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Investigation of the Effects of Earthquake Swarms in
the Seismic Hazard in the Gulf of Aqaba, Northern Red Sea
Eid A. Al-Tarazi*

ABSTRACT
The seismic hazard potential in the Gulf of Aqaba has been assessed in this study. The probabilistic approach has
been utilized to produce a seismic hazard map in the mean of maximum peak ground acceleration, in cm/sec2,
with 90% probabilities of not being exceeded in 50 years. The seismicity of the Gulf of Aqaba is characterized
by seismic swarm’s activity. To determine the sensitivity of the calculated hazard map to the seismic swarm’s
data that occurred in the 1983, 1990, 1993, and 1995, another hazard map is performed and presented in this
study. The first group of data has indicated that the maximum hazard values occur in the central part of the Gulf,
whereas the values decrease north- and southwards. The maximum peak ground accelerations, with 90%
probabilities that will not be exceeded in 50 years, for the first group in Aqaba, Hagel, Nuweiba, Dahab, Magna,
and Nebek cities are 260, 300, 270, 275, 275, and 260 cm/sec2, respectively, while for the second group are 210,
205, 175, 175, 175, and 180 cm/sec2, respectively for the same cities mentioned above. The seismic hazard
coming from the swarms represent 24% of the total for Aqaba city. For the other cities, it ranges among 45% to
57% such as for Nuweiba in Egypt and for Hagel in Saudi Arabia.
KEYWORDS: seismicity of Jordan, seismic hazard, seismotectonic, Gulf of Aqaba.

last two decades, in comparison with the previous several
decades (Abou Karaki, 1987; 2001). This activity comes
in a swarm form, so hundreds to thousands of micro and
intermediate earthquakes occurred in swarms such as the
earthquake swarms of 1983, 1990, and 1993 (El-Isa et al.,
1984; Abou Karaki, 2001). On 22 November 1995 at 4
(hr): 15(min.): 11 (sec) (GMT) an intermediate
earthquake occurred on the central part of the Gulf of
Aqaba with ML equal to 6.2 (MW=7.3) (Klinger et al.,
1999). More than 3 thousand aftershocks occurred after
the main one according to the Jordan Seismological
Observatory (hereafter JSO) (JSO, 1983-2002). The
reports talked about 10 persons killed; several hundreds
were injured, and accompanied with minor destruction on
the cities that locate on the shores of the Gulf (Al-Tarazi,
2000).
In Aqaba city and since its port is the only one in
Jordan, intensified urbanization and an enormous increase
in population density has substantially enhanced
vulnerability to strong regional earthquakes in the Gulf of
Aqaba. Therefore, the assessment of earthquake’s hazard
is of great practical importance in Aqaba city and in the

1. INTRODUCTION
The Gulf of Aqaba is located between latitude 28.0°
and 29.6° N, and longitude 34.4° and 35.0° E, its length
is about 230 km. It is part of the Jordan -Dead Sea
transform fault system (hereafter, DST) (Bayer et al.,
1989). There are some cities lying around the Gulf such
as Aqaba, Eilat, Hagel, Magna, Nuweiba, Dahab and
Nebek, (Figure 1). Aqaba city is located in the most
northern part of the Gulf. This city has suffered from
many earthquakes’ causalities through the previous
centuries. Most of these earthquakes are documented in
the historical manuscripts and literatures. Examples of
these earthquakes are: 48 A.D., 1068, 1212, 1261, and
1588, which have had local magnitudes (ML) of 6.3, 6.5,
6.3, 6.3, and 6.3, respectively (Al-Tarazi, 1994; Abou
Karaki, 1987).
Seismic activity has dramatically increased during the
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other main cities that lie along the Gulf, such as Nuweiba,
Dahab and Nebek cities that lie in Egypt, Hagel and
Magna cities in Saudi Arabia (Figure 1).
The seismicity of the Gulf of Aqaba is characterized
by seismic swarm’s activity. In the last 100 years, this
part of the DST seems the most active part of the whole
transform, only because of the 1983, 1990, 1993, and
1995 seismic swarms (Abou Karaki, 2001).
Many previous studies in other regions in the world
that characterized by seismic swarms activity as in the
Gulf of Aqaba have concluded that the seismic swarms
are a major factor in increasing the seismic hazard
potential in the studied regions (Giner et al., 2002;
Gruenthal and Wahlstroem, 2001; McGuire, 1995; and
Barbano et al., 1989). Therefore, this study aims to
produce a seismic hazard map for the Gulf of Aqaba. On
the other hand, to determine the percentage of sharing of
the seismic swarms that occurred in the Gulf on the total
hazards of the Gulf (Wahlstroem and Gruenthal, 2001).
Furthermore, to determine the effect of the earthquakes
that occurred in the other DST faults on the seismic
hazard in the Gulf.
2. Tectonic Setting
The Gulf of Aqaba as part of the DST is connected to
the East African rift (Quennell, 1959). The system
bifurcated from the Red Sea; this last is recognized as
continuation of a mid-oceanic ridge (Badawy and
Horvath, 1999). The movement between Africa and the
Arabian Peninsula is taking place and accompanied by a
system of regional transform and normal faults that run
along and across the Red Sea. The opening of the Red
Sea took place during two stages, the first stage occurred
during the Late Eocene to Early Oligocene time, whereas
the second stage started from about 5 Ma. onwards
(Bayer et al., 1989).
Freund and Garfunkel (1976) suggested that the
horizontal movements along the DST also occurred in
two stages: 60 km of displacement in the Early Miocene
and 40 km of displacement started in the Late Miocene or
in the Early Pliocene. Bartov et al. (1980) suggested that
the opening of the Red Sea and the horizontal movement
along the DST began after Early Miocene, from 22 to 19
Ma. (Figure 2a).
The Gulf of Aqaba has a depth of about 2.5 km and
has a maximum width of about 17 km. The Gulf is made
up of three in-line, pull apart basins, namely Dakar-Tiran
deep, Aragonese deep, and Eilat deep, in southern,
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central, and northern parts, respectively (Figure 2b) (BenAvraham, 1985). The Precambrian rocks are exposed on
both banks of the Gulf. The crust in the northern part of
the Gulf is continental and has a thickness of 32 km
(Bayer et al., 1989).
The fault plane solution for the main earthquake that
occurred in February 3, 1983 earthquake, with ML 5.1,
indicates a left lateral strike-slip mechanism that
accompanied by reverse component (Abou Karaki, 1987;
Figure 2b). For the August 3, 1993 earthquake, with ML
5.6, a normal mechanism with a slight left lateral
component (Figure 2b) is indicated. While for the
November 22, 1995 earthquake, with ML 6.2, a pure
strike-slip movement is determined (Figure 2b). The fault
plane solutions of the three main earthquakes occurred in
seismic swarms of 1983, 1993, and 1995 indicate
complex tectonical setting and lateral heterogeneous crust
in the Gulf of Aqaba (Abou Karaki, 2001; Salamon et al.,
1996).
3. Data Base
The Seismicity of the Gulf of Aqaba and the other
seismic sources, which lie at about 300 km from the Gulf
area have been considered in this study. These include the
area between latitudes 27.0°-34° N and longitudes 32.0°39.0°E, and covers the period from 2100 B.C. to 2002
A.D. The data are divided into two parts:
I- Historical earthquakes: this part covers the period from
2100 B.C. to 1899 A.D. It includes 62 earthquakes.
Their local magnitude (ML) is in the order of 5.5 ≤ ML
≤ 7.3. The parameters of these earthquakes (i.e.,
location, magnitude, and intensity) are compiled from
the unified catalogue of MERC project (Amrat et al.,
2003). This catalogue compiled depending on previous
studies and catalogues prepared for the area such as
Abou Karaki (1987) and Al-Tarazi (1992).
II- Instrumentally recorded earthquakes: it covers the
period from 1900 to 2002. The earthquake data of this
period are taken from different sources, namely the
bulletins of the International Seismic Center (ISC),
the Preliminary Determination of Epicenter (PDE)
and the Jordan Seismological Observatory, and the
unified catalogue of MERC project (Amrat et al.,
2003). This part includes all earthquakes, which fall
in the order of 3.0≤ ML ≤ 6.25.
The epicenters of the historical and instrumental
earthquake data used in this study are shown in Figure
(3).
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instrumentally recorded earthquakes is not an accurate
method for these areas, which are characterized by low-to
intermediate-activity, such as the DST sources, and may
lead to misleading results (Al-Tarazi, 1992). To
overcome this problem, Kijko and Sellevoll (1992) have
developed a relevant method to determine the SHP with
their standard deviations. This method henceforth is
called the KS-method. The KS-method combines data of
the largest historical earthquakes with the complete
instrumental data of variable threshold magnitude, i.e.,
variable quality instrumental data.
The KS-method assumes the Poisson occurrence of
earthquakes with the activity rate (λ) and the doubly
truncated Gutenberg-Richter distribution F(y) of
earthquake magnitude y. The doubly truncated
exponential distribution can be written following Kijko
and Sellevoll (1992):

Regarding the earthquake swarms, of 1983, 1990,
1993, and 1995 the date, magnitude range and number of
earthquakes in each swarm are listed in Table (1). For the
earthquake of November 22, 1995 the epicenter
determined by Abou Karaki (2001) is considered in this
study (Figure 2b). Since it has been calculated depending
on optimal covering of stations that recorded it, with 81°
azimuth gap. These stations were located in epicenter
range less than 175 km (Abou Karaki, 2001).
Depending on the seismicity and the tectonic map of
the studied area (Figure’s 2a, b and 3), and previous
studies such as Bouhadad and Laouami, 2002; Al-Tarazi,
1999, and 2000; Badawy and Horvath, 1999; Bayer et al.,
1989; Barbano et al., 1989; Arieh and Rabinowitz, 1989;
and Erdik, 1984, twelve seismic sources have been
delineated and considered to assess the seismic hazard in
the Gulf of Aqaba as shown in Figure (3). It’s important
to mention that source no. 6 is determined depending
mainly on the earthquake epicenters found in that area
and this may indicate for the presence of an inferred fault
passing the area. On the other hand, the seismic activity
located to the north of latitude 34.0 N namely
(Palmyrides folds and south Orontes valley, Fig. 2a) does
not considered in this study because it’s far away from
the Gulf of Aqaba and their effect is negligible (AlTarazi, 1992).

F(y) = Pr (Y ≤ y) = A1-A(y)/ A1- A2, mmin≤ y ≤ mmax

(1)

Where A1= exp (-βmmin), A2= exp (-βmmax) and A(y)
= exp (-βy), mmax, is the maximum regional magnitude
value, mmin is the threshold magnitude and β is a
parameter equal to b ln10.
This method has been used in many previous studies
(e.g., Bouhadad and Laouami, 2002; Malkawi et al.,
1995; and Al-Tarazi, 1994). In this study, the low
magnitude threshold is taken to be 4, since the
earthquakes with magnitude < 4.0 are not significant from
seismic hazard point of view. Also, it proved that both the
historical and the first 7 decades of the instrumental
recorded earthquakes of the DST are incomplete for
earthquakes with Magnitude <4.0 (Al-Tarazi, 1994).
Therefore, λ4 is the annual activity rate of earthquakes ≥
4, is calculated for each source. β is used in the study and
equals to b ln10 as defined in equation (1). The focal
depth for every source determined is taken as the average
for all focal depths in the source (Table II).
The KS-method described above is used in this study
to determine the SHP for every determined seismic
source in the area. The results are listed in Table (II).
For the Gulf of Aqaba source, the seismic hazard
parameters have been determined using all the
earthquakes including the swarm’s data. The seismic
hazard parameters are calculated for the same area after
excluding earthquakes of the four seismic swarms except
their main shocks. The resulted SHP’s for the Gulf of
Aqaba are listed in Table (III).

4. Seismic Hazard Parameters
The Seismic Hazard Parameters (hereafter, SHP) are
the annual rate of occurrence of earthquakes (λ), the bconstant of Gutenberg-Richter formula (1965), and the
maximum expected magnitude (Mmax). Determination of
these parameters for every source is the second step to
achieve the goals of this study.
The problems of inhomogeneity, incompleteness and
uncertainty in the epicenter location, magnitude, and
focal depth of the historical earthquakes as well as the
earthquakes that occurred in the first 7 decades of this
century for the DST area, are well known (Al-Homoud
and Amrat, 1998; Al-Tarazi, 1994; Arieh and
Rabinowitz, 1989). The traditional methods to determine
the SHP, such as the least-squares method, are used to
calculate the b-constant. The rupture length-magnitude
relation is used to determine the Mmax for a given area.
These methods give untrue results, since they depend on
incomplete earthquake catalogs and the data used have a
high degree of uncertainty as mentioned above.
Moreover, using recent data for the last ten years of the
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It is important to note that KS-method (1992) was
derived assuming that the earthquakes are independent.
On the other hand, the earthquake swarms have their own
distribution and are usually dependent events. This is
considered as a limitation in this study (Table III).
The values of the seismic hazard parameters
determined for the seismic sources in this study (Table II)
match well with previous studies such as (Shapira and
Hofstetter, 2003; Malkawi et al., 1995).
For the Gulf of Aqaba source, the values of the SHP
decrease sharply after excluding the swarm’s data. The bvalue decreases from 0.9 to 0.66. The annual rate of
activity λ4 decreases from 0.56 to 0.202. The Mmax
decreases from 6.25 to 5.3. Similar values of b, λ4, and
Mmax for the Gulf area were determined by previous
studies (Abou Karaki, 2001; and Al-Tarazi, 1999). The
effect of the variations in the SHP values on the seismic
hazard values will be determined in the later section.
5. Probabilistic Analysis and Results
The distribution of the Peak Ground Acceleration
(hereafter, PGA) with distance is essential to assess the
seismic hazard in the studied area. Al-Homoud and
Amrat (1998) have derived a new attenuation equation of
PGA for Jordan depending on local strong motion data.
This equation is in the following form:
log PGA (R, ML)= 0.5 + 0.367 ML – 0.011R – 0.020 log
(R + 20)
(2)
Where, PGA (R, ML) is the maximum peak ground
acceleration on bedrock as a function of epicentral
distance R (in km) and certain local magnitude ML. The
standard deviation of the natural logarithm of the ratio of
the observed to the computed PGA for equation 2 equals
to (0.50). Equation 2 has been used in this study to
describe the attenuation of PGA with distance and
magnitude in the studied area.
To determine the rupture Length (L), which resulted
from a certain magnitude (ML), a relationship is needed.
Ambraseys and Barazangi (1989) have derived the
following equation for the Middle East region (rewritten):
Log10 (L) = 0.70 MS - 3.24
(3)
To use the local magnitude (ML) instead of the surface
wave magnitude (MS) of equation (3), Al-Tarazi (1992)
had derived the following equation for DST and Middle
East region:
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MS = 1.43 ML - 2.6
(4)
Combining equations 3 and 4 give:
log(L) = 1.001 ML - 5.06
(5)
Equation (5) can be used for the different seismic
sources in the Middle East and is used for all sources
under consideration in this study.
The maximum peak ground accelerations (in cm/sec2)
with 90% probability of Not Being Exceeded (NBE) in an
economic life of a structure of 50 years is calculated for
each point of the network. The economic life of a
structure (T), the Return Period (RP) and the Probability
of not being exceeded (P) are related after the following
equation (Makropoulos and Burton, 1985):
RP = 1/ (1-(1-P)1/T)

(6)

The seismic hazard estimation for a given site is
determined by calculating the probability that a certain
ground motion (here PGA) will be exceeded at a given
site by numerical evaluation of the total probability
theorem.
The probability that ground motion (PGA) is
exceeded given one event of a random size (M), Rupture
Length (Lr) and location (X) on a fault is McGuire
(1978):
P[Z>z] = ∫ ∫ ∫ P[Z>z | m, lr(m), x] fM(m) fL(lr) fX(x)
dm dlr dx

(7)

Where P[Z>z] = probability that a random ground
motion (Z) at a site will exceed a certain intensity (z).
Given the location (x) and length of the rupture (lr), the
closest distance from the rupture to the site is calculated.
Integration over m, lr, and x gives the total probability
that Z will be exceeded due to a single event of random
M, Lr and X.
The hazard at the site for peak ground acceleration Z
(that is the probability that Z is exceeded) under the
Poisson assumption is determined as in the following
equation:
HAZARD = 1 – exp (-NT)

(8)

Where NT the total expected number of events
causing Z ≥ z at the site is obtained by summing the
expected number of events from each source area.
The computations carried out using the algorithm
FRISK written in 1978 by McGuire.
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that is located in the eastern part of the Gulf (Figure 3).
The percentages of sharing of the seismic swarms on
the hazard values in the cities mentioned above are 24%,
24%, 46%, 54%, 54%, 57%, and 45%, respectively. This
means that for the cities that lie in the most northern part
of the Gulf, for example Aqaba, the swarms of the Gulf
represent 24% of the total seismic hazard and the rest are
represented by the other sources near to the Gulf such as
the Dead Sea and Wadi Araba sources, with no’s 1 and 2,
respectively. In addition to the normal seismic activity
along the Gulf (Figure 3). For the cities laying in the
central part of the Gulf, such as Hagel, Nuweiba, Dahab,
and Magna the swarms represent 53% (average value for
these cities). For the most southern part of the Gulf, the
swarm’s activity represents 45% from the total seismic
activity, as for Nebek city (Figures 4a and b).
This indicates that the seismic swarm activity of 1983,
1990, 1993, and 1995 are major factors responsible for
increasing the seismic hazard potential in both the central
and southern parts of the Gulf.
The comparison of the resulted PGA values with
these obtained from previous studies shows a good
agreement (Leonov, 2003; and Al-Tarazi, 1999). In
Leonov (2003) seismic hazard map, the assigned PGA for
the northern part of the Gulf is equal to 200 cm/sec2 that
is similar to the results calculated in this study (Figure
4b). Another regional hazard map performed for the
Jordan Dead Sea Transform shows that the maximum
PGA contour line (300 cm/sec2) goes along the central
part of the Gulf (Al-Tarazi, 1999) is similar to the results
assigned in this study (Figure 4a).

In order to show the results in iso-acceleration maps,
the studied area is divided into a network 25X25 km.
Some modifications to FRISK program by the author
of this paper are made to include the form of attenuation
equation used in this study (eqn. 2).
The output of this program is then written into an
output file according to the specified lifetime (here it is
50 years). This output is then used to draw the isoacceleration map. The Surfer™ program is used to draw
these iso-lines on the digitized geographical map of the
Gulf of Aqaba.
The corresponding seismic hazard map is shown in
Figure (4a).
Another map is derived, in which the earthquake
swarms of 1983, 1990, 1993, and 1995 of the Gulf of
Aqaba are not considered in the analysis. This map is
shown in (Figure 4b).
6. Discussion
The produced seismic hazard maps (Figures 4a and b)
show that the greatest seismic threat is expected in the
Gulf of Aqaba and the seismic severity decreases as we
go away from the Gulf. The first group map which
includes the swarm’s data (Figure 4a) shows that the
maximum hazards’ values are in the central part of the
Gulf. The PGA in cm/sec2 for the main cities along the
Gulf of Aqaba namely Aqaba, Hagel, Nuweiba, Dahab,
Magna and Nebek cities are 260, 260, 300, 270, 275, 275
and 260 for lifetime of 50 years, respectively (Figure 4a).
The second group, in which the seismic swarms data are
excluded (Figure 4b), shows generally lower values for
PGA in the area. The PGA’s for the cities mentioned
above are 210, 210, 205, 175, 175, 175, and 180 cm/sec2
for lifetime of 50 years, respectively. The difference
between the two groups of maps has been interpreted
according to the effect of the earthquake swarms of the
1983, 1990, 1993 and 1995. The northeast shorelines and
central part of the Gulf has higher hazard threat than its
west bank (contour line 300 cm/sec2 in Figure 4a). The
Aqaba, Nuweiba, Dahab, Nebek, and Magna cities have
hazard range between 250 to 275 cm/sec2, while Hagel
city has higher hazard, about 300 cm/sec2. This can be
explained as the effect of the Gulf of Aqaba source (No.
3), since it passes near Hagel city, while it lies away from
the other cities mentioned above (Figure 3). Another
factor is the location of the major earthquake of 22
November 1995 that occurred during the swarm of 1995

7. Conclusions
From this study the following points are concluded:
The seismic swarms occurred in 1983, 1990,
1993, and 1995 represent a main factor
responsible for increasing the seismic hazard in
the Gulf region.
2. The earthquake swarms increase the hazard
potential 24% in the northern part of the Gulf,
while it has increased to 53% and 46% in the
central and southern part of the Gulf,
respectively.
3. For Aqaba city the Jordan Dead Sea transform
seismic sources, mainly Wadi Araba (no. 2) and
the Dead Sea (no. 1), represent the second
potential hazard sources, after the Gulf of

1.
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Aqaba source.
The maximum peak ground acceleration isoline
is equal to 300 cm/sec2, which lies in the
northeastern part of the Gulf and ends at the
central and southern parts of the Gulf (Figure
4a).
The northeastern shoreline of the Gulf of Aqaba

6.

is much more active than the northwestern part
(Figure 4b).
The highest seismic hazard values in the
studied area are in the Gulf of Aqaba basin,
which decrease rapidly on going away from the
Gulf.

Table I. The date, magnitude range and number of earthquakes of the four seismic swarms, that
occurred in the Gulf of Aqaba.
Date
No. of
Swarm no.
Magnitude
earthquakes
range (ML)

1
2
3
4

Begin

End

21/1/1983
11/3/1990
30/7/1993
22/11/1995

11/4/1983
5/7/1990
28/12/1994
27/2/1998

2.0≤ ML≤5.3
2.0≤ ML≤4.2
2.0≤ ML≤5.8
2.0≤ ML≤6.2

184
53
1400
2278

Table II. The calculated seismic hazard parameters for eleven seismic sources out of the twelve
delineated in this study. The parameters for Aqaba source (no.3) are in Table III.
Focal depth
Mmax
No.
Source
b-parameter
β
λ4
(km)
(Yearly)
1
Dead Sea
1.98
15
0.86 ± 0.03
0.299 ± 0.003
7.6 ± 0.83
2
W. Araba
1.77
15
0.77 ± 0.05
0.125 ± 0.005
6.7 ± 0.5
4
Northern Red
1.47
24
0.64 ± 0.05
0.25±0.008
6.0±0.6
Sea
5
Suez Gulf
1.54
24
0.67 ± 0.07
0.476 ± 0.006
6.5 ± 0.26
6
Northeast Sinai 0.70 ± 0.08
1.61
15
0.051 ± 0.004
5.5 ± 0.5
7
Jordan River
1.98
15
0.86 ± 0.04
0.31 ± 0.007
7.6 ± 0.7
8
Northern Faults 0.66 ± 0.03
1.52
15
0.331± 0.003
7.7 ± 0.5
9
Central
1.91
15
0.83 ± 0.02
0.25 ± 0.006
7.5 ± 0.5
Lebanon
10
W. Sirhan
1.79
10
0.78 ± 0.06
0.054 ± 0.003
7.8 ± 1.81
11
Carmel Faults
1.73
10
0.75 ± 0.04
0.200 ± 0.003
5.9 ± 0.50
12
SE1.24
15
0.54 ± 0.04
0.189 ± 0.004
7.2 ± 0.4
Mediterranean
Table III. The seismic hazard parameters of the Gulf of Aqaba with or without the earthquakes of the
swarms, that occurred in 1983, 1990, 1993 and 1995.
Mmax
Focal depth
Remarks
No.
Source
b-parameter
λ4
β
(km)
(Yearly)
3
Gulf of Aqaba
2.70 0.56 ± 0.08
15
Including the
0.90 ± 0.14
6.2 ± 0.47
swarms data
3
Gulf of Aqaba
1.52
15
Excluding
the
0.66 ± 0.04
0.202 ±
5.3 ± 0.20
swarms data
0.004
Figure 1. The Gulf of Aqaba and the main cities that lay along it.
Figure 2a. Regional tectonic map of the study area (modified after Salamon et al. 1996). Note the plates: Africa, Arabia,
Anatolia and Sinai; and the plate borders: Cypriotic arc, Dead Sea transform, Gulf of Aqaba and Gulf of Suez. Other
elements: EAFZ-East Anatolian fracture zone; ESM-Eratostenes sea mount; NEMTJ-Northeast Mediterranean triple
junction; NSZ-Negev shear zone; SAFB-Syrian arc fold belt (including P-Palmyrides); STJ-Sinai triple junction, and
volcanic flood basalts. Localities: A-Arava valley; B-Baniyas; BA Bay of Antalyia; BI-Bay of Iskenderun; BL-Bitter
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Lakes; Carmel fault; F-Farah fault; H-Hasbaya; fault; G-Galilee; Hb-Hula basin; JV-Jordan valley; J-Jericho; OOrontes valley; R-Roum fault; Ra-Rachya fault; S-Shadwan; Se-Serrhaya fault; SL-South Lebanon; Y-Yammouneh
bending.
Figure 2b. The seismo-tectonic setting of the Gulf of Aqaba. The Eilat, Aragonese, and Dakar deeps. Note the fault plane
solutions of the main earthquakes occurred in the seismic swarms of 1983, 1990, 1993, and 1995. The epicenter of the
1995 major earthquake determined by Abou Karaki 2001 (light star), and its location determined by NEIC (bold star)
(Modified from Abou Karaki, 2001).
Figure 3. The seismicity of the Gulf of Aqaba for period from 2100 B.C. to 2002 July. Twelve seismic-lines sources
delineated to assess seismic hazard in the Gulf of Aqaba. To know the names of the sources according the given numbers
see Table’s (II and III).
Figures 4a, b. Maximum peak ground accelerations (cm/sec2) with 90% probability of not being exceeded in 50 years for
the Gulf of Aqaba. In a) with including the earthquake swarms of 1983, 1990, 1993 and 1995 in b) with excluding the
swarm’s data.

- 61 -

Investigation of the Effects…

Eid A. Al-Tarazi

- 62 -

Dirasat, Pure Sciences, Volume 32, No. 1, 2005

- 63 -

Investigation of the Effects…

Eid A. Al-Tarazi

- 64 -

Dirasat, Pure Sciences, Volume 32, No. 1, 2005

- 65 -

Investigation of the Effects…

Eid A. Al-Tarazi

- 66 -

Dirasat, Pure Sciences, Volume 32, No. 1, 2005
REFERENCES

age and relation to the opening of the Red Sea, Nature,
285: 220-229.
Bayer, H.-J., El-Isa, Z., Hotzel, H., Mechie, J., Prodehl, C.,
Saffarini, G. 1989. Large Tectonic and Lithospheric
Structures of the Red Sea region, J. African Earth
Sciences, 8: 565-587.
Ben-Avraham, Z. 1985. Structural framework of the Gulf of
Aqaba, Northern Red Sea, J. of Geophysical Research,
90 (b1): 703-726.
Bouhadad, Y., Laouami, N. 2002. Earthquake Hazard
Assessment in the Oran region (Northwest Algeria),
Natural Hazards, 26 (3): 227-243.
El-Isa, Z., Merghelani, M., and Bazzari, M. 1984. The Gulf
of Aqaba Earthquake Swarms of 1983 January-April,
Geophy. J. R. Astr. Soc., 78: 711-722.
Erdik, M. 1984. Seismic Hazard in Turkey, A Report
Prepared on the Occasion of the Conference on Science
and Technology in Socio-Economic Development,
Organized by Middle-East Univ., Mass. Inst. of Tech.
and Tech. Univ. Berlin, 1-50, Ankara.
Freund, R. and Garfunkel Z. 1976. Guidebook to Excursion
along the Dead Sea Rift. Dep. Geol., Hebrew Univ.,
Jerusalem, 46.
Giner, J. J., Molina, S., and Jauregui, P. 2002. Advantages of
Using Sensitivity Analysis in Seismic Hazard
Assessment: A Case Study of Sites in Southern and
Eastern Spain, Bull. Seism. Soc. Am. 92 (2):s 543-554.
Gruenthal, G., and Wahlstroem, R. 2001. Sensitivity of
Parameters for Probabilistic Seismic Hazard Analysis
using a Logic Tree Approach, J. of Earthquake
Engineering, 5 (3): 309-328.
Gutenberg, B. and Richter, C. F. 1965. Seismicity of the
Earth, Hafner, NewYork and London, 310.
JSO. 1983-2002. Bulletins of Earthquakes in Jordan and
Around, Jordan Seismological Observatory, 1-30,
Amman, Jordan.
Kijko, A. and Sellevoll, M. A. 1992. Estimation of
Earthquake Hazard Parameters from Incomplete Data
Files, Part II. Incorporation of Magnitude Heterogeneity,
Bull. Seism. Soc. Am., 82: 120-134.
Klinger, Y., Rivera, L., Haessler H. and Maurin J.C. 1999.
Active Faulting in the Gulf of Aqaba: New Knowledge
from the MW 7.3 Earthquake of 22 November 1995, Bull.
Seism. Soc. Am., 89: 1025-1036.
Leonov, J. 2003. Attenuation Relationship for the EMR
Territory-way and Argument of its Choice. The Merc
Project, www/relemr-merc.org.
Makropoulos, K. C. and Burton, P. W. 1985. Seismic

Abou Karaki, N. 1987. Synthese et Carte Sismotectonique
des Pays de la Bordure Orientale de la Mediterranee:
Sismicite du Psysteme de Failles du Jourdain-Mer
Morte, Ph.D. Thesis, IPGS, Univ. of Strassburg, 417
(unpublished).
Abou Karaki, N. 2001. The Gulf of Aqaba Earthquake
Activity of 1995: Geodynamic Context, Analysis of the
Locations of the Main Event (Mw = 7.2), J. Dirasat, 28
(1): 115-132.
Al-Homoud, A. and Amrat, A. 1998. Comparison between
Recorded and Derived Horizontal Ground Accelerations
in Jordan, Natural Hazards, 17: 101-115.
Al-Tarazi, E. 1992. Investigation and Assessment of Seismic
Hazard in Jordan and its Vicinity, Ph.D. Thesis. Institute
of Geophysics, Ruhr University Bochum, Germany, 192
(unpublished).
Al-Tarazi, E. 1994. Seismic Hazard Assessment in Jordan
and Its Vicinity, Natural Hazards, 10: 79-96.
Al-Tarazi, E. 1999. Regional Seismic Hazard Study for the
Eastern Mediterranean (Trans-Jordan, Levant and
Antakia) and Sinai Region, J. of African Earth Sciences,
28 (3): 743-750.
Al-Tarazi, E. 2000. The Major Gulf of Aqaba Earthquake,
22 November 1995-Maximum Intensity Distribution,
Natural Hazards, 22: 17-27.
Ambraseys, N. N. and Barazangi, M. 1989. The 1759
Earthquake in the Bekaa Valley: Implications for
Earthquake Hazard Assessment in the Eastern
Mediterranean Region, J. Geophys. Res., 94, 4007-4013.
Amrat, A., Feldman, L., and Shapira, A. 2003. The Unified
Earthquake Catalogue of the Region, the Merc Project,
www/relemr-merc.org.
Arieh, E. and Rabinowitz, N. 1989. Probabilistic Assessment
of Earthquake Hazard in Israel, Tectonophysics, 167:
223-233.
Badawy, A. and Horvath, F. 1999. The Sinai Subplate and
Tectonic Evolution of the Northern Red Sea Region, J.
of Geodynamics, 27: 433-450.
Barbano, M. S., Egozcue, J. J., Garcia-Fernandez, M., Kijko,
A., Lapajine, J., Mayer-Rosa, D., Schenk, V.,
Schenkova, Z. and Slejko, D. 1989. Assessment of
Seismic Hazard for the Sannio-Matese Area of
SOUTHERN ITALY-A Summary, Natural Hazard, 2:
217-228.
Bartov, Y., Steinitz, G., Eyal, M. and Eyal, Y. 1980.
Sinistral Movement along the Gulf of Aqaba (Eilat)--its

- 67 -

…Investigation of the Effects

Eid A. Al-Tarazi

Hazard in Greece. II. Ground Acceleration,
Tectonophysics, 117: 259-294.
Malkawi, A., Liang, R., Nusairat. K. and Al-Homoud, A.
1995. Probabilistic Seismic Hazard Zonation of Syria,
Natural Hazards, 12: 139-151.
McGuire, R. K. 1978. Computer Program for Seismic Risk
Analysis Using Faults as Earthquake Sources (FRISK),
U.S. Dept. of Interior Geological Survey, Open-file
Report 78-1007, Denver, Colorado, 71.
McGuire, R. K. 1995. Probabilistic Seismic Hazard Analysis
and Design Earthquakes: Closing the Loop, Bull. Seism.
Soc. Am. 85: 1275-1284.
Quennell, A. M. 1959. Tectonics of the Dead Sea Rift, 20th

Int. Geol. Congr. Assoc. Serv. Geol. Afr., 385-405.
Salamon A., Hofstetter, A., Garfunkel, Z. and Ron, H. 1996.
Seismicity of the Eastern Mediterranean Region:
Perspective from the Sinai Subplate. Tectonophysics,
263: 293-305.
Shapira, A. and Hofstetter, A. 2003. Seismicity Parameters
of Seismogenic Zones of the EMR Region. The Merc
Project, www/relemr-merc.org.
Wahlstroem, R. and Gruenthal, G. 2001. Probabilistic
Seismic Hazard Assessment (Horizontal PGA) for
Fennoscandia Models using the Logic Tree Approach for
Regionalization and Nonregionalization Models,
Seismological Research Letters, 72 (1): 33-45.

ﺘﺤﺩﻴﺩ ﺘﺄﺜﻴﺭ ﺍﻟﻌﻭﺍﺼﻑ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﻋﻠﻰ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ ﺨﻠﻴﺞ ﺍﻟﻌﻘﺒﺔ ،ﺸﻤﺎل ﺍﻟﺒﺤﺭ ﺍﻷﺤﻤﺭ
ﻋﻴﺩ ﺍﻟﻁﺭﺯﻱ*

ﻤﻠﺨﺹ
ﻓﻲ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺘﻡ ﺘﻘﻴﻴﻡ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ ﺨﻠﻴﺞ ﺍﻟﻌﻘﺒﺔ .ﻟﻘﺩ ﺘﻡ ﺍﺘﺒﺎﻉ ﺍﻟﻁﺭﻴﻘﺔ ﺍﻻﺤﺘﻤﺎﻟﻴﺔ ﻻﻨﺘﺎﺝ ﺨﺎﺭﻁﺔ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﺍﻟﺘﻲ
ﺘﺤﻭﻱ ﺍﻜﺒﺭ ﺘﺴﺎﺭﻉ ﺍﺭﻀﻲ ﺒﻭﺤﺩﺓ )ﺴﻡ/ﺙ (2ﻭﺍﺤﺘﻤﺎﻟﻴﺔ  %90ﺃﻥ ﻗﻴﻡ ﺍﻟﺘﺴﺎﺭﻉ ﺍﻷﺭﻀﻲ ﻟﻥ ﺘﺯﻴﺩ ﻋﻥ ﺍﻟﻘﻴﻡ ﺍﻟﻤﺒﻴﻨﺔ ﻓﻲ ﺍﻟﺨﺎﺭﻁﺔ
ﺨﻼل ﺍﻟﺨﻤﺴﻴﻥ ﺴﻨﺔ ﺍﻟﻘﺎﺩﻤﺔ.ﻴﻤﺘﺎﺯ ﺨﻠﻴﺞ ﺍﻟﻌﻘﺒﺔ ﺒﺤﺩﻭﺙ ﺍﻟﻌﻭﺍﺼﻑ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﻤﺜل ﺘﻠﻙ ﺍﻟﺘﻲ ﺤﺩﺜﺕ ﺨﻼل ﺍﻷﻋﻭﺍﻡ ،1990 ،1983
 1993ﻭ .1995ﻷﻏﺭﺍﺽ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ،ﺘﻡ ﺇﻨﺘﺎﺝ ﺨﺎﺭﻁﺘﻴﻥ ﻟﻠﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ؛ ﺍﻷﻭﻟﻰ ﺃﺨﺫﺕ ﺒﻌﻴﻥ ﺍﻻﻋﺘﺒﺎﺭ ﺍﻟﺯﻻﺯل ﺍﻟﺘﻲ ﺤﺩﺜﺕ
ﺨﻼل ﺍﻟﻌﻭﺍﺼﻑ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﺍﻟﻤﺫﻜﻭﺭﺓ ﻭﻓﻲ ﺍﻟﺜﺎﻨﻴﺔ ﺘﻡ ﺇﻫﻤﺎﻟﻬﺎ .ﺍﻟﺨﺎﺭﻁﺔ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﺍﻷﻭﻟﻰ ﺒﻴﻨﺕ ﺃﻥ ﺍﻜﺒﺭ ﻗﻴﻡ ﻟﻠﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﺘﺘﺭﻜﺯ
ﻓﻲ ﻭﺴﻁ ﺍﻟﺨﻠﻴﺞ ﻭﺘﻘل ﺍﻟﻘﻴﻡ ﻜﻠﻤﺎ ﺍﺘﺠﻬﻨﺎ ﺇﻟﻲ ﺸﻤﺎﻟﻪ ﻭﺠﻨﻭﺒﻪ ﺇﻀﺎﻓﺔ ﺇﻟﻰ ﺃﻥ ﺍﻜﺒﺭ ﺘﺴﺎﺭﻉ ﺍﺭﻀﻲ ﻤﺘﻭﻗﻊ ﻟﻜل ﻤﻥ ﻤﺩﻥ ﺍﻟﻌﻘﺒﺔ ،ﺤﻘل،
ﻨﻭﻴﺒﻊ ،ﺫﻫﺏ ،ﻤﻘﻨﻰ ،ﻭﺍﻟﻨﺒﻙ ﻴﻌﺎﺩل  ،275 ،275 ،270 ،300 ،260ﻭ 260ﺴﻡ/ﺙ ،2ﻋﻠﻰ ﺍﻟﺘﺭﺘﻴﺏ ،ﺒﻴﻨﻤﺎ ﻟﻠﺨﺎﺭﻁﺔ ﺍﻟﺜﺎﻨﻴﺔ ﻓﺎﻥ
ﺍﻜﺒﺭ ﺘﺴﺎﺭﻉ ﺍﺭﻀﻲ ﻴﻌﺎﺩل  ،175 ،175 ،175 ،205 ،210ﻭ 180ﺴﻡ/ﺙ 2ﻋﻠﻰ ﺍﻟﺘﺭﺘﻴﺏ ﻭﻟﻨﻔﺱ ﺍﻟﻤﺩﻥ ﺍﻟﻤﺫﻜﻭﺭﺓ ﺃﻋﻼﻩ .ﺇﻥ
ﺍﻟﻌﻭﺍﺼﻑ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ﺘﺸﻜل  %24ﻤﻥ ﻤﺠﻤﻭﻉ ﺍﻟﺨﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻲ ﻓﻲ ﻤﺩﻴﻨﺔ ﺍﻟﻌﻘﺒﺔ ،ﺒﻴﻨﻤﺎ ﺘﺒﻠﻎ ﻫﺫﻩ ﺍﻟﻨﺴﺒﺔ  %45ﻭ %57ﻟﻜل ﻤﻥ
ﻤﺩﻴﻨﺘﻲ ﻨﻭﻴﺒﻊ ﻭﺤﻘل ﻋﻠﻰ ﺍﻟﺘﺭﺘﻴﺏ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺯﻟﺯﺍﻟﻴﺔ ﺍﻷﺭﺩﻥ ،ﺍﻟﻤﺨﺎﻁﺭ ﺍﻟﺯﻟﺯﺍﻟﻴﺔ ،ﺴﻴﺯﻤﻭﺘﻜﺘﻭﻨﻴﻙ ،ﺨﻠﻴﺞ ﺍﻟﻌﻘﺒﺔ.

________________________________________________

* ﻗﺴﻡ ﻋﻠﻭﻡ ﺍﻷﺭﺽ ﻭﺍﻟﺒﻴﺌﺔ ،ﺍﻟﺠﺎﻤﻌﺔ ﺍﻟﻬﺎﺸﻤﻴﺔ .ﺘﺎﺭﻴﺦ ﺍﺴﺘﻼﻡ ﺍﻟﺒﺤﺙ  ،2003/10/6ﻭﺘﺎﺭﻴﺦ ﻗﺒﻭﻟﻪ .2004/7/12
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