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Abstract: The Meso-Cenozoic stratigraphical successions that crop out in central Italy are part of the sedimentary
wedge developed on the southern Neotethyan passive margin. On the previous Late Triassic shallow-water carbonate
platform, a basin-platform system developed in the area as a consequence of a rifting stage that affected the whole
Neotethyan region during the Middle Liassic. The palaeogeography related to the basin-platform system was
persistent until early Tertiary time.

During the late Miocene, the central portion of the Apennine palaeogeographical domain was involved in the
evolution of a post-collisional orogenic system, consisting of a thrust-belt/foredeep couple migrating toward more
external domains.

The central Apennine palaeogeographical domains were located on a peri-cratonic region, which experienced several
tectonic events in response to the Neogene tectonic interaction between the European and African plates, leading to
the peri-Mediterranean orogeny. In particular, during the post middle-Tortonian orogenic phases of the Apennines, the
Adria microplate played a significant role. Interactions between its boundaries and the surrounding continental plates
controlled the evolution of the Adria-verging orogenic system. These plate interactions caused the building of both the
Apennine and of the Dinaric segments of the peri-Mediterranean chain.

The structural setting of the Apennine tectonic units is similar to other post-collisional thrust-belts, and consists of
basement and cover thrust-sheets developed in an ensialic context. The geometry of the chain, the diachronism of the
eastward migrating foredeep basins, and the different ages of the forethrusts are consistent with a regional foreland
propagation model for the central Apennines.
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Meso-Cenozoic Stratigraphical Setting of
Central Italy

Introduction

The central Apennines are a part of the peri-Mediter-
ranean orogenic belt (Fig. 1) built up mainly in Neogene
times as a consequence of the collision and the conver-
gence between the European and African macroplates.
This section summarizes stratigraphical analyses of
Meso-Cenozoic carbonates and Miocene terrigenous de-
posits cropping out in the central Apennines.

Figure 1. Peri-Mediterranean orogens and location map

Schematic map of the peri-Mediterranean orogens
and location of the study area.

In the past 40 years, several studies have investigated
the Meso-Cenozoic deposits of central Italy. The analyti-
cal papers on the stratigraphical features of the central
Apennines, published in the 1960-70's (Accordi, 1964;
Angelucci, 1966; La Monica, 1966; Accordi et al., 1969;
Devoto, 1969; Centamore et al., 1971; Parotto, 1971; Pa-
rotto and Praturlon, 1975) have been followed, in the
1980-90"s, by the first attempts to define the geodynami-
cal significance of the local Miocene stratigraphical re-
cord (Royden et al., 1987; Patacca and Scandone, 1989;
Santo and Sgrosso, 1987; Boccaletti et al., 1990; Centa-
more et al., 1991; Roure et al., 1991; Patacca et al.,
1992a, 1992b; Casero et al., 1992; Cipollari and Cosenti-
no, 1993, 1995, 1996; Sgrosso, 1988, 1992a, 1992b; Zoe-
temeijer et al., 1993).

The Meso-Cenozoic stratigraphical successions that
crop out in central Italy (Fig. 2) are part of the sedimenta-
ry wedge developed on the southern Neotethyan passive
margin. On the previous Late Triassic shallow-water

carbonate platform, a basin-platform system developed in
the area as a consequence of a rifting stage that affected
the whole Neotethyan region during the Middle Liassic
(Castellarin et al., 1978, 1984; Ciarapica and Passeri,
1998, 2002). The palaeogeography related to the Middle
Liassic basin-platform system was persistent until early
Tertiary times.

Figure 2. Structural sketch map of the central Apennines

Structural sketch map of the central Apennines. 1)
Plio-Pleistocene marine and continental deposits; 2)
Pleistocene volcanics; 3) buried Pliocene marine sedi-
ments; 4) clastic deposits related to the Messinian La-
go-Mare/Early Pliocene thrust-top basins; 5) Messini-
an clastic deposits and evaporites; 6) foredeep silici-
clastic deposits of undifferentiated age (Upper Mio-
cene); 7) Meso-Cenozoic shallow-water limestones; 8)
Meso-Cenozoic deep-water limestones; 9) thrust; 10)
undifferentiated fault; 11) isobaths in meters of the
base of the Pliocene deposits.
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Seafloor depth variations of Miocene sediments re-
flect the distribution of preexisting carbonate platforms
and adjacent pelagic basins. The palaeobathymetrical dif-
ferences led to sedimentation with mainly pelagic cherty
limestones (Bisciaro Fm) and spongolitic marls (Gua-
dagnolo Fm) on top of a Meso-Cenozoic pelagic se-
quence (Civitelli et al., 1988), whereas above the earlier
carbonate platforms, Middle Miocene shallow water cal-
carenites were deposited unconformably or paraconform-
ably on Cretaceous limestones ("Paleogene hiatus"). This
"Paleogene hiatus" is well documented in the shallow-
water Meso-Cenozoic stratigraphic sequences (Selli,
1957; Accordi, 1964; Devoto, 1969; Accordi et al., 1969;
Parotto and Praturlon, 1975; Accordi and Carbone, 1986;
Bonardi et al., 1988; Bigi et al., 1992; Damiani et al.,
1992). Damiani et al. (1992) proposed two alternative ex-
planations for this hiatus: 1) subaerial erosional process-
es; or 2) no sedimentation in a submarine environment.
However, no explanations were provided for the causes
of the erosional processes and/or non-depositional events.
A model suggesting an intraplate stress to explain the
"Paleogene hiatus" has been proposed by Cipollari and
Cosentino (1995).

During the late Miocene, the central portion of the
Apennine palaeogeographical domain was involved in
the evolution of a post-collisional orogenic system, con-
sisting of a thrust-belt/foredeep couple migrating toward
more external domains (Bally et al., 1988; Mostardini
and Merlini, 1988; Patacca and Scandone, 1989; Patacca
et al., 1992a; Casero et al., 1992; Cipollari and Cosenti-
no, 1995, 1996). In this geodynamical setting, tectonical-
ly-controlled sedimentary basins were developed (i.e.
foredeep and piggyback basins).

Facies Distribution of the Pre-Orogenic
Stratigraphical Successions

Triassic-Lower Liassic
During the late Triassic, a rifting stage affecting the

southern margin of the Neotethyan domain gave rise to
an intra-platform trough with deeper-water sedimenta-
tion. Upper Triassic-Lower Liassic deposits crop out in
few central Apennine localities, particularly in those
areas characterized by marginal platform or transitional
towards pelagic Meso-Cenozoic successions. In fact, the
outcrops of Triassic-Lower Liassic are rare in those areas
that are characterized by Meso-Cenozoic carbonate
platform facies [Simbruini Mts, Matese Mts (Plate 1)].

The majority of the Triassic outcrops in central Apen-
nines belong to epeiric shelf or carbonate platform palae-
oenvironments. The facies associated with these two
sedimentary shallow-water environments are presently
found in the Umbro-Sabine, Latium-Abruzzi and Matese
Mts sectors. Currently, the Olevano-Antrodoco thrust
brings the epeiric shelf area (W of the tectonic line) in
sharp contact with the carbonate platform area. However,
Triassic facies related to platform margin or euxinic ba-
sin domains are also known. Such depositional patterns
have been found in the Triassic succession of Gran Sasso
d"Italia (Norian-Raethian bituminous dolostones, Vrad-
da) and, farther south, in the succession of the Simbruini
Mts (Noric-Raethic bituminous dolostones of Filettino)
(Plate 2). In both sectors, inside the Triassic succession,
lateral facies variations occur, showing a transition from
a carbonate platform environment towards an euxinic ba-
sin through carbonate platform margin facies (Adamoli et
al., 1990; Damiani et al., 1992; Cirilli, 1992; 1993). The
bituminous dolostones of Mt Prena and Vradda (Gran
Sasso d"Italia) and those cropping out at Filettino (Sim-
bruini Mts) are related to sedimentation in euxinic basins.
The same heteropic trend visible in the Grand Sasso area
(Bigazzi et al., 1992) occurs in the Simbruini Mts. There,
carbonate platform facies in the west transition eastward
to euxinic basinal facies through buildups and bioclastic
facies (Cirilli, 1993).

In the subsurface of central and southern Italy, Trias-
sic facies similar to those cropping out at Filettino and in
the Gran Sasso chain have been found in the Emma
(Adriatic offshore) and Noto-Streppenosa (Iblean and
Iblean offshore, Sicily) basins. The limited available data
do not allow more than a simple comparison between the
bituminous deposits of Filettino and Gran Sasso. Those
deposits could be related either to the same pelagic sedi-
mentary basin or to different intra-platform troughs. Dep-
ositional relationships are similarly ambiguous for the bi-
tuminous dolostones of Mt Prena-Vredda (Gran Sasso
chain) and for those drilled in the Adriatic offshore (Em-
ma basin) (Zappaterra, 1992). At present, there is no
clear evidence that they were deposited in the same Tri-
assic basin. Taking into account the shortening of the
Apennine chain, the Triassic basin should have been con-
siderably wide. Regardless of their precise configuration,
the presence of these intra-platform troughs and/or true
Triassic basins can be related to the earliest rifting phases
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which, during Jurassic time, lead to the formation of the
Neotethys oceanic basin.

During the Early Liassic, the palaeogeography was
roughly the same as in the previous time interval, with a
wide domain of shallow-water platform controlling the
sedimentation in this southern portion of the Neotethys
margin, except for the Filettino (Simbruini Mts) and Mt
Prena-Vredda (Gran Sasso chain) areas, which continued
to be characterized by pelagic sedimentation [Filettino
breccias and Sant'Antonio Fm, Hettangian-Sinemurian, in
the Filettino area, Calcari maculati and Corniola selci-
fera, Hettangian-Sinemurian, in the Vradda sector (Dam-
iani et al., 1992)].

Middle Liassic-Lower Cretaceous
The Middle Liassic tectonic phase affected the whole

Neotethyan domain, as is evident in the Mesozoic succes-
sions of central Italy. This tectonic phase, which in the
study area shows a clear extensional character, is related
to the Neotethys Jurassic rifting. From a more regional
point of view, some authors (e.g., Abbate et al., 1994;
Ziegler and Roure, 1996) suppose that it was induced by
the transform motion of some important tectonic ele-
ments, which should have affected and constrained the
expansion of the inner Ligure-Piemontese oceanic basin.

In all the peri-Neotethyan sectors, this tectonic phase
generally showed an extensional character and induced
variations in the sea-floor depth. This initiated sedimen-
tary basins characterized by different bathymetry, sedi-
mentation, subsidence, etc.

In central Italy, as well as in all those sectors that dur-
ing the Early Jurassic were located along the passive con-
tinental margin of the expanding Neotethyan basin, this
Middle Liassic tectonic phase broke up the shallow-water
platform domain that was widespread in the whole cen-
tral Italy during the Early Liassic (except for the Filettino
and Vradda sectors). These extensional tectonics created
platform-basin systems, characterized by downthrown
sectors dominated by deeper-water sedimentation (pela-
gic successions) with local clastic carbonate sediment
coming from the shallower areas, and upthrown sectors
with shallow-water carbonate deposits related to shallow-
water platform environments.

This new extensional event, which was related to the
early stage of the Neotethys rifting, did not happen only
along the trend of previous extensional structures, but, al-
so along extensional fault systems perpendicular to the

Late Triassic tectonic features. Following this tectonic
event, the margins of the Jurassic-Cretaceous carbonate
platforms were defined as well as the transitional zones
between them and the downthrown areas. In addition to
platform margins with N-S present orientation, the
present-day distribution of the Jurassic-Cretaceous facies
of central Italy shows north-south lateral facies variations
in several places, including the northern margin of the
Grand Sasso, the northern margin of the Maiella Mts, and
the northern margin of the Morrone Mts. The presence of
huge volumes of resedimented carbonate in the Middle
Liassic deposits of the transitional areas (basin-to-plat-
form) (Corniola Fm with megabreccias) is a further
stratigraphical signal of the tectonic event responsible for
creating the widespread pelagic domain.

Plates 1 and 2 show the Mesozoic successions of cen-
tral Italy split into four main facies: 1) basin; 2) basin-to-
platform; 3) platform edge; and 4) platform. The distribu-
tion of the platform edge facies and of the transitional
one (basin-to-platform facies) shows a clear platform-ba-
sin system that controlled the Mesozoic sedimentation in
the area (Fig. 3).

The palaeogeographical setting of this system gener-
ated the pelagic sedimentation of the northern Sibillini
Mts, the inner Umbria arch, the Martani Mts, and the
Narnesi-Amerini Mts. The stratigraphic succession of
this domain is the Umbro-Marche Liassic basin se-
quence, characterized by limestones and marly pelagic
limestones, without any evidence of significant carbonate
re-sedimentation (Fig. 4). The rare resedimented units are
linked to local morpho-structural Jurassic palaeo-highs,
characterized by reduced or condensed Jurassic sequen-
ces (Pelagic Carbonate Platform - PCP, Figs. 3, 4).
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Figure 3. Platform-Basin system

Main steps of the Late Triassic- Middle Miocene evo-
lution of the platform-basin system in central Italy
(modified from Accordi and Carbone, 1986). CP – car-
bonate platform; PCP – pelagic carbonate platform; 1)
evaporites; 2) dolomites and laminated dolomitic lime-
stones; 3) clays and marls with intercalations of oolitic
and organogenous wackstone-grainstone; 4) marls; 5)
bioclastic wackstone-packstone; 6) mudstone with bi-
odetritic and microclastic intercalations ; 7) marls,
clays and pelagic micrites; 8) pelagic mudstone-
wackstone and hardground with nodular structures; 9)
carbonate platform limestones; 10) organogenous
grainstone-rudstone; 11) packstone-grainstone with

intercalations of marly pelagic mudstone; 12) organo-
genous wackstone-grainstone; 13) carbonate base-
ment; 14) supratidal deposits and alteration soils.

Figure 4. Jurassic stratigraphy of Umbria-Marche domain

Jurassic stratigraphy of the Umbria-Marche basin.
The presence of hiatuses in the succession character-
izes the stratigraphy of the Jurassic morpho-structural
highs (seamounts) (after Cresta, 1989).

The early Cretaceous regional paleogeography was
quite similar to that of the late Jurassic. The early Creta-
ceous southern margin of the Neotethyan Ocean was
characterized by a persistent platform-basin system. In
this time interval, to the west of this platform-basin sys-
tem, the Ligurian-Piedmont oceanic basin stopped
spreading. The platform-basin system led to the deposi-
tion of thick shallow- and deeper-water carbonate succes-
sions.

The low naphtagenic potential of these carbonate suc-
cessions is confined to its upper portion. Lower in the
stratigraphic sequence, near the stratigraphical transition
between the micritic limestone with radiolarians and tin-
tinnides pertaining to the Maiolica Fm and the overlying
Marne a fucoidi Fm, the beginning of an euxinic event is
recorded over the whole basin, responsible for the sedi-
mentation of clayey horizons rich in organic matter
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(black-shales). The stratigraphical level that bears a par-
ticularly high concentration of these black-shales is less
than a few metres thick (Livello Selli) and comprises also
the basal part of the Marne a fucoidi (Erba et al., 1989).

In the Marne a fucoidi Fm cored in the Piobbico well,
154 centimeter- and millimeter scale black-shale levels
have been observed. The thickest (1-3 metres) highly
Corg-rich black-shale occurs in the lower part of the
Marne a fucoidi Fm ("Livello Selli"). In the middle por-
tion of the Marne a fucoidi Fm, two thick (20 cm) and
highly Corg-rich black-shales are recorded and named
"Livello n°113" and "Livello Urbino" (Coccioni et al.,
1987). These three distinct anoxic events are marker-beds
throughout the Umbria-Marche basin and can be correla-
ted to coeval anoxic episodes in the Neotethys (Sicily,
Gargano, Southern Alps, etc.). Generally, the total thick-
ness of the Marne a fucoidi Fm is no more than 85 m.

Moving towards SE from the sectors characterized by
outcrops of the pelagic facies, there is a narrow strip, ex-
tending from the southern Sibillini Mts through the Rea-
tini and Sabini Mts, and as far as to the Tiburtini Mts, in
which a carbonate basin-to-platform succession crops
out. This succession is characterized by frequent re-sedi-
ments of shallow-water carbonates within pelagic calca-
reous and marly-calcareous deposits. Also along this
strip, reduced or condensed Jurassic successions are com-
mon, and are related to pelagic carbonate platforms
(PCP, Santantonio, 1993; Galluzzo and Santantonio,
2002; Cosentino et al., 2006). Basin-to-platform facies,
similar to those previously described, are present along
the whole Gran Sasso chain, along the Mt Genzana-Mt
Greco ridge, and in the Monti della Meta. Basin-to-plat-
form facies are also exposed through drilling in the Fro-
solone 2 well.

The outcrops of lithofacies associated with the plat-
form edge environment are rare and confined to the Mon-
tagna Grande ridge, Montagna del Morrone, some places
in the Mt Velino-Mt Magnola-Mt Sirente region, and
along the Mt Giano (Antrodoco) ridge. These lithofacies
mainly consist of either organogenic grainstones with
echinoderms, algae, corals and mollusks (patch reef envi-
ronment), or micritic limestones that are sometimes lami-
nated, and fossiliferous grainstones (algal-ridge environ-
ment).The carbonate facies related to shallow-water plat-
form environments are widely distributed along the car-
bonate ridges of the Latium-Abruzzi region. They crop
out in the Lepini Mts, Ausoni Mts, Aurunci Mts,

Simbruini Mts, Ernici Mts, Mt Cairo, Matese Mts, Case-
rta and Benevento Mts, Mt Nuria, Mt Velino, Mt Sirente,
Marsica Mts, Morrone Mts, Mt Porrara, Mt Pizzalto, Mt
Rotella, and Maiella Mts. The prevailing lithofacies, as-
sociated mainly with open shallow-water platform or re-
stricted shallow-water platform environments, are made
of dolostones, dolomitic limestones and micritic lime-
stones. In the basal portion of this interval, grainstones
with oolitic intercalations are present. The upper portion
(Aptian) is generally characterized by alternating mi-
crites, marly limestones, and finely stratified marls
(Marne a Orbitolina Fm).

Upper Cretaceous
The distribution of the different upper Cretaceous lith-

ofacies is broadly similar to that of the previous time in-
terval. In the lithofacies map (Plate 1), the basin and ba-
sin-to-platform successions correspond to the Upper Cre-
taceous-Oligocene time interval.

The successions related to a pelagic basin environ-
ment crop out widely from the northern Sibillini Mts to
Mt Subasio, Martani Mts and Narni Mts. The prevailing
lithotypes of this basinal succession are marly lime-
stones, calcareous marls (Scaglia Fm) and, in the upper
part of the stratigraphical interval, clayey marls (Scaglia
cinerea Fm).

In the basal portion of the stratigraphic interval (Late
Cenomanian) the basinal succession is characterized by
an euxinic horizon ("Livello Bonarelli"), recognized
throughout the basin as a potential source rock in this
stratigraphic interval. The "Livello Bonarelli", ranging
from 45 to 200 cm thick, consists of black limestones, ar-
gillites, gray-greenish radiolarian-rich siltstones, and
black-shales rich in organic carbon. The black limestones
often contain some well preserved fish remains. The
"Livello Bonarelli" generally lies about 6-8 m below the
boundary between the Scaglia bianca Fm and the Scaglia
rossa Fm (Paris et al., 1989). The "Livello Bonarelli" has
been split into three segments on the basis of its lithologi-
cal characteristics:

- a lower segment consisting of brown to gray radio-
larian-rich silts, whose thickness varies between 30 and
100 cm;

- a middle segment consisting of laminated black-
shales rich in organic matter, whose thickness varies be-
tween 30 and 100 cm;
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- an upper segment consisting of radiolarian-rich silts
and gray-green sapropelites, whose thickness varies be-
tween 10 and 30 cm.

The "Livello Bonarelli" is an important marker hori-
zon in the whole Tethyan Basin and can be correlated
with the second Oceanic Anoxic Event (OAE defined by
Schlanger and Jenkins, 1976).

Towards the SE is the boundary from the basin facies
to the basin-to-platform facies, which widely characterize
the Sibillini Mts, Reatini Mts, Sabini Mts, and Prenestini
Mts. Similar facies border the carbonate platform of Mt
Nuria, Mt Ocre, Mt Sirente, and Marsica Mts from the N
and E.

Basin-to-platform facies belonging to the Late Creta-
ceous-Oligocene have been recognized at La Meta-Main-
arde, Venafro Mts, Montagnola di Frosolone, and in the
northern portion of Maiella and Morrone Mts. As in the
basinal facies, an anoxic level corresponding to the
"Livello Bonarelli" occurs in the lower part of this time
interval in the basin-to-platform succession. This marker-
bed is easily visible in the Sibillini Mts, Reatini Mts, and
Sabini Mts.

The prevailing lithologies of this basin-to-platform fa-
cies are marly limestones, calcareous marls, and clayey
marls, with frequent intercalations of mainly channelized
bodies of re-sedimented carbonates of different grain
size. These carbonate re-sediments show grain- and deb-
ris-flow depositional mechanisms.

The Upper Cretaceous-?Paleocene facies of platform
edge are very rare. These facies crop out in the Mt Gia-
no-Mt Gabbia area, SE of Piana dell"Aquila, Montagna
Grande, La Meta, and Maiella Mts. Moreover, small out-
crops are present at Rocca di Cave (Prenestini Mts) and
Cori (Lepini Mts).

The lithofacies pertaining to the platform edge are
characterized by cyclic alternations of packstones and
grainstones with subordinate wackstones. Rudists, gastro-
pods and hydrozoan are present.

The Mt Nuria-Mt Velino, western Marsica, Simbruini
Mts-Ernici Mts-Mt Cairo, Lepini Mts-Ausoni Mts-Aur-
unci Mts, and Matese Mts expose wide outcrops of the
Upper Cretaceous-?Paleocene platform succession. This
succession is characterized mainly by dolomitic lime-
stones, dolostones and wackstone, light- or hazel-brown
in color, with fragments of hippurites and benthic fora-
minifers that generally record a restricted shallow-water
platform environment.

Cenozoic
The Cenozoic pre-orogenic successions are related to

a palaeogeographic framework slightly different from
that of the basin-platform system that characterized the
sedimentation during the Mesozoic. Whereas the basin
and the basin-to-platform domains persisted throughout
the Oligocene, the Mesozoic platform edge and platform
domains were characterized, during Cenozoic, by a shal-
low ramp palaeoenvironment. Small, not mappable out-
crops belonging to this shallow ramp Paleocene-Oligo-
cene palaeoenvironment are present in Marsica, while a
wider exposures characterize the southern margin of the
Maiella Mts. Generally, they are made of grainstones and
rudstones with corals, large foraminifers, red algae, and
rudist debris.

During the Early Miocene, the lithofacies were further
homogenized. In central Italy, only pelagic, transitional
and shallow-water facies are present. Generally, the pela-
gic facies consists of marls and calcareous marls with
chert and planktonic foraminifera, which laterally transi-
tion to marls and calcareous marls with frequent grain-
flow or debris-flow carbonate re-sediments.

During the Middle Miocene, moving from the align-
ment Sibillini Mts-Reatini Mts-Sabini Mts-Prenestini Mts
toward E, two lithofacies were developed: calcarenites
with pelagic and displaced benthic fauna characteristic of
a deeper carbonate ramp environment, and fine pack-
stones and grainstones with essentially benthic fauna as-
sociated with a shallow carbonate ramp environment.
Generally, on the Mesozoic platform domain the Middle
Miocene shallow ramp deposits lie on the ?Palaeocene/
Upper Cretaceous shallow-water carbonates. In contrast,
in the Mt Sirente-Mt Turchio-Mt Rapanella area, the
Middle Miocene shallow ramp deposits lie directly on the
Lower Cretaceous shallow-water limestones of the Meso-
zoic platform domain, above the Paleogene hiatus (Fig.
5).

The Paleogene hiatus has been explained as due to an
increase of the intraplate stress during the Middle Eocene
collisional event between Adria and the European plate
(Cipollari and Cosentino, 1995). This major tectonic
event caused lithospheric folding and compressional de-
formation, and subsequent erosion in shallow-marine en-
vironments (i.e. carbonate platform domains).
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Figure 5. Chronostratigraphic diagram of the Paleogene
hiatus

Chronostratigraphic diagram of the Adria carbonate-
platform domains along an ideal palinspastic SW-NE
transect in Central-Southern Italy. The diagram shows
both the maximum gap in the eastern margin of the
Latium-Abruzzi carbonate platform (LA, Sirente-
Turchio area) and decreasing gap towards the Adria-
Europe collision zone (SW). Data from Accordi and
Carbone, 1986; Bonardi et al., 1988; Santo and
Sgrosso, 1987; Sgrosso, 1992b.

Pre-orogenic palaeogeographical models

A tectonically high, active area such as the peri-Medi-
terranean poses many difficulties to deriving a detailed
palaeogeographical model of the region. Many factors,
including relatively recent orogenic processes, new oce-
anic basin formation, and lithospheric block rotations,
impacted the evolution of the area in a number of ways
that are generally not completely known.

In such a complex tectonic framework, the original re-
lations of facies heteropy among contiguous sedimentary
domains are generally obscured by tectonic activity. Re-
constructing the pre-deformational palaeogeography of
those areas requires unraveling its kinematic evolution
and quantifying the amount of shortening and/or exten-
sion during the deformational processes. Despite uncer-
tainties associated with these tasks, some palaeogeo-
graphical models for the western Tethyan realm have
been reconstructed (Dercourt et al., 1993, Ciarapica and
Passeri, 1998, 2002) taking into account almost all the
parameters that could influence a palaeogeographic re-
construction, including a palinspastic restoration of the
area that must consider the magnitude of tectonic defor-
mation that affected the area.

• Late Triassic palaeogeographical model of the peri-
Mediterranean area.

During the Late Triassic the present-day peri-Mediter-
ranean area was located between 10° and 30° N latitude
and was represented by a wide area of shallow-water
platform that divided two huge continental emerged
areas: the Iberic-Provençal sector of the central Europe to
the north and the North-African sector to the south (Fig.
6). Towards the west, this wide shallow-water platform
(SWP) region was affected by evaporitic sedimentation
(evaporitic platform), whereas the remaining portion of
the SWP was an epeiric platform. Some stratigraphical
features allow further differentiation of the shallow-water
platform environment into open SWP, evaporitic SWP,
and restricted SWP (Plate 1). An initial Latest Triassic
rifting caused the break up of what must have been a sin-
gle huge carbonate sedimentation domain during the Ear-
ly and Middle Trias. Following this rifting phase, the pre-
existing Lagonegro trough (trending about E-W) began to
expand, giving rise to the Sicanian Basin, to the Budva
Trough, and to the Pindos-Olonos Zone. Moreover, some
N-S lateral branches opened, forming basins affected by
pelagic sedimentation: Emma Basin and Bosnia Basin.

Figure 6. Late Triassic paleogeographic map

Late Triassic paleogeographic map of Tethys realm
(modified from Yilmaz et al., 1996). 1) continental; 2)
coastal plain; 3) shelf deposition; basin and slope; 5)
deep ocean; 6) volcanic; 7) overthrust; 8) strike-slip
fault; 9) extensional fault; 10) coastline.

As described in the previous paragraphs, during the
Late Triassic, pelagic facies (bituminous dolostones of
Vradda and Filettino) existed in central Italy, similar to
those that, in the Adriatric offshore, characterized the
Emma Basin. Whereas it is possible that the bituminous
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dolostones of Vradda belong to the Emma Basin (mainly
due to the proximity of the areas), it is more difficult to
consider the bituminous dolostones of Filettino as per-
taining to the same basin because the Triassic rocks that
crop out at Venafro Mts and Matese Mts are related to
shallow-water carbonate platform facies. The bituminous
dolostones of Filettino could be the result of the tectono-
sedimentary evolution of an intra-platform through, simi-
lar to the one associated with the Emma Basin but paral-
lel to it and located in a more western sector, within the
Apennine carbonate platform.

Farther north, an additional intra-platform through
divided the shallow-water carbonate facies from the dolo-
mitic domain.

• Late Jurassic palaeogeographical model of the peri-
Mediterranean area

As already discussed in the previous paragraphs devo-
ted to the stratigraphical setting of central Italy, an im-
portant extensional tectonic phase occurred during Mid-
dle Liassic, which broke up the wide, shallow-water plat-
form that during the infra-Liassic characterized the palae-
ogeographical setting of the present-day peri-Mediterra-
nean area (Fig. 7). This extensional tectonic episode is
strictly linked to the western propagation of the continen-
tal rifting that previously (Late Triassic) affected the
more eastern regions of the present-day peri-Mediterra-
nean area (Pindos-Olonos Zone).

Due to the extensional tectonics during the Late Juras-
sic, the platform-basin systems were widely developed
and persisted throughout the Mesozoic. From the Middle
Liassic, the shallow-water platforms of the peri-Tethyian
area developed under epi-oceanic conditions. In this geo-
dynamic framework, the Apulian platform became differ-
entiated and subsequently isolated from the other Meso-
zoic epi-oceanic platforms, due to the development of
confining pelagic basins such as the Sicily Basin, the
Molise Basin and the Ionian Basin. The Molise Basin
and, farther west, the Lagonegro Trough, divided the
Apulian and Apennine platforms. Towards the north and
west, the Apennine platform was linked, through the ba-
cinal facies of Sabina, Tuscan Basin and Sicilide Basin,
to true oceanic environments (Ligurian basin). This time
interval records the maximum development of the Lig-
ure-Piemontese oceanic basin, with the formation of sec-
tors characterized by oceanic lithosphere.

Figure 7. Late Jurassic paleogeographic map

Late Jurassic paleogeographic map of Tethys realm
(modified from Yilmaz et al., 1996). 1) continental; 2)
coastal plain; 3) shelf deposition; basin and slope; 5)
deep ocean; 6) volcanic; 7) overthrust; 8) strike-slip
fault; 9) extensional fault; 10) coastline.

• Top Early Cretaceous palaeogeographical model of
the peri-Mediterranean area

During the Late Cretaceous, the geodynamic process-
es controlling the peri-Mediterranean area underwent
drastic changes. The dominant action of the extensional
tectonics, which characterized the previous time-interval,
persisted only in the more eastern sector of the peri-Med-
iterranean area (Lybian Basin and Cyprus Basin), while
the more northern one was affected by compressional
tectonics (Fig. 8). In the previous period, compression
had already been active only in the more eastern sector of
the peri-Mediterranean area (Vardar Zone). During this
time interval, a general regressive trend was recorded on
the northern margin of the peri-Mediterranean area, while
the central sector underwent a period of relative tectonic
rest. Thus, the evolution of the platform-basin systems
that were first developed during the Middle Liassic ex-
tensional tectonic phase continued in this time interval.
At that moment the southern margin of the peri-Mediter-
ranean area was affected by a general trasgressive trend,
which allowed for the spread of shallow-water platform
environments across the southern sectors.
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Figure 8. Early Cretaceous paleogeographic map

Early Cretaceous paleogeographic map of Tethys
realm (modified from Yilmaz et al., 1996). 1) continen-
tal; 2) coastal plain; 3) shelf deposition; basin and
slope; 5) deep ocean; 6) volcanic; 7) overthrust; 8)
strike-slip fault; 9) extensional fault; 10) coastline.

Distribution of the Syn- and Post-Orogenic
Cenozoic Facies

In Neogene time, during the syn-orogenic tectono-
sedimentary events that affected the central Apennines,
an eastward migrating foreland basin system developed.
In this framework, siliciclastic turbidites filled different
foredeep basins, while coarse-grained clastic deposits
were deposited in various Neogene thrust-top basins. The
eastward migration of this foreland basin system follows
an oblique trend if compared with the Meso-Cenozoic
isopic facies. In Plate 1, the syn-orogenic terrigenous de-
posits have not been distinguished in terms of age of dep-
osition. Age differentiation for these deposits is provided
in Plate 4.

Finally, in the post-orogenic sedimentary and volcanic
covers, the Plio-Quaternary continental and marine de-
posits, as well as the Middle Pleistocene volcanics, have
been distinguished. Plio-Quaternary deposits are wide-
spread along both the Adriatic and the Tyrrhenian coastal
plains. and also fill several intra-Apennine sedimentary
basins. The Middle Pleistocene volcanics are distributed
along the Tyrrhenian side of the central Apennines, gen-
erally on crustal sectors downthrown by Plio-Quaternary
extensional tectonics.

Structural Setting of Central Italy

Introduction

The study area is located on a peri-cratonic region,
which experienced several deformation events in re-
sponse to the Neogene tectonic interaction between the
European and African plates, leading to the peri-Mediter-
ranean orogeny. In particular, during the post middle-
Tortonian orogenic phases of the Apennines, the Adria
microplate (D’Argenio and Horvath, 1984; Anderson,
1987) played a significant role. The boundary interaction
between Adria and the surrounding continental plates
controlled the evolution of the Adria-verging orogenic
system. These plate interactions caused the building of
both the Apennine and of the Dinaric segments of the
peri-Mediterranean chain.

The post-middle Tortonian Apennine chain consists of
tectonic units derived from the deformation of both
Meso-Cenozoic shallow water limestones (carbonate
platform domains), and Meso-Cenozoic deeper-water
carbonates (slope and pelagic basin domains) (Fig. 9 and
Plate 3). The structural setting of these tectonic units is
similar to other post-collisional thrust-belts, and consists
of basement and cover thrust-sheets developed in an en-
sialic context. The geometry of the chain, the diachron-
ism of the eastward migrating foredeep basins in this
area, and the different ages of the forethrusts (Fig. 10) are
consistent with a regional foreland propagating model for
the central Apennines (Bally et al., 1988; Endignoux et
al., 1989; Sage et al., 1991; Cipollari and Cosentino,
1992, 1995; Patacca et al., 1992a; 1992b; Cavinato et al.,
1994; Patacca et al., 2008).

Such a geodynamical setting controlled the origin and
the evolution of several syntectonic sedimentary basins
(foreland basin systems, sensu De Celles and Giles,
1996) which developed during the evolution of the Apen-
nine chain (Ori and Friend, 1984; Patacca and Scandone,
1989; Boccaletti et al., 1990; Cosentino et al., 2003; Pa-
tacca et al., 1992a; 1992b; 2008).
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Figure 9. Structural sketch map of the Apenninic chain

Structural sketch map of the central-southern Italy. 1)
Plio-Quaternary marine and continental deposits; 2)
Quaternary volcanics; 3) Post-Burdigalian fordeep sili-
ciclastic deposits (undifferentiated ages); 4) “Flysch
Rosso” belonging to the Sicilide, Lagonegro and Mol-
ise units (Oligocene-Upper Cretaceous); 5) Meso-
Cenozoic carbonate platform sequences and carbo-
natic ramp deposits (Middle Miocene-Upper Triassic);
6) Meso-Cenozoic pelagic sequences and transitional
shelf-to-basin deposits (Middle Miocene-Upper Trias-
sic); 7) Liguride and Sicilide units, deriving from the
deformation of internal domains, with Lower Miocene
thrust-top basin deposits (S. Mauro, Pollica and Albi-
dona Fms.); 8) thrust front of the Apenninic chain; 9)
thrust; 10) normal fault; 11) strike-slip fault.

Structural Units of the Apennine Foreland
Thrust Belt

The present structural setting of central Apennines is
mainly a result of the superimposition of two tectonic
processes, which affected central Italy in slightly differ-
ent times. The general northeastward migration of the
central Apennine orogenic system, which follows a pig-
gyback sequence of the main thrusts, entails an out-of-se-
quence re-activation (out-of-sequence thrusts) of some
chain sectors previously involved in the thrust belt. Gen-
erally, these compressional tectonic phases were fol-
lowed by post-orogenic extensional and strike-slip tec-
tonics.

Within this general framework, the tectonic units con-
sidered in Plate 3 are bounded by both the main thrusts
activated during the different piggyback migration phases
of the orogenic system, or the main out-of-sequence
thrust fronts that characterize this part of the Apennines.
In this context, the tectonic units distinguished in Plate 3

show a regional significance and can be considered a
series of structural sub-units.

Figure 10. Chain-foredeep migration

Bio-chronostratigraphical scheme adopted for the mi-
cropaleontological analysis of the syn-tectonic terrige-
nous deposits of the central Apennines (zonal
schemes are after Martini 1971 (modified) and Okada
and Bukry, 1980). In the right half, the recognized
central Apennine tectonic events are shown. For the
Serravallian foredeep stage (in white) no siliciclastic
deposits are recognizable in the study area.

In this paper, the description of the tectonic units that
make up the central Apennines will follow the geometri-
cal sequence, beginning with the geometrically higher
units in the pile of the Apennine thrust sheets, down to
the lower ones.

In a piggyback sequence of the main thrusts responsi-
ble for the growth of the Apennine chain, the geometrical
criteria matches with the chronological one. In some pla-
ces, where out-of-sequence thrusting plays an important
role in the definition of the structural setting of the cen-
tral Apennines, the geometrical criteria does not always
match the timing of a forelandward piggyback propaga-
tion of the chain.

The central Apennine fold-and-thrust belt is character-
ized by the presence of two allochthonous units derived
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from the deformation of internal domains such as the ex-
ternal Ligurian, the Sicilide, and the Sannio domains.
Generally, these allochthonous tectonic units are charac-
terized by a chaotic complex consisting of varicoloured
shales, calcareous and arenaceous turbidites. These al-
lochthonous Apennine units were piled up during the ear-
liest Apennine orogenic events and, subsequently, have
been transported onto more external domains until Plio-
cene times.

• If we exclude the allochthonous portion of the exter-
nal Ligurian and Sicilide units, cropping out in the north-
western and southeastern sectors of Plate 3, and those of
the Sannio unit, cropping out in the southeastern sector of
the area, the higher carbonate tectonic unit of the central
Apennine thrust belt crops out in the northwestern sector
of Plate 3. In particular, the highest tectonic unit of this
thrust sheet is the Mt Soratte Tectonic Unit. This tectonic
unit shows stratigraphical characteristics similar to those
of the Tuscan succession and is subdivided into several
tectonic sub-units. Its role as a tectonic unit should date
back to the compressive Late Burdigalian event, while
the foredeep of the inner Marnoso arenacea developed in
the more outer sectors (Narni Mts and Martani Mts).

• Going towards the base of the tectonic wedge, the
next tectonic unit is the Inner Umbria Tectonic Unit. This
unit is bounded to the east by a right-lateral N-S strike-
slip fault (southern portion of the tectonic unit) and by a
thrust (Spoleto thrust), which shows multiple kinematics.
This tectonic unit includes Mt Subasio, the Martani Mts,
the Narni Mts, and the western Sabini Mts. Its internal
structural setting is characterized by syncline and anti-
cline macro-folds, which deform a basinal carbonate suc-
cession Lower Triassic to Lower Miocene in age. Its de-
velopment should be attributed to the Serravallian com-
pressive event, recognized in the Spoleto Mts (Cipollari
and Cosentino, 1997) due to the presence of a thrust-top
basin of that age (Belvedere-Vallocchia basin). Besides
the presence of syn-orogenic deposits of the Belvedere-
Vallocchia thrust-top basin, siliciclastic deposits are also
common within this tectonic unit . These siliclastic de-
posits are related to sedimentation within a foredeep ba-
sin (Upper Burdigalian-Lower Serravallian), which fur-
ther constraints the kinematic evolution of the area.

• The following tectonic unit is much wider than the
previous one, encompassing the Sibillini Mts, the Sabini
Mts, the Tiburtini Mts, and the Prenestini Mts. It derives
from the deformation of shelf-to-basin and deeper-water

Meso-Cenozoic limestones of the Umbria-Marche and
Sabine domains. This tectonic unit (Umbria-Marche-Sa-
bine Tectonic Unit) shows a general N-S trend with some
minor thrust sheets, associated with syncline and anti-
cline macro-folds. Generally, the orogenic transport of
these structures is towards the eastern sectors. This tec-
tonic unit is limited to east by the well-known central
Apennine thrust surface: the Olevano-Antrodoco-Sibillini
Mts thrust. This thrust corresponds to a very complex
faulted area, characterized by multiple thrust surfaces,
among which the Olevano-Antrodoco-Sibillini Mts thrust
represents the more external enveloping surface (Parotto
and Praturlon 1975; Salvini and Vittori, 1982; Cavinato
et al., 1986; Cipollari and Cosentino, 1992; Cipollari et
al., 1993). Because of both its timing and its oblique
trend, if compared with the piggyback foreland migration
of the central Apennine orogenic system, an out-of-se-
quence kinematic activity has been suggested for this
structural element. Moreover, this tectonic unit, more
than others, shows kinematic evidence that suggests mul-
tiple phases of deformation (re-folded folds, multiple slip
direction on the same fault plane, folded cleavage, etc.).

In conclusion, this tectonic unit corresponds to a sec-
tor of the chain that was deformed during the Late Torto-
nian and Messinian Apennine compressional phases (in
piggyback sequence) and subsequently was re-deformed
due to the out-of-sequence thrusting of the Olevano-An-
trodoco-Sibillini Mts thrust. The timing of this out-of-se-
quence activation corresponds to one of the main tecto-
no-sedimentary events recorded in central Apennines: the
Messinian Lago-Mare-Early Pliocene tectonic event.

• The Lepini-Ausoni-Aurunci Tectonic Unit derives
from the deformation of the inner portion of the Apen-
nine carbonate platform domain. It consists of Meso-
Cenozoic shallow-water carbonates thrust onto Upper
Tortonian terrigenous deposits related to the evolution of
the Tortonian Apennine foredeep. The tectonic unit is
characterized by wide homocline structures and by sec-
ondary widely open syncline structures, with a NW-SE
prevailing trend.

Some small slices of the Sicilide complex are over-
thrust onto the carbonate of the Lepini-Ausoni-Aurunci
Unit (e.g. Mt Caccume Klippe and Carpineto Romano
area). At Mt Caccume, these small outcrops of Sicilide
unit are tectonically overlain (sandwich-like structure) in
part by a shallow-water platform succession similar to
that of the Lepini-Ausoni-Aurunci Tectonic Unit.
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The frontal thrust that bounded the tectonic unit on its
eastern margin shows a subhorizontal geometry, as evi-
denced by several Klippen at its front. This thrust surface
is one of the main overthrusts that lead to the build up of
the central Apennine chain. In essence, the structure of
the Lepini-Ausoni-Aurunci Mts represented, during Late
Tortonian, the more external portion of the Apennine tec-
tonic wedge, which was migrating with a piggyback se-
quence towards the Adriatic area. This conclusion is
stratigraphically constrained in the Lepini Mts (Carpineto
Romano area), where a sedimentary cycle unconformably
overlies high deformed Meso-Cenozoic shallow-water
carbonates. This unconformable sedimentary cycle (the
Gorga-Gavignano unit, Cosentino et al., 2003), which
consists mainly of coarse-grained deposits, was sedimen-
ted in a thrust-top setting, as testified by the compres-
sional tectonics affecting the Gorga-Gavignano unit (Co-
sentino et al., 2003).

During the subsequent Messinian tectonic phase, the
whole structure was further transported eastward, and the
thrust front reached its present position.

• Moving towards the base of the central Apennine
tectonic wedge, the Simbruini-Ernici-Matese Tectonic
Unit rests beneath the previous tectonic unit. It is one of
the wider tectonic units of the central Apennines and de-
rives from the deformation of both shallow-water plat-
form and platform-to-basin domains. As above men-
tioned, the trend of the orogenic system developed obli-
quely to the Meso-Cenozoic isopic facies. At its eastern
end, this tectonic unit is bounded by a regional thrust sur-
face, which allows the thrust of the Simbruini Mts, Ernici
Mts, Mt Cairo, Venafro Mts, and Matese Mts carbonate
successions onto the Messinian terrigenous syn-orogenic
sequence. This latter sequence filled the Apennine fore-
deep basin that developed in this area during the Messini-
an.

As in other regional tectonic units recognized in the
central Apennines, several minor tectonic structures are
recognizable within the Simbruini-Ernici-Matese Tecton-
ic Unit. These are linked to secondary thrusts that are
probably synchronous with the main thrust at the base of
this tectonic unit.

• The next tectonic unit, the Gran Sasso-western Mar-
sica Tectonic Unit, is about 60 km wide and derives from
the deformation both of Meso-Cenozoic shallow-water
platform and platform-to-basin domains.

This tectonic unit has a very complex structural set-
ting. Thrust tectonics linked to the piggyback evolution
of the Apennine accretionary wedge was followed by
out-of-sequence thrusting of the Gran Sasso chain. The
first compressional phase that involved the area in the
Apennine chain must have occurred during the Messinian
Lago-Mare/Early Pliocene, as testified by the ages of
several thrust-top basins (e.g. 1-Monte Coppe: Patacca et
al., 1992b; Ghisetti et al., 1993; 2-Le Vicenne: Colacic-
chi et al., 1967; Cipollari et al., 1999a, 1999b; Gliozzi,
1999; 3-Monte Mezzana: Praturlon, 1968; 4-Palena: Pa-
tacca et al., 1992b). This phase was characterized by pig-
gyback migration of the Apennine compressive front,
with deformation accommodated along newly-generated
N-S oriented structures. Subsequently, at the end of the
Early Pliocene, an out-of-sequence thrust with a W-E
trend was activated (Gran Sasso Chain: Ghisetti and Vez-
zani, 1986; 1990; Cipollari et al., 1997; Vezzani and Ghi-
setti, 1998), perpendicular to the previous N-S structures.

The tectonic unit of Gran Sasso-western Marsica is,
thus, bounded to the north by the out-of-sequence thrust
of the Gran Sasso chain, while to the east the boundary is
uncertain, mainly in the zone between Mt Picca and An-
versa degli Abruzzi.

In the area between Mt Cappucciata and Mt Picca, a
thrust surface with a N-S trend is well developed. This
structural feature places the Gran Sasso-western Marsica
Tectonic Unit above the syn-orogenic terrigenous depos-
its of the La Queglia Flysch, (Patacca et al., 1992b;
2008) dated Messinian Lago-Mare/Early Pliocene. A
similar structural relation is visible to the east of the
Montagna Grande, where platform edge carbonates are
thrust onto the terrigenous siliciclastic deposits of the
foredeep. For these latter deposits, the only stratigraphi-
cal constraint is represented by the outcrop of the clays
with gypsum of Anversa degli Abruzzi, which are thrust
onto very fine–grained siliciclastic deposits of this fore-
deep. This tectonic relation implies a foredeep siliciclas-
tic deposition post-dating the Messinian salinity crisis,
thus correlative with the La Queglia foredeep (Messinian
Lago-Mare/Early Pliocene).

As already stated, the external boundary of this tec-
tonic unit in the Mt Picca and Anversa degli Abruzzi area
is uncertain. A better definition of this boundary could
result from detailed analysis of the terrigenous deposits
cropping out in this sector and from a more accurate
meso-structural analysis.
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• The Mt Morrone-eastern Marsica Tectonic Unit is
bounded to the east by several thrusts, such as the Mt
Porrara thrust and the Montagna del Morrone thrust (Co-
sentino et al., 2003). The frontal thrust is located in cor-
respondence with the western margin of the Maiella
structure and leads to the tectonic superimposition of the
La Queglia Flysch onto the Maiella Flysch (Lower Plio-
cene) and onto the Maiella Mts pre-orogenic sustratum
(Patacca et al., 1992b; Patacca et al., 2008).

This tectonic unit shows strong N-wards axial plung-
ing, which allows for exposure of only the younger syn-
orogenic deposits of the local stratigraphic succession
(La Queglia Flysch) (Messinian Lago-Mare-Lower Plio-
cene). This unit, as far it has been described, should have
the same geodynamic significance of the Queglia Unit of
the authors (Patacca et al., 1992b).

The correlation between the Mt Morrone-eastern Mar-
sica sector and the Queglia Unit comes from a reconsid-
eration of the stratigraphical data in the literature con-
cerning the syn-orogenic deposits cropping out in the
area (clays with gypsum of Anversa degli Abruzzi, Rocca
Pia Flysch, gypsum-arenites of Mt Porrara). A detailed
stratigraphical and structural analysis of the syn-orogenic
terrigenous successions cropping out in the area is nee-
ded to confirm this hypothesis. The study of this outer
sector of the Apennines is of great importance because it
allows for examination of surface stratigraphical-structur-
al features which, to the north, are buried under thousand
of metres of Upper Messinian-Middle Pleistocene depos-
its.

• The Maiella Unit has many features in common with
the previous tectonic unit. A strong axial plunging to-
wards north causes carbonate rocks that correlate with
those cropping out along the Maiella Mts ridge to be bur-
ied some thousand metres deep. The Maiella structure is
characterized by a macro-anticline, overthrust towards
east and cut along the backlimb by an extensional fault
system (Caramanico fault Auct.). Another similarity with
the nearby Mt Morrone-eastern Marsica Unit is the pres-
ence of a clear lateral variation of facies, from a shallow-
water platform (in the south) to a platform-to-basin facies
(in the north). The foredeep deposit related to the Maiella
structure (Maiella flysch) was deposited during the tecto-
no-sedimentary event of the Lower Pliocene post Sphaer-
oidinellopsis seminulina zone. In particular, recent bio-
stratigraphical analyses (Cipollari et al., 2003) carried out
on the Maiella flysch of Fonte dei Pulcini (southern

Maiella) indicated the upper part of the MPl 2 or MNN
12 zones for the onset of the siliciclastic deposition in the
outermost outcropping foredeep basin (Maiella flysch).

The Maiella structure has been involved in the Apen-
nine chain during the Middle Pliocene tectonic phase.

Finally, we describe briefly a tectonic unit that is iso-
lated if compared with the structural framework recon-
structed for this sector of the Apennines. The Molise
units (Agnone, Tufillo and Daunia, Patacca et al., 1992b)
are characterized by thin skinned tectonics, which led to
the complete detachment of the Oligocene-Middle Mio-
cene succession from the supposed Mesozoic substratum
of the Molise Basin (Calabrò et al., 2003; Corrado et al.,
1997, 1998a, 1998b; Di Bucci et al., 1999; Speranza et
al., 1997a). Generally, the units consist of deeper-water
shales (varicoloured shales) and limestones with shallow-
water carbonate resediments.

Normally, the detachment of the Oligocene-Middle
Miocene succession from its substratum happens in cor-
respondence with the varicoloured shales. At present, the
authors suggest for the Molisano Basin a compressional
activation similar to the Gran Sasso-western Marsica
Tectonic Unit (Patacca et al., 1992b; Cipollari et al.,
1999b). This interpretation is based on the age of the Ag-
none flysch (Messinian) and from some evidence of
thrust-top basins related to the Messinian Lago-Mare/
Lower Pliocene event (Conglomerato di Palena) (Patac-
ca et al., 1992b).

Post-Orogenic Tectonics (Extensional and
Strike-Slip Tectonics)

In some sectors of the central Apennines, the effects
of a post-orogenic strike-slip tectonics, superimposed on
a complex compressional deformational history, are par-
ticularly evident (Salvini, 1991; Mattei et al., 1995). One
of the most prominent tectonic elements with strike-slip
character is a fault system in the western sector of the
study area, in the Umbro-Sabine domain. This element
(Sabine lineament and Val Serra fault) shows a vertical
geometry along a N-S trend and a right-lateral stike-slip
kinematics (Calamita, 1990; Alfonsi et al., 1991a, 1991b;
Calamita and Pierantoni, 1994; Alfonsi, 1995). Accord-
ing to our kinematic reconstruction, this element has been
active since the Tortonian.

An additionalstrike-slip element, with left-lateral
strike slip motion, is the fault system that forms the east-
ern border of the Val Roveto. It is a tectonic feature with
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a regional significance [from the Venafro Mts, to the
south (Cavinato and Sirna, 1988; Serafini and Vittori,
1986, 1988), to the Carseolani Mts (Serafini and Vittori,
1986; Montone and Salvini, 1990, 1993), to the north],
along a NW-SE tectonic trend, which has also been acti-
vated as a normal fault. Tectonic structures related to
strike-slip faults have also been recorded in the western
Marsica (Corrado et al., 1992) and in more outer sectors
(Mattei and Miccadei, 1991; Ghisetti et al., 1993; Vezza-
ni and Ghisetti, 1995).

The present-day morpho-structural setting of central
Italy is strongly influenced by the extensional tectonics
that affected the study area from the Late Messinian until
the Late Pleistocene and, sometimes, also until the Holo-
cene (Barberi and Cavinato, 1993; Blumetti and Dramis,
1993; Calamita and Pizzi, 1992; Cavinato, 1993; Dramis,
1993; Cavinato et al., 1994; D’Agostino et al., 1994,
1998; Doglioni et al., 1999; Corrado et al., 1997; Calami-
ta et al., 1999; Ciccacci et al., 1999; Cipollari et al.,
1999b; Cavinato et al., 2002; Miccadei et al., 2002).

A NW-SE orientation is the prevailing tectonic trend
for extensional features in the central Apennines. Howev-
er, normal faults with anti-Apennine trend (NE-SW) are
also present in the area. Across the suite of both exten-
sional and compressive tectonic features, a space-time
migration of the deformative front from the innermost to
the outermost region of the Apennines is recognizable
(Cavinato and De Celles, 1999; Cipollari et al., 1999b;
Patacca et al., 1992a). This is generally inferred from the
age of the different intra-mountain sedimentary basins,
initiated by the extensional tectonic activity that was af-
fecting the emerged Apennine area since the late Messi-
nian. Along a transect transverse to the Apennine chain,
the onset of these extension-related basins becomes
younger going from the Tyrrhenian to the Adriatic side of
the chain (Cavinato et al., 1994; Cavinato and De Celles,
1999).

Deep Structures of Central-Northern Apennines

A full revision of the geophysical and geological data
available for the Central Italy in the area along the CROP
11 Profile (Crustal Seismic Profiling) can be found in
Cavinato et al. (1994), Billi et al. (2006), Patacca et al.
(2008), and Di Luzio et al. (2009), whereas a geodynam-
ic scenario and a model of the Miocene tectonic evolu-
tion of the Northern Apennines have been described by
Pialli et al. (1995; 1998), Barchi et al. (1998; 2001). The

main information available on the deep structure of the
central-northern Apennines is summarized below.

Seismic tomography (Ciaccio et al., 1996; Cimini,
2004) highlights a body of high velocity material dipping
steeply towards the west underneath the Marche-Umbria-
Tuscan area of the northern Apennines; this body has
been interpreted as a retreating subducted slab of Apulian
lithosphere, which is almost completely assimilated at a
depth of about 250 km. This hypothesis is supported by
subcrustal seismicity in the northern Apennines: the dis-
tribution of deep-focus earthquakes delimits a 40-45 de-
gree dipping plane reaching depths of up to 90 km from
the Adriatic to the Tyrrhenian sea (Amato and Selvaggi,
1991). On the contrary, the central Apennines show nei-
ther subcrustal seismicity nor high velocity anomalies in
the tomographic images (Cimini, 2004).

Digital reappraisal of seismic refraction profiles data
suggest a crustal doubling, affecting lower crust and
mantle, under the area of the Tiber Valley in the northern
Apennines (Ponziani, 1995). These features have been re-
cently confirmed by the results of CROP 03 deep seismic
line (NVR: Near vertical reflection) (Barchi et al., 1996;
1998).

In addition, Bouguer anomaly analysis (Bigi et al.,
1992; Tiberti et al., 2005) points out positive anomalies
along the Tyrrhenian Sea and in the Tuscan and the Lat-
ium sectors, whereas in the Umbria-Marche areas, nega-
tive values are recognizable. The anomaly values in-
crease toward the east and reach positive values in the
Adriatic Sea. According to Tiberti et al. (2005), most of
the regional gravity anomalies in the central Apennines
should originate within the lower crust. The transition
from the western positive values and the central nega-
tives happen across a narrow belt.

This narrow belt has been interpreted as the gravimet-
ric expression of crustal doubling at a regional scale in
the northern Apennines (Cassinis et al., 1991). Taking in-
to account the Bouguer anomalies and the results of
gravimetric modelling, Bernabini et al. (1997) hypothe-
sized the same crustal doubling also under the Fucino
Plain. More recently, the crustal data beneath the central
Apennines, coming mainly from the CROP 11 seismic
profile, have been synthetized by Di Luzio et al. (2009).
In that paper, the authors confirm a crustal doubling just
beneath the Fucino Plain, where the Adriatic Moho rea-
ches 47 km depth, whereas the Tyrrhenian Moho rests at
shallower levels at about 30 km depth.
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According to Billi et al. (2006) a mid-crustal folding
affects the central Apennines just beneath the Olevano-
Antrodoco out-of-sequence thrust system. A fault-bend
fold-like structure has been imaged in the CROP 11 seis-
mic profile from 5 down to 8 seconds TWTT. From sur-
face geological data, the authors suggest that the mid-
crustal antiform grew as an out-of-sequence structure
since late Messinian time.

Taking into account all the reported evidence, the fol-
lowing geodynamic setting can be assumed for the deep
crustal structures of the central Apennines:

- a western thinned crust, including the Thyrrhenian
Sea, the Tuscan sectors, and the area north of Rome; it is
characterized by very high heath flow (Della Vedova et
al., 1991; Mongelli et al., 2004) due to astenospheric up-
lift;

- the doubling of the Moho both beneath the Tiber
Valley-Gubbio area (northern Apennines) and the Fucino
Plain (central Apennines) where a "Tyrrhenian Moho"
has been inferred to be superposed on an "Adriatic Mo-
ho" (Morelli, 1998; Di Luzio et al., 2009);

-an Adriatic lithosphere flexing down westward under
the Apennine chain (Cimini, 2004).

The post Tortonian geodynamic evolution of the
Apennines can be described in terms of post-collisional
evolution of the chain driven by the passive sinking of
the Apulian lithosphere and the progressive roll-back of
the flexural hinge (Faccenna et al., 2004), with Tyrrheni-
an mantle compensation (eastward mantle flow) (Doglio-
ni et al., 2004).

Neogene Kinematic Evolution of the Central
Apennines

Neogene kinematics of the central Apennines

Taking into account the stratigraphic constraints pre-
viously described, we have attempted to reconstruct a
kinematic-structural scheme for the central Apennines
(Plate. 4). In this scheme, the time interval in which a
particular sector has been involved in the chain is indica-
ted in full color. This kind of data is provided by the age
of the piggyback deposits recognized in the study area,
which are represented in the kinematic-structural scheme
with the half tone of the color used for that tectono-sedi-
mentary event. Superimposed dots of different colors
represent the relationship of the foredeep outcrops to dif-
ferent tectono-sedimentary events. The colored

superimposed dots, which show the foredeep deposits of
a particular tectono-sedimentary event, generally are
drawn above a full colored area which indicates the time-
interval in which that foredeep domain has been involved
in the chain. In those sectors in which the stratigraphical-
structural analysis has shown out-of-sequence reactiva-
tion (Olevano-Antrodoco-Sibillini Mts areas and Gran
Sasso front), colored bands show the out-of-sequence re-
activation age, superimposed on the full color relative to
the first phase of the mountain building.

The proposed kinematic-structural map (Plate 4)
prominantly displays a first order structural discontinuity
with NNE-SSW trend that cuts the central Apennine
chain. This discontinuity allowed the independent evolu-
tion of the northern Apennine and the central Apennine
orogenic systems (Fig. 11), releasing the two sectors in
which the compressive deformation migrated towards the
Adriatic foreland with different rates (Vai, 1987; Cipol-
lari and Cosentino, 1996). In this paper we wish to under-
line the correct displacement of the Apennine orogenic
system in correspondence with this discontinuity. In the
proposed scheme, this displacement is evidenced by the
non-alignment of coeval sectors of the Apennine accre-
tionary wedge.

Figure 11. Neogene kinematic evolution of the central-
northern Apennines

Kinematic scheme showing the different migration be-
tween 18 and 3.5 Ma for the central and northern
Apennine orogenic systems. Different velocities of
propagation for the northern and central Apennine
orogenic systems are guaranteed to happen for the
occurrence of a lithospheric discontinuity separating
northern and central Apennines.
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An additional point that emerges from the analysis of
this kinematic model is the prominent Adriatic foreland
propagation of the Apennine compressive deformation,
already evidenced by several authors (Bally et al., 1988;
Endignoux et al., 1989; Bigi et al., 1991; Sage et al.,
1991; Cipollari and Cosentino 1992, 1995; Patacca et al.
1992b; Cavinato et al., 1994; Patacca et al., 2008). In this
paper, the timing of the propagation of the Apennine
compressive front and the structures involved in the dif-
ferent deformational phases is more accurately shown.

Unfortunately, for the northern sector of the examined
orogen, the stratigraphical constraints are insufficient to
reconstruct the timing of the foreland propagation, be-
cause of the limited extent or the absence of syn-tectonic
deposits linked to the evolution of the orogenic system.
Deposits that do provide information are limited to the
inner Marnoso-Arenacea outcrops (upper Burdigalian-
lower Serravallian) (Valle dell’Aia, Martani Mts, Mt
Subasio, etc.), the Vallocchia-Castelmonte marl outcrops,
the Belvedere Fm. (middle-upper Serravallian) (Cipollari
and Cosentino, 1997) and the terrigenous deposits of the
Camerino basin (Calamita et al., 1979) (Middle Tortoni-
an-Messinian) and of the Laga Fm (Messinian). Owing to
this, the reconstruction of the evolution of the orogenic
system for this portion of the chain is not complete, as we
currently lack information about the Serravallian fore-
deep and have scarce data concerning the Tortonian fore-
deep.

In contrast, in the southern sector of the study area,
extensions of the syn-tectonic deposits both of the fore-
deep and of the piggyback basins enable us to create a
more detailed reconstruction of the evolution of the
Apennine orogenic system from the Late Tortonian tecto-
no-sedimentary event.

In its outer portion, the Tortonian Apennine chain in-
cluded the Volsci chain (Lepini Mts, Ausoni Mts and
Aurunci Mts), at the front of which the Latina Valley
foredeep basin was developed (Cipollari and Cosentino,
1995). During the building of the chain, instead of coarse
clastic material being routed exclusively to the foredeep,
several satellite basins received the coarse sediment
(Gavignano and Gorga Units, Alberti et al., 1975) (Cipol-
lari, 1995; Cosentino et al., 2003).

During the lower Messinian tectonic phase, with the
migration of the orogenic system towards the Adriatic
foreland, the whole Ernici-Simbruini sector was involved
in the chain.

The Monti della Laga area, as far as the Val Roveto-
Valle del Salto-Tagliacozzo and at least the western por-
tion of the Marsica domain, were part of the Messinian
foredeep. In the literature there are different opinions
about the terrigenous deposits cropping out on the Mon-
tagna Grande area: were they deposited in the Messinian
foredeep or in a younger foredeep basin? Following Pa-
tacca et al. (1992b), the flysch cropping out in this area is
related to a younger foredeep, developed in a time inter-
val corresponding to the Messinian Lago-Mare-Lower
Pliocene p.p., while according to Corrado et al. (1995),
on the basis of the optical indicators of maturity in the or-
ganic matter dispersed in the terrigenous sediments crop-
ping out in the same area, the Montagna Grande foredeep
basin should have evolved during the Messinian. This lat-
ter opinion is reported also by Ghisetti et al. (1993). The
existence of a siliciclastic post-gypsum deposit in the An-
versa degli Abruzzi sector would support the Patacca et
al. (1992b) hypothesis, but at present the stratigraphical
relation of this deposit and the Montagna Grande carbo-
natic succession is still under discussion.

On Plate 4 the siliciclastic deposits cropping out in the
Anversa degli Abruzzi and Valle del Tasso-Sagittario
sectors have been considered as belonging to a Messinian
Lago-Mare/Early Pliocene foredeep. Then on a regional
scale, along a SW-NE transect, the kinematic evolution
of the Volsci chain, the Valle Latina, the Simbruini-Erni-
ci Mts, the Val Roveto and the Marsica region, up to the
Maiella more external domain, followed a piggyback se-
quence, with a NE-ward propagation of the Apennine
frontal thrust. Except for some out-of-sequence reactiva-
tions that affected the central Apennine chain, it is possi-
ble to recognize a migration of the orogenic system to-
wards the Adriatic foreland following the activation of
thrusts in more external position. In the proposed model,
the new element of the chain, which accretes the Apen-
nine orogenic wedge during each tectono-sedimentary
event, is built up simultaneously (Cipollari and Cosenti-
no, 1992), developing a system of synchronous thrusts
within the accreted wedge. Therefore, the accreted chain
element is limited externally by its frontal thrust, activa-
ted for the first time during that tectono-sedimentary
event, while on the inner side it is bounded by the frontal
thrust of the previous tectono-sedimentary event. This in-
ner bounding thrust generally could remain active during
the younger tectonic event.
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Out-of-sequence thrusting in the central
Apennines

In the central Apennines, the out-of-sequence activity
of regional thrust systems, such as the frontal thrust of
the Olevano-Antrodoco-Sibillini Mts (Cipollari and Co-
sentino, 1992) and that of the Gran Sasso chain (Ghisetti
and Vezzani, 1991), is superimposed on the structures of
an already deformed chain. In those areas, the Olevano-
Antrodoco-Sibillini Mts thrust system reactivated a chain
sector already built during the previous Early Messinian
tectonic phase. The thrust system that characterizes the
Gran Sasso chain transversely cuts the N-S structures
linked to the Acquasanta and Montagna dei Fiori-Mon-
tagnone ridge, built up during the Messinian Lago-Mare-
Early Pliocene event. The age of the activation of the first
thrust system is constrained by the age of the top of the
Laga Fm. (Upper Messinian, post salinity crisis; Cantala-
messa et al., 1982; Centamore et al., 1990; 1991; 1992;
1993).

These out-of-sequence re-activations were accompa-
nied by rotation of the more superficial structural units
involved in the deformation, as shown by palaeomagnetic
analyses carried out in the two sectors (Ghisetti et al.,
1992; Mattei et al., 1992; 1994; 1995; 1999; Speranza et
al., 1997b; Satolli and Calamita, 2008).

In the northern area of the central Apennines, this de-
formational event reactivated the area between the Oleva-
no-Antrodoco-Sibillini Mts thrust system, to the east, and
the more internal tectonic units of Sabini Mts and Spoleto
Mts to the west. In particular, on the Spoleto Mts, signals
of out-of-sequence reactivation have been observed in the
Belvedere and Vallocchia areas, where low-angle thrust
surfaces cause the superposition of the Calcare massiccio
Fm onto a tectonic unit consisting of either the Belvedere
Fm (Decandia and Giannini, 1977) or the Vallocchia
marls (Cipollari, 1995), both belonging to the stratigraph-
ical succession of a piggyback basin (sensu Ori and
Friend, 1984) (Cipollari and Cosentino, 1997). Moreover,
in the whole Sabine portion of the Apennine orogen, evi-
dence of multiple phases of deformation (re-folded meso-
folds, macro- and meso-folds truncated by thrust surfa-
ces, and multiple domains of striae on the same fault
plane) has been observed (Cosentino, 1988; Mattei et al.,
1986; Calamita et al., 1987; Cosentino and Parotto, 1988;
1989; 1992; Cosentino and Montone, 1991).

In the southern area of the central Apennines, evi-
dence for a late Messinian reactivation of some inner

structures of the Apennine chain have been recently
found in the southern Latina Valley (Pasquali et al.,
2007). In that area, thin thrust-sheets consisting of Early-
Middle Miocene shallow-water carbonates are thrust onto
siliciclastic deposits sedimented in a wedge-top basin.
The timing of deformation can be discerned in the Monte
San Giovanni Campano area, where the thrust tectonics
affect clays with Messinian gypsum (Pasquali et al.,
2007), suggesting a tectonic event younger than the Mes-
sinian salinity crisis.

Considering a single synchronous event for the reacti-
vation of those internal areas of the Apennine chain in
the northern sector, the younger stratigraphical con-
straints are provided by the more ancient age of the conti-
nental deposits of the Tiberino Basin, developed in a syn-
extensional post-orogenic realm. Recently, the older
stratigraphic succession of the Tiberino Basin has been
recognized in the Fosso Bianco Unit (Basilici, 1992; Am-
brosetti and Basilici, 1994) cropping out in the south-
western branch of the basin. The age of the Fosso Bianco
Unit, which according to Basilici (1992) and Ambrosetti
and Basilici (1994) is between the Middle Pliocene and
the upper part of the Early Pliocene, seems instead to
have been deposited only during the Middle Pliocene (R.
Pontini pers. comm.).

In the southern sector, this out-of-sequence thrusting
is constrained by the occurrence in the subsurface of the
southernmost Latina Valley of an Early Pliocene (top
Zanclean) syn-rift basin (Pasquali et al., 2007).

Several geometrical and chronological constraints
help pinpoint the age of the out-of-sequence thrusting in
the Gran Sasso chain. The thrust tectonics are limited by
the age of the siliciclastic deposits that conformably rest
above the Cenozoic platform-to-basin carbonate succes-
sion in a foreland setting. These deposits show that the
area was involved in a foredeep domain during the early
Messinian (Ghisetti and Vezzani, 1990); Patacca et al.,
1992b). As a consequence, the first orogenic deformation
is related to a tectonic event younger than the early Mes-
sinian tectonic phase. A further constraint on the timing
of the Gran Sasso out-of-sequence thrusting is given by
the age of the Conglomerati di M. Coppe, which lay un-
conformably above already deformed units. The Con-
glomerati di M. Coppe have been dubitatively referred to
the Messinian (Ghisetti and Vezzani, 1990). The authors
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do not provide any chronological reference for these con-
glomerates, but instead present an age for the arenaceous-
pelitic succession resting conformably above those con-
glomerates. In the Mt Paradiso area, this arenaceous-pel-
itic succession is referenced, still with uncertainty, to a
generic Messinian age, while a definite infra Pliocene age
(Sphaeroidinellopsis zone) is provided for the Mt. Coppe
sector, and a top Early Pliocene age (G. margaritae and
G. puncticulata zones) is provided for the Colle dei Cav-
atori area (Ghisetti et al., 1993).

According to us, the sedimentary basin of the Con-
glomerati di M. Coppe and the overlying arenaceaous-
pelitic succession was deposited in a thrust-top basin of
the Apennine chain, therefore linked to the first phase in
which this area was involved in the chain.

The kinematic model proposed in this paper for the
Gran Sasso chain is slightly different from that suggested
by Ghisetti and Vezzani (1990) and Ghisetti et al. (1993).
The deformation of the EW Gran Sasso front should be
related to a compressive event that occurred late in the
Early Pliocene. We derive this conclusion after consider-
ing the Latium-Abruzzi area, containing the Gran Sasso
chain, was a foredeep domain not only during early Mes-
sinian, but also up to the Late Messinian, having recorded
the Messinian salinity crisis (Castorina et al., 1994). It is
also noteworthy that conglomerate deposits in the Lat-
ium-Abruzzi area associated with the piggyback basins
active during the Messinian Lago-Mare-Early Pliocene
event (Le Vicenne, Colacicchi et al., 1967; Cipollari et
al., 1999a; Mt. Mezzana, Praturlon, 1980) are very simi-
lar to the Conglomerati di M. Coppe, unconformably
overlying a deformed substratum.

To summarize, the first mountain building event of
the Gran Sasso chain must be related to a tectono-sedi-
mentary phase younger than the event which formed the
foredeep basin of Laga-Valle del Salto-Tagliacozzo-Mar-
sica (early Messinian). The out-of-sequence activation of
the Gran Sasso thrust front must be related to a younger
tectono-sedimentary event. Therefore, the first compres-
sional deformation that affected the area should be refer-
red to the Messinian Lago-Mare-Early Pliocene event.
During this time interval, all the Latium-Abruzzi domain
was involved in the chain, and the deposition of the Con-
glomerati di M. Coppe occurred in a piggyback basin co-
eval with those of Le Vicenne and Mt Mezzana. On the
basis of these time constraints, the out-of-sequence
thrusting must be related to the tectonic event that

occurred in central Apennines at the top of the Early
Pliocene. This event caused the accretion of the chain
with the more external units.

Regional Geological Cross-Section

Introduction

We present a regional cross-section has been drawn to
illustrate the structural architecture of the central Apen-
nines. This section, SW-NE oriented, is traced from An-
zio (Tyrrhenian coast) to the Adriatic Sea (offshore of
Silvi Marina, about 20 km north of Pescara, Abruzzi).
This section could be considered nearly parallel to the
tectonic transport direction in the Lepini and Simbruini
Mts, and slightly oblique to the tectonic transport direc-
tion in the Gran Sasso belt (N20° according to Ghisetti
and Vezzani, 1991) and in the Marche imbricates
(N70-80° according to Ghisetti et al., 1993) (Plate 5).

The deep structure is extrapolated from surface data
with the support of some deep wells (e.g., Fogliano 2,
Acciarella 1, Latina 1, Paliano 1, and Trevi 1; Pietrarossa
1, Roccafinadamo 1, Villadegna 1, Atri 1, and Marilena
1) and, in eastern Marche domain, of the interpretation of
confidential seismic data. As a consequence, the image of
the deep structures is highly speculative and the cross-
section should be considered only as a tentative picture of
the overall general architecture of this part of the Apen-
nine chain.

In recent years, several authors have proposed large
scale interpretations of the Apennine thrust belt. The dif-
ferent emphasis placed on tectonic observation, surface
geology, or subsurface information (mainly seismic re-
flection and well data) has produced conflicting models
about the geometry and the kinematics of the Apennine
fold-and-thrust belt (among many others, Lavecchia,
1985; Bally et al., 1988; Mostardini and Merlini, 1988;
Hill and Hayward 1988; Barchi, 1991b; Calamita et al.,
1991, 1994; Ghisetti and Vezzani, 1991; Sage et al.,
1991; Ghisetti et al., 1993; Mazzoli et al., 2000; Tozer et
al., 2002; Scrocca et al., 2005). These interpretations dif-
fer from each other in many substantial aspects such as
the thin-skinned versus basement-involved tectonics, out-
of-sequence versus in-sequence thrust propagation, and
the amount of extension and shortening (see Ghisetti et
al., 1993 and Tozer et al., 2002 for a full review and bib-
liography therein). In the following sections these issues
will be briefly discussed together with the main
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assumptions and constraints adopted for our cross-sec-
tion.

Constraints and Assumptions

Basement
It is difficult to define the basement in the central

Apennines orogen because its depth and nature cannot be
clearly recognised using existing seismic reflection and
well data. In our section we did not constrain the depth of
the basement strictly using the presumed depth of the aer-
omagnetic (e.g., AGIP, 1984 and models provided by
Arisi Rota and Fichera, 1987) or magnetic basement
(Speranza and Chiappini, 2002) because, as also sugges-
ted by Bally et al. (1988), magnetic depth determination
beyond 9-10 km is somewhat imprecise and should be
corroborated by other data. Moreover, it should be also
considered that the magnetic basement is different from
the crystalline one.

At the eastern side of our cross-sections, we extrapo-
lated the depth of the basement starting from the easily
recognisable Top Messinian evaporites horizon by add-
ing the stratigraphic thicknesses derived from a review of
well data in the Adriatic. Moving west, the depth of the
basement has been evaluated on the basis of structural
and stratigraphical constraints, such as the thickness of
the different superposed tectonic units according to the
modelled structural setting. We also assumed, on the ba-
sis of the known regional flexure of the Apulian litho-
sphere supported by the Adriatic Moho geometry (e.g.,
Mele et al., 2006; Di Luzio et al., 2009), a gently west-
ward dipping basement (from about 5 km to 13-14 km).
The main detachment level, at the top of the supposed
basement, shows the same attitude. If we assume the re-
gional flexure of the Apulian lithosphere to be the conse-
quence of continental subduction of the Apulian plate un-
derneath the belt, we should then suppose that the main
active detachment level cannot have remained sub-hori-
zontal westward towards the Tyrrhenian side but must
have plunged steadily to accommodate the flexure and to
form an upper boundary for subducting plate (Doglioni
1993; Carminati et al., 2004).

At the western side of the cross-section we have chos-
en to vanish with depth our structural reconstruction
since in this area there are very few constraints. In this
way, we intend to propose a conservative interpretation
and to avoid the debate about the possible basement
involvement in the Apennines (for a discussion about this

issue see Ghisetti et al., 1993; Tozer et al., 2002; Butler
et al. 2004; Scrocca et al., 2005; Billi et al., 2006; and
references therein). However, it should be noted that a
deep involvement of the crystalline basement in the de-
formation processes of the Central Apennines seems un-
likely, as basement involvement has not been documen-
ted in similar orogens associated with west-directed sub-
ductions (e. g., Doglioni et al., 1999; 2007).

Stratigraphy
The major structural domains traversed by our cross-

section are characterised by strong variations in stratigra-
phy and facies. In the Upper Triassic/Lower Liassic, ex-
tensional tectonics affected the outer margin of the Africa
plate (Adria microplate), leading to the development of
subsiding carbonate platforms (Apenninic and Apula)
and pelagic basins (Umbria-Marche, Pescara and Molise)
linked by transitional domains (Sabina and Gran Sasso).
Stratigraphic successions show large variations in thick-
ness and facies of the Mesozoic formations due to the Ju-
rassic syn-sedimentary extension that is also recorded
within the basinal sequences (as documented in the Um-
bria-Marche domain). In the transitional and pelagic se-
quences, the presence (or the absence) of resedimented
carbonates (turbidites and debris flow sediments) make it
very difficult to have good regional estimates for primary
thicknesses of these stratigraphic units.

Our sections were originally drawn at a scale of
1:100.000; therefore, the stratigraphy of the region had to
be simplified and homogenised. The stratigraphic se-
quences of the different domains crossed by our sections
have been grouped into several domains with the same
average stratigraphic thickness (Lepini, Simbruini, Mag-
nola-Velino, Sirente carbonate platform domains, Gran
Sasso and Sabina-Fogliano type transitional sequences,
Umbria-Marche, Pescara, and Molise pelagic sequences).
Within the pelagic sequences, we have seldom shown
significant thickness changes due to the Jurassic exten-
sion.

Several wells penetrate the Upper Triassic evaporites
(Burano formation), revealing variable thickness that
reach a maximum of about 2000 m (around 1500 m in
Trevi 1, 1850 in Antrodoco 1, and 1400 in Perugia 2).
The about 1800 m penetrated in Burano 1 are due to the
steep dips in excess of 70° that dominate the lower half
of the penetrated section, suggesting intensive deforma-
tion in the core of the Burano anticline. It is impossible to
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determine the original stratigraphic thickness of the Bura-
no formation and therefore we assumed an original thick-
ness in the range of 1200-1500 m.

In the eastern/Adriatic area, continental red sandstone
(Permian?) have been drilled below the Late Triassic
Burano formation (e.g., Alessandra 1 well). Furthermore,
across the Adriatic domain, seismic and well data docu-
ment the widespread occurrence of locally thick Permian-
Middle Triassic sedimentary units (e.g., Grandić et al.,
2002; Franciosi and Vignolo, 2002). The thicknesses of
these units may be highly variable due to the continental
origin of the Permian deposits and to the syn-rift nature
of the lower-middle Triassic formations. However, since
no detailed information about the actual thickness of
these units along the section trace is available, we have
assumed an average thickness of about 500 m.

The stratigraphic horizons that have been chosen as
markers in the cross-section delimit formations with the
highest competence contrast within the pelagic sequences
(top Burano, Calcare Massiccio, Maiolica, Scaglia and
Upper Miocene). These sequences are covered by occa-
sionally thick siliciclastic wedges that mark the progres-
sive eastward migration of the subsiding foredeep. In the
carbonate platform domains (including their marginal
areas) we have used time lines corresponding to top Low-
er Lias, Lower Cretaceous and Upper Cretaceous as
stratigraphic markers. These sequences are conformably
overlain by Middle Miocene bryozoa limestone and Or-
bulina marls that have been grouped in another unit; on
top of these sequences we separated the foredeep depos-
its.

In both pelagic and carbonate domains, we have used
the same colour code to show the different ages of the
foredeep deposits.

Detachment
The local tectonic style is controlled by ductility con-

trasts that occur within the stratigraphic sequences. It is
generally assumed that Triassic evaporites (Burano For-
mation) are the main detachment level both in platform
and basin domains. Secondary compressional décolle-
ment phenomena are documented for the following for-
mations: i) Rosso ammonitico, Marne a fucoidi, Scaglia
cinerea, and Messinian evaporites for the pelagic se-
quence, and ii) Marne ad Orbitolina, bauxite levels, and
Marne a Orbulina for carbonate platform domains.

Furthermore, stratigraphic units around these décolle-
ment levels are often intensively deformed, suggesting
disharmonious folding and intensive deformation. These
processes make it very difficult to define reliable strati-
graphic thicknesses. At the original 1:100.000 scale of
our sections, it has proved difficult to incorporate these
local details into the regional profile.

Main Structures

Our regional section crosses through distinct geologi-
cal sectors. These sectors will be described from SW to
NE (i.e., from the innermost to the outermost zone).

Down-faulted Tyrrhenian sector (from Anzio to the
Lepini Mts)

The sequences in this area are buried underneath thick
Quaternary alluvium and volcanics of the Latina Plain.
This area has been dissected by NW-SE normal faults in
Plio-Pleistocene time.

The wells drilled in the Latina Plain (Pianura Ponti-
na), e.g. Fogliano 2 (Parotto and Praturlon, 1975), reveal
a transitional sequence, which could be correlated with
the similar outcrops of Circeo Mt to the south, or the Sa-
bina to the north. Therefore, in the subsurface of the Lat-
ina Plain, southwest of the Lepini Mts, a stratigraphic
transition from the carbonate platform facies (i.e. Lepini
Mts) to a pelagic basin sequence has been inferred.

Latium-Abruzzi carbonate platform.
The pre-orogenic stratigraphy of this sector is charac-

terized by thick and monotonous Triassic to the Upper
Cretaceous-Paleocene carbonate platform sequences
overlain by Middle Miocene bryozoa limestone. Thick
thrust sheets piled up in Neogene time with mainly NW-
SE trending structural axes. The main thrust fronts are
generally located on the NE margin of the main carbo-
nate ranges. From the inner part of the thrust (or duplex?)
package towards the outer, the major thrusts are: the Lep-
ini Mts thrust, Simbruini Mts thrust, and the Gran Sasso
thrust.

According to Tallini (1994) and Cavinato et al. (1992)
the southwest margin of the Simbruini - Ernici Mts is
marked by an extensional fault system. The presence of
hydrothermal fluids (sulfurous spring), and volcanic ac-
tivity confirm that this fault system involves deep crustal
levels, as discussed in section 2.3 (extensional fault).
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The structural setting of the Simbruini range has been
constrained taking into account the detailed geological
map proposed by Devoto (1970), data from the deep Tre-
vi 1 well (Dondi et al., 1966), and the structural interpre-
tation proposed by Tallini (1994). According to Tallini
(1994), the main superficial thrusts (Val Roveto thrust
and Fosso Fioio thrust) have been correlated with the
deepest tectonic discontinuities detected in the Trevi 1
well. The proposed kinematic model shows the develop-
ment of some small duplexes at the level of the upper
Triassic units, followed by the main thrusting phase
(from Messinian to possibly Lowermost Pliocene time).
During this latter deformation phase, out-of-sequence
thrusting could have occurred. We consider out-of se-
quence thrusting to be active thrusting in an internal posi-
tion with respect to the leading edge of the thrust belt
(sensu Morley, 1988). In this reconstruction, the Valle-
pietra-Filettino fault (a structure which has caused much
debate and has been interpreted alternatively as an exten-
sional fault, a transpressional fault, and an out-of-se-
quence thrust) has been represented as an extensional
fault (with a low angle and linked with deep ramp). An
alternative reconstruction assuming the same fault geo-
metries could include an initial compressional phase fol-
lowed by an extensional reactivation. Finally, high angle
normal faults dissected the previously generated struc-
ture.

The Roveto Valley is characterized on its northeastern
margin by a major left-lateral strike-slip fault (Val Rove-
to fault) (Serafini and Vittori, 1986; Montone and Salvi-
ni, 1993). This fault, NW-SE trending, could be interpre-
ted as the superficial expression of a deep, crustal, tecton-
ic discontinuity as suggested by soil-gas investigations
(Ciotoli et al., 1993).

Moving eastward, we represented the fault on the NE
margin of Mt Sirente and the one which affected the SW
border of the F. Aterno valley as thrust faults (Cavinato
et al., 1994).

Further east, the Gran Sasso chain is one of the main
structural culminations of the Apennines, where Meso-
Cenozoic carbonate units were emplaced over the Upper
Miocene - Lower Pliocene foredeep deposits (Laga
Flysch). Some outcropping faults have been alternatively
interpreted as out-of-sequence thrusts (Ghisetti and Vez-
zani, 1991) or as low angle "younger-on-older" tectonic
contacts (D’Agostino et al., 1998).

However, we represent the overall structural setting of
the Gran Sasso domain as a break-through fault-propaga-
tion-fold, later transported with significant displacement
onto the footwall units.

Eastern Marche units and Adriatic offshore.
Recent foredeep deposits from upper Messinian to

Pliocene or younger sedimentary covers mainly outcrop
in the onshore area. The carbonate units penetrated in
subsurface by several deep wells show a pelagic facies
and a structural setting characterized by stacked thrust
units (among many others, Bally et al., 1988; Ghisetti et
al., 1993; Calamita et al., 2002 and references therein).

In the footwall units of the main Gran Sasso over-
thrust we have represented two distinct foredeep basins:

- the westernmost (more internal), which is filled by
the siliciclastic deposits of the Messinian Laga Flysch;

- the eastern basin, which corresponds to some turbi-
ditic deposits of late Messinian age related to the Tera-
mano foredeep basin (sensu Patacca et al., 1992b).

We assumed also in this section the existence of a
buried peripheral bulge zone, which originally separated
these two foredeep basins and then deformed with a bur-
ied ramp anticline setting.

The thickness of the upper Messinian (post 5.5-Ma
volcaniclastic level, Odin et al., 1997) foredeep deposits
on top of this unit is about 1000 m, because we consider
this unit to be a northern analogue of the Queglia unit
(sensu Patacca et al., 1992b). We do not include the C. le
Maddalena outcrop, attributed to the Gran Sasso unit, in
the Queglia unit. This unit shows thick upper Messinian
foredeep deposits (up to 3000 m). One possibility is that
the foredeep stage in this unit started after the Messinian
evaporite deposition, and had its maximum development
in upper Messinian time (as suggested by Canzano 1 well
some km to the north). We consider this unit to be a
northern prolongation of the Morrone unit with Meso-
Cenozoic pelagic facies, according to the regional transi-
tion from carbonate platform sequences to pelagic envi-
ronment (also documented in the Maiella unit).

The offshore north-eastern side of this section is part-
ly based on a geological profile published by Bally et al.
(1988).

Open Discussions and Concluding Remarks
One of the unresolved questions in the stratigraphy of

central Italy is the palaeogeographical distribution of the
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Triassic facies. In particular, the surface and subsurface
Triassic database is not yet sufficient to relate the Trias-
sic bituminous dolostones that crop out in the study area
to the same pelagic sedimentary basin or to a different in-
tra-platform trough. Additional facies investigations and
palaeogeographical studies must be conducted both in
surface (Ernici Mts and La Meta-Mainarde-Matese Mts)
and in subsurface domains (well data correlation) to re-
solve this question.

In the more external areas of the central Apennines,
the discussion about the structural setting and the kine-
matic evolution of the area between the Montagna
Grande and the Maiella Mts remains open. More structur-
al-kinematic data as well as time constraints from de-
tailed stratigraphical analysis performed on syn-orogenic
terrigenous deposits are needed to resolve these prob-
lems.

Due to the northward plunging of the outermost out-
cropping structures of the central Apennines (La Queglia
and Maiella Mts), the knowledge of the stratigraphical-
structural setting of these external units is critical to re-
solve the deep structure of the buried Apennine chain to
the east of Montagna dei Fiori thrust.

• In central Italy the Mesozoic stratigraphical setting
was characterized by a platform-basin system which de-
veloped starting from Late Triassic up to Late Cretaceous
time as a consequence of the Neotethyan rifting stage.

• For exploration purposes, the presence of bitumi-
nous dolostones in the Vradda (Gran Sasso chain) and in
the Filettino (Simbruini Mts.) successions suggests the
existence of a potential Upper Triassic source rock in
central Italy.

• In the Cretaceous basinal succession of central Italy,
two more organic matter-rich horizons (black-shales) de-
serve emphasis as potential source rocks and important
stratigraphic marker horizons (Livello Selli, Aptian and
Livello Bonarelli, Cenomanian).

• The central Apennine chain consists of tectonic units
derived from the deformation of both Meso-Cenozoic
shallow-water limestones and Meso-Cenozoic deeper-
water carbonates.

• The geometry of the chain, the diachronism of the
eastward migrating foredeep basins in the area, and the
different ages of the forethrusts are consistent with a re-
gional foreland propagating model for the central Apen-
nines.

• The biostratigraphical analysis performed on the ter-
rigenous deposits related to the evolution of the central
Apennine orogenic system allow for recognition of the
tectono-sedimentary events that characterized the build-
ing of the central Apennine chain. The recognized events
occurred during the late Burdigalian, Serravallian, late
Tortonian, early Messinian, latest Messinian-Early Plio-
cene, and top Early Pliocene.

• The central Apennine chain, developed as a foreland
migration of the main thrusts, was subsequently affected
by out-of-sequence thrusting. Specifically, out-of-se-
quence activity of important thrust systems such as the
Olevano-Antrodoco-Sibillini Mts and the thrust front of
the Gran Sasso chain is superimposed on the former de-
formation due to the piggyback sequence migration of
the Apennine active thrust front.

• Using a shortening value of about 50%, in the cen-
tral Apennines the average propagation rate of the active
front of the chain is about 40 mm/yr.

• The different migration rates recorded by the oro-
genic systems of the northern (10 mm/yr) and central
Apennines (40 mm/yr) suggest the existence of a NNE-
SSW lithosphere discontinuity that has allowed an inde-
pendent kinematic evolution of these two segments of the
Apennine chain.
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A. Plates

Figure - Plate 1. Lithofacies Map of the Central Apennines
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Figure - Plate 2. Stratigraphical Logs of the Major Central Apennine Tectonic Units
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Figure - Plate 3. Structural Map of the Central Apennines
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Figure - Plate 4. Kinematic Map of the Central Apennines
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Figure - Plate 5. Cross-section

Journal of the Virtual Explorer, 2010
Volume 36

Paper 12
http://virtualexplorer.com.au/

Geology of the central Apennines: a regional review Page 36


	Meso-Cenozoic Stratigraphical Setting of Central Italy
	Introduction
	Facies Distribution of the Pre-Orogenic Stratigraphical Successions
	Triassic-Lower Liassic
	Middle Liassic-Lower Cretaceous
	Upper Cretaceous
	Cenozoic

	Pre-orogenic palaeogeographical models
	Distribution of the Syn- and Post-Orogenic Cenozoic Facies

	Structural Setting of Central Italy
	Introduction
	Structural Units of the Apennine Foreland Thrust Belt
	Post-Orogenic Tectonics (Extensional and Strike-Slip Tectonics)
	Deep Structures of Central-Northern Apennines

	Neogene Kinematic Evolution of the Central Apennines
	Neogene kinematics of the central Apennines
	Out-of-sequence thrusting in the central Apennines

	Regional Geological Cross-Section
	Introduction
	Constraints and Assumptions
	Basement
	Stratigraphy
	Detachment

	Main Structures
	Down-faulted Tyrrhenian sector (from Anzio to the Lepini Mts)
	Latium-Abruzzi carbonate platform.
	Eastern Marche units and Adriatic offshore.


	Open Discussions and Concluding Remarks
	Acknowledgements

