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A B S T R A C T

The energy of Egypt is generally derived from petroleum products. However, advancements in the devel-
opment of the generation capacity using sustainable and renewable resources, for example, solar, wind and
geothermal resources and investment in nuclear power plants are planned. The geology and structure setting
of Egypt affirms that reasonable geothermal resources are available, particularly along the Gulf of Suez, the
Red Sea, the Western Desert and parts of the Nile Valley. The main objective of this research is to develop
a geothermal favourability map of Egypt, which may be considered as a screening tool for the assessment of
optimal areas for geothermal development. Digital data layers and maps were employed in a GIS model to
select the most promising areas for geothermal potentiality. The ArcGIS model includes six thematic layers:
distance to faults, Bouguer anomaly, distance to seismic activity, Curie depth, heat flow, and temperatures at
different depths. The validation of the generated geothermal favourability map was performed by a compar-
ison with thermal water wells and hot springs. Generally, the most encouraging zones for geothermal proba-
bility in Egypt are located near the shorelines of the Gulf of Suez and the Red Sea.

© 2018.

1. Introduction

Egypt is an electricity-poor-country, as the annual electricity pro-
duction (31,600MW) is low relative to the total population of 92 mil-
lion (Al-Ahram Weekly, 2016). Because of increasing urbanization
and economic development, Egypt needs to diversify its sources of en-
ergy including renewable energy side by side with other ordinary en-
ergy. Wherefore, the Egyptian Government pays more attention to re-
newable energy and plans to supply 20% of created electricity from
renewable resources by 2022. Therefore, it is very important and ur-
gent to use geothermal resources to generate electricity and contribute
to supply Egypt's energy demands in a clean and efficient way.

Egypt has some geothermal resources with the potential for devel-
opment of other renewable energy sources. An active geothermal area
in Egypt indicated by geothermal surface manifestations such as ther-
mal water wells and hot springs (Fig. 1). Many hot springs are distrib-
uted along the coasts of the Gulf of Suez (Ayun Musa 37°C, Ain Ham-
mam Faraun 71°C, Hammam Musa 48°C, and Ain Sukhna 33°C).
Some hot springs are located in the Western Desert in the Kharga,
Dakhla, Bahariya and Siwa oases. These hot springs are natural in-
dicators of heat transportation through the Earth and geothermal ac-
tivity. In Egypt, geothermal waters are employed in direct heating,
greenhouse cultivation, and swimming pools (Lund and Boyd, 2015;
Lashin, 2015; Elbarbary et al., 2018).

⁎ Corresponding author.
Email address: moh_zaher@nriag.sci.eg (M. Abdel Zaher)

The geothermal potentiality of Egypt has been investigated by
many authors in different regions, such as Morgan et al. (1983, 1985),
Swanberg et al. (1983), Boulos (1990), Hosney (2000), Abdel Zaher
et al. (2011a, 2011b, 2012a, 2012b, 2018), Lashin (2013, 2015),
Chandrasekharam et al. (2015, 2016a, 2016b), Mohamed et al. (2015),
and Atef et al. (2016). GIS-based techniques have been applied in
many countries, such as northern Japan (Noorollahi et al., 2007), USA
(Coolbaugh et al., 2005), Iran (Yousefi et al., 2010; Noorollahi et al.,
2008), and Italy (Trumpy et al., 2015, 2016), to detect geothermal re-
sources.

This study focuses on the use of a GIS-based technique in geot-
hermal exploration based on various sets of data, including structure
geology (faults and fractures), geophysical data (aeromagnetic and
aerogravity measurements and seismicity data), geothermal well data
(temperature gradient and heat flow), and remote sensing data. These
data sets can be combined in different evidence layers (thematic maps)
using a GIS model that provides a geothermal favourability map of
Egypt, which indicates the most promising prospect areas for geother-
mal development. The evidence layers (thematic maps) in the model
are distance to faults, Bouguer, distance to seismic activity, distance
to geothermal manifestations, curie depth, heat flow, and temperature
distributions at different depths layers.

2. Geological and structure layers of evidence

The 1st evidence layer is derived from the geology and structural
setting of Egypt, which have important roles in the distribution of
geothermal resources. The spatial distribution of clastic sedimentary
rocks, carbonate rocks and basement rocks were digitized from the

https://doi.org/10.1016/j.jvolgeores.2018.09.013
0377-0273/ © 2018.
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Fig. 1. Location map of the main geothermal manifestations in Egypt, including hot springs and thermal water wells. The figure shows the locations of oil and gas wells used to
estimate geothermal gradients and heat flow maps of Egypt. The well data were provided by the Egyptian General Petroleum Corporation.

Fig. 2. Simplified geological map of Egypt, modified after a geological map of Egypt on the scale 1:2 million ©Geological Survey of Egypt (GSE, 1981). The lithological rock unites
were classified into clastic sedimentary, carbonate and basement rocks based on their properties of thermal conductivity. The lines denote the structure lines (faults).

geological map of Egypt (GSE, 1981), employed as a thematic layer
(Fig. 2). The Basement rocks (igneous and metamorphic) represent
about 10% of Egypt surface area. Surface outcrops of the Basement
rocks in Egypt are controlled by tectonism and about 90% of these
rocks is buried under the Phanerozoic sedimentary cover (El-Shazly,
1977). Basement exposures are found in the eastern part of the East-
ern Desert, the Nile Valley at Aswan, southern Sinai, the southeastern
part of the Western Desert, and Gebel EI-Oweinat in the southwestern
corner of the Western Desert.

Faults and fractures play a significant role in geothermal fields,
because fluids mostly flow through fractures in the subsurface rocks

(Hanano, 2000). Main faults were extracted and digitized from a geo-
logical map of Egypt (GSE, 1981) (Fig. 2). These faults enabled us to
identify high permeable zones that may play a role as a pathway for
the up-flow of hydrothermal fluid. They are also applied to identify
the most permeable zones for well sites. Furthermore, the geothermal
activity in Egypt is associated with the tectonic evolution. Northern
part of Egypt is subjected to the relative movements of Africa, Arabia
and Eurasia plates. Where, the Red Sea is a NW-SE trending rift ini-
tiated during Cenozoic times between the Arabian and African shields
(Jarrige et al., 1990). The Red Sea and its two branches (the Gulf of
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Fig. 3. Aeromagnetic map of Egypt (1 km digital grid) obtained from the “African Magnetic Mapping Project” (AMMP), (Getech, 1992; Green et al., 1992). White areas in the map
are due to the lack of data in those areas not surveyed by AMMP.

Suez and Gulf of Aqaba) form the northern extension of the East
African Rift (Dahy, 2012).

3. Geophysical evidence layers

3.1. Curie-depth map derived from aeromagnetic data

The airborne magnetic data are extracted from the grid of AMMP
(Africa Magnetic Mapping Project). The AMMP final products con-
tain 1km digital grid of total field crustal anomalies at a mean ter-
rain clearance of 1000m produced from aeromagnetic, marine mag-
netic, ground measurement and Magsat data (Getech, 1992; Green et
al., 1992). Some areas are not surveyed by AMMP. The total intensity
aeromagnetic map of Egypt clarifies that the magnitudes of the mag-
netic field vary from −150nT to +170 nT (Fig. 3).

The 2rd evidence layer comprises the Curie point depths (CPDs)
of Egypt, which are the depths in the crust of the Earth where fer-
romagnetic minerals are converted to paramagnetic minerals due to
an increase in temperature (>580 °C); a distinct magnetic field under-
neath is generally undetected (Hsieh et al., 2014). The Curie point
depths were calculated from a radially average power spectrum by di-
viding the aeromagnetic map of Egypt into overlapping square sub-re-
gions (95 windows) with dimensions of 293× 278km. The centroid
method was applied to estimate the CPDs based on a spectral analy-
sis of the aeromagnetic data (Okubo et al., 1985; Tanaka et al., 1999).
The depths to the centroid (Z0) and to the top (Zt) of a magnetic layer
are calculated from the slope of radially averaged power spectrum of

the magnetic anomaly and then the basal depth (Zb) can be calcu-
lated from the relation Zb = 2Z0 − Zt (Okubo et al., 1985). The basal
depth of a magnetic source is considered to be the CPD. The estimated
CPDs of Egypt range from 8.9 to approximately 35km with an av-
erage value of 20km (Fig. 4). The shallowest CPDs are detected in
the Red Sea, whereas the deepest CPDs are detected in the Western
Desert. Generally, the CPDs increase westward towards the Western
Desert. CPD mapping provides information on the location of mag-
matic intrusions and crustal thinning at depths not accessible by other
techniques. Whereas, higher temperature gradient and heat flow are
expected to be associated with shallow CPDs (Okubo et al., 1985)
and therefore, a higher probability of geothermal resources accessible
through drilling.

3.2. Aerogravity evidence layer

The 3th evidence layer is the Bouguer map of Egypt, which com-
prises merged grids (onshore data accumulated from African Grav-
ity Project (AGP) (Getech, 1992) and offshore zones taken from
GETECH satellite gravity data). The gravity datum used in AGP
was International Gravity Standardization Net (1971); IGSN71, the-
oretical gravity depends on the International Gravity Formula, IGF
(1967), free air correction assumes the value 0.3086mGal/m and the
Bouguer correction reduction density is 2.67g/cc onshore (Fairhead et
al., 1988). To maintain the high resolution of GETECH satellite infor-
mation (0.02 grid cell size), the AGP grids was resampled to a grid
cell size of 0.02 degree and converged with satellite data. The gravity
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Fig. 4. Curie point depth (CPD) map of Egypt calculated from the power spectral analysis of the aeromagnetic data. The CPD is the depth in the crust of the Earth where ferromagnetic
minerals are converted to paramagnetic minerals due to an increase in temperature (>580 °C).

values of Egypt range from −90.5mgal to +126 mgal (Fig. 5). The
gravity anomalies of relatively high and low amplitudes are related
to density differentiation of the rocks forming the earth crust (Riad,
1977). The gravity anomaly values are positive in the Mediterranean
Sea and the Red Sea, due to the effect of an oceanic region (Kovach,
1986) that causing to increase values northward and eastward of
Egypt. The high gravity anomalies are expected to be related with
high density basement rocks exposed in a structural high, whereas low
gravity anomalies are associated to the lighter the sedimentary cover.
This indicates that the source of both the high gravity anomaly and the
high geothermal potentiality is thinning of the crust due to intensive
structure.

3.3. Seismicity evidence layer

The 4th evidence layer consists of seismological data collected
from the Egyptian National Seismic Network (ENSN) in the NRIAG
for the period 1997 to 2014, which are classified based on the mag-
nitude variation (Fig. 6). Numerous geothermal zones are consis-
tent with regional tectonics (Foulger, 1982), that's why they display
higher background seismicity than their encompassing regions. There-
fore, collecting seismic events can give valuable information about
a geothermal area on different scales. Extensive earthquakes have
collected at the southern end of the Gulf of Suez, where the Sinai
triple intersection (Africa, Arabia, and Sinai) is located (Korrat et al.,
2006; Badawy and Horvath, 1999). Seismic epicenters in the Red Sea
define an active zone extending S-SE from the Gulf of Suez into
the axial region of the Red Sea down to 25.75°N, with micro-seis-
micity between 24° and 25°N, reflecting active median spreading

in the northern Red Sea (Daggett et al., 1986). The Red Sea, Gulf of
Suez, Gulf of Aqaba and Cairo-Suez district are the most seismically
active zones in Egypt (Fig. 6). The high seismic activity in Cairo-Suez
district is related to the movement of African, Eurasian and Arabian
plates (Meshref, 1990). The seismic activities in the Gulf of Suez have
a NW-SE trend coinciding with the main trend of the rift opening and
the activity decreases from south to north (Dahy, 2012).

4. Geothermal data (thermal evidence layers)

The 4th and 5th evidence layers consist of temperature distribution
at various depths and heat flow map of Egypt which depend on bot-
tom-hole temperature (BHT) data from 596 deep onshore and offshore
oil and gas wells (Fig. 1), with depths that range from 612 to 6405m,
drilled by oil companies that include the Egyptian General Petroleum
Company (EGPC), the Gulf of Suez Petroleum Company (GUPCO),
and the British Petroleum Company (BPC).

4.1. Bottom-hole temperature evidence layer

The real temperature is always higher than the measured temper-
ature (BHT) from borehole logs. A large quantity of mud is circu-
lated in the borehole during drilling to facilitate the drilling, stabi-
lize the borehole and evacuate the cuttings. Mud circulation, duration
of drilling, thermal properties of drilling fluid, and nature of heat ex-
change between the formation and borehole fluid give non-equilib-
rium temperature at the time of temperature measurements (Nwankwo
and Ekine, 2009). A method for correcting log-derived temperatures
(BHT) has been presented by Waples et al. (2004) in
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Fig. 5. Bouguer anomaly map of Egypt consists of merged grids of onshore data obtained from AGP compilation (Getech, 1992) and offshore areas taken from GETECH satellite
Bouguer data. The merged data were resampled to 0.02 degree grid cell size and gridded using a minimum curvature technique.

deep wells (3500–6500m) by the comparison between log tempera-
tures from the Gulf of Mexico and Drill-Stem Test (DST) tempera-
tures in the same wells. The equations are modified slightly from those
of Waples and Ramly (2001), which were calibrated using data from
depths <3500 m in Malaysia. The correction depends mostly on time
since end of mud circulation (TSC) and depth of logging. The true
subsurface temperature in Celsius is given by:

where Tsurface is the seafloor or land-surface temperature (°C), Tmeas
is the measured log temperature BHT (°C), TSC is in hours and Z is
depth below in meters. The correction factor, f, is a function of TSC
and equals:

Other correction method, proposed by Horner (1951) was applied
on the BHT data for confirming the corrections from Waples equa-
tion. The Horner (1951) plot method was widely used for obtain-
ing the true formation temperature from BHT measurements. The
Horner's method is based on an observed similarity in the behavior
of in situ temperature and pressure when disturbed by drilling. The
method was originally devised to correct pressure build-up data from

drill stem tests (Horner, 1951), but was adopted for temperature cor-
rection by Lachenbruch and Brewer (1959). It involves the plot of the
measured temperature TBHT (at a given depth) from many logging runs
against ln [l + (tc/∆t)], where ∆t is the time elapsed between end of
fluid circulation and measurement of TBHT, and tc is the time elapsed
between end of drilling and end of fluid circulation. A straight line
of best fit through all points yields the true formation temperature at
the TBHT-axis intercept. It is recommended to use Horner method if
there are three or more self-consistent BHT from a given well. In this
present study, the two above methods were applied on all BHT data.
Table 1 shows examples of corrected temperature by using the meth-
ods of Waples et al. (2004) and Horner (1951). Fig. 7 illustrates ex-
amples of Horner's plot for correction of BHT in four wells. The true
formation temperature data were subsequently employed to estimate
the temperature gradient and heat flow maps of Egypt.

Thereafter, the corrected BHT at various depths (>1000,
1000–2000, 2000–3000, <3000 m) were mapped in order to show the
variation of temperatures with depths (Fig. 8). The maps show that the
temperature increases with depth and reach up to 180°C at 3000m or
more. High temperature was encountered at eastern part of Egypt in
Gulf of Suez and Red Sea region. These maps were used as input lay-
ers for calculating the favourability geothermal map of Egypt.

4.2. Heat flow evidence layer

The heat flow map of Egypt was calculated by combining sets of
calculated temperature gradients and the average thermal conductiv-
ity of the rocks for each well. The temperature gradient defined as the
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Fig. 6. Distributions of earthquake epicentral in Egypt with magnitudes that range from one to five (modified after ENSN, 2014). Most of records are concentrated in the eastern
part of Egypt especially in the areas of the Gulf of Suez and Gulf of Aqaba. Distance to seismic activity was used as evidence layer for constructing geothermal favourability map of
Egypt.

rate of change in temperature with respect to the depth of the well logs.
It can be determined using the following equation:

where GG is geothermal gradient in °C/m, TBHT is the corrected tem-
perature (BHT), Tsurface is the mean annual surface temperature, as-
suming of 26.7 °C (Morgan et al., 1983), and Z is the depth of mea-
surement.

The calculated geothermal gradients in most parts of Egypt fall
within the interval of 17.6 to 75°C/km. The average value is about
31°C/km which is closer to the world average (30 °C/km). On the
other hand, thermal conductivities of bottom formation in each well
was calculated based on data from Morgan et al. (1983, 1985) and in-
formation about type of bottom formation; 3.2± 0.1W/m °C for base-
ment rocks; 2.4± 0.2W/m °C for sandstone; 2.2± 0.2W/m °C for car-
bonate rocks.

The calculated heat flow map shows that heat flow values range
from 26.9 to about 187mW m2 (Fig. 9) with an average of about
78.5mW/m2. The average heat flow in continental regions is approxi-
mately 62mW/m2. Values in excess of 80–100mW/m2 indicate anom-
alous subsurface geothermal conditions (Brott et al., 1976). The heat
flow values are relatively high in the eastern parts compared to the
western parts of Egypt. Although, the heat flow of most areas are

in the global average, there are some hot spots with significantly
higher temperature gradients. These areas are usually associated with
the Red Sea-Gulf of Suez rift, around Hammam Faraun hot spring in
the east of Gulf of Suez, and in El-Gouna area in the west of Gulf of
Suez. There is also a high anomaly at the south of Aswan. This area is
characterized by the presence of active seismic epicenters and faults.
The maximum heat flow values are recorded in the Red Sea.

5. Data integration and favourability analysis

The generation of a geothermal favourability map of Egypt in-
volves many steps. The first step is the identification of the main
parameters that affect the geothermal favourability and the data col-
lection for each parameter. In the second step, the thematic layer of
each parameter is prepared, and all layers are ensured to have the
same coordinate system (World Mercator WGS84). Six thematic lay-
ers are prepared: distance to faults, Bouguer anomaly, distance to seis-
mic activity, Curie point depth, heat flow, and temperatures at dif-
ferent depths. These layers are the inputs of ArcGIS model builder
10.3. The third step entails reclassifying all thematic layers (Rasters)
to a common favourability scale using the reclassify tool in ArcGIS
10.3. Each layer is classified using a scale (from one to nine) in which
higher values are more suitable (Table 2). The favourability scores de-
pend on the threshold values of each parameter. For the distance lay-
ers (distance to seismic activity and distance to faults), the greater is
the distance from the seismic activity and faults, the lesser is the ge-
othermal influence, and a lower value is obtained. We assumed that
the earthquakes recorded are largely confined to <100km2 in area, so
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Table 1
Results of some BHT and corrected formation temperature after Appling Horner
method (1951) and Waples et al. method (2004). *Examples using the Horner (1951)
method were shown in Fig. 9.

Well name
Depth
(*m)

BHTmeasured
(°C)

Tcorrected (°C)
Horner
method
(1951)

Tcorrected (°C)
Waples
method
(2004)

El-Fayrouz
NE-1

2651 99.0 122.1 116.1

Drak-1 3230 110.0 129.4 128.4
Wadi Habib-1X 2281 76.7 94.1 97.6
Nagel-1 4213 109.0 114.5 115.8
1.BRE-3.1 3295 101.7 109.5 114.9
WBS-1 2072 77.8 88.6 93.6
WBS-2 2040 87.8 94.9 96.2
Halfaya-1 3602 107.2 115.5 126.1
SW Wadi

Rayan-1X
1964 71.1 81.6 82.3

NB-42-1 2151 71.1 86.9 84.4
Nuqra-1 2552 86.7 103.0 101.1
EDX-1 2124 76.7 84.5 90.7
Burulus-1 2539 72.7 89.5 86.2
Bardawil-1 4130 130.0 153.4 150.7
Birigat 1 3466 88.9 96.9 99.6
Goliath-1 3201 100.6 126.8 118.2
Kabrit-1 2925 90.0 104.2 107.5
Mallaha 1X 3368 101.7 115.9 119.8
*RBOZ 108-1 1743 72.2 87.9 88.2
Raad-1 1307 63.0 81.2 81.1
PFM SE-2 3803 112.2 131.9 130.5
Tida-1 2825 87.8 100.1 99.3
Tarif-2A 4168 122.2 135.5 136.7
Ubur-1 3120 73.9 85.5 84.2
EDX-1 1819 76.7 86.3 91.8
Ashrafi West 2047 90.0 116.2 119.9
SG-300 2989 97.8 117.2 118.3
GG-83 2177 80.0 101.3 100.5
SB-268 4450 112.8 133.3 132.0
Shukeir Bay-2 2226 72.2 108.1 97.5
GS-197 3869 107.2 123.2 124.9
GS-315 3952 126.7 155.6 155.4
Darag-1 2963 98.9 121.2 115.7
GG-83-3 2619 84.4 97.7 102.2
HH-83 2060 76.1 104.2 100.1
QQ-90 2993 86.1 114.6 105.6
QQ-89 1695 58.3 67.8 73.3
FF-83 2572 91.1 110.0 108.7
*GS-346 3033 100.6 121.0 116.5
GS-326 2154 76.7 107.1 97.6
GS-316 3825 104.4 127.6 130.1
GG-85 4480 128.3 144.8 145.2
C4-S4 2966 98.9 116.5 126.1
*GS-327 2542 96.7 121.2 115.1
SB-296 3224 103.3 130.8 128.6
*C4-N4 3285 121.1 138.6 131.4
Fesyan-B-1X 1629 64.4 74.3 79.4
N. Darag-2 1579 65.0 95.6 90.1
N. Darag-3 1470 59.4 77.9 79.1
W. Gebel

Zeit-2
2187 91.1 116.3 110.7

AS-404C 1874 84.0 106.8 105.4

the area <10km from the seismic activity is assumed to be near a
favourable geothermal area and is given the highest value of nine.
These areas were defined as probable geothermal prospects. For the
Bouguer layer, the higher is the value, the stronger is the relationship
with the geothermal resources, and a higher value is assigned. For the
heat flow layer, the higher are the values, the greater is the possibil-
ity of a geothermal area and the higher is the value of the favourabil-
ity class. Conversely, for the Curie point depths (CPDs), the shallow

depths reflect a high possibility for a geothermal area and a high value
of the assigned favourability class.

A weighted overlay analysis (weight and combine layers) of the-
matic layers was performed using a weight overlay tool in ArcGIS
10.3 after the percentage of influence of each thematic layer on the
geothermal favourability model. Fig. 10 shows a workflow diagram
of the data input and the steps in the determination of the geothermal
favourability of Egypt. According to the different influences of the
thematic layers of geothermal favourability, each layer has a weight
according to its importance in the weighed overlay model using Ar-
cGIS 10.3.

The corrected BHTs and heat flow are the main indicators that are
applied to identify the geothermal areas as they depend on real BHTs
from drilled wells in Egypt. Therefore, the heat flow is given the maxi-
mum influence of 30% while the BHTs are given 20%. The strong cor-
relation between geothermal occurrences and faults development and
seismic activity are attributed to an influence of 20% for each layer.
The Bouguer gravity, Curie point depth are assigned an influence of
5% for each layer. They have the least influence as they depend on es-
timated data from geophysical tools.

The weighted overlay of all evidence layers in this study will gen-
erate a raster file with a range of values. Higher values represent a
larger number of geothermal suitable areas, whereas lower values re-
fer to less suitable areas. The geothermal favourability map is created
and reclassified to the desired favourability scale. The final favoura-
bility map is an initial screening tool for identifying potentially undis-
covered geothermal resources in Egypt. The generated map is classi-
fied into five classes to select the most encouraging zones for geother-
mal evolution (Fig. 11).

6. Discussion

The geothermal favourability map of Egypt identifies potentially
geothermal resources and suggests that it increases towards the Red
Sea, Gulf of Suez rift. This finding is consistent with the results of
other studies (Martinez and Cochran, 1989), which indicate that the
heat flow increases seaward of the coasts to average values >250mW/
m2 in the axial depression of the rift. The most promising areas for ge-
othermal potentiality in Egypt in the Red Sea, at El-Gouna area along
the Red Sea coast, and at Hammam Faraun (eastern coast of Gulf of
Suez). The results from the favourability map require validation with
ground-level data and a field study in a subsequent stage such as geo-
chemical sampling, geophysical land surveys and updated information
on geothermal manifestations. Thus, the results from a favourability
map are not final and should be updated as new data become available.
Selecting suitable geothermal exploration sites is the main objective of
this paper. Thus, surface geothermal manifestations (hot springs and
thermal water wells) are needed to verify the constructed GIS model.

The validation of the generated geothermal favourability map (Fig.
11) is performed by comparing with the hot springs and thermal wa-
ter wells. The results clarify that superficial thermal manifestations
(hot springs), including Ayun Musa, Ain Hammam Faraun, Hammam
Musa, and Ain Sukhna, are located in the high geothermal favoura-
bility class. Other thermal wells and springs are located in the mod-
erate geothermal favourability class. The most promising onshore ge-
othermal areas are located in the western shore of the Red Sea and
Gulf of Suez. The El-Gouna area, which is located south of the Gulf
of Suez, yields higher geothermal potentiality, which may be related
to the Sinai triple junction among Africa, Arabia, and Sinai. A geot-
hermal exploration of the El-Gouna area is recommended to estimate
its energy potential.
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Fig. 7. Examples of the correction of bottom hole temperatures (BHT) using the Horner (1951) method. The true formation temperature was computed from the intersection of the
straight line of best fit through all points with the BHT-axis. The results were listed in Table 1.

The geothermal resources in Egypt that belong to moder-
ate-to-low-favourable geothermal areas could be suitable for di-
rect-use applications, such as district heating and cooling, green-
houses, fisheries, mineral recovery, and industrial process heating.
Aided by modern technology, even moderate temperature resources
are being employed for the generation of electricity using the bi-
nary-cycle method (Gupta and Roy, 2007). The main result of this
study is the implementation of the first geothermal favourability map
of Egypt highlighting potentially undiscovered geothermal resources,
which guide investors interested in the geothermal energy industry for
planning and developing geothermal energy resources. Finally, the use
of GIS-based technologies represents a helpful new strategy for pre-
dicting potentiality geothermal areas and the outcomes can be updated
as new data become available.

7. Conclusions

The demand for energy in Egypt is rapidly increasing due to the
increasing population and economic growth. Digital data layers and
maps were employed in a GIS model to select the most promising
areas for geothermal utilisation. The ArcGIS model includes six the-
matic layers; distance to faults, Bouguer gravity anomaly, distance
to seismic activity, Curie point depth, heat flow, and temperatures at
different depths. These layers were overlain by a weighted overlay
analysis in a GIS, and suitable areas for geothermal exploration were

defined and prioritized to generate a geothermal favourability map of
Egypt. From the resultant map, a high class of geothermal favourable
areas is associated with geothermal manifestations, such as Ayun
Musa, Hammam Faraun and Hammam Musa, on the eastern coast of
the Gulf of Suez and Ain Sukhna on its western coast. Generally, the
most promising areas for geothermal potential in Egypt are near the
coasts of the Red Sea and the Gulf of Suez. The El-Gouna region,
which is located south of the Gulf of Suez, yields a higher geothermal
probability, which may be identified with the Sinai triple intersection
of Africa, Arabia, and Sinai.
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Fig. 8. The distribution of temperatures at different depths, based on the corrected BHTs from oil and gas wells, (a) depths <1000m, (b) depths 1000–2000m, (c) depths 2000–3000 m,
and (d) depths >3000m.
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Fig. 9. Heat flow map of Egypt based on a combination of temperature data from 596 deep onshore and offshore wells, which was provided by the Egyptian General Petroleum
Corporation and thermal conductivity of the rocks (average of 2.65W/m °C) (Morgan et al., 1983, 1985). The map indicates that heat flow increases eastward of Egypt towards Red
Sea and Gulf of Suez regions.

Table 2
Geothermal suitability classes for threshold variables of different thematic layers. Each layer is classified on a scale from 1 to 9; higher values are more suitable.

Class value

Thematic layers
1
Low 2 3 4 5 6 7 8

9
High

Geological data Distance from faults (km) >10 – – – – – – – <10
Geophysical data Aerogravity data

Bouguer (mGal)
−90–−56 −56–−42 −42–−28 −28–−14 −14–2 2–19 19–39 39–63 63–125

Distance from seismic activity(km) >10 – – – – – – – <10
CPD (km) 27–35 25–27 23–25 21–23 19–21 17–19 16–17 13–16 8–13

Well data BHT at different depths (°C) 30–40 40–50 50–70 70–90 90–110 110–130 130–150 150–170 >170
Heat flow (mW/m2) 26–50 50–70 70–90 90–100 100–110 110–120 120–130 130–150 150–187
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Fig. 10. Flow chart of the methodology employed to generate a geothermal favourability map of Egypt.

Fig. 11. Geothermal favourability map of Egypt derived from weight overlay analyses of thematic layers using the weight overlay tool in ArcGIS 10.3 after the percentage of in-
fluence of each thematic layer on the geothermal favourability model. The figure reveals that the Gulf of Suez and Red Sea represent the most encouraging zones for geothermal
development.
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