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Abstract 

       The Eastern flank of the Red sea represent an uplifted Precambrian basement that is s 

known as the Arabian Shield. Different tectonic events were activated since the collisions among  

continental fragments that occurred during the period 630-550 Ma, showing very old NE ophiolite-

suture zones, North trend shear zones, belts, folds, and NW Sinistral fault system known as Najd 

shear zones. Thus, heterogeneities and inherited faults are expected in the old basement; however, 

based on surface observations, NE trend faults are not described in the Arabian Shield. Recently, 

seismological studies s w that, even though they are inconsistent with the background tectonic ho

mode corresponding to Red Sea rifting, active NE faults may exist in western Arabian Shield. This 
[17]

study aims to investigate and map faults in southern Arabian Shield and then better understand the 

tectonic system acting in the region. We provide an analysis that incorporates gravity, magnetic, 

and seismological data in Namas area, where earthquake sequence is occurred in 2017. Using the 
[2]

http://www.plagscan.com/highlight?doc=147178547&source=17&cite=2&hl=textonly#2
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           regional-residual separation, filtering and edge detector function, we identified NE trends as 

inherited faults within the Precambrian basement that may be seismically active, underling by the 

distribution of epicenters and focal mechanism solutions of strike-slip style among the 2017 Namas 

Earthquake sequence. This result emphasizes the preexistence of a potential local tectonic process 

that is incongruous with the regional stress regime. 

Keywords: Arabian Shield, NE faults, Geophysical data 
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1. Introduction 
[6]

Owing to complex tectonic processes, a variety of complex tectonic settings characterized 

the Precambrian Arabian Shield (Fig.1) and inherent faults are suggested to be active. Seismic 
[2]

           hazard assessments require the identification of active fault planes that produce earthquakes. 

  Recently,  the  spatial  distribution  of  earthquake  hypocentres and  focal mechanism  solutions 
[2]

demarcated the NW and NE fault trends as active faults produced the earthquakes in the Al-Ays 

seismic dislocation zone (Abdelfattah et al , 2020; Abdelfattah et al , 2021). Furthermore, towards . .

the south, Abdelfattah et al 2017, 2020) suggested that the NE fault trend is the causative fault . (

produced by the 2014 Jizan earthquake and the 2017 Namas Earthquake.  

       The  integrated analysis of  several types  of geophysical data and  the application  of 

appropriate filtering techniques are expected to be efficient in deciphering the setting of such 

     complex  tectonic structures.  The Precambrian  basement of  the Arabian  Shield shows  many 

           heterogeneities that are expressed by gravity and magnetic anomalies. Such anomalies, even 

though they are superimposed by other anomalies that are caused by younger structural features, 

they still could be distinguished and separated using adequate filtering processes.  By analyzing 

earthquake seismic data, additional constraints on fault trends can be obtained. Therefore, the 

heterogeneities in basement boundaries could be mapped. 

Using an integrated methodology based on the processing and interpretation of seismicity, 
[9]

gravity and magnetic data, this study aims to map faults and explore which of the fault planes are 

reactivated to produce the 2017 Namas Earthquake in the southwestern part of the Arabian Shield. 

The tectonic implications of obtained results are further discussed in the context of compatibility 

with the established tectonic system acting in the region. 

http://www.plagscan.com/highlight?doc=147178547&source=6&cite=25&hl=textonly#25
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=33&hl=textonly#33
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=17&hl=textonly#17
http://www.plagscan.com/highlight?doc=147178547&source=9&cite=1&hl=textonly#1
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2. Geological setting 

              The Red sea flanks, where little or no sediment rocks exist, are represented by large 

Precambrian basement rocks (600 900Ma) of elevation that reach  up to 2000m or more in some – es

localities. The basement rocks are considered as rifted continental margins and the eastern flanks 

           are known  the Arabian Shield. The Arabian Shield is composed of granite, schist, gneiss, as

         volcanic or sedimentary rocks.  Ultramafic and ophiolitic rocks are  recognized also in  some 

localities. These uplifted Precambrian rocks are intruded by Cenozoic basalt and intrusive volcanic 

rocks (Fig.1). The Arabian Shield is the result of collisions that took place among continental 

fragments during the period 630 Ma to 550 Ma (Stern d Johnson, 2010; Stern and Johnson, an

2019). During Cenozoic, the Arabian Shield is tectonically accommodated by the opening of the 
[7]

Red sea that was caused by a divergence movement between the African and the Arabian plates 

(Bosworth,  2015;  Molnar  et  al.,  2020).  In  the  Arabian  Shield,    distinguish  very  ancient we

structures represented mainly by NE ophiolite-suture zones, North-trending shear zones and NW 

             Najd shear zones (Fig.1). These ancient structures are resulted from the closing of the 

Neoproterozoic ocean basins (Abdelsalam and Stern 1996; Stern and Johnson, 2019). Furthermore, 

recent structures that were produced by Cenozoic divergence movements are present; these are 
[8]

represented by the NW trending normal faults and dykes, which are identified to be parallel to the 

Red Sea. Such structures are well evidenced by geophysical studies (Saibi et al., 2019; Rashed et 

al., 2020). 

Despite the numerous geophysical occurr  ences of the presence of NE faults in the basement 

structure of the Arabian platform (Stern and Johnson, 2010), no significant surface NE trending 

faults were reported in the Arabian Shield. Recent gravity and seismic investigations mapped NE 

faults in the -Ays area, northern Arabian Shield, (Abdelfattah et al , 2021).  These faults are Al .
[5]

http://www.plagscan.com/highlight?doc=147178547&source=7&cite=2&hl=textonly#2
http://www.plagscan.com/highlight?doc=147178547&source=8&cite=2&hl=textonly#2
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=4&hl=textonly#4
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            considered as inherited since the Proterozoic convergence tectonics and the formation of the 

Arabian Shield. The faults were also reactiv ed during the Red Sea opening. Therefore, even at
[8]

though NE faults are not well documented in previous geological studies due to the lack of their 

 evident exposure at the surface, they are well evidenced by geophysical studies in the whole 

             Arabian platform and the Arabian shield (Stern and Johnson, 2010; Abdelfattah et al  2020. ; 

Abdelfattah et al , 2021). .

3. Gravity and magnetic data analysis 

3.1. Bouguer anomaly 

       Land gravity measurements were obtained from  “Bureau Gravimétrique International 

(BGI)”. The study area is covered by regular measurement stations with an average spacing of 

about 10 km. Figure-2a shows the Bouguer anomaly of the Namas area where an earthquake of 

Mw 4.0 occurred in 2017. As there are seismic focuses, this area includes therefore active faults 

that may be revealed by gravity anomalies if these faults induce density contrasts.  

Furthermore, long and short wavelengths are revealed on the Bouguer anomaly map; these 

are attributed to a contrast in the density of the subsurface rocks. The amplitude ha a general s 

increase from −130 mGal to 10 mGal toward the Red sea. To emphasize the occurrence of these 

anomalies that originated by shallow sources, we proceeded to separate the observed Bouguer 

anomalies into regional and residual. As we have no information on deep sources that caused the 

long-wavelength anomalies in the studied area, we removed a smooth polynomial surface from the 

            observed Bouguer anomalies using the method proposed by Gabtni and Jallouli (2017). The 

obtained residual anomalies (Fig.2b in the study area are the result of density contrasts, such as ) 
[2]

 those in the Precambrian basement, dykes, or faults. As the average spacing between gravity 

stations is 10km, all wavelengths lower than 20 km are not reliable, so we applied a low pass filter 

http://www.plagscan.com/highlight?doc=147178547&source=8&cite=4&hl=textonly#4
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=5&hl=textonly#5
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that cuts wavelengths of less than 20km. This filter preserves all prominent residual anomalies but 

they become smooth  (Fig.2b).  er

The dominating residual gravity anomalies are trending in the NE direction, which is not 

common in the area, and it is not reported  the geologic literature that dealt with the surface in

geology of the investigated area. The width of the anomalies is less than 40 km with an amplitude 

of 10 to 20 mGal and an extent range 50-100 km (Fig.2b). Taking into account the geological 
[16]

setting of the study area, these gravity -trending anomalies are attributed to the Precambrian NE

basement structure of the Arabian Shield.  

3.2 Magnetic anomalies 

Magnetic data processing was conducted using the Global magnetic anomaly EMAG2 

(Meyer et al , 2017). The process consists of a merged grid compiled from all available magnetic .

measurements and represents the total magnetic anomalies at 4 km above geode in 2 arc-minutes 

resolution. Using EMAG anomalies, it is possible to constrain the main structures and composition 

        of the crust. Figure-3a shows the total magnetic anomalies of the study area, which reveal a 
[18]

magnetic intensity variation in the range of -140 to 90 nT. Furthermore, it can be noticed that there 
[12]

are several positive and negative anomalies that extend in different directions. Anomalies occur 
[8]

because of the magnetic heterogeneities in the basement rocks that result from variations in the 

composition of magnetic rocks, or because of inherited faults that affect the basement rocks. To 
[9]

reduce the complexity in the shape of the observed anomalies, we reduced the observed anomalies 

to pole by applying the RTP filter using GMT software (grdredpol module). This process is a 

applied assuming that the field and magnetization vectors are collinear. Declination and inclination 

         at each point  are  computed from  IGRF2001. Although the  RTP filter could  not be applied 

http://www.plagscan.com/highlight?doc=147178547&source=16&cite=3&hl=textonly#3
http://www.plagscan.com/highlight?doc=147178547&source=18&cite=2&hl=textonly#2
http://www.plagscan.com/highlight?doc=147178547&source=12&cite=3&hl=textonly#3
http://www.plagscan.com/highlight?doc=147178547&source=8&cite=17&hl=textonly#17
http://www.plagscan.com/highlight?doc=147178547&source=9&cite=10&hl=textonly#10
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              efficiently to all anomalies, it still can remove an order of complexity and replaces induced 

anomalies over their sources. Further, since we are not interested  small sources, for instance in

              local heterogeneities or small structures, we have applied a low pass filter to remove short 

wavelengths. The applied filter cut out the wavelengths of less than 20 km, the same cut-of is f 

           used for gravity anomalies. The filtering process produced smoothed anomalies with high 

            amplitudes of hundreds of nT that are trending in different directions (Fig.3b). The obtained 

anomalies are caused by major magnetic heterogeneities with  the basement in the study area that in

could be induced by inherited faults.   

 

3.3 Boundary analysis of gravity and magnetic anomalies 
[2]

           Gravity and magnetic anomalies in the study area are associated with basement 

heterogeneities of the Arabian Shield. The heterogeneities result from the arrangement of different 

basement blocks that are varied in their compositions and densities. The edges of such blocks are 
[7]

bounded by inherited faults that have resulted from collisions between continental fragments of 

crust that occurred during the period 630 - 550 Ma (Stern et al , 2010).  .

For the purpose of locating the basement heterogeneities and faulting in the Arabian Shield, 

we analyzed anomalies in gravity and magnetic field using edge detector filters. The method has 

          been employed by several authors to investigate rock heterogeneities and faults (Jallouli and 

Mickus, 2000; Jallouli et al , 2013; Saibi et al , 2019). Among these techniques, the horizontal . .

gradients of potential field anomalies which is considered an efficient technique to detect basement 

blocks' boundaries that have different densities or magnetic properties. process permits the The 

location of the edge of sources, faults, dykes, or any basement heterogeneity implying density or 

http://www.plagscan.com/highlight?doc=147178547&source=2&cite=6&hl=textonly#6
http://www.plagscan.com/highlight?doc=147178547&source=7&cite=14&hl=textonly#14


8 
 

magnetic susceptibility contrast. In our work, the Magnitude of the Horizontal Gradient (MHG) 

method (Eq. 1) was used to locate the edges of the crustal block. 
[5]

MHG (x,y) = √(��
��)2 + (��

	
)2                            (1), where 

 (��
��)2 and (��

�
)2 indicates the horizontal gradients of the potential field (U) along x and y 

directions, respectively. 

Peaks or maxima of MHG delineate edges of the crustal blocks with different densities or magnetic 

     properties.  The  MHG of  the residual  gravity anomaly  reveals  the  gravity trends  caused by 

basement heterogeneities implying density contrasts (Fig.4a). The MGH of the RTP magnetic 

          anomaly reveals the magnetic trends caused by basement heterogeneities implying magnetic 

property contrasts (Fig 4b). These trends mainly correspond to the edges of the crustal blocks 

induced by inherited faults.  

4. Seismicity and focal mechanism solutions 

      The  earthquake location parameters  were collected from  several sources, which  are 

            Ambraseys (1988), Ambraseys et al  (1994), the Centre of Seismic Studies at King  Saud .
[10]

University, the Seismographic Network of King Abdulaziz City of Science and Technology, the 

           Saudi Seismographic National Network (SSNN) of the Saudi Geological Survey, and the 

Seismological International Centre. Figure-  shows the seismicity in the region during the period 5a
[8]

1900-2021. According to Figure- , the epicenters of the earthquakes are distributed in the axial 5a
[5]

rift along the Red Sea, Gulf of Aqaba, and Afar region. However, the seismicity also extends to 

          the Red Sea's eastern and western flanks. Along the eastern Red Sea flank, the seismicity is 

randomly distributed where fault trends can be demarcated from the distribution of epicenters. The 
[5]

http://www.plagscan.com/highlight?doc=147178547&source=5&cite=14&hl=textonly#14
http://www.plagscan.com/highlight?doc=147178547&source=10&cite=6&hl=textonly#6
http://www.plagscan.com/highlight?doc=147178547&source=8&cite=13&hl=textonly#13
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=16&hl=textonly#16
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=8&hl=textonly#8
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random distribution of epicenters can be attributed to the low resolution of locations before the 

installation of the SSNN. Recently, and following the installation of SSNN, the 2017 earthquake 
[5]

sequence that occurred in the study area was examined by Abdelfattah et al  (2020. ) to resolve high-

    resolution earthquake relocation and focal mechanism solutions. The 2017 Namas earthquake 

             occurred at 01:06 universal times on 03 Nov. 2017. Its seismic moment of 1.12E+15  is Nm

equivalent to a Mw of 4.0 (Abdelfattah et al  2020).  .

The quantity of high-quality data from the 2017 Namas earthquake provides an unusual 

impute to examine the source characteristics of the events with  Mw greater than 2.0. Figure-5b an
[2]

            shows the distributions of focal mechanism solutions of the 2017 earthquake sequence. The 

hypocenter distributions along the latitude and longitude are also displayed. The figure illustrates 
[5]

the spatial distribution of earthquakes in terms of focal depth, magnitude, latitude and longitude. 

The distribution demarcated the NE-SW direction that is approximately parallel to the fault plane 
[2]

solutions for the events of moment magnitude greater than 2.0; this indicates fault system of a 

dextral strike-slip mechanisms. The fault plane parameters of the mainshock earthquake are 27°, 

61° and −144° in the strike, dip and rake, respectively. The fault plane solutions showed that the 

earthquake has resulted from right-lateral shear slip over a segment of the preexisting NE fault a 

trends in the region, which conjugate to the NNW fault trends parallel to the axial fault in the Red 

Sea. 

5. Results and discussion 

The Arabian Shield is an uplifted Precambrian basement and represents the Eastern flank 

 of the Red sea. As an old shield, its structure has been under many tectonic events since the 
[5]

convergence and collisions among continental fragments that occurred during the period 630-550 

Ma. As a result of the different tectonic events, the Arabian Precambrian Shield shows very old 
[2]

http://www.plagscan.com/highlight?doc=147178547&source=5&cite=17&hl=textonly#17
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=9&hl=textonly#9
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=0&hl=textonly#0
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=2&hl=textonly#2
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=32&hl=textonly#32
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=10&hl=textonly#10
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NE ophiolite-suture zones, North trend shear zones, belts, folds, NW sinistral fault system known 

as Najd shear zones (Fig.1) and -SE strike extensional faults that runs parallel to the Red Sea NW

spreading axis. Hence, the presence of heterogeneities and inherited faults is expected.  

Using a suitable edge detector function, we mapped the gravity and magnetic trends (Fig.2 

and Fig.3). It was found that different basement boundaries that trending in various directions were 

successfully mapped by gravity and magnetic analysis. However, the NE trending faults are the 

         most dominant and well  delineated implying a heterogeneous  distribution of densities and 

magnetic  susceptibility  within  the  basement.    There  are  significant  complementary  findings 

between gravity and magnetic results. Indeed, magnetic anomalies well delineate some trends that 

are not visible on the gravity anomaly maps. These trends represent the main faults and boundaries 

within the basement that induced a density or magnetic properties contrasts. Gravity and magnetic 

trends are integrated with surface observed faults and seismic epicenters in one map (Fig.6a). This 

map deciphers clearly the presence of prominent NE faults or basement boundaries. Besides, the 
[2]

focal mechanism solutions of the seismic activity occurred in 2017 reveal a dextral active NE strike 

slip fault (Fig.5). To further evaluate how well the NE trends are represented in the study area, 

            rose diagrams representing the frequency of surface, gravity and magnetic trends are drawn 

(Fig.6b). Surface observation-based diagrams confirm that all trends are in the N-S direction, 

whereas rose diagram of gravity and magnetic trends show, in addition to NW direction, high a 

frequency of NNE to NE trends. 

     

In this study, an integrated approach that based on surface observations and geophysical 

findings were implemented. Even though the NE trends are not observed on the surface, they are 

http://www.plagscan.com/highlight?doc=147178547&source=2&cite=3&hl=textonly#3


11 
 

         well mapped by geophysical studies. In addition, if we consider the spatial distribution of 

epicenters,  appears they are trending along NE around trends detected by gravity and magnetic it

analysis as well. As the Arabian Shield is actually under the regional extension related to the Red 

sea spreading that should be associated with NW faults, the NE trending faults evidenced by 

gravity, magnetic and seismic data are therefore inherited. Indeed, the Arabian Shield subjected to 

       numerous tectonic stages and, thus, its structure is largely resulted by old collisions between 

          continental fragments, which have left behind many inherited faults, and heterogeneities. 

Therefore, the interpretation of the NE trending gravity anomalies to be caused by inherited NE 

faults and the variations in composition and densities within the Precambrian basement seems to 

be solid and justified. 

Although the NE faults have not been well documented in previous geological studies, 

             possibly because they are not readily visible at surface, however, geophysical studies in the 

Arabian platform (Stern and Johnson, 2010) and northern Arabian shield (Abdelfattah et al , 2021) .

have confirmed the existence of these faults.  Further, focal mechanism solutions of the 2014 and 
[11]

          the 2017 earthquakes that took  place in the southern  Arabian exhibited a comparable  focal 

   mechanism  solution of  dextral  shear  slip  over  the NE  fault  trend  (Abdelfattah  et  al  2017. ; 

Abdelfattah et al  2020). Therefore, NE faults exist in the whole Arabian plate and they could be .

          reactivated. As the Arabian  plate is  currently  moving toward the  NNE and the  Red Sea is 
[10]

spreading, this causes an extension  stress and rejuvenation of pre-existed NE faults in the al a 

Precambrian basement as a strike-slip fault, implying a local tectonic setting that could be different 

from the large-scale regional stress. The Namas earthquake sequence seems incompatible with the 
[10]

current knowledge of the ambient tectonics of the region imported by the active geodynamic 

process associated with the Red Sea rifting. In the Arabian shield, NW normal faults are impacted 

http://www.plagscan.com/highlight?doc=147178547&source=11&cite=7&hl=textonly#7
http://www.plagscan.com/highlight?doc=147178547&source=10&cite=15&hl=textonly#15
http://www.plagscan.com/highlight?doc=147178547&source=10&cite=7&hl=textonly#7
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by active rifting in the Red Sea, while a dextral fault style represents a reemergence of an old fault 

buried in the old Precambrian basement. 

 

6. Conclusion 

In this study, we have integrated gravity, magnetic, and seismological data to define the active 

fault that is believed to cause the recent seismic activity in the southwestern Arabian Shield. Using 

        multiple-stage processes including regional-residual separation, filtering and edge detector 

             function, we emphasized the main gravity and magnetic trends that correspond to the main 

basement heterogeneities caused by variation in density and magnetic properties. Focal mechanism 

solutions and epicenters spatial distribution were integrated with gravity and magnetic anomalies 

to draw out the following conclusions:  

- The NE trending faults are not described based on the occurrence of surface deformations 

that might be exist  or active. ed

- The NE trending faults resolved from the analysis of gravity and magnetic data can suggest 
[9]

            inherited-fault types that are buried  the basement and could be recently generated in

seismicity.  
[2]

- Owning to the Red sea opening, the present-day tectonic stress is related to the movement 

of the Arabian plate toward the NNE direction, indicating a rejuvenation of the pre-existed 

NE strike-slip faults in the Precambrian basement.  
[2]

  - Considering  the  distribution  of  relocated epicenters,  focal mechanism  solutions,  and 

gravity and magnetic anomalies, the fault that caused the 2017 Namas earthquake sequence 

runs in the NE-SW direction that is inconsistent with the tectonic in the region. The study 

http://www.plagscan.com/highlight?doc=147178547&source=9&cite=30&hl=textonly#30
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=0&hl=textonly#0
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=25&hl=textonly#25
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area in southern Arabian Shield is a case where t  local tectonic setting is different from he

the large-scale regional stress. 
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 Figure captions 

Fig.1: Major geologic features of the Red Sea and surrounding uplifted margins of the Arabian 
and Nubian Shield (modified after Stern and Johnson, 2019). The black square represents 
location of the study area. 

Fig.2: (a) Complete Bouguer anomaly map of the study area derived from data obtained from 
BGI. (b) Residual anomaly map obtained after extraction of a smooth polynomial surface from 
the observed Bouguer anomalies and low-pass filter cutting wavelength of less than 20 km. 
Crosses represent locations of gravity stations, contour interval is 10 mGals. Red star refers to 

[2]

the epicenter of the main shock of 2017 Namas earthquake. 

Fig.3: (a) Total magnetic anomaly map of the study area derived from EMAG2. This map shows 
[5]

all magnetic anomalies caused by the basement rock heterogeneities including induced and 
remnant anomalies. (b) Total magnetic anomalies map reduced to pole and smoothed by a low-
pass filter cutting wavelength less than 20 km. Contour interval is 10 nT. Black star refers to the 
epicenter of the main shock of 2017 Namas earthquake. 

Fig.4: (a) Map of the Magnitude of horizontal gradient (MHG) derived from the residual gravity 
anomalies. It shows the gravity lineaments that correspond to edge locations of density contrasts 

[16]

within blocks of the basement of the Arabian Shield. Contour interval is 0.1 mGal/km. (b) Map 
of the Magnitude of horizontal gradient (MHG) derived from the RTP magnetic anomali . It es
shows the magnetic lineaments that correspond to edge locations of magnetic property contrasts 
within blocks of the basement of the Arabian Shield. Contour interval is 1 nT/km. Star refers to 
the epicenter of the main shock of 2017 Namas earthquake. 

Fig. 5: (a) The spatial distribution of earthquakes that occurred in the southern Red Sea region 
[5]

for the period of 1962-2020. The distribution of earthquakes was projected in terms of 
[5]

magnitude, latitude and longitude. Square represent location of Namas area. (b) The spatial 
[2]

distribution of the focal mechanism solutions for the events of Mw ≥ 2.0 among the 2017 Namas 
earthquake sequence. The distribution was illustrated in terms of magnitude, latitude and 
longitude. e largest beach ball represents the focal mechanism solution of the ma shock that Th in

[2]

exhibited a dextral strike-slip displacement along the NE-  faulting trend. SW

Fig.6: (a) Structural map showing gravity and magnetic trends that were obtained from the MHG 
(Fig.4), surface observed faults mirrored from the geological map and seismic epicenters with 
magnitude higher than 2.0. Thin black lines represents surface observed faults, dashed black 
lines represents gravity trends shown in figure-4a, gray thick lines represent magnetic trends 
shown in figure-4b. The Blue star refers to the epicenter of the main shock of 2017 Namas 
earthquake. (b), (c) and (d) are rose diagrams showing direction frequency of surface, gravity 
and magnetic trends respectively. 

 

http://www.plagscan.com/highlight?doc=147178547&source=2&cite=27&hl=textonly#27
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=2&hl=textonly#2
http://www.plagscan.com/highlight?doc=147178547&source=16&cite=8&hl=textonly#8
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=12&hl=textonly#12
http://www.plagscan.com/highlight?doc=147178547&source=5&cite=21&hl=textonly#21
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=29&hl=textonly#29
http://www.plagscan.com/highlight?doc=147178547&source=2&cite=15&hl=textonly#15
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