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Abstract: Saint Catherine Ring Complex area in the Southern part of Sinai Peninsula is a very promising mineralization
district located in Egypt. The current study provides two steps of approach from multisource datasets, including
multispectral satellite data from ASTER, along with ground radiometric data and field verification, to identify
hydrothermal alteration zones indicative of mineralization. Starting with ASTER data discrimination for lithological and
alteration mapping, several image processing techniques of Remote sensing data, including False Color Composite (FCC),
Principal Component Analysis (PCA), Independent Component Analysis (ICA), Minimum Noise Fraction (MNF), and
band ratio (BR), Spectral Angle Mapper (SAM), and Constrained Energy Minimization (CEM). Multiple alteration zones
of argillaceous, phyllic, and propylitic types were recognized, spatially correlated with alteration minerals including
chlorite, calcite, kaolinite, sericite, and iron oxides. The generated mineralization potential map identifies five prospective
sites for mineralization. Following a ground Gamma ray spectrometry survey at Wadi Um Qeisum area from multiple
promising areas, the radiometric data were analyzed to delineate areas with the greatest potential for potassic alteration
abundance by integrating potassium distribution, K/eTh ratio, eU-index, and F-parameter maps. The correlation between
remote sensing and radiometry methods shows a highly effective scenario for mapping the hydrothermal radioactive
materials related alteration zones.

Keywords: Remote Sensing, Gamma Ray Spectrometry, Saint Catherine Ring Complex, Hydrothermal Alteration, South
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Landsat channels [5], hence improving their precision in
the spectral identification of rocks and minerals [6]. As a
result, they provide enhanced understanding of the geology
and soils of the Earth's surface. ASTER data has

1 Introduction

The Catherine pluton is a central granite pluton
within the Neoproterozoic Catherine Ring Complex,

situated in the southern Sinai Peninsula, Egypt (Fig. (1).
The composition includes syenogranite, alkali-feldspar
granite (predominantly perthitic), and peralkaline granite.
The two rock types are restricted to distinct levels of the
pluton, thereby establishing its vertical zoning [1-3].

The hydrothermal alteration zones, along with the
corresponding ore deposits and their structural controls,
represent significant applications of remote sensing,
particularly in regional mineral exploration [4].

The ASTER channels demonstrate superior
continuity in the short-wave infrared spectrum relative to

demonstrated superiority over other sensors for lithological
mapping [7-10].

The measurement of gamma ray energy and
intensity enables the identification and spatial distribution
of radiogenic materials, which may indicate lithological
differences and structural aspects. Gamma-ray spectrometry
in geophysics provides notable benefits, such as its non-
destructive nature, elevated sensitivity, and ability to
quickly cover large regions, especially in airborne surveys.
Recent studies highlight its importance in delineating
geotectonic environments, mapping alteration zones, and
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evaluating radiological risks across various geological
contexts [11-13].

The heart of this study is a combination of remote
sensing and ground geophysics methods to delineate the
alteration and lithological mapping of a huge area, and then
follow up with the ground gamma ray spectrometry method
to detect these alteration zones and their relation with
sulphide mineralization on the surface.

2 Geological Setting

We have two areas of study, one of which is Saint
Catherine Ring Complex as a reconnaissance area, which
we have studied using regional remote sensing data. We
selected a small area for the ground geophysical survey to
follow up the mineralization in the subsurface, which is, by
the way, Wadi Um Qeisum area. So that we will briefly
illustrate both of them geologically, structurally, and
mineralogically.

The Saint Catherine Ring Complex comprises solely Late
Neoproterozoic magmatic rocks, which are organized into
two consecutively intruded series (Fig. 2) [14]. The oldest
series includes I-type calc-alkaline quartz-diorites (e.g.,
Moneiga), quartz-monzonites, monzogranites, and the
volcanic rocks of the Rutig Formation. Currently, none of
these rocks has been accurately dated. However, our
ongoing research on the predominant rock types, quartz-
monzonites and monzogranites, suggests zircon ages
ranging from 617 Ma to 603 Ma. The most recent series
consists of A-type metaluminous and peralkaline high-silica
granites, dated between 600 Ma and 590 Ma [15-16].

Wadi Um Qeisum constitutes a geological element of the
Arabian-Nubian Shield (ANS), an important Precambrian
terrain extending across northeastern Africa and the
western Arabian Peninsula [17]. The shield is primarily
composed of ancient igneous and metamorphic rocks,
formed from the accretion of wvolcanic arcs and
microcontinents during the late Neoproterozoic era [18-19].

An extensively modified region is located in the
northwestern section of a significant quartz monzonite
pluton. This region is delineated to the west by alkali
feldspar granite and to the east by fresh quartz monzonite.
The northeastern boundary of the modified region is
delineated by quartz syenite rocks, which constitute a
portion of a substantial ring dyke encircling the entire Saint
Catherine area (Fig. 3) [20].

The drainage of the Saint Catherine area is regulated by
extensive fracture systems. The various rock units are
significantly influenced by multiple faults and joints
exhibiting diverse trends and densities. The predominant
fault trends are oriented north-south, northeast-southwest,

northwest-southeast, and north-northwest-south-southeast.
Less dominant trends are indicated by ENE-WSW and
NNE-SSW orientations. These structures regulate a broadly
distributed hydrographic system [21].

The Um Qeisum area is characterized by multiple structural
lineaments oriented in various directions, with two primary
fault sets constituting the principal structural components.
The initial set consists of a series of long, parallel fault
planes oriented in the NE-SW and NNE-SSW directions,
aligned with the Gulf of Agaba. The alternative set

runs parallel to the Gulf of Suez in a WNW-ESE
orientation. A separate set of faults is oriented in the north-
south direction, occurring with less frequency than the two
primary orientations previously discussed (Fig. 3) [20].

The lineament extraction algorithm in PCI
Geomatica software encompasses edge detection,
thresholding, and curve extraction processes [22]. The
directional analysis of the automatically extracted
lineament maps (Fig. 4), which includes rose diagrams for
both lineament directions and lengths, indicates the
presence of two primary faulting trends: NE-SW and N-S,
with NE-SW also identified as a minor faulting trend.

The mineralization in Wadi Um Qeisum is
intricately linked to the tectonic evolution of the ANS,
characterized by extensive faulting and shearing that
facilitated the movement of hydrothermal fluids enriched
with metals, resulting in the deposition of copper, gold, and
other valuable minerals [23]. The geochemical
characteristics and structural features of the region indicate
the presence of typical orogenic gold and base metal
mineralization, as commonly observed in the ANS [24].

3 Data and Methodology
3.1 Remote Sensing Data

The ASTER raw data is a raster file consisting of
many stacked data points arranged in a grid covering
approximately 4,500 km2. A suitable image must be
meticulously chosen to achieve optimal spectral response
and precision. Geometrically and radiometrically calibrated
ASTER Level 1B data for the study region, generated at
the USGS Earth Resources Observation and Science
(EROS) data center, were retrieved from the NASA Land
Processes Distributed Active Archive Center (LPDAAC).
Table 1 delineates the characteristics of the scene.

ASTER data consist of 14 channels that cover the
Visible, Near Infrared (VNIR), Shortwave Infrared
(SWIR), and Thermal Infrared (TIR) areas of the
electromagnetic spectrum. The data demonstrate enhanced
spatial, spectral, and radiometric resolutions relative to
traditional Landsat data [26]. Each ASTER scene covers an
area of 60 square kilometers by 60 square kilometers. The
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VNIR bands have a spatial resolution of 15 m, the SWIR
bands have a spatial resolution of 30 m, and the TIR bands
have a spatial resolution of 90 m.

Table (1): The ASTER scene characteristics of the studied

area.

Date of Time of Clou
Level Scene No. | acquisitio | acquisitio d
n n cover
AST LI 88?8212? May15, | 08:4518 | .
B 8 2001 am 0

3.1.1. ASTER Image preprocessing

a.Cross-talk correction against signal scattering issues in

the SWIR sensor.
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b.Atmospheric correction was eliminated using Dark
Object Subtraction (DOS)(FLAASH).

c.Pixel Resampling (The nine VNIR and SWIR 30m bands
were stacked in one dataset).

d.The study area was extracted (subset) from the whole
ASTER scene.
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Fig. 1: (a) Location map, and (b) ASTER image of Saint Catherine area (bands 9, 8 & 1).
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Katherine Complex

Fig. 2:Simplified geological sketch of the Catherine Complex and its position in the Arabian-Nubian Shield [25].
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Fig.3:Geologic map of the study area showing the lithology and alteration zones [20].
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Fig.4:Lineaments extracted from the PCA map, with line density, and Rose diagrams show the trend analysis of the

interpreted structures by number and length.

3.1.2 ASTER Image processing

This study employed an integrated remote sensing approach
to map lithological units, extract lineaments, and identify
alteration zones in the target area, utilizing ASTER satellite
data processed with advanced software tools such as ENVI
5, Global Mapper 7, Illwis 3.2, RockWork 18, PCI
Geomatica, and ArcGIS v.10.8.

For alteration mapping with ASTER, spectral ratio indices
(SRIs) like OHI, KLI, CLI, and b2/b1 identified OH-

bearing minerals, kaolinite, and iron oxides. The
Constrained Energy Minimization (CEM) technique
mapped dominant altered minerals (e.g., kaolinite, illite,
iron oxides) using VNIR-SWIR reflectance data, while
Crosta PCA (FPCAs) analyzed specific bands (e.g., 4-6-7-9
for kaolinite) to delineate alteration minerals like alunite
and montmorillonite.

For lithological mapping using ASTER, false
color composite (FCC) images were generated by selecting
optimal band triplets based on the Optimum Index Factor
(OIF). The Color composite method assessed inter-band
relationships, identifying low-correlation triplets, while the
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OIF ranked combinations that maximized variance and
minimized redundancy. RGB combinations were visually
selected to enhance rock discrimination. Principal
Component Analysis (PCA) was applied to VNIR-SWIR
bands, capturing 99.9% of the data variance, with selected
components used to highlight rock units and structures. The
Minimum Noise Fraction (MNF) transform offers another
sophisticated approach to handling the complexities of
remote sensing data for applications like lithological
mapping. Unlike PCA, which prioritizes variance, MNF
focuses on separating the signal from the noise within the
data.

Color ratio composites (CRC) further distinguish
lithological units and alteration zones. Automatic lineament
extraction involved generating shaded relief images from
ASTER GeoDEM data in ArcGIS, producing lineament and
density maps based on the number of lineaments per kmz2.

3.2 Ground Gamma Ray Spectrometry

The survey data comprises total count (T.C) in
uranium (Ur), equivalent uranium (eU in ppm), equivalent
thorium (eTh in ppm), and potassium (K in %). The data
were calibrated for background and stripping ratios to
obtain the net concentrations of the three radioelements and
the total gamma ray count.

A systematic ground Gamma Ray Spectrometry
survey was executed in the research area, employing north-
south oriented profiles organized in a grid configuration
with 40m line spacing and 20m station spacing. The
measurements were ultimately displayed as color
radioactivity maps for TC, eU, eTh, K, eU/eTh, eU/K,
uranium index, and F-parameter, along with a false-color
composite image of eU, eTh, and K% utilizing the Geosoft
program[27].

4 Results

4.1 Remote Sensing

ASTER SWIR imagery facilitates the identification of
alteration zones linked to mineralization. Ore exploration
target areas are determined based on the distribution of
alteration zones and established mineral deposit models.

Significant alteration zones characterized by Phyllic,
Argillaceous, and Potassic types typically indicate the
presence of Porphyritic deposits. Hydroxide minerals are
present in phylic (sericite and

montmorillonite),  argillaceous  (alunite  and
kaolinite), and propylitic  (chlorite and calcite)
environments, as well as in potassic (potassium feldspar
and biotite) and oxidized minerals, particularly iron. Clay
and silicate minerals are also found in phyllitic and

argillaceous areas. Remote sensing techniques offer an
effective approach for studying these minerals.

4.1.1 Alteration Mapping

e Band Ratioing (BR)

Band rationing is insensitive to intensity
fluctuations; thus, materials with differing absolute
reflectance but comparable relative reflectance over many
bands will seem identical in the final image. A method for
discovering brightness and ratio codes for Landsat TM and
ASTER by identifying the spectral ratios that reflect the
most distinctive spectral properties of a certain mineral
[28].

This entails splitting the ratio values into deciles and
awarding a value of nine to the highest decile. The target
mineral or rock unit was demarcated by choosing the
spectral band ratio with a high ratio code, especially 9 or 8,
indicated in red, while the other two band ratios were
assigned the lowest ratio codes of 0 or 1. Consequently, the
dominating mineral or rock within the pixel will be
represented in red, while other components will be assigned
different hues [29].

The most appropriate band ratios that indicated the
types of alterations were as follows:

1. Areas affected by ferrugenation alteration (Ferric
iron oxides) took red shades in the 2/1, 4/3, 5/3 in
R, G, B (BRC s 9, 6, 6) (Fig. 5).

2. Areas affected by kaolinization took the red and
pink shades in the 7/5, 5/1, 6/1 in R, G, B color
ratio composite (BRC is 8, 1, 1, respectively) (Fig.
6).

3. Areas affected by chloritization alteration took red
and pink shades in the 6/2,8/6,3/1 in R, G, B color
ratio composite (BRC is 9,1,0) (Fig. 7).

4. |llitization was highlighted with red shades in the
9/1, 7/5, 6/5 in R, G, B color ratio composite
(BRC is 8, 3, 1) (Fig. 8).

5. Areas affected by sericitization alteration took ed
shades in the 7/6, 9/7, 6/5 in R, G, B color ratio
composite (BRC is 9,1,0) (Fig. 9).

6. Areas affected by silicification alteration took
deep pink shades when applying the VNIR-SWIR
band ratio 7/1,2/1,7/5 in R, G, B (BRC is 8,6,5)
(Fig. 10).
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e Crosta Technique (FBCS)

This methodology was employed for mineral
exploration using four and six selected bands of Landsat
TM data [6, 30, 31,32 & 33] in addition to ASTER data
[34].

To assess the input bands of the FPCS, the USGS
library spectra of minerals were superimposed on the
ASTER data band intervals within the VNIR-SWIR range
(0.4 pym — 2.5 pm), as depicted in Figure 11. The
examination of these charts enabled the identification of
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four bands for the FPCS (Crosta) Analysis, based
on the spectral properties of the selected minerals within
the VNIR-SWIR spectral ranges. The findings are
encapsulated in Table 2. The alteration products discovered
in the examined area through field and spectrometric
analysis

include the following prevalent endmember
alteration minerals: chlorite, kaolinite, illite, sericite,
montmorillonite, and hematite in figures (12, 13, 14, 15, 16
& 17).
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Fig. 11: The USGS library spectra of the studied minerals superimposed on ASTER data band intervals in the VNIR-
SWIR region.
Table (2): Input bands for FPCS (Crosta) Analysis of the selected minerals.

VNIR-SWIR VNIR-SWIR
Minerals (Reflectance) Minerals (Reflectance)
High Low High Low
) Band 1 Band 2 ) Band 2 Band 3
Chlorite Hematite
Band 5 Band 8 Band 4 Band 9
o Band 4 Band 6 o Band 3 Band 6
Kaolinite Montmorillonite
Band 7 Band 9 Band 7 Band 9
Band 4 Band 6 Band 4 Band 6
lite Seircite
Band 7 Band 8 Band 7 Band 8
) Band 5 Band 3 ) Band 3 Band 5
Epidote Alunite
Band 6 Band 8 Band 7 Band 9
Has no characteristic
Quartz
spectral features
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Fig.14:Resulted PC4 lllite image
using FPCS (Crosta) technique
for the input VNIR SWIR bands.
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e Constrained Energy Minimization (CEM)
This approach is akin to matched filtering, as it
requires the recognition of the target's spectral signature for
detection solely. This algorithm operates as automated gain
control by optimizing the response of a designated
spectrum while attenuating the response of the unidentified
background signature [35,36].

The ASTER resampled Jet Propulsion Laboratory
(JPL) spectral library, which encompasses the VNIR-SWIR
spectral region (Version 1.2, http://speclib.jpl.nasa.gov),
has been utilized to identify the primary endmember
alteration minerals: chlorite, kaolinite, illite, sericite,
montmorillonite, and hematite (Fig. 18).

The resulting image (Fig. 19) shows the chlorite
mineralization that exceeds the threshold value as green
colored areas. Thresholding DN value for kaolinite (= 190),

the resultant image represents kaolinite mineral as magenta
(Fig. 20). Thresholding DN value for illite (= 189), the
resultant image represents lllite mineral as blue (Fig. 21).
Thresholding DN value for sericite (= 191), the resultant
image represents sericite mineral as cyan (Fig. 22).
Thresholding DN value for montmorillonite (= 197), the
resultant image represents montmorillonite mineral as
violet (Fig. 23). Thresholding DN value for hematite (=
205), the resultant image represents hematite mineral as red
(Fig. 24).

The CEM method effectively identified alteration minerals
in the VNIR-SWIR spectral regions, demonstrating varying
levels of accuracy. The types of alterations and localities
identified through CEM correspond to hydrothermally
altered rocks previously enhanced by the Crosta-Moore
technique (FPCA) and band rationing (BR).
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Fig.19: Separated CEM | Fig.20: Separated CEM | Fig.21: Separated CEM
classification endmember | classification endmember | classification endmember (lllite)
(Chlorite) using VNIR-SWIR | (kaolinite) using VNIR-SWIR | using VNIR-SWIR stack and the
stack and the JPL ASTER | stack and the JPL ASTER | JPL ASTER resampled spectral
resampled spectral library. resampled spectral library. library.
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Fig.22: Separated CEM | Fig.23: Separated CEM | Fig.24: Separated CEM
classification endmember | classification endmember | classification endmember
(Montmorillonite) using VNIR- | (Sericite) using VNIR-SWIR | (Hematite) using VNIR-SWIR
SWIR stack and the JPL |stack and the JPL ASTER |stack and the JPL ASTER
ASTER  resampled  spectral | resampled spectral library. resampled spectral library.
library.

4.1.2. lithological mapping contingent upon the overall variance and correlation among

False color composite (FCC)

The optimum index factor (OIF) is a statistical measure
employed to assess all potential three-band combinations,
such as RGB [37,38]. The OIF values are calculated to
determine the optimal band combinations, and the bands
are prioritized according to the information included in
each combination. The capacity for RGB visualization is

various bands [39,40]. Bands exhibiting elevated OIF
values were chosen for enhanced lithological
differentiation, as they encompass bands characterized by
maximal variance and minimal redundancy [39,40]. Table 3
enumerates the 10 foremost band combinations. Upon
visual examination of the optimal band triplet options
derived from OIF methodology, RGB pictures 9, 8, and 1
were chosen for enhanced lithological differentiation of the
exposed rocks in the region (Fig. 25).
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Catherine area.

4.2 Gamma Ray Spectrometry

o Radioelement concentration distribution maps

In general, the four radiometric maps (Fig. 28a, b, ¢, and d)
show different levels over the surveyed area, reflecting a

contrast in radioelement contents for the exposed various
rock types. This variability reflects a heterogeneous
distribution of radioactive elements, which may correspond
to structural features such as faults or zones of alteration.
Generally, TC, eU, eTh, and K% maps (Fig. 28a, b, ¢, and
d), the surveyed area displays a wide range of radioactivity,
ranging from approximately 11.6 to 120.4 Ur, 0.2-58.4
ppm, 2.0-103.0 ppm, and 1.2-7.9 %, respectively.

High values are predominantly located in the northwestern
and central-western regions of the map. The zones are
linked to alkali feldspar granites and altered rock units,
indicating possible hydrothermal alteration, mineralized
veins, or intrusions enriched in radioactive elements.
Moderate values are predominantly found in the central and
northeastern regions, likely associated with partially
weathered or altered felsic rocks.

Low values predominate in the southeastern and southern
regions of the map. Lower readings may suggest the
presence of structural depressions or drainage zones, where
erosion or leaching has diminished the concentration of
radioactive elements. A northwest-southeast trending
pattern of alternating high and low radioelement zones
indicates the potential influence of structural lineaments or
faults on radioelement distribution. Elongated anomalies,
particularly in the central-western region, may indicate the
presence of dikes or vein systems enriched in uranium and
thorium. Irregular, spot-like anomalies may signify
localized mineralized pockets or alteration halos,
potentially associated with intrusive bodies.
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Fig. 28: (a) Total count (TC) map in Ur, (b) equivalent uranium (eU) map in ppm, (c) equivalent thorium (eTh) map in
ppm, and (d) potassium (K) map in % map, Wadi Um Qeisum, Southern Sinai, Egypt.
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e The ratio and ternary maps

The eU/eTh and eU/K ratios for the study area were
illustrated using color ratio maps (Figs. 29. a and 29 b). In
natural geochemical equilibrium, the typical background
values for the eU/eTh ratio are approximately 0.2 to 0.6,
indicating the relative immobility of thorium compared to
uranium. Anomalous values typically commence at 0.7,
with values surpassing 1.0-1.2 signifying substantial
uranium enrichment, frequently resulting from mobilization
and redeposition in oxidizing environments [49-51].

Figure 29. a presents the eU/eTh ratio map, with contour
lines indicating zones exceeding 0.5. The eU/K ratio,
indicating the relative abundance of uranium to potassium,
typically exhibits background values ranging from 0.5 to
1.0. Anomalous zones are identified when the ratio
surpasses 1.5, with values exceeding 2.0 deemed highly
anomalous, typically indicating potassium depletion (e.g.,
due to sericitization) or uranium enrichment via
hydrothermal solutions (52, 53, 54 & 55). The contour lines
in the eU/K ratio map delineate areas exceeding 2.0 (Fig.
29.h).

Reddish areas denote potassium-rich zones, bluish and
greenish tones represent uranium- and thorium-enriched
regions, white indicates balanced high concentrations, and
dark areas signify low radioelement content (Fig. 30.a).

Composite maps for U, Th, and K (Figs. 30.b, 30.c, and
30.d) improve comprehension of elemental distribution and
facilitate the identification of geochemical anomalies. The
uranium map (Fig. 30.b) illustrates elevated uranium
concentrations and regions exhibiting high eU/eTh and
eU/K ratios, potentially associated with uranium-rich
lithologies, alteration zones, or rare earth element (REE)
potential. The thorium map (Fig. 30.c) illustrates zones
enriched in thorium, correlated with remaining minerals
such as monazite and xenotime, which are prevalent hosts
for rare earth elements. The potassium map (Fig. 30.d)
illustrates areas of elevated K content and potassic
alteration, frequently associated with felsic intrusions or
pegmatites. These maps offer essential insights into
potential rare earth element mineralization zones by
highlighting overlapping anomalies of uranium, thorium,
and potassium.
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Fig. 29: (a) eU/eTh map, (b) eU/K% map, (c) uranium index map.
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Fig. 30: False-color composite images of (a) the three radioelements, (b) uranium, (c) thorium, and (d)

potassium, Wadi Um Qeisum, Southern Sinai, Egypt.

e U Index and F-parameter maps

The U Favorability Index (U-Index), introduced by [56], is
a ratio designed to assess the relative enrichment of
uranium (eU) compared to thorium (eTh) and potassium
(K) in rocks. It is expressed as:

U-index = (eTh*K)/eU ............. )

The U-Index delineates areas of uranium enrichment
relative to the geochemically stable elements thorium and
potassium. Elevated values generally indicate secondary
uranium  mobilization by hydrothermal processes,
weathering, or redox reactions, while diminished values
suggest equilibrium or depletion [52, 55 & 57].

This method is particularly effective for identifying
alteration zones and potential mineralization in
sedimentary, volcanic, and granitic terrains. Background
values typically approximate 1, whereas values exceeding
1.5-2 are deemed anomalous, and those surpassing 3-4 may
suggest significant uranium mobilization [51, 52& 55).
This study contoured U-Index values exceeding 2 (Fig.
31l.a) to identify areas of intense alteration and
mineralization.

F =K (eU/eTh)............. 2)
Where: eU = equivalent uranium concentration (ppm), eTh

= equivalent thorium concentration (ppm), K = potassium
concentration (%).

The F-parameter in unmodified rocks typically ranges from
1.2 to 1.3, signifying equilibrium distributions of elements
in dominant rock-forming minerals. Rocks that have
undergone hydrothermal alteration or weathering frequently
have markedly elevated F-values, usually between 2 and 5,
and occasionally up to 10. This phenomenon is attributed to
the selective mobilization and enrichment of uranium,
coupled with the depletion of thorium and potassium during
alteration processes [58-59]. This variance supports the
utilization of the F-parameter in geological and mineral
exploration, particularly in detecting alteration zones and
uranium deposits. Figure 31.b depicts the F-parameter map
of the research area, emphasizing the regions of significant
modification (exceeding 2.0).

5 Discussion

Using all the above techniques for lithological
mapping, like a principal component analysis image (PC3,
PC2, PC1, in RBG), Spectral angle mapping, and Minimum
Noise Fraction for spectral library from ASTER image.
These various images were used for the geological and
structural mapping of the area (Fig. 32).

The current study suggests some new localities for
Uranium exploration that have similar conditions as the
explored sites at Saint Catherine area (Fig. 33). The
conversion of VNIR-SWIR identified the primary
endmember alteration minerals: chlorite, kaolinite, illite,
sericite, montmorillonite, and hematite. Their locations are
illustrated in Figure 33
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The final map indicates

several promising areas highest values for eU/eTh, eU/K, uranium-index, and F-

characterized by a higher anomaly of alteration minerals, parameter, as previously detailed. Then a map was created

necessitating further exploration.

A map was generated to

spectrometric data, featuring contour lines representing the

based on the aggregation of these contours, highlighting the
highest potential zones for mineral exploration, particularly

integrate the gamma-ray for rare earth elements (REE) (Fig. 34).
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Fig. 31: (a) uranium index map, and (b) F-parameter map, Wadi Um Qeisum, Southern Sinai, Egypt.
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6 Conclusions

The ASTER image spectrometry data in the VNIR and
SWIR spectral regions, analyzed through various image
classification  methods, indicate  specific  spectral
characteristics for the Saint Catherine area.

In the Saint Catherine area, various processing and analysis
techniques were utilized on ASTER data to map the
prevalent alteration minerals. The techniques employed
comprised Band Ratio code, Feature Oriented Principal
Component Selection (FPCS) as proposed by Crosta and
Moore, and Constrained Energy Minimization (CEM). All
these techniques were effective in detecting the alteration
minerals of the Endmember.

Lithological studies employed multiple techniques,
including ASTER bands 9, 8, and 1, which produced the
most effective false color composite image, achieving the
highest optimum index factor (OIF = 76.68). Additionally,
Principal Component Analysis (PCA), Spectral Angle
Mapper, and Minimum Noise Fraction (MNF) were utilized
for the spectral library derived from the image. These
techniques were employed to develop a new lithological
and structural map for the Saint Catherine area.

Structural lineaments are extracted automatically through
the application of Principal Component Analysis (PCA)
mapping. The results obtained from both techniques
demonstrate a strong correlation. The directional analysis of
the automatically extracted lineament maps, including rose
diagrams and histogram frequency distributions of
lineament directions and lengths, indicated that the
predominant trends in the area are NW-SE, NNW-SSE, E-
W, and N-S, in descending order, with NE-SW identified as
a minor faulting trend.

Gamma-ray  spectrometric  data  offered  further
understanding of the distribution of radioactive elements.
Maps depicting equivalent uranium (eU), equivalent
thorium (eTh), and potassium (K), as well as their ratios
including eU/eTh, eU/K, uranium favorability index (U-
Index), and the F-parameter, facilitated the identification of
hydrothermal alteration zones and potential enrichment of
rare earth elements (REE). The spatial correlation of these
radiometric anomalies with pegmatite bodies and altered
quartz monzonite underscores their importance as
exploration targets.
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