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A b s tra c t:  The N orthern  Sicilian-M aghrebian C hain  courses W -E  from  the T rapani M ts to the Peloritani M ts and 
is com posed by a set o f  tectonic units deriving from  the M iocene-P leistocene deform ation o f  the N orthern  A frican 
Continental M argin. Inside it three m ain geotectonic elem ents (“external”, Sicilide and “A ustroalp ine” ) are present 
and outcrop jux taposed  w ith a  W -E  trend. The external elem ent com poses the m ore w estern Trapani, Palerm o and 
W estern M adonie M ts, the Sicilide com poses the Eastern M adonie and N ebrodi M ts, w hile the “A ustroalpine” 
com poses the m ore eastern Peloritani M ts. The orogen show s a culm ination in the Trapani M ts and a  depression in 
the Peloritani Mts.

The m ain plicative  stages are relatable to late O ligocene-early  M iocene from  the m ore internal scctors, while 
the deform ation o f  the m ore external sectors starts from  early-m iddle M iocene.

The Sicilian chain  body is re-involved in tectonism  since late Tortonian, w hich persists until the recent time.
D uring this interval, the deform ation o f  the Sicilian C hain  continued by activation o f  fault system s w ith different 
displacem ents.

In the present paper, an im portant extensional tectonic stage is recognised, starting from  the Tortonian; it is 
supported by structural data and show s through several geological sections across the northern  sectors o f  the 
Sicilian orogen. T his deform ation is o f  exceeded w edge critical taper values, controls the early  stages o f  the 
Tyrrhenian B asin opening, and is represented by  low -angle fault system , producing tectonic om issions in the 
stratigraphic sequence.

The detachm ent fault system  is subsequently  displaced by a com plicated grid o f  P lio-Pleistoccne net- and 
strike-slip fault system  that controls the genesis o f  tectonic depressions in the northern off-shore areas o f  the 
Sicilian Chain. This neotectonic system  m ay be reconnect to a W -E  trending sim ple shear system , w hich controls 
the m ore recent Tyrrhenian  B asin developm ent.

K ey  w o rd s: extensional tectonics, late M iocene, Tyrrhenian  opening.

Manuscript received 2 August 1999, accepted 15 February 2000

INTRODUCTION

In many orogens the regional-scale Tertiary extensional 
deformation development is often controlled by the pres­
ence of pre-existing deformational structures; this has been 
described in many examples o f the external zones or the in­
ternal part o f the subductional and collisional systems. With 
respect to the collapse mechanisms that affect the more in­
ternal sectors of active margins or of the collisional orogens, 
there are frequent examples showing evolution o f belts o f 
different age conditioned by the development of extensional 
tectonic structures with different geometrical characters 
(e.g., Brewer & Smythe, 1984; Hossack, 1984; Cheadle et 
al., 1987; Constain & Coruh, 1989).

The low-angle extensional systems have frequent re­
gional trends, which run parallel to the pre-existing belt, and 
develop through the activation of first order flat surfaces,

mostly reactivating previous thrust horizons. Minor order 
listric high-angle faults link along these surfaces, causing 
widespread tilting of blocks (Jarrige, 1992). The combina­
tion o f low-angle decollements and high-angle faults give 
rise to ramp and flat geometries at every scale (Gibbs, 
1984a, b, 1989; McClay & Ellis, 1987; Ellis & McClay,
1988).

With regard to the low-angle extensional systems, some 
well-known examples came from the Basin and Range 
Province o f the North American Cordillera (Anderson, 
1971; Davis & Coney, 1979; Howard & John, 1987; Miller 
& John, 1988; Lister & Davis, 1989; Lucchitta, 1990; Yin & 
Dunn, 1992; Constenius, 1996), where the existence o f  very 
low-angle normal faults has been revealed (“detachment 
faults”; Davis et al., 1980; Davis, 1983; Davis, 1988; Davis
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& Lister, 1988) inside the Cenozoic sedimentary covers 
(Highly Extended Terrains), producing continental exten­
sion and the exhumation o f the Palaeozoic metamorphic 
substrate (core complex).

In the peri-Mediterranean areas, the Neogene extension 
is in places represented by low-angle fault systems, super­
imposed on previously deformed belts (e.g., Avigad et al., 
1997; Crespo-Blanc, 1995; Martinez-Martinez & Azanon, 
1997 and references therein); similar geometries appear also 
characterising the Jurassic Tethys continental margin (e.g., 
Froitzheim & Eberli, 1990).

The Apenninic-Maghrebides system represents an 
arch-shaped orogen located in the Central Mediterranean, 
affected by stretching in its inner part since late Miocene, 
related to the Tyrrhenian Basin formation (Malinvemo & 
Ryan, 1986; Patacca et al., 1992). This extensional tectonics 
is contemporaneous to compression, which moved toward 
the foreland sector o f the belt (Patacca & Scandone, 1989; 
Giunta, 1991).

Several examples o f  Neogene extensional deformations 
are known along the Apenninic chain. These represent the 
collapse evolution of the more internal zones, coaxial and 
opposite moving with respect to thrusting (Lavecchia et a l, 
1995), that have reactivated inherited thrust surfaces. The 
best known regarding the Apuane Mts core complex genesis 
(Carmignani & Kligfield, 1990; Carmignani et al., 1994) 
and the extensional areas o f the inner sector o f the central- 
southern Apennines and Calabria (Platt & Compagnoni, 
1990; Oldowe?^/., 1993; Ferranti et a l,  1996; Boccaletti & 
Sani, 1998), both interpreted as the consequence of the Tyr­
rhenian Basin “opening”. Also, Meletti et al. (1995) pointed 
out the main problems connected to the kinematic evolution 
o f the Tyrrhenian-Apenninic Chain couple: particularly, 
they analyse the relationships between the lithosphere and 
the astenosphere in the Northern Apennines, in the frame of 
the roll-back-like mechanism.

In Sicily, similar extensional deformations are poorly 
known; only Nigro (1998) recognised Plio-Pleistocene 
low-angle extensional systems, which developed on the 
Miocene tectonic edifice, while the recognised high-angle 
dip-slip systems, mostly characterising the Northern Sicily 
coastal sectors, have been generally ascribed to Plio- 
Pleistocene tectonism (i.e., Abate et a l, 1978).

In the present paper, with the support of field surveys, 
mesostructural analysis and several geological cross- 
sections, an important extensional tectonics has been recog­
nised since late Miocene, superimposed on the thrust tecton­
ics o f the inner Sicilian-Maghrebides. It is represented by 
low-angle fault systems with ramp-flat courses, in places 
producing extended tectonic omissions that have exposed 
large bands of Permian(?)-Triassic terrains in a younger- 
on-older configuration, and controlled the sedimentation 
processes in the internal sector o f the constructing orogen. 
The recognised shallow dipping detachment system on land 
changes in depth toward the north, where it involves deeper 
levels o f the chain crust. Extensional tectonics is repre­
sented by two main stages; the first one, o f late Mio­
cene-early Pliocene, gave rise the collapse o f the internal 
sector o f the constructing orogen, where clastic and evap- 
oritic sedimentation develops; the second, o f late Plio-

Fig. 1. Schem atic tectonic m ap o f  the C entral M editerranean

cene-Pleistocene, is expressed by a complicated grid of 
high-angle normal faults connected to a strike-slip system 
that controls the evolution of rhegmatic tectonic depressions 
in the northern mainland and its off-shore areas. The neotec- 
tonic system may be attributed to a W -E  trending dextral 
simple shear mechanism, representing the recent evolution 
o f the Tyrrhenian opening.

GEOLOGICAL FRAMEWORK

Mainland Sicily, located in the Central Mediterranean, 
represents a sector of the Maghrebian Chain, in which dif­
ferent structural domains can be distinguished, northward 
bounded by the Tyrrhenian Sea (Fig. 1).

The chain is overall represented by a W -E  trending 
thrust system progressively emplaced since early Miocene. 
The kinematic processes are expressed by the progressive 
foreland migration of foredeep-deformation front couple 
and o f the chain body, composed o f thrust and/or plastic 
nappes which in turn carry piggy-back basins. The gently 
deformed foreland outcrops in the south-east and western­
most Sicily mainland, and is widely inflected below the 
Sicilian-Maghrebian thrust system.

The chain front is today located in the Southern Sicily 
and its off-shore, where late Pleistocene deposits underplate 
beneath its toe region (so-called Gela Nappe; Beneo, 1961).

The main Maghrebides portion is located in the north- 
central sectors o f the Sicily mainland and is composed of 
three main kinematic elements: “external”, Sicilide and 
“Austroalpine”. These tectonic assemblages, today dismem­
bered and juxtaposed from west to east, belong to the Meso­
zoic African Margin and are derived from the deformation 
o f different domains and from a more and more clockwise
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rotation toward the east o f the tectonic units during the Ter­
tiary (Giunta, 1991). The “external” element outcrops in 
Western Sicily, from the Trapani Mts to the Madonie Mts, 
the Sicilide in the Nebrodi Mts, and the “Austroalpine” in 
eastern Sicily (Peloritani Mts).

The “external” element is composed o f a set o f tectonic 
units, deriving from the deformation o f Mesozoic to Terti­
ary successions, representing pelagic basins interposed be­
tween carbonate platforms. The deformation o f these suc­
cessions occurred between Miocene and Pliocene and is ex­
pressed by several tectonic units overthrust in ramp-flat and 
duplex style, progressively emplaced from north to south in 
a piggy-back sequence. The geometrical position o f these 
units inside the tectonic edifice could reflect the ancient 
palaeogeography (Giunta & Liguori, 1973; Scandone et al., 
1974; Catalano et al., 1978).

From the bottom, the “external” tectonic edifice is com­
posed of (Fig. 2B, D):

-  Saccense and/or Trapanese units (up to 1500-2000 m 
thick), composed of carbonate platform to pelagic carbona- 
tic deposits;

-  Imerese and Sicanian units (up to 1500 m thick), com­
posed o f pelagic carbonatic deposits. They outcrop in 
south-western Sicily and are represented by several emer­
gent thrust sheets, in places largely displaced;

-  Panormide Units (up to 1500-2000 m thick), com­
posed o f carbonate platform deposits;

-  Sicilide Units (up to 200-300 m thick), composed of 
mostly pelagic shales, with internal “chaotic” geometries, 
discontinuously outcropping between the Trabia Mts and 
the Madonie Mts.

The Panormide and Imerese successions start above a 
siliciclastic substratum o f Permian(?)-Late Triassic age 
(Mufara and Lercara fms), representing the bottom o f the 
outcropping Sicilian sedimentary multilayer.

During the Miocene compressional tectonics, foredeep 
deposits disconformably overlaid the carbonatic substrate 
(Giunta, 1985); the Oligo-Miocene foredeep deposits over 
the Imerese, Panormide and Sicilide units are known as the 
Numidian Flysch. These successions, today in places de­
tached from their substrate, widely outcrop in more south­
ern areas with respect to the Palermo Mts (from the eastern 
Sicani Mts to the eastern Sicilian-Maghrebides); in these ar­
eas the Numidian Flysch represents the outcropping covers 
o f the Imerese and Sicilide imbricate fan (Bianchi et al.,
1987). The foredeep deposits o f the more external tectonic 
units (Sicanian and Trapanese) are mostly represented by 
Serravallian marls.

An arenaceous-conglomeratic succession of the so- 
called Terravecchia Fm. unconformably outcrops over the 
early Miocene tectonic edifice. This is generally interpreted 
as a molassic deposit that post-dates the main “tectonoge- 
netic” stage o f the Northern part o f the Sicilian-Maghre- 
bides Chain (Broquet, 1968; Mascle, 1979).

The deformations affecting the tectonic edifice since 
the Pliocene are poorly analysed; they are often represented 
by net- and strike-slip faults system in the Northern Sicily 
hinterland, and by net- and dip-slip faults system, mostly 
characterising its coastal areas. Recently, Nigro (1998), 
Abate et al. (1998a) and Giunta et al. (1998) have analysed

the neotectonic brittle structures o f the Northern Sicily and 
framed them in a geodynamic context related to the Tyrrhe­
nian Basin development. Particularly, according to Ghisetti 
& Vezzani (1984), who interpreted the Kumeta and Busam- 
bra ridges as two positive flower structures related to Plio- 
Pleistocene dextral wrench tectonics, Nigro (1998) inter­
preted these structures as the tectonic upwelling o f the un­
derplated Maghrebides foreland, through a deep-seated 
transpressional fault system related to the Tyrrhenian Basin 
evolution.

FIELD DATA

In the Northern Sicilian Maghrebides Chain the main 
geometric characteristics are expressed by a complicated in­
terference pattern related to Miocene thrust tectonics, late 
Miocene low-angle extensional tectonics and a neotectonic 
high-angle net- and strike-slip fault system.

Thrust tectonics
Compressional tectonics is represented by several 

thrust sheets, characterised by frontal ramp anticlines. The 
general trending of plicative axial surfaces indicates an Af­
rica vergence o f the structures. The Miocene thrust surfaces 
generally dip towards NW in the Palermo Mts and towards 
the north in the Madonie Mts (Fig. 2D). There are no pop-up 
structures or back-thrust near the main ramp anticlines.

In the Palermo Mts, Panormide and Imerese foreland 
vergent thrust sheets largely overthrust on the deformed ex­
ternal shallow substrate through a very low angle flat 
(Catalano et al., 1998); here, thrust step-up geometries are 
characterised by a few degrees o f dip. Toward the external 
zones, the Sicanian stack of tectonic units replace the 
Imerese imbricate fan over the foreland deformed substrate; 
here the Sicanian stack links along a sole thrust and shows a 
more highly thrust step-up angle.

The deformed foreland is affected by an emergent 
thrust system in the more south-western Sicily (Sciacca 
Mts), where the step-up geometries are characterised by the 
very high values o f dip of the described chain transept. The 
regional monocline gently dips towards the Sicilian wedge 
by about 4°.

Low-angle extensional structures
The recognised low-angle extensional fault system af­

fects the Sicilian tectonic edifice between the Palermo and 
the Western Madonie Mts and is characterised by:

-  synthetic and antithetic ramp (listric) and flat geome­
tries, linking along extended flat (detachment faults);

-  younger-on-older configuration, represented by the 
mechanical contact between the Oligo-Miocene Numidian 
Flysch and the underlying PermianC?) Late Triassic Mufara 
Lercara fms, which in turn produces tectonic omissions;

-  ramp decollement-like, extensional duplexes and in 
places roll-over anticline geometries;

-  “chaos”-like structure (Wernicke & Burchfiel, 1982).
The detachment fault system mostly inverted previous

thrust and high-angle reverse fault surfaces. In places it is 
sutured by the Terravecchia Fm. molassic deposits and



84 G. G IU N T A  ETAL.

Fig. 2. A . Index m ap o f  the study area; B. Schem atic geological m ap o f  the Palerm o-M adonie M ts. 1 -  P lio-Pleistocene deposits; 2 -  
M essinian to early Pliocene deposits; 3 -  T erravecchia Fm. (late Tortonian); 4 -  Sicilidi units (C retaceous-early  Tertiary); 5 -  N um idian 
F lysch (late O ligocene-early  M iocene); 6 -  Panorm ide units (T riassic-O ligocene); 7 -  Im erese units (T riassic -early  O ligocene); 8 -  
M ufara-L ercara fins (Perm ian-T riassic); 9 -  T rapanese units (T riassic-early  M iocene); 10 -  S icanian units (T riassic-early  M iocene); C. 
Stereonet o f  m esostructural data regarding the recognized Lanfs system . The sites are show n in Fig. 2B; D. Schem atic structural section 
across the W estern  S icilian-M aghrebian Chain. For cross section, horizontal scale is equal to vertical

arched by neotectonic positive flower structures.
The limit o f the extension outcrops south of the Ku- 

meta, Busambra and Trabia-Termini Imerese Mts (Fig. 2B), 
with a W NW -ESE trending alignment; the extensional sys­
tem also shows displacement toward the Cefalu Basin.

The cross-sections o f Figs 3 and 4 show several exam­
ples o f extensional faults systems between the Palermo and 
Madonie Mts; they have been semi-quantitatively restored, 
even if  the widespread presence o f younger strike-slip faults 
cannot allow us a very well-defined balancement.

The listric course o f extensional fault surfaces is also 
expressed by tilting o f blocks, which show a high angle in­
side the M esozoic-Tertiary carbonates o f Panormide and

Imerese tectonic units, and a low angle inside the Numidian 
Flysch and Mufara-Lercara fms. Fault breccia, mostly along 
flat surfaces, is commonly present.

Extensional ramp faults in the Palermo Mts (cross sec­
tions A -A’ to C-C’ o f Fig. 3) and in the Trabia-Madonie Mts 
(cross sections D-D’ to H -H ’ o f Figs 3 and 4) induced tilt­
ing o f Jurassic carbonatic blocks o f Panormide and Imerese 
rock bodies and link along the older thrust surfaces (mostly 
bounding the bottom of the Mufara-Lercara fms). Accentu­
ated o f hangingwall tilting is in places revealed by roll-over 
geometries, as in the northern Palermo Mts (Mt Castellac- 
cio, Fig. 5) or in the Trabia Mts (Mt Famo near Caccamo 
Village, Fig. 6), where portions o f older tectonic units back-
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CROSS SECTIONS SEMI-QUANTITATIVE RESTORATION
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Fig. 3. Schem atic geological cross sections o f  the Palerm o-Term ini Im erese M ts. 1 -  Panorm ide units (M esozoic-T ertiary); 2 - N u m id -  
ian Flysch (late O ligocene-early  M iocene). Im erese units: 3 -  C retaceous-E ocene; 4 -  M iddle-Late Jurassic; 5 -  Early  Jurassic; 6 -  Late 
Triassic; 7 -  M ufara-Lercara fm s (Perm ian-T riassic). 8 -  T rapanese units (M esozoic-T ertiary); Tv -  Terravecchia Fm. (late M iocene). 
Cross sections show  only the m ain neotectonic strike-slip structures. H orizontal scale is equal to vertical

slide along thrust surfaces. The occurrence o f slickensides 
and other kinematic indicators reveals that the deformation 
is characterised by dip- and subordinately net-slip displace­
ments. The trend of these structures have a main peak of fre­
quency towards NW -SE and/or W NW -ESE in the Palermo 
Mts, swinging to E-W  in the Madonie Mts (Fig. 2C). The 
system overall gently dips toward N -NE, except in the Ku­
meta and Busambra Mts areas, where transpressional struc­
tures identified since the Pliocene (Ruggieri, 1966) have 
arched the extensional sole.

The listric ramp-flat extensional faults are superim­
posed onto a tectonic edifice and have inverted the older 
thrust surfaces. In the Palermo Mts (A-A’ cross section of 
Fig. 3) the extensional flat is located along the previous 
Panormide S. Nicola Thrust, while in the B-B’ and C-C’ 
cross-sections the extensional ramp system links along the

Imerese S. Cristina Thrust unit (Fig. 7). It outcrops in the Mt 
Grofone-Mt Gulino carbonatic massif, which is bounded by 
two important N E-SW  trending neotectonic left transcur­
rent structures. Reactivation o f older fault surfaces is dem­
onstrated by the superposition o f variously plunging slick­
ensides in the same fault scarp, as for example along the 
northern slope o f the Kumeta ridge and in the northern Pal­
ermo Mts. The inversion of previous thrust surfaces is also 
recognisable in the more eastern study sector, where the Mt 
S. Calogero and Mt Cervi thrust (Imerese unit) is reacti­
vated by extensional detachment (cross-sections D-D’ to 
H-H’ o f Figs 3 and 4).

In the Trabia and Termini Imerese Mts, extensional de­
tachments determinate tectonic omissions in the frontal por­
tions of the inverted older thrust (cross section B-B’ to D-D’ 
o f Fig. 3), as indicated by tectonic superposition o f the
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SEMI-QUANTITATIVE RESTORATIONCROSS SECTIONS
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Fig. 4. Schem atic geological cross sections o f th e  Palerm o-Term ini Im erese Mts. 1 -  Panorm ide units (M esozoic-T ertiary); 2 -  N um id- 
ian F lysch (late O ligocene-early  M iocene). Im erese units: 3 -  C retaceous-E ocene; 4 -  M iddle-Late Jurassic; 5 -  Early Jurassic; 6 -  Late 
Triassic; 7 -  M ufara-Lercara Fm s (Perm ian-Triassic). 8 -  Sicanian units (M esozoic-T ertiary); Tv -  Terravecchia Fm. (late M iocene); A V 
-  Sicilidi units (Argille V ariegate, C retaceous-E ocene). Cross sections show  only the m ain neotectonic strike-slip structures. Horizontal 
scale is equal to vertical

Oligo-Miocene Numidian Flysch over the Permian(?)-Late 
Triassic Mufara-Lercara fms, in a younger-on-older geome­
try. The main detachment fault, located between the Numid­
ian Flysch and the Mufara Fm. in the southern part o f the 
D-D’ and E-E’ cross-sections, becomes deeper in a ramp 
system in the northern part. Here, below the Imerese rock 
bodies o f the Mt S. Calogero Thrust (found the Trabia Mts), 
the main detachment fault cross-cuts the Mesozoic carbon­
ates of the Mt Cervi Thrust, recognised through shallow 
wells and geophysical data (Cusimano & Liguori, 1988). 
The semi-quantitative restoration o f the cross sections of 
Figs 3 and 4 indicates that the amount o f extension in these 
areas is valued at almost 25-30 kilometres.

An extended detachment is recognised in the Mt Raso­

locollo areas (cross-section F-F’ o f Fig. 4), where the Mu­
fara Fm. is widely covered by Numidian Flysch and Sicilidi 
units, through an extensional flat surface. Along it, there is a 
ramp surface (Scillato Fault, Fig. 8) that has displaced the 
Mt Cervi Thrust ramp anticline link, outcropping in the Cal- 
tavuturo area and determining a displacement of more than 
2000 m.

Ramp-decollement (Dahlstrom, 1970) is often observed 
near Mt Parrino; here, the Mufara Fm. supports remnants of 
Jurassic Imerese succession showing a hangingwall ramp­
like geometry (cross-section C-C’). This geometry also 
characterises the Northern Palermo Mts, inside the carbona- 
tic succession o f the Panormidi units (Cape Gallo, Fig. 9), 
and the southern Trabia Mts (near Vicari, Fig. 10).
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Fig. 5. Panoram ic view  o f  the Palerm o M ts, show ing north-dipping extensional ram ps linking along a flat shallow  depth located and the 
ro ll-over structures o f  M t C astellaccio. Pa -  Panorm ide unit (M esozoic-T ertiary); Im -  Im erese unit (M esozoic-T ertiary); Nu -  N um idian 
Flysch (Late O ligocene-E arly  M iocene)

Fig. 6. Panoram ic view  o f  the T rabia M ts, show ing north-eastern dipping extensional ram p set linking along the previous M t S. Ca- 
logero Thrust and the roll-over structures o f  M t Fam o. Extension produces the exposure o f  the geom etrically  deeper N um idian F lysch o f  
the M t Cervi Thrust footwall flat in the back  o f  ram p anticlinc. Im  -  Im erese unit (M esozoic -Tertiary); N u -  N um idian F lysch (Late O ligo­
cen e-E arly  M iocene)

S. C ristina  M t G ulino  N „

Fig. 7. Panoram ic view  o f  the southern Palerm o M ts, show ing north-eastern dipping extensional ram p set linking along the o lder S. 
C ristina T hrust surface. Im  -  Im erese unit (M esozoic-T ertiary); Nu -  N um idian F lysch (Late O ligocene-E arly  M iocene)

Fig. 8. Panoram ic view  o f  the M adonie M ts, show ing northern dipping extensional ram p set linking along an o lder thrust surface. 7V -  
Terravecchia Fm. (T orton ian-E arly  M essinian); Nu -  N um idian  F lysch (Late O ligocene-E arly  M iocene) and Sicilide unit (C reta­
ceous-T ertiary); Im -  Im erese un it (M esozoic-T ertiary); Sc -  Scillato Fault
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Fig. 9. M t Gallo decollem ent ram p inside the Panorm ide unit. 
Ts -  Triassic successions; Jr  -  Jurassic successions

These geometries are part o f more extended detachment 
faults, which thinned the multilayer through listric faults 
and extensional duplexes at several scales of observation, 
linking and inverting the most important flat horizons, lo­
cated along the bottom o f the Oligo-Miocene Numidian 
Flysch and the top o f the Permian(?)-Late Triassic Mufara- 
Lercara fms. Between Trabia Mts-Madonie Mts the Mufara- 
Lercara Fms are more than 2-3 km thick (Caflisch & 
Schmidt di Friedberg, 1967) and form an older compres- 
sional duplex stack in the Roccapalumba 1 and Lercara 1 
wells.

“Chaos”-like structures (Wernicke & Burchfiel, 1982) 
characterise several outcrops. Near Roccapalumba village 
(Fig. 11), discontinuous thin Mesozoic carbonatic remnants

Vicari M t B usam bra transpression  /o n e M t M isciotto

Tortonian unconform ity

Fig. 10. Ragalgioffoli decollem ent ramp. In the area the tectonic superposition in a younger-on-older geom etry o f  the N um idian Flysch 
over the M ufara-Lercara fm s is w ell visible. Low -angle extensional fault system  induces tectonic om ission, also represented  by  M esozoic 
rem nants outcropping near V icari V illage. O ver these structures, late T ortonian and M essinian deposits unconform ably outcrop. T hey are 
in places affected by younger low -angle extensional faults. In the background the W -E  trending M t B usam bra positive flow er structure is 
located, that have arched the southern low -angle fault system  lim it. Me -  M essinian evaporites; Tv -  Terravecchia Fm. (T orton ian-early  
M essinian); Nu  -  N um idian F lysch (Late O ligocene-E arly  M iocene); M l -  M ufara-L ercara fm s (Perm ian-T riassic); Tp -  T rapanese unit 
(M esozoic-T  ertiary)

M t R agiuraex tensiona l de tachm en t

Fig. 11. Extensional detachm ent system  outcropping near Roccapalum ba village. The tectonic setting is represented by  superposition o f  
N um idian F lysch over M ufara-L ercara fms, in an younger-on-older geom etry. A long the flat, rem nants o f  M esozoic carbonates are pres­
ent. Nu -  N um idian F lysch (Late O ligocene-E arly  M iocene); Ml -  M ufara-Lercara fms (Perm ian-Triassic); M z -  M esozoic rem nants

M t Bosco

Fig. 12. C haos structure affected M essinian evaporites near M t B osco (T rabia M ts). In places, extensional geom etries entirely  annul the
M essinian deposits inside the m ultilayer and are p robably buried  by  early Pliocene m arls (so-called Trubi). Tv -  T erravecchia Fm. (Torto-
n ian -E arly  M essinian); M e -  M essinian evaporites; Tb -  early P liocene m arls (Trubi)
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Fig. 13. C aracoli Fault, d isplacing  the back  o f  M t C alogero ram p 
anticline. Im -  Im erese succession, Nu  -  N um idian Flysch (Late 
O ligocene-E arly  M iocene)

are geometrically interposed between Numidian Flysch and 
Mufara-Lercara fms. Chaos structures are also recognised 
inside the Mesozoic Imerese carbonates and in the Messin- 
ian evaporites (Fig. 12).

The southern limit of the extensional system is shown in 
cross-sections B-B’ and C-C’ o f Fig. 3, where the younger- 
on-older geometry of the Numidian Flysch over the Mufara 
Fm. is stratigraphically covered by the Terravecchia Fm. de­
posits o f late Tortonian age.

The discontinuity in outcrop of the main detachment 
fault is related to the presence of the eastern prosecution of 
the Mt Kumeta and Mt Busambra transpressional structures, 
which has exposed the geometrically underlying external 
substrate.

In the coastal areas, the low-angle extensional fault sys­
tem is in places cross-cut by a higher angle normal faults, as 
in the Termini Imerese areas and in the Palermo Plain, 
where respectively the detachments inverting the Mt S. Ca­
logero, S. Cristina and Mt Dipilo thrust are displaced by the 
Caracoli (Fig. 13), Gibilrossa and Gratteri Faults.

In north-eastern Sicily and its off-shore areas exten­
sional faults o f late Miocene-Pliocene age are also recog­
nisable. On land, they are widespread in the coastal areas 
and again show listric geometries. In the example in Fig. 14 
an extensional faults fan displaced the Sicilidi and Numid­
ian thrust system (cross-section A-B) in the Nebrodi Mts, 
which has a wedge slope gently dipping towards the Tyrrhe­
nian Basin. In the coastal and submerged areas this fan links

along a basal detachment inside the geometrically inner­
most Peloritani units and also cuts deposits o f late Mio- 
cene-Pleistocene age (cross section C-D). From interpreta­
tions of MS 3 seismic line o f Finetti & Del Ben (1986) it is 
possible to reconstruct at least two main tectonic exten­
sional stages o f late Miocene-early Pliocene and Pleisto­
cene age.

The extensional regime characterising the sedimenta­
tion during this geological time is recognisable at different 
scales, from kilometric (Agate et al., 1993; Nigro & Sulli, 
1995) to hectometric, where growth faults are present inside 
the evaporitic deposits o f Messinian age and clastic deposits 
o f Plio-Pleistocene age.

Late Tortonian molassic tectono-sedimentary evolution: 
the example o f  the Scillato Basin

The Terravecchia Fm. deposits unconformably overlie 
the Panormidi and Imeresi tectonic units, as well as the ex­
tensional detachment geometries in some places. These de­
posits also mostly derive from the erosion o f the innermost 
tectonic units of the Sicilian-Maghrebian Chain (Peloritani 
units), the last today located in the north-eastern sector of 
the Sicily mainland and its submerged areas.

In the areas crossed by the geological section F-F’ the 
Terravecchia Fm. is well exposed (Scillato Basin), gently 
folded in a brachysyncline structure. It unconformably cov­
ers the Sicilide and Numidian successions and is formed by 
a group o f northward diachronous facies associations, 
which become younger towards the north. The sedimentary 
succession records environments from an alluvial fan to la­
custrine and marine (Abate et a l,  1998b; Fig. 15A) and is 
organised in three cycles. The age o f these deposits is be­
tween middle Tortonian and early Messinian; particularly, 
the lowermost portion o f the succession outcrops in the 
southern areas and is represented by an older and eroded 1st 
cycle, formed by marine sandy marls. Over it, the 2nd cycle 
unconformably starts with thick-bedded and disorganised 
conglomerates (Mt Riparato), representing subaerial allu­
vial fan deposits with upward decrease o f energy. This fa­
cies association mostly contains either quartz-arenites o f the 
Numidian Flysch or about 10% of metamorphic clasts, de­
riving from the more internal areas (Peloritani Mts). North­
ward the conglomerates interfingers with yellow thin and 
cross-bedded well-sorted sand-dominated deposits, locally 
containing channelled conglomerates and affected by syn- 
sedimentary northward dipping extensional faults. Abate et

Mt Sambughetti Mt Castelli

Pleistocene
deposits

□  Pliocene 
deposits

J upper Miocene 
------ deposits

the profile C-D is modified from Finetti & Del Ben (1986)

Mt Madonna della Neve 

w edge slope ^

Mt Pagano

j Numidian Flysch 111 j |[ Sicilidi units □  Peloritani units ̂

cl

Fig. 14. Schem atic geological cross sections o f  the N ebrodi M ts and its off-shore areas, show ing the p rosecution  tow ards the east o f  the 
extensional system s. In the subm erged areas the extensional system  show s listric ram ps linking along a  basal detachm ent. In these areas the 
fan is active since the late M iocene-early  Pliocene and displaced P leistocene deposits tow ards the m ainland progressively. H orizontal 
scale is equal to vertical
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Fig. 15. A. Geological section  across the M adonie M ts, show ing 
the Terravecchia Fm. (T orton ian -early  M essinian) facies associa­
tions. 1 -  P lio-Pleistocene deposits. Terravecchia Fm.: 2 -  shale 
com plex; 3 -  sandy com plex; 4 -  conglom eratic complex. 5 -  Si- 
cilide units (C retaceous-T ertiary); 6 -  N um idian Flysch (Late O li- 
gocene-E arly  M iocene); 7 -  Im erese successions; 8 -  M ufara- 
L ercara fm s (Perm ian-T riassic). B. T ectono-sedim entary evolu­
tion m odel o f  the area during  Late Tortonian. See text for further 
explanations

al. (1998b) interpreted these deposits as braided river pass­
ing to lacustrine-delta system. These facies associations 
change toward the north and to the high o f the succession in 
favour o f thick massive structureless mudstones, well ex­
posed near Mt Gracello, and are laterally replaced, toward 
the coastal areas, by grey calcareous mudstones and silt- 
stones with marine faunas. The mudstone complex may be 
related to lacustrine deposits evolving to marine shelf envi­
ronments and represents the top of the 2nd cycle, showing a 
proximal-to-distal trend.

Over it, at Mt Gracello, the topmost of the succession is 
represented by another conglomeratic deposit outcrops, 
composed mainly o f Numidian Flysch and Imerese-derived 
clasts and containing thin beds of Messinian evaporites in 
the topmost portion. Northwards it covers another sand 
complex (Mt Liste di Ferro) that may be interpreted as a flu­
vial sequence, covering the mudstones o f the 2nd cycle at Mt 
Bovitello.

According to Abate et al. (1998b), the overall Scillato 
2nd sedimentary cycles display a palaeoenvironmental evo­
lution from continental alluvial fan to shallow marine, while 
the 3rd cycle represents a change of palaeobathymetry, from

distal to proximal environments. These cycles may be con­
nected with changes of rate o f subsidence and/or amount of 
materials supplied.

The Terravecchia Fm. facies distribution implies that 
the sedimentation was generally controlled by syn- 
sedimentary extensional tectonic movements and a north­
ward migration of basement subsidence. In the Madonie 
Mts these “orogenic” clastic deposits are made o f clasts of 
more external rocks, show dispersal pathways (Jones & 
Grasso, 1995) and are organised from south to north in a 
coarsening-to-fining-to-coarsening upward trend.

Fig. 15B shows the hypothetical tectono-sedimentary 
evolution o f the Scillato Basin sedimentation, controlled by 
a “mobile” hangingwall block during the Tortonian exten­
sional stage. The facies distribution and the age o f rocks, 
younger northward, may be explained as the interplay be­
tween the footwall uplift and the Mt Cervi thrust-inverted 
detachment fault hangingwall subsidence, as generally pre­
dicted in the model o f Lister & Davis (1989) for sedimenta­
tion related to denudation processes. Uplift o f the footwall 
has its maximum rate in the Mt Rasolocollo area, where the 
master detachment fault become progressively more 
bowed-up, in consequence o f further detachment fault acti­
vation toward the innermost zones o f the constructing oro- 
gen. The subsidence of the hangingwall may be represented 
by two breakaway stages: the first produces the accommo­
dation space for the proximal-to-distal facies association 
and the increasing arching o f footwall during extension, 
which in the area controls the sedimentary processes related 
to the Terravecchia Fm. uppermost cycle. The development 
of footwall doming induces a further breakaway stage and 
subsidence towards the north during late Tortonian-early 
Messinian. Extensional tectonism affecting the belt during 
Messinian time is also recorded in the evaporitic deposits 
outcropping in the area.

Neotectonic lineaments
Along the coastal areas o f  Northern Sicily, N -S to 

N W -SE trending neotectonic morphostructures are recog­
nised (Abate et al., 1998a; Giunta et al., 1998), providing 
morphologic evidence o f a complicated grid o f net- and 
strike-slip faults (Abate et al., 1998a; Giunta et al., 1998; 
Nigro, 1998; Fig. 16). Mesostructural analysis reveals that 
this system is composed o f fault strands trending NW -SE, 
W -E e NE-SW ; the NW -SE and W -E  fault strands often 
show dextral displacements, while the N E-SW  trending 
system shows a left slip (Fig. 16). The NW -SE trending 
fault strands have an extensional net-slip component along 
the coastal sectors o f the mainland (Fig. 17), cut deposits of 
Plio-Pleistocene age in some places and connect along a 
W -E trending system, especially in the Kumeta and Busam- 
bra transpressional structures (Ghisetti & Vezzani, 1984) 
and their eastern prosecution.

The overall course o f transcurrent faults on land is cor- 
relatable with the off-shore structures (Abate et a l,  1998a; 
Giunta et al., 1998), particularly, along the submerged 
Northern Sicilian Chain they bound a group o f structural 
highs interposed between depressions. The submerged 
structural highs (Banco Scuso, S. Vito High, Palermo Rise) 
represent the prosecution o f the mainland coastal morphos-
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Plio-Pleistocene subsident sedimentation areas 

morphostructural highs in the shelf and coastal areas 

Plio-Pleistocene uplifting sedimentation areas

Fig. 16. Schem atic neotectonic structural m ap o f  N orth-W estern Sicily, show ing the m ain strike-slip faults and the related m orphostruc-

tructures. The tectonic depressions, filled by Plio-Pleisto­
cene clastic deposits, are interpreted by Mauz & Renda 
(1995), Abate et al. (1998a) and Giunta et al. (1998) as 
rhegmatic basin inside releasing bands, affected by inver­
sion tectonics during early Pleistocene (Tricart et al., 1990).

The neotectonic transcurrent fault system is still active, 
as documented by faulting in recent deposits and fault-plane 
solution o f earthquakes (e.g., Riuscetti & Schick, 1975; Mi- 
chetti et a l, 1992).
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DISCUSSION AND GEODYNAMIC 
IMPLICATIONS

Mainland Sicily and its off-shore areas represent a belt 
composed by a foreland, located in the Sicily Channel, and 
the chain bulk characterising the island to the Tyrrhenian 
(Fig. 20A). The orogen is affected by an extensional regime 
with effects from Northern Sicily.

During the Miocene, the constructing Sicilian-Maghre- 
bian chain is characterised by a chain body-foredeep couple 
migrating towards the foreland, progressively incorporating 
syn-orogenic deposits (Numidian Flysch and Serravallian 
deposits), which in turn carried piggy-back basins. Thrust 
tectonics is characterised by superposition o f tectonic units 
over a gentle chain-dipping foreland, underplating below 
the basal detachment horizon as a passive footwall (Nigro, 
1998).

The extensional structures recognised inside the North­
ern Sicilian-Maghrebian tectonic edifice overall dip towards 
the inner sectors of the orogen, mostly decoupling the inner 
tectonic units. They are unconformably overlaid by the Ter- 
ravecchia Fm. of late Tortonian age and displaced by Plio- 
Pleistocene high-angle net- to strike-slip fault systems. This 
system, constituted by detachment faults that in places reac­
tivated previous thrust surfaces, involves shallow portions 
of the outcropping chain building, from the Northern Sica- 
nian Mts. It has a NE direction o f displacement, towards the 
Cefalu Basin, in which subsidence starts beginning from 
Messinian, achieving it maximum rate during the Pliocene 
(Wezel et al., 1981). Offshore, the low-angle extensional 
system is bounded by a more northward-dipping orogen- 
parallel fault system, linking to a shallow crustal necking 
level (Pepe et al., 1998). Other examples of listric exten­
sional systems linking along a several km deep decollement 
horizons are also recognised in the Sardinia Channel and in 
the Western Tyrrhenian areas (Finetti & Del Ben, 1986; 
Torelli et al., 1992).

Fig. 18. Several topographic sections show ing the present-day 
w edge slope o f  Sicily. See text for further explanations. H orizontal 
scale is equal to vertical

The start o f this important tectonic phase, producing 
several tens o f kilometres o f extension, is ascribed to early 
Tortonian and is related to the collapse processes of the 
more internal constructing chain, as a consequence of ex­
ceeded values o f critical taper.

In the orogens deriving from continental collision, re­
gional elevation (topographic slope) is expressed in cross- 
section by the line envelopment o f the main ramp anticline 
crests. These wedge-shaped geometries are based on Cou­
lomb’s theory, as discussed by Davis et al. (1983) and Dah- 
len et al. (1984), based on non-cohesive or cohesive thrust 
belts. Several numerical models (e.g., Willet, 1992) indicate 
that the wedge slope surfaces, more or less corresponding to 
the line envelopment o f ramp anticline crests, dip toward the 
foredeep and that the rheologic properties of wedge control 
the rate of angular parameters o f critical taper (defined by 
the P basal decollement and a  wedge slope angle sum; Platt, 
1986), and in consequence the stability o f the system. The 
Coulomb wedge is also characterised by properties p (den­
sity o f wedge materials), So (cohesion), |J, (internal friction 
coefficient), X (Hubbert-Rubey, 1959 fluid pressure ratio) 
and % (strength ratio). A,* and u/, (Byerlee’s law, 1978) also 
represent A. and Li along the basal decollement (Davis et al., 
1983; Dahlen et al., 1984). Other factors that affect critical
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Fig. 19. A. C hart show ing the step-up thrust setting in the W est­
ern Sicily Chain. B. Theoretical step-up and topographic slope set­
ting in a fold-and-thrust belt. See text for further explanations

taper are erosion and synchronous sedimentation o f the top 
o f the wedge and underplating material at the base of the 
wedge (Dahlen & Suppe, 1988; Roure et al., 1990). An in­
crease of basal friction induces both an increase o f thrust 
fault spacing (and o f thrust length) and o f the wedge taper 
(Huiqi et al., 1992), in an overall uplift-like process. If the 
wedge taper becomes too large (supercritical) with regard to 
its basal strength (basal weakening), it may deform in exten­
sion to reduce the wedge taper, with the exception of the toe 
region, which may contemporaneously remain in compres­
sion if  accretion continues (Howell, 1984; Willet, 1992). As 
discussed by Dahlen et al. (1984), for non-cohesive subma­
rine accretionary complexes and fold-and-thrust belts, the 
low internal friction coefficient (|i) is the effect o f an in­
crease o f the Hubbert-Rubey basal fluid pressure ratio (Xh). 
Increasing X,b lowers the critical stability realm enough for 
the wedge to be on the verge o f extensional failure. For the 
author, if  Xb continues to increase even further, the wedge 
will thin and subside in the back by gravity spreading.

In Eastern Sicily, Adam (1996) applies the wedge criti­
cal taper model to explain the frontal accretion of the wet 
orogen in the late Miocene-Pleistocene (mostly composed 
o f plastic nappes), with in places contemporaneous opposite 
extensional tectonic stresses in the inner portion o f the 
wedge, caused during middle Tortonian by the joining of 
supercritical taper values (a  + p about 6° versus about 
3.5^4° o f estimated critical taper values). For the Tortonian 
interval, he assumes p to be equal to 2500kg/m3, |i equal to
0.85, X equal to 0.6 (wet), Xb ranging from 0.6 to 0.8 and |Xb 
ranging from 0.3 to 0.45 (weak base).

The present-day large spacing o f the inner Western Sic­
ily tectonic units appears to be the result o f extensional pro­
cesses through the recognised detachment system. The 
semi-quantitative balancement o f cross-sections indicates 
that the Miocene tectonic units may be less length, but still 
characterised by large spacing and high step-up thrust val­
ues towards the inner zones.

From the morphostructural point o f view, the inner tec­
tonic units o f the Maghrebian Chain outcropping in the 
Northern Sicily mainland generally have a lower altitude 
than the more southern reliefs, where the geometrically 
deeper Sicanian tectonic units, the foredeep successions of 
the Numidian Flysch and the Terravecchia Fm. outcrop. In 
this area the regional elevation corresponds to the Miocene 
thrust fronts, characterised by ramp anticline geometries, 
which in turn are displaced in the back by extensional fault 
systems with Tyrrhenian immersion. The topographic pro­
files transversal to the chain trend (A-A’ to H-H’ o f Fig. 18) 
show a wedge slope (a  angle) dipping towards the more in­
ternal zones o f the Sicilian Chain, between the Sicanian Mts 
and the Northern Sicily coastal areas and the off-shore, 
where several strongly subsiding submarine tectonic de­
pressions (Trapani, Castellammare, Palermo, Cefalu Ba­
sins; Wezel et al., 1981) are located. These basins have a 
depth up to 2000 m below sea level and are filled by
500-1000 m thick o f clastic Plio-Pleistocene deposits. They 
represent the clastic sedimentation area of the Southern Tyr­
rhenian Border, superimposed onto the Apenninic-Maghre- 
bian orogen, thinning since the Tortonian (Selli, 1985; 
Wezel, 1985). The wedge slope plunges toward the external 
sectors, about of 3°, from the Sicani Mts to the Sicily Chan­
nel Maghrebian Foreland (profiles I-F and L-L’ o f Fig. 18).

Summarising the field data set and the seismic interpre­
tation o f Catalano et al. (1998), the internal geometry o f the 
Sicilian deformational wedge is constituted by foreland- 
vergent thrust surfaces, showing a less and less northward 
plunging from the external to the internal zones and a basal 
decollement plunging from about 2° to 4° (p angle) toward 
the hinterland (Fig. 19A), where it is located at shallow 
depth beneath the Palermo Mts. This arrangement is in con­
trast with the theoretical models which predict the develop­
ment of thrust wedges (Huiqi et al., 1992), where the overall 
foreland-vergent thrust 8 step-up angles (Dahlen et al., 
1984) increase towards the inner zones (Fig. 19B). This 
would be a consequence o f the passive back rotation con­
nected to the progressive nucleation o f thrust in the footwall 
and therefore to the progressive development o f the Cou­
lomb wedge. Furthermore, the observed large superposition 
of the inner main foreland vergent tectonic units in the
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Western Sicily Belt (and the large spacing of thrust faults) 
and the lack of back-thrust in the ramp region, suggest a 
high basal friction o f the wedge and in origin a highest 
plunge angle of thrust towards the inner zones (as theoreti­
cally predicted by Huiqi et al., 1992), allowing the possible 
excess of critical taper values, as estimated in Eastern Sicily 
by Adam (1996), and a high ( a  + P)/A,* ratio. The high basal 
friction o f the Sicilian wedge may also be supported by the 
large spacing of the inner tectonic units and its “non- 
asymptotic” step-up geometry with respect to the basal de- 
collement beneath the Palermo Mts, as shown by the seis­
mic interpretation of Catalano et al. (1998).

The present-day setting o f the thrust angular variation, 
more reduced toward the inner zones, may thus be inter­
preted as the result o f the collapse of the tectonic edifice, 
following wedge thickening by folding and imbrication. 
Thrust tectonics may have steepened the wedge top and in 
consequence the palaeo-topographic elevation; the exces­
sive values of critical taper may have characterised the 
Sicilian-Maghrebian wedge during late Miocene and the 
consequent collapse o f its inner sector through the activa­
tion o f an extensional fault system with Tyrrhenian ver-

gence, expressed by the overall backslide o f the inner Sicil­
ian tectonic units. This collapse coincides in age with the in­
stantaneous and accentuated rotation vector of the Africa 
motion (phase 5 onset of Dewey et al., 1989).

The recognised detachment fault systems, may overall 
represent the low-angle extensional shear zones displacing 
the shallow portion o f the emergent inner Sicilian- 
Maghrebian Chain since Tortonian. The extensional system 
also represents a “thin-skinned” movement limit, probably 
linking along the sole thrust in the inner zones o f the sub­
merged belt, where it shows an overall bowed-up geometry, 
and that prosecutes toward the Central Tyrrhenian with ef­
fect from the northern coastal sectors. Here it progressively 
changes in deepening into the chain root to connects in a 
more extended heterogeneous lithospheric stretching sys­
tem under a simple shear regime (Fig. 20A).

On land, the shallow-dipping detachment fault system 
is characterised by brittle shear, while in the off-shore areas 
the shallow necking level recognised by Pepe et a l (1998) 
may represent a change in characteristics o f shear zone from 
brittle to ductile.

The model for crustal stretching proposed by Wemicke



EX TEN SIO N A L TEC TO N IC S, N O R TH ER N  SICILY 95

(1981, 1985; Fig. 20B) predicts the development o f thin- 
skinned basin induced by a low-angle shear zone gently dip­
ping inside the crust. The extension is accommodated by 
thinning and affects the lower crust and mantle, as well as 
the initial tectonic uplift and erosion o f the “discrepant 
zone”, where beneath the astenosphere is affected by cool­
ing processes. The discrepant zone is subsequently charac­
terised by thermal subsidence, restoring the crust to its ini­
tial level. According to the model o f Wernicke, the detach­
ment faults systems recognised in the emergent north­
western Sicilian Belt may have produced the overall arching 
during the collapse of the thrust pile, while the late Torto- 
nian Terravecchia Fm. molasse may represents the syn- 
tectonic thin-skinned basin fill (Fig. 20C), unconformably 
covering the incipient extensional allocthons. These depos­
its may result of the erosion of the collapsing inner zone of 
the constructing orogen, related either to the “proximal” 
Wernicke zone or to the uplifting zone. The heterogeneous 
crustal stretching may have progressively affected more and 
more deeper crustal levels toward the root zones of the 
chain. In the lower crust and mantle the ductile stretching, 
accommodating the same amount o f extension o f the chain 
above its sole thrust, taking the start at cooling processes 
(thermal event), as the effects o f the progressively further 
mantle upwelling. In this way, the stretching o f the inner 
chain portions may have induced a thermal re­
counterbalancing of its root, while the upwelling o f the 
mantle may have primed roll-back mechanisms o f the sub­
ducted African lithospheric slab, as a consequence of insta­
bility o f the downgoing asthenospheric flow.

The uplift o f the crust-mantle boundary (Giese & Reut- 
ter, 1978; Schutte, 1978) may be related by a combination of 
bowing upward of the chain body (footwall plate of Wer­
nicke) and the result o f ductile attenuation o f the lower part 
of the lithosphere beneath the Southern Tyrrhenian Border. 
The Sardinia shelf may thus be interpreted as an upper plate 
“large faulted blocks chain”, located in the distal side “core 
complex” o f Wernicke (1981, 1985). The latter coincides 
with the Tyrrhenian Basin.

The Plio-Pleistocene basins located along the Northern 
Sicilian shelf slope represent the Southern Tyrrhenian mar­
gin and connect the emergent orogen to the abyssal plain, 
were the Moho is less than 9 km in depth (Finetti & Del 
Ben, 1986; Fig. 20A). The connection is realised through a 
faults escarpment dipping northward and linking along the 
shallow necking level o f Pepe et al. (1998), while towards 
the Sardinia Shell' faults escarpment south-eastern and east­
ern dipping has been recognised (Wezel et al., 1981; Selli, 
1985; Wezel, 1985; Finetti & Del Ben, 1986), linking along 
a deeper necking level (about 25 km depth; Spadini et a l,
1995).

This Moho course in the Tyrrhenian and peri- 
Tyrrhenian areas fits well with the simple shear stretching 
model of Wernicke, in which the opening of the upper plate 
is asymmetric. Also, the recognised extensional detachment 
system affecting the inner Sicilian Chain since Tortonian 
changes in deepening with effect from the northern coastal 
sectors, where it shows an overall bowed-up geometry The 
bowing-up o f the Northern mainland orogen may be sup­
ported by the shallow depth o f  the underplated foreland. It

indicates a low (3 angle o f wedge beneath the inner thrust 
pile, also characterised by the low steep-up thrust angle of 
Panormide and Imerese units already described. In the pres­
ent model, the basal decollement downbending during late 
Miocene, as a sinking o f the lithospheric slab (Patacca & 
Scandone, 1989; Giunta, 1991), may be partly isostatically 
“re-equilibrated” below the Sicilian emergent Belt (thin- 
skinned zones of Wernicke) through the overall back-wedge 
bowing-up during extension, as suggested by seismic data 
of Catalano et al. (1998). The “isostatic re-equilibrium” 
may be related to the roll-back processes o f the lithospheric 
slab, in the hypothesis of a viscous-elastic behaviour of the 
African continental plate.

The Plio-Pleistocene Tyrrhenian opening could be in­
terpreted as the consequence of the further thermal subsi­
dence of these areas and therefore the effect of the evolution 
of an extending orogen. In its Sicilian-Maghrebides more 
external zones, the a  and/or (3 exchange and erosion during 
bowing-up isostatic adjustment cause the wedge to become 
subcritical and, according to Adam (1996), encourages re­
newed deformation in the toe (Gela Nappe). The Plio- 
Pleistocene thrusting related to the return o f subcritical ta­
per values is also expressed by out-of-sequence and breach­
ing mechanisms in the Sicilian Belt, as well as in the South­
ern Apennines (Patacca & Scandone, 1999).

During this time, a further increasing of the counter­
clockwise Africa motion (Dewey et a l, 1989) induces along 
the Southern border o f the Tyrrhenian (more and more ro­
tated along a W.E direction) a progressive activation of the
W -E  trending simple shear-related Riedel system, produc­
ing the grid of neotectonic strike-slip structures in the north­
ern Sicily mainland and in the surrounding submerged 
thinned orogen. The strike-slip system, organised in differ­
ent orders o f restraining and releasing bends, controls the 
evolution of the submerged Plio-Pleistocene basins, 
bounded by a horsetail splay transtensional system (Abate 
et al., 1998; Giunta et a l,  1998; Nigro, 1998). The Plio- 
Pleistocene transpressional regime, counteracting the Tyr­
rhenian spreading, characterises the central Sicily areas, in 
which the main effects are represented by the positive 
flower structures of the Kumeta and Busambra ridges, cut­
ting and arching upward the previous detachment systems. 
The evolution o f rhegmatic tectonics during late Plio- 
cene-Pleistocene is also represented by high angle dip-slip 
faults systems in the Northern Sicily coastal areas that dis­
place the older extensional faults and are related to the over­
all further W -E  trending uplift o f the orogen.
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