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Abstract: The basins in the Eastern Mediterranean can be divided into those that were formed mainly in post-Miocene time and those

that were formed during the rifting episodes that led to the formation of the Neotethys. The younger basins can be further divided into

those that were formed mainly in post-Miocene time and those that were formed in post-Pliocene time. The separation is not only one of

convenience but also corresponds to major adjustments in the plate tectonic situation in the Eastern Mediterranean. The late Miocene

deposition of thick evaporites throughout the Mediterranean region, or, where evaporites are missing, the creation of an important

erosional unconformity during the extreme lowstand of the Mediterranean, makes the Miocene–Pliocene boundary relatively easy to

identify, especially on seismic reflection records. At about the same time, following the collision of the Arabian plate with Eurasia,

the Anatolian and Aegean microplates came into existence between the convergent African and Eurasian plates to accommodate tec-

tonic escape between them. The general configuration of the Eastern Mediterranean basins reflects the tectonic and structural gradients

between the collisional domain of southeastern Turkey and Iran, and the continuing but increasingly limited subduction along the Calab-

rian and Hellenic arcs, with the Cyprus and Levantine zones between them. Several distinct zones can be identified in the Eastern

Mediterranean. The Dead Sea Fault system marks the edge between the collisional and pre-collisional zones to the east and west,

respectively. The meridian through the Anaximander Mountains (308E) forms a rough boundary between the zone of incipient collision

to the east and the zone of continuing but late-stage subduction to the west. The Malta Escarpment forms the Eastern boundary of the

Eastern Mediterranean basins. The series of basins along the northern margin of the Eastern Mediterranean and the Aegean Sea share

this progressive evolution, with those containing Messinian evaporites to the east and those without to the west. The Sicily Channel with

its associated basins is an extensional zone between the Eastern and Western Mediterranean. The basins discussed in this paper are

divided into two groups, the larger and older basins and the smaller and younger basins. In the first group are the Ionian Basin and

the Levantine Basin, and in the second group the Cilicia Basin, Antalya Basin, Finike Basin, Rhodes Basin, Aegean basins, Sicily

Channel basins, Latakia Basin and Larnaca Basin. The Eastern Mediterranean represents the last stage in the evolution of an ocean

basin. Given the current motion between Africa and Eurasia, the Eastern Mediterranean will cease to exist in about 6–8 Ma from

now. As a result, the larger and older basins are shrinking, whereas the younger and smaller basins are growing. Eventually the

smaller basins will also disappear.

The Central and Eastern Mediterranean is dominated by the
convergence of the African plate with the Eurasian plate. The
relative motion between these two plates has produced, after
the closure of an oceanic-type domain, a complex system of
contractional structures (i.e. the Cyprus, Hellenic, Calabrian and
Maghrebian arcs) along which the stress field is being dissipated.
There are very few places in the world where the ocean–continent
crustal transition at a passive continental margin is approaching a
subduction zone. A thick pile of sediments as old as Mesozoic is
being deformed at the collisional margin (Mediterranean Ridge),
although the irregular shape of the colliding continental margins
leaves portions of the former basin still relatively undeformed
(Ionian and Herodotus basins).

In the Eastern Mediterranean, the transition between the rem-
nants of a thick Mesozoic oceanic crust located in the Ionian
Basin (DeVoogd et al. 1992) and in the Levantine Basin
(Ben-Avraham et al. 2002) and the African continental margin
(Fig. 1) is approaching the Calabrian, Aegean and Cyprus sub-
duction zones (Dewey et al. 1973; McKenzie 1978). The relative
plate motion between Africa, Eurasia and the Aegean microplate
produces convergence. The African plate moves in an approxi-
mately northward direction at a rate of 1 cm a21 (Rebai et al.
1992). The Aegean region undergoes extension at a rate of 3.5–
4.3 cm a21 in a SSW direction relative to Africa (Le Pichon
et al. 1995). A large doubly vergent accretionary complex, the
eastern Mediterranean Ridge, forms in a complicated setting of
alternation of zones of continental collision (the Pelagian and
Cyrenaica promontories) and zones of terminal subduction (the

Ionian Basin). The irregular shape of the converging plate bound-
aries causes diachronous continental collision, strain partitioning
and lateral escape of both the Ionian and Levantine inner zones
(Finetti 1976; Chaumillon & Mascle 1995; Le Pichon et al.
1995; Polonia et al. 2002).

The southern, African–Arabian, continental margins were con-
siderably less affected by the closing of the basins and remained
more or less stable in their position near the present-day coastal
areas of northern Africa, Sinai, Israel and Lebanon (Bein &
Gvirtzman 1977; Garfunkel 1998). The structure of the southern
Levant margin and the adjacent deep marine basin is relatively
simple, and the Mesozoic and Cenozoic rock record found on
land and in the sea is more or less continuous. Both structure
and stratigraphy preserve the signature of the main tectonic
events that shaped the basin and its margin. These can be separated
into four distinct tectonostratigraphic phases. Similar tectono-
stratigraphic phases are observed in the Hyblean continental
margin in eastern Sicily and the adjacent deep Ionian Basin.

The young basins of the Eastern Mediterranean can be divided
conveniently into those that were formed mainly in post-Miocene
time and those that were formed in post-Pliocene time. The separ-
ation is not only one of convenience but also corresponds to major
adjustments in the plate tectonic situation in the Eastern
Mediterranean. The late Miocene deposition of thick evaporites
throughout the Mediterranean region (Hsu et al. 1973a,b) or,
where evaporites are missing, the creation of an important
erosional unconformity during the extreme lowstand of the
Mediterranean, makes the Miocene–Pliocene boundary relatively
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easy to identify. At about the same time, following the collision of
the Arabian plate with Eurasia, the Anatolian and Aegean micro-
plates came into existence between the convergent African and
Eurasian plates to accommodate tectonic escape between them
(McKenzie 1972; Angelier et al. 1982). The general configuration
of the Eastern Mediterranean basins reflects the tectonic and struc-
tural gradients between the collisional domain of southeastern
Turkey and Iran (McClusky et al. 2000), and the continuing but
increasingly limited subduction along the Calabrian and Hellenic
arcs, with the Cyprus or Levantine zone between. Just as the
Dead Sea Fault system marks the edge between the collisional
and pre-collisional zones to the east and west, respectively,
the meridian through the Anaximander Mountains (308E) forms
a rough boundary between the zone of incipient collision to
the east and the zone of continuing but late-stage subduction to
the west (Ben-Avraham & Nur 1976; Nur & Ben-Avraham
1978). The series of basins along the northern margin of the
Eastern Mediterranean and the Aegean Sea share this progressive
evolution, with those containing Messinian evaporites to the east
and those without to the west.

In the western part of the Eastern Mediterranean within the
regional convergent system, NW–SE-trending troughs have
developed in the Strait of Sicily. These depressions represent rela-
tively young (late Miocene to Present) extensional structures that
cut across the undeformed Pelagian block, a continental crust that
represents a promontory of the African plate margin.

In this paper we briefly describe the large and small basins in the
Eastern Mediterranean. We also describe the main tectonostrati-
graphic stages and review the evolution of the Ionian and Levan-
tine basins as the result of the large-scale plate motions that took
place in the Eastern Mediterranean region during the Mesozoic
and Cenozoic.

Older basins

Ionian Basin

The Ionian Sea is a deep marine basin separated by the conspicu-
ous Malta escarpment from the shallow, Hyblean–Malta Plateau
on the west. Most researchers agree on the oceanic nature of the

Ionian lithosphere, although its uppermost layer is made of up to
10 km thick sedimentary cover. Its age, however, is debatable,
with suggestions ranging from Early Permian (Ben-Avraham &
Ginzburg 1990; Catalano et al. 1991; Vai 1994, 2003), to Late
Permian to Early Triassic (Stampfli et al. 2001b), Triassic
(Finetti 1984), mid-Jurassic or broadly Mesozoic (Robertson &
Grasso 1995; Cantarella et al. 1997), Cretaceous (Dercourt et al.
1986) or even Messinian (Fabricius & Hieke 1977).

Evidence of deepening and/or accelerated subsidence of the
continental margin sequences around the long-lasting Sicilian
Sicani Basin, before Tertiary and Quaternary deformation took
place, are known during mid-Cretaceous, Late Triassic to early
Jurassic, Mid-Triassic, and especially Early to Mid-Permian
times (Charier et al. 1988; Catalano et al. 1991, 1992; Vai 1994,
2003; Dercourt et al. 2000; Stampfli et al. 2001a,b). This evidence
is consistent with rift pulses producing WNW–ESE-trending
basins.

The Early Mesozoic rifting events are similar to those in other
domains in the Central and Eastern Mediterranean, and mark a
major continental break-up followed by rapid tectonic subsidence
that initiated the opening of the Neotethyan ocean (Yellin-Dror
et al. 1997). This early evolutionary stage of the Hyblean margin
was followed by slow thermal subsidence (Early Jurassic–
Late Cretaceous), northward movement and thrusting (Late
Cretaceous–Palaeogene), and continued convergence, uplift and
subsidence (Neogene–Quaternary; Yellin-Dror et al. 1997).

The Ionian Basin, of which the crustal structure is shown in
Figure 2 and a seismic section in Figure 3, is located near the
orthogonal plate convergence zone. In the western Ionian Basin
plate convergence is nearly orthogonal in a NE–SW direction.
Because of the curved shape of the Mediterranean Ridge defor-
mation front, however, a variable plate convergence angle has to
be expected, especially in the Messina foredeep where the defor-
mation front approaches a north–south direction. Thrusting and
folding in a direction roughly parallel to the Ionian rigid crustal
backstop are reflected in shortening and uplift on the Mediterra-
nean Ridge accretionary complex, which results in the tectonic
addition of post-Messinian material to the outer deformation
front. The main regional detachment surface is located at the
base of the Messinian evaporites at the outer wedge. The evapor-
ites, of variable thickness and lateral extent, were deposited during

Fig. 1. Map of the Eastern Mediterranean

region. Bathymetric contours are at a

500 m interval; circles with numbers

mark the location of basins, and squares

with letters mark other structures.
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the Messinian (late Miocene) desiccation of the Mediterranean Sea
(Hsu et al. 1973a,b). The rheology of the deforming materials is
expected to have undergone drastic changes in the last 5 Ma
(Kastens et al. 1992; Kukowsky et al. 2002; Reston et al.
2002a,b), permitting the identification of pre- and post-Messinian
wedges. This has led to the post-Messinian development of an
accretionary complex whose features are similar to those of
salt-bearing fold-and-thrust belts (Davis & Engelder 1985).

Below the inner portions of the wedge the detachment becomes
progressively deeper, and cuts into the top of the Mesozoic car-
bonates belonging to the African foredeep and foreland (Cita
et al. 1981; Camerlenghi et al. 1995; Chaumillon & Mascle
1995, 1997). Thrusting to the NE of accreted sediments above
the Ionian rigid backstop (Le Pichon et al. 2002) occurs along
the inner deformation front. The Sirte and Messina foredeep
areas remain completely undeformed. The structural style is
affected by geological structures rooted in the incoming continen-
tal crust of the African plate. There are SW–NE-aligned isolated
structural highs found either buried in the accretionary wedge or
having morphological expression as seamounts in the western

foredeep and foreland (Della Vedova & Pellis 1989; Von Huene
et al. 1997; Hieke & Dehghani 1999; see Fig. 3).

In the northeastern Ionian basin, plate convergence is controlled
by the fast rates of NW–SE extension of the Tyrrhenian Sea and
associated southeastward migration of the Calabrian–Peloritan
arc. The directions of motion of the Africa plate and the
Calabrian–Peloritan arc therefore differ by about 908. Defor-
mation is developed offshore as a series of imbricated thrusts
involving the entire sedimentary section (Finetti 1976; Cernobori
et al. 1996) with detachment cutting into progressively deeper
stratigraphic levels, from the Messinian salts at the outer defor-
mation front to Mesozoic rocks and the crystalline basement
in the continental blocks of the Calabrian arc in southern Italy
(Tortorici 1982; Tortorici et al. 1995). Similarly to the case
of the Mediterranean Ridge accretionary complex, it can be
inferred that the introduction of a ductile salt layer in the deform-
ing sequence has modified drastically the rheology of the arc.
Strain partitioning induced by obliquity of subduction must
exist only in the pre-Messinan deforming domain. The viscous
behaviour of the detachment surface has produced thrusting
trending normal to the shortening direction (thus the high curva-
ture of the deformation front), at much higher rates of outward
propagation (Costa & Vendeville 2002; Costa et al. 2004).

Fig. 2. Main structural and morphological elements of the Ionian Basin.

1, Alpheus seamount; 2, Malta escarpment; 3, Medina seamounts;

4, Messina abyssal plain (Messina Foredeep); 5, Victor Hensen seahill;

6, Medina–Victor Hensen structure (Hieke & Dehghani 1999), including

the Medina–Cephalonia line; 7, Sirte abyssal plain (Sirte Foredeep);

8, Bannock buried seamount and related tectonic lineament; 9, Cyrene

seamount; 10, Hellenic trench system on the continental backstop of the

Mediterranean ridge accretionary complex. The doubly vergent structure of

the Mediterranean ridge accretionary complex, identified by an outer

deformation front (line with filled) and an inner deformation front, should

be noted. Asterisk marks position of section shown in Figure 3.

Fig. 3. Seismic section in the Ionian Basin (modified after Cernobori et al.

1996). The stratigraphic interpretation follows regional correlation with main

seismic boundaries tied to known wells. The definition of the oceanic

basement is correlated with the results of expanded spread seismic profiles

(DeVoogd et al. 1992). The location of the section is indicated by a

bold asterisk in Figure 2. Similar seismic images of the Ionian foredeep

have been obtained by Polonia et al. (2002).
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Levantine Basin

Regional setting. The present-day southeastern Mediterranean Sea,
also known as the Levantine Basin (Fig. 4), is a remnant of a
larger, Neotethyan oceanic basin that opened between several frag-
ments of the Pangaea supercontinent in Early Mesozoic times
(Dewey et al. 1973; Bein & Gvirtzman 1977; Garfunkel & Derin
1984; Robertson & Dixon 1984; Garfunkel 1998). During the
Mid–Late Cretaceous, as the basin started to close, its northern,
Eurasian part underwent a dramatic transition from a passive to
an active margin, and the basin was subsequently largely subducted
or accreted at the present-day areas of Cyprus, southern Turkey,
northern Syria and Iran (Ben-Avraham 1989; Robertson 1998).
Closing of the northern Levantine Basin continued through the
Cenozoic; the active convergent front is at present located at the
area of the Cyprian arc (Kempler & Ben-Avraham 1987;
Ben-Avraham et al. 1995; Fig. 4).

The structure of the southern Levant margin and the adjacent
deep marine basin is relatively simple and preserves the signature
of the main tectonic events associated with opening and closing
of the Neotethyan ocean. These can be separated into several dis-
tinct tectonostratigraphic phases: (1) Triassic to Early Jurassic
continental break-up and rifting; (2) Mid-Jurassic to Mid-
Cretaceous subsidence and formation of passive continental
margin; (3) Mid–Late Cretaceous to Early Tertiary large-scale
convergence and contraction; (4) Late Tertiary to Quaternary
minor convergence and subsidence.

Triassic–Early Jurassic rifting phase. During the Palaeozoic the area
of the Levantine Basin was located south of the Palaeotethys Ocean
on the northern edge of the Gondwana continental platform. Most
workers agree that a break-up of the northern part of Gondwana
into several microplates occurred in the latest Palaeozoic to Early
Mesozoic (Bein & Gvirtzman 1977; Hirsch et al. 1995; Garfunkel
1998). Continental break-up processes are indicated by two types of
observations: (1) rift-related phenomena identified in wells and
multi-channel, seismic reflection profiles; (2) variation in crustal
thickness and composition interpreted from deep seismic refraction
profiles, gravity and magnetic data.

An extensive graben and horst system is recognized in the
deeper stratigraphic level of central Israel and the Levant
margin. Part of this system is observed in multi-channel, seismic
reflection profiles (Fig. 5; Gardosh 2002; Gardosh & Druckman
2006). Early Mesozoic structural highs and lows are further inter-
preted from thickness variations in the Permian to Lower Jurassic
strata, identified in seismic and well data (Garfunkel & Derin
1984; Bruner 1991; Druckman et al. 1995; Garfunkel 1998).
The system is composed of fault lines several tens of kilometres
long that are generally oriented NE–SW, roughly perpendicular
to the present-day coastline of Israel (Fig. 4).

An early tectonic pulse of this fault system is indicated by
the northward thickening trend of the Permian to Lower
Triassic section, identified in wells at southern and central Israel
(Garfunkel & Derin 1984). The continuation of faulting activity
is evident from the occurrence of a 350 m thick, polymictic and
angular, Middle Triassic carbonate breccia discovered in wells
near the southern coastal plain of Israel (Druckman 1984). A con-
spicuous graben, filled with Carnian dolomite and gypsum, was
identified in outcrops and wells in central and southern Israel
(Druckman 1974; Garfunkel & Derin 1984). Extensive series of
the Lower Liassic Asher volcanic rocks, found in the subsurface
of northern Israel, were partly accumulated within a 2.5 km deep
trough (Gvirtzman & Steinitz 1983; Garfunkel 1989).

Abrupt thickness changes are not recognized in Bathonian and
younger strata of the Levant margin, suggesting the cession of
activity of the Neotethyan graben and horst system (Garfunkel
1998). The upper age limit of the faulting is further indicated in
some of the structures where Triassic and older tilted beds are
overlain by horizontal Lower to Middle Jurassic strata (Gardosh
2002; Gardosh & Druckman 2006; Fig. 5).

The Early Mesozoic rifting and extension resulted in profound
changes in crustal composition and thickness. Long-range
seismic refraction profiles, gravity and magnetic data show that
a major transition between two types of crust takes place several
tens of kilometres NW of the present-day coastline of Israel
(Ben-Avraham et al. 2002).

A 30–35 km thick crust of continental character underlies the
area of southern and central Israel. The SE Mediterranean Sea is
underlain by a 10 km thick crust of an oceanic character (Ginzburg
et al. 1979; Ginzburg & Folkman 1980; Makris et al. 1983;
Ginzburg & Ben-Avraham 1987; Ben-Avraham et al. 2002). A
25 km thick crust of continental character underlies the
Eratosthenes Seamount, located south of Cyprus (Fig. 4; Makris
et al. 1983; Ben-Avraham et al. 2002). These observations indi-
cate that a major part of Early Mesozoic rifting and extension
took place west of the present-day coastline. This activity resulted

Fig. 4. Tectonic map of the Eastern Mediterranean area (modified after

Garfunkel (1998) and Robertson (1998), and incorporating results from

Ben-Avraham et al. (1995) and Woodside et al. (2002). The Levantine Basin

is a remnant of a larger, Early Mesozoic (Neotethyan) oceanic basin that

was largely consumed during Late Mesozoic–Cenozoic convergence of

the African–Arabian and Eurasian plates. Subduction and wrenching is taking

place at the tectonically active, northern part of the basin (Cyprian arc),

whereas only minor thrusting and contraction (Syrian arc folds) is recorded

on the southeastern, Levantine margin. The Eratosthenes Seamount is a

large continental block that was stranded within the basin and is now

approaching its northern margin. The Carmel fault (CF) is an active tectonic

lineament that separates two crustal types, and probably originated during

the Early Mesozoic rifting phase.
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in the separation of the Tauride block of southern Turkey from the
African continental mass (Smith 1971; Ben-Avraham 1989;
Robertson et al. 1991, 1996; Garfunkel 1998).

Additional rifting, extension, creation of oceanic crust and
development of deep marine basins took place when the
Eratosthenes block separated from the African continent, resulting
in the creation of 200–300 km wide deep marine basin in the
southern Levant area (Ben-Avraham 1989; Garfunkel 1998).
The maximum size of the palaeo-Levantine Basin, extending
south of the Tauride block and north of the African–Arabian con-
tinental mass, is hard to estimate, as much of its northern part was
later consumed. Garfunkel (1998) estimated that it was at least
twice its present width.

Another pronounced transition of crustal properties is identified
across the Carmel fault on the Levant margin (Fig. 4). The 35 km
thick continental crust of central Israel thins to about 20 km in the
Galilee area, NW of the fault (Ginzburg & Folkman 1980). The
Carmel fault is an active tectonic lineament; its origin is associ-
ated with Palaeozoic–Mesozoic plate motion (Ben-Avraham &
Ginzburg 1990; Ben-Gai & Ben-Avraham 1995). The relationship
between the fault and the rifting processes that led to the formation
of the Levantine Basin are not clear.

Mid-Jurassic–Mid-Cretaceous continental margin phase. During the
later part of the Mesozoic, subsidence and the development of
passive continental margins dominated the Levant region (Bein
& Gvirtzman 1977). The Mid–Upper Jurassic strata of the southern
margin show no evidence of large-scale faulting and magmatic
activity, indicating that the opening motion in the Levantine
Basin was considerably reduced. A shallow marine shelf was
developed near the present-day coastline, whereas a deeper
marine basin prevailed throughout the SE Mediterranean Sea.

The Levant margin evolved through the accumulation of various
types of low- and high-order depositional sequences; their geome-
try and stratal pattern reflect the combined effects of eustatic sea-
level cycles, local subsidence and uplift, change of environmental
conditions and rate of sediment supply (Flexer et al. 1986;
Gardosh 2002). The Lower to Middle Jurassic depositional
cycles are characterized by rapid growth and aggradation of
carbonate margin and relatively minor bypass into the basin,
reflecting fast thermal subsidence coupled with long-term eustatic
rise. The uppermost Jurassic to Lower Cretaceous depositional
cycles are dominated by intense transport of siliciclastic strata

and accumulation of deep-water turbidites in the basin and
margin. These are associated with tectonic uplift and erosion SE
of the basin (Gvirtzman et al. 1998) coupled with eustatic sea-
level drop. Finally, the Middle Cretaceous depositional cycles
are characterized first by the progradation of carbonate slopes
into the basin, followed by intense growth of carbonate platforms
on the margin and restricted bypass into the basin. These were the
results of tectonic quiescence, followed by marked eustatic rise
during the Cenomanian–Turonian (Gardosh 2002).

Late Cretaceous–Early Tertiary main convergence phase. Closing of
the Levantine Basin started during the late Mid-Cretaceous and
continued through the Late Cretaceous and Early Cenozoic. The
relative motion of the African–Arabian plate towards the Eurasian
plate resulted in the development of several subduction and col-
lision zones in the northern part of the basin, in the present-day
areas of the Cyprian arc and the Taurus Mountain belt (Fig. 4;
Ben-Avraham & Nur 1986; Ben-Avraham 1989; Robertson
et al. 1991).

The most conspicuous tectonic element associated with this
motion is a series of contractional structures found throughout
the Levant region, termed the Syrian arc folds (Krenkel 1924;
Fig. 4). Well and seismic data from the inland part of Israel
show that reverse faults are found in the core of many of the
Syrian arc folds. These structures are often superimposed on the
older graben and horst system, and their formation is controlled
by the reactivation, in a reverse direction, of Early Mesozoic
normal faults (Freund et al. 1975; Druckman et al. 1995).

Seismic data from the Israeli offshore reveal more details on the
relation between the Levant margin and the contractional defor-
mation. A belt of dense Syrian arc type folds and reverse, upthrust
faults is observed at the southeastern edge of the basin (Figs 4
and 5). The folded zone terminates some 50–70 km west of the
present-day coastline. The entire Precambrian to Mesozoic
sequence in the offshore fold belt is uplifted, and the lowered
area to the west contains a several kilometres thick sedimentary
section of assumed Late Cretaceous to Early Tertiary age (Fig. 5).

The western edge of the fold belt coincides with a zone of tran-
sition between two types of crust identified by Ben-Avraham et al.
(2002). Based on the geophysical evidence it is suggested that the
western edge of the fold zone marks an area of convergence and
possibly thrusting of an oceanic or transitional type crust under
continental crust on the east. Ben-Avraham & Nur (1986) have

Fig. 5. Multi-channel, migrated, marine seismic reflection profile across the Levant margin showing the main stratigraphic units and faults. The line was shot

in 1983, offshore Israel, using seven Bolt air guns (2180 cubic inches) and was recorded with 120 channels on a 2975 m cable. The interpreted seismic horizons are

regional seismic markers, most of which are correlated to offshore wells: I, top of Messinian evaporites; II, base of Messinian evaporites; III, Mid-Tertiary

unconformity; IV, Upper Cretaceous; V, Mid-Cretaceous unconformity; VI, near top Lower Jurassic, VII, near top Basement. The four major tectonostratigraphic

stages identified on the southeastern margin of the Levantine Basin are: Triassic to Early Jurassic continental break-up and rifting (horizons VII–VI);

Mid-Jurassic to Mid-Cretaceous subsidence and formation of passive continental margin (horizons VI–V); Mid–Late Cretaceous to Early Tertiary large-scale

convergence and contraction (horizons V–III); Late Tertiary to Quaternary minor convergence and subsidence (horizon III–sea bottom). Location of section is

shown in Figure 4. YW1, Yam West-1 well.
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suggested a similar process along the continental margin of the
Sinai Peninsula. A deep marine flexural foredeep developed
west of the thrust front where large amounts of detrital carbonate
strata were accumulated (Figs 4 and 5).

Late Tertiary–Pleistocene minor convergence phase. Contractional
deformation in the southern Levant became rather limited during
the last tectonostratigraphic phase (Fig. 5), indicating that the
rate of convergence was reduced. A possible cause for this
reduction is the emergence of a new plate boundary that developed
east of the Levant margin contemporaneously with the opening in
the Red Sea (Freund et al. 1970). Part of the northward motion of
the African plate was probably taken up by this new boundary, the
Dead Sea transform zone (Fig. 4).

The activity along the Dead Sea plate boundary during the
Miocene–Pliocene was also associated with considerable uplift
and erosion of the transform shoulders (Garfunkel 1989). This
was followed by the development of vast drainage systems that
carried large amounts of detrital material westward and northward
across the Levant margin.

Three distinct depositional cycles are recognized during the
Late Tertiary–Pleistocene tectonic stage (Fig. 5). The lower,
Oligocene–Miocene cycle is characterized by intense transport
of siliciclastic strata into the basin.

The middle, uppermost Miocene cycle is associated with the
accumulation of thick evaporitic section within the basin.
The Messinian salinity event is well recognized throughout the
Eastern Mediterranean. The deposition of the Messinian salt
within Mediterranean basins is considered to be the result of a dra-
matic sea-level drop, in the range of 800–1300 m (Ben-Gai et al.
2005), as a result of the isolation of the Mediterranean Sea from
the Atlantic Ocean (Hsu et al. 1973a,b; Ryan 1978). Quantitative
basin analysis of the Levant margin suggests the existence of a
deep basin, similar to the present one, in pre-Messinian time
(Tibor et al. 1992).

A final Plio-Pleistocene cycle is characterized by the develop-
ment of conspicuous, prograding delta systems along the
western margin as well as the formation of the Nile river delta
further to the south (Figs 4 and 5). These systems were associated
with anomalously high sedimentation and subsidence rates, influ-
enced by flexural response of the lithosphere to the loading of the
Messinian salt and Nile-derived sediments as well as to uplift of
the Judea Mountains east of the margin (Tibor et al. 1992).

The present-day active northern edge of the Levantine Basin
is located along the Cyprian arc in the NE Mediterranean
(Fig. 5). The Cyprian arc is divided into three distinct segments
(Kempler & Ben-Avraham 1978; Ben-Avraham et al. 1995). In
the western segment subduction of the the African lithosphere
under the Turkish plate is assumed to have led to the creation
of the small Antalya Basin (Fig. 4). In the central segment subduc-
tion was interrupted, as a result of the presence of the Eratosthenes
continental block in front of the arc. The eastern segment is a
system of wrench faults dominated by shear motion, with no active
subduction (Ben-Avraham et al. 1995). The small Latakia and
Larnaca basins (see below) were formed in this segment of the
arc (Fig. 4).

Younger basins

The Strait of Sicily rift system

The morphological and structural evidence of elongated bathy-
metric lows in the Strait of Sicily (Pantelleria, Malta and Linosa
troughs; Figs 1 and 6) were mapped during the early exploration
of the Mediterranean Sea (Finetti & Morelli 1972, 1973). The
interpretation of these troughs as rift-related structures was pro-
posed by various workers (Illies 1981; Finetti 1984), and some
of them have emphasized the role played by transcurrent tectonics
in their development (Cello et al. 1984; Jongsma et al. 1985;
Reuther & Eisbacher 1985; Boccaletti et al. 1987; Cello 1987).
The depressions found within the Pelagian block are viewed in
general as pull-apart transtensional basins generated in a dextral
wrench system. The proposed interpretations, mainly based on
structural analyses carried out in the islands within the Strait of
Sicily or in restricted parts of the surrounding areas, present
some differences, mostly related to the poorly constrained stretch-
ing mechanisms and deformational history.

The morphostructural features present in the Strait of Sicily do
not have an equivalent in the central and eastern regions of the
Mediterranean Sea, where major changes in crustal nature, struc-
tural trends and tectonic styles occur within short distances. In
the Strait of Sicily, a prevalent extensional regime dominated
from late Messinian to early Pliocene time, as determined from
the analyses of the seismic sequences found in the depocentral

Fig. 6. Bathymetric map of the Strait of

Sicily obtained by combining under-way

soundings and depth-converted sea-floor

reflectors from a seismic grid. The parts

of seismic profiles MS-19 and MS-120

that are presented in Figures 7 and 8,

respectively, are indicated by bold

continuous lines. The main troughs

associated with the rift system

(Pantelleria, Malta and Linosa) are

indicated by grey shading.
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areas of the troughs, and was responsible for the development of
the three main depressions within the Pelagian block.

Regional structural setting. The Strait of Sicily rift system is
located within the Pelagian block (Burollet et al. 1978; Boccaletti
et al. 1984), which geologically corresponds to the northern
leading edge of the African plate. The stretched continental
crust thins to less than 20 km (Colombi et al. 1973) underneath
the Pantelleria trough. The sedimentary cover is made up of Meso-
Cenozoic carbonate sequences that crop out in both the northern
(southeastern Sicily) and southern (Tunisia and western Libya)
domains of the platform. To the east, the shallow Pelagian block
is separated from the deep Ionian Basin by the Malta escarpment,
a structural boundary where deep-seated faults have throws
exceeding 2000 m. The escarpment extends over a length of
about 300 km from the eastern coast of Sicily southwards to the
Medina seamounts with a steep slope that descends to more than
3000 m below sea level. It separates the 23 km thick continental
crust (Finetti 1984) of the Strait of Sicily (Hyblean–Malta
Plateau) from the 13 km thick crust beneath the Ionian Sea
(Ferrucci et al. 1991). On land, normal and strike-slip faults
formed by left-lateral movements exist on the Ionian side of the
Hyblean Plateau, where they represent second-order structures
superimposed on the dominant vertical displacement along the
Malta escarpment. Sinistral wrenching along NNW–SSE-oriented
fault planes is accommodated by extension along the NE–SW-
oriented faults. The contrasting structural behaviour of the
Hyblean Plateau and the Ionian crust to the east could account
for the kinematics of the Plio-Pleistocene structures along the
onshore extension of the Malta escarpment (Grasso 1993).

Three subparallel principal troughs (Fig. 6), roughly trending
N1108S, and deeper than 1000 m, form the Strait of Sicily rift
system. The northwestern basin of the rift system (Pantelleria
trough) is the widest depression, and is separated from the other
two troughs (Malta and Linosa troughs) by localized structural
highs at around longitude 128400E. However, the geometric
relationships between these depressions and their relative bound-
aries are not yet precisely identified because the lack of detailed
bathymetric information. These depressions are filled with turbidi-
tic Plio-Pleistocene deposits (Maldonado & Stanley 1977; Biju
Duval et al. 1985), reaching thicknesses of about 1000 m in the
Pantelleria trough, 2000 m in the Linosa trough, and 1500 in the
Malta trough (Winnock 1981). In the other parts of the Pelagian
block, the Plio-Pleistocene sequence has a maximum thickness
of about 500 m.

Geometry of the rift system. The basic information from which we
derive the morphostructural and sedimentary setting of the Strait
of Sicily region is the bathymetric map and the grid of seismic
reflection profiles collected in the region since the early 1970s,
calibrated with boreholes and well data. Seismic profiles provide
the most striking evidence for analysis of the structural configur-
ation and geometric disposition of the fault-related structures
associated with stretching. After the earlier work of Finetti &
Morelli (1972, 1973), a large amount of data have been collected
in the Pelagian block, mainly in the course of a series of oil
exploration surveys. Here we analyse the reprocessed, migrated
version of seismic line MS-19 (Fig. 7), originally presented by
Finetti (1982). This profile illustrates in detail the structural archi-
tecture of a continent-type crust affected by extensional tectonics.
It runs NNE–SSW from the offshore part of the Hyblean Plateau,
which constitutes the northern sector of the African foreland in the
Pelagian block, to the Lampedusa Plateau, a generally flat-lying
carbonate platform that borders to the SE the stretched region of
the Strait of Sicily. The seismic profile, located between the two
horsts constituting the islands of Malta and Lampedusa, crosses
the eastern part of the Malta trough and the central–eastern
Linosa trough. The stratigraphy along the seismic profile has
been derived from correlation with adjacent well logs and

boreholes, and extrapolating the information across the entire
grid of data (Finetti 1984; Pedley et al. 1993). Here we utilize
the same interpretation in terms of seismo-stratigraphic control
and sedimentological character of the sequences.

In the Linosa trough a set of mostly subvertical, equi-spaced
faults, separating rotated and, in some cases, uplifted blocks, dom-
inate the structural framework along seismic line MS-19 (Fig. 7).
Block rotation is particularly evident in the central sector of the
Linosa trough. The core of the trough, corresponding to the
deepest part of the system, is bounded on both sides by prominent
faults with opposite polarities. All the subvertical faults reach the
sea floor, indicating recent tectonic activity. Towards the SW,
within the flat Lampedusa Plateau, another significant graben
(the Lampedusa trough), composed of at least two tilted blocks,
marks the southern boundary of the rift zone within the Pelagian
block.

The Malta trough is imaged by the profile MS-120 presented in
Figure 8. The two basin shoulders are symmetrical, and possibly
are composed of single normal faults. However, the strong
erosion and the possible presence of localized slide structures do
not allow clear identification of subsidiary discontinuities on the
hanging walls. The total throw along these flanking faults is of
the order of 1000 m or more. Secondary normal faults are
visible mainly on the southern flank of the trough. Significant
uplift occurs on the southern shoulder of the graben. The
seismic units filling the Malta trough onlap the basin margins.
These units may represent post-Messinian sequences, as identified
by Ryan (1978), and are covered by Plio-Quaternary strata that are

Fig. 7. Above: part of a reprocessed seismic line MS-19, originally presented

by Finetti (1984). This part of the profile crosses the central–eastern portion

of the Linosa trough (see location in Fig. 6), and shows the geometry of

the rift-related structures of the Pelagian block. The subvertical faults that

progressively deepen the trough symmetrically should be noted. TWT,

two-way travel time. Below: line drawing interpretation in which only the

principal subvertical faults are indicated. (For the seismostratigraphic

control along the profile, see Finetti (1984).)
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affected by structural discontinuities and possibly by block
rotation underneath the sedimentary cover. Some evidence of
asymmetry within the basin fill is evident from the section in
association with recent contractional deformation, as noted by
Argnani (1990) on the basis of sparker profiles acquired within
both the Malta and Linosa troughs.

Rift model. Intense block rotation and tilting generated by differen-
tial motion corresponding to the subvertical faults are the most
notable tectonic features characterizing the entire rift system.
The polarity of the block rotation varies along the rift system
and the most pronounced deformation is found within the axial
areas of the troughs, where block subsidence and tilting is particu-
larly impressive. In general, the tectonic style that characterizes
the Strait of Sicily rift system is remarkably symmetrical, a
mode of extension that has been described kinematically as pure
shear (McKenzie 1978), with an upper brittle layer overlying a
ductile lower layer, producing a symmetrical lithospheric cross-
section. The model predicts the formation of sediment-filled
grabens, which causes isostatic disequilibrium and the compensa-
tory rise of the asthenosphere, eventually accompanied by surface
volcanism in a late evolutionary stage of the rift system. The origin
of possible asymmetries within the rift system is generally
ascribed to inherited inhomogeneities in the lithosphere or/and
in the uppermost crustal layers.

The structural configuration of the Strait of Sicily resembles
most, if not all of the tectonic elements predicted by the model.
In particular, seismic data have shown that the normal fault
pattern dominates, and appears to have controlled the evolution
of the trough within the Pelagian block. This suggests a mechan-
ism in which the stress field is largely extensional, and appears to
have acted mostly as dip-slip faults. Dextral strike-slip mechan-
isms along NW–SE- or east–west-trending faults, as proposed

by many workers, are detectable only in local, very detailed
seismic surveys, such as in the western offshore of the Maltese
islands (Gardiner et al. 1995).

Analogue sandbox experiments in oblique rift models (where
there is an angle between the rift axis and the extension direction)
show remarkable similarities to the fault architecture and geo-
metric disposition of graben structures found in the Strait of
Sicily. In particular, the along-strike offsets in depocentres and
the en echelon fault pattern parallel to the zone of rifting are the
most striking evidence. En echelon stepping and segmentation
of the axial depocentre is interpreted to occur across accommo-
dation zones formed by complex interfingering extensional fault
systems, as seen in natural examples such as the Central Graben
of the North Sea (Roberts et al. 1990). Conceptual models based
upon the analogue experiments show footwall uplift on the indi-
vidual faults and mantle upwelling below the rift zone. Both
these features are seen in the Strait of Sicily region.

In SE mainland Sicily the Plio-Pleistocene fault pattern observed
along the western margin of the Hyblean Plateau implies right-
lateral movements along a broad NNE-oriented fault system that
traverses the southern Sicilian foreland oblique to the front of
the Maghrebian arc. Grasso et al. (1990) have argued that this
foreland strike-slip system played the role of a transform fault
linking zones of modern rifting within the Strait of Sicily with
zones of recent underthrusting in south–central Sicily.

Small basins along the Cyprian and Hellenic arcs

The series of basins along the northern margin of the Eastern
Mediterranean and the Aegean Sea can be divided into two
groups, those containing Messinian evaporites to the east and
those without to the west. In the following, we describe briefly
the various small basins in the same sense, from east to west.

A number of small basins are found both on- and offshore
(Fig. 1) in the northeastern corner of the Mediterranean. They
started to form at roughly the same time, probably at least from
the early Miocene, but have since been tectonically separated to
some degree. On the basis of the presence at depth of shallow
marine and continental deposits overlying Messinian evaporates,
the Adana and Iskenderun basins may have subsided at least
3 km in the Pliocene–Quaternary; however, the Mut Basin, to
the north of the Cilicia–Adana Basin, contains at least 1500 m
of almost horizontal Neogene sediments at a present elevation of
1500–2000 m, a vertical difference between the basins of almost
5 km. This is not unusual in the Eastern Mediterranean.

The Cilicia Basin. The Neogene Cilicia Basin (Fig. 4), a roughly
3 km deep NE–SW trough (shallower to the SW) lying between
Cyprus and Turkey, is a seaward continuation of the Adana
Basin, to the NE in Turkey (but offset to the south by the
Ecemis Fault, bounding the western part of the Adana Basin on
land). It contains Messinian evaporites, which show diapirism
and lateral flowage away from the northern and northeastern depo-
centres (Evans et al. 1978; Aksu et al. 1992a,b). Asymmetry in the
sedimentation has developed as a result of the major sources being
to the north and northward tilting of the northern Cyprus margin.
The two most important structural boundaries to the basin are the
transpressional Kyrenia–Misis Ridge to the SE and the Anamur–
Komakiti Ridge, which separates the Cilicia Basin from the deeper
Antalya Basin to the west.

The Latakia and Larnaca basins. These are relatively shallow
Miocene basins lying to the east of Cyprus on steps formed by
the development of several sinistral wrench zones along the
boundary of the African and Anatolian plates (Ben-Avraham
et al. 1995; Vidal & Alvarez-Marrón 2000; Vidal et al. 2000).
They are formed on northward tilting basement rocks that are con-
tinuous from Cyprus to Syria and Turkey. Post-Miocene tectonics

Fig. 8. Above: near-trace monitor of part of seismic profile MS-120 (see

location in Fig. 6), where it crosses the central–western part of the Malta

trough. The basin is flanked by prominent subvertical faults, and the basin

fill is characterized by mostly horizontal reflectors onlapping the basin

margins. Significant uplift of both of the hanging walls of the depression can

be seen on the profile. Below: line, drawing interpretation.
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resulting from the extrusion of the Anatolian plate to the west
(with Cyprus forming the southernmost part of this, pushing
more southward) caused both the tilting and uplift of the
basins. Uplift has resulted in the basins forming two steps from
the Levantine Basin towards the Cicilia Basin to the north: the
Latakia Basin forms the southern step and the Larnaca the
second step just to the north (Fig. 4). The fault-bounded basins
are separated by the Larnaca Ridge, and limited to the north
and south by the Kyrenia–Misis Ridge and the Latakia Ridge,
respectively (Ben-Avraham et al. 1995).

The Antalya Basin. Relatively little is known about this deep basin
lying west of the Cilicia Basin between Turkey and the Florence
Rise (Figs 4 and 9). It was shown to contain thick Messinian eva-
porites and display northward thickening sediments suggestive of
active and long-term northward tilting (Woodside 1977; Taviani &
Rossi 1989; Sage & Letouzey 1990). A Palaeogene and Mesozoic
basement is proposed from the relationship of the basin to Alpine
nappe structures inferred at the Florence Rise (Sage & Letouzey
1990; Woodside et al. 2002). The ophiolites that have been shown
to continue from SE Turkey (Baer–Bassit) into Cyprus (Delaloye
& Wagner 1984; Delaune-Mayere 1984; Robinson & Malpas
1990) and to reappear again in the Antalya Nappes Complex
(e.g. Robertson & Woodcock 1982) of southwestern Turkey
have been thought also to continue through the Florence Rise or
the Antalya Basin (e.g. Monod 1976), but there is little evidence
for this in the form of typical magnetic or gravity anomalies
(Woodside 1977; Woodside et al. 2002). A major roughly
north–south structural discontinuity separates Cyprus and the
Cilicia Basin to the north from the Antalya Basin, which has sub-
stantially greater depth than the western Cilicia Basin. A gravity
discontinuity (low to the west, higher to the east) defines this
boundary (Woodside 1976). The western boundary of the
Antalya Basin is the fault-bounded Anaximander Mountains
(Zitter et al. 2003; Ten Veen et al. 2004), and the fault-bounded
western margin of the Gulf of Antalya to the north. Within the
Gulf of Antalya to the north, there appears to be a buried, abrupt
NW–SE boundary (defined also by a change in the gravity field;
Woodside 1976) of the deepest part of the basin, with a shallower
part to the north. The shallow part is likely to be the offshore
extension of the Manavgat Basin, which is located onshore
along the eastern margin of the Gulf of Antalya (e.g. Flecker
et al. 1998; Flecker & Ellam 1999).

The Finike Basin. The Finike Basin is a narrow (about 20 km)
depression about 80 km long lying between southwestern
Turkey to the north and the Anaximander Mountains to the
south. It appears at first glance to be a continuation of the
Antalya Basin to the west, but this is only a morphological conti-
nuity. An absence of Messinian evaporites and a relatively thin
post-Miocene sedimentary fill (no more than about 1200 m,
assuming a seismic velocity of 1700 m s21) indicate that this
basin is geologically relatively young, probably no older than
late Pliocene to Present. Northward-tilting sediments indicate
that it is still forming, with the appearance of a rift basin being
created by listric faulting along its northern boundary. This
narrow and very linear (WSW–ENE) section of the margin of
southwestern Turkey is inferred to mark the upper part of the
listric fault. The fault may have originated as a strike-slip fault
connected through the Rhodes Basin with transpressional faulting
through the Pliny and Strabo trenches to the west (Ten Veen et al.
2004). Parallel faulting is mapped on land in Turkey (Gutnic et al.
1979). Basement rocks in the western part of the basin are shown
to be similar to the Suzug Dag and Bey Daglari section in Turkey
(Woodside et al. 1997), and in the east they form a continuation of
the Antalya Nappes Complex, which is traced as far south as the
Anaximander Mountains at 358400N, about 60 km south of the
Turkish coast (Woodside et al. 1997). Thus the Finike Basin
acts as a rift basin separating the Anaximander Mountains from F
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Turkey (Nesteroff et al. 1977; Woodside et al. 1997). To some
degree, sediments from the Finike Basin can be followed south-
ward onto the Anaximander Mountains that form the basement
below an erosional unconformity.

The Rhodes Basin. The Rhodes Basin shows many similarities with
the Finike Basin, having no Messinian evaporites, and a relatively
thin post-Miocene section (no more than about 1000 m, assuming
a seismic velocity of 1700 m s21) overlying inferred Alpine base-
ment (Woodside et al. 2000). It is also, at about 4500 m depth
(Fig. 10), one of the deepest basins of the Mediterranean Sea,
which implies a relatively recent and rapid subsidence. It is
bounded to the west and NE by faults (Woodside et al. 2000).
The western boundary fault shows transpression with reverse
faulting (Woodside et al. 2000; Kontogianni et al. 2002) and
was thought to form the plate boundary between the Aegean and
African plates, in continuity with sinistral transpressive shear
along the Pliny Trench. Because of the poorly constrained
nature of the Fethiye–Burdur fault zone to the NE, and a
number of normal fault-plane solutions for earthquakes along it
(rather than strike-slip; McKenzie 1978), the idea that the plate
boundary continues in this direction has been disputed by Ten
Veen et al. (2004), who have suggested instead that the plate
boundary crosses the Rhodes Basin and continues along the north-
ern edge of the Finike Basin. The Rhodes Basin is separated into
two sub-basins by a zone of deformation that could be seen as the
link between the Finike Basin and the Strabo Trench (Ten Veen
et al. 2004).

The Aegean basins. Within the Aegean Sea are a number of gener-
ally shallow basins that formed by extension of Alpine (Hellenide)
basement during the southwestward extrusion of the Aegean and
Anatolian plates (McKenzie 1972; Mascle & Martin 1990;
Jackson 1994). The two most important of these basins are the
Crete Basin (over 2000 m deep in the east), just to the north of
Crete and parallel to its west–east long axis (Angelier et al.
1982), and the North Aegean Trough (over 1000 m deep in two
connected ENE–WSW linear depressions, the Saros Trough to
the east and the Sporades Trough to the west; Papanikolaou et al.
2002) which formed probably as a pull-apart along the principal
strand of the North Anatolian Fault zone at its westernmost end
(Yaltırak et al. 1998; Yaltırak & Alpar 2002). The North
Anatolian Fault zone, the key tectonic element in the development
not only of the Sea of Marmara but also of the North Aegean

Trough, abuts the Greek mainland at the western end of the
Sporades Basin; however, the motion is absorbed by a system of
extension with rapid clockwise motion, which, within the past 1–
2 Ma, has passed motion on to the Gulf of Corinth and the Cepha-
lonia Transform Fault to the west (Le Pichon et al. 2002). Thus an
age of about 2 Ma can be given to the tectonic regime now prevail-
ing in the Aegean basins (Le Pichon et al. 2002), although the begin-
nings of extension date back to as early as 25 Ma (Jackson 1994).

Between the Cretan and the North Aegean Troughs lie a number
of smaller basins with similar structural trends. Included in these
are, from north to south, the Edremit Trough, the North Ikaria–
Samos Basin and the North Mikonos–Andros Basins, and the
South Ikarian Basin. These are mainly grouped in the eastern
half of the Aegean (e.g. Lykousis et al. 1995). To the west are
small Plio-Quaternary basins such as the Saronikos Basin (follow-
ing roughly the Gulf of Corinth structural trend to the east of the
Peloponnesus), the Mirthes Basin, and the Argolide Basin. The
differing structural trends between west and east are related to
the southward migration of the Hellenic Arc and probably roll-
back in the back-arc, and have been modelled by Jackson
(1994), among others (e.g. Kreemer et al. 2003), as well as
imaged by seismic tomography (Spakman et al. 1988).

Discussion

The Eastern Mediterranean basin systems were formed in several
stages. During the first stage of evolution, continental fragments
rifted away from Africa to form the Ionian and the Levantine
basins. This stage was followed by other rifting events. In the
Levantine Basin, during the first stage, continental fragments,
now part of Turkey, rifted away from the Levant and Sinai, and
in the second stage, the Erathostenes Seamount and possibly
other microcontinental blocks rifted away from Africa and
moved northward. This process has caused the formation and
destruction of oceanic crusts in the basins.

The large-scale process that dominates the evolution of the
Eastern Mediterranean basin systems is the approach of two
large lithospheric plates, the African plate and the Eurasian
plate, toward each other (Ben-Avraham 1989). The sea-floor
spreading process in the Ionian and Levantine basins was inter-
rupted occasionally by the collision of the rifted fragments with
the southern margin of the Eurasian plate in the north.

The rifting of continental fragments away from Africa, while the
African plate was moving northward relative to the Eurasian plate,
means that subduction along the Calabrian, Hellenic and Cyprian
arcs had to be faster than the convergence of the two plates.
Le Pichon et al. (1982) suggested that because of the large
slab-pull force, the subduction of land-locked deep-sea basins
will, in general, occur much faster than the collision rate. As a
consequence, subduction of the old deep-sea basins in the Eastern
Mediterranean will be compensated by the formation of young
deep-sea basins behind the subduction zones. This is, in fact,
what is taking place in the Eastern Mediterranean. Large basins,
such as the Tyrrhenian and Aegean, as well as small basins, such
as Cilicia and Antalya, are opening behind the Calabrian, Hellenic
and Cyprian arcs.

The mechanism responsible for the origin of the rift system in
the Strait of Sicily is a crucial point that needs to be addressed.
Very few workers have attempted to unravel this question. The
difficulty of understanding the genetic evolution of the area is
attributed to the inherent geological complexity of the region,
which is surrounded by an assemblage of relatively small litho-
spheric blocks with a wide variety of rheologies and thicknesses
that evolved during the pre-Tertiary tectonic evolution of the
Africa passive palaeo-margin. The geological nature of these
crustal segments is still poorly known because of the lack of dis-
tinctive geological constraints, and, in particular, the poor
seismic coverage and stratigraphic information on both the

Fig. 10. Six-channel seismic profile (using two GI 75 guns as source; with

total air chamber volume of 2.45 l) from the French PRISMED II

expedition (line 24, modified after Woodside et al. 2000) running roughly

north–south in the southern Rhodes Basin. It should be noted that there are

no Messinian evaporites overlying the pre late-Miocene eroded basement,

and that the post-Miocene sediments are relatively thin and undeformed.
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pre-Mesozoic substratum and the crystalline basement.
Ben-Avraham & Grasso (1990, 1991) stressed that one of the
most important elements triggering segmentation along collision
zones is probably the crustal structure variation along leading
edges of the impinging Africa plate.

The most important tectonic event that occurred in the central
part of the Mediterranean Sea in the latest Tertiary was the
rifting and opening of the Tyrrhenian basin, which started in late
Miocene time and continued until the early Pleistocene with the
possible formation of oceanic-type crust (Kastens et al. 1988).
Because the Strait of Sicily rift system and the Tyrrhenian Sea
formed in the same time span, Argnani (1990) suggested that
the two geodynamic events could be in some way correlated. Roll-
back of the subducted slab and lithospheric mantle delamination
have been proposed as feasible mechanisms that have produced
a limited amount of extension within the Pelagian block, as a con-
sequence of slab-pull forces and secondary mantle convection. On
the other hand, Reuther & Eisbacher (1985) suggested that the
origin of the dramatic change in the stress pattern during the
Messinian might be related to an abnormal tectonic context; for
example, a northeasterly subduction of the Ionian lithosphere
beneath the Aegean Arc, as argued by Le Pichon et al. (1982).
According to this hypothesis, crustal extension affecting the litho-
sphere underlying the Pelagian block occurs where it pulls away
from its African anchor, giving rise to graben development and
associated basaltic volcanism. Ben-Avraham et al. (1987) have
considered the activity of a 1000 km long transcurrent fault
running along the north African passive margin to explain the
crustal extension within the Strait of Sicily.

The seismic data presented here have shown that most of the
faults in the Strait of Sicily affect the sea floor, indicating recent
tectonic activity. No significant evidence of reactivation, inner
deformation of the fault-rotated blocks and azimuth changes within
the throws has been detected. Considering that the Strait of Sicily
rift zone is a relatively young tectonic feature (early Pliocene to
Present), we may assume that the extensional tectonic regime did
not change significantly during this time span. Further support is
provided by the fact that the volcanic edifices within the rift
system are all Quaternary in age, indicating a progressive evolution
of the rift from an immature stage to a more developed configuration
in which partial melting is taking place.
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France, XVIII, 521–531.

NESTEROFF, W. D., LORT, J., ANGELIER, J., BONNEAU, M. & POISSON, A.
1977. Esquisse structurale en Méditerranée orientale au front de l’arc
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YALTIRAK, C., ALPAR, B. & YÜCE, H. 1998. Tectonic elements control-
ling the evolution of the Gulf of Saros (northeastern Aegean Sea).
Tectonophysics, 300, 227–248.

YELLIN-DROR, A., GRASSO, M., BEN-ABRAHAM, Z. & TIBOR, G. 1997.
The subsidence history of the northern Hyblean plateau margin,
southeastern Sicily. Tectonophysics, 282, 277–289.

ZITTER, T. A. C., WOODSIDE, J. M. & MASCLE, J. 2003. The Anaxi-
mander Mountains: a clue to the tectonics of southwest Anatolia.
Geological Journal, 38, 375–394.

Z. BEN-AVRAHAM ET AL.276


