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Enhanced Lithological Mapping in El-Missikat and
El-Erediya Areas, Central Eastern Desert, Egypt,

Leveraging Remote Sensing Techniques and
Machine Learning Algorithms

Aya S. Shereif , Ali Shebl , Abdelhalim Shokry Mahmoud , and Árpád Csámer

Abstract— In the field of mineral exploration, it is strikingly
evident that radioactive-bearing mineralization predominantly
resides within granitic intrusions and along structural disconti-
nuities. Consequently, the comprehensive mapping of lithological
features emerges as a crucial means of accurately guiding the
identification of these mineralizations. The present research is
dedicated to enhancing the characterization of granitic rocks
located within Egypt’s Central Eastern Desert (El-Missikat and
El-Erediya regions). These areas have garnered attention due
to their notably high concentrations of radioactive mineraliza-
tions, prompting the need for a more in-depth investigation.
Despite the study area’s importance for potential radioactive
mineral deposits, examining the geological map reveals notable
challenges and inconveniences. Our research aims to address
these issues using remote sensing data and machine learn-
ing algorithms (MLAs). We used image processing techniques,
including false-color composites (FCCs), principal component
analysis (PCA), and independent component analysis (ICA) to
identify eight lithological targets and generate reference maps
for the study area.The widely used support vector machine
(SVM) was trained with informative image combinations, show-
ing reasonable lithological allocations, especially when it fed
with FCC 12-6-2 in RGB. Our study found that incorporating
dimensionality-reduction techniques like PCA and ICA with
FCCs significantly boosted accuracy by over 15%. Using Sentinel-
2 imagery and SVM, we created a novel lithological map for the
challenging study area, pinpointing mineralization-rich zones,
particularly those linked to shear zones within granitic rocks.
This map enhances progress in characterizing rock units, and we
strongly advocate the use of dimensionality-reduction techniques,
such as PCA and ICA, to feed MLAs. These techniques play a
crucial role in producing precise, unbiased lithological maps for
complex terrains, aiding in the localization of valuable mineral
deposits.
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I. INTRODUCTION

L ITHOLOGICAL mapping plays a crucial role in mineral
exploration, efficient geological surveys [1], [2], [3],

[4], [5], [6] analyzing numerous environmental hazards, and
planning land use [7], [8], [9]. This is mainly attributed to
the encapsulation of basic information about the accurate
identification of host rocks that in turn could facilitate a
better understanding of a considered area. The reliable and
efficient outputs of lithological mapping substantially con-
tribute to mineralization identification and other several natural
resources besides better planning for natural hazard mitigation.

As a consequence of the importance of accurate lithological
mapping, several techniques have recently been implemented
for developing the mapping process and increasing the reli-
ability of the outputs. For instance, remote sensing data and
geophysical methods (airborne gamma-ray spectrometric data
and aeromagnetic data) with the aid of geological and geo-
chemical data were applied [10], [11]. Lithological mapping
and identifying the contacts between different lithologies by
using airborne gamma-ray spectrometric data is premised
essentially on the measurements of the varied concentrations
of K, Th, and U in these rock units because this way offers
a means of identifying geochemical fluctuations in (K, Th,
and U) to each rock units from the Earth’s surface [12].
However, insufficient geochemical data or the unavailability
of geophysical surveys pose a challenge to the optimization
of lithological mapping efficiency, particularly in intricate
regions, inaccessible lands, and rugged terrains [13]. Conse-
quently, remote sensing data have been increasingly utilized
in the last two decades in lithological mapping [4], [14], [15],
[16], [17], [18], [19], [20].

The number of studies that used remote sensing datasets
(e.g., ALI, ASTER, Landsat, and S2) for solving geological
complexity in several terrains, highlighted the importance of
these images as a tool in geological investigations. Thus,
it is widely accepted as an alternative and cost-effective,
readily accessible, and rapid asset for conducting lithological
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mapping. It depends mainly on highlighting the spectral
responses (that depend on the physical and chemical properties
of rocks) and texture information of the various rock units [21],
[22], [23], [24], and providing significant information for
mineral exploration [25]. In addition to time and effort sav-
ings, they produce precise and effective mapping outcomes,
particularly in areas that are difficult to access for conventional
fieldwork [6]. The reliable outputs of lithological mapping by
remote sensing datasets and digital image processing tech-
niques are considered one way to track the mineralization [26],
[27], [28].

Among various available remote sensing datasets, the cur-
rent research depends mainly on Sentinel-2 data. The latter is
considered one of the best optical satellites in terms of pixel
size (10 m) and data availability (free access). In addition,
it provides advanced spectral resolution through its 13 chan-
nels distributed across the visible near-infrared (VNIR) and
short-wave infrared (SWIR). These spectral and spatial con-
figurations are effectively utilized for enhanced mineralogical
and lithological identification [18].

What has greatly bolstered the optimal utilization of remote
sensing data while emphasizing their efficiency is the seam-
less integration with machine learning algorithms (MLAs)
which are considered a subdomain of artificial intelligence
(AI). Particularly with the presence of various MLAs and
the availability of remote sensing datasets in the field of
geosciences, as highlighted by numerous authors [10], [18],
[29]. MLAs leverage computational techniques through sta-
tistical or nonprobabilistic approaches to recognize patterns
and relationships within geological datasets [30], aiding in the
identification and classification of lithological units by large
numbers of pixels that can be classified based on smaller num-
bers of labeled pixels, generally referred to as training data [6].
In addition, the primary advantage of MLAs lies in their
capacity to address intricate nonlinear mappings, their ability
to leverage substantial volumes of data without presuming
data distribution, and their capability to incorporate additional
datasets to enhance class separability and classification [31].

Expanding upon those mentioned above, in the last two
decades machine learning techniques have found extensive
application in addressing scientific and engineering chal-
lenges [32], [33], [34]. The use of MLAs (e.g., random forest
(RF), support vector machine (SVM), logistic regression, and
deep learning algorithms) in geological processes, especially in
lithological mapping and mineral prospectively mapping has
become increasingly prevalent and garnered interest, due to
their capacity to improve geological analyses. Various MLAs
have been extensively utilized to achieve precise lithological
classifications. These utilized MLAs can be broadly cate-
gorized into parametric types such as maximum likelihood
classifier (MLC), being a representative example, especially
suitable for normally distributed [35].

In addition, there are nonparametric types such as artifi-
cial neural networks (ANNs) [36], RFs [37], [38], k-nearest
neighbors (K-NNs) [39], and SVM methods [38], [40],
these nonparametric classifiers are efficiently employed in
lithological mapping using remote sensing data. SVM is

considered a supervised MLA, a well-known efficient classi-
fier, frequently endorsed, widely applied in numerous studies,
and stands out as one of the most potent and favored
algorithms in performing lithological mapping due to their
capacity to establish nonlinear decision boundaries within a
high-dimensional feature space by the aid of geological and
geophysical data [25], [41], [42], [43].

The current research is an attempt to make the best use
of MLAs and remote sensing data to decipher the geological
complexity of the study area (El-Missikat and El-Erediya).
The latter is situated in the Central Eastern Desert of Egypt
and contains significant radioactive uranium–thorium (U–Th)
mineral deposits accompanied by other nonradioactive miner-
alization, such as silver (Ag), fluorine (F), and molybdenum
(Mo) [44]. It is recognized as the foremost uranium occurrence
in the Eastern Desert of Egypt, they are also classified as
uraniferous granites [45], [46], [47], [48], [49]. Due to the
economic importance of these deposits, the study area attracted
the attention of many researchers and geologists performing
several geological investigations [45], [46], [47], [50], [51],
[52], [53], [54], [55], [56], [57], [58], [59], [60], [61] and
there are many geological maps [47], [57], [58], [62], [63],
[64], [65] that have been implemented for the considered
area. Notwithstanding the foregoing, we noticed considered
variations and discrepancies among these maps [62], [66],
[67], [68] and this heightened our motivation to discern the
distinctions among these geological maps and recreate a new
lithological map for the study area utilizing remote sensing
data and SVM to ensure the objectivity of our output.

Consequently, the current study aims to answer why such
variations exist despite the consistent study area by min-
imizing subjectivity that might have influenced previous
maps. By leveraging MLAs, renowned for their objectivity
and accuracy, we integrated high-resolution remote sensing
data (Sentinel-2) with SVMs. In addition, our research aims
at enhancing the localization of mineralization especially
radioactive mineralization through accurate detection of the
shear zones within the study area which are considered the
main host for mineralization within the studied terrain.

II. STUDY AREA AND GEOLOGICAL SETTING

A. Regional Geology

The mainly Neoproterozoic Arabian–Nubian shield (ANS)
is located along both sides of the Red Sea, creating one of
the largest exposed areas of Precambrian continental crust on
Earth [15], [69]. The rocks of ANS found in the Eastern Desert
and the Sinai Peninsula, Egypt, constitute the northern part of
the Nubian shield called the Precambrian basement [70] as
shown in Fig. 1. Granitic rocks make up approximately 60%
of the Neoproterozoic of the northern ANS, which includes
northwestern Saudi Arabia, Sudan, Sinai, and the Eastern
Desert of Egypt, as reported by [71]. The granitic rocks in
Egypt are typically divided into two primary groups, syn-
to late-orogenic older gray granitoids (750–610 Ma), and
post to anorogenic younger granitoids (YGs) (610–580 Ma)
[71], [72], [73], [74], [75], the later ones primarily consist
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Fig. 1. Location map of El-Missikat-El-Erediya areas, Eastern Desert, Egypt.

of monzogranites (MGs), syenogranites (SGs), and alkali-
feldspar granites. These YGs originated during an extensional
tectonic process, and they are prevalent throughout the Egyp-
tian shield and are significant sources of mineralizations
especially, radioactive ones. The YGs comprise approximately
one-third of the plutonic assemblage in the Egyptian shield
based on our surveying. A substantial portion of the radioactive
anomalies are linked to certain granites, primarily because
they host particularly intriguing uranium mineralization. Most
late-stage, highly fractionated granites, renowned for their
diverse geological formations, are widely acknowledged as
exceptionally favorable host rocks for uranium mineralization
on a global scale, this recognition is particularly prominent in
the case of peraluminous two-mica granites [76], [77], [78].

B. Geological Setting of the Study Area

The study area is situated in the Central Eastern Desert
of Egypt and covers about 576 km2 as it appears in Fig. 1.
This area is located between latitudes 26◦ 18′ and 26◦ 32′ N,
and longitudes 33◦ 20′ and 33◦ 30′ E, approximately midway
between Qena in the Nile Valley and Safaga on the Red Sea
shore (south of Qena and Safaga road), spanning a distance of
about 85 km [79]. It includes several well-known areas rep-
resented by 1) G. El-Missikat, which was mapped previously
as either MGs [80], or SGs [61] or MGs, SGs with altered

rich quartz granites [81] and MGs to SGs [82]; 2) G. Ria El-
Garra, which represents the eastern side of the study area and
parallel to G. El-Missikat and mapped previously as SGs [62];
3) G. El-Gidami, which is situated in the western part of the
region and represents the southwest part of G. El-Missikat and
the northern eastern part of G. El-Maghrabiya and mapped
previously as SGs [62] and MGs to SGs [82]; 4) G. El-
Maghrabiya MGs [67], [82] that is revealed in the western
part from G. El-Missikat; and finally 5) G. El-Erediya which
is mapped before as SGs [62] and MGs to SGs [82] and it
is located in the southern part of G. El-Missikat and in the
southeastern part from G. El-Maghrabiya and G. El-Gidami.

The areas of El-Missikat and El-Erediya are distinguished
by their wealth of valuable mineralization reserves. These
deposits include significant sulfides such as galena, pyrite,
chalcopyrite, sphalerite, and molybdenite, as well as barite,
fluorite, copper, silver, and gold [44], [83]. It’s worth noting
that these two granitoid plutons are recognized for their
uranium mineralization (primary and secondary), based on our
prior knowledge [84], [85], [86], [87].

As they represent the most promising prospects for
uranium they captured the attention of onlookers to dig
several exploratory mining tunnels through the NW part of
G. El-Missikat pluton and the southern part of G. El-Erediya
pluton [57], [64], [81], [88], [89], [90], [91]. Besides these
granitic plutons, a wide range of other Precambrian and
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Fig. 2. (a) Overview of the study area through an FCC 12-6-2 in RGB, respectively, featuring the earlier research of various authors. (b) Geological map of
El-Missikat-El-Erediya areas (red frame), adapted from previous works [1] and modified after (Ammar, 1973; Bakhit, 1978; Abu-Deif, 1985; El-Tahir, 1985;
and others). (c) Geological map of El-Erediya area (yellow frame), adapted from the research of [6] and modified after [7] and [8]. (d) Geological map of
El-Erediya area as per [9], and (e) (orange frame) geological map of El-Erediya area, sourced from [10] and modified after (Abu-Deif, 1992). We tried to
unify the color representation of each rock unit to facilitate more straightforward comparisons.

Phanerozoic formations are exposed within the study area as
depicted in Fig. 2.

The investigated area of study is covered by Neoproterozoic
rocks as illustrated in Fig. 2, that belong to the ANS, from
oldest to youngest as follows, ophiolitic rocks (serpentinites,
amphibolite, metagabbros, and metasediments), island arc
metavolcanics (AMVs), syn-tectonic older granitoids (OGs)
(diorite, granodiorite, tonalities, and quartz diorite), younger
gabbro and posttectonic YGs (MGs, SGs and altered rich
quartz granites) as depicted in Fig. 2. All these Precambrian
rock units are unconformably overlain to the west by the Early
Cretaceous Nubian sandstone (NSS) [62], [66], [67], [68],
[81], [82], [92], [93], [94].

The YGs plutons of El-Missikat and El-Erediya are char-
acterized by elevated levels of SiO2 (more than 73%), total
alkalis, metalumonous to slightly peraluminous, low Fe2O3,
MgO, and TiO2 [95], exhibit leucocratic characteristics, signif-
icant differentiation, and they are accompanied by accessories
such as zircon, monazite, fluorite, iron oxides, and apatite [64],
[89], [96]. These plutons have formed in a postorogenic
event, within the Earth’s crust, specifically in a within-plate
setting [51], [94]. Significant numbers of geological maps have

been produced in the surveyed area [47], [57], [58], [62], [63],
[64], [65] and will be summarized below to highlight the main
characteristics of each rock unit.

Granitic rocks within the study area can be mainly divided
into OGs, MGs, and SGs.

Syn-tectonic OGs also known as quartz diorite [81], [93],
diorites [67], tonalities, and granodiorite [67], [81], [93],
represent a massive pluton that extended westward and north-
ward beyond the study area. Their age is approximately
from 930 to 850 Ma according to [97] and [98], to 711 Ma,
as suggested by [99]. Posttectonic YGs had also intruded
into the OGs [81]. The OGs are commonly found as low to
moderately relief rocks with oriented features and a gneiss-like
texture. In certain instances, they may appear as migmatized
rocks with distinct alternating dark and white bands [81] and
are distinguished by their gray.

Based on their mineral composition, quartz diorite is
composed essentially of plagioclase (38%), quartz (8%), and
K-feldspars (2%) as felsic, and hornblende (18%), augite
(13%), and biotite (12%) as mafic minerals. Granodiorite
consists mainly of quartz (39%), plagioclase (39%), and
K-feldspars (varying from 6% to 12%) as rock-forming felsic,
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and biotite (13%) and hornblende (1%) as mafic minerals.
Tonalites are composed essentially of quartz (up to 38%),
plagioclase (up to 58%), and K-feldspars (varying from 6% to
12%) as essential felsic, and biotite (20%) and hornblende
(1%), as essential mafic minerals [81]. Chlorite, epidote,
sericite, and kaolinite are present as alteration products of
hornblende and plagioclase. Apatite, zircon, titanite, and rutile
are observed as accessory minerals [67].

El-Missikat posttectonic YG (SG), is an oval-shaped pluton
(approximately 12-km long and 20-km wide) elongated in the
N–S direction and constitutes a moderate to high SG plu-
ton [62], [68]. It exhibits a pink to red and is characterized by
a medium to coarse-grained texture displaying a hypidiomor-
phic texture and dappled with some milky white plagioclase
feldspars and grains of smoky quartz. Petrographically, it is
composed mainly of quartz, alkali feldspar (mainly perthite
and microcline perthites), sodic plagioclase (oligoclase and
albite), biotite and muscovite, as essential minerals, apatite,
sphene, ilmenite, fluorite, rutile, magnetite, tantalum-bearing
minerals and zircon and iron oxides that occur as clots
of hematite and limonite as accessory minerals [88], [100].
Uranothorite, xenotime, uraninite, allanite, and monazite also
appear rarely [101], [102], [103]. El-Missikat SG is cate-
gorized as high potassium calc-alkaline zoned plutons [62],
[102].

El-Missikat SG was emplaced during the posttectonic event
of the ANS evolution and has been dated to approximately
568 ± 17 Ma according to [104] using the Rb/Sr aging
method. Greenberg [99] places their age within the range of
603–575 Ma. For the age determinations for Rie El-Garra,
which represents the eastern lobe of the El Missikat granitic
mass, Fullagar [104] was reported to be approximately 568 and
570 Ma. The more recent granitoids intrude the syn-tectonic
older ones along several hundreds of meters (500–750 m),
directly at the northern, western, and eastern parts, exhibiting
a distinct sharp contact.

Notably, the El-Missikat SG displays distinct intrusive con-
tacts as it penetrates the adjacent older rocks in the study area.
This results in noticeable oval-shaped, dark-colored xenoliths
from the older rocks, especially the OGs, being evident within
the younger ones. In addition, pegmatites were found in the
shape of small lenses, vein-like bodies, zoned and unzoned
oval-shaped bodies, and sheets, particularly near the contacts
with the OGs [81], [88]. These pegmatites mainly consist
of quartz and K-feldspars, with minor amounts of iron oxy-
hydroxides, mica, green to violet fluorite, and jasper [93].

El-Erediya posttectonic YGs, are mostly classified as SGs
and MGs and are situated in the southeastern region of
the mapped area. They display hues ranging from pink
to reddish-pink, oval-shaped, and elongated intrusion out-
lines (NW directions). They possess a slightly leucocratic
nature, exhibit a medium to coarse-grained texture with low
to moderate relief, and typically reveal a hypidiomorphic
texture. It exhibits extensively weathered, exfoliated, and
jointed surfaces resulting from weathering processes [105].
They are mainly composed of K-feldspar (31%–34%) (micro-
cline, microcline perthites, orthoclase, and perthite), quartz
(30%–35%), and plagioclase (31%–35%) as essential felsic

minerals, micas (biotite and muscovite) as essential mafic
minerals [67]. Zircon, apatite, fluorite, and Fe-Ti oxides appear
as accessory constituents. According to the results of the geo-
chemical analyses the El-Erediya granites are enriched in Nb,
Rb, Y, and U but depleted in Ba, Pb, Sr, Zn, and Zr [58], [59].
El-Erediya granitic pluton was emplaced during a posttectonic
event of the ANS evolution (ages of 570 ± 5 Ma) [104].

These granitic bodies are dissected by several structural
features. NE-SW oriented syn-tectonic felsite dyke swarms
cut only the OGs at the northwestern boundary of the El-
Missikat-El-Gidami granitic plutons [100]. The northwestern
part of El-Missikat YG is intruded by thick aplite dike [103],
[106] and traversed by some NW-SE faults and a mineralized
shear zone with an NE-SW direction. The El-Erediya YG is
intersected by two main fault orientations, with one trending
in the northwest to southeast (NW-SE) direction and the other
in the north to south (N–S) direction and from the southern
part revealed that this pluton is cut by thick aplite dyke.

Shear zones are also prevalent within the study area and
have economic importance, several subparallel shear zones,
aligned in the northeast-southwest direction intersect the
northern part of the El-Missikat pluton, particularly along
its interface with OGs in the western part and extend to
the north-eastwards in G. El- Garra [107]. Likewise, in the
southern sector of the El-Erediya pluton, these shear zones
are conspicuous, especially in the proximity of contact with
AMV rocks [53]. This is exemplified by tabular and elon-
gated granites that have been subjected to northeast-southwest
compression and brecciation, with parallel fractures and joints
extending over a distance of 2 km in length and 4 km in width.
Furthermore, within this shear zone, multiple generations of
quartz (siliceous) veins and veinlets, ranging from 1 to 3 m
in thickness, extend for over 2 km [106].

For the El-Missikat area uranium mineralizations are pre-
dominantly structure-controlled, primarily concentrated along
shear zones especially associated with black and jasperoid
silica veins which occur within shear zones [45], [57],
[64], [108]. While uranium-bearing mineralizations in the
El-Erediya area are always associated with sheared-granite
zones, these zones are predominantly situated along the
NW-SE and N–E fault systems [66], [109] and this area
also has shear zones (ENE-WSW) filled with red and black
silicified veins containing many radioactive anomalies with
visible yellow secondary uranium minerals [95], [105], [110].

III. MATERIALS AND METHODS

A. Remote Sensing Data (Sentinel-2)

The European Space Agency (ESA) with the corporation
European Commission (EC) launched the Sentinel-2 satellite
that carries a single Multispectral Instrument (MSI). Sentinel-
2 consists of a pair of identical satellites (A and B) that share
the same sun-synchronous orbit and they are positioned with
a 180◦ phase difference from each other. Sentinel-2A and
Sentinel-2B were launched on June 23, 2015 and March 7,
2017, respectively, and the cooperation of those twin satellites
provides a reasonable temporal resolution of five days [39].
The primary focus of the Sentinel-2 mission is on land cover
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TABLE I
CHARACTERISTICS OF SENTINAL-2 DATA

applications and related tasks in change detection mapping.
Sentinel-2 satellite serves as a significant means of monitoring
and improving the consistency of Earth observation data with
a short revisiting time. It offers adequate spectral coverage
(13 spectral bands from 0.433 to 2.280 with a scan width
of 290 km) with a spatial resolution of 10–60 m [111] (see
Table I).

Sentinel-2 data were preprocessed to the Zone 36 North
Universal Transverse Mercator (UTM) projection with the
WGS-84 datum, subsequently atmospherically corrected to
obtain the surface reflectance using the sen2cor processor
within the Sentinel Application Platform (SNAP). Sentinel-2
has proven its efficiency in many geological applications and
is adequate for investigations [11], [112], [113], [114], [115],
[116], [117], [118], [119], [120], [121], [122], [123], [124].

B. Image Processing Techniques

In the present research, a diverse range of image pro-
cessing techniques has been harnessed to elevate the
quality and information content of the imagery. These
methods encompass principal component analysis (PCA),
independent component analysis (ICA), false-color com-
posites (FCCs), and decorrelation stretch (DS) per the
depiction in Fig. 3. All of these processing techniques were
performed using version 5.6.2 of the Environment for Visualiz-
ing Images (ENVI) software, (https://www.l3harrisgeospatial.
com/SoftwareTechnology/ENVI). Their collective purpose is
to substantially enhance the visual representation of the data
and more importantly to sharpen the distinction between litho-
logical units while accentuating the delineation of lithological
boundaries. The whole adopted methodology is shown in as
shown in Fig. 3.

1) False-Color Composites: FCC is a standard RGB repre-
sentation of three bands (using any combination except for the

Fig. 3. Flowchart illustrating the methodology employed in the present study.

true-color composite). In geological applications, the choice
of bands primarily relies on their capacity to highlight the
lithological features based on their spectral characteristics [20],
[121], [122]. By combining specific bands after trying to
select the best color composite, it becomes significantly more

https://www.l3harrisgeospatial.com/SoftwareTechnology/ENVI
https://www.l3harrisgeospatial.com/SoftwareTechnology/ENVI
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Fig. 4. (a) Lithological discrimination using Sentinel-2 FCCs 12-6-2 in RGB, (b) FCCs 11-2-12 in RGB, and (c) FCCs 12-11-7 in RGB channels.
(d) Lithological characterization using DS color composites, DS 12-11-7 in RGB channels.
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effective in identifying differences. Several FCCs were applied
in this study to discriminate the rock units in the study area,
including the combinations 12-6-2, 11-2-12, and 12-11-7 in
the RGB channels. The first FCC, 12-6-2 [see Fig. 4(a)], was
effective in differentiating the felsic granitoids from the mafic
rocks, such as ophiolites (OPHs) and AMVs. In addition, the
FCC 11-2-12 in the RGB channels [see Fig. 4(b)] significantly
highlighted the shear zones in the study area, including the
Northern G. El-Missikat, Northern G. El-Maghrabiya, and
Southern G. El-Erediya. Finally, the FCC 12-11-7 in the RGB
channels [see Fig. 4(c)] differentiated not only between the
felsic granitoid units and mafic rocks but also among various
types of granitoid rocks, including OGs, MGs, and SGs, within
the study area.

2) Decorrelation Stretch: DS is particularly useful for high-
lighting subtle variations and details in the data. It depends
on manipulating the primary components of the acquired data
to produce a color composite image through the removal of
interchannel correlation with each pixel [4], [123]. DS is used
to enhance the color differences in any false-color combination
of satellite images. DS has proven its efficiency in distin-
guishing rocks [124], [125]. Thus, we applied it as a tool to
discriminate between different lithological units in the study
area as illustrated in Fig. 4(d).

3) Principal Components (PCs) Analysis: PCA is a
dimensionality-reduction mathematical method applied to
handle correlated information often associated with remote
sensing data. PCA belongs to a category of multidimensional
descriptive techniques known as factorial methods [126]. It is
also utilized to gather data on characteristics to enhance
the targeted information in the image. This can be achieved
by converting a set of interrelated variables into several
independent and uncorrelated linear variables through the iden-
tification of the primary axes in the original data responsible
for the most variation. These linear variables carry informative
data related to the spectral attributes anticipated from the
particular spectral bands in the VNIR and SWIR regions.
This is done through an orthogonal transformation known as
PCs [112], [113], [114].

Nonetheless, while PCA is highly effective in reducing
the dimensionality of satellite data by compressing mul-
tispectral datasets into PC bands, it also segregates noise
components by suppressing irradiance effects, eliminating data
redundancy, and calculating a new coordinate system for
it. Furthermore, it largely preserves the crucial information
present in the images. PCA in image data involves three
key steps: 1) determining variance from the data matrix;
2) finding eigenvalues and eigenvectors from the variance
matrix; and 3) transforming the image data linearly using the
eigenvector coefficients [127]. PCA is widely employed for
lithological mapping by utilizing spectral bands from remote
sensing sensors as this method consistently demonstrates a
90% effectiveness in geological discrimination and mineral
exploration results as supported by numerous studies [113],
[128], [129], [130]. The former [see Fig. 5(a)] was applied to
distinguish and confirm the separation of felsic granitoid rocks
from mafic ones in the study area. In contrast, the latter [see
Fig. 5(b)] was employed to accurately identify the distribution

of OPH rocks and to distinguish between various types of
granite rocks in the study area, in addition to separating the
NSS from the basement rock of the studied terrain.

4) Independent Component (IC) Analysis: ICA is a statisti-
cal and advanced computational method for extracting features
by separating source signals from mixed ones, it can be utilized
with multispectral or hyperspectral remote sensing data to
reveal underlying factors in sets of random variables, or sig-
nals [131], [132]. This statistical technique operates on data
through rotation in an n-dimensional space, where n represents
the number of bands aiming to maximize the independence
of the input data, as described by [133]. Furthermore, the
resulting ICs are not just uncorrelated, akin to PCA, but they
are also independent and possess detailed features, even when
they represent a limited portion of image pixels [123]. The
ICA can serve various purposes, including extracting image
characteristics, reducing noise, separating features, identifying
end-members, pinpointing targets and anomalies, as well as
performing classification and mapping tasks [111], [134],
[135]. In the current study, ICA 4-1-3 in RGB and ICA 1-
4-5 in RGB as shown in Fig. 5(c) and (d) delivered superior
results.

C. Machine Learning

1) Data Preparation and Feature Extraction: The current
study dedicated significant time and effort to developing refer-
ence geological maps, aiming for a more precise identification
of the exposed rock units in the study region. This involved
amalgamating information from over five previous geological
maps, employing various image processing techniques (FCC,
DS, PCA, and ICA), conducting field investigations, and inter-
preting images. The integration of these various approaches
not only facilitates accurate lithological discrimination but
also enhances feature extraction, enabling a more effective
separation of the training and testing data required for gener-
alizing and evaluating processes. OPHs, island AMVs, OGs,
MGs, SGs, dykes and shear zones (DY-SHZs), NSS, and wadi
deposits (WDs) were the eight classes identified (see Table II).
The latter describes the training and test data for these classes.
Previous studies consistently advise the allocation of a range
between 70% and 80% for training samples and 30%–20% for
testing samples [43]. Accordingly, training samples specific to
each rock unit were chosen, falling within the percentage range
of 70%–80% (as shown in Table II). For better allocation of the
classified targets, Shebl et al. [136] recommended increasing
the number of informative inputs for the utilized algorithms.

Our current research applied several trials to resolve the
conflicts among the previous lithological maps of the studied
terrain. However, two main data inputs were selected in the
current research for feeding SVM. The main input datasets
(used to train SVM) are FCC 12-6-2 in RGB, respectively,
and the fused (using stacked-vector method) FCC 12-6-2
+ PCA 1-2-3 + ICA 1-4-5. The latter combination was
selected based on our visual interpretation and analysis of
all the resultant images. The data fusion was performed by
creating comprehensive pixel vectors by combining different
spectral information through various informative data points.
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Fig. 5. Lithological characterization utilizing Sentinel-2 transformation combinations of (a) PCA 1-2-3, (b) PCA 4-2-3, (c) ICA 4-1-3, and (d) ICA 1-4-5
in RGB channels.
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TABLE II
TRAINING AND TESTING DATA USED FOR THE LITHOLOGICAL ALLOCATION

Fig. 6. (a) Hyperplanes for linearly separable data and (b) optimum hyperplane support vectors.

The information is merged using the extended-vector method
as introduced by [137] and further utilized by [18]. The current
study has opted to employ SVM as a machine learning tool,
primarily because of SVM’s recognized potential and precision
in the classification of various rock types [138], [139], [140].

2) Support Vector Machine: SVM algorithms represent a
category of supervised machine learning models rooted in
statistical learning theory, often considered as heuristic [141].
In the context of classification, SVM aims to identify an
optimal hyperplane that effectively segregates two classes
as indicated in Fig. 6. This optimal hyperplane is ascer-
tained by utilizing training datasets and subsequently validated
through the assessment of its generalization capacity on test
datasets. In the case of classifying n-dimensional datasets,
SVMs generate a (n–1)-dimensional hyperplane. A singular
hyperplane that maximizes the margin between these classes
is known as the optimum hyperplane as illustrated in Fig. 6.
The data points that exert influence over the margin’s width
are referred to as support vectors [142], [143]. SVM was
selected as an MLA in the current research due to its proven
effectiveness in several remote sensing applications [144],
[145], [146], [147] including lithological mapping [25], [41],
[42], [43], [138], [139], [140]. In our study, the SVM classifier
is trained on Sentinel-2 data that is processed by FCC 12-6-2

in RGB channels alone and FCC 12-6-2 + PCA 1-2-3 +

ICA 1-4-5 data.

IV. RESULTS AND DISCUSSION

Based on the generalization findings presented in (see
Table III) and further elucidated in Fig. 7(a) marked superiority
of the thematic maps emerges when the classifier is fed by
the more informative datasets (FCC 12-6-2 + P-C-A 1-2-3 +

ICA 1-4-5) rather than FCC alone as evidenced by the data
presented in Fig. 7(a) and (b). This substantial enhancement
can be primarily attributed to the enhanced characterization
and separation of individual classes, resulting in a more precise
localization of the decision boundary within the multidimen-
sional dataset. This improved characterization arises from the
greater contribution of informative pixels within the (FCC 12-
6-2 + PCA 1-2-3 + ICA 1-4-5) combination, as compared to
the more limited features provided by FCC alone. This, in turn,
empowers the classifier to resolve numerous issues inherent
to the complex classes, leading to an overall accuracy (OA)
increase of more than 15%. This achievement is particularly
noteworthy considering that this substantial improvement is
achieved without altering the training and testing datasets.
It’s worth noting that despite these improvements, some mis-
classifications remain. The latter can be justified, given the
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TABLE III
CONFUSION MATRIX, PA, UA, OA, AND KAPPA COEFFICIENT (K) OF SVM CLASSIFICATION RESULTS

complexity of the geological setting of the terrain, which has
exhausted many previous studies [47], [57], [58], [62], [63],
[64], [65]. This complexity served as a primary motivation for
undertaking this research and applying MLAs for the first time
in the study area.

Generally, misclassifications are often attributed to the
closeness in the spectral characteristics of the studied rock
units, several deformation events, dykes, fractures, hydrother-
mal alterations (silicification, sericitization, hematization,
greisenization, kaolinization, and fluoritization) [81], [87],
[106], [148], and weathering products that may obscure the
original features for each rock type causing bewilderment for
the classifier.

For instance, the study area contains three types of gran-
itoid rocks, younger granites (YGs) that are represented by
SGs, MGs, and OGs that are typified by granodiorite. These
granitic rocks have common mineralogical constituents such as
quartz, plagioclase, k-feldspar, mica (biotite and muscovite),
and amphiboles (hornblende), resulting in similarity in their
appearance. In the study area and with more details, SGs
consist of 59% quartz and 16% plagioclase as felsic minerals,
with 1% biotite and 3% muscovite as mafic minerals [82].
MGs contain 51% quartz and 39% plagioclase as felsic min-
erals, along with 6% biotite as mafic minerals [82]. OGs are
mainly composed of 39% quartz, 39% plagioclase, 6%–12%

K-feldspar as felsic minerals, 13% biotite, and 1% hornblende
as mafic minerals [81]. There is a degree of similarity in
the mineral composition among the prominent granite types
found in the study area and this is reflected by occasional
misclassifications by the SVM algorithm.

These similar characteristics are more conspicuous in the
case of the first generalization process (utilizing FCC 12-6-2
in RGB only) by the existence of several errors among the
three classes as depicted in Fig. 8. For instance, MG has been
misclassified as SGs and older granite resulting in a very low
producer accuracy (PA) as shown in Fig. 7(a) and Table III.
Similarly, older granite has been sometimes misclassified as
SGs or MGs. These misclassifications are reflected in Fig. 7(a),
where the two lowest values of the producer accuracies are
related to MGs and older granite, respectively.

Furthermore, the wide range of mineralogical composi-
tions of the AMVs exposed in the study area sometimes
makes bafflement for the algorithm especially noticed with
NSS. These disordered allocations are well-noticed in the
thematic map provided only using FCC 12-6-2 in RGB due
to the lack of further details discriminating between MVs
and NSS. Although acidic metavolcanics (metadacites) are
comparatively rare. Intermediate (metaandesites), and basic
rocks (metadolerite, metabasalt, and amphibolite) also can
be found and largely distributed. These basic to intermediate
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Fig. 7. (a) PA and (b) user accuracy (UA) for each class showing how well the classification is enhanced by adding PCA 1-2-3 and ICA 1-4-5 to FCC
12-6-2 in RGB channels.

metavolcanics are rich in hornblende and relics of pyroxene
interpreting the higher iron content leading to these misclassi-
fications with ferruginous NSS. Since the metavolcanics may
contain a significant amount of iron (mainly intermediate to
basic) represented by the dominance of hornblende and biotite,
it could be the main reason for perplexing the SVM with NSS
often characterized as ferruginous.

Our interpretation regarding these confusions among MVs
and NSS has been evidenced by reports from previous studies
that highlighted the heterogeneity within AMVs. Kassas and
Bakhit [58] reported that the AMVs are extensively scattered
throughout the entire surveyed region, representing a signifi-
cant collection of metamorphic rocks with a volcanic igneous
origin. These rocks can also occur as sizable xenoliths within
the subsequent plutonic igneous formations like granodiorites
and granites. These rocks typically exhibit a fine to medium-
grain texture, appearing as solid and dense formations, and

are characterized by dark green to grayish-green or dark gray
shades. In some instances, near granite intrusions, you may
observe hints of yellowish cream and light grayish hues in
the outcrops. YG plutons like G El-Erediya intruded into
these rocks, causing widespread faulting and fractures. Numer-
ous quartz veins and a few newer, basic, acidic dykes are
frequently responsible for injecting them. The diversity and
heterogeneity within metavolcanics contribute to the misclas-
sification of this rock unit, particularly when the algorithm is
trained solely on a limited 12-6-2 in the RGB dataset.

OPHs also have a PA of around 72% (see Table III). This
decrease is attributed to the intravariability within the class.
This is thoroughly substantiated by several studies stating that
OPHs in the studied terrain consist mainly of serpentinites,
metagabbros, amphibolites, and ophiolitic mélange (metased-
iments) [47], [67] which are poorly discriminated and have a
very small extent to be separated as individual classes. Despite
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Fig. 8. Lithological map of El-Missikat and El-Erediya areas using SVM classification based on Sentinel-2 FCC 12-6-2 in RGB channels.
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Fig. 9. Lithological map of El-Missikat and El-Erediya areas using SVM classification based on FCCs 12-6-2, PCA 1-2-3, and ICA 1-4-5 combinationsin
RGB channels.
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Fig. 10. Field photographs showing the mapped rock units of (a) ophiolitic metasediments in the eastern part of G. El-Erediya, (b) AMVs, older granites, and
SGs that are located in the eastern area of G. El-Missikat and G. Ria El-Garra and northern G. El-Erediya, (c) general view of basic metavolcanics (basaltic
andesite) that is located in the NE part of the area, (d) felsic metavolcanics that is situated in the western part of the G. El-Erediya and G. El-Maghrabiya,
and (e) metavolcanics, older granites, and MGs in the western part of G. El-Maghrabiya. Symbols: OPH (MS) = ophiolite metasediments, AMVs = arc
metavolcanics, OG = older granites, MG = monzogranites, NSS = Nubian sandstones, SG = syenogranites, and DY = dyke.

all of these differences, our classifier was able to accurately
identify all the ophiolitic components within the study area

compared to previous studies that mapped it with exhaustive
efforts and time through field mapping.
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To better tackle these misclassification problems, minimize
error pixels in the classification of targets derived from basic
input data, and address the discrepancies highlighted in prior
studies, we employed FCC 12-6-2 + PCA 1-2-3 + ICA 1-
4-5, as input for SVM. These composites were intentionally
selected after comparing and visually interpreting more than
30 composites for the studied terrain. In addition, these
composites include highly informative bands of the whole
implemented Sentinel 2 bands. A distinct classification with
sharper delineation of the complicated classes was evident both
visually as indicated in Fig. 9 and statistically in Table III.

Visually, an understandable generalization and unambiguous
allocation of MG as an elliptical block can be seen in Fig. 9
compared to the previous erroneous block filled with different
types of pixels representing various classes in Fig. 8. Further-
more, in the southwestern corner of the study area, a lucid
representation of NSS is presented in Fig. 9, compared to that
shown in Fig. 8 with a lot of yellow error pixels representing
SGs. The upgrading of the allocation is also manifested by
comparing the AMVs, older granites, and OPHs all over the
study area, where their flawed representations presented in
Fig. 8 appear to be more coherent, corrected, and a bit sharp
in Fig. 9.

All of these advancements are also undisputedly clear by
comparing the statistical findings for each class. For instance,
Table III and Fig. 7 show that comprehensive enhancements
for all the classes are evident with different percentages. This
statistical enhancement is better echoed by comparing the
final OA and kappa coefficients for the two generalization
processes. An apparent augmentation (by 15.2%) of the OA
from 68.26% to 83.46% and for kappa coefficient (from 0.63 to
0.80) boosting was also noticed.

V. FIELD VERIFICATION OF GENERATED LITHOLOGICAL
MAP

A comprehensive field reconnaissance plays a fundamental
role in confirming the geological mapping that was obtained
through the integration of remote sensing data and MLAs. The
updated lithological map derived from Sentinel-2 data with
SVM was field-validated through intensive field investigations
as illustrated in Figs. 10–12 and the petrographic study in
Fig. 13. The locations of the field photographs are dropped
over Fig. 14 for more clarification. Several field stations (based
mainly on accessibility) were visited and studied for the
verification of all mapped lithological units and mineralized
shear zones within the studied area as shown in Fig. 14.
Our field investigations revealed a robust alignment with the
updated classified map, indicating that the used method is
effective for precise lithological mapping. The main finding
of the current research is highlighting the higher capability of
collaborative usage of the informative combinations (FCC12-
6-2 + PCA1-2-3 + ICA1-4-5) of Sentinel 2 data and SVM
for accurate lithological discrimination and better delineation
of mineralized shear zones.

Our comprehensive field verification covered nearly all the
lithological targets exposed within the study area, as indicated
by our updated lithological map. Ophiolitic rocks are prevalent
in the southern and eastern border of G. El-Missikat and G. Ria

El-Garra, as well as in the eastern and northern regions of G.
El-Erediya. Our investigations have confirmed the widespread
distribution of ophiolitic rocks in eastern and western sections
of G. El-Maghrabiya, as depicted in locations over Fig. 14.
Addressing the distribution of these rocks within the study
area stands out as a pivotal output in our research, given that
previous geological mapping often grappled with inconsisten-
cies [47], [58], [62], [66], [67], [148]. Nevertheless, the precise
classification facilitated by Sentinel-2 processed images and
SVM has successfully resolved this challenge. Subsequently,
during field investigations, we conclusively confirmed the
presence of these rock units, which could be characterized
mainly as ophiolitic mélange (metasediments) in this area as
evidenced by the data presented in Fig. 10(a).

The presence of AMVs on the northeastern, southeastern,
and southwestern boundaries of the study area is evident and
consistent with our updated lithological map, as depicted in
Fig. 14, and corroborated by our field geological surveys,
further illustrated in Fig. 10(b)–(e). Our updated lithological
map shows that the AMVs are occasionally cut by several
dykes. This setting was confirmed by our field investigations.
For instance, the basic metavolcanics that appear in the
NE part of the area (basaltic andesite) are cut with felsic
dyke, and the latter cause melting to the former ones as
shown in Fig. 11(b). Thus, xenoliths from the older AMVs
inside the younger dyke could be seen in Fig. 11(c). Felsic
metavolcanics are also distributed in the SW corner of the
area (Wadi Hamama metavolcanics), the latter exhibits some
color transformations because of the hydrothermal alterations
as illustrated in Fig. 10(d). They are characterized by columnar
joints in several locations [see Fig. 11(d) and (e)].

OGs are broadly distributed in the study (e.g., NE,
NW part, and in the western part of G. El-Maghrabiya and
G. El-Erediya) as displayed in Fig. 14. Through our field
reconnaissance, older granites have also been validated as
shown in Fig. 10(b) and (e). MG units are represented mainly
by G. El-Maghrabiya and the southern part of G. El-Erediya as
displayed in Fig. 14. A field survey was undertaken, and these
granitic rocks also have been justified as evidenced by the data
presented in Figs. 10(e) and 12(a)–(c). SGs represented by G.
El-Missikat, G. Ria El-Garra, G. El-Gidami, and the northern
part of G. El-Erediya as shown in Fig. 14, have also been
confirmed through field reconnaissance, as demonstrated in
Figs. 10(b) and 12(d).

DY-SHZs that are considered significant mineralized zones
within the study area are meticulously checked in our updated
lithological map with field investigations and the known
potential mineralized spots reported from previous studies.
These zones are mainly revealed in the northern part of
G. El-Missikat, along the contact between G. El-Missikat
and G. El-Maghrabiya (Northern G. El-Maghrabiya) as well,
in the southern part of G. El-Erediya as demonstrated in
Fig. 14.

Our results accurately identified the shear zones and showed
a marked consistency with the distributions of radioactive
mineralizations (areas with white squares), indicated by many
previous studies [56], [62], [66], [67], [80], [81], [88], [148],
[149]. It should be emphasized that this accurate detection
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Fig. 11. Field photographs showing the mapped rock units of (a) general view to the metavolcanics (basaltic andesite) and NSSs is revealed in the back
of the area, (b) felsic dyke that cut the basic metavolcanics, (c) inclusions of basic metavolcanics within the felsic dykes, and (d) and (e) general and closer
view to felsic metavolcanics exhibiting columnar joints. Symbols: AMVs = metavolcanics, DY = dyke, and NSS = Nubian sandstones.

of these mineralized shear zones was carried out depending
mainly on accurate lithological separation emphasizing the
role of the enhanced lithological mapping in saving time, costs,
and efforts for detecting mineralized terrains.

Our field check highlighted that NSS is revealed in the SW
corner of the area of study as illustrated in Fig. 14 and shows
great consistency with our updated lithological map as shown
in Figs. 11(a) and 12(e). WDs are distributed all over the area
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Fig. 12. Field photographs showing the mapped rock units of (a) MGs at the western part of G. El-Maghrabiya, (b) MGs at the western area of G. El-Erediya,
(c) MGs at the eastern part of G. El-Erediya and G. El-Maghrabiya, (d) SGs at the northern western part of G. El-Missikat (opposite to El-Missikat mine)
and (e) inclaves inside granitic porphery and pointing to the strike of the dyke and this photograph also show the contact between metavolcanics and NSSs.
Symbols: MG = monzogranites, SG = syenogranites, DY = dyke, NSS = Nubian sandstones, and WD = Wadi deposits.

as displayed in Fig. 14 and are validated in several locations
as depicted in Fig. 12(b), (d), and (e).

Overall, the rock units observed in the field locations
closely match the predictions presented on our lithological

map, a product of the integration of enhanced Sentinel-2
images and the SVM model. Notably, this approach effectively
distinguished mineralized shear zones, offering the opportunity
to focus expensive geophysical and geochemical analyses on
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Fig. 13. Cross-polarized (XPL) photomicrographs showing, (a) fine ophiolitic metasediments, (b) coarse ophiolitic metasediment exhibiting dominant foliation,
(c) and (d) basic metavolcanics (basaltic andesite), showing blasto-intergranular texture, (e) hand specimen of unaltered YG from El-Erediya pluton and it is
located far away from the shear zones (SG), and (f) SG, showing hypidiomorphic texture. Symbols: Qz = quartz, Pl = plagioclase, IO = iron oxides, Bt =

biotite, and Ms = muscovite. Hand specimens accompanied by thin sections of altered granites bearing U-mineralization showing.

these areas. This underscores the pivotal role of integrating
MLAs with remote sensing data in applications of this nature.
It is worth highlighting that a meticulous examination of all
predicted shear zones on our final lithological map revealed a
remarkable alignment with the well-documented mineralized
zones within the study area as depicted in Fig. 14.

Petrographically, previous research [58], [81] has predomi-
nantly concentrated on granitic rocks, as noted and described
in the geological context of our current study. As a result, our

primary petrographic investigations were specifically tailored
to examine ophiolitic metasediments and AMVs, also in
addition to some granitic varieties, including unaltered and
altered mineralized sheared granitoids. We selected these rock
types due to their extensive distribution, covering a significant
portion of the study area.

Ophiolitic metasediments exhibit fine to medium grain size
texture and a color range from light gray to black. They
consist primarily of quartz and feldspar crystals intensively
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Fig. 13. (Continued.) Cross-polarized (XPL) photomicrographs showing, (g) primary and secondary U-minerals situated in the fractures and cracks in the
shear zones, (h) U-mineral bearing granite (uranophane) from the shear zone that situated in El-Erediya pluton, XPL photomicrographs showing, (i) and
(j) highly alteration of plagioclase to sericite and epidote, (k) fan shape pleochroic epidotes indicating to the high radioactivity, and (l) radioactive YG that
contains iron oxides and secondary quartz veinlets showing the effect of hydrothermal solutions. Symbols: Ep = epidote, Pl = plagioclase, IO = iron oxides,
Pr = perthite, Qz = quartz, and S-Qz = secondary.

altered to secondary clay minerals, as depicted in Fig. 13(a),
and occasionally display foliations, as seen in Fig. 13(b).
AMVs encompass a variety of types, with basic to inter-
mediate metavolcanics, such as basaltic andesite, being the
predominant types. These metavolcanics are composed of fine
laths of plagioclase and actinolite as essential minerals, along

with opaques mainly iron oxides, and sphene as accessory
minerals. Fig. 13(c) illustrates the high alteration of pla-
gioclase laths into epidote and sericite, and some crystals
display simple lamellar twinning, as shown in Fig. 13(d).
Actinolite forms after the original pyroxene and is found
in the interstices between the plagioclase laths. A distinct
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Fig. 14. Our updated lithological map illustrates a close alignment between the classified mineralized shear zones and previously identified mineralized areas
from prior research. Field photograph locations (e.g., Fig. 10(a), (b), and so on) have been overlaid on the figure. The newly identified locations, delineated
by yellow boxes, are considered promising sites for radioactive mineralization.

blasto-intergranular texture is well-defined, as seen in
Fig. 13(c) and (d).

Unaltered (fresh) YGs are massive, coarse-grained,
and buff to red, as shown in Fig. 13(e), and exhibit
hypidiomorphic texture as displayed in Fig. 13(f). They

consist mainly of potash feldspar (perthite), quartz,
and plagioclase in combination with mafic components;
mainly biotite and muscovite as seen in Fig. 13(f),
together with zircon, apatite, and iron oxides as accessory
minerals.
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Fig. 15. Updated lithological map that shows newly identified areas where radioactive mineralization is likely to occur, (a) locations in G. El-Missikat,
G. Ria El-Garra, and G. El-Gidami SGs, (b) locations in El-Maghrabiya MG and (c) detailed view of the new locations in El-Maghrabiya MG.

Hydrothermally altered granitoid rocks are impregnated
with U-bearing mineralizations, like pitchblende, considered
a primary uranium mineral, and uranophane, considered a
secondary uranium mineral, as illustrated in Fig. 13(g). These
minerals are discovered within the cracks and fractures present
in the shear zones of El-Erediya pluton. Secondary uranium
mineralization bearing granite (uranophane), that consistently

manifests in a vibrant canary yellow hue and always resides in
the shear zones as shown in Fig. 13(h). Fig. 13(i) and (j) shows
the highly sheared granitic rock, signifying this through the
highly altered plagioclase mineral to epidote and sericite. The
fan shape of epidote minerals, this phenomenon holds signifi-
cant importance, revealing both elevated radioactivity levels
and the existence of radioactive mineralization, as vividly
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depicted in Fig. 13(k). The discernible impact of hydrothermal
solutions is showcased in Fig. 13(l), providing conclusive
evidence for the presence of shear zones in the study area,
abundant with numerous fractures, cracks, and fissures. These
pathways enable the infiltration of solutions enriched with
minerals, such as iron oxides and secondary quartz minerals,
depositing them in the configuration of small veins within the
radioactive granite. This aligns seamlessly with our findings,
conclusively demonstrating the presence of shear zones within
these areas.

The samples procured from the study area, specifically the
hand samples derived from granitic rocks, demonstrate a note-
worthy concordance with our acquired results. It is particularly
noteworthy that the unaltered hand samples, strategically posi-
tioned at a significant distance from the shear zones as shown
in Fig. 14 (sample E-12), consistently validate our remote
sensing outcomes. Conversely, the altered samples, housing
radioactive minerals, conspicuously cluster in proximity to and
within the shear zones, as displayed in Fig. 14 (sample E-13).
This enhances the accuracy of our results.

VI. ECONOMIC IMPLICATIONS OF PRECISE
LITHOLOGICAL MAPPING

The precise identification of rock units and radioactive
mineralized shear zones remains our core objective. Our
findings demonstrate the significant achievement of integrating
Sentinel 2 data with SVM. We have attained a favorable and
satisfactory outcome that is largely harmonious with our field
reconnaissance and the previously highlighted mineralization
zones as displayed in Fig. 14.

Our final lithological map accurately highlighted the sheared
zones and dykes within the study area. Geospatial overlay
analysis of the known mineralized spots within the study area
revealed that all the radiometric mineralized zones are located
within the highlighted shear zones. This, in turn, confirms the
reliability of the final geological map and narrows the areas
to be further investigated for detailed mineral exploration and
exploitation. In addition, the study highlights new potential
areas across the entire study region (indicated by yellow
squares) that could subsequently be targeted for radioactive
mineralizations, as illustrated in Fig. 14.

Fig. 14 clarified that the results of the research were produc-
tive and confirmed the presence of radioactive mineralization
within shear zones, consistent with findings from previous
studies [66], [67], [81], [88], [148], [149]. The data points
on the map illustrate the widespread occurrence of radioactive
mineralization in these shear zones, which were effectively
identified in the updated lithological map (white boxes).
Furthermore, previous radiological measurements consistently
showed high concentrations within these shear zones [62],
[149].

Precise mapping to pinpoint areas rich in minerals is a
critical starting point that leads to time and resource savings,
especially in regions where radioactive minerals are prevalent.
Our findings also led to the discovery of excavation sites that
had not been previously mentioned in prior studies (indicated
by yellow squares in Fig. 14) and (see Fig. 15). We are

optimistic about conducting further research in these areas to
extract new and supplementary minerals.

VII. CONCLUSION

The current research employed an SVM as an MLA to
resolve complex lithological patterns and discrepancies among
previous maps in the El-Missikat and El-Erediya regions,
known for their significant radioactive-bearing mineralizations
in Egypt. SVM provided substantial time and resource efficien-
cies compared to traditional field-based geological mapping,
offering precise mineral location information. The study’s key
finding emphasizes the effectiveness of combining previous
geological maps with spectral enhancement products generated
from FCCs, PCA, and ICA in creating a reliable reference
lithology map for feature extraction. Notably, augmenting
false-color combinations with informative PCA and ICA out-
puts significantly improved OA by over 15%. For the first
time, this research introduced an updated and objective litho-
logical map of the study area, clearly delineating lithological
boundaries and targeting mineralized zones, predominantly
associated with shear zones. Field investigations and petro-
graphic analysis validated our findings. We anticipate that
this methodology will make a substantial contribution to the
advancement of lithological mapping and mineral exploration
in future research endeavors.
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