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Abstract 

The Qena- Safaga Shear Zone (QSSZ) is a megashear belt separating the Northern- and the Central- Tectonic Provinces 

of the Egyptian Nubian Shield (ENS).  Processing of remotely sensed data of the Landsat-8, ASTER and Sentinel 2A, 

accompanied by field/structural investigation made it possible to construct a plausible structural map for this high strain 

zone. A wide variety of Neoproterozoic litho-units outcrop in the area, including ophiolitic mélange, syn- tectonic 

granitoids, late- tectonic granitoids, Dokhan Volcanics and post- tectonic granitoids. Dike swarms traverse some of these 

units. The automatic lineament extraction using SRTM and PALSAR images verified that the dominant structural trend is 

the NE-SW. Other trends, comprising E-W (to ENE-WSW), NW-SE (to NNW-SSE) and N-S (to NNE-SSW) are also 

recognized. The main structural elements documented in the area embrace foliations and lineations, faults and shear zones, 

as well as shear zone-related structures (e.g. folds, duplexes and flower structures). The sense of movement along the 

aforementioned shear trends can be detected by a wide variety of kinematic indicators include mylonite, boudinage structure 

and deformed pebbles. The geological structures documented along the QSSZ indicate a brittle-ductile tectonic regime 

accompanied with voluminous granitic intrusions of various composition. Such structural and tectonic setting advocates a 

complex tectonic history characterized by extensional and transtensional tectonic regimes. The obtained results are 

significantly contributed to our knowledge on the high strain shear belts in the ENS. 
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1. Introduction 

The Qena- Safaga Shear Zone (QSSZ) is one of the 

shear belts in the Egyptian Nubian Shield (ENS). It 

separates the Egyptian Northern and Central Eastern 

Deserts [1-3].Several issues need to be addressed 

concerning the QSSZ including the sense, time and scale 

of shearing, as well as its relation to the Najd Fault 

System (NFS). The structural setting and tectonic 

evolution of the QSSZ is a matter of debate according to 

the nature of shear sense that is initiated as dextral then 

reactivated as sinistral in post-Miocene time [4]. The 

study area is located at the boundary between the NED 

and CED (Fig.1), and delineated by latitudes 26° 20´ to 

26° 30´N and longitudes 33° 10´ to 33° 34´E. It occupies 

the central part of the Qena –Safaga asphaltic road, which 

makes the area more accessible for geological 

investigation. Numerous mountain peaks are exposed in 

the study area, such as El Dob, El-Urf, Abu Shihat, 

Kafari, Semna, Rie-el-Garra, El-Missikat, El- Erediya, El 

Maghrabiya and Kab Amiri (Fig.2). Moreover, the study 

area has an economic importance, especially for the 

prospecting and exploration of gold, REEs and radio- 

elements [5].Many petrological, geochemical and 

structural studies have been conducted for the study area 

[6-18]. 

The main objectives of the present study are: (1) 

utilizing of remote sensing data (Landsat-8, ASTER and 

Sentinel 2A) and field-structural study in geological and 

structural mapping of the study area, (2) deciphering the 

structural setting and tectonic evolution of the study area, 

and (3) using the lineament extraction method in 

evaluating the lineaments and determining the dominant 

structural trends deforming the Neoproterozoic basement 

rocks outcropping at the study area. 

 

2. Methodology 

2.1. Methodology of lithological mapping 

The present study depends essentially on the 

processing and analysis of remotely sensing data and 

field-structural study. High resolution mapping of the 

different basement rock units using the pre-processing 

and processing of the Landsat-8, ASTER and Sentinel 2A 

images resulted in a prominent classification of  the 

basement succession of the area into ophiolitic mélange, 

syn–tectonic granitoids, late–tectonic granitoids, Dokhan 

Volcanics and post-tectonic granitoids (Fig.3). The 

remote sensing techniques used in lithological mapping 

and rock unit include False Color Composite, Principal 

Component Analysis, Band Ratioing and Mineral 

Indices. 

 

2.2.Methodology of lineaments analysis 

In the present study, images used in lineaments 

extraction include the Advanced Land Observing 

Satellite (ALOS), the Phased Array type L-band 

Synthetic Aperture Radar (PALSAR with resolution of 

12.4 m), Digital Elevation Model (DEM) of Shuttle 

Radar Topography Mission (SRTM), and hill shaded or 
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shaded relief images extracted from the DEM image with 

30 m resolution. The PCI Geomatica 2018, Pock Work 

Steronet, Surfer and Global Mapper Software have been 

used for lineament extraction. The algorithm of PCI 

Geomatica software includes edge detection, 

thresholding and curve extraction steps (PCI Geomatica, 

2018). The parameters applied for the lineament 

extraction by the LINE Module are shown in Table (1). 

 

Fig (1) Sentinel 2 A satellite image with 10m resolution whereas the study area is cleared by red 

rectangle and the Qena-Safaga road by red dashed line. 

 

     
 

Fig (2) Band ratio combination RGB(4/3, 6/7, 6/5)  of landsat-8 discriminate the different 

mountains in the study area including G. El-Dob, G. AbuShahit, G.Kafari, G. El-Missikat, 

G.Rie El- Garra, G.El- Maghrabiya G.EL- Eridiya and G. Kab Amiri) in different color. 

Safaga 
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Fig (3) Geologic map of the study area (constructed based on image processing of Landsat-8, ASTER, 

Sentinel2 A data, besides the field/structural work and ground truth).  

 

 

 

Fig (4)(a).Lineaments map extracted from PALSAR data (b) Lineaments density map of PC1 of combined 

HH+HVof PALSAR concentrated in the northern part of the study area and showing NW and NE trends. 
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Table (1) Parameters  used for the PCI Geomatica software (after [25]). 

 

Name  Description Values (Pixels) 

RADI Radius of filter in pixels 10 

GTHR Threshold for edge gradient 20 

LTHR Threshold for curve length 20 

FTHR Threshold for fitting error 7 

ATHR Threshold for angular difference 15 

DTHR Threshold for linking distance 20 

 

2.2.1. Results of lineament extraction 

Automatic lineaments extraction based on the 

PALSAR data 

       The lineaments can be extracted manually or 

automatically [19-24]. In this study, lineaments were 

extracted automatically from the PALSAR data by using 

the PCI Geomatica version 2018.  The automatic 

lineaments were extracted from the PC1 by combining 

the HH (Horizontal-Horizontal) and the HV (Horizontal- 

extracted, ranging in size from 600m to 3848 m with total 

length reaching 3363m. These lineaments are longer in 

NW-SE and NE-SW, while shorter in N-S and E-W 

directions, respectively (Fig.4a). 

The different trends are confirmed by the density 

map (Fig.4b). The moderate density lineaments exhibit 

yellow Vertical) and HH+HV images of PALSAR. Some 

3132 lineaments have been color and the low density 

lineaments appear in green color in the western part. The 

latter affect the Nubian Sandstone and reflect little effect 

of tectonism in contrast to the lineaments that appear with 

high concentration (red) and associating with the granitic 

plutons and alteration zones.  

  

Extraction of lineaments from the shaded relief image  
Lineaments can be extracted from the shaded relief 

images produced from DEM. This method depends on 

the illumination of the lineaments achieving at different 

orientations by assuming topographic illumination under 

varied light directions. Four shaded relief images were 

used to identify and detect the linear topographic features 

from the DEM.  Firstly, the production of shaded relief 

images achieved through light sources (solar azimuth) 

coming from different directions [26]. In the present 

study, four different directions 0˚, 45˚, 90˚, 135˚ have 

been applied.  

In the case of 0˚, the number of lineaments is 367 

with total length reaches up to 13761m. The longest 

lineaments follow the ENE-WSW and WNW-ESE 

directions, while the lineaments in the NE-SW and NW-

SE trends are the shortest (Fig.5a). Most lineaments with 

low density reflect green color, while lineaments with 

high density appear in the northern part of the study area 

especially in Gabals El-Eurf and Abu Shahit (Fig. 5b).  

In the case of 45˚, the number of lineaments is 349 

with total length reaches to about 13866 and the main 

trend of theselineaments is NE-SW (Fig. 5c). These 

lineaments display high concentration (red color) all over 

the area except in the western part which is characterized 

by low density (Fig. 5d). In the case of 90˚, lineaments 

with NNW-SSE and NNE-SSW trends (Fig.6a) are 

concentrated in the northern and southern parts of the 

study area without any concentration in the central part 

(Fig. 6b). In the case of 135˚, the lineaments are about 

322, with total length reaching about 12109 m, where the 

longest lineaments follow the NW-SE trend (Fig. 6c) and 

the density map showing high concentration of 

lineaments in the NW-SE trend (Fig.6d). 

By applying the different parameters of PCI 

Geomatica on the image extracted from the combination 

of four shaded relief images (0˚, 45˚, 90˚, 135˚), the 

lineaments extracted are 183 with total length reaching 

up to 6397 m and with NNE to NE as the main trend, and 

the N-S as an auxiliary trend (Fig.7a). The lineaments 

with high density are concentrated in the northern part of 

the area compared to the southern part in which the 

lineaments of low density do exist (Fig.7b). 

 

3. Structural setting and tectonic evolution 

3.1.  Structural setting 
The QSSZ is one of the eye-catching structural elements 

in the ENS. It was ragarded as the tectonic boundary 

between the NED and the CED. Detailed field 

investigation indicates that the QSSZ- related geological 

structures range from submicroscopic- scale up to 

regional-scale. As the granitic plutons of various types 

are the dominant lithological units in the study area, the 

most affecting tectonic structures are brittle-ductile 

fractures such as faults, joints, shear zones and related 

structures. Figure (8) shows the structural map of the 

study area that is constructed based on the integrated 

remote sensing data analysis and the field study. 

 

3.1.1.Shear zones and faults 

Shear zones are one of the most remarkable 

structures deforming the rock units in the study area. The 

structural trends of these zones include E-W (to ENE-

WSW), NW-SE and N-S (to NNE-SSW and NNW-SSE), 

besides the NE-SW trend (see Fig. 8). 
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E-W to ENE –WSW shear trends 

The E-W to ENE-WSW shears are the oldest trends 

recorded in the study area. The sense of movement along 

these trends is dextral. The E-W shear trend is common 

and has recorded in the gneissose granite located in the 

northwestern part of the study area and also south of El- 

Missikat pluton. It is also recorded in El-Maghrabiya 

pluton where it is traversed by the NW-SE shear trend 

(Fig.9a). 

 

N-S, NNW-SSE, NW-SE and WNW- ESE shear trends  

The sinistral N-S shear trend traverse gneissose 

granite located to the south of El-Missikat pluton (Fig. 

9b). The Quartz diorite located west to Gabal Rie El-

Garra is sheared in the NNW-SSE trend (Fig. 9c). The 

NW-SE shearing is common in the study area with 

sinistral sense of shearing. NW trend (N30W) is 

common in the syenogranite of Rie El-Garra pluton (Fig. 

9d). 

 

NE-SW and NNE-SSW shear trends 

The NE-SW and NNE-SSW shears are the youngest 

trends in the study area. The sense of movement along 

these shears is dextral. This trend is recorded in the quartz 

diorite located north of Gabal Semna (Fig10a). The NE 

shear trend dissects the NW-SE shearing trend in Rie El-

Garra syenogranite (Fig.10b). 

 

3.1.2. Shear zone-related structures 

Duplex structure 

Duplex structures are associated with the NE-SW to 

ENE-WSW shearing and propagated toward the ESE 

direction (S80E). These structures are observed in Rie 

El-Garra syenogranite (Fig10c). 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig( 5) (a) Lineaments map extracted from the shaded relief image with sun angle azimuth (0˚) and rose diagram 

showing the ENE- WSW and WNW-ESE trends. (b). Lineaments density map extracted from the shaded relief 

image of sun azimuth (0°) and lineaments concentrated mainly in the northern part of the study area and showing the 

EW trend. (c )Lineaments density map extracted from the shaded relief image of sun azimuth (45°) and lineaments 

concentrated mainly in the northern part of the study area and and rose diagram showing the NE-SW as the main 

trend. (d) Lineaments density map extracted from the shaded relief image of sun azimuth (45°) showing the NE-SW 

and E-W trends. 
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Fig (6)(a)  Lineaments map extracted from the shaded relief image with sun angle azimuth (90˚) and rose diagram 

showing the NNE-SSW and NNW-SSE trends. (b) Lineaments density map extracted from the shaded relief image 

of sun azimuth (90°) showing that lineaments with NNE-SSW and NNW-SSE trends. (c) Lineaments map 

extracted from the shaded relief image with sun angle azimuth (134˚) and rose diagram showing the NW-SE trend 

with NE and N-S trends. 3(d) Lineaments density map extracted from the shaded relief image of sun azimuth 

(134°) showing NW-SE is the main trend. 

 

 

 

 

 

 

 

Fig(7)(a). Lineaments map extracted from the shaded relief image produced from the combination of four  sun azimuth 

angles 0˚ , 45˚ , 90˚ , 135˚ and  rose diagram showing the NNE to NE trend. (b) Lineaments density map extracted from 

the four shaded relief image with different sun azimuth angles including (0˚, 45˚, 90˚, 135˚) showing that lineaments are 

concentrated in the northern part compared to the southern part of the study area with NNE to NE trends. 
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Fig (8) Structural map of the study area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (9) (a) E-W trending quartz veins dissecting El-Maghrabiya  monzogranite (b) N-S shear trend in 

the gneissose granite  located to the south of El-Missikat pluton (c) NW-SE shearing in the quartz 

diorite located west to G.abal Rie El-Garra (d) NW-SE shearing in the Rie El-Garra syenogranite. 

 

 

 

 

 

 

 

 

 

 

Fig (10) (a) NW-SE shearing in the quartz diorite located west to G.abal Rie El-Garra (b) NS shearing trend dissected by 

the NE-SW trend in the tonalitic rocks of Semna pluton . (c) Thrust duplex structure in Rie El-Garra syenogranites 

associating with the NE-SW to ENE-WSW shearing  (d) Flower structure accompanying with the E-W shearing in 

the gneissose granite located at north western part of Rie El-Garra pluton. 
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Flower structure 

Flower structures are detected in the gneissose 

granite that is located at the northwestern part of Rie El-

Garra pluton and associated with E-W shear trend 

(Fig.10d). 

Shear Zone-related folds 

Shear zone=related folding, which is also referred to 

as slip folding, involves shearing along planes that are 

oriented approximately parallel to the axial plane of the 

fold structure. In the study area, such folds are recorded 

in El-Gidami syenogranite, associated with the NE-SW 

shearing (Fig.11a). They are also recorded in the Dokhan 

Volcanics accompanying with ENE-WSW trending 

(Fig.11b) 

3.1.3. lineations and foliations  

A lineation is a term used to describe any fabric 

element represented by a line where one dimension is 

longer than the other [27]. The following types of 

lineations are documented from the study area.  

Stretched lineation 

Stretched lineation is a general term used for 

aggregate lineation or grain lineation if the constituting 

grains are defined by deformed aggregates or single 

crystal .In the concerned area, stretched lineation exist as 

stretched   xenoliths of amphibolite rocks in El-Kafari 

tonalite (Fig.11c). 

Mineral lineation 

Mineral lineation forms when a single or sets of 

minerals arranged on the surface of a surface of quartz 

diorite rocks located west of El- Maghrabiya pluton 

accompanying the E-W shearing (Fig.11d). 

Pencil-like lineation 

Pencil lineation formed as a result of interference 

between compaction cleavage and a subsequent cleavage 

or between two equally developed tectonic cleavages 

taking a preferred orientation [28].In the study area, this 

lineation is recorded in metaultramafic rocks located to 

the south of Kab Amiri pluton in association with the 

ENE- WSW and NW- SE shear trends (Fig. 12a). 

Foliations refer to any planar fabric types in rocks 

[27].Different types of foliations are recorded in the area, 

such as gneissic foliation in the gneissose granite 

outcropping at the northern part of Rie El-Garra pluton 

(Fig.12b), and the mylonitization foliation recorded in the 

syenogranites of El-Missikat pluton (Fig.12c). 

3.1.4.Kinematic shear sense indicators     

The sense of movement along the previously 

mentioned shear trends (E-W to ENE–WSW, N-S, 

NNW-SSE, NW-SE and WNW-ESE, NE-SW and NNE-

SSW) can be detected by a wide variety of kinematic 

(shear sense) indicators. Kinematic indicators can be 

defined as structures developed at shear boundaries and 

within shear zones that are asymmetric with respect to 

both boundaries [29]. 

They can be developed at any scale from a single 

grain to tens of kilometers in diameter [30].In the 

concerned area, the kinematic indicators not only 

recognized at the outcrop-scale but also at the 

microscopic-scale. They include mylonite, boudinage 

structure and deformed pebbles.  

Mylonite 

Mylonite is a general term used to describe the 

deformed rocks that are exposed to plastic deformation 

and that leads to the grain size reduction. Mylonite is also 

recorded in El-Eridiya pluton associated with NE-SW 

shearing (Fig.12d). 

Deformed pebbles 

Deformed pebbles or deformed rocks are good 

indicators reflecting the sense of movement along the 

shear zone. The dextral sense of shear is recorded in El-

Gidami pluton and associated with the NE-SW shearing 

(Fig.13a). 

Porphyroclasts 

Asymmetric porphyroclasts are common as σ –type. 

These structures are noticed in the amphibolitic rocks 

located at the northeastern part of Gabal Semna 

(Fig.13b). 

3.2Tectonic evolution 

The previous structural setting can be used to set up 

a comprehensive tectonic evolution of the study area in 

terms of the overall structural setting and tectonic 

evolution of both the ENS and ANS. The geological 

structures documented in the present study along the 

central QSSZ indicate an obvious brittle-ductile tectonic 

regime accompanied with voluminous granitic intrusions 

of various composition. The most striking structural 

feature in the study area is the presence of several 

intersected shear trends which can be arranged from 

oldest to youngest as follow: (1) E-W to ENE –WSW, (2) 

N-S, NNW-SSE, NW-SE and WNW- ESE, and (3) NE-

SW and NNE-SSW. These trends are easily classified 

based on field work into strike-slip faults, shear zones and 

undefined shear fractures form widespread shear 

foliations deforming most of the outcropping granitic 

plutons, as well as the older structures in the ophiolitic 

mélange.  

 In places, the Najd-related (?) NW-SE sinistral 

faults/shear trends are transected by the E-W and study 

area in terms of the overall structural follow a youngest 

trend along the Egyptian Eastern Desert.  SW dextral 

faults and shear zones, which can be regime accompanied 

with voluminous granitic intrusions of various 

composition. as follow: (1) setting and tectonic evolution 

of both the ENS and ANS.  indicate an obvious brittle-

ductile tectonic E-W to ENE –WSW, (2) N-S, NNW-

SSE, NW-NE- interpreted as that the E- (to NE-) trending 

QSSZ The QSSZ follow a youngest trend along the 

Egyptian Eastern Desert. In addition, the documented 

shear trends and faults are associated with some related 

structures, like duplexex and flower structures which 

suggest right-lateral wrench-related tectonic activities 

along the QSSZ. Such structural and tectonic setting 
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advocates a complex tectonic history characterized by 

interplay of extensional and transtensional tectonic 

regimes. The obtained results here support the results 

obtained by [30-31] concerning the structural and 

tectonic setting of the NED. In [29] the NED was referred 

to as an extensional province characterized by 

extensional faults and dyke swarms, and ascribed to the 

retreating of the Cadomian arc in Late Neoproterozoic- 

Cambrian time (Fig.13c). In [30] the fault striae analysis 

and paleostress reconstruction of the NED (using fault-

slip data) suggested four paleostress tectonic regimes: 

transpression, transtension, transpression and extension 

(Fig.13d). These tectonic stages were related, 

respectively, to (1) the oblique convergence between E 

and W Gondwana, (2) the N to NNW-ward migration of 

the CED causing orogen-parallel extensional collapse to 

the NED, (3) the N‒S shortening post-dating the 

formation of volcanosedimentary Hammamat Basins, 

and (4) the retreat of the Cadomian arc and the Red Sea 

rifting. 

 

 

 

 

 

 

 

 

 

Fig(11) (a) Shear zone-related folding in El-Gidami syenogranites associated with the NE-SW shearing  (b) Shear 

zone-related folding in the Dokhan Volcanics connected to the ENE -WSW shearing (c) Stretched amphibolite 

xenoliths in the tonalite rocks of Kafari pluton associated with the NNE shear trend (d) Mineral lineation defined 

by preferred orientation of mineral constituents in the quartz diorite rocks of El-Maghrabiya pluton 

 

 

 

 

 

 

 

 

Fig(12) (a) Pencil lineation with moderate plunging in metaultramafic rocks located south to Kab Amiri pluton (b) General 

view of gneissose granite in the northern part of Rie El-Garra pluton showing gneissosity and quartz porphyroclasts 

(c) Mylonitized and pegmatitized syenogranites in El-Missikat pluton (d) Mylonitic zone recorded in El-Eridiya 

pluton associated with the NE–SW shearing. 
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Fig(13)(a) Dextral sense of shearing in El-Gidami pluton associated with the NE-SW shearing trend (b) Dextral sense 

of shearing along the NE-SW shearing trend reflected by the monoclinic symmetry (σ- type) in Semna area (c) Plate tectonic 

situation and structural provinces related to different plate kinematics. The earliest event, convergence, and collision 

between Gabgaba-Gebeit terranes and the Eastern Desert terrane along the YOSHGAH suture released north-south 

compression (thick red arrow) and related north and south directed thrusts (red double arrow) in the southern compressional 

province. West—east convergence (thick black arrow) associated with Nabitah Orogeny caused modification of suture and 

W-E compression in the Hamisana Belt. In the northern portion, this motion is partitioned into large sinistral strike-slip 

systems of the Najd Fault System leading to transcurrent motion within the CED wrench province (black half arrows). The 

retreat of the northern Cadomian arc enabled extension in the northern NED extensional province (blue double arrow) [31], 

d) Stress stages obtained from the processing of fault data collected from areas I‒VI in the NED [32]. 

 

4. Concluding remarks 

1. The study area is covered by voluminous granitoids. 

2. The oldest structures are highly obscured by the 

intrusion of granitoids. 

3. Minor ophiolitic mélange is recorded in the study area 

and strongly deformed by shearing and intrusive rocks 

and dike swarms. 

4. The main structural trends characterizing the area are 

E-W (to ENE-WSW) and NE-SW with minor and 

older NW-SE (to NNE-SSW). 

5. Brittle- to brittle-ductile deformation highly controls 

the type and distribution of the geological 

structures,such as faults, lineations and shear zones 

along with the direct related structures like wrench 

related duplex and flower structures. 

6. The structural grain of the study area suggests a 

transition from the wrench-induced transpressive 

structures along the CED (Najd-related deformation) 

to mostly extensional- (to transtensional-) related 

structures in the NED. 
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