, 1986, 1988; PERRONE, 1987; CARAN-

NANTE ef alii, 1988, 1998; BoNI et alii, 1990; PAPPONE, 1990; PATACCA
et alii, 1990, 1992a; CASTELLANO & SGROSSO, 1996.

4.2.3. Monti della Maddalena Unit

The Monti della Maddalena Unit, tectonically sand-
wiched between the Alburno-Cervati and the Lagonegro
Units, forms the bulk of the carbonate massifs east of
Vallo di Diano. West of the Sele Valley, the Monti della
Maddalena Unit has not been recognized as yet though
we suspect its existence in the Picentini Mountains (e.g.
upper Triassic dolomites of Croci d’Acerno, see DE Ca-
STRO, 1990 and Costa Calda Unit of PAGLIARO, 2001 in
the Campagna tectonic window).

In the type-area, the stratigraphic sequence is repre-
sented by upper Triassic tidal-flat dolomites discon-
formably overlain by slope to basin carbonate resedi-
ments. The stratigraphic succession, the maximum



GEOLOGY OF THE SOUTHERN APENNINES 87

thickness of which slightly exceeds 1000 meters, is repre-
sented by the following intervals:

— White dolomites with well preserved subtidal to
intertidal sedimentary structures grading upwards to
dolomitic limestones with large megalodonts (Norian-
Rhaetian, 800-1000 m). Minor bioconstructions are
locally present. Extensive paleokarst features indicate
repeated emersion episodes;

— Discontinuous breccias with unsorted large clasts
derived from the Rhaetian shallow-water dolomites. This
breccia has been interpreted as the marker of a faulting
episode responsible for the retrogradation of the platform
edge around the Triassic/Jurassic boundary and for the
establishment of a steep slope above a previous tidal-flat
physiography;

— Talus breccias, debrites and calciturbidites (Juras-
sic-Eocene, 150-200 m) with intraformational truncation
surfaces evidencing repeated erosional gaps;

— Outer-ramp carbonate deposits (lower Miocene, a
few meters) grading upward into hemipelagic marls rich
in sponge spicules and planktic forams (Burdigalian, a
few tens of meters). The latter are stratigraphically over-
lain by Numidian quartzarenites and quartz-bearing cal-
carenites (upper Burdigalian, a few meters).

Selected references: SGROSSO, 1966; SCANDONE & BONARDI,
1968; D’ARGENIO et alii, 1972, 1975; SCANDONE, 1972; IPPOLITO et
alii, 1975; MARSELLA & PAPPONE, 1986; PAPPONE, 1990; PATACCA et
alii, 1992a; IANNACE & ZAMPARELLI, 2002.

4.2.4. Monte Croce Unit

The Monte Croce Unit crops out only in the Campagna
tectonic window beneath deep-water deposits of the
Lagonegro Units and the shallow-water carbonates of the
Apenninic Platform. In the Acerno 1 well, located in corre-
spondence to the northwestern border of the window, the
Monte Croce Unit lies above a thick stack of Lagonegro
thrust sheets which in turn tectonically cover the Apulia
carbonates of the buried duplex system. In other pages of
this volume (see PATACCA, Stratigraphic analysis of selected
wells along the CROP-04 transect. Southern Apennines, Italy),
the Monte Croce Unit has been interpreted as a tectonic
repetition of the Monti della Maddalena Unit caused by a
major breach cutting across the primary nappe geometry.

The stratigraphic sequence of the Monte Croce Unit is
represented by the following intervals:

— Massive dolomitic breccias (about 250 m) with an
ill-defined bedding in the upper part, interpreted as
coarse-grained talus deposits. The clasts of the breccia
are mostly represented by shallow-water carbonates,
mostly upper Triassic dolomites and upper Jurassic lime-
stones. The age of these breccias is badly defined but in
any case not older than the upper Jurassic;

— Reddish calciturbidites rich in large foraminifers
and subordinate calcirudites with minor intercalations of
greenish marls (Paleogene, 15-20 m);

— Fine-grained to coarse-grained gray calciturbidites
alternating with greenish marls, with occasional interca-
lations of breccias with clasts made up of Jurassic-Cre-
taceous platform carbonates (Aquitanian-Burdigalian,
about 100 m). Near the top of the interval, a tuffite bed is
accompanied by spicule-rich marls.

— Arkosic lithic sandstones with intercalations of cal-
careous breccias, alternating in the upper portion with

calcilutites rich in planktonic foraminifers (Langhian-
Serravallian p.p., 100-150 m);

— Gray turbiditic sandstones with lens-shaped inter-
calations of resedimented calcirudites and pebbly mud-
stones containing granite boulders and blocks derived
from the Sicilide Unit (Serravallian, about 100 m).

Selected references: SCANDONE et alii, 1967, SCANDONE &
SGROSSO, 1974; TURCO, 1976; FERRANTI & PAPPONE, 1992.

4.3. TECTONIC UNITS OF UNCERTAIN PALEOGEOGRAPHIC
DERIVATION

In this chapter we shall deal with four tectonic units —
the Verbicaro, San Donato, Timpone Pallone and Monte
Foraporta Units — the palinspastic relocation of which is
still an unsolved problem though they have been usually
referred to the Apenninic Platform. The Verbicaro and
San Donato Units, both affected by low-grade metamor-
phism of Miocene age, are widely developed in the Cal-
abrian Costal Range. The Timpone Pallone Unit crops out
only in the Pollino area while the Monte Foraporta Unit is
developed in the Lagonegro region.

BoUSQUET (1971) attributed to the same tectonic
unit, called the Pollino-Campo Tenese Unit, the metamor-
phosed San Donato deposits and the non-metamorphosed
Alburno-Cervati carbonate exposed in the Calabrian
Coastal Range and in the Pollino area. This attribution
was based on the supposed existence of lateral transitions
between metamorphosed and non-metamorphosed Juras-
sic-Cretaceous limestones in the Calabrian Costal Range
north of Papasidero and at Cozzo Vardo along the south-
western foot of the Pollino Mountain. In reality, a clear
mechanical contact separates the two sequences in both
regions, with the metamorphosed Triassic-Miocene
deposits of the San Donato Unit systematically overlying
the non-metamorphosed Triassic-Miocene deposits of the
Alburno-Cervati Unit. The San Donato and Alburno-Cer-
vati Units, in turn, are tectonically overlain by the Ver-
bicaro Unit.

In the geological literature, the Verbicaro and San
Donato Units have been referred to the Apenninic Plat-
form and the Verbicaro Unit has been considered the
southern continuation of the Capri-Bulgheria Unit (see,
e.g., CNR-PROGETTO FINALIZZATO GEODINAMICA, 1991).
However, the equivalence of these two units is just a con-
jecture and no real documentation exists. A correlation
between the San Donato and the Lagonegro sequences
has been proposed by IETTO & BARILLARO (1993), but
stratigraphic inconsistencies in this correlation have been
criticized by IANNACE et alii (1995). A paleogeographic
derivation of the Verbicaro and San Donato Units from a
microcontinent separating the Liguria-Piedmont Ocean
form a West-Adriatic Ocean has been proposed by PER-
RONE (1996), but geological evidence supporting this
attribution is quite poor. In conclusion, we prefer to con-
sider the palinspastic relocation of the Verbicaro and San
Donato Units an important open problem that requires
additional future investigation.

The Timpone Pallone Unit has been dubitatively
attributed to the Apenninic Platform (CNR-PROGETTO
FINALIZZATO GEODINAMICA, 1991) because of its geomet-
ric position underneath the Alburno-Cervati Unit, easily
explainable by admitting the existence of a breach across
the Alburno-Cervati carbonates causing a tectonic repeti-
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tion of the sequence. However, we cannot fully exclude
that the Timpone Pallone window represents an emer-
gence of the Apulia-carbonate duplex system, as it is the
case of Monte Alpi.

Based on the geometrical position between the
Alburno-Cervati and the Monti della Maddalena Units, the
Monte Foraporta Unit has been supposed to have derived
from a basinal domain located within the Apenninic Plat-
form. This attribution, however, is not supported by the
facies distribution of the Jurassic deposits in the Alburno-
Cervati, Monte Foraporta and Monti della Maddalena
sequences. Consequently, we consider the derivation of
the Monte Foraporta Unit too an open problem.

4.3.1. Verbicaro Unit

The Verbicaro Unit crops out in the Calabria Coastal
Range and along the southwestern margin of the Pollino
Mountain. The sequence consists of upper Triassic-lower
Liassic shallow-water dolomites and dolomitic limestones
overlain by middle Liassic to lower Miocene slope to basin
carbonate deposits. Erosional/non-depositional hiatuses
are common features in the whole stratigraphic sequence.
Where the amplitude of the stratigraphic gap is maxi-
mum, uppermost Cretaceous resedimented calcarenites
and calcirudites lie in disconformity over upper Triassic
shallow-water dolomites. An important Paleocene-Eocene
mafic magmatic episode is recorded by widespread lava
flows and dikes («limburgites» of QuiTzow, 1935). During
the early Miocene (18-19 Ma according to K/Ar measure-
ment results, PIERATTINI et alii, 1975) the Verbicaro
sequence underwent a low-grade metamorphism with a
HP/LT imprint increasing towards the south.

Selected references: SELLI, 1957, GRANDJACQUET & GRAND-
JACQUET, 1962; VALLARIO & DE’ MEDICI, 1967, GRANDJACQUET,

1969; BOUSQUET & GRANDJACQUET, 1969; DAMIANI, 1970; GRAN-
DJACQUET, 1971; PIERATTINI et alii, 1975; CLIMACO et alii, 1997.

4.3.2. San Donato Unit

The strong recrystallization related to the metamor-
phism (DIETRICH et alii, 1976) and the complex structural
fabric resulting from repeated events of isoclinal folding
(PIERATTINI, 1975) hamper an easy reconstruction of the
San Donato stratigraphic sequence. The Triassic portion
consists of some hundred meters of Anisian-Ladinian
phyllites with lenticular intercalations of algal metalime-
stones followed by a thick pile (more than 1000 meters)
of Ladinian-Carnian limestones and Norian-Rhaetian
dolomites (IANNACE et alii, 1995). Very poor information
is available on the Jurassic-Cretaceous portion of the
sequence, made up of strongly foliated metalimestones
with sporadic relics of the original sedimentary texture
(«calcaires plaquettes» of BousQUET, 1971). We do not
know whether these metalimestones are representative
of shallow-water deposits as the underlying Triassic
dolomites or are part of a basinal sequence, as suggested
by probable relics of graded bedding. The sequence ends
with lower Miocene metacalcarenites with macro-
foraminifers followed by sandstones containing Numid-
ian-type rounded quartz grains (PATAcCCA et alii, 1992a).

Selected references: BOUSQUET & DUBOIS, 1967; BOUSQUET &
GRANDJACQUET, 1969; BOUSQUET, 1971; AMODIO MORELLI et alii,

1976; DIETRICH et alii, 1976; CNR-PROGETTO FINALIZZATO GEODI-
NAMICA, 1991; IANNACE et alii, 1995 (with references therein).

4.3.3. Timpone Pallone Unit

The Timpone Pallone Unit crops out in a tectonic
window exposed along the southwestern slope of the
Pollino Mountain below upper Triassic dolomites of the
Alburno-Cervati Unit. The stratigraphic sequence consists
of some hundred meters of upper Cretaceous shallow-
water limestones showing the same characteristics as the
coeval terms of the Alburno-Cervati sequence.

Selected reference: BOUSQUET, 1971.

4.3.4. Monte Foraporta Unit

The Monte Foraporta Unit has been recognized and
described only in the Lagonegro-Lauria area where it is
represented by some hundred meters of upper Triassic(?)-
Jurassic anoxic basinal deposits tectonically sandwiched
between the Alburno-Cervati and the Monti della Mad-
dalena Units. The stratigraphic sequence consists of
Rhaetian(?)-lower Liassic resedimented dolorudites and
dolarenites followed by middle Liassic cherty limestones,
upper Liassic ammonitic marls and finally middle Juras-
sic limestones. Because of the geometrical position of the
Monte Foraporta Unit, BONI et alii (1974) hypothesized
the existence a local euxinic basin between the Alburno-
Cervati and the Monti della Maddalena depositional
realms. However, the facies distribution of the Jurassic
carbonate deposits surely referable to the Apenninic Plat-
form does not support this palinspastic reconstruction.
Presently, the paleogeographic pertinence of the Monte
Foraporta Unit remains an open problem in the Southern
Apennine geology.

Selected references: BONI et alii, 1974; DE ALFIERI et alii, 1986.

4.4. TECTONIC UNITS DERIVED FROM THE LAGONEGRO-
MOLISE BASIN

The Lagonegro, Sannio and Molise nappes, the latter
including the Frosolone, Agnone, Tufillo-Serra Palazzo
and Daunia Units, are here considered derived from a sin-
gle, wide basin located between the Apenninic Platform
and the Apulia Platform. Northwards this deep-marine
basin had to be replaced by a system of platforms and
basinal tongues (see fig. 6).

The Lagonegro Units consist of two first-order thrust
sheets known in the geological literature as the Lagone-
gro Unit I and the Lagonegro Unit II. The primary
Miocene geometry of the Lagonegro II/Lagonegro I tec-
tonic couple was drastically modified during Pliocene
times by breaching processes that produced thick antifor-
mal stacks in the Lagonegro Unit II, as well as complex
imbricate structures at the base of the thrust system.
Presently, the Lagonegro Units overlie the buried Apulia-
carbonate duplex system and are tectonically covered by
the Alburno-Cervati, Monti della Maddalena, Sicilide and
North-Calabrian Units, as well as by the Sannio Unit. In
agreement with CARBONE et alii (1988) and CARBONE &
LENTINI (1990), we believe that the Sannio Unit repre-
sents the detached Cretaceous-Miocene portion of the
Lagonegro sequence that underwent a compressional tec-
tonic history completely independent from that of the
Lagonegro Units.

A first-order open problem in the Campania-Lucania
Apennine is represented by the occurrence of tectonic
slices sandwiched between the Lagonegro Unit II and the
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internal nappes (North-Calabrian
and Sicilide Units)

future Lagonegro
Unit IT

Internal nappes

Alburno-Cervati
L Monti della Maddalena
and Monte Croce
carbonate thrust sheets

future Lagonegro
Unit I

slices of exotic lithologies
derived from the internal nappes
sandwiched between
the Lagonegro Unit II and the
Lagonegro Unit I

detached upper portion
of the Lagonegro sequence
(Sannio Unit)

leading edge of the

Lagonegro II duplex Sannio Unit

Fig. 7 - Possible mechanism explaining the occurrence of exotic rock materials tectonically sandwiched between the Lagonegro Unit I and the

Lagonegro Unit II.

— Possibili meccanismi tettonici per spiegare la presenza di materiali rocciosi estranei tra 'Unita Lagonegrese I e 'Unita Lagonegrese I1.

Lagonegro Unit I made up of exotic rock-materials. In the
High Agri Valley area, the exotic lithologies consist of cal-
cilutites, marls, siliciclastic calcarenites and subordinate
sandstones referable to the Corleto Perticara Formation
(Sicilide Unit). In the Lagonegro area, the tectonic slices
include also metapelites and quartzites displaying close
similarities with the most common lithologies of the
Frido Unit. We have tried to explain the presence of
exotic rock-materials between the two Lagonegro Units
by reconstructing the following succession of tectonic
events (see fig. 7):

— Tectonic transport of the internal nappes (North-
Calabrian and Sicilide Units) in the Lagonegro domain
and detachment of the upper portion of the Lagonegro
sequence (future Sannio Unit, fig. 7a);

— Forward transport of the internal nappes on top of
the Lagonegro Unit II while the latter moved over the
future Lagonegro Unit I (fig. 7b). Relic slices of internal
nappes had the possibility to be trapped in the shear zone
at the base of the Lagonegro Unit II.

As regards the Molise nappes, there is a general agree-
ment in the geological literature about the original posi-
tion of the Frosolone basinal domain very close to the
outer margin of the Matese Platform (CLERMONTE &
PIRONON, 1979) and about the contiguity of the Frosolone
and Agnone domains (CLERMONTE, 1977; PATAcCCA et alii,
1992b). The agreement extends to the original contiguity
of the Tufillo-Serra Palazzo and Daunia basinal domains,
but large disagreements exist on their original location.
For example, MOSTARDINI & MERLINI (1986) assign to
the Daunia domain a very external position, between the
Inner Apulia Platform and the Outer Apulia Platform
(Apulia Basin), while SGrosso (1988b) relocates the

same depositional domain in a basin (Inner Molise Basin)
that occupied an internal position with respect to the
Frosolone and Agnone domains (Intermediate Molise
Basin). A detailed mapping of the Molise nappes in the
Low Sangro Valley (IEzz1 & SBRANA, 1991) has evidenced
within the Agnone Unit a clear lateral transition from an
Agnone-type stratigraphic sequence to a Tufillo-type suc-
cession. Consequently, in the palinspastic restoration of
fig. 6 the Tufillo domain occupies a position adjacent to
the Agnone domain. The facies of the Tufillo siliciclastic
flysch deposits, more distal than the coeval terrigenous
deposits of the Agnone sequence, agree with a more exter-
nal position of the Tufillo domain.

4.4.1. Lagonegro Units

The Lagonegro Units are constituted of two major
thrust sheets. The upper thrust sheet (Lagonegro Unit II)
is constituted of middle Triassic to lower Cretaceous
basinal marine deposits with abundant shallow-water-
derived carbonate material. The lower thrust sheet
(Lagonegro Unit I) is composed of upper Triassic-lower
Cretaceous deep-water deposits displaying more distal
characteristics than the coeval deposits of the Lagonegro
Unit II.

In the upper thrust sheet (Lagonegro Unit II), the fol-
lowing intervals have been distinguished:

— Chaotic complex (Monte Facito Formation, middle
Triassic, 700-800 meters) represented by gray, green and
red silty shales and pebbly mudstones including huge
slides of different lithologies, mostly represented by:

— massive algal limestone, locally draped by yellowish
and pinkish hemipelagic limestones and marls rich in
ammonites and pelagic pelecypods;
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— yellowish silty marls rich in brachiopods and sub-
ordinate fine-grained gray sandstones showing well pre-
served ripple cross laminations;

— fine-grained red and green turbiditic quartzarenites;

- gray calcareous sandstones, calcirudites and oolite-
bearing siliciclastic calcarenites with reworked fusulinids
and other Permian-early Triassic forams;

— red radiolarian cherts;

— mafic pillow lavas.

The chaotic complex is stratigraphically overlain by a
few meters of red pelagic clays and marls with Daonella
lommeli.

— Close alternance of thin-bedded nodular calcilutites
and red clays grading upwards into gray cherty lime-
stones with shaly interbeds (Calcari con Selce Formation,
Upper Triassic). A key horizon formed by thin volcani-
clastic layers and associated vivid-green siliceous clays in
the lower part of the formation represents a very useful
key bed for stratigraphic correlations. The total thickness
ranges from 400-450 meters in the northern areas (where
the cherty limestones are strongly dolomitized) to about
200 meters in the southern areas (where dolomitization
processes are usually absent). The uppermost portion of
the Calcari con Selce Formation, regularly grading
upward into the Scisti Silicei Formation, is characterized
by the presence of dusky-red, green and black siliceous
shales and by the sporadic occurrence of brown nodular
cherts;

— Predominantly siliceous, radiolarian-rich deposits
accumulated below the CCD (Scisti Silicei Formation,
Rhaetian-Jurassic, 150-200 m), in which three intervals
may be recognized:

— Well-bedded gray cherty limestones and dolomitic
limestones with intercalations of greenish-gray and dark-
gray to black siliceous shales (Rhaetian-?Toarcian);

— Variegated to prevalently red siliceous shales asso-
ciated with calciturbidites and with centimetric red to
green radiolarian cherts (lower-middle Jurassic);

— Thin-bedded red and green siliceous radiolarites
with episodic intercalations of shelf-derived lime resedi-
ments (middle-upper Jurassic);

— Gray to dark-gray siliceous shales associated with
well-bedded buff to off-white redeposited calcilutites and
subordinate calcarenites rich in radiolarians (Galestri
Formation, Neocomian-Aptian p.p., 400 m).

In the Lagonegro Unit I the Monte Facito Formation
is lacking. In addition, the few meters of pink to off-white
condensed nodular limestones and marls rich in pelagic
bivalves characterizing the lowermost portion of the Cal-
cari con Selce Formation in the Lagonegro Unit II are lat-
erally replaced in the Lagonegro I Unit by a thick package
of dark-gray to dusky-red Halobia-bearing siliceous shales
and subordinate thin-bedded gray cherty limestones (Sor-
gente Acero Member of the Calcari con Selce Formation).
In subsurface sections, this unit a thickness of several
hundred meters. The last important difference between
the Lagonegro II and the Lagonegro I Units is made by
the absence of dolomitization in the Calcari con Selce
Formation of the Lagonegro Unit I and by the more distal
depositional characteristics of the Scisti Silicei and
Galestri Formations of the Lagonegro Unit 1.

Selected references: AMODEO et alii, 1993, 1994; BRONNIMAN et

alii, 1971; CIARAPICA et alii, 1990a,b,c; DE CAPOA BONARDI, 1969,
1984; DE CASTRO, 1962a; DE WEVER & MICONNET, 1985; DONZELLI

& CRESCENTI, 1970; LUPERTO, 1962, 1965; LUPERTO SINNI, 1966;
MARSELLA et alii, 1993; MICONNET, 1983, 1988; MIETTO & PAN-
ZANELLI FRATONI, 1990; MIETTO et alii, 1991; PaAsiNI, 1982; Ric-
CHETTI, 1961; SCANDONE, 1963, 1967, 1972; Woob, 1981.

4.4.2. Sannio Unit

The Sannio Unit extends in the Southern Apennines
from the Alto Molise region (Trigno Valley) to southern
Basilicata (Nocara Ridge). Complete sections are very
well exposed at Monte Moschiaturo east of Matese
(northern area) and in the Stigliano-Campomaggiore
region (southern area). The stratigraphic sequence, reach-
ing a total thickness of about 1500 m, is represented by
following intervals:

— Varicolored shales with intercalations of fine-
grained silicified calciturbidites, radiolarian cherts and
subordinate black shales deposited in a deep basin
beneath the CCD («Argille Varicolori» p.p. Auct., 150-200 m).
An Albian age is documented in the lower portion of the
interval, Cenomanian and Turonian ages are documented
in the upper portion;

— More or less silicified, fine-grained calciturbidites
and subordinate resedimented calcirudites alternating
with red and gray-greenish siliceous shales (Monte Coppe
Formation, upper Cretaceous, 70-80 m);

— Lime debrites and calciturbidites with intercala-
tions of red, green and yellowish marls and clays (Coste
Chiavarine, Monte Calvello, Monaci and Morcone p.p.
formations of PESCATORE, 1965b; Monte Coppe p.p.,
Monte la Defenza and Vagliardara-Crocelle-Cardeto p.p.
formations of PAGLIARO, 1998, Paleocene-lower Oligocene,
200-300 m);

— Carbonate ramp deposits represented by calcaren-
ites and calcilutites grading upward into gray-greenish
marls rich in sponge spicules, containing thin volcaniclas-
tic beds (Morcone p.p. and Monte Moschiaturo forma-
tions of PESCATORE, 1965b; upper portion of the Vagliar-
dara-Crocelle-Cardeta Formation of PAGLIARO, 1998,
Aquitanian-Burdigalian, 80-100 m). The contact between
this interval and the underlying one corresponds to an
important disconformity with a depositional gap covering
the entire late Oligocene;

— Numidian sandstones (Stigliano sandstones of the
geological literature, Upper Burdigalian, more than 500
metres);

— Marls and subordinate siliciclastic calciturbidites
grading upward into arkosic-lithic sandstones (Serra
Cortina Formation, Langhian-Serravallian, a few hundred
meters) locally including (e.g. Colobraro area) blocks of
Mesozoic platform limestones.

In the northern part of the study area, the Sannio
Unit tectonically overlies the Matese, Frosolone, Agnone
and Tufillo-Serra Palazzo Units and is unconformably
covered by the San Bartolomeo Formation. In Basilicata,
the Sannio Unit overlies the Tufillo-Serra Palazzo Unit
and is in turn tectonically covered by the Sicilide Unit.

The Sannio Nappe has been interpreted by CARBONE
et alii (1988) and CARBONE & LENTINI (1990) as the
detached upper portion of the Lagonegro sequence. The
attribution of the Sannio sequence to the Lagonegro
Basin is supported by the following facts:

— The uppermost portion of the Galestri Formation in
the Lagonegro Units reaches the Aptian while an Albian
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age is documented in the lowermost portion of the Argille
Varicolori Formation of the Sannio Unit. Both the
Galestri and Argille Varicolori Formations were deposited
in a deep basin below the CCD in the absence of any sili-
ciclastic supply;

— At the top of the Galestri Formation, fine-grained
calciturbidites and radiolarian cherts identical to those
occurring in the lowermost portion of the Sannio
sequence are locally preserved (e.g. between Pergola and
Brienza). These lithotypes are very different from the
coeval deposits of the Sicilide sequence which systemati-
cally contain siliciclastic material;

— The incorporation of the Sannio domain in the
foredeep basin (Serra Cortina siliciclastic flysch deposits)
took place around the Langhian-Serravallian boundary,
in agreement with an original position of the basin east of
the Alburno-Cervati domain, which was reached by the
flexural subsidence during late Burdigalian-Langhian
times (Civita siliciclastic flysch deposits). In addition, the
occurrence of shallow-water carbonate blocks in the
Serra Cortina sandstones agrees with a possible deriva-
tion from the Alburno-Cervati or Monti della Maddalena
domains, which were reached by the compressional
deformation during the Langhian or around the
Langhian-Serravallian boundary;

— The absence of lithologies referable to the Sannio
Unit in the allochthonous sheets overlying the Alburno-
Cervati and Monti della Maddalena units agrees with an
original location of the Sannio basinal domain east of the
Apenninic Platform.

Field evidence that apparently conflicts with the
provenance of the Sannio Unit from the Lagonegro Basin
exists in Irpinia north of the Picentini-Marzano moun-
tains where resedimented limestones and siliceous shales
surely belonging to the Sannio sequence tectonically over-
lie the Castelvetere Formation (e.g. Cresta del Gallo near
Teora) or younger (Messinian) thrust-sheet-top deposits
(e.g. Nusco). This fact may be explained by admitting
moderate backthrusts during middle and upper Miocene
times when the Sannio sequence had already been
detached from its original substratum.

Selected references: SELLI, 1962; MANFREDINI, 1963; PESCATORE,
1965b; CRESCENTI, 1966; BOENZI et alii, 1968; OGNIBEN, 1969; CEN-
TAMORE et alii, 1970, 1971; SCANDONE, 1972; PIERI & RAPISARDI,
1973; ORTOLANI et alii, 1975; DAzzARO & RAPISARDI, 1984, 1987;
CARBONE et alii, 1987, 1988; DAZzARO et alii, 1988a; CARBONE &
LENTINI, 1990; PATACCA et alii, 1992a; MOLISSO ef alii, 1994; GALLIC-
CHIO et alii, 1996; PAGLIARO, 1998; PESCATORE et alii, 1996, 2000;

D1 NOCERA et alii, 2001; MATANO & D1 NOCERA, 2001; BASSO ef
alii, 2002.

4.4.3. Frosolone and Agnone Units

The Frosolone and Agnone Units, widespread in the
Alto Molise region, extend from the northern margin of
Matese to the Low Sangro Valley (Pennadomo area). It is
not yet clear whether the Frosolone and Agnone
allochthonous sheets are separated by a major thrust sur-
face or they represent second-order thrust sheets belong-
ing to the same first-order tectonic unit as is the case of
the Montenero Val Cocchiara Unit of D1 Bucci &
Scrocca (1997). No doubt exists about the original conti-
guity of the Frosolone and Agnone depositional domains,
which is attested by the gradual transition of facies
between stratigraphic sections surely belonging to the

Frosolone thrust sheet and stratigraphic sections refer-
able to the Agnone one.

Well exposed sections representative of the Frosolone
sedimentary sequence exist in the Monte Patalecchia and
Montagnola di Frosolone areas. Additional stratigraphic
information on the lowest portion of the sequence is pro-
vided by the Frosolone 2 well. The following lithologic
intervals may be distinguished:

— Gray crystalline dolomites and cherty dolomites
attributed in the composite log of Frosolone 2 to the
upper Triassic-Jurassic. The upper portion of this interval
crops out near Carpinone and Pesche, as well as at Monte
Patalecchia. These carbonates, considered in the official
geological map 1:100.000 as upper Triassic tidal-flat
dolomites, consist in reality of dolomitized breccias con-
taining unsorted blocks of Triassic and Jurassic shallow-
water carbonates;

— Resedimented breccias grading upwards into
cherty calciturbidites with intercalations of siliceous
shales (100-150 m). In the upper part, the graded cal-
carenites contain benthic forams (Orbitolina) indicative
of a Lower Cretaceous age;

— Silicified fine-grained calciturbidites and subordi-
nate calcirudites with intercalations of shales (50-60 m),
grading upward into Scaglia-like limestones containing
variable amounts of shelf-derived resediments (Upper
Cretaceous-Eocene, a few hundred meters);

— Gray, greenish and reddish marls with intercalations
of calciturbidites (Oligocene-Lower Miocene, 40-50 m);

— Calcareous breccias and subordinate calcarenites
(Langhian, a few meters), followed by hemipelagic lime-
stones and marls rich in planktic forams (Serravallian-
Tortonian, 150-200 m);

— Clays and silty clays with rare intercalations of fine-
grained sandstones (upper Tortonian, 200-250 m) over-
lain by coarse-grained sandstones (Sant’Elena Sandstone,
also called Frosolone Sandstone in the geological litera-
ture, uppermost Tortonian?-lower Messinian, several
hundred meters).

It is interesting to remark that the Sant’Elena Sand-
stone, a typical siliciclastic flysch deposit conformably
overlying the Tortonian fine-grained terrigenous deposits
of the Frosolone sequence is laterally replaced by a
thrust-sheet-top deposit unconformably overlying the
Mesozoic carbonates of the Simbruini-Matese Unit. In the
Matese and Monte Maggiore regions these uncon-
formable terrigenous deposits are known in the geological
literature as the San Massimo Sandstone or the Caiazzo
Sandstone.

The contact between the Matese and the Frosolone
Units is represented by a high-angle reverse fault well
exposed in the Torrente Lorda area (see CLERMONTE &
PIRONON, 1979; SCROCCA et alii, 1995; SCrRocca, 1996; DE
CorsaA et alii, 1998). Sedimentary features recognized
along the northern slope of Matese have resulted crucial
for understanding the tectonic evolution of the region. In
the footwall of the high-angle fault bordering Matese,
resedimented breccias (Cantalupo breccias in PATACCA et
alii, 1992b) containing blocks of Matese-derived carbon-
ates (Cretaceous rudistid limestones, Miocene Lithotham-
nium limestones and Orbulina marls) stratigraphically
overlie Tortonian hemipelagic deposits of the Frosolone
sequence. Locally (e.g. Castellone area, see also CIAMPO et
alii, 1983 and SGrROssO, 1978), the Cantalupo breccias lie
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with an unconformity surface directly on the Matese car-
bonates, testifying to a backstepping of the active reverse
faults. The Cantalupo breccias are stratigraphically over-
lain by uppermost Tortonian clays, silty clays and very
fine-grained sandstones (Castelpizzuto Flysch in AMORE
et alii, 1988c). Along the road San Massimo-Roccaman-
dolfi, finally, upper Tortonian condensed mudstones
unconformably overlie the Mesozoic Matese carbonates
the top of which is lined by an evident hard-ground sur-
face. Both the Castelpizzuto Flysch and the Mesozoic
Matese carbonates (the latter capped by the thin veneer of
condensed mudstones) are stratigraphically covered by
the coarse-grained San Massimo/Sant’Elena sandstones.
The described stratigraphic contact indicates a de-activa-
tion of the Matese front in the short time interval ranging
from the deposition of the Cantalupo breccias plus
Castelpizzuto Flysch and the deposition of the San Mas-
simo-Sant’Elena sandstones. The fine-grained terrigenous
deposits of the Castelpizzuto Flysch overlying the Can-
talupo breccias, together with the condensed mudstones
onlapping the Matese carbonates, have been attributed to
the latemost Tortonian (A. primus nannofossil zone). The
overlying San Massimo Sandstones yielded planktic
forams indicative of the earliest Messinian. Note that very
different ages have been given by SGrosso (1996, 1998)
who has attributed the San Massimo-Sant’Elena sand-
stones to the late Messinian on the base of a questionable
occurrence of Messinian evaporites in the Agnone flysch
deposits (see discussion in PATACCA et alii, 1992b) and of
non-univocal geochemical data collected in the Northern
Matese area.

As concerns the Agnone Unit, the pre-flysch deposits
differ from those of the Frosolone sequence in two princi-
pal aspects:

— Due to the up-section geometry of the basal detach-
ment trajectory, the dolomitic lower portion of the
Frosolone sequence is lacking;

— The Cretaceous-Paleogene calcareous resediments
of the Frosolone sequence are laterally substituted,
together with the bulk of the Scaglia-like calcilutites, by
red and green shales and radiolarian cherts containing
sporadic intercalations of calcilutites and graded cal-
carenites («Argille Varicolori» p.p. Auct.). This lateral
variation of facies is quite gradual through the Alto
Molise region, though the end-members at Montagnola di
Frosolone (south) and in the Low Sangro Valley (north)
look very different.

Some differences exist also in the siliciclastic flysch
deposits of the Frosolone and Agnone sequences. The
upper Tortonian clays and silty clays with subordinate
intercalations of fine-grained sandstones present at the
base of the Sant’Elena Sandstone in the Frosolone
sequence are lacking in the Agnone sequence where they
are replaced by a few meters of mudstones. The monoto-
nous Sant’Elena Sandstone, in addition, is laterally sub-
stituted by the Agnone Flysch in which three members
(Verrino, Poggio-Villanelle and Sente members) have
been distinguished (PATACCA et alii, 1992b), the upper one
(Sente Member) reaching the Turborotalia multiloba
planktic foram Zone.

The Frosolone Unit is supposed to overlie quite inter-
nal structures of the buried Apulia-carbonate duplex sys-
tem, but no well has reached the substrate. The Agnone
Unit lies over the Gran Sasso-Genzana Unit that in turn

tectonically covers buried structures of the Apulia-car-
bonate duplex system occupying an external position with
respect to the Majella Unit, Both the Frosolone and
Agnone Units are tectonically overlain by the Sannio
Nappe.

Selected references: SIGNORINI, 1961; SIGNORINT & DEVOTO,
1962; PESCATORE, 1965a; CRESCENTI, 1967; CLERMONTE 1977,
SGROSSO0, 1978; CLERMONTE & PIRONON, 1979; CiaMPoO et alii, 1983;
AMORE et alii, 1988c; CIVITELLI & CORDA, 1988; SGROSSO et alii,
1988; WHITEMAN, 1988; PATACCA ef alii, 1990, 1992b; AMORE, 1992;
D1 Buccr, 1993, 1995; Scrocca et alii, 1995; Scrocca, 1996; D1
Buccr & Scrocca, 1997; D1 Luzio et alii, 1999; Scrocca & Tozzi,
1999; ANTONUCCI et alii, 2000.

4.4.4. Tufillo-Serra Palazzo and Daunia Units

The Tufillo-Serra Palazzo and Daunia units crop out
along the outer margin of the Apennines from Abruzzi to
Basilicata.

A type-section of the Tufillo-Serra Palazzo Unit con-
sists of the following intervals:

— Varicolored shales with subordinate intercalations
of calciturbidites («Argille Varicolori» p.p. Auct., Paleo-
gene-lower Miocene, a few hundred meters);

— Hemipelagic marls and Numidian sandstones
(upper Burdigalian). The thickness of the sandstones
ranges from 300-400 meters in the south (Basilicata) to a
few meters in the north (Abruzzi);

— Calciturbidites and hemipelagic foraminiferal
limestones with thick intercalations of calcareous sand-
stones. The ratio of the carbonate material versus the
siliciclastic detritus decreases from Abruzzi (Tufillo
Formation in SELLI, 1962) to Basilicata (Serra Palazzo
Formation in SELLI, 1962). The age of this interval is
Langhian-Tortonian. The thickness exceeds 500 meters.
Huge olistoliths of platform-derived Cretaceous lime-
stones are known in the Tricarico area (LOJACONO &
SBARRA, 1991b);

— Gray clays and silty clays with intercalations of
fine-grained siliciclastic turbidites (Olmi Formation,
uppermost Tortonian?-lower Messinian, some hundred
meters).

The stratigraphic sequence of the Daunia Unit differs
from the Serra Palazzo one in the following aspects:

— Minor content in Numidian sandstones, the total
thickness of which does not exceed a few meters, also in
the southern outcrops;

— Absence of sandstones in the post-Numidian inter-
val basically constituted of hemipelagic foraminiferal
limestones. The latter are associated, mostly in the lower
part of the interval, with coarse-grained calciturbidites
rich in platform-derived clasts;

— More distal characteristics of the uppermost Torton-
ian?-Messinian fine-grained siliciclastic deposits (Treste
Formation).

In the Molise region, the Daunia Unit is uncon-
formably overlain by Messinian evaporites. This uncon-
formity indicates that the first compressional deforma-
tion of the Tufillo-Daunia depositional domain took
place, at least in the northern part of the study area, dur-
ing Messinian times before the salinity crisis.

In Basilicata, the Tufillo-Serra Palazzo Unit tectoni-
cally overlies the Daunia Unit and no gradual transition
between the two sequences has been observed. In
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Fig. 8 - Schematic cross section showing the geometrical relationships between the Agnone and Tufillo-Serra Palazzo Units in the Castiglione

Messer Marino-Schiavi d’Abruzzo area (Low Sangro Valley).

— Sezione schematica mostrante rapporti geometrici tra I'Unita Agnone e I'Unita Tufillo-Serra Palazzo nell'area di Castiglione Messer Marino-

Schiavi d’Abruzzo area (bassa Valle del Sangro).

Molise, on the contrary, the Serra Palazzo and Daunia
Units form an imbricate fan in which a gradual transi-
tion from the typical Tufillo-Serra Palazzo lithofacies to
the Daunia ones is recognizable moving across the dif-
ferent thrust sheets. Consequently, the boundary
between the two units is not so objectively defined as in
Basilicata.

The Tufillo-Serra Palazzo and the Daunia Units lie
over different thrust sheets of the Apulia Platform. The
Tufillo-Serra Palazzo Unit, in turn, is tectonically overlain
by the Sannio Nappe.

In the Low Sangro Valley-Schiavi d’Abruzzo area, the
contact between the Tufillo-Serra Palazzo Unit and the
Agnone Unit is represented by a backthrust structure fea-
tured by an eastward-dipping high-angle fault. The foot-
wall of the fault is occupied by the siliciclastic flysch
deposits of the Agnone Unit while the hangingwall block
is formed by the Miocene carbonates of the Tufillo-Serra
Palazzo Unit. Several good-quality seismic lines allow the
reconstruction of the subsurface geometry, with the back-
thrust fault surface cutting across up-section the Agnone
sedimentary sequence (fig. 8). The upsection cutoff geom-
etry in the footwall of the thrust makes unrealistic a
provenance of the Tufillo-Serra Palazzo and Daunia units
from a realm located west of the Agnone depositional
realm, as proposed by SGRosso (1998). Alternative recon-
structions according to which the Daunia depositional
domain coincided with an Apulia Basin separating an
«Inner Apulia Platform» from an «Outer Apulia Platform»
(MoSTARDINI & MERLINI, 1986) conflicts with the geo-
metric position of the Tufillo-Serra Palazzo Unit above
quite internal units of the Apulia Platform, with the late-
most Tortonian?-early Messinian age of the siliciclastic
deposits of the Tufillo-Serra Palazzo and Daunia
sequences and with the Messinian age of the first

compressional deformation in the Daunia Unit testified
by the unconformably overlying evaporites. A palinspastic
restoration in which the Tufillo-Serra Palazzo and Daunia
realms occupied the external portion of the Molise Basin
entirely fits the available structural and stratigraphic
information. This relocation gives also a logical explana-
tion to the gradual transition of facies between the
Miocene carbonate deposits of the Agnone sequence and
the coeval deposits of the Tufillo-Serra Palazzo sequence
observed in the Bomba-Pennadomo area (IEzzi &
SBRANA, 1991), as well as to the occurrence of platform-
derived (Apulia-derived) olistoliths in the Serra Palazzo
Unit in Basilicata (LoJACONO & SBARRA, 1991b). The
relocation of the Tufillo-Serra Palazzo and Daunia depo-
sitional realms in the Molise basin justifies the term
«Molise nappes» introduced by SELLI, 1962 and applied
by us to the Frosolone, Agnone, Tufillo-Serra Palazzo and
Daunia Units.

Selected references: SELLI, 1962; CROSTELLA & VEZZANI, 1964;
WEZEL, 1966; BOENZI ef alii, 1968; CENTAMORE & VALLETTA, 1969;
CROSTELLA & STROCCHI, 1969; CENTAMORE et alii, 1970, 1971; PAL-
MENTOLA, 1970; PIERI & WALSH, 1973; RAPISARDI & WALSH, 1978;
DAzzARO & RAPISARDI, 1984, 1987; D1 NOCERA & TORRE, 1987; DAz-
ZARO et alii, 1988a; MAIORANO, 1988; SANTO & SENATORE, 1988;
SENATORE, 1988; RUSSO & SENATORE, 1989; LOJACONO & SBARRA,
1991a,b; PATACCA et alii, 1992a,b; SBARRA, 1993, 1994; BOIANO et

alii, 1994; CRITELLI & LE PERA, 1995b; GALLICCHIO & MAIORANO,
1999; MATANO & D1 NOCERA, 2001; BASSO et alii, 2002.

4.5. TECTONIC UNITS DERIVED FROM THE SIMBRUINI-
MATESE PLATFORM

In the enclosed geological-structural map (plate 1), an
undifferentiated Simbruini-Matese Unit, mostly com-
posed of shallow-water carbonates, extends from the Sim-
bruini-Ernici Mountains to Matese including the Eastern
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Ausoni and Venafro mountains as well as the Monte Mag-
giore and Taburno-Camposauro massifs. In reality, this
undifferentiated carbonate unit in reality consists of sev-
eral thrust sheets affected by an important telescoping
shortening as suggested by the distribution of the Meso-
zoic facies. The maximum structural complexity is
reached in the Matese area where SGROSsO (1986, 1988)
has attributed to two different carbonate platforms, sepa-
rated by a basinal realm, the slope deposits of Western
Matese and the shelf-lagoon/platform-edge deposits of
Eastern Matese (see fig. 5). The considerable shortening
postulated by this author was mainly based on the
assumption that the two paleogeographic domains were
incorporated in the foredeep basin in different times
(Eastern Matese in the early Tortonian, see CIAMPO et alii,
1987 and Western Matese in the early Messinian, see
AMORE et alii, 1988c). In reality, the Eastern Matese pale-
ogeographic domain was incorporated in the foredeep
basin during late Tortonian times (Gd. obliguus extremus
foraminiferal zone, see PATACCA et alii, 1990, 1992b), not
long before the Western Matese too was reached by the
flexural subsidence (latemost Tortonian, Amaurolithus
primus nannofossil zone). Consequently, we have consid-
ered the Western Matese and Eastern Matese deposits as
derived from different areas of the same carbonate plat-
form, though we do not exclude the existence of two dis-
tinct tectonic units separated by an important thrust as it
is the case of the Alburno-Cervati and Monti della Mad-
dalena Units both derived from the Apenninic Platform.

4.5.1. Simbruini-Matese Unit

The stratigraphic sequence of the Simbruini-Matese
Unit consists of 2500-3000 meters of Triassic-Cretaceous
shallow-platform carbonates disconformably overlain by
Miocene inner-ramp shallow-water limestones grading
upwards to outer-ramp hemipelagic marls and finally into
siliciclastic flysch deposits. The Mesozoic facies are mostly
indicative of tidal-flat and platform environments. Upper
Cretaceous platform-edge facies are present in Eastern
Matese. Upper Cretaceous-Paleogene slope deposits are
widely represented in Western Matese and in the Venafro
mountains. The geometrical relationships between the
platform-interior/platform-edge carbonate deposits of East-
ern Matese and the slope deposits of Western Matese have
not been fully clarified as yet, so that we do not know
whether the facies representative of the entire lateral tran-
sition original are still preserved or the primary deposi-
tional setting has been modified by the tectonic shortening.

A composite type-section representative of the bulk of
the Simbruini-Matese Unit is described by the following
intervals:

— White stromatolitic dolomites (Norian, 500-600 m)
followed by limestones and dolomitic limestones with
large megalodonts (Rhaetian, 200-300 m);

— Subtidal to intertidal limestones and subordinate
dolomitic limestones (Jurassic-Upper Cretaceous, about
1500-1800 m). Bauxite deposits and widespread pale-
okarst features indicate important episodes of emersion
during Cretaceous times (RUBERTI, 1992);

— Sporadic Paleocene and Eocene limestones (a few
tens of meters);

— Disconformable Lithothammnium limestones (Cusano
Formation, Burdigalian p.p.-Serravallian, a few tens of

meters), indicative of a shallow ramp, grading upward
into deep-ramp limestones and marls rich in Orbulina
universa and other planktic forams (Longano Formation,
Serravallian-upper Tortonian, a few tens of meters). The
contact between the Cusano and Longano Formations is
usually marked by an evident hard ground,;

— Fine-grained immature sandstones and marls
(Pietraroja Formation, upper Tortonian, 500-600 m) over-
lain by mudstones and subordinate channelized sand-
stones with olistostromes and slides of Sannio-derived
materials (Torbido Formation, upper Tortonian, around
150 m). The occurrence of the exotic materials proves
that the Sannio Unit, already affected by compressional
deformation, formed in late Tortonian times the active
margin of the mountain chain facing a foredeep basin
floored by the flexured Matese Platform.

In Western Matese and in the Venafro mountains,
Cretaceous-Paleogene slope sequences are widespread,
characterized by resedimented calcareous breccias and
calciturbidites with intraformational truncation surfaces
evidencing repeated erosional gaps. These slope to proxi-
mal-basin deposits are stratigraphically overlain by
hemipelagic limestones and marls representing the basi-
nal equivalent of the Cusano and Longano formations of
Eastern Matese.

The Simbruini-Matese Unit tectonically overlies the
W. Marsica-Meta Unit (Valroveto area) in is in turn
overlain by the Alburno-Cervati Unit along its south-
western margin and by the Sannio Unit along the east-
ern margin. The contact between the Simbruini-Matese
Unit and the Alburno-Cervati carbonates is usually
poorly exposed but has been well identified in the
Caserta mountains (PESCATORE & SGR0SSO, 1973). The
contact with the Sannio Unit, on the contrary, is very
well exposed all along the eastern margin of Matese,
from Cerreto Sannita to Guardiaregia. In the Longano-
Roccamandolfi area, the Simbruini-Matese Unit is sepa-
rated from the Frosolone Unit by a high-angle thrust
fault sealed by the lower Messinian San Massimo-
Sant’Elena sandstones.

After from MOSTARDINI & MERLINI (1986), the Albu-
rno-Cervati and the Simbruini-Matese Units have been
often grouped into an undifferentiated tectonic unit
called Western Platform of Apenninic Platform However,
the attribution of the Alburno-Cervati and Matese carbon-
ates to the same paleogeographic domain and to the same
tectonic unit is contradicted by the following major geo-
logical evidence:

— The Alburno-Cervati depositional domain was
incorporated in the Apennine foredeep basin around
the Burdigalian/Langhian boundary whilst the Matese
domain underwent flexural subsidence in late Tortonian
times. This time difference exceeding 8 million years
attests the more external position of the Matese realm;

— The Alburno-Cervati depositional domain was
probably incorporated in the thrust belt around the
Langhian/Serravallian boundary. In any case it is certain
that the Alburno-Cervati and Monti della Maddalena
Units were already deformed in Serravallian times when
they were unconformably overlain by the Castelvetere
sandstones. The Matese domain, on the contrary, under-
went the first compressional deformation in latemost
Tortonian times. This is still a significant time difference,
which exceeds 5 million years.



GEOLOGY OF THE SOUTHERN APENNINES 95

An important open problem is whether in the north a
tongue of the Lagonegro Basin separated the Apenninic
and the Simbruini-Matese Platforms or the latter merged
into a single paleogeographic domain. The existence of
two platforms separated by the northern continuation of
the Lagonegro Basin is supported by the following facts:

— From the Caserta to the Partenio mountains, the
platform-interior Mesozoic carbonates of the Alburno-
Cervati Unit are bordered by platform-edge and slope
Jurassic to Upper Cretaceous deposits that directly face
coeval shelf-lagoon carbonates belonging to the Sim-
bruini-Matese Unit (D’ARGENIO & SCANDONE, 1969;
SGROss0, 1995). Unless improbable strike-slip faults par-
allel to the elongation of the mountain chain, the facies
distribution suggests the existence of a basinal domain
between the Alburno-Cervati and the Matese depositional
realms, presently hidden in the subsurface;

— The Alburno-Cervati and Monti della Maddalena
Units lie over the Lagonegro Units whilst the Simbruini-
Matese Unit is overlain by the Sannio Unit which is con-
sidered derived from the Lagonegro Basin;

— In the Monte Taburno 1 well, located near Ca-
stelpoto a few kilometers ESE of Benevento, a section
of limestone and shales referable to the Galestri Forma-
tion was drilled between 730 and 1992 meters. Seismic
lines calibrated on the borehole show that these deposits
surely derived from the Lagonegro Basin lie over the
Camposauro carbonates, which belong to the Simbruini-
Matese Unit.

At the state of the art, we do not know how far the
Matese Platform extended southwards before being
replaced by a deeper-water basinal domain.
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NIO et alii, 1972, 1975; IppoLITO et alii, 1975; CLERMONTE &
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4.6. TECTONIC UNITS DERIVED FROM THE WESTERN MAR-
SICA PLATFORM

We have considered the W. Marsica-Meta Unit as the
only tectonic unit derived from the Western Marsica Plat-
form, in spite of the occurrence of important thrust
sheets in the type area (see e.g. ANGELUCCI & PRATUR-
LON, 1968). This choice is principally based on the inter-
nal coherency of the facies of the Mesozoic deposits that
do not suggest important elisions by tectonic shortening,
and on the age of the siliciclastic flysch deposits which is
lower Messinian over the whole region. The boundaries
between the W. Marsica-Meta Unit and the Gran Sasso-
Genzana Unit mostly derive from VEzzANI & GHISETTI
(1988).

4.6.1. W. Marsica-Meta Unit

The stratigraphic sequence of the W. Marsica-Meta
Unit is represented by upper Triassic-upper Cretaceous
shallow-water carbonates experiencing important episodes

of subaerial exposure during Albian and Aptian times.
The shallow-water carbonates, forming the bulk of the
unit, grade southwards (Mainarde-Meta region) into
slope and proximal-basin carbonate deposits (see facies
distribution in ACCORDI et alii, 1988). Both shallow-water
and deeper-water sequences end with upper Miocene car-
bonates upwards followed by siliciclastic flysch deposits.
The lithologic characteristics of the carbonate deposits in
the Western Marsica and Meta areas display close simi-
larities with the type-sequences of Eastern Matese and
Western Matese, respectively. Nevertheless, important
differences concern the age of the siliciclastic flysch
deposits and the age of the first compressional deforma-
tion. In the Western Marsica realm, foreland hemipelagic
sedimentation persisted until the early Messinian (see
COSENTINO et alii, 1997 and references therein) before
turning into a terrigenous sedimentation. The Matese
Unit, on the contrary, in the same time had already expe-
rienced incorporation in the Apennine thrust belt. Lower
Messinian siliciclastic flysch deposits coeval with the sili-
ciclastic flysch deposits of the W. Marsica-Meta Unit are
developed in the Frosolone and Agnone Units. The occur-
rence of coeval siliciclastic flysch deposits logically
implies a common foredeep basin. The latter had to be
floored in the north by the Marsica Platform and in the
south by the Molise Basin. In the Fucino area, upper
Messinian («Lago-Mare») thrust-sheet-top deposits
unconformably overlying deformed and eroded Creta-
ceous limestones (Le Vicenne conglomerates, COLACICCHI
et alii, 1967) date the incorporation of the Marsica-Meta
Unit in the Apennine thrust belt.
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4.7. TECTONIC UNITS DERIVED FROM THE GRAN SASSO-
GENZANA PLUS MONTAGNA DEI FIORI BASINAL
REALMS AND RELATED MARGINAL AREAS

We have distinguished in the geological-structural
map of plate 1 only two major tectonic units, neglecting
the numerous complex second-order thrust sheets docu-
mented in the area (see e.g. GHISETTI & VEZZANI, 1986a,b;
CALAMITA et alii, 2002).

4.7.1. Gran Sasso-Genzana Unit

The Gran Sasso Unit, together with the underlying
Montagna dei Fiori Unit, tectonically overlies the Queglia
and the Morrone-Porrara Units. It is in turn tectonically
covered by the W. Marsica-Meta, Simbruini-Matese and
Molise Units.

In the type area, the stratigraphic sequence is repre-
sented by upper Triassic- lower Liassic shallow-water car-
bonates overlain by basinal deposits containing a variable
amount of platform-derived resediments. The latter are
conformably covered by lower Messinian siliciclastic fly-
sch deposits. The pre-flysch basinal succession, display-
ing close similarities with the well-known Umbria-



96 E. PATACCA & P. SCANDONE

Marche one, is represented by middle Liassic cherty lime-
stones (Corniola Formation, 400-500 m) followed by
ammonite-bearing marls (known in the Gran Sasso area
as the Verde Ammonitico Formation) which are in turn
overlain by hemipelagic limestones and marly limestones
(upper Liassic-Digger, some tens of meters). The upper
Jurassic-lower Cretaceous (Barremian) portion of the
sequence is characterized in the whole basinal area by
massive coarse-grained calcirudites overlain by the cherty
limestones of the Maiolica Formation. Along the margins
of the basin, these lithologies are laterally replaced by
coral-hydrozoan reefs and subordinate high-energy bio-
clastic shoals (Terratta Formation, several hundreds of
meters). After an episode of sediment starvation recorded
in the northernmost part of the study area by siliceous
green marls with subordinate fine-grained calciturbidites
(Fucoid Marl), the deposition in the basinal domain is
recorded by an essentially continuous succession of
hemipelagic calcilutites containing variable amounts of
coarse-grained resediments derived from the platform
margins (Scaglia Formation). An important episode of
downslope displacement of skeletal material and carbon-
ate lithoclasts characterizes the late Albian-late Cenoman-
ian portion of the stratigraphic sequence. Channelized
bioclastic deposits on top of the pelagic calcilutites testify
to a progradation of the basin-floor fan during the Maas-
trichtian. The Tertiary portion of the northernmost sec-
tions of the Gran Sasso-Genzana Unit is characterized by
hemipelagic sequences more or less continuous from the
Paleocene-Eocene (Scaglia Formation) to the early
Messinian (Pteropod Marl) through the Oligocene and
Miocene (Scaglia Cinerea, Bisciaro and Schlier Forma-
tions). In the marginal areas of the Gran Sasso-Genzana
Unit, on the contrary, the huge volumes of carbonate
material exported from the platform margins to the basin,
combined with a decrease in the subsidence rate, caused
a progressive progradation of the depositional slope
apron and the establishment of a distally-steepened ramp.

A lateral transition between the Gran Sasso Genzana
Basin and the northwestern margin of the Apulia Plat-
form is preserved in a series of carbonate structures
emerging from the lower Messinian siliciclastic flysch
deposits south of Scontrone, between the High Sangro
Valley and the High Volturno Valley. The preservation of
the original depositional system has been possible thanks
to the direction of the lateral transition parallel to the
strike of the regional tectonic features which allowed the
incorporation of different facies in the same thrust sheet
without obliterating the stratal architecture. The margin
of the Apulia Platform in this area is represented by Neo-
comian platform-interior carbonates (Morrone di Pacen-
tro Formation) basinward replaced by coral-bearing plat-
form-edge limestones (upper portion of the Terratta
Formation), both disconformably overlain by the Torton-
ian-lower Messinian Lithothamnium Limestone which is
in turn stratigraphically covered by siliciclastic flysch
deposits stuffed with Molise-derived olistostromes and
slides (Castelnuovo al Volturno Flysch). Resedimented
gypsarenites and gypsrudited have been locally recog-
nized in the Castelnuovo al Volturno Flysch. Gypsum
beds are also present near Anversa degli Abruzzi, in ter-
rigenous deposits at the top of the Montagna Grande
sequence. In the early nineties, the occurrence of Messin-
ian evaporites in Eastern Marsica was considered an
anomaly conflicting with the available stratigraphic data

that suggested a palinspastic position of the Genzana
Basin in a foreland area reache by flexural subsidence in
the Tortonian, a long time before the Messinian salinity
crisis. In order to find a solution to this problem, PATAC-
CA et alii (1992b) suggested a more external paleogeo-
graphic pertinence of the Montagna Grande sequence
whilst CORRADO et alii (1996) envisaged tectonic relation-
ships between the Montagna Grande carbonates and
more external gypsum-bearing terrigenous deposits. The
two sequences would have been drown close by chance
via strike slip motion along a lateral fault. Actually,
the Montagna Grande carbonates conformably grade
upwards to the gypsum-bearing deposits, but the occur-
rence of resedimented evaporites in the siliciclastic
deposits of the Gran Sasso-Genzana sequence is lo longer
an anomaly. Consequently, the Montagna Grande «prob-
lem» has ceased to be a problem.

Selected references: ZAMPARELLI, 1963, 1966; CoOLACICCHI &
PRATURLON, 1965a,b; CoLAciccHI, 1967; CRESCENTI et alii, 1969;
ApaAmoLl et alii, 1978, 1982, 1990; CHIOCCHINI & MANCINELLI, 1978;
CHIOCCHINI et alii, 1980, 1994; GHISETTI & VEZzANI, 1986a,b; 1988,
1990, 1991, 1997; Accorbi et alii, 1988; Bicozzi, 1990, 1994;
GHISETTI et alii, 1990; DE LA PIERRE & BRUZZONE, 1991; BIGOZzZI et
alii, 1992; D’ANDREA, 1988; AMORE et alii, 1989; D’ANDREA et alii,
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4.7.2. Montagna dei Fiori Unit

The Montagna dei Fiori Unit, lying in the footwall of
the Gran Sasso-Genzana Unit, tectonically overlies the
Queglia Unit. The Mesozoic-Tertiary pre-flysch deposits
show the characters of the most typical Umbria-Marche
sequences. The flysch deposits (Laga Flysch) are repre-
sented by about 3000 meters of turbiditic sandstones the
base of which post-dates the FCO of Th. multiloba and
pre-dates the salinity crisis. The salinity crisis is recorded
in the middle part of the sequence by a horizon of gyp-
sarenites several meters thick constituting a useful key
bed. Near the top of the sequence, a second key bed is
represented by a well dated (upper Messinian, 5.5 Ma)
volcaniclastic layer that has been recognized along the
Adriatic side of the Apennines in different tectonic units
widespread from Romagna to Southern Abruzzi. We will
se in the next pages that this horizon, together with the
evaporites of the salinity crisis allowed us to operate close
correlations between the Messinian deposits of the Mon-
tagna dei Fiori, Queglia and Majella Units.

Selected references: KOOPMAN, 1954; GIROTTI & PAROTTO, 1969;
GIANNINI et alii, 1970; BROGINI, 1973; MUTTI et alii, 1978; PAL-
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alii, 1986; INVERNIZZI & RIDOLFI, 1992; VALLONI et alii, 2002.

4.8. TECTONIC UNITS DERIVED FROM THE APULIA PLATFORM

We have included in this group the Morrone-Porrara,
Queglia, Majella and Casoli-Bomba Units, as well as the
Monte Alpi Unit exposed in a small tectonic window east
of Lagonegro which represents in the Southern Apen-
nines the only element of the buried Apulia-carbonate
duplex system that reaches the surface. The Monte Alpi
Unit, dubitatively correlated by us with the Morrone-Por-
rara Unit, should not be confused with the Monte Alpi oil-
field domain of fig. 6, which has been correlated, with the
Majella domain. The Casoli-Bomba Unit has a southern
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counterpart in the Tempa Rossa-Rotondella thrust system
located north and east of the Sant’Arcangelo depression.
The Tempa Rossa-Rotondella thrust system, never reach-
ing the surface, has been object of extensive petroleum
exploration.

4.8.1. Morrone-Porrara Unit

The Morrone-Porrara Unit lies tectonically overlies
the Queglia Unit and, in its southern termination, the
Majella Unit. Northwards, it disappears beneath the lat-
eral ramp of the Gran Sasso tectonic arc.

The Morrone-Porrara Unit has derived, as the more
external Majella Unit, from a N-S trending basin-and-
platform system in which the transition between Juras-
sic-Cretaceous platform-interior carbonates (Morrone di
Pacentro area) and coeval basinal deposits (Morrone di
Popoli area) is still preserved. Both shallow-water and
deeper-water deposits are disconformably overlain by
Miocene deepening-upward homoclinal-ramp carbonates
followed by siliciclastic flysch deposits. The onset of the
siliciclastic sedimentation took place during the Messin-
ian, but the exact age has still to be defined. During the
Messinian, the foredeep basin shifted from the Gran
Sasso-Genzana domain (early Messinian before the salin-
ity crisis) to the Queglia domain (late Messinian after 5.5
Ma, established by the age of a widespread well dated
volcaniclastic horizon). Since the Morrone-Porrara
domain occupied an intermediate position between the
Gran Sasso-Genzana and the Queglia domains, the age of
its incorporation in the foredeep basin would better con-
strain the reconstruction of the kinematic evolution
of the area. The lower chronological boundary is limited
by the occurrence of Th. multiloba in the pre-flysch
deposits. In addition, gypsum-bearing mudstones are
reported in the geological literature (see GHISETTI et alii,
1994; MiccapEl & PAROTTO, 1998) but the relationships
between these restricted deposits and the terrigenous fly-
sch deposits are not fully clarified. At the base of the ter-
rigenous deposits a tuffite bed is present, but we do not
know whether this layer is the 5.5 Ma volcaniclastic layer
or is an older horizon as the volcaniclastic bed observed
at the base of the evaporites in the Queglia sequence. The
fossil content does not solve the problem since it is rep-
resented in the lower portion of the flysch deposits by a
planktic foram association of the Gt. conomiozea Zone,
Th. multiloba Subzone and in the upper portion only by
sparse ostracods (Cyprideis, locally associated with rare
Candona), which are not indicative of a specific time
interval.

The Morrone Unit is unconformably overlain by
Pliocene thrust-sheet-top deposits referable (CIPOLLARI,
personal communication) to the MNN 16a Zone which
corresponds to the Gt. puncticulata p.p. and Gt. cras-
saformis p.p. foraminiferal Zones These Pliocene deposits
would seal the contact between the carbonates of the
Morrone Unit and the underlying terrigenous deposits of
the Queglia Unit establishing an upper boundary for the
incorporation of both units in the Apennine mountain
chain.
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4.8.2. Queglia Unit

The Queglia Unit extends with a N-S trend for about
one hundred kilometers in length and 20-25 kilometers in
width in the footwall of the Montagna dei Fiori, Gran
Sasso-Genzana and Morrone-Porrara Units. Between the
Morrone and Majella mountains, the Queglia Unit occu-
pies a narrow structural corridor that becomes progres-
sively narrower until it disappears beneath the Morrone-
Porrara carbonates that in the Campo di Giove area lie
directly over the Majella carbonates. In correspondence
to the Pescara Valley, a gently folded thrust flat separates
Messinian terrigenous deposits of the Queglia Unit from
underlying lower Pliocene terrigenous deposits of the
Majella Unit. From the northernmost to the southernmost
outcrops, the Queglia Unit is structurally characterized by
a tight system of N-S oriented folds, mainly reverse folds.

The sedimentary sequence of the Queglia Unit is rep-
resented by about 150 meters of Cretaceous-Paleogene
basinal carbonates disconformably overlain by some tens
of meters of Miocene open-ramp limestones followed by
Messinian hemipelagic marls and evaporites. The latter
are overlain in turn by a few tens of meters of mudstones
containing in the upper portion a tuffite bed (5.5 Ma vol-
caniclastic horizon) followed by a thick pile of uppermost
Messinian-lower Pliocene siliciclastic flysch deposits.

In the current literature there is a large disagreement
about the tectonic pertinence of the deposits by us attrib-
uted to the Queglia Unit. For example, the siliciclastic fly-
sch deposits entirely referred to the Queglia Unit in plate
1 have been mapped by GHISETTI et alii (1994) partly
as Teramo Flysch (upper Messinian-lower Pliocene,
Farindola Unit), partly as Cellino Formation (upper
Messinian-lower Pliocene, Villadegna-Cellino Unit), partly
as upper Messinian-lower Pliocene deposits of the Majella
sequence (Alanno-Majella Unit) and partly, finally, as the
Forca di Penne-La Queglia Flysch (upper Messinian-
?lower Pliocene) attributed to a system of imbricates
developed between the Gran Sasso plus Morrone and the
Majella mountains. The same deposits have been mapped
by Bic1 et alii (1995) partly as Cellino Formation plus
Torrente Cigno Clay (upper Messinian-lower Pliocene,
Cellino Unit) and partly as post-evaporite Member of the
Laga Formation (upper Messinian, Laga-Monte La
Queglia Unit). A thoroughly discussion on this subject is
out of the aims of this paper. We wish to emphasize the
important shift of the foredeep basin between the early
and the late Messinian recorded by the more internal
Laga Flysch (Montagna dei Fiori Unit) and the more
external flysch deposits of the Queglia Unit. The onset of
the siliciclastic flysch deposits in the Laga foredeep basin
dates back to the early Messinian after the FCO of Tb.
multiloba (see CANTALAMESSA et alii, 1986b) and before
the salinity crisis. The uppermost portion of the sequence
(post-salinity crisis) does not reach the upper Messinian
«Lago-Mare» episode since sedimentation stopped imme-
diately after the 5.5 Ma volcaniclastic horizon. The onset
of the Queglia siliciclastic flysch deposits, on the con-
trary, took place in late Messinian times after the 5.5 Ma
volcaniclastic event and foredeep sedimentation persisted
until the early Pliocene (Gt. margaritae-Gt. puncticulata
concurrent range Zone). A channelized limestone-pebble
conglomerate roughly marking the Messinian-Pliocene
boundary forms a useful key bed at about 800 meters
above the base of the siliciclastic flysch deposits well rec-
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ognizable also in the subsurface. The same conglomerate
key bed is present in the Majella Unit where it marks the
base of the siliciclastic flysch deposits. In terms of struc-
tural features, the Majella conglomerate conformably fol-
lows the broad, long wave-length anticline depicted by
the underlying Mesozoic-Tertiary carbonates whilst the
Queglia conglomerate appears everywhere involved in a
tight system of thrusts and short wave-length folds, fre-
quently reverse folds, implying a very shallow décolle-
ment surface. In addition, the thick sequence of upper
Messinian siliciclastic turbidites underlying the Queglia
conglomerate are laterally replaced in the Majella
sequence by a few meters of upper Messinian hemipelagic
marls which were deposited in a foreland setting. In con-
clusion, all the available stratigraphic and structural data
concur to include all the upper Messinian-lower Pliocene
siliciclastic deposits of the external Abruzzi region into a
single major tectonic unit, the Queglia Unit, which is
internally organized into a system of folds and thrusts
showing a high degree of structural complexity.
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alii, 2002.

4.8.3. Majella Unit

The Majella Unit has been identified as yet only in
Abruzzi and in Basilicata in the subsurface of the High
Agri Valley (Monte Alpi oil field). In Abruzzi, the Majella
Unit is tectonically overlain by the Queglia Unit in the
north and by the Molise nappes (Agnone and Tufillo-
Serra Palazzo Units) in the south. The buried carbonate
thrust sheets attributed to the Majella Unit in Basilicata
are tectonically overlain by the Lagonegro Units. The sub-
surface identification of the Majella Unit between south-
ern Abruzzi and Basilicata is still an open problem.

In Central Majella, the transition from the northern
termination of the shallow-water Apulia Platform and a
deeper-water basin referable to an external area of the
Marche depositional domain is spectacularly exposed. As
in many other areas of the Central Apennines, the plat-
form-basin system was created by a Jurassic extensional
tectonics responsible for the drowning of large portions
of a widespread upper Triassic-lower Liassic shallow-
water carbonate domain. The platform sequence is repre-
sented by Cretaceous shallow-water carbonates showing
two major episodes of subaerial exposure in Aptian and
Albian times. The basinal deposits are represented by the
Fucoid Marl and the Scaglia Formation, the latter con-
taining variable amounts of platform-derived carbonate
resediments. Both platform and basinal deposits are over-
lain by uppermost Cretaceous to upper Miocene carbon-
ate-ramp deposits organized in a series of backstepping
sequences displaying progressively more distal facies
moving towards the north separated by disconformity
surfaces. The Messinian salinity crisis has been recorded
by a shallowing-upward sequence of evaporites and evap-
oritic limestones overlain by about 10 meters of upper
Messinian hemipelagic marls containing in the lower por-
tion the 5.5 Ma volcaniclastic horizon. The upper Messin-
ian marls are overlain in turn by a channelized limestone-
pebble conglomerate with at the base a veneer of
open-marine clays of the Sphaeroidinellopsis acme Zone.
The conglomerate is followed by about 500 meters of

lower Pliocene siliciclastic flysch deposits. Coeval silici-
clastic flysch deposits stratigraphically overlie Messinian
carbonates and evaporites at the top of the Monte Alpi
oil-field reservoir. The upper Messinian marls of the
Majella sequence obviously represent the foreland equiva-
lent and the coeval sandy turbidites in the Queglia
sequence deposited in the adjacent foredeep basin. The
shift of the foredeep basin from the Queglia to the Majella
depositional domains was obviously less dramatic than
the basin shift from the Laga (Montagna dei Fiori) to the
Queglia domains. The top of the siliciclastic flysch
deposits, in fact, has the same age (early Pliocene, Gt.
margaritae-Gt. puncticulata concurrent range Zone) in the
Queglia and Majella sequences in spite of the different
age of the base, and this fact indicates a depocenter shift
within the same foredeep basin rather than the creation
of a new flexural depression. In the case of the Montagna
dei Fiori and Queglia Units, on the contrary, the age of
the uppermost portion of the Laga Flysch is slightly older
than the base of the flysch deposits in the Queglia Unit,
and this fact implies a considerable retreat of the flexure
hinge around 5.5 Ma.
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4.8.4. Casoli-Bomba Unit

The Casoli-Bomba Unit is represented in the subsur-
face by a NNW-SSE/N-S trending popup-like structure
bounded by Adriatic-dipping and Tyrrhenian-dipping
high-angle thrusts. This structure, the top of which
reaches the surface in the Low Aventino Valley, has been
recognized in seismic lines from the eastern margin of
Majella to the Alto Molise region and has been explored
by several commercial wells. In the Aventino Valley, only
the Pliocene portion is exposed, tectonically overlain by
the Molise nappes. The southward continuation of the
Casoli-Bomba Unit is still an open problem. In Basilicata,
a counterpart of the Casoli-Bomba Unit is represented by
the Tempa Rossa-Rotondella thrust system that occupies
an external position with respect to the major Southern
Apennine duplex system (see structural map at the top of
the Apulia carbonates in NicorLal & GAMBINI, Structural
architecture of the Adria platform-and-basin system, in this
volume). Both in the Casoli-Bomba and Tempa Rossa-
Rotondella structures the drilled sequence consists of
Mesozoic-Tertiary carbonates (usually shallow-water car-
bonates) and Messinian evaporites disconformably over-
lain by Pliocene siliciclastic deposits referable to the Gt.
puncticulata zone.

Selected references: CRESCENTI, 1975; CASNEDI et alii, 1981; Pa-
TACCA et alii, 1992b; D’ANDREA et alii, 1993.

4.8.5. Monte Alpi Unit

The Monte Alpi Unit, exposed in the homonymous
mountain, represents in the Southern Apennines the only
emergence of the buried Apulia-carbonate duplex system,
the allochthonous sheets being locally represented by the
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North-Calabrian and Lagonegro Units. The stratigraphic
sequence consists of upper Jurassic-lower Cretaceous
platform-interior limestones disconformably overlain by
upper Miocene ramp carbonates yielding in the upper
portion Th. multiloba. Both Mesozoic and Miocene car-
bonates are unconformably overlain by a terrigenous
sequence made up of polygenic conglomerates, shales
and subordinate siliciclastic calcarenites. The clasts of the
conglomerate are representative of all the tectonic units
present in the Southern Apennines, from the metamor-
phic internal units to the external Molise Units. The
matrix of the conglomerates is characterized by the
occurrence of very-well rounded polycyclic quarts grains
associated with feldspars and rock fragments. No indica-
tive fossils have been found in the terrigenous deposits.
However, the close similarities between the matrix of the
conglomerates and the sandstones overlying the Apulia
carbonates in the Monte Alpi oil field suggest an early
Pliocene age. If this age attribution is correct, the deposi-
tional domain of the Monte Alpi Unit (in which the
unconformable terrigenous sequence has the meaning of
a thrust-sheet-top deposit) had to occupy a position
slightly internal with respect to the depositional domain
of the Monte Alpi oil field (in which the turbiditic sand-
stone sequence has the meaning of a foredeep deposit).
We have correlated the foredeep basin of the Monte Alpi
oil field depositional domain with the coeval foredeep
basin of the Majella domain. We have also dubitatively
correlated the Monte Alpi Unit with the more internal
Morrone-Porrara Unit taking into the consideration the
fact that the Monte Alpi Unit was already part of the
mountain chain when a foredeep basin developed in the
Monte Alpi oil field depositional domain.

Selected references: SARTONI & CRESCENTI, 1961; GRAN-
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5. THE SOUTHERN APENNINE THRUST-SHEET-TOP DEPOSITS

The term «thrust-sheet-top deposit» has been often
used in the current literature as a synonym for «piggy-
back-basin deposit». In this paper, the term thrust-sheet-
top deposit refers to every kind of sedimentary unit
unconformably overlying a thrust sheets. We prefer to use
the term piggyback-basin deposit dealing with a thrust-
sheet-top deposit that formed on top of an active thrust
sheet, i.e. in a basin located at the rear of a growing ridge
(see original definition in ORI & FRIEND, 1984). The
stratigraphic characters of the thrust-sheet-top deposits
are closely controlled by the trajectories of the thrusts
active during sedimentation. Therefore, thrust-sheet-top
deposits are very useful not only for fixing an upper
chronological boundary to the deformation of the under-
lying thrust sheet but also for reconstructing the synsedi-
mentary tectonic setting. For example, a preliminary
rough analysis of the stratigraphic sequence based on the
presence or absence of growth strata allows us to discrim-
inate sediments certainly deposited in the hangingwall of
an active thrust from sediments probably deposited on a
footwall block, respectively (see fig. 9).

In the following pages we will provide a synthetic
description of the Apennine thrust-sheet-top deposits
starting from the oldest depositional sequences uncon-
formably overlying the most internal tectonic units.

5.1. CILENTO GROUP AND ALBIDONA FORMATION

The Cilento Group was established by AMORE et alii
(1988b,d) as an unconformity-bounded unit stratigraphi-
cally overlying the North-Calabrian and Alburno-Cervati
nappes. According to these authors, the Cilento Group
represents a lower-middle Miocene synorogenic cycle
post-dating the Burdigalian tectonic phase. The cycle
would consist of three formations, the San Mauro, Tor-
rente Bruca and Pollica Formations, the equivalent of
which is represented in Basilicata and Northern Calabria
by the Albidona Formation of SELLI (1962). In effects, the
San Mauro and Torrente Bruca Formations entirely cor-
respond to the Albidona Formation; the Pollica Forma-
tion crops out only in the Cilento region and has no coun-
terpart in Basilicata and Northern Calabria.

In Cilento and in the type area, the Albidona Forma-
tion consists of at least 1500 meters of siliciclastic tur-
bidites with intercalations of carbonate megaturbidites.
The age of these deposits is controversial. In the type-
area, the Albidona formation has been attributed to the
Langhian by SELLI (1962) and subsequently to the
Eocene by MOSTARDINI et alii (1966), OGNIBEN (1969),
PAVAN & PIRINI (1963) and VEZzANI (1970), to the late
Oligocene-early Burdigalian by ZUPPETTA et alii (1983), to
the early-middle Burdigalian by BONARDI et alii (1985)
and to the Eocene by BARUFFINI et alii (2000). In Cilento,
the San Mauro Formation (equivalent of the Albidona
Formation) has been attributed to the Eocene-Oligocene
by Cocco & PESCATORE (1968), to the Eocene-early
Miocene by Cocco (1971), to the Aquitanian by GUER-
RERA (1978), to the early/late Burdigalian-early Langhian
by AMORE et alii (1988b) and to the Langhian-Tortonian
by Russo et alii (1995).

The Eocene attribution of the Albidona Formation is
obviously inconsistent with the Eocene and Oligocene ages
documented in the underlying Saraceno Formation in the
type-area (see DE BLASIO et alii, 1978 and BONARDI et alii,
1988). On the other hand, Oligocene macroforaminifers
were already found in the San Mauro deposits (Cilento) by
PrINCIPI (1940) sixty years ago. At the state of the art, the
Burdigalian-Langhian age proposed by AMORE et alii
(1988b,d) seems to be the most reliable attribution.

According to BONARDI ef alii (1985) and LENTINI et alii
(1987), the Albidona Formation unconformably overlies
the Alburno-Cervati carbonates of Monte Raparo sealing
the tectonic contact between the North Calabrian and the
Alburno-Cervati Units, as well as the contact between the
Alburno-Cervati Unit and the Lagonegro Units. In reality,
the contact between the Albidona Formation and the
underlying Monte Raparo carbonates, described as an
unconformity surface, is a folded thrust-flat which sepa-
rates the North-Calabrian Unit plus Albidona Formation
from the underlying carbonates of the Alburno-Cervati
Unit with an important cutoff angle at the hangingwall.
The Monte Raparo carbonates form here a sort of small
duplex between the North-Calabrian Unit plus Albidona
Formation and the Lagonegro units. This geometrical con-
figuration can be easily explained by interpreting the
Monte Raparo carbonates as a decapitated out-of-sequence
structure of Alburno-Cervati Unit sandwiched between the
North-Calabrian Nappe plus Albidona and the Lagonegro
Unit II transported over the Lagonegro Unit 1.

As concerns the depositional setting of the Albidona
Formation, COLELLA & ZUFFA (1988) have evidenced the
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Fig. 9 - Schematic representation of active thrust trajectories controlling sedimentation on top of the Southern Apennine duplex system.
— Rappresentazione schematica delle traiettorie dei thrusts attivi che hanno controllato la sedimentazione sul dorso del sistema duplex dell' Appen-

nino Meridionale.

different provenance of the siliciclastic and carbonate
materials, the former from the active western margin of
the basin and the latter from the passive eastern margin.
Considering that the Albidona basin was floored by the
deformed North-Calabrian Unit, a tectonic activity of the
western margin must be related to an out-of-sequence
thrust propagation or to the nucleation of an important
breach. The tectonic instability of the western margin of
the Albidona basin is also confirmed by the occurrence
of olistoliths of ophiolitic rocks associated with olis-
tostromes of deep-marine deposits widespread from
Cilento to Basilicata (DIETRICH & SCANDONE, 1972).
Selected references: SELLI, 1962; PAVAN & PIRINI, 1963; IETTO et
alii, 1965; MOSTARDINI et alii, 1966; Cocco & PESCATORE, 1968;
CoLELLA & ZUFFA, 1988; VEzzANI, 1970; Cocco, 1971; DIETRICH &
SCANDONE, 1972; GUERRERA, 1978; ZUPPETTA et alii, 1983; BONARDI
et alii, 1985; CRITELLI, 1987, 1990; LENTINI et alii, 1987; AMORE et
alii, 1988b, d; COLELLA & ZUFFA, 1988; CRriscl et alii, 1988; CRITELLI

& LE PERA, 1990, 1991, 1994, 1995b; D1 GiroOLAMO et alii, 1992,
1994; Russo et alii, 1995.

5.2. GORGOGLIONE FORMATION

The Gorgoglione Formation was established by SELLI
(1962) who interpreted this lithostratigraphic unit as a

«neoautochthonous» deposit unconformably overlying
the Albidona Formation and the Lucanian nappes (=
Sicilide Nappe in this paper). The stratigraphic sequence
of the Gorgoglione Formation consists of turbiditic sand-
stones and subordinate polygenic conglomerates reaching
a thickness of about 1500 meters. A Langhian-early Tor-
tonian age (BOENZI & CIARANFI, 1970; CIARANFI, 1971) is
commonly reported in the geological literature.

Three turbidite systems have been recognized in the
Gorgoglione sequence by BolANO et alii (1994) and
Boiano (1997). The lower system is represented by
pelitic-arenaceous deposits displaying no remarkable lat-
eral variations of facies. According to these authors, a
structural high divided the Gorgoglione basin into a
northern sector and a southern sector during the deposi-
tion of the lower system The middle and upper systems,
the former separated from the lower turbidite system by a
disconformity surface, are represented mainly by tur-
biditic sandstones and subordinate conglomerates orga-
nized into thinning- and fining-upward megacycles. As
concerns the tectonic evolution of the sedimentary basin,
three principal stages have been recognized by Borano
(1997) and Bo1aANO et alii (1994). The first stage was char-
acterized by an open topography with the progradation of
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overbank pelitic deposits (lower turbidite system) the
depositional geometry of which was influenced by the
structural high separating the northern and southern sec-
tors of the basin. The second stage (middle turbidite sys-
tem and lower part of the upper system) was closely con-
trolled by piggyback thrust propagation towards the
foreland which caused a remarkable narrowing of the
basin, as suggested by the NNW-SSE elongation of the
turbidite bodies, in line with the paleocurrent mean direc-
tion. The third stage (upper portion of the upper turbidite
system) was characterized by conditions of tectonic qui-
escence related to the far-field inward migration of the
active thrusts (out-of-sequence thrust propagation). In
effects, a drastic physiographic change had to occur
between the lower and middle turbidite systems. The
lower system might represent, in our opinion, a nappe
sheet drape deposited on top of the Sicilide Unit during
its forward displacement on a long thrust flat. The abrupt
change in the sea-floor physiography passing from the
lower turbidite system to the middle system can be
related to a breach of the thrust toe producing a NNW-
SSE elongated narrow basin.

The entire Gorgoglione synthem is currently consid-
ered, in the geological literature, as a piggyback-basin
deposit (see PESCATORE & SENATORE, 1986 and subse-
quent literature). Piggyback basins develop in the hang-
ingwall of active thrusts and are backward limited by
inactive ridges. In the case of the Gorgoglione Formation,
on the contrary, the stratigraphic signatures recognized
by Boiano (1997) and BoiaNoO et alii (1994) indicate that
during the deposition of the middle and upper turbidite
systems the basin had to be located in the footwall of the
active thrusts (breaches or out-of-sequence thrusts), at
the rear of an inactive ridge.

In the Cilento region, a conglomerate sequence is
developed on top of the Albidona Formation. These con-
glomerates, known in the geological literature as the
Monte Sacro Conglomerate (DE PipPo & VALENTE, 1991),
have been dubitatively considered a proximal facies of the
Gorgoglione Formation.

Selected references: SELLI, 1962; BOENZI & CIARANFI, 1970; CIa-
RANFI, 1971; Cocco et alii, 1972; LoiacoNo, 1974, 1981, 1993;
PESCATORE, 1978; COLELLA, 1979; PESCATORE et alii, 1980a,b;
PESCATORE & SENATORE, 1986; LENTINI et alii, 1987; CRITELLI &

LoiaconNo, 1988; DE Pippo & VALENTE, 1991; Boiano, 1993, 1997;
CATALANO et alii, 1993; BOIANO et alii, 1994.

5.3. CASTELVETERE FORMATION

The Castelvetere Formation (PESCATORE et alii, 1969)
is represented by siliciclastic deposits, mostly disorga-
nized coarse-grained sandstones and polygenic conglom-
erates, containing in the lower part olistoliths of
platform-derived carbonates and in the upper part
olistostromes and slides of Sicilide-derived materials. The
depositional environment ranges from a shelf margin
(e.g. Sorrento Peninsula), to the base of a slope (e.g.
northeastern margin of the Partenio and Picentini moun-
tains, northern margin of Monte Marzano). The outcrop
distribution principally follows the outer margin of the
Alburno-Cervati and Monti della Maddalena units. The
most internal (SW) outcrops of the Castelvetere Forma-
tion are known in the Sorrento Peninsula and along the
southern margin of the Alburni Mountains. The age of the
Castelvetere Formation is Langhian-Tortonian according
to PESCATORE et alii (1969), Serravallian-Tortonian

according to SANTO & SGR0OSSO (1987) and Tortonian
according to PATAcCA et alii (1990). At the state of the art,
a Serravallian-Tortonian p.p. age seems very likely. The
Castelvetere Formation unconformably overlies the Meso-
zoic-Tertiary carbonates of the Alburno-Cervati and
Monti della Maddalena units and is in turn tectonically
overlain by the Sicilide Nappe. The maximum thickness
exceeds 1500 meters.

The Castelvetere Formation has been usually inter-
preted as a wildflysch deposit accumulated in a foredeep
basin inward limited by the active front of the Alburno-
Cervati and Monti della Maddalena carbonates (see origi-
nal definition in PESCATORE et alii, 1969). PESCATORE &
SENATORE (1986) divided the Castelvetere Formation into
two portion separated by an unconformity surface. The
lower portion was interpreted as a foredeep deposit accu-
mulated at the base of the slope of the Campania-Lucania
Platform while the latter was collapsing towards the
basin; the upper portion was interpreted as a piggyback-
basin deposit unconformably overlying the platform car-
bonates and the allochthonous «Argille Varicolori» unit.
The unconformity would testify to an important tectonic
event during Burdigalian times. According this interpreta-
tion the lower portion of the Castelvetere Formation
should be pre-Burdigalian, whilst microfossils indicate an
age not older than the Serravallian (SANTO & SGROSSO,
1987). We did not recognize any regional unconformity or
remarkable change in the depositional features between
the lower portion of the Castelvetere Formation, every-
where portion stuffed with carbonate olistoliths, and the
upper portion, stuffed with Sicilide-derived slides and
olistostromes. Field evidence, in addition, including the
evidence provided by PESCATORE et alii (1969), points to a
syntectonic sedimentation of the Castelvetere Formation
controlled by backstepping thrusts rather than by normal
faults producing a collapse of the outer margin of the
platform.

The Castelvetere Formation has been assembled,
together with the Gorgoglione Formation and with the
Burdigalian-Tortonian portion of the Serra Palazzo and
Daunia sequences, into a group of thrust-sheet-top and
foredeep deposits called Irpinian Units (see Cocco et alii,
1972; PESCATORE, 1978 and subsequent literature quoted
in PESCATORE, et alii, 1996). According to these authors,
the Irpinian Units would be representative of different
portions of a single basinal domain (Irpinian Basin) that
experienced an arkosic-lithic sedimentation after the Bur-
digalian tectonic phase. We fully agree with SGrosso
(1998) that the Irpinian Basin model is an obsolete para-
digm based on correlations between non-coeval sedimen-
tary sequences, which have been deposited in different
times in basinal areas characterized by different tectonic
settings

Among the Apennine geologists there is a sort of
orally transmitted legend according to which the Castel-
vetere Formation unconformably overlies the Lagonegro
Units. This story appears sometimes also in the scientific
literature (e.g. PESCATORE et alii, 1996) though no docu-
mentation is provided. The reader should consider devoid
of any reliability the existence of stratigraphic contacts
between the Lagonegro Units and the Castelvetere Forma-
tion, the assumption of which would radically change the
kinematic interpretation of the Southern Apennines.

Selected references: PESCATORE et alii, 1969, 1996; Cocco et alii,
1972, 1974; Cocco & PESCATORE, 1975; PESCATORE, 1978, 1984,
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1988, 1995; PESCATORE & SENATORE, 1986; SANTO & SGROSSO,
1987, PESCATORE, 1978a,b, 1988, 1995; PaTAaccA et alii, 1990;
CRITELLI & LE PERA, 1991, 1995a.

5.4. SAN BARTOLOMEO FORMATION, TorpO CAPUANA
FORMATION AND SAN MASSIMO SANDSTONE

The San Bartolomeo Formation lies in angular
unconformity over the Sannio Unit and grades upwards
into the Toppo Capuana Formation. The San Massimo
Sandstone unconformably overlies the Matese Unit and is
tectonically covered by the Sannio Unit. A type-section of
the San Bartolomeo and Toppo Capuana Formations is
represented by basinal sandstones and polygenic con-
glomerates exceeding 500 m in thickness (San Bar-
tolomeo sandstones of the geological literature) overlain
by pelitic-arenaceous turbiditic deposits reaching a thick-
ness of about 200 metres (Toppo Capuana «marls» of the
geological literature).

The San Bartolomeo and Toppo Capuana Formations
were established by CROSTELLA & VEzzANI (1964) who
attributed a Serravallian-Tortonian age to the San Bar-
tolomeo Formation and a Tortonian age to the Toppo
Capuana Formation. New micropaleontological investiga-
tions allowed us to attribute a latemost Tortonian?/early
Messinian age to the San Bartolomeo sandstones and an
early Messinian age to the overlying fine-grained deposits
of the Toppo Capuana Formation. The Turborotalia multi-
loba planktic foram Zone is documented in the upper por-
tion of the upper portion of the Toppo Capuana Forma-
tion. In the geological literature, the uppermost portion of
the pre-flysch deposits of the Daunia sequence is often
reported as the Toppo Capuana Marl. This terminology
should be avoided since the same name applies in the
type area to the uppermost, fine-grained portion of a ter-
rigenous thrust-sheet-top deposit and in other areas to
hemipelagic marls deposited in a very far foreland
domain not yet incorporated in the foredeep basin.

The San Massimo Sandstone, representing the lateral
equivalent of the Sant’Elena Sandstone of the Frosolone
sequence, lies unconformably over the deformed Matese
carbonates (SGR0OsSs0, 1978). In more internal areas of
the Apennine thrust belt, identical deposits occupying the
same geometrical position as the San Massimo Sandstone
are described in the geological literature with different
names such as Caiazzo sandstones (OGNIBEN, 1956),
Monte Cigno sandstones (PATACCA et alii, 1990) and Tor-
recuso Flysch (D’ARGENIO, 1967). All these names should
be considered synonyms for San Massimo Sandstone.
The age commonly attributed to these siliciclastic
deposits in the current literature is early Messinian. How-
ever, a late Messinian age has been proposed by SGRoOsso
(1998).

In the Eastern Matese and Caserta mountains, the
lowermost portion of the San Massimo Sandstone con-
tains olistoliths of Mesozoic-Tertiary shallow-water lime-
stones certainly derived from the Matese Unit. The occur-
rence of these olistoliths indicates an out-of-sequence
propagation of the active thrusts after the deactivation of
the Matese front.

Along the eastern margin of the Matese and Cam-
posauro mountains, the San Massimo sandstones are tec-
tonically overlain by the Sannio Unit which is in turn
unconformably covered by the San Bartolomeo sandstones.
Taking into consideration that the San Bartolomeo sand-

stones are roughly coeval with the San Massimo and
Sant’Elena sandstones, we are obliged to admit that the
bulk of the San Bartolomeo sandstones was accumulated
behind the San Massimo Sandstone depositional domain
and was afterwards passively transported by the Sannio
Nappe when the latter overrode the Matese Unit. It is inter-
esting to point out that the upper portion of the Toppo
Capuana Formation (containing Th. multiloba) is coeval
with the upper portion of the Agnone flysch deposits (Sente
Member). This fact implies that the Toppo Capuana Forma-
tion had to be deposited on top of the San Bartolomeo
sandstones before the arrival of the Sannio nappe above the
Agnone flysch. We think that the quite abrupt change in the
sedimentary characteristics passing from the coarse-
grained sandstones and conglomerates characterizing the
whole San Bartolomeo Formation to the fine-grained
deposits of the Toppo Capuana Formation corresponds to a
change in the kinematic behaviour of the Sannio Nappe.
We are inclined to think that the muddier sedimentation of
the Toppo Capuana Formation took place during the large
displacement of the Sannio Nappe on a long thrust flat. The
stratal architecture of the San Bartolomeo deposits suggests
a previous quite complex deformational history, with tem-
porary episodes of telescopic shortening and with syn-trans-
port tilt phenomena manifested by large-scale growth strata
displaying in reflection seismic profiles spectacular progres-
sive unconformities. Important breaching processes tempo-
rary interrupting the forward nappe transport are testified
by the occurrence of Sannio-derived olistostromes interca-
lated in the turbiditic sandstones. In the geological litera-
ture, San Bartolomeo sandstone sections stuffed with slides
of Sannio derived limestones and marls have been mistaken
for a Paleocene-lower Eocene basinal sequence made up of
alternating calcareous and siliciclastic turbidites (Cocco,
1972; PESCATORE et alii, 2000). The latter has been attrib-
uted to the Sicilide unit on the base of a vague resemblance
with the Corleto Perticara Formation.

Selected references: CROSTELLA & VEZZANI, 1964; TORTORICI,
1975; LANZAFAME & ToRTORICI, 1976; Ciampo et alii, 1983;
D’AzzARO & RAPISARDI, 1984, 1987, 1996; DI NOCERA & TORRE,
1987; D’AzzARO et alii, 1988a; D1 NOCERA et alii, 1988, 1993b;

Russo, 1988; PATACCA et alii, 1990; PAGLIARO, 1998; Boiano, 2000;
PESCATORE et alii, 2000.

5.5. UNDIFFERENTIATED MESSINIAN DEPOSITS

In the enclosed geological-structural map of plate 1
we have included in a single group of undifferentiated
Messinian deposits small outcrops of pre-evaporite
deposits exposed near Salerno, evaporite sequences crop-
ping out along the Tyrrhenian margin of the Apennines
(Gaeta), in Irpinia between Avellino and Benevento and
in Molise along the outer margin of the mountain chain
and scattered pre- to post-evaporite deposits cropping out
in Calabria and scattered post-evaporite, as well as «Lago-
Mare» deposits exposed in Irpinia and in the Latium-
Abruzzi region. Very small outcrops (e.g. Sinni Valley,
Low Sele Valley, Nusco-Lapio-Villamaina) have been
omitted whilst other outcrops (e.g. outer margin of the
Apennines, Fucino area) have been exaggerated because
of their importance in fixing stratigraphical constraints
for the time-space reconstruction- of the Apennine defor-
mation.

The pre-evaporite deposits are usually represented by
mudstones with subordinate sandstone intercalations.
The thickness does not exceed 150-200 meters.
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The evaporite deposits are represented by the well-
known «Gessoso-Solfifera» Formation made up of marly
clays and subordinate sandstones grading upwards into
diatomites with fish remains that are in turn overlain by
evaporites. The maximum thickness reaches 250-300
meters.

The «Gessoso-Solfifera» Formation is unconformably
overlain by coarse-grained deposits, usually deltaic con-
glomerates and sandstones (e.g. Torrente Braneta Forma-
tion of the geological literature) associated with prodelta
mudstones containing a Pannonian-type ostracod assem-
blage. The thickness reaches a few hundred meters.

In the Molise region, evaporite deposits uncon-
formably overlying the Tufillo-Serra Palazzo and the Dau-
nia Units prove the Messinian incorporation in the thrust
belt of the corresponding depositional domains in a
moment post-dating the FCO of T. multiloba zone present
in the uppermost portion of the Tufillo-Serra Palazzo and
Daunia sequences and pre-dating the salinity crisis.

Upper Messinian «Lago-Mare» deposits unconformably
overlying the carbonates of the Western Marsica-Meta
Unit near the Fucino Plain constrain within the Messin-
ian the incorporation in the thrust belt of the Western
Marsica-Meta domain.

Selected references on the pre-evaporite deposits: COPPA, 1967; DE
CASTRO CoPPA ef alii, 1969; CHIOCCHINI et alii, 1971; COLALONGO et
alii, 1973; ORTOLANI et alii, 1979; D1 NOCERA et alii, 1981; ORTOLANI
& TORRE, 1981; TORRE et alii, 1988.

Selected references on the evaporite deposits: CENTAMORE & VAL-
LETTA, 1969; DE CASTRO COPPA et alii, 1969; CIARANFI et alii, 1980;
D1 NOCERA et alii, 1981; DAzzARO & RAPISARDI, 1983; DI NOCERA &
TORRE, 1987; DAZZARO et alii, 1988b; BASSO et alii, 2001.

Selected references on the post-evaporite deposits: COLACICCHI et
alii, 1967; DE CASTRO COPPA et alii, 1969; DEvOTO, 1969; D’'ONOFRIO
et alii, 1975; D1 NOCERA et alii, 1981; CiaAMPO et alii, 1986; BASSO et

alii, 1996; PATACCA et alii, 1990; CIPOLLARI et alii, 1999; BAsSoO et alii,
2001

5.6. TORRENTE CALAGGIO CHAOTIC COMPLEX

This unit, widespread in the whole study region, has
been defined by PATAcCCA et alii (1990) as a chaotic com-
plex several hundred meters thick made up of olis-
tostromes, slides and huge olistoliths with different com-
position and provenance set in a varicoloured clayey
matrix. The unit overlies the Apenninic nappes and the
pre-Pliocene thrust-sheet-top deposits and is stratigraphi-
cally covered by Pliocene clays with Gt. puncticulata. It is
very probable that the Torrente Cerreto Unit established
by LENTINI (1979) in Basilicata corresponds to the Tor-
rente Calaggio Chaotic Complex.

In the geological literature, the Torrente Calaggio
Complex has been often mistaken for organized lithos-
tratigraphic units of the Apenninic nappes (mostly «Argille
Varicolori» and Numidian sandstones of the Sannio
Nappe). Being the composition of the Torrente Calaggio
Chaotic Complex usually controlled by the composition of
the substratum, the attribution of the Torrente Calaggio
Complex to a certain lithostratigraphic unit or to another
obviously derives from the local abundance of representa-
tive lithotypes. In Basilicata, prevailing Sicilide-derived
materials are associated with subordinate Sannio and
Lagonegro-derived lithologies. In Irpinia, Baronia and in
the Sannio-Molise region, the chaotic complex is princi-
pally made up of Sannio-derived materials locally associ-
ated with Lagonegro-derived lithologies and with scat-
tered blocks of gypsum. Along the Apenninic margin

between the Sangro and Biferno rivers, predominant vari-
coloured clays derived from the Molise nappes are associ-
ated with olistoliths of Messinian evaporites. Scattered
masses of Cretaceous and Paleocene shallow-water lime-
stones are widespread from Molise to Basilicata.

Portions of the Torrente Calaggio Chaotic Complex
have been interpreted by ROURE et alii (1991) as a tectonic
melange. We disagree with this interpretation because the
Torrente Calaggio Chaotic Complex never displays the tec-
tonic structures indicative of high confining pressure (see
HSU 1968) that should characterize a melange accretion
by means of a «bulldozer» mechanism. On the other hand,
it would be very hard to imagine conditions of high con-
fining pressure in a complex that occupies a very high
position in the tectonic edifice and is underlain and over-
lain by gently deformed thrust-sheet-top deposits. At the
state of the art we think that the Torrente Calaggio
Chaotic Complex may be the product of giant landslides
that took place around the Messinian/Pliocene boundary.
The chronological attribution of this catastrophic event,
widespread over the whole Southern Apennines, is quite
well constrained by the Pannonian-type ostracod assem-
blage present in the deposits of the underlying Braneta
Formation (DE CASTRO CoPPA et alii, 1969) and by a
foraminiferal assemblage indicative of the Sphaeroidinel-
lopsis acme Zone in hemipelagic marls locally draping the
chaotic complex (C1amMPO et alii, 1986).

Selected reference: PATACCA et alii, 1990, 1992b.

5.7. UNDIFFERENTIATED PLIOCENE DEPOSITS

The greatest part of these deposits is represented by a
quite complex depositional sequence (P, thrust-related
depositional sequence in PATACCA & SCANDONE, 2001) the
depositional characters of which strictly reflect the synsedi-
mentary tectonic activity in the mountain chain. In addi-
tion, we have mapped in the same group minor outcrops of
lower Pliocene terrigenous deposits scattered along the
Tyrrhenian margin of the Apennines in Campania and
Latium, as well as lower Pliocene terrigenous deposits
unconformably overlying the Gran Sasso carbonates.

In the most complete sequences, three groups of
deposits have been distinguished between southern
Abruzzi and Basilicata, which correspond to well-defined
systems tracts of a thrust-related depositional sequence.

The lower group is represented by some hundred
meters of open-shelf foraminiferal mudstones grading
upwards into shallow-marine sandstones (latemost Zan-
clean and early Piacenzian) interpreted as a muddy sheet
drape deposited on top of the allochthonous sheets dur-
ing their forward transport on a long flat fig. 9a and b).

The second group (Piacenzian) is represented by a
fining-upward and deepening-upward succession of fan-
delta coarse-grained deposits some hundred meters thick
capped by prodelta and open-shelf mudstones (Caliandro
cycle in VEZzANI, 1966). Along the outer margin of the
Apennines, this sequence is laterally replaced by marine-
bar deposits grading upwards into open-shelf clays (Panni
Formation in CROSTELLA & VEZZANI, 1964). The retro-
grading fan-delta/shelf system and the overlying trans-
gressive system, which ends with a condensed section of
open-marine mudstones, have been interpreted as the
early and the late stages, respectively, of a backward-
thrust-migration systems tract on top of the inactive toe
of the Apenninic duplex (fig. 9¢).
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The third group of Pliocene thrust-sheet-top deposits
is represented by a thick pile of fan-delta sandstones and
conglomerates organized into a fining-upward lower
sequence and a coarsening-upward upper sequence. In
correspondence to the maximum-flooding episode at the
top of the lower sequence the nannofossil associations
and sporadic Globorotalia inflata indicate the late
Pliocene (Gelasian). In some areas of the southern Apen-
nines (e.g. Ofanto synform) these deltaic deposits form as
a whole a wedge-shaped sedimentary body about 800
meters thick characterized by the widespread occurrence
of growth strata and progressive internal unconformities.
We have interpreted these deposits as the forward-thrust-
migration systems tract in a piggyback basin located, in
the case of the Ofanto basin, ahead of the active leading
edge of the duplex system (fig. 9d). The position of the
Ofanto basin ahead of the active leading edge obviously
derives from regional information since discrimination
between the tectonic setting of fig. 9d and the tectonic
setting of fig. 9e is impossible only on the base of the
stratigraphic signatures. In other pages of this volume we
discuss the relationships between tectonics and sedimen-
tation during the growth of important antiformal stacks
in the Lagonegro Units ((PATACCA & SCANDONE, Con-
straints on the interpretation of the CROP-04 seismic line
derived from Plio-Pleistocene foredeep and thrust-sheet-top
deposits).

Selected references: CATENACCI & MOLINARI, 1965; VEZZANI,
1966, 1968c; FOLLADOR, 1967; CRESCENTI et alii, 1980; BALDUZZI et
alii, 1982a,b; D1 NOCERA et alii, 1983; GUERRERA & COCCION, 1984;
CANTALAMESSA et alii, 1986a; CALDARA et alii, 1988, 1993; CASNEDI,
1988a,b; ORI et alii, 1991; AMORE et alii, 1996, 1998; BIGI et alii,
1997; CANTALAMESSA & D1 CELMA, 1997; CIARCIA et alii, 1998;

MATANO & STAITI, 1998; PATACCA & SCANDONE, 2001 and references
therein.

5.8. UNDIFFERENTIATED PLEISTOCENE DEPOSITS

Lower Pleistocene deposits unconformably overlie the
outer margin of the mountain chain and fill major intra-
Apenninic structural depressions (e.g. Sant’Arcangelo
basin). The older portion of these deposits (Craco
Clay and Sant’Arcangelo Sandstone, Santernian) was
deposited on top of the allochthonous sheets during their
last transport towards the Apulia foreland. Younger
deposit, basically represented by the Sub-Apenninic Clay
(Emilian-Sicilian), are the upper portion of a thick
sequence filling the Bradano Trough that transgressively
covered the outer margin of the mountain chain after the
de-activation if the nappe front. The Bradano Trough rep-
resents the youngest foredeep basin in the Southern
Apennines. A more detailed documentation of the
Bradano Trough deposits is available in PATaccaA & ScaN-
DONE (2001).

Along the Tyrrhenian margin of the mountain chain,
Pleistocene terrigenous deposits are widely developed in
the Sele, Volturno and Garigliano coastal plains where
they reach considerable thicknesses (e.g. more than 3300
m in the Cancello 2 well drilled in the Volturno Plain).
The sudden rapid accumulation of these terrigenous
deposits, clearly related to the development of normal
faults dissecting the Tyrrhenian margin of the mountain
chain, is related to a major change of tectonic regime that
took place around the early Pleistocene/middle Pleis-
tocene boundary (see CINQUE et alii, 1993; HIPPOLITE et
alii, 1994). Unfortunately, the beginning of the exten-

sional tectonics setting is chronologically poorly defined
and we do not know whether the lower portion of these
deposits reaches the lower Pleistocene, as often reported
in the geological literature dates, or it is confined within
the middle Pleistocene, as we suppose.

Selected references: FOLLADOR, 1967; VEZzANI, 1967; IPPOLITO et
alii, 1973; CRESCENTI et alii, 1980; BALDUZZI et alii, 1982a,b; CAL-
DARA et alii, 1988, 1993; CASNEDI, 1988a,b; Russo, 1990 and refer-
ences therein; MARINO, 1993, 1994; PIERI et alii, 1994, 1996; BIGI et
alii, 1997; PATACCA & SCANDONE, 2001 and references therein; TRO-
PEANO et alii, 2002; CIARCIA et alii, 2003.

6. THE TIME-SPACE EVOLUTION OF THE THRUST
BELT-FOREDEEP-FORELAND SYSTEM
IN THE SOUTHERN APENNINES

In this session, we will provide a tentative step-by-
step reconstruction of the tectonic evolution of the South-
ern Apennines by using the available structural and strati-
graphical information. In some cases, in which the
incompleteness of the data makes it impossible to reach
unequivocal conclusions, plausible solutions have been
proposed, obviously making uncertainties explicit.

Late Burdigalian. The front of the mountain chain was
located west of the Apenninic Platform that in this time
began to experience flexural subsidence. The North-Cal-
abrian Unit was already part of the tectonic wedge on top
of which was deposited the Albidona Formation. In fore-
land domains, Numidian sands supplied by stable Africa
were deposited in the Alburno-Cervati-Monti della Mad-
dalena domains and in the Lagonegro Basin (Numidian
sandstones of the Sannio, Tufillo-Serra Palazzo and Dau-
nia sequences). The volumetric importance of the Numid-
ian input decreases from south to north. It is probable
that in late Burdigalian times the Sicilide domain was
part of the foreland, but no sedimentary record younger
than the Tusa Tuffite has been clearly documented.

Late Burdigalian/Early Langhian. After the Numidian-
sand event, the Alburno-Cervati domain was incorporated
in the Apennine foredeep basin (Civita sandstones,
conformably overlying Numidian quartzarenites in the
Pollino massif). In the mountain chain, the occurrence of
huge olistostromes and olistoliths (the latter including
ophiolites) in the upper portion of the Albidona Forma-
tion suggests breaching processes by out-of-sequence
thrust propagation. It is very probable that the Sicilide
domain was reached by the compressional deformation
in this time and began to thrust over the western margin
of the Apenninic Platform. The upper portion of the
Civita sandstones is chronologically poorly defined, so
that we do not know when exactly the foredeep sedimen-
tation was interrupted by nappe transport. Fig. 10,
referred to the Burdigalian-Langhian boundary, provides
a palinspastic reconstruction of the Apenninic domains at
that time.

Langhian-Serravallian. The migration of the foredeep
basin from the Alburno-Cervati realm to the Lagonegro
Basin marks the most important change in the tectonic
setting. This shift is documented by the siliciclastic flysch
deposits of the Sannio sequence (Serra Cortina sand-
stones). The occurrence of shallow-water carbonates
included as blocks in the Serra Cortina sandstones and
the occurrence of coarse-grained calcareous breccias
intercalated in the coeval terrigenous deposits of the
Monte Croce Unit (the latter containing also pebbles of
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Numidian sandstones) suggest the incorporation in the
thrust-belt of the Alburno-Cervati domain and Monti
della Maddalena domains before the Langhian/Serraval-
lian boundary. After the incorporation in the mountain
chain of the Alburno-Cervati and Monti della Maddalena
Units and before their forward transport above the
Lagonegro domain, the Castelvetere sandstones began to
be deposited on top of the carbonate units. The occur-
rence of thrust-sheet-top deposits stuffed with carbonate
olistoliths quite far from the front of the carbonate mas-
sifs must be related to moments of out-of-sequence thrust
propagation. Note that there is no agreement in the geo-
logical literature about the age of the Castelvetere Forma-
tion, which is given Serravallian-Tortonian in this paper
and Tortonian-Messinian in SGROSS0O, 1998).

Serravallian. In a still undefined moment of the Ser-
ravallian, the Alburno-Cervati and Monti della Maddalena
Units began to thrust over the Lagonegro domain causing
the detachment of the future Sannio nappe from its Trias-
sic-Cretaceous substrate. In more internal areas of the
thrust belt, the lower turbidite system of the Gorgoglione
Formation was deposited on top of the Sicilide Unit.

Early Tortonian. Two steps may be recognized. Dur-
ing the first step, the middle and upper turbidite systems
of the Gorgoglione Formation were deposited, with a gen-
eralized progradation and coarsening-upward in the
upper part of the sedimentary sequence. The facies distri-
bution of the Gorgoglione deposits shows active tectonics
along the western margin of the basin related to an out-
of-sequence migration of the active thrusts. During the
second step, the internal nappes (Sicilide and North Cal-
abrian Units plus Frido Melange) overrode the Alburno-
Cervati and Monti della Maddalena Units. The progres-
sive nappe advancing is recorded by the Sicilide-derived
olistostromes widespread in the upper portion of the
Castelvetere Formation.

Late Tortonian. In the late Tortonian the Simbruini-
Matese Platform was reached by the flexural subsidence
and was incorporated in the foredeep basin (Frosinone
and Pietraroja siliciclastic flysch deposits in the Ernici-
Simbruini and Matese mountains, respectively). In the
thrust belt, the most important kinematic events are rep-
resented by the duplexing of the Lagonegro deposit, with
consequent incorporation of slices of exotic rock-materi-
als between the Lagonegro Unit II and the future Lagone-
gro Unit I, and by the forward transport of the Sannio
Nappe. The position of Matese in front of the approach-
ing Sannio nappe in this time (fig. 11) is indicated by the
abundance of Sannio-derived olistostromes in the upper-
most part of the Matese siliciclastic flysch deposits (Tor-
bido Formation).

Late Tortonian/Early Messinian. In this time, the Matese
depositional realm was incorporated in the thrust-belt
while the foredeep basin shifted in the Frosolone domain.
The thrust activity in correspondence to the Matese front
is recorded by the Cantalupo breccias of the Frosolone
sequence. A subsequent deactivation of the Matese front
by out-of-sequence thrust migration is demonstrated by
the deposition of the San Massimo Sandstone on top of
the deformed Matese carbonates and by the occurrence of
huge carbonate blocks in the terrigenous deposits from
the Matese to the Caserta mountains.

Ahead of the inactive Matese front, the San Massimo
sandstones (thrust-sheet-top deposits) were laterally
replaced by the Sant’Elena sandstones (foredeep flysch

105

T c 2 \VA
= 32 =) 5
T T o 3
5] . =
o

g &)
2 9 %
2 3 2.7,
5 ® 2.ez %
3 B g% 5
) G. B “

] 3% <

) e]

on
\30)\2\_\%3“ -~
e\\g\?w

0 50 100 150 200 Km
[ | BURDIGAN - LANGHIAN boundary

Fig. 10 - Palinspastic restoration of the Central-Southern Apennine
domains in Langhian times when the Apenninic Platform was incor-
porated in the foredeep basin and immature turbidite sandstones
were deposited on top of the Numidian quartzarenites.

— Ricostruzione palinspastica dei domini centro- e sud-appenninici
durante il Langhiano, quando la Piattaforma Appenninica fu incorpo-
rata nel bacino di avanfossa e arenarie torbiditiche immature furono
deposte sulle quarzareniti numidiche.
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Fig. 11 - In late Tortonian times, flexural subsidence reached the
Simbruini-Matese Platform and a foredeep basin developed in front
of the deformed Alburno-Cervati and Monti della Maddalena Units.
In Eastern Matese, the occurrence of Sannio-derived olistostromes
in the upper Tortonian flysch deposits indicates that the Sannio
domain had already been incorporated in the mountain chain.

— Nel Tortoniano superiore la subsidenza flessurale raggiunse la Piat-
taforma Simbruini-Matese e un bacino di avanfossa si sviluppo al
fronte delle Unita Alburno-Cervati e Maddalena coinvolte nella defor-
mazione. La presenza di olistostromi di materiale sannitico nei depo-
siti di flysch del Tortoniano superiore del Matese orientale indica che
in quel tempo il dominio Sannio era gia stato incorporato nella catena.

deposits). Northwards, in the Western Marsica domain,
siliciclastic flysch deposits equivalent of the Sant’Elena
Sandstone were deposited in the same time on top of the



106

0 50 100 150 200 Km
e —— EARLY MESSINIAN

Fig. 12 - Around the end of the Tortonian, the Simbruini-Matese
domain was incorporated in the mountain chain and the foreland
flexure hinge shifted towards the W. Marsica Platform and towards
the external areas of the Molise Basin. In early Messinian times, a
continuous foredeep basin developed in the region, floored by plat-
form pre-flysch deposits in the north and by basinal deposits in the
south.

— Verso la fine del Tortoniano, il dominio Simbruini-Matese fu incor-
porato nella catena appenninica e l'asse di flessura della piastra di
avampaese arretro verso la Piattaforma della Marsica Occidentale e
verso il Bacino Molisano dove si sviluppo un bacino di avanfossa nel
Messiniano inferiore.

flexured platform. This coincidence implies that during
early Messinian times a continuous foredeep basin devel-
oped from Abruzzi to Molise, floored by the Marsica-
Meta platform-to-slope carbonates in the north and by
the Molise basinal deposits in the south (fig. 12).

In more internal areas of the thrust belt, the San Bar-
tolomeo sandstones were deposited on top of the Sannio
Unit.

Early Messinian. The Sannio nappe overrode the
southern margin of the Matese Unit in the early Messinian
and advanced over the Frosolone and Agnone domains
reaching the most internal areas of the Tufillo-Serra
Palazzo domain after the FCO of Th. multiloba. The San-
nio Unit is limited westwards by a lateral ramp measuring
about 80 km in length. Large-scale lateral ramps imply an
abrupt longitudinal change in the thrust trajectories con-
trolled by different shear stress conditions, likely related to
abrupt lateral variations in the pore pressure gradients
rather than to variations in the mechanical properties of
the rock units. The Toppo Capuana fine-grained deposits,
following the coarse-grained the San Bartolomeo sand-
stones, were probably deposited during the forward trans-
port of the Sannio Nappe over a long thrust flat.

After the transport of the Sannio Unit over the Molise
basinal domains, forward thrust propagation caused the
incorporation in the mountain chain of the Frosolone,
Agnone, Tufillo-Serra Palazzo and Daunia Units. The age
of this compressional deformation is very well con-
strained by the occurrence of Th. multiloba in the upper-
most portion of the Agnone, Tufillo-Serra Palazzo and
Daunia sequences and by the presence of evaporites on
top the deformed Tufillo-Serra Palazzo and Daunia Units.
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Fig. 13 - Still in Messinian times, after the FCO of Tb. multiloba and
before the salinity crisis, the Gran Sasso-Genzana and the Montagna
dei Fiori domains were incorporated in the foredeep basin. This
moment is recorded n the Northern Abruzzi-Southern Marche
region by the Laga Flysch deposits and in the Southern Abruzzi-Alto
Molise region by a few outcrops of siliciclastic flysch deposits pre-
served in Eastern Marsica (Montagna Grande) and by the Castelnuo-
vo al Volturno Flysch (Scontrone depositional realm). The Castel-
nuovo al Volturno Flysch marks the incorporation in the foredeep
basin of the northwestern edge of the Apulian Platform.

— Durante il Messiniano dopo la FCO di Th. multiloba e prima della
crisi di salinita, i domini Gran Sasso-Genzana e Montagna dei Fiori
furono incorporati nel bacino di avanfossa. Questo momento ¢ docu-
mentato dal Flysch della Laga nell’Abruzzo settentrionale-Marche meri-
dionali, da piccoli affioramenti di depositi silicoclastici nella Marsica
orientale (margine della Montagna Grande) e dal Flysch di Castelnuo-
vo al Volturno nell'area di Scontrone-Alto Molise. Il depositi silicocla-
stici nella Marsica orientale (margine della Montagna Grande) e dal
Flysch di Castelnuovo al Volturno marca l'incorporazione del margine
nord-occidentale della Piattaforma Apula nel bacino di avanfossa.

In the Central Apennines, the Western Marsica domain
was probably reached in this time by the compression
deformation. However, the stratigraphical constraints are
not so decisive as in Molise because the earliest transgres-
sive deposits date back to the late Messinian.

Messinian, around the salinity crisis. After the incor-
poration in the Apennine mountain chain of the Molise
and (very probably) of the Western Marsica domains, a
new foredeep basin established in correspondence to the
Gran Sasso-Genzana depositional domain. The latter, in
fact, was reached by the flexure-hinge retreat immedi-
ately after the first common occurrence of Th. multiloba
(fig. 13). This foredeep basin is documented by the Laga
Flysch in Northern Abruzzi-Marche and by the Casteln-
uovo al Volturno Flysch in Southern Abruzzi. No docu-
mentation of a foredeep basin recording the salinity crisis
exists in the Southern Apennines where no Messinian fly-
sch deposits younger than the Olmi Formation of the
Tufillo-Serra Palazzo Unit are known. We do not know
whether this absence is related to a duplex configuration
of the mountain chain that prevented the development of
a foredeep basin (flexural depression occupied by the
allochthonous sheets) or to a deep tectonic burial of
Messinian flysch deposits in internal areas of the Apen-
nines not reached by drilling. Thrust-sheet-top deposits
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referable to this time interval are represented by the
«Gessoso-Solfifera» Formation, preserved in several
structural depressions scattered through the Apennine
mountain chain from Molise to Northern Calabria.

Late Messinian. A new important shift of the foredeep
basin is documented in the northern part of the study
area by the upper Messinian siliciclastic flysch deposits
of the Queglia Unit. It is highly probable that the incor-
poration in the thrust belt of the Gran Sasso-Genzana
and Montagna dei Fiori domains took place in late
Messinian times. Unfortunately, the wide time interval
between the age of the youngest portion of the Laga
Flysch (Messinian post-salinity crisis and pre-«Lago-
Mare» interval) and the age of the oldest thrust-sheet-
top deposits unconformably overlying the Gran Sasso-
Genzana Unit (upper portion of the Gt. margaritae/Gt.
puncticulata concurrent range Zone) is too long for
establishing a well-defined moment.

In the mountain chain, thrust-sheet-top deposits
coeval with the foredeep ones are represented by the Tor-
rente Braneta Formation and by the equivalent ostracod-
bearing «Lago-Mare» deposits scattered in the Central
Apennines. The Torrente Braneta Formation is overlain
by the Torrente Calaggio Chaotic Complex, widespread
over the whole study area. The mechanisms leading to
generalized catastrophic landslides are still poorly under-
stood but in any case do not appear controlled by the tec-
tonic activity. It is possible that the marine flooding at the
Miocene/Pliocene boundary may have caused in the
mountain chain drastic changes in the hydrodynamic pat-
tern, in particular in the pore pressure gradients, favour-
ing generalized conditions of instability.

Early Pliocene, Zanclean. Progressive flexure-hinge
retreat caused the incorporation in the foredeep basin of
the Majella domain in the north and of the Monte Alpi
domain in the south. We wish to recall that our Monte
Alpi domain refers to the subsurface sections of the
Monte Alpi oil field and not to the carbonates cropping
out in the Monte Alpi tectonic window, which were prob-
ably incorporated in the Apennine thrust belt around the
end of the Messinian. Subsequently, bur still in early
Pliocene times before the last common occurrence of Gt.
margaritae and after the first occurrence of Pseudoemil-
iana lacunosa, the Apenninic nappes reached the Majella
and Monte Alpi depositional domains. The contact
between the lower Pliocene siliciclastic flysch deposits of
the Majella sequence and the allochthonous sheets is, rep-
resented by a sinistral lateral ramp very well exposed in
the Aventino Valley. Moving towards the NW beyond the
lateral ramp of the Molise Nappes, the Majella Unit is tec-
tonically overlain by the Queglia Unit. The tectonic con-
tact, well exposed in the Pescara Valley, appears as a
thrust flat gently folded by the Majella anticline display-
ing no important cutoff angles at the footwall. In the
hangingwall block, on the contrary, the terrigenous and
pre-terrigenous deposits of the Queglia Unit are severely
deformed in a tight system of N-S trending short wave-
length folds, usually reverse folds. The age of the
youngest siliciclastic flysch deposits of the Queglia Unit,
reaching in the uppermost portion the Gt. margaritae/Gt.
puncticulata concurrent range Zone, establish a lower
chronological boundary for the incorporation of the
Queglia domain in the Apennine mountain chain and for
the transport of the Queglia Unit over the Majella
domain. It is very likely that this transport was contempo-

raneous with the transport of the Molise Nappes over
Majella, but no supporting evidence is available.

As in the case of the Sannio Unit, the Molise Units
overlying the eastern flank of the Majella Anticline are
limited westwards by a very long lateral ramp. Taking
into consideration that the contact between the Simbru-
ini-Matese Unit and the Frosolone Unit in the type area
had been definitively sealed in early Messinian times, a
palinspastic relocation of the Molise nappe front in late
Messinian times implies an equal amount of backward
translation of the Simbruini-Matese front. In addition,
a 35° counterclockwise rotation of the Matese and
Frosolone structures has been documented by IoRrIO et
alii (1996) and SPERANZA et alii (1998). The position of
the rotation pole was not defined, but its location in cor-
respondence to the change in the strike of the Simbruini-
Matese frontal thrust from a NW-SE direction to a W-E
one (see plate 1) is very likely. If we smooth the rotation
and then we move the Molise nappe front at the rear of
the Gran Sasso Genzana Unit, roughly aligned with the
front of the W. Marsica-Meta Unit, a wide space opens
between the Simbruini-Matese front and Western Mar-
sica which cannot be entirely re-accommodated by
smoothing out the modest shortening between the W.
Marsica-Meta Unit and the Gran Sasso-Genzana Unit. We
think that this residual space was occupied by a branch of
the Molise Basin. A continuation of the Frosolone realm
towards the northwest following this deeper-water tongue
would justify the local occurrence of ammonite-bearing
Jurassic basinal deposits in the Simbruini Mountains
(DAMIANIT et alii, 1992). Such a reconstruction, in addition
would give a logic explanation to an important thrust sur-
face encountered by the Trevi 1 well at a depth of 3437
meters 14 kilometers behind the Simbruini thrust front.
This thrust surface separates Mesozoic platform car-
bonates in the hangingwall from undefined Miocene
limestones in the footwall. Finally, the occurrence of
coarse-grained carbonate resediments in the Cretaceous-
Paleogene Molise sequences between the Aventino and
Sangro rivers could be better understood by admitting a
carbonate clastic supply from the adjacent Western Mar-
sica Platform rather than from the very distant Matese
Platform.

Early Pliocene, late Zanclean. It is possible that the
first deformation of Majella took place in this time inter-
val, but data are insufficient for reconstructing a reliable
tectonic history in this area. An important shift of the
foredeep basin from the Monte Alpi domain to the Tempa
Rossa and Rotondella depositional realms is documented
in the Southern Apennines (see PATACCA & SCANDONE,
Constraints on the interpretation of the CROP-04 seismic
line derived from Plio-Pleistocene foredeep and thrust-sheet-
top deposits, in this volume). An analogous foredeep shift
was expected in the northern area, between Majella and
Casoli-Bomba, but no evidence has been found as yet.

Latemost Zanclean-late Pliocene. A significant forward
nappe transport is documented in the whole Southern
Apennines around the Zanclean-Piacenzian boundary. In
the Abruzzi-Molise region, the Molise Nappes thrust over
the Casoli-Bomba domain, the latter not yet reached by
compressional deformation. In Basilicata, the allochtho-
nous sheets reached the Tempa Rossa and Rotondella
domains. During transport, muddy thrust-sheet-top
deposits were laid down on top of the advancing nappes.
A generalized deactivation of the nappe front around 3.30
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Fig. 14 - During the late Pliocene, a continuous foredeep basin develo-
ped in front of the Apennine mountain chain from the Po Valley to
Southern Basilicata. In the Southern Apennines, the southern part of
this basin is known in the geological literature as the Bradano
Trough. The Bradano Trough experienced flexural subsidence until
the Early Pleistocene-Middle Pleistocene boundary when a sudden
drastic change in the tectonic regime took place and the mountain
chain began to undergo a generalized uplift together with the previous
foredeep depression.

— Durante il Pliocene superiore un bacino di avanfossa si sviluppo
ininterrottamente al fronte della catena appenninica dalla Val Padana
alla Basilicata. La parte meridionale di questo bacino é conosciuta
come Fossa Bradanica. La Fossa Bradanica fu soggetta a subsidenza
flessurale fino al limite Pleistocene inferiore-Pleistocene medio quando
si verifico un brusco cambiamento di regime tettonico e la catena
comincio a sollevarsi assieme all'antistante bacino di avanfossa.

Ma, accompanied by a generalized out-of-sequence
migration of the active thrusts, led to the sedimentation
on top of the Apenninic nappes of retrograding shelf
deposits followed by prograding fan-delta/shallow-marine
deposits. In concomitance with the deactivation of the
nappe front, a new foredeep basin developed along the
Apennine margin documented by Gt. crassaformis and
Gt. inflata turbidites widespread in the subsurface from
Abruzzi to Basilicata (fig. 14). During the Gelasian,
important compressional features developed in the buried
Apulia-carbonate duplex system and in the overlying
allochthonous sheets, which caused the growth of huge
antiformal stacks both in the deep-seated Apulia carbon-
ates and in the Apenninic nappes.

The Majella Mountain is a ramp anticline that depicts
an arc-shaped feature with a strike direction changing
from NNW-SSE in the north, to N-S in the central part
and finally to NNE-SSW in the south. It is possible that
the arc structure was created in late Pliocene times, in
concomitance with the aforementioned compressional
tectonics affecting the Apulia carbonates, but the strati-
graphical constraints are quite poor. In addition, the sub-
surface extent of the Majella Unit towards the south is a
first-order open problem.

Early Pleistocene. During Santernian times, the Apen-
ninic thrust sheets underwent the last forward tectonic
transport. As in the Pliocene, a muddy sheet drape was
deposited on top of the advancing nappes. One again,

flexural subsidence shifted towards the NE and a new
foredeep basin developed ahead the nappe front. After the
last nappe transport towards the foreland, important
compressional features formed in the Apulia carbonates,
documented by the Casoli-Bomba thrust system in the
north and by the Tempa Rossa-Rotondella thrust system
in the south. Around 0.65 Ma, flexural subsidence sud-
denly ceased in the whole Southern Apennines east of the
Ortona-Roccamonfina alignment and a generalized uplift
began in the mountain chain and in the Bradano Trough.
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