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Sicily, the centre of Mediterranean tectonics, is located on the Pela-
gian promontory of the African plate (Fig. 1). During the early 
Mesozoic, to the east of Sicily the Ionian Sea opened in the wake of 
the northward drifting Adriatic plate (e.g. Catalano et al. 2001; 
Stampfli & Borel 2002). The Ionian Sea extended beyond the pre-
sent Straits of Messina, separating the Adriatic platform from 
another carbonate domain that was located to the south of the 
reconstructed position of Corsica and Sardinia, immediately to the 
south of southern France (Catalano et al. 1989, 2001).

This paper aims to show that the fold and thrust belt of Sicily was 
formed in the context of the complex roll-back of the African–
Pelagian slab that was associated first with the counter-clockwise 
rotation of Corsica and Sardinia, and more importantly with the 
clockwise rotation of the now allochthonous basement of the 
Calabria–Peloritani–Kabylian units, during the late Neogene (for 
detailed reconstruction see Carminati et al. 2012; for a review of 
rotations in the Western Mediterranean see Rosenbaum et al. 2002).

The synthesis of the surface and subsurface geology with the 
SI.RI.PRO. seismic reflection transect documents an unconven-
tional orogen, which was associated with the subduction-related 
roll-back of a continental–transitional lithospheric slab. This geo-
dynamical process was related to the two-phase opening of the 
Ligurian–Provençal basin and the Tyrrhenian Sea respectively. It 
should be noted that subduction-related roll-back occurs in the 
context of the Calabrian–Kabylian counter-clockwise (Faccenna 
et al. 2002) rotating backstop and the continuing northward slow 
advance of the African lithospheric plate (Gueguen et al. 1998; 
Goes et al. 2004).

From Miocene to Pleistocene times, extension took place in the 
Tyrrhenian at the same time as the shortening and thrusting in the 
arcuate Apennines–Sicily, east- and southward-directed orogens 

(Fig. 1). The extensional deformation propagates towards the SE 
associated with the fast retreat and roll-back of the NW-dipping 
subduction of the Adria–Ionian plate underneath Calabria 
(Malinverno & Ryan 1986; Doglioni 1991; Doglioni et al. 1999, 
and references therein; Pepe et al. 2005, and references therein). 
Rifting is followed by oceanic crust formation (Kastens et al. 
1987).

Previous studies and published data for Sicily have illustrated 
and mapped the outcrop of the fold and thrust belt, without anchor-
ing it to the crustal and lithospheric structure. Typically the deepest 
data onshore Sicily are shallower than 12 km, or 4.5 s in two-way 
seismic travel time (T.W.T.). Apart from the limited refraction 
data, little is known about the crustal geometry of the orogenic 
wedge and the lithospheric slab kinematics beneath the Sicily oro-
genic wedge.

To shed light on the structures of the crust and the Moho, a high-
penetration seismic profile was acquired in the frame of the SI.RI.
PRO. (SIsmica a RIflessione PROfonda) project. The seismic tran-
sect was chosen and planned in agreement with the proposal of the 
Italian deep seismic project (CROP) for the region of Sicily.

The profile starts near Termini Imerese on the Tyrrhenian coast 
(Figs 2 and 3), crosses the northern Sicily chain and the Caltanissetta 
area in central Sicily, and ends on the southern coast near the out-
crop of the Iblean plateau, the foreland of the Sicilian fold and 
thrust belt (Fig. 2).

Previous results, which mainly focused on the acquisition, pro-
cessing and preliminary interpretation of the seismic profile 
(Accaino et al. 2011), suggested an integrated and multidiscipli-
nary approach involving seismic reprocessing, seismic velocity and 
gravity modelling, and detailed field mapping to refine and deepen 
the geological reconstruction of the region.
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Fig. 2. Structural map of Sicily (modified after Catalano & D’Argenio 1982; Catalano et al. 2000a, b). Inset map shows the main elements characterizing 
the collisional complex of Sicily.

Fig. 1. Schematic structural map of the 
central Mediterranean (modified after 
Catalano et al. 2000; detailed data from Le 
Pichon 1996 and Valenti 2010). Inset map 
shows the location of the study area.
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Stratigraphic and tectonic setting of Sicily

The simplified structural map (Fig. 2) shows the surface distribu-
tion of the main tectonostratigraphic units in Sicily; Figure 4 out-
lines the pre-orogenic stratigraphy of most of the structural units, 
shown along the profile, and the syntectonic stratigraphy of the 
various wedge-top and foreland basin (foredeep) deposits.

In the continental subduction collisional complex of Sicily, the 
following stratigraphically and tectonically defined elements are 
differentiated (Fig. 2 inset).

(1) The foreland crops out in the southeastern corner  (Iblean 
Plateau) and is submerged in the Pelagian Sea with its Afri-
can basement (i.e. the Pelagian–Iblean foreland) (Fig. 4).

(2) A Late Pliocene–Pleistocene NW-dipping foredeep is par-
tially buried by the frontal termination of the Gela Thrust 
System (Fig. 2 inset). The underlying foreland ramp appears 
weakly deformed by extensional and contractional tecton-
ics (Fig. 2).

(3) A complex composed of an east- to SE-vergent fold and 
thrust belt, which crops out on land and submerged in the 
adjacent seas (Figs 1 and 2), is formed by a ‘European’ ele-
ment (Peloritani units), a ‘Tethyan’ element (Sicilidi units) 
and an African element (Sicilian units).

(4) The Peloritani (‘European’) thrust units exposed in the 
northeastern corner of Sicily are composed of allochtho-
nous Palaeozoic igneous and metamorphic rocks overlain 
by remnants of a mostly carbonate Mesozoic–Cenozoic 
sedimentary cover (Fig. 4). Their western prolongation 
is now lying below the southern Tyrrhenian Sea (Fig. 1; 
Finetti 2005; Pepe et al. 2005). The present-day setting is 
believed to have resulted from a SE ‘tectonic drifting’ of the 
Calabrian block following the Tyrrhenian back-arc open-
ing; its final ‘docking’ (Goes et al. 2004) with the southern 
Apennines and Sicily is dated as old as c. 1 Ma (Fig. 4).

(5) The ‘Tethyan’ nappe units are characterized by uppermost 
Jurassic–Oligocene deep-water carbonates and sandy mud-
stones and are covered by upper Oligocene–Lower Miocene 

turbiditic successions (Fig. 4), reaching their greatest thick-
ness in northeastern Sicily (Fig. 2). The repeated imbricated 
slice stack derives from the deformation of the Sicilide 
domain (Fig. 4).

(6) The Sicilian tectonic units involve the deformation of 
marine sedimentary successions (Fig. 4), formerly located 
in a space now occupied by the Tyrrhenian Sea (see Vai 
2001). Regional facies analyses indicate that during the 
Late Permian–Early Mesozoic the palaeogeography was 
dominated by a carbonate platform–basin physiography 
(Fig. 4), which gave rise to a continental margin with 
elongated basins and carbonate platform or seamounts, as 
recorded by the rock units listed in Figure 4 such as (a) Per-
mian–Mesozoic–Miocene deep-water carbonates and bed-
ded cherts located in the Imerese and Sicanian basins, and 
(b) Mesozoic–Cenozoic shelf-to-pelagic carbonates depos-
ited in distinct, and laterally linked, facies domains (locally 
named Panormide, Trapanese, Saccense and Iblean–Pela-
gian; Fig. 4). Each of these units is characterized by its own 
Mesozoic–Cenozoic stratigraphy and facies distribution 
(Catalano & D’Argernio 1978; Montanari 1989; Catalano 
et al. 1991, 2000a, b, and references therein; Bernoulli 
2001). The carbonate platform and deep-water rocks are 
now exposed as allochthonous units within the Sicily fold 
and thrust belt.

   Beginning with the early Miocene collision of the Sardinia 
Block, contractional deformation was accompanied by the deposi-
tion of coeval foreland, wedge-top and foredeep basin sediments 
(terrigenous, evaporitic and clastic carbonate rocks, of Miocene to 
Pleistocene age), which are listed in Figure 4. Plio-Pleistocene 
high-angle extensional faults are widespread in the southern 
Tyrrhenian and northern coastal area of Sicily; these originated by 
back-arc tectonics.

Essentially, the tectonic history of the Sicily fold and thrust belt 
was a progressive accretion of thrust sheets (Bianchi et al. 1989; 
Roure et al. 1990; Bello et al. 2000; Catalano et al. 2000b) and 
duplex formation (Catalano et al. 1996, 2000b) combined with the 

Fig. 3. (a) Base map showing the trace of the 
SI.RI.PRO. profile together with the location 
of both seismic refraction profiles and 
marine CROP lines. (b) Detailed map 
showing the location of wells, interpreted 
commercial seismic lines and local segments 
of refraction data tying the SI.RI.PRO. 
profile and its southeastern extension 
commercial profile.
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Fig. 4. Schematic chronology of the main tectonostratigraphic events in Sicily as well as in the central Mediterranean, providing an overview of the 
many supra-regional episodes that affected the tectonic evolution of Sicily. Stratigraphy and original facies domains of the rock bodies deposited prior to 
the onset of Miocene deformation are also shown. Miocene–Pleistocene deformed foreland and wedge-top basin deposits, progressively involved in the 
deformation, follow upwards.
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clockwise rotation of allochthons whereby the lowermost, origi-
nally more southerly, units are less rotated than the upper, more 
northerly units that accreted earlier (Channell et al. 1990; Oldow 
et al. 1990; Speranza et al. 2003; Fig. 4).

Two main, non-coaxial (Oldow et al. 1990; Avellone et al. 
2010) compressional events (Fig. 4) are believed to have formed 
the present-day tectonic assemblage. These were generated and 
developed at different structural levels (shallow- and deep-seated 
thrusts) and at different time intervals (Roure et al. 1990; Bello 
et al. 2000; Catalano et al. 2000b; Avellone et al. 2010).

Conversely, Ghisetti & Vezzani (1984), Giunta et al. (2000) 
and Nigro & Renda (2001) postulated an east–west-trending right-
lateral wrenching connected to a crustal discontinuity inherited 
from the African margin dissection. Tortorici et al. (2001) inter-
preted the deformation in western Sicily as a result of lateral 
escape processes.

Previous geophysical work

Previous deep seismic soundings (DSS) and wide-angle reflection 
or refraction profiling (WARRP) sections (see Fig. 3a) yield data 
(Cassinis et al. 1969, 2003, 2005; Scarascia et al. 1994; Chironi 
et al. 2000) that reveal different types of crust (thin anomalous 
Tyrrhenian and normal continental African) beneath the Sicily–
southern Tyrrhenian boundary zone (Fig. 1).

Based on seismic refraction data, values of the African Moho depth 
were reported from the northern Sicily edge (Cassinis et al. 1969; 
Scarascia et al. 1994), the Caltanissetta area (Scarascia et al. 1994; 
Cassinis et al. 2003, 2005) and the Iblean foreland (Chironi et al. 2000), 
as well in the southern Tyrrhenian Sea (Scarascia et al. 1994).

New studies (Di Stefano et al. 2011) of 3D Moho geometry, 
obtained by integrating high-quality seismic and teleseismic 
receiver function data, provide information on the Moho depth in 
the central Mediterranean, and indicate the location of the 
‘Tyrrhenian Moho’ interface from the Marsili abyssal plain (about 
10 km) to the continent–oceanic transition, north of the Sicilian 
coast (about 25 km) but are unable to define its topography beneath 
central Sicily.

S-wave tomography results (Panza et al. 2007) indicate a shallow 
upper-mantle source for the Apennines–Tyrrhenian igneous system.

In addition, for the southernmost part of the Tyrrhenian 
back-arc, the asthenosphere is postulated to be at a shallow 
30–40 km (Panza et al. 2003). Thus Doglioni (1991) suggested 
that a new Moho formed, with the opening of the Tyrrhenian 
back-arc basin, as a result of the replacement of the subducted 
crustal and lithospheric mantle section by the asthenospheric 
mantle-wedge.

Based on seismic tomography, Chiarabba et al. (2008) provided 
evidence for a continuous 25 km deep, low P-velocity feature 
beneath the Southern Apennine–Calabrian–Sicilian units, demon-
strating the occurrence of a thick orogenic wedge, and then the 
existence of a unique slab, along the whole sector, deepening and 
steepening beneath the orogen (Di Stefano et al. 2009).

Magnetic basement depth values are inferred to be 8–10 km 
beneath the Iblean Plateau, 10–12 km in western Sicily, more than 
15 km in the Caltanissetta area and about 12 km along the northern 
coasts of Sicily (Cassano et al. 2001).
heat-flow values are generally low (50 mW m−2) throughout the 
Mesozoic–Cenozoic carbonate units of the Sicilian fold and 
thrust belt (Della Vedova et al. 2001). higher values are pre-
sent in the Iblean foreland (70 mW m−2) and in the Tyrrhenian 
Sea (where they are more than 100 mW m−2). A strong seismic-
ity, distinguishing the main deformation zones, is defined by 
intense, recent tectonic earthquake activity in Sicily and the 

surrounding areas. The data do not offer, at present, the oppor-
tunity to image the deep structures, as mantle seismic wave 
velocities are poorly constrained beneath the Sicily orogenic 
wedge (Chiarabba et al. 2008).

Acquisition and processing of the SI.RI.PRO. 
profile

The SI.RI.PRO. seismic profile is 106 km long and the elevation 
along it varies from 930 m above sea level (a.s.l.) in the northern 
sector to less than 25 m a.s.l. at the southern end.

The main acquisition parameters and the main key actions 
adopted to obtain the final stacked section have been described 
in detail by Accaino et al. (2011). The aim of the processing 
was to improve the signal/noise ratio and to preserve the rela-
tive amplitude so as to maintain the characteristics of the sig-
nal. In addition, pre-stack depth migration (pre-SDM) was 
performed iteratively by using the GEODEPTh® software 
(www.pdgm.com), to obtain information about the deeper 
structures. A Kirchkoff-type algorithm was applied using an 
interval velocity model, constructed by analysing the flatness 
of the reflections in the common image gathers (CIGs) with a 
layer-stripping approach (yilmaz 2001). A CIG analysis 
allowed us to obtain information about the velocity field to 
about 10 km, because the maximum offset shot–receiver was 
8 km. In addition to the CIG analysis, the determination of the 
optimal velocity field benefited from both deep and shallow 
constraints: the first comes from WARRP surveys, close to the 
profile, designed to study the Moho depth and lower crustal 
structures and velocities, whereas the second is based on shal-
low geology of the outcrop, as well as borehole logs and refrac-
tion tomography of the acquired data.

Gravimetric data

In the frame of the SI.RI.PRO. Project, a gravimetric profile was 
acquired using 16 gravimetric reference stations linked to two 
points of the world network IGSN 71, located north and south of 
the profile, respectively (Fig. 5a). The acquired data were pro-
cessed to obtain the Bouguer anomaly. A medium density of 
2.67 g cm−3 was used. Topographic correction to a radius of 167 km 
was used. Greater distances than this value were neglected for the 
correction.

The modelling of the acquired data was performed starting from 
a macro-model obtained by the main reflectors in the depth-
migrated seismic section that constrains the geometries of the 
structure fairly well (Fig. 5b).

The Bouguer anomaly profile crosses the Caltanissetta basin, 
which is characterized by a negative Bouguer anomaly lower than 
−100 mG. The geometry of the discontinuities of the crust is con-
strained by the interpretation of seismic data, whereas the geometry 
and density of the Moho are constrained by the gravity modelling. 
Modelling of the Moho allowed us to fit the measured anomaly 
well, shifting the anomaly to the north with respect to the 
Caltanissetta basin.

The geometries of the Moho, which were not always well 
imaged in the seismic reflection profile, suggest the occurrence 
of an anomalous density in the crust, in the northern sector 
(until common depth point (CDP) 600 or 700), of 3.1 g cm−3, 
compared with the value of 2.9 g cm−3 estimated along the pro-
file (Fig. 5). The densities of the shallower rock bodies are in 
agreement with log density measurements along the seismic 
crustal profile.
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Interpretation procedures

Seismic reflection interpretation

Seismic stratigraphy provided the basis for a characterization of the 
distinctive seismic facies that we have constrained with boreholes 
and field data (see Fig. 6 for a description). The geological interpre-
tation was constrained by (1) stratigraphic data arising from the 
recently revised field mapping and boreholes and (2) commercial 

seismic reflection lines (courtesy of ENI E&P, Ente Nazionale 
Idrocarburi) that are tied to the profile or are located near its trace 
(Fig. 3b). Synthetic acoustic logs (f in Fig. 6), depth conversion 
velocities of the crustal and sedimentary rock interval, and previous 
geophysical and geological data from surrounding areas were used 
to convert the geoseismic interpretation (Fig. 7) to geological cross-
sections (Figs 8 and 9). The results of the SI.RI.PRO. profile inter-
pretation were then merged and compared with the ray tracing 
model derived from refraction studies (DSS and WARRP data).

Fig. 5. (a) Bouguer gravimetric map of the area; in the background, location map of the SI.RI.PRO. line, with CDP positions. (b) gravity anomalies profile 
along the SI.RI.PRO. profile, and modelled density distribution (g cm−3) in the crust and in the upper mantle. Numbers refer to the CDP along the profile.

Fig. 6. Main seismic facies types defined mostly from panels extracted from the SI.RI.PRO. seismic profile or commercial seismic lines tying the SI.RI.
PRO. and calibrated by wells.
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The SI.RI.PRO. profile

To describe the whole transect homogeneously, we divided the 
SI.RI.PRO. profile into three main sectors (Fig. 7): the southern, 
central and northern sectors.

(1) The southern sector (Fig. 7) extends from Riesi to the Gela 
plain (3000–4080 CDP). To include the Gela Thrust System 
front and the Gela foredeep (Fig. 2 inset), we tied the SI.RI.
PRO. profile’s southern termination to a SE–NW-trending 
commercial seismic line, which has a 5 s recording window 
(Figs 3 and 7). Three main units are recognized, from the 
top: 2.0–2.5 s thick slightly northward-dipping repeated 
packages of discontinuous reflectors corresponding to 
the tectonic slices of the Gela Thrust System (Fig. 6a); a 
2.5–3.0 s thick stacked pile of north-dipping units (end-
ing at 3500–3700 CDPs) correlated with the deep-water 
carbonates (Sicanian units) (Fig. 6b); a c. 2.5–3.0 s thick, 
NW-dipping seismic sequence displaying the steep Iblean 
carbonate foreland monocline (Figs 6a and 7).

  Below, discontinuous and high-amplitude reflectors, located 
at about 7.5–7.8 s (between 3350 and 3750 CDP), are inferred 
as the top of the crystalline basement (Fig. 7f). The Moho dis-
continuity is recognized at a depth of about 10.5 s at the base of 
a flat-lying, high-reflectivity package (Fig. 7f).

(2) The central sector (Fig. 7) extends from the Valledolmo area 
to Riesi (1300–3000 CDP). The main features here are the 
Caltanissetta synform and the northward prolongation of 
the foreland monocline. From the top, we recognize: a 2.0–
2.5 s thick stacked package of discontinuous, medium- to 
high-amplitude reflectors pertaining to the Numidian flysch 
and Sicilidi nappes (Fig. 6b and c); a deformed and progres-
sively thinning wedge (Fig. 7) of highly reflective seismic 
bodies identified in the northern part of the sector between 3 
and 7 s. Continuous and high-amplitude reflectors separate 
the uppermost 1–1.5 s thick bodies, corresponding to deep-
water carbonates (Fig. 6b), from the underlying 2.5–3.0 s 
thick seismic sequence, imaged as carbonate platform units 
(Fig. 6e).

  Below, the 2.5 s thick reflective unit, downwarped to 
about 7–7.5 s at 2100–2500 CDP, is related to the Iblean 
carbonate monocline; it is bounded at its bottom, at about 
9–10 s (Fig. 7d), by a group of reflectors, below which we 
locate the top of the basement. Fairly continuous reflectors 
located below 13 s between 2400 and 2900 CDP (Fig. 7d) 
are imaged as the Moho discontinuity.

(3) The northern sector (Fig. 7), which extends from the Rasolo-
collo–Cerda well region to the Sclafani Bagni–Valledolmo 
area (1–1300 CDP), shows, from the top: different packages 
of stacked reflectors pertaining to the Numidian flysch and 
Sicilidi nappes (Fig. 6b and c); a 2 s thick highly reflective 
unit (Fig. 7a) constrained by well data as Triassic–Permian 
clastic carbonate rocks; a stack of units (Fig. 7a), recog-
nized from 1.5 to 4 s beneath the Rasolocollo–Valledolmo 
region, interpreted as deep-water carbonates of the Imerese 
and/or Sicanian unit (Fig. 6b); a 4 s thick wedge of north-
dipping reflectors, imaged from 3.0 to about 7.0 s (Fig. 7a), 
correlated to a shallow-water carbonate mostly Trapanese 
unit (Fig. 6e). Its bottom assumes an arcuate topography in 
the northern sector, at about 6.0–7.0 s (Fig. 7b). It overlies a 
1.8–2.0 s thick fairly reflective seismic body, interpreted as 
the inner Iblean carbonate platform (Fig. 6a).

Slightly southward deepening, discontinuous, layered reflec-
tors, overlying a less reflective band at about 9 s (Fig. 7b, d and f), 

are inferred as the top of the basement. A layered reflective pat-
tern is located between 11 and 13.5 s, extending from 100 to 600 
or 700 CDP (about 10 km) (Figs 6g and 7). At the bottom (arrow 
in Fig. 6g), scattered events, generally consisting of a two- to 
three-cycle signal, are inferred as Moho discontinuity signatures 
(Fig. 7).

An integrated model

The geological cross-section (Fig. 8a) illustrates a regional setting 
dominated by a foreland monocline that underlies the entire fold 
and thrust belt. Overlying the SSE autochthonous monocline and 
the NNW parautochthonous inner platform is an overall synformal, 
southeastward thinning orogenic wedge (i.e. the main fold and 
thrust belt and its outlier, the Gela Thrust System; Figs 8b and 9). 
As a whole these units are fully allochthonous and terminate against 
the NW-dipping Iblean platform (corresponding synthetic oro-
gens). This contrasts with the deeply eroded and uplifted fold and 
thrust belt of northern Sicily (Fig. 8b).

The northerly thickening basement wedge is inferred to repre-
sent (based on the previous illustrated gravity data) a thin lith-
ospheric wedge edge (which includes parts of the underlying 
Tyrrhenian mantle) where a continental basement repetition involv-
ing a major ‘basement fault’ takes place. The latter merges into and 
remobilizes the overlying allochthonous units (an unconventional 
‘fault-bend-fold’-like structure; Fig. 8). Because this interpretation 
is not supported by reliable data, a more detailed resolution requires 
further seismic reprocessing of the available data and a better tie 
into the Tyrrhenian Sea, to the north of Sicily, where the M6 CROP-
SEA profile crosses the southern Tyrrhenian from the Marsili basin 
to close to the northern Sicilian coast (Fig. 3a). A composite south-
ern Tyrrhenian–Sicily crustal section (Fig. 10) shows that the top of 
the model-derived ‘higher density zone’ coincides with the 
Tyrrhenian Moho interface, as reconstructed by Di Stefano et al. 
(2011), thus indicating a continuity of the upper mantle wedge 
beneath the whole allochthonous southern Tyrrhenian–Sicily fold 
and thrust belt. We argue that the upper mantle wedge edge and its 
Moho, rejuvenating southeastwards, progressively replaced the 
roll-back of the subducting Pelagian–Iblean continental slab.

In the following, different parts of the orogenic system, as high-
lighted by the SI.RI.PRO. profile, are described.

The crystalline basement, its Moho, and the 
secondary overlying composite allochthonous 
synform

In Sicily, the southeastern Iblean platform and the Pelagian plat-
form to the south (Fig. 1) are underlain by an autochthonous (?)
Pre-Permian, possibly Pan-African (Vai 2001) basement, unaf-
fected by later metamorphism.

The thickness of the autochthonous basement ranges from about 
16–18 km in the SE of the profile and towards the island of Malta 
(Fig. 1) (Chironi et al. 2000), to about 14 km beneath the 
Caltanissetta synform (Fig. 8). This attenuated crustal pattern could 
have been inherited from the repeated stretching (Fig. 4) experienced 
by the probably originally thicker Pan-African crust during the 
Palaeozoic and Mesozoic (Catalano et al. 1991, and references 
therein; Stampfli et al. 2001).

The top of the basement (commonly defined by the oldest sedi-
ments that are deposited above the supracrustal unconformity) is at 
about 10 km to the south (Fig. 8) and dips northwestward to about 
24 km beneath the Caltanissetta synform and about 20–22 km on 
the northern side.
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In the northern sector, beneath the Sclafani Bagni area and on 
the northern coast (Fig. 8), the crystalline crust thickens further to 
values ranging from 18 to 20 km, as constrained by the occurrence 
of an interpreted Moho signature calculated by DSS data (Cassinis 
et al. 1969, 2003). There, the crust is a parautochthonous basement 
uplift that appears to be a combination of reverse fault systems that 
involve the Iblean foreland basement and a sub-basement high-
density mantle wedge (Fig. 8) associated with the roll-back of the 
Iblean–Pelagian lithospheric slab (see Carminati et al. 2012).

The anomalous higher density body in the crust (inferred to 
correspond to the layered reflective pattern; Fig. 6g) is estimated 
by gravimetric modelling (Fig. 5), in accordance with refraction 
data of Cassinis et al. (1969). Those researchers found in the 
same area the occurrence of a wide, wedge-shaped crust–mantle 
transition between 25 and 35 km. The reliability of the refracted 
data suggests that the model of the lower crust obtained by gravi-
metric data is correct.

In this view, the ‘higher density unit’ could correspond to the 
higher density Tyrrhenian mantle wedge (see, for the Apennines, 
Mele et al. 2006; Doglioni et al. 2007). We speculate that the 
top of this unit corresponds to the southern extension of the so-
called ‘Tyrrhenian Moho’ interface, well known to geophysi-
cists in the peri-Tyrrhenian crust (Cassinis et al. 2003; Di 
Stefano et al. 2011).

The African Moho underlying Sicily is here estimated to be 
about 28 km deep at the ESE end of the profile (Fig. 8), and about 
36 km below the Caltanissetta synform. Northwards from there, 
the Moho reaches a depth of about 40 km. These values are in 
agreement with the results of both our gravimetric modelling 
(Fig. 5) and the Moho geometries given in previously published 
crustal models, based on DSS and WARRP data.

The foreland, the regional monocline and the 
Caltanissetta basement synform

The regional foreland monocline coincides with the Iblean–
Pelagian lithosphere and its northward-dipping extension beneath 
the fold and thrust belt (Figs 5b and 8).

The lithology and stratigraphy of the Iblean platform (Fig. 4) is 
known from several subsurface data. Cumulative thicknesses of 

5–7 km of Triassic–Lower Liassic shallow-water dolomites and 
limestones (Vizzini borehole; Bello et al. 2000) or intraplatform 
carbonate turbidites (Streppenosa Formation) occur, together with 
a 1–2 km Jurassic–upper Miocene pelagic platform slope and 
open-shelf carbonates with frequent, thick basaltic intercalations 
(Patacca et al. 1979; Bianchi et al. 1989; Montanari 1989). The 
buried extension of the Iblean foreland preserves its 7–9 km thick-
ness almost to the Caltanissetta synform (Fig. 8); it is dissected by 
normal faults that are at places reactivated as reverse faults. This 
suggests an important deformation episode mostly involving the 
upper part of the Iblean unit.

The regional dip of the carbonate monocline has an average 
value of about 16–18° beneath the wedge, within 50 km from the 
leading edge of the fold and thrust belt. This value has been 
determined on both the seismic depth-converted reflection pro-
file and the geological cross-section, following the method dis-
cussed by Lenci & Doglioni (2007). This value is high, if we 
consider the average values of the mean dip of the regional 
monocline below the Sicilian orogen along several sections 
(Lenci & Doglioni 2007). The steepest part of the monocline is 
associated with a significant negative gravity anomaly. Because 
the foreland regional monocline mimics the slab attitude, the 
high value could be due to a high subductibility of the African 
plate in this sector.

The prominent depression in the central sector of the profile is 
the Caltanissetta synform, marked by a strong gravity anomaly 
low (Fig. 5). This anomaly partially originates from the lower den-
sities of sediments in the Caltanissetta basin with respect to the 
surrounding areas, and partially from the geometries of the struc-
tures of the lower crust. The synform is due to the combination of 
northerly dipping Iblean–Pelagian crust and SE-verging Iblean–
Pelagian basement-involved thrusts (Fig. 8) that deformed all the 
overlying allochthonous units of the Sicily fold and thrust belt 
from ‘underneath’.

The bottom of the flexure is envisaged down to about 18 km, and 
is located on top of the carbonate Iblean regional monocline. This 
depth value of the flexure has never been imaged before. The 
stacked folded and thrust sheets, added to the underlying unrooted 
Iblean carbonate rock body, are inferred to be as thick as 24–25 km, 
suggesting a similar depth for the top of the basement, which is far 
from the Cassano et al. (2001) estimated values.

Fig. 9. Schematic section illustrating the 
main relationships among the Iblean foreland, 
the fold and thrust belt (FTB) and the Gela 
Thrust System (GTS); the latter is composed 
of internal and external elements. In the lower 
figure, the line drawing of a seismic profile 
displays the progressive involvement of Plio-
Pleistocene deposits filling the wedge-top and 
foredeep basins (for location see Fig. 2).
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The orogenic wedge

The main fold and thrust belt. The fold and thrust belt consists of 
a stack of décollement thrust sheets that involves mostly Meso-
zoic carbonates. This stack has been warped subsequently into a 
synform underlying the Caltanissetta area that is associated with 
the broad antiform, shown on the NNW part of the profile. The 
wedge stack rises southward merging with the Gela Thrust Sys-
tem (Figs 8b and 9).

Along the entire geological cross-section, the structurally high-
est units are (Fig. 8; abbreviations as in Fig. 8a) SW- and SE-vergent 
folded Numidian flysch (NF) and Sicilidi nappes (SC) and the thick 
Permian–Triassic Lercara complex (IMa), south-vergent anticline. 
Through the section, the antiformal stack is formed by the follow-
ing: (1) deep-water carbonates (Imerese (IM) and/or Sicanian (SI)) 
thrust units, each thicker than 1500 m; their top crops out in the 
Sclafani Bagni tectonic high, showing the Imerese north-dipping 
thrusts (shallow-seated structures of Bello et al. 2000; Catalano 
et al. 2000b; Avellone et al. 2010); (2) a carbonate platform 
(Trapanese–Saccense (TP)) imbricate fan floored by a slightly 
north-plunging arcuate regional thrust; the carbonate platform 
imbricates, thicker than 5 km, extend towards the central and south-
ern sectors of the geological transect (deep-seated structures, Roure 
et al. 1990; Bello et al. 2000; Catalano et al. 2000b); (3) a broad 
arched carbonate unit (IBa in Fig. 8a, 7–8 km thick), which is an 
overthrust equivalent of the autochthonous Iblean platform domain 
(IB in Fig. 8a) here; accordingly, our interpretation suggests that 
the thrust unit is involved with its basement (Fig. 8).

The Gela Thrust System. The Gela Thrust System (Figs 8 and 9) 
is composed of two types of tectonic elements: (1) an internal ele-
ment consisting of allochthonous deformed siliciclastic Miocene 
Numidian flysch and clay–carbonate Mesozoic–Cenozoic Sicilidi 
rock units (Numidian flysch and Sicilidi nappes) and Tortonian to 
Pliocene deposits (TD and ED in Fig. 8a); (2) an external element 
involving Tortonian to Pleistocene deposits (TD and PD in Fig. 
8a; Catalano et al. 1996; Lickorish et al. 1999; Ghisetti et al. 
2009). The tectonic wedge ramps progressively over upper Plio-
cene–Lower Pleistocene deposits (PD in Fig. 8a); its basal detach-
ment bends above the underlying deformed carbonates (see also 
Bello et al. 2000). The arching of the basal detachment (Figs 8 
and 9) clearly suggests that compression took place also after the 
wedging of the Gela Thrust System (between 1.5 and 0.8 Ma).

The detailed structural relationship of the late deformation of the 
ill-defined Gela Thrust System is still enigmatic. It may be worth 
noting that the inner element of the Gela Thrust System is charac-
terized by NNW-verging thrusts (Fig. 9). The striking northern ver-
gence of the younger faults could be also explained as a complex 
variation of a triangle zone (Jones 1996) or else a pervasive late 
orogenic wedge. The solution of the problem remains beyond the 
scope of the present study.

The Gela Thrust System is buried just at the end of the profile (at 
about 106 km) to the south of the Settefarine well, where the buried 
accretionary wedge thins, evolving into a ‘mini folded foreland 
thrust belt’ (Fig. 9): the deformation has reached the foreland and 
its clastic modern foredeep basin (FD in Fig. 8), as highlighted by 
their incipient wedging (Figs 8 and 9).

Kinematic evolution of the Sicilian orogen

The section of Figure 8a and b suggests the occurrence of a steeper 
basement-involved fault that could cut the basement top. The base-
ment uplift fault probably merges with the base of the allochtho-
nous units (comprising the frontal portions of the Gela Thrust 

System) that were stacked prior to the formation of the basement 
thrust. If this overthrust merges with the southern termination of 
the Gela Thrust System’s sole thrust, we can deduce that this termi-
nation is coeval (Late Pliocene–Early Pleistocene) with the base-
ment thrust and the associated uplift. Thus, the deep antiformal 
structure between 100 and 1900 CDP is a very young structure that 
gently arched all the overlying allochthonous units. The occurrence 
of the sole thrust could be confirmed as the most recent displace-
ment that took place along the basal thrust, thus flooring the whole 
orogen, as expected in a collisional belt. This interpretation sug-
gests a combination of supracrustal strata décollement (thin-
skinned style) with a basement-involved (thick-skinned style) fault 
that merges with the base of the overlying wedge.

Stratigraphy and biostratigraphy that date the advance of thrust 
sheets in Sicily confirm two principal, subsequent events (i.e. an 
early compressional and a later transpressional episode; Oldow 
et al. 1990).

Overall, the sole thrusts at the base of the higher nappes (pre-
Late Tortonian) are passively warped by the underlying deep-
seated younger structures (Pliocene to early or middle Pleistocene).

When observed in the field, folds and thrusts are both SW- and 
SE-verging. In outcrop the former appear to be refolded by the 
younger structures (Oldow et al. 1990; Avellone et al. 2010) as 
shown, along the transect, at the Sclafani Bagni structural high 
(Gugliotta & Gasparo Morticelli 2012).

Given that the two types of structures are non-coaxial, their pre-
sent-day setting can be explained only by the occurrence of the 
synkinematic, clockwise rotations of nappe complexes. Studies of 
palaeomagnetism linked with tectonic evidence (Oldow et al. 1990; 
Speranza et al. 2003; Avellone et al. 2010) support this.

Also, the Gela Thrust System development is believed to have 
originated by the ‘wedging’, at depth, of the allochthonous sheet 
units. ‘Wedging’ explains why the whole Gela Thrust System over-
lies the earlier and shallower more rotated allochthonous units of 
Sicily.

The onset of the syntectonic latest Pliocene–Pleistocene 
wedge-top basins (PD in Fig. 8a), which were rapidly subsiding, 
took place after the deposition of the marly carbonate Trubi unit 
(at the end of the early Pliocene). The age of this event is fixed at 
about 2.4 Ma. The beginning of the Gela Thrust System accretion 
(Catalano et al. 1996; Lickorish et al. 1999; Ghisetti et al. 2009) is 
also believed to have started at this time. Almost the same time 
interval is generally suggested for the Tyrrhenian spreading event 
(Marsili basin), which is believed to have taken place between 2.1 
and 1.6 Ma at a spreading rate of 19 cm a−1 (Nicolosi et al. 2006). 
This again confirms the coeval development of the southeastward 
extension (in the Tyrrhenian back-arc) and the shortening (onshore 
Sicily), as also suggested by tomographic regional data (Chiarabba 
et al. 2008).

Even approximate palinspastic reconstructions of all the alloch-
thonous units of Sicily remain a challenge, as they would involve at 
least a semi-quantitave ‘balanced 3D reconstruction’ of allochtho-
nous units that underwent varying clockwise rotations. Similarly, 
consistent reconstructions would also be required for all major 
allochthonous counter-clockwise rotated units of the Southern and 
Central Apennines of Italy. Integrating these two sets of palaeogeo-
graphical reconstructions will probably lead to the definition of 
problems that will require additional detailed structural studies.

The composite southern Tyrrhenian–Sicily 
transect

The shortening of a fold and thrust belt along the boundary of the 
European–African–Adriatic plates is commonly related to the shear 
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between the downgoing, retreating lithosphere and the flow of the 
asthenosphere compensating the subduction roll-back (Doglioni, 
1991; Scrocca et al. 2005).

To clearly link the kinematic crustal evolution of the Sicily oro-
gen to subduction tectonics, we tied a NNE–SSW crustal section 
crossing the southern Tyrrhenian Sea (see trace in Fig. 3a) to our 
SI.RI.PRO. section (Fig. 10a and b). Taking into account the pub-
lished results (Finetti 2005; Pepe et al. 2005; Cuffaro et al. 2011), 
our revised interpretation, which benefited from two additional off-
shore seismic lines (see Fig. 10 inset), highlights the occurrence of a 
Plio-Pleistocene extension superimposed on the almost coeval 
shortening (for a detailed account of extension and shortening kin-
ematics in the Tyrrhenian, see Catalano et al. 1996; Pepe et al. 2005; 
Cuffaro et al. 2011).

The depth-converted section displays, from north to south, (1) the 
Calabrian–Peloritani units that overthrust the submerged trailing 
edge of the northern prolongation of the Sicilian thrust units (at the 
Solunto high; Figs 1 and 10), and (2) a stack of inferred sedimen-
tary carbonate thrust units that includes a northerly thinned base-
ment wedge. These units were speculatively connected with the 
stack of allochthons interpreted in the SI.RI.PRO. profile. More 
importantly, in the submerged interpreted seismic line (Fig. 10a), 
we included the Tyrrhenian Moho profile, resulting from a vertical 
section cut through the Moho map (after fig. 7k of Di Stefano et al. 
2012). Overall, the transect shows how the Tyrrhenian Moho 
coincides with the top of the ‘higher density’ Tyrrhenian mantle 
wedge edge (imaged by the SI.RI.PRO. interpretation). At their 
junction, the top of the unit is located at a depth of about 25–27 km; 
the Tyrrhenian Moho overlies the ‘pre-subduction’ African (Iblean–
Pelagian) Moho (recognized at about 40 km in the SI.RI.PRO. sec-
tion) by about 10 km of vertical offset. The Tyrrhenian mantle 
wedge emplacement appears progressively younger than the overly-
ing thrust wedge. We speculate that, following the geodynamic evo-
lution of the Tyrrhenian–Sicily system (see also Pepe et al. 2005; 
Carminati et al. 2012), the African slab should now start dipping 
beneath northern Sicily onshore.

Conclusions

The SI.RI.PRO. transect confirmed that the NNW-dipping autoch-
thonous Iblean platform of SE Sicily and its basement extends all 
the way into central Sicily. Farther NW, towards the NNW end of 
the transect, a large uplift involves the Iblean platform and its 
underlying basement. The associated gravity anomaly is inter-
preted as the southern wedge edge of the Tyrrhenian mantle that 

splits the subducting Iblean–Pelagian (African) continental slab 
from an overlying synformal stack of allochthonous thrust sheets.

The Caltanissetta synform is interpreted as having been formed by 
the internal allochthonous Iblean units’ emplacement, which origi-
nated in turn from the advance of the Tyrrhenian mantle wedge edge 
over the retreating and steepening Iblean Pelagian lithospheric slab.

Earlier palaeomagnetic studies (Channell et al. 1990, and refer-
ences therein) have shown that the larger clockwise rotation of 
structurally higher thrusts sheets of Sicily contrasted with lower 
clockwise rotations of the lower thrust sheets. SI.RI.PRO. confirms 
earlier ideas that overall the higher, more northern allochthonous 
thrust sheets of Sicily were emplaced prior to the lower units. 
however, we note that the deep crustal uplift, in the NNW of our 
profile, is also linked to the youngest and shallowest frontal wedge 
of the Gela Thrust System, which also involves some of the earlier 
emplaced thrust sheets.
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