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Abstract. The northwestern Sahara represents one of Egypt's most important oil and gas production and agricultural projects.
This paper deals with the interpretation of aeromagnetic data to map the basement depth at the northwestern part of Egypt. The
aeromagnetic data of the study area presented as International Geodetic Reference Formula (IGRF) map and has been digitized
and processed using the Geosoft Oasis Montaj software. The local and deep magnetic sources were separated using Butterworth
filters. The basement was estimated using the radial average power spectrum technique (RAPS), the source imaging parameter
method, and the Euler Deconvolution technique. The RAPS technique revealed that the average depth to shallow and deep
magnetic sources (basement) is about 1540 m and 6960 m, respectively, while the SPI technique showed that the basement
depth ranged from 2529 m to 5559 m over the study site. The obtained ED anomalies range from 1065 to 4526 m in depth. It is
noted that the depth increases northward the study area. Results denote that northern and southeastern parts distinguish deeper
basement sources; the depth reaches 5559 m. These parts have a thick sedimentary cover due to the subsidence of these parts
representing the basins that have the potentiality for hydrocarbon and underground water exploration.

Keywords: aeromagnetic, depth to basement, Euler Deconvolution, radial average power spectrum, source parameter imaging,
Hydrocarbon, and groundwater potentiality.
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1. Introduction

Aeromagnetic survey one of the most effective tools in the investigation of sedimentary basins, in terms of potential
hydrocarbons and underground water, which provide information about basement rocks depth and geological structures that have
affected overlying Sedimentary rocks (Donaldson et al.,1998; Ross and Eaton, 1999; Kumar et al., 2006; Abu El Ata et al., 2013;
Haby et al., 2016; Khalil et al., 2016; Hesham et al., 2016). The primary purpose of an aeromagnetic survey is to investigate
subsurface geological setting based on differences in the magnetic field of the earth, which appear as anomalies resulting from
magnetic susceptibility contrast between the basement and sedimentary rocks, magnetic properties of sedimentary rocks are less
than the basement rocks (Reynolds, 1997).

The area under investigation is located in the northwestern desert of Egypt at the intersection of longitude and latitude, E
24°30 to 29° E and N 29° to 31°45' respectively (Figure 1). North Western Desert has stratigraphic succession from Paleozoic to
Cenozoic era, distributed in four basins: Abu Gharadig, Alamein, Matruh-Shoshan, and Fagur (Shahin, 1989). Itis one of the most
important oil and gas production and agricultural projects in Egypt, many studies carried out for this purpose;(Bayoumi et al., 1989;
Nessim et al., 1992; Bayoumi, 1996; Metwaly et al., 2009; Elkhodary et al., 2013; Yousef et al., 2016; Adel et al., 2016; Naser et
al., 2017; Ismail et al., 2017; Rabeh et al., 2017).

The main purpose of interpretation of the aeromagnetic data is estimating and mapping of the basement depth and
consequently determination of sedimentary cover thickness to determine locations of sedimentary basins in which it is possible to
have hydrocarbon or groundwater based on the International geodetic reference formula (IGRF) and Butterworth technique in the
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low pass and high pass separation. In addition to quantitative interpretation used Radial Average Power Spectrum (RAPS), Source
Parameter Imaging (SPI), and Euler Deconvolution as depth estimation techniques which, were processed with Geosoft oasis
montaj v.8.4 (2015). The geophysical and geological data used for this purpose are: reduced to pole map of the study area (scale
1: 500,000) prepared by "western atlas international" for EGPC ( ), the geological map of Egypt (scale 1:500.000) published
by EGPC and Conoco ( ) and accurate depths of drilled wells from public data.
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Figure 1. Location map of the study area.

2. Materials and methods
2.1. Experiment conducted area

The Western Atlas International established the Aeromagnetic data for EGPC (1989) for oil and gas exploration. The
geological map of Egypt (scale 1:500.000) published by EGPC and Conoco (1987) and accurate depths of drilled wells from public
data.

The aeromagnetic map was digitized using Geosoft Oasis montaj software version 8.4 ( ). Aeromagnetic data is being
filtered using Butterworth filter operators to improve the signal properties of the available data ( ). The IGRF
technique is used to remove the regional effects of the earth's magnetic field. Butterworth low pass and high pass filters applied
with parameters of, degree of filter function are 8; the central wave numbers are 0.043 and 0.48 (cycle/ground unit), respectively
and 0/1 A flag. Butterworth high-pass filters are used to focus on detail on maps, with taking a risk to improve noise ( ).
Butterworth low pass filter is used to remove local variations and noise to improve regional magnetic anomalies. Application of the
radial average power spectrum (RAPS) technique, the source parameter imaging technique (SPI), and Euler deconvolution was
very effective in estimating the depth of the basement using the Geosoft Oasis montaj software version 8.4 ( ).

Spectrum analysis technique applied to estimate the depth of magnetic anomalies has been discussed by many authors
( ; ; ; ; ;

; ). The radial average power spectrum technique was set for quantitative studies of
magnetic anomalies. The logarithm of RAPS (square of Fourier amplitude spectrum) versus radial frequency. The slopes of the
linear portions of the spectrum correspond to separate depth groups and provide the parameters used to design many of the
enormous filters ( ; ) developed a depth profiling method to calculate the power
spectrum of magnetic grids for depth estimation by the formula:

h (depth) = -slope/dr................ (1

The source parameter imaging method is a rapid and easy method for depth estimation of magnetic sources. The
accuracy of SPI is like the Euler deconvolution method. Although, the SPI technique produces a full range of points of solution
clear and easy to use. ( ) indicate that the results of SPI are easily interpreted. The main advantages of
the SPI method over other techniques are the absence of a Data window moving, the calculation does not take a long time, and
noise errors can be reduced by carefully sorting the data before calculating the depth. Euler deconvolution technique based on the
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Euler's equation as developed (Reid et al., 1990) and have explained the methodology in detail for depth estimation of magnetic
sources (Thompson 1982; Reid et al., 2014)

2.2. Geological Settings of the study area

Geomorphological, the northern part of the Western Desert in Egypt is the low part in elevation compared to the rest of
Western Sahara, the slope towards the north and contains the Qattara depression, which represents the lowest area 145 meters
below sea level, as well as the limestone plateau (Marmarica plateau). It is also distinguished by the presence of oases and dunes.

The stratigraphic column of the study area (Figure 2) includes most stratigraphic succession from Paleozoic to recent. The
surface geological structure and outcrops of stratigraphic facies are clearly shown in (Figure 3). The paleozoic sequence is made
up primarily of classics and composed of seven rock units from the base to the top Shifa, Kohla, Basur, Zieton, Desouky, Dahiffan,
and Safi (Keeley, 1989). The Jurassic sequence is made up of five Formations from the base to the top, Bahrien Formation, a 549
m thickness of siltstone and sandstone, Wadi EI-Natrun Formation (marine carbonate shale), Khatattba Formation, a 1201 m
thickness of sandstone and shale, Masajid Formation a 450 m — 840 m thickness of dolomitic limestone, marl and shale, Sidi
Barrani Formation maximum thickness is 2404 m of dolomitic limestone and shale (Norton, 1967; Hantar, 1990). The Cretaceous
sequence divided into two parts; the lower one is made up of classics of the Burg Alarab Formation which consisting of 4 members
Alam Elbuib Member (Matruh shale Member), Alamein dolomite Member, Dahab shale Member, Kharita clastic Member, the upper
sequence considered the begging of sea transgression. It consists of three Formations, from the base to the top, Baharyia
Formation, a 50 m — 501 m thickness of persistent limestone, Abu Rawash Formation consist of 7 members, A, B, C, D, E, F, G,
and Khoman Formation made up of chalky limestone (Hantar, 1990). The Cenozoic sequence is made up of carbonate facies,
Apollonia Formation a 250 m thickness of grey nummulitic limestone, Dabaa Formation a 230 m thickness of limestone and
calcareous shale with minor siltstone (Al Far, 1966), Mamura Formation a 114 m — 401 m thickness of limestone and calcareous
shale (El Akkad and Issawi, 1963), Marmarica Formation consist of limestone, dolomite, and shale.

Tectonically, the present study is considered a part of the unstable shelf of the tectonic framework of the Egyptian province.
It is affected by two main phases of deformation. The first one is the Tethyan rifting phase, which formed rift basins with NE - SW
to ENE - WSW (Alamein-Razzak, Matruh, and Shoshan Basins). The extension to the south decreases and thus creates normal
faults and has a slight slip (Bosworth et al., 2015; Moustafa et al., 2002). The second is Cretaceous rifting, which creates the Abu
Gharadig basin.
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Figure 2. Subsurface stratigraphic column of the northern part of the Western Desert (Schlumberger, 1984).
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Figure 3. Geologic map of the study area (After EGPC and Conoco, 1987).

3. Results and discussion
3.1. International geodetic reference formula (IGRF) technique

The magnetic anomaly shape depends not only on its form and susceptibility to the source body but also on its magnetic
orientation and direction to the regional magnetic field.

25°00" 25°30" 26°00" 26°30" 27°00" 27°30° 28°00" 28°30" 29°00°
300000 350000 400000 450000 500000 550000 600000 650000 700000
& i
=
58 w
£2 é g
© S <
g g
s
28 g
s g
= s
: £
3z 3 Sw
g o
8 &
g o
2 o
. ™ § ©w
g8 g
38 58
] 5
= S
o~ =
3 2
2
& T
-3 I
S s
8s s 8
2 S8
§ g
& " N J 4 1 ) I L 1.
450000 500000 550000 600000 650000 700000
25°00" 25°30" 26°00" 26°30" 27°00" 27°30" 28°00" 28°30" 29°00'

25000 o 25000 50000 75000
e e e

(meters)
WGS 84 / UTM zone 35N

Figure 4. International Geodetic Reference Formula (IGRF) magnetic map of the study area.

The IGRF technique is used to remove the regional effects of the magnetic field by subtracting from each reading the value
computed from the IGRF model. It reflects the shift of magnetic anomalies to the north due to the difference in inclination and
declination of the magnetic field in the study area. The magnetic anomalies in the study area show a variation in values between -
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146 nT to +600 nT (Figure 4). The highest value the magnetic anomaly has reached is +600 nT in the southern part of the study
area. Northwestern and southwestern parts have a high magnetic anomaly value of more than + 300 nT. There is a significant
anomaly in the southeastern part of the Abu Gharadig basin up to +500 nT; these positive values because of the high magnetic
susceptibility of the rocks in these parts. These anomalies are sharp because the basement is shallow; these parts, which have
positive values, represent uplifted parts in the study area. The anomalies at the northern and southeastern parts are harmful
because of the low magnetic susceptibility of the rocks in these parts; these anomalies are gentle and flat because the basement
is deep, and it represents Shoshan and Matruh basins in the northern part and Abu Gharadig basin in the southeastern part, which
have subsidence (Haby et al., 2016). Magnetic anomalies mostly have an elliptical, elongated shape, and some anomalies are
twisted. The other anomalies in the area reflect a horizontal heterogeneity of magnetic properties. The main trends in which the
magnetic anomaly pattern arises E-W and NE-SW.

3.2. Butterworth filtering utilization

By using Geosoft oasis montaj version 8.4 (2015), Butterworth low pass and high pass filters applied on IGRF
aeromagnetic data in the frequency domain with parameters of, degree of filter function is 8, the central wave numbers are 0.043
and 0.48 (cycle/ground unit), respectively and 0/1 A flag.

3.2.1. Butterworth low pass map

Butterworth low pass filter applied on IGRF map by Geosoft Oasis Montaj software version 8.4 (2015) with parameters of,
degree of filter function is 8, the central wave number is 0.043 (cycle/ground unit), to remove the influences of the local magnetic
field and its noise (Figure 5). The positive anomalies are due to high magnetic susceptibility have an elongated shape. Moreover,
it takes an E-W direction with high magnitude at the northwestern and southwestern parts and a circular shape at the southeastern
part, which has a short wavelength and higher frequencies, which means the causative bodies buried at shallow depths represent
the uplifted parts of the study area. The intrusive body may cause it with a considerable extension. The negative anomalies are
due to the low magnetic susceptibility have circular and oval shapes at the northern and southeastern parts, which have a long
wavelength and lower frequencies which mean the causative bodies buried at deep depths represents subsidence parts or basins
of the study area, and it has a thick sedimentary cover.

The Low Pass filter gave an impression of the uplifted parts and subsidence parts at the study area. Consequently, more
potentiality for hydrocarbon and under groundwater at basins in the study area, as confirmed by the data of drilled wells, reached
the basement surface in the study area (Table 1).
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Figure 5. Butterworth low-pass filtered magnetic map (Frequency cutoff = 0.043 cycle/km and 8.0 degree).
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3.2.2. Butterworth high pass map

Butterworth high pass filter applied on IGRF map by Geosoft Oasis Montaj software version 8.4 (2015) with parameters of,
degree of filter function is 8, the central wave number is 0.48 (cycle/ground unit), to enhance the signal characteristics of available
data. The Butterworth high pass filter is used to bring details to the map to increase noise.
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Figure 6. Butterworth high-pass filtered magnetic map (Frequency cutoff = 0.48 cycle/km and 8.0 degree).

The high pass magnetic component (Figure 6) characterized residual magnetic component clearly shows positive and
negative magnetic anomalies, which have more details than those on the IGRF map. The shape of these anomalies is elongated
at the southwestern and middle parts and circular shape at the southeastern part, which have short wavelength and higher
frequencies. The anomalies are characterized by local variation. It happened due to the difference in their magnetic susceptibility,
composition, and depths of their sources. The main trends in which the magnetic anomaly pattern arises N-S, E-W, and NE-SW.

It is clear from this method that when the profound influences of basement rocks and structure are removed, still there are
influences of shallow basement rocks because these parts have been uplifted, and the structure of these parts may be extended
to the surface with the same trends which clearly shown in the surface geological map (Figure 3).

3.3. Basement depth estimation
3.3.1. Radial average power spectrum technique

The technique of radial average power spectrum is utilized for basement depth estimation. It has been discussed by
many authors, such as (Bhattacharyya, 1965; Spector and Grant, 1970; Garcia and Ness, 1994; Maurizio et al., 1998). The radial
average power spectrum technique depends on data analysis using Fast Fourier Transform (FFT) applied on IGRF magnetic data,
which calculates the depth from the spectrum. The slopes of the linear portions of the spectrum correspond to separate depth
groups and provide the parameters used to design many of the enormous filters. The power spectrum of magnetic grids for depth
estimation calculated by the formula:

H (depth) = - slope/ 41

The radially averaged power spectrum was calculated from IGRF magnetic data (Figure 7). Depth calculations conducted
on these segments clearly show the average depth values are 6960 m and 1540 m for deep and shallow magnetic sources,
respectively, when the calculated depths correlated with the drilled wells in the study area (Table 1) show a good correlation.
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Figure 7. Radially averaged power spectrum of the IGRF magnetic data of the study area.

3.3.2. Source parameter imaging (SPI) technique

The source parameter image is utilized on the IGRF magnetic data by using Geosoft software to map the depth of magnetic
sources. The SPI is a technique that depends on the extension of complex Analytical signals to estimate magnetic depths (Phillips,
2000).
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Figure 8. Basement depth from source parameter imaging (SPI) technique with the plot of drilled boreholes

The SPI solutions show the contact locations and depth of basement rocks. Based on the SPI map, the depth of magnetic
sources ranges from 2529 m to 5559 m. As indicated from the SPI method (Figure 8), the violent to red colors are represented
shallow depths between 2529 to 3500 m, where the orange to yellow represents intermediate depths between 3500 to 4150 m,
while the green represents high depths between 4150 to 4700m. Finally, the pale blue and blue colors represent depths between
4700 to 5559 m and above. The basement rock depth values calculated by this method are very similar to the depths of drilled
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wells in the study area, and the difference in the depth values calculated by the Source Parameter Imaging technique may be due
to the difference in the magnetic properties of the subsurface rocks in the location of boreholes ( ).

Areas with a higher depth to the basement are thicker in the sedimentary cover. The northern portion and southeastern parts
of the study area are thicker than the southern portion of the sedimentary cover, these parts represent the main sedimentary basins
(Shoshan basin, Matruh basin, and Abu Gharadig basin) which verified by drilled wells, so these parts are a good site for under
groundwater and hydrocarbon exploration.

Table 1. The drilling wells reached basement rocks and estimated depth with SPI and ED techniques in the study area. The depth of
drilled boreholes was used as the known point at each well for adjusting and calibrating the magnetic data process. The locations of
these wells are shown in ( ).

Well Name SPI Depth (m) ED Depth (m) Drilled bore holes Depth(m)

Gib Afia-1 4320 2832 3069

N. Ghazalat 2754 3752 3903

El Kifar-1 3854 3000 2994

Rs Qattara-1x 3325 27121 2598

Ghazalat-1 2768 2865 3074

Betty-1 4065 3061 4464

Rabat-1 2906 2453 2203

Qattara Rim-1x 4062 3190 3303

Agnes 3981 3280 2896

Miswage 3900 3895 2710

Hd 33-1 3029 2797 3000.7

Yakout 4036 2831 4414.9

Sheiba 42-1 3543 3609 4097

Meleiha-1x 3387 2850 3951.39

3.3.3. 3-D Euler deconvolution technique

Euler deconvolution technique was applied on the IGRF magnetic map of the investigated area using Geosoft oasis montaj
version 8.4 ( ). The Euler solutions are calculated by applying structure index (SI) equal to zero to detect magnetic contacts
( : X ). Euler deconvolution with the value of one structure index is to
detect thin sheets edges (sill and dike), with the value of two is to detect line sources (pipelines and kimberlitic pipes) and with the

value of three is to detect sphere or compact body at a distance.

The following represents a brief description of the obtained Euler map with the value of zero structure index, which is used
mainly to detect the geological contacts between central lithological units with different magnetic susceptibilities. The inspection of
the obtained classified Euler map with the value of zero structure index ( ) shows that the obtained Euler anomalies range
from 1065 to 4526 meters in depth. The maximum value is observed at scattered parts. Also, it is noted that the depth increases

northward the study area. Most external contacts extend in the NE-SW direction; these lineaments increased in the southeast and
the west directions. So, most of these lineaments coincide with the surface lineament distribution traced from the geological map
of the study area ( )- The close inspection of Euler anomaly clusters indicates that the most profound trends are in the
northern and southeastern parts of the area under investigation extending in the N-S and NE-SW directions. These parts of
maximum depth may represent subsided blocks of the basement.

On the other hand, the Euler anomaly trends having shallower depth values are observed in the northwestern, southwestern,
and central parts. The location of these shallow Euler trends delimits the possible boundaries of the uplifted basement blocks found

in the study area. Using structural index zero gives depth values more similar to those estimated by different depth estimation
procedures that may be due to the magnetic contacts usually appear on surfaces of magnetic contrast, which is related to lithology
( ). When the calculated depth values are compared with the depth values of the drilled Wells, it was very similar, and
the difference in the depth values calculated by Euler Deconvolution technique may be due to the difference in the magnetic
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properties of the subsurface rocks in the location of boreholes (Table 1). The IGRF map was used as a background to show the
complete coincidence between the calculated plotted contacts and the boundaries of the magnetic anomalies.
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Figure 9. IGRF shaded relief map taking as a background to the Euler map (with structural index equal to zero for the study area).
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Figure 10. IGRF map shows the location of main basins and uplifts in the study area. Basins, B1 Shoshan, B2 Matruh, B3 Alamien,
B4 Abu Gharadig. Uplifts, U1 Dawadi El Ramis, U2 Siqifa, U3 Gibb Afia Ghazalat, U4 Dabaa, U5 Qattara.

4. Conclusion

The present study focuses on determining basement depth in the northwestern part of Egypt by interpreting aeromagnetic
data. The northern part of the western desert represents Egypt's essential oil production and gas provenances, and agricultural
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projects. The Butterworth High pass technique was applied on the IGRF map to improve the signals of local anomalies. The
Butterworth low pass filter technique was applied on the IGRF map to remove local magnetic field influences and noise. The depth
to basement estimated by the radial average power spectrum of IGRF map in addition to source imaging (SPI) technique in which
results controlled by data of drilled wells in the study area, the basement depth in the area under investigation ranges between 2.5
km and 5.5 km in the study area, which has a good match with the drilled boreholes at the study area. The basement depth
increases northward of the study area; the northern part represents a thick sedimentary cover, which tends to be a promising
hydrocarbon and groundwater exploration area. Results denote that northern and southeastern parts distinguish deeper basement
sources; the depth reaches 5559 m. These parts have a thick sedimentary cover due to the subsidence of these parts, which
represent the basins that have the potentiality for hydrocarbon and underground water exploration. These basins are Shoshan,
Matruh, Alamein, and Abu Gharadig, basins respectively, while the northwestern, southwestern, and central parts distinguish
shallower basement sources, the depth reaches 1540 m, and these parts have a thin sedimentary cover due to uplift of these parts,
which have less potentiality for hydrocarbon or underground water exploration.
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