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Mapping and Analyzing the Volcano-Petrology
and Tectono-Seismicity Characteristics Along
the Syrian Rift — NW the Arabian Plate

Ahmad Bilal

Damascus University,
Syria

1. Introduction

The European and African continents are crossed by several N-S-trending rifts, all together
major structural features at world scale. They include, from North to South, firstly the Oslo
Permian rift (Norway), continued by the Neogene fracture system of Central-Southern
Germany (Eifel, Rhine Graben), then the rift system of French massif Central and Rhone
valley, ending finally with the great African rift, the major structure of this continent.

These major crustal fractures, extending down in the underlying mantle, have been active at
different times, while always keeping the same approximate N-S direction. Periods of major
activity are marked by extensive volcanism, with a distinct tendency to show younger ages
southwards: Permian in Norway, Neogene in Germany, Neogene to subactual in France,
actual (present-day) in Africa. These ages correspond mainly to the initial stage of rift-
forming, whereas more ancient accidents (e.g. Norway) could repeatedly play again, at each
phase of crustal extension.

In direct continuity with the Dead Sea Fault, the Syrian rift links the rigid Arabian plate to
the mobile ophiolite belt of Cyprus and Southern Turkey (Juteau 1974, Parrot 1977). It plays
a very important role in the regional geodynamic structure. Its exact position, as well as the
related fracture system, has been documented from the analysis of complete aerial photo
coverage of the whole Syrian territory (Bilal and Ammar 2004).

Many partial works on the different aspects of this area: tectonics, geodynamics, volcanism,
crustal and mantle rocks, and seismicity have been done. But a global synthetic on these
aspects are given in this research, using new data in field and laboratory. The results either
of my team at Damascus university, or either those of the scientific cooperation projects,
from 1998 till now, with the teams of colleagues from the French universities: professors
Jean Chorowicz, and Albert Jambon, from Pierre and Marie Curie university; professor
Phillipe Huchon, from Ecole Normal Superior of Paris; professor Jacques Touret, from Ecole
des Mines of Paris, and professor Jean Ives Cottin from the university Jean Monnet of Saint-
Etienne. In addition to international works indicated in the references list. While the global
work, at the macro- scale, has been achieved, it still more works to do at the micro -scale:
the detailed composition variations of the volcanic rocks, and their geologic process
indication; the liaison between the different tectonic unities, and theirs liaison with the
regional geotectonic; and the micro- seismic zonation in the country.
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2. Geodynamic setting

The Arabian plate has a roughly polygonal shape, inserted between the major African plate
(including Nubian and Somalian ),to the East, and Eurasiatic and Indian plates, to the North.
It is delimitated by the Red Sea in the South-West, the Aden gulf in the South, and the
Zagros and Taurus chains in the North and North-East, respectively.

Geophysical investigations confirms the typical continental nature of this plate, with an
average crust thickness of 40 Km, which changes, at the level of the Red Sea , to less than 15
Km., on a distance of about 250Km.(Al Damegh et al.2005).

The Arabian plate shows three types of active borders (Fig.1):
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Fig. 1. Geodynamic framework of the Arab plate (Barrier et al. 2004).

- Convergent :it include the collision zone of Bitlis-Zagros (Fig.1,A,B) ,(Sosson et al
2005,Molinaro et al 2005,Agard et al.2006),the subduction Makran-Oman zone between
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Aurasia-Arabia, as well as the Anatolian fault at the north-west end of the Arabian
plate(Cetin et al.2003).
- Divergent: the oceanic rifts (Arabia-Nubia), and the Aden gulf (Arabia-Somalia), (Fig.1,
C, D),(Bosworth et al.2005)
- Transform: the senester faults of the Levant (Arabia-Nubia), to the West and the Dexter
faults of Owen (Arabia-India),to the East (Barrier et al.2004).
The territory of syria corresponds to the NW corner of the Arabian plate. It is bordered by
the Zagros Taurus collision zone, to the North, and the oceanic expansion zone, to the South.
In the Western part of Syria, the rift structure, which corresponds to the northern part of the
Dead Sea Fault Zone(DSFZ), is named the Levant fault, in continuity with the Red Sea rift
zone.

3. Interplate volcanism along the Syrian rift

The Syrian rift is marked by an active interplate volcanism, occurring from Jurassic to
present (Ponikarov 1967, Laws and Wilson 1997, Giannerini et al.1998). Volcanoes bring to
the surface a number of mantle xenoliths, which provide essential information on the nature
and composition of the underlying lithospheric mantle (Stein and Hofman 1992, Stein et al
1993, Sharkov et al.1993, Bilal and Touret 2001, Bilal and Sheleh 2004). Most important data
are summarized below:

3.1 Volcanism

The occurrence of volcanic activity in its geotectonic context shows that this activity covers
an important part of the surface of the Arabian plate: in Syria; in Jordan; and in Saudi
Arabia (Fig.2). This volcanism covers the Mesozoic and Cenozoic times, but the major
eruption is recent. It is distributed over three distinct regions (Mor 1993): (1) the Harrat Ash
Shaam plateau; (2) the region from the Homs basalts to the Karasu valley; (3) the Arabian
platform and the Southern part of the Bitlis belt (e.g.karacadage volcano).

The Harrat Ash Shaam basalt eruption occurred in three episodes: at 26-22 Ma.;18-
13Ma.;and 7to <0,5Ma.(Mor 1993, Ilani et al 2001).The Homs basalts are dated at 6,5-
2,0Ma.(Mouty et al.1992,Sharkovet al.1994,1998,Butler et al. 1997, Butler and Spencer 1999).In
the Ghab basin area and east of it ,the age ranges from 2.0 to 1,1 Ma (Heiman et al 1998). In
the Karasu valley and vicinity, the age vary from 1, 6 to 0, 05 Ma. (Capan et al. 1987, Heiman
et al.1998, Rojay et al 2001, Yurtmen et al 2002).

Summarizing, volcanism in Syria, started during Lias with magmatism associated to the
ophiolites in the north of the territory (in the Baer et Bassit region),at the same time of
volcanism in the southern of Turkey (Antalya et Hatay ),or in the Mamonia complex in
Cyprus (Robertson et al.1991).This volcanism is related to subvertical tension fractures
caused by transcurent movement along the Syrian part (the Syrian rift)of the Dead Sea Fault
Zone(DSFZ).It can be hypothetized that these fractures induced adiabatic partial melting in
the lithosphere (Polat et al. 1997, Adiyaman and Chorowwicz 2002,Chorowicz et al.2005).

The volcanic emission extends over about 10% of the whole surface area of Syria (Fig.
3).Volcanism is related to the movement of the Arabian plate towards the Eurasian plate, at
a velocity of 18+2mma-l, in a NNW direction (McClusky et al2000). Eruptions, flooding
cover significant areas, where the Cenozoic basaltic lavas may be up to 500 M thick and are
covered by Tertiary and Quaternary sediments (Al Mishwat and Nasir 2004).
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Fig. 2. The Arabian interplatplate volcanism occurrence in its tectonics context. (Adiyaman
and Chorowicz, 2002 ).
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Fig. 3. The volcano-tectonics map of Syria.
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The volcanism is divided into two periods: upper Jurassic-lower Cretaceous, a period
corresponding to a phase of extension of the Arabian plate margin, it corresponds to the
Bhannes-Tayasir area of Syria sequence, constitutes isolated lavas or covered by the
Neogene eruption, especially in the south of the country (west of Damascus), and in the
center (Nabi Mata region) (Dubertret 1962,Ponikarov 1967,Laws and Wilson 1997).More
recent Neogene-Quaternary eruptions are related to the formation of the Red Sea (24-16Ma),
and Dead Sea rifts (8-0,4 Ma) (Ponikarov 1967, Bohanon et al.1989,Camp et Roobol
1989,Baker et al 1997,Chorowicz et al 2005). A number of eruptions have been identified
from 17 Ma to present. The last volcanic eruption took place in the South of the country,
about 10000 years ago, as the end of the last eruption (<1Ma) (Dubertret 1933, Baker et al
1997).

Erupted lavas are in general very basic.rock compositions , cover the basalt-, picrobasalt-,
and basanites fields on the diagram of Le Bas et al.(1986), (Fig.4),corresponding to a low
differentiated magma(Ismail et al.2008). Major and trace elements data show overall
similarities between recent and ancient ones, with however a more distinct alkaline trend
and stronger variations of LILE-elements for recent lavas. These data involve small volume
melt fractions.
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Fig. 4. Total alkalis-silica diagram of Le Bas et al (1986) for the basaltic rocks along the Syrian
rift (Bilal and Touret 2001).
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3.2 Composition of the lithospheric mantle

A number of volcanoes along the rift contain a number of ultrasiques xenoliths, notably
lherzolites, harzburgites and pyroxenites(Bilal and Touret 2001).Major rock -forming
minerals are Olivine (Ol), Ortho- and Clinopyroxene (Opx and Cpx)with as common
accessories spinel and amphibole. Microstructure varies from coarse-grained, coarse-
grained-tabular to rare porphyroclastic (Ismail et al.2008).Most mantle peridotites are very
well preserved with however a small variable possibility of local melting by the enclosing
basalt around intergrain boundaries (Fig.5, A, B, C).

Most abundant rock types are harzburgites (Ol+Opx),which from their mineral composition
and geochemistry can be divided into three groups (Ismail et al 2008): Group I, issued from
a residual, depleted mantle, Groups II and III which correspond to a refertilized mantle,
caused by the percolation of undifferentiated basaltic melt or ephemeral carbonate magmas
through the residual lithosphere. Both groups correspond to a different degree of melting of
the mantle peridotite (large for Group II, small for Group III).They are characterized by
undispread mantle metasomatism with a carbonatite signature (Frezzotti et al 2002, Gregoir
et al 2000), as notably indicated by the composition of clinopyroxene in some pyroxenites
(Bilal and Sheleh 2004).

Rare garnet-bearing varieties have also been observed in the middle and south domains
(Mheilbeh, Tel Thenoun) including few grenatites. These correspond most probably to lower
crustal granulites, even if the occurrence of some high-pressure basaltic derivates cannot be
excluded (Bilal and Touret 2001). The possible occurrence of xenoliths corresponding to
lower crustal granulites is further indicated by the occurrence of sapphirine in some garnet
and/or spinel-bearing websterites (Opx and Cpx-bearing pyroxenites, Fig. 5 D ,E) (Bilal
2009b, Bilal et al.2011). These basalts result from a complex polybaric melting process, first
starting in the garnet peridotite stability field, then proceeding within the field of spinel
peridotite( Bilal and Touret 2001,Bilal et al.2011).

3.3 Fluid inclusions

A great of pure CO2-bearing fluid inclusions have been found in olivine and pyroxenes
from xenoliths, and in phenocrysts from enclosing basalts (Bilal and Touret 2001).This type
of inclusions occur in virtually all mantle xenoliths in basalts worldwide(Roedder 1984),but
in the present case some features confirm the occurrence of mantle metasomatism seen
above in group II and IIL.The CO2 density in inclusions is very variable ,most commonly
around or lower the critical point(about 0,4 g/Cm3).Fluid pressure at trapping conditions
for a reference temperature of about 1000C,correspond to a depth of about 5 Km, namely
the last magma chamber prior to eruption .But some primary inclusions contain fluid of
much higher density recording deeper episode of the rock evolution. Highest fluid densities
(up to 1, 15 g/cm?) are found in pyroxenites, notably in clinopyroxene. Fig 5 (F , G, H, I)
show primary inclusions, of tubular shape, aligned along orthopyroxene or plagioclase
exsolution lamellae within the clinopyroxene host .It is belived that these fluids are formed
by a reaction illustrating the mantle metasomatism carbonatite connection:
OlivintCarbonate (from the Carbonatite)—Clinopyroxene (with plagioclase and
orthopyroxene in solid solution)+Co2.

P-T conditions of mineral equilibration in the xenoliths can are deduced from the pyroxene
mineral assemblage (pyroxene thermometry) for the temperature (Wells 1977, Bertrand and
Mercier 1986,Brey and Kohler 1990, Kohler and Brey 1990),and from the maximum fluid
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Fig. 5. Photomicrographs of petrographic features of mantle xenoliths , and fluid carbonic
inclusions.

A: Coarse-grained microstructure harzburgit (sample37Th ,Tel Thenoun)-large Olivine (Ol) and
Clinopyroxene(OPX) crystals shown a dark melt zone(M) at the intergranular boundary containing
white veinlet filled with secondary minerals(opal, carbonate),and trail of secondary ,low density
,carbonic inclusions(FI), issued from M, and disposed along the OPX cleavage plan. B: Coarse-grained-
tubular microstructure spinel lherzolite (sample 34Th,Tel Thenoun)-large pyroxenite crystals,
subordinate olivine(Ol),and large spinel crystals surrounded by a dark reaction zone.Primary CO2
inclusions(FI) are disposed in the core of some clinopyroxene crystals. C:Coarse-grained microstructure
in harzburgite (sample 43Th,Tel Thenoun).D:composite BSE image section(sample Th12,Tel
Thenoun).The submillimitric coronitic feature correspond to spinel (light grey core) rimmed by
sapphirine(dark grey).Scale bar 2mm.E: More clear of coronitic spinel of figure D,where the sapphirine
corona(dark grey) is continuous.A thin rim of symplectite is hardly visible between sapphirine and
clinopyroxene.F:Carbonic (pure CO2) fluid inclusions(black circles) in exsolution features in the
butterfly-wing structure, in pyroxenite(sample 135Th,Tel Thenoun).Scale bar50 micron m. G:Tubular
carbonic inclusions in pyroxene (sample135Th,Tel Thenoun),Scale 20 micron m.H:Details of the
butterfly-wing structure around inclusion in olivine(sample 11Th,Tel Thenoun).Scale20 micronm. I, J:
Carbonic inclusions in clinopyroxene .X and Y supercritical CO2 (homogenization temperature =15
C),(sample 135Th, Tel Thenoun).bar 20 micronm.
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density in primary carbonic inclusions, for the pressure (Bilal et Touret 2001,Bilal et Sheleh
2004).Using theses parameters the figure (6),show the obtained Results, which correspond to
about 1100-1300C for the temperature, 10-13 Kb for the pressure.

In conclusion it is suggested that the volcanic activity along the Syrian rift is due to the
presence under the Arabic plate of a mantle plume(Stein and Katz 1989,Stein and Hofman
1992 ,Stein et al 1993), active since Cretaceous times, locally refertilizing a residual (oceanic-
type) lithospheric mantle (Bilal and Touret 2001,Bilal and Sheleh 2004).
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Fig. 6. Tthermparometric conditions (P, T), of Syrian mantle xenoliths (Bilal and Touret 2001,
Bilal and Sheleh 2004).Th: homogenization temperature of CO2 fluid inclusions; d: density
of CO2 liquid.

4. Tectono-seismicity characteristics

The tectono- seismicity characteristics are deducted from the satellite imagery, the field
survey, the seismic observatories data, the odometric measurements, and the analyzing of
ancient and recent earthquakes.
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4.1 Tectonics

The Syria platform is constituted from several structural units, which have been formed at
different periods since the Permo-Trias. The map of figure (7), shows these principles units:
The Palmyrides in the center; the graben of Euphrates and the Djebel Abdelaziz in the East;
the Afrin region and the Aleppo plateau in the North-West; and the Coastal chain at the
west of the Levant fault ( Al Abdalla 2008).

The West of Syria is occupied by an important structure, locally named the Syrian rift, and
worldly known the Levant fault, corresponding to the northern part of the Dead Sea fault
zone (DSFZ), which forms the boundary between the African and Arabian plates. The
tectonic activity along its northern part, the Yammouneh fault and northward continuation
is still a subject of controversy. Between those who maintained that this segment is poorly
active(Girdler 1990,Butler et al1997,1998,Butler and Spencer 1999),and others who
concluded ,from the earthquakes study ,that this segment would then be active until it
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Fig. 7. Principles structural units of Syria, northwest of the Arabian plate (Al Abdalla 2008)
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reaches the Africa-Arabia-Eurasia triple junction near Maras(Khair et al 2000,Meghraoui et
al.2003), confirmed by recent field studies (Chorowicz et al.2005,Bilal 2009a,b).

Thus, the Syrian rift is an active seismic zone oriented North-South.It could be identified
either by a satellite image or in the field (Fig.8). It cross the middle east through more
1200Km., from the Aqaba gulf in the South, to the Turkey in the North (Bilal and Touret
2001), successively through Lebanon, Syria and Turkey.

Legend
0 75 150 300 uaﬂorneters
N . Above 3
+  Above 4
* Above 5
Faults

Fig. 8. Structure of the Syrian rift from the satellite image, Landsat 2005, and epicenters of
the seisms in 2005 - 2006 after the Syrian seismic centre

www.intechopen.com



150 Advances in Data, Methods, Models and Their Applications in Geoscience

In Syria, the Levant fault continues towards the North, between Damascus and Tartous, by
the Yammouneh fault. This last structure marks an important transition to the Palmyra
chain, making a sort of hinge between the northern and southern parts of the rift. The rift
continues to the north through the El Ghab basin, and it disappears in the Taurus zone, in
Turkey, in the Maras’s triple junction point which relays Africa-Arabia-Eurasia. Many
arguments, from structural analysis and field observation, in addition to satellite imagery
data, and geomorphologic analysis, point to a recent, up to present day tectonic activity
along this structure, e.g. mylonites and fine-grained shear zones, filling of pull-apart basins,
deformed small active ravines and formation of scarps.

The Syrian rift corresponds to a transform fault, with lateral displacements decreasing from
more than100 Km, to the South, to less than 30 Km, to the North, at the level of the
Yammouneh fault (Walley 1988).The secondary faults and fractures deduced by the satellite
images (Bilal1994 a,b) ,and detected in the field (Lovelock 1984,Sawaf et al. 1993),support
this results, but more studies are needed to more explore others factors.

Many faults, as shown by the structural analysis and field observation, in addition to
satellite imagery data and geomorphologic analysis, attest that have recently been or are still
active along the Syrian rift. This is notably indicated by several phenomena: 1) the local
transformation of basaltic rocks into mylonites and fine-grained shear zones. Carbonate
basement rocks may also be deformed; they are more mylonitic because more easily
fragmented than basalts. 2) The occurrence of pull-apart basins filled with quaternary
sediments. 3) The deformation of small active ravines, with the formation of scarps
(Chorowicz et al.2005, Bilal 2009a, b).

4.2 Seismology

Syria, the northern part of the Dead Sea Fault Zone (DSFZ), has a long record of active
seismicity (Taher 1979, Al Tarazi 1999). Field observations, physical effects on ancient
building structures and movement analysis show that tectonic is still active at present time
(Khair et al.2000, Meghraoui et al2003, Chorowicz et al 2005).

Most major seisms in Syria occur in two regions: Either within or close to the rift zone, along
a North - South direction, or SW - NE oriented, along the Damascus Palmyra mountain
chain. This last domain does not contain any volcanic activity. Earthquakes in this region
can only be caused by superficial deformation of the sedimentary cover.

Many of seisms take place within the litohsphere, in response to active fault displacement
(Lay and Wallace1995,Yeats et al.1997) ,but others could also originate when the crust is
subducted into the mantle, or along rifts in response to an ascending hot spot (plume) (Yeats
et al.1997,Bilal and Sheleh 2004).This is precisely what may happen in Syria. The study of
volcanic xenoliths has identified a hot spot under the Arabic plate (Stein and Hofman 1992,
Sharkov et al.1993), starting during Cretaceous and ascending continuously until present
time (Bilal and Touret 2002, Bilal and Sheleh 2004). This part aims to analyzing the
seismicity distribution in the Syrian territory, using tectonic activity, laboratory
measurements, and historic and recent earthquakes records. It will also attempt to compare
these data with volcanic parameters.

4.2.1 Seismic parameters
The movement rate-displacement along a given fault could be estimated in the region of
Homs, where important basaltic eruptions took place 6 Ma ago (Sharkov et al.1994, Butler et
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al.1998). The overall displacement along the fault since the time of eruption, in other words
the total length of pull-apart, could be estimated from the displacement of the famous “Krak
des Chevaliers” in respect to the main Shine volcano (Fig.9). This gives 16 km, significantly
less than other estimates (20 Km, Chorowicz et al 2005). This would give an average
displacement rate of 2,7 - 3,3 mm/ year, in line with estimates along the Wadi Araba fault, in
the northern part of the Levant fault (4,6 +/- 2 mm/year, with a decreasing value of 2,3
mm/year for the last 12 ka , Le Beon 2008). In Syria, the displacement rate in the region of
Homs corresponds to a maximum value. The movement rate, estimated by different
methods, decreases significantly in the others regions. It is: 1-1.5 mm/yr in the region of
Palmyra, less than 1 mm/yr in the Eastern and North Eastern parts of the country (Bilal
2009 b, Tab.1).

Region Movement rate /mm.Yr. Method

El Ghab, the Syria rift 2,7-3,3 Basaltic displacement
Palmyra chain 1,5 Monuments cracks
Eastern Syria, Russafeh 1-1,5 Monuments cracks
Afrin region 1 Field measurements
Northern east Syria <1 Field measurement

Table 1. Movement rate in different regions estimated by different methods
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Fig. 9. Movement rate estimate, from field observation and satellite imagery analysis
(Landsat TM 1995). ab: displacement, estimated at 16Km during 6 My, the age of the Homs
basalt.
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These results are confirmed by physical effects on the building structures in the region
(field measurement on houses, measurement by Bilal and Ammar 2004, unpublished
data). They can be taken as an average value for the movement rate repartition in the
whole territory.

For an earthquake of a given intensity, defined by the value of the Magnitude (in Richter),
the action on a builded structure, which result in the greatest number of casualties, depends
from two sets of parameters: the characteristics of the structure itself and the nature of the
ground on which it is built. Several equations are proposed to relate all these variables
(Bojoroque and DeRoeck 2007, Ozkan 1998). The Syrian code (2004), used in this work is
based on the following equations:

Z=V/ IKCSW (1)
C=1/T )
T~0,1N 3)

Where V is the horizontal shear force, I correspond to the type and geometry of the structure
(bridges, tunnels, towers, dams, etc.), K the inelasticity coefficient of the structure, C the
dynamic coefficient, linked to the nodes propagation period (T), and the number of stages
(N), S a coefficient relative to the soil, and finally, W the total weight.

This seismic acceleration coefficient (Z) is a critical parameter. Estimated in cm /s2, it
describes the reaction of an object -structure in a limited zone -to an earthquake of a given
intensity. Its value changes from region to other after the upon seismic parameters, and so in
the same region according to the estimated parameters values, from 0 to a variable value,
reaching 1, 5 cm /s2 (Bojoroque and DeRoeck 2007).

For the dams Z is estimated, in Japan, at 0, 1- 0, 12 for weak earthquake zones, and 0, 15 for
strong zones. It is taken between 0, 05 and 0, 20 in Turkey, and between 0, 03 and 0, 24 in
India (Bilal 2009). A coefficient of 0, 1 indicates that a building is designed so that 0, 1 of its
weight can be applied horizontally during an earthquake

In Syria Z ranges between 0 and 0,25, depending on the region.It is 0,25 in Al Ghab region,
0,12 in Palmyra, and 0,05 - 0,1 in Deir Zour, in the East.

4.2.2 Seismicity-time analysis

The repetition of an earthquake (frequency return period of an earthquake in the same
locality), namely the seismic cycle is controversial (King 2004, Maderiaga 2004). However if
an earthquake is unique for a given locality, the distruction of earthquake activity with time
is of major importance.

Therefore, the historical record of ancient earthquakes has been investigated. Only were
used these verified by different sources (Taher 1979, Al Tarazi 1999). Available historical
data covers a wide period with variable magnitude: Ancient time between 750 and
1800,with magnitude estimated at 7.5-6.5 (Meghraoui 2003), it becomes 6 - 5 between 1800 -
2000 (UNISCO 1983,5tiro1992,Sbeinati and Darawcheh 1992,Al Tarazil999),less than 5 for
the period of 1960 to 2000 and between 4,9-4 at present (USGS 1999). The results are
represented by the histogram of figure (10).They show that the seismic intensity tends to
decreases with time, in agreement with recent estimates on the movement rate (Le Beon

2008).
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Fig. 10. Histogram of the seismicity evolution in time, after their magnitude and age.

For recent seisms, we have collected good data, especially from the physical effects on the
structures and the station seismic net (Fig.11). They are distributed in the whole of the
country and in the off shore.

4.2.3 Seismic hazard zoning map of Syria and Arab plate

In order to evaluate the seismic hazards on the whole territory of Syria, and to examine their
effect on building structures, odometric experiments on the more representative soil types
occur in the country, have been performed in laboratory. Using scale of magnitude intensity
of 7, 7.5, 8, and 8.5 respectively, the elasticity modulus (E = power/surface = Kilo Newton /
m?2), and the Poisson ratio (P=executed displacement / original displacement = deformation
%), have been determined. They allow the determination of the soil rigidity and the
behavior of building during a seism (interaction soil-seism for a given building). The
experiments have been measured on more than 80 litho- logical samples. Measurements
were analyzed using the SAP Software (computer and structures Inc. USA, Bilal and
Mahmoud 1997). Results are given in terms of relative unity response to seismic hazard,
namely relative damage, the result of seism-soil effect on building, estimated from low to
strong. It is maximal along the rift (moderate), and decreases gradually towards the East,
East South and East North (low) in line with the rate movement, and

seismic acceleration coefficient evolution (Fig.12B).
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Fig. 11. Occurrence of the recent seismicity in Syria: a-Sbeinati and Darawcheh for the XX
century (1992),b-USGS for the period of 1961-1983,(in Stiro 1992);c-USGS for the last
years(Monitor,vol.5,1,1995).
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Fig. 12. Seismic map of Syria, showing the five seismic zones, and distribution of the
earthquakes which their magnitude more than 4; white square: M> 6 ; black circle: 5< M < 6;
black square: M< 5 ;white; circle: M=4,9 - 4(A), and odometric result where the black part
indicate the relative damage(B).

According to the movement rate, estimated in the field between <Imm/yr and 2, 7 -3, 3
mm/yr, the Z value estimated at 0-0.25 cm/S2, the relative seismic intensity measured in
laboratory (Bilal and Mahmoud 1997), the analysis of recent seismicity documented by the
seismic network, and finally historical record, we have identified a number of seismic zones
and corresponding seismic intensity (Tab.2).

These zones are represented on a seismic map of Syria (Fig.12A), established here for the
first time. This map divides Syria into five zones, each of which corresponds to a given
seismic intensity value. Zone one has the highest seismic intensity risk, with most potential
damage for the constructions, while zone five has the lowest one.

On the same figure (12A) , the earthquake epicenters with a magnitude higher than 4 are
projected. They occur in the whole territory but mostly in zones 1 and 2, associated with
volcanism, or along the Damascus-Palmyra mountain chain. Only some earthquakes had a
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MR mm/yr. Zcm/S2 Seismic zone Seismic intensity
0 0 0 none
<1 0.05 0-1 very low
1 01 1 2A
1.5 0.15 2A middle-low
2 0.2 2B middle
25 0.25 2C moderate

Table 2. Calculated seismic parameters, corresponding seismic zones and their intensity.

magnitude higher than 7, 5- 6, 5, even if this remains controversial. Most recorded
earthquakes in the twentieth century have a magnitude less than 6. Out of hundred
earthquakes in the region and off shore, 25% have a magnitude between 6-5, and most of
them have a magnitude less than 5. All together, the whole Syria shows moderate
seismicity, compared to the north, Taurus-Zagros fault zone, or to the south, under the
Indian Ocean expansion.
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Fig. 13. An extrapolated seismic zoning map of the Arab plate . Zone 1, the highest seismic
intensity zon;zone 2,the intermediary one and zone 3,the lowest one.
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Using data obtained by deferments sources ( UNESCO 1983,Barrier et al 2004,Al Damegh et
al 2005,Le Beon 2008,Bilal 2009b), and the seismo-tectonic parameters, an extrapolated
seismic zoning map for the Arab plate is established(Fig.13).It distinguishes between three
seismic zones: zone 1 ,the highest seismic zone intensity with major damage risk; zone
3,zone of low seismic intensity with lowest potential risk ,and zone 3,the intermediary zone
with intermediary potential risk. These results need to more verification by a qualified team.

2
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Fig. 14. Regional tectonic map of Syria showing the rift structure, volcanism and the
distribution of earthquakes epicenters (in black circles), with the highest magnitude (>5 -7, 5).
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5. Conclusion

The Syrian rift is a world structure, and constitute the north part of the Dead Sea Fault Zone
(DSFZ).Structural analysis using variable techniques attest that many faults have recently or
are still active to occuresent along the Syrian rift. This is notably indicated by two
phenomena: volcanism and seismicity.

The composition of the underlying lithospheric mantle points to a complex history
involving polybaric partial melting at various degrees, starting in the garnet - and
proceeding in the spinel stability field. Some clinopyroxenes at least record mantle
metasomatism, caused by ephemeral carbonate magmas or percolating basalting melts
issued from a mantle plume under the Arabic plate.

Most major seisms in Syria occur in two zones (Fig.14): with the rift zone, in a North - South
direction, but not exactly along the fractures. Most epicenters occur westward along the
coast or in the sea. The other zone is SW - NE oriented, along the Damascus Palmyra
mountain chain. It does not seem to be related to any volcanic activity, but corresponds
namely to superficial deformation of the sedimentary cover.

For volcanic-related seismicity, Petrological data from volcanic xenoliths have identified the
existence of a hot spot (plume), under the Syrian rift. In the earliest period of volcanic
activity (Cretaceous), this plume started at the level of mantel garnet peridotite, leading to a
marked explosive volcanism. It may be hypothesized that this type of volcanism did
correspond to major seismicity. In more recent time, the plume head tends to rise, while at
the same time migrating towards the West. This was accompanied by a more effusive type
of volcanism, associated to the moderate seismicity, presently shown. The last eruption
(10.000 y) occurred in the large volcanic massif at the South (Djebel Al Arab). With one
exception, no major seism relates to this last eruption. This recent massif, by far the larger in
Syria, seems to distantiate from the rift zone, at the difference, notably, of older Cretaceous
volcanism.

At the scale of the human observation, the seismicity does not seem to be directly related to
present-day volcanic activity.Either reminiscence of ancient volcanism, or consequence of
superficial deformation. Both phenomena tend to fade out with time, in line with the
decrease of major seismic intensity which has occurred during the last millennium.
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