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     The metamorphic rock units and the magmatic rock units 

constitute their two primary assemblages at southeast Aswan area. 

The metamorphic assemblage consists of migmatites, gneisses, and 

hornblende schist. The magmatic rocks comprise two categories: 

monzogranite and garnetiferous muscovite monzogranite. Schist, 

migmatite, and gneiss are great examples of rocks that have folded. 

Granitic rocks invade the metamorphic rock assemblages before 

being covered by Nubian Sandstones. According to the Landsat-8 

results, the FCC RGB-654 and RGB-765, plus band ratio images (3/5, 

3/1, 5/7), (7/5, 5/4, 3 /1), (6/2, 6/7, 6/5 * 4/5), PCA-RGB-321, PCA-

RGB-421, and PCA-RGB-721 bands are the good results to separate 

the rock types in this region. The maximum likelihood results for 

Landsat-8 data show well lithological discrimination between the 

rock units with the total accuracy 98.26% and Kappa Coefficient 

0.9741.  
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Introduction

 Several studies have demonstrated 

the value of remote sensing in the 

investigation of mineral deposits, 

particularly in lithological mapping and 

the determination of related 

hydrothermal mineralization in the 

Egyptian Nubian Shield (e.g., Abu El-

Leil, et al., 2019; El-Ghrabawy et al., 

2019; Zoheir, et al., 2019; Aboelkhair et 

al., 2021; Khedr et al., 2022). The 

lithological contacts in the present work 

are most typically identified using 

multispectral sources of information, 

such as the Landsat-8 Operational Land 

Imager (OLI) and Thermal Infrared 

Sensor (TIRS) data.   The study area 

forms a part of the Neoproterozoic 

evolution of the Nubian Shield in NE 

Africa as a result of accretion of inter-

oceanic island arc, continental 

microplates and oceanic plateaus in the 

course of consolidation of Gondwana 

(Stern 1994, Abdelsalam and stern, 

1996). Three major orogens, the East 

African Orogen (EAO), the Sahara and 

Congo-Tanzania cratons to the west, and 

the Azania and Afif terrains to the east, 

which together make up one or more 

continental blocks between the Indian 

shield and Congo-Tanzania-Bongweula 

Craton, having shaped the final 

configuration of greater Gondwana. 

(Collins and Pisarevisky, 2005). 

Study area and Geologic Setting 

El-Hudi area is approximately 

located between latitudes 24º 00′ and 24º 

07′ N and longitudes 33º 00′and 33º 16′ 

E, it is situated about 30 km east of 

Aswan City and covers around 351 km
2
. 

(Fig.1). The present area is composed of 

Precambrian rocks covering by Nubian 

sandstone Formation (Attia, 1995; Hilmy 

et al., 1979; Ragab and El-Gharabawi, 

1989; Shaw and Jamesan, 1993; 

Moghazi et al., 2001; Madani and Emam 

2009; El-Kazzaz, 2011; Youssef and El-

Khodary, 2013; Salem and El Gammal, 

2013). According to field geological 

investigation and given geological map, 

the studied rock units are represented by 

gneisses, hornblende schist, 

monzogranite, garnetiferous muscovite 

monzogranite, pegmatite, dykes, and 

veins of Precambrian age (Fig. 2). In the 

northern and eastern portions of the 

mapped region, the basement outcrops 

are unconformably covered by the 

Nubian sandstones, and they also show 

up as residual caps in the middle. El-

Hudi region is affected by medium to 

high grade metamorphic rocks intruded 

by granitic rocks and consider crucial to 

understanding how folds and thrust faults 

have developed, (El-Kazza, 2011). 

https://scholar.google.com.eg/citations?user=-FzqCQsAAAAJ&hl=ar&oi=sra


 

 

 

 

Fig. (1): Location map of the study area, Southeastern part of Aswan area, Egypt.

 

 

Fig. (2): Geological map of east Aswan area modified after (Emam et al., 2011). 



Materials and methods  

 Remote sensing data 

 The materials and data utilized in 

this study were gathered from various 

sources. In this investigation, rock types 

will be differentiated using Landsat-8 

(OLI) data around Wadi El-Hudi area 

and confirmed by field and microscopic 

studies. This data covering the study area 

was acquired separately on September 9, 

2020 and downloaded from 

https://earthexplorer.usgs.gov/.                

             Landsat-8 was is georeferenced 

to UTM (Universal Transverse 

Mercator) and situated in Zone N36 

according to WGS-84 datum. The 

Landsat-8 data used for the study area 

were digitally processed through ENVI-

V.5.1 Software. The pre-processing of 

remote sensing data using widespread 

programs (Envi 5.1, Arc GIS 10.3). 

        The Landsat-8 used a nine-band 

push-broom sensor to capture data (eight 

bands at 30 m and one panchromatic 

band at 15 m ground pixel size), whereas 

the TIRS used two long-wavelength 

thermal infrared bands to collect data 

with a spatial resolution of 100 m. The 

processed Landsat-8 images will be used 

for mapping the igneous and 

metamorphic rocks, which cover the 

study area. The lithological 

discrimination and geological mapping 

of the various basement complex 

included different processing techniques, 

e.g., False color Composite images 

(FCC), band ratio images (Abrams et al., 

1983, Sultan et al., 1986) and principal 

component analysis (PCA). As well as 

using two types of supervised 

classification: Maximum likelihood 

(ML) and Support vector machine 

(SVM). 

Field investigations 

 To check how accurate remotely 

mapped lithologies are the mapped 

lithological units in El-Hudi area were 

examined and validated during the field 

investigation, and rock samples from the 

different rocks, including metamorphic 

rocks (migmatite, gneiss, and schist) and 

intrusive rocks (granite and pegmatite), 

were gathered. Following the field 

investigation, spectral reflectance 

measurements and microscopic analyses 

were carried out on the obtained rock 

samples. 

 Results and discussion  

 Color composite images 

 The visual interpretation of color 

composite images depends on the 

statistical approach's choice of a better 

colour composite. The variance within 

bands and the correlation coefficient 

between bands are taken into account 

using the Optimum Index Factor (OIF) 

techniq (Benomar and Fuling, 2005) and 

https://doi.org/10.1016/j.oregeorev.2022.

105184. The visual inspection of the 

https://earthexplorer.usgs.gov/
https://doi.org/10.1016/j.oregeorev.2022.105184
https://doi.org/10.1016/j.oregeorev.2022.105184
https://doi.org/10.1016/j.oregeorev.2022.105184
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highest band-triplet ranks resulted from 

optimum index factor methods, which 

yielded that false color composite 

images RGB-654 and RGB-765 

(Figs.3A&B) are the best for lithological 

differentiation. The false-color 

composite images RGB-654 and RGB-

765 that were employed as an addition to 

the geological mapping in the current 

study help to clarify the boundaries 

between both the structural features and 

geological units. Figs. (3a and b) are the 

most successful in discriminating 

Cretaceous sediments from Abu Aggag 

monzogranite rocks as well as the folds 

and faults concentrated in the southern 

part of area. 

 

Band ratio 

Six major color ratio composites 

have been used to discriminate rock 

units in the study area, which were 

evaluated and determined to be the best 

composites for distinguishing and 

defining along with lithological contacts. 

The first band ratio was used by (Sabins 

et al., 1999) (3/5, 3/1, 5/7) for RGB 

which provides very effective in 

lithological discrimination showing clear 

and obvious contacts for the main rock 

units (Fig.4A). According to Sabins 

Landsat -8 ratio (3/5, 3/1, 5/7), the Abu 

Aggag monzogranite and garnetiferous 

muscovite monzogranite appears in a 

green-reddish color while the pegmatite 

and hornblende schist appear in red color. 

While the second ratio (7/5, 5/4, 3/1) 

used by (Gad et al., 2006) is showing 

pale green which represented the Abu 

Aggag monzogranite, the orange color 

represented the Cretaceous sediments, 

while the hornblende schist appears in 

light green color (Fig. 4B).   

 Recent band ratios used by (Ali-Bik and 

Hassan 2022) on Landsat images (6/2, 

6/7, and 6/5 * 4/5) show very effective 

lithological discrimination and major 

folds as well as the dykes distributed in 

the study area (Fig. 4C).   According to 

this band, the Aggag monzogranite and 

garnetiferous muscovite monzogranite 

appear in a deep red color, while the 

hornblende schist appears in a red-

orange color. The Landsat color ratio 

composites (Figs.4A, B& C) utilized for 

mapping the lithological units in the 

region were highly successful. 

 

 



 

Fig. (3): (A). Landsat-8 color composite image RGB-654 and (B). Landsat-8 color composite 

image RGB-765. Abbreviation; (Q1) Quaternary sediments, (Q2) Cretaceous 

sediments, (PG) Pegmatite, (AMG) Abu Aggag Monzogranite, (GMG) Garnetiferous 

muscovite Monzogranite (HBS) Hornblende schist, and (GM) Gneisses and migmatite.    
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Fig. (4): (A) band ratio of Landsat-8 images (3/5, 3/1, 5/7) in RGB after (Sbins et al., 1999). 

(B) band ratio of  Landsat-8 images (7/5, 5/4, 3/1) RGB after (Gad et al., 2006). (C) 

Band ratio of Landsat-8 images (6/2, 6/7, 6/5 * 4/5) RGB after (Ali-Bik and Hassan, 

2022). Symbols as in Fig.3. 



Principal component analysis (PCA)    

One of the most significant image 

improvement techniques, principal 

components analysis (PCA), removes 

noise components from the original data 

and decreases their dimensionality 

(Singh and Harrison, 1985). Through 

this trend, we can find that false color 

composite PCA- RGB-321 is 

represented as the best technique for 

lithological and structural discrimination 

with sharp contacts between different 

rock units. 

       In this study, the use of the principal 

component analysis technique resulted in 

the best three PC combinations of 

Landsat PCA-RGB-321, PCA- RGB-421, 

and PCA-RGB 721. These PCs enabled 

the separation of the different rock units 

in the study area (Figs. 5A, B& C). 

PCA-RGB-321, PCA- RGB-421 were 

used as they have the most informative 

data with maximum variation and helped 

in delineating the different rock units 

and the structure of the study area (Fig. 

5C). According to PCA-RGB-321 the 

Abu Aggag monzogranite rocks exhibit a 

pale violet color while hornblende schist 

and Cretaceous sediments rocks are 

characterized by blue color (Fig. 5A). 

The dykes are shown in the other PCA 

bands PCA-RGB-421 as orange, the 

cretaceous sediments as violet, and the 

hornblende schist as blue (Fig. 5B). The 

dykes are the main feature seen in Fig. 

(5C) according to the final PC bands 

PCA-RGB-721. 

 Supervised classification 

 The image analysis and 

understanding of the various surface 

types in the research region play a 

significant role in the supervised 

classification process. In the current 

work, supervised classification was 

based mainly on spectral signature, with 

the maximum likelihood (ML) algorithm 

and depending upon spectral signature 

by support vector machine (SVM) 

algorithm to distinguish between 

different rock units.  

 Maximum likelihood (ML). 

 Maximum likelihood 

classification was widely accepted for 

lithological mapping using Landsat data 

by several workers (e.g., Zhang et al. 

2007 and Fatima et al, 2017). Based on 

field observations, FCC, and band ratio 

techniques check consideration of the 

boundary between the rock units in the 

pre-published geologic map, a 

representative of each rock unit by 

Spectral signature file. The geological 

map was used as a reference to the rock 

unit boundaries. The present study was 

applied to the results of maximum 

likelihood for Landsat-8 data showing  

 



 

 

Fig. (5): (A) Landsat-8 PCA image PCA-RGB-321 . (B) Landsat-8 PCA image PCA-RGB-421. 

(C) PC Landsat-8 PCA image PCA-RGB-721 . Symbols as in Fig.3 



well lithological discrimination between 

the rock units with total accuracy of 

98.26% and Kappa Coefficient 0.9741 

(Fig. 6A). 

Support vector machine. 

     A classification method called 

Support Vector Machine (SVM) was 

suggested with Vapnik, (1999). It is a 

supervised classification algorithm that 

was created using a statistical learning 

methodology and is recommended for 

dealing with complex class distributions 

in multi- and hyperspectral image data 

(Mountrakis, et al., 2011; Liesenberg et 

al., 2013). In the present study, SVM 

classification showed well lithological 

discrimination between the rock units 

with an overall accuracy of 97.60% and 

a Kappa coefficient of 0.964. High 

accuracy and Kappa values indicated the 

suitability of this classification technique 

on Landsat-8 data for areas with similar 

characteristics as that of the study area. 

In the resulting classification map, the 

rock units are represented in (Fig. 6B). 

Field validation and Petrographic 

analysis 

         According to field investigations, 

the central, eastern, and western regions 

of the El Hudi area are occupied by the 

rocks known as gneisses and migmatites, 

as well as they represent the oldest rock 

units in the study area. They have well-

foliated, banded structures, and exhibit 

as fine- to medium-grained texture (Fig. 

7A). According to petrographic study the 

investigated gneisses are medium-

coarse-grained rocks, usually 

characterized by well-developed 

gneissose, augen and porphyroblastic 

textures. They are composed essentially 

of quartz, biotite, plagioclase, and K-

feldspars (Fig. 7B), while most of the 

investigated migmatites are formed of 

successive layers of melanosomes and 

leucosomes with clears gneissose texture, 

in addition to augen and porphyroblastic 

textures (Fig. 7C). The leucosomes are 

represented by plagioclase and quartz, 

while the melanosomes are represented 

by biotite, hornblende, and augite 

minerals (Fig. 7D).  

        The hornblende schist occasionally, 

it occurs as highly schistose rock, highly 

jointed along the NW trend coinciding 

with the same direction of the schistosity 

plane (Fig. 7E). Petrographically, they 

usually grey and dark green color and 

subordinate lepidoblastic and 

poikiloblastic textures. It consists mainly 

at hornblende, augite, quartz, plagioclase, 

and biotite in addition to epidote and 

iron oxides as secondary and accessory 

minerals (Fig. 7F). The granitic rocks are 

classified to two types: monzogranite 

and garnetiferous muscovite 

monzogranite. 

 



Fig. (6): (A) Maximum Likelihood classification of Landsat-8 bands. (B) Support vector 

machine classification of Landsat-8 bands. 

 

 



  

Fig. (7): The plate showing (A) highly foliated and jointed gneiss outcrop. (B) augen texture 

and undulose or mylonitized quartz (Qtz) in gneisses. (C) augen texture and 

mylonitization of larger quartz (Qtz) in migmatites. (D)  melano-bands alternated with 

leucosome band in the migmatite rocks. (E) highly schistose rock in hornblende 

schists. (F) well-developed two sets cleavage crystals of hornblende (Hbl) and 

showing augite crystals in hornblende schist. 

 

The monzogranite is mainly 

represented by the Abu Aggag granitic 

pluton, covering a considerable area in 

the northern part of the mapped area, 

(Fig. 2). They are often coarse to 

medium grained texture and buff color. 

The monzogranite of Abu Aggag pluton 

is extensively dissected by several strike-
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slip and dip-slip faults that have N-S, 

NNW-SSE, NNE-SSW, ENE-WSW 

trends, resulting in high shearing, 

fracturing, and jointing of rocks (Figs. 

8A & B). Microscopically, these rocks 

are characterized by hypidiomorphic 

perthitic and poikilitic textures, (Figs. 

8C&D). It consists mainly of plagioclase, 

microcline, quartz, biotite and few 

amount of muscovite.  

The garnetiferous muscovite 

monzogranite is represented by a small 

mass lying nearby wadi El-Hudi at the 

southern part of the mapped area, (Fig. 

2). Petrographically, they exhibit 

hypidiomorphic and granular textures, 

consisting mainly of K- feldspars, quartz, 

plagioclase, muscovite, garnet, and 

biotite, whereas zircon and iron oxides 

are the main accessory minerals (Figs. 

8E-H). 

Conclusions 

The study area belongs to the 

southern part of the Eastern Desert. The 

studied rock units are represented 

basement rocks (gneisses, hornblende 

schist, garnetiferous muscovite 

monzogranite, monzogranite, pegmatite, 

dykes, and veins of Precambrian age), 

unconformably covered by the Nubian 

sandstone.  Gneisses are composed 

essentially of quartz, biotite, plagioclase, 

and K-feldspars. Migmatites are formed 

of successive layers of melanosomes and 

leucosomes. Hornblende schist is 

consisting mainly at hornblende, augite, 

quartz, plagioclase, and biotite in 

addition to epidote and iron oxides as 

secondary and accessory minerals. The 

monzogranite consists mainly of 

plagioclase, K-feldspars, quartz, biotite 

and few amount of muscovite. 

Garnetiferous muscovite monzogranite is 

consisting mainly of K- feldspars, quartz, 

plagioclase, muscovite, garnet, and 

biotite, whereas zircon and iron oxides 

are the main accessory minerals. 

On the other place, FCC, BR, and 

PCA combined with geological maps 

could produce a reference lithological 

map. According to Landsat-8 FCC (6, 5, 

4) and (7,6,5), in addition to band ratio 

images (3/5, 3/1, 5/7), (7/5, 5/4, 3/1) and 

(6/2, 6/7, 6/5*4/5) and PCA (PC321, 

PC421, and PC721) distinguished the 

various lithological units in the region 

area depending on the properties of their 

spectral range. Supervised classification 

was applied depending on regions of 

interest (ROI), with maximum likelihood 

(ML) and support vector machine 

(SVM) by the ability of a different 

algorithm to distinguish between 

different rock units. 
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Fig. (8): (A) two oblique sets of joints in Abu Aggag granite pluton. (B) high masses of Abu-

Aggag granite pluton. (C) large crystals of tartan microcline (Mc) . (D) fine grains of 

quartz (Qtz) associated plagioclase (Pl) and perthite (Pth) texture(E) lamellar twinning 

plagioclase (Pl) associated with muscovite. (F) large muscovitized biotite crystal (Bt) 

and plagioclase (Pl) to sericite (Ser). (G) coarse grain of garnet (Grt) surrounding by 

muscovite (Ms) and sericite (Ser). (H) euhedral to subhedral garnet (Grt) set in a 

quartz matrix (Qtz). 
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زحذيذ انٕاحذاد انصخزيخ نصخٕر انمبعذح ثًُطمخ جُٕة ننفصم  8اسزخذاو صٕر انمًز انصُبعي لاَذ سبد 

يصز –جُٕة انصحزاء انشزليخ  شزق أسٕاٌ ,  

 إسلاو ْلال
1 

 إثزاْيى أثٕانهيم ,
1 

 أحًذ يصطفي عجذانزحًٍ  ,
1 

   2َٓبل سهيًبٌ  ,

    
1
 زجبيعخ الأسْ –كهيخ انعهٕو  -لسى انجيٕنٕجيب  

              انمبْزح  - انٓيئخ انمٕييخ نلإسزشعبر عٍ ثعذ ٔعهٕو انفضبء2   

نًيجًبريذ ٔصخٕر انٕٓرَجهُذ شيسذ يزٕاجذ ثًُطمخ انذراسخ  يجًٕعزيٍ يٍ انصخٕر انًزحٕنخ ْٔي صخٕر انُيس ٔا

ني ٔحذاد انصخٕر انصٓبريخ انزي رزكٌٕ يٍ صخٕر انًَٕشٔجزاَيذ ٔصخٕر انجبرَذ يسكٕفيذ يَٕشٔجزاَيذ ثبلإضبفخ إ

 ْٔذِ انصخٕر لبطعخ صخٕر انُيس  ٔانشيسذ ٔكم ْذِ انصخٕر يغطبِ ثصخٕر انفبَيزٔسٔيك يٍ انحجز انزيهي.

ٔأٌ أفضم يجًٕعخ َطبلبد  (OIF)ٔرهخصذ  َزبئج الاسزشعبر عٍ ثعذ أَّ رى اخزيبر أفضم يجًٕعخ َطبلبد ثبسزخذاو رمُيخ 

نزصُيف يزعذد الأطيبف ٔرى رطجيك طزيمزيٍ  في (.ٔرى رطجيك رمُيبد ا,67,5( ٔ)6,5,4ْي ) 8ثبنُسجخ نجيبَبد لاَذ سبد 

نهزًيش ثيٍ انٕحذاد انصخزيخ انًخزهفخ يٍ خلال اسزخذاو  (ML and SVMًْب )  Supervisedانزصُيف انًزالت 

 5/ 1,  5/ 7ٔ ) ( ,1/3  , 5/4,   7/5(خٕارسييبد يخزهفخ.ٔرى اسزخذاو رمُيخ انعبنمبد انُسجيخ انًطبثمخ نُست أخزٖ يثم 

 في PC1   ٔPC2  ٔPC4ثبلإضبفخ إني َطبلبد PC1 ٔ PC2 ٔ PC3( .ٔرى اسزخذاو  َطبلبد سطٕع  5/ 4(* 3/4,)

RGB  8نجيبَبد.Landsat- 
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