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ABSTRACT

Detailed field studies coupled with geological mapping
and litho-and biostratigraphical analyses allow to reconstruct
the structural evolution of the north-western sicilian coast
(Gulf of Castellammare) since the Upper Miocene. By evolv-
ing two models for this area, implications for Plio-Pleistocene
tectonic processes on the southern Tyrrhenian continental
margin can be inferred.

Five fault systems acting at least since the upper Mio-
cene are recognised: 1) a transcurrent fault system roughly
N-S orientated with maximum activity in the Pliocene which,
however, is not clearly recognisable in the field; 2) a system
of approximately E-W orientated reverse faults, probably cor-
related with strike-slip movements, with maximum activity
in the late Pliocene; 3) a system of NNW-SSE orientated nor-
mal faults, active in the early Pleistocene, causing the for-
mation of two sedimentary basins; 4) a system of NNE-SSW
orientated normal faults, active from early to late Pleisto-
cene and causing the uplift of blocks; 5) a fault system with
NE-SW orientation, active at present-day.

Two models match with the identified tectonic elements
implying two different types of structural development: 1)
a reversion in deformation style during Plio-Pleistocene
boundary from a horizontal and compressional to an exten-
sional regime. The rifting of the Tyrrhenian basin reached
the southern continental margin in the upper Pliocene caus-
ing the formation of grabens along the NW-Sicilian coast.
2) If strike slip movements continued to the Pleistocene time,
extensional tectonics would have caused the formation of pull-
apart basins.

Nevertheless, the Gulf of Castellammare basins belong
to the series of Neogene, peri-Tyrrhenian sedimentary basins
which are genetically linked to the extensional regime of the
Tyrrhenian back arc basin.
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zionale M. B. Crta) e Fondi C.N.R. n. 9302094 ct. 05 (Responsabile
P. RENDA).
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RIASSUNTO

In questo lavoro viene ricostruita I’evoluzione struttu-
rale plio-pleistocenica dell’area di Castellammare del Golfo
(Sicilia nord-occidentale).

Sono stati riconosciuti cinque sistemi di faglie che inte-
ressano 1’area dopo il Miocene sup.:1) sistema di faglie tra-
scorrenti destre orientato N-S attiva presumibilmente dalla
fine del Miocene e con massima attivita nel Pliocene; 2) si-
stema di faglie inverse orientato circa E-O probabilmente col-
legato al sistema di trascorrenti destre con attivita nel Plio-
cene sup.; 3) sistema di faglie dirette orientato NNO-SSE at-
tivo nel Pleistocene inf.; 4) sistema di faglie dirette orientato
NNE-SSO attiva nel tardo Pleistocene inf.; 5) sistema di fa-
glie trascorrenti orientate circa E-O con probabile attivita re-
cente.

Gli elementi strutturali riconosciuti hanno permesso di
elaborare due ipotesi sull’evoluzione strutturale dell’area. Nel-
Parea di Castellammare del Golfo al passaggio Plio-
Pleistocene si formano due graben causati dal cambiamento
dello stile tettonico da trascorrente e compressivo ad esten-
sionale, dovuto al “‘rifting”’ del Tirreno e alla migrazione del
suo asse verso SE.

I movimenti orizzontali, dall’inizio del Pleistocene, pro-
vocano la formazione di bacini di ““pull-gpart’’. Ci0 in ac-
cordo con il modello del Tirreno come ‘‘back arc basin’.

KEY WORDS: Structures, Pliocene-Pleistocene, NW-Sicily
coast.

PAROLE CHIAVE: Evoluzione strutturale, Pliocene-Plei-
stocene, Costa nord-occidentale della Sicilia

INTRODUCTION

At the northern coast of Sicily, several areas are
built up by thick successions of Pliocene-Pleistocene
marine sediments. In the area of the Gulf of Castel-
lammare, well exposed outcrops give an unique oppor-
tunity to study the Plio-Pleistocene structural evolu-
tion of the southern margin of the Tyrrhenian Sea.

The Gulf area is situated between the Palermo
Mountains at the East, the Trapanese Mountains at the
West, the area of Grisi at the South and the continen-
tal margin of the Tyrrhenian basin at the North. It is
located between the Maghrebian thrust-fold-belt and
the small shelf of the southern Tyrrhenian Sea and
therefore, occupies a key position in the geological
framework of the area. The coastal area of the gulf is
built up by shallow water deposits of approximately
90 m thickness exhibiting many features of later tec-
tonic strain.

Studying sedimentology and palacontology of
several areas on Sicily, Ruccier1 (1978) and RUGGIERI
et alii (1979) recognise two sedimentary cycles in the
Plio-Pleistocene series (Selinuntian cycles). The I*
Selinuntian cycle (Fm. Marnoso-arenacea; RUGGIERI &




TorrE, 1973) characterises a regressive sedimentary se-
quence from the early Piacenzian to the Emilian sub-
stage. The IT1" Selinuntian cycle indicates a transgres-
sive sedimentary sequence from the Emilian substage
to the upper part of the Sicilian substage. The cyclici-
ty was driven by tectonic phases causing several
sedimentary discontinuities as well as stratigraphic
gaps. Rucaiert (1978) attributed the arenites of the gulf
to the 11" Selinuntian cycle and mentioned that in
most of the Plio-Pleistocene series of N-Sicily, the
Selinuntian substage is lacking.

Studying the structure of the adjacent Palermo
mountains, ABATE ef alii (1978) recognise vertical dis-
locations in predominant ENE-WSW direction which
might be responsible for the ‘‘half-graben of Partini-
co‘‘ and the course of the modern shore-line. These dis-
locations are younger than middle Pliocene.

Seismic data from the Tyrrhenian side of the
Sicilian continental margin suggest Pliocene and low-
er Pleistocene strata stacked in thick discontinuous
lowstand systems tracts overlain by condensed trans-
gressive systems tracts and thin highstand systems tracts
(CATALANO et alii, 1993). The series were characterised
by several tectonically driven unconformities which in-
dicate eustatic sea-level falls at 2.4, 2.1, 1.4 and 1.2 Ma
(CaTALANO et alii, 1993).

The Gulf of Castellammare area was investigated
by detailed field studies during geological mapping
(scale: 1:10.000) and by litho- and biostratigraphical
analyses. It was our main objective to evaluate the
migration of the shore line during the Plio-Pleistocene
in order to get information about the relationship be-
tween tectonic processes and custatic oscillations. The
present paper complements our previous report (MAUZ
& RENDA, 1991) by focusing on the structural features
of the study area and their implications for the develop-
ment of the southern Tyrrhenian shelf. More details
about litho and biostratigraphy and climatic aspects ob-
served in the Plio-Pleistocene deposits are given in
Mauz (1994).

GEOLOGICAL SETTING

The Gulf of Castellammare is superimposed on the
Maghrebian thrust-fold-belt. The fold-belt, forming the
northern part of Sicily mainland, represents the con-
necting link between the Africa-vergent chains of the
Tunisian - Maghrebides and the Southern Apennines.
The chain is characterised by imbricate thrust complex-
es emplaced mainly during early and middle Miocene
and by decreasing deformation towards the south. At
the NW-coast of Sicily, these complexes are predomi-
nantly built up of limestones and dolomitic limestones,
marlstones, mudstones and turbidite sediments
representing paleogeographic units of upper Trias to
middle Miocene age (CATALANO & D’ARGENTO, 1982).
The Mesozoic-Tertiary rocks exhibit structural features
characterised by approximately E-W orientated fold
axes, by S-vergent nappes, by E-W striking thrust
fronts, by dextral transcurrent fault systems trending
roughly NW-SE and by NE-SW trending normal and
reverse faults (GTUNTA & LiGUORI, 1973; CATALANO ef
alii, 1978; ABATE et alii, 1978).

Due to its position on the southern coast of the
Tyrrhenian basin, the Gulf area links the fold-belt in
the south to the abyssal basin in the north (Fig. 1). Off-
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Fig. 1 - Structural scheme of NW-Sicily (I, after CATALANO
et alii, 1985) and of the Gulf of Castellammare area (II).

1=Pleistocene deposits; 2=Pliocene - Pleistocene
deposits; 3 = evaporites (upper Messinian); 4 = Terravecchia
Formation (Upper Tortonian - lower Messinian);
5 =Panormide unit (undifferentiated); 6 = Cozzo di Lupo unit
(Panormide wunit); 7=Imerese unit (undifferentiated);
8=Sagana - Belmonte - Mezzagno unit (Imerese unit);
9 =Trapanese unit (undifferentiated); 10 = Monte Inici unit
(Trapanese unit); 11 =Monte Bonifato - Calatubo unit
(Trapanese unit); 12 = Monte Bosco - Monte Luziano unit (in-
ner Panormide unit); 13 = Saccense unit (undifferentiated);
14 = Sicani unit (undifferentiated); 15 =normal and reverse
fault; 16 =thrust front.

shore seismic data of the transition zone indicate ap-
parent physical continuity of the Panormide nappe af-
fected by tensional listric faults. Towards the north,
the Panormide units should pass into sharp-to-basin
Panormide rocks partly obscured by thick sedimentary
fills of the Erice Basin (CaTALANO ef alii, 1985). This
basin, like other offshore basins in this area, is bounded
by a number of NW-SE dextral strike slip faults and
NE-SW trending normal faults dissecting the thrust belt
(Baticcr et alii, 1983). These fault systems has been ac-
tive since the late Miocene at least until late Pliocene.

By sequence stratigraphic analysis based on seis-
mic data, CATALANO et alii (1993) recognise on the NW-
Sicilian shelf, emergent areas during Pliocene and lower
Pleistocene due to uplift of the thrust-belt. During
middle-late Pleistocene, progressive drowning of the
nearshore and offshore area caused southward migra-
tion of the shore-line.

The modern NW-Sicilian shelf seems to extend not
more than 7 km. It covers an area in which the crustal
thickness decreases towards the north from 25 km to
20 km (Grese & MorEeLLi, 1975) while the Bouguer-
isoanomalies increase (MoRELLI, 1985). Intermediate
and shallow seismic activity is measured below W-
Sicilian mainland (Locarpi, 1985).




STRATIGRAPHIC FRAMEWORK

At the NW-coast of Sicily, stratigraphic units
range from the late Trias to the late Pleistocene (Fig.
2}. In the study area, the following units were mapped:
clays, sandy clays and marls (Fm. S. Cipirello; upper
Langhian - middle Tortonian); sandy clays, sands and
conglomerates (Fm. Terravecchia; upper Tortonian -
lower Messinian); biolitithes with corals (Porites sp.),
calcarenites and calcirudites (Messinian); gypsum and
clayey gypsum (upper Messinian); clayey marls and
white marls with planktonic foraminifera (*‘7Trubi‘‘;
lower Pliocene); clays and silty clays (upper Pliocene);
litharenites, biocalcarenites, biocalcirudites, silty marls,
quartzsands and conglomerates with Hyalinea baltica
(Santernian - Emilian); silty clays with Globorotalia
truncatulinoides excelsa (Sicilian); red quartzsands with
gravel (middle Pleistocene); sandy marls, quartzsands
and conglomerates with macrofossils (middle-upper
Pleistocene).
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Fig. 2 - Stratigraphy of the study area. (Thicknesses are un-
scaled).

STRUCTURAL FEATURES

From the late Miocene to the Holocene, five sys-
tems of tectonic elements illustrating different types of
structures can be distinguished (Fig. 3).

Late Miocene - Pliocene. The late orogenic phase
is characterised by molasse sediments, reef-related lime-
stones and evaporites. These deposits exhibit both
northward and southward dipping beds and vertical
beds. Moreover, along the western and eastern mar-
gins of the Gulf, a tectonic contact between the late
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Miocene deposits and the dolomites and limestones of
Triassic and Cretaceous age of the thrust belt is present.
Slikensides appear locally in the rocks along the con-
tact zone, indicating horizontal movements in approx-
imately NW-SE direction. However, the nature of the
molasse deposits and the high solubility of the
evaporites hamper a detailed study of horizontal stress
fields as well as of fold structures and vergencies. Field
evidence argues the presence of two approximately
NW-SE trending dextral strike slip faults, forming the
contact surface between lower-middle Miocene pelag-
ic deposits and Triassic respectively Cretaceous dolo-
mites and limestones. Tilted segments along the eastern
side of the master strike slip fault suggest transtensional
features within the horizontal movements. Two further
dextral transcurrent faults in approximately N-S direc-
tion seem to affect mainly the lower-middle Miocene
and the upper Miocene deposits (Fig. 3).

The Pliocene deposits, characterised by clays and
marls (‘‘Trubi’’) passing into clays and silty clays, also
exhibit folding. Moreover, the deposits are affected by
approximately E-W striking reverse faults active at least
until the late Pliocene (biozone MPL 4).

Therefore, both fault systems should have been ac-
tive at least until the late Pliocene.

Late Pliocene - early Pleistocene. In the Eastern
part of the gulf, lower Pleistocene shallow water
deposits lie discontinuously on rocks ranging in age
from late Oligocene to late Pliocene, illustrating a strati-
graphic gap at the Plio-Pleistocene boundary. In the
western part, Pleistocene sediments overlie directly up-
per Miocene molasse deposits (Fig. 1). In the whole gulf
area, Pleistocene deposits are affected by two systems
of normal faults: the first system trends in NNW-SSE
orientation, starting probably during the Plio-
Pleistocene boundary. It is characterised by fault planes
dipping between 60° and 70° to the west and to the east.
The normal faults indicate fault blocks downthrown
toward a central axis in an en-echelon pattern. The se-
cond system is evidenced by NNE-SSW trending faults.
Fault planes of this system dip with high angles (60°-
70°) and with low angles (c. 40°) to the south and to
the north. Movements along these faults probably start-
ed during Emilian - Sicilian boundary, crossing the first
system with an angle of ¢. 60° (Fig. 3).

By the first fault system, two major basins were
formed and contemporaneously filled with shallow
water sediments (MAUZ & RENDA, 1991). At outcrop,
the thickness of these sediments ranges from 2-85 m.
Subsurface data show that the thickness of strata can
exceed 95 m. This fact illustrates both the en echelon
pattern of blocks towards the north and the irregular
distribution of subsidence rate.

Fault dips and fault throws indicate extension of
more than 150 m for each basin and a differential up-
lift of more than 300 m over the whole gulf area.

Middle-late Pleistocene. Deposits of middle-upper
Pleistocene age are characterised by reddish siliciclas-
tic alluvial fan sediments passing laterally into foreshore
sediments of coastal terraces. Whereas tectonic features
are not preserved in the terrigenous deposits, the well
cemented littoral sands and conglomerates exhibit NE-
SW trending listric normal faults. The offset of the
coastal terraces indicates continuous uplift starting in
the early Pleistocene and the northward migration of
the shore line.

Holocene. Thermal springs are arranged along a
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Fig. 3 - Structural elements in the Gulf of Castellammare area.

tectonic contact between Tertiary strata. From field evi-
dence, we suppose a present-day active sinistral tran-
scurrent fault roughly trending NE-SW.

MODELS FOR THE PLIO-PLEISTOCENE STRUC-
TURAL EVOLUTION

Three types of movement are identified affecting
the neogenic-quaternary deposits: strike slip, ramp up-
faulting and vertical faulting. We suggest the reverse
faults to be a transpressive effect of strike slip fault-
ing. Therefore, both fault systems should have been
active at least until the late Pliocene. By attributing
these movements to the time interval of maximum ac-
tivity, a complex kinematics stands out.

From the identified tectonic elements the follow-
ing structural processes are inferred: during the late Mi-
ocene and Pliocene, a hinterlandward propagation of
a compressive stress acting with the adjacent thrust fold
belt is at work. At the Plio-Pleistocene boundary, crest
zones of strata reach the sea level due to two contem-
poraneously operating processes: folding and glacio-
eustatic withdrawal of the sea level. During the early
Pleistocene, an extensional stress causes the formation
of two basins. At the beginning of the middle Pleisto-
cene, uplift causes the emergence of the area.

However, for several reasons (the mostly uncon-
solidated nature of the involved deposits, the
pronounced climate contrasts during study time, the
high settlement density) kinematic analyses often evade
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field control. Reasonably, two models for the Plio-
Pleistocene structural evolution of the gulf are
sketched, both fitting the field observations.

Troughs. The first system of normal faults gener-
ates two wedge-shaped grabens separated by a horst
(Fig. 4). Their internal asymmetry is caused by both
the migration of the graben axis from the south-east
to the north-west and the driving parameters of near-
shore sedimentation. The graben - horst structure
characterises extensional movements on the inner shelf
of the southern Tyrrhenian Sea during upper Pliocene
and lower Pleistocene. This result matches closely to
the thinned upper lithosphere as well as to the decreas-
ing crustal thickness in the area (MoRELLI, 1985).

Thus, a reversion in deformation style took place
at Plio-Pleistocene boundary. This inversion might be
explained by the rifting processes of the Tyrrhenian ba-
sin (SerL1, 1985; MoRreLLI, 1985). The rift propagation
could have reached the thrust fold belt in the South dur-
ing the late Pliocene. Consequently, the NW-Sicilian
coast got involved in the extensional regime of the
Tyrrhenian basin only since the upper Pliocene. This
interpretation is in contrast with ARGNANT (1990) who
argues already the late Miocene and Pliocene extension-
al structures in the Strait of Sicily to the opening
processes of the Tyrrhenian basin.

Pull-apart basins. The contact zones between the
Mesozoic-Tertiary rocks and lower Pleistocene basin-
fills are not only characterised by the master faults (Fig.
3) but also strike slip faults and reverse faults are. The
basins are bounded on the western and eastern side by




Emilian substage

Fig. 4 - Interpretative sections across the geological map of the Gulf of Castellammare illustrating the model for graben de-

velopment.

1= Lower Pleistocene (Sicilian) deposits; 2= Lower Pleistocene (Emilian - Sicilian) deposits; 3 = Pliocene deposits; 4 = Upper
Messinian deposits; 5 =Late Miocene deposits (Terravecchia Formation); 5 = Lower-Middle Miocene deposits; 6 = Oligocene

- Lower Miocene deposits; 7=Mesozoic deposits.

segments of the strike slip faults coupled with an or- .

thogonal reverse fault system. On the southern and
northern side, normal faults trending obliquely to the
strike slip fault are also present. Assuming that activi-
ty along the strike slip faults did not stop in the late
Pliocene, contemporaneous kinematics due to horizon-
tal and compressive stress can be detected.

According to the model of AypDIN & NUR (1982),
geometrical and/or mechanical irregularities of the
strike slip faults evoke, when motions along single
faults within the transcurrent fault system occur. These
irregularities cause simultaneity of extensional and
compressional zones around the master strike slip fault.
The horizontal movements are accompanied by right
upfaulting causing reverse faults perpendicularly or
parallel trending. At the stepover region, a depression
can be formed bounded by strike slip faults with a sig-
nificant slip.

If activity along the transcurrent fault system con-
tinued in the Pleistocene, the sedimentary basins would
suggest the formation of pull-apart basins during late
Pliocene and early Pleistocene (Fig. 5).
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coastal plain

Fig. 5 - Model for pull-apart basin development. Several ba-
sins are formed within the coastal plain. A remnant is remain-
ing in the centre of the area.




DISCUSSION

The Gulf of Castellammare belongs to Neogene,
peri-Tyrrhenian sedimentary basins, genetically linked
to the extensional Tyrrhenian back arc basin trending
perpendicular to the thrust front. Some of these ba-
sins, however, show evidence of compression, acting
contemporaneously to the distensive stress (GAMBERI
& ARGNANI, this volume).

A possible reversion of deformation style in the
Gulf of Castellammare implies progressive migration
of the extensional regime in the Tyrrhenian Sea. The
migration should be linked up with lateral shifting of
the central axis from an approximately N-S direction
to a NW-SE direction (SeL11, 1985; WEZEL, 1985). Wi-
thin such a scenario, the gulf occupies during middle
Pleistocene the margin of the basin and, therefore, was
affected by uplift. This model fits the results of the seis-
mic data which emphasize the northward migration of
subsidence on the NW-Sicilian shelf after the late Plio-
cene (CATALANO et alii, 1993). In this case, the subsi-
dence of the gulf has to be interpreted as a local ef-
fect, since it evolves later of the rifting of the Tyrrhe-
nian basin.

Examples from the Sicani Mountains (MONACo ef
alii, this volume) and the Egadi Islands (ABATE et alii,
this volume) show that horizontal motions occurred at
the S-Tyrrhenian margin during late Pliocene and
Pleistocene. Thus, assuming that this is the case of the
Gulf of Castelammare, the formation of pull-apart ba-
sins can be explained. Such basins imply contemporane-
ous horizontal and compressive stress in the transition
zone between the thrust fold belt and the Tyrrhenian
basin.

In a plate tectonic context, two models are dis-
cussed to explain the simultaneity of extension and
compression in the upper crust (ARGNANI, 1990). The
first emphasises the roll-back of thinned crust of the
African margin overlain by the European lithosphere.
The European plate is stretched by trench pull and
thinned off until rupture. By assuming a continental
collision, the second model describes a lithospheric
mantle delamination process that prograded south-
ward. The delamination is caused by instability of the
lithospheric root in the collision zone. In both models,
the Tyrrhenian Sea is thought to represent a back arc
basin implying a convergent plate boundary (Boc-
CALETTI & GUAZZONE, 1972).

CONCLUSIONS

In the Gulf of Castellammare, five systems of tec-
tonic elements are recognised the late Miocene onwards:
(1) a transcurrent fault system with dextral components
with a N-S orientation with maximum activity in the
Pliocene which is not clearly identifiable in the field;
(2) a system of E-W trending reverse faults probably
correlated with strike-slip movements; (3) a system of
NNW-SSE orientated normal faults affecting the low-
er Pleistocene deposits; (4) a system of NNE-SSW
orientated normal faults affecting the lower, middle
and upper Pleistocene deposits; (5) a fault system in
NE-SW orientation probably still active.

The fault-fold systems are the product of compres-
sional tectonics coupled with strike slip movements, af-
fecting molasse and nearshore sediments mainly dur-
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ing the Pliocene. Synsedimentary subsidence affected
the lower Pleistocene shallow water sediments and up-
lift occurred during middle and late Pleistocene.

The subsidence was driven by NNW-SSE orien-
tated normal faults which caused the formation of two
basins arranged symmetrically at the East and the West
side of an intervening fault block. Uplift starting prob-
ably during Emilian - Sicilian boundary, is linked with
NE-SW trending normal faults.

Because kinematic indicators are seldom preserved
and stress factors are difficult to measure, two models
for Plio-Pleistocene structural evolution are present-
ed. The first model emphasises fault block tectonics
leading to the formation of two grabens separated by
a horst. The model implies an inversion in the defor-
mation style of the gulf area and propagation of the
extensional tectonics of the Tyrrhenian basin from the
NW to the SE. The second model suggests the forma-
tion of pull-apart basins assuming the activity of a tran-
scurrent fault system at least until the middle Pleisto-
cene.
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