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Abstract — We here propose a new kinematic picture of central Sicily based on the results of detailed
field mapping of the region, combined with structural analyses and the interpretation of the available
literature subsurface data. Our study focused on the tectonic boundary of a structural depression,
the Caltanissetta Trough, which is now filled with allochthonous terrains resting on the deep-seated
inverted African palacomargin units. Our data refer to the tectonosedimentary evolution of the thrust-
top basins, from Late Tortonian to Quaternary times. The study points out the occurrence of regional
E—W-oriented dextral shear zones, cutting the NE-oriented trends of the thrust belt. This new evidence
would confirm the major role of the E-W trend in the tectonic inversion of the external portions of the
Africa palaeomargin in Sicily. Our results could contribute to a better understanding of the location in
Sicily of the tectonic lineaments accommodating the hundreds of kilometres of lateral displacement,
caused by the Late Miocene—Quaternary Tyrrhenian Basin opening to the north of the island.
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1. Introduction

The Sicily thrust and fold belt developed along the E—
W-oriented Nubia—Eurasia convergent margin of the
Western Mediterranean (Serpelloni et al. 2007) (see
inset in Fig. 1). The backbone of the orogenic belt
(Bianchi ef al. 1987; Roure et al. 1990; Lentini, Car-
bone & Catalano, 1994; Catalano et al. 2013b ) con-
sists of the Meso-Cenozoic successions of the inver-
ted African passive margin (Meso-Cenozoic African
units in Fig. 1) that are largely covered by a SE-
verging allochthonous thrust edifice (Numidian Flysch
Nappe in Fig. 1), whose sense of transport is paral-
lel to the direction of the plate convergence (Dewey
et al. 1989; Hollenstein et al. 2003; D’Agostino &
Selvaggi, 2004) (Fig. 1). Nevertheless, the most im-
pressive tectonic lineament of Sicily consists of a
prominent E—W-oriented crustal ramp (i.e. the Mt
Kumeta—Alcantara Line of Ghisetti & Vezzani, 1984;
KAL in Fig. 1) parallel to the general trend of the
plate boundary. The Kumeta—Alcantara Line controls
the gross geometry of the collision belt, separating the
axial zone (Madonie—Nebrodi Axial Zone in Fig. 1)
from the piedmont frontal areas. This structure duplic-
ates the Africa Crust and shows a dextral component
of motion. A further E-W oblique (dextral) crustal
ramp (Sicanian Mountains thrust front of Monaco,
Tortorici & Catalano, 2000; Tortorici et al. 2001; STF
— Sicanian Thrust Front in Fig. 1) breaches the ex-
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ternal domains of southwestern Sicily, carrying the
Meso-Cenozoic African units (Sicanian Thrust Belt
in Fig. 1) onto the allochthonous nappes of southern
Sicily (Fig. 1). The Sicanian Thrust Front coincides
with the northwestern edge of the impressive negat-
ive Bouguer anomaly that marks a wide structural de-
pression of central Sicily (Caltanissetta Trough; Roda,
1968; Decima & Wezel, 1971; Lentini, Carbone &
Catalano, 1994; Lentini et al. 1996) (Fig. 1), host-
ing the main Messinian and Plio-Pleistocene thrust-top
basins of the island. The evidence of the eastward pro-
longation of the Sicanian Thrust Front along the north-
ern border of the Caltanissetta Trough seems to vanish
in central Sicily, where large volumes of allochthonous
terrains cover the African units. The definition of the
geometry, the kinematics and the evolution of the tec-
tonic lineaments developed at the northern border of
the Caltanissetta Trough is still an open, crucial issue
to complete the post-Tortonian regional tectonic pic-
ture of Sicily.

This paper focuses on the geometry of the structural
assemblages bordering the main depocentres located
along the northern border of the Caltanissetta Trough,
in central Sicily, in order to provide new geological
constraints to reconstruct the geometry, the kinemat-
ics and the tectonic evolution of the structures that de-
veloped along the eastward prolongation of the Sic-
anian Thrust Front and to establish their role in the
larger scale tectonic context of the Sicily collision belt.

Our study is based on the results of the detailed
(1:10000 scale) geological mapping of a vast region
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Figure 1. Tectonic sketch map of Sicily showing the main tectonic lineaments of the Sicily Collision Belt and the main tectonic
domains: 1 — European Crystalline Units; 2 — Numidian Flysch Nappe; 3 — Meso-Cenozoic African Units; 4 — Foreland sequences; 5
— front of the European Crystalline units; 6 — front of the allochthonous Numidian Flysch Nappe; 7 — thrust: the arrow indicates the
strike-slip component of the motion; § — strike-slip tectonic lineaments: the arrow indicates the sense of the motion; 9 — direction of
Nubia—Eurasia convergence (from Hollenstein ef al. 2003); 10 — contour lines of negative gravity anomaly (from 0 to —100 mGal)
of the Caltanissetta Trough (from Accaino ef al. 2011 modified); 11 — trace of schematic geological sections. STF — Sicanian Thrust
Front; KAL — Mt Kumeta—Alcantara Line; TL — Taormina Line. The inset portrays the E-W-oriented Nubia—FEurasia plate boundary
in the Western Mediterranean (from Serpelloni et al. 2007). The schematic geological sections (see map for location) are modified
from Catalano, Infuso & Sulli (1995) (profile 1) and Lentini et al. (1996) (profile 2).

of central Sicily (see Fig. 2 for location), including the
Messinian Corvillo and Mandre basins (CV and MA
in Fig.2) and the Plio-Pleistocene Centuripe Basin
(CE in Fig. 2). The new geological map highlights
the structural associations that developed during the
deposition of the distinct sedimentary sequences that
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filled these thrust-top depocentres, perched on the al-
lochthonous edifice.

Our study was also supported by the remarkable lit-
erature subsurface data (ViDEPI project, 2009-2016;
Bello, Franchino & Merlini, 2000; Maniscalco et al.
2010; Catalano et al. 2013b; Butler et al. 2015),


https://doi.org/10.1017/S0016756817000528

538

13°20'E

13‘:40‘E

14°00'E

S. CATALANO AND OTHERS

14°20'E 14°40'E

P g )

Sicanian Thrust Belt

IFlg 3

C
o

s
Napp;\

\‘4_-"‘"""--..1...-/

50 ltm

~ _—*——“_H““H_““WF

VWY

-37°40' N
Mt. Judica \
Thrust Belt
F37°20' N
F37°00' N

OROGENIC WEDGE UNITS

D Maghrebian units
deposits

l:] MNumidian Flysch Nappe
FOREDEEP UNITS

African palaeomargin Pli :
- o-Pleistocene foredeep
units E deposits

THRUST TOP BASINS

m Middle Pliocene-Pleistocene
deposits

Late Tortonian-Lower Pliocene

FORELAND UNITS

PIITTRrN CV = Corvillo Basin

Enna_03
Foreland: a) crust @ Borehole

b) carbonate cover

] Volcanics \ Sicanian Thrust
v | of Mt Etna Front

Quaternary [,
deposits

Messinian buried salts MA = Mandre Basin

CE = Centuripe Basin

Figure 2. Geological map of the Caltanissetta Trough. Dashed boxes refer to the study area including the Corvillo, Mandre and
Centuripe basins. In the map the Messinian buried salt deposits (from Decima & Wezel, 1971) and the deepest basin-depocentres,
represented by Corvillo (CV), Mandre (MA) and Centuripe (CE), are reported. Borehole data derive from ViDEPI project, 2009—

2016.

including some interpreted seismic lines and several
stratigraphic logs of boreholes.

2. Tectonic domains of Sicily

The Sicily collision belt derives from the positive tec-
tonic inversion of the previous rifted passive margin of
Africa (Mascle, 1979; Catalano & D’Argenio, 1982;
Ogniben, 1985; Roure et al. 1990; Tortorici et al.
2001), buried beneath the allochthonous nappes of the
Neotethyan accretionary wedge. A complete section
of the collision belt is now preserved in the offshore
of western Sicily (Catalano, Infuso & Sulli, 1995).
Along this transect (see profile 1 in Fig. 1), the SE-
verging thrust belt is composed of the allochthonous
units that are sandwiched between the Europe-derived
crystalline units, at the top, and the Meso-Cenozoic
carbonate units of the Africa palaeomargin, at the
bottom.

In the Sicily onshore, the E-W trends prevail, ow-
ing to the development of the Madonie—Nebrodi Axial
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Zone, at the hangingwall of the prominent Mt Kumeta—
Alcantara Line (KAL in Fig. 1) (Ghisetti & Vezzani,
1982, 1984; Renda et al. 2000; Gueguen et al. 2002), a
main dextral thrust ramp, bordering the entire north-
ern Sicily mountain belt. This main structure du-
plicates the entire Africa Crust with the overriding
Neotethyan allochthonous units (Sicilide Complex:
Ogniben, 1960; Lentini & Vezzani, 1978; Lentini, Car-
bone & Catalano, 1994 or Neo-Tethyan units: Roure
et al. 1990), cutting obliquely the lineaments of the
thrust and fold belt. At the hangingwall, the core of
the axial zone consists of a culmination of the African
palaeomargin units, capped by the Upper Oligocene —
Lower Miocene Numidian Flysch succession (Lentini
& Vezzani, 1974; Catalano & D’Argenio, 1982; Bian-
chi et al. 1987; Pinter et al. 2016).

In the footwall of the axial zone, the tectonic slices
of the Neogene—Quaternary edifice extensively crop
out. These external domains are mostly composed
of the Africa-derived units that culminate in west-
ern Sicily (Sicanian Thrust Belt of Fig. 1) and in
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eastern Sicily (Mt Judica Thrust Belt of Fig. 1). In the
intermediate region of central Sicily, the Caltanissetta
Trough represents a vast triangular-shaped depression
of the African palacomargin units that is clearly in-
dicated by an impressive negative Bouguer anom-
aly (Fig. 1). The Caltanissetta Trough hosts a huge
volume of allochthonous nappes, mostly consisting of
detached slices of the Numidian Flysch successions,
moved from their original African substratum, that
now form a SE-verging imbricated stack (Numidian
Flysch Nappe in Fig. 1; Roure ef al. 1990), tectonic-
ally overlying the deep-seated basinal sequences of the
Africa palaeomargin (see profile 2 in Fig. 1; Bianchi
et al. 1987, Bello, Franchino & Merlini, 2000). The
frontal portion of the Numidian Flysch Nappe (Gela
Nappe; Ghisetti et al. 2009) is emplaced on Lower
Pleistocene deposits on top of the carbonate succes-
sions of the African Foreland (Pelagian Block in Fig. 1;
Bianchi et al. 1987; Roure et al. 1990; Lentini, Car-
bone & Catalano, 1994). In western Sicily, the Gela
Nappe is interrupted by the E-W-oriented Sicanian
Thrust Front (STF in Fig. 1), carrying the Sicanian
Thrust Belt onto the inner portions of the Caltanissetta
Trough with a dominant dextral component of motion
(Monaco, Tortorici & Catalano, 2000; Tortorici et al.
2001). In eastern Sicily, the Gela Nappe extends to the
coastal area of the town of Catania (Torelli ez al. 1998;
Catalano, Torrisi & Ferlito, 2004).

The seismic lines across the Caltanissetta Trough
(Bello, Franchino & Merlini, 2000; Catalano et al.
20135 ) indicate that, beneath the Numidian Flysch
Nappe, the external part of the depression is floored
by the NW-dipping regional monocline of the African
Foreland, reaching a maximum depth of c. 7km at
the centre of the trough (Bello, Franchino & Merlini,
2000; Ghisetti et al. 2009). Thin-skinned imbricated
tectonic slices of the African passive margin mark at
depth the inner E-W-oriented northern margin of the
trough.

The analysis of the borehole logs (Ghisetti et al.
2009) indicates that the top of the African succes-
sion, buried beneath the Numidian Flysch Nappe,
varies in age from Serravallian, in the inner por-
tion of the trough, to Late Tortonian, in the external
areas.

At the surface, distinct sedimentary cycles, ranging
in age from Late Tortonian to Middle Pleistocene, were
deposited within the thrust-top depocentres perched on
the allochthonous nappes (Fig. 2; Roure et al. 1990;
Lentini, Carbone & Catalano, 1994; Di Grande & Gi-
andinoto, 2002).

The Sicily collision zone is interrupted, at the NE
corner of the island, by the southern edge of the
Calabrian arc (Taormina Line; TL in Fig. 1) (Scan-
done, 1979; Rossi & Sartori, 1981; Malinverno &
Ryan, 1986; Ghisetti et al. 1991; Catalano et al.
2012; Malinverno, 2012; Pavano et al. 2015). The
arc represents a fragment of the crystalline European
margin that is now emplaced at the trailing edge
of the Neogene—Quaternary lonian basin accretion-
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ary wedge (Rossi & Sartori, 1981; Polonia et al.
2011).

3. Caltanissetta Trough units

The Caltanissetta Trough is prevalently filled with the
succession of the Numidian Flysch Nappe, which is
now exposed in the main thrust ridges. It consists
of basal chaotic varicoloured clays, capped by the
Lower Miocene turbiditic deposits of the Numidian
Flysch. The sequence evolves to Middle Miocene pela-
gic marly clays, whose top is progressively younging
towards the SE, from the Serravallian to the Upper
Tortonian (Ogniben, 1960; Grasso et al. 1995). The
basal portion of the Numidian Flysch Nappe is mainly
made of pelagic Cretaceous—Lower Oligocene sedi-
ments, showing characters of a tectonic mélange with
a typical block-in-matrix fabric. The basal mélange
is usually exposed at the core of the major ramp-
anticlines. The Upper Oligocene — Lower Miocene
turbiditic sequence of the Numidian Flysch is rep-
resented by almost regular alternations of brownish
clays and yellowish quartzarenites, locally showing
extensive stratal disruption. The overlying Middle—
Upper Miocene marly clays are diffusely intruded by
mud-breccia bodies (Argille Brecciate units; Ogniben,
1954; Monaco & Tortorici, 1996) fed by diapirs de-
veloped from the underlying basal mélange and Nu-
midian Flysch broken formation.

The complete stratigraphic succession of the alloch-
thonous Numidian Flysch Nappe has been drilled, at
a maximum depth of ¢. 6800 m, by several boreholes
(e.g. Caltanissetta 01, Morello 01, Braemi 01, Calder-
ari 01, Enna 03 in Fig. 2; Field ViDEPI project, 2009—
2016) located in the inner portion of the Caltanissetta
Trough.

The thrust-top basins perched on the allochthonous
Numidian Flysch of the Caltanissetta Trough are filled
up by distinct syn-tectonic sedimentary cycles (Roda,
1968; Di Grande & Giandinoto, 2002).

The first cycle is widely distributed all over the Nu-
midian Flysch Nappe and ranges in age from Late
Tortonian to Early Pliocene. Its deposition matched
the progressive emplacement of the allochthonous Nu-
midian sequences on the African foreland sequence.
Along the inner portion of the Caltanissetta Trough,
the Upper Tortonian deposits consist of alluvial sand-
stones, clays and patch reef sediments of the Ter-
ravecchia Formation (Schmidt Di Friedberg, 1962) that
unconformably cover the internal successions of the
Numidian Flysch Nappe. In this area, the Upper Tor-
tonian deposits evolve to Messinian pre-evaporitic and
evaporitic successions (Decima & Wezel, 1971; Roveri
et al. 2008). The Messinian deposits form two dis-
tinct sequences, separated by a regional unconform-
ity. The lower sequence is made of evaporitic lime-
stones, gypsum and salts, while the upper one mainly
consists of gypsum horizons interleaved within pre-
valent detrital evaporites and coarse-grained clastic
deposits. Huge volumes of salts of the first cycle,
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concealed by the clastic deposits of the second cycle,
are preserved at the core of the main footwall synclines
of the thrust wedge (Lentini ef al. 1996) (e.g. Corvillo,
CV in Fig. 2; Mandre, MA in Fig. 2).

A few tens of metres of the Messinian succes-
sion, mainly represented by evaporitic limestones and
sulfur-bearing calcareous breccias evolving to lamin-
ated gypsum, rest on the ancient thrust ridges. The
Messinian successions of the Caltanissetta Basin have
been related to marginal basins with a relatively deep-
water (300—-1000 m) setting, in contrast to the se-
quences that were deposited in shallow-water condi-
tions, to the north of the Caltanissetta Trough, at the
foothills of the axial zone (Roveri et al. 2014). In the
more external domains of the Caltanissetta Trough, the
top of the Numidian Flysch succession dates back to
Late Tortonian time and, consequently, the base of the
unconformable deposits coincides with the Messinian
basal evaporitic limestones and gypsum.

The Lower Pliocene sediments consist of the marls
and the marly limestones of the Trubi Formation that
was deposited during the Zanclean flooding, success-
ive to the Messinian Salinity Crisis (Roveri ef al.
2008). The Trubi are spread all over the Numidian Fly-
sch Nappe.

A main regional angular unconformity, due to the
severe deformation of the Messinian—Early Pliocene
levels, marks the base of the regressive deltaic de-
positional sequences, ranging in age from Late Zan-
clean to Middle Pleistocene, that filled up the Caltan-
issetta Trough (Roda, 1968; Di Grande & Giandinoto,
2002) (Fig. 3). Each sequence consists of a proximal
clastic and bioclastic wedge, prograding onto the co-
eval distal pro-delta marls (Lentini et al. 1996). These
sequences were deposited during the progressive emer-
gence of the region, and the related coastal deposits
are now terraced at various altitudes on top of the al-
lochthonous units of the Caltanissetta Trough. A dif-
ferent geometry of the Plio-Pleistocene cycles char-
acterizes the region of the Centuripe Basin (CE in
Fig. 2). This depocentre, showing an E-W orientation,
is now isolated to the north of the Mt Judica Thrust
Belt. It remained almost fixed from the Zanclean to
the Piacenzian period, during which two distinct de-
positional sequences, including turbiditic sandstones
and marly clay levels, were trapped in a very narrow
and deep basin, rather than spread on the top of the al-
lochthonous wedge as in the rest of the Caltanissetta
Trough.

4. Geological outlines of the northern border of the
Caltanissetta Trough

The geological map of Figure 3 portrays the main geo-
logical features of the northern margin of the Caltan-
issetta Trough (see Fig. 2 for the location). The study
area focuses on the interference zone between the E—
We-oriented (N80-110°) tectonic alignments that de-
veloped along the eastward prolongation of the Sic-
anian Thrust Front and the ENE-trending tectonic
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features bordering the depocentres of the Corvillo,
Mandre and Centuripe basins. This region provides
good examples of the geometric relationship between
the distinct sets of tectonic features, with an excel-
lent stratigraphic record of the tectonic events from
Messinian to Quaternary times. In the examined re-
gion, ENE-trending fold and thrust systems deform
two main Messinian depocentres. To the west, the Cor-
villo Basin is filled with a thick Messinian succession,
including both the two superimposed evaporitic cycles.
The basal cycle consists of Lower Messinian (6.0—
5.5 Ma; Roveri et al. 2014) carbonates and gypsum
evolving to halite and K-salts; the second cycle is com-
posed of Upper Messinian (5.5-5.3 Ma; Roveri ef al.
2014) gypsum intercalated within prevalent mudstones
and gypsiferous sandstones. The Messinian succession
is now preserved in a triangle zone that developed
at the footwall of a major ENE-WSW-oriented back-
thrust system that carries the successions of the Nu-
midian Flysch Nappe of the southeastern margin onto
the depocentre of the basin. The primary geometry
of the back-verging structures is modified by a set of
WNW-trending, left-stepping dextral faults that dis-
sects the Numidian Flysch Ridge. To the south of this
shear zone, several SE-dipping back-thrusts, located
between the villages of Villarosa and Marianopoli,
are associated with conjugate, NW-dipping thrusts. In
the area of Villarosa, retrowedge and prowedge thrust-
ing defines a 3—5 km wide box-fold anticline. A very
thin Messinian succession, composed of the basal car-
bonates and gypsum levels, with the overriding un-
conformable Lower Pliocene marly-limestone levels
(Trubi Fm), drapes the anticline (stratigraphic column
1 in Fig. 3). To the north of the dextral shear zone, the
margin of the Corvillo Basin culminates in the area of
Mt Altesina, where a N-verging imbricated fan of the
Numidian Flysch succession is exposed.

The opposite margin of the Corvillo Basin consists
of an impressive ENE-WSW-oriented flexure that in-
volves the Numidian Flysch sequence together with the
overlying Upper Tortonian marls, the Lower Messin-
ian carbonate and gypsum evaporitic horizons and the
clastic deposits of the second Messinian cycle. The
flexure corresponds to the forelimb of a wide NE-
oriented, S-verging anticline, whose hinge zone runs
on the Tortonian horizons, cropping out in the region
from Marianopoli to Resuttano (Fig. 3). The attitude
of the Upper Tortonian — Upper Messinian horizons
clearly indicates the progressive closure of the fold
during deposition (cross-section A in Fig. 4; see Fig. 3
for location). The Upper Tortonian strata dip towards
the SSE with a subvertical attitude. The Lower Messin-
ian levels show an inclination of ¢. 60° and the Up-
per Messinian clastic levels dip with an inclination of
c. 50°.

Numerous boreholes of the Corvillo mine conces-
sion penetrate the Messinian horizons that infill the
basin, drilling more than 1500 m of evaporites in the
depocentral area. This value is mostly due to tectonic
duplications of the primary sequence that is pushed
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B). For location see traces in Figure 3.

by the back-verging southern margin and extruded
towards the northern margin (cross-section A in
Fig. 4). The profile, combining field data with the ro-
bust subsurface information, illustrates the geometry
of the deposits. The depocentre of the first cycle is
markedly shifted to the south, where the salts reach
their maximum stratigraphic thickness of ¢. 600 m
(stratigraphic column 2 in Fig. 3). The salts are largely
detached from their primary Lower Messinian sub-
stratum and form a series of imbricates that also in-
volve the overriding deposits of the second cycle. A
total displacement of c. 14 km has been estimated to
restore the primary geometry of the salt deposits on
their basal carbonates and gypsum levels. The depo-
centre of the second cycle is located at the base of the
northwestern border of the basin, where it reaches the
maximum stratigraphic thickness of c¢. 650 m (strati-
graphic column 3 in Fig. 3).

More to the east, the Messinian deposits of the Man-
dre Basin (see cross-section B in Fig. 4) are preserved
at the core of an overturned ENE-directed and NNW-
verging syncline that developed in the triangle zone
at the footwall of the back-verging ramp anticline of
the Numidian Flysch. Towards the northeast, the de-
pocentre progressively narrows, due to the intersection
with the E-W-trending fault segments of the northern
tectonic border of the Caltanissetta Trough. The Man-
dre Basin abruptly ends along a NW-oriented shear
belt, along which sheared lithons of the Upper Messin-
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ian succession are laterally displaced for c. 15 km to-
wards the southeast from the cut-off zone of the main
depocentre. Approaching the eastern edge of the basin,
the thrust ridge at the southern margin tends to bend
from the primary E-W trend to the NW direction, to
align to the bounding shear belt.

The hangingwall of the main back-thrust border-
ing the Corvillo and the Mandre basins represents the
primary physiographic boundary of the Pliocene suc-
cessions that have filled the thrust-top basins, in the
external sectors of the Caltanissetta Trough. The rel-
ics of the Pliocene cycles are now preserved in the
arca of Enna, at an elevation of ¢. 1000 m a.s.l., and
within the Centuripe Basin, from Leonforte to Cen-
turipe. The Zanclean and Piacenzian deposits of the
Enna succession (CARG Project, 1:50 000 Geological
Sheet 631 Caltanissetta, 2014) refer to shallow-water
clastic and bioclastic wedges, whose pro-delta facies
develops in the external-most sectors of the Caltanis-
setta Trough. A different geometry of the Pliocene suc-
cession characterizes the Centuripe Basin, where the
deposits of two distinct cycles were trapped in a very
narrow and deep basin, reaching a maximum thick-
ness of ¢. 750 m. The Zanclean—Lower Piacenzian
cycle (CARG Project, 1:50 000 Geological Sheet 624
Mt Etna, 2012), reaching a maximum stratigraphic
thickness of ¢. 600 m, is composed of pro-delta marly
clay facies evolving to turbiditic sandstone (Len-
tini et al. 1990). The overlying Piacenzian deposits,
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(Riedel shear model in the inset), referring to the dextral shearing along the shear zone, are shown.

which are preserved at the core of three distinct open
synclines, consist of bioclastic calcarenites in the area
of Leonforte—Assoro—Agira (Fig. 3) and quartz-rich
sandstones in the area of Centuripe. The deposits of
the Centuripe Basin conceal the northern margin of a
pre-existing Messinian depocentre, filled with Lower
Messinian sulfur-bearing calcareous breccias evolving
to laminated gypsum and the Zanclean pelagic marly
limestones of the Trubi Formation. This ancient basin
was bordered to the north by an E-W-oriented culmin-
ation of the Numidian Flysch Nappe, onto which the
Zanclean—Piacenzian levels onlap. The entire succes-
sion exposed along the southern border of the Cen-
turipe Basin, ranging in age from Messinian to Pi-
acenzian, is intruded by diapirs and sill-like bodies
of mud breccias that mark the tectonic contact of
the Numidian Flysch Nappe with the African palaeo-
margin units of the Mt Judica Thrust Belt (see also
Figs 1, 2).
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5. Strike-slip tectonics along the northern border of
the Caltanissetta Trough

In the study area, two main E-W-oriented alignments
of high-angle faults dissect the ENE-trending tectonic
features of the thrust belt. The northern border of
the Caltanissetta Trough is bounded by a roughly E—
We-oriented ramp thrust that developed on the pro-
longation of the Sicanian Thrust Front. At its east-
ernmost edge, in the area from Alimena to Nicosia,
this alignment terminates with a set of N80-trending,
right-stepping fault segments that interrupt the Man-
dre Basin (Fig. 5; see Fig. 3 for location). The detailed
structural analyses of this fault belt consisted of meso-
scale kinematic investigations of the fault planes, cut-
ting the Numidian Flysch and the Upper Messinian
clastic deposits, in seven distinct sites of measurements
(see Fig.5 for location). The collected kinematic
data indicate a prevalent dextral strike-slip motion on
both principal and secondary fault planes, ranging in
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orientation from N70 to N110. Two distinct sets of
faults, trending N70-80 and N100-110, respectively,
with rare N90 principal planes, can be distinguished. It
is noteworthy that the N70-80 surfaces show two dis-
tinct families of kinematic indicators, related to dip-
slip reverse motion and prevalent dextral motion, re-
spectively. Evidence of left-lateral motion character-
izes a set of N- to N40-trending secondary fault planes.
Our data are consistent with the geometry of an E—W-
oriented dextral shear zone, composed of N70-80 P
shear planes, N100—110 R shear planes and N0—-40 X
shear planes (see inset in Fig. 5).

More to the south, a set of en échelon tectonic fea-
tures indicate a well-defined E-W alignment that ex-
tends from the southern margin of the Corvillo Basin
to the area of the Centuripe Basin (Fig. 3). To the west,
this alignment consists of N120 left-stepping fault seg-
ments linked by N50 thrust ramps. The entire fault belt
terminates with a W-verging contractional horse tail
that developed southwards, from the westernmost tip
of the fault zone, in the region between Marianopoli
and Villarosa. At the intersection with the fault zone,
an impressive dextral displacement of c. 7 km affects
the thrust ridge at the southern margin of the Corvillo
Basin. Well-logs in this area (see profile A in Fig. 4) al-
low the reconstruction of a positive flower structure, af-
fecting horizons as young as Piacenzian. The fault belt
terminates to the east with a series of S-verging, N80-
oriented thrust ramps that form an imbricated stack to
the south of Assoro. On the eastern prolongation of
the fault belt, a series of right-stepping, en échelon,
N80-oriented synclines deform the Pliocene deposits
of the Centuripe Basin that show clear evidence of
syn-sedimentary deformation. A progressive angular
unconformity within the Piacenzian levels accommod-
ated the closure of the limbs, showing a maximum in-
clination of ¢. 35°.

6. Discussion and conclusions

The new detailed geological mapping of the northern
sectors of the Caltanissetta Trough, in central Sicily,
presents evidence of the geometry and the kinemat-
ics of the tectonic lineaments that have controlled the
evolution of the main Messinian and Pliocene depo-
centres of the region. The collected data provide sev-
eral new insights to complete the post-Tortonian re-
gional tectonic picture of Sicily. The field analyses
present evidence of the existence of two prominent E—
W-trending tectonic alignments that dissect the ENE-
oriented features of the thrust and fold belt. These E—
W-trending features consist of dextral shear zones that
overlap in a right-stepping arrangement. The two shear
zones developed on the prolongation of major tectonic
boundaries of culminations of the African palacomar-
gin units, breaching the overriding allochthonous ter-
rains of the Numidian Flysch Nappe. The northern
shear zone, controlling the margin of the Caltanissetta
Trough, is on the prolongation of the dextral Sicanian
Thrust Front (Monaco, Tortorici & Catalano, 2000;
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Tortorici et al. 2001), at the southern boundary of the
Sicanian Thrust System of western Sicily (Fig. 1). The
southern shear zone represents the westward prolong-
ation of the tectonic boundary between the Mt Judica
Thrust System and the Numidian Flysch Nappe. The
seismic lines across the southern shear zone (Bian-
chi et al. 1987) indicate that the sharp juxtaposition
of several thousands of metres of the Numidian Flysch
Nappe against the Meso-Cenozoic African succession
of the Mt Judica Thrust System corresponds at depth
to an abrupt change of the thickness and the magnetic
susceptivity of the crust.

In both cases, we can interpret the dextral shear
zones as the surface expression of wrench faults rooted
in the Africa Crust and imprinted on the overlying
Numidian Flysch Nappe. The two shear zones, thus,
started to cumulate dextral displacements on the Nu-
midian Flysch Nappe only from Late Tortonian time,
after the emplacement of the allochthonous terrains on
the African palaeomargin units. At the onset of the
dextral shearing, in the interference zone between the
two shear zones, the salt depocentres of the Corvillo
and Mandre basins developed. The origin of the two
basins was associated with a huge tectonic subsidence
in a very short time, causing a modification of the sed-
imentary setting, from the continental-shallow-water
conditions of Late Tortonian time (Schmidt Di Fried-
berg, 1962) to the deep (> 300 m) marine conditions
during Early Messinian time (Roveri et al. 2014).

Nevertheless, if compared with the results of ana-
logue models reproducing the surface geometry along
basement-controlled wrench faulting (Naylor, Mandl
& Sijpesteijn, 1986), the two dextral shear zones show
geometric features, denouncing a different stage of
evolution. The narrow and sharp northern shear zone,
consisting of fault segments sub-parallel to the main
shear plane, seems to be more advanced than the south-
ern one, whose en échelon arrangement of the tec-
tonic feature indicates an incipient stage of evolution.
This difference would suggest an eastward propaga-
tion of the strike-slip tectonics, from the northern to
the southern shear zone. Actually, the different geo-
metry of the two alignments could be alternatively ex-
plained, taking into account the post-Tortonian geolo-
gical history of the region, after the emplacement of
the Numidian Flysch Nappe on the African palaeo-
margin units, as summarized in Figure 6. In our re-
construction we propose a kinematic evolution of cent-
ral Sicily, due to the interference between the dextral
shearing, along E-~W-oriented alignments buried be-
neath the allochthonous units, and the thrust motion,
along thin-skinned ENE-trending thrust ramps within
the allochthonous overburden. During Early Messin-
ian time, the dextral motions along the two E—W-
oriented buried shear zones caused the propagation of
the structure towards the surface, through the overly-
ing Numidian Flysch Nappe. The strike-slip deforma-
tion induced the tectonic collapse of the interference
zone between the two structures, where the salt depo-
centres of the Corvillo and Mandre basins developed
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(Fig. 6a). During Early Pliocene time, the restacking of
the Numidian Flysch Nappe caused the extensive back-
verging emplacement of the southern margin of the
Corvillo and Mandre basins onto the depocentres and
the southward shifting of the active thrust-top basin,
along the Enna—Centuripe depocentres (Fig. 6b). The
thin-skinned thrust deformation moved the surface fea-
tures of the southern shear zone c. 15 km away from
the rooted wrench fault, while the northern shear zone
was still cumulating dextral displacements. During
Late Pliocene and Early Pleistocene times (Fig. 6c, d) a
new dextral shear zone developed at the surface, along
the Enna—Centuripe alignment, due to the propaga-
tion of en échelon features within the Numidian Fly-
sch Nappe resting on the basement wrench fault. This
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shear zone shows a different geometry, according to
the age of the involved deposits. To the west, where it
cut through the pre-Pliocene substratum and the depos-
its of the Zanclean—Piacenzian cycle (e.g. Enna area),
the shear zone shows a well-defined array of en éch-
elon fault segments. To the east, where the old shear
zone is buried beneath the Piacenzian cycle of the Cen-
turipe Basin, it appears as a set of en échelon folds.
According to the proposed model for central Sicily,
the dextral shearing along the E—~W-oriented wrench
faults could represent, since Late Tortonian time, a
permanent and dominant mode of deformation within
the inverted passive margin of Africa, interacting
with the southeastward sense of tectonic transport,
and affecting the overriding allochthonous units. The
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relatively young age of the shear zones imprinted in the
allochthonous terrains would thus refer to the propaga-
tion of helicoidal fault surfaces from the deep-seated
wrench zone through the piled up nappes, only after
their definitive emplacement, rather than represent the
evidence of an evolution from thrusting to strike-slip
deformation.

The reconstructed long-lived dextral shear zones of
central Sicily are part of a longer E-W tectonic align-
ment, characterized by impressive dextral displace-
ments, that crosses the central portion of the island,
as summarized in Figure 7. This alignment includes
the E—~W-oriented dextral thrust ramp of western Si-
cily (STF in Fig. 7; Monaco, Tortorici & Catalano,
2000; Tortorici et al. 2001), the two shear zones of our
study and the roughly E-W dextral strike-slip faults
cutting through the southern slope of Mt Etna and the
Ionian offshore of eastern Sicily (Monaco, De Guidi
& Ferlito, 2010; Bonforte ef al. 2011, 2013; Barreca,
Bonforte & Neri, 2013; Catalano et al. 2013a; Gross
et al. 2016).
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At a regional scale, the existence of this prominent
and almost continuous E-W tectonic feature is clearly
indicated, as well as in the case of the Mt Kumeta Al-
cantara Line, by the dextral lateral shifting of the major
tectonic domain of Sicily, reproduced in Figure 7.

This new kinematic picture is fully consistent
with the relative Nubia—Eurasia motion proposed in
Catalano er al. (2008), predicting a right-lateral mo-
tion, at rate of c¢. 1.7mm yr~!, along the E-W
direction.

Regardless, the new tectonic picture sketched in this
paper demonstrates the prominent role of the strike-
slip deformation in the kinematics that governed the
tectonic inversion of the Africa palaeomargin in Sicily.
This conclusion could open new perspectives to bet-
ter locate and define the tectonic lineaments of Sicily
that have accommodated the hundreds of kilometres
of lateral displacement caused by the Late Miocene—
Quaternary Tyrrhenian Basin opening and Calab-
rian arc migration, immediately to the north of the
island.
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