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ABSTRACT 

This study aims to quantify the rate of coseismic deformation in the Gulf of Aqaba. 
Earthquake catalogue, Gutenberg-Richter relationship and fault plane solutions were 
integrated to measure the size and shape of deformation using the moment-tensor 
summation technique. First, the Gutenberg-Richter relationship was established using 
seismicity data from the period of 19642019. Then, the moment-tensor summation based 
on 44 focal mechanism solutions was used to calculate the shape of deformation. The 
eigenvalues of moment-tensor reflect the diversity of focal mechanism solutions that 
alternate from normal to strike-slip fault styles in the deformation zone. The analysis 
reveals a dominant shear deformation in the Gulf of Aqaba that extends in a direction of 
N42.2E at a rate of 2.6 ± 0.04 mm yr1 and shortens in the direction of N305.2E at 
a rate of 2.0 ± 0.02 mm yr1. These results suggest that the active deformation occurring 
in the Gulf of Aqaba is due to the relative tectonic movements between the Arabian and 
African plates, as well as Sinai subplate. 

 
Ke y wo rd s :  focal mechanism, Gulf of Aqaba, Gutenberg-Richter law, moment 

magnitude, crustal deformation 

1. INTRODUCTION 

The Dead Sea fault is one of the transform plate boundaries in the world, formed by 
the relative tectonic movements of the African and Arabian plates, as well as the key role 
of Sinai subplate. The Gulf of Aqaba represents a transition zone that connects the Dead 
Sea fault with a sinistral offset and the Red Sea rifting (Garfunkel, 1981; Salamon et al., 
1996). The Gulf of Aqaba is formed by three structural basins that are typically bounded 
to the east and west by longitudinal faults (Ben-Avraham, 1985). The main fault is 
characterized at several locations by left-handed stepovers that continue as parallel faults 
with sinistral displacement, generating pull-apart basins (Daggett et al., 1986). The 
longitudinal basins and the en-echelon faults are shown later. Previous studies have used 
various datasets to indicate that this movement initiated during the late Miocene at 
~1411 Ma (Garfunkel, 1981). The slip rate based on geodetic estimates indicates left-
lateral deformation at 4.4  0.3 mm yr1 along the Gulf of Aqaba-Dead Sea transform 
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fault (Mahmoud et al., 2005), whereas the sinistral motion of 5.6  10 mm yr1 was 
determined for the southernmost segment of the Aqaba fault (McClusky et al., 2003). The 
low recurrence rate of earthquakes with magnitudes greater than six implies that the total 
horizontal slip rate of 24 mm yr1 is accommodated to the north of the western side of 
the Gulf of Aqaba (Makovsky et al., 2008). A kinematic study by Jestin et al. (1994) 
indicated that tectonic processes produced a seismogenic zone characterized by 
extensional-to-shear deformation, which revealed that seismicity in the Gulf is due to 
relative plate motion between the African and Arabian plates. This relative plate motion is 
illustrated in Fig. 1. 

 
Fig. 1. Map of seismicity in the Gulf of Aqaba from 19642019 (circles), showing distinctive 
earthquake sequences that occurred in 1983, 1993, 1995, 2015, and 2016 (stars). The arrows reflect 
the tectonic environments in the Gulf of Aqaba, Gulf of Suez, and the northernmost part of the Red 
Sea. MT - Mediterranean Sea, GS - Gulf of Suez, GA - Gulf of Aqaba, DS - Dead Sea. The white 
rectangle delineates the seismogenic deformation zone.  
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The Gulf of Aqaba has experienced several earthquake sequences that are clustered 
both in space and time, indicating localization of crustal deformation within the Earth’s 
crust (Abdel-Fattah et al., 2006). Seismicity in the Gulf of Aqaba from 19642019 is 
shown in Fig. 1. The 1995 earthquake sequence with moment magnitude Mw of 7.2 was 
the most destructive earthquake in the Gulf since the beginning of the century (Salamon et 
al., 1996). The focal mechanisms of moderate-to-large size earthquakes reveal normal to 
strike-slip faulting mechanisms (Abdel-Fattah et al., 2006, Abd el-All and Badreldin, 
2016, Almadani, 2017). Moreover, seismic tomography derived by El Khrepy et al. (2016) 
indicated no continued extension from the Red Sea, implying a transition of crustal types 
towards the north. 

Accurate estimates of the velocity and strain tensors of seismogenic deformation are 
vital for characterizing active crustal deformation within seismogenic zones and 
determining the seismic hazard of active regions. Integration between geological, 
geodetic, and seismological data is crucial for obtaining more stable and constrained 
estimates of the strain rate. However, the geologically derived strain rate depends on 
quantitative geological data of the study area, which are not always available. Moreover, 
although the geodetic strain considers the total active deformation, it cannot distinguish 
seismic components from aseismic ones (Visini et al., 2010). Moreover, it remains unclear 
whether geodetic data can be extrapolated to longer periods owing to the short 
instrumental data record (Papanikolaou et al., 2005). Due to these limitations of 
geological and geodetic observations, the seismological approach remains valuable for 
quantifying the rate of active crustal deformation through available historical and 
instrumental data. 

Different approaches have been applied to estimate coseismic deformation (e.g., 
Jackson and McKenzie, 1988; Kiratzi, 1991, 1993; Papazachos and Kiratzi, 1992; Kiratzi 
and Papazachos, 1995). In this study, the method developed by Papazachos and Kiratzi 
(1992) is used to quantify the coseismic deformation in the Gulf of Aqaba through the 
summation of seismic moment tensors. The method is based on the availability of 
seismicity parameters, focal mechanism solutions, and the maximum magnitude and 
dimensions of the seismogenic zone. 

2. GEOLOGIC AND TECTONIC SETTING 

The Gulf of Aqaba is one of two bifurcations at the northernmost end of the Red Sea 
that represent the NE-SW geologic trend in Egypt (Makris and Henke, 1992). Tectonic 
movements are younger in the Gulf of Aqaba than in the Gulf of Suez (Lyberis, 1988). 
The Gulf of Aqaba was formed in the Early or Middle Miocene orogeny (Bosworth et al., 
2005) due to oblique drift of the Arabian plate combined with the opening of the Red Sea. 
Late Miocene motion is associated with a shear stress regime, characterized by extension 
in the direction of N40°E and compression in the direction of N130°E, which produced 
left-lateral motion between the Arabian plate and the Sinai subplate (Lyberis, 1988). Since 
the end of the Miocene, faulting has occurred due to the E-W extension, which indicates 
rotation of the regional stress pattern in the vicinity of the transform fault (Lyberis, 1988). 
Deformation along the Dead Sea Transform is characterized by 105 km of a sinistral slip 
in the direction of N25°E, which is typically accompanied by an extensional component 
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(Garfunkel, 1981). Landsat images reveal that the deformation extends only 20 km wide 
to the north and 60 km wide to the east around the coastlines of the Gulf (Lyberi, 1988). 

Structurally, the Gulf of Aqaba is 180 km long and 25 km wide and formed from three 
successive pull-apart basins (Garfunkel, 1981). These basins are connected by en-echelon 
strike-slip faults with strikes of N20°E (Ben-Avraham, 1985) and accompanied by a small 
amount of extension that remains debatable (Ben-Avraham and Zoback, 1992). The pull-
apart basins and the en-echelon strike-slip faults are shown in Fig. 2. Based on 
geophysical data, mantle upwelling is assumed in the region (Ben-Avraham, 1997). The 
velocity structure in the central part of the Gulf is postulated to be a transitional zone of 
oceanic crust, which is considered the most tectonically active part of the Gulf of Aqaba 
(Ben-Avraham and Tibor, 1993). Conversely, a continental crust structure is dominant in 
the northern part of the Gulf. 

 
Fig. 2. Map of focal mechanism solutions (beach balls) listed with their IDs in Table 1. The 
average fault plane solution (AFM) obtained from moment-tensor summation is also shown. The 
pull-apart basins are given by the abbreviations: EB - the Elat basin, AB - the Aragonese basin, and 
DB - the Dakar basin. The solid curves represent the en-echelon strike-slip faults. 
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Despite the large 7.2 magnitude earthquake in 1995, the rate of seismicity in the Gulf 
is typically normal to low (Klinger et al., 1999). Seismic activity in the Gulf occurs in the 
15 km thick upper crustal seismogenic zone between focal depths of 5 and 20 km 
(Almadani, 2017). Fault plane solutions reveal a dominant shear stress regime with sub-
horizontal plunges for the maximum compressive stress (1) and minimum compressive 
stress (3), which are oriented northwest and northeast, respectively (Hussein et al., 
2013). 

3. MATERIALS AND METHODS 

3 . 1 .  D a t a  

In this study, the hypocenter parameters of past earthquakes were comprehensively 
collected and compiled into a homogeneous catalogue. Owing to the geographical location 
of the Gulf of Aqaba, the homogeneous catalogue was compiled using various earthquake 
catalogues published by the Institute of Petroleum Research and Geophysics (IPRG), 
Abou Elenean (1997), the Egyptian National Seismological Network (ENSN), the Saudi 
Geological Survey, and the International Seismological Center (ISC). For this purpose, 
a unified moment magnitude was employed. The dataset used to estimate the seismic 
strain rate comprised 44 focal mechanism solutions of earthquakes with a moment-
magnitude range of 3.27.2 collected from ISC. As well as data published by regional and 
international seismological centres, the dataset includes focal mechanism solutions 
published by Badawy and Horváth (1999), Hofstetter et al. (2003), Salamon et al. (2003), 
Hussein et al. (2013), Mohamed et al. (2015), Abdel-Aal and Badreldin (2016), Badreldin 
et al. (2019), and Ali and Badreldin (2019). The focal mechanism solutions are shown in 
Fig. 2 and the fault plane parameters for the corresponding earthquakes are listed in 
Table 1. 

3 . 2 .  M e t h o d o l o g y  

In this study, the analysis method developed by Papazachos and Kiratzi (1992) was 
used. The method is based on the formulations of Kostrov (1974), Molnar (1979), and 
Jackson and McKenzie (1988). The formula represents the average strain-rate tensor, as 
defined by Kostrov (1974), and is given as follows: 

 
1

2ij o ijM F
V




  ,     i, j = 1, 2, 3, (1) 

where V is the volume of the seismogenic deforming region and  is the rigidity modulus,  
oM  is the annual scalar moment rate, and ijF  is the average shape tensor. The dimensions 

(length I1, width I2, and thickness I3) of the deformed seismogenic zone were calculated 
from the distribution of seismicity using a simple least-squares technique (Papazachos 
and Kiratzi, 1992). Figure 1 shows that the seismogenic zone has a length of almost 
150 km (I1) and a width of 25 km (I2). The thickness of 15 km (I3) was determined from 
a depth-distance cross-section of the hypocenters. The azimuth of the deformation zone 
from the north is N20E and the shear modulus is 3.0  104 Nm. 
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Table 1. The fault plane parameters of earthquakes used in the analysis. T0: origin time, d: focal 
depth, M: magnitude, Mo: scalar seismic moment, Mw: moment magnitude, ML: local magnitude. 

ID Date 
[yyyymmdd]

T0 
[s] 

Long. 
[] 

Lat. 
[] 

d
[km] M Strike

[] 
Dip
[] 

Rake
[] 

Mo Mw Ref. 

1 19820323 104800 27.90 34.30 10 4.7ML 220 65.00 40 4.42E+22 4.4 1 
2 19830203 134604 29.19 34.77 24 5.3Mw 360 80.00 14 2.31E+23 5.3 2 
3 19851231 194241 28.85 35.05 9 4.8ML 155 60.00 30 6.03E+22 4.5 1 
4 19890909 0 28.57 34.82 10 4.1ML 205 50.00 110 6.84E+21 3.8 1 
5 19930703 233410 28.86 34.82 18 4.7ML 114 88.69 149 4.42E+22 4.4 3 
6 19930803 4305 28.73 34.55 17 6.0Mw 7 62.00 117 2.63E+24 6.0 4 
7 19930803 124305 28.73 34.55 17 6.0ML 294 87.27 157 2.51E+24 5.6 3 
8 19930803 163323 28.36 34.08 15 5.7ML 356 79.41 83 9.89E+23 5.7 3 
9 19930807 45540 28.61 34.63 10 4.2ML 217 50.19 42 9.33E+21 3.9 3 

10 19930820 230959 28.72 34.61 2 4.6ML 116 79.84 140 3.24E+22 4.3 3 
11 19931103 183932 28.70 34.65 7 4.9ML 86 76.13 148 8.22E+22 4.5 3 
12 19931108 10602 28.69 34.65 8 4.7ML 303 80.49 120 4.42E+22 4.4 3 
13 19931204 233411 28.89 34.80 10 4.6ML 93 68.07 148 3.24E+22 4.3 3 
14 19951122 1526 29.07 34.73 18 7.2Mw 196 59.00 15 1.71E+26 7.2 4 
15 19951122 124704 29.30 34.74 15 5.0ML 74 80.04 150 1.12E+23 4.6 3 
16 19951122 221657 28.32 34.21 15 5.2ML 357 60.54 69 2.09E+23 4.8 3 
17 19951123 717 29.25 34.64 10 5.7Mw 199 77.00 7 9.27E+23 5.7 5 
18 19951124 164345 28.97 34.74 10 4.9ML 165 54.28 68 8.22E+22 4.5 3 
19 19951211 13208 28.92 34.75 19 5.0ML 302 84.00 147 1.12E+23 4.6 3 
20 19960103 100526 28.60 35.25 10 4.8ML 113 59.77 138 6.03E+22 4.5 3 
21 19960108 1318 29.38 34.82 6 3.8ML 340 78.86 164 2.69E+21 3.6 3 
22 19960116 61700 29.34 34.73 6 4.3ML 159 82.79 149 1.27E+22 4.0 3 
23 19960204 72300 29.45 34.94 6 3.6ML 294 77.43 149 1.45E+21 3.4 3 
24 19960221 5951 28.80 34.78 10 5.3Mw 132 30.00 104 2.31E+23 5.3 5 
25 19970510 147 28.26 34.70 10 4.6Mw 114 89.00 150 2.02E+22 4.6 4 
26 20000308 142226 28.83 34.73 15 4.9Mw 182 48.00 48 5.74E+22 4.9 4 
27 20000308 122229 28.64 34.57 10 4.8Mw 198 31.00 18 4.06E+22 4.8 4 
28 20000308 142225 28.77 34.70 7 4.9ML 135 85.10 169 8.22E+22 4.5 3 
29 20000406 63734 28.78 34.83 12 4.8ML 209 85.10 12 6.03E+22 4.5 3 
30 20000803 142225 28.64 34.57 10 4.8ML 108 82.31 167 6.03E+22 4.5 3 
31 20010207 33900 29.26 35.01 21 3.6Mw 44 80.00 5 6.25E+20 3.6 4 
32 20021110 5945 28.23 34.62 16 3.9ML 180 47.30 84 3.67E+21 3.6 3 
33 20040922 120023 28.45 34.60 10 3.2ML 270 64.05 76 4.17E+20 3.0 3 
34 20050120 134100 28.50 34.66 19 3.2ML 41 43.00 56 4.17E+20 3.0 6 
35 20080302 170600 28.76 34.79 14 3.2ML 58 75.00 29 4.17E+20 3.0 6 
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Table 1. Continuation. 

ID Date 
[yyyymmdd]

T0 Long. 
[] 

Lat.
[] 

d
[km] M Strike

[] 
Dip
[] 

Rake
[] 

Mo Mw Ref. 

36 20080404 140500 28.78 34.75 7 3.0ML 145 46.00 67 1.97E+21 3.5 6 
37 20111021 123700 28.52 34.73 9 3.7ML 148 49.00 147 1.97E+21 3.5 7 
38 20130610 84400 28.06 34.63 6 3.9ML 142 73.00 15 3.67E+21 3.6 7 
39 20150627 53404 29.04 34.67 22 5.6Mw 200 82.00 2 6.55E+23 5.6 5 
40 20160516 14200 28.47 34.72 7 4.3ML 157 52.00 173 1.27E+22 4.0 8 
41 20160516 4559 28.45 34.51 18 5.2ML 19 88.00 3 1.63E+23 4.7 4 
42 20160813 30600 28.49 34.82 19 3.9ML 332 47.00 153 3.67E+21 3.6 8 
43 20161129 113 28.56 34.59 18 4.7Mw 188 59.00 44 2.86E+22 4.7 4 
44 20170519 141600 27.94 34.56 4 4.1ML 304 50.00 27 6.84E+21 3.8 8 

1 Salamon et al. (2003) 
2 Badawy and Horváth (1999) 
3 Hussein et al. (2013) 
4 International Seismological Centre (2020) 
5 Global Centroid Moment Tensor Catalog (https://www.globalcmt.org/CMTsearch.html, 
Ekström et al., 2012) 
6 Mohamed et al. (2015) 
7 Abdel-Aal and Badreldin (2016) 
8 Ali and Badreldin (2019) 

 
 
 
The annual scalar moment rate oM , as defined by Molnar (1979), is based on the 

scalar moment of the largest earthquake observed in the zone ( ,o maxM ), the Gutenberg-
Richter constants (a and b), and the magnitude-moment (c and d) relations as follows: 

 1
,1

B
o o max

A
M M

B



 , (2) 

where 

  10a bd cA     and   
b

B
c

 . 

The average shape tensor ijF  was then calculated as follows: 

 1

1

N n n
o ijn

ij N n
on

M F
F

M









, (3) 

where n
oM  and ijF  are the scalar seismic moment and the moment tensor for an 

individual event, respectively. 
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The elements of the moment tensor (Fij) are a function of the strike, dip, and rake of 
the focal mechanism solution and the moment tensor is calculated using the equations 
defined by Aki and Richards (1980). We introduce the following elements of the 
symmetric moment tensor (Fij) for completeness: 

 

 

 

2
11

12

13
2

22

33

sin cos sin 2 sin 2 sin sin ,

sin cos sin 2 0.5sin 2 sin sin 2 ,
cos cos cos 2 cos 2 sin sin ,

sin cos sin 2 sin 2 sin cos ,
sin 2 sin ,

F

F
F

F
F

     

     
     

     
 

  

 

  

 


 (4) 

where ,  and  are the strike, dip, and rake of the focal mechanism solution, 
respectively. Finally, based on the relationship developed by Jackson and McKenzie 
(1988), the velocity tensor (Uij) elements that are normal and parallel to the zone 
boundary, as well as vertical, are calculated using the following equations: 

 
11 11 12 12 13 13

2 3 1 3 1 2

22 22 23 23 33 33
1 3 1 2 1 2

1 1 1
, , ,

2 2 2
1 1 1

, , .
2 2 2

o o o

o o o

U M F U M F U M F
I I I I I I

U M F U M F U M F
I I I I I I

  

  

  

  

  

  
 (5) 

As Fij is calculated using the relations of Aki and Richards (1980), a rotation of ijF  in the 
reference system is required. 

As proposed by Papazachos and Kiratzi (1992), the Monte Carlo simulation technique 
is used to analyze the detailed errors in the strain-rate and velocity tensors. The influence 
of the tensor ijF  introduced minimal uncertainties to the magnitude of deformation 

relative to the influence of the seismic moment rate oM . However, the direction of 
deformation was influenced by errors in tensor ijF , whereas errors in oM  had no effect. 

The errors in oM  were measured by evaluating the errors in constants (a, b, c, and d) 
derived from the adopted Gutenberg-Richter law and the Ms-Mo relationship. 

4. RESULTS 

To quantify the rate of coseismic deformation, prior estimates of the Gutenberg-
Richter and moment-magnitude relationships were performed. For this purpose, the 
homogeneous catalogue of unified moment magnitude was used. Seismicity in the Gulf of 
Aqaba has a maximum moment magnitude of 7.2 and moment-magnitude relation 
constants of c = 1.5  0.04 and d = 15.36  0.20, as determined by Hofestetter (2003). 
Figure 3 shows the Gutenberg-Richter relation of seismicity parameters a = 4.45  0.02 
and b = 0.96  0.08 for earthquakes with moment magnitudes of completeness of 



Rate of seismic deformation in the Gulf of Aqaba … 

Stud. Geophys. Geod., 64 (2020) ix 
 

3.6 ± 0.14, as determined in this study. Based on the constants derived from the adopted 
Gutenberg-Richter law and the constants of the moment-magnitude relationship, the scalar 
seismic moment rate oM  is 1.62  1017 Nm yr1. 

By applying Eq. (3), the tensor ijF  for the Gulf of Aqaba is as follows: 

 
0.41 0.62 0.49
0.62 0.65 0.04
0.49 0.04 0.23

 
 
 
  

. 

The corresponding eigenvalues of the tensor ijF  are 

 1.0 61.9 12.2
0.0 313.3 55.9
1.0 159.4 31.3

o o o   
 
 
  
  

, 

where o  represents the eigenvalues, o  is the azimuth, and o  is the plunge. The 
eigenvalues are ordered to represent the axes of minimum compressive stres (T), neutral, 
and maximum compressive stress (P) of the double couple focal mechanism. The 
formulation of Papazachos and Kiratzi (1992) is appropriate to minimize the influences of 
various focal mechanisms, where the focal mechanism solutions used in the present 
analysis ranged from strike-slip to normal faulting. The analysis reveals approximately 

 
Fig. 3. Adopted Gutenberg-Richter law in the Gulf of Aqaba for a moment magnitude of 
completeness of 3.6 ± 0.14. The relationship was calculated using the maximum likelihood 
technique and uncertainties were determined using the bootstrapping statistical technique.  
Mw - moment magnitude, N – cumulative number of earthquakes.  
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ideal values of the eigenvalues tensor of (1.0, 0.0, 1.0). The advantage of this 
formulation is that it takes into account the scalar seismic moment and the moment tensor 
shape of individual events. Based on the fault plane solutions used in this study, the 
eigensystem of tensor ijF  indicates that the Gulf of Aqaba is under a shear stress regime 
with a minor extensional component accommodated by ENE extension and almost NNW-
SSE compression. The average focal mechanism exhibits a strike of 196.3°, a dip of 58.9°, 
and a rake of 14.8°, which indicates a sinistral strike-slip fault reveals that the composite 
moment tensor computed in this study is dominated by the earthquake of Mw 7.2. 

Subsequently, using the values of the scalar seismic moment rate and tensor ijF  

computed above, the components of both the strain-rate tensor ( ij ) and the velocity 
tensor (Uij) were calculated by applying Eqs (1) and (5). The strain-rate tensor is as 
follows (components in 109 yr1): 

 
4.02 42.71 19.20

42.71 4.52 13.87
19.20 13.87 11.15

 
  
   

, 

and the velocity tensor is (components in mm yr1): 

 
0.60 2.14 0.58
2.14 0.23 0.42
0.85 0.42 0.33

 
  
   

. 

The eigensystem of the velocity tensor is given as follows: 

 2.6 0.04 42.2 2.9
0.1 0.01 133.2 22.4
2.0 0.02 305.2 67.4

o o o   
 

 
  
   

. 

The dominant mode of coseismic deformation is approximately 42.71  109 yr1 as 
expressed by the 12  component of the strain-rate tensor, which indicates a left-lateral 
movement of the east and west sides. Notably, considerable vertical movement occurs at a 
rate of 11.22  109 yr1, which expresses crustal thinning. The eigensystem of the 
corresponding velocity tensor reveals that the Gulf of Aqaba is undergoing shear 
deformation accommodated by NE extension (N42.2°E) at a rate of 2.6 0.04 mm yr1 
and almost NW-SE compression (N305.2°E) at a rate of 2.0 0.02 mm yr1, reflecting 
predominantly left-lateral strike-slip faulting with a strike of 175.5°, a dip of 72.3°, and 
a rake of 14.2° (Fig. 4). The standard deviations associated with the solution were 
calculated using the approach proposed by Papazachos and Kiratzi (1992), which 
considers the possible random errors of the model parameters using a Gaussian noise 
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generator. New random parameters generated in each iteration were used to estimate the 
alternative values of oM , as well as the corresponding strain and velocity tensors. The 
random values within the mean standard errors were used to obtain reasonable 
uncertainties where the error factor of the constants of the Gutenberg-Richter law and 
Ms-Mo relationship account for approximately three. 

5. DISCUSSION AND CONCLUSIONS 

The seismic moment-tensor summation technique followed in this study is useful for 
deepening our understanding of the deformation caused by seismic slips along plate 

 
Fig. 4. Stress regime and the corresponding focal mechanism in the Gulf of Aqaba as derived 
from the velocity tensor. Arrows denote the rate of coseismic deformation. The pull-apart basins 
(EB - the Elat basin, AB - the Aragonese basin, and DB - the Dakar basin) and the en-echelon 
strike-slip faults (solid curves) are shown. 
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boundary zones. The Gulf of Aqaba represents the southernmost segment of the Dead Sea 
Transform Fault, which is characterized by shear deformation accompanied by an 
extensional stress regime that led to the formation of pull-apart basins. The most intense 
seismicity in the Gulf of Aqaba exhibits a direct relationship with the northward motion of 
the Arabian plate relative to the African plate, with an anticlockwise rotation of 6° at 
a rate of 10 mm yr1 (Girdler, 1966; Garson and Krs, 1976). Moreover, anticlockwise 
rotation of the Sinai subplate toward the northwest with respect to the Arabian plate plays 
a key role in the present-day tectonic deformation in the Gulf of Aqaba. 

The moment-tensor summation technique was used to quantify the magnitude and 
vector direction of deformation characterizing the studied zone. A total of 44 fault plane 
solutions, the adapted Gutenberg-Richter law, and the moment-magnitude relationship 
were used to estimate the seismic strain tensor magnitudes and directions. The scalar 
moment rate of earthquakes that occurred in the area from 19642019 is equal to 
1.62  1017 Nm yr1. The deformation is accommodated by maximum compressive stress, 
P-axis, which has approximately shallow plunge of 22.4° toward N133.2°E, and minimum 
compressive stress, T-axis, which has a shallow horizontal plunge of 2.9° toward 
N42.2°E, corresponding to the coupling between an extensional stress regime that 
activated an approximately left-lateral strike-slip focal mechanism with a normal 
component (strike 175.5°, dip 72.3°, and rake 14.2°). The results obtained from this 
study reveal a deformation pattern related to relative plate motion between the African 
and Arabian plates, as well as the key role played by the relative motion of the Sinai 
subplate. Owing to the relative motions between continental plates in this region, 
coseismic deformation in the Gulf of Aqaba region is consistent with a tectonic process 
that coupled the prevailing tensional stress with left-lateral strike-slip movement. Based 
on the analysis of 44 earthquakes with moment magnitudes in the range of 3.27.2, the 
focal mechanism solutions alternated between strike-slip and normal faulting mechanisms, 
which reflect the various processes involved in the transition from rifting in the north Red 
Sea to continental transform in the Gulf of Aqaba and the Dead Sea. Notably, previous 
seismic tomography analysis revealed no transition of oceanic crust into the Gulf 
(El Khrepy, 2016). The majority of the focal mechanism solutions reveal strike-slip 
movement with a normal component, which could be attributed to the NNE left-lateral 
strike-slip faults parallel to the Gulf. Normal faulting mechanisms are attributed to nine 
earthquakes, which reflect the transverse NNWSSE faults that form the boundaries of 
major basins in the Gulf (Salamon et al., 2003). 

The results of the velocity tensor obtained from this study indicate that the present-day 
stress regime is left-lateral strike-slip deformation with a reverse component 
accommodated along the NNWSSE trending plane; these are relatively consistent with 
the results deduced from the stress tensor inversion by Hussein et al. (2013), which 
revealed maximum compressive stress, 1, with a plunge of 19 ± 11 towards 
N145° ± 13°E and minimum compressive stress, 3, with a shallow horizontal plunge of 
1° ± 5° toward N56° ± 15°E. Alternatively, the results obtained by Ali and Badreldin 
(2019) exhibited significant differences, i.e., the maximum compressive stress, 1, has 
a plunge of 23° ± 15° toward N357° ± 46°E and the minimum compressive stress, 3, has 
a shallow horizontal plunge of 8° ± 2° toward N90° ± 49°E. The uncertainties indicate the 
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differences between these results. By repeating the calculations using datasets of focal 
mechanisms published by Hussein et al. (2013), the coseismic deformation in the Gulf of 
Aqaba is characterized by an average extension of 0.95  0.2 yr1 with a mean direction 
of N35.6° ± 7.2°E. 

The analysis of GPS measurements in the area revealed that the rate of crustal 
deformation of the Gulf of Aqaba is 3.2 mm yr1 to the north and 1.8 mm yr1 to the east 
(Mahmoud et al., 2005; Reilinger et al., 2006). The slip rate retrieved from geodetic 
measurements showed left-lateral deformation of 4.4  0.3 mm yr1 in the Gulf of Aqaba-
Dead Sea Transform Fault (Mahmoud et al., 2005), whereas the sinistral motion of 
5.6  1.0 mm yr1 was determined for the southernmost segment of the Aqaba fault 
(McClusky et al., 2003). The low recurrence rate of earthquakes with magnitudes greater 
than six implied that the total horizontal slip rate of 24 mm yr1 is accommodated along 
the Gulf of Aqaba (Makovsky et al., 2008). It is noteworthy that four events with 
magnitudes greater than 6.5 occurred within a period of 2000 years, indicating a 
maximum velocity of approximately 4 mm yr1 for the cumulative displacement of 
approximately 8 m (Klinger et al., 1999). Conversely, the velocity derived from regional 
kinematic plate tectonics models is approximately 7.59.5 mm yr1 (e.g., Jestin et al., 
1994), suggesting a normal level of seismicity compared with that predicted by plate 
tectonics models. Interestingly, the results of this study reveal a well consistent rate of 
coseismic deformation with the aforementioned studies in the Gulf of Aqaba. The resulted 
deformation characterized by an extension rate of 2.60.04 mm yr1 along the direction of 
N42.2°E and vertical deformation of 2.00.02 mm yr1 along the direction of N305.2°E 
that implies a dominant shear deformation. Contrary, in the Gulf of Suez the coseismic 
deformation is expressed by extension at a rate of 0.008 mm yr1 in the direction of 
N28°E with crustal thinning of 0.0034 mm yr1 (El-Nader and Hussein, 2018), indicating 
small coseismic deformation relative to that in the Gulf of Aqaba. 

Thus, the dominant mode of coseismic deformation in the Gulf of Aqaba is the east-
west extension and north-south compression at 2.60.04 mm yr1 and 2.00.02 mm yr1, 
respectively. Small vertical movement at a rate of 0.33 mm yr1 was also observed, that 
might correspond to crustal thinning due to a potential transition of oceanic crust into the 
Gulf imported from the Red Se rifting. The results of this study imply that interaction 
between the relative tectonic motions of the African and Arabia plates, as well as the key 
role of Sinai subplate, is responsible for the present-day crustal deformation in the Gulf of 
Aqaba. It is noteworthy to mention that Late Miocene motion associated with a shear 
stress regime of extension toward N40°E and compression toward N130°E produced left-
lateral motion between the Arabian plate and the Sinai Peninsula (Lyberis, 1988). 

 
Acknowledgements: This work was supported by the King Saud University Deanship of 

Scientific Research, College of Science Research Centre. Generic Mapping Tools developed by 
Wessel and Smith (1991) were used for data mapping. 

 
 

  



S. Almadani 

xiv Stud. Geophys. Geod., 64 (2020) 
 

References 

Abdel-Aal K. and Badreldin H., 2016. Seismological aspects of the 27 June 2015 Gulf of Aqaba 
earthquake and its sequence of aftershocks. J. Seismol., 20, 935952. 

Abdel-Fattah A.K., Hussein H.M. and El-Hady S., 2006. Another look at the 1993 and 1995 Gulf of 
Aqaba earthquakes from the analysis of teleseismic waveforms. Acta Geophys., 54, 260–279. 

Aki K. and Richards P.G., 1980. Quantitative Seismology: Theory and Methods. W.H. Freeman and 
Co., San Francisco, CA. 

Ali S.M. and Badreldin H., 2019. Present-day stress field in Egypt based on a comprehensive and 
updated earthquake focal mechanisms catalog. Pure Appl. Geophys., 176,  47294760. 

Almadani S., 2017. Source parameters of the 27th of June 2015 Gulf of Aqaba earthquake. 
J. Seismol., 21, 10551066. 

Badawy A. and Horváth F., 1999. Recent stress field of the Sinai subplate region. Tectonophysics, 
304, 385403. 

Badreldin H., Toni M. and El-Faragawy K., 2019. Moment tensor inversion of small-to-moderate 
size local earthquakes in Egypt. J. Afr. Earth Sci., 151, 153172. 

Ben-Avraham Z. and Tibor G., 1993. The northern edge of the Gulf of Elat. Tectonophysics, 226, 
319331. 

Ben-Avraham Z. and Zoback M.D., 1992. Transform-normal extension and asymmetric basins: An 
alternative to pull-apart models. Geology, 20, 423426. 

Ben-Avraham Z., 1985. Structural framework of the Gulf of Elat (Aqaba), northern Red Sea. 
J. Geophys. Res.-Solid Earth, 90, 703726. 

Ben-Avraham Z., Hartnady C.J.H. and Kitchin K.A., 1997. Structure and tectonics of the Agulhas-
Falkland fracture zone. Tectonophysics, 282, 8398. 

Bosworth W., Huchon P. and McClay K., 2005. The red sea and gulf of Aden basins. J. Afr. Earth 
Sci., 43, 334378. 

Daggett P.H., Morgan P., Boulous F.K., Hennin S.F., El-Sherif A.A., El-Sayed A.A., Basta N.Z. and 
Melek Y.S., 1986. Seismicity and active tectonic of the Egyptian Red Sea margin and the 
northern Red Sea. Tectonophysics, 125, 313324. 

El Khrepy S., Koulakov I., Al-Arifi N. and Petrunin A.G., 2016. Seismic structure beneath the Gulf 
of Aqaba and adjacent areas based on the tomographic inversion of regional earthquake data. 
Solid Earth, 7, 965978. 

El-Nader I.A. and Hussein H.M., 2018. The present-day active deformation in the central and 
northern parts of the Gulf of Suez area, Egypt, from earthquake focal mechanism data. Nat. 
Hazards, 92, 13551369. 

Ekström, G., M. Nettles, and A. M. Dziewonski, 2012. The global CMT project 2004-2010: 
Centroid-moment tensors for 13,017 earthquakes, Phys. Earth Planet. Inter., 200-201, 1-9, 
DOI: 10.1016/j.pepi.2012.04.002 

Garson M.S. and Krs M., 1976. Geophysical and geological evidence of the relationship of Red Sea 
transverse tectonics to ancient fractures. Bull. Geol. Soc. Amer., 87, 169181. 

Garfunkel Z., 1981. Internal structure of the Dead Sea leaky transform (rift) in relation to plate 
kinematics. Tectonophysics, 80, 81108. 



Rate of seismic deformation in the Gulf of Aqaba … 

Stud. Geophys. Geod., 64 (2020) xv 
 

Girdler R.W., 1966. The role of translational and rotational movement in the formation of the Red 
Sea and Gulf of Aden. In: The World Rift System. Geological Survey of Canada, Canada Paper 
66-14, 6577. 

Hofstetter A., 2003. Seismic observations of the 22/11/1995 Gulf of Aqaba earthquake sequence. 
Tectonophysics, 369, 2136. 

Hussein H.M., Elenean K.A., Marzouk I.A., Korrat I.M., El-Nader I.A., Ghazala H. and 
ElGabry M.N., 2013. Present-day tectonic stress regime in Egypt and surrounding area based 
on inversion of earthquake focal mechanisms. J. Afr. Earth Sci., 81, 115. 

International Seismological Centre, 2020. On-line Bulletin, DOI: 10.31905/D808B830 
(http://www.isc.ac.uk/iscbulletin/search/fmechanisms/). 

Jackson J. and McKenzie D., 1988. The relationship between plate motions and seismic moment 
tensors, and the rates of active deformation in the Mediterranean and Middle East. Geophys. J. 
Int., 93, 4573. 

Jestin F., Huchon P. and Gaulier J.M., 1994. The Somalia plate and the East African Rift System: 
present-day kinematics. Geophys. J. Int., 116, 637654. 

Lyberis N., 1988. Tectonic evolution of the Gulf of Suez and the Gulf of Aqaba. Tectonophysics, 
153, 209220. 

Kiratzi A.A. and Papazachos C.B., 1995. Active crustal deformation from the Azores triple junction 
to the Middle East. Tectonophysics, 243, 124. 

Kiratzi A.A. and Langston C.A., 1991. Moment tensor inversion of the 1983 January 17 Kefallinia 
event of Ionian islands (Greece). Geophys. J. Int., 105, 529535. 

Kiratzi A.A., 1993. A study on the active crustal deformation of the North and East Anatolian Fault 
Zones. Tectonophysics, 225, 191203. 

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. Seismol. Soc. 
Amer., 89, 10251036. 

Kostrov V.V., 1974. Seismic moment and energy of earthquakes, and seismic flow of rock. Izv. 
Acad. Sci. USSR Phys. Solid Earth, 1, 2344. 

Makovsky Y., Wunch A., Ariely R., Shaked Y., Rivlin A., Shemesh A., Avraham Z.B. and 
Agnon A., 2008. Quaternary transform kinematics constrained by sequence stratigraphy and 
submerged coastline features: the Gulf of Aqaba. Earth Planet. Sci. Lett., 271, 109122. 

McCloskey J., Nalbant S.S., Steacy S., Nostro C., Scotti O. and Baumont D., 2003. Structural 
constraints on the spatial distribution of aftershocks. Geophys. Res. Lett., 30, Art.No. 1610, 
DOI: 10.1029/2003GL017225. 

Mahmoud S., Reilinger R., McClusky S., Vernant P. and Tealeb A., 2005. GPS evidence for 
northward motion of the Sinai block: implications for E. Mediterranean tectonics. Earth 
Planet. Sci. Lett., 238, 217227. 

Mohamed E.K., Hassoup A., Abou Elenean K.M., Othman Adel A.A. and Hamed Diaa-Eldin M.K., 
2015. Earthquakes focal mechanism and stress field pattern in the northeastern part of Egypt. 
NRIAG J. Astron. Geophys., 4, 205221. 

Makris J. and Henke C. H., 1992. Pull-apart evolution of the Red Sea. J. Pet. Geol., 15, 127134. 



S. Almadani 

xvi Stud. Geophys. Geod., 64 (2020) 
 

Molnar P., 1979. Earthquake recurrence intervals and plate tectonics. Bull. Seismol. Soc. Amer., 69, 
115133. 

Papanikolaou I.D., Roberts G.P. and Michetti A.M., 2005. Fault scarps and deformation rates in 
Lazio‐Abruzzo, central Italy: Comparison between geological fault slip‐rate and GPS data. 
Tectonophysics, 408, 147176. 

Papazachos C.B. and Kiratzi A.A., 1992. A formulation for reliable estimation of active crustal 
deformation and its application to central Greece. Geophys. J. Int., 111, 424432. 

Reilinger R., McClusky S., Vernant P., Lawrence S., Ergintav S., Cakmak R., Ozener H., 
Kadirov F., Guliev I., Stepanyan R. and Nadariya M., 2006. GPS constraints on continental 
deformation in the Africa‐Arabia‐Eurasia continental collision zone and implications for the 
dynamics of plate interactions. J. Geophys. Res.-Solid Earth, 111, Art.No. B05411, 
DOI: 10.1029/2005JB004051. 

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. 

Salamon A., Hofstetter A., Garfunkel Z. and Ron H., 2003. Seismotectonics of the Sinai subplate - 
the eastern Mediterranean region. Geophys. J. Int., 155, 149173. 

Visini F., de Nardis R. and Lavecchia G., 2010. Rates of active compressional deformation in 
central Italy and Sicily: evaluation of the seismic budget. Int. J. Earth Sci., 99, 243264. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FencesPlain
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-Medium
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GSIDefaultSymbols
    /GSIDidger
    /GSIGeologicSymbols
    /GSIMapSymbols
    /GSINorthArrows
    /GSIOilandGas
    /GSIWeatherSymbols
    /GSIWindBarbSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /SWGamekeysMT
    /SWMacro
    /Sylfaen
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /Tiger
    /TigerExpert
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-CyrillicA
    /WP-CyrillicB
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


