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ABSTRACT: Egypt has a range of renewable energy sources. Our main purpose of this research is to
extend our study of the potentiality of geothermal resources in Egypt to be used as a primary energy
source in the future, especially in the southern Gulf of Suez. Gravity, magnetic, and well logs, as well as
interpolating basement depth from the wells, are used to detect the potentiality of the geothermal energy.
A temperature grid from wells was created, and a 3D cube was established to show the relation between
temperature increase and depth using Geosoft Oasis Montaj and Python software. We revealed the
subsurface geology and tectonics of the study area, which led to identify the main reason and source for
geothermal energy and the relationships between different data sets and the existence of geothermal
energy. By calculating the geothermal gradient along various depths and assessing the discrepancies
between different geophysical models, our investigation revealed that the depth to the basement did not
yield significant results, likely due to the complex geological structure of the study area. However, by
analyzing the Moho and Curie depths, we discovered a temperature gradient that increases toward the
northern region. We established a relationship among bottom hole temperature (BHT), basement depth,
Moho depth, and Curie depth to accurately identify areas of interest for drilling. This analysis enabled us
to select the most promising location for geothermal potential, situated in the northern section of the
study area at an approximate depth of 2,550 meters.

1. INTRODCTION

Because global energy consumption is increasing and fossil
fuels such as coal, petroleum, and natural gas are no longer the
primary energy sources, the current trend is to meet energy
demands with cleaner and more environmentally friendly
resources such as geothermal energy. This is because
geothermal energy has a significantly higher capacity than other
forms of renewable energy, so it is continuous rather than
intermittent. Luckily, Egypt has a considerable number of
geothermal resources due to its location in the northern east
corner of Africa with an active rifting in the red sea, Gulf of
Suez and Gulf of Agaba region which form the extension of the
east African rift system [1].

To identify potential geothermal reservoirs, we utilized
descriptions from previous research about Egypt's subsurface
geological structure. Drawing on findings from earlier studies
that employed a range of methods including gravity, magnetic,
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and seismic analyses, as well as remote sensing and satellite
imagery, we have enhanced our understanding of the geological
framework crucial for geothermal exploration. The dynamics of
Egypt’s lithosphere are influenced by the movements of three
significant tectonic plates: Africa, Arabia, and Eurasia, which
contribute to a complex geodynamic landscape [2].

Recent work by [3] estimated Egypt's crustal thickness using
inverse and forward gravity modeling, finding values ranging
from 15 to 45 kilometers, [4] explored the crustal thickness and
structural features of the Sinai Peninsula through 3D density
modeling, integrating aeromagnetic and seismic data.
Furthermore, [5] developed 3D structural models for the Conrad
and Moho discontinuities across different tectonic regions in
Egypt.

The study area, lies in the southeastern part of the Gulf of Suez,
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between latitude 26° and 29°N and longitude 32° and 35°E
(Figure 1A), representing a rift area characterized by an
extensional half-graben structure dominated by normal faults
and a deep graben-bounding master fault (Figure 1B). Notably,
deep faults are crucial in controlling fluid flow and heat
transport in geothermal systems, making them a key aspect in
understanding Egypt’s geothermal potential [6].

1.1.Geological Background

The study area, located in the Gulf of Suez. It is a failed rift, a
product of the Agaba-Dead Sea transform fault's emergence and
a rapid surge in extension rates during the peak of extension 20
million years ago [7]. The region's formation was also
influenced by a triple junction and tensional forces, which have
sculpted its unique landscape. These exceptional geological
characteristics make the Gulf of Suez an intriguing focus of
study [7,8,9,10]. The Gulf of Suez is far from a straightforward
geological entity. It is a region composed of numerous blocks
that have undergone continuous uplift and subsidence at
different times and with varying magnitudes and intensities. The
succession, facies changes, and relationships of these blocks are
so diverse that no single area in the Gulf can fully represent the
stratigraphy or the structure of the entire region. This intricate
web of the Gulf's geological history presents a fascinating and
intellectually stimulating challenge for researchers [1].

The Gulf of Suez is one of the most geologically active areas on
Earth. Two large marginal faults that border the depression on
both sides are responsible for separating the heavily disturbed
gulf region from the fairly undisturbed massifs of central Sinai
and the central plateau of the Eastern Desert; these faults are
typically identified by lines of high vertical escarpments on the
up thrown sides. These two main lines of fracture largely
determine the current Gulf's structure. Folding was also a
significant factor in establishing the structure of the Gulf; all of
the folds that were observed were either formed by movements
that led the less rigid sediments (particularly the Miocene) to
bend in anticlinal or synclinal folds, or by the strata bending
before breaking. The Gulf's stratigraphic sequence in various
locations suggests that the movements were not constant in size
across the Gulf, and several of the blocks display varying
activity levels on their various sides. The Gulf of Suez region's
history can be understood as the rising and falling of numerous
blocks that form or border the Gulf of Suez. While some of
these blocks, like Raha, northern Galala, and Ataga are splinter
blocks that appear to be newer, others have substantial
proportions and have been active since early geological time.
From middle cretaceous to Oligocene, the blocks were
particularly active. Most of the blocks appear to have been
impacted by the migration toward the end of the lower Eocene
or the beginning of the middle Eocene, and evidence suggests
that this is when the Sinai massif and Red Sea ranges began to
separate [11].

The stratigraphic succession in the southern Gulf of Suez is
divided into three major mega units: pre-rift, syn-rift, and post-
rift sediments. The pre-rift sediments consist of older geological
formations, such as the Khatatba Formation and the Rudeis
Formation, which were deposited before the onset of rifting and
are characterized by marine deposits. The syn-rift sediments,
formed during the rifting process, include the Nukhul
Formation, comprising mainly clastic sediments with significant
shale components; the Rudies Formation, distinguished by
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alternating layers of sandstones and shales indicative of a
fluctuating depositional environment; the Kareem Formation,
known for its carbonate and clastic deposits representing
shallow marine conditions; the Belayim Equivalent, featuring
fine-grained sediments that are crucial for understanding the
hydrocarbon potential of the region; the South Gharib
Formation, which displays a mixture of clastics and carbonates
reflecting diverse depositional settings; and the Zeit Formation,
the youngest syn-rift unit primarily composed of sandstones and
shales, marking the transition to post-rift conditions. These
formations are essential for elucidating the sedimentary
environments and hydrocarbon potential of the Gulf of Suez.
Finally, post-rift sediments, deposited after the rifting has
ceased, include notable units such as the Bahr El-Bagar
Formation and the Miocene and Pliocene sediments, which
contain significant hydrocarbon reservoirs. This comprehensive
stratigraphic framework is vital for hydrocarbon exploration and
for understanding the geological history of the Gulf of Suez
[12, 1].

RED SEA

Figure 1. (A) Digital Elevation map of the study region,
and (B) Tectonic map of the study region, modified after
[13].

2. Results and Discussion

Bottom Hole Temperature (BHT) measurements were collected
from 44 wells and complied into eight isothermal layers,
spanning depths from 1085.5 m to 3877.66 m (Figure 2). The
first layer, starting at 1085.5 m, included wells 30-38, with an
average temperature of 78°C. The second layer, at 1235 m,
encompassed wells 2, 6, 8, and 30, recording an average
temperature of 77.41°C. The third layer, located at 1348.63 m,
comprised wells 3, 5, 9, 13, 15, and 37, with an average
temperature of 81.88°C. The fourth layer, at 1676.5 m, included
wells 7, 20, 23, 32, 40, 41, 10, and 12, recording a temperature
of 82.3°C. The fifth layer, at 2097.39 m, included wells 33, 34,
35, 36, and 43, with a temperature of 98.77°C. The sixth layer, at
3044.36 m, comprised wells 39 and 22, with a recorded
temperature of 119.4°C. The seventh layer, also at 3044.36 m,
included wells 21, 24, 17, 28, and 29, which had an average
temperature of 122.67°C. Finally, the eighth layer, reaching
3877.66 m, included wells 31, 18, and 19, recording a
temperature of 141.34°C.
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Figure 2. The isothermal slices of each group of wells.

Subsequent analysis of the BHT-depth relationship facilitated
the computation of geothermal gradients for each interval. The
geothermal gradient was calculated as follows: -0.79°C/100 m
for the first interval (1085.5-1235 m), 3.93°C/100 m for the
second interval (1235-1348.63 m), 0.12°C/100 m for the third
interval (1348.63-1676.5 m), 3.91°C/100 m for the fourth
interval (1676.5-2097.3 9 m), 4.26°C/100 m for the fifth
interval (2097.39-2581.5 m), 0.69°C/100 m for the sixth
interval (2581.5-3044.36 m), and 2.24°C/100 m for the seventh
and eighth intervals (3044.36-3877.66 m). As illustrated in
Table 1 and Figure 3, the fourth and fifth intervals exhibited the
highest geothermal gradients, indicating enhanced geothermal
potential at depths between 1676.5 m and 2581.5 m.
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Figure 3. A graph shows the geothermal gradient
variations with depth.

Table 1. The temperature gradient with depth; the highest geothermal intervals are highlighted in green.

1085.5 - 1235 78.6 — 77.41 .
1235 - 1348.63 113.63 77.41-81.88 0.0393 3.93
1348.63 - 1676.5 327.87 81.88 -82.3 0.0012 0.12

mmmms  wn amiba e s

2581.5 - 3044.36 462.86 119.44 - 122.67 ' 0.0069 0.69
3044.36 - 3877.66 833.3 122.67 —141.34 0.0224 2.24
1085.5 - 3877.66 2792.16 78.6 -141.34 0.0224 2.24

Misfit analyses between the well BHTs and subsurface
structural models revealed no significant correlation with the
depth to basement, likely due to the region's complex tectonic
fabric. In contrast (Figure 4A), a strong spatial relationship was
observed between BHT and Curie depth (ranging from 10 to 35
km), with temperatures increasing towards the northern portion
of the study area. Conversely (Figure 4B), the Moho depth
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(ranging from 25 to 40 km) showed increasing temperatures
towards the southeastern sector, associated with crustal thinning
and density anomalies related to the Red Sea Rift (Figure 4C).
Given that Curie depth is less influenced by gravitational
anomalies compared to Moho depth, it was deemed a more
reliable indicator of subsurface thermal structure.
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Figure 4. Relation between BHT and (A) basement depth, (B) Curie depth and (C) Moho depth.

A three-dimensional integrated model, constructed using Surfer
software, combined BHT, basement depth, Curie depth, and
Moho depth, allowing for more precise delineation of prospective
geothermal zones. The analysis revealed BHT between 75°C and
155°C (Figure 5A), while variations in basement depth could not
be reliably interpreted due to structural complexities, fluctuated
between 0.2 to 4.2 km (Figure 4B). Moho depths between 25 and
37 km (Figure 4C), and Curie temperature depths values ranging
from 10 to 35 km (Figure 4D).

This study has emphasized the southern Gulf of Suez's substantial
and underutilized geothermal potential, focusing on the Hurghada
region, positioning it as a promising area for renewable energy
development in Egypt's energy transition strategy. The analysis
of Bottom Hole Temperature (BHT) data from well
measurements reveals a consistent increase in temperature with
depth, ranging from approximately 78°C at 1,085.5 Meters depth
to 141.34°C at 3,877 meters depth. Although the overall trend is
upward, the temperature-depth relationship is not strictly linear.
This nonlinearity reflects a complex interplay of subsurface
geological factors, including lithological variations, differences
in rock thermal conductivity, and the movement of geothermal
fluids along the fault and fracture zones. A more rapid
temperature increase was recorded between 2,000 and 3,000
Meters depth, pointing to localized zones of enhanced heat flow
likely associated with structural influences, such as fault-
controlled convection or conductive heat anomalies in fractured
rocks. The observed variations in BHT with depth across the
Hurghada area can be directly attributed to two dominant
geological controls: the region's elevated geothermal gradient and
its tectonic-structural framework. The geothermal gradient in the
southern Gulf of Suez is significantly higher than those found in
tectonically stable continental interiors. This elevated gradient
results from the rifting events that have shaped the Gulf of Suez
since the Oligocene—Miocene, leading to regional crustal
thinning and extensional deformation. As the continental
lithosphere becomes stretched and thinned, it allows for more
efficient heat transfer from the underlying asthenosphere toward
the surface. Geothermal gradients commonly range between
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25°C and 35°C/km in such rift settings. However, depending on
local geology, sediment accumulation rates, and heat
conductivity properties, they can reach even higher values in
fault-dominated zones. These conditions are further amplified by
the presence of deep-seated faults that act as conduits for thermal
fluids, effectively creating vertical heat transport pathways and
enhancing localized geothermal anomalies [14,15].

In the Hurghada region, these tectonic and structural
characteristics are particularly well-developed. The combination
of deep faulting, crustal thinning, and magmatic activity
associated with rifting contributes to significant variations in
subsurface temperature regimes. The stratigraphic intervals
known as the fourth and fifth layers show particularly high
geothermal gradients, reaching values up to 4.26°C per 100
meters. These layers, located roughly between 1,660 and 3,040
meters in depth—with a notable thermal peak at approximately
2,550 meters—have been identified as prime targets for
geothermal energy extraction. The thermal characteristics at these
depths make them ideal zones for future drilling and geothermal
exploitation, as they promise high energy yields with relatively
manageable drilling depths and costs. Moreover, this study
integrates and correlates multiple geophysical and geological
datasets—including well logs, magnetic surveys, and gravity
data—to comprehensively understand the subsurface conditions.
This integrative approach revealed a strong and meaningful
correlation between three critical geothermal indicators:
geothermal gradient, Curie point depth (CPD), and BHT. Curie
point depth, which marks the boundary in the crust below which
rocks lose their permanent magnetism due to high temperatures
(around 580°C), is an important proxy for assessing regional heat
flow. In the Hurghada area, CPD values are relatively shallow,
indicating elevated heat flow consistent with the rifted nature of
the Gulf of Suez. These shallow CPDs align spatially with areas
of high geothermal gradient and elevated BHT, reinforcing the
reliability of these indicators in identifying zones of geothermal
potential [16].
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Figure 5. (A) BHT, B) Basement depth, (C) CT depth, and
(D) Moho depth respectively as slices.

The northward increase in geothermal gradient and Curie depth
across the study area further supports the hypothesis of a spatially
varying geothermal regime influenced by tectonic segmentation
and crustal heterogeneities. Despite complex geological
structures that occasionally obscure the precise interpretation of
basement and Moho depths, regional gravity data suggest an
increase in Moho depth southward, possibly due to lower crustal
density. This variation adds another layer of complexity but also
offers clues about the broader rift system's thermal structure and
tectonic evolution. Notably, this density contrast and resulting
crustal geometry help explaining the variations in heat flow and
may further inform future geothermal exploration models.

The implications of this research extend beyond the realm of
academic inquiry and into the strategic planning of Egypt's
energy future. With increasing national and global emphasis on
clean, renewable energy sources, geothermal energy represents a
largely untapped opportunity for Egypt, particularly in
tectonically active regions such as the Gulf of Suez. Egypt can
move toward a more sustainable and resilient energy
infrastructure by integrating geothermal energy into the broader
energy mix—alongside solar, wind, and potentially offshore
energy resources. Reducing reliance on fossil fuels supports
environmental goals and strengthens national energy security by
diversifying energy sources and reducing vulnerability to global
energy market fluctuations.

In summary, this study identifies the Hurghada region in the
southern Gulf of Suez as a key geothermal hotspot with strong
scientific and economic justification for further exploration. The
convergence of high geothermal gradients, shallow Curie depths,
and elevated BHT values—all driven by active tectonics and
crustal thinning-marks this area as a high-potential zone for
geothermal energy development. Future efforts, including
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exploratory drilling and pilot geothermal projects, could unlock
Egypt's vital new energy resource, supporting long-term
sustainability and energy independence.

3. Material and Methods
3.1. Material and Processing
3.1.1. Topography Data

We utilized topography data from ETOPO1 model, a 1 arc-
minute global relief model of Earth's surface that combines land
topography and ocean bathymetry. It was developed using
multiple global and regional data sets and is accessible in "lce
Surface" (top of Antarctic and Greenland ice sheets) and
"Bedrock" (base of ice sheets) versions [17]. The area of study
is the Gulf of Suez which is a part of Red sea that penetrates
land between Sinai and Eastern Desert (Figure 1A).

3.1.2. Gravity Data

We obtained gravity data from XGM2019e model; a global
gravity field model with spheroidal harmonics up to degree and
order (d/o) 5399. This corresponds to a spatial resolution of 2’
(~4 km). XGM2019e is composed of three main data sources:
the combined satellite-only model GOCOO06s, the 15’ ground
gravity anomaly dataset provided by NGA, and the 1’ min
augmentation dataset consisting of gravity anomalies derived
from altimetry over the oceans and topography over the
continents. It includes the satellite model GOCOOQ6s in the
longer wavelength range up to d/o 300, as well as a ground
gravity grid that covers the shorter wavelengths [18]. From the
raw gravity map of the area (Figure 6A), we observed a local
increase in gravity anomaly in the northern trend and decreases
southward.

3.1.2.1. Processing of Gravity Data

During the processing step, we used an open-source code [19] to
calculate gravity disturbance, then topography was corrected for
gravity disturbance using the etopol and crustl models, the
Moho depth is determined by CRUSTO1 model based on 1-
degree averages of a recently updated database of crustal
thickness data from receiver function studies and active source
seismic studies. Gravity constraints are used to estimate crustal
thicknesses in regions where such constraints are still absent
[20,17].

Finally, the Bouguer anomaly and Moho effect were
distinguished by removing gravitational influence from
sedimentary layers, (Figure 6B) The final processed map looks
to have a range of (-5 to 70 mGal), with the highest value inside
the Red Sea rift due to the thin and deep crust so its density
increases as the temperature increases, and decreasing to the
Eastern Desert and Sinai Peninsula.

3.1.3. Moho Depth

Moho is the boundary separating the mantle from the crust of
the Earth. The Moho is located roughly 4.5 miles (7 km) below
the oceanic crust and 22 miles (35 km) below continents. At this
barrier, seismic wave velocity increases rapidly, as measured by
modern sensors [21,18]. We employed the Moho depth model
of [3], and the Moho depth of the area fluctuates between 24 km
in the Red Sea Rift to 38 km in Sinai and Eastern Desert. This
indicates that the thinnest crustal zone in the area is located
within the Red Sea, south of the Gulf of Suez (Figure 6C).

Online ISSN: 2974-3273



W Evaluation of Geothermal Energy Potentiality in the Junction between the Red Sea and the Gulf of Suez, Egypt

B PN

27°N

26°N — : e
33°E 33°E o 35°  G2°E 33°E 34°E 35°E

o) o 2°F
(A) ] (B ) - | (9]  aaaaaa— |
863800 963900 964000 0 20 40 60 25 30 35
(mGal) (mGal) (Km)

Figure 6. (A) Raw satellite gravity based on XGM2019e [22], (B) Processed gravity, and (C) Moho depth map [3].

3.1.4. Magnetic Data

We gathered the magnetic data of the study area using the
EMAG2 model [22], a global Earth magnetic anomaly grid
comprised of satellite, ship, and airborne magnetic
measurements. It is a significant update to the Earth Magnetic
Anomaly Grid's previous release (Figure 7A). The resolution
remains 2 arc-minutes. The altitude of 4 km above the geoid is
still supported but an additional product. This grid is observed

at sea level over oceanic regions; from the magnetic map of the . -
study area, we observed a gradual increase in the values from ‘ / '
50 to 100 nT in the northern part of the Red Sea. e - , : By

3.1.5. Curie Depth

The Curie depth, a key concept in our research, is the depth at
which the rock achieves the curie temperature and loses all - - -
magnetic properties. This depth is of significant importance in Figure 7. (A) Aeromagnetic data compiled from EMAG2
geothermal exploration, as it helps us understand the thermal global model [22], (B) Curie depth derived from [23].
structure of the Earth's crust. With the recent advancements in
the global coverage of magnetic anomalies, we can now map
the global Curie isotherm in high resolution, assuming a
constant  Curie-point temperature globally at 550°C and
negligible lateral changes in composition's impact on the Curie
temperature [23]. We eventually created a map showing the
link between magnetic anomaly and Curie temperature depth
(Figure 7B), and from that, we observed a severe increase in
the Curie depth northward of the map.

3.1.6. Well Data
3.1.6.1. Basement Depth Wells

We collected 140 basement wells with their total depth and g
BHT values (Figure 8A) [24], then we interpolated the values R T

50 5
o) Km)

and created a model that displayed the depth to the basement

of the area, the map on the right-hand side (Figure 8B) did not Figure 8. (A) DEM shows the location of basement wells
give a clear deduction on the depth to basement of the area due represented by Cian hexagons, and (B) the depth to
to the complex structure of the Gulf of Suez and red sea failed basement interpolated from A.

rift as long as the tens of minor faults that affected the
resolution of the final output data.
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3.1.6.2. Temperature Wells

We obtained both temperature log data using 44 offshore and
onshore drilled wells located within the study area, they were
drilled by oil firms including the Egyptian General Petroleum
Company (EGPC), the Gulf of Suez Petroleum Company
(GUPCO), and the British Petroleum Company (BPC), with
depths ranging from 950 to 4500 meters (Figures 9A&B).

Table 2. The BHT wells after correction [13].

3.1.6.2.1. Correction of Temperature Wells

The actual borehole temperature is greater than the recorded
temperature because mud is used during the circulation to
stabilize the borehole so it decreases the actual temperature.
The adjustments were made using an empirical method
developed by [25] and applied to our data as shown in
(Figures 9A, B), and (Table 2).

Abu-Shaar-

1 RR-89 27.70 3357 155.61 2484.00 16 EEMM-23 27.45 33.63 98.00 1424.03 31 NE-1 27.45 33.74 138.56 4524.76
2 %gg’s"tl 27.64 3361 76.18 121400 17 Geisuzm""" 27.68 33.66 12244 295443 32 Fesyan-B-IX 2766 33.75 79.38 1629.00
3 EE’;‘QA o 27.49 33.62 80.78 1305.15 18 Malak-1 27.23 33.66 142.44 3692.96 33 Rabeh--2 2122 33.75 105.78 1958.64
4 FE-87 27.48 33.63 73.68 1436.00 19 S.Malak--1x 27.23 33.67 143.00 3415.28 34 Rabeh--4 27.22 33.75 94.67 1933.96
5 EEMM-18 27.49 33.63 83.00 1367.03 20 Hudhud--1 27.28 33.67 80.78 1645.62 35 Abu-nn_]frwa- 2721 33.77 100.22 1965.96
6  EEMM-21 2749 33.63 76.89 126553 21 gﬁ)mhzal 27.58 33.69 12156 319400 36 Ab“'NN_'i"WE" 27.21 33.77 10022 1965.96
7 EEMM-3 27.46 33.63 79.11 1694.99 22 NW'-_T nan- 21.27 33.69 115.22 2552.70 37 Felefel-1 27.32 33.81 81.33 1358.49
8 EEMM-16 27.46 33.63 78.00 1264.92 23 S.-Gegisum- 27.65 33.70 78.86 1665.00 38 Felfel-2 271.32 33.82 64.55 975.00
9 EEMM-20 27.46 33.63 73.56 1355.45 24 Tawila-W-3 27.58 33.71 127.53 3125.00 39 GUbil;(E’aSt' 27.68 33.84 123.64 2613.00
Abu-Milka- UM-
10 EEMM-24 27.46 33.63 80.78 1775.46 25 u 1' a 27.33 33.72 138.27 3150.00 40 GAWISH--1 27.13 33.84 89.11 1679.45
1 EEMM8 2745 3263 0300 122438 25 APUMIKE g7y 3372 11189 315011 41  Estakozal 2743 33.89 87.44 160264
12 EEMM-8A 27.48 33.63 83.00 1719.99 27 Tawila-W-2 27.56 33.73 180.51 4275.00 42 Hareed--2 27.35 33.93 97.44 2662.43
Wadi- Hareed--1-
13 EEMM7 2746 33.63 78.00 7ae0 28 AR 27.20 3372 12022 281940 43 = 27.35 33.93 93.00 2065.02
14 EEMM-19 27.46 33.63 93.00 1462.43 29 Tawila-N-1 2759 33.73 121.58 3129.00 44 GH-451 27.69 33.94 163.32 2798.00
15 EEMM-25 27.45 33.63 82.44 1334.11 30 Fg-88-11 27.68 33.73 78.60 1196.00 _
100m (Figure 2) and then we took each layer and calculated
its own average gradient to find out the layer at which the
temperature gradient is maximum and hence know it’s depth
(Table 1) we also made a graph to show the gradient variations
from one slice to another (Figure 3).
3.2.2. Temperature Relations with the Data
We interpolated the data from each model to determine which
is more connected to BHT and the temperature gradient
distribution over the study area (Figures 4A, B&C).
4. Conclusion
The geothermal potential of the Hurghada region in the
southern Gulf of Suez was investigated to address the problem
of underutilized renewable energy resources in Egypt,
particularly in tectonically active settings. Analysis of Bottom
Figure 9. (A) DEM shows the temperatures represented by Hole Temperature (BHT) data from 44 wells, stratigraphically
the red dots, and (B) the BHT interpolated from A. organized into eight depth intervals, revealed a consistent but
nonlinear temperature increase with depth, influenced by
structural controls such as faulting and crustal thinning. Key
3.2. Data Approach findings include the identification of elevated geothermal
3.2.1. Geothermal Gradient gradients, particularly in the fourth and fifth isothermal layers,
. correlated with shallow Curie temperature depths and high
We grouped the 44 onshore and offshore wells and its average S
de tﬁ ar?d temperature into 8 slices from ton to botto?n BHT values, highlighting zones of enhanced geothermal
pth and peratur top. potential. These results demonstrate that the region's unique
ascending in the direction of temperature gradient increase per
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tectonic evolution, marked by Oligocene—Miocene rifting, has
created favorable conditions for geothermal energy
accumulation, The implications of these findings are
significant for Egypt’s renewable energy strategy. The
Hurghada area presents a scientifically validated opportunity
for geothermal resource development, offering the potential to
diversify Egypt’s energy sources, reduce carbon emissions,
and enhance energy security. Furthermore, the integrated use
of geological, magnetic, and gravity datasets has proven
essential for identifying and characterizing geothermal
hotspots with greater precision.

Future work should focus on detailed geothermal reservoir
characterization, including exploratory drilling, thermal
conductivity measurements, and the development of pilot
geothermal projects to assess economic viability. Additionally,
integrating 3D geomechanical modeling and advanced
geophysical imaging could refine subsurface predictions and
further reduce exploration risk. In conclusion, this study
positions the Hurghada region as a prime target for geothermal
energy exploitation in Egypt. Unlocking this resource could
serve as a critical step toward achieving national sustainability
goals and transitioning to a cleaner, more resilient energy
future.
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