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1. Abstract 

 The research aims to integrate the Landsat-8 image processing and fieldwork to 

discriminate and mapping lithological units as well as delineates the hydrothermal alteration 

types of Wadi EL Gemal – Wadi Sikait area, south Eastern Desert, Egypt. The applied image 

processing techniques comprising Color Band Composite, Band Ratio, Principal Component 

Analysis and Minimum Noise Fraction were efficient in lithological units discrimination and 

alteration types identification. The remote sensing products are verified by detailed field the 

results are elaborated as a precise geological map with gneisses rocks, ultramafic rocks, 

ophiolitic metagabbros, ophiolitic mélange, metasediments- metavolcanics associations, 

older granitoids (quartz diorite and granodiorite), younger gabbros and younger granites, and 

tracing the hydrothermal alterations types in the form of ferrugination, ferromagnesian 

minerals and hydroxyl minerals distribution maps using three band ratio images (b4/b2, 

b5/b6 and b6/b7) respectively. Consequently, remote sensing is recommended as a rapid and 

cost-effective tool for mapping lithological units in arid regions. 

Keywords: 
 Wadi El Gemal area, landsate-8 OLI data, Lithological discrimination, Principal Component 
Analysis, Band ratio, Minimum Noise Fractions 

2. Introduction 

      Lithological discrimination and mapping as well as mineral exploration are some of the 

main tasks of remote sensing applications. The area was not subjected previously to 

discriminating its lithology and mapping through using remote sensing data. Remote sensing 
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has been broadly used for lithological mapping, mineral exploration and structure analysis 

around the world particularly in the arid and semi-arid regions especially with the 

development of their sensors and algorithms (Sabins, 1999; Mars and Rowan 2006; Gad 

and Kusky, 2006; Zhang et al., 2007; El- Said, 2014; Pour and Hashim 2015; Dawoud et 

al., 2017; Badr, 2017 and Abdel Ghani, 2020). Analyses of satellite remote sensing data 

were performed either by visual and digital image processing which include three categories, 

Pre-processing, image processing and image enhancement procedures. The successive 

evolution of satellite data processing techniques increases the accuracy and confidence levels 

of the investigated objects, especially in the fields of mapping, and discrimination of the 

different lithologies and hydrothermal alteration zones (Sabins, 1997a, b; Abdelsalam and 

Stern, 2000; Sadek et al., 2006; Zoheir and Emam, 2012).  

Landsat-8 is an American Earth Observation satellite launched in February 2013 It is a 

free flyer spacecraft carrying two sensors, the Operational Land Imager (OLI) and the 

Thermal Infrared Sensor (TIRS). These two instruments collect images for nine visible, near-

infrared (VNIR) and shortwave infrared (SWIR) bands and two long wave thermal bands. 

They have high signal to noise radiometer performance, allowing 12-bit quantification of 

data, thus providing more bits for better land cover characterization. Landsat-8 provides 

moderate resolution imagery, from (15 to 120 m) of the Earth’s surface and Polar Regions. It 

comprises nine spectral bands with a spatial resolution of 30 meters for Bands 1 to 7 and 9.  

Band 1 (ultra-blue) is useful for coastal and aerosol studies.  Band 9 is useful for cirrus cloud 

detection. The resolution for Band 8 (Panchromatic) is 15 meters; all these features listed in 

table (1) summarize the specification of landsat-8.  

Table (1): The Spectral and Spatial Characteristics of Landsat - 8 OLI and TIRS bands. 

Instrument Landsat 8 Bands 
Landsat 8 
Bandwidth 

(µm) 

Wavelength 
Center (µm) 

Spatial 
Resolution 

(m) 

OLI 

1 (Coastal/Aerosol) 0.433–0.453 0.4430 30 

2 (Blue) 0.450–0.515 0.4826 30 

3 (Green) 0.525–0.600 0.5613 30 

4 (Red) 0.630–0.680 0.6546 30 

5 (NIR) 0.845–0.885 0.8646 30 

6 (SWIR1) 1.560–1.660 1.6090 30 

7 (SWIR2) 2.100–2.300 2.2010 30 
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     Wadi (W.) El Gemal – W. Sikait area is a part of the Egyptian basement complex 

occupying the southern part of the Eastern Desert (SED) of Egypt and characterizes the 

tectonic evolution of the Arabian -Nubian Shield, which belongs to the Pan African events. 

The basement complex exposed in W. El Gemal - W. Sikait area comprises two nappes, (1) 

upper nappe (ophiolitic rocks), and (2) lower nappe (arc assemblage), two nappes are 

separated by ophiolitic mélange and intruded by intracratonic gabbros and granites rocks 

(Saleh. 1997; Ibrahim et al., 2002; and Assaf et al., 2000). Generally, the two nappe 

basement complexes of the study area are subjected to polycyclic deformation and 

metamorphism and characterized by regional WNW–ESE thrusting. Such thrusting is 

assigned to an age between (682 Ma) the time of emplacement of the older granitoids and 

(565 to 600 Ma), the time of intrusion of the younger granites (Stern and Hedge, 1985). 

      The regional study area is bounded by latitudes 24 P

o
P 32' 50" to 24 P

o
P 40' 40   " and longitudes  

34 P

o
P 43' 00" to 35P

o 
P04' 00"  occupies approximately 450 Km P

2
P at  of W. El Gemal - W. Sikait 

area ,while the more detailed area bounded by latitudes 24 P

o
P 33' 00" to 24 P

o
P 40' 00" N and 

longitudes 34P

o
P 57' 01" to 35P

o
P 02' 01" E occupies approximately 42 Km P

2
P at the eastern parts of 

W. El Gemal area within the regional area  (Fig.1). The study area lies about 50km south of 

Marsa Alam City (entrance of W. El Gemal) and is accessible through Marsa Alam-Halayb 

coastal asphaltic road and then extends westward along a desert track about (50 km) long 

(Fig. 2a). The study area is characterized by a rugged topography due to the presence of high 

mountains including Gabal (G.) Hafafit 1950 m, G. Nugrus 1505 m, and G. Sikait 796 m 

above sea level (a.s.l). The area is traversed by several wadis such as W. Nugrus (35 Km), 

W. Sikait (12 Km) and W. Abu Rusheid (10 Km) in length. The elevation points at W. El 

Gemal area varies from (50 m to 270 m a. s. l), at W. Abu Rusheid varies from (388 m to 

545 m a.s.l), at W. Sikait is about (796 m a.s.l) at G. Sikait, which located at the extreme 

northwest corner of the study area (Fig. 2b).  

8 (Panchromatic) 0.500–0.680 0.5917 15 

9 (Cirrus) 1.360–1.390 1.3730 30 

TIRS 
10 (TIRS1) 10.60 – 11.19 10.9 

100 
11 (TIRS2) 11.50 – 12.51 12.0 
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       The current study aims for achieving the discrimination of the different Precambrian 

rock units and modification and construct a regional and detailed geological map for W. El 

Gemal-W. Sikait area, as well as tracing and identification the various hydrothermal 

alteration zones by integrating the Landsat-8 image processing and fieldwork. 

 

 

 

 
Fig. 1: Landsat image of the regional and detailed W. El Gemal – W. Sikait study area, SED, Egypt.   

  

 
Fig. 2: (a) location map of W. El Gemal - W. Sikait area, SED, Egypt, (b) Topographic contour map 
showing altitude (meter, a.s.l) of study area, SED, Egypt. 
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2. Data and Methods  

      A single Landsat-8 L1T (terrain corrected) scene (path173 / row 43), of UTM projection, 

zone 36 N and WGS-84 datum acquired in Nov. 3, 2019, cloud-free with scene ID 

LC81730432019307LGN00 is obtained from the USGS Earth Explorer site 

(33TUhttp://earthexplorer.usgs.gov/ U33T). The Scene is radiometrically calibrated, atmospherically 

corrected using the Fast Line of Sight Atmospheric Analysis of Spectral Hypercube 

(FLAASH) and subset to fit the study area. The map projection is Universal Transverse 

Mercator (UTM) and the datum is WGS 84. ENVI software (version 5.3) is used in the 

preprocessing and processing of the scene. 

     Several image processing techniques including optimum index factor (OIF), decorrelation 

stretch (DS), band ratio (BR), principal component analysis (PCA), and minimum noise 

fraction (MNF) were applied to achieve the main targets of the present work. The 

methodology used in this study is summarized in (Fig. 3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Band ratio (BR) technique used for lithological mapping and hydrothermal alteration 

zones (Abrams et al., 1983; Sultan et al., 1986; Kaufmann 1988; Frei and Jutz 1990; 

Abdelsalam and Stern 1999; Sabins 1999; Gad 2002; Kusky and Ramadan 2002; Qiu et 

al., 2006; Zhang et al., 2007; Aboelkhair et al., 2010; Madani and Emam 2011; Zoheir 

and Emam 2012; Hassan et al., 2017). Principal component analysis (PCA) and minimum 

noise fraction (MNF), have been applied widely on remotely sensed data to improve the 

spectral differences and separate noise in data (Singh and Harrison 1985; Green et al., 

 
Fig. 3: Flowchart of the main processing steps that performed in the 
present study. 
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1988; Crosta et al., 2003; Tangestani et al., 2008; Amer et al., 2012; Zoheir and Emam 

2012; Zoheir and Emam 2014). Detailed fieldwork is carried out and the interpreted 

images during the fieldwork were checked and verified in order to position on the rock types 

and their contacts, also radiometric survey were carried out using a portable gamma - ray 

scintillometer model RS-230 (386 Watline Ave, Mississanga, Ontario, Canada, L4z1x2) to 

delineate the radiometric anomalous zones and their relation with the alteration zones. 

3. Results and discussion  

3.1 Optimum Index Factor (OIF) 

      The optimum index factor (OIF) is a statistical approach to selection of better color 

composite for visual interpretation and lithological mapping of images by ranking all 

possible (RGB) color combinations of multi-spectral remote sensing data according to the 

total variance within bands and correlation coefficient between bands. The OIF is a 

statistical value that can be used to select the optimum combination of three bands in a 

satellite image with which you want to create a color composite (Chavez et al., 1982). The 

optimum combination of bands out of all possible 3-band combinations is the one with the 

highest amount of information (= the highest sum of standard deviations), with the least 

amount of duplication (= the lowest correlation among band pairs). Mathematically, the best 

band combinations for detection of the different rock units for Landsat-8 data could be 

calculated from the following equation (Chavez et al., 1982). 

𝐎𝐈𝐅 =
  𝐒𝐢 + 𝐒𝐣 + 𝐒𝐤

|𝐑𝐢, 𝐣| + |𝐑𝐢,𝐤| +  |𝐑𝐣,𝐤|       

      Where Si, Sj, and Sk are the standard deviations for bands i, j, and k, respectively. Ri,j, 

Ri,k, and Rj,k are the correlation coefficients between any two of the three bands  being 

evaluated. RGB color combinations with OIF and determinant values are expected to have 

the maximum extractable spectral information by the use of bands with the least redundancy 

in the remote sensing data. Applying the OIF algorithm for seven OLI reflected VNIR-

SWIR bands led to six color combinations with highest OIF values as shown in Table (2). 
  Table (2): OIF index highest ranking of Landsat-8 bands. 
 
 
 
 
 
 
 
 
 

OIF Index Highest Ranking (OLI) 
N Red Green Blue Rank % 
1 Band7 Band6 Band1 64.50 
2 Band7 Band6 Band2 64.15 
3 Band7 Band5 Band1 63.46 
4 Band7 Band5 Band2 63.12 
5 Band7 Band6 Band3 63.11 
6 Band7 Band6 Band4 62.68 
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  The best combination for lithological mapping is to be selected from the highest-ranking 

OIF calculated value. The selected composite (bands 7, 6, 1 in RGB), discriminates and 

traces the different rock units at W. El Gemal – W. Sikait area as shown in (Fig.4). The 

gneisses rocks (gs) present as greenish brown color and the ultramafic (ult) appears as deep 

green color. The ophiolitic metagabbro (op.mgb) appears as a crinkled violet color, while the 

ophiolitic mélanges (op.ml) are crinkled bluish green. The metasediments - metavolcanics 

associations (ms-mv) identified by greenish blue color. The granodiorite rocks (grd) show 

deep purple color and the younger gabbros (y.gb) appear as crinkled violet color. The 

monzogranites (mz.gr) occur as greenish yellow color, the syenogranites (sy.gr) are deep 

yellow color, and alkali-feldspar granites (alk.f.gr) are shiny yellowish green color. 

Evaporates and sediments (ev) appear as deep yellowish green color.  

 
Fig. 4: False color composite image of bands 7, 6, 1 in RGB of W. El Gemal – W. Sikait area, SED, 
Egypt. 

3.2 False Color Composite (FCC)  

    A False Color Composite (FCC) image was created by combined landsat-8OLI bands 

(7, 5 and 3) in red, green and blue respectively (Fig.5) and the image discriminates between 

the different rock types. The gneisses rock distinguished by light brown color, the ultramafic 

rocks exist as deep green color, while the ophiolitic metagabbro rocks are the most dominant 
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rocks in the study area displayed in reddish brown color, the ophiolitic mélange appears as 

crinkled bluish grey color. Hence, the metasediments - metavolcanics association occurs as 

light blue color. The older granite rock (granodiorite), shows dark brown color, and the 

younger gabbro are yellowish brown color. The younger granite rocks in the study area are 

represented by monzogranites, syenogranites and alkali-feldspar granites.The monzogranites 

appear as brownish yellow color, while syenogranites occur as sieved brown color and 

alkali-feldspar granites show greyish white color. Evaporates and sediments show a deep 

yellow color. 

 

Fig. 5: False color composite image of bands 7, 5, 3 in RGB of W. El Gemal – W. Sikait area, SED, 
Egypt. 

 

3.3 Decorrelation Stretch (DS) 

       Decorrelation stretch (DS) technique was applied on landsat-8 OLI data to detect the 

variation between the different rock varieties in the study area. This technique removes the 

high correlation between multispectral satellite data, and enhances the visual interpretation 

by producing more colorful composite images. The combination of the high correlation 

bands (7, 4, 2 in RGB) is shown in (Fig.6). The (DS) image clearly displays the variations 

between rock units at the study areas; the gneisses rocks present as brownish yellow, while 
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the ultramafic are dark green color. The ophiolitic metagabbro appears as a deep purple 

color, and the ophiolitic mélanges are light greenish blue color. The metasediments - 

metavolcanics associations identified by deep greenish blue color. The granodiorite rocks 

show dark red color, while the younger gabbros appear as greenish grey color. The 

monzogranites occur as deep orange color, the syenogranites are light violet color, and 

alkali-feldspar granites are shiny yellow color. Evaporates and sediments appear as greenish 

yellow color.  

 
Fig. 6: False color composite image of bands 7, 4, 2 in RGB of W. El Gemal – W. Sikait area, SED, 
Egypt. 
 

3.4 Principal Component Analysis (PCA) 

     The principal Component Analysis (PCA) technique is a common mathematical 

transformation method used for analyzing the correlated multispectral datasets that are 

arranged along with the greatest variability axis to create new non-correlated components. 

The advantage of PCA procedure is that most of the information within all the bands 

represented by the variance can be compressed into a much smaller number of bands with 

little loss of information (Sabins, 1997; Gibson and Power, 2000). The bands of PCA data 

are non-correlated and independent, and are often more interpretable than the source data 

(Jensen, 1996). PC1 concentrates features common to all input bands (usually topography) 

and often displays important structural information. PC2 is orthogonal to PC1 in directional 
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space and highlights the spectral differences between visible and the infrared spectral bands; 

so, it can be used for geologic mapping of different rock units. PC3 includes the third most 

variability and is orthogonal to the other two PCs. The principal component analysis (PCA)-

transformation for the seven OLI bands of the studied area have been calculated with their 

Eigenvector values as listed in Table (3). The PCA eigenvalue plot of the Landsat-8 is 

shown in (Fig.7). The resulting PCs equal the number of the analyzed multispectral bands.  

Table (3): Eigenvector values of principal component analysis (PCA) of the seven landsat-8 bands.  

 

      The table revealed that the PC1 includes 95.42 % of the whole variance, whereas PC2, 

PC3 and PC4 mark 2.8 % respectively of the total variance. It is noted that the first three PCs 

commonly have > 99.1% of all information to Landsat-8 OLI data. PCA were assigned to 

PCA Minimum Maximum Mean Eigenvalues Variance (%) 

PC 1 0.001000 0.235100 0.099793 0.020825 95.4 

PC 2 0.000000 0.250000 0.100752 0.000621 2.80 

PC 3 0.000000 0.347100 0.144630 0.000210 0.96 

PC 4 0.000000 0.418300 0.181315 0.000134 0.61 

PC 5 0.004200 0.463400 0.203646 0.000027 0.10 

PC 6 0.030100 0.597000 0.266592 0.000007 0.03 

PC 7 0.037500 0.584000 0.252667 0.000003 0.01 

  

 
 
 
 
 
 
Fig.7: The PCA eigenvalue 
plot for Landsat-8OLI data. 
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the display colors (RGB) respectively to form PC color composite image. The PC1, PC2 and 

PC3 as Red, Green and Blue (RGB) composite images of the study area are created (Fig.8).     

This image proved to be significant for rock discrimination more easily than the (FCC) 

process.  

        The PC image is able to distinguish between most of the rock units. The gneisses rocks 

are distinguished by purple color and the ultramafic have deep blue color. The ophiolitic 

metagabbro appears as a crinkled reddish-purple color, while the ophiolitic mélanges were 

recognized by their crinkled green color. The metasediments-metavolcanics association is 

identified by greenish blue color. The granodiorite rocks show deep magenta color and the 

younger gabbros appear as yellowish grey color.The monzogranites appear as reddish orange 

color, syenogranites appear as reddish-brown color, and alkali-feldspar granites appear as 

light blue color. Evaporates and sediments show deep blue color.  

 
Fig. 8: Principal component analysis (PC1, PC2, PC3 in RGB), W. El Gemal – W. Sikait area, SED, 
Egypt. 

 

3.5 Band ratio (BR) 

      Band ratioing is a mathematical transformation technique dividing the digital number 

values of pixels in one band by the digital number values of equivalent pixels in another band 

(Sabins, 1997). It enables inspection of specific absorption features of objects and results in 
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a more enhanced grey scale image compared with the original data (Drury, 2001). Common 

band ratios were selected to highlight specific mineral groups within the study area as 

following: 

a) Limonite minerals (hematite, goethite, jarosite … etc) that contain Fe3 P

+
P absorb blue 

wavelengths (b2) and show significant reflectance in red wavelengths (b4). Therefore, 

b4/b2 ratio image highlights the ferrugination alteration zones (Fig. 9).  

b) Ferromagnesian minerals (olivines, pyroxenes, amphiboles) containing Fe2 P

++
P were 

highlighted with b5/b6 ratio image (Fig. 10), which may related to mafic silicate rocks 

c) OH-bearing minerals (micas and clay minerals) were highlighted by b6/b7 ratio that 

may be related to alteration zones dominated by these minerals (Fig. 11).  

The expected threshold anomalous of these band ratios are calculated at confidence level 

95%, the result values have been shown in Table (4).  

Table (4): Showing Threshold values and Confidence as a result of band ratio of landsat-8 OLI data 

 

 

 

  

 

 

 

 

 

        The discrimination of different rock units with accurate trace of their contacts has been 

achieved by used two band ratio images in RGB (Figs.12 and 13). The visual interpretation 

of them confirmed their efficiency in geologic mapping especially in highlighting the granitic 

rocks and serpentinites. 

Ratio Threshold Confidence Ratio   Description 

b4/b2 248 95% Ferrugination 
(Ferric  FeP

3+
P) 

b5/b6 245.6 95% 
Ferromagnesian  

minerals 
(Ferrous  FeP

2++
P ) 

b6/b7 226 95% OH-bearing minerals 
(Clays Al-OH) 
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Fig. 9: b4/b2 ratio image showing ferrugination in brightened areas (red color is the expected 
threshold anomalies at 95% confidence) of W. El Gemal -W. Sikait area, SED, Egypt. 

 

 
Fig. 10: b5/b6 ratio image showing Ferromagnesian minerals in brightened areas (green color is the 
expected threshold anomalies at 95% confidence) of W. El Gemal -W. Sikait area, SED, Egypt. 
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The first false color composite image (b4/b2, b3, b6/b7 in RGB), discriminates the 

gneisses rocks in greenish brown color and the ultramafic in light violet color. The ophiolitic 

rocks appear in dark brownish green and the ophiolitic mélanges in deep blue color. The 

metasediments - metavolcanics association was identified by blue color. The granodiorites 

show dark brown color and younger gabbro appears as sieved brown color. The 

monzogranites appear as deep orange color, the syenogranites occur as brownish green color, 

the alkali-feldspar granites are yellowish brown color. Evaporates and sediments show light 

purple color. The false color composite image (b4/b3, b6/b7, b6/b5*b4/b5 in RGB), 

discriminates the gneisses rocks as shiny brown color, the ultramafic are deep orange color. 

The ophiolitic metagabbro exists as a deep blue color and the ophiolitic mélanges have a 

crinkled green color. The metasediments-metavolcanics association occurs as greenish blue 

color; while the granodiorites show dark violet color and younger gabbros is sieved orange 

color. The monzogranites appear as a crinkled reddish orange color, the syenogranites appear 

as deep violet color and the alkali-feldspar granites occur as a crinkled yellow color. 

Evaporates and sediments show yellowish brown color. 

 

 
Fig. 11: b6/b7 ratio image showing carbonates and OH-bearing minerals (micas and clays) minerals 
in brightened areas (blue color is the expected threshold anomalies at 95% confidence) of W. El 
Gemal -W. Sikait area, SED, Egypt. 
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Fig. 12: Landsat-8 band ratio image of bands (b4/b2, b3, b6/b7 in RGB) of W.  El Gemal – W. Sikait 
area, SED, Egypt. 

 

 
 
Fig. 13: Landsat-8 band ratio image of bands (b4/b3, b6/b7, b6/b5*b4/b5 in RGB) of W.  El Gemal – 
W. Sikait area, SED, Egypt. 
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3.6 Minimum Noise Fraction (MNF)  

     The Minimum Noise Fraction (MNF) data transformation technique is useful for removing 

the noise and simplifying data by equalizing the noise in the imagery data and reducing 

calculations required for successive image processing (ENVI). As well as, the MNF 

composed of two consecutive principal component (PC) transforms (Green et al., 1988); the 

first PC transform focuses on whitening noise by decorrelating and rescaling the noise in the 

data, producing data in which the noise has unit variance and no band-to-band correlations. 

Whereas the second PC transform is created to give rise to final outputs that are not 

correlated and are arranged in terms of decreasing information content. The MNF image 

bands 2,1,3 in RGB (Fig. 14), discriminating between the gneisses rock in green color and 

the ultramafic rocks in crinkled green color. The ophiolitic metagabbro in reddish orange 

color and the ophiolitic mélanges in deep magenta color. Metasediments-metavolcanics 

association occurs as mauve color, while the granodiorite rocks show deep orange color, and 

the younger gabbros are light orange color. The monzogranites, the syenogranites and the 

alkali-feldspar granites appear as yellowish green, crinkled green color, and shiny green 

colors respectively. Evaporates and sediments are light green in color. 

 
 
Fig. 14: Landsat-8 Minimum Noise Fraction image of bands 2, 1, 3 in RGB of W. El Gemal –W. 
Sikait area, SED, Egypt. 
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4. Verification of lithological map 

      Based on the field verification and laboratory investigation of processed OLI data, the 

rock types in the study area have been classified and arranged from the oldest to youngest as 

shown in Table (5). All the previously mentioned rock types are mostly invaded by post 

granite dykes and veins. W. El Gemal floor is covered with reworked Miocene sediments 

derived from igneous and metamorphic rocks; these rocks are exposed as obvious outcrops 

on both sides of W. El Gemal drainage patterns. The geological importance of W. El Gemal 

gets from its tributaries Um Kabu, Um Addebaa, Nugrus, Sikait, and Abu Rusheid. 

Table 5: Showing the rock units exposed at W. El Gemal –W. Sikait area, SED, Egypt. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

     

According to the main target of this study the rock units at W. El Gemal -W. Sikait area  will 

be observed and discussed in detail in the following paragraphs:- 

4.1. Gneisses rocks 

     The gneisses rocks represent the oldest rock units in the study area. It is exposed in W. 

Abu Rusheid, W. Nugrus (at Madinat Nugrus) and Hafafit area. The gneisses rocks lies at the 

eastern parts of W. Abu Rusheid area and western peripheries of monzogranites of W. Sikait 

Rock name Age 

10. Wadi deposits.  

Youngest 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Oldest 

9. Evaporates and sediments. 

8. Post Granite Dykes and Veins. 

7. Younger granites: 

c. Alkali-feldspar granites. 

b. Syenogranites. 

a. Monzogranites. 

6. Younger gabbro. 

5. Older granites: 

b. Granodiorites. 

a. Quartz diorites. 

4. Metasediments - metavolcanics associations. 

3.  Ophiolite Rocks: 

b. Ophiolitic mélange 

a. Ophiolitic metagabbro. 

2. Ultramafic rocks. 

 1. Gneisses rocks. 
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area, as well as in Hafafit area at southwestern parts of the study area, its occur as a dome 

structure contact with ultramafics, monzogranites, and ophiolitic metagabbro rocks; The 

Hafafit gneisses is bordered to the north by a major convex to the north low-angle sinistral 

thrust, called the Nugrus thrust, characterized by a thick mylonite shear zone. This complex is 

more bounded to the south by the folded W. El-Gemal thrust, which separates the 

infrastructure from the overlying W. El Gemal unit (Greiling, 1997). At W. Abu Rusheid, 

these rocks occupy the core of that granitic pluton and cross cut by three shear zones; the first 

two shear zones are parallel to each other (NNW-SSE) and perpendicular to the third one 

(ENE-WSW). The gneisses display wide alteration includes silicification, sericitization, 

kaolinitization, chloritization, hemaitization and limonitization (Rashed, 2005). These 

alterations are closely associated with the shear zones indicating that some of these fractures 

have worked as channel ways for metasomatism fluids. 

4.2. Ultramafic rocks 

     Ultramafic rocks covered a small exposure in the western parts of the study area at Hafafit 

area and G. Sikait (Fig. 15a). The rock occurs as rounded fragments or tabular-shaped bodies 

and contacts with biotite granites, gneisses rocks and ophiolitic metagabbro that are 

irregularly folded. Ultramafic rocks range in size from less than one meter up to mountainous 

size; they are dark green to brownish green or black. These rocks are composed of severely 

serpenitinites, fresh dunite relics, which occur as boulderly like masses. Serpentinites are 

usually highly sheared and are altered to talc-carbonates in cavernous structure. 

Ophiolitic metagabbros 

       The ophiolitic metagabbros cover most of the study area; these rocks are layered, 

moderately highly foliated and characterized by their high foliation and the presence of many 

boudinaged quartz lenses extending parallel to the foliation planes, and show sharp contact 

with muscovite granites at W. Um Addebaa (Fig. 15b). The ophiolitic metagabbros are 

occasionally displayed xenoliths or roof pendants uplifted by the younger granites 

(syenogranites) at the mouth of W. El Gemal and dissected by strike-slip fault and show 

sharp contact with metasediments-metavolcanics association, as well as syenogranite and 

sometimes contain xenoliths from older rocks (Fig. 15c).  

4.3. Ophiolitic mélanges  

     The ophiolitic mélange in the study area is similar to the mélange of the nearby Hafafit 

area (El Ramly et al., 1993), and the mélange of W. Ghadir (El Sharkawy and El 

Bayoumi, 1979). These rocks subdivided into ophiolitic blocks (mafic-ultramafic rocks from 

deformed and massive metagabbroic as well as quartzitic bands, serpentinite, talc carbonate, 
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and amphibolite) and enclosing metamorphosed metasedimentary matrix (separated 

successions of highly foliated mica schist and hornblende schist); ophiolitic blocks occur as 

fragments, boulders and bodies with various sizes, except massive metagabbros occur as big 

block or mountainous shape thrusted over the metasedimentary matrix. The ophiolitic 

metagabbro thrusted over the ophiolitic mélange along WNW-ESE direction from the 

southwest and south with low to high angles (30P

o
P- 60P

o
P) (Fig. 15d). The ophiolitic metagabbro 

and ophiolitic mélange are thrusted over the gneisses rocks.  

 
4.4. Metasediments - metavolcanics associations 

      The metasediments - metavolcanics associations lie in the study area at the eastern parts 

of W. El Gemal. The metasediments occur as intercalated with metavolcanics and are highly 

weathered, jointed and dissected by strike-slip faults. These rocks are bedding and foliation, 

  

  
 
Fig. 15: Field photographs showing (a) The ultramafic rocks at G. Sikait area, SED, Egypt. Looking 
E. (b) The contact between alkali-feldspar granites and metagabbros at W. Um Addebaa, SED, Egypt. 
Looking S. (c) Xenoliths from older rocks in metagabbro rocks at W. El Gemal area, SED, Egypt. 
Looking SW (after Kamar, 2020). (d) The ophiolitic metagabbros thrusted over ophiolitic mélange, at 
W. Abu Rusheid area, SED, Egypt. Looking W. 
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the bedding planes are (48˚ - 70˚/N-E) and the foliations are developed and have nearly the 

same attitudes. According to the field observation these rocks are intruded the metagabbro 

rocks (Fig. 16a), older granites and younger granites (syenogranites) with intrusive sharp 

contacts. At these contact sulfides and gold mineralization precipitated, when iron (Fe) 

derived from the host rocks and sulfur (S) from the hydrothermal fluids could have formed 

pyrite (FeSR2R) in cubic shape (Kamar, 2020). They are frequently dissected by basic dykes, 

pegmatite veins and occasionally folded. 

4.5. Older granites 

      The older granite rocks are exposed in study area especially in the eastern part of W. El 

Gemal area. It forms medium to high relief terrains and is represented by quartz diorite and 

granodiorite. The quartz-diorites are coarse – grained intrusive rocks of felsic composition, 

with phaneritic texture in grey color. It crop out along the eastward flank of W. El Gemal as 

small masses scattered bodies, trending NE to SW and dipping (68˚ - 70˚/N-E). They are 

associated with metagabbro rocks mainly in mineralized zones rich by gold and sulfides 

(pyrite and arsenopyrites).The granodiorites are moderate relief, hard, massive, and medium 

to coarse-grained with grey colors. It occasionally displays cavernous, exfoliation weathering 

and blocky appearance. In some cases, the contact between the metagabbro rocks and the 

granodiorite is distinguished by a zone of hybrid rocks or protomigmatite; as well as the 

granodiorite contain a roof pendant from metavolcanics (metadacite) (Fig. 16b). 

       The intrusion of granodiorite rocks may act as a source for hydrothermal solutions rising 

along fractures of all older rocks; during this stage a chemical reaction of hydrothermal fluids 

with metasediments-metavolcanics association and metagabbro rocks lead to forming sericite 

and enrichment of silica content. The enrichment of silica content led to the formation of 

quartz-diorite (Kamar, 2020). 

4.6. Younger gabbros 

      The younger gabbro rocks lie in the northwest corner of the regional mapped area. The 

rocks are dark green in color, medium- to coarse-grained, and have moderate relief terrains. 

These rocks are massive, and have sharp contacts with ophiolitic metagabbro and ophiolitic 

mélange. 

4.7. Younger granites 

     Regional and detailed field work showed the presence of three distinguishing intrusive 

phases of younger granite intrusions dissimilar from each other in color, topographic relief, 

granularity and textural characteristics namely; monzogranites, syenogranites, and alkali-

feldspar granites. 
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      The monzogranites occur as elongated deformed body extending NW-SE for about (13 

km in long) with about (2 km in width). It covers the major part of the mapped area 

surrounding the gneisses rocks at W. Abu Rusheid and W. Sikait. The monzogranites at W. 

Sikait area (Fig. 16c) are characterized by moderately low land, pale pink to reddish in color, 

sheared and fractured. They are cut and crossed by pegmatite veins, basic dykes and big 

barren quartz veins. At W. Abu Rusheid these rocks are distinguished into high and low 

deformed phases; the high deformed monzogranites occupy the NE of Abu Rusheid area, its 

characterize by moderate relief, medium- to coarse –grained and white grey to white pinkish 

in colors, while the low deformed monzogranites occupy central NE of the pluton and occurs 

as grey to pinkish in color and forms highlands. The syenogranites occupy the eastern parts 

of W. El Gemal area and have medium to high relief mountain terrains. These rocks are 

medium-to coarse-grained with pink color. They are sheared, exfoliated weathered and 

showing cavernous structure, as well as presence of joints and fractures in different 

directions. These granites are encountered by pegmatite veins, basic dykes and quartz veins. 

The hydrothermal alteration zones and mineralization are displaying along of the fractures 

and joints of these granites; some fractures in the syenogranites content altered iron oxides; 

so display high alteration products represented by hematization. Syenogranites are intruded 

the ophiolitic metagabbros, ophiolitic mélanges, metasediments - metavolcanics association 

and granodiorites, with sharp intrusive contacts, as well as contain some xenoliths of older 

basic rocks (Fig. 16d). Alkali-feldspar granites occur as six small circular white masses 

along mapped area; from W. El Gemal through W. Sikait, W. Nugrus and north of W. Abu 

Rusheid areas (Fig. 17a); the first three ones exposed in E-W direction at Um Selimate, W. 

Sikait and Um Kabu, the characteristics of those granites are semi-circular masses in shape, 

dyke-like, pegmatitic in texture, and small in size. While the second three ones exposed in 

NW-SE direction at Um Baanib, Um El Kheran and Um Addebba area, the characteristics of 

those granites are layered or circular in shape, equigranular in texture, large in size 

(Mahmoud 2009). 

4.8. Post granite dykes and veins 

    The previously described rock units are intruded by various pegmatites, basic dykes and 

quartz veins which are usually either concordant with/or intruded the foliation planes. The 

Pegmatite are present as pockets, veins and elongated bodies ranging in size from thin 

pockets to small lenses and bodies striking in different directions (N-S, NE-SW and NW-SE) 

cross-cut all the country rocks within study area , such as  metasediments rocks (Fig. 17b). 

Basic dykes are characterized by fine-grained, dark grey to black in color, union structure, 
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range about (0.5 - 3m in width), as well as about (1km in length), and represented the latest 

phases of magmatism; these dykes vertical or steeply inclined sheets and varies in different 

directions (Fig. 17c). Quartz veins occur as lenses and veins; the common quartz veins are 

thin and short. Sometimes, the quartz forms small bosses not more than about (20 cm. 

diameters). They are cross-cut the alkali-feldspar granites (Fig. 17d); at W. Sikait, W. Um 

Selimate, W. Um El Kheran and W. Um Addebba in NW-SE trends; as well as at W. El 

Gemal area the quartz occurs as a lens in the metasediments - metavolcanics associations in 

NE-SW trend (Fig. 17e).  

 

 

 
 

 
 

 
Fig. 16: Field photographs showing (a) The foliated metasediments-metavolcanics association 
intruded by metagabbro rocks at W. El Gemal –W. Sikait area, SED, Egypt. Looking NE. (b) 
Metavolcanics roof-pendant by granodiorites at W. El Gemal area, SED, Egypt. Looking E (after 
Kamar, 2020). (c) Deformed monzogranites at W. Sikait area, SED, Egypt. Looking SW. (d) 
Xenoliths from basic rocks in younger granites (syenogranites) at W. El Gemal area, SED, Egypt.  
Looking N. 
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5. Radioactivity 

       The radiometric data measured in the field were treated statistically to determine their 

distribution characteristics in the study area. These statistical studies were performed to 

calculate the minimum, maximum, mean (X). The descriptive statistical analysis is shown in 

 
 

  

 

 
Fig. 17: Field photographs showing (a) The 
alkali-feldspar granites at W. El Gemal - W. 
Sikait area, SED, Egypt. Looking E. (b) 
Pegmatite veins intruded the metasediments 
rocks, at W. El Gemal - W. Sikait area, SED, 
Egypt. Looking NE. 
(c) Basic dykes intruded the alkali-feldspar 
granites at W. El Gemal -W. Sikait area, SED, 
Egypt. Looking N. (d) Quartz veins cutting alkali-
feldspar granites at W. El Gemal -W. Sikait area, 
SED, Egypt. Looking E. (e) Quartz as a lens in 
the metasediments - metavolcanics association at 
W. El Gemal - W. Sikait area, SED, Egypt. 
Looking NE. 
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Table 6. The radiometric survey was greatly compatible with the alteration maps, where 

areas that significantly have higher iron oxides and hydroxides (hematite FeR2ROR3R and goethite 

FeO-OH) content, are characterized by high levels of radioactivity. The gneisses rock and 

granitic rocks at the eastern parts of W. Abu Rusheid area have a higher radioactive content 

than the granitic rocks at the eastern parts of W. El Gemal area. The gneisses rock 

represented the highest radioactive content where the uranium content ranges from 102.3 to 

162 ppm with an average 119.8 ppm while the thorium content ranges from 111.5 to 307.1 

ppm with an average 224.4ppm. This may be attributed to their higher content of 

ferrugination. Monzogranites comes second with uranium content ranging from 6.3 to 12.8 

ppm with an average 9.3 ppm while the thorium content ranges from 13.5 to 36.1 ppm with 

an average 23.9ppm. Nine samples representing mineralized zones recorded at the fault 

plains of monzogranite at W. Abu Rusheid area show very high anomalies in eTh and eU 

contents compared with other granitic rocks. This can be attributed to the fault plains 

affecting the mass and the hydrothermal solutions rich in iron oxides and iron hydroxides. 

These samples were statistical treatment alone. 

Conclusions 

The spectral analysis of Landsat-8 OLI data at W. El Gemal - W. Sikait area revealed 

results verify the great ability of remote sensing techniques in lithological discrimination, 

mapping and determine hydrothermal alteration zones.  

Two false color composite images of landsat-8 bands, (b7, b6, b1in RGB) (b7, b5, b3 in 

RGB), as well as band ratios (b4/b2, b3, b6/b7 RGB), and (b4/b3, b6/b7, b6/b5*b4/b5 in 

RGB) facilitate the visual interpretation and discrimination of the lithological units.  

      The uncorrelated components (PC1, PC2 and PC3 in RGB) succeed in discriminating 

between ophiolitic mélanges, the granodiorite and the younger granites. Minimum noise 

fraction (MNF) transformation is also very successful in discriminate the gneisses rocks, 

ultramafic rocks, ophiolitic mélanges and differentiate younger granites into their varieties in 

study area through combining the MNFs whose highest eigenvalue percent's (2, 1, 3 in RGB) 

as a false color composite image.   
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Table (6) : Descriptive statistical analysis of radiometric data of W. El Gemal - W. Abu Rusheid 
area, SED, Egypt. 

W. Abu Rusheid W. El Gemal 

 

Rock type 

content 

Monzogranites 
(N= 73) 

Mineralized 
zone 

(N= 9) 

Gneisses rock 

(N=32) 
Syenogranite 

(N=22) 
Older granitoids 

(N=15) 

eU 
Min 6.3 34 102.3 2.7 1.5 

Max 12.8 95.4 162 7.5 4.3 

X 9.3 64.9 119.8 4.9 3.1 

eTh 
Min 13.5 106.5 111.5 7 2.9 

Max 36.1 438 307.1 16.9 9.1 

X 23.9 227.8 224.4 13.4 4.9 

K% 
Min 3.0 4.5 2.8 2.4 1.3 

Max 6.8 7.6 6.6 5 3.2 

X 4.9 5.8 4.8 3.5 2.3 

eTh/eU 
Min 1.9 1.8 0.7 1.1 0.9 

Max 4.3 5 2.9 5.5 2.1 

X 2.6 3.5 1.9 2.9 1.6 

Note; N.: number of measurement; Min.: Minimum; Max. : Maximum; X: mean 

Detecting areas rich in iron oxides, ferromagnesian minerals and OH-bearing minerals at 

95% confidence achieved utilizing three landsat-8 band ratios (b4/b2, b5/b6 and b6/b7) 

respectively. Iron oxides and hydroxides delineated (hematite FeR2ROR3R and goethite FeO-OH) 

are concerned in granite rocks. 

Based on fieldwork verification and remote sensing processed of Landsat-8 OLI data, 

spatial distribution and contact relationships, the main rock units of the study area are 

presented by gneisses rocks the (oldest), ultramafic rocks, ophiolitic metagabbros, ophiolitic 

mélange, metasediments - metavolcanics associations, older granites, younger gabbros and 

younger granites (the youngest). All the previously mentioned rock types are mostly invaded 

by post granite dykes and veins. 

Finally, the integration between Landsat-8 images and field observation resulted in 

constructing a regional and detailed geological map for the study area (Figs. 18 and 19). 
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 Fig. 18: Regional geological map of W. El Gemal – W. Sikait area, SED, Egypt, based on remote 
sensing followed by field verification and laboratory investigation (modified after El Maghraby, 
1994 and Saleh, 1997). 
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Fig. 19: Detailed geological map of the Eastern Part of W. El Gemal area, SED, Egypt, based on 

remote sensing followed by field verification and laboratory investigation (modified after El 

Maghraby, 1994 and Kamar, 2020). 
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