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Abstract

Tertiary volcanics in Egypt are basaltic flows. These are recorded in the subsurface of Nile Delta and west Cairo in the Khattatba
and Abu Roash regions but exposed on Gabal Qatrani. Such flows and structure trends made west Cairo the focus of geothermal
exploration. The present study aimed to discover the geothermal resource and its relation with basaltic flows and subsurface
structures in the area. To achieve these aims, aecromagnetic data (TMI) map, scale 1:500,000, was used. The source parameter
imaging technique was used to calculate the depth of basement rocks. The results indicated that depth to the basement varies from
700 m at Khattatba and Abu-Roash regions to 4400 m southward and at G. Muqattam in the extreme eastern parts. These results
are verified by subsurface data of three drilled deep wells. The detected major structure trends run in three directions: east-west,
northeast-southwest, and northwest-southwest. The Curie point depth (CPD), geothermal gradient (GG), and heat flow (HF) were
all calculated using the spectral analysis technique. CPD values range from 14 km in the eastern parts of the area to 34 km in the
south-west. The GG values range from 15 to 33 °C/km. The HF values range between 38 and 86 mW/m?. The high GG and HF
values recorded at Khattatba and Abu-Roash are due to the basaltic flows in the subsurface. The two regions are considered
reservoirs that were promising for geothermal energy. Increase in thickness of the sedimentary cover to 4000 m southward
indicates the possibility of hydrocarbon occurrences.
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Introduction The geothermal activities in Egypt are intimately related to

more factors. The nature and intensity of magmatic activity

Egypt was an exorogenic foreland during the Phanerozoic Era
that experienced sedimentation, affected by intermittent event
volcanicity. These volcanicities and igneous activity occurred
mainly concerning the fracture system, which originated in the
late Precambrian. The periodical reactivation of these fracture
zones throughout the Phanerozoic resulted in different pluton-
ic and volcanic rock formation types. Various phases of igne-
ous and volcanic rocks were formed during Paleozoic and
Mesozoic, whereas the Cenozoic volcanism is largely basaltic
(Said 1990; Baldridge et al. 1991).
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and the nature of invaded rocks and tectonic activity in the
area represented these factors (Hochstein 1990). The most
pronounced effects of geothermal activities in Egypt were
connected with the Tertiary volcanicity, which is common in
the northern parts of Egypt in the form of basaltic flows. The
Tertiary basaltic rocks, especially near Cairo at Abu Roash
and north El-Fayum at Gabal Qatrani, were studied by differ-
ent authors such as Bayoumi and Sabri (1971), Said (1981),
and Williams and Small (1984). The basaltic rocks are found
either in the form of dykes or lava flows. The lava flows are
formed by the uprise of the subcrustal basaltic magma through
fissures and faults that originated in the basement complex
and re-activated in Oligocene and Miocene ages. Numerous
studies have focused on geochemistry, petrography, magma
type, tectonic environment, and the age of these volcanoes. On
the other hand, information concerning the basaltic direction
flow and depth to basement rocks was minimal. Abdel
Monem and Heikal (1981) discussed the main element com-
position, tectonic environment, and magma type of the
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Mesozoic to Recent basalts in Egypt. They concluded that
the Alkali olivine basaltic magma type for the volcanoes of
Bahariya Oasis and the Nile district erupted on a continen-
tal crust. While the Quartz tholeiitic magma type for the
Tertiary basalts of Gabal Qatrani, Gabal Abu Roash, Abu
Zaabal, and the Cairo-Suez erupted on an oceanic crust.
Amer et al. (1982) discussed the petrography and
petrochemistry of the subsurface basalts of Abu Hammad
wells and pointed out that these basalts are said to be
oceanic tholeiites. Moghazi (2003) studied the geochemis-
try of the Tertiary continental basalt suite of the Red Sea
coastal plain. Lucassen et al. (2008) explained the isotope
composition of Late Mesozoic to Quaternary intraplate
magmatism in northeastern Africa (Sudan, Egypt) and
showed that the Nd, Pb, and Sr isotope signatures are
surprisingly uniform in the mantle. Endress et al. (2011)
studied the geochemistry of 24 Ma basalts from NE Egypt
and indicated a polybaric fractionation history with initial
crystallization at 12-18 km. Abu El-Rus and Rooney (2017)
identified two types of intraplate basalt eruptions from the
Tertiary volcanism in middle Egypt: (1) sub-alkaline hypersthene

normative basalts and (2) alkaline nepheline normative basalts.
Abu El-Rus et al. (2018) studied a new bulk-rock and mineral
analyses and radiogenic isotope data to select the most basic
flows from the Natash volcanic field and showed that the lavas
are mainly of alkaline affinity and have a continuous affinity. The
composition spectrum ranges from alkali olivine basalt (AOB) to
trachyte and rhyolite to all basaltic lavas in the province record
different degrees of fractional crystallization of olivine,
clinopyroxene, plagioclase, and spinel. However, some geophys-
ical studies were applied to estimate the Curie depth from the
spectral analysis of aeromagnetic data, such as Aboud et al.
(2011), Saibi (2015 a,b), Dogan et al. (2017), Abdel Zaher
et al. (2018), Elbarbary et al. (2018), Mohamed (2021), and
Raj Kumar et al. (2021), but these studies did not focus on
Tertiary basalts. Hence, the recent study was oriented to apply
the aeromagnetic geophysical studies in evaluating the geother-
mal activity and its relation with basaltic rock distribution and the
subsurface structural trends that may control the occurrences of
basaltic rocks at the west Cairo, especially for the area which is
located in the extreme north of Egypt between longitude 29° 30
to 30° 30" N and latitude 30° 00 to 31° 30" E (Fig. 1).
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Fig. 1 A Map of Egypt showing the location of the study area in Fig. 1B
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Geologic and structure setting

The study area’s lithostratigraphic units represent wide time span
from Cretaceous to Quaternary (Fig. 2). These units are nominat-
ed from base to top as Abu Roash Formation (Late Cenomanian—
Santonian), Khoman Formation (Campanian—Maastrichtian),
Mokattam Group (Middle Eocene), the Maadi group (Late
Eocene), Gebel Qatrani Formation (Oligocene), Kashab
Formation (Miocene), and Quaternary deposits.

The Khoman formation mainly consists of more than 50 m
of fossiliferous, fractured chalky limestone (Norton 1967).
Abu Roash Formation is classified into seven members ar-
ranged from top to base: ‘A, B, C, D, E, F, and G’ according
to Aadland and Hassan (1972). The homogeneous calcareous
limestone of the Khoman Formation contrasts with the em-
bedded limestone and shale of the Abu Roash Formation;
however, the contact between the two formations is covered
by the progressive erosion of the soft lithology of unit ‘A.’
Mokattam Group (Giushi and Gebel Hof formation) belongs
to the Middle Eocene and constitutes the foundation bedrock
of the northern-eastern part of 15th of May City and its north-
ern extension. The formation consists of white to yellowish-
white, marly and chalky limestone, intercalated with a few
interbeds of hard, dark, dolomitic limestone. The Giushi for-
mation is a substantial section of thin-bedded and highly bio-
turbated carbonates. Beds rich in Opercuurina pyamidum,
serpulid, and bryozoan remain as a mark of this formation.

The Wadi Hof Formation is capped by highly fossiliferous
sandy and dolomitic limestone beds.

Maadi group (Late Eocene) sediments are more clastic than
the underlying Mokattam sediments. Oligocene deposits over-
lie the later deposits of the Eocene disconformably. They as-
sume two distinct facies: a fluviatile facies of sand and gravels
and open marine facies of shales and minor limestone inter-
beds. The distribution of these sediments was mainly
governed by the volcanicity, geyser activity, and tectonism
that affected the Red Sea regions and the belt of highs between
the stable and unstable shelves during the Oligocene.

Gebel Qatrani Formation does not overlay the Widan El-
faras Basalt (Bowen and Vondra 1974). This unconformity
corresponds to the Rupelian—Chattian boundary (Gingerich
1992). Widan El-faras Basalt is overlain by the Miocene allu-
vial Kashab Formation at the top of Gebel Qatrani. The con-
tact is highly erosional, and the patches on top of basalt are
sometimes filled with coarse sand and contain basalt debris
and chert pebble conglomerate.

Quaternary deposits are spread all over Egypt and lay un-
conformably over Pliocene or older rocks. These deposits are
closely related to climatic changes and sea-level fluctuations
during the Pleistocene period; their mode of origin groups
them into Eolian, fluvial, and marine sediments.

Structurally, the study area is located within the
Unstable Shelf in the northern parts of Egypt. This shelf
is complex with frequent folds, fractures, and faults. Most
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faults, as mentioned by Refai et al. (1973), are trending
NE, and the macrostructure described in the area is in the
form of NE, and WNW en echelon folds dissected by NE,
NW, and WNW normal faults, NE reverse, and thrust
faults, and NE, NW, and WNW conjugate strike-slip
faults (Fig. 2). These faults are complying with thermal
springs and volcanic activity. In different parts of Egypt,
Tertiary volcanoes found their way along these faults,
especially in Abu Raosh and Gebel Qatrani, where
several basalt outcrops occur. Rittmann (1954) and
Salem (1976) believed that this volcanic activity in north-
ern Egypt was related to renewed tension along African
northwest-trending subcrustal lineaments. Swedan (1991)
mentioned that the oldest rocks exposed in the Greater
Cairo area occupy the anticlinal structure of Abu Raosh.
Faults and folds mainly control the structural pattern of
the Greater Cairo region.

Methodology and data acquisition
Available data

Aeromagnetic data at a mean terrain clearance of 1000 m in
the form of a unified 1-km grid of total magnetic intensity
(TMI) with 10-nT contour intervals and line spacing of 3000
m with a scale of 1:500,000 (Getech 1992; Green et al. 1992)
were used. The data were obtained from the GETECH Group
PIC. Also, the subsurface stratigraphic data of three deep wells
drilled in the study area (Wadi Natrun-1, Abu Roash-1, and
Khatatba-1 well) and that reached the basement surface at
depths 0f 4042 m, 1795 m, and 1872 m, respectively, are used
to verify the results.

Processing and interpretation of the aeromagnetic
data

All processing and interpretation of the aecromagnetic data in
the present study were completed by using Oasis Montaj
Program (2014). The general magnetic field in the study area
used in the processing was computed using a magnetic decli-
nation of 2.6° east and a magnetic field inclination of 43.57°.
The resulted regional magnetic field intensity was 41,849 nT.
These parameters were used to calculate the filter technique of
aeromagnetic data. The TMI and RTP of the aeromagnetic
data were interpreted qualitatively and quantitatively.

Qualitative interpretation of the aeromagnetic data
The qualitative interpretations of the aeromagnetic data in-
cluded applying of title derivative filter (TDR) and tracing of

the aeromagnetic lineaments that reflect the predominant sub-
surface structure lines in the study area. The aeromagnetic
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lineaments were traced based on the concepts of Gay (1972).
The major lineaments are considered deep-seated structures
that originated in the basement and extended upward in the
sedimentary cover. Along some of these lincaments, basaltic
eruptions have occurred in addition to geothermal activity.
The following is a brief description of both the TMI
and RTP aeromagnetic maps as well as the correspond-
ing tilt derivative maps.

The TMI of the study area (Fig. 3a) shows positive and
negative magnetic anomalies. The magnitudes of these anom-
alies vary from —140 to +70 nT. The western part of the study
area elongated to an oval positive anomaly with a magnitude
of about +70 nT is observed. This anomaly is associated with
Qattaniya uplift. Meanwhile, major negative anomalies with
magnitudes —140 nT and —80 nT are present in the southern
parts. These anomalies are corresponding to Gebel Qattrani
and El Gindi basins.

The negative anomalies in the study area are accordant to
the low magnetic susceptibility basalt observed by Abdel
Monem and Heikal (1981), where the Egyptian Tertiary ba-
salts appear to compete compositionally from nepheline to
quartz normative. The Cairo-Suez district’s basalts, Abu
Zaabal and Abu Roash, which constitute the northern belt,
are typically quartz-normative, and the basalts of Gebel
Qatrani and Nile Valley are quartz-normative grading into
olivine-normative. So, the type of basaltic rocks affects the
observed magnetic field value and the effectiveness of
weathering on the mineralogy and chemical composition of
the basaltic rocks in the area. The area that includes basalt
outcrops has the same magnetic anomaly (magnetic value is
negative and varies from —125 to —25 nT). The source of the
magnetism in this area could be the existence of one magma
type underground and most likely the same origin and age.

Generally, the major magnetic anomaly pattern is aligned
along with E-W and NE-SW directions. This pattern is
reflecting the main structure lines in the study area. As the
study area is located at latitudes 29° 30’ to 30° 30’ N that
corresponds to an inclination of 43.57°, both positive and
negative peaks of the magnetic anomalies are not directly
pointing to the occurrences of the corresponding geologic fea-
tures. Therefore, the Geomagnetic Reference Field (IGRF)
was removed, and the total magnetic intensity data were re-
duced to the pole (RTP) and presented as a contour map (Fig.
3b). The RTP aeromagnetic map shows no definite dislocation
between the peaks of both positive and negative magnetic
anomalies observed on the TMI map. However, positive
anomalies on the RTP map appear to be clear in the northern
and south-eastern parts. Also, the magnitudes of most mag-
netic anomalies vary from —210 to +120 nT, with a remark-
able increase than that at the same locations on the TMI map.
Most anomalies extend in E-W and NE-SW directions.

A tilt derivative filter (TDR) was applied to the TMI data to
locate contacts between different rock units that differentiated
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Fig. 3 a Total magnetic intensity (TMI) of the study area. b RTP aeromagnetic map of the study area. ¢ Tilt derivative map of the study area; the black

lines indicate the location of zero contour line

in magnetic susceptibility even if these contacts
litheologically or structurally. The TDR was calculated from
the ratio of the vertical derivative to the absolute value of the
horizontal derivative (Verduzco et al. 2004). The TDR map
(Fig. 3c¢) indicates that the major structural trends are in the
magnitude of the tilt angle values, which range between —1.37
and 1.11 radians. According to Miller and Singh (1994), the
positive values reveal anomalies over the source; meanwhile,
the negative values are outside of the source location. Also,
the zero contours are pointing to the source edges or structural
lines. The E-W and NE-SW directions are the predominant
trends in the study area. These directions are the main exten-
sions of the basalt outcrops.

3.2.2. Quantitative interpretation of the aeromagnetic data

Spectral analysis (SA) and source parameter imaging (SPI)
techniques were applied in the aecromagnetic data quantitative
interpretation. The SA technique was applied to estimate the
Curie point depth (CPD), geothermal gradient, and heat flow

in the study area; meanwhile, the SPI technique was used to
estimate the basement depth and structural trends along which
basaltic flows can erupt. The following is a summary of the
applied technique and the results.

The source parameter imaging (SPI) function is one of the
methods used to calculate the depth of basement rocks for estimat-
ing the source geometries, source dip, susceptibility, and density
contrast (Thurston and Smith 1997; Kamba and Ahmed 2017).
The source depth of the observed field and the local wavenumber
(k), calculated for any point within a grid of data through horizontal
and vertical gradients, were estimated using this method. Details of
the source parameter imaging (SPI) technique and its applications
are given in Nabighian (1972) and Thurston and Smith (1997).

In the present study, to confirm the accuracy of the SPI
method, the subsurface stratigraphic data of three deep wells
reach to surface basement rocks (Wadi Natrun-1, Abo Roash-
1, and khatatba-1), were used as a control reference.

The Curie point depth (CPD): The occurrence of volcanic
activity in the study area in the forms of dikes and sheets leads
to a change in the basalt magnetization behaviour and the hosting
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rocks; this is mainly resulting in converting magnetic minerals
from ferromagnetic to paramagnetic at temperature 550 °C = 30
°C (Hsieh et al. 2014; Nwankwo and Shehu 2015). The depth to
the Curie isotherm is defined as a theoretical surface with a
temperature of 580 °C and Curie point depth (CPD) that is con-
sidered an index of the bottom of a magnetic source, due to the
minerals of the Earth lose their ferromagnetic properties and fail
to possess magnetization (Nur et al. 1999). The aeromagnetic
anomalies can be used to study magnetic structures above the
Curie point depth. Simultaneously, the geothermal gradient can
be calculated from the temperature difference between the
Earth’s surface and Curie isotherm (580 °C) divided by the
Curie point depth. The shallow Curie point depth (CPD) includ-
ed the regions with geothermal potentials, such as the young
volcanisms and areas of thin crust (Aydin and Oksum 2010).
Knowing the varieties of the Curie depth in the area can provide
important information on both regional and local temperature
distribution, even there were no deep boreholes (Chapman and
Furlong 1992; Ross et al. 2006; Komolafe 2010; Bansal et al.
2011, 2013).

Many authors published different methods for calculating
CPD or the depth to the bottom of the magnetic layer (e.g.
Spector and Grant 1970; Bhattacharyya and Leu 1975; Shuey
etal. 1977; Okubo et al. 1985; Maus and Dimri 1996; Tanaka
et al. 1999; Finn and Ravat 2004; Ravat et al. 2007, 2011;
Bansal et al. 2011; Nwankwo 2015).

The centroid method is based on examining the shape of
isolated magnetic anomalies (Bhattacharyya and Leu 1975,
1977) and studying the statistical properties of magnetic

Fig. 4 Forty nine overlapping 30° 30°20°
blocks (75%) used for estimating
CPD from the TMI map (Curie

depth point is located at the centre

of the blocks)
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ensembles by Spector and Grant (1970). Blakely (1995) intro-
duced the theory of power spectral density of total magnetic
field and assumed that if the magnetic data set is large enough
such that the low-frequency anomalies caused by the bottom
of the source are included in the anomaly map, a peak should
be recognizable in the spectrum, the central wavenumber of
which relates to the depth of the bottom of the sources
(Spector and Grant 1970). In this method, estimation of the
depth to the centroid (Zy) is obtained from the logarithm of an
azimuthally averaged wavenumber-scaled Fourier amplitude
spectrum in the low wavenumber region. Meanwhile, the
depths to the top (Z;) of a magnetic layer which is calculated
from the slope of the radially averaged power spectrum of the
magnetic anomaly and the bottom depth (Zy,) can be calculated
from Z, = 2Z, — Z; according to Okubo et al. (1985) and
Tanaka et al. (1999). Furthermore, the depth resolution in such
calculations is restrained to the width of the aeromagnetic
window (L), whereby the highest CPD depth estimation is
restricted to /2 (Shuey et al. 1977).

In the present study for calculating the Curie point depth,
the total intensity aeromagnetic map was divided into forty-
nine (49) spectral blocks, each block approximately 137 x 120
km? with 75% overlapping to the adjacent blocks (Fig. 4) and
then a generation of radial energy spectrum plots of log energy
values versus the wavenumber (k). Two linear segments can
be identified for each block, indicating two magnetic source
layers in the study area. The red colour line represents the deep
source, and the black colour line indicates the external source
(Fig. 5). From the two segments, the top (Z,) and the centroid
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(Zy) depths (the shallow and deep magnetic sources) were
calculated by applying the technique of Okubo et al. (1985)
and Tanaka et al. (1999). The magnetic source’s bottom depth
can be computed as Z, =2 Z, — Z,, where Z, is the Curie depth
point. This processing was carried out by the Geosoft
Oasis Montaj software version 8.3 ( 2014). The top,
centroid, and bottom depth values of each block’s mag-
netic source are given in Table 1.

Table 1 Lists of top (Z)),

The geothermal gradient and heat flow were extracted from
the Curie point depth to study the geothermal resources in the
study area (7). At 580 °C, the geothermal gradient can be
calculated using the equation d7/dZ = 580 °C/Z,, (Tanaka
et al. 1999; Stampolidis et al. 2005; Maden 2010).
Simultaneously, the heat flow was calculated using the

Table2  Lists of the derived geothermal gradients and heat flow values
from the power spectrum analysis of acromagnetic map for 12 blocks in
the study area. The location of these blocks is shown in Fig. 7

bottom (Z,), and centroid Block no. Zy Z Zo

(Zo) depth values of the (m) (m) (m) Block no. Geothermal gradient (C/km) Heat flow (mW/m?)

magnetic source

obtained for 12 blocks in 23 23120 7904 15512 23 25 65

the study area 24 23786 10077 16931 24 24 63
25 21640 8441 15041 25 27 70
26 23780 9086 16433 26 24 63
30 18908 9174 14041 30 31 80
31 25938 8396 17167 31 22 58
32 15717 7755 11736 32 37 96
33 19084 7620 13352 33 30 79
37 20565 11564 16065 37 28 73
38 24464 11122 17793 38 24 62
39 27315 8827 18071 39 21 55
40 26209 9044 17626 40 22 58
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equation: ¢ = A (dT/dZ) = X (580 °C/Z), where A is the
coefficient of thermal conductivity.

The study area covers a part of the northern Western
Desert; the previously published thermal conductivity mea-
surements for the rocks forming the stratigraphic section in
the northern Western Desert carried out by Morgan et al.
(1983) were used as reference values. So, the average thermal
conductivity was assumed to be 2.6 W/m°C. The geothermal
gradient and heat flow values for each block on the total aero-
magnetic intensity map of the area were calculated and shown
in Table 2.

Results and discussion

Spectral analysis (SA) and source parameter imaging
(SPI) techniques were applied in the quantitative interpre-
tation of the aeromagnetic data. The results of the SPI grid
image technique is shown in Fig. 6 and presented as a
contour map. The SPI map shows the depth to the base-
ment in the study area ranges from 700 m (shallow mag-
netic bodies) at the middle and extreme eastern parts of
the study area (Khatatba, Abu Raoah, and G. Muqattam)
to 4400 m (deep magnetic bodies) at the northern and
southern parts (Wadi El Natron and G. Gartani). The
SPI technique depth values show good matching with
those obtained from the deep wells drilled for oil produc-
tion in the study area. The sedimentary cover thickness
increases northward and southward, corresponding to the
El-Gindi basin at the south. EI-Gundi basin is one of the
promising areas for hydrocarbon occurrences. Meanwhile,
uplifts in the shape of anticline are observed in the middle
and eastern parts of the study area, corresponding to Abu
Roash, El Khattatba, El Shayib, and El Mugqattum struc-
ture units. The basement depth in the mentioned structure
units varies from 700 to 2000 m, below sea level.

On the other hand, the main structural trends in the study area
were delineated from the TMI, RTP, and TAD maps which are
considered the pathways of basaltic flows. The main trends
traced from the TMI map are shown in Fig. 7, from which the
major trends are extending in E-W, NE-SW, and NW-SE direc-
tions. These trends coincided with the exposed basaltic rocks in
the study area, especially at Abu Roash and Gebel Qatrani areas.
This coincidence released the fact that basalt in the two areas
flowed along the planes of the mentioned structure trends. This
fact agrees with what was concluded by Said (1962) and Salem
(1976) that the mentioned trends are accompanied by thermal
springs and volcanic activity. The depth to basement values were
referred to the sea level and the resulting values used in construct-
ing the structure contour map (Fig. 8). The NE-SW and NW-SE
fault trends represent the most common structure trends in the
basement from the map.

The Curie point depth for the area was calculated from spectral
analysis of aeromagnetic data. The results show that the Curie
point depth values vary from 14 km in the eastern parts (Cairo,
Helwan, El Mugattam, Abu Roash, Haddadin, and Khattatba) and
increase to 34 km towards the south-western parts of the area
(south Gabal Qatrani), with an average of 20 km (Fig. 9).

In the study area (Fig. 10a,b), the calculated geothermal
gradient and heat flow (2.6 W/m°C was used as reference
values Morgan et al. 1983) shows that the geothermal gradient
values are ranging from 15 to 33 °C/km with an average of
approximately 29 °C/km. However, the heat flow ranges from
38 to 86 mW/m? with an average of approximately 79 mW/
m?. The geothermal gradient and heat flow values are high at
Khatatba and Abu Roash areas, which indicates that the ba-
saltic flows at the mentioned two areas are considered the
main source of geothermal resources; moreover, Khatatba
and Abu Roash regions are representing geothermal reservoirs
that may be used as a non-conventional source of energy.
Furthermore, the G. Qatrani region’s basaltic flows did not
show a tremendous geothermal activity; this may be because
the basaltic flows at the mentioned region were cooled and

Fig. 6 SPI depth to the basement
surface map in the study area 50
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Fig. 7 Magnetic lineaments traced from a total magnetic intensity map (TMI), b RTP aeromagnetic map, and c tilt derivative (TDR) map of the study

arca

exposed on the surface, lost its temperature, and did not have
great geothermal reserve in this region. In Table 3, the results
were compared favourably to those previously published by
Abdel Zaher et al. (2018); Abdel Zaher (2019), Ebarbary et al.
(2018), and Mohamed (2015 and 2019).

Conclusions

The study provides information about the subsurface struc-
tures and geothermal activities in the study area by SPI and
spectral analysis of aeromagnetic data. SPI results reveal that
the predominant structure trends in the study area are extend-
ing in E-W, NE-SW, and NW-SE directions. These trends are
accompanied by the geothermal and volcanic activity in
Western Greater Cairo. Most of the basaltic exposures in the
studied area are aligned along with the E-W and NE-
SW trends, indicating that the basaltic flows as sheets
along the planes of the mentioned trends and the basal-
tic exposures are rootless. Also, the depth to basement
rocks considered the thickness of the sedimentary cover
that ranges from 700 to 4400 m.

The Curie point depth was calculated from spectral analysis
of aeromagnetic data. The results reveal that the Curie point
depth is ranging from 14 km in the eastern parts (Cairo,
Helwan, El Mouqattum, Abu Roash, Haddadin, and
Khattatba) to 34 km towards the south-western parts of the
study area (south of Gabal Qatrani), with an average of 20 km.
The geothermal gradient ranges from 15 to 33 °C/km with an
average of approximately 29 °C/km. Meanwhile, the heat flow
values vary from 38 to 86 mW/m? with an average of approx-
imately 79 mW/m>.

These results indicated that the Curie point depth varies
inversely with heat flow, where the shallow CPDs, high geo-
thermal gradient, and high heat flow regions, mainly
Khattatba and Abu-Roash, are considered geothermal reser-
voirs and promising regions for a non-congenital energy
source. Therefore, the Khattatba and Abu-Roash regions’ ba-
saltic flows are considered the main geothermal source but are
not at the G. Qatrani region. On the other hand, the thickness
of the sedimentary cover is great at the southern parts of the
study area, forming an El-Gendi basin that indicates hydrocar-
bon occurrences. This basin has drilling activities for hydro-
carbon production nowadays.
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Fig. 8 The predominant major

structure trends in the study area,
as interpreted from the depth to I I I ! !
the basement map
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Fig. 10 a Geothermal gradient map. b heat flow map of the study area using an average thermal conductivity of 2.6 W/m°C

Table 3  Comparison between results the geothermal potentiality of the current study and the published from all Egypt

Curie Point Depth Heat flow References The area

(CPD)

Geothermal gradient (G.G)

From 38 to 86 mW/m? with an
average of approximately 79
mW/m?.

from 14 km to 34km,
with an average of
20 km

From 15 °C/km to 33 °C/km with an
average of approximately 29 °C/km.

The current area (West
Cairo area, Egypt)

In the current
paper

From 8.9 to 35km with From 17.6 to 75 °C/km. The average From 26.9 to about 187mWm? with Abdel Zaher All Egypt
an average value value is about31 °C/km which is closer ~ an average of about78.5SmW/m2. et al. (2018)
of 20km to
the world average (30 °C/km).
From 8.6 t0 35.7km  From 16.3 to 67.4 °C/km. From 47.1 to about 195.5 mWm? Elbarbary et al. ~ All Egypt
with an average of (2018)
about78.5mW/m”.
from 20 C°km to 40°C/km. Mohamed et al. Northern Western
(2015) Desert of Egypt
From 21 to 28km From 21 to 27 °C/km. From49 to about 64mW/m> Abdel Zaher Siwa Oasis, Western
et al. (2018) Desert
From 17 km to 29 km, From 20 to 35°C/km and anaverage of from52 to 90 mW/m2 with an Mohamed et al. Bahariya Oasis,
with an average of approximately 30 °C/km. average of approximately (2019) Western Desert
25 km 66mW/m’.
From 18 km to 26 km From 18.39 °C/km to36 °C/km and an 53 to 104 mW/m? with an average Abdel Zaher Farafra Oasis, Western

average of around 26 °C/km,

of approximately 74mW/m?

et al. (2019)

Desert
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