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ABSTRACT: Composite focal mechanism solutions are examined for five groups of earthquakes which took place
in the Gulf of Suez and recorded by Hurghada seismic network during the period from 1994 to 1995 to investigate the

trade off the type of the focal mechanism solution and the evidence of the tectonics for the area.
The composite solution in the first group area is dominated by reverse fault with pressure axis S-E to N-W, while a
normal fault solution in the second group area east of the first group with tension axis of NE- SW is observed.The

solution is consistent with tension axis due to the opening Red sea

The third and the fourth groups are characterized by reverse fault with strike slip component (diagonal fault ). The fifth
group is characterized by a normal fault with tension axis of NW- SE, which is consistent with tension axis extended in

the Gulf of Suez due to the opening of the Red Sea. The Moment Tensor components are calculated from the fault plane
parameters (strike (¢), dip () and rake (1)) for each group.

INTRODUCTION:

The extent of oceanic crust underlying the Red Sea
has been the subject of a long debate. Some believe that
the northern Red Sea is almost entirely underlain by
oceanic crust. The evidence for this view is based on
plate kinemaetics (Mckenzie et al. 1970), gravity as well
as magnetic data ( Girdler and Styles 1974 and 1976,
Rosser 1975, Styles and Hall 1980) and seismic data
(Knott et al. 1966, Phillips and Ross 1970 ). Others
believe that the oceanic crust is of limited extent or non-
existent in the northern Red Sea ( Hutchinson and
Engels 1972, Lowell and Genik 1972, Ross and Shlee
1973 and Cochron 1983).

The Gulf of Suez is an extensional rift comprises a
northwest- trending marine basin, flanked by gravel
plains that are broken by several tilted blocks such as
Esh EI Mellaha and Gebel Zeit to the west and Gebel
Araba to the east . The amount of extension is estimated
at 25 to 50 % of its original width (Angelier 1985, Perry
and Shamel 1985). Most of the tectonism and structural
relief associated with the rift occurred after the early
Miocene invasion, within the past 18 to 20 million years
(Garfunkel and Bartov 1977). The rift is a tectonically
active structure that is considered to be a subplate
boundary that formed as a relict of the opening of the

Red Sea. The seismic activity which follows the
structure trend of the Gulf of Suez may continue more
northerly towards the center of seismic activity of Abu
Hammad ( Maamoun at. al 1980).

Dagget et al. (1986) related the high rate of
seismicity at the southern end of the Gulf of Suez to
crustal movements among the Arabian and African
plates and Sinai subplate as a result of the opening of the
Red Sea extension in the Gulf of Suez and the left-
lateral strike-slip motion in the Gulf of Agaba

Source parameters of earthquakes permit us to get
information about fault when it does not appear on the
surface of the ground. The focal mechanism of an
earthquake provides the state of stress in the source
region and reveals important clue for physical
understanding of the earthquake phenomenon. In
addition, spatially well distributed accurate focal
mechanisms are the key to discuss the regional and local
tectonics of the seismic active area.

The history of focal mechanism study may be
traced back to the late 1910, when Professor Shida of
Kyoto University, Japan discovered a systematic
distribution of the two senses of polarity
(compressions or dilatations) in azimuth about the
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epicenter of an earthquake. Focal mechanism based on
first-motion polarities of P-waves are still most widely
used. In many cases they provide the only method
available to obtain the focal mechanism.

Distribution of the initial P-wave pulses from an
earthquake are simplified by the use of a focal sphere
that surround the earthquake focus. Initial P-wave pulse
from seismic stations are projected on points on the
surface of the focal sphere by ray tracing back to the
source. Their positions on the focal sphere are giving by
the take off angle at the source measured from the
vertical and azimuth measured from the north.

The composite focal mechanism can be made by
superimposing data from a number of earthquakes
projected onto a common focal sphere. This method is
used when the number of stations is not enough to cover
the focal sphere with data from a single earthquake and
unique solution cannot be obtained for individual event.
It tells us about two possible planes of faulting. The
geological trends and the linear aspects of the earthquake
aftershock distributions help to the more proper plane of
faulting .It is useful also in helping to determine stress
orientation and relating the earthquakes activity to
geological structure which may be observed at the
surface. Many authors (Scholz et al, 1969; Sbar et al,
1970; Langer et al., 1974; Armbruster et al , 1978;
Herrmann and Canas, 1978) found that for a limited
segment of an active seismic feature the focal
mechanisms of microearthquakes are nearly identical.
They also found that the plane of faulting inferred from
the aftershocks distribution nearly coincides with the
nodal plane obtained from focal mechanism studies.

DATA

Hurghada seismic network consistes of eight
remote stations distributed around the both sides of the
Gulf of Suez. Four stations are in the Southern Sinai
Province and the other four are located in western side of
the Gulf of Suez. Data acquisition and analysis center is
located at Hurghada city (Hurghada Seismological
Center, HSC, Ibrahim et. al (1995), Figure 1 and table
1). The data used in this study are the first arrival times
of P-wave and their corresponding directions of motion
from earthquakes occurring beneath the stations during
the period of 1994 - 1995. The P-wave velocity structure
model used in this study is the same as used in the
routine work for earthquake location (table 2).

METHOD

The earthquake epicenters are divided into five
groups whose P-wave first motion data are consistent to
each other and whose epicenters are located close to
each other so that the composite technique for each
group could be applied. The set of observations of the P-
wave first motion polarities are plotted on the lower
hemisphere projection using computer program (PMAN,

Suetsugu, D. 1995). This program was modified by A.
Shater for this study. The two nodal planes that separate
regions of different polarity are drawn manually using
the Schmidt net. The plane of faulting has been chosen
from the two orthogonal nodal planes by considering the
orientation of the seismic pattern.

An alternative way to describe earthquake source is
the moment tensor representation which is more suitable
for objectively determining an earthquake source model
by computer than the fault angle representation, because
the moment tensor is linearly related to ground
displacement recorded by seismometer.

The fault parameters (strike (¢) ,dip(d) and rake
(1) obtained from the composite focal mechanism are
used to calculate the Moment Tensor components in
each group as described by Seth Stein (1987) and
Suetsugu (1995):

Mo Mo Moz
M=1Mz Mr M=
Mo Mo Mz

where :-

M = moment tensor

M, = seismic moment

Myx = - Mg (Sin & cosA sin 2¢s + sin 23 sin A sin 2¢S)

My = My = Mg (sin 3 cos A cos 2¢s + sin 25 sin A
sin 2¢s)

My, = My=- My (cos & cosh cos ¢ s + cos 28 sin A sin
20s)

My, = Mg (sin 8 cos sin 2¢ s - sin 28 sin A cos 20s)

My, =M, = - Mg (cos & cosi sin ¢ s - cos 23 sin A cos

“bs)
M,, = Mg sin 258 sinA

RESULT AND DISCUSSION

Composite Focal Mechanism of the first group:

The earthquakes of this group are located around
latitude 27.4 ° and longitude 34.0 °. The mechanism of
this zone is characterized by almost dip slip fault
(reverse fault). This solution agrees with the result
obtained from the stress distribution of the second group.

From figure (2) the focal mechanism results can be
summarized as follows:

(*) One of the nodal planes, strikes 64 °, and its dip is
68°. The rake angle of this plane is 99 °. The other
nodal plane strikes 221 ° with dip angle of 24 °, its
rake angle is 69°.

(*) The azimuth of the compression stress P is 147 °
making an angle of 22 ° with the horizontal line,
while the azimuth of the dilatation stress T is 350 °
making an angle of 66 ° with the horizontal line.
The strikes of these two nodal planes coincide with
the seismicity distribution of this active zone.
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Figure (1) location map

Table (1) Coordinate of Hourghada seismic stations

Table (2) crustal structure modle

station latitude longitude | elevation
(degree)|  (degree) |  (km)

HAMM 2827633 | 33.57783 | 0.241 Vp(an's) Depth (k)
ATOT 2816833 | 33.86033 | 0.200

MAZR | 2792933 | 33.99483 | 0.200 ;‘33 2‘$
ZEIT | 278783 | 33.51616 | 0.100 650 | 15.00

ABSH | 27.36800 | 3362100 | 0220 200 | 2500
UMDL | 27.08600 | 33.65166 | 0.100
GHAR | 2804000 | 3312000 | 0350
SHRM | 2785200 | 34.25783 | 0300
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The moment tensor components are:

Mo= - 04429575 M, = 03638029 M, =
0.6569126

My= 0.3638029  M,= - 0.2508280 M= -
0.2566732

M, = 0.6569126 M, = -0.2566732 M,, = 0.5937855
Composite Focal Mechanism of the second group:

The earthquakes of this group are located around
latitude 27.5 ° and longitude 34.3 °. The mechanism of
this zone is characterized by almost dip slip fault
(normal fault). This solution is consistent with NE- SW
tension axis due to the opening of the Red Sea.

From figure (3) the focal mechanism results can be
summarized as follows:

(*) One of the nodal planes, strikes 308 °, and its dip is
43°, The rake angle of this plane is -87 °. The other
nodal plane strikes 124° with dip angle of 47 °, its
rake angle is 93°.

(*) The azimuth of the compression stress P is 354°
making an angle of 216 ° with the horizontal line,
while the azimuth of the dilatation stress T is 350 °
making an angle of 02 ° with the horizontal line.

The moment tensor components are:

M= 0.6532322 M,, = 0.4746679 M, = -
0.0784587
My,=  0.4746679 M, = 0.3429648 M= -
0.0127256

My =- 0.784587 M,y = - 0.0127256 M, = - 0.9951969
Composite Focal Mechanism of the third group:

The earthquakes of this group are located around
latitude 27.6 ° and longitude 33.9 °. The mechanism of
this zone is characterized by reverse fault with minor
strike slip component (diagonal fault ).

From figure (4) the focal mechanism results can be
summarized as follows:

(*) One of the nodal planes, strikes 016° and its dip is
81°. The rake angle of this plane is 066 °. The other
nodal plane strikes 267 ° with dip angle of 26 °, its
rake angle is 160°.

(*) The azimuth of the compression stress P is 125 °
making an angle of 32 ° with the horizontal line,
while the azimuth of the dilatation stress T is 260 °
making an angle of 48 ° with the horizontal line.

The moment tensor components are:

Mo= - 0234320 M, = 04154839 M, =
0.1783201
My= 04154839 M,= - 0.479691 M= -
0.8527144

M, = 0.1783201 M, =-0.8527144 M, = 0.2823011
Composite Focal Mechanism of the fourth group:

The earthquakes of this group are located around
latitude 27.7 ° and longitude 33.8 °. The mechanism of
this zone is characterized by reverse fault with strike
slip component (diagonal fault).

From figure (5) the focal mechanism results can be
summarized as follows:

(*) One of the nodal planes, strikes 154 °, and its dip is
75 °. The rake angle of this plane is 25 °. The other
nodal plane strikes 58 ° with dip angle of 66 °, its
rake angle is 164°.

(*) The azimuth of the compression stress P is 285 °
making an angle of 06 ° with the horizontal line,
while the azimuth of the dilatation stress T is 18 °
making an angle of 28 ° with the horizontal line.

The moment tensor components are:

Mo= 06419647 M, = 04770122
0.3635998

M= 04770122 M= -0.8468032 M,= 0.2338332
M, = 0.3635998 M, = 0.2338332 M, = 0.2048385
Composite Focal Mechanism of the fifth group:

The earthquakes of this group are located around
latitude 28.2 ° and longitude 33.7 °. The mechanism of
this zone is characterized by dip slip fault (normal fault).

From figure (6) the focal mechanism results can be
summarized as follows:

My, =

(*) One of the nodal planes, strikes 353 °, and its dip is
58 °. The rake angle of this plane is -116 °. The other
nodal plane strikes 216 ° with dip angle of 40 °, its
rake angle is -55 °.

(*) The azimuth of the compression stress P is 214 °
making an angle of 66 ° with the horizontal line,
while the azimuth of the dilatation stress T is 102 °
making an angle of 10 ° with the horizontal line.

The moment tensor components are:

Mo= - 07793251 M, = - 0.2696812
0.2718609

M,,= - 0.2696812 M,,= 0.8786398 M,,= 0.3733421
My= 0.2718609 M, = 0.3733421 M, = 0.8067073

Figure 7 shows the composite fault plane solution
of the all groups with stress directions. The second
group is the normal fault which are consistent with NE-
SW tension axis due to the opening of the Red sea, The
fifth group is characterized by a normal fault with
tension axis of NW- SE, which is consistent with
tension axis extended in the Gulf of Suez due to the
opening of the Red Sea. The other groups are
characterized by reverse faults which are consistent with
the stress distribution of the second and fifth groups.

CONCLUSION

Composite  focal ~mechanism solutions are
examined for the earthquakes which took place in the
Gulf of Suez during the period from 1994 to 1995

My =
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recorded by Hurghada seismic network to investigate
the trade off the type of the focal mechanism solution
and the evidence of plate tectonics for the area .

We have divided the earthquakes into five groups
whose P-wave first motion data are consistent to each
other and whose epicenters are located close to each
other. The moment tensor components are calculated
from the fault plane parameters.
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Figure (2) The first group
earthquake mechanism
( reverse fault)

Figure (3) The second group
earthquake mechanism
(normal fault)

Figure (4) The third group
earthquake mechanism
(reverse fault with strik slip
component)

Figure (5) The fourth group
earthquake mechanism
(reverse fault with strik slip
component )
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The analysis of fault plane solution of these five
earthquake groups indicated that the second and fifth
groups are characterized by dip slip faults (normal faults)
with  NE-SW tension axis which illustrates a
considerable consistency with the tension axis of the
opening of the Red Sea. Meanwhile, the analysis of
composite focal mechanism of the other groups reveals
that these groups are distinguished by reverse faults with
strike slip component which are consistent with the
stress distribution of the second and fifth groups.
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