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ABSTRACT

Wadi Um Qeisum, located in the Saint Catherine region of southern Sinai, Egypt, lies within the
Arabian-Nubian Shield and hosts diverse natural mineral resources, including copper, rare earth
elements (REEs), and radioactive minerals. This study integrates ground magnetic surveys,
gamma-ray spectrometry, and self-potential (SP) techniques to outline mineralized zones and
assess their structural influences. Magnetic data were analyzed using reduction to the pole (RTP),
., residual-regional separation, first vertical derivative (FVD), total derivative (TDR), horizontal
= gradient magnitude (HGM), Euler deconvolution (structural index, SI = 0), and source parameter
imaging (SPI). These enhancements revealed faults, dykes, and contacts that govern
mineralization, characterized by dominant NW-SE and NE-SW trends. Gamma-ray spectrometry
revealed irregularities in the distributions of equivalent uranium (eU), equivalent thorium (eTh),
and “°K. Derived ratios (eU/eTh, eU/K, U-index, F-parameter) and ternary diagrams further
highlighted zones of hydrothermal alteration and potential rare earth element (REE) enrichment.
Radiometric anomalies correlate with the margins of intermediate dykes, altered quartz monzonite,
and structural intersections. Self-potential (SP) data from 16 profiles defined three zones:
pronounced negative anomalies (<—10.0 mV) associated with significant metallic mineralization;
intermediate anomalies (-10.0 to -2.0 mV) linked to structural features; and positive anomalies (>-
2.0 mV) indicative of unmineralized, resistive bedrock.
Quantitative modeling revealed shallow sources at 9-14 m depth, with low dips and limited lateral
extent. Integration of these techniques precisely defines subsurface target sites, supporting targeted
mineral exploration.
Key Words: Arabian-Nubian Shield; Ground magnetic; Gamma ray spectrometry; Radiometric
anomalies; Rare earth elements (REE); Wadi Um Qeisum.

INTRODUCTION responsible for significant ore deposition (Helmy and

Kaindl, 2002).

Wadi Um Qeisum, located in the Saint Catherine
region of the Sinai Peninsula, Egypt, forms part of the
Arabian-Nubian Shield (ANS) and is recognized for its
diverse mineralization hosted predominantly within
Precambrian crystalline basement rocks (Shalaby et al.,
2005). The area is dominated by granitic and
metamorphic lithologies that have undergone extensive
tectonic  distortion and hydrothermal alteration,
resulting in the enrichment of various metallic
minerals, including copper, lead, and zinc (Hilmy and
Mohsen, 1965, 1966; Niazy et al., 1995; El Aref et al.,
1999; Salem et al., 2007).

The Saint Catherine region and its surroundings
encompass multiple sites of secondary copper
mineralization hosted within both basement rocks and
overlying Phanerozoic sedimentary sequences. Prom-
inent localities include Um Qeisum, El Regeita,
Rahaba, Wadi Feiran, Sarabit El-Khadem, and Wadi
Maghara (EI-Ghawaby et al., 1989).

Mineralization is structurally controlled and closely
associated with shear zones and fault structures, which
acted as conduits for metal-bearing hydrothermal fluids
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In addition to base metals, the region hosts gold-
bearing veins and rare earth element (REE) mineral-
ization, further enhancing its economic significance.
REE mineralization is principally confined to granitic
bodies and associated pegmatites widely distributed
throughout southern Sinai (Abu EI-Ela and Mohamed,
2015).

The study area lies within a well-documented
mineralized zone that has attracted considerable
scientific attention due to the presence of copper
occurrences and its geological similarity to adjacent
deposits (Hilmy and Mohsen, 1965, 1966; Niazy et al.,
1995; Salem et al., 2007). Furthermore, correlations
between radioactive anomalies and copper minera-
lization reported in neighbouring areas (Mousa et al.,
2014; Yousef, 2024) emphasize the metallogenic
potential and structural continuity of the region.

Ground geophysical methods provide effectively
tools for subsurface exploration and mineral targeting
in such complex geological environments. Magnetic
surveys are particularly valuable for delineating
subsurface structures and identifying sulfide-rich zones
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associated with magnetic anomalies. Although rare
earth elements are typically non-magnetic, they
frequently occur in association with magnetic minerals
such as magnetite or within lithological units that
exhibit distinct magnetic signatures. Consequently,
magnetic data can indirectly indicate favorable zones
for REE mineralization, particularly in geological
settings such as peralkaline granites and carbonatites
(Li et al., 2018).

Gamma-ray spectrometry, whether airborne or
ground-based, measures the concentrations of naturally
occurring radioactive elements, such as potassium (K),
equivalent uranium (eU), and equivalent thorium (eTh)
in rocks and soils. The spatial distribution and ratios of
these elements (K/eTh and eU/eTh) provide critical
understandings of lithological variations and hydro-
thermal alteration zones, which are often spatially
associated with mineralization. Although this method
does not directly detect base metals, it effectively
delineates alteration halos and geological environments
favorable for copper, lead, and zinc deposits (Gobashy
et al., 2024; Azzazy, 2023). Moreover, REE-bearing
minerals are commonly associated with thorium- and
uranium-rich phases, creating gamma-ray spectrometry
a valuable indirect exploration tool for REE deposits
(El Ghrabawy et al., 2021; Abd El-Rahman et al.,
2024; Gonzélez et al., 2018). Moreover, REE-bearing
minerals are commonly associated with thorium- and
uranium-rich phases, making gamma-ray spectrometry
a valuable indirect exploration tool for REE deposits
(El Ghrabawy et al., 2021; Abd El-Rahman et al.,
2024; Gonzalez et al., 2018).

The self-potential (SP) method, which measures
naturally occurring electrical potentials at the Earth’s
surface, is widely applied in detecting subsurface
mineralization, particularly sulfide deposits. Variations
in electrical potential are often linked to electro-
chemical processes associated with ore bodies and can
provide indirect indications of mineralization and
element deposites (Santos et al., 2016). The integration
of magnetic, gamma-ray spectrometric, and self-
potential methods enables a comprehensive chara-
cterization of subsurface geological conditions,
facilitating the delineation of mineralized zones and
improving exploration efficiency (Ribeiro et al., 2020).
Accordingly, the objectives of the present study are: 1,
to conduct ground magnetic surveys to delineate
geological structures controlling  mineralization,
including faults and intrusive bodies, and to identify
magnetic anomalies indicative of potential ore deposits;
2, to utilize ground gamma-ray spectrometry to map the
spatial distribution of potassium, uranium, and thorium
and to identify anomalous zones associated with
hydrothermal alteration and mineralization; and 3, to
apply the self-potential (SP) method to investigate
anomalous  subsurface  extensions of  surface
mineralization and to define their lateral and vertical
continuity.

Through the integration of these geophysical
techniques, this study aims to provide a comprehensive

understanding of the structural and lithological controls
on mineralization within the study area.

MATERIALS AND METHODS

Study Area and its Geological Characterization

Wadi Um Qeisum (Fig.1A), located in the Saint
Catherine region of southern Sinai, Egypt, with
coordinates of approximately 28°32'N, 33°55'E. It is
geologically situated within the northwestern margin of
the Arabian-Nubian Shield (ANS). The ANS charac-
terises by an extensive Neoproterozoic terrane span-
ning northeastern Africa and the western Arabian
Peninsula (Stern, 1994). This shield primarily comp-
rises ancient igneous and metamorphic rocks formed
through the accretion of volcanic arcs and microc-
ontinents during the late Neoproterozoic (~900-550
Ma) (Johnson et al., 2011).

The Um Qeisum region is predominantly composed
of quartz monzonite rock (Fig. 1B). It encompasses a
vast area of rocky Mountains intersected by the NE-
SW-trending fault that delineates Wadi Um Qeisum.
The rock exhibits have an inequigranular porphyritic
texture in thin sections, characterized by phenocrysts of
plagioclase and quartz embedded in an inequigranular
groundmass (Azer, 2007; Salem and El-Fouly, 2000).
The northwestern region of the research area is
comprised of fresh alkali feldspar granites, whereas the
southeastern region has quartz monzonite rocks. The
studied region is intersected by basic and intermediate
dykes predominantly oriented in the WNW-ESE and
NNE-SSW axes (Arnous, 2000; Abuzied, 2011).

Several structural lineaments traverse the area in
multiple directions; however, two predominant sets of
faults constitute the main structural framework. The
first set comprises a series of elongated parallel fault
planes oriented in the NE-SW and NNE-SSW
directions, aligned with the Gulf of Agaba. The second
set is oriented parallel to the Gulf of Suez in a west-
northwest to east-southeast orientation. A less frequent
set of faults extends in the North-South direction
(Rashed and Shendi, 2022).

Ground Magnetic Survey

The ground magnetic method is a prevalent geo-
physical technique employed to identify fluctuations in
the Earth's magnetic field caused by surface and
subsurface geological bodies having different mineral
compositions. It is especially proficient at detecting
lithological connections and structural features,
including faults, shear zones, and folds, which are
crucial for mineral exploration and geological mapping.
The method depends on the contrasts in magnetic
susceptibility across various rock types and has been
substantially  improved by advancements in
magnetometer technology and data processing
methodologies. Recent studies highlight its significance
in identifying mineralized zones and subsurface
structures, especially through the use of analytical
methods such as the total horizontal derivative and the
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Figure (1): Location and geology of the study area. A, Regional map showing the position of the study area within the Sinai Peninsula, Egypt. B,
Geological map of Wadi Um Qeisum illustrating the distribution of rock units, structural elements (faults and fractures), and associated

alteration zones (Rashed and Shendi, 2022).

analytic signal (El Qot et al., 2023). The integration of
ground magnetic data with other geophysical datasets
has demonstrated efficacy in identifying mineralized
zones, particularly in structurally regulated ore
systems (Benhamou et al., 2024). These
advancements underscore the method's sustained
significance in geophysical investigations related to
mineral and structural mapping.

The proton precession magnetometer is the most
often utilized instrument for ground magnetic surveys.
The magnetometer employed in the current survey is a
proton magnetometer (model PMG1, Geofyzika,
Brno, Czech Republic). A systematic ground magnetic
survey was conducted in the research area along
north-south profiles, utilizing a grid design with 40m
line spacing and 20m station separation.

Ground Gamma-Ray Spectrometry Survey

Gamma-ray spectrometry is an essential geo-
physical technique used to measure the natural gamma
radiation emitted by isotopes of potassium (K*0),
uranium (eU), and thorium (eTh) in rocks and soils.
This method provides valuable information for
geological mapping, mineral exploration, and
evaluating ambient radioactivity. By analyzing the
energy and intensity of gamma rays, it enables the
identification and spatial distribution of radiogenic
materials, which indicate lithological changes and
structural characteristics. In geophysics, gamma-ray
spectrometry is highly advantageous due to its non-
destructive characteristics, elevated sensitivity, and
capacity to efficiently survey large areas, particularly
when utilized in airborne surveys. Recent studies have
underscored its significance in defining geotectonic
environments, charting alteration zones, and assessing
radiological risks across diverse geological contexts
(Al Rawabhi et al., 2022; Ouadif et al., 2022; Abd EI-
Rahman et al., 2024). These applications illustrate the
method's essential  function in  contemporary
geophysical studies and resource evaluations.

In the current study region, systematic ground
gamma-ray  spectrometric  measurements  were
conducted along the identical grid patterns of the

ground magnetic survey. Gamma-ray measurements
were conducted with a portable hand-held radiation
spectrometer, model GS-512i. The survey data
includes the total count T.C (Ur), equivalent uranium
(eU in ppm), equivalent thorium (eTh in ppm), and
potassium (K in %). The data were adjusted for
background and stripping ratios to derive the net
concentrations of the three radioelements and the total
gamma ray count.

The processed measurements were presented 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 (Geosoft, 2014).

Self-Potential (SP) Survey

The self-potential (SP) method is a passive
geophysical technique that measures natural voltage
differentials at the Earth's surface, primarily generated
by electrochemical and electrokinetic processes
occurring in the subsurface. In mineral exploration, it
is particularly effective for identifying conductive ore
deposits like sulfides, which generate distinctive SP
anomalies resulting from redox reactions and fluid
flow interactions. Electrochemical sources are
commonly related the oxidation of metallic minerals,
whereas electrokinetic sources originate from the flow
of groundwater through permeable rock formations.
The SP approach has garnered fresh attention owing
to its cost-effectiveness, non-invasive characteristics,
and capacity to enhance other geophysical techniques.
Recent studies have shown its effectiveness in
identifying mineralized zones and mapping subsurface
structures, especially when combined with magnetic
and resistivity surveys (Abdelsalam et al.; 2024,
Yousef, 2024). The method’s sensitivity to
hydrothermal and electrochemical activity renders it
an indispensable instrument in contemporary mineral
exploration initiatives.

This methodology illustrates polarization pheno-
mena occurring at depth. Significant negative self-
potential anomalies associated with mineral deposits
have been identified since the nineteenth century. For
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example, Fox (1830), Church (1984), Elkattan et al.
(1996), Bigalke et al. (2004), Sultan et al. (2009),
Mousa et al. (2014), Assran et al. (2018), Horo et al.
(2023), Abdelsalam et al. (2024), and Yousef (2024).

RESULTS

Ground magnetic data

Reduction to the pole (RTP), residual, and regional

component maps

The terrestrial magnetic data were adjusted for
diurnal fluctuations, normal-field adjustment to
account for expected changes in geomagnetic field
intensity based on latitude and longitude (Sharma,
1997), and tie-line correction.

Due to the inclination of the Earth's magnetic field,
magnetic anomalies frequently exhibit both positive
and negative responses, with their peaks displaced
from the source along the magnetic meridian. At an
inclination of 90°, the anomaly is positioned directly
above the source. The Reduction to the Pole (RTP)
technique is employed to rectify this offset, adjusting
the data as though it were recorded at the magnetic
pole, so aligning the magnetic highs with their sources
(Kearey and Brooks, 1991). The total intensity
magnetic map (Fig. 2a) was reduced to the pole (Fig.
2b) utilizing the area's known inclination (42.8°) and
declination (4.6°).

Magnetic data provide the aggregate magnetic
fields from all subterranean sources. Analyzing these
data enhances subsurface imaging and geological
interpretation. The application of several processing
approaches typically results in more dependable
conclusions, supported by diverse numerical
interpretation methods (Pour et al., 2023).

Magnetic data obtained from geological surveys
reflect the aggregate magnetic fields from all
subsurface sources. Many surveys, however, conc-
entrate on small-scale, superficial structures, whose
magnetic signals are frequently obscured by a more
extensive regional field originating from larger or
deeper sources. To isolate the target signals, the reg-
ional field must be assessed and eliminated from the
overall magnetic data. This study employed a Fast
Fourier Transform (FFT) on the RTP magnetic data
using Geosoft (2014) to examine frequency content
and establish a suitable cut-off frequency for prod-
ucing high-pass and low-pass filtered maps (Fig. 2C).

The visual examination of the 2D power spectrum
(Fig. 2C) identified two different linear segments,
which were fitted to individual shallow and deep
source components. This study produced high-pass
(residual) and low-pass (regional) magnetic maps
(Figs. 3A and 3B) by band-pass filtering (Geosoft,
2014). The estimated average depths for the shallow
and deep magnetic sources, derived from the power
spectrum curve, are around 20 meters and 60 meters,
respectively.

The RTP magnetic data underwent additional
processing through various techniques, including first-
order vertical derivative (FVD) and tilt derivative

(TDR), to enhance and delineate near-surface linea-
ment structures such as faults, contacts, dykes, and
shear zones, which are often pivotal in the localization
of mineral deposits.

First vertical derivative (FVD) and tilt derivative
(TDR)

Lineaments are surface manifestations of
subsurface discontinuities, including faults, fractures,
and joints. Accurate mapping of these features often
reveals the fundamental structural framework of a
region. Thus, lineament analysis is a crucial
instrument for elucidating historical tectonic processes
and is significant in the exploration of mineral
resources, petroleum, and groundwater (Mostafa and
Zakir, 1996).

The First Vertical Derivative (FVD) approach is
particularly effective for emphasizing shallow
magnetic characteristics due to its heightened
sensitivity to near-surface sources. (Fig. 4A) It
enhances high-frequency elements in the data, hence
enhancing the resolution of minor geological
formations. Zero-contour lines on the FVD map
facilitate the distinction between different lithological
and structural units (Fig. 4A). The first vertical
derivative of T(x, y, z) with regard to z can be
articulated as:

af
(T(x,y. 2)): (82)
Where, d displays the FVD map obtained from the
magnetic data.

The Tilt Derivative (TDR) technique is widely used
to delineate shallow basement structures and has
proven effective in mineral exploration.
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Figure (2): Total magnetic intensity (TMI) and reduced-to-pole
(RTP) maps, along with the radially averaged power spectrum of
RTP data, revealing subsurface structural features and source
depths in Wadi Um Qeisum, Southern Sinai, Egypt: (A) TMI
map, (B) RTP map, and (C) power spectrum curve.
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Figure (3): Magnetic field separation and upward continuation of
RTP data for subsurface interpretation, Wadi Um Qeisum,
Southern Sinai, Egypt. A, Residual magnetic anomaly map
emphasizing shallow sources and short-wavelength features. B,
Regional magnetic field map reflecting deep-seated sources and
long-wavelength anomalies. C, Upward continued RTP maps
(20-100 m) showing attenuation of shallow effects and
enhancement of deeper magnetic structures.

However, it is less effective in resolving deep-
seated sources, as their boundaries often fail to
generate well-defined TDR responses. Miller and
Singh (1994) defined the calculated TDR as follow:

TDR= arctan (%}

Where, VDR denotes the vertical derivative of the
magnetic field, while HGM represents its horizontal
gradient magnitude.

By applying a zero threshold to the TDR field and
delineating the corresponding zero-contour, the
boundaries between positive and negative tilt values
can be clearly defined, thereby facilitating the iden-
tification of zones associated with positive magnetic
anomalies and enhancing the delineation of shallow
structural features.

Horizontal Gradient Magnitude (HGM)

The horizontal gradient magnitude (HGM) of
ground magnetic data is a widely used technique in
magnetic data processing, especially for identifying
the boundaries of shallow magnetic sources such as
faults, dykes, or contacts. It highlights lateral
variations in the magnetic field by emphasizing areas
of high gradient, facilitating the interpretation of
subsurface structures (Fig. 4C). Blakely (1995) states

that if T(x,y) denotes the observed magnetic field at
the surface, then the following equation should be
followed:

HGM = [ )2+ )2]

Where, HGM is horlzontal gradlent of magnetic map
for the research area; T, is magnetic field intensity;
0T/0x, is rate of change of magnetic intensity in the
X-direction; 0T/dy, is rate of change of magnetic
intensity in the Y-direction.

The rose diagrams generated from ground magnetic
data (Figs. 5A-E) illustrate the orientation and
frequency of magnetic lineaments, highlighting predo-
minant structural features such as faults and fractures
that affect the area's magnetic signature (Geriesh, et.
al.,2025). These trends are significant as they
frequently govern the deposition and concentration of
mineralization.

Euler deconvolution and source parameter
imaging (SPI)

Euler Deconvolution, formulated by Reid et al.
(1990), employs gridded magnetic data to ascertain
the locations and depths of magnetic sources. This
technique has been extensively utilized for the identi-
fication of geological formations, including faults and
contacts. The Euler Deconvolution equation is
articulated as follows:

N(B - T) =0T/0x (x — xo) + OT/Cy (y — yo) + 0T/0z (z — z0)
Where, N indicates the structural index (SI) and which
illustrates the geometry of the source.; B signifies the
regional background magnetic field, T represents the
observed total magnetic field at the coordinates (X, Y,

z), (Xo, yo, o) denotes the position of the magnetic
source.

In this study, Euler solutions were generated using a
structural index (SI) of 0, which is typically employed
to delineate geological contacts. with the results
illustrated in figures (6A). Enhancements to this
approach that aimed at improving its applicability to
magnetic datasets, were proposed by Barbosa et al.
(1999).

Source Parameter Imaging (SPI) is a depth estimate
method that applies the principle of the complex
analytic signal to magnetic data, utilizing the local
wavenumber. It is relevant to two-dimensional
models, including dipping contacts and thin sheets.
Thurston and Smith (1997) define the local
wavenumber K as follows:

K = [(8°M/dx0z)(OM/dx) — (°M/0x*)(OM/dz)]
[(OM/Ox)” + (OM/oz)7]

Where, M is the magnetic field intensity in the study
area. X, zm are spatial coordinates, usually horizontal
(x) and vertical/depth (z); OM/0x, is first derivative of
M along the x-direction, rate of change of M
horizontally; 6M/dz, is first derivative of M along the
z-direction, rate of change of M with depth; 6°M/ox?,
is second derivative along x, how the horizontal slope
changes along x, 02M/0x0z, is Mixed second
derivative, how the horizontal slope changes with
depth.

(o’r (6T
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Figure (4): Magnetic derivative maps of the study area, Wadi Um Qeisum, Southern Sinai, Egypt. A, First vertical derivative (FVD) map
highlighting shallow magnetic sources; B, Tilt Derivative (TDR) map showing anomaly edges and C, horizontal gradient magnitude (HGM)
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Figure (5): Rose diagrams of structural lineaments from
geophysical map derivative maps in Wadi Um Qeisum, Southern
Sinai, Egypt. A, Residual magnetic component map; B, regional
magnetic component map; C, first vertical derivative (FVD)
map; D, tilt derivative (TDR) map; and (E) horizontal gradient
(HG) map.

The maximum of K for dipping contacts occur
directly above the contact edges and are unaltered by
magnetic inclination, declination, dip, strike, or rem-
anent magnetization. The depth to the magnetic source
can be approximated by the inverse of the peak wave
number.

Depth (x =0) =1/ Kinax
Where, Ki.x denotes the maximum value of the local
wavenumber throughout the source. Figure (6B) dis-
plays the depth estimations derived from the SPI
approach.
Gamma-Ray Spectrometric Data

The four radiometric maps (Figs. 7A-D) exhibit
varying levels over the investigated area, indicating a
disparity in radioelement concentrations among the
different rock types present. This variety indicates a
diverse distribution of radioactive materials, poten-
tially linked to structural characteristics like faults or
alteration zones. The TC, eU, eTh, and K% maps
(Figs. 7A-D) of the investigated area exhibit a broad
spectrum of radioactivity, with values ranging from
roughly 11.6 to 120.4 Ur, 0.2 to 58.4 ppm, 2.0 to
103.0 ppm, and 1.2 to 7.9%, respectively.

The ratios eU/eTh and eU/K are extensively
employed in gamma-ray spectrometric surveys for
uranium deposit exploration, as they assist in ident-
ifying zones exhibiting anomalous uranium concent-
rations (Fig. 8A-D). The eU/eTh ratio is particularly
significant due to thorium (Th) being largely
stationary under most geological circum-stances, but
uranium (U) is more mobile and can be transferred
and reprecipitated by hydrothermal solutions or
groundwater. An increased eU/eTh ratio typically
signifies uranium enrichment or remobilization,
serving as an effective factor for differentiating betw-
een primary and secondary uranium sources (Darnley,
1973; Boyle, 1982). Conversely, the eU/K ratio
evaluates the uranium level relative to potassium (K),
a prevalent element found in various rock-forming
minerals like feldspar and mica. An elevated eU/K
ratio may indicate hydrothermal alteration or
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weathering processes that have incorporated uranium
into the rock matrix, especially in felsic or
metamorphic environments. These ratios are particu-
larly efficacious when combined with geological, geo-
chemical, and structural data to identify probable
areas for uranium mineralization (Grasty et al., 1985).

The eU/eTh and eU/K ratios for the research area
were illustrated using color ratio maps (Figs. 8A-B).
In natural geochemical equilibrium, the usual
background values for the eU/eTh ratio range from
about 0.2 to 0.6, indicating the relative immobility of
thorium compared to uranium. Anomalous levels are
typically seen as commencing around 0.7, with num-
bers surpassing 1.0-1.2 signifying notable uranium
enrichment, frequently resulting from mobilization
and redeposition in oxidizing environ-ments (Darnley,
1973; Boyle, 1982; Grasty and Cox, 1997). Figure
(8A\) depicts the eU/eTh ratio map, with contour lines
delineating areas exceeding 0.5. The eU/K ratio,
indicating the relative quantity of U to K, often
exhibits background values between 0.5 and 1.0.
abnormal zones are identified when the ratio surpasses
1.5, with values exceeding 2.0 deemed very abnormal,
frequently indicating K depletion (due to sericite-
ization) or uranium enrichment via hydrothermal
solutions (IAEA, 2003; Wilford, 2012). The contour
lines in the eU/K ratio map delineate locations
exceeding 2.0 (Fig. 8B).

Saunders and Potts (1978), attempted to determine
a general uranium favorability index by plotting the
histograms of various possible indices, such as the
eU/eTh ratio for about 30 different areas, where the
existing mines and occurrences were known to be
favorable. It is articulated as:

U-index = (eTh *K) / eU

The U-Index (Fig.8C) emphasizes regions of U
enrichment in comparison to the geochemically stable
elements thorium and potassium. Increased values
often signify secondary U-mobilization via hydro-
thermal processes, weathering, or redox reactions,
whereas diminished values imply equilibrium or depl-
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Figure (6): Depth estimation of magnetic sources in Wadi Um
Qeisum, Southern Sinai, Egypt. (a) Euler deconvolution
solutions using a structural index (SI = 0), display the spatial
distribution of calculated source depths; (b) filled-color source
parameter imaging (SPI) map showing the lateral variation in
depth to magnetic sources across the study area.

etion (IAEA, 2003; Wilford, 2012; Drew et al., 2013).
It is particularly effective in detecting alteration zones
and prospective mineralization in sedimentary,
volcanic, and granitic environments. Typically,
background values around 1, although levels over 1.5-
2 are deemed unusual, andthose surpassing 3-4 may
signify significant uranium mobilization (Grasty and
Cox, 1997; IAEA, 2003; Wilford, 2012).

Efimov (1978) created the F-parameter, a com-
posite radiometric indicator derived from the relative
abundances of potassium (K), uranium (U), and
thorium (Th), to characterize the geochemical beha-
vior of radioactive elements in geological formations.
It is a metric intended to evaluate the comparative
enrichment of uranium (eU) relative to thorium (eTh)
and potassium (K) in geological formations. This
approach assumes that different lithologies (Fig. 8D)
and alteration types possess characteristic ratios of K-,
U-, and Th-bearing minerals, resulting in unique
gamma-ray spectrometric responses (Grasty and Cox,
1997; Wilford, 2012). Thus, abnormal F-values serve
as significant indications of prospective ore zones,
particularly when combined with geological,
structural, and geochemical data in exploration
initiatives (IAEA, 2010; Drew et al., 2013). Efimov
articulated the F-parameter through the subsequent
equation:

F =K (eU /eTh)

Where, eU denotes equivalent uranium concentration
(ppm); eTh signifies equivalent thorium concentration
(ppm) and K represents potassium content (%).

Ternary radioelement maps maps represent esse-
ntial tools for the rapid interpretation of gamma-ray
spectrometric data, particularly when combined with
geological and geophysical datasets (Minty et al.,
2009; IAEA, 2010). These maps illustrate the relative
abundances of, uranium (U), thorium (Th) and
potassium (K) through the use of red, green and blue,
and color channels, respectively, providing a visual
depiction of radioelement distribution (IAEA, 2003;
Wilford, 2012). Reddish portions denote uranium -
rich zones, bluish and greenish hues represent
thorium- and potassium-enriched areas, white indic-
ates balanced high concentrations, and dark parts
signify low radioelement content (Fig. 9A). The uran-
ium, thorium, and potassium maps were constructed to
show the distribution of these elements relative to
their ratios (Figs. 9A-D).

A map was generated to integrate the gamma-ray
spectrometric data, delineating the greatest values as a
contour line for eU/eTh, eU/K, uranium index, and F-
parameter, as previously described (Fig. 10A). A map
was created from the aggregate of these contours,
illustrating the zones with the highest potential for
mineral development, particularly for rare earth
elements (REE) (Fig. 10B).

Self-Potential (SP) Data
The Self-Potential (SP) survey conducted in this

study comprised along 16 north-south profiles, each
measuring 200 meters in length, with a profile spacing
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Figure (7): Gamma-ray spectrometric maps illustrating the spatial distribution of radiometric concentrations across different rock units in
Wadi Um Qeisum, Southern Sinai, Egypt. A, Total count (TC) map expressed in uranium equivalent units (Ur); B, equivalent uranium

(eU) map (ppm); (C) equivalent thorium (eTh) map (ppm); and (D) potassium (K) map (%).

and station interval of 20 meters. Furthermore, one
chosen profile (tie line) was stretched by 300 meters.
A particular station, situated at a highly steady SP
potential point, was selected as the base station. All
SP measurements were calibrated to this reference
location. The equipment at the base station was
calibrated to zero by connecting it to non-polarizing
electrodes situated at the same location. All
station measurements were calibrated to correspond
with the zero reference of a specified general base
station encompassing the whole surveyed region.
Concurrently, the second electrode (rolling electrode)
traversed the grid stations to get field measurements,
executed with an Auto-Ranging Digital Multimeter,

Model HP 972A (manufactured in the USA).

The SP data were corrected by subtracting the base
station value of each profile from the readings obtain-
ed at the corresponding stations. Electrode potential
differences were deducted from the corresponding
station values. The rectified SP data were subse-
quently utilized to produce a contour map for
qualitative analysis. The adjusted SP values corres-
ponding to specific anomalies were graphed against

distance on millimeter paper to generate reduced SP
anomaly profiles. These profiles were utilized to asc-
ertain anomalous parameters with enhanced precision.

The SP contour map of the research area (Fig. 11)
delineates abnormal zones potentially associated with
mineralized regions influenced by structural charac-
teristics. Generally, pronounced negative SP anoma-
lies signify elevated concentrations of metallic miner-
alization, whereas positive SP responses are comm-

only linked to resilient, unmineralized areas.

In this work, six SP anomalies were chosen for
quantitative analysis. The characteristics of the source
anomaly were assessed utilizing the methodology of
Ram Babu and Atchuta Rao (1988), which allows for
the rapid and precise interpretation of the field profile.
The adoption of this approach indicates that the depths
of the inferred bodies responsible for the anomalies
are superficial. These shallow sources, typically
within 9-14 m, align well with the compact dime-
nsions (9-15 m) and moderate polarization angles
(10°-17°) observed across the profiles in Wadi Um

Qeisum.

Quantitative interpretation of self-potential (SP) an-
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Figure (8): Derived Radiometric Ratio Maps (eU/eTh, eU/K%) and Uranium Enrichment Indicators (U-index and F-parameter) from Gamma-
Ray Spectrometry, Wadi Um Qeisum, Southern Sinai, Egypt. A, eU/eTh map; B, eU/K% map; C, uranium index map, and D, F-parameter

map, Wadi Um Qeisum, Southern Sinai, Egypt.
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Figure (9): False-color composite images of Wadi Um Qeisum, Southern Sinai, Egypt. A, the three radioelement; B, uranium;

C, thorium, and D, potassium.

omalies provides key insights into subsurface structures
in Wadi Um Qeisum, Southern Sinai, Egypt. Table (1)
summarizes results for six selected profiles, where
polarization angles (0) ranged from 10° to 17°, source
depths (h) from 9 to 14 m below the surface, and body
dimensions, half-width in meters, ranged from 9 to 15
m, indicating shallow, compact sources consistent with
mineralization districts or fluid interfaces. Four
anomalies are recognized: Profiles (1, 3, 5), is the first
which dipped westward in alignment with regional
structures, whereas others showed southward (Profile
2), northward (Profile 4), and eastward (Profile 6) dips,
reflecting subsurface heterogeneity that may control ore
deposition or groundwater pathways.

Table (1): Summary of quantitative interpretation of
selected self-potential (SP) anomalies with conse-
quential structural parameters (Dip Angle 6, Dip
direction, Depth H, and Width A), Wadi Um Qeisum,
Southern Sinai, Egypt.

Calculated Parameters

profile

No. 0 Dipping H A
) direction (m) (m)
1 10 West 9 11
2 12 South 9 9
3 17 West 12 12
4 14 North 13 14
5 15 West 14 15
6 12 East 14 15

0 = Polarization angle in degrees.
DISCUSSION

Ground magnetic data

The visual examination of the RTP map indicates a
predominant NW-elongation trend in the northwestern
section of the research area, whereas a NE-elongation
trend characterizes the remainder portion. The RTP
map can be categorized into two zones based on the
nature of magnetic anomalies. The first zone
encompasses the northern and southeastern regions of
the research area. It is characterized by high-amplitude
positive magnetic anomalies with relatively high
frequencies. This area may indicate rocks with elevated
magnetic concentration at either shallow or profound

depths. The second zone covering the central region of
the research area, marked by a negative magnetic
amplitude that intensifies toward the northeast. This
area may indicate silicic rocks with poor magnetic
properties associated with either shallow or deep
origins. This may indicate a subduction zone origin-
ating from the northeast-southwest rift system linked to
the Gulf of Agaba's formation, which produced Wadi
of Um Qeisum, recently obscured by Quaternary
sediments.

The residual component map exhibits no distinct
spatial correlation with the RTP map regarding the
distribution of the identified zones, hence strengthening
their link with deep rather than shallow sources. The
residual map corresponds with the structural trends
depicted in the RTP map, exhibiting NW and WNW
tendencies in the NW section of the research region,
and NE trends in the SE section. The anomalies on the
residual map are predominantly elongated, accom-
panied by smaller oval-shaped positive and negative
anomalies of diverse sizes and amplitudes. The
regional component map exhibits a robust spatial
correlation with the magnetic zones on the RTP map,
confirming their association with deep-seated stru-
ctures. The most elevated positive values are located in
the NW and SE regions of the research area, suggesting
potential sources of highly magnetic source rocks,
whereas the center zone indicates the presence of deep,
extremely acidic rocks. The visual examination of
anomaly orientations on this map indicates prevailing
NE and NW structural trends. To verify the separation
method, upward continuation was implemented on the
RTP data to produce depth slices at 20-meter intervals
up to 100 meters. The initial slice represents the RTP
map, and the findings indicate a remarkable resembl-
ance between the deeper slices and the regional
component map, so validating the separation's
accuracy.

The FVD and TDR maps significantly enhance the
understanding of near-surface magnetic features,
providing valuable insights into the structural and
lithological framework of the study area, an essential
factor for mineral exploration and development. The
FVD map identifies the boundaries of magnetic
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sources, facilitating the delineation of features such as
faults, dykes, or lithological contacts that may serve as
traps for mineralizing fluids. The TDR map integrates
gradients from all directions to generate a continuous
image that highlights both vertical and horizontal
boundaries, facilitating the identification of intricate
structures that may influence mineral deposition. A
significant characteristic of both maps is the zero
contour line, which delineates the boundary between
positive and negative gradient values and is frequently
regarded as the exact perimeter of a magnetic source.
This is particularly advantageous in mineral explor-
ation, as mineralization is often linked to structural
features where hydrothermal solutions may have
deposited ore minerals. The two maps have comparable
shapes, and the distribution of their anomalies, marked
by zero-contour lines, is nearly equal in place. The
magnetic anomalies in both maps predominantly trend
in the WNW-ESE and NE-SW orientations.

The HGM map delineates several high-gradient areas
(between 7 and 43 nT/m), indicating substantial mag-
netic discrepancies that presumably align with
lithological boundaries, faults, and potentially dykes.
The prevailing orientations run northeast-southwest and
northwest-southeast, indicating intricate structural infl-
uences. Areas of clustered high gradients may indicate
intersections of structures or lithologies richer with
magnetic properties. Regions with reduced gradients
(green-blue) probably indicate homogeneous or weakly
magnetic lithologies, or deeper origins.

By analyzing the structural components derived from
residual, regional, FVD, TDR, and HGM maps, one
may correlate structural patterns with mineralization
processes and improve the interpretation of the
geological framework. The rose diagrams indicate that
the predominant structural trends from shallow to deep
depths are predominantly NW and NE, with secondary
trends originating from these two being less
pronounced. The two trends and their derivatives in
southern Sinai are attributable to the structural elements
linked to the opening of the Gulf of Suez and the Gulf
of Agaba. Numerous discoveries related to significant
mineralization, such as copper in the El Regeita area,
have precipitated on shear zones and the walls of
intermediate dykes due to the infiltration of hydro-
thermal solutions. Additionally, pegmatite dykes in
certain locations are associated with high radiometric
anomalies, as observed in the Khosh El Dabba area
(Yousef, 2024). The extensive intermediate and peg-
matite dykes in southern Sinai are predominantly asso-
ciated with the northwest and northeast directions and
their derivatives.

The Euler deconvolution map calculates the depths
of magnetic connections throughout the survey area,
employing color symbols to denote several ranges:
green (shallow, <30 m), red (middle, 30-100 m), and
black (deep, >100 m). The concentrated array of
solutions underscores an intricate subsurface featuring
many magnetic connections ranging from shallow to
deep. The Source Parameter Image (SPI) map depicts
shallow sources in magenta/red and deeper sources in
blue, facilitating the visualization of extensive
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structural trends. The Euler (SI=0) and SPI maps
mutually enhance each other: the Euler identifies
specific contacts and depths, whilst the SPI illustrates
regional depth discrepancies. The alignment between
superficial Euler solutions and shallow SPI regions
indicates near-surface structures, whereas deeper corre-
lations endorse interpretations of subsurface features.
Discrepancies, such as superficial Euler solutions
overlapping with deeper SPI zones, may indicate local
complexities, potential data noise, interference, or
noise, necessitating more examination.
Gamma-Ray Spectrometric Data

The four gamma-ray spectrometric maps revealed
that the high radioelement concentrations are primarily
associated with alkali feldspar granites, intermediate
dyke walls, and altered rock formations, indicating
possible hydrothermal alteration, mineralized veins, or
intrusions rich in radioactive materials. Moderate levels
predominantly manifest in the central and northeastern
regions, presumably associated with partially wea-
thered or altered felsic rocks. Low values predominate
in the southeastern and southern regions of the map.
These diminished readings may signify structural
depressions or drainage areas, where erosion or leac-
hing has decreased the concentration of radioactive
materials. A northwest-southeast oriented pattern of
alternating high and low radioelement zones indicates
the existence of structural lineaments or faults affecting
radioelement distribution. Elongated anomalies, partic-
ularly in the central-western region, may signify dykes
or vein systems enriched with uranium and thorium.
Simultaneously, irregular, spot-like anomalies may
signify localized mineralization pockets or alteration
halos, potentially associated with intrusive bodies.
Regarding the U-index, the values over 2 were
contoured to identify areas of significant alteration and
mineralization. According to F-parameter, the values
varies from 1.2 to 1.3, indicating -equilibrium
distributions of these elements within prevalent rock-
forming minerals. Conversely, hydrothermally altered
or weathered rocks frequently display markedly
increased F-values, typically ranging from 2 to 5, and
occasionally reaching 10, attributable to the selective
mobilization and enrichment of uranium or the
depletion of thorium and potassium during alteration
processes (Efimov, 1978; Wilford et al., 1997; 1AEA,
2003). This fluctuation underpins the application of the
F-parameter in geological and mineral exploration,
especially in the detection of alteration zones and
uranium deposits. Figure (7d) illustrates the F-
parameter map of the research area, indicating the
regions of significant modification (exceeding 2.0).

Composite maps for U, Th, and K augment
comprehension of elemental distribution and facilitate
the identification of geochemical anomalies. The
uranium map delineates regions of elevated uranium
concentrations and areas exhibiting high eU/eTh and
eU/K ratios, perhaps associated with uranium-rich
lithologies, alteration zones, or rare earth element
(REE) potential. The thorium map illustrates Th-
enriched areas linked to resistate minerals such as
monazite and xenotime, which are prevalent hosts for
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rare earth elements (REE). The potassium map (Fig.
8d) illustrates elevated potassium concentrations and
potassic alteration zones, frequently associated with
felsic intrusions. Collectively, these maps offer
essential insights into prospective rare earth element
mining areas by highlighting overlapping anomalies of
uranium, thorium, and potassium.

A map was generated to integrate the gamma-ray
spectrometric data, delineating the greatest values as a
contour line for eU/eTh, eU/K, uranium index, and F-
parameter, as previously described. A map was created
from the aggregate of these contours, illustrating the
zones with the highest potential for mineral
development, particularly for rare earth elements
(REE).

Gamma-ray spectrometry is a surface geophysical
technique proficient at detecting areas of radioactive
mineralization at or near the surface; nevertheless, it
fails to offer insights into the depth extent or subsurface
continuity of these mineralization. Consequently, to
elucidate the potential extension of radioactive
anomalies at depth, it is imperative to incorporate an
additional geophysical method that is responsive to
subsurface characteristics. Considering that radioactive
mineralization may be geologically linked to metallic
minerals, such as sulfides, the Self-Potential (SP)
approach was chosen to augment gamma-ray spectro-
metry. The survey area for the SP measurements was
meticulously selected to align with surface radioactive
anomalies identified by gamma-ray spectroscopy. This
comprehensive method improves the capacity to follow
mineralized zones from surface indicators into the
subsurface.

Self-Potential (SP) Data

The SP contour map enables the classification of the
study area into three separate zones. Zone 1 comprises
regions with SP values beneath -10.0 mV,
predominantly located in the center and northwestern
sections of the survey area. These zones presumably
signify considerable metallic mineralization, particu-
larly linked to the walls of the intermediate dyke. Zone
2, characterized by SP values from -10.0 to -2.0 mV,
encircles the first zone. These anomalies are likely
ascribed to structural characteristics such as faults,
minor streams, and lithological interfaces (between
intermediate dykes and altered quartz monzonite). Zone
3 corresponds to regions with SP values greater than -
2.0 mV. These values indicate the existence of
refractory, unmineralized rock formations.

CONCLUSION

The integration of ground magnetic, gamma-ray
spectrometric, and self-potential (SP) studies in the
Wadi Um Qeisum region has proven effective in
delineating mineralization zones at both surface and
subsurface levels. The studied area features intricate
geological formations, modified granitic rocks, and
intermediate dykes that significantly influence mineral
occurrences. The magnetic data, analyzed through
including reduction to the pole (RTP), residual and
regional separation, first vertical derivative (FVD), tilt
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Figure (11): Spatial Potential (SP) interpolated color map with six-
transect profiles , Wadi Um Qeisum, Southern Sinai, Egypt.

derivative (TDR), horizontal gradient magnitude
(HGM), Euler deconvolution, and source parameter
imaging (SPI), disclosed notable structural trends
primarily oriented in NW-SE and NE-SW directions.
These structures denote fault systems and lithological
boundaries that govern the formation of mineralized
Zones.

Gamma-ray spectrometric data provide further
understanding of the distribution of radioactive
elements. Maps depicting equivalent uranium (eU),
equivalent thorium (eTh), and potassium (K), alongside
their ratios including eU/eTh, eU/K, uranium favo-
rability index (U-Index), and the F-parameter, facili-
tated the identification of hydrothermal alteration zones
and possible rare earth element (REE) enrichment. The
radiometric anomalies exhibited spatial correlation with
the intermediate dyke walls and altered quartz mon-
zonite, underscoring their importance as exploration
targets.

The SP survey provides a comprehensive perspective
by mapping the subsurface continuation of surface
radiometric anomalies. The SP data identified three
primary zones based on potential values: significant
negative anomalies indicating considerable metallic
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mineralization, intermediate anomalies linked to
structural characteristics, and positive anomalies
connected with unmineralized, resistive bodies.
Quantitative modeling of six SP anomalies validated
the existence of shallow conductive sources at depths
of 9 to 14 meters characterized by moderate dip angles
and limited lateral extent.

The study advocates for the execution of field
geophysical investigations, including self-potential,
electromagnetic, and induced polarization methods, in
regions exhibiting gamma-ray spectrometric anomalies
linked to significant structural trends identified through
gamma-ray spectrometry and magnetic surveys. This
area is particularly noteworthy due to the presence of
sulfide and copper mineralization, as indicated by prior
research.
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