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Abstract

The Lebanese Restraining Bend is 170 km long and lies obliquely along the N-S trending Dead Sea Transform Fault, which
is the continental plate boundary between Arabia and Africa. Of particular attention about the Lebanese Restraining Bend
is the presence of two basins in its southern and northern bounds that are bordered by basalts; these are the Hula basin and
the Bouqayaa basin, respectively. These two basins and the presence of basalts in their vicinities raise questions about (1)
their locations in the immediate proximity to a transpressive bend, (2) the tectonic interrelation between the formation of
the basins and the emplacement of the basalts, and (3) the timing of the formation of the basins relative to the prevailing
regional transpression. In this paper, the author sheds light on these aspects and proposes a simplistic kinematic model of
the tectonics behind the transpressive regime, the formation of the basins, and the emplacement of the basalts. The presented
model highlights the tectonic interrelation between the formation of the basins, their bordering basalts, and the deformation
of the transpressive bend. The regional strike-slip movements along the faults outside and within the transpressive bend
seem to have caused co-existing extensional and compressional regimes, and they suggest that the formation of the basins
may be contemporaneous with the regional transpression. The results can serve as a conceptual model for more advanced
boundary-element modeling and finite-element modeling of the tectonics of the Lebanese Restraining Bend, with potential
broader insight into the understanding of the tectonics of transpressive bends and their interrelation with adjacent extensional
basins, worldwide.
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Introduction

The cause of basaltic intraplate volcanism is not very well
understood. Numerous continental intraplate volcanics occur
near rift systems, and lithospheric extension may lead to
the generation of magmas in the upper mantle (McKenzie
and Bickle 1988). The Arabian plate hosts several basaltic
regions where magmas may have generated due to plume
activity and lithospheric thinning (Krienitz et al. 2009;
Fig. 1). Several models have been proposed to explain the
northern Arabia volcanism. These include (1) northward
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moving of Afar mantle plume magma (e.g. Camp and Roo-
bol 1992), (2) the melting of lithosphere by heat conduction
from underlying anomalously hot mantle (e.g., Weinstein
et al. 2006), (3) gradual lithospheric thinning and contact
with asthenospheric sources (Stein and Hofmann 1992; Ber-
trand et al. 2003; Shaw et al. 2003; Lustrino and Sharkov
2006), and (4) rifting over a localized hot spot and astheno-
spheric uplift (Diner 2019).

The Dead Sea Transform Fault (DSTF) is the continental
plate boundary between Arabia and Africa (Fig. 1). Itis a
left-lateral fault, about 1000 km long, and extends in a south-
north direction from the Gulf of Aqaba in the Red Sea to
southeast Turkey where it connects with the East Anatolian
Fault in the Karasu Valley. Along its length, transtensional
movement has led to the formation of several depressions
and pull-apart basins (e.g. Mart 1991). These include the
Dead Sea, the Hula basin, and the Ghab depression. In addi-
tion, other grabens are present like the one to the southwest
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Fig. 1 Regional map of the eastern Mediterranean area showing the
Dead Sea Transform Fault between Africa and Arabia, the Bitlis
suture zone between Arabia and Anatolia, and the distribution of vol-
canics in the region. Box surrounds the Lebanese Restraining Bend
and delineates the location of Fig. 2. Modified from Adiyaman and
Chorowicz (2002)

of Golan, Mount Druze, and Harrat-a-Shamah volcanic field
(Almond 1986; Brew et al. 2001; Fig. 1).

The DSTF bends rightward about midway its length
where it forms a transpressive bend, known as the Leba-
nese Restraining Bend (LRB). Within the LRB, the DSTF
splays into 4 major faults: Yammouneh, Roum, Rachaya,
and Serghaya faults. All these faults have been proven active
through paleoseismological and active tectonic investiga-
tions (e.g. Gomez et al. 2003; Daeron et al. 2005; Nemer
and Meghraoui 2006; Nemer et al. 2008a, b; Nemer 2019;
Fig. 2). The tectonic framework of the LRB involves a posi-
tive flower structure that hosts the different fault branches
of the DSTF within the transpressive bend (Nemer and
Meghraoui 2020). To the north of this bend, the DSTF
resumes its south-north trend along the Missyaf fault and
Ghab depression (Fig 1).
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At the southern and northern bounds of the LRB lie two
basins that are bordered by basaltic regions: these are the
Hula basin and the Bouqgayaa basin, respectively (Duber-
tret 1955, 1962; Figs. 1 and 2). The Hula basin lies at the
northwestern edge of a large volcanic province that includes
Golan, Mount Druze, and Harrat-a-Shamah. The Bouqayaa
basin is bordered by the Homs basalts to the north of the
restraining bend (Fig. 1).

The Golan, Mount Druze, and Harrat-a-Shamah volcanic
province is the largest volcanic plateau of the Arabian plate.
These basalts extend in a southeast direction from the south-
ern bound of the LRB for more than 400 km (Weinstein et al.
2020; Fig. 1). They consist of dike-cut lava flows that include
scoria cones (Krienitz et al. 2009), and reach a cumulative
thickness of about 1500 m (e.g. Guba and Mustafa 1988).
The Homs basalts extend in a northeast-southwest direction
for about 75 km at the northern bound of the LRB (Fig. 1).
They consist of a succession of lava flows with minor sills
of about 200 m in cumulative thickness in the Akkar region,
Lebanon (Abdel-Rahman and Nassar 2004), and reach up
to 850 m in thickness in the Homs region, Syria where they
are intercalated with pyroclastic deposits (Chorowicz et al.
2005).

The Hula and Bougayaa basins and the presence of
basalts around them raise questions about (1) their loca-
tions in the immediate proximity to the LRB, (2) the tectonic
relation between their formations and the basalt emplace-
ments, and (3) the relative timing of basin extension to
regional transpression. In this paper, the author discusses
these aspects and proposes a simplistic kinematic model of
the tectonics behind this setting. The results help highlight
the interrelation between the LRB and the formation of the
nearby volcanic basins and provide a conceptual model for
more advanced boundary-element modeling and finite-ele-
ment modeling of the tectonics of this transpressive bend,
which may serve as an example with broader implications
on comparable tectonic systems, worldwide.

Tectonic setting

The volcanics of the southern and northern bounds of the
LRB form two areas of Arabia’s Cenozoic volcanic regions
that extend from south and southwest Arabia, along the
DSTF, to south of the Bitlis Belt in north Arabia (e.g.,
Abdel-Rahman and Kallas 2013; Fig. 1). The volcanics
along the DSTF are Miocene to Holocene in age, with a
phase of inactivity between 16 and 8.5 Ma (Mouty et al.
1992; Chorowicz et al. 2005). These volcanics are mostly
within-plate basalts, and their occurrence was associated
with the left lateral movement along the DSTF (e.g., Mouty
et al. 1992). The Golan-Harrat-a-Shamah eruptions took
place over three stages: at 26-22 Ma, 18—13 Ma, and 7 to <
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0.5 Ma (Chorowicz et al. 2005; Fig. 1). Mor (1993) reported
K-Ar ages of the southern Golan basalts ranging from Lower
Pliocene (5.0 to 3.5 Ma) to Upper Pleistocene (0.4 to 0.1
Ma), and of the northern Hula basin basalts ranging from 2.9
to 1.7 Ma. The Homs basalts are dated at 6.5-2.0 Ma (e.g.,
Mouty et al. 1992; Butler et al. 1997).

Garfunkel (1989) suggested that the “cover” basalts of the
southern Golan are ocean island basalt (OIB) of intraplate
character, and proposed that the Jordan Valley extensional
fault could have been a path for magma expulsion (Fig. 1).
Shaw et al. (2003) indicated that the basalts and basanites of
Harrat-a-Shamabh (Fig. 1) erupted as a result of lithospheric
extension. Abdel-Rahman and Nassar (2004) indicated that
the Pliocene lavas of the Homs basalts formed due to local
extension by a small degree of partial melting of a primitive
mantle source, and considered the DSTF to be active in Late
Cenozoic during the eruption of those basalts. Lustrino and
Sharkov (2006) suggested that the Neogene volcanism to the
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north of the LRB took place near the DSTF due to mantle
decompression and the transition from transpressional to
transtensional stresses (Fig. 1). Abdel-Rahman and Kallas
(2013) provided a review of the mechanisms of the volcanic
eruptions throughout the Arabian plate, and underlined that,
rather than mantle plumes that have caused the East Afri-
can Rift volcanism, decompression melting of the mantle
associated with extension may represent a plausible process
for Plio-Quaternary volcanism in the eastern Mediterranean
region (Fig. 1).

Data and methodology
The following data were used and leveraged for the build-
ing of the model and the interpretation of the results: the

existing geological maps of Lebanon and its surroundings
(e.g., Dubertret 1955, 1962), the Shuttle Radar Topography
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Mission 90-m digital elevation data, the available tectonic
studies of the study area (e.g., Butler et al. 1997; Brew et al.
2001; Adiyaman and Chorowicz 2002; Chorowicz et al.
2005; Goren et al. 2015; Nemer and Meghraoui 2020), the
active tectonic studies of the LRB (e.g., Gomez et al. 2003;
Daeron et al. 2005; Nemer and Meghraoui 2006; Nemer
et al. 2008a, b), available geodetic studies (e.g., Mor 1993;
Gomez et al. 2007; Palano et al. 2013; Gomez et al. 2020),
geochemical studies of the study area (e.g., Bertrand et al.
2003; Shaw et al. 2003; Abdel-Rahman and Nassar 2004;
Weinstein et al. 2006; Abdel-Rahman and Kallas 2013), and
gravity data (e.g., Rybakov et al. 2003; Schattner and Wein-
berger 2008).

The division of the modeled area into separate blocks
bounded partially by faults required some constraints to
define the blocks in order to (1) accommodate the block
boundaries where minor or no faults/structures exist, (2)
have a reasonable number of blocks to model, and (3) keep
the modeling process simple by avoiding distortion of the
modeled blocks. With this in mind, The LRB was divided
into seven tectonic blocks based on the spatial distribu-
tion and tectonic behavior of the main structures (Fig. 3).
Where no structures exist, the block boundaries were
extended for the need to delimit the blocks in the model
(Figs. 2 and 3): Block 1 is bounded by the eastern Hula
basin fault, southern Serghaya, and southern Damascus
faults. Block 2 is bounded by the Hula basin faults, Yam-
mouneh, Missyaf, Rachaya, and Serghaya faults. Block 3
is bounded by the western Hula basin fault, Roum fault,
coastal flexure, and Missyaf fault. Block 4 is bounded by
the Rachaya and Serghaya faults. Block 5 is bounded by
the Serghaya and southern Damascus faults. Block 6 is

bounded by the Roum fault, Chouf monocline, Beit-ed-
Dine, and Yammouneh faults. Block 7 is bounded by the
coastal flexure, Beit-ed-Dine, and Yammouneh faults.
The model was based on a backward restoration of the
different blocks from their present-day locations into a pre-
existing phase, with each block having its own reference as
its present-day location (Fig. 3). The restorations were per-
formed as rigid body translations, with some minor rota-
tions, but with no dilations, nor distortions. This simplistic
approach relates directly to the two-dimensional nature
of the modeling, which did not require recognizing the
internal block deformations and the vertical component of
deformation that are not thoroughly reflected in the model.
Ideally, the restoration of each block should in a way revert
the GPS-derived displacement vectors, assuming these
vectors are representative of the long-term corresponding
displacement amounts and rates (e.g., Gomez et al. 2007,
Gomez et al. 2020). However, the potential division of
each block into smaller blocks (e.g., Goren et al. 2015),
the probable change in displacement rates, and the tim-
ing of movement of each block relative to its neighbor-
ing blocks, all rendered the restoration to be made with
some limitations, including the matching with present-day
geodetic data. In particular, the model mainly honored
the strike-slip fault movements of the blocks, whereby
the movements along the bounding faults were restored
(Fig. 3b). The model accounted partly for the compres-
sion that is now manifested in folds, which was empiri-
cally restored into gaps between the blocks based on the
two-dimensional nature of the restoration. Similarly, the
model underwent some overlap of adjacent blocks in the
pre-existing phase (Fig. 3b) only in places where presently
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bered) based on the structures
shown in Fig. 2. b The tectonic
blocks restored into a pre-exist-
ing phase (see text for details).
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(Fig. 3a) we have extensional basins and structures, such
as in Hula and Bougayaa basins.

As to the timing of block movements, it is important to
note that it is not absolute, but relative or rather in relation
to the adjacent blocks. In fact, an absolute timing of block
movements would require knowledge of the differential slip
rate of each of the bounding faults, together with the rate
of uplift and subsidence in the different blocks. This would
require more advanced numerical modeling that takes into
account the timing of block movements, and the 3-dimen-
sional change of the physiography, including erosion and
sedimentation.

Lastly, it is very important to keep in mind the uncertain-
ties and limitations of the applied modeling, namely: the
2-dimensional nature of the presented modeling, the match-
ing of block movements with present-day geodetic data, the
absolute timing of block movements, the differential slip rate
of the bounding faults, the rate of uplift and subsidence of
the modeled blocks, the internal deformation of the blocks
(rotation, dilation, distortion), the 3-dimensional change of
the physiography, and the change of fault activity/inactivity
with time. In addition, concerning the fault plane solutions
of the study area, several studies have been performed (e.g.,
Pondrelli et al., 2002; Salamon et al., 2003; Hofstetter et al.,
2007; Abdul-Wahed et al., 2011; Meirova and Hofstetter,
2013; Palano et al., 2013), making available several mecha-
nisms covering in part the LRB. However, as many of those
mechanisms have different coordinates for the same events
provided by different seismic catalogues, and as many other
mechanisms lie away from the defined block boundaries,
the author leveraged those mechanisms to generate synthetic
mechanisms for the block-bounding structures, based on
geological data, field observations, fault geometries, tectonic
settings, and active tectonic data.

Modeling results

Following the above-mentioned settings, several restoration
attempts were modeled, one of which is presented in Fig. 3b
as a reasonable model that highlights the tectonic transition
from the present-day tectonic phase (Fig. 3a) into a pre-
existing phase (Fig. 3b).

Block 1 underwent translation to the south and southwest
along its western and northern boundaries, respectively. This
has led to some overlap with Block 2 in the east of the Hula
basin, and gaps with Blocks 4 and 5.

Block 2 underwent translation to the south along the Hula
basin and Missyaf faults, and translation to the SSW along
the Yammouneh fault. This has led to some overlaps with
Block 3 in the west of the Hula and Bougayaa basins, some
other overlaps with Blocks 1 and 4 in the east of the Hula
basin, and gaps with Blocks 4, 5, 6, and 7.

Block 3 underwent translation to the south along the west
Hula basin, Roum, and Missyaf faults. This has led to some
overlap with Block 2 in the west of the Hula and Bouqayaa
basins (mentioned above), some minor overlap with Block 6
along the southern segment of the Roum fault, a minor gap
with Block 6 along the northern segment of the Roum fault,
and some translation away from Block 7 along the trend of
the coastal flexure.

Block 4 underwent translation to the southwest along the
Rachaya and Serghaya faults, with minor clockwise rotation
about its axis. This has led to a minor overlap with Block 2
to the east of the Hula basin (mentioned above), and to gaps
with Blocks 1, 2, and 5.

Block 5 underwent translation to the WSW and southwest
along its southern boundary and the Serghaya fault, respec-
tively. This has led to gaps with Blocks 1, 2, and 4.

Block 6 underwent translation to the south along the
Roum fault. This has led to some minor overlaps with Blocks
3 and 7 along the southern segment of the Roum and the
Beit-ed-Dine faults, respectively. Also, it has led to a minor
gap with Block 3 along the northern segment of the Roum
fault, and to a gap with Block 2 (mentioned above).

Block 7 underwent translation to the south away from
Block 3 towards Block 6. This has led to a minor overlap
with Block 6 along the Beit-ed-Dine fault, to a gap with
Block 3 along the trend of the coastal flexure, and to a gap
with Block 2 (mentioned above).

Discussion

The modeled block movements and current
physiography

The backward (inverse) modeling presented above
(Fig. 3b) has proved very useful in explaining the tectonic
interrelation between the current blocks (Fig. 3a) and the
various physiographic units of the LRB, including the
Hula and Bouqayaa basins (Fig. 4). In effect, as Block
1 has moved NNE from a pre-existing position (Fig. 3b)
into the present position (Fig. 3a), the overlap with Block
2 has transformed into extension along the eastern mar-
gin of the Hula basin, and the gaps led to compression
with Block 4 (south Mount Hermon) and Block 5 (south-
west Palmyrides; Fig. 4). Similarly, Block 2 has moved
NNE into its current position, and the overlaps with
Block 3 have transformed into extensions in the Hula and
Bougayaa basins, and the gaps have led to compression
with Block 4 (north Mount Hermon), Block 5 (north Anti-
Lebanon), and Blocks 6 and 7 (Mount Lebanon). Block 3
has moved north into its present position: in addition to
the overlaps with Block 2 (mentioned above), the minor
overlap and gap with Block 6 have led to the extensional
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and compressional components of the southern and north-
ern segments of the Roum fault, respectively (Nemer and
Meghraoui 2006), and the gap with Block 7 has led to
the compression along the coastal flexure. Block 4 has
moved NNE, and the gaps around it have transformed into
compression within Mount Hermon and around south
Anti-Lebanon and southwest Palmyrides. Block 5 has
moved NNE, and the gaps around it have transformed into
compression in Anti-Lebanon and southwest Palmyrides.
Block 6 has moved north: in addition to the minor overlap
and gap with Block 3 (mentioned above), the overlap with
Block 7 has transformed into extension along the Beit-ed-
Dine fault. Block 7 has moved north: as mentioned above,
the minor overlap with Block 6 has led to the extension
along the Beit-ed-Dine fault, and the gap with Block 3
has transformed into the compression along the coastal
flexure.

@ Springer

The Hula and Bougayaa basins

The current tectonic configuration of the LRB is shown in
Fig. 4 where, per the modeling presented above, compres-
sion is revealed mostly everywhere in the transpressive
bend except (1) in Hula and Bougayaa basins, (2) along the
southern segment of the Roum fault, and (3) along the Beit-
ed-Dine fault. The arrows in Fig. 3b are displacement vec-
tors that represent the rigid body translation of each block
from its pre-existing location into its present-day location,
again with some minor rotations, but with no dilation, nor
distortion, nor erosion, nor sedimentation. In other words,
the modeling adapted a plate-driven approach whereby the
deformations are concentrated along the plate boundaries
and are caused by plate movement.

The Hula basin is delimited by the Hula western and
eastern faults, while the Bouqayaa basin is crossed by the
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Missyaf fault (Figs. 3 and 4). From the presented model,
the relative displacements of the adjacent blocks in the two
basins can be resolved into relative displacement vectors
(Fig. 5). For instance, in the Hula basin, Block 1 under-
went translation from south to north along the light blue
vector oriented N11°E, and Block 2 underwent translation
from south to north along the yellow vector oriented N5°E
(Fig. 3b). So the displacement of Blocks 1 and 2 relative
to each other is represented by the resultant black vector
B1-B2 (Fig. 5a). Similarly, Block 4 underwent translation
from south to north along the dark blue vector oriented
N15°E, and Block 3 underwent translation from south to
north along the orange vector oriented N (Fig. 3b); the dis-
placement of Blocks 2 and 4 relative to each other is repre-
sented by the resultant black vector B2-B4, and the displace-
ment of Blocks 2 and 3 relative to each other is represented
by the resultant black vector B2—-B3 (Fig. 5a). As to the
Bougayaa basin, the displacement of Blocks 2 and 3 relative
to each other is also represented by the resultant black vector
B2-B3 (Fig. 5b).

Based on the above, in the Hula basin, the relative dis-
placements of Blocks 1-2, 2-3, and 2—4 have resulted in
extensional displacements within the basin (Fig. 5a). In
effect, as Blocks 1, 2, 3, and 4 have moved into their respec-
tive present-day positions, the tectonic setting of the Hula
basin has been dominated by NNE-trending extension
(Figs. 3b and 5a). This model-based result matches the grav-
ity maps of Rybakov et al. (2003) and the seismic-reflection
results of Schattner and Weinberger (2008) whereby NW-
striking faults are depicted to be controlling the pull-apart
growth of the Hula basin. Similarly, in the Bouqayaa basin,
the relative displacements of Blocks 2—3 have also resulted
in NNE-trending extension (Figs. 3b and 5b), which matches

the results of Chorowicz et al. (2005) who reported NW-
striking tension fractures that “fed the Shin volcano” to the
north of the Bouqayaa basin. These extensional settings
could relate to lithospheric extension and subsequent magma
ascent and flows of within-plate basalts in the vicinity of the
Hula basin and further southeast, as well as in and around
the Bouqayaa basin (e.g., McKenzie and Bickle 1988;
Shaw et al. 2003; Krienitz et al. 2009; Fig. 1). In effect, the
within-plate geochemical characteristics of the basalts were
reported in Abdel-Rahman and Nassar (2004) and Abdel-
Rahman and Kallas (2013) based on Zirconium (Zr) and
Yttrium (Y) measurements (Zr vs Zr/Y; Fig. 6).

The modeling results presented above suggest that the
Hula and Bouqayaa basins have formed in extensional set-
tings that are directly related to the tectonic block move-
ments within the LRB. The combined strike-slip movements
along the SN- and NNE-striking faults are hereby proposed
to have led to the simultaneous compression (within the
bend) and extension (at the southern and northern bounds
of the bend; Fig. 7). In effect, the strike-slip movement along
the Yammouneh fault is modeled to relate to and connect the
extensional movements in the Hula and Bouqgayaa basins.
The strike-slip movement along the Rachaya-Serghaya faults
is modeled to transform the extension in the Hula basin to
the compression that is manifested in the Palmyride fold belt
(e.g. Palano et al. 2013; Gomez et al. 2020). The strike-slip
movements along the Hula faults are modeled to have led to
the compressions that are manifested in the folds of Mount
Lebanon and Anti-Lebanon. The strike-slip movement along
the Bouqayaa fault is modeled to have also caused compres-
sion within Mount Lebanon (Fig. 7).

The resulting extensional settings of the Hula and
Bougayaa basins are hereby proposed to potentially be the
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and Abdel-Rahman and Nassar (2004), respectively. Both types of
basalts lie in box A, indicating within-plate basalts

Fig. 7 Simplistic model of the

movements along the main
faults of the Lebanese Restrain-
ing Bend in the pre-movement
(a) and post-movement (b) set-
tings (cf. Figs. 2 and 4). In the
pre-movement setting, only the
strike-slip components of the
faults are shown. In the post-
movement setting: extension =
diverging white arrows, com-
pression = converging black
arrows (see text for details)

causes of lithospheric extension and basaltic extrusions in
the southern and northern bounds of the LRB, which may
serve as an example with broader implications on compa-
rable tectonic settings worldwide, such as the tectonics of
Salton Trough basin close to California’s Big Bend (e.g.,
Lachenbruch et al. 1985), and New Zealand’s North Island
volcanism near the Alpine Fault bend (e.g., Norris and
Toy 2014). However, it should be noted that the presented
modeling does not imply that the volcanic activities in the
vicinities of the DSTF were restricted only to the Hula and
Bougayaa basins, as a result of the rightward bending of the
left-lateral plate boundary. In fact, the documented “volcanic
periodicity” during the last 5 Ma along the DSTF and the

@ Springer

migration of the volcanic activity since the Pleistocene from
the Hula basin eastward both suggest that the plate bound-
ary acted as a pathway and a barrier for magma expulsion at
different times, due to the fluctuations in the regional stress
fields along the plate boundary itself (e.g., Weinstein et al.
2020).

Although the co-existence of compressional and exten-
sional regimes may sound familiar when it comes to the
distribution of regional stresses, the modeled interconnec-
tion between a restraining bend and its bounding extensional
basins through strike-slip faulting is not something that is
very well known. In fact, this is a concept that is definitely
worth exploring further and in more detail, along the DSTF
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and other plate boundaries, in order to understand the impli-
cations of having lithospheric extension in transpressional
domains, as this may lead to additional insight into compre-
hending the origin of some volcanic activities in specific
unusual places, such as the LRB.

Conclusion

A kinematic examination of the movement of the main tec-
tonic blocks within the LRB offered valuable insight into
the presence of extensional volcanic basins in the south-
ern and northern bounds of the transpressive bend. The
presented modeling highlighted the tectonic interrelation
between the formation of the Hula and Bouqayaa basins,
the emplacement of their bordering basalts, and the tecton-
ics of the transpressive bend. The regional strike-slip move-
ments along the SN- and NNE-striking faults, outside and
within the LRB, may have led to co-existing extensional
and compressional tectonic regimes, which suggests that
the formation of the basins may be contemporaneous with
the regional transpression. The model-based results match
the present physiographic units of the LRB and are sup-
ported by the gravity and seismic-reflection results along the
Hula basin (Rybakov et al. 2003; Schattner and Weinberger
2008) and by the structural and tectonic observations along
the Bouqayaa basin (Chorowicz et al. 2005). The modeled
extensional settings along the two basins are suggested to be
the causes of lithospheric extension and subsequent magma
ascent and flows of geochemically characterized within-plate
basalts (Abdel-Rahman and Nassar 2004; Abdel-Rahman
and Kallas 2013) at the southern and northern bounds of
the LRB.
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