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Abstract

Aeromagnetic data at El Galala El Qibliya Plateau area were processed and analysed to determine the basement depth and
the structural trends that provided an understanding of the geological background for exploring hydrocarbons and mineral
resources in the area. The magnetic data were interpreted qualitatively and quantitatively. Edge detection techniques (EDT)
such as the analytic signal (AS), horizontal gradient magnitude (HGM), tilt derivative (TDR), centre for exploration targeting
method (CET), and Euler deconvolution (ED) were used to locate the lineament structures within the investigated area. The
depth of the magnetic sources was estimated using analytical signal (AS), source parameter imaging (SPI), and 2D model-
ling. The results show that the southeastern and the northeastern parts of the area are highly affected by lineament structures
that might be related to faults/contacts which are mainly controlled by the NW-SE, NNW-SSE, and NE-SW trends. The
AS depth result ranges from 225 to 3387 m while the SPI depth results range from 280 to 3703 m. more clear picture of the
basement topography surface was obtained by the generation of two 2D models across the area. The obtained models show
that the basement surface exhibits a depth varying from 50 to 3500 m with a horst and graben morphology of the basement
surface. The overall results reveal that the study area is considered a promising area for mineral exploration and hydrocarbon

resources, and further investigation studies should be considered for such a promising area.
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Introduction

Among the different geophysical tools, the magnetic method
is the oldest and the most widely used for investigating
the earth’s interior. It is a quick, cheap, and easy tool to
be employed in a wide range of subsurface exploration
problems from very near surface to locate metalliferous
man-made objects, through regional geological mapping
to determine large-scale structure, such as in hydrocarbon
exploration (Reynolds 2011; Hinze et al. 2013). The mag-
netic method investigates the earth's subsurface based on the
Earth's magnetic field variations that result from the mag-
netic properties variation of the underlying rocks. In gen-
eral, igneous and metamorphic rocks have greater magnetic
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minerals than sedimentary rocks. This facilitates the deter-
mination of basement depth, sedimentary thickness, and
mapping of structures (Al-Saud 2014; Anyadiegwu et al.
2017). The aeromagnetic survey is one of the most economi-
cal methods in undertaking a geophysical reconnaissance
exploration which is used as an initial investigating phase
of any regional scale area (Pohl 2011; Dentith and Mudge
2014). It can be used in a wide range of applications, includ-
ing geothermal, hydrocarbon, groundwater investigation,
structural mapping, and mineralogical studies (Tsokas and
Papazachos 1992).

The magnetic method has been used for a broad range of
applications such as mapping dykes (Hamath et al. 2020),
hydrocarbon exploration (Azab 2020), mapping mineral
deposits (Osinowo et al. 2020), geothermal investigation
(Ramotoroko et al. 2021), imaging sedimentary basins
(Nathan et al. 2020), basement depth estimation (Erbek
2021), mapping structure features(Oguama et al. 2021), and
Basement architecture determination (Okoro et al. 2022).
Many researchers used the magnetic method to determine
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basement depths, faults, minerals exploration, and hydrocar-
bon studies in different areas in Egypt (Ibraheem et al. 2018;
Ghazala et al. 2018; Mohamed and Zaher 2020; Araffa et al.
2020; Eweis et al. 2022).

The present work aims to investigate El Galala El Qibliya
Plateau area (The southern Galala) using the available aero-
magnetic data. The study area is located in the Northeastern
Desert of Egypt between Long 32° 04’ 25” & 32° 41" 30”
and Lat 28°27'21” & 28° 49' 22" to the west of the Gulf of
Suez, covering a surface area of about 2400 km? (Fig. 1a).
It forms a remarkable topographic feature rising to 1460 m
above the mean sea level, and the height decrease gradually
to the west direction (Fig. 1b). The area under investigation
was chosen to carry out this study due to its discriminative
geological setting and vital location near the Gulf of Suez,
which is considered one of the remarkable sites of hydrocar-
bon production in Egypt.

Previously, many authors have carried out studies at EL
Galala El Qibliya Plateau, mostly involving stratigraphy,
petrology, and palaeontology studies (Kuss 1986; Kuss and
Leppig 1989; Keheila 2000; Kuss et al. 2000; Ismail and
Boukhry 2001; Scheibner et al. 2001).On the other hand, few
geophysical studies were performed in the north of the study
area at EL Galala El Baharia Plateau e.g. El-Sadek (2009),
Saada (2016), Abdelazeem et al. (2019), and Mekkawi et al.
(2022) but no sufficient information about the subsurface
geology beneath the El Galala El Qibliya Plateau area is
available. Accordingly, this work is devoted to interpreting
and analysing the aeromagnetic data as a reconnaissance
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step for the evaluation of the natural resources, basement
depth determination, and structural trends mapping in the
El Galala El Qibliya Plateau area.

Geological setting of the study area

The study area exhibits exposed rock units which vary in
their origin and ages. The rock types can be distinguished
into two main associations: a Precambrian basement com-
plex and Late Palaeozoic to Quaternary sedimentary rocks
(Fig. 2). The crystalline rocks are represented by older gran-
ite, younger granite, and Dokhan volcanics related to the age
of Precambrian as well as more recent Tertiary intrusions
of a basaltic dike exists at the central north part of the study
area. Regarding the sedimentary rock units association, most
of them belong to Cretaceous—Quaternary deposits, except
for the central part of the area which is covered by the Araba
Formation (Fm) n (Fm) (Lower Cambrian) and Samer El Qa
Fm (Lower Carboniferous). The Cretaceous sediments cover
the central and the northeastern part and are incorporated in
Malha Fm, Wadi Qena Fm, Undifferentiated upper creta-
ceous deposits, Galala Fm, Umm Omeiyid Fm, Hawashiya
Fm, Rakhaiyat Fm, and Sudr Fm. (Conoco Inc 1987, 1989).

The structure patterns of the Gulf of Suez region included
within the study area were elucidated by several authors.
Moustafa and Khalil (1995) concluded that the Gulf of
Suez area was influenced by two main structural phases.
The first phase is the late Cretaceous deformation phase
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with NE-SW orientation which was formed as a result of
Africa and Eurasia convergence and the Neotethes closure.
The second phase was formed during the early Miocene due
to the opening of the Suez Rift consequently, deformations
of NW-oriented normal faults were formed. In agreement
with the above-mentioned conclusions, Younes and McClay
(2002) concluded that the structural architecture of the Gulf
region is controlled by a complex pattern of faulting with
two main trends: NW (Gulf of Suez trend) and NE (Gulf of
Agaba trend). Abdel-Gawad (1970) concluded that there are
three main fault systems with N, NW, and WNW that appear
to control the structure of the Gulf and Red Sea area.

Methodology

The aeromagnetic data of the investigated area was obtained
by digitising the total intensity magnetic map (TIM) with a
scale of 1:50,000 after the survey conducted by Aero Ser-
vice Division, Western Geophysical Company of America
in 1984, for the Egyptian General Petroleum Corporation
(EGPC) and the Egyptian Geological Survey and Mining
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Authority (EGSMA). The survey was executed with a spac-
ing of 1.5 km of flight line oriented in the NE-SW direction
(45°/225°) and 10 km tie intervals in the NW-SE direction
(135°/315°). Measurements were made at (92.65 m) inter-
vals with an altitude of 120 m of terrain clearance. The total
field of the area has an intensity of 42,425 nT, while the
mean inclination and declination angle of the ambient field
is 39.5 N and 2.1 E, respectively (Aero service 1984).

The (TIM) data were reduced to the pole (RTP) accord-
ing to Baranov and Naudy (1964) to ameliorate the effect
of oblique magnetization. This process followed by the
analysis of the power spectrum curve of RTP magnetic data
to separate the regional and residual magnetic anomalies.
The power spectrum curve (Fig. 4) shows two different
linear segments with different frequency bands related to
the deep and shallow magnetic sources. The deep-seated
magnetic component frequency bands ranging from 0.0 to
0.08 cycles/km, while the shallow magnetic component fr
frequency bands range from 0.08 to 0.35 cycles/km. These
bands of frequency were used through the band-pass filter
technique to produce the regional and residual component
magnetic maps. The analyses of magnetic data in this study
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were achieved through qualitative and quantitative inter-
pretation processes. The data were qualitatively interpreted
with the aim of delineating the lineaments and their trends
using Edge detection techniques (EDT). Various EDT were
employed in this study, including the horizontal gradient
magnitude (HGM), analytic signal (AS), Euler deconvolu-
tion (ED), CET grid analysis, and the tilt angle derivative
(TDR). Several authors used EDT for mapping subsurface
structural features e.g. (Oguama et al. 2021; Basantaray and
Mandal 2022). The quantitative interpretation was achieved
by application of several magnetic depth estimation meth-
ods such as analysis of power spectrum (Spector and Grant
1970), Source parameters imaging (SPI) (Thurston and
Smith 1997), Analytic signal (AS) (Nabighian 1972), Euler
deconvolution (ED) (Thompson 1982; Reid et al. 1990), 2D
magnetic modelling (Talwani et al. 1959; Talwani and Heirt-
zler 1964). All processing and enhancement techniques were
applied on the RTP magnetic data using the oasis montaj
package version 8.4 (Geosoft 2015).

The HGM filter (Cordell and Grauch 1985) is an enhance-
ment technique designed to look at fault and contact fea-
tures, it usually produces a more exact location for faults.
Maxima in the enhanced map indicates source edges. If (f)
is the magnetic field, then the (HGM) is given by:

2 2
HGM(x,y) = \/<%) + (%) , H

of . . C e . . of
where SIS the horizontal derivative in the x direction and 3

is the horizontal derivative in the y direction. The usefulness
of the HGM technique is it less affected by the noise in the
original data and depends on the two horizontal derivatives
of the magnetic field (Phillips 2002).

The AS technique is a popular gradient enhancement
which is related to magnetic fields by the derivatives. Roest
et al. (1992) showed that the amplitude of the AS can be
derived from the three orthogonal gradients of the total mag-
netic field using the expression:

of\? . (of\ . [of\?

|AS(X,Y,Z)|—\/<&) +<a_y> +(5) @)
where AS (x,y,z) is the amplitude of the analytical signal at
x, v, and z directions and f is the observed magnetic anom-
aly at (x, y). The AS displays maxima over the source body
edges even when the direction of the magnetization is not
vertical. The depth of magnetic source bodies can be esti-
mated by the AS techniques from the ratio of the total mag-
netic analytic signal (AS) Egs. (2) to the vertical derivative
analytic signal (AS1) as given below:
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where %,%, and % are the first derivatives in x, y, and z direc-

tions of the total magnetic field, fv is the first vertical deriva-
tive of the total magnetic field, D is the depth to the magnetic
body, and N is known as a structural index and is related to
the geometry of the magnetic source. For example, N=4 for
sphere, N=3 for pipe, N=2 for thin dike and N=1 for mag-
netic contact (Nabighian 1972).

The ED technique provides automatic estimates of source
location and depth. Therefore, this technique is a boundary
locator and depth estimation method (Thompson 1982; Reid
et al. 1990). ED is based on solving Euler’s homogeneity
equation:

o\ 0f o\ 0f o Of o
(=X)L @ =YITH =T =NB-D. ()

where B is the regional value of the total magnetic field and
(o> Yo» Zp) 1s the position of the magnetic source, which pro-
duces the total magnetic field f measured at (x, y, z) and N is
called the structural index, which represents the geometry
of the magnetic sources e.g. contact (N=0), fault (N=0.5),
sill or dyke (N=1), vertical or horizontal cylinder (N=2)
and sphere (N=3). Both Thompson (1982) and Reid et al.
(1990) suggested that a correct N value gives the tightest
clustering of the Euler solutions around the geologic struc-
ture of interest.

The centre for exploration targeting (CET) grid is an
effective technique used in the extraction of linear disconti-
nuities and recognition of edges within gravity and magnetic
field data. The CET grid technique analyses images texture
to detect lineaments along with contacts, boundaries, and
edges by subsequent steps that start with the computation of
the standard deviation which estimates magnetic variations,
phase symmetry to detect ridges, amplitude threshold to
detect line segments of the ridges, and skeletonization (line
thinning) to generate axial lines (Holden et al. 2012). The
CET grid analyses technique was applied to the RTP grid
data and the extracted lineaments were measured clockwise
from the North automated using the Arc Gis program. These
lineament segments were statistically analysed and plotted in
the form of rose diagrams using Rockworks software version
17 (rockworks 2018).

The (TDR) filter is defined by Miller and Singh (1994) as
the ratio of the first vertical derivative (VDR) to the ampli-
tude of the total horizontal derivative (THDR):
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and A 2D inverse modelling was carried out along two
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The derivatives g—i, %, and 3—2 in Egs. (7) and (8) refer to
the first derivatives of the magnetic field (f) in the x, y, and
z directions, respectively. The TDR filter is a particularly
good edge-detection filter, brings out a short wavelength
and reveals the presence of magnetic lineaments. For grav-
ity anomalies and vertical magnetized bodies, the tilt
derivative is positive over the source and negative outside
it. Moreover, the merit of the TDR filter is that the zero-
value contour line is located over or close to causative
source boundaries. Accordingly, it can be used as an edge
detector tool to outline the edge source bodies (e.g., con-
tacts or faults).

The SPI method uses the local wavenumber from an
analytical signal to calculate the depth of magnetic rocks.
The SPI function is a quick, easy, and powerful method
for calculating the depth of magnetic sources. SPI has the
advantage of producing a more complete set of coherent
solution points and it is easier to use. The resulting images
of SPI method can be easily interpreted by someone who
is an expert in local geology (Thurston and Smith 1997).
The SPI depth can be estimated from the reciprocal local
wavenumber as follows:
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selected profiles using the GM-SYS program depending
on the methods of Talwani et al. (1959) and Talwani and
Heirtzler (1964). The first profile coded (A-A’) runs in the
NE-SW direction, while the second coded (B-B’) runs in the
NW-SE direction with a total length of 55 km and 68 km,
respectively (Fig. 8). The results obtained from SPI were
used to control the depth to the basement surface along the
selected profiles. The assumed magnetic susceptibilities
of the underlying basement rocks are taken to range from
0.0038 to 0.007 in c.g.s unit and a zero value for the over-
lain sedimentary cover. To create the model, parameters of
the model such as magnetic susceptibility and depth were
adjusted manually until the best matching between the
observed and the calculated anomaly was obtained.

Results and discussion

The RTP map (Fig. 3b) in comparison with the TIM map
(Fig. 3a) shows that the reduction process shifts the mag-
netic anomalies northward due to the elimination of the
inclination and declination of the anomalies. The posi-
tion and shape of the obtained magnetic anomalies are
then related to their subsurface source bodies in the study
area. The RTP map shows magnetic field intensity values
between 42,045 nT as a minimum and 42,405 nT as a maxi-
mum. Qualitatively, a caution inspection of the RTP map
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(Fig. 3b) reveals that the investigated area is characterized
by the presence of a group of many magnetic anomalies of
varying wavelengths, amplitudes, shapes, sizes, and mag-
nitudes. This variation of magnetic field intensity reflects
the variation of the causative bodies in depths or composi-
tions. Accordingly, the study area can be divided into three
zones with crucial magnetic characteristics. The first zone
which occupies the southeastern part is characterized by
low magnetic intensity values (the blue colour) that may
be attributed to the presence of low magnetic susceptibility
source bodies. Within this zone, there are clear spots of high
magnetic intensity immersed in the surrounding low mag-
netic anomalies which can be interpreted as the presence of
a magnetic source body with high magnetic susceptibility. In
this zone, a very well correlation was achieved between the
magnetic anomalies and their responsible causative bodies,
where the surface geologic map (Fig. 2) elucidates the pres-
ence of exposed granitic rocks dominating this zone. The
magnetic susceptibility of a rock depends on its magnetic
content. Consequently, acidic igneous rocks are character-
ized by low susceptibilities, whereas the more basic rocks
emanate higher susceptibility values (Milsom 2003). The
second zone (green colour) is located in the central and the
northeastern parts of the study area and is characterized by
an intermediate magnetic response. Furthermore, the third
zone (purple colour) is characterized by the presence of
circular and elongated high magnetic intensity anomalies
located in the northwestern, central southern and northeast-
ern regions. The high magnetic response within the third

Fig.4 Radial average power
spectrum curve of RTP data

zone suggests the presence of basic or ultrabasic basement
intrusions. The magnetic anomalies seem to be structurally
controlled where most of them are oriented in NW-SE to
NNE-SSW directions and the others are oriented in NE-SW
and N-S directions. As the whole variation of crustal struc-
ture can be reflected by the disproportion of magnetic field
intensity (Airo and Wennerstrom 2010), the spectrum curve
(Fig. 4) was used to separate and define the shallow and the
deep source bodies. Using a 0.08 cycle/km cut-off wave-
number depending on the slope changes of the power spec-
trum curve, the filtered regional and residual magnetic maps
(Fig. 5) were obtained.

The regional magnetic anomaly map (Fig. 5a) displays the
deep-seated causative sources with magnetic intensity vary-
ing from 42,075 to 42,400 nT. The high magnetic anomalies
occupied the northwest, northeast and southern parts of the
mapped area. On the other hand, the low magnetic anoma-
lies dominated the central and the eastern parts. Most of
the regional anomalies are oriented in the NW-SE direction
(Gulf of Suez trend) as well as the presence of an E-W trend
in the northwestern part of the area. Comparing the regional
map (Fig. 5a) with the RTP map (Fig. 3b) reveals that there
is a great similarity between them in the central and the
western portions, thus indicating that the anomalies of the
RTP map in these parts have regional roots. The residual
magnetic anomaly map (Fig. 5b) is characterized by high fre-
quencies, short wavelengths and small size magnetic anoma-
lies which distinguish the near-surface structures in the study
area. Examination of this map reveals that the study area
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is characterized by the presence of numerous positive and
negative small circular, oval, elongated and irregular-shaped
magnetic anomalies, trending mainly in the NW-SE with a
minor trace of NE-SW, N-S, and E-W directions. A high
gradient between the alternative low and high anomalies is
noticeable in the southeastern and the northeastern parts.
Therefore, these features suggest the presence of faults and/
or contacts located at shallow depths in this part more than
in the rest of the area.

The HGM map (Fig. 6a) produces maxima ridges over
the edges of contacts or faults. The most predominant
trends traced from the HGM map (Fig. 6a) are the NW-SE,
NNW-SSE and NE-SW trends and a minor trace of the
N-S direction as shown from the azimuth frequency diagram
(Fig. 6b). On the other hand, the AS map (Fig. 6¢) exhibits
maxima of anomalies located at the centre of the causative
bodies. Given the azimuth frequency diagram (Fig. 6d), we
can notice that the extracted lineaments from AS map trend
at the NW-SE, NNW-SSE and NE-SW directions. The
similarity in the lineaments pattern of the AS and HGM
maps increases the result's reliability.

A glance on the geological map (Fig. 2) shows the pres-
ence of intrusions such as sills and dikes. The ED method
(Thompson 1982; Reid et al. 1990) is used in this work for
locating the source boundaries and their corresponding
depths. In this manner, two ED solution maps were created
for ST equal to 0.5 and 1 to analyse the locations and depths
of faults and dykes, respectively (Fig. 7). ED solutions for
SI=0.5 shows linear clustering solutions trending in the
NW-SE and NE-SW directions (Fig. 7a). The same can be
said in the ED map solution for SI=1 (Fig. 7b). Therefore,
the coincidence of the spatial distribution of ED solutions of
both dykes and faults leads to the conclusion that most of the
intrusive rocks are controlled by the existing faults. The cal-
culated depth solutions for the magnetic sources like faults
and dykes vary between less than 500 to 1500 m (Fig. 7).

The extracted lineaments map from the CET grid analysis
techniques (Fig. 8a) shows that the orientations of these line-
aments are in the WNW-ENE, NW-SE, N-S and NE-SW
directions, as shown in the plotted rose diagram (Fig. 8b).
The TDR map (Fig. 9) can be used easily to outline the
geological structures like faults through tracking the zero
value of the contour line which refer to the location of abrupt
changes in magnetic susceptibility values. The zero-contour
lines in the TDR map (Fig. 9) are represented by black col-
our. The main structural trends deduced from the TDR map
are oriented in the NW-SE and NE-SW directions. The
appearance and the orientation of shallow TDR magnetic
anomalies are consistent with that previously shown in the
AS and HGM maps (Fig. 6a, c). A correlation between dif-
ferent EDT results was made by plotting the solutions of ED
for SI 0.5 (Fig. 7a) and the extracted lineaments map from
the CET grid analysis (Fig. 8a) on the TDR map (Fig. 9),
thus, to ensure the reliability degree of EDT results. Figure 9
shows that the depth solutions of ED for SI equal to 0.5 is
congruous with the location of the source edges along with
the zero-contour line of the TDR map. On the other hand,
the CET results (white lines) are superimposed along with
the locations of both ED solutions of the fault and zero-
contour line of the TDR map and a good correlation between
them was achieved, which increases the reliability of the
results as the ED, TDR, and CET grid analysis represent
good edge detector tools for mapping subsurface structures.

From the previous discussion of EDT, it is clear that
the NW-SE, NNW-SSE and NE-SW represents the main
structural trends affecting the study area. The NW-SE and
NNW-SSE trends are related to the Gulf of Suez and the
Red Sea rifting system trend, which formed during the early
Tertiary. The Mesozoic—Cenozoic structural deformation of
Egypt is a result of the movement of the African Plate and
the surrounding plates resulted in NE-SW, NW-SE, and
NNW-SSE directions (Hamimi et al. 2020). The overall
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EDT results indicate that the study area is structurally con-
trolled, and the extracted lineaments could be favourable
structures like faults, fractures, contacts for mineralization
existing, since (Megwara and Udensi 2014) had earlier obvi-
ous that, the lineaments density are related to mineralization.

The average depths of the magnetic sources have been
estimated based on the analysis of the power spectrum
curve (Fig. 4). From the power spectrum curve, there are
two linear segments with different slopes. The first segment
(red line) represents the regional components of magnetic

anomaly, while the second (blue line) represents the residual
components of magnetic anomaly. Then, the depth to the
top of the causative bodies can be estimated by dividing
the obtained slope by the factor (4z) (Spector and Grant
1970). Accordingly, the estimated average depths for the
deep and shallow magnetic components are about 3.48 km
and 1.3 km, respectively. Moreover, the AS and SPI depth
maps (Fig. 10) provided a more detailed picture of the dis-
tributions of basement depths over the study area. The AS
map (Fig. 10a) shows that the depth of the basement varies
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Fig. 10 (a) AS depth map of El Galala El Qibliya plateau area (b) SPI depth map of El Galala El Qibliya plateau area

between 225 and 3387 m. The SPI map (Fig. 10b) reflects a
range of depths between 280 and 3703 m below the surface.
These results are more or less similar, thus reinforcing the
obtained estimated depths. On the other hand, both of them
reflect that the shallower depth to the basement is located
in the southeastern part of the study area, while the deepest
part exists in the northwestern part beneath the plateau of
El Galala El Qibliya.

Two magnetic profiles were taken along the RTP map
(Fig. 8) the first is passing from the SW-NE, while the sec-
ond is passing from the NW-SE direction. The constructed
two 2D magnetic models (Fig. 11) manifest a good illustra-
tion of the depth and susceptibility of the basement blocks.
The first profile denoted as (A—A’) was modelled using three
polygons with magnetic susceptibility varies between 0.0038
and 0.005 cgs unit (Fig. 11a). This model shows that the
basement surface in general is located at a shallow depth
ranging from 50 to 500 m along the most part of the profiles
except for the southwestern part exhibits a maximum depth
of 900 m. The second model coded as (B—B’) (Fig. 11b) con-
sists of three basement blocks with magnetic susceptibility
ranges between 0.0038 and 0.007 which reflects the varia-
tions in the composition of these basement blocks. The base-
ment surface is characterized by an irregular surface with a
horst-graben configuration of basement morphology which
is controlled by block faulting that may affect the overlying
sedimentary cover and that may enhance the migration and
entrapment of hydrocarbon in sedimentary succession. At
the distance of 44 km from the starting point of the profile,
the basement surface is exposed at the surface then the depth
increased gradually towards the NW direction to reach its
maximum of 3500 m. At the southeastern part of the mod-
elled profile, the maximum depth of the basement surface
recorded a depth of 2500 m below the surface. The mod-
elled profiles in general, show that the study area consists

@ Springer

of basement blocks with various components as illustrated
by the variations of magnetic susceptibility of the modelled
basement blocks (Fig. 11). The highest recorded value of
magnetic susceptibility is existing at the northwestern part
of the modelled profile (B-B’) (Fig. 11b) which located
beneath El Galala El Qibliya plateau and that may be due to
the presence of a basic rock underlain the sedimentary suc-
cession. That is why a high magnetic intensity value of the
RTP map (Fig. 3a) appears at this part of the study area. The
higher magnetic intensity values are associated with higher
magnetic susceptibility values due to the abundance of fer-
romagnetism minerals occurring in the basic or ultrabasic
rocks (Hunt et al. 1995).

The overall results obtained from the different depth
estimation methods prove that the sedimentary thickness in
some parts of the study area, such as the northwestern part,
reaches more than 3500 m. On the other hand, the lowest
thickness of sediments exists on the southeastern side of
the area where some exposures of rock units appear at the
surface. Finally, the analysis of the acromagnetic data at El
Galala El Qibliya plateau contributes to mapping subsurface
structures, determining the basement depth, and sedimentary
cover thickness.

Conclusions

The interpretation of the available aeromagnetic data con-
tributes to delineate the basement configurations and the
structures set up in the study area. The obtained results
show two main trends affecting the area: the first is related
to the Gulf of Suez trend with NW-SE direction, and the
second belongs to the Gulf of Aqgaba trend with an orienta-
tion of NE-SW. The basement architecture affected by these
trends appears as alternative horsts and grabens-like features
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resulting in a variable thickness of the overlain sedimentary
succession across the study area. The basement depth var-
ies between 225 to 3700 m as deduced from the SPI and
AS depth estimation methods, with averages of 3489 m and
1300 m for the deep and shallow magnetic sources, respec-
tively, as inferred from the analysis of the spectrum curve.
The EDT results shows that, the southeastern and the
northeastern part of the area characterized by high line-
aments density than the other parts that suggest a more
abundance of faults, fractures, and lithological contacts
which may be possible locales for mineral resources. The
deepest part of the basement surface exists beneath El
Galala plateau on the northwestern side of the area, where
it gives a maximum accumulation of sedimentary thick-
ness that exceed 3400 m. The sedimentary cover thick-
ness in the study area attains about 3500 m and this is
promising for oil accumulation in such area, since Wright

20 Dpistance(km) 40 B’

et al. (1985) claims that a minimum of 2300 m sedimen-
tary rock thickness is required for hydrocarbon generation
from organic remains..

This work adds more information about the basement
morphology and structure pattern at El Galala El Qibliya
plateau area as a reconnaissance study for hydrocarbon
and mineral prospecting. The Egyptian government should
support further studies at El Galala El Qibliya plateau area
for exploring hydrocarbon and mineral resources.
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