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Abstract: The potential field data in the West El-Minya area had been analyzed to delineate the regional subsurface 
structural and tectonic framework of the buried basement rocks. To achieve this goal, several techniques are applied 
on both gravity and magnetic data. Trend analysis is applied on gravity and magnetic maps to define the major 
subsurface tectonic trends. Regional-residual separation was carried out using two methods (filtering analysis 
technique and least-squares polynomial fitting). In addition, depths to the basement rocks were estimated by using 
spectral analysis technique along 28 profiles. Moreover, Bouguer gravity and RTP anomalies are used with the 
drilled wells to construct gravity and magnetic models of the earth’s crust along four profiles trending in N-S, NE-
SW and E-W directions. These models divided the upper crust into two portions, the first upper one is composed of 
several blocks with different densities and magnetic susceptibilities while, the lower one has no magnetic 
susceptibilities. They show also the depths of the Conrad discontinuity vary from 21.2 to 24.7km and Moho 
discontinuity ranges from 30.5 to 34.9km. The computed depths were used to construct the basement relief map 
which shows that the depth to the basement rocks ranges from 0.5 to 4.2km. The results of quantitative techniques 
were integrated together to construct structure map of the study area. This map is mainly composed of faulted 
basement rocks of alternated uplifted and down-lifted blocks in NE-SW intersected by younger NNW- SSW 
transform faults. 
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Area, Western Desert, Egypt. J Am Sci 2015;11(12):169-184]. (ISSN: 1545-1003). 
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1. Introduction 

The study region lies to the west of El-Minya 
City as a part of the Egyptian Western Desert. It 
locates between latitudes 27° 30ʹ - 29° 00ʹ N and 
longitudes 29° 30ʹ - 30° 30ʹ E (Fig. 1). This study 
investigates the nature and the structure of the earth’s 
crust as well as to construct the basement structure 
and basement relief maps. 

The data include the Bouguer gravity and the 
Reduced to Pole (RTP) aeromagnetic maps, aided by 
the available surface and subsurface geological and 
geophysical information carried out on the 
investigated surrounding areas. 

These data are analyzed and interpreted 
qualitatively and quantitatively through the following 
steps, (i) description of the gravity and magnetic 
maps; (ii) trend analysis technique; (iii) isolation of 
gravity and magnetic anomalies into their deep 
(regional) and near-surface (residual) components 
using the Fast Fourier Transform and the least squares 
polynomial technique; (iv) determination of depth to 
basement surface using 28 selected gravity and 
magnetic profiles distributed allover the area using 
spectral analysis technique; (v) constructing 2.5-D and 
2-D magnetic-gravity modeling along four profiles, 
(vi) deducing the basement relief map and finally; 
(vii) construction of structure basement map. 

The previous works that were carried out on the 
Western Desert by different authors are of regional 
studies. In this paper, we applied different analytical 
techniques to deduce a detailed structural basement 
map and to study the crustal thickness variations of 
the selected area using coupled gravity and magnetic 
modeling. 
2. General Geology and Tectonics 

The region was subjected to many cycles of sea 
regressions and transgressions with different tectonic 
activities, which are responsible for giving the area its 
recent stratigraphical and structural pattern. 

The outcrops of this area (Fig 1) are composed of 
rocks and sediments belonging to the Eocene, 
Oligocene, Miocene and Quaternary ages. Eocene 
deposits (Te) are composed mainly from the thick 
marine limestone with chert and minor clay beds. 
Oligocene deposits (To) are represented by fluvial and 
lacustrine clastics and gravel sheets. While, Miocene 
deposits are not observed in the area (they outcrop 
only north latitude 29º in Western Desert) except for 
very small basalt -dolerite dykes and sheets (Tv). 
Undivided Quaternary deposits (Q), mainly alluvial 
deposits of sand and gravel, are outcropped in the 
middle part. Moreover, sand dunes (Qd) running 
generally in a NNW direction represent the Pliocene-
Recent are present, especially in the eastern and 
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southwestern (Ghard Abu Muharik) parts of the 
investigated area. Sabkha deposits (Qsb) are present in 

the northeastern corner. 

 

 
Fig 1. Location map shows the names and the locations of drilled wells as well as the geologic map of the 
study area (after Egyptian Geological Survey and Mining Authority 1981). 

 
Structurally, it is well known that, the northern 

Western Desert, where the study area is included, lies 
on the margin of the unstable mobile belt of the 
tectonic framework of the Egyptian Territory (Said 
1962). Consequently, a shallow and rugged basement 
rocks characterize it. The sedimentary succession of 
highly printed complex structural effects is 
represented by asymmetric linear folding, and 
faulting. The investigated area has been subjected to 
different tectonic regimes since Pre-Cambrian time to 
Recent. Pre-Cambrian exhibit three tectonic trends 
namely, Nubian (N-S), Red sea (NNW) and Tibesti 
(NE) trends, which are inherited in basement rocks of 
the northern Western Desert (Meshref 1990 and 
1995). New tectonic trend appeared during Paleozoic 
time resulted from thrusting or uplifting of Africa 
continent against the main block of the earth`s crust 
might have been cause of the formation of E-W trend. 
This trend is shown in the Gulf of Suez and northern 
Western Desert in Regional magnetic and isopach 
maps (Meshref 1990). In addition, strong E-W 
tectonic trend is shown in many parts of isopach maps 
of successive formation (e.g. Masajid and Khattatba 

formation) of Middle-Upper Jurassic, which indicating 
that the deposition of sediments from Late Paleozoic 
to Late Jurassic was controlled by E-W tectonic trends 
(Meshref 1990). 

Younger events appear in Late Jurassic to Early 
Tertiary resulted from movements of Africa relative to 
Lurasia (Tethyan plate movement). These activity 
appear in two phases (Hantar 1990, Meshref 1990 and 
Sultan & Abdel Halim 1988); (1) The Sinsitral shear 
movements during Late Jurassic to Early Cretaceous 
(Nevadian event), so two tectonic elements recorded 
with wrench master E-W faults, NW fold which 
associated thrust faults and ENE strike slip faults 
(Dolson et al. 2001). (2) The Dextral shear movements 
that took place during Late Cretaceous to Early 
Tertiary (Laramide event). Therefore, two tectonic 
elements recorded with wrench master E-W faults, 
ENE fold (Syrian arc system) trend which associated 
thrust faults and WNW strike slip faults. After dextral 
lateral movements in Late Cretaceous to Early 
Tertiary followed by northward motion of Africa 
toward Laurasia produced the Alpine orogeny, where 
two compressive forces N-S and NNW-SSE trend 
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resulted (Youssef 1968 and Dietz & Hoden 1970). 
Many researchers (e.g. Said 1962; Abu El Ata 1981 
and 1988; Meshref 1982, 1990, 2002; Dennis 1984; 
Abdel Aal and Moustafa 1988; Sultan and Abdel 
Halim 1988; El-Kenawy 2000 and others) dealt and 
are still dealing with these surface and subsurface 
structures. 

Stratigraphically, the investigated area exhibits 
rocks ranging in age from Cambrian to Recent, as 
shown from the five drilled wells reached basement 
rocks (N. B. 42-1, Nashfa-1, W. Beni Suef-1, 2, and 3) 
(Fig 1). Barakat 1984 subdivided the completely 
sedimentary section of the northern Western Desert 
into the lower clastic (Cambrian to Early Mesozoic), 
the middle calcareous (Cenomanian to Late Eocene), 
and the upper clastic (Oligocene to Recent) divisions. 
3. Data Processing, Interpretation and Results 
 

 
Fig 2. Bouguer map of the study area (after GPC 
1984, the contour interval is of 2.5 mGal, showing 
the location of depth estimation profiles (P1 to P28) 
and crustal modeling profiles (Mod1 to Mod4) 
 

The gravity data measured by General Petroleum 
Company (GPC) in 1984 (scale 1:250,000 and the 
contour interval is of 2.5mGal) are shown in Figure 2. 
The reduced to pole (RTP) magnetic data, measured 
by General Petroleum Company (GPC) in 1989 (scale 
1:250,000 and the contour interval is of 25 nT) are 
shown in Figure 3. The interpretation of these maps 

will be very useful for determining the relief and 
depths of the basement surface in the area. 
 

 
Fig 3 RTP magnetic map (GPC 1989), the contour 
interval is of 25 nT 
 
3.1- Qualitative interpretation 

Qualitative interpretation is considered as an 
attempt to get a rapid and rough overview of the 
observed potential fields and their relation to the 
geological situation of the investigated area through 
description of the recorded potential field. 
3.1.1Bouguer anomaly map 

The Bouguer gravity anomaly map (Fig 2) 
reveals three positive (a, b and c) and negative (d, e 
and f) gravity anomalies with different sizes, shapes, 
trends, and extensions exhibiting nearly steady or 
gentle gradients allover the study area. A positive 
gravity belt (Fig 2, b and c), trending ENE to E-W 
direction, locates in the central part of the study area 
between latitudes 28º 00ʹ- 28º 30ʹN. This belt consists 
of two anomalies with amplitudes range between -13 
and 5 mGal. In addition, another positive anomaly 
(Fig 2, a) lies in the northern part. Moreover, a large 
zone characterized by negative gravity anomalies is 
located in the southern part of the study area with 
minimum amplitude of about -45 mGal (Fig 2, f). 
Other two negative gravity anomalies (Fig 2, d and e) 
are shown in the northern area trending in the WNW 
to E-W and NE directions with values ranging from -
23 to -12.5 mGal. The negative anomalies may be 
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attribute to thick sedimentary cover. While, the 
positive ones may reflect the basement relief 
irregularities as well as the variations in the thickness 
and density heterogeneities in the crustal layer 
respectively because of the relatively regional nature 
of the contours extend. 
3.1.2 RTP magnetic map: 

The RTP magnetic map (Fig 3) reveals a series 
of positive (a, b, c,….j) and negative (k, l, m, …..w) 
magnetic anomalies with different sizes, shapes, 
trends, and extensions with nearly sharp and gentle 
gradients allover the study area. A maximum positive 
magnetic belt (includes c, d and e anomalies), trending 
ENE direction, is located at the central part of the 
study area with amplitudes ranging from0- 370 nT. 
The southeastern part is characterized by the presence 
of positive anomalies (Fig 3, f to j) with amplitudes 
reaching 250 nT and displaying N-S to NE trends. 
Moreover, a large low magnetic zone (includes c, d 
and e anomalies) extends in the NE direction allover 
the area alternated with the previously positive ones 
with minimum amplitude of about -200nT in the 
northern part. Generally, the area contains many 
closed positive and negative anomalies orienting in N-
S, NW and ENE directions with different amplitudes 
indicating three-dimensional bodies mainly related to 
the basement complex. Linear anomalies are also 
represented in the area with zones of maximum 
gradient that generally are associated with faults. 
3.2 Quantitative interpretation 
3.2.1 Analysis of tectonic trends 

The trend analysis is a method by which the 
tectonic setting of the area is determined, where the 
tectonic history of rocks is, in some degree, recorded 
from the magnitude and the pattern of the gravity and 

the magnetic anomalies (Affleck 1963). Both Bouguer 
anomaly and RTP magnetic maps (Figs 2 and 3) 
indicate that, the area is characterized by a complex 
pattern of major and minor faults. In order to study 
this tectonic history using Affleck's (1963) technique, 
the trends of both gravity and magnetic maps are 
determined. These determined trends are counted (N) 
and measured (both Lengths (L), in the unit of the 
map scale (km), and Azimuth, in degrees from the 
North). According to their directions around the north 
(clockwise and anticlockwise), they are distributed in 
a 10˚ spectrum (Tables 1 and 2). Then, they were 
statistically studied to calculate their numbers and 
lengths percentages (N% and L%). Their diagram (Fig 
4) is also constructed to illustrate the Azimuth-Length 
percentages distributions of them. 

Trend analysis of the Bouguer anomaly map 
shows that, N-S (N5ºW-N5ºE, Nubian or East-
African), NE (N35º-45ºE, Tibesti, Aualitic or Bukle), 
E-W (N85ºE-N85ºW, Tethyan or Mediterranean) 
trends are the main trends of the study area. The 
WNW (N55º-65ºW, Najd, or Darag), ENE (N55 º-75 º 
E, Syrian Arc, Qattara, or North Sinai folds), and NW 
(N25º-45ºW, Suez, Red Sea or Clysmic) trends are 
also represented in the study area with a decreasing 
order (Moody 1961; Said 1962; Abdel Gawad 1970; 
El-Shazly et al. 1975; Halsey and Gardner 1975). 
While, the trends deduced from RTP magnetic map 
show clearly that, WNW, NW, N-S, ENE, E-W 
(Tethyan or Mediterranean), NE, and NNE (N15º-25E 
or Aqaba) trends are affecting the basement rocks of 
the study. This difference in the arrangements indicate 
that, N-S E-W trends are rejuvenated so, they 
intersected the sedimentary rocks and recorded in the 
Bouguer gravity map. 

 
Table 1 Parameters (numbers (N), lengths (L), number and lengths percentages (N% and L%) of the major 
fault trends detected from Bouguer anomaly map. 

WEST 
Azimuth 

EAST 

N N% L(km) L% L% L(km) N% N 

2.0 
0.0 
1.0 
0.0 
0.0 
2.0 
0.0 
0.0 
0.0 

18.2 
0.0 
9.1 
0.0 
0.0 
18.2 
0.0 
0.0 
0.0 

116.7 
0.0 
26.7 
0.0 
0.0 
70.5 
0.0 
0.0 
0.0 

28.7 
0.0 
6.5 
0.0 
0.0 
17.3 
0.0 
0.0 
0.0 

0:<10 
10:<20 
20:<30 
30:<40 
40:<50 
50:<60 
60:<70 
70:<80 
80:<90 

0.0 
0.0 
0.0 
17.4 
5.9 
6.6 
0.0 
0.0 
17.6 

0.0 
0.0 
0.0 
70.7 
23.9 
27.0 
0.0 
0.0 
71.9 

0.0 
0.0 
0.0 
18.2 
9.1 
9.1 
0.0 
0.0 
18.2 

0.0 
0.0 
0.0 
2.0 
1.0 
1.0 
0.0 
0.0 
2.0 

5.0 45.5 213.8 52.5 Sum 47.5 193.5 54.5 6.0 
Total trend numbers (∑N)= 11         Total trend lengths (∑L)= 407.3 km 
∑N% = 100%                                  ∑L% = 100% 
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Table 2. Parameters (numbers (N), lengths (L), number and lengths percentages (N% and L%)) of the major fault 
trends detected from RTP magnetic map 

WEST 
Azimuth 

EAST 
N N% L(km) L% L% L(km) N% N 

2.0 
2.0 
2.0 
2.0 
1.0 
3.0 
4.0 
0.0 
4.0 

5.7 
5.7 
5.7 
5.7 
2.9 
8.6 
11.4 
0.0 
11.4 

30.8 
40.9 
53.3 
60.5 
19.2 
56.6 
100.3 
0.0 
76.8 

3.8 
5.0 
6.5 
7.4 
2.3 
6.9 
12.2 
0.0 
9.4 

0:<10 
10:<20 
20:<30 
30:<40 
40:<50 
50:<60 
60:<70 
70:<80 
80:<90 

12.3 
4.8 
3.7 
6.6 
3.8 
0.0 
11.1 
4.1 
0.0 

101.1 
39.2 
30.6 
54.1 
31.1 
0.0 
90.9 
33.3 
0.0 

11.4 
5.7 
2.9 
5.7 
2.9 
0.0 
8.6 
5.7 
0.0 

4.0 
2.0 
1.0 
2.0 
1.0 
0.0 
3.0 
2.0 
0.0 

20.0 57.1 438.5 53.6 Sum 46.4 380.2 42.9 15.0 
Total trend numbers (∑N)= 35             Total trend lengths (∑L)=  818.7 km 
∑N% = 100%                                  ∑L% = 100% 

 

 
Fig 4. Frequency distribution curves of the gravity and magnetic tectonic trends 

 
3.2.2 Isolation of gravity and magnetic anomalies 

To implement the crustal modeling, it is better to 
remove the effect of shallow-seated causative bodies 
producing anomalies from the regional ones. The 
regional- residual separation is applied also to 
construct the tectonic structure map. Gravity data have 
been used to study many types of geological structure, 
ranging in depth and size from very deep crustal 
blocks to near-surface ore bodies. In general, large 
regional variations in the Bouguer gravity are related 
to changes in the thickness of the earth’s crust 
(Woollard 1959 and Osminskaya et al. 1969). In this 
study, the isolation of gravity and magnetic anomalies 
into their residual and regional components was 
carried out using the Fast Fourier Transform (FFT) 
and least-squares polynomial techniques. These two 
techniques are used to determine the main structures 
that are represent in both gravity and magnetic data 
and cannot determine by using one technique. 
Regional- Residual separation using the Fast 
Fourier Transform (FFT) 

The Fast Fourier Transform (FFT) was applied 
on the magnetic data for calculating the energy 
spectrum curves and estimating the residual (shallow) 
and regional (deep) sources. This filter is based on the 
cut-off frequencies that pass or reject certain 
frequency values and pass or reject a definite 
frequency band. Radially averaged power spectrum 
method is used to determine the depths of volcanic 
intrusions, depths of the basement complex and the 
subsurface geological structures. Several authors, such 
as Lee (1960) and Bhattacharyya (1966) explained the 
spectral analysis technique. 
Results of gravity data 

Fast Fourier Transform (FFT) technique is 
applied to calculate the two dimensional power 
spectrums and carry out further filtration operations. 
The power spectrum curves (Fig 5a) show two linear 
segments related to regional and residual components 
that are drawn respectively with a blue and red line. 
Moreover, the inspection of the resulted radially 
averaged log power spectrum shows low frequency 
(components ˂ 0.027 cycle/km) reflecting the deep-
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seated bodies. The average depth of the regional 
components tops is about 16km (lower part Fig 5a). 
High frequency signals (˃ 0.027 cycle/km) which 
represent the near-surface contribution (average depth 
of their tops is about 3km). 

 

 
Fig 5a Energy spectra of the gravity data 
 

 
Fig 5b Energy spectra of the RTP magnetic data 

 
The gravity data was filtered to produce the 

regional and residual component maps (Figs 6 and 7). 
Figure 6 depicts the deep-seated causative bodies that 
produce long wavelength gravity anomalies, large 
areal extent, and high amplitude -45 and 5 mGal. This 
map shows a large negative gravity anomaly (Fig 6, f) 

in the southern part of the study area, trending in N-S 
direction and amplitude of -45 mGal. Two negative 
anomalies (d and e) trending in the WNW and ENE 
directions. On the other hand, this map exhibits two 
large positive gravity anomalies (b and c) in the 
middle part; taking ENE direction with amplitude of 5 
mGal and WNW direction and amplitude of -6 mGal. 
In the northern portion of the area, the positive 
anomaly (Fig 2, a) disappeared completely from the 
low-pass filtered map (Fig 6). The regional field 
shows a general increasing northward, which may be 
related to the thinning of crustal rocks. While, Figure 
7 reflects the shallow-seated causative bodies. These 
alternating positive (Fig 7, a to j) and negative (Fig 7, 
k to s) anomalies have amplitudes values range from 
about -6.5 to 6.5 mGal and trending approximately in 
E-W, NE to ENE and NW to WNW directions. Most 
of these anomalies have circular, semicircular and 
elongated shape, reflecting shallow basement relief 
and supra-basement bodies as well as, the sedimentary 
cover attitude. 

 

 
Fig 6 Low frequency gravity map with cutoff 0.027 
cycle/km 

 



 Journal of American Science 2015;11(12)           http://www.jofamericanscience.org 

 

175 

 
Fig 7 High frequency gravity map with cutoff 0.027 
cycle/km 
 
Results of magnetic data: 

The power spectrum curve (Fig5b) shows two 
linear segments related to regional and residual 
components (respectively with a blue and red line). 
Moreover, the inspection of the resulted radially 
averaged log power spectrum shows that: firstly a 
regional components (lower frequency) less than 
0.030 cycle/km reflect the deep seated bodies (about 
9.5 km depth). Moreover, the higher frequencies lie 
more than that frequency, which represent the near-
surface contributions with average depth to their tops 
of about 3km. These maps are shown in Figs 8 and 9. 
3.2.3 Least-squares polynomial technique: 

The least-squares polynomial fitting is used to 
separate the Bouguer gravity and RTP magnetic maps 
into regional and residual components. The resulting 
maps are very useful in choosing the particular 
anomalies to be analyzed and in proving some control 
on the choice of the regional component, as indicated 
by the low order of surface fitting (Nettleton 1976). 
Five orders of the fitting polynomial are carried out on 
the potential field. The correlation factors between 
successive least-squares residual (or regional) gravity 
and magnetic anomalies are useful tools maybe is 
better for detecting the best separation surface 
defining regional and residual components of the 
potential data (Abdel-Rahman et al. 1985). 
Application of Least-squares polynomial technique 
on gravity data 

The residual map of this order (Fig 10) illustrates 
a good separation of the residual component, where 
the positive (a, b and c) and negative (d to h) closed 
anomalies are well represented. Correlation 
coefficients results show that, this map is the optimum 
one (Abdel-Rahman et al. 1985), r23 = 0.957 (Table 
3). 

 

 
Fig 8 Low frequency magnetic map with cutoff 
0.030 cycle/km 

 

 
Fig 9 High frequency magnetic map with cutoff 
0.030 cycle/km 
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Table 3. Correlation coefficients of residual gravity 
maps using the least-squares polynomial technique 

 1st 
order 2nd 

order 3rd 
 order 4th 

order 5th 
order 

1st 
order 

2nd 
order 

3rd 
order 

4th 
order 

5th 
order 

1 
0.716 
0.687 
0.400 
0.396 

1 
0.957 
0.605 
0.601 

1 
0.630 
0.629 

1 
0.899 1 

 
Application of Least-squares polynomial technique 
on magnetic data 

Figure (11) shows the optimum residual surface 
of the least-squares polynomial technique (Table 4). 
Generally, residual map shows alternated positive and 
negative anomalies running mainly in ENE and NE 
with E-W and NW trends in parts. The map reflects 
the short wavelengths anomalies that represent the 
local structures. 

 

 
Fig 10. Residual of Bouguer anomaly map with the 
second order polynomial 
 

 
Fig 11. RTP magnetic map with the fourth order 
polynomial residual surface 

 
Table 4. Correlation coefficients of residual 
magnetic maps using the least-squares polynomial 
technique 

 1st 
order 2nd 

order 3rd 
order 4th 

order 5th 
order 

1st 
order 

2nd 
order 

3rd 
order 

4th 
order 

5th 
order 

1 
0.921 
0.844 
0.713 
0.727 

1 
0.916 
0.776 
0.793 

1 
0.846 
0.866 

1 
0.960 1 

 
3.2.4 Basement Structures Map 

The residual maps are used to construct the 
basement structural map (Fig 12), where the residual 
positive anomaly can be interpreted as uplifted block 
while the negative one can be interpreted as down-
faulted block. It shows two sets of faults affecting the 
study area. The first sets are normal faults trending in 
the NE- SW directions forming alternating uplifted 
and down-faulted blocks intersected with the younger 
three transform faults (TF1, TF2 and TF3) taking the 
NW-SE to NNW-SSE directions. Generally, the area 
contains many horsts or uplifted blocks belts labeled 
H1 to H5, as well as grabbens or down-faulted block 
belts labeled L1 to L5, as shown in Figure (12). The 
uplifted block H3 can be considering as the main uplift 
located at the middle part of the area. 
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Fig 12. Interpreted structural basement map 

 
3.2.5 Depth Estimation Methods 

 

 
Fig 13. Spectral analysis along profiles P8 and P28 
as examples using Spector and Grant (1970) 
technique 
 

The results of depth estimation can give 
information concerning the thickness of the 
sedimentary succession. Consequently, it is possible to 
delineate the configuration of the sedimentary basins 
in the study area. Twenty-eight profiles for both 
gravity and magnetic maps covering almost the study 
area are used to estimate the depths to the basement 
surface using the spectral analysis technique (Spector 
and Grant 1970). The locations of these profiles are 
shown in Figure (2). Figure (13) illustrates two 
examples for the spectral analysis calculation along 
two gravity profiles (P8 and P28) and the same location 
of these profiles on magnetic map. All the results of 
spectral analysis technique are tabulated in Table (5). 
This table shows that, the basement depths range from 
1.21 km (P2) to about 3.35 km (P19). The minimum 
and the maximum values as well as the arithmetic 
mean and the standard deviation are shown in Table 
(5) for gravity, magnetic and average values. 

 
Table 5. Results of depth estimation using spectral 
analysis technique 

Profiles 
name 

Basement 
depth (km) 
Gravity 

Basement 
depth (km) 
RTP 

Average 
Basement 
depth (km) 

P1 
P2 
P3 
P4 
P5 
P6 
P7 
P8 
P9 
P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 
P18 
P19 
P20 
P21 
P22 
P23 
P24 
P25 
P26 
P27 
P28 

2.58 
1.44 
1.42 
2.39 
1.98 
2.07 
2.1 
3.01 
3.01 
3.04 
3.01 
2.74 
3.34 
3.22 
2.27 
2.86 
1.75 
2.7 
3.02 
1.86 
2.33 
2.57 
2.59 
3.12 
2.29 
1.81 
2.03 
3.19 

2.7 
0.98 
1.21 
1.6 
1.92 
1.52 
2.58 
3.23 
2.64 
2.86 
3.45 
2.29 
3.1 
3.09 
1.34 
2.22 
1.28 
2.38 
3.68 
1.74 
2.66 
2.23 
2.46 
2.56 
1.32 
1.97 
1.81 
3.48 

2.64 
1.21 
1.315 
1.995 
1.95 
1.795 
2.34 
3.12 
2.825 
2.95 
3.23 
2.515 
3.22 
3.155 
1.805 
2.54 
1.515 
2.54 
3.35 
1.8 
2.495 
2.4 
2.525 
2.84 
1.805 
1.89 
1.92 
3.335 

Minimu
m 
Maximu
m 
Mean 
Standard 
deviation 

1.42 
3.34 
2.491 
0.557 

0.98 
3.68 
2.296 
0.756 

1.21 
3.35 
2.394 
0.63 
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3.2.6 The gravity and magnetic modeling 
Gravity data depend on crustal structure, crustal 

density (composition) and surface elevation. For 
regional scale, Bouguer anomalies may be sufficiently 
clear to give evidence of changes in mass 
discontinuities in the crust and upper-mantle, as well 
as the distribution of isostatic balance (Tealeb and 
Riad 1986). Recent studies indicate that, the Bouguer 
anomalies and surface relief are closely connected in 
general with the crustal thickness (Woollard 1959; 
Pick et al. 1973; Riad et al. 1983 and Riad & El-Etr 
1985). However, gravity data alone cannot yield 
unique solution for density distribution in the earth’s 
interior (Tealeb and Riad 1986). 

Magnetic data are due to the Mineralogical 
composition of the underlying rocks. The depth of 
magnetized rocks is controlled by the Curie 

temperature at which the rock losses its polarization. 
Figure (5b) indicates that the depth to the source 
bottom is recorded where a maximum peak is 
represented (Hinze et al., 2013). The maximum slope 
of this figure is divided by (4π) to estimate the depth 
to Curie point isotherm (about 16.8 km). Morgan et al. 
(1977) study the geothermal gradient in north Egypt 
and the Gulf of Suez using the drilled oil wells. 
According to these data, the depth to Curie 
temperature in the study area ranges from about 16.8 
to 18 km. 

The densities of the crustal models of the study 
area were defined through the comparison and 
correlation of rock density values used in several 
studies (Table 6) that carried out on the northern part 
of Egyptian Western Desert, Nile delta and 
Mediterranean Sea. 

 
Table 6. Correlation of rock density (g/cc) values used in several studies 

Layer 
Jacobs 
et al. 
1959 

Makris 
1976 

Ginzburg, 
and Ben 
Avraham 

1987 

Abdel-
rahman et 

al. 
1988 

Setto 
1991 

Makris 
et al. 
1994 

Omran 
and 

Fathy 
1998 

Ismail 
1998 

Omran 
2000 

El-
Khadragy et 

al. 2010 

Salem et al. 
(2004); 

Saada et al. 
(2014) 

Sediments 
 

Intrusions 
U. Crust 
L. Crust 

U. Mantle 

----- 
 

----- 
2.67 
3.00 
3.30 

----- 
 

----- 
2.82 
2.90 
3.34 

2.50 
 

----- 
2.80 
2.96 
3.25 

2.45 
 

----- 
2.68 
2.90 
----- 

2.46 
 

----- 
2.68 
2.90 
3.30 

2.36 
 

----- 
2.82 
2.90 
3.38 

2.30 
 

----- 
2.67 
3.00 
3.30 

2.40 
 

----- 
2.70 
3.10 
3.47 

2.37 
 

----- 
2.67 
3.07 
3.44 

2.42-2.44 
 

2.62-3.14 
2.73-2.75 
2.91-2.94 
3.23-3.33 

U 2.10 
L 2.50 
----- 
2.7 
2.93 
3.33 

 
 

Results of the coupled gravity and magnetic 
modeling 

In the present study, the same density values 
(Table 6), which mostly based on deep seismic 
refraction and well logging data, are used as an 
average values to constrain the 2-D gravity models. 
Sediments are divided into upper (Miocene to Recent) 
and lower (pre-Miocene) parts with densities of 2.1 
and 2.5 g/cc, respectively (Salem et al. 2004) as an 
average of sediments. According to (Table 6), the 
densities of 2.71, 2.93, and 3.33 g/cc are used for 
lower part of upper crust, lower crust, and upper 
Mantle, respectively. Moreover, the upper crust is 
divided into two portions, the upper one is magnetized 
ranges in depth from 16.8-18.1 km to the basement 
surface with different magnetic susceptibilities and 
densities for each rock block, while the lower portion 
has no magnetic susceptibility (above Curie 
temperature) and density of 2.71gr/cc. 

The well-known depths of basement wells (Fig 1 
and Table 7) that were used as starting points confine 
the modeled profiles. In addition, the constructed 
structure blocks (Fig 12) as well as the estimated 
depth to Curie point (Fig 5b) also confines the 
extension and the geometry of the modeled blocks. 

 
 

Table 7. The drilling well data 

Well 
Base TD of 
well 

Total Depth 
(km) 

W. Beni Suef-3 
N. B. 42-1 
Nashfa-1 
N.B. 7-1 
W. Beni Suef-1 
W. Beni Suef -2 

Basement 
Basement 
Basement 
Albian 
Basement 
Basement 

1.3 
2.16 
0.73 
1.07 
2.07 
2.09 

 
The first modeled profile (Mod1) trends S-N 

direction and crosses profiles Mod3 and Mod4. It 
passes through the strongest gravity anomaly in the 
middle part of the study area (+4 mGal) and decreases 
to the south (-33 mGal) while, magnetic profile values 
range from about -130nT to 208nT from south. This 
profile has been modeled using seven blocks (Fig 14), 
with density values ranging from 2.64 g/cc (H4) to 
2.77 g/cc (H5). On other hand, magnetic susceptibility 
ranges from 0.001 cgs unit (H2 and H4) to 0.004 cgs 
unit (H3). To display the upper and lower sediments as 
well as the basement surfaces configurations, the 
depth ranges from 0 to 8km is magnified below each 
crustal-modeled profile as shown in (Figs 14-17). The 
minimum depth to the basement surface is 0.7 km in 
the southern part, while the maximum depth is 4.12 
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km at the central part (H3) and the moderate depth is 2 
Km at the northern part (H4, L4 and H5). The proposed 
blocks indicate that, the basement surface and the 
overlying sedimentary cover are affected by normal 

faults with different throws and dip angles. The depth 
to Conard and Moho discontinuities decreases from 24 
km to 21.5 km and from 30.5 km to 33 km, 
respectively to the north. 

 

 
Fig 14. Crustal model along profile Mod1 

 
 
The second modeled profile (Mod2) trends in the 

S-N direction and crosses profiles Mod4 at W. Beni 
Suef-1 well and Mod3 at W. Beni Suef -3 well. It 
passes west to Nashfa-1 well at 4km distance. The 
data of the drilled wells (Fig 1) in the study area that 
used in modelling process are shown in Table (7). 
This profile runs through the minimum gravity 
anomaly in southern part of the study area (-44 mGal) 
and increases to the north (+7 mGal) while, magnetic 
profiles values range from about -175 nT at the north 
to 300 nT at the middle part. The observed and the 
calculated fields show a good fitting except for the 
southern part of calculated gravity field due to the 
edge effects. This profile has been modeled using nine 
uplifted an down faulted blocks (Fig 15), with density 
values ranging from 2.65 g/cc (H2) to 2.77 g/cc (H1, L5 

and H5), while magnetic susceptibility ranges from 
0.003 cgs unit (L5) to 0.01 cgs unit (H2 and H3). The 
minimum depth to the basement surface is 0.5 km at 

H5, while the maximum depth is 3.9 km at the H3. The 
crustal thickness (depth to Moho discontinuity) varies 
from 31 km in the southern part to about 34 km in the 
northern part. 

The third modeled profile (Mod3) is running in 
the SW-NE direction and passes through W. Beni 
Suef-3 well. This profile has been modeled using 
seven blocks (Fig 16), with density values ranging 
from 2.66 g/cc (H3 and H4) to 2.77 g/cc (H5), while 
magnetic susceptibility ranges from 0.001 cgs unit 
(L5) to 0.01 cgs unit (H3). The minimum depth to the 
basement surface is 0.65 km at the uplifted block H5 
(Fig 12) to the north, while the maximum depth is 4.7 
km at the down-faulted block L4. This crustal model 
shows a small thickness variation of crustal rocks. The 
depth to Moho discontinuity ranges from 31.5 km to 
33km in the southwestern part. In addition, the depth 
to Conrad decreases from 24 km to 22 km in the 
northeastern portion. 
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Fig 15 Crustal model along profile Mod2 

 
The fourth modeled profile (Mod4) is running in 

the WNW-ESE direction and passes through N.B. 42-
1 and W. Beni Suef-1 wells, in the middle part of the 
study area. It has been modeled using four blocks (Fig 
17), with density values ranging from 2.66 g/cc (L3) in 
eastern portion to 2.68 g/cc (L4) in the western part, 
while magnetic susceptibility ranges from 0.003 cgs 
unit (L4) to 0.01 cgs unit (H3). The dashed line of the 

main uplifted block H3 illustrates a lateral change in 
density values from 2.68 to 2.66 g/cc eastward. The 
minimum depth to the basement surface is 1.2 km at 
the down-faulted block L3 to the ESE direction, while 
the maximum depth is 4.5 km at the uplifted block H3. 
The maximum depth of Moho is presented in the 
middle part. 

 

 
Fig 16 Crustal model along profile Mod3 
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Fig 17 Crustal model along Profiles Mod4. 

 
The modeled profiles (Figs 14 to 16) show a 

general decreasing for the thickness of the crust to the 
north direction. Woodside and Bowin (1970) reported 
a gravity profile along Longitude 31ºE, postulating 
that the depth of Moho is about 23 km at the Egyptian 
coast in the south of the Mediterranean Sea. 
Therefore, the decreasing of Moho depth is acceptable 
northward. 
3.2.7 The Basement relief map: 

This map is to focus the depths change of the 
basement surface. It is constructed depending on the 
available wells reached to the basement and the data 
derived from all the depths estimated using the 
spectral analysis technique, as well as the data 
digitized from four gravity and magnetic models. 

In this map, five drilled wells reached to the 
basement surface as shown in Figure (1) and Table 
(7), and the calculated depths to the basement deduced 
from 28 gravity and magnetic (P1 to P28) profiles, as 
shown in Table (5), are used to construct this map. 
The locations of these profiles are illustrated in Figure 
(2). In addition, the depths to the basement surface are 
digitized from four gravity and magnetic models 
(Mod1 to Mod4) to construct the basement structure 
relief map (Fig 18). It shows shallow depths in the 
southeastern and the northern parts. The minimum 
depths in the area lie in the extreme north (uplifted 
block H5), north to W. Beni Suef-3 well (about 
0.6km), and around Nashfa-1 well (0.73km) in the 
eastern part of the uplifted block H3 as well as eastern 
portion of the down-faulted block L3. On the other 
hand, maximum depths (4.2km) are presented in the 
western portions of the middle part (in the down-

faulted blocks L3 and L4), indicating a thick 
sedimentary basin trending in the NE direction. 

 

 
Fig 18. Structural basement relief map 
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Finally, both gravity and magnetic results are 
accordance with each other. The application of 
different analytical techniques on the potential field 
data helps us to understand the geologic evolution of 
the study area. Where, trend analysis technique 
determined the main trends that intersected the study 
area. The regional-residual separation methods are 
used to reveal the uplifted and the down-faulted 
blocks as well as the transform faults of the 
investigated region. The coupled 2D/2.5D-gravity and 
magnetic modeling is carried out to study the crustal 
thickness variation and to delineate the densities and 
the magnetic susceptibilities of the revealed uplifted 
and down-faulted blocks. In addition, a structural 
basement relief map is constructed using the depths of 
the available basement drilled wells, spectral analysis 
profiles and modeled profiles. 
4. Summary and Conclusions 

The application of the different analytical 
technique on both gravity and magnetic data, leads to 
conclude that: 

1) The area is affected by the following trends 
ENE (Syrian Arc), E-W (Tethyan), WNW (Najd) and 
N-S (East African). 

2) The regional – residual separation technique 
is carried out on the Bouguer gravity and the RTP 
magnetic maps, in order to separate shallow anomalies 
(structures) from the deeper ones. FFT and least-
squares polynomial techniques are applied to achieve 
this goal. Low and high frequencies gravity maps less 
and more than 0.037 cycle/km are constructed 
respectively to delineate the regional and residual 
components. Magnetic maps are constructed below 
and above 0.030 cycle/km. Both of them show 
alternative positive and negative closed anomalies 
allover the area. The least-squares polynomial 
technique results are correlated at the different levels 
(1st to 5th) by calculating the correlation coefficients. 
These coefficients indicate that, the regional-residual 
separation map at the second order is the optimum one 
of gravity data and the fourth are the best one for 
magnetic data. The residual maps of the least-squares 
polynomial technique are useful for constructing the 
basement structure map, where regional components 
were removed. 

3) The structural map is constructed, using the 
results obtained from the regional- residual separation 
techniques of both gravity and magnetic data. 
According to this map, the area is formed from 
alternative uplifted and down-faulted blocks trending 
in the ENE direction. A younger NNW to NW 
transform faults (can be related to the Gulf of Suez) 
intersects these old uplifted and down-faulted blocks. 

4) The depths to the basement rocks are 
calculated along the same 28 gravity and magnetic 
profiles covering the study area, using the spectral 

analysis technique. The depth to basement varies from 
one place to another. It ranges from 1.2 to 3.4 km. 

5) Four models (2D and 2.5D gravity and 
magnetic) are constructed to show the subsurface 
imaging and geometry of the upper and lower 
sediments, magnetic layer, upper and lower crust as 
well as upper mantle. The density values of 2.1 g/cc 
and 2.5g/cc are used for the upper and lower 
sedimentary layers. While the densities of 2.71, 2.93, 
and 3.33 g/cc are used for the upper crustal layer 
(beneath the magnetic layer), the lower crustal layer 
(basaltic layer) and the upper mantle layer, 
respectively. The magnetic layer (from basement 
surface to Curie temperature depth) is divided into the 
uplifted and the down-faulted blocks with different 
densities (from 2.64 to 2.77 g/cc) and magnetic 
susceptibilities (from 0.001 to 0.01 cgs unit). 

6) These models show that, the thickness of the 
upper sediments ranges from 0.0 to 2.45 km, while the 
depth to basement surface ranges from 0.5 to 4.2 km. 
They show also that, the depth to Curie temperature 
vary from 16.8 to 18.1km, depth to Conrad 
discontinuity ranges from 21.2 to 24.7km, while the 
depth to Moho discontinuity varies from 30.5 to 
34.9km. The thickness of the crust shows a general 
decreasing northward, in agreement with different 
modeled profile carried out by many authors (e.g. 
Salem et al. (2004), Saada et al. 2014 and others). 

7) An integrated basement structural relief map 
is constructed using the average depths estimated from 
the spectral analysis technique (28 profiles) and five 
basement wells, as well as to four gravity and 
magnetic models. It shows a minimum basement 
depth in the northern part with a depth of 0.6 km (the 
northern uplift) and in the eastern uplifted portion of 
the area. While the western down-faulted blocks of the 
middle part have, the maximum depths attain of about 
4.2 km. 
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