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A B S T R A C T

The tectonic framework of the northern sector of the Capo Granitola-Sciacca Fault Zone (CGSFZ), a NNE-or-
iented lithospheric strike-slip fault zone located in the Sicilian Channel (southern Italy), has been reconstructed
with the aim to clarify the relationships between geometry and kinematics of the structures and the occurrence
and distribution of the magmatic manifestations observed in the area. This has been achieved by the inter-
pretation of a large dataset composed of 2-D multichannel seismic profiles, Chirp profiles, magnetic data and
borehole information. In addition to the volcanic edifices known in the Graham and Terribile banks, this study
has allowed to recognize several other magmatic manifestations. The magmatic occurrences consist of small
volcanic cones, buried magma ascents and potential igneous sills.

The CGSFZ is bounded by two strike-slip fault systems, the Capo Granitola Fault System (CGFS) to the west
and the Sciacca Fault System (SFS) to the east, dominated by positive flower structures generated by tectonic
inversion of NNE-oriented late Miocene extensional faults. Only the southern part of the CGFS shows the pre-
sence of a sub-vertical, N-S oriented strike-slip master fault. The sector between the two fault systems does not
show a significant Pliocene-Quaternary tectonic deformation, except for its southern part hosting the Terribile
Bank, which is dissected by WNW to NW-trending normal faults developed during late Miocene and later re-
activated. This set of faults is currently active at the Terribile Bank, whereas is buried by Pliocene-Quaternary
deposits in the central and northern sectors of the CGSFZ.

The observed magmatism is driven by a mechanism of non-plume origin. Magmas have used as open paths the
faults of the CGFS and SFS, which cut the whole lithosphere reaching the asthenosphere and producing partial
melting by simple pressure release. Most of the magmatism develops along the strike-slip master fault associated
with the CGFS and the normal faults affecting the Terribile Bank. The magmatic feeding of the Terribile Bank
would be related to lateral magma migration coming from the structures of the SFS, which would use the open
pathways represented by active normal faults. In the central-northern part of the CGSFZ, magmas migrate up-
ward along lithospheric faults, then move laterally and rise toward the surface through NNE and NW-trending
buried normal faults. These late Miocene faults do not reach the surface, and this may have favoured the em-
placement of igneous sills, which in turn may explain the observed volcanic centres.

1. Introduction

Regional strike-slip fault zones are structural discontinuities that
accommodate differential movement in the lithosphere. They can also
control magma distribution, emplacement and eruption. The presence
of volcanic manifestations in strike-slip dominated settings is usually
associated with local extension occurring at releasing bends and/or in
pull-apart basins (Pasquarè et al., 1988; Sylvester, 1988; Petrinovic

et al., 2006; Busby and Bassett, 2007), such as the Great Sumatra Fault
Zone (Bellier and Sébrier, 1994), the Sulawesi Fault (Lécuyer et al.,
1997), North Anatolia Fault (Adiyaman et al., 2001), and Philippine
Fault System (Lagmay et al., 2005), among the best known. Several
investigations showed that volcanism can also occur in compressional
tectonic setting associated with reverse and strike-slip faulting (Tibaldi
et al., 2010 and reference therein). Saint Blanquat et al. (1998) and
Marcotte et al. (2005) considered the transpressional tectonics as an
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efficient mechanism for moving magma through the lithosphere, even if
only small volumes of magma reach the surface.

Several examples of volcanism associated with strike-slip and
transpressive tectonic settings were reported worldwide, both in intra-
plate setting, such as in Tibetan Plateau (Cooper et al., 2002) and
subduction zones characterized by oblique subduction, such as El Sal-
vador Fault Zone (Corti et al., 2005; Agostini et al., 2006), Buesaco
strike-slip fault in the southern Andes of Colombia (Tibaldi and
Romero-Leon, 2000), and Central Volcanic Zone of the Andes (e.g.,
Hanus et al., 2000). Italian examples include the Alban Hills (Central
Italy), where middle Pleistocene volcanism is inferred to be related to a
local transpressive regime superimposed on regional extension (Marra,
2001), and the Volcano Island (Aeolian Arc), where the magma intrudes
in depth along NW-oriented strike-slip faults associated with the re-
gional Tindari-Letojanni Fault Zone (Chiarabba et al., 2004).

The existence of a wide, broadly NNE-oriented lithospheric strike-
slip fault zone that played a key role in the Neogene-Quaternary geo-
dynamic evolution of the western part of the Sicilian Channel, has been
postulated by several authors (e.g., Argnani et al., 1986; Antonelli et al.,
1988; “Separation belt” of Argnani, 1990; Civile et al., 2008; Ghisetti
et al., 2009; Civile et al., 2014; Calò and Parisi, 2014; Fedorik et al.,
2018). This large structure, here named Capo Granitola-Sciacca Fault
Zone (CGSFZ), is interpreted as a transfer zone positioned between
tectonically independent sectors of the Sicilian-Maghrebian Chain and
of the Sicilian Channel Rift Zone. The CGSFZ, extending for at least
200 km from the Linosa Island to the Sicily coast between Capo Gran-
itola and the city of Sciacca, consists of two major fault systems, the
Capo Granitola Fault System to the west (CGFS) and the Sciacca Fault
System to the east (SFS), both dominated by strike-slip kinematics. A
diffuse submarine volcanic activity has been identified along the
CGSFZ. It is mainly Quaternary in age but continued until historical
time as testified by the ephemeral island of Ferdinandea (A.D. 1831).

The present study is aimed at clarifying the relationships between
the fault systems bounding the CGSFZ and the spatial distribution of the
magmatism in the northern part of the fault zone, from the Sicily coast
to the Graham and Terribile banks (Fig. 1). This has been achieved by
the analysis of a large dataset composed of 2-D multichannel seismic
profiles, Chirp profiles and borehole data. The distribution of the sub-
marine magmatism, located from 12 to 50 km off the densely populated
Sicily coast, remains still little known.

Currently the Sicilian Channel represents a target area for hydro-
carbon exploration, as witnessed by the presence of the largest Italian
platform (Vega-A platform), and therefore the understanding of the
volcano-tectonic interaction is an important issue, especially if related
to the volcanic hazard assessment.

2. Tectonic setting

The Sicilian Channel occupies the northern part of the African
continental plate (Fig. 1), and its present tectonic setting is the result of
two independent geodynamic processes (e.g., Jongsma et al., 1985;
Boccaletti et al., 1987; Reuther et al., 1993; Corti et al., 2006; Argnani,
2009; Civile et al., 2010, 2016): 1) the Neogene continental collision
between the African and European plates, which produced the Sicilian-
Maghrebian thrust belt in the north and north-western part of the Si-
cilian Channel, and 2) the Pliocene-Quaternary rift-related processes
that generated three NW-SE oriented troughs controlled by NW-
trending normal faults (Pantelleria, Malta and Linosa troughs) in the
central part of the Sicilian Channel.

The crustal thickness of the Sicilian Channel ranges from 25 to
35 km (Scarascia et al., 2000), except for the rift region, where the crust
does not exceed 17 km in the Pantelleria Island area (Civile et al.,
2008). On a crystalline basement (Burollet, 1991) rests a sedimentary
succession composed of 6–7 km thick Mesozoic-Cenozoic shallow to
deep-water carbonate deposits with intercalated volcanic rocks, cov-
ered by Tortonian-lower Messinian siliciclastic sediments of the

Terravecchia Fm. and by a Pliocene-Quaternary clastic sequence (Dart
et al., 1993; Civile et al., 2014). Messinian evaporites of the Gessoso-
Solfifera Group can be locally present above the Terravecchia Fm. A
widespread anorogenic volcanic activity developed during the rifting
process, generating the islands of Pantelleria and Linosa and several
submarine magmatic manifestations located in the Adventure, Graham
and Nameless banks (Fig. 1) (Carapezza et al., 1979; Beccaluva et al.,
1981; Calanchi et al., 1989; Peccerillo, 2005; Rotolo et al., 2006;
Falzone et al., 2009; Lodolo et al., 2012; Civile et al., 2015; Coltelli
et al., 2016). The volcanic activity occurred until historical time, as
testified by the eruption in 1831 on the Graham Bank and the sub-
marine eruption occurred in 1891 about 4 km NE of Pantelleria
(Washington, 1909; Conte et al., 2014).

The NNE-trending CGSFZ (Fig. 1) is interpreted as a lithospheric
transfer zone (e.g., Argnani et al., 1986, 1987; Antonelli et al., 1988;
Argnani, 1990, 1993a; Civile et al., 2014; Calò and Parisi, 2014) mainly
developed during Pliocene time (Civile et al., 2014). In particular, on
the basis of seismological data associated with geochemical evidence
(Caracausi et al., 2005) and volcanism distribution, Calò and Parisi
(2014) supposed that the CGSFZ is a sub-vertical lithospheric shear
zone affecting the crust and the upper mantle down to at least 70 km,
which would develop for about 250 km across the Sicilian Channel and
the western Sicily up to the southern Tyrrhenian Sea. The presence of a
NNW-oriented crustal discontinuity in the western Sicily was supposed
also by Di Stefano et al. (2015) integrating stratigraphic, structural,
geophysical and geochemical data. This tectonic structure separates
two sectors in the offshore part of the Sicilian-Maghrebian Chain, which
were characterized by different deformation ages, distinct structural
trends and tectonic evolution (Fig. 1) (Argnani et al., 1986, 1987;
Argnani, 1993a; b; Grasso, 2001). The western sector, occupied by
Tortonian-lower Messinian deposits of the NE-oriented Adventure
Foredeep lying on a Mesozoic-Cenozoic carbonate substrate (Argnani
et al., 1986, 1987; Argnani, 1993a; b), was affected by a late Miocene
compressional phase (Antonelli et al., 1988; Argnani, 1993a; b; Grasso,
2001; Lentini et al., 2006), which produced ESE-verging thrusts and
WNW back-thrusts (Catalano et al., 2000; Civile et al., 2014) sealed by
Pliocene-Quaternary sediments (Argnani, 1993a). The eastern sector of
the chain consists of the narrow Pliocene-Quaternary WNW-oriented
Gela Foredeep Basin, partially buried by the arcuate frontal termination
of the Oligocene-Pleistocene Gela Nappe (Ogniben, 1969; Argnani
et al., 1986, 1987; Catalano et al., 1993; Lickorish et al., 1999; Ghisetti
et al., 2009). It was affected by Pliocene to Pleistocene superposed
compressional deformations (Butler et al., 1992; Ghisetti et al., 2009;
Catalano et al., 1996, 2013; Cavallaro et al., 2016). The CGSFZ is
probably also responsible for the Sicilian Channel continental rift con-
figuration between the western sector, marked by the Pantelleria
Graben, and the eastern one, where the rift is splitted into the Linosa
and Malta grabens (Fig. 1) (Argnani, 1990; Civile et al., 2014).

The CGSFZ is bounded by two NNE-trending fault systems, called
Belice to west and Sciacca to east, by Antonelli et al. (1988), composed
of faults with different length, which manifest a predominantly trans-
pressive kinematics (Cello, 1987; Argnani et al., 1987; Antonelli et al.,
1988; Argnani, 1990, 1993a; Finetti and Del Ben, 2005; Ghisetti et al.,
2009; Civile et al., 2014; Fedorik et al., 2018). In particular, a left-
lateral transpressive strike-slip movement was inferred by Reuther et al.
(1993), Ghisetti et al. (2009) and Finetti and Del Ben (2005), whereas
Fedorik et al. (2018), on the basis of a 3-D tectonic reconstruction and
analogue models applied on the SFS, suggested a lower Pliocene right-
lateral kinematics replaced by a left-lateral movement since the late
Pliocene. Seismological studies documented both sinistral (Soumaya
et al., 2015) and dextral (Calò and Parisi, 2014) movements. A possible
right-lateral displacement is suggested by the drag pattern of the thrust
belt front impinging against the western boundary of the CGSFZ and by
the arcuate geometry of the western tip of NW-SE faults (Antonelli
et al., 1988). Phenomena of positive tectonic inversion along the faults
bounding the CGSFZ were supposed by Argnani (1993a) and Ghisetti
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et al. (2009).
Most earthquakes and volcanic centres (Nameless and Graham

banks, Cimotoe volcano) of the Sicilian Channel are focused along the
CGSFZ (Argnani, 1990, 1993a; Rotolo et al., 2006; Civile et al., 2008;
Calò and Parisi, 2014; Coltelli et al., 2016). The distribution of earth-
quake epicentres recorded in the period 1985–2015 in the central-
western side of the Sicilian Channel (Coltelli et al., 2016) shows that
within the CGSFZ it is possible to identify an area, between the Graham
Bank and the Sicily coast, where only few events are present. Calò and
Parisi (2014) supposed that this gap might be related to the widespread
presence of geothermal and volcanic activity. Finally, the 1968 Belice
earthquake sequence (equivalent moment magnitude of the main shock
∼6.4, Rovida et al., 2016) would be located along the onshore part of
this shear zone. It represents the strongest seismic event recorded in
western Sicily in historical times.

3. Materials and methods

The results presented in this paper derive from the seismo-strati-
graphic and structural interpretation of a wide seismic dataset (Fig. 2),
which has been uploaded and analyzed using the Kingdom Suite®

seismic package and calibrated using borehole information. The dataset

consists of:

• A densely spaced network of 2-D seismic reflection profiles and
borehole data made available by the Italian Ministry of the
Economic Development in the framework of the project “Visibility
of Petroleum Exploration Data in Italy (ViDEPI)” (http://www.
videpi.com). The used dataset includes 67 seismic profiles, for a
total length of about 1950 km, covering the Italian Commercial
Zones “C” and “G”. These data were collected by ENI during the
1960s and 1980s, respectively, in expired mining permits and con-
cessions. The seismic lines, available in images, were converted, by
Seismic Unix free software, to SEG-Y format files and afterwards, for
each seismic profiles, the SEG-Y header was edited in order to assign
the CMP (Common-Mid-Points) to the corresponding geographic
coordinates. To reconstruct the seismic section as faithfully as pos-
sible, band-pass filters were applied to the SEG-Y files following the
processing information contained in the original file. To the SEG-Y
files obtained from the files (PDF formats), a post stack time mi-
gration was applied to remove artefacts such as hyperbolas and
better define the slope of the reflections. The migrated data were
then depth-converted by using the stacked velocity values labelled
in the figures of the sections.

Fig. 1. Simplified structural map of the Sicilian Channel. Morpho-bathymetric data are taken from the International Bathymetric Chart of the Mediterranean (IBCM)
(http://www.ngdc.noaa.gov/mgg/ibcm/ibcm.html) and from the CIESM/IFREMER map of the Mediterranean seafloor (http://www.ciesm.org/marine/morphomap.
htm). Topographic elevations derive from the Shuttle Radar Topography Mission (SRTM) (http://www2.jpl.nasa.gov/srtm). The indication of the areal extent of the
two Neogene-Quaternary foredeep basins developed in the Sicilian Channel are also reported (from various authors). AB: Adventure Bank; BS: Bannock Seamount; C:
Cimotoe volcano; GB: Graham Bank; NB: Nameless Bank; TB: Terribile Bank; SMTF: Sicilian-Maghrebian chain Frontal Thrust; SRF: Scicli-Ragusa Fault; CGSFZ: Capo
Granitola-Sciacca Fault Zone. Box in the upper-left corner locates the Sicilian Channel within the central Mediterranean Sea. Black rectangle indicates the study area.
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• Seven exploration boreholes (Oscar ovest, Onda 1, Carla 1, Olga 1,
Orione est 1, Venere 1 and Zagara 1; Figs. 2 and 3) have been used
to calibrate the seismic profiles.

• Part of MCS lines M-23A and M-25, acquired during the 1995s in the
framework of the Italian Deep Crust Project (CROP) (Fig. 2).

• Original data acquired in August 2017 by the R/V OGS Explora in
the frame of the FASTMIT project, coordinated by OGS and aimed to
the recognition of seismogenic and tsunamigenic faults in the north-
western Sicilian Channel between Mazara del Vallo and Sciacca. The
following data have been used in this work: 1) Six multichannel
seismic reflection profiles (MCS) for a total length of 200 km (see
Fig. 2; the acquisition parameters are reported in Table 1); 2) High-
resolution Chirp sub-bottom profiles; 3) Magnetic data acquired
with a SeaSPY® Marine Magnetometer with a maximum ideal re-
solution of 0.001 nT and a sample rate of 1 s. The magnetic
anomalies were obtained by removing the International

Geomagnetic Reference Field (IGRF) and the diurnal effects gener-
ated by the variations of the external magnetic field. The diurnal
effects were corrected by using the data of the Lampedusa Magnetic
Observatory, managed by the INGV.

Processing of multichannel seismic data in the shot domain was
aimed at increasing the signal/noise ratio and removing coherent noise
such as the seafloor multiples. Data were then sorted in CMP and, after
semblance velocity analysis, normal move out, and stretch mute, the
data were stacked. The obtained section evidenced complex geometries
of the buried structures and, in order to better define the geometries
and identify the real depth, a Kirchhoff pre-stack depth migration of the
CDP gathers was applied. The velocity field was improved iteratively by
the analysis of the Common Image Gathers (depth domain), allowing a
good definition of the velocity field until 1500–2000 m in depth.

The Chirp profiles have been acquired using the Benthos Teledyne

Fig. 2. Morpho-batymetric map of the study area, obtained from EMODnet Portal (http://www.emodnet-geology.eu), with the position of the exploration boreholes,
multichannel seismic lines and Chirp profiles used in this study.
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Chirp III DSP-665 echosounder, and the data were processed, after
absorption compensation, applying migration and the Hilbert trans-
form. The Chirp profiles yield a detailed image of the structures up to
about 40/60m of sediments, depending on lithology and seafloor dip.
The processing of the whole dataset was made using Paradigm® soft-
ware (Echos and Geodepth).

4. Stratigraphy and seismo-stratigraphic analysis

The seismo-stratigraphic interpretation of the data was made
through the identification of marker reflectors and the recognition of
seismic units, on the basis of their seismic facies, and then by corre-
lating them with a stratigraphy derived by hydrocarbon exploration

boreholes and literature information (Di Stefano et al., 1993; Ghisetti
et al., 2009; Civile et al., 2014; Cavallaro et al., 2016). The simplified
stratigraphy of the most representative boreholes is reported in Fig. 3.
They cut through a 1.8–2.8-km-thick Mesozoic to Pleistocene succes-
sion, except for the Carla 1 well that was drilled up to a depth of about
3.7 km.

The sedimentary succession of the study area consists of upper
Triassic to Pleistocene deposits in which several unconformities are
present. The upper Triassic (Sciacca Fm.) and lower Jurassic (Inici Fm.)
deposits consist of a carbonate platform succession composed of do-
lostones, dolomitic limestones and limestones. During Pliensbachian
times, a drowning of the carbonate platform is recorded (Di Stefano
et al., 2015), and a Jurassic-Eocene pelagic succession, consisting of
limestones with marly and clayey intercalations, was deposited (Buc-
cheri, Chiaramonte, Hybla and Amerillo formations). The latter is lo-
cally overlain by a very thin (some tens of meters) Oligocene?-lower
Miocene carbonate succession with siliciclastic intercalations ascribed
to the Bonifato Fm. This succession is in turn overlain by the shelf si-
liciclastic deposits of the Tortonian-lower Messinian Terravecchia Fm.,
which is characterized by strong thickness variations from about 250m
to over 1500m. Messinian evaporites and related sediments of the
Gessoso-Solfifera Group, consisting of some tens of meters of gypsum
with thin marly and clayey intercalations, can be also present. The
lower part of the Pliocene-Quaternary succession is composed of pe-
lagic marls and marly limestones of the Zanclean Trubi Fm., which was
deposited during reestablished normal marine conditions. The succes-
sion ends with the Piacenzian-Pleistocene shelf clayey deposits with

Fig. 3. Simplified lithostratigraphies of the most representative exploration boreholes used in this study and their stratigraphic correlation (location of boreholes in
Fig. 2). The structural domain in which the boreholes are located is also reported. CGSFZ: Capo Granitola-Sciacca Fault Zone.

Table 1
Acquisition parameters of the geophysical survey acquired in August 2017 by
the R/V OGS Explora, in the frame of the FASTMIT Project, between Mazara del
Vallo and Sciacca.

Acquisition parameters of MCS profiles

Source type: GI-guns (2 units) – 710 cubic
inches at 140 bar

Shot Interval: 25m

Source depth: 5m Group Interval: 12.5m
Recording System: Sercel Sentinel Seal 428 Number of Groups: 120
Near Offset: 60m Coverage: 3000%
Record Length: 7000ms Digital Streamer Length:

1500m
Sampling Rate: 1 ms Streamer Depth: 4 m
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sandy intercalations of the Ribera Fm. The thickness of this unit ranges
from some hundreds of meters to over 2000 m in the Gela Foredeep
Basin (Fig. 3).

To correlate the various seismic units visible on the seismic lines (in
time domain), with the formations/successions recognizable in the
boreholes (in depth below seafloor), the interval velocities reported in
Table 2, derived from the stack velocities (Dix formula), were adopted.

The seismo-stratigraphic analysis has allowed identifying two pro-
minent reflectors: the Messinian unconformity and the top of the
Mesozoic-Cenozoic carbonate succession. Both reflectors are char-
acterized by a high value of acoustic impedance contrast. The top of the
Miocene is seismically expressed by an undulated, high-amplitude and
continuous reflector that is generally well recognizable on all seismic
lines. It is probably associated with a subaerial exposure (Messinian
Erosional Surface, MES). The top of the carbonate succession consists of
a high-amplitude, laterally discontinuous reflector, due to the presence
of a considerable tectonic deformation. The Mesozoic-Cenozoic carbo-
nate succession is not always visible, due to the severe deformation that
often masks the seismic signal. In the less deformed zones, this suc-
cession is represented by a seismic unit characterized by sub-parallel,
discontinuous and mid-to-high amplitude reflectors. The late Miocene
Terravecchia Fm. displays a seismic facies composed of sub-parallel,
low-to-high amplitude reflectors with variable frequency and poor
lateral continuity. In the deformed zones, this succession locally shows
a semi-transparent chaotic facies. Where visible, the Messinian eva-
porites can be identified by the presence of a thin seismic unit con-
sisting of irregular, high-amplitude reflectors. The Trubi Fm. generally
shows a semi-transparent seismic facies that makes this deposit well
recognizable. The less tectonized upper Pliocene-Pleistocene silici-
clastic succession is characterized by a package of well-layered, lat-
erally continuous and parallel reflectors with low-to-high amplitude
and high frequency.

5. Structural analysis of the seismic data

The tectonic map of the study area (Fig. 4) is the result of the in-
terpretation of all the available seismic reflection data. The CGSFZ, that
is over 60 km long and 38 to 28 km wide, is bounded by two complex
NNE-oriented fault systems, the Capo Granitola Fault System to the
west (corresponding to the Belice Fault System of Antonelli et al., 1988)
and the Sciacca Fault System to the east, which extend from the Sicily
coast to the Graham and Terribile banks (Fig. 4). These fault systems
are separated by a ca. 20 km wide belt affected by a modest tectonic
deformation, expressed by WNW to NW-trending normal faults, mainly
concentrated in the Terribile Bank area (Fig. 4).

5.1. Capo Granitola Fault System (CGFS)

The CGFS can be subdivided into two main sectors characterized by
different structural arrangements (Fig. 4). The northernmost part of the
CGFS, imaged in Figs. 5 and 6, consists of a prominent transpressional
structural high with irregular top. This positive flower structure is
splitted into two parts southward (Figs. 4–6), where the structure is
larger (up to 12 km). The transpressional structure affects an already
deformed Mesozoic-Cenozoic carbonate succession, probably due to

inherited normal faulting, and the upper Miocene deposits of the Ter-
ravecchia Fm. (Figs. 5 and 6). The latter shows a thickness up to
1500–1800m in the flower structure and thins down to 500m east-
ward, in the area between the CGFS and the SFS (Figs. 5 and 6). The
lower Pliocene succession of the Trubi Fm. is lacking on the top of the
flower structure and is onlapped by the upper Pliocene-Pleistocene
succession along the flanks of the same (Figs. 5 and 6). The deposits of
the Trubi Fm. onlap at low angle the tilted Messinian unconformity and
show a growing fan-shaped geometry with thickness increasing up to
about 400m down the dip slope of the tilted fault-block (Fig. 6). This
fan-shaped geometry is inferred to be the result of major syn-tectonic
deformation associated with the formation of the flower structure.

The upper Pliocene-Quaternary cover appears weakly deformed
with reflectors that onlap the flower structure. Their geometry might be
related to possible fault-reactivation. In fact, evidence of compressional
tectonic activity affecting the Pleistocene succession underlying the
unconformity related to the Last Glacial Maximum (LGM) (about 20
ka), has been identified by the analysis of the high-resolution Chirp
profiles aquired along the northern part of the CGFS (Fig. 7a). This
deformation is mostly characterized by folding, although faulting is
locally observed.

Barreca et al. (2014) suggested, on the basis of high-resolution re-
flection seismic profiles, active reverse faulting in the offshore of Capo
Granitola, probably related to SE-verging deep-seated thrusts.

The southern part of the CGFS consists of a sub-vertical strike-slip
master fault with a minor compressional component of movement that
affected the Mesozoic-Cenozoic succession, which is imaged in the
seismic profile G82-142 (Fig. 8). It is composed of two roughly N-S
trending segments that overlap in a left-stepping geometry and, con-
sidering the current left-lateral movement along the CGFS (e.g., Fedorik
et al., 2018), likely form a releasing zone (Fig. 4). The master fault
separates the late Miocene ESE-verging thrusts of the Sicilian-Maghre-
bian Chain to the west from the relatively less deformed area, within
the CGFS and the SFS, to the east (Fig. 8). The seismic profile G82-142
(Fig. 8) shows a remarkable thickness reduction of the Terravecchia Fm.
from the eastern side (about 1900 m) to the western side (about 600m),
of the master fault. The latter also affects the lower Pliocene Trubi Fm.
and the Messinian deposits of the Gessoso-Solfifera Group with modest
displacements, whereas the involvement of the upper Pliocene-Qua-
ternary succession is unclear. Along the seismic line C-1011 (not re-
ported here), located about 14 km to the south (see location in Fig. 2),
the master fault cuts, with modest vertical displacement, the entire
Pliocene-Quaternary succession and affects the seafloor.

The strong thickness variation involving the Terravecchia Fm. is
interpreted as the result of a basin inversion produced by the mostly
transpressional reactivation of NNE-trending inherited late Miocene
normal faults.

5.2. Sciacca Fault System (SFS)

The SFS consists of a complex strike-slip zone, up to about 10 km
wide (Fig. 4), where the main faults reactivated late Miocene, east-
dipping, NNE-trending normal faults (Figs. 6, 8 and 9). This is parti-
cularly visible along the seismic line G82-142 (Fig. 8), which shows the
positive flower structure affecting the western boundary of the carbo-
nate Terribile Bank and locally also the seafloor. The line G82-141
(Fig. 9) highlights the basin inversion that affected the Terravecchia
Fm. and generated the present-day Nerita Bank, where the Pliocene-
Quaternary cover is absent. Normal displacements are still locally
visible along the western side of the Nerita Bank, where the thickness of
the Terravecchia Fm. reaches about 1600m. In this seismic profile, two
positive flower structures are visible (Fig. 9): a buried wide structure to
the west, which deforms the Messinian unconformity, and the active
Nerita structure to the east, which also affects the seafloor. The seismic
line CROP-M23A (Fig. 6), crossing the northern part of the SFS, shows a
wide positive flower structure, which is the western boundary of the

Table 2
Interval velocities, derived from the stack velocities, associated with forma-
tions/successions recognized in the boreholes.

Succession/Formation Interval velocity (m/s)

upper Pliocene-Pleistocene siliciclastic succession 1800
Trubi Formation (lower Pliocene) 2100
Terravecchia Formation (late Miocene) 2300
Mesozoic-Cenozoic carbonate succession over 4000
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Gela Foredeep Basin. Normal displacements and an half-graben are still
visible along the major faults. The Zanclean Trubi Fm. located in the
Gela Foredeep Basin shows a geometry very similar to that observed
along the CGFS, suggesting the same tectonic evolution. Also in this
basin the reflectors of the Trubi Fm. onlap at low angle the Messinian
unconformity and show a growing fan-shaped geometry inferred to be
syn-tectonic in origin (Fig. 6). The Trubi Fm. is cut by minor thrusts
close to the SFS and its thickness increases up to 700m down the dip
slope of the tilted fault-block (Fig. 6). Chaotic deposits involving the
Trubi Fm. are observed along the slope (Fig. 6) and are interpreted as

mass transport deposits probably accumulated during the tectonic
event. The top of the Trubi Fm. is onlapped by upper Pliocene-Qua-
ternary deposits (Fig. 6). Chaotic and/or transparent bodies, also in-
terpreted as landslide deposits, are visible in the upper part of the Gela
Foredeep fill (Fig. 6). They were produced by the Pleistocene empla-
cement of the Gela Nappe (Ghisetti et al., 2009; Cavallaro et al., 2016).

As in the case of the CGFS, a compressional tectonic activity,
characterized by folding and local faulting, affects the pre-LGM
Pleistocene succession along the northern part of the SFS (Fig. 7b).
Faulting may locally affect the post LGM deposits.

Fig. 4. Simplified structural map of the northern part of the Capo Granitola-Sciacca Fault Zone, and distribution of the magmatic manifestations. Morpho-bathy-
metric map obtained from EMODnet Portal (http://www.emodnet-geology.eu). CGFS: Capo Granitola Fault System; F: Ferdinandea Island; GB: Graham Bank; NB:
Nerita Bank; SFS: Sciacca Fault System; TB: Terribile Bank. The position of the interpreted seismic profiles (white lines) are shown.
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5.3. Belt between Capo Granitola and Sciacca fault systems

The northern part of the area located between the CGFS and the SFS
is characterized by a negligible and sometimes undetectable tectonic
deformation, represented by late Miocene NW to NNE-oriented sub-
vertical normal faults, which are generally buried by the Pliocene-
Quaternary succession (Figs. 4–6). In particular, along the line FAS-
TMIT-05 (Fig. 5), some west-dipping, NNE-trending normal faults close
to the eastern side of the CGFS are recognizable. They displaced the top
of the Mesozoic-Cenozoic carbonate succession downward up to about
3700m depth. In this place, the Terraveccha Fm. shows a maximum
thickness of 2600m.

The southern part of the area includes the Terribile Bank, domi-
nated by WNW to NW-trending normal faults (Fig. 4) that can reach the
seafloor (Fig. 10). The main normal fault, associated with several
hundreds of meters of displacement, bounds the northern flank of the
Terribile Bank and deforms the seafloor (Fig. 10). Another major Mio-
cene NW-oriented normal fault has been mapped west of the Nerita
Bank (Fig. 4). This fault bounds the flower structure recognized to the
west of the Nerita Bank (Fig. 9). Several pockmarks are aligned along
this structure.

6. Magmatic manifestations

The distribution of volcanic manifestations, including those already
known and those recognized in this work, is reported in Fig. 4. Some
inferred buried magmatic bodies were also mapped. The magmatic
manifestations were identified by their shape, geometry, limited
acoustic penetration, and by the presence of a distinctive high-

amplitude, and somewhat irregular, top reflection. Moreover, it is often
possible to identify vertical conduits associated with these reliefs, de-
tectable in seismic profiles by the tilting of the reflectors around the
magmatic intrusions. Buried magma ascents mainly consist of sub-
vertical narrow zones with chaotic acoustic character, which interrupt
the continuity of the seismic reflectors. Because of the high frequency
absorption associated with these bodies the underlying structures are
not well imaged in seismic profiles.

All the observed magmatic manifestations at the sea-floor are as-
sociated with a remarkable magnetic anomaly that in some cases ex-
ceeds 300 nT (Fig. 11a and b). However, a hydrothermal origin for
some of the recognized mounds cannot be completely ruled out.

In addition to the well known Ferdinandea Island, several sub-
marine edifices have already been recognized in the study area
(Colantoni et al., 1975; Calanchi et al., 1989; Rotolo et al., 2006; Civile
et al., 2008; Falzone et al., 2009; Coltelli et al., 2016; Lodolo et al.,
2017). In particular, along the CGFS, ten cone-shaped highs (see for
example the Chirp profile of Fig. 11a) are located within a N-S trending,
15 km long belt, which includes the active volcanic area of the Graham
Bank located about 50 km offshore of Sciacca (Fig. 4). The Graham
Bank hosts the remnant of Ferdinandea Island (Fig. 4) and, just north of
it, the largest edifice among those known in this zone. The basal dia-
meter of the latter is about 1.5 km, whereas the diameters of the other
cones do not exceed some hundreds of meters (Coltelli et al., 2016). A
new small volcanic cone has been identified along the western side of
the Graham Bank, whereas two buried magmatic bodies should be lo-
cated just to the north of the N-S belt (Fig. 4). Petrological and geo-
chemical analyses of samples collected at the Graham Bank yielded
poorly evolved alkali basalts without crustal contamination, suggesting

Fig. 5. Part of the depth-migrated multichannel seismic profile FASTMIT-05, acquired in August 2017 by the R/V OGS Explora, and interpreted line-drawing
(location in Fig. 2).
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a lacking of a shallow magma chamber where primitive magmas could
fractionate (Rotolo et al., 2006). A detailed recognition of the volcanic
cones occurrences at the Terribile Bank has not been done yet. The
presence of volcanic cones on this bank, showing a smaller size in
comparison to those of the Graham Bank, was suggested by Coltelli
et al. (2016) on the basis of morphological analyses of the seafloor.
Falzone et al. (2009) recognized on the north-eastern part of this bank a
truncated cone, called MAC-06 (see Fig. 4), constituted by fine pyr-
oclastic deposits. The location of the possible magmatic manifestations
at the Terribile Bank (Fig. 4), buried or outcropping at the seafloor, was
achieved by integrating the published morpho-bathymetric maps
(Coltelli et al., 2016; Falzone et al., 2009) with the interpretation of
new high-resolution Chirp profiles, magnetica data (Fig. 11b), and the
re-processing of ViDEPI seismic lines. The outcropping volcanic reliefs
are represented by small edifices, few hundreds of meters in diameter
and some tens of meters in height (Figs. 10 and 11b).

Moreover, within the northern part of the CGSFZ, where a partly
buried volcanic edifice was already identified about 23 km off the Sicily
coast (Lodolo et al., 2017; and see Fig. 12), buried and outcropping
manifestations of likely magmatic origin, have been identified for the
first time (Figs. 4 and 6). The recognized volcanic edifices are up to
about 100m high and 1100m wide (Figs. 6 and 12b). The northernmost
volcanic centre is located from about 12 km off the Sicily coast (Fig. 4).
On the basis of borehole information, the volcanic activity in this area is
Quaternary in age. The magmatic activity probably was locally ac-
companied by lava flows and landslide phenomena (Figs. 6 and 12).

In this zone, a sub-horizontal, high amplitude seismic horizon,
which extends for roughly 140 km2 and is few tens of meters thick, has
been identified at a depth ranging between 500m and 800m (Figs. 6
and 12), where it seems to have intruded at the Messinian un-
conformity. This reflector might be the seismic expression of either
intrusive sheets of igneous material (sill) or evaporite deposits of the
Messinian Gessoso Solfifera Group.

Sill intrusion is suggested by the presence of some features including
(e.g., Jamtveit et al., 2004; Planke et al., 2005; Hansen and Cartwright,
2006): concordant relationships with the surrounding stratal reflections
and abrupt terminations; high amplitude reflections on seismic profiles
generated by the considerable contrast in acoustic impedance with re-
spect to the sedimentary host-rock; highly segmented geometry pro-
duced by fractures through which gas may seep (blanking zones above
the high amplitude reflector in Fig. 6). Moreover, seismic data (see
Fig. 12a) revealed the presence of potential minor inclined and saucer-
shaped sills associated with the main sheet intrusion. The zone con-
taining the potential sill intrusions is mapped in Fig. 4. Considering this
interpretation, the emplacement of sills within sedimentary basins
should be carefully evaluated as they may impact on the development
of petroleum systems (e.g., Holford et al., 2013; Jackson et al., 2013;
Rateau et al., 2013). They may affect hydrocarbon migration, behaving
both as barriers or conduits, reduce the porosity and permeability of the
reservoir rocks due to the circulation of hydrothermal fluids, and de-
form reservoir-rocks, leading to the formation of fold traps for hydro-
carbon accumulation. Moreover, when sill intrusions affect organic-rich

Fig. 6. Part of the depth-migrated multichannel seismic profile CROP-M23A, and interpreted line-drawing (location in Fig. 2). CZ: seismically Chaotic Zone; LaG:
Landslide deposits of the Gela Foredeep Basin; LaS: Landslide deposits associated with the Sciacca Fault System; LFLA: Interbedded Lava Flows and LAndslide
deposits; MSI: Main inferred Sill Intrusion.
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sedimentary successions, they can modify the thermal and maturation
history of the hydrocarbon source rock (e.g., Spacapan et al., 2018).

To summarize, the areal distribution of the identified magmatic
manifestations can be clustered into three sets (Fig. 4):

• A N-S trending, ca. 19 km long cluster, including the Graham Bank,
developed along the southern part of the CGFS.

• A cluster comprising the numerous magmatic manifestations re-
cognized at the Terribile Bank, and showing a NW-SE alignment. In
particular, most of the volcanic manifestations are positioned close
to the NW-trending master normal fault that bounds the northern
side of the bank.

• The magmatic activity identified in the central and northern part of
the CGSFZ, characterized by few and isolated volcanic centres and
by the potential presence of a large, buried igneous sill.

7. Discussion

The two NNE-trending fault systems that bound the CGSFZ, i.e., the
CGFS to the west and the SFS to the east, consist of positive flower
structures. The southern part of the CGFS shows a different tectonic
arrangement, characterized by the presence of a 33 km long, seg-
mented, sub-vertical strike-slip master fault (Fig. 4).

The formation of these boundary fault systems mainly occurred
during a lower to mid-Pliocene tectonic stage, as suggested by the syn-
tectonic deposition of the Trubi Fm. (Fig. 6), in a right-lateral strike-slip
tetonic regime (Fedorik et al., 2018). A mid-Pliocene tectonic event

(late Zanclean to early Piacenzian) has been recognized in the Gela
Nappe, where a prominent unconformity occurs at the top of the Trubi
Fm. (Rio et al., 1991; Patacca and Scandone, 2004), and on a regional
scale (e.g., Massari and Prosser, 2013; Zecchin et al., 2015).

Both the CGFS and the SFS developed along inherited weakness
zones, consisting of roughly NNE-oriented late Miocene normal faults.
Evidence of this phase of positive tectonic inversion, with extensional
faults reactivated as transpressional, are represented by basin inversion,
considerable thickness variations associated with the Terravecchia Fm.,
and the recognition of partially inverted normal faults (Figs. 5, 6, 8 and
9). It is likely that the CGSFZ developed along a late Miocene foreland
structural high (Miocene peripheral bulge of the Siclian-Maghrebian
Chain) bounded by normal faults and basinal areas on both sides. In
particular, along the western side of the structural high, a foredeep-
thrust belt system (the Adventure Foredeep Basin and the Sicilian
Maghrebian Chain) was generated due to the emplacement of ESE-
verging thrusts during late Miocene time, forming the Adventure Bank
(Fig. 1). Part of the foredeep basin was later inverted along the CGFS.
Afterwards, a new tectonic phase, inducing a change from right-to left-
lateral strike-slip tectonic regime with a compressional component of
movement, probably occurred since late Pliocene (Fedorik et al., 2018).
This event was produced by a change in the direction of the African
plate motion with respect to the fixed Eurasia, from NW to NE
(Mantovani et al., 2014). Both the SFS, which tectonically controls the
western boundary of the Gela Foredeep Basin, and the CGFS shows
evidence of Quaternary tectonics.

The Pliocene-Quaternary succession in the belt between CGFS and

Fig. 7. Chirp profiles acquired in August 2017 by the R/V OGS Explora (location in Fig. 2): a) Folding and faulting affecting the pre-LGM Pleistocene succession that
overlies the Capo Granitola flower structure located in the northern part of the study area; b) Folding and faulting affecting the pre-LGM Pleistocene succession that
rests on the Sciacca Fault System located in the northern part of the study area. Faulting may locally affect also the post-LGM succession.
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SFS shows a negligible deformation (Figs. 5, 6, 8, 9 and 12) except for
the Terribile Bank, which is tectonically controlled by WNW to NW-
oriented normal faults (Figs. 4 and 10). Non-reactivated late Miocene
NNE and NW-trending sub-vertical buried normal faults have been re-
cognized in the northern part of the study area (Figs. 4–6). These two
sets of inherited late Miocene normal faults might represent conjugate
structures related to the foreland flexuration beneath the advancing
Sicilian-Maghrebian Chain (Cogan et al., 1989). Another hypothesis is
that the NW-trending structures are remnants of a wide right-lateral
strike-slip system which allowed the counter-clockwise rotation of the
upper branch of the southern Apennines with respect to Maghrebides
and the progressive bending of the orogen (Gueguen et al., 1998). Such
a system underwent oblique extension once it achieved a certain
amount of strain, creating the morphostructural low of the Sicilian
Channel. Successively, this fault system was cut by the NNE-oriented
right-lateral faults, which have inhibited any further kinematic evolu-
tion of the NW-trending faults, until their reactivation when the sub-
meridian faults was inverted by left-lateral sense of shear. The change
of sense of lateral motion, occurred along the NNE-oriented faults,
produced a reactivation in extension of the NW-oriented faults near the
Terribile Bank. Toward the north, faults with the same orientation seem
not to be reactivated, perhaps due to the rheologic characteristics of the

crust close to the Sicilian shelf. It is possible, in fact, that the crustal
thickening have worked as a lock factor preventing the local re-acti-
vation of NW-SE trending buried (i.e., Miocene) faults.

The study area is characterized by a significant magmatic activity
that took place mostly during Quaternary. In particular, numerous
volcanic centres, the largest of which has a basal diameter of 1,5 km,
have been mapped on the basis of literature information and the in-
terpretation of the seismic dataset (Figs. 4 and 6 and 8 and 10–12).
Several buried magmatic manifestations, Pliocene?-Quaternary in age,
have also been identified (Figs. 4, 6, 10 and 12). The spatial distribution
of the magmatic manifestations is clearly driven by the existing struc-
tural setting. The magmatism seems to be absent in zones dominated by
transpressional tectonics, such as the northern part of the CGFS and
along the whole SFS (Fig. 4). This lack could be explained by the dif-
ficult magma upwelling in compressional-dominated tectonic settings
(e.g., Hamilton, 1995; Watanabe et al., 1999). The magmatism is
mainly concentrated along the sub-vertical strike-slip master fault
identified in the southern part of the CGFS, and the WNW to NW-
trending normal faults of the Terribile Bank (Fig. 4).

The poorly evolved alkali basalts collected at the Graham Bank,
which manifest very poor crustal contamination, suggest rapid rising of
primitive magmas toward the surface, without the presence of a shallow

Fig. 8. Part of the depth-migrated multichannel seismic profile G82-142, and interpreted line-drawing (location in Fig. 2).
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magma chamber, along the sub-vertical fault of the CGFS. This fault
should cut the whole lithosphere, reaching the asthenosphere, thus
producing partial melting by simple pressure release, following a me-
chanism of non-plume origin for the magmatism (Fig. 13), as observed
at Cabro Frio High in SE Brazil (Oreiro et al., 2008), and in the Ross Sea
region, Antarctica (Rocchi et al., 2003).

No samples are available at the Terribile Bank, where the magma
emplacement might follow a more complex path. The magmas would

have risen along the lithospheric structures belonging to the southern
part of the SFS, at first following the usual mechanism of non-plume
origin for the magmatism, then a lateral magma migration toward the
footwall of major faults, which is toward the Terribile Bank. In this way,
the magma would have migrated upward, reaching the surface, using
hydraulically open pathways represented by the active NW-trending
normal faults (Fig. 13).

The presence of scattered magmatic manifestations and potential sill

Fig. 9. Part of the depth-migrated multichannel seismic profile G82-141, and interpreted line-drawing (location in Fig. 2).
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intrusions in the central and northern part of the CGSFZ (Figs. 4, 6 and
12) may be explained through a mechanism similar to that supposed for
the Terribile Bank. Also in this case, magmas likely migrated upward
using the lithospheric faults of the CGFS/SFS as opened paths, and then
they moved laterally to the NNE- and NW-trending late Miocene sub-
vertical buried normal faults found in this area (Fig. 13). These faults
may have favoured the ascent of magma at shallow-level, where it may
have been stopped at the depth of the Messinian unconformity. The
latter represents a large sub-horizontal anisotrophic horizon that can
act as a crustal magma trap forming an extensive sill complex. The sill
complex may have fed dykes that locally reached the surface generating
volcanoes, which are laterally offset with respect to the two main fault
systems. Sill complexes may provide efficient magma flow pathways,
transporting magma to the surface over great vertical and lateral dis-
tances, as suggested by several authors in different tectonic contexts
(e.g., Magee et al., 2016; Medialdea et al., 2017).

8. Conclusions

The interpretation of a large amount of available and newly ac-
quired seismic profiles in the north-western sector of the Sicilian

Channel has allowed to (1) delineate the tectonic framework of the
northern part of the regional lithospheric-scale Capo Granitola-Sciacca
strike-slip Fault Zone (CGSFZ), and (2) recognize numerous magmatic
manifestations, predominantly Quaternary in age, in addition to those
already known in the Graham and Terribile banks, located few dozen of
kilometers off the south-western coast of Sicily.

A close relationship between the spatial distribution of the mag-
matic occurrences, consisting of small volcanic cones, some buried as-
cents of magma and potential igneous sills, and the geometry and ki-
nematics of the structures associated with the CGSFZ, has been
documented.

The 60 km long and 28–38 km wide CGSFZ is bounded by two
strike-slip NNE-trending fault systems, i.e., the Capo Granitola Fault
System (GFS) to the west and the Sciacca Fault System (SFS) to the east,
which are both dominated by positive flower structures. The southern
part of the CGFS shows a different tectonic arrangement, characterized
by the presence of a 33 km long, segmented, sub-vertical N-S oriented
strike-slip master fault, which locally affects the seafloor. The zone
comprised between the two fault systems shows a minor Pliocene-
Quaternary tectonic deformation, except for its southern part hosting
the Terribile Bank, which is affected by WNW to NW-trending sub-

Fig. 10. Part of the depth-migrated multichannel seismic profile BC-34, and interpreted line-drawing (location in Fig. 2).
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vertical normal faults developed during late Miocene and reactivated
later. This set of extensional faults is currently active at the Terribile
Bank, whereas it is buried by Pliocene-Quaternary deposits in the
central and northern sectors of the CGSFZ.

The CGFS and SFS developed as a right-lateral fault zone during
early to mid- Pliocene times, along weakness zones in coinciding with
preexisting (i.e., late Miocene) NNE-oriented structures. Also the WNW-
to NW-oriented set of faults was generated during the late Miocene, and

Fig. 11. Chirp profiles and associated magnetic data acquired in August 2017 by the R/V OGS Explora (location in Fig. 2): a) Volcanic cones located in the northern
part of the sub-vertical strike-slip master fault belonging to the Capo Granitola Fault System (CGFS); b) Magmatic manifestations recognized at the Terribile Bank.
The high-amplitude of the magnetic anomalies superposed on both profiles testify to the magmatic nature of these submerged relieves.
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part of them were reactivated later. From a kinematic point of view, a
change of sense of lateral motion from dextral to sinistral along the fault
zone since late Pliocene may be hypothesized as a cause for the re-
activation of the NW-trending fault system. The CGFS and SFS also
show evidence of Quaternary tectonic activity.

The magmatism observed in the study area was likely driven by a
mechanism of non-plume origin. Magmas have used the lithospheric
faults of the CGFS and SFS as open paths, which cut the whole litho-
sphere. These faults reach the asthenosphere and produced partial
melting by simple pressure release. The local presence of magmatic
manifestations along the transpressional structures can not be excluded,
although no clear magmatic manifestation has been recognized along

the positive flower structures forming the northern part of the CGFS and
the whole SFS. The magmatism mainly developed along the sub-vertical
strike-slip master fault associated with the CGFS, and the normal faults
that tectonically controlled the Terribile Bank. The poorly evolved al-
kali basalts collected at the Graham Bank, suggest the direct rising of
primitive magmas to the surface through the master fault, without the
presence of intermediate magma chambers.

The magmatic feeding of the Terribile Bank would be related to
lateral magma migration coming from the southern part of the SFS,
which would have used the open pathways represented by active
normal faults. A similar mechanism is supposed for the magmatism
identified in the central and northern part of the CGSFZ. Magmas would

Fig. 12. Partly buried volcanic cone located in
the northern part of the Capo Granitola-Sciacca
Fault Zone at about 23 km off the Sicily coast,
imaged by seismic and Chirp profiles. a) Part of
the depth-migrated multichannel seismic profile
FASTMIT-04, acquired in August 2017 by the R/
V OGS Explora, and interpreted line-drawing
(location in Fig. 2). A complex of sill intrusions,
consisting of a main layer-parallels intrusion
associated with minor inclined and saucer-
shaped sills. CZ: seismically Chaotic Zone; MSI:
Main inferred Sill Intrusion; TLFL: Top of the
interbedded Lava Flows and Landslide deposits.
The terminology of the geometries of sill intru-
sions is from Magee et al. (2016). b) Chirp
profile acquired in August 2017 by the R/V OGS
Explora (location in Fig. 2). Potential inter-
calations of lava flows and landlside deposits
are visible in the lower left corner.
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have migrated upward along lithospheric faults, and then moved lat-
erally rising toward the surface mostly through the NNE- and NW-
trending late Miocene buried normal faults. These faults likely have
favoured the ascent of magma at shallow-level up to the Messinian
unconformity, which is a large sub-horizontal strength anisotropy
horizon that may have act as crustal magma trap forming an extensive

sill complex. This might have locally fed the few volcanic centres ob-
served.

The presence of widespread recent magmatic manifestations in the
study area, some of them very close to the densely populated coast of
southern Sicily, imposes a detailed assessment of the volcanic hazard
and a precise preparation program for the population.

Fig. 13. Schematic representation of the magma plumbing system of the study area with the potential relationships between tectonic structures and magmatism
distribution (not to scale) within the northern and southern sectors of the Capo Granitola-Sciacca Fault Zone (CGSFZ) during Quaternary.; GB: Graham Bank; MU:
Messinian Unconformity TB: Terribile Bank; TCS: Top of the Carbonate Succession; TF-GSG: Terravecchia Fm. and Gessoso-Solfifera Group. The Pliocene-Quaternary
succession is made transparent for a better viewing of the tectonic structures and magmatism. See text for details.
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In addition, the magmatism may have important implications for oil
and gas exploration in the Sicilian Channel, as this is one of the most
important target areas for hydrocarbon exploration in Italy. In parti-
cular, the magmatism may significantly affect the reservoir properties,
drive hydrocarbon migration, create traps for hydrocarbon accumula-
tion, and leads to an increase of the geothermal gradient.
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