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This study attempts to assess radiation doses in the El Maghrabiya- Ria Elgarra granitic phases and elucidate the
subsurface structural influences on mineralization employing sophisticated airborne magnetic data processing
and interpretation methods. The granitic phases include granodiorite, monzogranites, syenogranites, and altered
granites (which are frequently visible along shear zones). The former rocks show a small amount of 238U (21.70
+ 11.87 Bgkg™ 1), 2%2Th (20.20 + 12.78 Bqkg™}), and “°K (305.18 + 168.1 Bgkg™!) employing the Nal (T1)
spectrometer. Monzogranites contain 238U (43.40 + 41.13 Bgkg™), 232Th (29.29 + 5.08 qug’l), and “°k
(1169.84 + 79.45 Bakg ™), while syenogranites include high amounts of 238U (121.52 + 46.73 Bqkg-1), 232Th
(96.15 + 12.58 Bqkg 1), and *°K (1315.23 + 146.62 Bqkg 1). Furthermore, the altered granites had the greatest
activity of 2*2Th (105.04 + 65.73 Bqkg ™), “°K (683.91 + 333.34 Bqkg™}), and 2%®U (1674.00 + 1275.25
Bqkg 1), alongside the total quantity (avg. 1842.90 + 871.02 Bqkg ). Several radiological elements have been
utilized to assess the risk inherent with these rocks. Granodiorite and monzogranite results are consistent with
established global standards, however syenogranites and altered granites exhibited elevated metrics. Therefore,
granodiorite and monzogranite are suitable for use in the construction sector, whereas syenogranites and altered
granites are unsuitable due to their elevated natural gamma radiation emissions. Upward continuation was
subsequently applied to RTP aeromagnetic data at four discrete levels (0.5 km, 1 km, 2 km, and 3 km), corre-
sponding to average source depths, to image subsurface geological structures. Based on automated lineament
extraction methods and rose diagrams, the principal structural directions are N-S, NNW-SSE, and E-W. The
identification of these trends as the dominant structural trends is not just a descriptive finding; it reveals the
fundamental plumbing system of the region. These trends are the highways and intersections along which
mineralizing fluids traveled and where they were most likely to deposit their economic metal load.

1. Introduction

Radionuclide spectrum are crucial in tracking natural radioactivity
because of the regional variance in external gamma dose rates. These
dosages are established by the quantity of radionuclides that sponta-
neously reside in rocks (Al-Hamarneh & Awadallah, 2009; Krebs et al.,
2019; Yildirim & Giilmez, 2025). Radium’s existence has no effect on
long-term processes since it is constantly generated and has a relatively
short half-life, which is caused by the decay of 232Th, 238y, and 2*%U
(Kanmi et al., 2025; Ramola et al., 2011). According to Akkurt and
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Giinoglu (2014), the Earth’s crust contains natural radionuclides that
have been present since the planet’s formation, including substantial
amounts of 232Th, 238U, and “°K. However, as rocks have varying de-
grees of the ability to move, the disequilibrium among uranium and
radium occurs regularly (Lei et al., 2023; Li et al., 2015; Yuan et al.,
1995). The processes of deposition and weathering are frequent pro-
cesses that progressively boost radionuclides, especially in the latter
stages of granitic rocks and phosphorites. In this regard, U has been
demonstrated to combine with organic matter and phosphates (Fathy
et al., 2023; Kanmi et al., 2025; Wais et al., 2023), and Th has been
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Fig. 1. El Maghrabiya- Ria Elgarra geologic map, Central Eastern Desert, Egypt (modified after Elhussein et al., 2024; Shereif et al., 2025).

found to mix with clay-rich sediments. This geological differentiation
causes the establishment of discrete high-radiation zones, that could
stay dormant unless disturbed by natural erosion or human activity
including mining or hydraulic fracturing. The link of sedimentary rock
lithology and migration of radionuclides highlights the difficulties in
predicting and describing the corresponding threats (Abdel-Aal et al.,
2024; Qureshi et al., 2014; Raghavendra et al., 2019; Ozden et al.,
2023).

In the past few decades, there has been an increased emphasis on
following the natural dispersion of radioactive materials. Several
research projects have been initiated worldwide to determine the entire
radiation intensity of the rocks (Abdul Sani et al., 2022; Akkurt &
Giinoglu, 2014; Al-Hamarneh & Awadallah, 2009; Al-Mur et al., 2025;
AlZahrani et al., 2011; Khaleal et al., 2023; Li et al., 2015, 2024; O’Brien
& Sanna, 1976; Ravisankar et al., 2015; Sahoo et al., 2011; Sayyed et al.,
2024; Shahrokhi et al., 2020; Shehzad et al., 2019; Vukasinovic et al.,
2010; Wais et al., 2025; Ozden & Akozcan, 2021).

Mineral exploration faces the persistent challenge of efficiently
detecting economically viable deposits concealed beneath complex ge-
ology and often obscured by surface covers. Geophysical methods pro-
vide indispensable tools for probing the subsurface, with airborne
magnetic surveying standing as a particularly powerful and cost-
effective technique for regional-scale investigations. The fundamental
physical property measured, magnetic susceptibility, exhibits significant
contrasts between various rock types, particularly those rich in
magnetite or other ferromagnetic minerals, and their altered or miner-
alized counterparts. Consequently, the interpretation of magnetic data
offers critical insights into lithological variations, structural frame-
works, and hydrothermal alteration systems, which represent the key

that control the emplacement and distribution of mineral deposits
(Elhussein et al., 2024; Khalifa et al., 2024).

This study focuses on applying advanced airborne magnetic data
processing and interpretation techniques to elucidate the subsurface
structural controls on mineralization within the study area. Addition-
ally, is to identify rock units through fieldwork and petrography, and to
analyze the radioactive potential of the El Maghrabiya- Ria Elgarra
rocks. This analysis involves measuring the 2%2Th, 238U, and *°K radia-
tion in these rocks. Furthermore, various radiological risk parameters
are evaluated to assess the potential adverse effects of radiation expo-
sure on human health and assess their ability for uses in construction
sector.

2. Field geology

Neoproterozoic rocks are frequently observed in the Eastern Desert,
Arabian Nubian Shield, which occupying 10 % of Egypt’s surface area
(Saleh et al., 2024; Stern, 2018). They possesses rock varieties like
ophiolites, arc-related, granitic suites, and Dokhan Volcanics. Further-
more, the bulk of these rocks survived the ore mining; they can be uti-
lized for building parts in cement as well as stones for ornamentation
due to their attractive forms and remarkable strength (Lasheen et al.,
2023, 2024). Granite is a particularly widespread rock in the crust of the
earth, accounting for 60 % of the Nubian Shield. These rocks are
extremely segregated and include commercial and crucial components
such as Li, Ta, REEs, Nb, and Sn (Khan et al., 2025; Lasheen et al., 2025;
Saleh, Kamar, et al., 2025; Stern, 2018).

El Maghrabiya- Ria Elgarra is located in the center sector of Egypt’s
Eastern Desert. It has a multitude of granitic rocks (Fig. 1). The overall
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Fig. 2. Field photos show: a) General view of numerous oval peaks of younger granites; b) Smooth surface as a result of weathering products; ¢) Fractured granites

showing boulder weathering; d) Small oriented cavernous in younger granites.

geography of the examined area ranges from mild to harsh, and has
many peaks. Red granite usually possess prominent peaks (Fig. 2a).
Older granites are distinguished by whitish grey with darker grey tints,
medium-to coarse-grained, exfoliated with a pore-like and boulders
shape along their edges. They are readily weathered and cracked,
resulting in low terrains, making it difficult to obtain a fresh rock sam-
ple. They are invaded by younger granites and primarily divided by
fundamental dikes. Younger granites are one of the prominent rock units
in the study area. They range from pink to reddish and have medium-
grained rocks. They are the most prominent elevation changes, with
oval and rounded shapes. They comprise xenoliths of all sizes and forms
that originate from previous rocks (Abdel-Hakeem et al., 2023). They
exhibit cavernous weathering with diverse diameters ranging from 2 cm
to 1 m (Fig. 2b-d). They sometimes demonstrate vertical jointing and
exfoliation as a result of weathering that takes place.

3. Methodology
3.1. Field and petrography

More than forty samples have been gathered from El Maghrabiya-
Ria Elgarra area (including mountains of El Maghrabiya, El Missikat, Ria
Elgarra, and El Gidami) randomly from all granitic phases, which
include older granites (16), and younger granites (26) through one field
trip. The altered granites possesses those gathered from El Missikat area
(Supplementary materials). Eleven thin sections were, created to
recognize the essential mineralogical and their texture.

3.2. Radioactive detection

Seventeen rock specimens (~400 g each) from the El Maghrabiya-
Ria Elgarra outcrops were air-dried, sieved to <200 mesh, placed in 200
mL plastic containers, and sealed for 4 weeks to establish radioactive
equilibrium. Gamma-ray measurements were carried out with a Bicron
Nal(T1) spectrometer equipped with a 76 x 76 mm scintillation crystal
and a photomultiplier tube in an aluminum housing (Supplementary
materials). Activity was evaluated in three energy windows: 92.6 keV
(234Th, used to quantify 238U), 238.6 keV (212Pb, used to quantify 232Th),

and 1460.8 keV (for *°K). Minimum detectable is ~0.4 ppm for U, 0.6
ppm Th, and 0.1 % K, with counting uncertainties of 1-5 %. Accuracy is
maintained by rigorous energy-calibration procedures that correct for
possible peak interferences. To evaluate the radiological consequences
of samples, employ the next formulas: Dj;, rate of absorbed dose; Raeq,
radium equivalent; Hy, gamma index; ELCR, excess life-time cancer;
AEDgyt & in outdoor and indoor annualized dosage; and Hex & Hijp in-
ternal and external indicators. 232Th, “°K, 2%8U, and activity are desig-
nated as Hpp, Hg, and Hy, respectively (European Commission, 1999;
European Commission, 1999; Taskin et al., 2009; UNSCEAR, 2010;
UNSCEAR, 2010; UNSCEAR, 2010; UNSCEAR, 2010; Yu et al., 1992).

Dy (nGyh™') =0.430Hy + 0.666H;, + 0.042H €h)
Rac, (Bqkg ') =Hy + 1.43 Hyy, + 0.077 Hy 2
Iy =Hy/300 + Hrp, /200 + Hy /3000 3

mSy nGy Sy
AED (T) = Z (Dai, (T) x 0.7 (@) X occupancy factor) x 8760h

x 107
©)]

where, the occupancy factor accounts for occupancy time in case out-
door is 0.2 and indoor 0.8

ELCR(mSv /y) = AED x DL (70 years)x RF (0.05Sv ') (5)

Hey & Hine Hy /370 (Hy / 185 for indoor) + Hyy, / 259 + Hy /4810 (6)

3.3. Airborne magnetic data

The utility of airborne magnetic data in mineral exploration stems
from its ability to rapidly map large areas, penetrating through super-
ficial covers like vegetation, soil, and recent sediments to image mag-
netic contrasts within the bedrock (Ahmed et al., 2025; Elhussein et al.,
2024). Total Magnetic Intensity (TMI) data, acquired by aircraft
equipped with magnetometers, captures the spatial variation of the
Earth’s magnetic field influenced by the underlying geology. The
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Fig. 3. Microscopic photomicgraphs reveal: a) Kaolinitized perthite (Pr) corroded by plagioclase (P1); b) Euhedral zircon (Zr) associated with chloritized biotite (Bt);
c) Saussuritized plagioclase enclosing biotite; d) Slightly pristine albitic plagioclase; e) Completely saussuritized plagioclase with dusty surface; and f) Stained

perthite by iron oxide (Fe-O) and kaolinite (Ka), which corroded by quartz (Qz).

traverse flight lines were aligned in a northeast-southwest direction
with a spacing of 1.5 km, while the tie lines were oriented perpendic-
ularly in a northwest-southeast direction and spaced at 5 km intervals.
The ground clearance of about 120 m (Aero-Service, 1984). However,
raw TMI anomalies in the study area are inherently complex, repre-
senting the vector superposition of induced and remnant magnetization
within rocks, further complicated by the inclination and declination of
the Earth’s magnetic field. These factors cause anomalies to appear
offset and asymmetrical relative to their causative sources, particularly
at non-polar latitudes. To overcome this limitation and produce a
magnetic map where anomalies are centered directly over their sources,
thereby simplifying geological interpretation, Reduction to the Mag-
netic Pole (RTP) is routinely applied using (IGRF = 42425 nT,

Inclination = 32.8N, Declination = 1.9E) (Baranov & Naudy, 1964).

This crucial transformation (RTP) corrects for the dipolar nature of
the magnetic field, effectively simulating the anomaly pattern as if
measured at the magnetic pole where the field is vertical.

3.3.1. Upward continuation

Beyond correcting for field geometry, isolating structural informa-
tion often requires enhancing signals related to deeper geological fea-
tures. Upward Continuation is a potent filtering technique employed for
this purpose. It mathematically transforms the measured magnetic field
at the flight altitude to simulate the field that would be measured at a
higher elevation. This process inherently acts as a low-pass filter,
attenuating high-frequency anomalies associated with shallow, small-
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Table 1
232, 40K, and 2°8U activity concentration and their ratios of the assessed rocks.
Rock types Samples Z2Th (Bgkg ™) 40K (Bakg ™) 2321 /40K 238y (Bqkg 1) 2321238y
Granodiorite G1 16.16 241.01 0.07 12.40 1.30
G2 4.04 109.55 0.04 12.40 0.33
G3 32.32 500.80 0.06 24.80 1.30
G4 28.28 369.34 0.08 37.20 0.76
Min. 4.04 109.55 0.04 12.40 0.33
Max. 32.32 500.80 0.08 37.20 1.30
Avg. 20.20 305.18 0.06 21.70 0.92
SD 12.78 168.10 0.02 11.87 0.47
Monzogranites M1 28.28 1270.78 0.02 12.40 2.28
M2 24.24 1101.76 0.02 49.60 0.49
M3 28.28 1111.15 0.03 12.40 2.28
M4 36.36 1195.66 0.03 99.20 0.37
Min. 24.24 1101.76 0.02 12.40 0.37
Max. 36.36 1270.78 0.03 99.20 2.28
Avg. 29.29 1169.84 0.03 43.40 1.35
SD 5.08 79.45 0.00 41.13 1.07
Syenogranites S1 105.04 1302.08 0.08 124.00 0.85
S2 92.92 1167.49 0.08 111.60 0.83
s3 84.84 1176.88 0.07 173.60 0.49
S4 84.84 1458.58 0.06 49.60 1.71
S5 113.12 1471.10 0.08 148.80 0.76
Min. 84.84 1167.49 0.06 49.60 0.49
Max. 113.12 1471.10 0.08 173.60 1.71
Avg. 96.15 1315.23 0.07 121.52 0.93
SD 12.58 146.62 0.01 46.73 0.46
Altered granites Al 68.68 1139.32 0.06 917.60 0.07
A2 60.60 688.60 0.09 3310.80 0.02
A3 88.88 554.01 0.16 446.40 0.20
A4 202.00 353.69 4.96 2021.20 0.10
Min. 60.60 353.69 0.06 446.40 0.02
Max. 202.00 1139.32 4.96 3310.80 0.20
Avg. 105.04 683.91 1.32 1674.00 0.10
SD 65.73 333.34 2.43 1275.25 0.08
Table 2 to the RTP data, the resultant maps provide a clearer depiction of the
able

Comparison of 233U, *°K, and 2>2Th of the El Maghrabiya- Ria Elgarra rocks with
others.

Location 238y 226Th 4K Reference
(Bgkg™)  (Bgkg™))  (Bqkg™)
Nigeria, 5.42 3.07 735.24 Kanmi et al. (2025)
Irepodun
Egypt 137.00 82.00 1082.00 Sharaf and
Hamideen (2013)
Serbia 200 77 1280 ((Kuzmanovié
et al., 2024)
Saudi Arabia 28.82 34.83 665.08 AlZahrani et al.
(2011)
India 25.88 42.82 560.60 Senthilkumar et al.
(2014)
Sharm El Luli, 24.57 23.32 241.83 Saleh, Lasheen,
Egypt et al. (2025)
Jeddah shoreline 13.14 5.05 139.09 Al-Mur et al.
(2025)
China 356 318 1636 Tuo et al. (2020)
Wadi El Gemal 12.49 12.63 325.13 (Khaleal et al.,
Island 2023)
Spain 84 42 1138 Guillén et al.
(2014)
Egypt 137 82 1082 Amin (2012)
33 45 412 UNSCEAR (2010)
Granodiorite 21.70 20.20 305.18 Current study
Monzogranites 43.40 29.29 1169.84
Syenogranites 121.52 96.15 1315.23
Altered granites 1674.00 105.04 683.91

scale sources (like near-surface lithological variations or cultural noise)
while preserving and enhancing lower-frequency anomalies originating
from deeper, larger-scale structures (such as faults, shear zones, base-
ment trends, and intrusive contacts). By applying upward continuation

fundamental structural grain, basement architecture, and major tectonic
lineaments that frequently act as primary controls on fluid pathways and
mineral deposition within the study area (Hamimi et al., 2023; Osinowo
& Taiwo, 2020). The transformation was implemented computationally
within the frequency domain using Fourier transform methods to derive
the necessary coefficients. Processing was conducted at four discrete
elevation levels, corresponding to average source depths of 0.5 km, 1
km, 2 km, and 3 km, by adjusting the computational grid spacing pa-
rameters. This generate four resultant magnetic anomaly maps (Fig. 6)
for the specified continuation levels. This integrated approach — trans-
forming raw TMI data via RTP and subsequently applying upward
continuation - forms the core methodology for constructing a robust
model of the subsurface structural framework to guide targeted mineral
exploration efforts. This reductions and process of magnetic data was
carried out using the Oasis Montaj™ software version 7.1 (Phillips,
2007).

3.3.2. Structural features

The Centre for Exploration Targeting (CET) grid analysis is a
powerful image processing technique used for enhancing structural and
lithological features within potential field data, particularly magnetic
datasets (Abdelhakim Eshanibli, 2020; Holden et al., 2012). When
applied to upward continued magnetic grids, this method facilitates the
identification of subtle geological features that may not be readily
visible in the raw or shallow-depth data. Upward continuation serves to
suppress high-frequency noise and near-surface anomalies, thereby
emphasizing deeper, more regional magnetic sources. Within this
context, the CET grid analysis employs a combination of texture analysis
and bilateral symmetric feature detection algorithms to enhance linear
and curvilinear features associated with subsurface structures
(Abdelhakim Eshanibli, 2020; Eshanibli et al., 2021). One of its core
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Fig. 4. Total aeromagnetic intensity map (TMI) of the study area.

operations involves calculating the local standard deviation of grid
values across a moving window. This computation quantifies the local
variability of magnetic intensity, with higher standard deviation values
indicating abrupt changes or discontinuities—often linked to geological
boundaries, fault zones, or lithological contacts. Compared to the
smoother background signal, these zones of high variability are inter-
preted as regions of structural significance. By detecting such density
discontinuities and enhancing textural contrasts, the CET analysis
significantly improves the ability to delineate structural frameworks,
which is critical for mineral exploration and geological interpretation.

4. Results
4.1. Petrography

Mineralogical and textural analyses have been conducted for
granodiorite, monzogranite, syenogranite, and altered granite varieties.
The granodiorite primarily comprises plagioclase, quartz, K-feldspar,
and biotite as essential constituents, with zircon and iron oxides present
as accessory phases. Plagioclase (Anjy.30) is the most abundant mineral,
accounting for approximately 41-73 % of the total composition. It
typically appears as euhedral to subhedral tabular crystals exhibiting
well-developed lamellar and carlsbad twinning and is locally altered to
saussurite and kaolinite (Fig. 3a). Quartz grains show pronounced
undulose extinction and are frequently fractured, with cracks filled by
iron oxides and sericite. Potassium feldspar is mainly represented by
perthitic orthoclase, occurring as subhedral to anhedral crystals with
characteristic patchy to flame perthitic textures as an intergrown with
plagioclase. Biotite forms anhedral, flaky crystals and often displays
variable degrees of chloritization (Fig. 3b). Zircon appears as well-
formed euhedral crystals, typically associated with biotite and

plagioclase.

Monzogranite has a medium-grained, hypidiomorphic texture.
Quartz appears as anhedral crystals in these rocks, resulting in wavy
extinction and/or mortar texture. Plagioclase (Ans.a9) appears as sub-
hedral prismatic crystals, the majority of which have been converted to
saussurite (Fig. 3¢). Microcline and perthite form coarse anhedral platy
crystals. It is converted to kaolinite. It is broken and filled with sericite
and iron oxides. They produce intergrowth with quartz to provide mi-
crographic texture. Biotite is a yellowish brown subhedral flaky crystal
that converts into chlorite, in particular near its cleavage. A few of these
biotite crystals contain scattered iron oxides.

The remarkably common minerals in syenogranites are orthoclase
(prevailing) and microcline-perthite. They contain quartz, biotite, and
plagioclase in a poikilitic formation. The patchy form of perthite is
prevalent. Albite (Ang.13) exists in pure form (Fig. 3d), ranging from
euhedral to subhedral, and occasionally shows small modifications to
saussurite. Quartz is less common than perthite, which occurs as me-
dium anhedral crystals (sometimes as skeletal crystals in albite).
Muscovite appears as uneven flakes. Zircon is defined as a short minute
with strong relief. Radiogenic processes have resulted in significant
pleochroic haloes surrounding some zircon crystals.

The altered granites have the same composition of syenogranites, but
the rock constituents are mainly transformed to other secondary min-
erals. Albite and perthite are completely converted to saussurite and
kaolinite, respectively (Fig. 3e and f).

4.2. Radionuclides abundance

The prevalence and levels of radioactive elements 232Th, 4OK, and
2380 have been determined for seventeen samples collected from the El
Maghrabiya- Ria Elgarra area (Table 1). The average + SD results of



E.S.R. Lasheen et al.

Journal of Radiation Research and Applied Sciences 18 (2025) 101910

33°22'

33°26'
860000
v

33°30'

60000

33°22' 33°26 33°30"

5000 0

870000

5000

(meters)
WGS 84 / Egypt Red Belt

33°34' 33°38'

880000

18€.,92

¥€.92

0000
33°34'

Cl=10nT

Fig. 5. The reduced to the northern magnetic pole (RTP) map derived from aeromagnetic Field Intensity Map of the study area.

granodiorite and monzogranites rocks are within the global record limit
(45 for 2%2Th, 412 for “°K, and 33 for 2°®U accordingly UNSCEAR
(2010). In reality, the samples obtained from the El Maghrabiya- Ria
Elgarra area exhibit a progression of their degree of activity, as illus-
trated here (Table 1): 40k > 238y 232Th, which corresponds to strongly
rocks (with high SiO; levels and potash-bearing minerals) that have a
connection with higher K activity (Abdel-Aal et al., 2024; Abdul Sani
et al., 2022; Freitas & Alencar, 2004; Shahrokhi et al., 2020; Zakaly
et al., 2024).

Applying the Nal (T1) analyzer, granodiorite has 2%U (21.70 + 11.87
Bgkg™1), 232Th (20.20 + 12.78 Bgkg™!), and “°K (305.18 + 168.1
Bqkg™!), meanwhile monzogranites have higher 228U (43.40 + 41.13
Bgkg™1), 2%2Th (29.29 =+ 5.08 Bqkg 1), and *°K (1169.84 + 79.45
Bqkg™!). Contrary to this, syenogranites and altered granites have
radioactive amounts that exceed the global recording limit. Syenog-
ranite contains 238U (121.52 + 46.73 Bgkg™!), 2%2Th (96.15 + 12.58
Bgkg™!) and “K (1315.23 + 146.62 Bqkg™1). Whilst granodiorite has
the lowest activities, the altered granites have the highest activity con-
centrations of 232Th (105.04 + 65.73 Bqkg ™)), “°K (683.91 + 333.34
qug’l), and 2%8U (1674.00 + 1275.25 qug’l), as well as their sum-
mation (avg. 1921.15 + 844.57 Bqgkg 1). These increased of these
concentrations could be due to the existence of radioactive minerals
such as zircon, thorite, allanite, and titanite, which incorporate radio-
nuclides within their structure (Freitas & Alencar, 2004; Kanmi et al.,
2025; Li et al., 2024; Pavlidou et al., 2006; Sahoo et al., 2011; Sivakumar
et al., 2018; UNSCEAR, 2010; Vukasinovic et al., 2010).

Table 1 demonstrates that altered granites have the highest
232Th /40K (average 0.22), above the worldwide limit of 0.07 (Qureshi
et al., 2014). This could be attributed to the high potassium abundance
in these rocks as a result of K-metasomatism (Al-Mur et al., 2025; Las-
heen et al., 2021). The altered granites exhibit a low 232Th /238y ratio

(avg. 0.1), compared to the global average of 3.94 (Qureshi et al., 2014).
The smallest observations are connected with a high U level in contrast
to Th in the tested samples, demonstrating U migration in relation to Th
in changed granites. This is due to secondary U accumulation
throughout hydrothermal activity (Abdel-Aal et al., 2024; Kanmi et al.,
2025; Khandaker et al., 2025; Qureshi et al., 2014; UNSCEAR, 2000).

Table 2 compares the findings of the present inquiry (%32Th, *°K, and
281) with the average concentration of those obtained from other
countries. Granodiorite and monzogranite activity concentration fall
within the permissible quantity of UNSCEAR (2010) (Table 2), and are
comparable to others like those of Saudi Arabia phosphorite (AlZahrani
et al., 2011), Jeddah coastline (Al-Mur et al., 2025), Sharm El Luli
coastline (Saleh, Lasheen, et al., 2025), Wadi El- Gemal sediments
(Khaleal et al., 2023), commercial granitic rocks (Sharaf & Hamideen,
2013), flooring materials (Senthilkumar et al., 2014), and Sapin granites
(Guillén et al., 2014). Controversy, other rocks including syenogranites
and altered granites have 232Th, 40K, and 38U akin to those of Amin
(2012), Kuzmanovic et al. (2024), and Tuo et al. (2020) and higher than
the permissible quantity of UNSCEAR (2010).

4.3. Magnetic data interpretation

4.3.1. The Total Magnetic Intensity map

The Total Magnetic Intensity (TMI) map (Fig. 4) depicts spatial
variations in the Earth’s magnetic field across the study area, utilizing a
color gradient from deep blue (—255 nT) to bright red/pink (26 nT) to
delineate magnetic intensity. High-amplitude anomalies dominate the
northeastern, northwestern and central parts, these anomalies often
appear as elongated or irregular shapes, suggesting underlying magnetic
sources, while low-intensity anomalies (blue/purple/green colors) are
prevalent in southern, central and northern regions, frequently forming
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Fig. 6. Upward continuation map to (a) 500 m, (b) 1000m, (c) 2000m, and (d) 3000m of aeromagnetic data in the study area.

peripheries to high-anomaly zones. Gradient analysis reveals steep
contours indicating rapid transitions in magnetic intensity (implying
shallow or strongly magnetized bodies) versus widely spaced contours
reflecting gradual shifts (consistent with deeper or weakly magnetized
sources) (Zhdanov, 2015).

4.3.2. The Reduced to the pole

The Reduced to the Pole (RTP) magnetic map (Fig. 5), correcting
anomalies to simulate a vertical inducing field, facilitates source body
localization (Baranov & Naudy, 1964; Hao et al., 2018). It reveals a
pronounced spatial correlation between high-amplitude magnetic
anomalies (112 nT) concentrated in the northwestern, northeastern and
southeastern and outcrops of granodiorite and metavolcanics (Fig. 1).
This correlation is attributable to their high magnetic susceptibility,
derived from magnetite content. Elongated heights align with mapped
Dikes, interpreted as magnetically susceptible mafic intrusive.
Conversely, extensive low-magnitude anomalies (—294 nT) correlate
strongly with low-susceptibility unit of felsic rocks (e.g., monzogranites
and syenogranites, which mask deeper sources. Sharp magnetic gradi-
ents delineate structural features, notably coinciding with Thrust Faults,
Fracture Lineaments, and geologic contacts, indicating susceptibility

contrasts arising from fault juxtaposition or lithological boundaries.
Anomaly morphology further supports geological interpretation: linear
highs suggest structurally controlled intrusive bodies (dykes/sills),
while circular/irregular highs potentially indicate discrete intrusions
(plugs/stocks) or mineralized zones.

4.3.3. Upward continuation

The upward continuation maps illustrate how magnetic anomalies
vary with height, where at 500 m (Fig. 6a) high-frequency, short-
wavelength anomalies with sharp gradients dominate, indicating
shallow sources such as lithological contacts, faults, dykes, or small
magnetic bodies. At 1000 m (Fig. 6b), the anomalies appear smoother
with reduced amplitude, and intermediate wavelengths become more
prominent, suggesting moderately deep sources while some shallow
features remain visible but with less clarity, indicating their limited
vertical extent. At 2000 m (Fig. 6¢), the maps are characterized by
broad, long-wavelength anomalies representing deeper crustal struc-
tures like basement undulations, large intrusions, or major structural
trends, with near-surface noise largely diminished to reveal the regional
tectonic framework. At 3000 m (Fig. 6d), anomalies are further
smoothed, dominated by very long wavelengths that reflect the deepest
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and most extensive sources such as major crustal lineaments and
regional tectonic features, while shallow anomalies are fully suppressed.

4.3.4. Structural mapping

The lineament maps (Fig. 7) derived from upward continued mag-
netic data at 500 m, 1000 m, 2000 m, and 3000 m (Fig. 6) illustrate the
structural architecture of the study area at different depths. At 500 m
(Fig. 7a), the map shows a dense network of short, closely spaced line-
aments trending in multiple directions, primarily N-S, NNW-SSE, NW-
SE, and NE-SW, indicating a complex near-surface fracture system. At
1000 m(Fig. 7b), many of the smaller feature’s fade, and more contin-
uous lineaments begin to dominate, particularly along N-S, NNW-SSE,
NW-SE trends. At 2000 m (Fig. 7c), the lineaments are fewer and
longer, showing a clearer structural grain aligned mostly in the N-S,
NNW-SSE, and NE-SW directions, which become even more dominant
and regionally extensive at 3000 m (Fig. 7d). This progression reveals a
transition from local, shallow structural features to deep-seated, crustal-

scale tectonic zones. The N-S and NNW-SSE trend, consistently present
and becoming more prominent with depth, is likely the primary struc-
tural control in the area.

5. Discussion
5.1. Radiation risk impact

The AED oyt & in» Dair, Iy, ELCR, Hex, Hiy, and Raeq are numbers of
indicators that have been utilized to assess the radioactivity E1 Magh-
rabiya- Ria Elgarra outcrops (Table 3).

As outlined by Kumar et al. (2024) and UNSCEAR (2000), the Dyjr
aspect serves as a key parameter for evaluating the intensity of terres-
trial gamma radiation at a height of the Earth over a meter. The tested
samples had D,;; measurements ranging from 35.60 + 19.53 (granodi-
orite) to 815.21 + 546.16 nGyh ™! (altered granites). Among the inves-
tigated lithologies, granodiorite exhibited D, values fall within the
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Table 3
Radiological parameters of the El Maghrabiya- Ria Elgarra rocks.

Rock types Samples Dair nGyh ™! Hin Hex Iy AEDy (mSvy 1) AED;, (mSvy 1) Raeq ELCR

Granodiorite G1 26.22 0.18 0.15 0.20 0.03 0.13 54.07 0.11
G2 12.62 0.11 0.07 0.10 0.02 0.06 26.61 0.05
G3 53.22 0.36 0.30 0.41 0.07 0.26 109.58 0.23
G4 50.34 0.39 0.29 0.39 0.06 0.25 106.08 0.22
Min. 12.62 0.11 0.07 0.10 0.02 0.06 26.61 0.05
Max. 53.22 0.39 0.30 0.41 0.07 0.26 109.58 0.23
Avg. 35.60 0.26 0.20 0.28 0.04 0.17 74.08 0.15
SD 19.53 0.14 0.11 0.15 0.02 0.10 40.57 0.08

Monzogranites M1 77.54 0.44 0.41 0.61 0.10 0.38 150.69 0.33
M2 83.75 0.59 0.46 0.65 0.10 0.41 169.10 0.36
M3 70.83 0.41 0.37 0.55 0.09 0.35 138.40 0.30
M4 117.09 0.93 0.66 0.91 0.14 0.57 243.26 0.50
Min. 70.83 0.41 0.37 0.55 0.09 0.35 138.40 0.30
Max. 117.09 0.93 0.66 0.91 0.14 0.57 243.26 0.50
Avg. 87.30 0.59 0.47 0.68 0.11 0.43 175.36 0.37
SD 20.55 0.24 0.13 0.16 0.03 0.10 46.99 0.09

Syenogranites S1 177.96 1.35 1.01 1.37 0.22 0.87 374.47 0.76
S2 158.91 1.20 0.90 1.23 0.19 0.78 334.37 0.68
S3 180.58 1.51 1.04 1.40 0.22 0.89 385.54 0.78
S4 139.09 0.90 0.76 1.08 0.17 0.68 283.23 0.60
S5 201.11 1.55 1.14 1.55 0.25 0.99 423.84 0.86
Min. 139.09 0.90 0.76 1.08 0.17 0.68 283.23 0.60
Max. 201.11 1.55 1.14 1.55 0.25 0.99 423.84 0.86
Avg. 171.53 1.30 0.97 1.32 0.21 0.84 360.29 0.74
SD 23.50 0.26 0.14 0.18 0.03 0.12 53.59 0.10

Altered granites Al 5.46 2.98 4.59 3.78 0.60 2.39 1103.54 2.10
A2 18.27 9.33 16.55 11.57 1.83 7.32 3450.48 6.41
A3 2.87 1.66 2.23 2.12 0.34 1.35 616.16 1.18
A4 11.78 6.32 10.11 7.87 1.25 5.00 2337.29 4.37
Min. 2.87 1.66 2.23 2.12 0.34 1.35 616.16 1.18
Max. 18.27 9.33 16.55 11.57 1.83 7.32 3450.48 6.41
Avg. 9.60 5.07 8.37 6.33 1.00 4.02 1876.87 3.51
SD 6.89 3.45 6.38 4.24 0.67 2.69 1274.84 2.35

globally accepted safety of 59 nGyh™!, as recognized by UNSCEAR
(2010). In contrast, altered granites displayed significantly elevated D,;,
values, ranging from 274.41 to 1492.92 nGyh ™!, highlighting their
pronounced radiological impact relative to other rock types in the study
(Table 3).

The Dy, results, along with a dose conversion factor of 0.7 Sv-Gy’1
and occupancy factors of 0.2 for outdoor and 0.8 for indoor environ-
ments, were utilized to estimate the annual effective dose for both
outdoor (AEDyy) and indoor (AED;,) exposure scenarios. The granodi-
orite exhibited mean AEDy readings 0.04 + 0.02 mSvy ', remaining
well below the internationally recommended limit (0.07 mSvy};
UNSCEAR, 2010). In contrast, monzogranites yielded average values
close to the permissible limit, at 0.11 + 0.03 mSvy’1 (UNSCEAR, 2010).
Notably, syenogranites and altered granites possesses the highest results
(0.21 + 0.03; 1.0 + 0.67, respectively). A similar trend is observed in
the AEDj, values for the assed rocks when compared with internation-
ally recommended level (0.41 mSvy’l;O’Brien & Sanna, 1976;
UNSCEAR, 2000).

The Iy values for granodiorite and monzogranite are 0.28 + 0.15 and
0.68 + 0.15, respectively, both falling within the internationally rec-
ommended level of unity. In contrast, syenogranites and altered granites
exhibit significantly elevated Iy values, averaging 1.23 + 0.18 and 6.33
+ 4.24, respectively, which exceed the recommended limit (Qureshi
et al., 2014).

As a result, gamma-ray exposure influences both the Raeq and the
internal and external alpha emissions. The estimated mean Raeq values
for granodiorite (74.08 + 40.57 Bgkg™!), monzogranite (175.36 =+
46.99 Bqkg 1), and syenogranite (360.29 + 53.59 Bgkg™!) remain
within the internationally recommended level of 370 Bgkg ™ (Yu et al.,
1992). However, altered granites exhibit substantially higher Raeq
values, ranging from 616.16 to 3450.48 Bqkg !, with a mean of 1876.87
+ 1274.84 Bgkg™!, far exceeding the internationally recommended
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outlined by (UNSCEAR, 2010).

The Hj, and Hey hazard factors are widely utilized to assess the po-
tential risks to human health (Sayyed et al., 2024; UNSCEAR, 2010). The
calculated mean Hj, and Hey values for granodiorite (0.89 + 0.17) and
monzogranite (0.65 + 0.11) fall below the internationally recom-
mended safety limit (1; UNSCEAR, 2010), indicating minimal radio-
logical concern. In contrast, syenogranites show elevated values with
1.3 £+ 0.26 for Hj, and 0.97 + 0.14 for Hey), approaching or slightly
exceeding the permissible limits. Altered granites present the highest
hazard, with mean Hj, and Hey values of 9.6 + 6.89 and 5.07 + 3.44,
respectively, signaling significant radiological risks (Attallah et al.,
2018; European Commission, 1999; Shahrokhi et al., 2020; Wais et al.,
2023; Ozden et al., 2023).

The estimated ELCR for granodiorite averages 0.015 =+ 0.08 x 1073,
remaining well below the recommended safety limit (0.029 x 1073
Qureshi et al. (2014). In comparison, monzogranite exhibits a mean
ELCR of 0.37 + 0.09 x 1073, approaching the permissible limit.
Conversely, syenogranites and altered granites show significantly
elevated ELCR values of 0.74 + 0.10 x 102 and 3.51 + 2.35 x 1073,
respectively, which are substantially over the allowable level. All the
investigated rocks have ELCR values below those of the granitic rocks
(avg. 633 1073) (Awad et al., 2020). These findings indicate a poten-
tially increased risk of cancer for individuals exposed to syenogranites
and altered granites over a prolonged period of close contact (O’Brien &
Sanna, 1976; UNSCEAR, 2000).

As previously noted, the radiological characteristics of the analyzed
samples follow an increasing risk trend in the order: granodiorite <
monzogranite < syenogranite < altered granite.

5.2. Structural setting

The elongation of RTP magnetic anomalies and alignment of
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Fig. 8. Rose diagram showing the subsurface structural trends that deduced from the lineament maps (a) 500 m, (b) 1000m, (c) 2000 m, and (d) 3000 m of

aeromagnetic data in the study area.

magnetic highs/lows further suggest structural controls, potentially
including faults, or lithological contacts with significant magnetic sus-
ceptibility contrasts (Elhussein et al., 2024; Holden et al., 2012). Sharp
magnetic gradients delineate structural features, notably coinciding
with Thrust Faults, Fracture Lineaments, and geologic contacts, indi-
cating susceptibility contrasts arising from fault juxtaposition or litho-
logical boundaries (Hall, 1964). Anomaly morphology further supports
geological interpretation: linear highs suggest structurally controlled
intrusive bodies (dykes/sills), while circular/irregular highs potentially
indicate discrete intrusions (plugs/stocks) or mineralized zones (Ahmed
et al., 2020; Elhussein et al., 2024).

The progressive attenuation of high-frequency anomalies and
enhancement of regional low-frequency anomalies from UP500 to
UP3000 indicate the presence of both shallow and deep magnetic
sources with distinct signatures at each level. Well-defined anomalies at
lower continuation heights reflect near-surface structures like dikes and
intrusions, whereas broader anomalies at higher levels point to deeper
tectonic features and basement variations. These maps thus reveal key
structural trends and compositional variations critically for
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understanding the regional geology and targeting mineralization zones
and basement structures in the area.

The rose diagrams (Fig. 8) generated from the lineament maps
(Fig. 7) reveal variations in structural trends with increasing continua-
tion levels. At 500 m (Fig. 8a), the lineaments show a dominant N-S
orientation, indicating that shallow structures such as faults, fractures,
and lithological boundaries mainly follow this trend. At 1000 m
(Fig. 8b), while the N-S trend remains strong, there is a noticeable in-
crease in NNW-SSE and NE-SW orientations, suggesting the emergence
of deeper structural influences and shear zones. Moving to 2000 m
(Fig. 8c), the lineament directions remain predominantly N-S but exhibit
a more balanced distribution of NE-SW and NNW-SSE trends, implying
that multiple intersecting structures control the deeper subsurface ge-
ology. At the deepest level, 3000 m (Fig. 8d), the rose diagram highlights
both N-S and E-W trends, indicating the presence of significant deep-
seated regional lineaments and tectonic boundaries, while the NE-SW
trend becomes less pronounced. Overall, this analysis shows that the
study area is structurally dominated by N-S trending features across all
depths, with NE-SW and NNW-SSE trends gaining prominence at



E.S.R. Lasheen et al.

intermediate levels, and E-W features becoming more visible at greater
depths. These variations suggest that shallow structures reflect surface
tectonic fabrics, while deeper levels reveal major basement structures
and regional tectonic frameworks that are important for understanding
geological evolution and identifying mineralization controls within the
area. These structural orientations are critical in mineral exploration, as
they often serve as conduits for hydrothermal fluid migration and can
host vein-type or structurally controlled mineralization, including
radioactive (U & Th) and rare earth elements. Mapping these trends at
multiple depths enables a more accurate understanding of potential
mineralized zones and improves exploration targeting, particularly in
structurally complex terrains where mineral deposits are structurally
emplaced or reactivated along deep fault zones.

6. Conclusions

The El Maghrabiya- Ria Elgarra magmatic suite, which includes
granodiorite, monzogranite, syenogranite, and altered granite, was
studied to determine differences in natural radioactivity levels. Mea-
surements with a Nal (T1) detector found that activity concentrations in
granodiorite and monzogranite samples are within globally acceptable
limits, whereas syenogranites and altered granites had heightened
radioactivity levels that surpass international norms. Granodiorite had
the lowest total activity, while altered granites had the greatest
(1921.15 + 844.57 Bqkg 1). These increased values are most likely due
to the occurrence of radioactive accessory minerals such zircon, thorite,
allanite, and titanite, which contain radionuclides in their crystal
structures. To assess potential health concerns, several radiological risk
metrics were derived, including the gamma activity index, absorbed
dose rate, annual effective dose, excess lifetime cancer risk, and radium
equivalent activity. The results show that granodiorite and mon-
zogranite provide little radiation risk, with levels falling within
acceptable safety limits. In contrast, syenogranites and altered granites
far surpass global safety standards, implying that the increased natural
gamma radiation linked to these rocks may constitute a serious health
danger, owing to their radioactive material concentration. Integrated
aeromagnetic analysis (TMI, RTP, and upward continuation) delineated
the subsurface geology and structural framework of the study area. The
data revealed pronounced high-amplitude magnetic anomalies spatially
correlated with shallow, magnetite-rich granodiorite, metavolcanics,
and mapped dikes, contrasting sharply with low-intensity anomalies
overlying low-susceptibility felsic rocks and sedimentary cover.
Gradient analysis and anomaly morphology further indicated structural
controls, with steep magnetic gradients delineating faults, fractures, and
lithological contacts. Upward continuation to 0.5 km, 1 km, 2 km, and 3
km progressively attenuated shallow-source anomalies (indicating fea-
tures like dykes and small intrusions) while enhancing deeper, broader
anomalies revealing basement undulations, large intrusions, and
regional tectonic trends. Lineament analysis demonstrated a transition
from a complex, multi-directional (dominantly N-S) near-surface frac-
ture system at shallow levels to fewer, longer, regionally extensive N-S
and NNW-SSE trending crustal-scale structures at depth. Consequently,
this study establishes that persistent N-S and NNW-SSE deep-seated
lineaments represent primary structural controls and critical targets for
structurally controlled mineralization, while the correlation of high-
amplitude anomalies with granodiorite and metavolcanics units pro-
vides direct vectors for mineral exploration within the area’s complex
terrain.
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