AL A

ILL record updated to IN PROCESS
Record & of 14

ILL pe e Record 14 of 14

CAN YOU SUPPLY ? iYE@} NO COND FUTUREDATE
¢ TLL: 4050191 T TTiBorrower: JNA :Reghate: 20030220 :NeedBefore: 20030707
:Status: IN PROCESS 20030220 :RecDate: :RenewalReq:
:OCLC: 46116%0 :source: Clio :DueDate: :NewDueDate:

:Lender: *IAOQ,IAZ,S0T,0IU0,ULU

:CALLNO:  *lender's QCLC LBR: Z2- 1980~ non-circ

:TITLE: Journal of petroleum geology. occle 046116%0

:IMPRINT: [Beaconsfield, FEng., Scientific Press]

:ARTICLE: Tortorici, L. "Timing and modes of deformation in the western
Sicilian thrust system, southern Italy”

:VOL: 24 sNO: 2 1DATE: 2001 :PAGES: 191-211

(VERIFIED: QCLC IS8S8N: 03141-6421 [FORMAT: Serial]

:PATRON: heinzel, chad

:SHIP TO: NIU Libraries
T i e
Dekall IL USA 60115

TBILL TO: Same

:SHIP VIA: US Mail (MAXCOST: $25.00 TFM
:COPYRT COMPLIANCE: CCG '
:FAX: (815) 7H3-2003 Ariel 131.156.159.48

:E-MATL: illdept@niu.edu

:BORROWING NOTES: oclce 04611690

:LENDING CHARGES: :SHIPPED: :SHIP INSURABNCE:
:LENDING RESTRICTIONS:

:LENDING NOTES:

:RETURN TO:

:RETURN VIA:



£

Jeurnal of Petrolowm Geology, vol.24(2), April 2601, mé 191-281 191

r§"_§®§§ﬁl§ AND MODES OF DEFORMATION IN THE
WESTERN SICILIAN THRUST SYSTEM,
- SOUTHERN ITALY :

L. Tortorici®", €. Monaco®, 8, Mazzoli** and M. Bisnca™

Imbricate units in the western Sicilian fold-and-thrusi belt originated on the southern
continental margin of Neotethys, and were deformed during the Neo gene-Recent in response
to convergence between the African and European Plates. Neogene-Pleistocene syn-
orogenic sediments, deposited in flexural foredeeps and satellite piggy-back basins, contain
a record of the belts evolution. Progressive migration of the thrust froni southwards into
the foreland has been documented, beginning in the Tortonian and continuing to the present-
day particularly in western parts of the belt. In the castern part, activity on Quaternary
strike-slip fault zones has produced asymmelric, flower structures and other interference
structures. _

In this paper, we present iwo regional sections dcross the western Sicilian foreland-
thrust belt sysiem. These structural cross-sections extend down as Sar as the top of the
Hercynian basement and integraie our field observations with previously-acquired well
log, magnetic and seismic data. We show that conplex interactions between the foreland-
migrating thrust helt, which developed between the Late Miocene and the Pleistocene, and
Pleistocene strike-slip faults led o the development of structural traps which constitufe
potential targets jor hydrocarbon esploration. :

INTRODUCTION

The Sicilian fold-and-thrust belt is a generally east-west striking segment of the
Apennine-Maghsebian orogenic belt (Fig. 1) which formed in response to Late Cretaceons-
Quaterpary, NNW-SSE oriented convergence between the African and Furopean Plaies
(Dewey er al., 1989; Mazzoli and Helman, 1994). The fold-and-thrust belt is divisible into
a series of steactural units which were acoreted during the Palacogene-Neogene, and which
were later thrust southwards over a carbonate platform in the Pelagian foreland. Four
major structural units can be recognized in Sicily (Fig. 1):

*Dipartimento di Scienze Geologiche, Universita degli Studi di Catania, Corso Ttalia 55,
95129 Catania, ltaly.

" author for corvespondence: tortoric@mbox.unict.it
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(i) The uppermost unit, the Calabride Complex (Ogriben, 1960), is made up ol crystaltine
rocks which originated on the European margin of NeoTethys. The complex is éxposed in
NE Sicily and forms the southern part of the Calabrian Arc (Ogniben, 1973; Bouillinet al,
1986; Monaco and Tortorici, 1993). _

(ii) Below this lies the Sicilide Complex (Ogniben, 1960) which is composed of astack
of altochthonous units. Despite the absence of ophiolites, this complex has been interpreted
as the remnant of an accretionary wedge which developed during subduction of MeoTethyan
oceanic crust (Ogniben, 1985, Rowre ef al., 1990; Monaco and Tortorics, 1995). Gligo-
Miocene turbidites (Wezel, 1974) interpreted as fore-arc and trench deposits (Numidian
Flysch) are included. _

(iii) The fowermost structural complex comptises Mesozoic-Palacogenc carbonates
derived from the southern (African) margin of NeoTethys. These carbonates were deformed
diring the Neogene, and at the prosent day form the thickest and most dotninant teetono-
stratigraphic unit in the Apennme-Maghrebian thrust system {Catalano and D' Argenio,
1978: Mascle, 1979; Catalano, 1998).

(iv) The frontal part of the orogenic belt is composed of a post-Tortonian aceretionary
prism more than 3,000-m thick (Grasso ef al., 1995; Lickorish ef al., 1999). This involves
the entire sedimentary cover of the African margin and is made up of pelagic deposits
(Roure et al., 1990; Monaco and Tortorici, 1996).

 Mesozoic platform carbonates derived from the southern margin of NeoTethys have been
the principal target for hydrocarbon exploration in Sicily since the 1950s. The first commetcial
discovery, made by AIFPCo in 1953 while drilling ncar an asphalt quarry, was the Ragusa
oilfield located in the Hyblean Plateau, SE Sicily. Large, decply-buried antiformal traps in
the Triassic-Liassic carbonate foreland succession became targets for exploration in the
1960s resulting in imporiant discoveries such as Gela, offshore southern Sicily. The principal
souroe rocks in these oilfields are Lower Liassic euxinic argillites and carbonatic turbidites.
Lxploration of this play progressed in the 19805 with the benefit of improved seismic
techniques, but few important discoveries were made and since 1990 drilling activity has
more or less ceased. '

However, significant discoveries have been made in the last two decades by AGIP in the
Southern Apennines, where deeply-buried Mesozoic carbonaies are exploration fargets.
These carbonates include both source rocks (Norian laminated bituminous dolomites and
Cenomanian intra-platform lagoonal micrites: Katz ef al, 2000) and reservoir intervals
(Upper Cretaceous carbonates with generally low porositics and permeabilities) (Monaco’
et al., 2001; Billi and Salvini, 2001). Structual traps are mostly culmination domes resuliing
from the interforence of Pleistocene strike-slip accommodation thrusts and folds with pre-
existing structural highs resulting from Neogene duplexing of the Adria carbonate platform
(Monaco ef al., 1998; 2001). Simitar structural traps may occur in the study area in Wesicrn
Sicily where two main stages of deformation involving the African palacomatgin arc
recognized. In SW Sicily, the ENE-WSW striking orogenic belt is composed of an imbricate
thrust system (Catalano ef al., 1995; 1996) which was active from the Tortonian to the
present-day. Rocks involved in the thrusting are dominantly Mesozoic-Palacogene
carbonates which originated on the southern margin of MNeoTethys. The belt was further
deformed in the Pleistocene as a result of activity on strike-slip fault systems (Monaco el
ai., 2000). _

In this paper, we analyse two regional sections which cross the western Sicily thrust belt
from the Tyrrhenian coastline in the north to the Straits of Sicily in the south (Fig. 1), in
order to understand the evolution of the thrust system and to assess it influence on petroleun
accurnulations. This study is based on detailed field mapping carried out al a seale of
1:25.000 and the re-interpretation of unpublished and published geological and structural
maps (Mascle, 1974; Catalano et al., 1978; Abate ef al,, 1993, Di Stefano and Vitale,
1993). This surface data has been integrated with subsurface data including structural




193

1. Tortorici et al.

(S0 3T S]] SHNEY [ERLION 24108 UV 3T DT {53SULINE UMM

sauyp) 100 srneBean wwRARSR A4 JO 1SnAY) TRIWeA] FUL HIlv BIME TRIURLMEILY [EAIEID BT SMOYS 135U “HEAJSAS JSNIYL TRIIIE 1534 3} 83008
{, pue g 813} @ pUR ¥ SUONISE JO saw] soprpeld gyl vaiw APRIS 9 SMOHS ¥og 408 JO NICMIEIRIL JI0102) [EF3HAT 2] SPIRILEN] dew wiepy 1 Bl

|
|
ﬂ_
g

TTEme ETRIE, LDyUe pud

> : = AT e . X /Uh/ﬁcjf/ /
SISUUL B wBSiOfH) UOISSB0ONS [T : fion im _
.; \a\\»\ 3 L Sun UBASION L { ﬁvf

uc.mée RUGRIED i) e % .uﬁ Jr// \
fmocsied wey BETT e, wir_mc_m_”_mﬂwm {2} e . LT e /
Bl 10 SHUN AYEUCCIED HTEas wbiguos(Ed UESaoINg | . -+ o« uBust

BUL IO ST SULEIRAID

sysoden susosisBid - 1 o ’ fe A
ferea-suatoan L.t o > sy el e

T, g I ,w.wﬁmaxﬁww

sysoden RLsTENT .w.

T

e -

Y i Sl . ..._“...."_... Py . et __a1x gt .”. . ) 3
..w,\mawfuﬁw N e o 5 PN T T e L v
e L — N Tl E O e

ylp, UBG OB




194 The western Sicilian thrust system

interpretations of well logs, seismic profiles (e.g. Catalano ef al., 1998a) and magnetic -
data (Arisi-Rota and Fichera, 1985).

CEOLOGICAL FRAMEWORK OF THE WESTERN SICILIAN
: FOLD-AND-THRUST BELT | '

Dominating the western Sicilian fold-and-thrust belt are Permian to Palaeogene
carbonates and Miocene (up 1o Early Tortonian) terrigenous deposits (Fig. 2) which were
derived from the southern NeoTethyan margin (Catalano and 1’ Argenio, 1978, Mascle, -
1979). These are overlain by thrusted rock units o fihe Sicilide Complex including Nuridian
Flysch. The overlying Upper Tortonian-Pleistocene sediments were deposited in the foredeep
and thrust-top basins which developed during foreland-directed migration of the thrust
systemn. These units are described briefly ia turn below: :

Mesozoic to Palacogene carbonates

Mesozoic-Palacogene carbonates form ihe backbone of the Apennine-Maghrebian thrust
belf in western Sicily and are preserved in a serios of superposed thrust sheets (fectono-
stratigraphic units of Mascle, 1974 1979 Catalano and I3’ Argenio, 1978). On the basis of
facies analysis, the carbonates are interpreted to have originated in a peritidal/pelagic
carbonate platform and basin system (Santantonio, 1994; Manaco e al, 1998) which
developed during Mesozoic rifting and passive margin evolution (Fig. 3a).

Platform carbonates
Peritidal and pelagic platform carbonates form the major topographic highs in western

Sicily, such as Mt. Sparagio, Montagna Grande-Segesta and Rocca Busambra in the north,

and Pizzo Telegrafo, Rocea Ficuzza and Mi. San Calogero in the south {locations in Fig.

7). The carbonates can be divided into three lithostratigraphic units (Fig. 3b):

(i) Massive, Upper Triassic—Lower Liassic stromatolitic and Megalodoni-bearing
limestones, interbedded dolomites and dolomitic limestones which are up to 2,000-m
thick (¢.g. at the Sciacca well: Fig. 4). :

(i) Condensed Middle Liassic-—Lower Cretaceous pelagic deposits (including laminated
crinoidal calcarenites, varicoloured marls and silicitied limestones, and ammonitic
and calpiongllid limestones) which are 60-m to 120-m thick. They are characterised
by the occurrence of cm-thick nodular Fe- and Mn-rich hardgrounds.

(i) Reddish to white, Upper Cretaceous-Olipocene foraminifera-rich marls and marly
limestones containing chert lenses and nodules {Scaglia Formaiion, about 100-m thick).
This formation onlaps Jurassic—Lower Cretaceous platform carbonates, locally filling
farge canyons eroded in Jurassic carbonates as at Roces Busambra). The formation
contains olistoliths up to 150-m across made up of carbonate blocks derived irom
underkying units.

Basinal deposits

Pelagic deposits are exposed at the surface in the cast o f the study area (Fig. 2) between
Rocca Busambra in the north and Mt. San Calogero in the south. Four lithostratigraphic
units are recognized (Fig. 3¢): ' -

(i) Permian—Lower Triassic and Middle-Upper Triagsic pelitic deposits of the Lercara
and Mufara Formations (Schimidt di Friedberg, 1962; 1964). These crop out along the
northern slopes of Rocea Busambra (Fig. 2), and around Palazzo Adriano in the Sosio
Valley (Fig. 5) as basal levels of klippen resting on Lower Torfonian terrigenous deposiis,
and also near Mt. Triona (Fig. 5). These strongly deformed sediments contain algal
limestones of Permian age (Catalano ef al., 1988), Middle-Upper Triassic Halobic
limestones and olistoliths (1-10m in diameter) of Permian platform carbonates (Gemmeliaro,
1888-1899; Di Stefano, 1914; De Gregorio, 1930).
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Fig. 2. Structaral map of the western Sicilinn thrust system (location in Fig, 1), Note the areas of
igs 4 and 5 and the profiles Haes of Seetions A and B (Figs 6 and 7).

(i1} Upper Triassic- - Lower Liassic cherty limestones form the main ridges in the Sicans
Mountains (Fig. 5) such as Monte Barracu-Monte Cangialoso, Monte Colomba, Pizzo
Gallinaro and the high area to the north of the vilage of Burgio. They have a thickness o {
¢. 300m and are characterised by debris flows made up of calcarcous conglomerates
containing pebbles of Halobia limestones.




196 The western Sicilian thrust system

(itiy Middle Liassic—Lower Cretaceous red and green marls, radiolarites and marly
limestones, up to 80-m thick. Locally, they rest on basaltic piflow-lavas and hyaloclastites,
100-rrs thick, which may represent an intrabasinal basaltic plateau; '

(iv) Upper Cretaceous—Oligooene, reddish to white foraminifera-rich marls and marly
limestones (Scaglia Formation), ¢. 100-m thick, which rest unconformably on the Middle
Liassic—Lower Cretaceous succession. T '

Miocene tervigenous deposits

. Miocene siliciclastics onlap the platforin and basinal carbonate suceessions (Fig. 3b,c),
They generally comprise Aquitanian-Lower Tortonian glanconitic marls and sandstones,
ap to 500-m thick, with conglomerates and breecias containing pebbles derived from the
Mesozoic carbonates, Locally, glauconitic calcarenites ocour and are 50- to 100-m thick.
Lower-Middle Miocene algal biocalcarenites and biocalciradites (between a few metres
and $0-m thick) ave present in places overlying either platform carbonates (e.g. at Montagna
Grande-Segesta, Rocea Ficuzza and Mi. San Calogero: Fig. 2) or basaltic rocks (e.g. in the
Burgio area: Fig. 5). ‘

Numidian Flysch _ . _

. The Numidian Flysch nappe (Ogniben, 1960) crops out in the northern part of the study
area between Mt. Sparagio, Montagna Grande-begesta and Rocca Busambra (Fig. 2). The

Numidian Flysch tectonically overlies the M iocene sediments mentioned above and

comprises ¢. 400 m of Upper Oligocene-— Middle Miocene shales and sifty clays altemating

with {ine- o coarse-grained quartzarenitic turbidites.

Upper Tortenian-Fleistocene sediments

These sediments are syn-orogenic deposits which were laid down in flexaral foredeeps
and thrust-top basins as the thrust belt migrated into the foreland to the south. They outerop
extensively in external parts of the western gicilian thrust system (Figs 1 and 2) and comprise
three main units: : .

(i) Upper Tortonian dark grey marly clays and sandstones which are ¢.1,000-m thick at
the Poggioreale well (Fig. 2), passing up into conglomerales confaining clasts of granitic
and metamorphic rocks and less comimon Mesozoic to Palacogene limestones. They Tormt
a thick (up to 2,500m) clastic wedge which crops out extensively to the south of the
Montagna Grande and Segesta ridges; :

(ii) Messinian evaporitic Himestones, gypsum, gypsyferous marls, biocalearenites and
turbiditic gypsarenites which are unconformably overlain by Lower Pliocene, white {0
yellowish, Globigerina-bearing marly limestones and marls (Trubi Formation);

(iii) Middle Pliocene ~-Lower Pleistocene marls and sandstones, which crop out in the
Belice Valley and around Sciacca on the south coast {Fig. 2). where they form a thick
succession (up to 700m) ot marls and marly ¢lays containing thin intercalations of turb iditic
sandstones. The basal part of the sequence unconformably overlies Lower Plipcene deposiis
near Gibellina (I Stefano and Vitale, 1993} and congists of turbiditic quarizarenites. In
the Rocea Ficuzza area, these marls coniain blocks of resedimented carbonates. Along the
southern rim of Lago Arancio, patches of Upper Pliocene Amphistegina-beating
bioealearenites a few metres thick can be found on previously-developed fault scarps.
South of the Belice River and in the Burgio-Ribera area (Fig. 2), the marls pass up info
poorly-cemented Lower Pleistocene sandstones and calcarenites.

ANALYSIS AND INTER PRETATION OF SURFACE STRUCTURES
Two regional cross-sections have been drafted to show geometries and shorlening actoss

the western Siciliar thrust system, and the profiles are marked in Figs Land 2. The western
fransect (Section A: Fig. 6) is dominated at depth by deformed platform carbonates (Triassic- -
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Fig. 3. (a) Model of a peritidal/pelagic carbonate platform and basin system (smodificd after
Sanizatonio, 1994); (b) Schematic stratigraphic eslumn of the Mesezoie——Middle Miocene
peritidal-pelagic carbonate platformm sequences in the area beiween Mt Grande-Roeca Busambra
and Seiacea: (¢) Sehematic stratigraphic columm of the Mesazoic-Lower Tortonian pelagic
Dasinal seguences in the avea between Cprlesne and Ribera pear to Seetion B (see focations in
Fig. ).

(lenozoic), whereas the eastern one (Section B: Fig. 7) crosses both platform carbonates
and basinal successions. The two sections are discussed below with respect to structural
interpretation and timing of deformation.

Section A {Fig. §) _

‘This section runs from the Capo S, Vito area (Mt. Sparagio) in the north to Sciacea in the
south (Fig. 2). The area has relatively smooth surface topography (Monaco et al., 1996);
fhe highest peaks are from north to south Montagna Grande (751m), Rocca Ficuzza (301m)
and Monte San Calogero (386m) and these correspond to the major structural highs in the -
section. The profile is about 70-km long; it is oriented NNW-SSE from ML Sparagio to
Montagna Grande, changing to NW-5E to Rocea Ficuzza, and then north-south to Sciacca.
These changes in the profile’s orientation cnsure that it remaings notmal to regional structural
trends,

Tn general this part of the thrust belt consists of ENE-WSW striking frontal ramps and
NW-SE trending oblique ramps characterised by right-lateral displacement (Figs. 2 and 4).
Surface structures in the southern sector of Scction A are discussed below, followed by
siructures in the central and northern sectors of the Section.
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Structures in the south of Section A

The southernmost segment of the profile, between the southern coastline and Rocea
Ficuzza (Figs. 2, 4 and 6) is characterised by 2 series of WSW-ENE striking, tightly-
spaced tmbricate thrust sheets involving mainly Mesozeic to Palacogenc platform
carbonates. Tyso major imbricale fan systers can be identified: the Monte San Calogero
imbricate fan (CIF: Figs 4 and 6) io the south, and the Rocea Nadore-Rocca Ficuzza
imbricate fan (NFIF: Figs 4 and 6) to the north. '

A major south-verging thrust breaks the surface 1o the south of Monle San Calogero
{Fig. 4) whose peak is composed of uppermost Triassic dolomites. In the thrusi's hanging-
wall, a vamp anticline incorporates Lower Pletstocene algal limestones and small Holocene
Iacustrine basins occur in the depressed backlimb area, According to Monaco et al. (1996},
this structure was active in Barly-Middle Pleistocene times and was reactivared during the
Late Quaternary, A number of minor thrusts splay-out from the main fault defining a trailing
imbricate fan which deforms Lower Pleistocene sediments along its front. In the footwall
ol the CIF, abent 2,600m of Triassic platform carbonaies have been penctrated at the Sciaced
well (Fig. 4). C ' :

" Al the Rocca Nadore-Rocea Ficuzza irabricate fan (NFIF: Fig. 4), the footwall of the
major froatal thrust is formed by the backlimb of the Monte San Calogero imbricate {an.
At Rocea Nadore itself, Triassic dolomites and Jurassic-Lower Cretaccous condensed
pelagic deposits are thrust southwards over Upper Tortonian sandy marls. At Rocea Ficuzza,
Upper Cretaceous calcareous breceias are thrust over Lower Pliocene sediments in the
hanging-wall of the Rocca Nadore throst, whereas Upper Pliocene sediments are involved
in this deformation in the backlimb, This suggests that thrust-sheet ewplacement occurred
ai ahout 2Ma. It is worth noting that the front of the Rocca Ficuzza imbricate fan represents
the southernmost oxposure of the calearcous breceias interbedded in the Upper Cretaceous
Scagtia Formation (see above).

The central portion of Section 4

From Lago Arancio to the Montagna Grande thrust front (Fig. 2), the surface of the
thrust belt is dominated by Upper Miocene-Pliocene sediments deposited in a thrust-iop
basin system. In the south of this zone is the Belice Valley syneline (BYS: Fig. 6), which is
filled with Middle-Upper Pliocens terrigenous deposits that onlap southward against the
Meso-Cenozoic platform carbonates i the backlimb of the NFIE. To the north, these deposits
rest unconformably on Lower Pliocens marls (Trubi Formation} and Messinian evaporites,
which are affected by close to tight south-verging folds, interpreted as fault-tip folds
associated with decoupling blind thrusts, Turbidites in the lower portion of the Middle
Pliocene-Lower Pleistocene sequence suggest the growth of a thrust-related ridge at the
beginning of the Middle Pliocene (~3.5Ma).

Further nosth, the surface geometry is defined by a pair of moderately SW-plunging
folds within a broad, gentle anticline whose core is exposed in the Fiume Freddo valley
(FFA: Figs. 2 and 6), and by a close synchine near Vita (VS: Fig, 2). At the surface of the
Fiume Freddo antictine, Upper Tortonian marls and sandy warls are exposed; these are
about 1,000-m thick at the Poggioreale well The anlicline is interpreted as a fault-
propagation fold related fo the Middle Phocens blind thrust bounding the Belice Valley
syncline to the north. A large open kink, probably related to back thrusting at depth, affects
the backlimb of the anticline. Messinian evaporites arc incorporated in this structure.

The Vita syncline (VS: Fig. 6) is a NE-SW {rending fold in the footwall of the Mt
Cirande-Segesta thrust. The syncline folds a clastic successton at least 1,300-m thick
comprising Upper Torlonian coarse-grained terrigenous deposits and Messinian clastics
and evaporites (Fig. 2). This succession was deposited directly in front of the uplifted
active margin of a small foreland basin, implying iajor activity on the MGSTS during the
Late Miocene (~7-5Ma). Deformed Lower Pliocene Trubi Mals in the core of the syncline
suggest that the MGSTS was active until the beginning of the Middle Pliocene.
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The novthern portion of Section A

The northernmost part of Section A is dominated by the Mt Grande-Segesta thrust sheet
(MGSTS: Figs 2 and 6) which is composed of Mesozoic to Palacogene platform carbonates,
together with the previously-emplaced (Middle-Late Miocene) Nurnidian Flysch nappe.
The frontal thrust ramp bounds the northern edge of the footwall Vita syncline. Minot
back-thrusts splay out from this main fault giving tise to a composite pop-up structure, A
Pleistocene age for this structure is inferred from alluvial deposits related to a Pleistocene
high-stand on the crest of the Segesia thrust sheet.

‘At the northern edge of the section (Fig. 2), Upper Cretaceous calcareous megabrecsias
crop out in the hanging-wall of the Monte Sparagiothrust ramp (MSTR: Fig. 6). The south-
dipping monocline forming the frontal part of this structure is thrust southwards onto the
Numidian Flysch nappe and the {ectonically-underlying carbonate sequence. The Monte
Sparagio monocling is bounded to the north by the highly deformed, roughly east-west
trending San Vito fault zone (VFZ: Fi . 6), which overprints pre-existing structures related
to the thrust system. This fault zone consists of a number of right-lateral oblique-slip fautts
which bound tilted blocks made up mainly of Mesozoic to Palaeogene carbonates but also
including Lower Pliocene sediments. :

Section B (Fig. 7) -

This section iltustrates structures in the eastern portion of the western Sicilian thrust
system, and runs for about 40 km in a NNE-SSW direction from Rocca Busambra in the
north to the town of Ribera in the south (Fig. 2). The section crosses a series of high peaks
in the Sicani Moustains inchuding Mt. Barracl-Mt. Can gialoso (1,450m) and MU Colomba
(1,287m), then extends to the southern coast of Sicily. : '

The frontal southern part of this portion of the thrust belt is characterised by gentle folds
that involve Upper Tortonian-Pleistocene deposits, The most important folds (Fig. 2) are
the Ribera syncline (RS: Figs. 2 and 7) which affects Lower Pleistocens sediments, and
the Verdura anticline (VA), in the core of which are Upper Tortonian clays. The novthern
limb of the anticline is cut by a thrust which brings the Palacogene Scaglia Formation ol
the Lucca thrust shect (LTS) over the Barly Pliocens Trubi marls.

Furcher north, the thrust belt is characterised by a wrench zone (Monaco ef al., 2000)
which is about 15-km wide (Fig. 5). In the south of this system is the 500-m wide, cast-
west striking Burgio fault zone (BFZ: Monaco ef al., 2000) which culs across the rear of
the Lucca thrust sheet giving rise to interference folds such as the domal structure at Lucoa.
The Burgio fault zone is characterized by highly-fractured Juragsic cherty limestones with
tectonic slices of basalt, Palaeogene marly limestones (Scaglia Formation) and Lower
Pliocene Trubi marls. Slickensides on faulied rocks reveal a prevalent righi-latersl
component of motion (Monaco ef al., 2000). To the notth, a second sirike-slip Fault zone
occupics a complex area of deformation known as the Sosio fault zone (82, Fig. 5: Monaco
et al., 2000). This zone is characterised by sub-vertical, NE-SW to cast-west frending
faults with well-developed sub-horizontal striac and calcite shear fibres indicating left-
Jateral motion. Brittle Fault rocks and cataclasites are present along the major fault segments.
Several convex-upward thrust surfaces splay from the master fault producing south-verging
asymmetric flower structures (Fig. 7). The southernmost thrust splay atso offsels Lower
Pleistocene deposits, indicating that the Sosio fault zone was active during the Rarly-Middle
Pleistocene. _ _ '

The Sosio fault zone cuts across pre-existing thrust and fold structures (Fig. 7) whose
remnants are preserved in the Burgio arca and around Palazzo Adriano (Fig. 5). Nosth of
Burgio, a thrust sheet made up of Triassic to Jurassic carbonates is exposed at the surface
and overlice Lower Pliocene Trubi matls with a fectonic contact. This structure is sealed
by Lower Pleistocene ealcarenites, and the major activity of the thrust belt in this arca can
therefore be dated as Late Pliocenc.
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Near Palazzo Adrizno (Fig. 5), relicts of the thrust belt are represented by a klippe of
Permian— Lower Trinssic clays and carbonates (Mufara-Lercara Formation), with Upper
Triassic—~-Lower Liassic cherty limestones on the top, which rests above the sole thrust of
a structurally-higher thrust sheet which was dismantled as a consequence of intense uplift
and subsequent erosion related to activity on the Sesio fauli zone. The northernmoest structive
of this zoune consists of another left-lateral fault, the Monte Colomba fault (CF: Figs 5 and
7}, which effsets the frontal part of the Monte Colomba thrust sheet {CT5) by ahout 3km
as fur as Monte Triona. This fault, from which several NW-ST trending thrusts splay-out to
form o conttactional imbricale fan, shows sub-vertical surfaces with sub-horizontal strine
and shear fibres,

The Monte Colomba and the Sosio faulis bound a 5-dan wide block (Fig. 5) in which
stivetures derived from thrust-belt deformation are preserved. This block consists of an
imbricate structure containing the wide, overturped, asymmetric Bisacquino syneline (135
Fig. 7), with Lower to Upper Miocene (Lower Tortonian) sediments in.the footwall of the
Monie Colomba thrust, T this arca, the Monte Colomba thrust has resulted in a banging-
wall anticline made up of cherty Hmestones, with a footwall in which tectonic slices of
Juragsic to Miocene sediments are present. _

The nocthers part of Section B consists of a 20-km wide area of complex superimposed
structures which developed as a result of the interference of late strike-slip deformation
witht the previously-formed Mt. Barract-Mt. Cangialoso thrust sheet (BCTS: Figs 5 and
7). This is overthrust onto the north-dipping sequence in the backlimb of the Mt Colomba
thrust. Strike-slip deformation has generated a series of NNW-85E trending thrust faults
accomodating horizontal displacement on casl-west trending, lefi-lateral shear zones. The
thrust Fault which is developed on the western side of the BCTS (Fig. 5) accommodates a
fefi-lateral strike-slip fault which has reactivated a pre-existing WSW-ENE trending thrust.
A series of complex, NW-SE elongated domes and basins of kilometre wavelength have
been formed as o result of interference between the straiu related to ENE-WSW shortening
associated with lefi-lateral strike-slip faulting and the pre-cxisting east-west striking fault-
propagation folds of the thrust beit in the hanging-wall of the BOTS.

Structures ai the surface of the northernmost part of Section B are controlled by the
deepr-seated, Rocca Busambra strike-slip fault zone (BF: Figs. 2 and 7) which trends roughly
cast-west to ESE-WNW. Sub-vertical fault planes with sub-horizontal strise and caleite
shear fibres indicate right-iateral shear (Ghisetti and Vezzani, 1984). Pre-cisting folds
related to earlier thrust-shect emptacement have been refolded by NE-SW trending, metre-
geale folds associated with strike-slip deformation. The Rocca Busambra [aull is
characicrised by a reverse component of motion which brings Mesozoic carbonates into
contact with the Nurnidian Flysch nappe to the north, Remnants of the older thrust stroctures
ocear in the southern part of Rocea Busambra, where platform carbonates and overlying
Cretaceous marly limestones (Scaglia Formation) are thrust onto Lower Tortonian marls
{Fig. 2).

SUBSUBFACE STRUCTURES ALONG SECTIONSAAND B

Surface stratigraphic and structural data, combined with available subsurface (decp-
well logs) and geophiysical information, have been used to exiend cross-sections A and B
to the top of the Hercynian basement. To do this we have made a number of general
agsumptions:

i, The first is that this segment ot the thrust system has deformed since the Late Miocene.

ii. Second, at the surface, the thrust sheets juxtapose various clements of the carbouate
platform and basin system but have preserved the original lithofacies distributions (L.o.
platform, marginal and basinal arcas).

i, The nature of the Upper Miocene to Pleistocene deposits indicate that migrating
foredeep basins associated with the thrust belt were efther poorly developed or absent,
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204 The western Sicilian thrust system

which suggests that there was very {imited flexure of the foreland lithosphere and only
modest foading on the forcland plate.

iv. The small volume of Upper Miovene o Pleistocene synorogenic deposits produced
by erosion of the developing thrust belt, together with the subdued presest-day topography
in the area, indicate that there has been limited uplift during thrust belt gvoluiion.

¢. Finally, in regional terms, the thrust belt developed due to NNW-S5L convergence
between the African and the European Plates which, over the time interval considered,
took place at a rate of about Lom/y (Mazzoli and Helman, 1994). This value represcnts a
major constraint on our assessment of maxinim shortening across the sections. Shortening
should not excesd 70km even if it 15 assumed thai all the convergence which oooTed
hetween the Late Miocene and the present day has been accommodaied within the gections
by thrusting processes. However, neither of these assumptions are entirely justified because
putt of the deformation has bheen accommodated by penetrative strain and strike-slip faulting;
also, both towards the forefand and to the north (in the presently-collapsed Tyrrhenian
margin) the thrust belt was wider thian the segment represented in the cross-seetion.

Ciiven these assumptions, the overall geometry of Meogene-Quaternary de formation can
be described in terms of stratigraphic repetition due to thrust faults, which are interpreted
as reaciivated normal fautts, This implies that a complete sedimentary succession must
extend to the top of the Hercynian basement. :

Depth to basement and deep-seated sedimentary sequentes

Asisi-Rota and Fichera (1985) mapped magnetic basement at depths of 9-10 km in the
frontal part of the thrust system and 8kim in the novthern part of the study area. Magnetic
basement is unlikely to correspond precisely to petrologic basement; at the Gargano well
in the Apulian foreland, for ox ample, 3km of low-grade metamorphic rocks were found 1o
occur between the base of the Permian carbonates and the magnetic basement marker
However, we estimate that the uppermaost part of the basement above the magnetic markey
is aboul 1.5-km thick. By taking into account fhe total thickness of the Meso-Cenozoic
carbonate suecession (3,000-4,000m in “platform” areas, and 1,000-1,500m in “haginal”
arcas: Catalano e al., 1998b), 4 2,000-m thick Permian-Lower Triassic sedimentary
sequence can been assumed for both sections (see Figs, 6 and 7). :

The Permian-—Lower Triassic sediments were deposited in a basin which developed
during the earliest stages of intracontinental rifting (Catalano and D' Argenio, 1982;
Catalano ef al, 1988; 1995). The ocourrence of Permian to Lower Triassic sediments
bencath the Mesozoic carbonates 18 supported by several observations. For example,
Permian carbonates are known to occur (Catalano ef al., 1988) near Palazzo Adriano in
the Sosio Valley (Fig. 5). Also, more than 3,000m of Permian siliciclastics and carbonales
(possibly tectonically thickened) crop out in western Sicily (Fabiani and Trevisan, 1937,
Catalano ef al., 1988; 1995), while at least 100m of Permian siliciclastics have been recorded
at the Puglia well in the Apulian foreland. Finally, more than 6,000m of Permian
sedimentary rocks are known Lo be present in neighbouring parts of the Pelagian Block
such as Tunisia (Douville ef al., 1933). '

Deep geometry and thrusting processes

Interpretation of available well logs and seismic profiles (see Catalano ef al., 1998a) has
allowed us to reconsiruct the deep geometry of the western Sicilian thrust sysiem. Two
principal detachments have been assumed in the construction of the cross-sections: a deeper
onc at the basement-cover boundary, and a shallower one within the Middle-Upper Triassic
shales of the Mufara Formation (the Mufara Formation Detachment, MFI: Figs 6 and 7).
Minor detachments are also assumed to occur within the Mesozoic carbonates or condensed
pelagic deposits af the front of the thrust syster (Figs 6 and 7). The cross-sections have
been drawn assuming that deformation is accommodated within two independent structural
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206 The western Sicilivn thrust system

intervals defined by these detachmenis. The lower interval is confined between the basement
sole-thrust and the MFD (roof thrust), and deformation by duplexing {e.g. Atvarez-Marron
et al., 1993) has been assumed. Deformation in the upper level is assumed to be rebated to
thrust ramps and flats splaying out from the MEL,

Section A

Surface structires in the frontal part of Section A {Fig. 6) arc intorpreted to be related to
three thrust ramps propagating up from the Mufara Formation Detachment, The most
external of these is inferred to propagate 1o the south of the scction (i.e. offshore Sclacca).
The central thrust tamp has generated the Mt 5. Calogero imbricate fan (CIT) af the surface.
The most internal ramp produced the second irbricate fan (NFIE), and is interpreted to
represent a segment of a pre-cxisting baserment-controtied normal fauit (c.g. Gibbs, 1984).
The latter structure probably defined an Upper Cretaceous basin margin to the south, thus
controlling the resedimentation of calcareous breceias within the Scaglia Formation.

In the central part of Section A, an imbricate stack is inferred to splay out from the
Mufara Formation Detachiment, generating the Belice Valley syncline (BVS) and the Fiume
Freddo anticline (FEA) in the footwall and hanging wall, respectively. In the northern pard,
major thrust duplication controlled the development of the Mt Grande-Segesta thrust systen
(MGSTS) and the evolution of the associated Late Miocene foredeep basin.

The geometry of Section A (Fig. 6) is disrupted by breaching faults o f crustal magnitude.
A northern beeaching fault has deformed the frontal part of the ML Grande-Segesta structurs,
refolding the Vita syncline during the Harly-Middle Pleistocene; a southern one co reesponds
to the above-mentioned Crefaceous basement-controlled normal fault (the dashed line in
Fig. 6). fnversion of this struclare probably started at the beginning o fihe Middle Pliocene

(~3.5Ma), producing ihe R. Nadore-R. Fcuzza imbricate fan (NFIF) and is still continuing -

at the present day ag indicated by the 1968 Belice carthquakes. Deep hypocenties related
to these carthqualces (Anderson and Jackson, 1987) cluster around a north-dipping plane
extending from depihs of 13km {0 36k, Shallower tremors, originating at depths of 3kin
and km, indicate a near-surface newly-formed splay. Fault-plane solations have been
interpreted in terms of thrusting ona high-angle, north dipping fault planc, whereas shallower
trernors are the result of ramp and (lat geometry of the seismogenic structure (Monaco «f
al., 1996).

Section B _

In the frontal part of Section B (Fig. 7), the cubstratum below the outeropping Upper
Tortonian-Pleistocone sediments consists of platform carbonates which represents the
castward extension of those 1n the Sciacea area (e.g. al the Clanciana well: Fig. 4). These
are inferved to be fiexured to the norih under the thrust system, and 1o be involved at depth
in a Plio-Fleistocene duplex structure (sce also Catalano ef al., 1995; 1996; 1998a; 1998b).
At the surface, the Ribera syncline (R8) lies between hanging-wall anticlines associated
with iwo underlying thrust ramps (the most external is in ferred to propagate fo the south of
the section), whereas the Verdura anticline (VA) represents the expression of a more sternal
ramp anticline. The Lucea Thrust Sheet (LTS) represents the pulermost of the higher thrust
structures and brings Trinssic-Cenozoie basinal sequences onto platform carbonates of
gimilar age.

As mentioned above, the central part of Section B is characterised by strike-slip fault
sones which cross-cut earlier thrust-related structures and generate asyminetric flower
structures. At the surface, the strike-slip faults mainly affect the Meso-Cenozoic pelagic
carbonate sequences, whereas at depth they also deform tectonically underlying carbonate
platform sequences (whose presence at depth has been documenied by Catalano ¢f @,
1996 1998a; 1998b), probably accommodating along the Nufarn Formation Detachinent
(MFD) (Monaco ef al., 2000). In a few places, relicts of the previousty-formed thrust
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structures can be observed al the surface, as in the Bisacquino syncline (BS) and the
overlying Mt Cotomba Thrust Sheet (CT8), which dips northwards below the Mt Barract-
Mt Cangialoso Thrust Sheet (BOTS). :

In the northerntaost part of the section, thrust-belt structures are less detormed by strilke-
slip features. A major theust sheet (BCTS), which splays ofl the Mufara Formalion
Detachment, extends norlh o Rocea Busambra where it is overridden by platform
carbonates. This reflects the general superposition of the northern platform domain onio
the southern basinal one. The contact is dissected by the R. Busambra Fanlt (BF), which 1s
inferred to extend down to the basement (Ghiselti and Verzani, 1984).

DBISCUSSION

fyolution of the African palasomargin

Refore the onset of coniractional deformation, the African passive margin consisted of a
wide continental shelf dissected by basement-controlled noomal faulis, producing hali-
graben and iilicd fault blocks on which a range of basinal, ramp and platform settings
dwslopgd (Fig. 3a; see also Santantonio, 1994), This pattern is well documented for the
Late Triassic when pelagic sediments {cherty limestones) were deposited in basinal areas
which developed in collapsed portions of the contineutal margin. Reactivation of the normal
faults in the Late Cretaceous was probably related to flexure of the African maggin, possibly
linked with a change in the relative motions of the African and 'E"ur()ptgam Plates (Casero
and Roure, 1994). Normal faulting resulted in the development of calcareous breccias
along major fault scarps. The submarine rift topography became partially buried during

Palacogene deposition of the Seaglia Formation, which reached maximum thicknesses in
the basinal areas and minimum thickoesses on the platforms. This indicates that the
submarine relief, which is mainly 2 product of Friagsic rifling, roughly corresponded to
the decompacted thickness of the basinal successions. Moreover, the Triassic-Jurassic
basinal facies described above, and the small size of the basin as inferred by the cross-
seciions, suggest that the Mesozoic Sicanian depression can be interpreted as a relatively
shallow, starved basin (Fig. 3) that belonged to a peritidal/pelagic platform and basin -
system (Santantorio, 1994). This interpretation is also supported by the oceurrence of
Lower-Middle Miocene shailow-water glauconitic calcarenites and biocalcareniies which
further smoothed oui the pre-existing basin-platform morphology.

The onsct of convergent motion was marked by the emplacement of the Mupnmidian Flysch
nappe (pL:Fig. 6) relaied to the carly stages of continental collision during the Middle-
Late Miocene. During the Late Miocene (7-5Ma), the front of the western portion of the
thrust belt (Fig. 6) was represented by the Mt. Grande-Segesta Thrust System (92) and
clastic material was shed into the adjoining foredeep. The most distal deposits in the south
of this basin onlapped the foreland ramp of the peripheral bulge, corresponding
approximately to the present-day Rocca Ficuzza-Rocea Nadore area, To the east, the thrust
front involved the platform carbonates at Rocca Busambra and basinal deposits in the
present-day Sicani Mountains, ultimately resulting in the formation of a number of inibricate
fan systems (BCTS, CTS and BS: Fig. 7). At the beginning of the Middle Pliocene (3.5
Ma), southward-migrating deforthation generated a new thrust front (¢2) linked 1o the
development of a blind thrust ramp. This structare deformed the pre-existing loredeep
clastic wedge, producing the Fiume F reddo anticline (Fig. 6) in the hanging wall and the
Belice Valley syneline in the footwall. The latter constituted a minor foredeep depocentre
in which Middle Pliocene-Lower Pleistocene turbidites were deposited. Tn the eastern
portion of the thrust belt, the thrust [ront (g2) was located near Burgio. Here, Mesozoic
pelagic deposits (including the Mufara Formation at the base) were thrust over Mesozoic
cirbonates during the deposition of the Trubi marls, which represent syn-thrust deposits.
In this arca, shortening generated the Lucca Thrust Sheet (Fig. 7) and a series of fault-
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propagation folds detached above the Mesozoic carbonates. Arpund the Plio-Pleistocene
boundary (~2.0Ma), a new thrust Tront (@2), related to the inversion of a Cretaccous
basemeni-controfled normal fault, produce the 1. Nadore-R. Ficuzza {mbricate fan (Fig.
6). At this stage, the Belice River syncline became a satellite basin in which the youngest
of the Upper Pliocenc-Lower Pleistocenc sediments were deposited as a thrust-top seyuence.

The most external surface structure in the western portion of the thrust system i the Mt
5. Calogero imbricate fan (CIF, Fig. 6 thrust ©3), which developed during the Eerly-
Middle Pleistocene (~1.0-0.5Ma). During this time interval, the more internal Mt Grande-
Segesta Thrast Sheet was deformed as a consequence of the devolopment of u crostal-
scale thrust ramp (thrust @3). Seismologic data from the 1968 Belice earthgquake (Anderson
and Jackson, 1987: Monaco ef al., 1996) indicate that preseni-day tectonic activity s
mainly confined to the deeper part of the inverted normal fault which gave rise to the R
Nadore-R. Ficuzza irbricate fan and, at shaflower levels, to a newly-formed thrust ramp
splaying out from it (thrust 7). To the east, the most external structares are the Verdura
River anticline and the Ribera syncline, which are related to Pleistocene development of a
duplex structure (thrust ©3) within the underlying platform carbonates. _

Strike-slip deformation occurred during the Barly-Middle Pleistocene cogval with the
emplacement of the frontal thrust {3) which, in the Sciacca area {Fig. 6), invalves various
different portions of the carbonate platform sequences (Monaco ef al., 2000). Two strike-
ship shear zones developed (Fig. 7): the sinistral Soslo River fanlt zone (SFZ) in the north,
and the dextral Burgio fault zone (BFZ) to the south. These dissected the previously-formed
thrust and fold structures, Strike-ship deformation in western Sicily has been interpreted
(Monaco ef al., 2000) as a cesult of lateral escape processes involving the sedimentary
cover and related to the indentation, during ihe latest stages of continental collision, of a
more rigid portion of the continental margin (the Seiacea carbonatc platform; Catalano ef
al, 1996; 1998a; 1998b) into the front of the thrust belt. This caused the lateral exbrusion
of the southern sector of the Sicanian Mountains to the east, towards the nnconstrained
boundary of the Caltanissetta Basin which was [illed with unconsolidated siticiclastic
sediments and which formed the western area consirained by the thrust belt (see Tig. 0y,
formed mainly by an imbricated fan of thick carbonate platform sequences.

STRUCTURAL TRAPS AND HYDROCARBON POTENTIAL

Jn wesiern Sicily (as well as in SE Sicily and the Gouthern Apennines), the principal targets
for oil exploration are Mesozoic platform carhonates originating froim the southern Meo Tethyan
margin. However, hydrocarbon exploration in this area has not been particularly successtul.
Unlike the carbonates in SE Sicily, the Mesozoic platform sequences in westorn Sieily are
involved in the foid-and-thrust belt forming imbricate fans (section A: Fig. 6); alternatively,
in common with the southern Apennines, they form duplex structures buried below thrust
fans made up of Mesozoic-Palacogene pelagic sequences (section B: Fig. 7). Structural traps
formed by ramp anticlines developed above the Mufara Formation Detachment from the
Torlonian to the Barly Pleistocene, during foreland migration of the thiust-belt systom,
have not in the past been successfully targetted.

Both cross-sections (Figs. 6 and 7) show that the Mesozoic carbonate platform and hasinal
sequences are generatly detached from the Permian—Lower Triassic carbonate and
siliciclastic succession, which form a deep duplex structire con fined between the basement
sole-thrust and the Mufara Formation Detachment (roof thrust). In ihis confext, alternalive
targets for oif exploration may be constituted by Permian-—Lower Triassic sediments which,
deposited ina wide continental shelf environment, contain both potential source rocks and
reservoirs. Structural raps may be associated with deep-seated duplexes.

Mesozoic platform carbonates involved in interference structure may also consiitute
good reservoirs, Pleistocene strike-ship tectonics in SW Sicity has resulted in the
development of a second group of potential structural traps, envisaged to have becn
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generated as a resuli of the superposition of strike-slip related structures onto the pre-
existing fold-and-thrust system, Primary potential traps are represeated by large culmination
domes located within the major contractional area between the Burgio Fault Zone and the
Sosio Valley Fault Zone, Secondary potential traps are distributed along the posiiive flower
structures developed along the major strike-slip fault segments. Suike-slip deformation
increases the intensity of fracturing and thus improves the reservoir potential of the carbonates
(Monaco ef af., 2001).

CONCLUSIONS

The western Sicilian orogenic belt is the result of a sonthward-propagating thrust system
active between the Late Miocene and the present-day, which has deformed a segment of
the African continental palacomargin with shortening not exceeding ¢.70km. The oldest
thrusting (1) is related to the early stages of continental collision during the Middle-Late
Miocene that caused the emplacernent of reranants of an accretionary wedge (including
the MNumidian Flysch nappe) over the African palacomargin. The subsequent foreland
migration of thrusting (?2) deformed the Afvican palacomargin until Late Pliocene-Eatly
Plaoistocene times and was followed, from the Farly-Middie Pleistocens onward, by
breaching by major thrust ramps (93), emplacement of the trontal thrust {(©3) in the westorn
part of the thrust belt and activity on strike-stip faults in the eastein sector. Two bedding-
parallel detachments are recognized: at the basement-cover boundary, and within the
Middle-Upper Triassic shales of the Mufara Formation. The latier has acted as a basal
décollement for the imbricate fap svsiems developed at shallower levels, and a roof thrust
for an underlying duplex system. Analysis of the surface geology along both sections
shows that the thrust sheets have juxtaposed different portions of a carbonate platform
and basin systermn, suggesting an important role for inversion processes,

The tectonic evolution of this portion of the African continental palacomargin has
controlled the development of two main groups of structural traps suitable for hydrocarbon
explovation. The first group includes structural traps developed from the Torlosian to the
Pleistocene during foreland migration of the fold-and-thrust system, and are represented
by the large ramp anticlines and duplexes formed above or below the MFLD. The second
oroups of traps developed during the last stage of continent-continent collision in Pleistocene
times. During this stage, potential traps were produced by the superposition of strike-slip
refated structures onto the previons fold-and-thrust system. They are represented by large
culmination domes and by positive [ower structures developed along the major strike-slip
fault zones.

ACEKNOWLEDGEMENTS

~ We wish to thank David Beckett and Barnaby Philps (BG) for useful comments and
suggestions, and Chris Izatt (8G), Hemin Koyi (Uppsala University), Livio Vezzant (Turin
University) and Bd Joues (BE Suabury) for thorough eritical reviews of u previous verston
of' the paper. '

REFERENCES

Asary, B, T Madaio, C., Iscanpiea, A axn Rinoa, B 1993, Carta Geologica dei Monti di Cape San
Vito. SystemCart, Salomone, Roma. )

Atvariz-Margon, 1, McCray, £.R., Haramuour, 5., Rosas, L. ann Sgarsira, 1., 1993, Geometry and
Evolution of the Frontal Part of the Magellanes Foreland Throst and Fold Belt {Vicuna Area), Tierm
del Faego, Southern Chile. A4PG Bull, 17, 1904-1921,

Asperson, . ANp Jackson, 1, 1987, Active tectonics of the Adriatic Region. Geophys. Joura, R. Astronont.
Soc., 91, 937-982,




210 _ The western Sicilian thrust sysiem

Anss-Rora, Foanp Fronera, R 1985, Magnetic interpretation connected 1o gea-magnetic provinces. the
Halion case history. AGIP, 8. Donato Milanese.

BILLL A and BALVINI, 5., 2001 (this fssue). Eauli related solution cleavage in exposed carbonate reservoic
racks in the Southern Apennises, ltaty. Journ, Petrol, Geol., 24 ¢z, 147-169.

Bounin, 1P, DurAsp-DELGA, M. axp Oniviee, P, 1986, Betic-Rifain and Tyrrhenian ares: distinctive
features, penesis and devetopment stages, I Wezse, FOC. (B4, The Origin of Arcs, Blsevier,
Amsterdam, 281-304.

Casiro, P awp Roure, F. 1994, Meogene deformations at the Sicilian — north African plate boundary.
tn: Rougs, F. (8d.), Peri-Tethvan Platforms. Editions Technip, Paris, 27-50. :

CataLann, R, 1998, Struttura delia Catena Siciliana, Una introduzione, T Cararanio, B, anp Lo Ciesro,
G (Bds)), Guida alle Escursiont - Volume 1 - La Sicifie Occidentale. 79° Congr. Soe. Gieol. 11,
Palermo, 7-12.

Carabano, R, axn B Araexo, B, 1978, An essay of palinspastic restoration across Western Sieily. Geol.
Rom., 17, 143-159, o

Caranana, R awm D Arcenio, B, 1982, Schema geologico della Sieilia, e Catarano, B ann D ARGENID,
B, (Bds.), Guidae afle Geologia della Sicilin Oceidentale. Pitagora, Bologna, 5-41.

Catanaro, R., Y Aramio, B, Montanany, L., Ronoa, P, ABATE, B., Moxteirons, 5., MacaLuso, F.,
pwerone, G, D Steeaso, B, Lo Ciepro, G, D Starano, Poanp Acnpsy, V., 1978, Contributi alla
conoscenza deila struitura della Sicilia occidentale 1) it profilo Palefmo-Sciacca. Mem. Soc, Geol. 11,
19, 485-493,

CaraLano, 1, D Srarane, P axn Kozur, H. 1988 New results in the Permian and Triassic stratigraphy
of Western Sicily with special reference to the section at Torrente San Calogero SW of the Pietra di
Salommone (Sosio Valley). Ani 74° Congr. Soe. Geol It., Sorrento, Vol A, 126-135.

CataLano, R, D $reeano, Poaxn Voaws, BT, 1095. Structaral trends and palacogeography of the central
and western Sicily belt: new insights. Terra Nova, 7, 189-199,

CataLano, R, Do Sreeano, B, Suii, A anp Virans, F.P, 1996, Paleegeography and structurg of the
central Mediterranean: Sictly and itg offshore area. Tectorophysics, 260, 294-323.

CataLane, R, Francumo, A, Mured, 9 anp S0t A, 19982, Geologia detla Sicilia occidentale. Ine
Caraano, R, avn Lo Crosro, G (Bds.), Guida alle FEscursioni Yolume 1: La Sicilia Occidentale. 797
Congr, Soc. Geob. It Palermo, 143-153

CaraLano, B, Francumo, A., Merusi, 5., S, AL, AGate, M. axn Bast.one, 1., 1998b, Materiali per ln
comprensione dell assetto profondo della Sicilia centro-occidentale. In: Caranano, Roann Lo CICTRD,
3. (Hds.), Guida alle Escursioni Volume 1+ La Sicilia Occidentale. 79° Congr. Boc. Geol: It., Palermo,
175-185. :

13 Gueaorio, A, 1930, Sul Permiano di Sicilin. Ann. Geol. Paleont. Palermo, A2, 70 pp.

Diswry, JE., Hiiman, M., Turco, ¥, Floserom, T3 ELW. ane KNoTT, g, 1989, Kinematics of the western
Mediterranean. In; Cowarn, M.E., Dirrcs, D, Anp Parg, R.G. (Bds.), dipine Tectonics. Gieol. Soo.
Spec. Publ., London, 45, 265-283,

3 Srorano, ., 1914, La Richthotenia dei caleari con Fasuling di Palazzo Adriano nella vatle del flume
Sasio, Paleont. It, 28, 27 pp. )

[ Srerano, I anp Vitaus, T, 19930 Carta Geologica dei Monti Sicani € Yecidentali. Perzino, Palermo.

DouviLLg, H., Bousnac, M., AND Brpxaror, B, 1993, Décoaverte de Pormien marin au 1jebet Tebaga
(Tixirome Sad Tunisicen). Meém. Sery. Carte Géol. Tunisie, 1, 75-90.

fanany, R.ane Trovisan, Lo, 1937 Di ajeune novits geologiche nel territerio del Foglio Termini hoerese
(Palormo). Bofl. Sve. Se. Nat. ed Ec. Palermo, 19, 1-8.

CevmnnLaro, G. 198899, La fauna dei calcari con Fusubina delia Valle del Sosio nelta Provincia di
Palermo. Giora. Sc. Nat. ed Ec. Palermo, 20.22,

Cnsiert, F.avn Vezzanl, Lo, 1984, Thin-skinned deformations of the western Sicily thrust belt and
relationships with crustal shoriening: mesostructural data on the Me. Kumeta-Aleantara Fault zone and
related structures. Boll. Soc. Geol. It., 103, 129-157.

Gisns, A, 1984, Structural evolution of extensional basin margins. Journ. Geol, Soc. London, 141,
609-620,

Grassy, M., Mivcow, G., MARSCALCO, R, Garovalo, B, La Manna, Foand SraMLLA, B, 1995, Plio-
Pleistocene structural evolution of the western margin of the Hyblean Plateau and the Maghrebiaii
foredeep, SE Sicily. Traplications for the deformational history of the Gela Nappe. Annales Tettonicas,
9, 7-21.

Earz, B.J., Tnrmar, BL ann BEnrer, GE., 2000, A geochemical review of cashonate source rocks 10
ttaly. Jowsn. Peirol. Geol., 23 (4}, 399-424,

ey

et st o o




S g e S S BT

25 i

tmsbereein ! oo

Flreata

Bt

L. Tortorici et al.

Lickomsi, WL, Grasso, M., Burisr, R WH, ARGNANT A anp Mariscaien, R, 1999, Structural styles
and regional tectonic selting of the “Cjela Mappe” and frontzl part of the Miaghrebian thrust belt in
Sicily. Tectonics. 18, 653-668.

Mascrn, €5, 1974, Carie géologique des Monts Sicani. LR.E.S., Palermo.

Mascie, G. 1979, Btude géologique des Monti Sicani. Mem. Riv. [t Paleont. ¢ Sirot., 16, 1-431.

Mazzoul, S, anp Hetvan, M., 1994, Meogene paiterns of relative motion for Africa-lurope: some
imphications for recent central Mediterranean tectonics. Geol. Rund., 83, 464-468.

Monaco, C. anp Terroricy, L., 1995, Tectonic rols of ophiolite-bearing terranes W the development of
the Sonthern Apensine orogenic belt. Terra Nova, 7, 153-168.

sonaco, C. anp Torroricy, L., 1996, Clay diapirs in MNeogene-Quaternasy sediments of central Sicily:
evidence for aceretionary processes. Jours. Struct Geol 18, 1265-1269.

Monaco, O, Mazzoul, . ano Tortomer, L., 1996, Active thrust tectonics in wesiern Sicily (southern
ftaly): the 1963 Belice carihquake sequence. Terra Nova, §, 372-38 L. :

Mowaco, C., Towrowicr, L. AND PAUTRINITRI, W., 1998, Structural svolution of the Luganian Apennines,
southern laly. Jowrn. Steuef. Geol,, 240, 617-638.

Monaco, C., Torrowicn, L. anb CaraLano, S., 2000, Tectonic escape in the Sicanian mountains (western
Sicily). Mem, Soc. Geol, It,, 55, in press.

Monaco, C., Torrorics, L., Panrrisesy, W, anp Srepc, M, 2001, The role of strike-slip tectonicy in the
Neogene-{uaterniary evoluton of the southern Apennines vrogenic belt: implication for ol trap
development. Journ. Petrol. Geol., 24, 10 press. ' :

Oonipe, L., 1960, Nota illustrativa dello scherma geologico della Sicilia nord-orientale. Riv. Min. Sic.,
1%, 183212

Oanmen, E., 1973, Schema geologice della Calabria in base ai dali odieri. Geol.Romana, 12, 243-585,

Oanpiy, L., 1985, Relazione sul modello geodinamico “canservative” della regione Haliana,
Commissione ENEA-ENEL per o studio dei problemi sismici conpessi cort la realizzazione di implants
nucleari, ENEA, Roma,

Roory, T, Howsid, DG, Munesa, O ann MoreTr, k., 1990, Late Cenozoic subduction conplex of
Sicily. Journ. Struct. Geol., 13, 259-266.

SanraNTONIO, M., 1994 Pelagic Carbonate Platforos in the geologic record: Their (lagsification, and
Sedimentary and Pateotectonic Bvolution. A4 PG Bull., T8, 122-141. ‘

SemminT b Brsoseka, B, 1962, Introduction 4 la géologie pétroliers de 1a Sicile. Rew fnst I'r du Péir.,
17, 635-008,

Semarr o Friponere, T, 1964, Litostratigratia petrolifera della Sicitin, Riv Min. Siciliana, 88-90,167-
208.

Wrzer, F.C., 1974, Flysch successions and iectonic evolution of Sicily during Oligocene and, Harly
Miocene. Ln: Soumss, C.H. (Bd.), Guide Book o the Geology of Italy. Petrol. Explor. Sec. Lybia, pp. 1-
23, :




