
KEY FEATURES OF SEISMO-NEOTECTONIC PATTERN............. 

RL R  YER ELML   PROCEEDINGS  THE SCIENCES OF EARTH 

29 AZ RBAYCAN M LL  ELML R AKADEM YASININ X RL , YER ELML , 3, 2012  

 

© Lev Eppelbaum and Youri Katz, 2012 
 

KEY FEATURES OF SEISMO-NEOTECTONIC PATTERN  
OF THE EASTERN MEDITERRANEAN  

 
Lev Eppelbaum and Youri Katz 

 
Tel Aviv University,  

Ramat Aviv 69978, Tel Aviv, Israel 
E-mail: levap@post.tau.ac.il 

 
The Eastern Mediterranean is a tectonically complex region located in the midst of the progressive 

Afro-Eurasian collision. The recent increasing geotectonic activity in this region highlights the need for 
combined analysis of seismo-neotectonic signatures. For this purpose, this article presents the key fea-
tures of the tectonic zonation of the Eastern Mediterranean. Map of derivatives of the gravity field re-
tracked from the Geosat satellite and novel map of the Moho discontinuity illustrate the most important 
tectonic features of the region. The Post-Jurassic deformation map of surface leveling reflects the modern 
tectonic stage of Eastern Mediterranean evolution. The developed tectono-geophysical zonation map in-
tegrates the potential geophysical field analysis and seismic section utilization, as well as tectonic-
structural, paleogeographical and facial analyses. Tectonically the map agrees with the earlier model of 
continental accretion (Ben-Avraham and Ginzburg, 1990). Seismicity map of the Eastern Mediterranean 
tectonic region (for the period between 1900 and 2012) overlaying on the tectonic zonation chart reveals 
the key features of the seismo-neotectonic pattern of the Eastern Mediterranean. The results have impor-
tant implications for tectono-seismological analysis in this region. 

 
 Introduction 
 The Eastern Mediterranean is tectonically 
complex region evolving in the midst of the pro-
gressive Afro-Eurasian collision. Its geological-
geophysical structure has been studied for years 
but is still not fully charted. The Eastern Mediter-
ranean represents a classic area for the emergence 
of plate tectonics (e.g., Ben-Avraham, 1978; 
Robertson and Dixon, 1984; Ben-Avraham and 
Ginzburg, 1990; Ben-Avraham et al., 2002; Le 
Pichon and Kreemer, 2010; Eppelbaum and Katz, 
2011). The recent upsurge in seismological activ-
ity in the world (2009-2012) and particularly 
within the Afro-Eurasian collision zone makes it 
imperative to re-explore the seismo-neotectonic 
pattern of the Eastern Mediterranean. In addition, 
the discovery of significant hydrocarbon deposits 
in this region (e.g., Schenk et al., 2010; Mon-
tadert et al., 2010; Noble, 2010; Eppelbaum and 
Katz, 2011, 2012) during last few years clearly 
underscore the need for new regional tectonic-
structural substantiation of hydrocarbon struc-
tures to support the prospecting. To achieve these 
goals, a combined geophysical (potential geo-
physical fields and seismics) and geological 
(formational, facial, tectonic-structural and pa-
leogeographical) investigation are currently being 
conducted (Eppelbaum and Katz, 2011). This 

paper reports on some of the key findings in this 
investigation.  

Specifically this article is a synthesis of 
geological-geophysical and seismic monitoring 
data covering an observation period more than 
100 years (1900-2012). The geological materials 
and methodology are described in detail in Ep-
pelbaum and Katz (2011). These data were used 
to revise an earlier Moho discontinuity map (Ep-
pelbaum and Pilchin, 2006), draw up a deforma-
tion map of the Post-Jurassic surface of leveling 
and conduct an analysis of contemporary geody-
namic events (along with a tectonic scheme and 
satellite-derived gravity data). 

The findings showed that the new gene-
ration of the satellite derived gravity data could be 
used effectively for tectono-geological mapping 
(Eppelbaum and Katz, 2011). The satellite gravity 
data were obtained from the World Gravity Data 
Base as retracked from the Geosat satellite and 
ERS-1 altimetry (Sandwell and Smith, 2009). It 
should be noted that these observations were made 
with regular global 1-minute grids (Sandwell and 
Smith, 2009) and the gravity data computation 
error was estimated at 2-3 mGals. The gravity 
map compiled in Figure 1 shows the intricate 
gravity pattern of this area (the isoline interval is 
5 mGal; “zero” isoline is dashed and bolded). 
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This figure demonstrates how worthwhile it is in 
some specific cases (for instance, for tectonic-
structural or geodynamical mapping) to display 
the gravity field map without any reduction (Ep-
pelbaum and Khesin, 2012). The positive and 
negative gravity anomalies (Figure 1) clearly re-
flect the majority of the structural-geotectonical 
units of the region. The map depicts both the 
main structural elements (e.g., Eastern Mediter-
ranean basin), and the smaller depressions and 
highs of the neotectonic relief of the Nubean-
Arabian and Anatolian plates. 

 
Brief geological setting 
According to modern geological-

geophysical analyses, the Eastern Mediterranean 
region covers four geotectonic plates: the Afri-
can, Sinai, Arabian and Aegean-Anatolian (Fig-

ure 2). The first two plates consist of heterogene-
ous blocks of continental and oceanic crust and 
each of these plates is circumscribed by deep 
faults. According to Robertson et al. (1991), the 
oceanic crust of the eastern Mediterranean is a 
remnant of the Neotethys. The Sinai plate 
(McKenzie et al., 1970) is bounded from the west 
and the east by a system of deep Late Cenozoic 
faults (Malovitskiy et al., 1975; Ben-Avraham, 
1978). The eastern part of the eastern Mediter-
ranean is formed by the Dead Sea Fault System 
(Figure 2) along which about 100 km of left-
lateral strike-slip motion has developed (Duber-
tret, 1932). Within this fault system numerous 
horsts and grabens have emerged. These grabens 
usually represent pull-apart basins (Cloetingh et 
al., 1996) filled by terrigenous evaporite molas-
ses and basal rocks. 

 
 

 
 

Figure 1. Map of key satellite derived gravity anomalies of the Eastern Mediterranean 
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Between the oceanic and continental crust 
is the Syrian fold belt (Syrian arc) (e.g., Gar-
funkel, 1998). This belt is the eastern part of the 
larger Alpine-Mediterranean fold belt and basin 
system (Khain, 1984; Bosworth et al., 2008). The 
structural inhomogeneity of the Syrian arc was 
revealed by analysis of subsurface Paleogene – 
Upper Cretaceous sediments (Flexer, 1971; Sneh 
et al., 1998). However, the tectonic characteris-
tics of the deeper structural stages have been 
studied to a lesser extent. Geophysically it was 
shown (Ben-Avraham and Ginzburg, 1990) that a 
thinned continental crust composes the Syrian arc 
structure. Tectonically, this belt is made up of a 
sequence of extensional independent crystal units 
(Ben-Avraham et al., 2006). 

Precambrian, Paleozoic, Mesozoic and Ce-
nozoic associations form the geological section 
of the African and Arabian platforms within the 
eastern Mediterranean. The Precambrian is 
known to contain metamorphic and igneous 
rocks, and in the upper part of the Precambrian 
there is molassa which passes to the Cambrian 
base. Cambrian rocks are extensive in the Sinai, 
but are not found in the borehole sections of the 
Negev desert. In the Negev the Permian deposits 
overlie the Precambrian arkosic sandstone. In the 
Heletz block there is no molasses and the Per-
mian deposits are in direct contact with the crys-
talline schist. 

More completely than in the Sinai, Lower 
Paleozoic sequences are present to the east of the 
Eastern Mediterranean coast in Syria, Jordan and 
Iran. Analysis of geophysical data testifies to the 
absence of Lower Paleozoic strata in the Levant 
Basin and in the Pleshet terrane (Gardosh et al., 
2008, 2010; Mechie et al., 2009). Devonian and 
Carbon deposits have not been detected in the 
borehole sections of Israel. The Carbon and Per-
mian continental associations were studied in the 
Sinai (Druckman et al., 1983). Deep boreholes 
drilled in the Negev, the coastal plain of Israel, 
the Judean mountains and western Jordan, have 
revealed marine Permian deposits (Andrews, 
1992; Hall et al., 2005). Thus, the Precambrian 
and Paleozoic associations of the Arabian plate 
and southern Sinai differ significantly from the 
folded zone of the Syrian arc. 

The Mesozoic and Paleogene associations 
make up the carbonate platform of the Eastern 

Mediterranean (including reefs and other organo-
genic constructions). These carbonate associa-
tions also include small terrigenous complexes 
and traps. The Miocene and Quaternary associa-
tions are represented by terrigenous molassa with 
Early Messinian evaporates, sometimes generat-
ing salt domes and diapirs. These associations 
have developed mainly in the pull-apart basins 
within the Dead Sea transform zone and Levant 
Basin (Ben-Avraham, 1992). Besides sedimen-
tary deposits, the Mesozoic and Late Cenozoic 
magmatic rocks are widely developed in the 
Eastern Mediterranean (Garfunkel, 1989; Sneh et 
al., 1998; Segev et al., 2000). 

 
Integrated geophysical-geological data 

analysis 
Heat flow measurements in the Eastern 

Mediterranean have yielded low values averaging 
31 mW/m2 (Erickson et al., 1977; Morgan, 1979; 

ermak, 1980). After applying a correction for 
sedimentation rate, this value becomes 43 
mW/m2 (Verzhbitsky, 1996), which is similar to 
the average geothermal flow of 40 mW/m2 calcu-
lated for deep oceanic basins (Sclater et al., 
1980). Theoretical calculations by Verzhbitsky 
(1996) suggest that the average age of the Levant 
Basin crust is  125 Ma, which is consistent with 
the time of terranes accretion in the Early Creta-
ceous during the Levantine phase (~ 132 Ma) 
(Katz and Eppelbaum, 1999a). 

Integrated analysis of geophysical materials 
integrates deep seismic sounding data (Malo-
vitskiy et al., 1975; Ben-Avraham et al., 2002, 
2006; Hall et al., 2005; Mechie et al., 2009; Gar-
dosh et al., 2010), magnetic surveys (Folkman and 
Yuval, 1976; Rybakov et al., 1997; Ben-Avraham 
et al., 2002), gravity data (Ginzburg et al., 1993; 
Rybakov et al., 1997; Hall et al., 2005; Sandwell 
and Smith, 2009), thermal data (Levitte and Ol-
shina, 1985; Eppelbaum et al., 1996; Verzhbitsky, 
1996; Pilchin and Eppelbaum, 1997; Eppelbaum 
and Pilchin, 2006) and seismological parameters 
(Seismological Data Base of the GII; Shapira, 
1992; Punar and Türkelli, 1997; Salamon, 
2003,2010; El-Hefnawy et al., 2006). 

The main interpretation method involves a 
deep tectonic-geophysical analysis combining 
(partially employing principles presented in Ep-
pelbaum et al., 2003) the geophysical quantitative 
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data and qualitative patterns with available deep 
borehole sections, geological data, tectonic and 
paleomagnetic reconstructions. For example, our 
recent analysis specifically designates that the 
zones of inverse magnetization unambiguously 
revealed in the Levant Basin of the Eastern Medi-
terranean (Ben-Avraham et al., 2002) relate to the 
Kiama hyperzone. It enables us to suppose that 
the Earth’s crust within the Levant Basin can be 
composed by Permian-Triassic rocks. 

Combined analysis of the aforementioned 
data (parts of this analysis are reported in 
Ginzburg and Eppelbaum, 1993, 1994; Eppel-
baum, 1996; Ben-Avraham et al., 2002; Eppel-
baum et al., 1998, 2004, 2005, 2006a, 2006b, 
2007; Eppelbaum and Katz, 2011, 2012) enabled 
us to develop a map of the deep tectonic-geo-
dynamic regioning (Figure 3) (modified after Ep-
pelbaum and Katz, 2011), a revised and supple-
mented map of the Moho discontinuity depth 
(Figure 4), a hypsometric map of the base of the 
newest (Post-Jurassic) tectonic complex (Figure 5), 
and a seismotectonical map (Figure 6). 

First directional derivatives map (e.g., 
Tuma, 1979) of the satellite derived gravity field 
in the direction south-north is shown in Figure 

2A, and the same map with the tectonic elements 
is presented in Figure 2B. The direction south-
north was selected because the majority of geo-
logical structures within the Alpine Mediterra-
nean belt area was characterized by a latitude 
extension (Khain, 1984). Figure 2B indicates that 
the derivatives clearly trace main tectonic and 
geophysical peculiarities of the region, especially 
a boundary between continental and oceanic crust 
is visibly traced (Ben-Avraham et al., 2002). 

Figure 3 modified after Eppelbaum and 
Katz (2011) to incorporate recent publications by 
Moix et al. (2011) and Bulut et al. (2012) shows 
the most important regional tectonic features re-
vealed by integrated analysis of geophysical and 
geological data which is overlaid on the 
smoothed gravity map (with an isoline interval of 
20 mGal). This map depicts the main tectonic 
structures of this region; i.e., the African, Ara-
bian, Sinai and Aegean-Anatolian plates. The 
latter plate is part of the Alpine-Mediterranean 
fold belt (Khain, 1984). Associations of the Pre-
cambrian continental crust, oceanic crust and 
Mesozoic accretional complexes compose the 
African, Arabian and Sinai plates. 

 
 

 

   

 

 
A                                                                                                      B 

 
Figure 2. Map of the first directional derivatives (south-north) of satellite derived gravity field smoothed 4 x 4 
(A), and the same map with drawn tectonic elements (B) 
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Figure 3. Tectonic zonation chart of the Eastern Mediterranean overlaid on the smoothed gravity map 
(1) Precambrian plates with continental crust, (2) oceanic crust, (3) Mesozoic terranes, (4) Alpine tectonic 
belt, (5) main tectonic faults, (6) intraplate tectonic faults, (7) gravity isolines, mGal 

 
To analyze contemporary geodynamics, the 

Moho discontinuity map (Figure 4) was utilized. 
Initially this map was constructed by the correla-
tion method on the basis of integrated processing 
of seismic data and maps of the Bouguer gravity 
for Israel and the Eastern Mediterranean (Eppel-
baum and Pilchin, 2006). The map shown here 
(Figure 4) was modified to include recently pub-
lished data (Gardosh et al., 2010; Marlow et al., 
2011; Tawardos, 2011), as well as our latest de-
velopments (Eppelbaum and Katz, 2011) on re-
gional structural and deep geological-geophysical 
zonation. As depicted in this map, the Eastern 
Mediterranean Basin is composed of a thinned 
crust with a thickness of 22-28 km, properly de-
veloped oceanic crust (22-24 km) probably pre-
senting a residual crust of the Tethys Ocean 
(Robertson et al., 1991; Robertson, 1998) and a 

crust of marginal terranes. The most crust thick-
ness (> 40 km) corresponds to the western part of 
the Arabian plate. As a whole, the Earth’s crust of 
the ancient Gondwana in the Eastern Mediterra-
nean consists of 32-40 km. The thickness of the 
terranes crust ranges between 32 to 36-37 km     
(S. Palmirides, Negev, Aleppo and Anti-Lebanon), 
and between 24 to 30 km (Heletz, Judea-Samaria, 
Galilee-Lebanon and Eratosthenes). The thickness 
decreases towards the grabens of Suez and Aqaba 
(Eilat). The initial variant of the Moho discontinu-
ity map was utilized to develop the first map of the 
Curie discontinuity of Israel (Eppelbaum and 
Pilchin, 2006). It revealed that the depth of the 
Curie discontinuity computed by thermal data 
analysis (which is more reliable) exceeds as a rule 
the depth of the lower edges of magnetized bodies 
obtained by magnetic data interpretation. 



Lev Eppelbaum and Youri Katz 

RL R  YER ELML   PROCEEDINGS  THE SCIENCES OF EARTH 

34 

 

 
 

Figure 4. Map of the Moho discontinuity of the Eastern Mediterranean (in km) 
 

The map of deformation of the Post-Jurassic 
surface leveling (Figure 5) reflects the modern 
evolution of the tectonic stage of the Eastern 
Mediterranean. The map of the base of the newest 
(Post-Jurassic) tectonic complex (Figure 5) has an 
obvious correlation with the Moho discontinuity 
map (Figure 4). Accretion of terranes played a 
role in the Early Cretaceous, mainly in the mid-
dle of the Hauterivian during the Levantine phase 
(~ 132 Ma) (Katz and Eppelbaum, 1999a). In the 
basal part of the post-accretional complex a trans-
gressive terrigenous carbonate formation has de-
veloped at a thickness up to 1400 m in the zone of 
erosion canyons. The trap formation of the Lower 
Cretaceous at a thickness up to 300 m has devel-
oped mainly in zone of the Levantine Fault Sys-
tem (Katz and Eppelbaum, 1999b; Eppelbaum and 
Katz, 2012). In the middle part of the post-
accretional complex there is a carbonate formation 

of the Upper Cretaceous-Palaeogene measuring 
roughly 1000-2000 m in thickness, and in the Az-
raq-Sirhan graben it reaches up to 3500 m. The 
Neogene-Quaternary upper transgressive terri-
genous formation and traps compose the roof of 
the post-accretional neotectonic complex. The 
thickness of the terrigenous associations in the 
coastal plain reaches 1000-1600 m, in the Eastern 
Mediterranean mainly measures 2000-2600 m, 
and in the pull-apart basins is calculated at more 
than 3000 m. The thickness of traps is usually 
100-200 m, and in the erosion-tectonic depres-
sions it can attain 1000 m. 

A structural map of the Post-Jurassic leveling 
surface (Figure 5) testifies to the difference between 
the neotectonic movements within the (1) Precam-
brian platforms, (2) terranes, and (3) Levant Basin. 
The terrane belt (also termed the Syrian arc) in its 
contemporary modern stage consists of geological 
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structures with very intensively expressed highs and 
depressions. Between the Negev terrane and Sinai 
plate a compensation depression has developed that 
separates the uplift of the southern Negev from the 
highs of the northern Sinai (Bartov et al., 1980). 
The rift zones of Suez and Aqaba were formed in 
the longitudinal part of uplifts that corresponded to 
the area under study for high hypsometric values of 
the leveling surface (up to 800-1500 m). Along the 
Dead Sea Transform (DST) there are alternate zo-
nes of uplifts and depressions of this surface reach-
ing or exceeding the absolute values of 4-8 km. 
This map (Figure 5) may be used not only for vari-
ous tectono-geological reconstructions, searches for 
hydrocarbons and projection of their exploitation, 
but also for planning the new infrastructure and 
transport systems in Israel. 

The seismotectonic map (Figure 6) pre-
sents a synthesis of the materials on a deep re-
gional geophysical-geological level (Eppelbaum 
and Katz, 2011) and seismicity data for the pe-
riod between 1900 and April 2012. The seismic-
ity data were obtained from the Seismological 
Data Base compiled by the Geophysical Institute 
of Israel (GII). In addition the data collected by 
Salomon et al. (2003,2010), Arieh and Rabi-
nowitz (1989), Punar and Türkelli (1997), Van-
nucci et al. (2004), El-Hefnawy et al. (2006), 
Wdowinsky et al. (2006), Tan et al. (2008) and 
Kalyoncuoglu et al. (2011) were incorporated. 

An analysis of the map (Figure 6) reveals a 
number of key features. 

Simple visual analysis indicates that most 
geodynamic activity in the region is confined to 
the greatest gradients of gravity field: the largest 
positive gravity anomaly in the Cyprus area and 
the highly negative gravity anomaly along the 
DST. Thus, the gravity data retracked from the 
satellite observations can be employed for sur-
face mapping the areas of dangerous geodynamic 
events at a depth. 

The boundaries of the African, Sinai, Arabian 
and Aegean-Anatolian techtonic plates appear to be 
zones of higher activity. The Aegean-Anatolian plate 
of the Alpine-Himalayan convergence zone is 
younger (Cenozoic) and characterized by more fre-
quent and high-magnitude seismicity. The zones of 
the Mesozoic consolidation are seismically less ac-
tive. However, the DST area, as was noted elsewhere 
(e.g., Arieh and Rabinowitz, 1989; Ben-Avraham, 
1992) exhibits very active seismicity. 

The boundaries between the smaller tec-
tonic-geophysical zones are identifiable but are 
less visible than the inter-plate boundaries. In 
particular, the boundaries of the Mesozoic terrane 
belt in contact with the thinned oceanic crust and 
the continental crust of Gondwana are fairly dis-
tinct, but not in all extensions. They developed 
mainly to west and east of the DST. 

The Pelusium Megashear System (Neev, 
1977; Neev et al., 1982; Hall et al., 2005) is highly 
important for studying geodynamic activity in this 
region. Two systems of shears (marked as bold red 
lines) are shown in Figure 6 from SW to NE. The 
shears were marked seismically (Shapira, 1992; 
Punar and Türkelli, 1997), and magnetically 
(Meshref, 1990). However, our data indicate that 
in fact the Pelusium shear (some 60 km off the 
coast of Israel) has no independent structural-
seismotectonic status. The line in the northern part 
mainly coincides with the boundary between the 
oceanic crust and the Galilee-Lebanon terrane. 
Thus, the Pelusium shear cannot be a marker of 
the northern part of the Sinai plate. However, it is 
consistent with the conceptual model proposed by 
Ben-Avraham (1978) where the northern bound-
ary of the Sinai plate collides with the Aegean-
Anatolian (Turkish) plate. 

Perpendicular to the Pelusium Megashear 
System there are a series of faults, the most typical 
of which are the Carmel and Azraq-Sirhan. These 
fault zones were identified geophysically by mag-
netic and gravity anomalies (Ginzburg and Eppel-
baum, 1993; Ben-Gai and Ben-Avraham, 1995; Al-
Zoubi and Ben-Avraham, 2002). These directions 
geodynamically are of great importance since they 
are indicators of lines of high seismicity both to SE 
and NW of the Carmel and Azraq-Sirhan faults. 
The same direction can be traced in the Isparta An-
gle (SW Turkey) by seismological data and geo-
morphological features (Kalyoncuoglu et al., 2011) 
and in the Cyprian region (Makris et al., 2000; 
Zverev, 2000). The present investigation enabled to 
recognize that a similar direction has a projection of 
the delineated Kiama hyperzone to the earth’s sur-
face. It is likely that these directions may corre-
spond to the lines of planetary fracturing (e.g., Flo-
rinsky, 2012). These diagonal zones demand a fur-
ther investigation. Thus, analysis of the data indi-
cates that seismological effects in the Eastern Medi-
terranean are produced by different tectonic-
geophysical sources. 
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Figure 5. Hypsometric map of the base of the newest (Post-Jurassic) tectonic complex. Color column shows de-
formation of the Post-Jurassic erosion surface. Solid points on the map show utilized deep boreholes and distinc-
tive outcroppings. Numbers next to solid black dots show estimates of the base of the Post-Jurassic (in m) derived 
from borehole sections and outcrops, initial sources can be found in Eppelbaum and Katz (2011) 
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Figure 6. Eastern Mediterranean seismicity map for the period between 1900 and 2012 overlaid 
on the smoothed gravity map with indicators of tectonic zonation. White circles show earthquake 
magnitudes on the Richter scale 

 
Changes in the thickness of the Earth’s 

crust in many cases are sufficiently seismically 
expressed (for instance, within the Arabian and 
African plates). The most significant seismic 
events in the region are associated with the 
northern part of the Gulf of Aqaba, but it is lo-
cated south of the investigation area and demands 
special analysis. 

Obviously, the further investigations will 
include analysis of ancient geodynamic events 
(until 1900), and the area under study will be ex-
tended for about 200 km to the south. 

These seismological features should be 
taken into account not only for regional tectono-
geophysical mapping of the Eastern Mediterra-

nean, but also for hydrocarbon searches and in 
particular for potential exploitation of hydrocar-
bon deposits in the region. 

 
Summary 
The map of directional derivatives of satel-

lite derived gravity field clearly indicates the 
many tectonic features of the region. The modi-
fied Moho discontinuity map constructed on the 
basis of integrated processing of seismic data and 
the Bouguer gravity maps for Israel and the East-
ern Mediterranean shows an intricate pattern of 
the Moho depth distribution in the region and 
enabling to recognize continental and oceanic 
types of the Earth’s crust. The hypsometric map 
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of the base of the newest (Post-Jurassic) tectonic 
complex is at least partially correlated with the 
Moho discontinuity map. Combined analysis of 
seismicity (for the period between 1900 and 
2012) and the data of geological-geophysical 
zonation were used here to pinpoint some key 
neotectonic features of the Eastern Mediterra-
nean. These maps are crucial not only for current 
knowledge of the Eastern Mediterranean tectonic 
patterns, but also for infrastructure development 
in this region. 
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