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Abstract Sedimentary basins adjacent to plate boundaries contain key tectonic and stratigraphic elements
to understand how stress is transmitted through plates. The Levant Basin is a place of choice to study such
elements because it flanks the Levant Fracture System and the Africa/Anatolia boundary. This paper uses new
high-quality 3-D seismic reflection data to unravel the tectonic evolution of the margin of this basin during
the Cenozoic, the period corresponding to the formation of the Levant Fracture System, part of the
Africa/Arabia plate boundary. Four major groups of structures are identified in the interpreted Cenozoic units:
NW-SE striking normal faults, NNE-SSW striking thrust-faults, ENE-WSW striking dextral strike-slip faults, and
NNE trending anticlines. We demonstrate that all structures, apart of the NW-SE striking normal faults, are
inherited from Mesozoic faults. Their reactivation and associated folding started during the late Miocene prior
to the Messinian salinity crisis due to a NW-SE compressional stress field. No clear evidence of shortening at
present-day offshore Lebanon and no large NNE-SSW strike-slip faults parallel to the restraining bend are
found indicating that the Levant Fracture System is mainly contained onshore at present day. The intermittent
activity of the interpreted structures correlates with the two stages of Levant Fracture System movement
during late Miocene and Pliocene. This paper provides a good example of the impact of the evolution of plate
boundaries on adjacent basins and indicates that any changes in the stress field, as controlled by the plate
boundary, will affect immediately the preexisting structures in adjacent basins.

1. Introduction

Crustal structures related to transform plate boundaries have been extensively documented worldwide
[e.g., Woodcock, 1986; Sylvester, 1988; Cunningham and Mann, 2007]. Relative displacements at this type of
plate boundary are accommodated by complex fault systems that have been classified in detail (see Dooley
and Schreurs [2012] for a review) and that can locally create restraining or releasing bends [e.g., Cunningham
and Mann, 2007] forming typical strike-slip basins [Mann et al., 1983] bound by subparallel master faults
[Sylvester, 1988]. Considerable efforts have been concentrated on the study of the boundary itself [Freund,
1974; Zoback, 1991], while little attention has been paid on the impact of such fault systems on adjacent
basins. Hence, studying such areas should provide some understanding on how stress and strain are
transmitted to the plate interiors from transform plate boundaries.

The eastern Mediterranean Levant Basin is an area where the effect of an adjacent major strike-slip fault in a
complex geodynamical context can be tested. The Levant Basin is today bordered by the Levant Fracture
System (LFS) to the east, a 1000 km long left-lateral transform fault, linking rifting in the south with
collision and suturing in the north (Figure 1). Extensive work over the evolution of the LFS was conducted
previously, leading to a wealth of knowledge regarding its evolution. However, lack of offshore data in
past years and uncertainty regarding geometry, displacement, and shortening over the LFS onshore has led
to major debates on the geological evolution of the Levant margin, in general (see Beydoun [1999] for a
review), and the Lebanese restraining bend in particular [Butler et al., 1998;Walley, 1998; Gomez et al., 2007b;
Homberg et al., 2010]. Certain authors argue that deformation continues offshore where shortening
occurred along NNE-SSW structures [Elias et al., 2007; Carton et al., 2009]. There are also unexpected
aspects of the deformation in Lebanon like the decrease of shortening onshore since Pliocene time [Homberg
et al., 2010], whereas plate kinematics predict an increase in the transpressive character of the plate motion
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[Le Pichon and Gaulier, 1988]. The interpretation of the structures in the Levant Basin is also challenging due to
the complex tectonic setting characterizing this basin since the Late Mesozoic.

Recent high-quality 3-D seismic reflection data permit a detailed study of the northern Levant Basin, offshore
Lebanon. The availability of such data allowed to better constrain and understand the stratigraphy and
geodynamics offshore Lebanon [Montadert et al., 2010, 2013; Hawie et al., 2013b]. In this paper, detailed
interpretation of the new 3-D seismic data unveiled the structural evolution of the northern Levant Basin
during the Cenozoic and the effects of the nearby LFS. The described structures offshore Lebanon are then
correlated with the regional tectonics of the Levant Basin in order to investigate causative mechanisms
during their formation and growth.

2. Regional Setting

The Levant Basin (Figure 1) formed due to pulsed breakup of Gondwana during the Late Paleozoic to Mesozoic
[Garfunkel and Derin, 1984; Robertson, 1998]. The strongest pulse is believed to have occurred during the
Early to Middle Jurassic [Ben-Avraham et al., 2002]. Numerous NE-SW striking Mesozoic normal faults were
perpendicular to the rifting, which occurred under a NW-SE extensional direction [Gardosh et al., 2010;
Montadert et al., 2013]. Seismic refraction profiles in the eastern Mediterranean [Makris et al., 1983; Ben-Avraham
et al., 2002; Netzeband et al., 2006] may indicate that the crust is only 8 km thick and thus significantly thinned
beneath the Levant Basin [Hirsch et al., 1995; Vidal et al., 2000; Gardosh et al., 2010]. Onshore gravity data
demonstrate the westward thinning of the continental crust beneath Syria and Lebanon [Beydoun, 1977;
Khair et al., 1997], and seismic refraction data show a similar trend in Israel and its offshore [Makris et al., 1983;
Netzeband et al., 2006]. Inland, the Palmyra Basin has been an important sedimentary depocenter since the
Late Permian [Brew et al., 2001] and Triassic [Chaimov et al., 1992] with extension and normal faulting in the
Jurassic and Late Cretaceous [Best et al., 1993; Chaimov et al., 1993; Litak et al., 1998]. Lebanon and its offshore
might constitute the westward continuation of the Palmyra Basin [Walley, 1998].

During the Late Cretaceous, subduction and obduction accommodated progressive closure of the Neo-
Tethys ocean [Stampfli and Hochard, 2009; Frizon de Lamotte et al., 2011]. This major geodynamic event also
caused the contraction of the Levant Basin andmargin and triggered the development of an arcuate fold belt

Figure 1. Location map of the study area showing the major structures of the eastern Mediterranean and the data set available for this study. Background map is
from http://www.geomapapp.org.
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in Palmyra, Israel, and Sinai, termed the Syrian Arc [Walley, 1998]. This fold belt resulted from the inversion
of Early Mesozoic extensional structures [Druckman, 1981; Best et al., 1993; Chaimov et al., 1993; Druckman
et al., 1995]. Two main episodes of Syrian Arc folding have been identified: Early Senonian and late
Eocene/Oligocene [Hempton, 1987; Moustafa and Khalil, 1994; Eyal, 1996; Garfunkel, 1998; Walley, 1998].

Collision of and suturing between Afro-Arabia and Eurasia commenced during the Oligocene to early Miocene
[Dewey et al., 1973; Sengor and Yilmaz, 1981; Beydoun, 1993; Allen et al., 2004; Frizon de Lamotte et al., 2011].
It resulted in the formation of numerous trending NE-SW gentle folds, both onshore and offshore. Similarly,
angular unconformities between the middle Eocene and Burdigalian in Lebanon [Dubertret, 1955;Walley, 1998;
Boudagher-fadel and Clark, 2006; Homberg et al., 2010; Hawie et al., 2013a], NW Syria, and the Palmyra Basin
[Sawaf et al., 2001] attest together with these NE-SW anticlines to a regional folding during the early Miocene.

The Oligocene to early Miocene has witnessed the separation of Arabia from Africa. This has resulted in the
establishment of a new plate boundary along the Red Sea and the present location of the LFS (Figure 1)
[Le Pichon and Gaulier, 1988]. The LFS is a series of predominantly strike-slip faults cutting the NW Arabian
margin between the Gulf of Aqaba in Jordan and the Taurus Mountains in Turkey. It forms a 1000 km long,
left-lateral transform system [Dubertret, 1955; Quennell, 1958] comprising, from south to north, the N-S Dead
Sea segment, the NNE-SSW striking central segment in Lebanon, and the N-S Ghab Fault (Figure 1) [Quennell,
1958; Freund, 1965; Dubertret, 1972]. The central LFS segment in Lebanon forms a restraining bend with many
strike-slip faults and folds, comprising the NNE-SSW striking Yammouneh and Serghaya Faults [Dubertret,
1955] (Figure 1). Deformation within the LFS restraining bend is mainly partitioned along its different
structures [Gomez et al., 2007b]. Part of those structures consist of ENE-WSW to E-W faults crosscutting the
Lebanese margin and termed the latitudinal faults [Gedeon, 1999]. These faults are dextral strike slip with
offsets of about 1–2 km, seismically active, and are widely recognized as reactivated Mesozoic structures,
potentially extending to the offshore [Dubertret, 1955; Sabbagh, 1961; Gedeon, 1999]. The potential offshore
expression of the LFS forms part of the focus of this paper. Ron et al. [1984] explain the occurrence of the
dextral strike-slip faults as contemporaneous with block rotation caused by sinistral strike-slip faulting along
the LFS. Synchronously with movement on the LFS, the Lattakia Ridge System (LRS) was active and
accommodating during the Messinian and Pliocene sinistral strike-slip movement between Cyprus and the
eastern Levant margin. This activity was associated with westward escape of the Anatolian microplate,
relative to the Eurasian Plate, following a counterclockwise direction of rotation [Sengor and Yilmaz, 1981;
Hall et al., 2005; Reilinger et al., 2006; Le Pichon and Kreamer, 2010].

3. Data Set and Methodology

The study area covers the northern Levant Basin, offshore Lebanon between 33°N and 35°N (Figure 1).
Two seismic cubes are used in this study, courtesy of PetroleumGeo-Services (PGS): (i) 1516 km2 prestack time-
migrated (PSTM) MC3D-LEB2006, which was acquired in 2006 using six streamers and two 3090 cubic inch
air guns positioned at a depth of 6m in water depth ranging between 1.5 and 2 km. Streamer length was
6000m long at a spacing of 12.5m and 25m shot point intervals; and (ii) 2774 km2 PSDM MC3D-LEB2012,
which was acquired in 2012 using 12 streamers and two 4135 cubic inch air guns positioned at a depth of 6m
in water depth ranging between 1.5 and 2 km. Streamer length was 7050m long at a spacing of 12.5m and
25m shot point intervals. In addition, 830 km long seven N-S regional 2-D seismic lines were also provided by
PGS and acquired in 2008 using a 6180 cubic inch air gun at 8m and 8100m long streamer with 9.2 s recording
length (Figure 1).

The presence of a 2 km thick salt unit in the basin [Hsu et al., 1973] creates significant velocity anomalies in
underlying units. Furthermore, the structural complexity of the Levant Basin causes variations in lateral
velocities. Thus, prestack depth-migrated (PSDM) data, where available, were of great value to this study. PSDM
is an efficient way to correct image distortion caused by overburden velocities in reflections and to reduce the
effect of lateral velocity variations caused by the complex structural geometries [e.g., Agudelo et al., 2009].

The interpretation of detailed structural elements was performed on depth-converted sections. This has helped
to negate the interpretation of artifacts related to the thick Messinian evaporites. Because no well data were
available, time to depth conversion was done using a velocity model built from stacking velocities. Frequency
ranges are between 40 and 80Hz, yielding a tuning thickness of about 6m in the Pliocene and 15–25m in the
Miocene. The interpretation workflow included a continuous integration between regional 2-D seismic lines
and 3-D seismic cubes. The interpretation of horizons and faults and the creation of isopach maps were
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performed on 2-D data by using several depth structure maps at different levels, which allowed understanding
the geometry of the basin and the distribution of key stratigraphic units (Figure 2). Following this step, detailed
interpretation of structural elements was performed using amplitude cubes, structural seismic attributes, and
depth structuremaps (Figure 5). The attributes used included coherence attributes to image discontinuities and
faults [e.g., Bahorich and Farmer, 1995], and dip attributes to enhance visualization of anticlines and folds.

4. Structural Style of the Northern Levant Basin

The interpretation of seismic data was used to build the structural scheme illustrated in Figure 3. The main
structural elements in the basin can be divided into pre-Cenozoic and Cenozoic structures. The former will
not be investigated in detail in this paper due to large uncertainties in the pre-Cenozoic units and the
relatively poorer seismic resolution at greater depths.

4.1. Pre-Cenozoic Structures
4.1.1. Description

Regional 2-D seismic lines show the overall geometry of the basin (Figure 4). An important structure named the
Saida-Tyr Plateau (STP) is found to the south of the study area (Figure 4). It is bounded to its north by a deep

Figure 2. Regional stratigraphic column of the Levant Basin. Seven seismic units are interpreted in this data set consisting
of deepwater carbonates and marls SP2 unit; hemipelagic/pelagic sediments SP3 unit; stacked deepwater clastic and
hemipelagic deposits SP4, SP5, and SP6; evaporite SP7 unit; and intercalated turbidites/hemipelagic SP8 unit. These seismic
sequences are mapped based on the interpretation of seismic packages and their bounding surfaces. Due to lack of drilling
activities and well data offshore Lebanon, dating of these packages is based on wells offshore Israel [Gardosh et al., 2006]
and thus remains speculative. Nomenclature of units is adopted from Hawie et al. [2013b].
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crustal fault (F1), separating it from the distal part of the Levant Basin. To its west, it is separated from the thick
Cenozoic units by NNE-SSW striking strike-slip faults [Hawie et al., 2013b]. The magnetic maps of the Levant
Basin show the presence of an irregular body below the STP, evidenced by relatively stronger magnetic
anomalies than its surrounding [e.g., Segev and Rybakov, 2010]. The Levant Basin north of STP is characterized
by a 9 km thick succession of Cenozoic sediments. SP3 and SP4 units (interpreted as Senonian/Eocene and
Oligocene) thicken to the north, whereas units SP5 and SP6 (interpreted as lower and upper Miocene) thicken
toward the basin center (Figure 4).

In the NW part of the study area, the LRS marks the northern boundary of the Levant Basin (Figure 4). LRS forms
a fold and thrust belt, with a vertical cumulated displacement of Tertiary strata of about 3 km and comprises
many deep thrust faults, ramp anticlines, hanging wall cutoffs, and growth strata architecture. It affects all the
units in the basin, from the Cretaceous until Pliocene and marks a prominent topography at the seafloor.

4.1.2. Interpretation

The relatively thinner Miocene units on top of STP indicate that the latter was in place during the Cenozoic
when the Miocene sediments were deposited. Furthermore, the geophysical and structural observations
over STP indicate that this structure might be an old fragment of a thick continental crust bordered by faults.
The crustal thickness below STP is larger than the rest of the basin, and hence, it might resemble the
Eratosthenes Seamount [e.g., Makris et al., 1983].

The variations of thicknesses of Tertiary units in the basin indicate a certain geodynamic control prior to and
during the Cenozoic, shaping the current architecture of the basin. The thickening of SP3 (Senonian/Eocene)
and SP4 (Eocene/Oligocene) is observed close to the LRS [Hawie et al., 2013b] and indicates active subduction
in the Upper Cretaceous [Hall et al., 2005] (Figure 4). The thickening of the Miocene units (SP5 and SP6)
suggests a geodynamic change during the Miocene responsible in shifting the sedimentary depocenter
toward the center of the basin, after being closer to LRS in the Senonian and Eocene.

Figure 3. Structural map of the Levant Basin offshore Lebanon showing the structures of the basin, together with the structures onshore in Lebanon and part of
Syria. The structures mapped in the course of this study are based on 3-D seismic interpretation and consist of four predominant fault sets: (i) NE-SW trending
thrust faults (in red), (ii) ENE-WSW striking dextral strike-slip faults (in green), (iii) NNE trending anticlines (in blue), and (iv) NW-SE striking normal faults (in hachure).
Onshore structures are adopted from Brew et al. [2001] and Dubertret [1955].
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4.2. Cenozoic Structures

A depth-structure map of the mid-Miocene horizon (R6) and a depth slice in the dip attribute cube near the
base-Messinian horizon (R7) show the presence of several anticlines and faults (Figure 5). The geometry, age
and relationship between these structures, can be studied in detail with the available 3-D seismic data
(Figures 3–5). Overall, four different groups of structures are identified (Figure 3), and these are described below.
4.2.1. Normal Faults
4.2.1.1. Description
A dense array of normal faults is found in the central, deepest part of the Levant Basin (Figures 3–6). These
faults are regularly spaced and typically strike NW-SE. They dip 60° either to the NE or SW. Furthermore, they

Figure 4. Regional N-S 2-D seismic sections across the Levant Basin offshore Lebanon showing the different structural and stratigraphic elements of the basin, delim-
ited by the Lattakia Ridge System to the north and by the Saida-Tyr Plateau to the south. For location, see Figure 1.
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are layer bound, being developed only in the Oligocene-Miocene units (SP4, SP5, and SP6) and bounded
above and below by the interpreted base Messinian (R7) and Eocene unconformity (R4) (Figures 4–6). The
maximum documented displacement along these faults is 415m. Superposition of a basin-wide fault
mapping [Dupin et al., 2012] and a Miocene isopach revealed that these faults are tallest and have highest
displacement, where the Miocene sequence is relatively thick (Figure 7). They are almost absent along the
margin of the basin and on the STP and are less well developed in the southern Levant Basin, where the
Miocene unit is thinner [e.g., Gardosh and Druckman, 2006]. Sediment thickness calculations for units
belonging to lower and upper Miocene (SP5 and SP6, respectively) along fault planes revealed expansion
index ratio as defined by Cartwright et al. [1998] between 1.02 and 1.2 (Figure 8).
4.2.1.2. Interpretation
The thickening of units in the hanging wall blocks indicates that these faults have nucleated in the early
Miocene. They were synsedimentary during the Miocene, with uncertainty on their current activity. The
presence of NW trending normal faults in the basin is not coeval with any documented NE-SW extension during
the Miocene in the Levant Basin. It is hence difficult to relate these faults with a tectonic origin. Knowing the

Figure 5. (a) Depth slice in the dip attribute cube taken below R7 horizon along the MC3D-LEB2006 and MC3D-LEB2012
seismic cubes and (b) depth structure map of R6 (base mid-Miocene horizon). These maps show the multitude of folds
and faults in the Levant Basin offshore Lebanon and their distribution. The boundary and location of the 3-D blocks are
shown in Figure 1.
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strong correlation between sediment
thickness and the distribution of these
faults, it is very likely that their
distributionmight be associated with the
thickness of the Miocene units. It is out of
the scope of this paper to perform
detailed analysis of displacement
distribution and variation along the fault
planes in order to constrain the temporal
and spatial evolution of these faults
[Walsh and Watterson, 1988].
4.2.2. ENE-WSW Striking
Strike-Slip Faults
4.2.2.1. Description
Four parallel ENE-WSW striking faults are
observed in 2-D (fault F1) and 3-D data
(faults F2, F3, and F4) (Figures 3–5). These
faults are nearly vertical and affect all the
units from the Cretaceous (SP2) until
Messinian (SP7). At seabed, they are
associated with localized deformation
and faulting (Figures 10 and 11). Fault F1
has a variable throw along its strike,
reaching 750m in places (Figure 4). It is
bordering the STP described in previous
sections and is only observed in 2-D data
in this study, which limits observation
and interpretation.

Fault F2 is a 25 km long steep fault that
appears locally as a negative flower
structure toward the westward tip of the
fault (Figure 9e). The vertical throw
associated with this fault is variable along
its length. In section AA′ and BB′
(Figure 9), R3 (Senonian unconformity
horizon) is 500m displaced downward
NW of the fault plane, while the
remaining horizons show no
displacement. In section BB′, R5, R6, and
R7 are 300m displaced downward SE of
the fault (Figure 9f). An erosive surface
along the base Messinian horizon (R7) is
observed in section AA′ above the

Figure 6. (a) Coherence attribute slice below
R7 horizon from MC3D-LEB2006 PSTM seismic
cube. (b) Interpretation of the coherence map
showing the distribution and orientation of the
normal fault array. (c and d) Seismic section
across three normal faults showing the thick-
ening of units in the hanging wall block in SP5
and SP6 units along FN2. The arrows in
Figure 6d indicate the units onwhich expansion
index (EI)> 1 have been recorded. For the
location of the seismic block, see Figure 1.
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structure (Figure 9e). In map view (Figures 9b–9d), small scale closely spaced faults oriented at 60° to and
crosscut by F2 are observed. These structures consist of small normal faults of 200m throw that displace the
Miocene units (SP5 and SP6) and which branch off on the vertical master fault. The absence of displaced
markers does not allow verifying if any strike-slip movement occurred along these faults. An anticline (A1-b)
with a 10 km long axis and 200m fold amplitude is observed adjacent to F2. It is bending 30° clockwise when it
approaches the westward tip of F2 (Figure 9d).

Fault F3 is 15 km long and is located closer to the Levant easternmargin than F2 (Figure 3). It consists of a vertical
or NW dipping steep fault crosscutting SP2, SP3, SP4, SP5, and SP6 (Cretaceous to upper Miocene units). R3
(Senonian unconformity) and R4 (Eocene unconformity) are displaced downward of 1 km (Figure 10). Reverse
drag is observed along R6 (basemid-Miocene horizon) in both the footwall and the hangingwall. In the footwall,
the Oligocene/Eocene unit (SP4) is significantly reduced or absent, overlying a clear erosional surface along
R4 (Eocene unconformity), and the top of the upper Miocene unit (SP6) is eroded and truncated (Figure 10d).
In SP6, two parallel 6 km long anticlines are crosscut by F3 and oriented 60° from the F3 fault plane (Figure 10b).
On top of F3, the Messinian is folded, and gentle uplift and deformation are observed in SP8 (Pliocene).

Fault F4 can only be seen in a small area in the northeastern side of the MC3D-LEB2012 seismic survey
(Figure 3). It consists of a nearly vertical fault, with a displacement of 750m of Cretaceous horizons (within
SP2) (Figure 11). SP8 (Pliocene unit) is severely deformed by this fault, and the seabed is vertically displaced
for about 500m. The erosion and truncation of R2 (Senonian unconformity horizon) are recorded in the
hanging wall. A significant hiatus is observed along this fault and includes the Eocene, Oligocene, Miocene,
and Messinian units (SP3 to SP7) (Figure 11).
4.2.2.2. Interpretation
The ENE-WSW striking structures are believed to be dextral strike-slip faults, based on the following arguments:
(i) the faults are narrow, nearly vertical and thoroughgoing; (ii) abrupt thickness changes in correlative

stratigraphic units across fault planes (Figures 4,
9, 10, and 11); (iii) passive eastward bending of
anticlinal axis close to F2 (Figure 9), (iv) shallow
splay faults resembling Riedel-like structures at
60° from F2 and converging at depth into a
steep fault zone (Figure 9); (v) en echelon
alignment of two anticlines in the upper
Miocene oriented at 60° from the F3 fault plane
(Figure 10); and (vi) presence of dextral
strike-slip faults onshore with same strike
(Figure 3) [Dubertret, 1955; Gedeon, 1999].

The timing of activity of these faults is not
straightforward. In F2, no onlap or growth
strata in the pre-Messinian packages can be
observed to date this fault. The erosion of parts

Figure 7. Isopach maps of the lower and upper Miocene with superposed normal fault distribution map in the Levant Basin offshore Lebanon. Basin-wide mapping
of the normal fault is taken from Dupin et al. [2012].

Figure 8. Expansion index plot for one Oligocene-Miocene nor-
mal fault. The black vertical line indicates the EI values of 1.
Value<1 or>1 implies the stratigraphic thinning or thickening of
units in the hangingwall, respectively. In the Levant Basin offshore
Lebanon, all normal faults show the thickening of SP5 and SP6
(lower and upper Miocene) in the hanging wall, indicating synse-
dimentary faulting during the Miocene.
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of the base Messinian horizon (R7) along F2 suggests that the latter was active prior to the Messinian event. In
contrast, F3 shows evidence for an even older activity during the Oligocene. The Oligocene hiatus observed
in the hanging wall is an indication that the Oligocene unit (SP4) is synkinematic and that F3 was active
during this time, probably as a normal fault. As presented above, the F1 Fault borders the northern part of STP,
which is a crustal element with different crustal properties. Hence, the faults bounding it might also consist
of deep crustal faults. We thus suggest that F1 is an inherited crustal fault nucleated during Mesozoic
extension. Superposition of earthquake data (www.cnrs.edu.lb) reveals significant seismicity in the area

Figure 9. (a and b) Coherence slice below R7 horizon (base Messinian) showing fault F2 along MC3D-LEB2006 and MC3D-LEB2012 seismic cubes, together with the
numerous normal faults along the plane of fault F2. (c and d) Merged amplitude and coherence attribute slice below R7 horizon in MC3D-LEB2006 seismic cube,
showing the location of an anticline bending to the east. (e and f) Interpreted seismic sections along the strike-slip fault. For location, see Figures 3 and 5.
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adjacent to F3, attesting to its current ongoing activity (Figure 3). Similarly, F4 displaces the seabed for about
500m and hence is considered as currently active.

The presence of dextral strike-slip faults on the margin, termed latitudinal faults, with a similar trend suggests
that the structures both onshore and offshore are genetically related. It is widely accepted that the margin’s
latitudinal faults are old structures inherited from previous extensional activities [Dubertret, 1955; Sabbagh,
1961; Hancock and Atiya, 1979; Gedeon, 1999]. Thus, by analogy, we can advocate that if several structures
offshore (F2 and F3) show similar history, trend, and mechanism as the latitudinal faults onshore, then the rest
of the structures offshore (F1 and F4) that show the same trend and inheritance history might also be dextral
strike slip. They belong, as such, to the same system of wrench faults prevalent on the Levant margin. We thus
advocate that all ENE-WSW strike-slip faults offshore are old inherited structures and still active today, in a
similar fashion to onshore strike-slip ENE-WSW latitudinal faults.
4.2.3. Thrust Faults
4.2.3.1. Description
Two thrust faults are mapped in the Levant Basin offshore Lebanon: Beirut Thrust and Tripoli Thrust
(Figures 3, 12, and 13).

Beirut Thrust is located at the latitude of the city of Beirut. It is dipping 50° to the east, strikes NNE-SSW, and is
crosscutting SP2, SP3, SP4, SP5, and SP6 (Cretaceous to upper Miocene units) (Figure 12). R3 and R4 (Senonian

Figure 10. (a and b) Merged amplitude and dip attributes slice of fault F3 from MC3D-LEB2012 PSDM seismic cube, show-
ing the orientation of two anticlines along the strike-slip fault. (c and d) Seismic profile across the fault, showing the
inversion and deformation of seabed. For location, see Figures 3 and 5.
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and Eocene unconformity horizons) show 2 km vertical displacement along this fault, while R5 (base
Miocene) shows only 1 km of vertical displacement. Strong thickness variations are observed along
Beirut Thrust in the Oligocene (SP4) and the Eocene (SP3), whereby these units are thinner in the
hanging wall (Figure 12). Horizons R6 and R7 (base mid-Miocene and base Messinian horizons) are
truncated at the hanging wall of the fault, and part of the upper Miocene (SP6) is absent and eroded
(Figure 12c). The fault does not breach the Messinian (SP7); the latter instead is pinching out onto the
uplifted hanging wall. The Messinian is observed again toward the East in the hanging wall but is
significantly thinner (Figure 12).

Toward the north, another thrust fault is found at the latitude of Tripoli [e.g., Elias et al., 2007; Carton et al.,
2009]; this is referred to as the Tripoli Thrust (Figure 13). It is dipping 50° SE and strikes NNE-SSW. It is
crosscutting SP2, SP6, and SP7 (Cretaceous, upper Miocene, and Messinian). The Cenozoic units are
onlapping on R3 (Senonian unconformity), and hence, SP4 and SP5 are never crosscut by this fault. It is not
possible to know the total displacement of R3 (Senonian unconformity) because of the erosion and
truncation of the top of SP2 (Cretaceous) in the hanging wall. However, reflectors within SP2 show the
displacement of around 3 km, which might be considered as the total displacement in the Cretaceous unit. In
contrast, reflectors within the upper Miocene (SP6) are displaced for a maximum of 200m, while R7 (base
Messinian) is only displaced for 100m in some profiles (Figure 13d). In other profiles, the Messinian is
pinching out on Cretaceous units (SP2) (Figure 13b). The overlying Pliocene (SP8) does not seem to be very
heavily disturbed and shows minor amount of normal faulting (Figures 13b–13d).
4.2.3.2. Interpretation
The thickness variation of units along Beirut Thrust indicates that the Eocene and the Oligocene are
synkinematic (Figure 12d). The erosion of some parts of the Miocene unit does not allow checking whether
the fault was active during this time or not by comparing the thickness of units. It is possible to argue that the
thickening in units in the footwall of the thrust might be related to global thickening of the Eocene and
Oligocene units toward the basin. Although a global thickening toward the basin is generally attested, the
thickness change is so abrupt and large along the fault plane that it cannot be related to general thickening
of the unit toward the basin. The truncation and erosion of parts of the lower and upper Miocene units
indicate that thrusting is pre-Messinian. In the overlying Pliocene unit, small deformation and faulting are
related to salt tectonics. A Pliocene sequence is pinching out on a deformed unit, indicating a cessation of
Pliocene faulting (Figure 12c). This is explained by the removal of the underlying evaporitic décollement layer,
allowing the fault blocks to be welded on the presalt layers and becoming stable as proposed by Lundin
[1992]. Hence, Pliocene sediments are being deposited today without significant deformation in the hanging
wall, which is an evidence for no activity observed along this fault during the Pliocene. The Messinian and
Pliocene are hence postkinematic units.

Tripoli Thrust shows similarity with Beirut Thrust. The truncation and erosion of a large part of the top
Cretaceous, together with the larger displacement recorded over horizons in the Cretaceous unit compared
with the Miocene one (Figure 13), may indicate that this fault was active prior to the deposition of the

Figure 11. (a and b) Seismic profile across F4 showing a vertical fault affecting units SP2 (Cretaceous) and SP8 (Pliocene), with a vertical displacement up to 750m.
Significant hiatuses of the Eocene, Oligocene, Miocene, and Messinian are observed, together with the erosion and truncation of the Upper Cretaceous. The seabed
and Pliocene are uplifted for about 500m.
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Miocene unit. It is not possible to determine when faulting started exactly since the Eocene and Oligocene
units are not crosscut by the fault, but it is very likely that the major part of deformation took place prior
to the Miocene and continued with lesser magnitude during the late Miocene. By analogy to Beirut Thrust, we
can advocate that deformation took place in the Late Cretaceous or early Tertiary. The fact that the Messinian
is pinching out on the hanging wall and the lack of major deformation and uplift in the Pliocene (Figure 13)
indicate that the thrust was inactive during the Messinian and the Pliocene. Indeed, it is hard to consider
that large amount of vertical displacement took place during the Messinian or the Pliocene without affecting
the Pliocene units, even if the deformation is accommodated by the Messinian salt. The normal faulting
observed in the Pliocene is related to salt tectonics similarly to the rest of the margin.

Figure 12. (a and b) Seismic profile across the Beirut Thrust from MC3D-LEB2012 PSDM seismic cube, showing thrusting
and uplift. (c) Zoomed section on the top of the hanging wall of the thrust showing potentially a cessation of movement
in the Messinian and Pliocene. (d) Expansion index (EI) plot for units SP3 and SP4. The black vertical line indicates the EI
values of 1. Value<1 implies the stratigraphic thinning of units in the hanging wall. Because of the erosion of SP5 and SP6
in the hanging wall, no EI plots could be constructed for those units. For location, see Figures 3 and 5.
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4.2.4. NNE Trending Anticlines
4.2.4.1. Description
Seven anticlines are mapped in the Levant Basin offshore Lebanon using the available data set. For the
purpose of this study, only one anticline “A1” will be described in detail. A1 is located 50 km to the west of
Beirut (Figure 3) and is a symmetric fold in map view (Figure 14a). The anticlinal axis is 12 km long trending
N28E and is slightly sinuous. The fold amplitude is 350m. The units affected by this fold are SP4, SP5, and SP6.

Figure 13. (a–d) Seismic profiles across the Tripoli Thrust offshore northern Lebanon from MC3D-LEB2012 PSDM seismic cube. For location, see Figures 3 and 5.

Figure 14. (a) Merged coherence attribute and amplitude slice from MC3D-LEB2006 PSTM seismic cube showing the geometry of the NNE-SSW anticline. (b–e) Seismic
profiles across the anticline showing the thickening along SP3 unit and an erosive surface at the anticlinal crest. For location, see Figures 3 and 5.
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One continuous seismic horizon with strong impedance contrast in SP7 (Messinian) close to R7 (base
Messinian horizon) is folded and deformed by the anticline (Figure 14e). In contrast, R3 and R4 (Eocene
and Senonian unconformity horizons) are sagging below A1. No thickness variations, onlap, or erosional
surfaces can be observed on the flanks of the anticline in the deformed units. However, erosion and
truncation along R7 (base Messinian horizon) are documented, and the SP3 (Senonian/Eocene unit) is
thickening abruptly west of A1 (Figure 14).

Offshore Beirut, between faults F2 and F3, five other anticlines that detach on R4 are outlined in depth
structure and dip attribute maps (Figure 5). All these anticlines are capped by an erosional surface and
truncation along the base of the Messinian (R7) (Figure 15) and show no onlap or growth folding along their
flanks. In a similar way, all these anticlines are associated with thickness variations of Senonian and Eocene
units (SP3 and SP4) toward their western flanks.
4.2.4.2. Interpretation
The sagging of the horizons below anticline A1 constrains the ability to understand the folding mechanisms
and geometries. It is possible that this sagging is caused by unexpected velocity anisotropies during seismic
imaging and is hence a seismic artifact. We believe that if R3 and R4 had the same fold amplitude as the
anticline, then a very strong velocity variation is needed to displace these horizons up to 1 km downward.
For this reason, we advocate that R3 and R4 should be flat below the anticline. This would make A1 a
detachment fold formed over the Eocene unconformity horizon, which is the décollement surface in
this situation.

The erosion and truncation of the crest at the base-Messinian horizon (R7) indicate that this anticline started
to grow shortly before Messinian times (Figures 14 and 15). The thickening of the Senonian/Eocene (SP3) and
Miocene units (SP5 and SP6) is noticed at the western limb of anticline A1. It denotes the presence of a
pre-Eocene paleostructure, possibly active in the Late Cretaceous/early Tertiary. This structure appears to
have caused vertical displacement along the Senonian unconformity horizon (R3) responsible for the
thickening of the overlying Tertiary units. Hence, it is likely that during the deposition of the Senonian/Eocene
units (SP3), a topographic morphology was already in place, which explains the thickening geometries, west
of the anticline. The corresponding fault trace cannot be mapped accurately due to velocity problems
below the anticline A1. Although it is possible to argue that this thickening is related to bulk westward
thickening of the units toward the basin, we believe that the strong and abrupt thickness increase west of the
anticline is caused by a preexisting topographic high, or structure, rather than general thickening of units
toward the basin. The description of A1 is applicable to the remaining anticlines offshore Beirut as they show
the same geometric relationships. We hence advocate that all the anticlines (Figures 3–5) were formed by a
similar mechanism and during the same time.

Figure 15. (a) Depth structure map of R7 (base Messinian horizon) from MC3D-LEB2012 PSDM seismic cube showing the geometry of anticline A3. (b and c) Seismic
profile across A3 showing the erosion and truncation of R7 horizon. For location, see Figures 3 and 5.
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5. Discussion
5.1. Influence of Pre-Cenozoic Structures

Mapping of structures in the Levant Basin offshore Lebanon reveals a number of predominant fault sets:
(i) NE-SW trending thrust faults, (ii) ENE-WSW striking dextral strike-slip faults, (iii) NNE trending anticlines, and
(iv) NW-SE striking normal faults. With the exception of the NW-SE striking normal faults, all of the structures
appear to be inherited and reactivated during theMiocene. Structures such as the ENE-WSWoriented strike-slip
faults show reactivation and inversion evidence and most probably are linked to crustal origins. Along the
Levant eastern margin in Lebanon, dextral strike-slip faults are aligned with the offshore strike-slip structures
documented in this study (Figure 3). It is widely recognized that the onshore latitudinal strike-slip faults are
reactivated Mesozoic structures [Sabbagh, 1961; Hancock and Atiya, 1979; Ron and Eyal, 1985; Nemer, 1999]. We
hence postulate that both of these structures are genetically linked and were initially caused by Mesozoic
extension [e.g., Garfunkel, 2004; Gardosh et al., 2010; Homberg et al., 2010].

Similarly, NNE-SSW anticlines seem to overly deeper faults or structures in the pre-Tertiary strata (Figure 14).
Although such faults cannot be observed accurately in the seismic data due to lower resolution at depth, the
thinning and the thickening within the Eocene units suggest a Late Cretaceous structuration (Figure 14). Such
thickness variation cannot be attributed to global thickening toward the basin [e.g., Hawie et al., 2013b]
because the Eocene units thicken abruptly below the anticlines, which insinuate that existing structuration
was affecting sedimentation.

The variability of structural styles in the Levant Basin can be explained in terms of preexisting structuration,
influencing the style of current brittle deformation. It is widely acknowledged that fault reactivation is
controlled by (i) optimal orientation for frictional slip in the stress field, (ii) size of the fault, (iii) overpressure, and
(iv) frictional resistance along the fault plane [Wiprut and Zoback, 2002; Bonini et al., 2012]. Hence, a fault is likely
to follow a complex history when submitted to several successive states of stress. In the case of the Levant
Basin, the various regional geodynamic events, such as the pulsed Mesozoic rifting [Druckman, 1984; Robertson,
1998; Barrier and Vrielynck, 2008; Gardosh et al., 2010], were probably responsible in creating crustal structures.
With the subsequent Late Cretaceous to Tertiary subduction, inversion, collision, Anatolian extrusion, and LFS
transpression [Frizon de Lamotte et al., 2011], concurrent reorientations of the regional stress field may have
caused the reactivation of the preexisting structures into a variety of structural styles. In fact, the inversion of
Mesozoic extensional structures has been documented offshore Israel, in the Sinai, and the Palmyrides
[Best et al., 1993; Chaimov et al., 1993; Druckman et al., 1995; Brew et al., 2001; Gardosh and Druckman, 2006;
Moustafa, 2010] and is believed to have taken place during the Late Cretaceous and Eocene to early Miocene
[Hempton, 1987; Moustafa and Khalil, 1994; Eyal, 1996; Garfunkel, 1998; Walley, 1998; Sawaf et al., 2001].

5.2. Origin of the NW-SE Normal Fault System

All the structures discussed so far are rooted in pre-Oligocene layers. In contrast, the NW-SE normal faults are
Oligocene-Miocene layer bound and die out at the Eocene unconformity horizon (Figures 4–6). In order to
tectonically create normal faults in the basin, the maximum principal stress must be vertical. This would be in
contrast with the NW trending maximum horizontal stress field prevalent since the Late Cretaceous [Barrier
and Vrielynck, 2008] that is causing regional shortening and thick-skinned deformation. Since such normal
faults are restricted to the Oligocene-Miocene unit, while no NE-SW extension is documented in the Levant
Basin at that time, we might speculate that these faults are nontectonic and probably related to the nature of
sediments in the host rock unit. The detailed study of the geometry of this fault network and its mechanical
origin deserves a specific paper, but it is worth mentioning here that they share many characteristics of
polygonal faults systems [e.g., Cartwright, 2011] such as (i) layer-bound geometries, (ii) fine-grained
sediments in the host unit [Hawie et al., 2013b], (iii) regional extent, and (iv) correlation between their
distribution and thickness of the host rock unit.

5.3. Late Cretaceous to Early Tertiary Deformations

The closure of the Neo-Tethys ocean at the onset of the Late Cretaceous has caused inversion, thrusting, and
folding throughout the Levant region (e.g., Syrian Arc folds, Palmyrides fold, and thrust belt; cf. Figure 1)
[Hempton, 1987; Moustafa and Khalil, 1994; Eyal, 1996; Garfunkel, 1998; Walley, 1998; Frizon de Lamotte et al.,
2011]. The presence of thrust faults offshore Lebanon could fit in this regional geodynamic framework
whereby inversion, thrusting, and shortening were dominant. Although there is no indication that Beirut and

Tectonics 10.1002/2014TC003574

GHALAYINI ET AL. ©2014. American Geophysical Union. All Rights Reserved. 16



Tripoli Thrusts (Figures 12 and 13) are inverted, we believe they are likely crustal structures linked to the
evolution of Mount Lebanon. The timing of Beirut Thrust is lower Tertiary, based on the thickness variation of
Eocene units along the fault plane (Figures 12). Beirut Thrust could be the offshore continuation of the Roum
fault, which shows a similar timing and evolution [Dubertret, 1955; Butler et al., 1998; Nemer and
Meghraoui, 2006]

The determination of the accurate timing of activity of Tripoli Thrust has proved to be challenging. The large
vertical displacement recorded in the pre-Tertiary units and the erosion of a large part of the Upper
Cretaceous (Figure 13) insinuate that the Tripoli fault was an already existing structure prior to the Tertiary,
and it continued to grow during the Miocene.

5.4. Late Miocene Pre-Messinian Deformation

The material presented in this paper suggests that offshore anticlines and strike-slip faults have been
deformed immediately prior to the Messinian. This is demonstrated by (i) the absence of growth strata and
angular unconformities in the Miocene units of these structures (Figures 9–14) and (ii) local erosion and
truncation at the overlying base Messinian horizon (Figures 10–15). If the anticlines were folded in large part
during the Early or late Miocene, then we would expect to find growth folding or drape sequences in these
units. The fact that the top of the anticlines is capped by an erosive surface signifies that the deformation is
immediately pre-Messinian.

At the onset of the Messinian, major geodynamic changes occurred in the eastern Mediterranean region. The
northward propagation, development, and first phase of movement along the LFS took place in the mid-
Miocene [Freund et al., 1970; Garfunkel, 1981; Quennell, 1984] with the transpressive activity along the
Lebanese restraining bend initiating in the late Miocene [Butler et al., 1998;Walley, 1998; Gomez et al., 2007b;
Homberg et al., 2010]. The northward propagation of the LFS during the middle to late Miocene was a
direct response to rifting and seafloor spreading along the newly formed Red Sea [Cochran, 1983; D’Acremont
et al., 2005; Fournier et al., 2010]. In the Levant Basin, the deformation, documented in this paper along
anticlines and strike-slip faults starting immediately before the Messinian (Figure 17), correlates well with this
major reorganization.

5.5. Post-Messinian Tectonics

It is difficult to determine if many of the interpreted Oligocene-Miocene structures are currently active using
seismic data alone. Yet 3-D seismic data interpretation allowed providing evidence for local Pliocene uplift—
i.e., current activity—along ENE-WSW faults (e.g., F1, F3, and F4; Figures 4, 10, and 11). One of these faults (F3)
is associated with a cluster of earthquake epicenters (www.cnrs.edu.lb), confirming ongoing deformation.
This fault is believed to be an offshore extension of the Douma ENE-WSW striking fault (Figure 3), which is also
known for being seismically active [Gedeon, 1999]. Consequently, most of the observed ENE-WSW striking
strike-slip faults are believed to be currently active. Due to the decoupling effect of the thick Messinian salt
(Figure 16), it is hard to determine whether the other investigated structures are also still active.

Figure 16. Seismic profile offshore central Lebanon from MC3D-LEB2012 PSDM seismic cube showing the occurrence of salt anticline and subsidence above two
adjacent Miocene anticlinal structures. The occurrence of the Messinian evaporites, decoupling subsalt and suprasalt deformation, is challenging to determine
continuous activity of structures. For location, see Figure 5.
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The structural map presented in
Figure 3, together with the age
constraints provided by the seismic-
stratigraphic and earthquakes records,
can be used to propose two tectonic
scenarios for the northern Levant Basin
offshore Lebanon (Figure 17): (i) all
structures are still active today, having
their activity masked by the decoupling
effect of Messinian salt, or (ii) only the
ENE-WSW striking strike-slip faults are
active, with the rest of the structures
becoming dormant since the Messinian
or Pliocene. We favor the second
scenario, due to the lack of evidence to
prove current activity for the
remaining structures.

At regional scale, the asthenospheric
flow below Anatolia and accelerated
rollback of the subduction zone along
the Hellenic-Cyprus arc during the
Tortonian [Le Pichon and Kreamer, 2010]
caused a westward extrusion of Anatolia
during the Messinian and the Pliocene.
The propagation of the North Anatolian
Fault toward the Aegean facilitated the
westward escape of Anatolia, which was
followed by a decrease in the onshore
LFS slip rate during its second phase of

movement in the Pliocene [Freund et al., 1970; Quennell, 1984; Le Pichon and Gaulier, 1988]. In the Levant
Basin, the Lattakia Ridge System (Figure 1) was reactivated into a sinistral strike-slip regime during the
Pliocene after a long period of thrusting and subduction [Hall et al., 2005]. These regional events are coeval
with the cessation of folding demonstrated offshore in this paper (Figure 17).

The continuous activity of the ENE-WSW striking dextral strike-slip faults might be related to the sinistral
shear along the LFS, causing counterclockwise block rotations along latitudinal faults [Ron et al., 1984; Ron,
1987]. In strike-slip restraining bends, progressive deformation causes the rotation of the rock volume within
the bend, as it is commonly observed in scaled analogue models [Mcclay and Bonora, 2001; Mitra and Paul,
2011]. This has also been observed in the complex restraining step over systems of the San Andreas Fault in
Southern California [Dickinson, 1996]. In general, where the basement is already faulted prior to such
rotations, it is not surprising that these faults will be reactivated into strike-slip faults [McKenzie and Jackson,
1986]. We have shown that ENE-WSW striking faults, active from the onset of Messinian, reactivate
preexisting structures located primarily along the Levant margin onshore and offshore (Figure 17). This
extends the Ron et al.’s [1984] hypothesis to the offshore domain. In the Levant Basin offshore Lebanon, this
deformation mode corresponds to the second phase of deformation along the LFS.

5.6. Strain Partitioning Along the LFS and Current Shortening

The southern and middle segments of the LFS have slipped by different amounts [Beydoun, 1999]. The total
recorded horizontal displacement in Lebanon amounts to 20–25 km [Dubertret, 1972], in contrast with the
total displacement of ≈100 km along the Dead Sea Transform in Israel [Freund et al., 1970; Quennell, 1984].
From GPS measurements, the movement of Arabia relative to Africa amounts to 4–6mm/a [Wdowinski et al.,
2004; Mahmoud et al., 2005; Reilinger et al., 2006]. The Yammouneh Fault zone accommodates 3–4mm/a slip
rate [Walley, 1988; Westaway, 2004; Gomez et al., 2006], leaving 1–2mm/a of the motion along the LFS to be
accommodated by different structures [Gomez et al., 2007a].

Figure 17. Sketch summarizing the results of this study in the Levant Basin
offshore Lebanon. The faults in red are the structures that show evidence of
current activity, including offshore ENE-WSW dextral strike-slip faults (this
study), onshore ENE-WSW latitudinal dextral strike-slip faults (referenced
herein), and NE-SW sinistral strike-slip faults (referenced herein). In the first
phase of LFS movement, all structures in this map were active. During the
second phase of LFS in the Pliocene to present day, only the ENE-WSW
dextral strike-slip faults were active and might be linked to block rotations
caused by the continuous sinistral movement of the LFS in Lebanon. The
occurrence of the NW-SE normal faults in the deep basin might not be
caused by these regional geodynamics but rather to a local stress-field
fluctuation affecting only the Oligocene-Miocene units.
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Gomez et al. [2007b] argued that the Yammouneh Fault only accommodates strike-slip displacement, while the
shortening component accommodated through oblique plate motion within the restraining bend partitioned
into strike-slip displacement and perpendicular convergence. They postulated, through geometric calculations
on different structures of the restraining bend, a 17% horizontal shortening of Mount Lebanon, close to the
10–15% bulk shortening suggested by Hancock and Atiya [1979]. Hence the remaining shortening should be
accommodated by other faults or structures, and the larger horizontal motion measurable south of Lebanon
should be transmitted northward through Lebanon in another way. A suggestion was that the Palmyrides and
the offshore domain were good candidates to accommodate parts of the missing displacement.

Carton et al. [2009] argue that an active fold and thrust belt exists along the Levant margin, incipient of a
future subduction zone in the Levant Basin offshore Lebanon, which might accommodate all the shortening
onshore. On the other hand, Homberg et al. [2010] pointed to the absence of regional significant post-
Miocene shortening onshore, questioning the magnitude of transpression during this time.

We have proved in this paper that the Levant Basin offshore Lebanon does not contain large strike-slip faults
parallel to the restraining bend that could accommodate part of the LFS displacement. In addition, we find no
evidence for current folding and deformation, since most of the structures are currently inactive. We
therefore believe that the Levant Basin offshore Lebanon does not accommodate part of the shortening of
the Lebanese restraining bend and other models should be developed to solve this controversial geologic
question. Based on our observations, only the ENE-WSW striking dextral strike-slip faults provide evidence of
current activity, as they accommodate the counterclockwise block rotations in Lebanon caused by the
transpressive deformation of the LFS.

6. Conclusions

Based on the analysis of 3-D seismic reflection data in the Levant Basin offshore Lebanon, a variety of
structures were investigated in detail consisting of the following:

1. Thick-skinned Late Cretaceous or early Tertiary NNE-SSW striking thrust faults found offshore Tripoli and
Beirut. They do not show any evidence of present-day activity.

2. Thin-skinned NW-SE striking early Miocene normal faults found in the deeper part of the basin in the
Oligocene-Miocene unit only. Their timing, orientation, and localization indicate a nontectonic control
on their origin.

3. Thick-skinned ENE-WSW striking dextral strike-slip faults. These structures are inherited from Mesozoic
extension and reactivated during the late Miocene immediately prior to the Messinian event. They are
the only structures in the basin that provide evidence for continuous present-day activity and might be
caused by the counterclockwise block rotation onshore triggered by the LFS movement.

4. NNE trending anticlines folded immediately prior to the Messinian event and overlying existing Late
Cretaceous to early Tertiary structuration in the basin. These anticlines do not provide evidence for
present-day deformation and are inactive currently.

This paper provides a good example of the impact of the evolution of plate boundaries on adjacent
basins. The first stage of LFS propagation during late Miocene is associated with the onset of folding and
ENE-WSW strike slip faulting in the basin, while the second in the Pliocene corresponds to the cessation of
folding and dominance of ENE-WSW strike-slip faulting only.

In the absence of evidence for current shortening in the Levant Basin offshore Lebanon and the nonexisting
large sinistral strike-slip faults in the basin parallel to the LFS trend, we advocate that the Lebanese restraining
bend is mainly contained along the margin. Hence, the missing shortening and displacement of LFS cannot
be found offshore.
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