“‘ . Geomaterials, 2023, 13, 91-108

’ ¢ Scientific https://www.scirp.org/journal/gm
0 " Research :

94% Publishing ISSN Online: 2161-7546

< ISSN Print: 2161-7538

Determination of Curie Point Depth and Heat
Flow Using Airborne Magnetic Data over the
Kom-Ombo and Nuqra Basins, Southern
Eastern Desert, Egypt

Ahmed Tarshan, Asmaa A. Azzazy, Ali M. Mostafa, Ahmed A. Elhusseiny

Airborne Geophysics Department, Nuclear Materials Authority, Cairo, Egypt

Email: ahmednoureldin1985@gmail.com

How to cite this paper: Tarshan, A., Az-
zazy, A.A., Mostafa, AM. and Elhusseiny,
A.A. (2023) Determination of Curie Point
Depth and Heat Flow Using Airborne Mag-
netic Data over the Kom-Ombo and Nugra
Basins, Southern Eastern Desert, Egypt. Geo-
materials, 13, 91-108.
https://doi.org/10.4236/gm.2023.134007

Received: August 5, 2023
Accepted: September 25, 2023
Published: September 28, 2023

Copyright © 2023 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

[ONom

Abstract

The Kom-Ombo and Nugqra basins in southern Egypt have recently been dis-
covered as potential hydrocarbon basins. The lack of information about the
geothermal gradient and heat flow in the study area gives importance to stud-
ying the heat flow and the geothermal gradient. Several studies were carried
out to investigate the geothermal analyses of the northwestern desert, as well
as the west and east of the Nile River, using density, compressive wave veloc-
ity, and bottom hole temperature (BHT) measured from deep oil wells. This
research relies on spectral analysis of airborne magnetic survey data in the
Kom-Ombo and Nugqra basins in order to estimate the geothermal gradient
based on calculating the depth to the bottom of the magnetic source that
caused the occurrence of these magnetic deviations. This depth is equal to the
CPD, at which the material loses its magnetic polarisation. This method is
fast and gives satisfactory results. Usually, it can be applied as a reconnais-
sance technique for geothermal exploration targets due to the abundance of
magnetic data. The depth of the top (Z) and centroid (%) of the magnetic
source bodies was calculated for the 32 windows representing the study area
using spectral analysis of airborne magnetic data. The curie-isotherm depth,
geothermal gradient, and heat flow maps were constructed for the study area.
The results showed that the CPD in the study area ranges from 13 km to 20
km. The heat flow map values range from 69 to 109 mW/m?, with an average
of about 80 mW/m?. The calculated heat flow values in the assigned areas (A,
B, C, and D) of the study area are considered to have high heat flow values,
reaching 109 mW/m? On the other hand, the heat flow values in the other
parts range from 70 to 85 mW/m? Since heat flow plays an essential role in
the maturation of organic matter, it is recommended that hydrocarbon ac-
cumulations be located in places with high heat flow values, while deep drill-
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ing of hydrocarbon wells is recommended in places with low to moderate
heat flow values.
Keywords

Curie Point, Heat Flow, Airborne Magnetic Data, Nuqra Basin, Kom-Ombo
Basin, Eastern Desert

1. Introduction

Several stresses during the Late Cretaceous affected the sedimentary cover suc-
cession in Egypt and were attributed to the collision between the African and
Eurasian plates, leading to shortening in North Africa and the formation of
large-scale E-W to ENE strike-slip faults in Afro-Arabia ([1] [2] [3]).

This collision occurred concurrently with crustal extensions along north-west
trending faults that continued to the Oligo-Miocene, resulting in the formation
of the Red Sea Basin, which stretches from the northwest to Kom-Ombo in the
southeast for more than 250 km and is dissected by numerous northeastern and
southwestern trending faults similar in size to the Gulf of Suez fault ([3]-[8]).

The Kom-Ombo and Nugqra basins are considered parts of the continental rift
that was formed as a result of the Red Sea rift [8]. The study of the Kom-Ombo
and Nugqra basins indicates their hydrocarbon potential [3]. The Kom-Ombo
and Nugqra basins are located in southern Egypt (Figure 1), where the Nile River
separates the Kom-Ombo basin to the west from the Nuqra basin to the east.

The potential of hydrocarbons has been widely studied and evaluated recently
in numerous studies (e.g., [3] [9]-[17]). Due to the importance of the Kom-Ombo
and Nugqra basins, it is worthwhile to study the geothermal gradient and heat
flow for further exploration.

Hosney (2000) [18] used density and compressional wave velocity to investi-
gate heat flow east and west of the Nile River. It was concluded that the northern
part of the western part of the Nile River is characterized by a low heat flow (46
mW/m?), while the eastern part of Egypt is characterized by a high heat flow
reaching (80 - 130 mW/m?).

Mohamed et al (2015) [19] studied the geothermal gradient in the northern
part of the Western Desert. The study relied on bottom-hole temperatures recorded
from 149 deep oil wells. The study showed that there is a decrease in the geo-
thermal gradient by about 30°C/km in the northern part of the Western Desert.

Saada (2016) [20] studied the heat flow and geothermal gradient over the
northern part of the Western Desert (between latitudes of 30° and 32° and lon-
gitudes of 26° and 30°). This study is a regional one based on the spectral analy-
sis of airborne magnetic data. He concluded that the depth of magnetic objects
increases from 24.5 km in the southern part to 33 km in the northern part. The
calculated surface heat flow value ranges from about 56 to 42 mW/m?

No research study was conducted in the study area to study the heat flow and
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geothermal gradient. Calculating heat flow is critical and necessary for oil and
gas prediction [21], as the Kom-Ombo and Nugqra basins are important and po-
tential hydrocarbon areas. Due to the lack of wells drilled in this area and the
absence of information about the heat flow over the Kom-Ombo and Nugra ba-
sins, this research was conducted to evaluate the geothermal gradient and the
surface heat flow over the Kom-Ombo and Nugqra basins. The idea of this re-
search is to use airborne magnetic data to determine the depth to the top and
bottom (basal) of the magnetic source objects to estimate the geothermal gra-
dient. This depth is equal to the Curie point depth (CPD), at which the material

loses its magnetic polarization.

2. Study Area and Geological Features

The study area is located in southern Egypt, between latitudes 23°43'31.00" and
25°10'59.94" and longitudes 32°28'45.90" to 34°06'19.97" (Figure 1). The two ba-
sins of Kom-Ombo and Nuqra Basins are divided by the Nile River, the
Kom-Ombo basin to the west and the Nugqra Basin to the east (Figure 1). The
surface geological map (Figure 2) shows that the outcrops of the study area vary
in age from Quaternary to Precambrian. The Quaternary and Protonile deposits
cover the central part of the study area. The Nile silt and Neonile deposits are
scattered along the Nile River bank, where the Neonile deposits extend further to
the east until they turn into Protonile deposits, which begin to spread in the

central part of the study area.
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Figure 1. A map of Egypt showing the location of the study area.
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Figure 2. Geologic map of the study area (modified after Conoco, 1987).

The Pliocene deposits are found in the eastern part of the study area. The Pa-
leocene deposits are represented by the Tarawan Formation. This formation is
laterally replacing the upper part of the Dakhla Formation [22].

The Upper Cretaceous age covers the northern and southern parts of the area
and is represented by the Dakhla Formation, the Duwi Formation, the Quseir
Formation, the Umm Barmil Formation, the Timsah Formation, and the Abu
Aggag Formation. The Dakhla Formation is composed of dark-grey oscillating
marine shale with calcareous intercalations. The Duwi formation is composed of
phosphate beds, glauconitic sandstone, and grey shale. On the other hand, the
Quseir formation consists of varicolored shale, siltstone, and flaggy sandstone,
containing freshwater gastropods, plant remains, and vertebrate remains. The
Umm Barmil Formation consists of fluviatile sandstone that becomes more ma-
rine towards the north [22].

The Timsah Formation consists mainly of a deltaic sequence of shale, silt-
stone, and sandstone with two major oolitic iron-ore beds. The Abu Aggag For-

mation consists of fluvial deposits with cross-bedded sandstone, ripple-laminated
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sandstone, and lenticular sand bodies. The southwestern part is characterized by
the existence of the exposed basement to the surface, such as Natash Volcanics,
which is basic to acidic, alkaline undeformed volcanic rocks, metasediments, and
calc-alkaline, weakly deformed granitic rocks [22].

The subsurface stratigraphic sequence is described by the presence of a good
thickness of the upper Cretaceous sequence. The Upper Cretaceous sequence
consists of the Kom-Ombo Formation. This formation is divided into three
clastic members known as Kom-Ombo members A, B, and C, which were depo-
sited locally in the Early Berriasian age in the Nile’s west. The Kom-Ombo For-
mation is overlain by the deposition of the Six hills Formation of the Late Ber-
riasian-Barremian, which can be divided into seven members from A (base) to G
(top) [31].

In the (Albian-Cenomanian), the Abu Ballas Formation is unconformably
overlies the Six Hills Formation, then unconformably overlain by the Sabaya
Formation, and it is separated from the overlying Sabaya Formation by a major
thrust fault ([23] [24]). The Maghrabi Formation of the Late Cenomanian con-
formably overlies the Sabaya Formation and underlies other more recent depo-
sits, starting with the Taref Sandstone Formation to the Duwi Formation, which
consists of phosphate beds, glauconitic sandstone, and grey shale. The Duwi
Formation is overlain by the Dakhla Formation and the Esna Formation, which

are mainly composed of dark-grey marine shale [22].

3. Airborne Magnetic Data

An Aero-Service aircraft of the American Western Geophysical Company, 1984
[25], was used for data acquisition to collect the airborne magnetic data of the
study area. The survey was conducted under specific conditions, including a
flight altitude of about 120 meters of ground clearance. The flight line interval
was 1.5 km for the traverse lines and 10 km for the tie lines. The magnetic data
was corrected to isolate the component of the magnetic field due to crustal ma-
terial. Diurnal correction, heading correction, lag correction, and the Interna-
tional Geomagnetic Reference Field (IGRF) were applied to the measured data to
produce the corrected magnetic anomalies.

The magnetic fields caused by geologic bodies are deformed by the inclination
and declination of the earth’s magnetic field. Most magnetic anomalies have
both positive and negative counterparts. Therefore, reducing the magnetic data
to a magnetic pole (inclination = 90°) is necessary. In this case, the maximum of
the anomalies will be directly over the centre of the causative body. The method
of reduction to the pole (RTP) is used to remove this effect, so that the data ap-
pear as if observed at the pole.

Blakely (1995) [26] mentioned that the field reduced-to-the pole at a fixed
point above the measurement plane in frequency domain is given by,

L(@):l/[sin(la)—icos(l)cos(D+€)]z,if (I,<1), 1,=1 (1)

where: 7/ = geomagnetic inclination, 7, = inclination for amplitude correction
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(never less 1), D = geomagnetic declination, # = wavenumber direction and 7 =
imaginary component.

Reduction to the pole has an amplitude component (the sin term) and a phase
component [the icos(l)cos(D+6) component]. An amplitude inclination of
90° causes only the phase component to be applied to the data (no amplitude
correction), and a value of 0° (zero) causes phase and amplitude components to
be applied over the entire range. At low latitudes, it’s very sensitive to apply the
reduction to the pole due to the distortion of the magnetic anomaly [27]. However,
it was found from numerical experiments that there were no significant differences
between CDP obtained with and without electrode reduction ([20] [28] [29]).

The RTP map (Figure 3) was generated by applying an assumed RTP correc-
tion of 4.34° declination and 35.92° inclination using the Oasis Montaj Program,
2007 [30]. The variations in magnetic intensity of the RTP map (Figure 3) sug-
gest a wide variety of different magnetic properties. Positive anomalies are ob-
served at the northwestern, southeastern, southwestern, and northwestern parts
of the study area, with values ranging from 100 to 300 nT (Figure 3). Magnetic
anomalies are produced by the combination of effects from shallow and deep
crustal magnetic sources ([20] [31]). Estimating the CPD is related to the deep
anomalies; however, the RTP map (Figure 3) contains both long wavelength and
short-wavelength anomalies. Shallow magnetic bodies generate local magnetic

anomalies with a relatively high frequency.
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Figure 3. Reduced-to-pole (RTP) map of the study area.
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4. Methodology

Spectral analysis of magnetic anomalies is one of the best methods for deter-
mining the depth extent of magnetic sources, and it is based on examining the
statistical properties of the patterns of magnetic anomalies. This method gives a
relationship between the spectrum of magnetic anomalies and the depth of a
magnetic source by transforming the spatial data into the frequency domain
[32].

Shuey et al (1977) [33] showed that this method is more suitable for regional
compilations of magnetic anomalies. The Spectral analysis of magnetic anomaly
data was developed in three stages. The first stage was introduced by Spector and
Grant (1970) [32]. They described the basic 2-D spectral analysis method and es-
timated the depth to the top of magnetized rectangular prisms (Z;) from the
slope of the log power spectrum. Secondly, this method was developed by Bhat-
tacharyya and Leu ([34] and [35]). They calculated the depth of the centroid of
the magnetic source bodies (%). The third stage was developed by Okubo et al
(1985) [28]. They developed a method to estimate the bottom depth of the mag-
netic bodies (Z3) using the spectral analysis method of Spector and Grant (1970)
[32].

Tanaka et al (1999) [36]; Maden (2010) [37]; and Saibi et al. (2015) [38] sup-
pose that the magnetic body infinitely extends in the horizontal direction and
that the depth of the magnetic body is very small relative to its horizontal exten-
sion scale. According to Bhattacharyya and Leu (1975) [34], the magnetization
intensity M (X,y) is a random function of the horizontal directions x and y

and can be expressed as follows:

Dar (kerky ) =D (KoK, ) F (KoK, ) @)

X1ty X1ty X1y

where O,; (kx, ky) is the power spectrum of the total magnetic field, &,, is

the power density spectrum of magnetization intensity, and k,, k, are wave-
numbers in the xand y directions, respectively. Equation (2) can also be written

as follows:

X1y

@ (K,oky ) =47°C2 |6, |6 |2 o 2Kz (1_6—\k\<zb-z‘>)2 3)

where, 0, is the power density spectrum of the magnetization; C_ is a pro-
portionality constant; 6, and ¢, are factors for geomagnetic field direction
and magnetization direction, respectively.

z, and z, are basal and top depths of the magnetic source, respectively. All
terms show radial symmetry and the radial average of 6, and 6, is constant.
If M(x,y) isarandom function, &, (kX : ky) is constant, therefore the radial
average of &, is:

D xr (|K|) — Ae Mz (1_ef\k\(zb72t))2 (4)

After the appropriate simplification and when the wavelength is smaller than

twice the thickness of the magnetic layer, we can obtain an approximate expres-
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sion of Equation (4), which can be written as:
1/2
in| @, (K} [~ 1nB-|K|z, 5)
where B is a constant. The upper bound of a magnetic source Z, could be es-
timated by fitting a straight line through the high-wavenumber part of a radially

averaged power spectrum In [@ AT (|K|)MJ . On the other hand, equation (4) can

be rewritten as:

D (|K|)U2 — e (ef\k\(zt—zo) _e—‘k‘(zbfzo)) ©

where, Cis constant. For the long-wavelength segment, Equation (6) can be re-

written as:
D s (|K|)U2 — Ce 2Kz (e*\k\(*d) _ e*\k\(d)) 7)
Equation (7) can be rewritten as follows:
2.0 (K| =ce 2. ®

where, 2d is the thickness of the magnetic source, from Equation (8), it can be

1/2
In Zur (K =InD-[K|Z, (9)
K]

where, D is a constant. The centroid of the magnetic source Z can be estimated

expressed as:

by fitting a straight line through the low-wavenumber part of the radially aver-

aged frequency-scaled power spectrum

. {@M <|K|>”2}
K

From the slope of the power spectrum, we can estimate the depth Z; of the
magnetic layer top surface and central depth Z, and the basal depth Z; of the

magnetic layer bottom surface can be computed from Equation (10) ([28] [36]):
Z,=2Z,-2, (10)

The depth of the bottom of the magnetic object is considered the same as the
CPD. Whereas, the basal depth (Z,) that is calculated from spectral analysis of
the magnetic is the CPD ([28] [34]). At this depth, the temperature reaches
580°C to establish a relation between the Z, (CPD) and the Curie point temper-
ature (580°C), the vertical direction of temperature variation and the constant
thermal gradient were assumed. The geothermal gradient (d 77d.2) between the
earth’s surface and the CPD (Z;) can be obtained by using the Curie temperature
of 580°C according to Equation (11) ([36] [37] [39]):

dT/dz =580°C/z, (11)

Using Fourier’s law [40], the heat flow and thermal gradient values can be

calculated with the following formula:
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Q=4(580°C/z,) (12)

where Qis the heat flow and A is the coefficient of thermal conductivity.

The CPD is inversely proportional to heat flow, as shown in Equation (11).
This equation assumes that the direction of the temperature variation is vertical
and the temperature gradient is constant.

According to Dimitriadis et al (1987) [41] and Nwobgo (1998) [42], they stated
that the window size should be at least 4 - 6 times the depth of the Curie surface.
The study area was divided into 32 windows. The size of each window is ap-
proximately 60 x 60 km, with an overlapping sliding window to calculate the en-
tire area, and each of the two adjacent windows overlaps by 30 km using the Oa-
sis Montajprogramme (2007) [30]. The RTP map (Figure 3) was divided into 32
regions (Figure 4) in order to estimate the CPD.

The inclusion of points at the study area boundaries and the extension of the
airborne magnetic data used to 30 km around the study area were considered
during the calculation to calculate the CPD at these points to cover the study
area. The coordinates in the centre of each window, representing the sample

point, were used to plot the calculated CPD (Figure 4).
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Figure 4. Location map of the study area showing the 32 areas used to estimate the depth
to the centroid and top of the magnetic sources.
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The 2-D FFT power spectrum method (Equations (5) and (9)) was applied to
each window. Using these two equations, the amplitude spectrum of every window
and the ratio between the amplitude spectrum and wavenumber were calculated
to obtain an estimation value for the buried depth (Z) of the magnetic body top
surface and the centroid depth of the magnetic body (%). Z; and Z, were derived
from the slope of the second-longest wavelengths of the radially averaged power

spectrum In| &,; (|K|)1/2 and the longest slope of the frequency-scaled power
v
17
spectrum In % . Figure 5 shows the calculated depth to the top of
the magnetic bodies (Z;) for No. 14 from the radially average power spectrum.
Figure 6 shows the estimated centroid depth of magnetic bodies (%) for window
No. 14 as an example of the radially averaged power spectrum applied to each

window of the 32 windows.

Z,=4.3273 km

In{P(K)"?}
[\

_7 T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00
Wave Number, K (rad/km)

Figure 5. Radially averaged power spectrum used for estimating the depth to the top of
the magnetic bodies (Z) of window No. 14.
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Figure 6. Radially averaged power spectrum used for estimating the centroid depth (%)

of window No. 14 areas.
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After calculation of (Z) and (%), the depth to the bottom of the magnetic
source bodies (Z;,) was calculated using Equation (10), which represents the
CPD. The geothermal gradient (d7/d2) and the surface heat flow (Q) were cal-
culated using Equations (11) and (12), respectively, for each window in the study

area. All these statistics were summarized in Table 1.

5. Results and Discussion

The calculated CPD values were gridded to show the variation in depth to the
bottom of the magnetic objects (CPD), as shown in Figure 7. The isothermal
depth map (Figure 7) of the study area shows that the CPD values range from 13
km to 20 km (Table 1). The isothermal depth map (Figure 7) shows that the
depth decreases in four regions within the study area. These regions are assigned
as A, B, C, and D on the Curie-isotherm depth map (Figure 7). The depths in
these regions reach 13 km. The rest of the study area has an average depth of
about 17 Km. On the other hand, the depth increases in some parts to 20 Km.
The corresponding geothermal gradient ranges from 43 to 27°C/km. The
geothermal gradient map (Figure 8) shows that the average value of the geo-
thermal gradient for the majority of the study area is 30°C/km. Four regions (A,
B, C, and D) have a high geothermal gradient of more than 35°C/km that reach-
es, in some locations, to 43°C/km (Figure 8).
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Figure 7. Curie-isotherm depth map of the study area.
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Table 1. Results of depth estimations for the top (Z) and centroid (%) of magnetic
source bodies, as well as the CPD (Z) with corresponding geothermal gradient (d77dZ2)
and heat flow (Q) for all divided windows.

Area No. Z: (Km) Zy (Km) Zp (Km) ( d C’Ilylgi) Q (mW/m?)
1 4.70 10.66 16.62 34.90 87.24
2 5.34 11.98 18.61 31.16 77.90
3 5.72 12.19 18.65 31.10 77.74
4 5.71 11.42 17.12 33.87 84.67
5 4.71 12.54 20.36 28.48 71.20
6 5.15 11.53 17.92 32.37 80.94
7 5.39 11.94 18.49 31.37 78.42
8 4.85 12.42 20.00 29.00 72.50
9 4.34 11.63 18.92 30.65 76.63
10 4.62 11.98 19.34 29.99 74.97
11 6.67 11.85 17.03 34.05 85.13
12 6.67 12.32 17.98 32.25 80.62
13 4.13 12.01 19.88 29.17 72.92
14 4.33 8.78 13.24 43.82 109.55
15 4.68 11.79 18.91 30.67 76.68
16 5.26 12.73 20.19 28.72 71.80
17 4.18 11.26 18.35 31.61 79.03
18 4.30 10.93 17.56 33.03 82.58
19 5.63 12.23 18.83 30.80 76.99
20 4.48 12.27 20.05 28.93 72.32
21 3.56 10.54 17.52 33.11 82.77
22 4.11 9.78 15.45 37.53 93.84
23 4.39 11.78 19.18 30.25 75.62
24 4.54 12.33 20.11 28.84 72.09
25 4.79 11.88 18.98 30.56 76.40
26 4.63 11.71 18.79 30.86 77.15
27 4.31 12.44 20.56 28.21 70.53
28 4.31 10.07 15.82 36.67 91.67

0.00 (Basement
29 is exposed to 10.00 20.00 29.00 72.50
the surface)

30 5.94 12.11 18.28 31.72 79.30
31 4.21 12.50 20.79 27.90 69.76
32 4.19 11.56 18.93 30.65 76.61
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Figure 8. Geothermal gradient map of the study area.

A heat flow map was generated as shown in (Figure 9). The surface heat flow
of the study area decreases from 109 to 69 mW/m? The CPD varies inversely
with both the geothermal gradient and the heat flow. Hence, the heat flow values
in the assigned areas A, B, C, and D increase to 109 mW/m? (Figure 9). On the
other hand, in other parts of the study area, the heat flow ranges from 70 to 85
mW/m?

From the spectral analysis of airborne magnetic data in the study area, an av-
erage CPD value of about 17 km was calculated, which decreased to 13 Km in
some areas (A, B, C, and D) (Figure 7). The average heat flow for the study area
is about 80 mW/m? Since the Kom-Ombo and Nugqra basins are part of the con-
tinental rift of the Red Sea and the Gulf of Suez, the calculated average heat flow
in the study area is as the same as the heat flow recorded in the Gulf of Suez,
which is 80 mW/m? [43]. Due to the absence of magnetite in the upper mantle,
the Moho discontinuity is considered to be the lower magnetic boundary [44].
Thus, the calculated bottom depth of the magnetic objects is considered a Moho
discontinuity.

The estimated Curie-isotherm depth (Figure 7) is inversely proportional to
the geothermal gradient (Figure 8) and heat flow (Figure 9).

The depth of the Moho discontinuity in the northern Western Desert ranges
from a depth of more than 35 km to about 30 km at the Mediterranean coast and
then decreases rapidly to about 20 km not far from latitude 32°N [20]. Therefore,
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Figure 9. Surface heat flow map of the study area.
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Figure 10. Basement relief based on the calculated depth to the top of the magnetic bo-
dies (Z).

we can conclude that the changes of the Moho discontinuity for the study area
differ by an average of 17 km. The continental crust is composed largely of ra-
dioactive elements compared to the oceanic crust. Sixty percent of the heat on
the continents is derived from these radioactive elements [45]. The oil window
ranges from 50°C to 150°C. Therefore, petroleum is formed at depths ranging
from 2.3 to 6.8 km. These depths explain why oil is mainly produced from Cre-
taceous and older deposits in the study area [20]. The calculated depth to the top
of the magnetic bodies (Z) ranges from 3.5 - 6.6 km, and this is the main depth
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range in which petroleum is formed. The 3D model of the depth to the top of the
magnetic bodies has been viewed using the Oasis Montaj Programme, 2007 [30]
(Figure 10).

The heat flow values in the western desert are lower than those in the Gulf of
Suez; therefore, the drilling is deeper in the western desert as compared to the
Gulf of Suez. As a result, this study recommends deep and moderate drilling for
hydrocarbon production in the study area except in areas A, B, C, and D, where
the heat flow values reach 109 mW/m?>

6. Conclusions

In the present study, spectral analysis of magnetic anomaly data was applied to
the study area to estimate the Curie-isotherm depth, geothermal gradient, and
heat flow over the Kom-Ombo and Nugqra basins in southern Egypt. A surface
Curie-isotherm depth calculation was performed based on a spectral analysis of
airborne magnetic data. To estimate the depth to the top (Z) and bottom (%) of
magnetic source objects, the area was divided into 32 windows (regions). The
results of this research showed that CPD values range from 13 km to 20 km. The
isotherm-depth map (Figure 7) shows that the depth decreases in four regions
(A, B, C, and D) to 13 km. The average depth of most of the study area is 17 km.

The geothermal gradient corresponding to the study area ranges from 27 to
43°C/km. The average geothermal gradient value for the majority of the study
area is 30°C/km. The calculated surface heat flow of the study area ranges from
69 to 109 mW/m?. The heat flow values in the assigned areas A, B, C, and D in-
crease to 109 mW/m?. On the other hand, in other parts of the study area, the
heat flow ranges from 70 to 85 mW/m?

The calculated high heat flow values indicate a high probability of hydrocar-
bon accumulations in the Kom-Ombo and Nugra basins. Moderate drilling for
hydrocarbon production in the study area is recommended except for Areas A,
B, C and D, where heat flow values reach 109 mW/m?.
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